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CHANGES I N  THE MATERIALS P R E L I M I N A R Y  

ENGINEERING AND D E S I G N  MANUAL 

I .  A l l  c h a n g e s  i n  t h e  M a t e r i a l s  P E  & D e s i g n  Manual s h a l l  
o f f i c i a l l y  o r i g i n a t e  from t h e  M a t e r i a l s  S e c t i o n  i n  P h o e n i x .  
They w i l l  be i d e n t i f i e d  on a  s t a n d a r d  M a t e r i a l s  Manual Change 
L e t t e r ,  a s  shown i n  t h e  example  on t h e  f o l l o w i n g  p a g e .  

2 .  A copy o f  t h e  c h a n g e  l e t t e r  w i l l  be s e n t  t o  e a c h  h o l d e r  of  a  
m a n u a l .  A l l  manual h o l d e r s  s h a l l  be r e s p o n s i b i l e  f o r  k e e p i n g  
a s s i g n e d  manua l s  u p  t o  d a t e .  A11 c h a n g e  l e t t e r s  i s s u e d  s h a l l  be 
numbered c o n s e c u t i v e l y ,  b e g i n n i n g  w i t h  No. 1 .  

3 .  Change l e t t e r s  s h o u l d  be k e p t  i n  t h e  manual i n  o r d e r  t o  
p r o v i d e  d o c u m e n t a t i o n  o f  t h e  c h a n g e s  t h a t  have  been made.  The 
i t e m s  a f f e c t e d  by t h e  c h a n g e  l e t t e r  w i l l  be l i s t e d  u n d e r  
" S u b j e c t "  and a  d e s c r i p t i o n  o f  e a c h  c h a n g e  s h a l l  be i n c l u d e d  i n  
t h e  l e t t e r .  New p a g e s  t o  be i n s e r t e d  i n  t h e  manual w i l l  be 
d a t e d  w i t h  t h e  c h a n g e  l e t t e r  d a t e .  

4 .  Change l e t t e r s  w i l l  be s i g n e d  by t h e  A s s i s t a n t  S t a t e  
E n g i n e e r ,  M a t e r i a l s  S e c t i o n .  



Gary L. Cooper 
Ass~stant State Eng~neer 
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CHANGE LETTER 

I MATERIALS P.E. AND DESIGN MANUAL I CHANGE LETTER NO 1 1 
/ SUBJECT 

Figure 106.01-2L. 
Sections 200.05 and 301.01. 

I 

DATE OF ISSUE 

September 1989 

EFFECTIVE DATE I 

September 1989 i 

SUMMARY 

1 F i g  1 0 6 . 0 1 - 2 x  "Materials Survey Soil and Aggregate 
Tabulation Laboratory Card". 

Thls figure been revised to show changes made to 
the laboratory card. Replace page 58 with the 
attached page 58. A 

2. Sect:lon 200.05 - "Traffic y s 1 s W .  
The secand p.~rayraph o s section has been revised. 
R c h p l a c e  page 75 wlth the attached page 75. 

P 3. Section 301.01 - "Deflection Measurementn. 
Subsection A (The Falling Weight and 
Subsection B (The Dynaflect) hav 
Replace pages 141 and 142 with 
141, 142, and 142a. 

E 

V 
Gary L. Cooper 
Assistant State Engineer 
Materials Section 

Attachments 



F O R E W O R D  

T h e  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  ( A D O T )  h a s  u s e d  t h e  
A m e r i c a n  A s s o c i a t i o n  o f  S t a t e  H i g h w a y  a n d  Transportat i o n  
O f f i c i a l s  (AASHTO) D e s i g n  G u i d e  f o r  P a v e m e n t s  s i n c e  1 9 6 2  w h e n  
t h e  f i r s t  d e s i g n  g u i d e l i n e s  w e r e  p u b l i s h e d  a 5  a r e s u l t  o f  t h e  
1 9 5 0 - 1 9 6 0  Road T e s t .  I n  1986 A A S H T O  p u b l i s h e d  a c o m p r e h e n s i v e  
r e v i s e d  version o f  t h e  P a v e m e n t  D e s i g n  G u i d e  ( 1 ) .  A s  i n  
p r e v i o u s  versions, A A S H T O  asked e a c h  s t a t e  t o  r e v i e w  a n d  m o d i f y  
t h e  g u i d e  b a s e d  upon t h e i r  u n i q u e  c l i m a t e ,  m a t e r i a l s ,  p a v e m e n t  
per formance ,  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  p r a c t i c e s .  A r i z o n a ' s  
p r e s e n t  p a v e m e n t  d e s i g n  g u i d e  w a s  d e v e l o p e d  by M a t e r i a l s  S e c t i o n  
i n  1 9 8 1  a n d  r e v i s e d  i n  1 9 8 4  ( 2 ) .  E a c h  s e r v i c e  a r e a ;  M a t e r i a l s  
T e s t i n g ,  P a v e m e n t ,  a n d  G e o t e c h n i c a l ,  c o n t r i b u t e d  t o  t h e  
d e v e l  o p r n e n t  o f  t h i s  m a n u a l .  In p a r t i c u l a r ,  t h e  f o l l o w i n g  
i n d i v i d u a l s  m a d e  s i g n i f i c a n t  c o n t r i b u t i o n s .  

* George Way 
* J i m  D e m a r e e  
.~r J i m  D e l t o n  
* J o h n  E i  s e n b e r g  
* John L a w s o n  
* B r a d  M o r t e n s e n  
* Gregg I n m a n  

The m a n u a l  generally incorporates the  principles o f  t h e  n e w  
A A S H T O  D e s i g n  G u i d e  w i t h  a p p r o p r i a t e  A r i z o n a  m o d i f i c a t i o n s .  T h e  
u s e  o f  t h i s  new p a v e m e n t  g u i d e  p r e s e n t l y  i m p a c t s  a b o u t  1 2 5  
p r o j e c t  pavement d e s i g n s  p e r  y e a r ,  w i t h  a v a l u e  a p p r o x i m a t i n g  
200 m i l l i o n  dollars. 

DISCUSSION 

The pavement designer's j o b  i s  t o  d e s i g n  a p a v e m e n t  
s t r u c t u r e  s o u n d  e n o u g h  t o  resist premature f a i l u r e s ,  s u c h  a s  
p o o r  r i d e ,  e x c e s s i v e  c r a c k i n g ,  p o t h o l e s  d u e  t o  p o o r  s t r u c t u r a l  
s u p p o r t ,  p e r m a n e n t  d e f o r m a t i o n  (rutting), l o w  s k i d  r e s i s t a n c e ,  
s t r i p p i n g  ( a s p h a l t  d e b o n d i n g )  a n d  r a v e l i n g ,  i n  a c o s t  e f f e c t i v e  
manner a n d  p e r f o r m  a s  e x p e c t e d  d u r i n g  i t s  predicted l i f e .  To d o  
t h i s  a m y r i a d  o f  f ac tor s  a s s u m p t i a n s  a n d  p r e d i c t i o n s  need t o  b e  
addressed. 

T r a f f i c  l o a d i n g  h a s  consistently been a troublesome f a c t o r  
t o  predict. E q u i v a l e n t  S i n g l e  A x l e  L o a d s  ( E S A L ' s )  h a v e  
historically been c a l c u l a t e d  by t h e  A A S H T O  procedure w i t h  a few 



s i m p l i f y i n g  a s s u m p t i o n s ;  w h i c h  i n c l u d e  s e t t i n g  t h e  structural 
number e q u a l  t o  f i v e  ( 5 1 ,  t h e  conc re t e  t h i c k n e s s  t o  n i n e  ( 9 )  
i n c h e s  and t h e  t e r m i n a l  serviceability to 2.5 p s i .  T h e s e  
s i m p l i f y i n g  a s s u m p t i o n s  are in k e e p i n g  w i t h  t h e  m e t h o d  u s e d  by 
t h e  Federal  Highway A d m i n i s t r a t i o n  t o  c a l c u l a t e  E S A L ' s  a s  a p a r t  
o f  their annual T r u c k  W e i g h t  Study ( a l s o  r e f e r r e d  t o  a s  t h e  
1 oadometer s t u d y )  . To f u r t h e r  i m p r o v e  t h e  t r a f f i c  l o a d i n g  
p r e d i c t i o n s  A r i z o n a  h a s  n o t  o n l y  i n c o r p o r a t e d  t h e  growth o f  
future t r a f f i c ,  b u t  a l s o  t r u c k  l o a d i n g  increases a n d  tire 
pressure i n t o  t h e  n e w  I988 traffic l o a d i n g  calculation. T h e s e  
new calculations r e f l e c t  h e a v i e r  t r u c k s  a n d  h e a v i e r  s t e e r i n g  
a x l e  l o a d s ,  w h i c h  can be 5 t o  10 times m o r e  d a m a g i n g  t h e n  d u a l  
t i r e ,  t a n d e m  a x l e  l o a d i n g ,  Jn a d d i t i o n ,  t i r e  p r e s s u r e s  a r e  n o w  
estimated at 105 PSI instead o f  t h e  A R S H T O  Road T e s t  7 5  P S I .  
T h e s e  c h a n g e s  a r e  i n  k e e p i n g  w i t h  r e s e a r c h  c o n d u c t e d  by S h e  
University o f  A r i z o n a  ( 3 )  a n d  A u s t i n  Research E n g i n e e r s  ( 4 ) .  
These t r a f f i c  l o a d i n g  c h a n g e s  are a n  i nterim s t e p  t o  t h e  
u l t i m a t e  u s e  o f  w e i g h - i n - m o t i o n  d a t a .  I t  i s  Materials S e c t i o n s  
g o a l  i n  c o o p e r a t i o n  w i t h  Transportation P l a n n i n g  t o  i n c o r p o r a t e  
weigh-in-motion d a t a  i n  the  1989 t r a f f i c  loading e s t i m a t e s .  The 
n e t  e f f e c t  o f  a l l  o f  t h e s e  changes  i s  t h a t  the p r e d i c t e d  traffic 
l o a d i n g  e s t i m a t e s  h a v e  doubled  s i n c e  1987 and will probably 
i n c r e a s e  a g a i n  when W I M  D a t a  i s  i m p l e m e n t e d .  A l t h o u g h  t h i s  
represents an  improvement e v e r  p a s t  p r a c t i c e ,  estimating f u t u r e  
t r a f f i c  i s  still a major a r e a  o f  c o n c e r n  i n  a r e a s  a f  t h e  s t a t e  
e x p e r i e n c i n g  tremendous g r o w t h .  W i t h  t h i s  i n  mind,  many d e s i g n  
v a l u e s  h a v e  been selected t o  provide i n s u r a n c e  a g a i n s t  u n d e r  
estimating traffic. H i g h e r  s e r v i c e  l e v e l s  were s e l e c t e d  t o  
r e f l e c t  t h e  need t o  reduce m a i n t e n a n c e  and t r a f f i c  i n t e r r u p t i o n  
on high trafffc v o l u m e  highways. 

E n v i r o n m e n t  a n d  c l i m a t e  also i m p a c t  pavement  performance by 
c h a n g i n g  t h e  m o i s t u r e  content o f  highway m a t e r i a l s  and i m p o s i n g  
damage by f r e e z i n g  a n d  thawing. T h e  new m a n u a l  describes t h e s e  
c h a n g e s  in terms o f  a seasonal variation f a c t o r ,  w h i c h  i s  
equivalent to t h e  A r i z o n a  regional f a c t o r .  T h i s  a p p r o a c h  w a s  
selected because  p r e v i o u s  P a v e m e n t  M a n a g e m r n t  research (5) 
indicated t h a t  regional f a c t o r  s t r o n g l y  i n f l u e n c e d  p a v e m e n t  
p e r f o r m a n c e .  In a d d i t i o n  a m e t h o d  for determining t h e  d e p t h  o f  
f r o s t  damage h a s  a l s o  been a d d e d .  

T h e  interaction o f  moisture a n d  c l i m a t e  a l t e r s  t h e  r o a d b e d  
soil s t r e n g t h .  T h i s  r e l a t i o n s h i p  w a s  expressed by e q u a t i n g  
results o f  t h e  R - v a l u e  t e s t  t o  s o i l  strength i n  terms o f  
Resilient Modulus  ( M R ) .  A f t e r  much discussion a n d  review o f  
t h e  1986 A A S H T O  Pavement D e s i g n  Guide ,  a s  well a s ,  t h e  review o f  
previous Arizona R e s e a r c h  ( 6 ) ( 7 ) ,  i t  w a s  d e t e r m i n e d  t h e  R-value 

v i f i  



soil s t r e n g t h  r e l a t i o n s h i p  s h o u l d  be c h a n g e d  t o  b e t t e r  m a t c h  t h e  
a c t u a l  l o n g  term s o i l  s t r e n g t h  ( m o i s t u r e )  c o n d i t i o n s  i n  t h e  
f i e 7 d .  I n  p a r t i c u l a r ,  s o i l  s t r e n g t h  i s  a f u n c t i o n  o f  t h e  
s e a s o n a l  v a r i a t i o n  f a c t o r ,  t h u s  t h e  same s o i l  i n  F l a g s t a f f  will 
h a v e  a lower soil strength t h a n  i n  P h o e n i x  due t o  t h e  h i g h e r  
r a i n f a l l  a n d  s e v e r e  f r e e z i n g  and t h a w i n g  c l i m a t i c  c o n d i t i o n s .  
A n o t h e r  c h a n g e  i n  c h a r a c t e r r z i n g  s o i l  s t r e n g t h  i n v o l v e s  u s i n g  
t h e  a v e r a g e  s o i l  s t r e n g t h  o f  the  p r e d o m i n a n t  soil type  i n s t e a d  
o f  t h e  c u r r e n t  p r a c t i c e  o f  r e p r e s e n t i n g  t h e  poorest soil. A l s o ,  
g e o s y n t h e t i c s  will now b e  g i v e n  c r e d i t  for i m p r o v i n g  t h e  
s u b g r a d e  q u a l i t y .  I n  g e n e r a l ,  t h e  p h i l o s o p h y  o f  t h e  new m a n u a l  
i s  t o  either remove,  s t a b i l i z e  or c o n t r o l  t h e  s u b g r a d e  m a t e r i a l s  
i n  s u c h  a m a n n e r  t h a t  t h e  a v e r a g e  s u b g r a d e  soil s t r e n g t h  o c c u r s  
a s  u n i f o r m l y  a s  p r a c t i c a l .  

T h e  i n t e r a c t i o n  o f  m o i s t u r e ,  s o i l  s t r e n g t h  a n d  t r a f f i c  
l o a d i n g  c a n  b e  very d a m a g i n g .  T h e  1986 AASHTO G u i d e  p l a c e s  
special e m p h a s i s  o n  d r a i n a g e .  L i k e w i s e ,  Arizona h a s  g i v e n  v a l u e  
t o  g e e s y n t h e t i c s ,  d r a i n a g e  layers, t r e n c h e s  a n d  p i p e s  t a  r e m o v e  
m o i s t u r e  rapidly and m i t i g a t e  d a m a g e .  M e t h o d s  to r e m o v e  e x c e s s  
moisture u n d e r  the p a v e m e n t  will become m o r e  c o m m o n  i n  t h e  
higher r a i n f a l l  areas  of t h e  s t a t e .  

P r e d i c t i n g  p a v e m e n t  damage a n d  p a v e m e n t  p e r f o r m a n c e  i s a 
d i f f i c u l t  f o r e c a s t i n g  problem. T o  h e l p  improve t h e q u a l i t y  o f  
t h e  f o r e c a s t e d  performance,  b r i z o n a  h a s  r e l i e d  upon i t s  p a v e m e n t  
management d a t a  b a s e  w h i c h  represents  1 5  years  o f  h i s t o r i c a l  
p a v e m e n t  p e r f o r m a n c e  d a t a .  I n  a d d i t i o n ,  p r e s e n t  s e r v i c e a b i l i t y  
i n d e x  f a c t o r s  are s e t  t o  conform w i t h  t h e  D e p a r t m e n t "  p u b l i s h e d  
Pavement  P r e s e r v a t i o n  Pol  i c y  (8). To  a c h i e v e  t h e  p o l  i c y  
s t a n d a r d s ,  h i g h  t r a f f i c  v o l u m e  r o a d s  n e e d  t o  be r e h a b i l i t a t e d  a t  
a much h i g h e r  terminal  s e r v i c e a b i l i t y  i n d e x ,  which f o r  
consistency are r e f l e c t e d  i n  t h e  d e s i g n  v a l u e s .  T o  use a n y  
lower terminal  s e r v i c a b i l  i t y  v a l u e s  would unduly i n c r e a s e  t h e  
c o s t  o f  f u t u r e  m a i n t e n a n c e  a n d  r e h a b i l i t a t i o n .  

The r e l i a b i l i t y  or conf idence  t h a t  a p a v e m e n t  w i l l  p e r f o r m  
a s  d e s i g n e d  h a s  indirectly been a p a r t  o f  t h e  A A S H T O  P a v e m e n t  
D e s i g n  process. Because of  t h e  p r e v i o u s l y  d i s c u s s e d  n u m e r o u s  
c h a n g e s  i n  t h e  1986 A A S H T O  p a v e m e n t  d e s i g n ,  a s  we17 a s  A r i z o n a  
c h a n g e s  in pavement  d e s i g n ,  r e l i a b i l i t y  f a c t o r s  h a d  t o  be t e s t e d  
a t  v a r i o u s  l e v e l s  t o  be sure t h a t  t h e  s e l e c t e d  f a c t o r s  would 
yield d e s i g n s  o f  a t  l e a s t  t h e  s a m e  s t r u c t u r a l  n u m b e r  lor 
t h i c k n e s s  f o r  t h e  s a m e  soil a n d  traffic. 

T o  h e l p  i l l u s t r a t e  t h e s e  changes a 1 i m i t e d  s e n s i t i v i t y  
a n a l y s i s  i n v o l v i n g  three l e v e l s  o f  t r a f f i c  w a s  conducted ( 9 ) .  
AASHTO t r a f f i c  refers t o  t y p i c a l  c a l c u l a t e d  t r a f f i c  loads i n  
1987.  T r u c k  a n d  tire prpssure t r a f f i c  l o a d i n g  reflect new 



c h a n g e s  i n  c a l c u l a t i o n  due t o  p r e d i c t i n g  h e a v i e r  t r u c k s  a n d  
h i g h e r  t i  r e  p r e s s u r e ,  A w e i g h - i n - m o t i o n  ( W I M )  t r a f f i c  1 o a d i  n g  
w a s  e s t i m a t e d  f r o m  p r e v i o u s  s a m p l e  i n f o r m a t i o n  a n d  r e f l e c t s  t h e  
a n t i c i p a t e d  h i g h e r  l o a d i n g .  I n  general, g r e a t e r  t r a f f i c  l o a d i n g  
e q u a t e s  t o  a 5 t o  20 percent i n c r e a s e  in A C / P C C P  t h i c k n e s s .  To 
be more s p e c i f i c  the increase i n  AC t h i c k n e s s  will b e  a b o u t  20 
percent, prim a r i l y  b e c a u s e  there i s  a g r e a t e r  i n c r e a s e  i n  t h e  A C  
pavemen t  s a f e t y  f a c t o r ,  U n d e r  t h e  new m a n u a l  A C  t h i c k n e s s  c a n  
b e  reduced by i m p r o v i n g  t h e  subgrade s t r e n g t h  a n d / o r  i m p r o v i n g  
d r a i n a g e .  Concrete t h i c k n e s s  increases o n l y  a b o u t  5 p e r c e n t  
p r i m a r i l y  because  i t  already h a d  a s a f e t y  f a c t o r  o f  t w o .  W i t h  
very h e a v y  t r a f f i c  the d e s i g n  c o n c r e t e  thickness c a n  become very  
1 a r g e .  T h e  n e w  manual prevides a m e a n s  f a r  r e d u c i n g  t h i c k n e s s  
by u s i n g  l o a d  t r a n s f e r  d o w e l s  or continuously r e i n f o r c e d  
c o n c r e t e .  I n  a d d i t i o n ,  t i e d  c o n c r e t e  s h o u l d e r s  w i  11 a 1  s e  r e d u c e  
t h e  c o n c r ~ t e  s l a b  t h i c k n e s s .  

G i v e n  t h e  myriad o f  p o s s i b l e  designs, L i f e  Cycle C o s t  
Analysis w i l l  b e  routinely p e r f o r m e d  on  m o s t  m a j o r  construction 
p r o j e c t s .  

The rehabilitation p o r t i o n  o f  t h e  m a n u a l  r e f l e c t s  t h e  
f i n d i n g s  o f  p r e v i o u s  A r i z o n a  R e s e a r c h  ( 1 0 ) .  A d d i t i o n s  h a v e  b e e n  
made t o  accommodate m i l l i n g  a n d  recycling. 

T h e  remainder o f  t h e  m a n u a l  d e a l s  w i t h  practices and 
procedures t h a t  need t o  be followed i n  order t o  d e v e l o p  an 
a c c e p t a b l e  g e o t e c h n i c a l  i n v e s t i g a t i o n  a n d  pavement d e s i g n .  
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INTRODUCTION

MAT E RI ALSSE CT ION 0 RGANI Z AT ION

Materials Section, headed by an Assistant State Engineer, is
made up of three services; Materials Testing Services, Pavement
Services and Geotechnical Services.

MAT E R I AL S T EST I NG S E RVICE S

This service is under the direction of the Testing
Engineer. It is commonly referred to as the "Central
Laboratory", and its primary functions include, but are not
limited to, the testing of preliminary engineering samples and
construction materials, mix designs, and the standardization of
equipment and testing procedures. Testing Services is divided
into the Materials Testing Branch and the Quality Assurance
Branch.

A. Materials Testing Branch

1. Preliminary Engineering Samples

Samples of materials to be tested are delivered to the
central laboratory from the field with the proper description of
the material, the source, and instructions for testing.

The material may be from existing highways, for proposed
highways, or from proposed material sources. The laboratory
performs the required tests and determines the required mix
designs. The data is tabulated and a copy of the results are
submitted to Pavement Services for analysis and use in pavement
design and materials source designation.

Some of the principle tests made are:

a. Sieve Analysis
b. Abrasion
c. Sand Equivalent
d. Moisture-Density
e. lOR" Value
f. Plasticity Index
g. pH and Resistivity
h. Specific Gravity and Absorption
i. Bituminous Mix Designs

- 1 -



A mere d e t a i l e d  o u t l i n e  o f  t h e  f u n c t i o n  and t e s t  p r o c e d u r e s  
used m a y  be f o u n d  in t h e  " M a t e r i a l s  T e s t i n g  M a n u a l . "  

2 ,  C o n s t r u c t i o n  S a m p l e s  

A l i s t  a f  s a m p l e s  r e q u i r e d  by t h e  c o n t r a c t  s p e c i f i c a t i o n s  i s  
p r e p a r e d  by t h e  centra l  l a b o r a t o r y .  Many o f  t h e  m a t e r i a l s  a r e  
t e s t e d  i n  t h e  Project, A r e a  o r  D i s t r i c t  L a b o r a t o r i e s  a n d  t h e  
t e s t i n g  o f  t h e s e  m a t e r i a l s  i n  t h e  Cent ra l  l a b o r a t o r y  i s  
primarily f o r  c o r r e l a t i o n  p u r p o s e s .  P r o d u c t s  f o r  w h i c h  t h e  
p r o j e c t ,  area or d i s t r i c t  l a b o r a t o r i e s  are n o t  e q u i p p e d  t o  t e s t  
a r e  a l l  t e s t e d  i n  the  C e n t r a l  laboratory. When t h e s e  s a m p l e s  
a r e  s u b m i t t e d  t o  t h e  l a b o r a t o r y  t h e  r e q u i r e d  t e s t s  a r e  made  a n d  
t h e  r e s u l t s  t a b u l a t e d  a n d  f o rwarded t o  t h e  p r o j e c t  and o t h e r  
proper  a g e n c i e s ,  The p u r p o s e  o f  t h e  t e s t s  i s  f o r  a c c e p t a n c e  o f  
m a t e r i a l s  i n c o r p o r a t e d  i n t o  t h e  p r o j e c t .  

3 .  F i n a l  Record Samples 

F i n a l  record s a m p l e s ,  t a k e n  a n d  s u b m i t t e d  by t h e  
G e o t e c h n i c a l  S e r v i c e s  core d r i l l  u n i t ,  are t e s t e d  as r e q u i r e d  
a n d  r e p o r t s  s u b m i t t e d .  

B .  Quality Assurance Branch 

The principle functions o f  t h e  B r a n c h  are:  

I. Visiting t h e  d e p a r t m e n t  laboratories a n d  e x a m i n i n g  t h e  
e q u i p m e n t  t o  d e t e r m i n e  i f  i t  c o n f o r m s  w i t h  t h e  s p e c i f i c a t i o n s  
a n d  r e p o r t i n g  t h e  f i n d i n g s .  

2. Examining t h e  test procedures used i n  t h e  d e p a r t m e n t  
l a b o r a t o r i e s  by  r e v i e w  w i t h  t h e  supervisor o r  v i  s u a l  o b s e r v a t i o n  
o f  a c t u a l  tests being performed a n d  r e p o r t i n g  any d e v i a t i o n  from 
requi r e m e n  t s . 

3. R e f u r b i s h i n g ,  standardizing a n d  c a l i b r a t i n g  e q u i p m e n t  
s e n t  in from m a t e r i a l s  laboratories s t a t e w i d e .  

4. Maintaining t h e  Q u a l i t y  A s s u r a n c e  P r o g r a m  and 
I n d e p e n d e n t  Assurance Sampl  i ng T e s t i n g  Program. 

P A V E M E N T  S E R V I C E S  

T h i s  service is u n d e r  t h e  direction o f  t h e  P a v e m e n t  
E n g i n e e r .  T h e  s e r v i c e  is divided into t h e  Pavement  D e s i g n  
B r a n c h  and t h e  Pavement Management B r a n c h .  P a v e m e n t  D e s i g n  i s  



responsible f o r  d e t e r m i n i n g  t h e  t h i c k n e s s  a n d  q u a l i t y  o f  
m a t e r i a l  o f  a l l  l a y e r s  o f  t h e  p a v e m e n t  s t r u c t u r e .  D e s i g n  
t h i c k n e s s e s  a r e  d e t e r m i n e d  f r o m  t h e  a n a l y s i s  o f  t r a f f i c  l o a d i n g ,  
s o i l  s t r e n g t h ,  c l i m a t e  a n d  o t h e r  p r o j e c t  s p e c i f i c  i n f o r m a t i o n .  
T h e  q u a l i t y  o f  e a c h  l a y e r  i n  terms o f  j t s  s u p p o r t  c a p a b i l i t y  
( s t r e n g t h ,  stability, a n d  d u r a b i l i t y )  i s  a l s o  u s e d  t a  d e t e r m i n e  
t h e  l a y e r  t h i c k n e s s .  Typical p r o j e c t s  c o n s i d e r e d  by Pavement 
D e s i g n  i n c l u d e  new c o n s t r u c t i o n ,  r e c o n s t r u c t i o n ,  r e h a b i l i t a t i o n ,  
o v e r ?  a y i n g  a n d / o r  s e a l  c o a t i n g .  W i t h i n  each  p r o j e c t  a 
s t r u c t u r a l  p a v e m e n t  s e c t i o n  o r  s e c t i o n s  i s  d e t e r m i n e d  a f t e r  
a n a l y z i n g  a v a r i e t y  o f  p o s s i b l e  l a y e r  m a t e r i a l s  s u c h  a s  
a s p h a l t i c  c o n c r e t e ,  c o n c r e t e ,  a g g r e g a t e  b a s e ,  c e m e n t  t r e a t e d  
b a s e  a n d / o r  r e c y c l i n g  t o  name a f e w .  I n a d d i t i o n ,  a l a r g e  
number o f  p o s s i b l e  t h i c k n e s s e s  o f  each i s  a l s o  cons idered .  T h e  
f i n a l  d e s i g n  s e c t i o n  i s  i n c o r p o r a t e d  i n  t h e  p l a n s .  A 1  1  
i m p o r t a n t  i n f o r m a t i o n  p e r t i n e n t  t o  t h e  p a v e m e n t  d e s i g n  i s  s t a t e d  
i n  t h e  " S p e c i a l  P r o v i s i o n s "  o f  t h e  c o n t r a c t  s p e c i f i c a t i o n s .  

P a v e m e n t  M a n a g e m e n t  a n n u a l l y  i n v e n t o r i e s  e a c h  m i l e  o f  t h e  
6,000 m i l e  S t a t e  H i g h w a y  S y s t e m  f o r  r i d e  roughness and 
c r a c k i n g .  I n  a d d i t i o n  s k i d  resistance t e s t s  a r e  t a k e n  a s  
r e q u e s t e d  and a s  t i m e  p e r m i t s  f o r  i n v e n t o r y .  R e p o r t s  d e t a i l i n g  
t h e  r e s u l t s  o f  t h e s e  t e s t s  a r e  m a d e  a v a i l a b l e  t o  P a v e m e n t  D e s i g n  
i n  o r d e r  t o  i m p r o v e  o v e r l a y  a n d  r e h a b i l i t a t i o n  d e s i g n s .  I n  
a d d i t i o n ,  t h e  i n v e n t o r y  d a t a  i s  u s e d  t o  h e l p  d e r i v e  management 
s t a n d a r d s  f o r  h i g h w a y  p e r f o r m a n c e .  G i v e n  these  s t a n d a r d s ,  
i n v e n t o r y  d a t a  and o t h e r  p e r t i n e n t  d a t a ,  a 
F i v e - Y e a r - P r e s e r v a t i o n  P r o g r a m  i s d e v e l o p e d .  d f  t e r  
c o n s u l t a t i o n s  w i t h  e a c h  D i s t r i c t ,  t h i s  program i s  t a k e n  t h r o u g h  
t h e  priority p l a n n i n g  proces s  by M a t e r i a l s  S e c t i o n ,  and 
u l t i m a t e l y  becomes t h e  D e p a r t m e n t ' s  F i v e - Y e a r - P r e s e r v a t i o n  
p r o g r a m .  Generally, e a c h  p r e s e r v a t i o n  p r o j e c t  i s  t e s t e d  for 
d e f l e c t i o n  by P a v e m e n t  M a n a g e m e n t .  R e s u l t s  o f  t h e s e  t e s t s  are 
u s e d  by P a v e m e n t  D e s i g n  t o  h e l p  d e t e r m i n e  o v e r l a y  t h i c k n e s s .  
P a v e m e n t  c o n d i t i o n  d a t a  i s  a l s o  collected, a s  time permits, on 
t h e  S t a t e  A i r p o r t  S y s t e m .  

Due t o  t h e  type  o f  d a t a  c o l l e c t e d  b y  P a v e m e n t  M a n a g e m e n t  
c o n s i d e r a b l e  u s e  o f  t h e  d a t a  i s  made by o t h e r  departmental  
a r e a s ,  i n c l u d i n g  T r a n s p o r t a t i o n  P l a n n i n g ,  M a i n t e n a n c e ,  
Development and e a c h  D i s t r i c t .  O c c a s i o n a l l y ,  o u t s i d e  needs 
require t e s t i n g  f o r  C i t y  or C o u n t y  A g e n c i e s  a s  w e l l  a s  t h e  
D e p a r t m e n t  o f  Pub1 i c  S a f e t y  a n d  A t t o r n e y  General's Off i c e .  

G E O T E C H N Z C A C  S E R V I C E S  

T h i s  s e r v i c e  i s  u n d e r  t h e  d i r e c t i o n  o f  t h e  G e o t e c h n i c a l  
E n g i n e e r .  T h e  service i s  responsible f o r  f u n c t i o n s  r e l a t i n g  t o  
soils and geotechnical e n g i n e e r j n g  ( w i t h  t h e  e x c e p t i o n  o f  



research)  requ ired  f o r  t h e  p l a n n i n g ,  d e s i g n ,  c o n s t r u c t i o n  a n d  
m a i n t e n a n c e  o f  r o a d s  a n d  b r i d g e s  u n d e r  A D O T ' s  j u r i s d i c t i o n .  T h e  
p r i n c i p l e  f u n c t i o n s  i n c l u d e  b u t  a r e  n o t  l i m i t e d  t o  p r e l i m i n a r y  
s u b s u r f a c e  i n v e s t i g a t i o n  of proposed  roadways, e x ?  s t i  n g  roadways 
m a t e r i a l s  s o u r c e s ,  structure f o u n d a t i o n  design, b u i l d i n g  
f o u n d a t i o n  d e s i g n ,  w a t e r  w e l l s ,  w a s t e  water disposal ( l e a c h  
fields), e x i s t i n g  h i g h w a y  p r o b l e m s  a n d  p r o b l e m s  e n c o u n t e r e d  
d u r i n g  c o n s t r u c t i o n  p r o j e c t s  ( s l o p e  s t a b i l  i t y ,  1 a n d s l  i d e s ,  
e t c . ) .  The  service i s  a l s o  r e s p o n s i b l e  f o r  d e t e r m i n i n g  s l o p e  
r a t i o s  a n d  e x c a v a t i o n  f a c t o r s .  

T h e  i n v e s t i g a t i o n s  may i n c l u d e  t h e  following: 

a )  d r i l l i n g  or excavations 
b )  s a m p l i n g  
c )  i n s t r u r n e n t a t i o n  
d )  laboratory t e s t i n g  
e) e n g i n e e r i n g  a n a l y s i s  
f )  p r e p a r a t i o n  a f r e p o r t s  d o c u m e n t i  n g  t h e  

i n v e s t i g a t i o n ,  a n a l y s i s  a n d  r e c o m m e n d a t i o n s .  

T h e  s e r v i c e  i s  s e p a r a t e d  jnto t w o  b r a n c h e s :  The M a t e r i a l s  
I n v e s t i g a t i o n  B r a n c h  and t h e  F o u n d a t i o n  a n d  G e o l o g i c  
Investigation B r a n c h .  

I. M a t e r i  a1 s I n v e s t i g a t i o n  B r a n c h  

T h i s  b r a n c h  i s  s u p e r v i s e d  by the Senior M a t e r i a l s  
I n v e s t i g a t i o n  E n g i n e e r  and  c o n s i s t s  o f  backhoe  c r e w s ,  core  d r i l l  
c r e w s  a n d  the p i t  d e v e l o p m e n t  group ( a  location crew and s e v e r a l  
o f f j c e  employees . )  The b a c k h o e  crews p e r f o r m  i n v e s t i g a t i o n s  o f  
proposed roadways,  e x i  s t i n g  roadways a n d  m a t e r i a l s  sources .  The 
core d r i l l  c r e w  p e r f o r m s  i n v e s t i g a t i o n s  on e x i s t i n g  roadways  
p r o p o s e d  for  r e h a b i l i t a t i o n  p r o j e c t s  a n d  o b t a i n s  f i n a l  record 
samples, w h i c h  a r e  t a k e n  t o  m e a s u r e  t h i c k n e s s e s  o f  v a r i o u s  
pavement  c o m p o n e n t s  after t h e y  h a v e  b e e n  p l a c e d  on t h e  roadway. 
F i n a l  R e c o r d  s a m p l  e s  and m e a s u r e m e n t s  a r e  t a k e n  a t  a p p r o x i m a t e  
one-mile i n t e r v a l s  on each roadway a n d  f r o n t a g e  road ,  a n d  one on 
each r a m p  and crossroad. Records are p r e p a r e d  and reports  made 
t o  t h e  Federa l  H i g h w a y  A d m i n i s t r a t i o n  o n  a l l  Federal A i d  
p r o j e c t s .  

The P i t  Development G r o u p  performs a n u m b e r  o f  f u n c t i o n s  
i n c l u d i n g :  

a )  A s s i s t  i n  o b t a i n i n g  l i c e n s e s  on  new p i t s  and r e n e w i n g  
l i c e n s e s  on e x i s t i n g  sources. 



b )  L o c a t e  new s o u r c e s  a n d  r e c o m m e n d  e x t e n s i o n s  o f  e x i s t i n g  
sources. 

c) M a i n t a i n  pit f i l e s  a n d  a s s i s t  p e r s o n s  desiring to 
review t h e m .  

d )  P e r f o r m  a l l  d r a f t i n g  f o r  M a t e r i a l s  S e c t i o n .  

e )  Provide P a v e m e n t  D e s i g n  M e m o r a n d u m  a t t a c h m e n t s .  

f )  D e v e l o p  p r e l i m i n a r y  a r c h a e o l o g i c a l  a n d  e n v i r o n m e n t a l  
i n f o r m a t i o n  o n  sites. 

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

h )  A s s i s t  in p r o v i d i n g  f i e l d  c r e w s  w i t h  v a r i o u s  
i n f o r m a t i o n  r e q u i r e d  f o r  i n v e s t i g a t i o n s .  

2 .  F o u n d a t i o n  a n d  G e o l o g i c  I n v e s t i g a t i o n  B r a n c h  

T h i s  branch i s  s u p e r v i s e d  by a Senior Materials 
I n v e s t i g a t i o n  E n g i n e e r  a n d  c o n s i s t s  o f  t w o  d r i l l  c r e w s .  T h e  
c r e w s  are headed by an  E n g i n e e r i n g  G e o l o g i s t .  The crews p e r f o r m  
s u b s u r f a c e  i n v e s t i g a t i o n s  i n c l u d i n g  b u t  n o t  l i m i t e d  t o :  

a )  S t r u c t u r e  F o u n d a t i o n s  

b )  B u i l d i n g  F o u n d a t i o n s  

c )  W a t e r  W e l l s  

d )  V a s t e  water ( l e a c h  f i e l d )  d i s p o s a l  

e l  P r o p o s e d  roadways 

f )  Quarry  Sources  

g )  E x i s t i n g  h i g h w a y  p r o b l e m s  

h )  P r o b l e m s  encountered d u r i n g  construction p r o j e c t s  

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

E a c h  Materials Service d e v e l o p s  c o n s i d e r a b l e  information i n  
t h e  form o f  t e s t  r e s u l t s ,  a n a l y s i s  d a t a ,  r e p o r t s ,  m e m o s ,  
drawings, e t c .  wh ich  are stored i n  v a r i o u s  files. G e n e r a l l y  all 
t e s t  results ultimately reside i n  t h e  c o m p u t e r  by p r o j e c t  



number, route  a n d  m i l e p o s t ,  stationing or  p i t  n u m b e r .  T h e  
following special f i l e s  c o n t a i n i n g  r e p o r t s  a n d  m e m o s  a r e  
d e s c r i b e d  i n  g r e a t e r  d e t a i l .  

M A T E R I A L S  P A V E M E N T  D E S I G N  F I L E S  

The M a t e r i a l s  P a v e m e n t  D e s i g n  file i s  c o m p i l e d  i n  Materials 
P a v e m e n t  S e r v i c e s .  T h i s  f i l e  i n c l u d e s  t h e  p r o j e c t  n u m b e r ,  b o t h  
P r e l i m i n a r y  E n g i n e e r i n g  a n d  C o n s t r u c t i o n ,  t h e  p r o j e c t  name a n d  
t e r m i n i ,  a n d  i s  f i l e d  i n  numerical  order a c c o r d i n g  t o t h e  
prel imi nary e n g i n e e r i n g  number ,  r e g a r d l e s s  o f  t h e  l e t t e r  p r e f i x .  

The f i l e  c o n t a i n s  a l l  c o r r e s p o n d e n c e ,  a c o p y  o f  c o n s u l t a n t  
contract  i f  a n y ,  a l l  preliminary e n g i n e e r i n g  d a t a  s u c h  a s  
s u b g r a d e  s a m p l i n g ,  c o p i e s  o f  m a t e r i a l s  p i t  logs and test 
r e s u l t s ,  al l  Design Memos and any o t h e r  d a t a  p e r t i n e n t  t o  t h e  
m a t e r i a l s  p a v e m e n t  d e s i g n ,  

G E O T E C H N I C A L  R E P O R T  F I L E S  

T h e s e  f i l e s  a r e  prepared a n d  m a i n t a i n e d  by G e o t e c h n i c z l  
S e r v i c e s .  General l y ,  a l l  i n v e s t i g a t i o n s  are formal i z e d  i n  
r e p o r t  f o r m .  The r e p o r t  d o c u m e n t s  t h e  procedures and m e t h o d  o f  
t h e  i n v e s t i g a t i o n ,  all t e s t  r e s u l t s ,  c a l c u l a t i o n s  and i n c l u d e s  a 
summary a n d  r e c o m m e n d a t i o n s ,  i f  a p p r o p r i a t e .  

T h e  f i l e s  a r e  m a i n t a i n e d  i n  numerical o r d e r ,  w i t h  a c r o s s  
r e f e r e n c e  t o  p r o j e c t  or p i t  number. C o p i e s  of t h e  r e p o r t s  a r e  
a l s o  placed i n  the  a p p r o p r i a t e  p a v e m e n t  d e s i g n  or p i t  file. 

M A T E R I A L  P I T  F I L E S  

Once i n v e s t i g a t i o n  h a s  begun on a mater ia l s  p i t ,  a p i t  
s e r i a l  number i s  a s s i g n e d  t o  it by G e o t e c h n i c a l  Services a n d  a 
p i t  f i l e  s e t  u p .  T h i s  file c o n t a i n s  t h e  original d o c u m e n t s  
prepared in t h e  f i e l d ;  i . e . ,  p i t  s k e t c h ,  l o g s ,  check sheet, and 
any f i e l d  notes t h a t  may h a v e  b e e n  m a d e .  I t  a l s o  con ta ins  the 
t a b u l a t i o n s  o f  t h e  test r e s u l t s ,  t h e  a e r i a l  p h o t o g r a p h ,  t h e  
f i n a l  p i t  sketches, t h e  p i t  l i c e n s e  and a l l  correspondence  
p e r t a i n i n g  to t h e  p i t  a n d  i t s  u s a g e .  

C O N S T R U C T I O N  F I L E S  

Once a p r o j e c t  i s  a d v e r t i s e d  for  b i d ,  a construction f i l e  i s  
c o m p i l e d  by T e s t i n g  S e r v i c e s  by c o n s t r u c t i o n  project n u m b e r ,  a n d  
includes a c o p y  o f  t h e  contract specifications, p l a n s ,  s o i l  
p r o f i l e ,  c h a n g e  orders ,  field and laboratory test r e s u l t s  on 
materials s a m p l e s ,  c o r r e s p o n d e n c e  and any other pertinent data. 



GLOSSARY OF TERMS 

AGGREGb+E 
Any h a r d ,  i n e r t  minera l  m a t e r i a l  u s e d  f o r  m i x i n g  i n  g r a d u a t e d  
f r a g m e n t s .  I t  i n c l u d e s  s a n d ,  g r a v e l ,  c r u s h e d  s t o n e  a n d  
b l a s t - f u r n a c e  s l a g .  

a .  C o a r s e  a g g r e g a t e  f o r  p o r t l a n d  c e m e n t  c o n c r e t e  - t h a t  
r e t a i n e d  o n  a N o .  8 S i e v e .  

b .  F i n e  a g g r e g a t e  for p o r t l a n d  cement c o n c r e t e  - t h a t  
p a s s i n g  a 3 / 8 "  S i e v e  a n d  a l m o s t  e n t i r e l y  p a s s i n g  a N o .  4 S i e v e ,  
a n d  p r e d o m i n a n t l y  r e t a i n e d  a b o v e  t h e  N o .  2 0 0  S i e v e .  

ALLIGATOR CRACK 
A crack  c a u s e d  by f a t i g u e  o f  t h e  a spha l t i c  c o n c r e t e  s u r f a c e  
l a y e r  o r  exce s s ive  m o v e m e n t  o f  the  u n d e r l y i n g  l a y e r s ,  T y p i c a l l y  
a 1  1 i g a t o r  c r a c k s  form an  i n t e r c o n n e c t e d  n e t w o r k  o f  i r regu l  a r l  y 
s h a p e d  p o l y g o n s  v a r y i n g  i n  s i z e  f r o m  a f e w  square i n c h e s  t o  1 
square f o o t .  

ASPHALT CEMENT 
A s p h a l t  t h a t  i s  r e f i n e d  t o  meet s p e c i f i c a t i o n s  f o r  p a v i n g ,  
i ndus tr i  a 1  or s p e c i a l  purposes. 

ASPHALT CONCRETE I A C )  
A s p h a l t i c  c o n c r e t e  - A c o n t r o l l e d  h o t  mixture  o f  a s p h a l t  c e m e n t  
and w e l l - g r a d e d  a g g r e g a t e ,  thoroughly c o m p a c t e d  i n t o  a u n i f o r m  
dense  m a s s .  

ASPHALTIC CONCRETE FRICTION COURSE (ACFC) 
A h o t  mixture  o f  a s p h a l t  cement w i t h  a n  o p e n - g r a d e d  a g g r e g a t e  
( 2 0 %  t o  2 5 %  a i r  v o i d s )  w i t h  a m a x i m u m  s i z e  o f  3 /8  i n c h  u s e d  a s  a 
surface course. 

ASPHALT, EMULSI PI ED 
A h e t e r o g e n e o u s  sys tem c o n t a i n i n g  t w o  normal ly  i m m i s c i b l e  p h a s e s  
( a s p h a l t  cement and w a t e r )  w i t h  a s m a l l  a m o u n t  o f  e m u l s i f y i n g  
a g e n t .  I t  e x i s t s  -in a l i q u i d  s t a t e  a t  normal  t e m p e r a t u r e s .  
E m u 1  s i f  i e d  asphal t s  may be  a n i o n i c ,  w i t h  e l e c t r o n e g a t i v e l y  
charged a s p h a l t  g l o b u l e s ;  or  c a t i o n i c ,  w i t h  e l e c t r o p o s i t i v e l y  
c h a r g e d  a s p h a l t  g l o b u l e s ,  d e p e n d i n g  u p o n  t h e  emu1 s i  f y i n g  a g e n t .  

ASPHALT EMULSION SLURRY SEAL 
A m i x t u r e  o.f s l o w - s e t t  i n g  emu1 s i  f i e d  a s p h a l t ,  f - i n e  a g g r e g a t e  and 
m i n e r a l  f i l l e r ,  w i t h  w a t e r  a d d e d  t o  p r o d u c e  a s l u r r y  
consistency. 



C u t b a c k  - A s p h a l t  c e m e n t  w h i c h  h a s  b e e n  l i q u e f i e d  by b l e n d i n g  
w i t h  p e t r o l e u m  s o l v e n t s .  Upon e x p o s u r e  t o  a t m o s p h e r i c  
c o n d i t i o n s  t h e  d i l u t e n t s  e v a p o r a t e ,  l e a v i n g  the asphalt c e m e n t  
t o  p e r f o r m  i t s  f u n c t i o n .  T h e s e  are  f u r t h e r  c l a s s i f i e d  a s  R a p i d  
C u r i n g  ( R C ) ,  Med ium Curing ( M C ) ,  or Slow C u r i n g  ( S C ) .  P r e s e n t l y  
only M C  i s  s p e c i f i e d  by t h e  D e p a r t m e n t .  

M e d i u m  C u r i n g  ( M C )  - C o m p o s e d  o f  a s p h a l t  c e m e n t  a n d  a 
k e r o s e n e - t y p e  d i l u t e n t  o f  m e d i u m  volatility. 

ASPHALT PAVEMENT 
P a v e m e n t  which h a s  a s u r f a c e  course o f  mineral aggregate c o a t e d  
a n d  c e m e n t e d  together w i t h  a s p h a l t  c e m e n t .  

ASPHALT RUBBER (AR) 
A m i x t u r e  o f  a s p h a l t  c e m e n t  a n d  r u b b e r  used a s  a c r a c k  s e a l e n t ,  
binder, or  m e m b r a n e ,  

BAGKFI LL 
Material p l a c e d  t o  f i l l  a n  e x c a v a t e d  s p a c e .  

BASE COURSE AND AGGREGATE BASE (AB) 
The l a y e r  o f  s p e c i f i e d  m a t e r i a l  p l a c e d  on a s u b b a s e  course  o r  
s u b g r a d e  t o  s u p p o r t  a s u r f a c e  c o u r s e .  

B~TUMINOUS ROAD MIX 
A m i x t u r e  o f  a g g r e g a t e  a n d  a s p h a l t  prepared i n  p l a c e  o n  t h e  
r o a d w a y .  

B~TUMINOUS TREATED BASE (Bfs) 
A mixture o f  a s p h a l t  and a g g r e g a t e  p l a c e d  a s  a b a s e  course. 

BLEEDING C O R  FLUSHING) 
1 .  Upward m i g r a t i o n  o f  b i t u m i n o u s  material r e s u l t i n g  in a 

f i l m  o f  a s p h a l t  o n  t h e  s u r f a c e ,  

2,  Escape of w a t e r  from fres h l y  p l a c e d  concrete c o m m o n l y  
observed as a n  a c c u m u l a t i o n  o n  a h o r i z o n t a l  sur face .  

BLOCK CRACK 
A c r a c k  c a u s e d  by s h r i n k a g e  o f  t h e  b o u n d  s u r f a c e  m a t e r i a l .  
Typical l y  b l o c k  c r a c k s  form a n  i n t e r c o n n e c t e d  n e t w o r k  o f  n e a r l y  
square s h a p e s  v a r y i n g  i n  s i z e  f r o m  1 s q u a r e  f o o t  t o  severa l  
s q u a r e  f e e t .  

BLIOWUP 
A r a i s i n g  o f  concre te  p a v e m e n t  a t  t h e  j o i n t s  c a u s e d  by 
compressive s t r e s s e s .  



BORROW PIT (OR SITE) 
The l o c a t i o n  o f  s u i t a b l e  m a t e r i a l  e x c a v a t e d  f r o m  s o u r c e s  o u t s i d e  
t h e  roadway p r i s m ,  used primarily f o r  e m b a n k m e n t  ( f i l l  ) .  

CEMENT TREATED BASE (CTB) 
A m i x t u r e  o f  w e l l  - g r a d e d  a g g r e g a t e ,  c e m e n t ,  a n d  w a t e r  p l a c e d  a s  
a base  c o u r s e .  

CEMENT TREATED SUBGRADE t CTS) 
A m i x t u r e  o f  c e m e n t  a n d  w a t e r  w i t h  t h e  i n - p l a c e  s u b g r a d e .  

CLAY (CLAY SOIL) 
F i n e - t e x t u r e d  s o i l  o r  t h e  fine-srained p o r t i o n  (smaller t h a n  200 
m i c r o n s )  o f  a s a i l  t h a t  c an  be made t o  exhibit p l a s t i c i t y  w i t h i n  
a range  o f  water c o n t e n t s  a n d  t h a t  b r e a k s  i n t o  c l o d s  or l u m p s  
when d r y .  

COMPACTION 
T h e  d e n s j f i c a t i o n  o f  a soil, b a s e  course o r  s u r f a c i n g  c o u r s e  by 
means o f  m e c h a n i c a l  m a n i p u l a t i o n .  

Co~rxwuous~v  R E I N F O R C E D  CONCRETE PAVEMENT (CRCP) 
Concrete p a v e m e n t  w i t h  c o n t i n u o u s  l o n g i t u d i n a l  s t e e l  
reinforcement a n d  no  c o n t r a c t i o n  j o i n t s .  Typically 0 . 4 %  by area 
or m o r e  o f  s t e e l  i s  used. 

CORRUGATIONS 
Regular  t ransverse  u n d u l a t i o n s  upon  a p a v e m e n t  surface. 

CRACK 
A fissure or open seam not n e c e s s a r i l y  e x t e n d i n g  through t h e  
body o f  a material. 

CRACKING INDEX 
A r e l a t i v e  m e a s u r e  o f  t h e  amount o f  cracking i n  an A C  s u r f a c e  
e x p r e s s e d  a s  p e r c e n t .  Currently done in Arizona by c o m p a r i s o n  
w i t h  s t a n d a r d  p h o t o s  o f  roads f o r  w h i c h  t h e  amount o f  c r a c k i n g  
h a s  b e e n  previously determined. 

CULVERT 
Any s t r u c t u r e  u n d e r  t h e  roadway  w i t h  a c l e a r  o p e n i n g  t w e n t y  f e e t  
or l e s s  m e a s u r e d  a l o n g  t h e  c e n t e r  o f  t h e  roadway.  

DENSITY (UNIT WEIGHT) 
Weight  o f  a mater ia l  per unit v o l u m e .  



D-!I-AINAGE COEFFICIENTS 
F a c t o r s  used  t o  m o d i f y  l a y e r  c o e f f i c i e n t s  i n  f l e x i b l e  pavements 
o r  s t r e s s e s  i n  r i g i d  p a v e m e n t s  a s  a f u n c t i o n  o f  h o w  w e l l  t h e  
p a v e m e n t  s t r u c t u r e  c a n  h a n d l e  t h e  a d v e r s e  e f f e c t  o f  water 
i n f i l t r a t i o n .  

DRAINAGE LAYER 
A p a v e m e n t  c o u r s e  w i t h  h i g h  a i r  v o i d s  a n d  h i g h  p e r m e a b i l i t y  t o  
facilitate t h e  m o v e m e n t  o f  moisture. 

DURAEILXYY CD) CRACKING 
A s e r i e s  o f  c l o s e l y - s p a c e d  cracks a d j a c e n t  a n d  roughly p a r a l l e l  
t o  concrete pavement j o i n t s .  C a u s e d  by t h e  freezing and t h a w i n g  
o f  u n s o u n d  aggregates t h a t  h a v e  a h i g h  m o i s t u r e  content. 

EMBANKMENT OR FILL 
1 .  A r a i s e d  s t r u c t u r e ,  constructed o f  s o i l ,  r o c k ,  or  

a g g r e g a t e  t o  required l i n e  a n d  g r a d e .  

2. The mate r i a l ,  s u c h  a s  s o i l ,  r o c k  o r  g r a v e l ,  used in t h e  
c o n s t r u c t i o n  o f  a n  e m b a n k m e n t  s t r uc tu r e  i s  a l s o  referred to as 
e m b a n k m e n t  o r  fill. 

EQUIVALENT SINGLE AXLE LOADS (ESALP$)  
S u m m a t i o n  o f  e q u i v a l e n t  1 8 , 0 0 0 - p o u n d  s i n g l e  a x l e  l o a d s  u s e d  t o  
c o m b i n e  mixed t r a f f i c  t o  d e s i g n  t r a f f i c  f o r  t h e  d e s i g n  p e r i o d .  

EXCAVATION FACTOR 
An e s t i m a t e  in terms o f  p e r c e n t ,  O F  t h e  change i n  v o l u m e  o f  a 
m a t e r i a l  when e x c a v a t e d ,  p l a c e d  in an e m b a n k m e n t  s e c t i o n ,  a n d  
c o m p a c t e d  t o  s p e c i f i c a t i o n  density. 

EXPANSZON 3 0 1 ~ ~  
A j o i n t  l o c a t e d  t o  p r o v i d e  f o r  expansion o f  a r i g i d  s l a b .  

FAW LTZNG 
A d i f f e r e n c e  i n  e l e v a t i o n  o f  t w o  a d j a c e n t  c o n c r e t e  s l a b s  a t  a 
j o i n t .  P r i m a r i l y  c a u s e d  by t h e  traffic-induced m o v e m e n t  o f  base 
m a t e r i a l  p a r t i c l e s  From u n d e r  o n e  joint edge t o  u n d e r  t h e  
a d j a c e n t  j o i n t  e d g e .  

FINISHED SUBGRAPE ELEVATION 
T h e  p r e p a r e d  s u r f a c e  t h a t  s u p p o r t s  t h e  p a v e m e n t  s t r u c t u r e .  

FLEXXBLE PAVEMENT 
An a s p h a l t i c  p a v e m e n t  s t r u c t u r e  w i t h  s u f f i c i e n t l y  l o w  r e s i s t a n c e  
t o  b e n d i n g  to m a i n t a i n  c o n t a c t  w i t h  a n d  distributes l o a d s  t o  t h e  
s u b g r a d e  a n d  depends u p o n  a g g r e g a t e  i n t e r 1  a c k ,  p a r t  i c l  e 
f r i c t i o n ,  and c o h e s i o n  f o r  s t a b i l i t y .  



FOG SEAL COAT (OR FLUSH COAT) 
The  a p p l i c a t i o n  o f  b i t u m i n o u s  m a t e r i a l  w i t h  a s a n d  b l o t t e r  t o  a n  
A C  s u r f a c e .  

FROST ACTION 
F r e ~ z i n g  a n d  t h a w i n g  o f  m o i s t u r e  i n  m a t e r i a l s  a n d  t h e  r e s u l t a n t  
e f f e c t s  on t h e s e  materials a n d  o n  s t r u c t u r e s  o f  w h i c h  they are a 
p a r t  o r  w i t h  w h i c h  t h e y  a r e  i n  c o n t a c t .  

GEOSYNTMETICS [GEOMATRIX, GEOMEMBRANE AND GEOTEXTILE) 
T h i n  f a b r i c s ,  membranes  a n d  composites p l a c e d  on  soils f o r  
reinforcement o r  t o  r e t a r d  t h e  m i g r a t i o n  o f .  clay i n t o  t h e  
p a v e m e n t  structure or p l a c e d  b e t w e e n  pavement l a y e r s  f o r  
reinforcement or  t o  re tard  c r a c k  p r o p a g a t i o n  f r o m  an  u n d e r l y i n g  
l a y e r  t o  t h e  o n e  a b o v e  i t .  

GRADATION 
P r o p o r t i o n  o f  e a c h  g r a i n - s i z e  c a t e g o r y  p r e s e n t  i n  a m a t e r i a l  
s a m p  1 e . 
GRADE-IN/GRADE-OUT POINTS 
The i n t e r s e c t i o n  o f  t h e  n a t u r a l  around s u r f a c e  w i t h  t h e  f i n i s h e d  - 
grade  l i n e  o n  a h i g h w a y .  

GRANULAR 
Material  t h a t  d o e s  n o t  c o n t a i n  more t h a n  35 percent o f  s o i l  
p a r t i c l e s  w h i c h  will p a s s  a N o ,  200 s i e v e .  

GRAVEL 
Rounded o r  s e m i - r o u n d e d  p a r t i c l e s  o f  r o c k  t h a t  will p a s s  a 3 
i n c h  U . S .  S t a n d a r d  S i e v e  and b e  r e t a i n e d  on a M a .  1 Q U . S .  
S t a n d a r d  s i e v e .  

GRJNPING 
The removal o f  t h e  t o p  o f  a p a v e m e n t  s u r f a c e  t o  i m p r o v e  r i d e  a n d  
s k i d  resistance. 

GROOVING 
P r o d u c i n g  grooves  i n  a c o n c r e t e  pavement s u r f a c e  t o  i m p r o v e  
f r i c t i o n a l  c h a r a c t e r i s t i c s .  

GROUND COMPACTION 
The c o m p e n s a t i o n ,  i n  f e e t ,  For t h e  reduction o f  o r i g i n a l  g r o u n d  
e l e v a t i o n  c a u s e d  by t h e  c o n s t r u c t i o n  o p e r a t i o n .  

HEAVE 
Upward m o v e m e n t  o f  s a i l  caused  by e x p a n s i o n  o r  d i s p l a c e m e n t  
resulting f r o m  p h e n o m e n a  such a s  m o i s t u r e  a b s o r p t i o n ,  removal o f  
overburden, d r i v i n g  o f  p i 1  e s ,  f r o s t  a c t i o n ,  e t c .  



HYDROPHOBIC AGGREGATE 
An a g g r e g a t e  h a v i n g  1 i t t l e  or  n o  a f f i n i t y  f o r  w a t e r  compare' to 
b i t u m e n .  

HYDROPHYLLIC AGGREGATE 
An a g g r e g a t e  h a v i n g  a g r e a t  a f f i n i t y  f o r  water compared t o  
b i  turnen. 

. JOINTED CONCRETE PAVEMENT ( J C P )  
C o n c r e t e  p a v e m e n t s  t h a t  c o n t a i n  no reinforcing s t e e l  f o r  c r a c k  
c o n t r o l  . L o a d  t r a n s f e r  d e v i c e s  may be p l a c e d  a t  t h e  j o i n t s .  
S l a b s  are u s u a l l y  13  f e e t  t o  17 f e e t  l o n g .  

JOINTED REINFORCED CONCRETE PAVEMENT (JRCPI 
C o n c r e t e  p a v e m e n t  w i t h  s o m e  r e i n f o r c i n g  s t e e l  b e t w e e n  j o i n t s ;  
dowels a t  t r a n s v e r s e  j o i n t s  a n d  l o n g e r  s l a b s  t h a n  JCR. 

JOINT SEALANT 
A m a t e r i a l  u s e d  a s  a f i l l e r  i n  c o n c r e t e  p a v e m e n t  j o i n t s  t o  
p r e v e n t  i n f i l t r a t i o n  o f  water,  s o i l  a n d  o t h e r  f i n e  particles. 

LAVER COEFFICIENT (A 4 2 , ~  
T h e  e m ~ i  r i c a l  r e 1  ahiorrsh?! b e t w e e n  s t r u c t u r a l  number ( S N )  and 
l a y e r  i h i c k n e s s  w h i c h  e x b r e s s e s  t h e  re1 a t i v e  a b i l  i t y  b f  a 
m a t e r i a l  t o  f u n c t i o n  a s  a s t r u c t u r a l  c o m p o n e n t  o f  , t h e  p a v e m e n t .  

LEAN CONCRETE BASE CLCB) 
A m i x t u r e  o f  a g g r e g a t e ,  cement, a n d  water used  directly under 
c o n c r e t e  p a v e m e n t .  Mas a lower m o d u l u s  o f  rupture t h a n  t h e  
concrete  p a v e m e n t ,  a n d  a higher compressive s t r e n g t h  t h a n  cement 
t r e a t e d  b a s e .  

LEVELING COURSE (LC) 
A course  o f  v a r i a b l e  t h i c k n e s s  u s e d  t o  e l i m i n a t e  irregularities 
i n  a n  e x i s t i n g  s u r f a c e .  

LIFE CYCLE COST I tCC3 
A n  economic e s t i m a t e  o f  t h e  c a s t  t o  p r o v i d e  a s e r v i c e a b l e  
p a v e m e n t  o v e r  t h e  e x p e c t e d  l i f e  o f  a p a v e m e n t ;  usually 2 0  t o  4 0  
y e a r s .  

LZQUID LXMIT (CL) 
1. T h e  m o i s t u r e  c o n t e n t  w h i c h  i s  t h e  boundary  between t h e  

l i q u i d  a n d  p l a s t i c  s t a t e s  f o r  the m i n u s  N o .  4 0  Fraction o f  a 
s o i l .  

2, T h a t  m o i s t u r e  c o n t e n t  a t  w h i c h  a s o i l  f r a c t i o n  will c l o s e  
a s t a n d a r d  groove  f o r  a l e n g t h  o f  Z J 2  i n c h  when s u b j e c t e d  t o  2 5  
blows i n  a l i q u i d  l i m i t  device. 



LOAD TRANSFER DEVICE 
A m e c h a n i c a l  m e a n s  d e s i g n e d  t o  c a r r y  l o a d s  a c r o s s  a j o i n t  i n  a 
r i g i d  s l a b .  

LOHGITUDZHAL JOINT 
A j o i n t  n o r m a l l y  p l a c e d  be tween  t r a f f i c  1 a n e s  i n  r i g i d  p a v e m e n t s  
t o  c o n t r o l  l o n g i t u d i n a l  c r a c k i n g .  

Mx LLZ F~G 
The r e m o v a l  o f  a p o r t i o n  of  t h e  p a v e m e n t  s u r f a c i n g  w i t h  a 
m i l l i n g  m a c h i n e .  

MINERAL AGGREGATE (MA) 
A g g r e g a t e  t o  be  m i x e d  w i t h  a s p h a l t  c e m e n t  to p r o d u c e  a n  
a s p h a l t i c  c o n c r e t e .  

M O D U L U S  OF RUPTURE (SC)  
T h e  f l e x u r a l  s t r e n g t h  a t  f a i l u r e  o f  c o n c r e t e  b e a m s .  

MODULUS OF SUBGRADE R E A C T ~ O N  IK) 
Westergaard's m o d u l u s  o f  subgrade  r e a c t i o n  for  u s e  i n  r i g i d  
p a v e m e n t  d e s i g n  ( t h e  l o a d  i n  p o u n d s  p e r  s q u a r e  i n c h  on a loaded 
area  o f  t h e  r o a d b e d  soil or s u b b a s e  d i v i d e d  by t h e  d e f l e c t i o n  i n  
i n c h e s  o f  t h e  r o a d b e d  soil a r  s u b b a s e ,  p s i / i n . ) .  

MOZSTURE CONTENT 
1 .  The proportion o f  m o i s t u r e  i n  any m a t e r i a l ,  e x p r e s s e d  a s  

a percent o f  t h e  d r y  w e i g h t .  

2 .  O p t i m u m  Hoisture C o n t e n t .  T h e  p e r c e n t a g e  o f  moisture a t  
w h i c h  t h e  grea te s t  d e n s i t y  o f  a p a r t j c u l a r  s o i l  can  be o b t a i n e d  
t h r o u g h  compaction by a specified m e t h o d .  

OVERBURPEN 
M a t e r i a l  o f  inferior qua1  i t y  w h i c h  o v e r l i e s  m a t e r i  a 1  o f  d e s i r e d  
q u a l i t y  a n d  w h i c h  m u s t  b e  r e m o v e d  to o b t a i n  t h e  d e s i r e d  
materi a 1  . 

OVERLAY 
One or  more courses o f  a s p h a l t i c  c o n c r e t e  c o n s t r u c t i o n  p l a c e d  on 
a n  e x i s t i n g  pavement .  

The l e f t  l a n e  o f  a t w o  l a n e  roadway w i t h  b o t h  l a n e s  g o i n g  i n  t h e  
same direction. 

PAVEMENT PERFORMANCE 
The trend o f  s e r v i c e a b i l  i t y  w i t h  l o a d  a p p l  i c a t i a n s .  



PAVEMENT STRUCTURE 
The c o m b i n a t i o n  o f  s u b b a s e ,  b a s e  c o u r s e ,  a n d  s u r f a c e  course  
p l a c e d  on a subgrade  t o  support t h e  t r a f f i c  l o a d  a n d  distribute 
i t  to t h e  s u b g r a d e .  

PERMEABILITY 
T h a t  p r o p e r t y  o f  a m a t e r i a l  w h i c h  p e r m i t s  a l i q u i d  t o  f l o w  
t h r o u g h  i t s  p o r e s  o r  i n t e r s t i c e s .  

PM - 
An i n d e x  o f  t h e  a c i d i t y  or a l k a l i n i t y  o f  a s o i l  i n  terms s f  t h e  
logarithm o f  t h e  reciprocal o f  t h e  hydrogen ion concentration; 
e - g . ,  a pH i n d i c a t i o n  o f  l e s s  t h a n  7.0 i s  a c i d i c ,  w h e r e a s  a 
r e a d i n g  o f  more t h a n  7 . 0  i s  a l k a l i n e .  

P L A S T I C I T Y  
The p r o p e r t y  o f  a s o i l  w h i c h  allows i t  t o  b e  d e f o r m e d  b e y o n d  t h e  
p o i n t  o f  e l  a s t i c  r e c o v e r y  w i t h o u t  c r a c k i n g  o r  a p p r e c i a b l e  v o l u m e  
c h a n g e ,  

PLASTICITY INDEX ( P I )  
Numerical difference b e t w e e n  t h e  7 T ~ u i d  l i m i t  and t h e  p l a s t i c  
l i m i t .  T h i s  i s  an  i n d i c a t i o n  o f  the ' c l a y  c o n t e n t  o f  a soil o r  
a g g r e g a t e .  

PLASTIC LIMIT (RL) 
1. T h e  water  c o n t e n t  c o r r e s ~ o n d i n g  t o  t h e  t r a n s i t i o n  p a i n t  

b e t w e e n  t h e  - p l a s t i c  a n d  s e m i - s o l i d  s t a t e s  o f  c o n s i s t e n c y  o f  a 
s o i l .  

2. W a t e r  c o n t e n t  a t  w h i c h  a s o i l  will j u s t  begin t o  crumble 
w h e n  rolled i n t o  a t h r e a d  a b o u t  118 i n c h  i n  diameter. 

POLISHED AGGREGATE 
T h e  a g g r e g a t e  i n  a pavement  s u r f a c e  w o r n  s m o o t h  by t r a f f i c .  

Poaosxrv 
The r a t i o ,  expressed i n  p e r c e n t ,  o f  t h e  v o l u m e  o f  v o i d  space 
( p o r e s )  o f  a m a t e r i a l  t o  the t o t a l  v o l u m e  o f  i t s  m a s s .  

PORTLAND CEMENT CONCRETE PAVEMENT (PCCP) 
A m i x t u r e  o f  a g g r e g a t e ,  c e m e n t  and water t h a t  f o r m s  a very  s t i f f  
and  r i g i d  p a v e m e n t .  

PRESENT SERVICEABILITY INDEX (PSI) 
An i n d e x  number b a s e d  on  r o u g h n e s s  ( s l o p e  v a r i a n c e ) ,  c r a c k i n g ,  
p a t c h i n g  and r u t t i n g .  



PRESENT SERVICEABILITY R A T ~ N G  IPSR)  
A r o a d  u s e r s  o p i n i o n ,  e x p r e s s e d  a s  number  between 0 to 5 ,  o f  a 
roads  r i d e  qua1  i t y .  Higher n u m b e r s  i n d i c a t e  h i g h e r  
s e r v i c e a b i l i t y  ( s m o o t h e r  r i d e ) .  O f t e n  u s e d  i n  l i e u  o f  PSI. 

PRESTRESSED CONCRETE PAVEMENT (PCP) 
Port1 a n d  c e m e n t  concre te  ~ a v e m e n t  containing h i q h - t e n s  i l e  
s t r e n g t h  w i r e  w h i c h  i s  u s e d '  t o  a p p l y  t e n s i l e  s t r e s s e s  t o  t h e  
p a v e m e n t  s l a b s  o r  p a n e l s .  

P R ~ E  COAT 
An a o o l i c a t i o n  o f  a l a w  viscosity l i a u i d  b i t u m i n o u s  mater ia l  t o  
c o a t  ' Bnd b i n d  particles p r e p a r a t o F y  t d  p l a c i n g  a b a s e  or s u r f a c e  
course. Generally applied t o  a n  a g g r e g a t e  m a t e r i a l  ( A B  or ASB). 

PROFILE (AND PROFILE GRADE) - 
T h e  t r a c e  o f  a v e r t i c a l  p l a n e  intersecting t h e  t o p  s u r f a c e  o f  
t h e  proposed  w e a r i n g  s u r f a c e ,  u s u a l l y  a1 o n g  t h e  1 o n g i  t u d i  n a l  
c e n t e r l i n e  o f  t h e  r o a d b e d .  May mean either t h e  e l e v a t i o n  o r  t h e  
g r a d i e n t  o f  t h e  t r a c e  d e p e n d i n g  on t h e  context. 

PROJECT 
The s p e c i f i c  s e c t i o n  o f  t h e  h i g h w a y  a n d  a l l  construction t o  be 
performed u n d e r  t h e  c o n t r a c t .  

PUMPING 
The ejection o f  f o u n d a t i o n  soil t h r o u g h  j o i n t s  or  c r a c k s ,  or 
a l o n g  e d g e s  o f  r i g i d  s l a b s ,  d u e  t o  v e r t i c a l  m o v e m e n t s  u n d e r  
t r a f f i c .  

R-VALUE 
A c o n f i n e d  c o m p r e s s i o n  t e s t  f o r  d e t e r m i n i n g  s t r e n g t h  o f  subgrade  
m a t e r i a l s .  Used t o  d e r i v e  t h e  s u b g r a d e  m o d u l u s  (M,) u s e d  i n  
t h e  A A S H T O  e q u a t i o n  f o r  p a v e m e n t  d e s i g n .  

RANDOM CRACK 
A crack t h a t  i s  not a l o n g i t u d i n a l  o r  transverse c r a c k  a n d  t h a t  
h a s  little or no i n t e r c o n n e c t i o n  with other c r a c k s .  May be 
c a u s e d  by m o v e m e n t  o f  t h e  p a v e m e n t  structure a n d / o r  subgrade. 

RAVELLING 
P r o g r e s s i v e  d i s i n t e g r a t i o n  o f  a p a v e m e n t  s u r f a c e  t h r o u g h  t h e  
l o s s  o f  a g g r e g a t e  particles, 

RECONSTRUCTXON 
The i m p r o v e m e n t  o f  an  e x i s t i n g  r o a d w a y  s e c t i o n  by s u b s t a n t i a l l y  
removing  a n d  r e p l a c i n g  t h e  m a j o r  portion o f  t h e  b a s e  a n d  
surfacing materials. 



PECYCL~ NG (PAVEMENT) 
T h e  r e - u s e  o f  p a v i n g  materials in a new p a v e m e n t  s t r u c t u r e .  

REFLECTIVE CRACKING 
C r a c k i n g  i n  a p a v e m e n t  s u r f a c e  layer c a u s e d  by t h e  h i g h  s t r e s s e s  
f r o m  movements o f  a c r a c k e d  u n d e r l y i n g  1 a y e r .  

REHASILZTATXON ' 

T h e  i m p r o v e m e n t  o f  a n  e x i s t i n g  roadway s u r f a c e  by i m p r o v i n g  t h e  
e x i s t i n g  s u r f a c e  o r  p l a c e m e n t  o f  a d d j t i o n a l  p a v e m e n t  layers. 

RELATIVE DENSITY 
T h e  d e n s i t y  o f  a subgrade m a t e r i a l  o r  p a v e m e n t  component ,  a f t e r  
c o m p a c t i v e  e f f o r t s ,  e x p r e s s e d  i n  percentage o f  t h e  d e n s i t y  
o b t a i n e d  b y  s p e c i f i c  l a b o r a t o r y  t e s t s  p e r f o r m e d  on t h e  s a m e  
m a t e r i a l .  

RELXABI L ITY  
T h e  probability t h a t  a pavement will perform satisfactorily f a r  
t h e  d e s i g n  p e r i o d ,  

RESISTIVZTY 
A measure o f  a s u b s t a n c e ' s  resistance t o  t h e  f l o w  o f  e l e c t r i c i t y  
t h r o u g h  i t ,  e x p r e s s e d  i n  ohm-centimeters. U s e d  on soils t o  
d e t e r m i n e  c o a t i n g  r e q u i r e m e n t s  f o r  new p i p e  a n d  used t o  
determine t h e  e x t e n t  o f  corrosion o f  e x i s t i n g  metal p i p e s .  

RIGID PAVEMENT 
P a v e m e n t  s tructure  c o n s i s t i n g  o f  a portland c e m e n t  c o n c r e t e  s l a b  
o f  r e l a t i v e l y  h i g h  b e n d i n g  resistance. 

R X P R ~ P  
R o c k  u s e d  for  t h e  p r o t e c t i o n  o f  embankments, c u t  s l o p e s ,  e t c . ,  
a g a i n s t  a g e n t s  o f  e r o s i o n ,  primarily w a t e r .  

ROADBED 
The prepared  l a y e r  u n d e r  t h e  p a v e m e n t  structure. 

ROADWAY 
T h a t  p o r t i o n  e f  t h e  r i g h t - o f - w a y  required f o r  c o n s t r u c t i o n ,  
l i m i t e d  by t h e  o u t s i d e  edges o f  s l o p e s ,  i n c l u d i n g  d i t c h e s ,  
c h a n n e l s  and  a l l  s t r u c t u r e s  p e r t a i n i n g  t o  t h e  w o r k .  

ROCK 
N a t u r a l  s o l i d  mineral m a t t e r  occurring in l a r g e  masses or 
fragments. 

RUTTING 
F o r m a t i o n  o f  l o n g i t u d i n a l  d e p r e s s i o n s  by t h e  d i s p l a c e m e n t  o f  
r o i l s  or s u r f a c e s  under t r a f f i c .  



SAMPLE 
A small port i o n  o f  a large q u a n t i t y  o f  m a t e r i a l  u s e d  f o r  t e s t i n g  
p u r p o s e s  to e s t i m a t e  the engineering properties o f  t h e  m a t e r i a l .  

SAND 
Particles o f  rock t h a t  will p a s s  t h e  No. 4 s i e v e  and b e  r e t a i n e d  
a b o v e  t h e  N o .  2 0 0  s i e v e .  

SATURATED-SURFACE-DRY (SSD) 
T e r m  u s e d  t o  d e s c r i b e  t h e  c o n d i t i o n  o f  an a g g r e g a t e  i n  w h i c h  t h e  
p o r e s  o f  a l l  t h e  p a r t - i c l e s  a re  completely f i l l e d  w i t h  w a t e r ,  b u t  
t h e i r  s u r f a c e s  a r e  f r e e  f r o m  m o i s t u r e .  

SCALING 
A delamination o f  a t h i n  portion o f  t h e  t o p  o f  p o r t l a n d  c e m e n t  
concrete .  

SEAL COAT ISC) 
A t h i n  treatment  c o n s i s t i n q  o f  b i t u m i n o u s  m a t e r i a l ,  u s u a l l y  
w i t h  c o v e r  m a t e r i a l  a g g r e g a t e ,  a p p l i e d  t o  a s u r f a c e  course, 
T h e  t e r m  i n c l u d e s  b u t  i s  not limi t e d  to s a n d  seal, c h i p  s e a l ,  
s l u r r y  s e a l ,  and f o g  s e a l .  

SEASONAL VARXATION FACTOR (SVF) 
An i n d e x  number t h a t  r a n g e s  from 0.0 t o  5 . 0  t o  r e p r e s e n t  t h e  
c l i m a t i c  and e n v i r o n m e n t a l  conditions a t  a pavement  l o c a t i o n .  
The  number becomes l a r g e r  w i t h  i n c r e a s i n g  s e v e r i t y  o f  c l i m a t e  
a n d  e n v i r o n m e n t .  

SERVICEABXLIT Y 
The  ability o f  a p a v e m e n t  t o  serve  t h e  automobile a n d  t r u c k  
t r a f f i c  using i t .  

SETTLEMENT 
The r e d u c t i o n  i n  e l e v a t i o n  o f  o a v e m e n t  or  s t r u c t u r e s  due t a  
compression o f  underlying soils. 

SHOULDER 
The p o r t i o n  o f  t h e  r o a d w a y  c o n t i g u o u s  w i t h  t h e  t r a v e l e d  way f a r  
a c c o m m o d a t i o n  o f  s t o p p e d  v e h i c l e s ,  f o r  emergency u s e  a n d  f o r  
lateral support o f  b a s e  and s u r f a c e  c o u r s e s .  

SHOVING 
Displacement o f  f l e x i b l e  p a v e m e n t  c a u s e d  by h i g h  shear  s t r e s s e s .  

SILT 
M a t e r i a l  p a s s i n g  t h e  No. 200 s i e v e  t h a t  i s  n o n - p t a s t i c  or v e r y  
s l i g h t l y  p l a s t i c  and t h a t  exhibits l i t t l e  or no s t r e n g t h  when 
dry. 



SKID RESISTANCE 
T h e  f r i c t i o n a l  f o r c e  b e t w e e n  a l o c k e d  t i r e  a n d  a p a v e m e n t ,  w h i c h  
resists m o t i o n .  

SOIL 
S e d i m e n t s  o r  o t h e r  u n c o n s o l  i d a t e d  accumul a t i  o n s  o f  sol i d  
p a r t i c l e s  p r o d u c e d  by t h e  chemical a n d  physical d i s i n t e g r a t i o n  
o f  rocks, a n d  w h i c h  may c o n t a i n  organic matt e r .  

SOIL PROFILE 
T h e  v e r t i c a l  s e c t i o n  o f  a s a i l  s h o w i n g  t h e  n a t u r e  and  sequence 
o f  t h e  l a y e r s .  

SOUNDNESS 
R e s i s t a n c e  t o  b o t h  p h y s i c a l  a n d  c h e m i c a l  deterioration. 

SPALLZ NG 
Peel i n g  away o f  a s u r f a c e ,  p a r t i  c v l a r l y  port1 and cement 
c o n c r e t e .  

SPECIAL PROY 1 ~ x 0 ~ s  
A d d i t i o n s  a n d  r e v i s i o n s  t o  t h e  s t a n d a r d  and  s u p p l e m e n t a l  
specifications c o v e r i n g  c o n d i t i o n s  a n d  requirements p e c u l i a r  to 
a n  individual p r o j e c t .  

SPECXFXCATIONS 
T h e  c o m p i l a t i o n  o f  p r e v i s i o n s  and requirements for t h e  
p e r f o r m a n c e  o f  prescribed work. 

STARXLXTY 
P r o p e r t y  o f  a m a t e r i a l  w h i c h  enables i t  t o  retain i t s  o t h e r  
e s s e n t i a l  c h a r a c t e r i s t i c s  t h r o u g h o u t  t h e  pange  o f  conditions 
e x p e c t e d  i n  service. 

STANDARD PLANS 
D r a w i n g s  a p p r o v e d  for  repetitive u s e ,  showing d e t a i l s  t o  be used 
w h e r e  a p p r o p r i a t e .  ( C - S t a n d a r d s )  

STANDARD SPECTFICATIONS 
S p e c i f i c a t i o n s  a p p r o v e d  f o r  g e n e r a l  a p p l i c a t i o n  and r e p e t i t i v e  
u s e .  

STONE 
Crushed or  naturally a n g u l a r  particles o f  r a c k  t h a t  will pass a 
3 i n c h  s i e v e  a n d  be retained above a N o .  1 0  sieve. 

STRES~-ABSORBING MEMBRANE INTERLAYER CSAMI) 
A l o w - s t i f f n e s s  m i x t u r e  o f  a s p h a l t  c e m e n t ,  r u b b e r ,  and mineral 
a g g r e g a t e  p l a c e d  between l ayers  o f  p a v e m e n t  t o  retard t h e  
t r a n s f e r  of stresses b e t w e e n  t h e  l a y e r s .  



STRIPPING 
S e p a r a t i o n  o f  b i t u m i n o u s  f i l m s  f r o m  a g g r e g a t e  p a r t i c l e s  due t o  
p r e s e n c e  o f  m o i s t u r e .  

STRUCTURAL NUMBER (SN) 
A n u m b e r  e x o r e s s i n o  t h e  r e a u i r e d  s t r u c t u r a l  s t r e n s t h  o f  a 
p a v e m e n t  stricture - f o r  a g i v e n  c o m b i n a t i o n  o f  s u b g r a d e  m o d u l  u s ,  
t o t a l  e q u i v a l e n t  1 8 - k i p  s i n g l e - a x l e  l o a d s ,  terrni n a l  
s e r v i c e a b i l i t y  i n d e x ,  and  seasonal v a r i a t i o n  f a c t o r .  T h e  
r e q u i r e d  S N  m u s t  be  c o n v e r t e d  t o  a c t u a l  t h i c k n e s s  o f  s u r f a c i n g ,  
b a s e ,  a n d  s u b b a s e  by means o f  a p p r o p r i a t e  l a y e r  c o e f f i c i e n t s  
r e p r e s e n t i n g  t h e  r e l a t i v e  s t r e n g t h  o f  t h e  m a t e r i a l  t o  b e  u s e d  
f o r  e a c h  l a y e r .  

STRUCTURES 
B r i d q e s ,  c u l v e r t s ,  c a t c h  b a s i n s ,  d r o p  inlets, r e t a i n i n g  w a l l  s, 
c r i b b i n g ,  m a n h o l e s ,  endwalls, b u i l d i n g s ,  sewers ,  service p i p e s ,  
u n d e r d r a i n s ,  f o u n d a t i o n  d r a i n s  a n d  o t h e r  f e a t u r e s  w h i c h  may be 
e n c o u n t e r e d  i n  t h e  w o r k  a n d  n o t  otherwise c l a s s e d  herein. 

SUBBASE COURSE (ASB) 
A l a y e r  o f  s p e c i f i e d  material o f  d e s i g n e d  t h i c k n e s s  p l a c e d  o n  a 
s u b g r a d e  to s u p p o r t  a b a s e  course. I n  rigid p a v e m e n t ,  t h e  b a s e  
course. 

SUBGRADE I S G )  
T h e  r o a d b e d  m a t e r i a l s  b e n e a t h  t h e  p a v e m e n t  s t r u c t u r e ,  

SUPPLEMENTAL SPECIFICATIONS 
A p p r o v e d  a d d i t i o n s  a n d  r e v i s i o n s  t o  t h e  S t a n d a r d  S p e c i f i c a t i o n s .  

SURFACE COURSE 
O n e  o r  m o r e  l a y e r s  o f  a p a v e m e n t  s t r u c t u r e  designed t o  
a c c o m m o d a t e  t h e  t r a f f i c  l o a d ,  t h e  t o p  l a y e r  o f  w h i c h  r e s i s t s  
s k i d d i n g ,  t r a f f i c  abrasion, a n d  t h e  d i s i n t e g r a t i n g  e f f e c t s  o f  
c l  i m a t e ,  

SURFACE RECYCLING 
R e c y c l i n g  a n  e x i s t i n g  p a v e m e n t  surface by h e a t i n g ,  s c a r i f y i n g ,  
r e m i x i n g ,  r e l e v e l  i n g ,  c o m p a c t i n g  a n d  r e j u v e n a t i n g  w i t h  a n  
emu1 s i  f i ed r e c y c l  i n g  a g e n t .  

SURFACE TREATMENTS 
Fog c o a t s ,  f o g  s e a l  c o a t s ,  and f l u s h  c o a t s .  

TACK COAT ITCI  
An a p p l i c a t i o n  o f  b i t u m i n o u s  m a t e r i a l  t o  a s u r f a c e  t o  p r o v i d e  
b o n d  w i t h  a s u b s e q u e n t  course. 



TEST H O L E  
A h o l e  d u g  f a r  t h e  p u r p o s e  o f  t a k i n g  a s a m p l e .  T e s t  h o l e s  may 
be d u g  i n  t h e  g r o u n d  o f  p r o p o s e d  construction s i t e s ,  i n  
m a t e r i a l s  p i t s  or i n  e x i s t i n g  h i g h w a y s .  

Tf E BARS 
Reinforcement s t e e l  p l a c e d  i n  c o n c r e t e  p a v e m e n t s  t o  p r o v i d e  l o a d  
t rans f er  a t  l o n g i t u d i n a l  j o i n t s .  

TOP SOIL (TS) 
U s u a l l y  t h e  upper 6 inches o f  n a t i v e  s o i l  a n d  t h a t  portion u s e d  
i n  d r e s s i n g  and l a n d s c a p i n g  e a r t h  s l o p e s ,  

TRANSVERSE CRACK 
A c r a c k  a p p r o x i m a t e l y  p e r p e n d i c u l a r  t o  t h e  centerline c a u s e d  by 
longitudinal s h o r t e n i n g  o f  t h e  b o u n d  s u r f a c e  1 ayer;  s o m e t i m e s  
c a l l e d  t e m p e r a t u r e  c r a c k s  a s  t h e  s h o r t e n i n g  i s  o f t e n  c a u s e d  by 
c o n t r a c t i o n  f r o m  temperature c h a n g e s .  T y p i c a l l y ,  t r a n s v e r s e  
c r a c k s  e x t e n d  a c r o s s  t h e  f u l l  w i d t h  o f  t h e  p a v e m e n t .  

TRAVEL LANE 
Mhen used t o  distinguish b e t w e e n  p a s s i n g  l a n e  a n d  t r a v e l  l a n e ,  
t h e  t r a v e l  l a n e  i s  t h e  r i g h t  l a n e  o f  a t w o  l a n e  r o a d w a y  w i t h  
both lanes g o i n g  i n  t h e  same d i r e c t i o n .  U s u a l l y  b o t h  t h e  
p a s s i n g  l a n e  a n d  t r a v e l  lane are  c o n s i d e r e d  t r a v e l  l a n e s  w i t h  
t h e  p a s s i n g  l a n e  considered the left travel lane a n d  t h e  t r a v e l  
l a n e  c o n s i d e r e d  to be the r i g h t  travel l a n e .  

Volb 
Space i n  a m a s s  not o c c u p i e d  by solid m i n e r a l  matter; i t  may be 
o c c u p i e d  by a i r ,  water ,  or o t h e r  f l u i d s ,  

WARPING 
D e v i a t i o n  o f  pavement  s u r f a c e  f r o m  o r i g i n a l  prefil e c a u s e d  by 
t e m p e r a t u r e  and m o i s t u r e  differentials. 
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G E O T E C H N X C A L  I N V E S T I G A T I O N  

P R O C E D U R E S  

INTRODUCTION 

This chapter presents the  investigation procedures of the  
Arizona Department of Transportation. This chapter sets f o r t h  
minimum geotechnical. requirements/standards to be accomplished 
and documented in a geotechnical report. Geotechnical Services 
has prepared "Guidelines f o r  ~eotechnical Investigation a n d  
~eotechnical Report  resenta at ion", for use on all ADOT r e l a t e d  
projects. These guidelines are included in this manual as 
APPENDIX C .  They supplement t h e  information herein, and c o n t a i n  
mere comprehensive requirements f o r  subsurface investigations. 
All geotechnical investigations started after December 31, 1991 
will be expected to follow these guidelines and reports will be 
reviewed accordingly. 

101-00 SOURCES OF INFORMATION FOR OFFICE SURVEY 

To be effectively carried out, the field survey should be 
preceded by a thorough study of the  project in t h e  office, w h i c h  
should include the following sources of supporting information. 

101=01 LOCATION DESIGN SECTfOUS 

Project naps, profiles, and nates of the survey are 
available from Location Section. A "typical sectionm showing a 
generalized cross sec t ion  ef t h e  roadway prism is distributed by 
Plans services. Generally, preliminary construction plans are 
no t  available at the time t h e  materials investigation is 
performed. If there are no preliminary plans available, the 
location map and profile can be used for  planning and conducting 
t h e  geotechnical investigation. The location map shows the 
horizontal alignment and the p r o f i l e  shows t h e  vertical 
alignment of the  finished gradeline and the native  ground in the 
vertical plane through the  roadway centerline. P l a n s  show the 
horizontal alignment and the  profile on the same sheet. There 
is more survey information on the  Location map than there is on 
the plans; however, preliminary plan profiles c o n t a i n  m o r e  
in£ ormation than the original profile. For instance,  there m a y  
be preliminary earthwork data on t h e  profile of the preliminary 
const ruct ion plans .  Strategic location of subgrade soil samples 
can be recommended in t h e  office through intelligent use of 
plans, maps, and profiles. 
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101.02 PHOTOGRAMMETRY AND MAPPING 

Materials Section has several types of aerial photographs 
available on file. There is a complete set of Army Map Service 
(A.M. S. ) photographs with an accompanying index. These 
photographs were taken in 1954 and range in scale from 1:50000 
to 1:60000. 

There are photographs that follow the alignment of the 
existing primary and interstate highways at a scale of 1:24000. 
The primary highway photographs were taken in 1964 and the 
interstate in 1975. 

Also available are photographs of many of the materials pits 
that were taken at an average scale of 1:6000. These are being 
taken on a continuing basis and their primary use would be for 
pit status, especially ownership boundaries and remaining 
materials quantities in pits. 

Photogrammetry and Mapping Services has photo coverage of 
many areas of the state. Scales may range from 1:3000 to 
1:6000. In the compilation of county maps they are obtaining 
coverage at a scale of 1:60000 over most of the areas. 

Special problem areas may require that aerial photography be 
taken before the investigation of a project can proceed. This 
might be the case in extremely mountainous areas. 

Photogrammetry and Mapping Services will supply special 
aerial photography on request. Any special request should be 
made as far in advance as possible so that the work may be 
scheduled to coordinate with their other work. 

101.03 EARTHWORK COMPUTATIONS (PLANS SERVICES) 

If preliminary earthwork computations have been 
accomplished, a soil profile, cross sections, earthwork data, 
and a mass diagram will be available from Plans Services. These 
are invaluable sources of information during the office survey 
and the field survey. 

101.04 MATERIALS INVENTORY 

A Materials Inventory of the state has been compiled by the 
Materials Section. Separate inventories have been prepared for 
each county. These inventories contain generalized geologic 
information and geologic maps, the location of materials pits 
and quarries and the engineering properties of the pit materials 



w i t h  r e p r e s e n t a t i v e  l a b o r a t o r y  test d a t a .  T h e y  also c o n t a i n  
l a n d  s t a t u s  maps w h i c h  s h o w  t h e  o w n e r s h i p  o r  jurisdictional 
b o u n d a r i e s  w i t h i n  t h e  counties. T h e  I n v e n t o r y  i s  v a l u a b l e  i n  
1 o c a t i n g  existing a n d  p o s s i b l e  f u t u r e  m a t e r i a l s  sources and 
d e t e r m i n i n g  l a n d  s t a t u s .  

101.05 PREVIOUS PROJECTS 

I n f o r m a t i o n  o n  f i l e  i n  M a t e r i a l  s S e c t i o n  and E n g i n e e r i n g  
R e c o r d s  S e r v i c e s  f r o m  prior ma t e r i a l  s i n v e s t i g a t i o n s  and 
as-buil t c o n s t r u c t i o n  project r e c o r d s  c a n  be b e n e f i c i  a1 . 
A s - b u i l t  plans are essential f o r  investigation of e x i s t i n g  
r o a d w a y s  f o r  o v e r l a y  design. 

101.06 U . S .  GEOLOGICAL SURVEY 

Aer ia l  p h o t o g r a p h y  i s  a v a i l a b l e  from t h e  U . S .  G e o l o g i  c a l  
Survey. M o s t  o f  t h e  f i l m  available i s  black and w h i t e  
panchromatic, For some purposes, co l  o r  fi 1 ms o r  a f a 1  s e  c o  1 o r  
f i l m ,  such a s  infrared h a v e  been made and will f u r n i s h  a l a r g e r  
a m o u n t  o f  i n f o r m a t i o n .  A n o t h e r  f i l m  o f  l i m i t e d  u s a g e  i s  b l a c k  
and white infrared. 

U . S . G . S .  t o p o g r a p h i c  m a p s  a r e  especially v a l u a b l e  a i d s  f o r  
l o c a t i o n  o f  P u b l i c  L a n d  S u r v e y  m o n u m e n t s .  The Materials S e c t i o n  
generally u p d a t e s  i t s  f i l e  o f  t h e s e  m a p s  e v e r y  t h r e e  years. T h e  
s c a l e  o f  t h e s e  m a p s  i s  e i t h e r  1 : 2 4 0 0 0  o r  1:62500. 

Rock formations and soil t y p e s  c a n  be identified f r o m  
g e o l o g i c  maps t h a t  are p u b l i s h e d  by t h e  U . S . G . S .  a n d  t h e  State 
Gee1 a g i c a 7  Survey. 

101.07 BUREAU OF M I N E S  

She A r i z o n a  B u r e a u  o f  Mines publishes Ar i zona  g e o l o g ? c  m a p s  
t h a t  are he lpfu l  i n  t h e  l o c a t i o n  o f  possible a g g r e g a t e  s o u r c e s .  

101.08 SOIL C O N S E R V A T I O N  SERVICE 

T h e  Soil C o n s e r v a t i o n  S e r v i c e  o f  t h e  U n i t e d  S t a t e s  
Department o f  A g r i c u l t u r e  h a s  conducted  s o i l  surveys t h a t  a r e  
portrayed o n  s o i l  m a p s .  These maps h a v e  1 i m i  t e d  e n g i n e e r  i n g  
v a l u e  b e c a u s e  o f  t h e  shallow d e p t h  e x p l o r e d .  



101.09 ARIZONA LAND DEPARTMENT 

W e l l - d r i l l i n g  l o g s  a r e  now required by t h e  S t a t e  from 
d r i l l i n g  c o n t r a c t o r s .  T h e s e  l o g s  are o n  f i f e  a t  a n u m b e r  o f  
agenc i e s .  The A r i z o n a  L a n d  O f f i c e  a n d  t h e  V . S . G . S .  h a v e  t h e  
mast  comple te  r e c o r d s .  R e p o r t s ,  p a p e r s ,  and  t e c h n i c a l  
p u b ?  i c a t i o n s  m a y  be researched  t o  o b t a i n  d e t a i  1 e d  i n f o r m a t i o n  
a b o u t  a n  a r e a .  

101.10 R I G H T - O F - W A Y  SECTION 

R i g h t  o f  entry i s  n e c e s s a r y  prior t o  enter ing  and d o i n g  any 
work u p o n  any proper ty .  The preliminary o f f i c e  survey  s h o u l d  
i n c l u d e  a c h e c k  w i t h  t h e  R i g h t - o f - W a y  S e c t i o n  t o  be c e r t a i n  t h a t  
r i g h t  o f  entry h a s  been o b t a i n e d  for  mater ia l s  i n v e s t i g a t i o n  
b e f o r e  any f i e l d  w o r k  i s  begun.  

101.13 LAND USAGE 

A check  s h o u l d  be made t o  d e t e r m i n e  the current and proposed 
' l and  u s a g e  s o  t h a t  materials p i t s  may b e  p r o p e r l y  l o c a t e d  and 
w i l l  n o t  i n t e r f e r e  w i t h  p r o p o s e d  u s a g e  o r  reduce l a n d  v a l u e s .  

101.12 ROADSIDE DEVELOPMENT S E R V I C E S  

R o a d s  i d e  Qevel  o p m e n t  Services p r o v i d e s  i n f o r m a t i o n  
p e r t a i n i n g  t o  l o c a t i o n  o f  r e s t  a r e a s  a n d  prepares p l a n s  f o r  
t h e i r  design. T h i s  s e r v i c e  a l s o  may request  i n f o r m a t i o n  f r o m  
t h e  Materials  Section a s  t o  sources o f  water or  p o s s i b l e  wel l  
s i t e s  for water supply f o r  r e s t  areas .  

i01.13 G A M E  AND F I S H  DEPARTMENT 

The Game a n d  F i s h  D e p a r t m e n t  p r o v i d e s  i n f o r m a t i o n  p e r t a i n i n g  
t o  t h e i r  p r o p o s e d  use  o f  a r e a s  i n v o l v e d  i n  construction, a c c e s s  
reads t h a t  may be required,  and s p e c i f i c  requirements on l a n d  
under their c o n t r o l .  

102.00 CENTERLf ME l N V E S T l G A T  ION OF NEW CONSTRUCTION AND 
RECONSTRUCTIOH PROJECTS 

The i n v e s t i g a t i o n  o f  the centerline o f  a new c o n s t r u c t i o n  or  
reco'nstruction p r o j e c t  s h o u l d  i n c l u d e  a thorough expl  o r a t i o n  and 
s a m p l i n g  o f  t h e  s u b g r a d e ,  t h e  e s t i m a t i o n  o f  s h r i n k  or swell 
f a c t o r s  and c o m p e n s a t i o n  for g r o u n d  c o m p a c t i o n ,  t h e  
d e t e r m i n a t i o n  o f  appropriate cut  and f i l l  s l o p e s ,  



recornmendat i o n s  f o r  c u t - w i d e n i n g ,  i n v e s t i g a t i o n  o f  w a t e r  
c o n d i t i o n s  a n d  s u p p l i e s ,  i n v e s t i g a t i o n  o f  p o s s i b l e  s l i d e  
c o n d i t i o n s ,  a n d  a n  e s t i m a t e  o f  n e c e s s a r y  c l e a r i n g .  

T o  properly record observations a n d  d a t a  d u r i n g  t h e  
i n v e s t i g a t i o n ,  a working soS1 p r o f i l e  s h o u l d  be d e v e l o p e d  a n d  
p e r t i n e n t  i n f o r m a t i o n  recorded on  t h i s  p r o f i l e .  T h e  b a s e  
document f o r  t h e  working s o i l  p r o f i l e  s h o u l d  be t h e  f i n a l  
c e n t e r l i n e  p r o f i l e  p r o v i d e d  for  A D O T  by t h e  L o c a t i o n  S e c t i o n .  

On reconstruction p r o j e c t s ,  t h e  procedure can  b e  simp1 i f i ed 
as no major r e c o n n a i s s a n c e  i s  needed  a n d  sample  l o c a t i o n s  w i  1 7  
g e n e r a l  7 y  f a l l  ow t h e  e x i s t i n g  c e n t e r 1  i n e .  T e s t  ho7 e e x c a v a t i o n  
i s  a l s o  g r e a t l y  s i m p l i f i e d  s i n c e  m o s t  h o l e s  w i l l  be f a i r l y  
s h a l l o w .  

102.01 SUBGRADE E X P L O R A T I O N  AND S A M P L I N G  

The f i r s t  p h a s e  o f  t h e  subgrade  e x p l o r a t i o n  a n d  sarnpl i n g  
s h o u l d  be a r e c o n n a i s s a n c e  t r i p  by t h e  c r e w  superv i sor ,  a n d  as 
many crewmen as may be n e c e s s a r y ,  e q u i p p e d  w i t h  p l a n s ,  maps,  
p h o t o g r a p h s ,  a n d  o t h e r  i n f o r m a t i o n  t h a t  h a s  b e e n  p r o v i d e d .  T h i s  
t r i p  s h o u l d  i n c l u d e  a n  o n - s i t e  r e v i e w  o f  t h e  e n t i r e  p r o j e c t  t o  
e n a b l e  t h e  s u p e r v i s o r  t o  f a m i l i a r i z e  h i m s e l f  w i t h  t h e  t e r r a i n ,  
t h e  l o c a t i o n  o f  t h e  c e n t e r l i n e ,  a n d  t a  n o t e  a n y t h i n g  t h a t  might 
h e l p  i n  e f f i c i e n t l y  o r g a n i z i n g  and e x e c u t i n g  t h e  w o r k .  E a c h  c u t  
and  f i l l  s e c t i o n  s h o u l d  be s t u d i e d ,  n o t i n g  a n y  p o s s i b l e  p r o b l e m  
c o n d i t i o n s  t h a t  may d e v e l o p  ( p o s s i b l e  s l i d e  c o n d i t i o n s ,  
saturated s o i l s ,  e t c . ) .  A n t i c i p a t e d  s o i l s  or g e o l o g i c a l  
problems s h o u l d  b e  d i s c u s s e d  w i t h  t h e  G e o t e c h n i c a l  I n v e s t i g a t  i on 
Engineer  a t  t h i s  t i m e  so  t h a t  d r i l l i n g  o r  s p e c i a l  s t u d i e s ,  i f  
r e q u i r e d ,  c a n  be s t a r t e d  a t  t h i s  s t a g e .  

102 .02  S A M P L E  LOCATIONS 

The s u p e r v i s o r  s h o u l d  t h e n  p r o c e e d  w i t h  t h e  l o c a t i o n  o f  
p r o p o s e d  test h o l  e s .  The l o c a t i o n  o f  t h e  h o l e s  s h o u l d  b e  
d e t e r m i n e d  by a n  on-site s t u d y  o f  t h e  proposed c e n t e r l i n e  
p r o f i l e  and c r o s s  s e c t i o n s .  Where t h e  t e r r a i n  h a s  no a p p r e c i a b l e  
s i d e  s l o p e  a n d  i s  g e n e r a l l y  c u t - a n d - f i l l  t h e  h a l e s  s h o u l d  b e  
located  on t h e  c e n t e r l i n e .  One h o l e  s h o u l d  b e  l o c a t e d  a t  each 
o f  t h e  "grade  i n "  and "grade  o u t "  p o i n t s ,  One h o l e  s h o u l d  be 
l o c a t e d  a p p r o x i m a t e l y  100  f e e t  i n  f r o m  e a c h  o f  t h e  "grade  in'" 
and " g r a d e  o u t "  h o l e s  a n d  f r o m  100  t o  3 0 0  f e e t  a p a r t  t h r o u g h o u t  
t h e  b a l a n c e  o f  t h e  c u t  a s  r e q u i r e d  t o  p r o d u c e  s a m p l e s  t h a t  w i l l  
r e a s o n a b l y  represent  t h e  material i n  t h e  c u t .  



The w i d t h  o f  t h e  e n t i r e  r o a d w a y  s e c t i o n  s h o u l d  be  
c o n s i d e r e d  when l o c a t i n g  s u b g r a d e  t e s t  h o l e s .  T h e  p r o f i l e  
r e p r e s e n t s  o n l y  t h e  r e l a t i o n s h i p  o f  t h e  c e n t e r l i n e  f i n i s h e d  
g r a d e  w i t h  t h e  n a t u r a l  g r o u n d  l i n e .  One o r  b o t h  o f  t h e  e d g e s  o f  
t h e  r o a d w a y  s e c t i o n  may be c u t t i n g  i n t o  a  s i d e h i l l  e v e n  t h o u g h  
t h e  c e n t e r l i n e  p r o f i l e  shows a  f i l l  s e c t i o n .  The  c r e w  
s u p e r v i s o r  s h o u l d  r e f e r  t o  t h e  c r o s s - s e c t i o n s  on  c u t s  t h a t  
i n v o l v e  s i d e h i l l  e x c a v a t i o n ,  see  F i g u r e  1 0 2 . 0 2 - 3 .  L e v e l s  s h o u l d  
be  r u n  t o  d e t e r m i n e  t h e  a p p r o x i m a t e  e x t e n t  o f  t h e  c u t  i n t o  t h e  
s i d e h i l l  and fill; a d d i t i o n a l  t e s t  h o l e s  s h o u l d  b e  l o c a t e d ,  
o f f s e t  f r o m  t h e  c e n t e r l i n e ,  t o  p r o d u c e  s a m p l e s  t h a t  w i l l  
r e a s o n a b l y  r e p r e s e n t  t h e  m a t e r i a l .  The d i s t a n c e  r i g h t  o r  l e f t  
o f  c e n t e r l i n e ,  t o g e t h e r  w i t h  . t h e  e l e v a t i o n  o f  t h e  t o p  o f  t h e  
t e s t  h o l e ,  s h o u l d  be r e c o r d e d  on t h e  s a m p l e  l o g  and  o n  t h e  s o i l  
p r o f i l e .  The e s t i m a t e d  u n i f o r m i t y  o f  t h e  m a t e r i a l  w o u l d  
d e t e r m i n e  t h e  f r e q u e n c y  o f  samp1, ing .  ( S e e  F i g u r e s  1 0 2 . 0 2 - 1 ,  
1 0 2 . 0 2 - 2  and 1 0 2 . 0 2 - 3 ) .  

Once t h e  h o l e s  a r e  l o c a t e d ,  t h e y  s h o u l d  be  m a r k e d  on t h e  
p r o f  i 1  e  and numbered  c o n s e c u t i v e l y  . A s t a k e  s h o u l d  t h e n  b e  
p l a c e d  a t  e a c h  l o c a t i o n .  T h i s  s t a k e  s h o u l d  h a v e  a  m e t a l  t a g  
a t t a c h e d  i d e n t i f y i n g  t h e  number  o f  t h e  h o l e ,  t h e  s t a t i o n ,  a n d  
t h e  d e p t h  t o  w h i c h  i t  i s  t o  be  d u g .  

The d e p t h  o f  t h e  h o l e s  s h o u l d  be  d e t e r m i n e d  b y  t h e  
s u p e r v i s o r  i f  t h e y  h a v e  n o t  p r e v i o u s l y  b e e n  d e s i g n a t e d  o n  t h e  
p r o f i l e  s h e e t .  Where i t  i s  i m p r a c t i c a b l e  t o  e x c a v a t e  h o l e s  t o  
t h e  d e s i r e d  d e p t h s ,  d r i l l  h o l e s  s h o u l d  b e  p l a c e d  t o  i n d i c a t e  t h e  
n a t u r e  o f  t h e  m a t e r i a l  b e l o w  t h e  e x c a v a t e d  d e p t h .  

A t  t h e  " g r a d e  o u t "  and " g r a d e  i n "  p o i n t s ,  h o l e s  s h o u l d  b e  
e x c a v a t e d  t o  a  m in imum o f  f i v e  f e e t  b e l o w  f i n i s h e d  g r a d e .  T h e  
r e m a i n d e r  o f  t h e  h o l e s  s h o u l d  e x t e n d  t o  a  d e p t h  a t  l e a s t  5 f e e t  
b e l o w  f i n i s h e d  g r a d e .  On s e c t i o n s  w h e r e  t h e  d e p t h  o f  t h e  c u t  i s  
q u i t e  l a r g e ,  t h e  h o l e s  on  t h e  l o w e r  s l o p e s  s h o u l d  e x t e n d  5 f e e t  
b e l o w  t h e  f i n i s h e d  g r a d e  and  t h e  o t h e r  h o l e s  s h o u l d  e x t e n d  a t  
l e a s t  3  f e e t  b e l o w  t h e  t o p  o f  t h e  a d j a c e n t  l o w e r  h o l e  e l e v a t i o n  
( s e e  F i g u r e  1 0 2 . 0 2 - 1 ) .  I f  t h e  s u b g r a d e  e l e v a t i o n  i s  o u t  o f  
r e a c h  o f  t h e  u s u a l  e q u i p m e n t  a v a i l a b l e  t o  t h e  c r e w ,  t h e  
G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r  s h o u l d  b e  c o n t a c t e d  a n d  a  
d e c i s i o n  o n  w h e t h e r  t o  u s e  a  d r i l l  r i g  w i l l  be  made. 

The  c r e w  s u p e r v i s o r  s h o u l d  c a r e f u l l y  n o t e  a n y  e v i d e n c e  o f  
c h a n g e  i n  t h e  c h a r a c t e r i s t i c s  o f  t h e  m a t e r i a l  i n  e a c h  c u t  
s e c t i o n  and  p l a c e  t h e  t e s t  h o l e s  a t  t h e  p r o p e r  l o c a t i o n s  a n d  t o  
t h e  p r o p e r  d e p t h s  t o  r e a s o n a b l y  r e p r e s e n t  a l l  o f  t h e  v a r i o u s  
t y p e s  o f  m a t e r i a l  t h a t  may be e n c o u n t e r e d  i n  e a c h  c u t  s e c t i o n .  
On a l l  embankment  s e c t i o n s  t e s t  h o l e s  s h o u l d  b e  p l a c e d ,  
a p p r o x i m a t e l y  a t  t h e  p o i n t  o f  maximum f i l l  h e i g h t  n o  m o r e  t h a n  



ORLLED OFLY 

JC NOTE: ALL HOLES/BORINGS SHOULD 
EXTEND A MINIMUM OF FIVE(5)  FEET 
BELOW FINISHED %GRADE. 

TYPICAL LOCATION OF HOLES IN CUTS 
GREATER THAN TEN(I0) FEET IN  HEIGHT 

F I G U R E  1 0 2 . 0 2 - 1  



GROUND LINE 

JC NOTEZTHE SAMPLE LOCATION (S) SHOULD BE APPROXIMATELY 
AT THE POINT OF MAXIMUM FlLL HEIGHT WITHIN THE SAMPLING 
SECTION(S).IF THE FlLL IS GREATER THAN 2 0  FEET IN DEPTH, 
THE HOLE/BORING SHOULD EXTEND TO A DEPTH OF THE HEIGHT 
OF THE FlLL OR TO FIRM MATERIAL. 

TYPICAL LOCATION OF HOLES IN ALL FILLS AND 
IN CUTS LESS THAN TEN (10) FEET IN HEIGHT 

F I G U R E  102 .02 -2  



NATURAL GROUND LINE 

INISHED %GRADE 

I I 

NOTE: THE SAMPLE LOCATION (S1 SHOULD BE APPROXIMATELY 
AT THE POlNT O F  MAXIMUM FILL HEIGHT WtfHlN THE SAMPLING 
SECflON[Sl.lF THE FILL IS GRE4TTER THAN 20  FEET IN DEPTH, 
THE HOLE/BORING SHOULD EXTEND TO A DEPTH OF THE HEIGHT 
OF THE FlLL OR TO FIRM MATERIAL. 

TYPICAL LOCATION O F  OFFSET HOLES 

F I G U R E  102.02-3  



8 0 0  f e e t  a p a r t  and  d u g  t o  a  d e p t h  o f  a t  l e a s t  5 f e e t  b e l o w  t h e  
g r o u n d  l i n e  o r  d e e p e r  ( s e e  F i g u r e  1 0 2 . 0 2 - 2  a n d  1 0 2 . 0 2 - 3 ) ,  s o  
t h a t  t h e y  may r e a s o n a b l y  r e p r e s e n t  t h e  v a r i o u s  t y p e s  o f  m a t e r i a l  
t h a t  may b e  u n d e r l y i n g  e a c h  embankmen t  s e c t i o n .  

102 .03  EXCAVATION 

A l l  h o l e s  l o c a t e d  s h o u l d  be  e x c a v a t e d .  E x c a v a t i o n  Iiiay b e  
d o n e  b y  ha.nd s h o v e l  o r  m e c h a n i c a l  e q u i p m e n t ,  w h i c h e v e r  may b e  
t h e  m o s t  e x p e d i e n t .  I t  may, i n  some c a s e s ,  n o t  b e  p r a c t i c a b l e  
t o  b u i l d  an  a c c e s s  r o a d  i n t o  a  t e s t  h o l e  l o c a t i o n .  W h e r e v e r  
s u c h  a  s i t u a t i o n  e x i s t s  i t  m a y , b e  n e c e s s a r y  t o  e x c a v a t e  b y  h a n d  
s h o v e l .  

The  e x c a v a t i o n  s h o u l d  b e  d o n e  i n  a  n e a t  m a n n e r  w i t h  t h e  
h o l e s  n o  l a r g e r  t h a n  n e c e s s a r y  t o  p r o v i d e  a c c e s s  f o r  o b s e r v a t i o n  
a n d  s a m p l  i n g .  A l l  h o l e s  s h o u l d  be  b a c k s l o p e d  t o  t h e  p r o p e r  
O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h  A d m i n i s t r a t i o n  s t a n d a r d .  I n  r o c k  
e x c a v a t i o n  w h e r e  d r i l l i n g  a n d  b l a s t i n g  may b e  n e c e s s a r y ,  a l l  
b l a s t i n g  s h o u l d  be  d o n e  i n  a c c o r d a n c e  w i t h  a p p r o v e d  s a f e t y  
r e q u i r e m e n t s .  The  t e s t  h o l e s  s h o u l d  b e  b l a s t e d  a n d  e x c a v a t e d  t o  
a  d e p t h  t h a t  w i l l  i n d i c a t e  t h e  n a t u r e  o f  t h e  m a t e r i a l ,  a n d  
p r o v i d e  a c c e s s  f o r  v i s u a l  o b s e r v a t i o n  and  s a m p l i n g .  A d r i l l  
h o l e  s h o u l d  t h e n  b e  p l a c e d  i n  t h e  b o t t o m  o f  t h e  h o l e  a n d  
e x t e n d e d  t o  t h e  r e q u i r e d  d e p t h  t o  c o n f i r m  u n i f o r m i t y  o f  t h e  
m a t e r i a l .  

H o l e s  w h i c h  a r e  t o  b e  l e f t  o p e n  f o r  an  e x t e n d e d  p e r i o d  o f  
t i m e  may p r e s e n t  a  p o s s i b l e  h a z a r d  a n d  s h o u l d  b e  f e n c e d  o r  
c o v e r e d  i n  a  m a n n e r  t o  make t h e n  r e a s o n a b l y  i n a c c e s s i b l e .  

The  C r e w  S u p e r v i s o r  s h o u l d  make a  v i s u a l  o b s e r v a t i o n  o f  e a c h  
h o l e ,  make t h e  l o g  o f  m a t e r i a l s  a n d  : a k e  t h e  s a m p l e s  i n  
a c c o r d a n c e  w i t h  S e c t i o n  1 0 6 . 0 0  S a m p l i n g  T e c h n i q u e s .  I f  t h e  
m a t e r i a l  i s  s t r a t i f i e d ,  e a c h  s t r a t u m  s h o u l d  b e  s a m p l e d .  

102.04 R-VALUE AND S P E C I A L  SAMPLES 

A f t e r  t h e  t e s t  h o l e s  h a v e  b e e n  e x c a v a t e d  a n d  t h e  s t a n d a r d  
s a m p l e s  h a v e  b e e n  t a k e n  a s  p e r  S e c t i o n  1 0 6 . 0 0 ,  t h e  C r e w  
S u p e r v i s o r  s h o u l d  a g a i n  g o  o v e r  t h e  c e n t e r l i n e  a n d ,  u t i l i z i n g  
t h e  o p e n  t e s t  h o l e s ,  d e t e r m i n e  w h a t  he  c o n s i d e r s  t o  b e  t h e  
c o n t r o l  c o n d i t i o n  i n  e a c h  c u t  o r  a t  g r a d e  s e c t i o n  f o r  R - v a l u e  
s a m p l i n g  a n d  t o  e n s u r e  t h a t  e a c h  m a t e r i a l  t y p e  h a s  b e e n  
r e p r e s e n t e d .  T h e  C r e w  S u p e r v i s o r  s h a l l  t h e n  o b t a i n  a 7 5  t o  1 0 0  
p o u n d  R - v a l u e  s a m p l e  ( d e p e n d i n g  o n  r o c k  c o n t e n t )  f r o m  e a c h  
s i t e .  I n  some l a r g e r  c u t  s e c t i o n s  i t  may b e  n e c e s s a r y  t o  o b t a i n  
m o r e  t h a n  o n e  s a m p l e  i f  e n o u g h  c h a n g e  i s  n o t e d  i n  t h e  m a t e r i a l s  



w i t h i n  t h e  c u t .  The  Crew S u p e r v i s o r  and  t h e  G e o t e c h n i c a l  
I n v e s t i g a t i o n  E n g i n e e r  w i l l  t h e n  r e v i e w  e a c h  t e s t  h o l e  l o c a t i o n  
and  g i v e  s p e c i a l  a t t e n t i o n  t o  t h e  R - v a l u e  s a m p l e  l o c a t i o n s .  I f  
t h e  G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g - i n e e r  d e s i r e s  d i f f e r e n t  ( o r  
a d d i t i o n a l )  s a m p l e s ,  h e  s h a l l  s o  d i r e c t .  Upon  c o m p l e t i o n  o f  t h e  
r e v i e w ,  t h e  s u p e r v i s o r  w i l l  p r o c e e d  w i t h  s h i p m e n t  o f  t h e  s a m p l e s  
t o  t h e  c e n t r a l  l a b o r a t o r y .  

T h e  m i n i m u m  n u m b e r  o f  R - v a l u e s  r e q u i r e d  i s  a s  f o l l o w s :  

1. P r o j e c t s ,  s e c t i o n s  o f  r o a d w a y ,  i n c l u d i n g  i n t e r s e c t i o n  
i m p r o v e m e n t s ,  t u r n i n g  b a y s ,  b r i d g e  a p p r o a c h e s ,  e t c . ,  
w h e r e  t h e  t o t a l  l e n g t h  u n d e r  c o n s t r u c t i o n  i s  l e s s  t h a n  
1 0 0 0  f e e t  s h a l l  be r e p r e s e n t e d  b y  a  m i n i m u m  o f  2 
R - v a l  ue  s a m p l  e s .  I f  t h e  m a t e r i a l s  v a r y ,  a d d i t i o n a l  
t e s t s  may b e  r e q u i r e d .  

2 .  On p r o j e c t s  w h e r e  t h e  t o t a l  l e n g t h  i s  b e t w e e n  1 0 0 0  f e e t  
a n d  5 0 0 0  f e e t ,  a  m i n i m u m  o f  3 R - v a l u e  s a m p l e s  s h a l  1 b e  
o b t a i n e d ,  w i t h  a t  l e a s t  2 R - v a l u e s  p e r  m a j o r  s o i l  t y p e  
( i . e .  3 m a j o r  s o i l  t y p e s  - o b t a i n  6  R - v a l u e s ) .  

3 .  On p r o j e c t s  w h e r e  t h e  t o t a l  l e n g t h  i s  b e t w e e n  5 0 0 0  a n d  
1 6 0 0 0  f e e t ,  a  m i n i m u m  o f  4 R - v a l u e  s a m p l e s  s h a l l  b e  
o b t a i n e d ,  w i t h  a t  l e a s t  2 R - v a l u e s  p e r  m a j o r  s o i l  t y p e .  

4 .  On p r o j e c t s  l o n g e r  t h a n  1 6 0 0 0  f e e t ,  a  m i n i m u m  o f  2 
R - v a l u e  s a m p l e s  p e r  m i l e  s h a l l  b e  o b t a i n e d ,  w i t h  a t  
l e a s t  2 R - v a l u e s  f o r  e a c h  m a j o r  s o i l  t y p e  (i . e .  - 5 . 5  
m i l e  p r o j e c t ,  m i n i m u m  11 R - v a l u e s ) .  

I t  i s  s t r e s s e d  t h a t  t h e  a b o v e  a r e  m i n i m a l  r e q u i r e m e n t s .  T h e  
r e s p o n s i b l e  e n g i n e e r  s h o u l d  a n a l y z e  e a c h  p r o j e c t  t o  d e t e r m i n e  
a c t u a l  s a m p l e  1  o c a t i o n s  a n d  f r e q u e n c y .  

One t e s t  h o l e  s h o u l d  be  p l a c e d  a t  e a c h  c o r r u g a t e d  m e t a l  p i p e  
l o c a t i o n  shown  o n  t h e  p l a n s  o r  p r o f i l e .  I f  t h e s e  l o c a t i o n s  a r e  
n o t  shown,  t h e  t e s t  h o l e s  s h o u l d  b e  p l a c e d  i n  a n y  w a s h  o r  
d r a i n a g e  w h e r e  a  p i p e  m i g h t  b e  r e q u i r e d .  T h e  t e s t  h o l e  s h o u l d  
b e  l o c a t e d  i n  t h e  s t r e a m  b e d  a r e a  a n d  s h o u l d  b e  s t a k e d  a n d  
m a r k e d  i n  t h e  same m a n n e r  a s  o t h e r  t e s t  h o l e s .  T h e y  s h o u l d  b e  
d u g  t o  a  m i n i m u m  d e p t h  o f  3 f e e t ,  l o g g e d  a n d  s a m p l e d .  I f  t h e  
m a t e r i a l  i n  t h e  a d j a c e n t  d r a i n a g e  c h a n n e l  a p p e a r s  t o  b e  o f  a  
t y p e  t h a t  c o u l d  be  a b r a s i v e ,  t h i s  s h o u l d  b e  n o t e d  o n  t h e  w o r k i n g  
p r o f i l e .  E x i s t i n g  p i p e  s h o u l d  b e  v i s u a l l y  i n s p e c t e d  b y  t h e  
s u p e r v i s o r .  P i p e  t y p e ,  c o a t i n g  and  c o n d i t i o n  s h o u l d  b e  n o t e d  o n  
t h e  w o r k i n g  s o i l  p r o f i l e .  



The Crew S u p e r v i s o r  should c a r e f u l l y  n o t e  t h e  t y p e  o f  
m a t e r i a l s  e x p o s e d  by t e s t  h o l e s  i n  t h e  v a r i o u s  c u t  s e c t i o n s ,  a n d  
i f  i t  a p p e a r s  t h a t  there  i s  a p o s s i b i l i t y  t h a t  t h e  e x c a v a t e d  
m a t e r i a l s  will b e  s a t i s f a c t o r y  f o r  t h e  p r ~ d u c t i o n  o f  s u b - b a s e ,  
b a s e ,  o r  s u r f a c i n g  m a t e r i a l s ,  h e  s h a u l d  r e p o r t  t h e  p o s s i b i l i t y  
t o  t h e  home o f f i c e .  A E eotechnical investigation E n g i n e e r  
s h e u l d  t h e n  v i s i t  t h e  s i t e  a n d  make a d e c i s i o n  r e g a r d i n g  t h e  u s e  
o f  t h e  e x c a v a t e d  m a t e r i a l  f o r  b a s e  or s u r f a c i n g  m a t e r i a l s .  I f  
t h e  d e c i s i o n  i s  a f f i r m a t i v e ,  t h e  c u t  s e c t i o n  or s e c t i o n s  
i n v o l v e d  should t h e n  b e  p r o s p e c t e d  in accordance  w i t h  t h e  
r e q u i r e m e n t s  for M a t e r i a l s  P i t s  ( S e c t i o n  1 0 4 . 0 0 ) .  

1 0 2 . 0 5  E X C A V A T I O N  F A C T O R S  AND GROUND C O M P A C T I O N  FACTORS 

A s  t h e  centerline i n v e s t i g a t i o n  progresses, t h e  Crew 
Supervisor s h o u l d  c a r e f u l l y  o b s e r v e  e a c h  t e s t  h o l e ,  n o t i n g  t h e  
characteristics o f  t h e  m a t e r i a l s ,  t h e  a m o u n t  o f  o v e r b u r d e n ,  t h e  
a p p a r e n t  density o f  t h e  m a t e r i a l  i n  p l a c e  a n d  make a d e t a j l e d  
e v a l u a t i o n  o f  a11  h i s  o b s e r v a t i o n s  s o  t h a t  he  may e s t i m a t e  
e x c a v a t i o n  f a c t o r s  f o r  t h e  f u l l  l e n g t h  o f  t h e  p r o j e c t .  T h e  
e s t i m a t i o n  o f  e x c a v a t i o n  fac tors  s h o u l d  b e  b a s e d  on e x p e r i e n c e d  
j udgemen t ,  careful observation o f  t h e  t e s t  h o l e s ,  t h e  e a s e  or 
d i f f i c u l t y  o f  e x c a v a t i o n  and by comparison w i t h  s i m i l a r  type 
m a t e r i a l  from p r e v i o u s  projects  where t h e  factors h a v e  been 
e s t a b l  i s h e d .  I n - p l a c e  d e n s i t y  tests on  soil materials will b e  
r e q u i r e d ,  as n o t e d  i n  t h e  following para g r a p h .  T h e  nature  o f  
t h e  t e r r a i n  sheuld a l s o  be o b s e r v e d  and t h e  possibility o f  
m a i n t a i n i n g  true lines, g r a d e s  and slopes s h o u l d  be c o n s i d e r e d .  
These f a c t o r s  s h o u l d  then be i n d i c a t e d  on t h e  working profile. 
All s t a t i o n s  where there  w i l l  be  e x c a v a t i o n  should be 
r e p r e s e n t e d  by a n  e x c a v a t i o n  f a c t o r .  

A f t e r  t h e  e s t i m a t i o n  of e x c a v a t i o n  f a c t o r s ,  t h e  supervisor 
shauld d e t e r m i n ' e  the  l o c a t i o n s  for d e n s i t y  sampling. It i s  t h e  
intent t h a t  t h i s  testing be c o n d u c t e d  a t  t h e  same locations 
s e l e c t e d  f o r  c l a s s i f i c a t i o n  and soil support d e t e r m i  n a t i o n s .  A 
m i n i m u m  o f  3 locations for each e s t i m a t e d  c h a n g e  in e x c a v a t i o n  
f a c t o r  i n  soil material s h a l l  be t e s t e d  for a n  i n - p l a c e  density 
i n  a c c o r d a n c e  w i t h  Arizona T e s t  M e t h o d  231. If t h e  material 
within t h e  l i m i t s  of t h e  estimated f a c t o r  c o n s i s t s  o f  more t h a n  
one major s o i l  type ,  a d d i t i o n a l  t e s t s  s h o u l d  b e  per fo rmed  t o  
assure t h a t  a l l  t y p e s  are a d e q u a t e l y  represented .  Areas o f  
o b v i o u s  swell m a t e r i a l s  w i l l  n o t  require i n - p l  ace d e n s i t y  
testing. 

Each t e s t  hole l o c a t i o n  selected shall be tested at every 
c h a n g e  i n  m a t e r i a l  t y p e .  H o w e v e r ,  if t h e  material w i t h i n  t h e  
test h o l e  i s  t h e  same t h r o u g h o u t  t h e  f u l l  depth,  a n  in-place 
d e n s i t y  shall be p e r f o r m e d  w i t h i n  e a c h  6 - f t .  d e p t h .  F o r  



e x a m p l e ,  a s s u m i n g  t h a t  t h e  i n - p l a c e  t e s t i n g  w i l l  be conducted on 
a 6 i n c h  d e p t h ,  a 1 2  f o o t  c u t  o f  o n e  m a t e r i a l 1  t y p e  will r e q u i r e  
i n - p l a c e  t e s t i n g  a t  2 d e p t h s ;  o n e  p l a n  could c o n s i s t  o f  
c o n d u c t i n g  t e s t s  o f  0-6" and  6'-6'6". 

A t  each  l o c a t i o n  where i n - p l a c e  density t e s t i n g  i s  
performed, a sample f o r  l a b o r a t o r y  d e n s i t y  d e t e r m i n a t i o n  s h a l l  
be  o b t a i n e d  a n d  s u b m i t t e d  f o r  t e s t i n g  i n  accordance w i t h  A r i z o n a  
T e s t  M e t h o d  2 2 5  or 2 2 6 .  

On p r o j e c t s  w h e r e  t h e  e s t i m a t e d  q u a n t i t y  o f  roadway 
e x c a v a t i o n  i s  10,000 c u b i c  y a r d s  or  more, a m i n i m u m  o f  4 
l o c a t i o n s  p l u s  a t  l e a s t  1 a d d i t i o n a l  l o c a t i o n  for e a c h  
a d d i t i o n a l  25,000 c . y .  s h o u l d  b e  t e s t e d ,  r e g a r d l e s s  o f  s o i l  
u n i f o r m i t y .  

T h e  C r e w  S u p e r v i s o r  s h o u l d  recommend t h e  m o s t  l i k e l y  manner 
i n  w h i c h  t h e  excavation may b e  a c c o m p l i s h e d  and i n d i c a t e  o n  t h e  
w o r k i n g  p r o f i l e  w h e t h e r  i t  can be dug ,  r i p p e d  or t h e  a m o u n t  o f  
b l a s t i n g  t h a t  m a y  be  required d u r i n g  c o n s t r u c t i o n .  

I n  a d d i t i o n ,  a n  e s t i m a t e  s h o u l d  b e  made s h o w i n g  t h e  amount 
o f  g r o u n d  c o m p a c t i o n  ( i n  f e e t )  t h a t  s h o u l d  be  compensated f o r .  
I n  preparing t h i s  e s t i m a t e ,  t h e  a m o u n t  o f  c l e a r i n g  a n d  g r u b b i n g  
s h o u l d  be t a k e n  i n t o  c a n s i d e r a t i o n  b e c a u s e  o f  t h e  loss o f  
m a t e r i a l  i n  t h e s e  o p e r a t i o n s .  T h e  s u r f a c e  o f  t h e  e x i s t i n g  
ground  s h o u l d  b e  c a r e f u l l y  s t u d i e d  and t h e n  t h e  e s t i m a t e  m a d e .  
E s t i m a t e d  c o m p a c t i o n  f a c t o r s  s h o u l d  b e  n o t e d  o n  t h e  w o r k i n g  
p r o f i l e  c o v e r i n g  all embankment  s t a t i o n s .  

T h e s e  e x c a v a t i o n  f a c t o r s ,  e x c a v a t i o n  m e t h o d  a n d  g r o u n d  
c o m p a c t i o n  e s t i m a t e s  s h o u l d  be checked  a n d  approved  by a 
Geo techn ica l  I n v e s t i g a t i o n  Engineer d u r i n g  t h e  f i e l d  r e v i  ew. 
Any c h a n g e s  s h o u l d  be n o t e d  on t h e  w o r k i n g  p r o f i l e  a n d  i n i t i a l e d  
and  d a t e d  by t h e  G e o t e c h n i c a l  I n v e s t i g a t i o n  Engineer. 

102.06 SLOPES 

T h e  C r e w  S u p e r v i s o r  s h o u l d  c a r e f u l l y  observe a 1  1 m a t e r i  a1 s 
t h a t  w i l l  b e  e x c a v a t e d  f r o m  cut s e c t i o n s  a n d  p l a c e d  i n  
embankment s e c t i o n s  and es t imate  whether t h e  s l o p e s  d e s i g n a t e d  
in t h e  " A R I Z O N A  D E P A R T M E N T  OF T R A N S P O R T A T I O N  CONSTRUCTION 
O F T A I L S "  ( C - S t a n d a r d s )  s h o u l d  be a p p l i e d  t o  t h e  p r o j e c t .  I f  t h e  
n a t u r e  o f  t h e  m a t e r i a l  a p p e a r s  competent a n d  a s t eeper  s l o p e  
l i k e l y  may be used, o r  i f  i t  i s  a m a t e r i a l  t h a t  will n o t  s t a n d  
on t h e  s t a n d a r d  s l o p e s ,  he  s h o u l d  s o  recommend and n o t e  on  t h e  
w o r k i n g  profile. I n  snow country, c o n s i d e r a t i o n  s h o u l d  be g i v e n  
for f l a t t e r  s l o p e s  t o  " d a y l i g h t "  t h e  c u t  a n d  allow s u n ?  i g h t  
e x p o s u r e  S o  t h e  roadway s u r f a c e .  All s t a t i o n s  s h a l l  h a v e  s l o p e s  
d e s i g n a t e d .  



T h e  e s t i m a t e  o f  s l o p e s  s h o u l d  b e  c h e c k e d  and  a p p r o v e d  by a 
G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r  d u r i n g  t h e  f i e l d  r e v i e w .  
T h e  Geotechnical I n v e s t i g a t i o n  E n g i n e e r  may d e t e r m i n e  t h a t  
t e s t i n g  a n d  f u r t h e r  analysis are  n e c e s s a r y .  Any c h a n g e s  s h o u l d  
be  n o t e d  o n  t h e  w o r k i n g  profile a n d  s i g n e d  a n d  d a t e d  by t h e  
G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r .  

102.07 CUT W I D E N I N G  RECOMMENDATIONS 

T h e  C r e w  S u p e r v i s o r  s h o u l d  s t u d y  t h e  t e r r a i n  and note on t h e  
w o r k i n g  p r o f i l e  any area where t h e  c u t s  s h o u l d  be w i d e n e d  beyond  
t h e  s t a n d a r d  w i d t h s .  Some conditions t h a t  s h o u l d  be considered 
are: p o s s i b l e  s n o w  p a c k  t h a t  m i g h t  damage t h e  s u b g r a d e ;  
additional room n e e d e d  for s t o r a g e  o f  snow o r  falljng r o c k s ;  
erosion control requirements; storage o f  cut s l o u g h  or s l i d e s ;  
e t c .  

These recommendations s h o u l d  b e  c h e c k e d  a n d  a p p r o v e d  by a 
G e o t e c h n i c a l  I ' n v e s t i g a t i o n  E n g i n e e r  when he reviews t h e  p r o j e c t  
with the Crew Supervisor and i f  there are d i f f e r e n c e s  o f  
opinion, t h e y  s h o u l d  be d i s c u s s e d  on t h e  s i t e  and a f i n a l  
decision made. Any changes s h o u l d  be n o t e d  o n  t h e  work ing  
profile, s i g n e d  a n d  d a t e d  by the Geotechnical Investigation 
Engi n e e r .  

102.08 INVESTIGATION OF TROUBLESOME SURFACE WATER, SPRINGS, 
AND SUBSURFACE WATER 

The  Crew Supervisor should carefully examine t h e  p r o j e c t  
s i t e  and s u r r o u n d i n g  a r e a s  t o  see if there are any possible 
stream f l o w s ,  springs, o r  underground w a t e r  t h a t  might c a u s e  
problems during c o n s t r u c t i o n  or damage t o  t h e  finished roadway 
amd note such c o n d i t i o n s  o n  t h e  w o r k i n g  profile. Such 
conditions s h o u l d  be called t o  t h e  attention o f  t h e  G e o t e c h n i c a l  
Investigation Engineer. 

102.09 IHVESTlGATlOM OF POSSIBLE S L I D E  CONDITIONS 

The c r e w  supervisor should carefully examine all cut 
s e c t i o n s  to a s c e r t a i n  i f  any incipient slide conditions are 
i n d i c a t e d  a n d  n o t e  s u c h  l o c a t i o n s  on t h e  w o r k i n g  profile. Such 
conditions s h o u l d  be called t o  the a t t e n t i o n  o f  t h e  G e o t e c h n i c a l  
Investigation Engineer, who will further investigate and d e c i d e  
upon t h e  a p p r o p r i a t e  a c t i e n .  



102.10  CULTURAL AND P A L E O T O L O G J C A L  RESOURCES 

Any e v i d e n c e  o f  I n d i a n  r u i n s ,  h i s t o r i c  s i t e s  or fossils on 
o r  n e a r  t h e  p r o p o s e d  roadway are  t o  b e  r e p o r t e d  t o  t h e  
Geotechnical I n v e s t i g a t i o n  E n g i n e e r  who will t r a n s m i t  t h e  
i n f o r m a t i o n  t o  t h e  p r o p e r  authority f o r  investigation. No f i e l d  
w o r k  shall be done on such s i t e s  w i t h o u t  p r i o r  c l e a r a n c e .  

103.00 INVESTIGATION F O R  R E H A B f L I f A T I O N  OF E X I S T I N G  R O A D W A Y  

Instructions i n  t h i s  s e c t i o n  are t o  be u s e d  w h e n  there a r e  
n o  s u b s t a n t i a l  g r a d e  o r  alignment c h a n g e s  a n d  t h e  p r o j e c t  will 
c o n s i s t  o f  w o r k  e n  o n l y  t h e  e x i s t i n g  b a s e  a n d / o r  s u r f a c i n g  
c o u r s e .  I t  j n c l u d e s  s u c h  f e a t u r e s  a s  over1 ays, r e c y c l i n g ,  etc. 
Where t h e r e  a r e  s u b s t a n t i a l  g r a d e  c h a n g e s ,  l i n e  c h a n g e s  or 
s u b s t a n t i a l  w i d e n i n g  beyond t h e  e x i s t i n g  r o a d w a y  refer t a  
1 0 2 . 0 0 .  

1 0 3 . 0 1  S A M P L I N G  EXISTIHG R O A D W A Y S  

A t  i n t e r v a l s  o f  a p p r o x i m a t e l y  2 5 0 0  f e e t  (or l e s s  as 
d e s i g n a t e d  by t h e  G e o t e c h n i c a l  I n v e s t i g a t i o n  Engineer), h o l e s  
s h o u l d  be p l a c e d  t h r o u g h  t h e  p a v e m e n t  structure, t o  t h e  t o p  o f  
t h e  s u b g r a d e .  There  s h o u l d  b e  a t  l e a s t  one h o l e  i n  each 
p a v e m e n t  t y p i c a l  s e c t i o n  and a d d i  t i e n a l  h o l e s  should be p l  a c e d  
i n  areas  t h a t  a r e  o b v i o u s l y  i n  a distressed c o n d i t i o n .  T h e  
t h i c k n e s s  o f  t h e  s u r f a c e  course(s) s h o u l d  be measured a n d  
recorded and s a m p l e s  t a k e n .  S p e c i a l  s a m p l e s  o f  t h e  e x i s t i n g  
a s p h a l t i c  concrete may be required on p r o p o s e d  r e c y c l i n g  
p r o j e c t s .  T h e  C r e w  Supervisor will be informed when t h e s e  t y p e  
samples  are n e e d e d .  

F o r  recycling a n a l y s i s  a n d  d e s i g n ,  a t  l e a s t  t h r e e  6" c o r e s  
(or e q u i v a l e n t  q u a n t i t y )  at e a c h  selected s a m p l i n g  l o c a t i o n  
s h o u l d  b e  o b t a i n e d .  En n o  case s h o u l d  less t h a n  12 l o c a t i o n s  i n  
t h e  r i g h t  wheel p a t h  be s a m p l e d ,  uniformly spaced t h r o u g h o u t  t h e  
projec t ,  i n  order t o  p r o v i d e  enough mater ia l  f o r  a r e c y c l e  m i x  
d e s i g n .  

103.02 OBSERVATIONS OF EXISTING ROADWAYS 

T h e  i n v e s t i g a t i o n  s h o u l d  i n c l u d e  observatians o f  a l l  
c o n d i t i o n s  t h a t  m i g h t  n e e d  c o n s i d e r a t i o n  i n  an i m p r o v e m e n t  
pro jec t .  The Crew Supervisor s h o u l d  provide notes concern ing  
t h e  p a v e m e n t  c o n d i t i o n  w h e r e  t h e  samples are t a k e n .  



A .  Pavement  C o n d i t i o n s  

The pavemen t  s h o u l d  be i n s p e c t e d  c l o s e l y  and t h e  c o n d i t i o n  
r e c o r d e d ,  w i t h  p a r t i c u l a r  e m p h a s i s  on t h e  n a t u r e  a n d  e x t e n t  o f  
c r a c k i  ng,  p o t h o l  i n g ,  r u t t i n g  o r  any  o t h e r  f o r m  o f  
d e t e r i o r a t i o n .  A g e n e r a l  d e s c r i p t i o n  o f  t h e  p a v e m e n t  c o n d i t i o n  
s h o u l d  be w r i t t e n ,  w i t h  n o t e s  on  t h e  d e g r e e  o f  d e t e r i o r a t i o n  a t  
s p e c i f i c  l o c a t i o n s .  F o r  e x a m p l e :  M i l e p o s t  100 ,  c r a c k i n g  - s m a l l  
l o n g i t u d i n a l  and some t r a n s v e r s e  c r a c k s  up  t o  1 / 4 " ;  r u t t i n g  1 / 4 "  
i n  r i g h t  whee l  p a t h ;  n o  p o t  h o l e s ,  e t c .  M i l e p o s t  1 0 0 . 5 ,  
c r a c k i n g  s e v e r e ,  a l l i g a t o r  c r a c k i n g  up  t o  3 / 4 "  w i t h  c o n s i d e r a b l e  
s p a l l i n g ;  r u t t i n g  1 / 2 "  i n  b o t h  w h e e l  t r a c k s ;  e x t e n s i v e  p a t c h i n g ,  
e t c .  

0 .  R o a d s i d e  C o n d i t i o n s  

Any r o a d s i d e  c o n d i t i o n s  t h a t  need  a t t e n t i o n  s h o u l d  b e  n o t e d  
and r e c o r d e d .  T h i s  may i n c l u d e ,  b u t  i s  n o t  l i m i t e d  t o ,  t h e  
c o n d i t i o n  o f  t h e  s h o u l d e r s ,  p o o r  d r a i n a g e  a r e a s ,  e r o s i o n  
p r o b l e m s ,  e t c .  

C .  M o i s t u r e  

Any e x c e s s i v e  m o i s t u r e  o r  e v i d e n c e  o f  p r e v i o u s  m o i s t u r e  
c o n d i t i o n s  s h o u l d  be  n o t e d  and r e c o r d e d .  

D .  O t h e r  

Any o t h e r  c o n d i t i o n s  t h a t  m i g h t  i n f l u e n c e  t h e  d e s i g n  o r  
c o n s t r u c t i o n  o f  t h e  p r o j e c t  s h o u l d  be  n o t e d  and  r e c o r d e d .  

104 .00  M A T E R I A L S  P I T S  

A v a i l a b l e  s o u r c e s  o f  m a t e r i a l s  t o  b e  i n c o r p o r a t e d  i n  
c o n s t r u c t i o n  p r o j e c t s  w i l l  s o m e t i m e s  be  s p e c i f i e d .  L o c a t i n g ,  
p r o s p e c t i n g ,  s a m p l i n g  a n d  t e s t i n g  o f  t h e s e  s o u r c e s  and  t h e  
p r e p a r a t i o n  and p r e s e n t a t i o n  o f  t h e  t e s t  d a t a  d e v e l o p e d  s h o u l d  
be  made a v a i l a b l e  f o r  m a t e r i a l s  d e s i g n ,  e s t i m a t i n g  a n d  f o r  t h e  
c o n t r a c t o r ' s  u s e  i n  b i d d i n g .  

B e f o r e  a n y  f i e l d  w o r k  b e g i n s ,  t h e  c r e w  s u p e r v i s o r  s h o u l d  
s t u d y  t h e  m a t e r i a l  p r o v i d e d  f o r  h i m  f r o m  t h e  o f f i c e  s u r v e y ,  s u c h  
as  maps, a e r i a l  p h o t o g r a p h s ,  p r e v i o u s  p r o j e c t s  i n  t h e  a r e a ,  
e t c . ,  t o  d e t e r m i n e  i n  a d v a n c e  w h a t  m i g h t  b e  t h e  m o s t  l i k e l y  
a c c e p t a b l e  l o c a t i o n s .  

The Crew S u p e r v i s o r ,  w i t h  h i s  c r e w ,  s h o u l d  t h e n  make a  
r e c o n n a i s s a n c e  t r i p  and  v i s u a l l y  c h e c k  t h e  p r o s p e c t i v e  s o u r c e s .  



T h e r e  a r e  s e v e r a l  f a c t o r s  t h a t .  r e s u l t  i n  r e s t r i c t i o n s  o n  t h e  
l o c a t i o n  o f  a  m a t e r i a l  p i t .  T h e  m a j o r  o n e s  a r e :  

A .  A p i t  s h o u l d  b e  l o c a t e d  n o  c l o s e r  t h a n  1 5 0 0  f e e t  f r o m  
t h e  r o a d w a y  u n l e s s  i t  i s  c o n c e a l e d  f r o m  v i e w  a n d  s h o u l d  n o t  b e  
l o c a t e d  o n  t h e  s i d e  o f  a  h i l l  v i s i b l e  f r o m ,  t h e  r o a d w a y  w h e r e  i t  
w i l l  c r e a t e  a n  u n s i g h t l y  s c a r ,  r e g a r d l e s s  o f  t h e  d i s t a n c e  f r o m  
t h e  r o a d w a y .  

0 .  W h e r e v e r  p o s s i b l e ,  p i t s  i n  w a t e r w a y s  s h o u l d  b e  l o c a t e d  
u p s t r e a m  f r o m  t h e  r o a d w a y .  I f  a  p i t  m u s t  b e  l o c a t e d  d o w n s t r e a m  
c a r e f u l  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  t h e  s c o u r i n g  a n d  
e r o s i o n  p o s s i b i l i t i e s  a n d  t h e  p i t  s h o u l d  b e  l o c a t e d  i n  s u c h  a  
K a n n e r  t h a t  i t  w i l l  c a u s e  t h e  l e a s t  t r o u b l e .  

C .  M a t e r i a l s  s o u r c e s  l o c a t e d  i n  f l o o d p l a i n s  s h o u l d  n o t  b e  
w i t h i n  o n e  m i l e  u p s t r e a m  a n d  t w o  m i l e s  d o w n s t r e a m  o f  a n y  h i g h w a y  
s t r u c t u r e .  

D .  M a t e r i a l s  p i t s  s h o u l d  n o t  b e  l o c a t e d  w h e r e  t h e  
e x c a v a t i o n  o r  h a u l  r o a d  c r o s s e s  a n y  u t i l i t y ,  e i t h e r  u n d e r g r o u n d  
o r  o v e r h e a d .  T h e  u t i l i t y  l o c a t i o n  s h o u l d  b e  m a r k e d  w i t h  a 4 
i n c h  b y  4 i n c h  b y  3 6  i n c h  y e l l o w  p o s t ,  p l a c e d  18 i n c h e s  i n t o  t h e  
g r o u n d .  

E. A n y  e v i d e n c e  o f  I n d i a n  r u i n s ,  h i s t o r i c  s i t e s  o r  f o s s i l s  
o n  o r  n e a r  t h e  p r o p o s e d  p i t  a r e a  a r e  t o  b e  r e p o r t e d  t o  t h e  
G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r .  No f u r t h e r  w o r k  s h a l l  b e  
d o n e  u n t i l  n o t i f i c a t i o n .  

1 0 4 . 0 1  RIGHT-OF-WAY REQUIREMENTS 

R i g h t - o f - w a y  f o r  m a t e r i a l s  s o u r c e s  u s u a l l y  i s  o b t a i n e d  f r o m  
o n e  o r  m o r e  o f  t h r e e  s o u r c e s :  p r i v a t e l y  o w n e d  l a n d ,  S t a t e  o w n e d  
1  a n d  o r  F e d e r a l  l y  o w n e d  1  a n d .  

A.  P r i v a t e l y  Owned L a n d  

A R i g h t - o f - w a y  A c q u i s i t i o n  A g e n t  may w o r k  d i r e c t l y  w i t h  t h e  
f i e l d  c r e w  a n d  c o m p l e t e  t h e  a c q u i s i t i o n  o f  t h e  1  i c e n s e  p r i o r  t o  
b e g i n n i n g  a c t u a l  w o r k  o n  t h e  s i t e .  

When i t  a p p e a r s  t h a t  s u i t a b l e  m a t e r i a l  i s  a v a i l a b l e ,  t h e  
C r e w  S u p e r v i s o r  s h o u l d  f i r s t  a t t e m p t  t o  c o n t a c t  t h e  p r o p e r t y  
o w n e r  a n d  o b t a i n  h i s  p e r m i s s i o n  t o  e n t e r  u p o n  t h e  l a n d .  A 
d e s c r i p t i o n  o f  t h e  p r o p e r t y  s u f f i c i e n t  t o  d o  a  t i t l e  s e a r c h  c a n  
b e  d e t e r m i n e d .  T h e  l e g a l  d e s c r i p t i o n  o f  t h e  p r o p e r t y ,  t o g e t h e r  
w i t h  t h e  name o f  t h e  o w n e r  w h e n  o b t a i n a b l e ,  s h o u l d  b e  r e p o r t e d  



t o  t h e  G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r .  The  C rew  S u p e r v i s o r  
s h o u l d  n o t  p r o c e e d  w i t h  t h e  m a t e r i a l s  i n v e s t i g a t i o n  u n t i l  t h e  
l i c e n s e  h a s  b e e n  o b t a i n e d  o r  p e r m i s s i o n  t o  w a i v e  t h i s  
r e q u i r e m e n t  h a s  b e e n  g r a n t e d  b y  t h e  G e o t e c h n i c a l  I n v e s t i g a t i o n  
E n g i n e e r .  

B. S t a t e  Owned L a n d  

When i t  h a s  b e e n  d e t e r m i n e d  t h a t  t h e  l a n d  t o  be  i n v e s t i g a t e d  
i s  owned b y  t h e  S t a t e  L a n d  D e p a r t m e n t ,  t h e  C rew  S u p e r v i s o r  
s h o u l d  r e p o r t  t o  t h e  M a t e r i a l s  S i t e  S u p e r v i s o r  t h e  l e g a l  
d e s c r i p t i o n  o f  t h e  p r o p e r t y  h e  w i s h e s  t o  e x p l o r e .  T h e  M a t e r i a l s  
S i t e  S u p e r v i s o r  t h e n  s h o u l d  p r e p a r e  a  w r i t t e n  r e q u e s t  f o r  r i g h t  
o f  e n t r y  f o r  i n v e s t i g a t i o n  p u r p o s e s  a n d  f o r w a r d  i t  t o  t h e  S t a t e  
L a n d  D e p a r t m e n t .  When p e r m i s s i o n  h a s  b e e n  r e c e i v e d ,  t h e  C r e w  
S u p e r v i s o r  s h o u l d  b e  n o t i f i e d  t o  p r o c e e d .  

A f t e r  t h e  p r o s p e c t i n g  h a s  b e e n  c o m p l e t e d ,  i f  i t  i s  e v i d e n t  
t h a t  t h e  m a t e r i a l s  w i l l  b e  u s a b l e ,  a  f o r m a l  r e q u e s t  s h o u l d  b e  
made t o  t h e  R i g h t - o f - w a y  S e c t i o n  f o r  a  p i t  l i c e n s e .  

C .  F e d e r a l l y  Owned L a n d  

If t h e  l a n d  t o  b e  i n v e s t i g a t e d  i s  F e d e r a l l y  o w n e d  t h e  same 
p r o c e d u r e  i s  f o l l o w e d  a s  w i t h  S t a t e  owned l a n d ,  w i t h  t h e  r e q u e s t  
made t o  t h e  a p p r o p r i a t e  f e d e r a l  a g e n c y .  

1 0 4 . 0 2  B O R R O W  P I T S  

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

I n  a d d i t i o n  t o  t h e  r e s t r i c t i o n s  o u t l i n e d  i n  S e c t i o n  1 0 4 . 0 0 ,  
t h e r e  a r e  s e v e r a l  i m p o r t a n t  f a c t o r s  t o  c o n s i d e r  i n  c h o o s i n g  t h e  
l o c a t i o n  a n d  p r o s p e c t i n g  a  b o r r o w  p i t .  

A .  Q u a 1  i t y  o f  M a t e r i a l  

A l t h o u g h  t h e r e  a r e  u s u a l l y  n o  s p e c i f i c a t i o n  r e q u i r e m e n t s  o n  
b o r r o w ,  t h e r e  i s  d e f i n i t e l y  a  d i f f e r e n c e  i n  q u a l i t y  o f  v a r i o u s  
t y p e s  o f  m a t e r i a l s .  W i t h  o t h e r  f a c t o r s  b e i n g  r e l a t i v e l y  e q u a l ,  
t h e  h i g h e s t  q u a l i t y  o f  m a t e r i a l  a v a i l a b l e  s h o u l d  b e  c h o s e n .  T h e  
q u a 1  i t y  may b e  m e a s u r e d  b y  t h e  " R " - v a l u e ,  P l a s t i c i t y  I n d e x ,  a n d  
t h e  p e r c e n t  p a s s i n g  t h e  # Z O O  s i e v e .  M a t e r i a l  w i t h  l o w  e x p e c t e d  
" R " - v a l u e s  o r  h i g h l y  p l a s t i c  o r  f i n e  m a t e r i a l  s h o u l d  b e  a v o i d e d  
i f  o t h e r  m a t e r i a l  i s  a v a i l a b l e .  T h e  p l a s t i c i t y  o f  t h e  m a t e r i a l  
s h o u l d  b e  c h e c k e d  c o n t i n u a l l y  d u r i n g  t h e  p r o s p e c t i n g  o p e r a t i o n ,  
b y  s c r e e n i n g  s a m p l e s  t h r o u g h  a  # 4 0  h a n d  s i e v e ,  w e t t i n g  t h e  
p o r t i o n  t h a t  p a s s e s  a n d  r o l l i n g  i t  i n  t h e  h a n d  t o  e s t i m a t e  t h e  
p l a s t i c i t y .  



B .  H a u l  D i s t a n c e  

T h e  p l a n s  a n d  p r o f i l e  o f  t h e  p r o p o s e d  p r o j e c t  s h o u l d  b e  
s t u d i e d  t o  e s t i m a t e  w h e r e  t h e  b u l k  o f  t h e  b o r r o w  w i l l  b e  u s e d ;  
a n d  t h e  p i t  s h o u l d  b e  l o c a t e d  i n  t h e  n e a r e s t  a r e a  w h e r e  s u i t a b l e  
m a t e r i a l  i s  a v a i l a b l e .  

C .  P r o s p e c t i n g  

A f t e r  t h e  s i t e  f o r  t h e  b o r r o w  p i t  h a s  b e e n  s e l e c t e d ,  t h e  
b a c k h o e  s h o u l d  b e  moved  i n  a n d  t e s t  h o l e s  d u g .  W h e r e  t h e  
t e r r a i n  a n d  m a t e r i a l s  a r e  f a i r l y  u n i f o r m ,  h o l e s  s h o u l d  b e  d u g  i n  
a  g r i d  p a t t e r n  a p p r o x i m a t e l y  3 0 0  f e e t  a p a r t .  I f  t h e r e  a r e  
o b v i o u s  c h a n g e s  i n  t h e  c h a r a c t e r i s t i c s  o f  t h e  m a t e r i a l  i n  
v a r i o u s  a r e a s  o f  t h e  p i t ,  a d d i t i o n a l  h o l e s  s h o u l d  b e  d u g  s o  t h a t  
e a c h  t y p e  o f  m a t e r i a l  i s  r e p r e s e n t e d .  S u f f i c i e n t  a r e a  s h o u l d  b e  
p r o s p e c t e d  t o  d e v e l o p  t h e  r e q u i r e d  a m o u n t  o f  m a t e r i a l  o r  t o  
d e l i n e a t e  t h e  l i m i t s  o f  t h e  a r e a  o f  a v a i l a b l e  u s a b l e  m a t e r i a l .  
I f  a  t e s t  h o l e  w i t h i n  t h e  p i t  a r e a  i n d i c a t e s  u n s u i t a b l e  m a t e r i a l  
s u r r o u n d e d  b y  s a t i s f a c t o r y  m a t e r i a l ,  a d d i t i o n a l  h o l e s  s h o u l d  b e  
d u g  t o  o u t l i n e  t h e  u n s u i t a b l e  a r e a .  

T e s t  h o l e s  s h o u l d  u s u a l l y  e x t e n d  t o  t h e  m a x i m u m  d e p t h  t h a t  
c a n  b e  d u g  s a f e l y  w i t h  t h e  b a c k h o e .  A l l  h o l e s  s h o u l d  b e  
b a c k s l o p e d  i n  a c c o r d a n c e  w i t h  O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h  
A d m i n i s t r a t i o n  r e q u i r e m e n t s .  I f  t h e  m a t e r i a l  a p p e a r s  t o  b e  
s u i t a b l e  a t  a d d i t i o n a l  d e p t h s ,  a n  o c c a s i o n a l  s e l e c t e d  h o l e  
s h o u l d  b e  e x t e n d e d  b y  b u l l d o z i n g  a  h o l e  l a r g e  e n o u g h  t o  p r o v i d e  
a  w o r k i n g  a r e a  f o r  t h e  b a c k h o e  s o  t h a t  a  h o l e  may t h e n  b e  d u g  i n  
t h e  b o t t o m  t o  i n d i c a t e  a d d i t i o n a l  d e p t h  o f  s u i t a b l e  m a t e r i a l s .  

I f  u n s u i t a b l e  m a t e r i a l  i s  f o u n d  a t  d e p t h s  l e s s  t h a n  t h e  
c a p a c i t y  o f  t h e  b a c k h o e ,  t h e n  t h e  h o l e s  may b e  d u g  o n l y  t o  t h e  
b o t t o m  o f  t h e  s u i t a b l e  m a t e r i a l .  E v e r y  t e s t  h o l e  s h o u l d  
i n d i c a t e  t h e  b o t t o m  c o n d i t i o n .  I f  a p p l i c a b l e ,  " B . S . ,  N . S . "  
( b o t t o m  same,  n o t  s a m p l e d )  s h o u l d  b e  n o t e d  o n  t h e  l o g .  

E a c h  t e s t  h o l e  s h o u l d  b e  s a m p l e d  a s  s o o n  a f t e r  d i g g i n g  a s  i s  
p r a c t i c a b l e .  Sarnpl  i n g  a n d  l o g g i n g  s h o u l d  b e  d o n e  i n  a c c o r d a n c e  
w i t h  S e c t i o n  1 0 6 . 0 0 .  A f t e r  a l l  s a m p l i n g  i s  c o m p l e t e ,  t h e  
s a m p l e s  s h o u l d  b e  s e n t  t o  t h e  C e n t r a l  L a b o r a t o r y .  

T h e  " R " - v a l u e  s a m p l i n g  o f  t h e  b o r r o w  p i t s  s h a l l  c o m p a r e  
b a s i c a l l y  w i t h  t h e  p r o c e d u r e  n o t e d  a b o v e .  F i r s t  t h e  b o r r o w  p i t  
s h o u l d  b e  l a i d  o u t ,  e x c a v a t e d  a n d  s a m p l e d  a s  r e q u i r e d .  A f t e r  
t h e  s t a n d a r d  s a m p l e s  ( P I .  G r a d a t i o n ,  D e n s i t y  a n d  pH a n d  
R e s i s t i v i t y )  h a v e  b e e n  t a k e n ,  t h e  C r e w  S u p e r v i s o r  s h a l l  o b s e r v e  
t h e  o p e n  t e s t  h o l e s  a n d  d e t e r m i n e  w h i c h  h o l e s  w i t h i n  t h e  p i t  
a r e a  s h o u l d  b e  s a m p l e d  f o r  R - v a l u e s  t o  a s s u r e  t h a t  e a c h  m a t e r i a l  
t y p e  w i t h i n  t h e  p i t  h a s  b e e n  r e p r e s e n t e d  b y  a t  l e a s t  3  R - v a l u e  



t e s t s ,  T h i s  s h o u l d  i n c l u d e  o n l y  t h e  m a t e r i a l  w h i c h  i s  i n t e n d e d  
t o  be  d e s i g n a t e d  f o r  u s e  and s h o u l d  n o t  c o n s i s t  o f  c l a y  b o t t o m s  
o r  o t h e r  u n s u i t a b l e  m a t e r i a l  t h a t  w o u l d  b e  a v o i d e d  i n  a c t u a l  
c o n s t r u c t i o n .  T h e s e  R - v a l u e  s a m p l e s  s h o u l d  b e  7 5  t o  1 0 0  p o u n d s  
and  r e t a i n e d  a d j a c e n t  t o  t h e  t e s t  h o l e  u n t i l  t h e  G e o t e c h n i c a l  
I n v e s t i g a t i o n  E n g i n e e r  r e v i e w s  t h e  l o c a t i o n s  a n d  t e l l s  t h e  
s u p e r v i s o r  t o  p r o c e e d  w i t h  t h e i r  s h i p m e n t .  

A m i n i m u m  o f  3 l o c a t i o n s  f o r  e a c h  m a j o r  t y p e  o f  s o i l  
m a t e r i a l  e n c o u n t e r e d  s h o u l d  b e  s e l e c t e d  f o r  d e n s i t y  s a m p l  i n g .  
Each  l o c a t i o n  s h a l l  b e  s a m p l e d  a n d  t e s t e d  a s  n o t e d  i n  S e c t i o n  
1 0 2 . 0 5 ,  " E x c a v a t i o n  F a c t o r s  and  G r o u n d  C o m p a c t i o n  F a c t o r s " .  

On s o u r c e s  w h e r e  t h e  e s t i m a t e d  q u a n t i t y  o f  m a t e r i a l  i s  
g r e a t e r  t h a n  5 0 , 0 0 0  c . y . ,  a  m i n i m u m  o f  4  l o c a t i o n s  p l u s  a t  l e a s t  
1  a d d i t i o n a l  l o c a t i o n  f o r  e a c h  a d d i t i o n a l  1 0 0 , 0 0 0  c . y .  s h o u l d  b e  
t e s t e d ,  r e g a r d l e s s  o f  s o i l  u n i f o r m i t y .  

A  m e t a l  t a p e  s h o u l d  be  p r e p a r e d  o n  a  t a p e w r i t e r  s h o w i n g  t h e  
t e s t  h o l e  number  a n d  t h e  d e p t h s  o f  t h e  v a r i o u s  s t r a t a .  F o r  
e x a m p l e :  

No. 1 - O / l l  
NO.  2  - 0 / 4 / 1 1  
N O .  3 - 0 / 4 / 6 / 1 1  

T h i s  t a p e  s h a l l  b e  n a i l e d  t o  a  wooden  s t a k e  a n d  p l a c e d  i n  
t h e  g r o u n d  n e a r  t h e  h o l e ,  w h e r e  i t  i s  r e a d i l y  v i s i b l e  a n d  w i l l  
b e  p r e s e r v e d .  I f  t h e  p i t  i s  i n  an  a r e a  t h a t  i s  s u b j e c t  t o  
f l o o d i n g ,  t h e  s t a k e  s h o u l d  b e  n a i l e d  t o  a  n e a r b y  t r e e ,  o r  
a t t a c h e d  t o  a  p o s t  a n d  t h e  p o s t  p l a c , e d  i n  t h e  h o l e  w i t h  t h e  t a p e  
a b o v e  g r o u n d .  Any  o t h e r  s u i t a b l e  m e t h o d  o f  p r e s e r v i n g  t h e  t a p e  
a t  t h e  a p p r o x i m a t e  l o c a t i o n  o f  t h e  t e s t  h o l e  w i l l  b e  
s a t i s f a c t o r y .  

When a l l  p i t  e x c a v a t i o n  a n d  s a m p l i n g  h a s  b e e n  c o m p l e t e d ,  t h e  
C rew  S u p e r v i s o r  s h o u l d  c a l l  f o r  t h e  p i t  i n s p e c t i o n .  T h e  
G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r  s h o u l d  e x a m i n e  e a c h  t e s t  
h o l e  a n d  c h e c k  t h e  l o g  t o  v e r i f y  t h e  a c c u r a c y  o f  t h e  d e p t h  a n d  
d e s c r i p t i o n  a n d  t o  b e  s u r e  t h a t  t h e  i d e n t i f y i n g  t a p e  i s  
a c c u r a t e .  I f  a d d i t i o n a l  s a m p l e s  a r e  r e q u i r e d ,  t h e y  s h o u l d  b e  
t a k e n  a t  t h a t  t i m e .  The  G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r  
s h o u l d  a l s o  o b s e r v e  t h e  h o l e s  w i t h i n  t h e  p i t  w h e r e  " R " - v a l u e s  
w e r e  t a k e n  a n d  a p p r o v e  o r  d e s i g n a t e  new o r  a d d i t i o n a l  t e s t  
l o c a t i o n s .  

As s o o n  a s  p o s s i b l e  a f t e r  t h e  i n s p e c t i o n ,  b a c k f i l l i n g  s h o u l d  
b e g i n .  E a c h  h o l e  s h o u l d  b e  f i l l e d  a n d  t h e  s u r r o u n d i n g  a r e a  l e f t  
i n  a  n e a t  a n d  r e l a t i v e l y  s m o o t h  c o n d i t i o n .  



1 0 4 . 0 3  A G G R E G A T E  P I T S  

A g g r e g a t e  p i t s  a r e  l o c a t e d  t o  p r o v i d e  a  s o u r c e  o f  a g g r e g a t e  
f o r  t h e  p a v e m e n t  s t r u c t u r e  o f  t h e  r o a d w a y .  I n  a d d i t i o n  t o  t h e  
r e s t r i c t i o n s  o u t l i n e d  i n  S e c t i o n  1 0 4 . 0 0 ,  t h e r e  a r e  s e v e r a l  
i m p o r t a n t  f a c t o r s  t o  c o n s i d e r  i n  c h o o s i n g  t h e  l o c a t i o n  a n d  
p r o s p e c t i n g  an  a g g r e g a t e  p i t .  

A.  Q u a 1  i t y  o f  M a t e r i a l  

The  q u a l  i t y  o f  m a t e r i a l  i n  an  a g g r e g a t e  p i t  i s  o f  m o r e  
i m p o r t a n c e  t h a n  t h e  p r o x i m i t y  t o  t h e  p r o j e c t  a s  t h e  m a t e r i a l  
m u s t  m e e t  m o r e  s t r i c t  r e q u i r e m e n t s  t h a n  b o r r o w  m a t e r i a l .  F o r  
t h i s  r e a s o n ,  c a r e f u l  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  t h e  
s e l e c t i o n  o f  a g g r e g a t e  s o u r c e s ,  a n d  a1  t h o u g h  t h e  a c t u a l  q u a l  i t y  
o f  t h e  m a t e r i a l  may n o t  be  d e t e r m i n e d  u n t i l  t h e  m a t e r i a l  h a s  
b e e n  s a m p l e d  a n d  t e s t e d ,  e x p e r i e n c e  a n d  j u d g e m e n t  s h o u l d  b e  
e x e r c i s e d  i n  s e l e c t i n g  a g g r e g a t e  p i t  l o c a t i o n s .  

0 .  P r o s p e c t i n g  

A f t e r  t h e  s i t e  f o r  t h e  a g g r e g a t e  p i t  h a s  b e e n  s e l e c t e d ,  t h e  
b a c k h o e  s h o u l d  b e  moved  i n  a n d  t e s t  h o l e s  d u g .  T h e  h o l e s  s h o u l d  
b e  o n  a  g r i d  p a t t e r n  a p p r o x i m a t e l y  1 0 0  t o  2 5 0  f e e t  a p a r t .  T h e  
h o l e s  s h o u l d  b e  t o  t h e  maximum d e p t h  t h a t  c a n  b e  s a f e l y  d u g  w i t h  
t h e  b a c k h o e  e q u i p m e n t ,  o r  t o  t h e  b o t t o m  o f  t h e  s u i t a b l e  
m a t e r i a l ,  w h i c h e v e r  i s  l e s s .  I f  i t  i s  a p p a r e n t  t h a t  s u i t a b l e  
m a t e r i a l  e x t e n d s  b e l o w  t h e  d e p t h  t o  w h i c h  t h e  b a c k h o e  w i l l  
e x t e n d ,  s e l e c t e d  h o l e s  i n  t h e  a r e a  s h o u l d  b e  d e e p e n e d  b y  
b u l l d o z i n g  a  h o l e  l a r g e  e n o u g h  f o r  t h e  b a c k h o e  t o  o p e r a t e  i n  a n d  
t h e n  d i g g i n g  a  h o l e  i n  t h e  b o t t o m .  I f  t h e  d e p t h  o f  t h e  s u i t a b l e  
m a t e r i a l  i s  g r e a t e r  t h a n  t h e  c a p a c i t y  o f  t h e  e q u i p m e n t ,  i t  
s h o u l d  b e  s o  n o t e d  o n  t h e  p i t  l o g .  S u f f i c i e n t  a r e a  s h o u l d  b e  
p r o s p e c t e d  t o  d e v e l o p  t h e  r e q u i r e d  a m o u n t  o f  m a t e r i a l  o r  t o  
d e l i n e a t e  t h e  l i m i t s  o f  t h e  a r e a  o f  t h e  a v a i l a b l e  u s a b l e  
m a t e r i a l .  

I f  u n s u i t a b l e  m a t e r i a l  i s  f o u n d  a t  d e p t h s  l e s s  t h a n  t h e  
c a p a c i t y  o f  t h e  b a c k h o e ,  t h i s  s h o u l d  b e  n o t e d  a n d  t h e  b o t t o m  
m a r k e d ,  a s  p r e v i o u s l y  i n d i c a t e d .  T h e  h o l e  s h o u l d  b e  d e e p e n e d  
i n t o  t h i s  u n s u i t a b l e  m a t e r i a l  t o  a t t e m p t  t o  d e t e r m i n e  i t s  
e x t e n t ,  a n d  w h e t h e r  u s a b l e  m a t e r i a l  e x i s t s  b e l o w  t h e  u n s u i t a b l e  
m a t e r i a l .  

A f t e r  t h e  h o l e s  h a v e  b e e n  d u g ,  t h e y  s h o u l d  b e  s a m p l e d  a n d  
l o g g e d  a s  s o o n  a s  i s  p r a c t i c a b l e .  A f t e r  a l l  s a ~ i i p l  i n g  i s  
c o m p l e t e ,  t h e  s a m p l e s  s h o u l d  b e  s e n t  t o  t h e  C e n t r a l  L a b o r a t o r y .  

A f t e r  s a m p l i n g ,  e a c h  h o l e  s h o u l d  b e  i d e n t i f i e d  w i t h  t h e  
m e t a l  t a p e ,  i n s p e c t e d  a n d  b a c k f i l l e d  as  p r e v i o u s l y  d e s c r i b e d  i n  
S e c t i o n  1 0 4 . 0 2 .  



C .  D e s i g n a t i o n  o f  A g g r e g a t e  S o u r c e s  

T e s t  r e s u l t s  o f  t h e  p i t  s a m p l e s  s h o u l d  b e  a n a l y z e d  t o  
d e t e r m i n e  t h e  q u a l i t y  a n d  c h a r a c t e r i s t i c s  o f  t h e  m a t e r i a l  a n d  
w h a t  i t  may be  u s e d  f o r .  The p i t  s h o u l d  t h e n  b e  d e s i g n a t e d  a s  a  
s o u r c e  f o r  o n e  o r  m o r e  o f  t h e  f o l l o w i n g :  A g g r e g a t e  S u b b a s e ,  
A g g r e g a t e  B a s e ,  o r  r e j e c t e d  a s  a  p o s s i b l e  s o u r c e  o f  m a t e r i a l ,  
d e p e n d i n g  on  t h e  q u a l i t y  o f  t h e  m a t e r i a l  as  i n d i c a t e d  b y  t h e  
t e s t  r e s u l t s .  

F r e q u e n t l y ,  t h e  same p i t  may be  p r o v i d e d  f o r  m o r e  t h a n  o n e  
p r o j e c t .  When t h i s  i s  t h e  c a s e ,  t h e  p i t  s h o u l d  b e  d i v i d e d  i n t o  
s e p a r a t e  a r e a s ,  one  f o r  e a c h  p r o j e c t ,  i n  o r d e r  t o  p r o v i d e  a  w o r k  
a r e a  f o r  e a c h  c o n t r a c t o r  i f  t h e  p r o j e c t s  a r e  c o n s t r u c t e d  
s i m u l t a n e o u s l y .  

I f  t h e  p i t  i s  i n  a  s t r e a m  b e d  o r  wash  t h a t  may b e  s u b j e c t e d  
t o  f l o o d i n g  and  i s  t o  be  u s e d  f o r  m o r e  t h a n  o n e  p r o j e c t ,  t h e  
a r e a  s h o u l d  be  g e n e r a l l y  a l l o t t e d  f r o m  t h e  u p s t r e a m  p o r t i o n  t o  
t h e  e a r l i e s t  s c h e d u l e d  p r o j e c t ,  a n d  t h e n  p r o c e e d i n g  d o w n s t r e a m  
f o r  t h e  o t h e r  p r o j e c t s  i n  t h e  o r d e r  i n  w h i c h  t h e y  a r e  s c h e d u l e d .  

1 0 4 . 0 4  Q U A R R Y  I N V E S T I G A T I O N S  

I n  t h e  a b s e n c e  o f  s u i t a b l e  s a n d  a n d  g r a v e l  f o r  b a s e  a n d  
s u r f a c i n g ,  a  s e a r c h  s h o u l d  b e  made f o r  a  p o s s i b l e  q u a r r y  
s o u r c e .  Q u a r r i e s  w i l l  g e n e r a l l y  b e  a  c o m p e t e n t  l i m e s t o n e ,  
b a s a l t ,  q u a r t z s i t e ,  o r  g r a n i t e  f o r m a t i o n .  

T h e  same r e s t r i c t i o n s  a p p l y i n g  t o  S e c t i o n  1 0 4 . 0 2  ( b o r r o w  
p i t s )  a n d  S e c t i o n  1 0 4 . 0 3  ( a g g r e g a t e  p i t s )  s h o u l d  b e  o b s e r v e d  i n  

, l o c a t i n g  q u a r r y  p i t s .  

A .  Q u a 1  i t y  o f  M a t e r i a l  

S i n c e  a  q u a r r y  p i t  w i l l  b e  u s e d  f o r  a g g r e g a t e ,  t h e  q u a 1  i t y  
o f  t h e  m a t e r i a l  i s  o f  g r e a t  i m p o r t a n c e .  T h e  c o s t  o f  
i n v e s t i g a t i o n  o f  a  q u a r r y  p i t  i s  h i g h  c o m p a r e d  t o  t h a t  o f  s a n d  
a n d  g r a v e l ;  t h e r e f o r e ,  a  s o u r c e  s h o u l d  b e  e x a m i n e d  v e r y  
c a r e f u l l y  i n  t h e  p r e l i m i n a r y  i n v e s t i g , a t i o n .  E v i d e n c e  o f  c l a y  
seams,  o v e r b u r d e n  and  o t h e r  d e l e t e r i o u s  m a t e r i  a1  s h o u l d  b e  
s t u d i e d .  T h e  l o c a t i o n  o f  o u t c r o p p i n g s  o f  t h e  r o c k  w i l l  h e l p  t o  
d e t e r m i n e  t h e  e x t e n t  o f  t h e  a v a i l a b l e ,  s u i t a b l e  m a t e r i a l  a n d  
w i l l  s e r v e  t o  i n d i c a t e  w h a t  m i g h t  b e  e x p e c t e d  i n  t h e  
i n v e s t i g a t i o n .  

B .  P r o s p e c t i n g  

A f t e r  t h e  s i t e  f o r  t h e  q u a r r y  h a s  b e e n  d e t e r m i n e d ,  t h e  
e q u i p m e n t  s h o u l d  b e  moved i n  a n d  t h e  t e s t  b o r i n g s  made.  One o r  



more  b o r i n g s  may be  b l a s t e d  t o  open  a  h o l e  f o r  i n s p e c t i o n  a n d  
sampl  i n g .  Two o r  more  h o l e s  w i l l  be  c o r e  d r i l l e d  a t  e a c h  s i t e  
t o  p r o v i d e  a  p e r m a n e n t  r e c o r d .  

The l o c a t i o n  o f  t h e  t e s t  b o r i n g s  s h o u l d  be  d e t e r m i n e d  b y  
j u d g e m e n t  r a t h e r  t h a n  b y  a n y  s p e c i f i c  p a t t e r n .  Because  o f  t h e  
c o s t ,  t h e  p i t  s h o u l d  be d e v e l o p e d  w i t h  a s  f e w  b o r i n g s  as  
p o s s i b l e ,  b u t  s u f f i c i e n t  b o r i n g s  s h o u l d  be  made t o  d e l i n e a t e  an  
a r e a  o f  s u i t a b l e  m a t e r i a l  s u f f i c i e n t  t o  mee t  t h e  r e q u i r e m e n t s .  
A m in imum o f  f i v e  b o r i n g s  i s  recommended and  t h e  G e o t e c h n i c a l  
I n v e s t i g a t i o n  E n g i n e e r  s h o u l d  a p p r o v e  t h e  p l a n  i n  a d v a n c e .  

A l o g  o f  a l l  d r i l l i n g  s h o u l d  be  k e p t .  T h i s  l o g  s h o u l d  s h o w  
he  d e p t h  and t y p e  o f  m a t e r i a l  e n c o u n t e r e d  and  t h e  d r i l l i n g  t i m e  
n v o l v e d  f o r  e a c h  t y p e .  The l o g  o f  c o r e s  w i l l  be  made by a  

g e o l o ~ i s t  and c o r e s  removed  s h o u l d  b e  s e n t  t o  t h e  P h o e n i x  
G e o t e c h n i c a l  O f f i c e  f o r  s t o r a g e  an.d p o s s i b l e  f u t u r e  i n s p e c t  i o n  
b y  c o n t r a c t o r s .  

A f t e r  t h e  h o l e s  h a v e  been  d r i l l e d  o r  b l a s t e d ,  t h e y  s h o u l d  be  
s a m p l e d  i n  a c c o r d a n c e  w i t h  S e c t i o n  106 .00 .  

A f t e r  s a m p l i n g ,  e a c h  h o l e  s h o u l d  be i d e n t i f i e d  w i t h  t h e  
M e t a l  t a p e ,  i n s p e c t e d ,  and b a c k f i l l e d  as  p r e v i o u s l y  d e s c r i b e d  i n  
S e c t i o n  104 .02 ,  o r  f e n c e d .  

C .  D e s i g n a t i o n  o f  Q u a r r y  S o u r c e  

Q u a r r y  p i t s  s h o u l d  be  d e s i g n a t e d  as a g g r e g a t e  s o u r c e s  a s  
d e s c r i b e d  i n  S e c t i o n  104 .03 .  

104 .05  CUT WIDENING FOR BORROW AND AGGREGATE 

I n  t h e  a b s e n c e  o f  a v a i l a b l e  b o r r o w  a n d / o r  a g g r e g a t e ,  t h e  
p o s s i b i l i t y  o f  w i d e n i n g  t h e  r o a d w a y  c u t s  s h o u l d  b e  
i n v e s t i g a t e d .  T h i s  d e c i s i o n  s h o u l d  b e  made i n  c o o p e r a t i o n  w i t h  
P l a n s  S e r v i c e s  and t h e  R i g h t - o f - w a y  S e c t i o n .  I f  a  d e c i s i o n  i s  
made t o  c o n s i d e r  u s i n g  t h e  c u t s  f o r  a d d i t i o n a l  b o r r o w  o r  
a g g r e g a t e ,  t h e n  t h e  r o a d w a y  c u t s  s h o u l d  b e  c o n t r o l l e d  b y  t h e  
g r a d e  l i n e s  e s t a b l i s h e d  b y  P l a n s  S e r v i c e s .  

104.06 P I T  SKETCHES AND PHOTOGRAPHY 

A  f i e l d  s k e t c h  s h a l l  b e  made o f  t h e  p i t  a r e a  t o  a  s c a l e  o f  
f r o m  200 f e e t  t o  600  f e e t  t o  t h e  i n c h ,  d e p e n d i n g  o n  t h e  s i z e  a n d  
d e t a i l  o f  t h e  p i t .  The s k e t c h  s h o u l d  show t h e  p i t  l o c a t i o n  w i t h  
t i e s  t o  t h e  r o a d w a y  a l i g n m e n t  and a l s o  s e c t i o n  t i e s  w h e r e  
p o s s i b l e  ( s e e  F i g u r e s  1 0 4 . 0 6 - 1  and 1 0 4 . 0 6 - 2 ) .  T h i s  s k e t c h ,  o r  a  
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s u p p l e m e n t a l  s k e t c h ,  s h a l l  show t h e  m o s t  f e a s i b l e  h a u l  r o u t e  
f r o m  t h e  p i t  t o  t h e  p r o j e c t .  B o t h  s k e t c h e s  s h o u l d  i n c l u d e  s u c h  
p h y s i c a l  f e a t u r e s  ( p o w e r l i n e ,  w a t e r  l i n e ,  f e n c e s ,  r o a d s ,  p i t  
e x c a v a t i o n s ,  e t c . )  t h a t  w o u l d  h e l p  t o  i d e n t i f y  t h e  l o c a t i o n  
a n d / o r  a f f e c t  t h e  c o n t r a c t o r ' s  o p e r a t i o n s  a t  t h e  s o u r c e .  

A f t e r  t h e  t e s t  h o l e s  h a v e  been dug  a n d  s k e t c h e d ,  t a r g e t s  
m u s t  be  p l a c e d  a t  s p e c i f i c  i d e n t i f i e d  p o i n t s  t o  a i d  i n  
d e t e r m i n i n g  t h e  s c a l e  and  l o c a t i o n  o f  c e r t a i n  p o i n t s  a n d  o b j e c t s  
o n  t h e  a e r i a l  p h o t o g r a p h s  t h a t  w i l l  be  t a k e n  o f  t h e  h a u l  r o a d  
and p i t  a r e a  ( s e e  F i g u r e  1 0 4 . 0 6 - 3 ) .  

Two p o i n t s ,  a p p r o x i m a t e l y  500 f e e t  a p a r t  a n d  a t  
a p p r o x i m a t e l y  t h e  same e l e v a t i o n ,  s h a l l  b e  m a r k e d  b y  w h i t e  
p l a s t i c  p a n e l s  1 8  i n c h e s  w i d e  w i t h  e a c h  l e g  b e i n g  1 0  f e e t  l o n g  
and f o r m i n g  a  c r o s s  p a t t e r n .  The d i s t a n c e  b e t w e e n  t h e  c e n t e r s  
o f  t h e s e  t a r g e t s  s h a l l  b e  m e a s u r e d ,  b y  c h a i n ,  t o  t h e  n e a r e s t  
0 . 01  f o o t ,  and shown on t h e  s k e t c h .  T a r g e t s  s h a l l  a l s o  b e  
p l a c e d  o n  t h e  s u r v e y  c e n t e r l i n e  s t a t i o n  t h a t  t h e  p i t  i s  l o c a t e d  
f r o m  and o n  t h e  s t a t i o n  t h e  h a u l  r o a d  i s  t i e d  t o .  Where t h e  
c e n t e r l i n e  i s  on  an e x i s t i n g  r o a d  o r  h i g h w a y ,  t h e s e  t a r g e t s  
s h o u l d  be  p l a c e d  on t h e  s i d e  o f  t h e  r o a d w a y  o p p o s i t e  t h e  
s t a t i o n .  I f  t h e  e x i s t i n g  r o a d  i s  a s p h a l t  s u r f a c e d ,  a  s m a l l  
w h i t e  c r o s s  c a n  be  p a i n t e d  o n  t h e  pavemen t .  

T a r g e t s  s h a l l  a l s o  b e  p l a c e d  o n  t h e  c l o s e s t  s e c t i o n  c o r n e r  
1 /4 ,  o r  1 / 1 6  c o r n e r  a v a i l a b l e  i n  t h e  v i c i n i t y  o f  t h e  p i t .  T h e  
t a r g e t  o n  a l l  s e c t i o n  m a r k e r s  s h a l l  b e  p l a c e d  f o r m i n g  a  " Y "  w i t h  
t h r e e  w h i t e  p l a s t i c  s t r i p s  1 8  i n c h e s  w i d e  a n d  1 0  f e e t  l o n g  w i t h  
t h e  m a r k e r  a t  t h e  c e n t e r .  

The l o c a t i o n  o f  a l l  t a r g e t s  s h a l l  be  a c c u r a t e l y  shown o n  t h e  
p i t  a n d / o r  h a u l  r o a d  s k e t c h .  

T a , r g e t s  s h a l l  be  p l a c e d  o n  a l l  p i t s  a t  t h e  c o m p l e t i o n  o f  t h e  
m a t e r i a l s  i n v e s t i g a t i o n .  

When a l l  t h e  p i t  s k e t c h e s  a r e  r e c e i v e d  i n  t h e  P h o e n i x  
G e o t e c h n i c a l  O f f i c e ,  t h e  D r a f t i n g  S u p e r v i s o r  s h a l l  f u r n i s h  
P h b t o g r a m m e t r y  and M a p p i n g  S e r v i c e s  w i t h  a  f l i g h t  p l a n  f o r  t h e s e  
p i t s  on  e x i s t i n g  p h o t o g r a p h y  o r  maps, s h o w i n g  t h e  p i t  l o c a t i o n  
w i t h  t h e  d e s i r e d  f l i g h t  l i n e  a n d  s c a l e .  

N o r m a l l y  a  s c a l e  o f  one  i n c h  t o  500 f e e t  i s  a d e q u a t e  f o r  t h e  
. p r e p a r a t i o n  o f  f i n a l  p i t  s k e t c h e s .  I n  some i n s t a n c e s ,  a  s c a l e  
o f  up t o  1 i n c h  t o  2000 f e e t  w i l l  be r e q u e s t e d  i f  m o r e  a r e a  i s  
t o  be  p h o t o g r a p h e d ,  o r  a  s m a l l e r  s c a l e  may b e  r e q u e s t e d  i f  m o r e  
d e t a i l  i s  r e q u i r e d .  



F I G U R E  104.06-3 

PANELS IN THE PIT AREA SHOULD BE PIT AREA OUTLINE 
APPROXIMATELY LEVEL, 5 0 0  FT. 
APART WITH THE DISTANCE 
ACCURATELY CHAINED. 

ALL WNELS SIIQULD 
HAVE 10' LEGS, 18" WIDE. 

Y PANELS TO BE USED FOR ALL 
SECTION CORNERS, V4 CORNERS 

1/16 CORNERS. 

+ PANELS TO BE USED FOR ALL 
BASELINES. 

GATE,FENCE , ETC. 

PLACE PANEL BESIDE ROAD AND 
WHITE CIRCLE ON EDGE OF 
ROADWAY AT MILEPOST. 

STATION POINT 

PAINT 18" WHITE CIRCLE ON 
CENTERLINE AT MILEPOST. 



When t h e  p h o t o g r a p h s  a r e  r e c e i v e d  i n  t h e  d r a f t i n g  a r e a ,  t h e  
f i e l d  s k e t c h e s ,  w i t h  t h e  a i d  o f  t h e  t a r g e t s  p l a c e d  o n  t h e  
g r o u n d ,  w i l l  be  r e d r a w n  o n  t h e  p h o t o g r a p h s  ( s e e  F i g u r e s  
1 0 4 . 0 6 - 4 ,  1 0 4 . 0 6 - 5  and  1 0 4 . 0 6 - 6 ) .  

I n  some c a s e s ,  o w n e r s  may r e q u i r e  a  d e v e l o p m e n t  p l a n  b e f o r e  
g r a n t i n g  r i g h t - o f - w a y .  I n  o t h e r  c a s e s ,  a  p l a n  o f  p i t  o p e r a t i o n  
s h o u l d  b e  d e v e l o p e d  w i t h  p e r t i n e n t  d r a w i n g s  s h o w i n g  t h e  p r o p o s e d  
m e t h o d  a n d  manne r  o f  r e m o v a l  o f  m a t e r i a l .  T h i s  p l a n  s h o u l d  b e  
m u t u a l l y  a c c e p t a b l e  t o  a l l  p a r t i e s  i n v o l v e d .  

105.00 FIELD R E V I E W  

The  Crew S u p e r v i s o r  r e s p o n s i b l e  f o r  t h e  p r e l  i m i n a r y  
e n g i n e e r i n g  s o i l  i n v e s t i g a t i o n  o f  a  p r o j e c t  s h o u l d  n o t i f y  h i s  
s u p e r v i s o r  i m m e d i a t e l y  p r i o r  t o  c o m p l e t i o n  s o  t h a t  a  s c h e d u l e  
c a n  b e  s e t  u p  f o r  a  f i e l d  r e v i e w .  The  G e o t e c h n i c a l  
I n v e s t i g a t i o n  E n g i n e e r ,  w i l l  r e v i e w  and  a p p r o v e  t h e  w o r k  o r  
d i r e c t  a d d i t i o n a l  w o r k  t o  b e  p e r f o r m e d .  A l l  f i e l d  
r e c o m m e n d a t i o n s  s h a l l  b e  r e v i e w e d  a n d  f i n a l i z e d .  

The  G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r  s h a l l  v e r i f y  
c o m p l i a n c e  t o  a p p r o v e d  p r o c e d u r e s  o n  a l l  p h a s e s  o f  m a t e r i a l s  
i n v e s t i g a t i o n .  He s h a l l  i n  a d d i t i o n  make o b s e r v a t i o n s  a s  t o  t h e  
t y p e s ,  q u a l i t y ,  a n d  q u a n t i t y  o f  m a t e r i a l s  i n v o l v e d  a n d  make s u c h  
o b s e r v a t i o n s  t o  f o r m  a  p r e l i m i n a r y  e v a l u a t i o n  o f  d e s i g n  f e a t u r e s  
a n d  c o n s t r u c t ' i o n  p r o b l e m s  i n v o l v e d .  C o m p l e t e  r e c o r d s  m u s t  b e  
made o f  a l l  o b s e r v a t i o n s .  T h e  " R " - v a l u e  l o c a t i o n s  b o t h  o n  t h e  
c e n t e r l i n e  and  w i t h i n  t h e  b o r r o w  p i t s  s h a l l  b e  r e v i e w e d  a n d  
a p p r o v e d  o r  a d d i t i o n a l  s a m p l e s  r e q u e s t e d .  

C o m p l e t e  a c c e p t a n c e  o f  t h e  f i e l d  s u r v e y  d a t a  m u s t  b e  
o b t a i n e d  b e f o r e  t h e  f i e l d  m a t e r i a l s  i n v e s t i g a t i o n  i s  c o n s i d e r e d  
c o m p l e t e .  T h i s  may, i n  some c a s e s ,  r e s u l t  i n  s e v e r a l  v i s i t s  t o  
t h e  p r o j e c t  s i t e .  

A f t e r  t h e  f i e l d  r e v i e w  h a s  b e e n  c o m p l e t e d  a n d  a p p r o v e d ,  t h e  
f i e l d  p a r t y  i s  t o  b a c k f i l l  o r  f e n c e  t e s t  h o l e s .  B a c k f i l l i n g  o r  
f e n c i n g  s h o u l d  b e  a c c o m p l i s h e d  a s  s o o n  as  p o s s i b l e .  

105.01 WATER SUPPLY AND DUST CONTROL 

The  p a r t y  r e s p o n s i b l e  f o r  t h e  p r e l i m i n a r y  e n g i n e e r i n g  
s u b s u r f a c e  i n v e s t i g a t i o n  o f  a  p r o j e c t  s h o u l d  a l s o  a s c e r t a i n  t h e  
c l o s e s t  p r a c t i c a l  s o u r c e  o f  w a t e r  f o r  c o n s t r u c t i o n  a n d  d u s t  
c o n t r o l  r e q u i r e m e n t s .  
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A t  t h e  t - in ie  o f  t h e  f i e l d  r e v i e w ,  t h i s  p r o p o s e d  s o u r c e  o f  
w a t e r  w i l l  b e  r e v i e w e d  and a c c e p t e d  o r  r e j e c t e d  on  p r a c t i c a l  a n d  
e c o n o m i c  m e r i t .  F a c t o r s  w h i c h  s h o u l d  be c o n s i d e r e d  a r e :  

A .  H a u l  d i s t a n c e .  

B .  Q u a n t i t y  a v a i l  a b l e  (GPM.. . e t c . )  

C .  P o s s i b l e  r o y a l t y  c h a r g e s .  

D.  T y p e  o f  t e r r a i n  p r o j e c t  i s  l o c a t e d  i n ;  s u c h  a s  b l o w  
sand ,  c l a y ,  r o c k ,  e t c .  

E .  Q u a n t i t y  r e q u i r e d .  

105 .02  WASTE AREAS 

On p r o j e c t s  w h e r e  t h e  n a t u r e  o f  t h e  t e r r a i n  w i l l  n e c e s s i t a t e  
c o n s i d e r a b l e  w a s t e  o f  i n - p l  a c e  m a t e r i a l s ,  t h e  Crew S u p e r v i s o r  
and G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r  s h a l l  d e s i g n a t e  a r e a s  
w h e r e  a  w a s t e  m a t e r i a l  may b e  d e p o s i t e d  and d e t e r m i n e  t h e i r  
p r o b a b l e  c a p a c i t y .  These r e c o m m e n d a t i o n s  a r e  b a s e d  o n  e s t i m a t e d  
w a s t e  q u a n t i t i e s  and may need  r e v i s i o n  d u r i n g  a c t u a l  
c o n s t r u c t i o n  i f  t h e  q u a n t i t y  i s  s i g n i f i c a n t l y  d i f f e r e n t .  P r i o r  
a p p r o v a l  w i l l  s o m e t i m e s  be r e q u i r e d  d u e  t o  e n v i r o n m e n t a l  
c o n s i d e r a t i o n s .  

An a t t e m p t  s h o u l d  b e  made t o  u t i l i z e  w a s t e  m a t e r i a l  w h e r e  
p r a c t i c a b l e .  F l a t t e r  f i l l  s l o p e s  ( r i g h t - o f - w a y  p e r m i t t i n g ) ,  
r e s t  a r e a s ,  and  emergency  p u l l - o u t s  a r e  e x a m p l e s  o f  u t i l i z a t i o n  
o f  w a s t e  m a t e r i a l s .  

When m a t e r i a l  p i t s  c o n t a i n  o v e r b u r d e n  m a t e r i a l  t h a t  m u s t  b e  
w a s t e d ,  t h e  m a t e r i a l  s h o u l d  b e  p l a c e d  t o  a v o i d  c o n t a m i n a t i o n  o f  
u n u s e d  a r e a s  o f  t h e  p i t  t h a t  may b e  needed  f o r  f u t u r e  p r o j e c t s .  
A t  t i m e s  t h i s  m a t e r i a l  c a n  be u t i l i z e d  as  b o r r o w  o r  a s  a  d i k e  t o  
p r o t e c t  t h e  p i t  d u r i n g  u s e .  Waste  m a t e r i a l  s h o u l d  b e  p l a c e d  s o  
f u t u r e  f l o w  i n  d r a i n a g e  c h a n n e l s  i s  n o t  m o d i f i e d .  

106 .00  SAMPLING TECHNIQUES 

The s e c u r i n g  o f  a  r e l a t i v e l y  s m a l l  s a m p l e  t o  r e p r e s e n t  a  
l a r g e  q u a n t i t y  o f  m a t e r i a l  i s  one o f  t h e  m o s t  i m p o r t a n t  
f u n c t i o n s  i n  t h e  m a t e r i a l s  d e s i g n  p r o c e s s .  T h i s  may o n l y  b e  
a c c o m p l i . s h e d  b y :  1) c a r e f u l  c o n s i d e r a t i o n  o f  a l l  m a t e r i a l  t y p e s  
t h a t  a r e  e x p o s e d  i n  a  t e s t  h o l e  o r  on a  p i t  f a c e ;  2 )  t h e  a b i l i t y  
o f  t h e  s a m p l e r  t o  make t h e  p r o p e r  v a l u e  j u d g e m e n t  i n  s e l e c t i n g  
t h e  p o i n t  o f  s a m p l i n g ;  3 )  t h e n  " c u t t i n g "  a  r e p r e s e n t a t i v e  



s a m p l e .  S i n c e  t h i s  i s  t h e  a b s o l u t e  b e g i n n i n g  o f  t h e  p h y s i c a l  
h a n d l i n g  o f  m a t e r i a l s ,  i t  i s  e x t r e m e l y  i m p o r t a n t  t o  s e c u r e  a  
s a m p l e  t h a t  r e p r e s e n t s  t h e  p r o p o s e d  m a t e r i a l  s o u r c e  o r  s u b g r a d e .  

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

I n  t h e  s e c t i o n s  t h a t  f o l l o w ,  f o u r  d i f f e r e n t  s a m p l i n g  
t e c h n i q u e s  t o  f i t  f o u r  d i f f e r e n t  s i t u a t i o n s  w i l l  b e  d i s c u s s e d .  

106.01 S A M P L I N G  A L L U V I A L  M A T E R I A L S  

A l l u v i a l  m a t e r i a l s  a r e  s a n d ,  g r a v e l ,  s o i l ,  s i l t ,  c l a y  o r  
s i m i l a r  m a t e r i a l s  t h a t  h a v e  b e e n  d e p o s i t e d  b y  w a t e r .  

The  a b i l i t y  t o  t a k e  a  r e p r e s e n t a t i v e  s a m p l e  o f  a l l u v i a l  
m a t e r i a l  comes a f t e r  o n e  h a s  a c q u i r e d  t h e  k n o w l e d g e  t o  
d i s t i n g u i s h  b e t w e e n  t h e  d i f f e r e n t  s t r a t a  e x p o s e d  b y  a  t e s t  h o l e  
and  t o  s e l e c t  t h e  a r e a  o f  t h e  t e s t  ' h o l e  t h a t  w i l l  c o n s t i t u t e  t h e  
b e s t  r e p r e s e n t a t i o n  o f  t h e  e x p o s e d  m a t e r i a l .  T h e  s a m p l e  i s  t h e n  
s e c u r e d  f r o m  t h e  s e l e c t e d  a r e a  on  t h e  v e r t i c a l  f a c e  o f  t h e  t e s t  
h o l  e .  

A .  T o o l s  a n d  E q u i p m e n t  

1. P r o s p e c t o r ' s  P i c k  

2 .  Sampl  i n g  C a n v a s  

3. F o u r - f o o t  S t r a i g h t  Edge 

4 .  S u g a r  Scoop  

5 .  T w o - i n c h  P a i n t  B r u s h  

6.  S u p p l y  o f  S a m p l e  Bags  

7 .  T w e l v e - f o o t  S t e e l  Tape  

8.  L a d d e r  

B. Sampl  i n g  P r o c e d u r e  

I m m e d i a t e l y  a f t e r  t h e  t e s t  h o l e  h a s  b e e n  e x c a v a t e d  a n d  i s  
d e t e r m i n e d  t o  b e  s a f e  f o r  e n t r y ,  t h e  f o l l o w i n g  p r o c e d u r e  s h a l l  
b e  f o l l o w e d :  



1. Lower  t h e  l a d d e r  i n t o  t h e  t e s t  h o l e  and e n t e r  t h e  t e s t  
h o l e .  

2 .  S u r v e y  t h e  e x p o s e d  m a t e r i a l  and s e l e c t  t h e  s a m p l i n g  
p o i n t .  

3 .  P l a c e  t h e  s a m p l i n g  c a n v a s  i n  t h e  b o t t o ~ i i  o f  t h e  t e s t  
h o l  e .  

4 .  Use t h e  p r o s p e c t o r ' s  p i c k  t o  c u t  a  t r e n c h  a l o n g  t h e  
v e r t i c a l  f a c e  f o r  t h e  e n t i r e  t h i c k n e s s  o f  t h e  s t r a t u m  
( l a y e r )  t o  b e  s a m p l e d .  The w i d t h  and d e p t h  o f  t h e  
t r e n c h  s h a l l  b e  u n i f o r m .  C a r e  s h o u l d  b e  t a k e n  t h a t  a l l  
m a t e r i a l  f r o m  t h e  t r e n c h  f a l l s  on  t h e  c a n v a s  a n d  c a r e  
s h o u l d  a l s o  b e  t a k e n  t h a t  m a t e r i a l s  f r o m  o t h e r  a r e a s  o f  
t h e  h o l e  d o  n o t  f a l l  o n t o  t h e  c a n v a s .  A  s u f f i c i e n t  
amount  o f  m a t e r i a l  s h a l l  be  c u t  t o  a l l o w  t h e  m i x i n g  a n d  
q u a r t e r i n g  o f  t h e  s a m p l e  w i t h  o n e - q u a r t e r  o f  t h e  
s a m p l e d  m a t e r i a l  f i l l i n g  a  s a r r ~ p l e  bag .  ( A n  " R " - v a l u e  
s a m p l e  g e n e r a l l y  w i l l  n o t  r e q u i r e  q u a r t e r i n g . )  

5 .  I m m e d i a t e l y  r e m o v e  t h e  m a t e r i a l  f r o m  t h e  t e s t  h o l e ,  
m e a s u r e  t h e  t h i c k n e s s  o f  t h e  s t r a t u m  t h a t  was s a m p l e d  
and r e c o r d  t h i s  i n f o r m a t i o n  a l o n g  w i t h  a  d e s c r i p t i o n  o f  
t h e  m a t e r i a l  o n  t h e  s a m p l e  l o g  s h e e t  ( F i g u r e  1 0 6 . 0 1 - l a  
o r  1 0 6 . 0 1 - l b ) .  

6 .  From t h e  d a t a  o n  t h e  s a m p l e  l o g  s h e e t ,  p r e p a r e  t h e  
s a m p l e  t i c k e t  ( F i g u r e  1 0 6 . 0 1 - 2 a  ) t h a t  i s  t o  b e  t i e d  t o  
t h e  s a m p l e  b a g  ( s e e  S e c t i o n  1 0 6 . 0 5 ) .  F i g u r e  1 0 6 . 0 1 - 2 b  
i s  t h e  m a t r i a l s  s u r v e y  s o i l  and a g g r e g a t e  t a b u l a t i o n  
1  a b o r a t o r y  c a r d .  The b a c k  o f  t h i s  c a r d ,  F i g u r e  
1 0 6 . 0 1 - 2 c ,  c o n t a i n s  c o d e s  t o  b e  u s e d  i n  f i l l i n g  o u t  t h e  
s a m p l e  t i c k e t .  F o r  c o n v e n i e n c e  t h e  m a t e r i a l  c o d e s  a n d  
r o a d w a y  c o d e s  a r e  a l s o  shown on t h e  b a c k  o f  t h e  s a m p l e  
t i c k e t .  

7 .  The m a t e r i a l  s h a l l  t h e n  b e  t h o r o u g h l y  m i x e d  and 
q u a r t e r e d  w i t h  a  s t r a i g h t e d g e  i f  n e c e s s a r y .  

8.  A l l  b u t  o n e  q u a r t e r  o f  t h e  m a t e r i a l  s h a l l  be  r e m o v e d  
f r o m  t h e  c a n v a s .  The r e m a i n i n g  m a t e r i a l  s h a l l  b e  
p l a c e d  i n t o  t h e  s a m p l e  b a g  w i t h  t h e  s c o o p .  

9 .  The p a i n t  b r u s h  s h a l l  be u s e d  t o  b r u s h  a l l  r e m a i n i n g  
f i n e s  c l i n g i n g  t o  t h e  s a m p l e  c a n v a s  i n t o  t h e  s c o o p  and 
t h i s  m a t e r i a l  s h a l l  be  p l a c e d  i n t o  t h e  s a m p l e  b a g .  

1 0 .  The s a m p l e  b a g  s h a l l  b e  t i e d  and t h e  s a m p l e  t i c k e t  
a f f i x e d  t o  t h e  t y i n g  s t r i n g  ( s e e  S e c t i o n  1 0 6 . 0 5 ) .  

11. Each s t r a t u m  s h a l l  be  s a m p l e d  i n  t h e  same m a n n e r .  
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SAMPLE 
NUMBER DISTANCE 

-- 

R 
OR 
L 

- 

RIMY. 

/ 5 1 2 , 5 R E h 6 0 3 t 4 5  

MILEPOST 
OR 

STATION 

TESTS REOUIRED 
OTHER THAN 
GRAOI~TION 

8 PI 

R-Value 

D E P M  

FROM 

0' 

---- 

MATERIAL DESCRIPTION 

L /ayeyS ' / f ,Damp , rm  

- 

TO 

3' 

M T E  

YEAR&& 
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/ O  0 / 3 /  

DAY 

8 

Itl #2 
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.- @ PRELIMINARY ENGINEERING MATERIALS PIT LOG 
(USE CAPITAL LETTERS ONLY) 

PROJECT NUMBER 1-10-3 /Job)  P R O ~ E ~ T  L ~ C ~ ~ I ~ ~  C A C ~  T I -  - E ~ S  f PIT NUMBER yoo2 
LOCATION 1800 ' L+. sfa - e5c50/~.~,~AMRED BY 6 m ; f h  MATERIAL ad or^ on fa 

FIGURE 106 .01 - lb  

TESTS REWIRED 
OTHER THAN 
GRADATION 

8 P I  

p,4 i R-;S~. 

M. 5. 

k(l\TERlAL DESCRIPTION 

Send ~ G r a v c / , ~ r h S ; / + / * y e r e 6 '  
~ \ /a fe r  

TEST 
H X E  

8 

INVEST 
MODE 

0 1  

5 :: 
DEPTH 

FROM 

0' 

12' 

TO 

12 '01  

/2' 

DATE 

YEAR' 

MO 

lo 
10 

MATL. 
%+ 

M Y  

3 
3 

DESC. 

1)1 

23 

23 

U2 



F I G U R E  106 .01-2a  

PUR- 

SAMPLED BY MON. DAY YEAR REO. THICK OR PIT NO. FROM TO - IS'lnl~ 1~141 I 1 " )  
a W n 5 

- .  

L A B  NUMBER PROJ CODE MAT L TYPE POSE s M A T .  S U R V E Y  TEST N O .  SUFFIX 

M 

SAMPLED BY MOM. DAY YEAR REQ. THICK OR PIT NO. - 5171 7' I '1 1j3la0133IJ4I -1 m] f i l  

-. . 
L A B  NUMBER PROJ CODE M A T L  TYPE POSE 5 7 M A T .  SURVEY TEST NO. SUFFIX 

'I 

M 

MATERIAL CODES 
SG = SUBGRADE CS : CEMENT TREATED SUBGRADE 

SB = STRUCTURE BACKFILL LS I LIME TREATED SUBGRADE 

AS = AGGREGATE SUBBASE RR = RIP RAP 
SS = SUBGRADE SEAL FM : FILTER MATERIAL 
NG : NATURAL GROUND BO = BORROW 

BM : BEDDING MATERIAL GR ' GRANULATED RUBBER 

AB : AGGREGATE BASE TS : TOP SOIL 

CM : COVER MATERIAL BF = BACKFILL 

BL : BLOTTER MATERIAL AC : ASPHALTIC CONCRETE 

MA - MINERAL AGGREGATE BB ; BITUMINOUS TREATED BASE 

CA : COARSE AGGREGATE FC : ACFC 

FA : FINE AGGREGATE N M  : PNEUMATICALLY PLACED MORTAR 

AG : AGGREGATE MS : MEMBRANE SEAL 

EM : EMBANKMENT. RM - ROAD MIX 

CB : CEMENT TREATED BASE RC : RECYCLED ASPHALTIC CONCRETE 

LC ' LEAN CONCRETE BASE 

SAMPLED FROM DISTANCE M=MI. R - L  RDWY STATION PLUS 

IPl11~1 1 I I I I I I 
INVEST. MATL. MATL 

'7 im I '"'/lzl$+slBI 
F= FT. IF MILEPOST INPUT DECIMAL IN COL. 69 

DESC. PROJECT NUMBER PRO.IECT NAME p.pJ I x-,&y (306) I I 3 ' 7 ~ ~ ~ 3  YSX. - CAST 
REMARKS 

RDWY CODES: 

3 

1 

NB : NORTHBOUND 
SB : SOUTHBOUND 

ETC 
RA : RAMP A 
RE3 : RAMP B 

ETC 
FR : FRONTAGE ROAD 
XR : CROSS ROAD 

R .RESEARCH 

3 3 

61 

3 

1 1  ml KEYPUNCH Duplicate cot. INSTAUCTIONS: 3 Ihru 7 on all cards 

Milcpo~l lor e~istiog rdry, rubgrads samples loplilt ACIPC 

7 - y  

R -RESEARCH 

$ S T /  R C ~ I  r ' /  



F I G U R E  1 0 6 . 0 1 - 2 b  

hlA'l'EMIALS SECTION 
SOIL 81 AGGREGATE TABULATION 

RECEIVED DATE MATERIALS SURVEY 

PUR 

SAMPLED BY MON. OAY YEAR REO. THICK OR PIT NO. FROM T 0 

I I I I I I 1 U  

LAB NUMBER PROJ COOE MATL TYPE POSE 5 s u w v c ~  _IFST hO SUFFIX 

SAMPLED FROM DISTANCE STATION 

INVEST MATL. MATL F =  FT IF MILEPOST INPUT OLCIMAL IN COL. U V  

MOO€ DESC PROJECT NUMBER PRO.IECT_N&ME 

[ J ~ I  [-s-2- VaS 1 WL TEA? RaAD 

M 1 

REMARKS 

= AASHTO Tests 

8. D = ASTttl Tests 

3 

b OVERSIZE 
t s S b n  COARSE FACTOR 

hllSCELLANEOUS TEST 
CODES 

I I 

D l  

M 

I =' 

1 m, 
no punch 

WEIGHTS RETAINED 90 RET. $ PASS 

01 Suluble Salts 
02 0rgs111c I t n p u r i l l ~ s  
03 SO~IUIII Sulphale 

Soulldness 
M Sviell 
05 Sh'~r 
06 Consolidation 

- 07 OU Ll l i~estonr  
08 Yu Cenlrnt 
09 Uu Llnle 
10 Flyash 
11 Uni t  ( loose) Weight 
12 Stripping Test  

(nccrlcratedl 
13 Perlneability 
14 Freeze-Thaw 
15 CBR 
16 F l ~ h i n e s s  lndex 
17 Fractured Fac rs  
18 
19 
20 

NOTE: 
Input uwztmrl potnt 81 nuu0.a 
I", 1"I"IV."" " I I I~YI I ."YOY.  ,..I, 

I A E ~ ~  

Plastlctty lndex (PI)  = LL- P L  2 : 4920, 44 

5 46 
Sand Equivalent, SE = e x  100 : is9 

T - 96 47 Abrasion (A,B,C,DI C - 131 
49 

4 100 Revolut~ons '?o 

5 )  
@ 500 Revolut~ons . , 90 

Absofptiofl, H z 0  A R I Z . 2 ~ , ~  :;8 55 40 

Speciftc Grav~ty,  OD .. * #  

59 

60 
Density Method (A,C,D, 11 

Dptlmum Moisture +a 

WT PASS 
r4  SPLIT FACTOR m 1 

(no punch) 

% 

4. 

90 

OIo 

2 

Ltquid Limit, ( L L )  T . 17 
0 - 421 

V A L U E  

D n / . l V  

2 -  

40 

42 
,, 

38 

20 

48 

.HEYPUNCH INSTHUCTIONS: Uupllcalr col. 3 

T 

c Plastic L l rn i l  ( P L I  
T - 89 
0 - 423  



F I G U R E  106.01-2c 

MATERIALS SURVEY CODES 

01 Backhoe 
02 D&S - Backhoe 
03 D&S - Backhoe - Fines wasted 
04 Backhoe - Fines wasted 
05 Face Sample - Backhoe 
06 Backhoe - Crushed 
07 D&S - Backhoe - Crushed 
08 D&S - Backhoe - Fines wasted - Crushed 
09 Backhoe - Fines wasted - Crushed 
10 Face Sample - Backhoe - Crushed 

INVESTIGATIVE MODE CODES 

Hand shovel 
D&S - Hand shovel 
D&S - Hand shovel - Fines wasted 
Hand shovel - Fines wasted 
Face Sample - Hand shovel 
Hand shovel - Crushed 
D&S - Hand shovel - Crushed 
D&S - Hand shovel - Fines wasted - Crushed 
Hand shovel - Fines wasted - Crushed 
Face Sample - Hand shovel - Crushed 

MATERIAL DESCRIPTION CODES 

35 2" Drill hole 

41 4" Auger 
42 4" Auger - Fines wasted 
43 4" Auger - Crushed 
44 4" Auger - Fines wasted - Crushed 

50 4%" Drill hole 

55 6" Auger 
56 6" Auger - Fines wasted 
57 6" Auger - Crushed 
58 6" Auger - Fines wasted - Crushed 
60 8" Auger 
61 8" Auger - Fines wasted 
62 8" Auger - Crushed 
63 8" Auger - Fines wasted - Crushed 

70 2' Sq. Jackhammer Sample 
71 4" Core 
72 6" Core 
73 8" Core 
74 12" Core 

01 Basalt (Malpais) 
02 Cinders 
03 Andesite or rhyolite 
04 Tuff or compacted ash 
05 Diabase 
06 Granite 
07 Disintegrated (Decomposed) Granite 
08 Slate 
09 Schist 
10 Quartzite 
11 Shale 
12 Siltstone 
13 Sandstone 
14 Conglomerate 
15 Limestone 
16 Chert (Flint) 
17 Caliche 
18 
19 
20 Sand and gravel, with cobbles or boulders. 
21 Silty-Sand and gravel, with cobbles or boulders. 
22 Clayey-Sand and gravel, with cobbies or boulders. 
23 Sand and gravel 
24 Silty-Sand and gravel 
25 Clayey-Sand and gravel 
26 Sand 
27 Silty-Sand 
28 Clayey-Sand 
29 Sandy Silt 
30 Silt 
31 Clayey Silt 
32 Clay or silty-clay, gravelly 
33 Clay or silty-clay, sandy 
34 Clay or silty-clay 
35 Clay 

SG = SUBGRADE 
SB = STRUCTURE BACKFILL 
AS = AGGREGATE SUBBASE 
SS = SUBGRADE SEAL 
NG = NATURAL GROUND 
EM = BEDDING MATERIAL 
AB = AGGREGATE BASE 
CM = COVER MATERIAL 
EL = BLOTTER MATERIAL 
MA = MINERAL AGGREGATE 
TS = TOP SOIL 

MATERIAL CODES 
CA = COARSE AGGREGATE 
FA = FINE AGGREGATE 
AG = AGGREGATE 
EM = EMBANKMENT 
CB = CEMENT TREATED BASE 
LC = LEAN CONCRETE BASE 
CS = CEMENT TREATED SUBGRADE 
LS = LIME TREATED SUBGRADE 
RR = RIP RAP 
FM = FILTER MATERIAL 
GR : GRANULATED RUBBER 

BF = BACKFILL 
AC = ASPHALTIC CONCRETE 
88 = BITUMINOUS TREATED BASE 
00 = BORROW 
FC = ACFC 
NM = PNEUMATICALLY PLACED 

MORTAR 
MS = MEMBRANE SEAL 
RM = ROAD MIX 
RC = RECYCLED ASPHALTIC CONCRETE 

RDWY CODES: 
NB = NORTHBOUND 
SB = SOUTHBOUND 

ETC 
RA = RAMP A 
RB = RAMP B 

ETC 
FR = FRONTAGE ROAD 
XR = CROSS ROAD 



106 .02  S A M P L I N G  QUARRY P I T S  

The s a m p l i n g  o f  a  q u a r r y  p i t  r e q u i r e s  t h e  u s e  o f  j u d g e m e n t  
as  w e l l  as  r o u t i n e  t e c h n i q u e .  The p u r p o s e  o f  t h e  s a m p l e  i s  t o  
p r o v i d e  m a t e r i a l  t h a t  may be p r o c e s s e d  t o  p r o d u c e  an end  p r o d u c t  
a s  c l o s e  as  p o s s i b l e  t o  w h a t  w o u l d  be  e x p e c t e d  d u r i n g  
c o n s t r u c t i o n .  

The t e s t  h o l e  s h o u l d  be c h o s e n  c a r e f u l l y  t o  n o t e  a n y  c h a n g e  
i n  m a t e r i a l .  T h i s  change  i s  u s u a l l y  e v i d e n t  i n  t h e  c o l o r  and  
t h e  d e g r e e  o f  h a r d n e s s .  I f  t h e r e  i s  more  t h a n  one  t y p e  o f  
m a t e r i a l  i n  t h e  t e s t  h o l e ,  e a c h  t y p e  s h o u l d  b e  r e p r e s e n t e d  b y  a  
s a m p l e  o f  a p p r o x i m a t e l y  6 0  p o u n d s .  The s a m p l e  s h o u l d  b e  t a k e n  
f r o m  t h e  m a t e r i a l  e x c a v a t e d  f r o m  t h e  h o l e .  

The t e s t  h o l e  s h o u l d  b e  hand  p i c k e d  w i t h  c a r e  b e i n g  
e x e r c i s e d  t o  s e l e c t  m a t e r i a l  r e p r e s e n t i n g  o n l y  t h e  s t r a t u m  b e i n g  
s a m p l e d .  The s a m p l e  s h o u l d  i n c l u d e  o n l y  r o c k  t h a t  w i l l  p a s s  a  6  
i n c h  s i e v e .  The m a t e r i a l  s h o u l d  be p l a c e d  i n  b a g s  a n d  t a g g e d  
s h o w i n g  t h e  l o c a t i o n  and e x t e n t  o f  t h e  s t r a t u m  i t  r e p r e s e n t s .  
The w o r d s  " Q u a r r y  C r u s h "  s h o u l d  a p p e a r  on  a l l  i d e n t i f y i n g  t a g s .  

A t  l e a s t  t w o  s a m p l e s  f r o m  e a c h  o f  t h e  u s a b l e  s t r a t a  s h o u l d  
b e  m a r k e d  " F o r  A b r a s i o n " ,  w i t h  a  m in imum o f  t h r e e  s a m p l e s  f o r  
t h e  e n t i r e  p i t .  

An a d d i t i o n a l  s a m p l e  s h a l l  be t a k e n  f r o m  e v e r y  s e c o n d  o r  
t h i r d  t e s t  h o l e  f o r  i n f o r m a t i o n  o n l y .  T h e s e  s a m p l e s  s h o u l d  
c o n s i s t  o f  t h e  f i n e  m a t e r i a l  g e n e r a t e d  f r o m  t h e  b l a s t i n g  
o p e r a t i o n ,  t o g e t h e r  w i t h  a p p r o x i m a t e l y  an e q u a l  a m o u n t  o f  t h e  
f i n e  m a t e r i a l  e x t r a c t e d  f r o m  t h e  f r a c t u r e  seams and  b e d d i n g  
p l a n e s  e x p o s e d  i n  t h e  t e s t  h o l e .  T h e s e  s a m p l e s  s h a l l  b e  m a r k e d  
"FINES - FOR INFORMATION ONLY". The number  o f  t h e  t e s t  h o l e  t h e  
s a m p l e  was t a k e n  f r o m  a l s o  s h o u l d  be  shown o n  t h e  c a r d .  

106.03 S A M P L I N G  E X I S T I N G  ROADWAYS 

C a r e  s h o u l d  b e  e x e r c i s e d  i n  s a m p l i n g  e x i s t i n g  r o a d w a y s  i n  
o r d e r  t o  a c c u r a t e l y  r e p r e s e n t  t h e  t h i c k n e s s  a n d  c h a r a c t e r i s t i c s  
o f  e a c h  pavemen t  componen t  and t h e  s u b g r a d e .  

A. E x i s t i n g  Pavement  

The e x i s t i n g  p a v e m e n t  s h o u l d  be  c u t  t o  a  n e a t  l i n e  f o r  an  
a r e a  a p p r o x i m a t e l y  t w o  f e e t  b y  t w o  f e e t .  The p a v e m e n t  s h o u l d  b e  
c a r e f u l l y  removed  t o  t h e  e l e v a t i o n  o f  t h e  n e x t  c o m p o n e n t .  
G e n e r a l l y ,  t h e  m a t e r i a l  may l a t e r  b e  u s e d  f o r  b a c k f i l l i n g  t h e  
h o l e  o r  d i s c a r d e d ,  u n l e s s  a  s a m p l e  h a s  b e e n  r e q u e s t e d .  I f  a  
s a m p l e  h a s  been  r e q u e s t e d ,  t h e n  t h e  p a v e m e n t  m a t e r i a l  s h o u l d  b e  



p l a c e d  i n  a  s a m p l e  s a c k ,  t i e d ,  and  t a g g e d  a s  d e s c r i b e d  i n  
S e c t i o n  1 0 6 . 0 5 .  S a m p l e s  a r e  l o g g e d  o n  t h e  f o r m  shown  i n  F i g u r e  
1 0 6 . 0 1 - l a .  A  c o r e  d r i l l  c a n  o f t e n  b e  u t i l i z e d  t o  o b t a i n  e x i s t i n g  
p a v e m e n t  s a m p l e s  when s u c h  e q u i p m e n t  i s  a v a i l a b l e .  The  s a m p l i n g  
m e t h o d  w i l l  be d e t e r m i n e d  b y  t h e  G e o t e c h n i c a l  I n v e s t i g a t i o n  
E n g i n e e r .  

B.  B a s e  C o u r s e  C o m p o n e n t s  

Each  o f  t h e  b a s e  c o u r s e  c o m p o n e n t s  s h o u l d  b e  r e m o v e d  
s e p a r a t e l y .  The m a t e r i a l  may b e  r e m o v e d  b y  h a n d ,  u s i n g  a  s c o o p  
o r  a  s p o o n .  C a r e  s h o u l d  b e  t a k e n  t o  r e m o v e  a l l  o f  t h e  m a t e r i a l  
o f  t h e  p a r t i c u l a r  c o m p o n e n t s ,  u s i n g  t h e  h a n d s  o r  t h e  s p o o n  a n d  
b r u s h  t o  c l e a n  up  t h e  f i n e s .  A l l  o f  t h e  m a t e r i a l  r e m o v e d  s h o u l d  
b e  p l a c e d  o n  t h e  s a m p l e  c l o t h .  I f  t h e r e  i s  n o t  m o r e  t h a n  o n e  
b a g  f u l l ,  a l l  o f  t h e  m a t e r i a l  s h o u l d  be p l a c e d  i n  a  s a m p l e  b a g .  
I f  t h e r e  i s  m o r e  m a t e r i a l  t h a n  i s  r e q u i r e d  f o r  a  s a m p l e ,  t h e  
m a t e r i  a1 s h o u l d  b e  t h o r o u g h l y  m i x e d  a n d  d i v i d e d  w i t h  t h e  
s t r a i g h t  e d g e  u n t i l  t h e r e  i s  a p p r o x i m a t e l y  e n o u g h  m a t e r i a l  i n  a  
s a m p l e  p o r t i o n  t o  f i l l  o n e  b a g .  I t  s h o u l d  t h e n  b e  b a g g e d ,  t i e d ,  
a n d  t a g g e d  as  d e s c r i b e d  i n  S e c t i o n  1 0 6 . 0 5 .  S a m p l e s  a r e  l o g g e d  
o n  t h e  f o r m  shown i n  F i g u r e  1 0 6 . 0 1 - l a .  

C .  S u b g r a d e  

A f t e r  t h e  p a v e m e n t  a n d  e a c h  b a s e  c o m p o n e n t  h a v e  b e e n  
r e m o v e d ,  e x c a v a t i o n  s h o u l d  c o n t i n u e  a t  l e a s t  s i x  i n c h e s  i n t o  t h e  
s u b g r a d e  w i t h  t h e  m a t e r i a l  s a m p l e d  i n  t h e  same m a n n e r  a s  t h e  
b a s e  c o u r s e  c o m p o n e n t s .  F o r  r e c o n s t r u c t i o n  p r o j e c t s ,  " R " - v a l u e  
s a m p l e s  i n  a d d i t i o n  t o  n o r m a l  s a m p l e s ,  w i l l  b e  t a k e n  f r o m  t h e s e  
s u b g r a d e  m a t e r i a l s  w h i c h  t h e  s u p e r v i s o r  d e t e r m i n e s  t o  b e  c o n t r o l  
c o n d i t i o n s .  The  R - v a l u e  s a m p l e s  s h a l l  b e  t a k e n  b e n e a t h  t h e  
p a v e m e n t ;  s a m p l i n g  f r o m  t h e  s h o u l d e r  w i l l  n o t  b e  p e r m i t t e d .  

T h e  R - v a 1  u e  sa r r . 1~1  i n g  r e q u i r e m e n t s  f o r  r e c o n s t r u c t i o n  
p r o j e c t s  a r e  t h e  same a s  i n  S e c t i o n  1 0 2 . 0 4  w i t h  a  m i n i m u m  o f  3 
p e r  p r o j e c t .  On i n v e s t i g a t i o n  f o r  r e h a b i l i t a t i o n  p r o j e c t s ,  n o  
R - v a l u e  s a m p l e s  n e e d  b e  t a k e n  u n l e s s  t h e r e  h a s  b e e n  a  s p e c i f i c  
r e q u e s t  f o r  t h e m .  

D. B a c k f i l l  

A f t e r  e a c h  c o m p o n e n t  o f  t h e  p a v e m e n t  s t r u c t u r e  h a s  b e e n  
s a m p l e d  t h e  h o l e  s h o u l d  b e  b a c k f i l l e d ,  u s i n g  t h e  s u r p l u s  
m a t e r i a l  a n d  o t h e r  s u i t a b l e  m a t e r i a l .  I t  s h o u l d  b e  h a n d  t a m p e d  
a n d  t h e  t o p  s i x  i n c h e s  s h o u l d  b e  r e p l a c e d  w i t h  a s p h a l t i c  m i x .  
T h e  D i s t r i c t  i n  w h i c h  t h e  w o r k  i s  t o  b e  d o n e  s h o u l d  b e  n o t i f i e d  
o f  t h e  l o c a t i o n  . o f  t h e  h o l e s  i n  c a s e  t h e y  c h o o s e  t o  d o  t h e  
b a c k f i l l i n g  w i t h  t h e  D i s t r i c t  M a i n t e n a n c e  F o r c e s .  I n  n o  c a s e ,  
h o w e v e r ,  s h o u l d  a  h o l e  b e  l e f t  i n  t h e  p a v e m e n t  when  o p e n e d  t o  
t r a f f i c .  



106.04  S A M P L I N G  O V E R S I Z E  A G G R E G A T E  

T h e  p e r c e n t a g e  o f  m a t e r i a l  r e t a i n e d  e n  t h e  3 i n c h  a n d  6 i n c h  
s i e v e s  i n  a g g r e g a t e  p i t s  is' i m p o r t a n t  from s e v e r a l  s t a n d p o i n t s .  
I t  i n d i c a t e s  t h e  a m o u n t  o f  crushing r e q u i r e d  a n d  i t  i n f l u e n c e s  
t h e  j o b  m i x  f o r m u l a  i n  a s p h a l t i c  c o n c r e t e  m i x  designs. F o r  
t h e s e  r e a s o n s ,  i t  i s  i m p o r t a n t  to m a k e  a concerted e f f o r t  t o  
d e t e r m i n e  as c l o s e l y  a s  p o s s i b l e  t h e  a m o u n t  o f  o v e r s i z e  r o c k  
t h a t  i s  i n d i c a t e d  by t h e  t e s t  h o l e s .  T h e r e  a r e  s e v e r a l  s t e p s  
i n v o l v e d :  s e l e c t i o n  o f  h o l e s  t o  b e  s a m p l e d ,  t a k i n g  t h e  s a m p l e ,  
w e i g h i n g  t h e  s a m p l e  and c a l c u l a t i n g  t h e  percentagk o f  e a c h  s i z e .  

A .  Selection o f  H o l e s  t o  be S a m p l e d  

A f t e r  a l l  t e s t  ho les  h a v e  been  e x c a v a t e d ,  a s tudy  s h o u l d  be 
made o f  e a c h  h o l e  f r o m  t h e  s t a n d p o i n t  o f  e v e r s j t e  rock; t h e n  
t h r e e  o r  m o r e  r e p r e s e n t a t i v e  h o l e s  s h o u l d  be chosen t o  r e p r e s e n t  
t h e  p i t  or p i t  a r e a .  I t  i s  d e s i r a b l e  t o  s e l e c t  h o l e s  t h a t  cover 
t h e  e n t i r e  p i t  a r e a ;  if one area  o f  t h e  p i t  a p p e a r s  t o  c o n t a i n  a 
s i g n i f i c a n t l y  d i f f e r e n t  a m o u n t  o f  overs?  z e ,  ' a s e p a r a t e  
d e t e r m i n a t i o n  f o r  t h e  i n d i v i d u a l  areas  may be more appropriate. 

6. Sampl  ing 

Because  o f  t h e  i n f l u e n c e  o f  one large  r o c k ,  i t  i s  e s s e n t i a l  
t h a t  a f a i r l y  l a r g e  s a m p l e  s h o u l d  be t a k e n ,  p a r t i c u l a r l y  i f  t h e  
p e r c e n t a g e  o f  oversize i s  great. Hence,  a m i n i m u m  o f  1000 
pounds  o f  m a t e r i a l  s h o u l d  be removed f r o m  t h e  t e s t  h o l e .  T h i s  
may be a c c o m p l i s h e d  by c l e a n i n g  out t h e  b o t t o m  o f  t h e  h o l e  w i t h  
t h e  b a c k h o e  and r e m o v i n g  a s  much o f  the l o o s e  material  a s  
p o s s i b l e ,  t h e n  w i t h  t h e  b a c k h o e  b u c k e t ,  a s  carefully a s  
p o s s i b l e ,  remove m a t e r i a l  f r o m  t h e  f a c e  o f  t h e  t e s t  h o l e ,  The  
o p e r a t i o n  s h o u l d  b e g i n  a t  t h e  b o t t o m ,  t a k i n g  a s h a l l o w  c u t  
t o w a r d s  t h e  t o p ,  t r y i n g  t o  g e t  a u n i f o r m  s a m p l e .  

C Weighing 

All material removed a s  a sample  s h o u l d  be weSghed. S ince  
i t  i s  n o t  p r a c t i c a b l e  t o  h a v e  a l arge  sca le  on the p r o j e c t ,  i t  
s h o u l d  b e  we ighed  in i n c r e m e n t s  t h a t  c a n  be e a s i l y  1 - i f t e d  and 
h a n d l e d ,  w i t h  a hand s c a l e .  A s  each i n c r e m e n t  i s  w e i g h e d ,  t h e  
w e i g h t  s h o u l d  b e  t a b u l a t e d  and t h e  t a b u l a t i o n s  t o t a l e d  t o  
determine t h e  entire weight o f  t h e  sample .  T h i s  we ight  shou ld  
be entered f o r  e a c h  test hole  sampled ( s e e  Figure 1 0 6 . 0 4 - 1 ) .  

As e a c h  i n c r e m e n t  o f  m a t e r i a l  i s  removed  from t h e  c o n t a i n e r  
i n  w h i c h  i t  w a s  w e i g h e d ,  i t  shou ld  be dumped on  a 3 i n c h  s i e v e .  
A l l  m a t e r i a l  r e t a i n e d  on  t h e  3 i n c h  s i e v e  s h o u l d  be s a v e d  and 
a f t e r  the e n t i r e  sample h a s  been w e i g h e d ,  t h e  material  retained 
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o n  t h e  3 i n c h  s i e v e  s h o u l d  be  p a s s e d  o v e r  a  6 i n c h  s i e v e  a n d  
s e p a r a t e d .  The p o r t i o n  r e t a i n e d  o n  t h e  6 i n c h  s i e v e  s h o u l d  b e  
w e i g h e d  a n d  t h e  w e i g h t  e n t e r e d  i n  c o l u m n  ( 1 ) .  T h e  b a l a n c e  o f  
t h e  o v e r s i z e  ( r e t a i n e d  on 3 " )  s h o u l d  b e  w e i g h e d  a n d  t h e  w e i g h t  
e n t e r e d  o n  t h e  f o r m  i n  c o l u m n  ( 2 ) .  A l l  w e i g h t s  e n t e r e d  s h o u l d  
b e  t o  t h e  n e a r e s t  p o u n d .  B o u l d e r s  l a r g e r  t h a n  a p p r o x i m a t e l y  1 5  
i n c h e s  s h o u l d  n o t  be  i n c l u d e d  i n  t h e  s a m p l e .  

D .  C a l c u l a t i n g  t h e  P e r c e n t a g e  o f  E a c h  S i z e  

A f t e r  a l l  w e i g h t s  a r e  e n t e r e d ,  t h e  p e r c e n t a g e  r e t a i n e d  o n  
e a c h  s i e v e  and  t h e  p e r c e n t a g e  p a s s i n g  e a c h  s i e v e  s h o u l d  b e  
c a l c u l a t e d  t o  t h e  n e a r e s t  t e n t h  o f  a  p e r c e n t  a c c o r d i n g  t o  
i n s t r u c t i o n s  o n  t h e  f o r m  a n d  t h e  p e r c e n t a g e  f o r  e a c h  s i e v e  
e n t e r e d  i n  t h e  a p p r o p r i a t e  c o l u m n  ( s e e  F i g u r e  1 0 6 . 0 4 - 1 ) .  

106.05 I D E N T I F Y I N G  S A M P L E S  

A l l  s a m p l e s  s h o u l d  b e  i d e n t i f i e d  b y  f i l l i n g  o u t  t h e  s a m p l e  
t i c k e t  ( s e e  F i g u r e  1 0 6 . 0 1 - 2 a ) .  T h i s  t i c k e t  i s  a  m u l t i p l e  c o p y  
f o r m .  T h e  o r i g i n a l  s h o u l d  b e  r e m o v e d  a n d  p l a c e d  i n  t h e  s a m p l e  
b a g .  T h e  s e c o n d  c o p y  s h o u l d  b e  a t t a c h e d  t o  m a t e r i a l  l o g .  T h e  
t h i r d  c o p y  s h o u l d  b e  a t t a c h e d  t o  t h e  o u t s i d e  o f  t h e  b a g  t o  s e r v e  
a s  a  s h i p p i n g  t a g .  T h e  t i c k e t  s h o u l d  b e  c a r e f u l l y  f i l l e d  o u t  t o  
p r o v i d e  t h e  n e c e s s a r y  i n f o r m a t i o n .  

A. Name o f  M a t e r i a l  : 

T h e  name o f  t h e  m a t e r i a l  b e i n g  s a m p l e d  s h o u l d  b e  e n t e r e d  i n  
t h e  a p p r o p r i a t e  p l a c e .  T h i s  w o u l d  u s u a l l y  b e  o n e  o f  t h e  
f o l l o w i n g :  S u b g r a d e ,  B o r r o w ,  S p e c i a l  B a c k f i l l ,  A g g r e g a t e  o r  
O v e r s i z e .  T h e r e  may b e  o t h e r  m a t e r i a l s  s a m p l e d  o n  o c c a s i o n ,  
s u c h  as  R i p r a p  R o c k ,  B l e n d i n g  M a t e r i a l ,  e t c .  T h e  " R " - v a l u e  
s a m p l e s  s h a l l  b e  i d e n t i f i e d  o n  t h e  s a m p l e  t i c k e t  u n d e r  REMARKS. 

B. I d e n t i f i c a t i o n  M a r k s :  

B e c a u s e  t h e r e  i s  u s u a l l y  m o r e  t h a n  o n e  s a m p l e ,  e a c h  s a m p l e  
s h o u l d  b e  i d e n t i f i e d  b y  n u m b e r .  T h e s e  n u m b e r s  s h o u l d  c o r r e s p o n d  
w i t h  t h e  t e s t  h o l e .  T h e  s a m p l e  t a k e n  i n  e a c h  s t r a t u m  i s  g i v e n  
t h e  n u m b e r  o f  t h e  t e s t  h o l e  a n d  f u r t h e r  i d e n t i f i e d  b y  t h e  
l o c a t i o n  o f  t h e  s t r a t u m .  F o r  e x a m p l e ,  # 1 4  - 2 '  t o  9 ' ,  # 1 4  - 9 '  
t o  1 2 ' .  

C .  D a t e :  

T h e  d a t e  t h e  s a m p l e  i s  t a k e n  s h o u l d  b e  e n t e r e d  o n  t h e  
i d e n t i f i c a t i o n  t i c k e t  i n  t h e  p l a c e  i n d i c a t e d .  



a. S a m p l e d  By: 

T h e  name o f  t h e  p a r t y  r e s p o n s i b l e  f o r  t h e  s a m p l i n g  s h o u l d  b e  
entered an t h e  identification ticket i n  t h e  place i n d i c a t e d .  If 
t h e  sample is t a k e n  by a F i e l d  Crew, t h e  name o f  t h e  Crew 
S u p e r v i s o r  should  be  u s e d .  I f  t h e  sampling i s  u n d e r  t h e  
direction o f  a G e o t e c h n i c a l  Investigation Engineer or D i s t r i c t  
personnel, t h e  name o f  t h e  p e r s o n  supervising t h e  s a m p l i n g  
s h o u l d  b e  u s e d .  

E .  Sampled From: 

T h e  p o i n t  from w h i c h  t h e  sample i s  a c t u a l l y  t a k e n  s h o u l d  be 
e n t e r e d  on t h e  identificatior! t i c k e t  in t h e  p l a c e  i n d i c a t e d .  
T h i s  may i f i c lude  a t e s t  h o l e  i n  t h e  subgrade  o r  p i t ,  i t  m a y  be 
f r o m  a s t o c k p i l e ,  f r o m  t h e  b i n s  o f  a p l a n t ,  or a railroad car, 
a n d  should  b e  s o  i n d i c a t e d .  If t h e  sample i s  t a k e n  from a test 
hole o r  windrow i n  t h e  roadway, t h e  s t a t i o n  should b e  i n d i c a t e d .  

F. Quantity Represented: 

T h e  quantity represented s h o u l d  b e  entered an t h e  
i d e n t i f i c a t i o n  ticket i n  t h e  p l a c e  i n d i c a t e d .  I f  t h e  s a m p l e  i s  
t a k e n  from a test h o l e  i t  s h e u l d  i n d i c a t e  t h e  l o c a t i o n  a n d  
thickness o f  t h e  s t r a t u m  s a m p l e d ;  f o r  e x a m p l e ,  0' t o  1 1 ' .  

If t h e  s a m p l e  is t a k e n  f r o m  a s t o c k p i l e ,  it s h o u l d  i n d i c a t e  
t h e  e s t i m a t e d  a m o u n t  o f  material in the.stockpi7e. I f  i t  i s  
t a k e n  from a n  o p e r a t i n g  p l a n t ,  it shou l d  i n d i c a t e  t h e  a m o u n t  o f  
p r o d u c t i o n  represented. 

G. L o c a t i o n  o f  S u p p l y :  

The s p e c i f i c  l o c a t i o n  o f  t h e  s o u r c e  o f  t h e  supply o f  
materia l  s a m p l e d  s h o u l d  b e  e n t e r e d  o n  t h e  identification t i c k e t  
i n  t h e  appropriate place. I f  t h e  source i s  an A r i z o n a  
Department o f  Transportation p i t ,  t h e  s e r i a l  number  o f  t h e  pit 
should be g i v e n  i f  one h a s  b e e n  assigned, o r ,  i f  i t  i s  a n e w  p i t  
and  n o  number  h a s  been assigned, t h e  l o c a t i o n  o f  t h e  p i t  as i t  
w i l l  a p p e a r  on  t h e  p i t  s k e t c h  s h o u l d  b e  u s e d .  I f  i t  i s  t h e  
roadway, i t  sheuld be s o  i n d i c a t e d .  I f  i t  i s  a commercial p l  a n t  
it s h o u l d  be s o  s t a t e d  w i t h  t h e  location o f  t h e  p l a n t  i n d i c a t e d  
a n d  its number, i f  one h a s  b e e n  a s s i g n e d .  For e x a m p l  e :  
Commercial Plant, U n i t e d  Metro #1, ( C M  00591, P h o e n i x .  

H. Highway: 

W h e n  t h e  location o f  the s u p p l y  i s  related to a Station or 
M i l e p o s t ,  t h e  name o f  the a p p r o p r i a t e  highway o n  w h i c h  t h e  



S t a t i o n  o r  M i l e p o s t  i s  l o c a t e d  s h o u l d  be  e n t e r e d  i n  t h e  p l a c e  
i n d i c a t e d .  

I. P r o j e c t  Number :  

The  n u m b e r  o f  t h e  p r o j e c t  f o r  w h i c h  t h e  m a t e r i a l  i s  b e i n g  
s a m p l e d  s h o u l d  be  i n d i c a t e d  i n  t h e  a p p r o p r i a t e  p l a c e .  

J .  R e m a r k s :  

Any  p e r t i n e n t  i n f o r m a t i o n  may be  i n c l u d e d  u n d e r  t h e  r e m a r k s ,  
s u c h  a s  t h e  t y p e  o f  t e s t  f o r  w h i c h  t h e  m a t e r i a l  was s a m p l e d ,  a n y  
s p e c i a l  i n s t r u c t i o n s  f o r  h a n d l i n g  t h e  s a m p l e  o r  t h e  name o f  a n  
i n d i v i d u a l  t o  b e  c o n t a c t e d  r e g a r d i n g  t h e  s a m p l e .  

1 0 6 . 0 6  S I Z E  AND NUMBER OF SAMPLES 

T h e  s i z e  o f  t h e  s a m p l e  r e q u i r e d  i s  d e t e r m i n e d  b y  t h e  n u m b e r  
a n d  t y p e  o f  t e s t s  t h a t  a r e  t o  be  made.  I n  g e n e r a l ,  o n e  s a m p l e  
s h o u l d  be  t a k e n  f r o m  e a c h  s t r a t u m  o f  m a t e r i a l  i n  e a c h  t e s t  h o l e  
f o r  S i e v e  A n a l y s i s  a n d  P l a s t i c i t y  I n d e x  ( P I )  t e s t s ,  t o g e t h e r  w i t h  
o t h e r  s a m p l e s  f o r  s p e c i f i c  t e s t s  a s  r e q u i r e d .  T h e  s i z e  o f  
s a m p l e s  a n d  n u m b e r  o f  s a m p l e s  t o  b e  t a k e n  a r e  s h o w n  i n  T a b l e  
1 0 6 . 0 6 - 1 .  

1 0 7 . 0 0  COMPLETION OF SAMPLING OPERATIONS 

P r i o r  t o  m o v i n g  t h e  e q u i p m e n t  f r o m  t h e  p r o j e c t  s i t e ,  a l l  t e s t  
h o l e s  s h o u l d  b e  f i l l e d  o r  f e n c e d ,  d e b r i s  c l e a n e d  u p  a n d  t h e  w o r k  
a r e a  r e s t o r e d .  

A n y  t e s t  h o l e  t h a t  i s  t o  b e  l e f t  o p e n  f o r  f u t u r e  i n s p e c t i o n  
s h o u l d  b e  f e n c e d  i n  a c c o r d a n c e  w i t h  d e t a i l s  s h o w n  o n  F i g u r e  
1 0 7 . 0 0 - 1 .  

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

T h e  w o r k  a r e a  s h o u l d  b e  r e s t o r e d  a s  n e a r l y  a s  i s  p r a c t i c a b l e  
t o  i t s  o r i g i n a l  c o n d i t i o n .  A l l  p i l e s  o f  m a t e r i a l s  s h o u l d  b e  
1  e v e 1  e d  a n d  a1  1  e x c a v a t i o n s  b a c k f  i 1 1  ed .  



T A B L E  106.06-1 

S A M P L I N G  S C H E D U L E  

A. S u b g r a d e  a n d  B o r r o w  P i t s  

Type o f  Test Number o f  Samples Size o f  Each Sample 

1. S i e v e  A n a l y s i s  
a n d  P. I .  

2 .  D e n s i t y  

3 .  pH a n d  
R e s i s t i v i t y  

4 .  " R "  V a l u e  

5 .  S o l u b l e  S a l t s  

6 .  F r o s t  
S u s c e p t  i b i  1  i t y  

1 f o r  e a c h  s t r a t u m  
o f  e a c h  t e s t  h o l e .  
A t  l e a s t  o.ne a t  
l o c a t i o n s  o f  i n - p l a c e  
d e n s i t y  t e s t .  M i n i m u m  o f  
3 f o r  e a c h  p i t .  
1 f o r  e a c h  CMP 
l o c a t i o n  o n  r o a d w a y  
M i n i m u m  o f  3 f o r  e a c h  p i t .  
A t  l e a s t  1 f o r  e a c h  
" C o n t r o l "  p o i n t  o n  
c e n t e r 1  i n e  a s  d i r e c t e d  
b y  t h e  G e o t e c h n i c a l  
I n v e s t i g a t i o n  E n g i n e e r  
a n d  a  m i n i m u m  o f  3 e a c h  
i n  t h e  b o r r o w  p i t s  f r o m  
c o n t r o l l i n g  l o c a t i o n s .  
M i n i m u m  o f  3 f o r  e a c h  
b o r r o w  p i t .  

B .  A g g r e g a t e  P i t s  

M i n i m u m  o f  3 f o r  e a c h  
s o i l  t y p e  i n  a  p i t  o r  
s u b g r a d e  ( u n l e s s  
e n g i n e e r  g i v e s  o t h e r  
i n s t r u c t i o n s ) .  

1. S i e v e  A n a l y s i s  
a n d  P . I .  

2 .  D e n s i t y  

3 .  pH a n d  
R e s i s t i v i t y  

4 .  A b r a s i o n  

5 .  O v e r s i z e  

6 .  % L i m e s t o n e  
D e t e r m i  n a t i o n  

1 f o r  e a c h  s t r a t u m  o f  
e a c h  t e s t  h o l e .  
M i n i m u m  o f  3 f o r  
e a c h  p i t .  
M i n i m u m  o f  3 f o r  e a c h  
p i t .  
M i n i m u m  o f  3 f o r  
e a c h  p i t .  
M i n i m u m  o f  3 f o r  
e a c h  p i t .  
M i n i m u m  o f  2 

75  - 1 0 0  1  b s .  

7 5  - 1 0 0  l b s .  
( 1  l a r g e  s a c k -  

i n c l u d i n g  
o v e r s i z e )  



F I G U R E  1 0 7 . 0 0 - 1  

FENCING OF OPEN TEST HOLES 
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C H A P T E R  2 

P A V E M E N T  D E S I G N  

T h e  r e m a i n i n g  c h a p t e r s  d e a l  w i t h  t h e  procedures u s e d  by t h e  
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  for t h e  d i f f e r e n t  f a c e t s  o f  
materials d e s i g n  o f  new p a v e m e n t s  a n d  r e h a b i l i t a t i o n  o f  e x i s t i n g  
p a v e m e n t s ;  both r i g i d  a n d  f l e x i b l e .  T h i s  c h a p t e r  will p r o v i d e  a 
g u i d e  f o r  d e t e r m i n i n g  p a v e m e n t  structures s i m i l a r  to t h e  o n e s  
s h o w n  i n  F i g u r e  2 0 0 . 0 0 - 1 .  T h e  d e s i g n  p r o c e d u r e s  p r o v i d e d  will 
include t h e  d e t e r m i n a t i o n  o f  t h e  total p a v e m e n t  t h i c k n e s s  as 
well a s  t h e  t h i c k n e s s  a n d  s t r u c t u r a l  v a l u e  o f  e a c h  o f  t h e  
i n d i v i d u a l  p a v e m e n t  c o m p o n e n t s ,  t h e  d e t e r m i n a t i o n  o f  a l t e r n a t e  
d e s i g n s  a n d  t h e  s e l e c t i o n  o f  o p t i m u m  d e s i g n s  b a s e d  on c o s t s ,  
c o n s e r v a t i o n  o f  m a t e r i a l s  o r  s o m e  o t h e r  a s p e c t  will a l s o  be 
d i s c u s s e d .  

R e g a r d l e s s  o f  w h a t  t y p e  o f  d e s i g n  i s  i n v o l v e d  (new 
c o n s t r u c t i o n ,  r e h a b i l i t a t i o n ,  w i d e n i n g ,  e t c , )  t h e  collection and 
a n a l y s i s  o f  t h e  i n f o r m a t i o n  a v a i l a b l e  on a p r o j e c t  i s  t h e  
f o u n d a t i o n  f o r  all t h a t  follows i n  t h e  materials d e s i g n  
p r o c e s s .  The d e s i g n e r  m u s t  i n t e g r a t e  t h i s  i n f o r m a t i o n  into t h e  
M a t e r i a l s  D e s i g n  P a c k a g e  ( M a t e r i a l s  D e s i g n  Memo, D e s i g n  S u m m a r y  
a n d  P r e l i m i n a r y  P a v e m e n t  S t r u c t u r e  C o s t  E s t i m a t e )  t h a t  will 
provid e  t h e  necessary d o c u m e n t a t i o n  and c o m m u n i c a t i o n  o f  t h i s  
d e s i g n  p r o c e s s .  T h e  i n f o r m a t i o n  p r o v i d e d  i n  F i g u r e  2 0 0 . 0 0 - 2  
g i v e s  an  i d e a  o f  s o m e  of t h e  d a t a  required for the design 
a n a l y s i s  o f  d i f f e r e n t  t y p e s  o f  p r o j e c t s .  

In t h e  s u b s e c t i o n s  t h a t  follow, t h i s  p r o c e s s  will b e  
discussed i n  detail. 

200 ,01  PROJECT D E T E R M J N A T I O N  

W h e t h e r  i t  be f r o m  t h e  s c o p e  o f  w o r k ,  p r o j e c t  a s s e s s m e n t ,  
d e s i g n  c o n c e p t  report or f r o m  t h e  o r i g i n a l  p r o j e c t  r e q u e s t  f o r m ,  
t h e  d e t e r m i n a t i o n  o f  a p r o j e c t ' s  l o c a t i o n  a n d  i n t e n t  is t h e  
s t a r t i n g  p o i n t  f o r  t h e  d e s i g n  p r o c e s s .  W i t h  t h i s  i n f o r m a t i o n  
t h e  p r e l  i m i  n a r y  s a m p l  i n g ,  t e s t i n g  a n d  d a t a  r e q u i r e m e n t s  f o r  t h e  
project c a n  usually be d e t e r m i n e d .  





DATA REOUIRED FOR DIFFERENT TYPES OF CONSTRUCTION PROJECTS 

NEW AC PAVEMENT PCCP SURFACE 
CONSTRUCTION RECONSTRUCTION WIDENING REHABILATATION REHABILATATION TREATMENTS 

DATA REQUIRED 

SCOPE 
OF H 

WORK 
DESIGN 

CONCEPT H H W M M L 
REPORT 

EXISTING 
AS-BUILT N/A H H H H H 
INFORMATION 
ROUGHNESS, 

SKID, CRACKING N/ A L M H H H 
(TYPE AND 
DEFLECTION N/ A L H H M L 
TESTING 
FIELD H H H H H H 

INVESTIGATION 
EXISTING 
PAVEMENT N/A L M H H H 

C O N D I T I O N  
ENVIRONMENT L 

- 
SUEGRADE 

SAMPLING & H H M L L 
TEST1 NG 

NJA 

MATERIAL H A H M M L 
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LEVEL OF NEED H = HIGH, H = MODERATE, L = L O W  

FIGURE 200 ,00-2  



200.02 DATA COLLECTION 

F o r  p r o j e c t s  o n  t h e  State H i g h w a y  S y s t e m  t h e  e x i s t i n g  
i n f o r m a t i o n  i s  o b t a i n e d  f r o m  t h e  p a v e m e n t  m a n a g e m e n t  h i s t o r y  
file w h i c h  i n c l u d e s  project n u m b e r s ,  d a t e  o f  c a n s t r u c t i  o n ,  1 a y er 
t y p e s  a n d  history sorted by r o u t e  a n d  m i l e p o s t .  F o r  p r o j e c t s  
i n v o l v i n g  e x i s t i n g  p a v e m e n t s  on  t h e  S t a t e  H i g h w a y  S y s t e m  t h e  
d a t a  o b t a i n e d  by t h e  annual s u r v e y s  o f  the  P a v e m e n t  Management  
U n i t  i s  a v a i l a b l e .  T h i s  survey i n f o r m a t i o n  i n c l u d e s  r i d e  
r o u g h n e s s ,  p e r c e n t  c r a c k i n g ,  p a t c h i n g ,  f l u s h i n g ,  s k i d  r e s i s t a n c e  
a n d  r u t t i n g  ( i n t e r s t a t e  o n l y )  o f  t h e  e x i s t i p g  p a v e m e n t .  
A d d i t i o n a l l y ,  a l t h o u g h  n o t  done a n n u a l l y ,  D y n a f l e c t  o r  Fall i n g  
W e i g h t  Q e f l e c t o m e t e r  t e s t  r e s u l t s  may a 1  s o  b e  a v a i  1 a b l e .  
A d d i  t i e n a l  i n f o r m a t i o n  i s  avail a b l e  a t  E n g i n e e r i n g  Records a n d  
i n c l u d e s ,  b u t  i s  not l i m i t e d  t o  t h e  f o l l o w i n g :  

A. A s - b u i l t  Plans 

B.  D e s i g n  a n d  C o n s t r u c t i o n  F i l e s  

C. Location S u r v e y s  

D .  M a t e r i a l s  F i l e s  

E. D r a i n a g e  Reports 

For t h o s e  p r o j e c t s  n o t  o n  t h e  S t a t e  H i g h w a y  System, t h e  
i n f o r m a t i o n  i s  usually a v a i l a b l e  f r o m  t h e  r e s p o n s i b l e  a g e n c y .  

200.03 F I E L D  INVESTIGATION 

O n  new c o n s t r u c t i o n ,  r e c o n s t r u c t i o n  and w i d e n i n g  p r o j e c t s  
t h e  m a t e r i a l s  d e s i g n  s u r v e y  s h o u l d  b e  held i n  c o n j u n c t i o n  w i t h  
t h e  g e o t e c h n i c a l  f i e l d  r e v i e w .  

O n  rehabilitation p r o j e c t s  a f i e l d  s u r v e y  should t a k e  p l a c e  
s h o r t l y  after t h e  e x i s t i n g  i n f o r m a t i o n  a v a i l a b l e  h a s  been 
analyzed. T h e  i m p o r t a n c e  o f  a f i e l d  s u r v e y  on r e h a b i l i t a t i o n  
p r o j e c t s  c a n n o t  be o v e r  e m p h a s i z e d ,  f o r  t h e  i n f o r m a l j o n  o b t a i n e d  
c o n c e r n i n g  t h e  e x i s t i n g  p a v e m e n t  c o n d i t i o n  and a p p a r e n t  d i s t r e s s  
i s  necessary f o r  r e l i a b l e  r e h a b i l i t a t i o n  strategy s e l e c t i o n .  
T h e  f o l l a w i n g  i s  a p a r t i a l  c h e c k  list for i t e m s  t h a t  s h o u l d  be 
i n v e s t i g a t e d  d u r i n g  t h e  f i e l d  survey f o r  p a v e m e n t  r e h a b i l i t a t i o n  
p r o j e c t s :  

A. E x i s t i n g  P a v e m e n t  C o n d i t i o n  

1 .  C r a c k i n g  ( t y p e  a n d  p e r c e n t a g e )  
2 .  S u r f a c e  C o u r s e  ( t y p e  and condition) 
3 .  Maintenance ( t y p e  a n d  p e r c e n t a g e )  



4 .  Shoulder  o r  D i s t r e s s  L a n e  C o n d i t i o n  
5. C h a n g e  in c o n d i t i o n ,  d i s t r e s s ,  or  s u r f a c e  t y p e  

B .  R e l a t e d  Items 

1. D r a i n a g e  
2 .  T e r r a i n  
3. R o a d w a y  G r a d e  and S e c t i o n  ( c r o s s  s l o p e )  
4. S o i l s  

C. General 

1 .  P r o j e c t  L i m i t s  ( V e r i f i c a t i o n  a n d  R e a s o n i n g )  
2 .  B r i d g e  S t r u c t u r e s  (Clearance  a n d  S u r f a c e  T y p e )  
3. Ramp a n d  C r o s s r o a d  P a v e m e n t  C o n d i t i o n  
4. R i d e  Q u a l i t y  
5. Embankment S l o p e s  a n d  G u a r d  R a i l  H e i g h t  
6. C u r b  H e i g h t s  a n d  Over lay  B u i l d u p  i n  Gutter  

2 0 0 . 0 4  GEOTECHNICAL INFORMATION 

A .  Center1 i n e  W o r k i n g  P r o f i l e  

During t h e  c e n t e r l i n e  i n v e s t i g a t i o n  o f  new c o n s t r u c t i o n  
p r o j e c t s ,  d a t a  i s  r e c o r d e d  t h a t  s h o u l d  be a n a l y z e d  a n d  u s e d  i n  
t h e  d e s i g n  p r o c e s s .  

1. T e s t  H o l e s  

T h e  l o c a t i o n  and d e p t h  o f  t h e  h o l e s  are s h o w n ,  a n d  s h o u l d  be 
s t u d i e d  t o  d e t e r m i n e  i f  t h e  r o a d w a y  c u t s  are  r e a s o n a b l y  
represented  by samples .  

2. E x c a v a t i o n  F a c t o r s  

T h e  e x c a v a t i o n  f ac tor s  fo r  e a c h  c u t  are shown o n  t h e  
p r o f i l e .  

3 .  C u t  S l o p e s  

The recommended cut s l o p e s  a r e  shown o n  t h e  p r o f i l e .  

4. G r o u n d  C o m p a c t i o n  

T h e  amount o f  ground c o m p a c t i o n  t o  be  c o m p e n s a t e d  f o r  i s  
shown o n  t h e  p r o f i l e .  

5 .  M i s c e l l a n e o u s  N o t e s  

U n u s u a l  c o n d i t i o n s  e n c o u n t e r e d  d u r i n g  t h e  i n v e s t i g a t i o n  a r e  
n o t e d  on t h e  p r o f i l e .  Examples i n c l u d e  u n d e r g r o u n d  s p r i n g s ,  



s l i d e s  or p o t e n t i a l  slides, p i p i n g ,  u n u s u a l  erosion, o r  
other phenomena. T h e s e  s h o u l d  b e  s t u d i e d  a n d  
recommendations m a d e  i n  the m e m o .  

B .  Logs  

The log o f  t h e  t e s t  hole indicates the Field S u p e r v i s o r ' s  
d e s c i p t i o n  o f  the m a t e r i a l .  I t  also indicates i f  t h e  material 
w a s  removed w i t h  or w i t h o u t  blasting and i n d i c a t e s  d e p t h s  o f  
v a r i o u s  s t r a t a s  o f  different materials. A l s o  indicated i s  t h e  
material type a t  the bottom o f  the t e s t  h o l e .  

C. Special Reports 

I f  there w e r e  any u n u s u a l  conditions f o u n d  d u r i n g  the 
m a t e r i  a 1  s i n v e s t i g a t i o n  that required s p e c i  a1 i n v e s t i g a t i o n  a n d  
s t u d y ,  t h e  r e p o r t  o f  t h e s e  investigations and  studies should b e  
analyzed and recommended m e a s u r e s  i ncl u d e d  in the design 
p r o c e s s .  

O. Pit S k e t c h e s  and Pit Field Reports  

Pit s k e t c h e s  and Pit F i e l d  Reports should b e  analyzed to 
determine t h e  following information t o  b e  incorperated i n  t h e  
Materi a 1  s Design Memorandum on t h e  p i t  d a t a  s h e e t .  

1 .  P i t  S k e t c h e s  

Pit s k e t c h e s  will p r o v i d e  t h e  following d a t a :  

a .  L o c a t i  on 

The p i t  s k e t c h  ( F i g u r e  1 0 4 . 0 6 - 4  and 1 0 4 . 0 6 - 5 )  will g i v e  t h e  
location o f  t h e  p i t  u s u a l l y  in relation to a Station an t h e  
adjacent h i g h w a y .  It should also s h o w  the S e c t i o n ,  T o w n s h i p  and 
Range. The m e m o  n e e d  only include the reference to the 
Station. F o r  e x a m p l e :  p i t  A D O T  Serial N o .  8491, l o c a t e d  
a p p r o x i m a t e l y  1.5 miles f r o m  Station 1807 (US 89) on a ridge. 

b .  Quantity 

T h e  quantity of a v a i l a b l e  material may b e  calculated by 
multiplying t h e  a r e a  s h o w n  on the  p i t  s k e t c h  by the average 
depth o f  t h e  u s a b l e  material. I t  s h o u l d  b e  e x p r e s s e d  i n  c u b i c  
y a r d s .  B e c a u s e  t h e  a r e a  o f  t h e  pit i s  u s u a l l y  irregular, t h e  
a r e a  may  best b e  determined by use o f  planimeter. T h e  
calculation of quantity a v a i  1 a b l e  s h o u l d  b e  conservative, 
assuming t h e r e  will be  a certain amount o f  w a s t e  and s o m e  areas 
t h a t  may not be w o r k a b l e .  T h e  s h r i n k  or swell factor s h o u l d  be 
applied i n  determinjng the final quantity. 



2 .  P i t  R e p o r t  

The  G e o t e c h n i c a l  A n a l y s i s  will include t h e  f o l l o w i n g  
i n f o r m a t i o n :  

a ,  D e t a i l e d  d e s c r i p t i o n  o f  t h e  t y p e  o f  p i t  a n d  n a t u r e  o f  
material w i t h i n .  

b .  Haul r o a d  r e q u i r e m e n t s .  

c. D e s c r i p t i o n  o f  P i t  E n v i r o n m e n t .  

E .  G e o t e c h n i  ca l  Report 

T h e  g e o t e c h n i c a l  r e p o r t  i s  used t o  summar i ze  a n d  d o c u m e n t  
t h e  g e o t e c h n i c a l  i n f o r m a t i o n  o b t a i n e d  on a project. T h i s  
i n f o r m a t i o n  i s  u s e d  d u r i n g  t h e  d e s i g n  p r o c e s s  a n d  for c o m p l e t i n g  
the g e o t e c h n i c a l  p o r t i o n  o f  t h e  M a t e r i a l s  D e s i g n  Memo. 

2 0 0 . 0 5  T R A F F I C  ANALYSIS 

The c a l c u 7 a t i o n  o f  p r o j e c t e d  traffic i s  d e t e r m i n e d  from d a t a  
f u r n i s h e d  by e i t h e r  t h e  T r a n s p o r t a t i o n  P l a n n i n g  or t h e  Lacal  
G o v e r n m e n t  C o o r d i n a t i o n  G r o u p .  G e n e r a l l y ,  t h e  L o c a l  G o v e r n m e n t  
C o o r d i n a t i o n  G r o u p  p r o v i d e s  d a t a  f o r  a17 u r b a n  areas, e x c e p t  
T u c s o n  a n d  M a r i c o p a  C o u n t y  for w h i c h  t h i s  d a t a  i s  f u r n i s h e d  by 
P i m a  A s s o c i a t i o n  o f  G o v e r n m e n t s  ( P A G )  a n d  M a r i c o p a  Associ a t  i on 
o f  G o v e r n m e n t s  ( M A G ) .  D a t a  for a l l  o t h e r  areas i s  p r o v i d e d  by 
T r a n s p o r t a t i o n  P I  a n n i n g .  

T h e  c a l c u l a t i o n  o f  t h e  e s t i m a t e d  c u m u l a t i v e  number o f  I & - K i p  
e q u i v a l e n t  s i n g l e  a x l e  l o a d s  ( E S A L )  f o r  a d e s i g n  ( o r  
p e r f o r m a n c e )  p e r i o d  i s  p e r f o r m e d  by t h e  H a t e r i a l s  Section f o r  
a l l  S t a t e  h i g h w a y s .  T h e  c a l c u l a t i o n s  a r e  p e r f o r m e d  a t  l e a s t  
once e v e r y  year and computer r e p o r t s  d i s t r i b u t e d  t o  t h o s e  
i n v o l v e d  w i t h  t h e  p a v e m e n t  d e s i g n  process. 

F o r  more detail s concerning t r a f f i c  d a t a  p r o c e d u r e s  and 
analysis see A p p e n d i x  A .  

200 .06  P R E L I M I N A R Y  PLANS 

The p r e l i m i n a r y  p l a n s  s h o w  t h e  geometries o f  t h e  m a j o r  
r o a d w a y  s e c t i o n .  I n  a d d i t i o n  to t h e  major roadway, d e s i g n s  
s h o u l d  b e  p r o v i d e d  f o r  a l l  r a m p s ,  c r e s s r o a d s ,  f r o n t a g e  r o a d s ,  
a c c e s s  roads, a n d  r o a d s i d e  r e s t  areas. P r o v i s i o n  s h o u l d  a l s o  be 
m a d e ,  w h e r e  a p p l i c a b l e  f o r  d e t o u r s ,  t u r n o u t s ,  m e d i a n  p a v i n g  a n d  
o t h e r  i n c i d e n t a l  w o r k  c a l l e d  far on the plans. 



201.00 GENERAL P A V E M E N T  DESIGN CONSIDERATIONS - NEW 
CONSTRUCTION 

T h e  p e r f o r m a n c e  o f  a pavement s t r u c t u r e  i s  d i r e c t l y  r e l a t e d  
t o  t h e  p r o p e r t i e s  a n d  c o n d i t i o n  o f  t h e  r o a d b e d  s o i l s .  The  
d e s i g n  procedures  i n  t h i s  manual a r e  b a s e d  o n  t h e  a s s u m p t i o n  
t h a t  m o s t  s o i l s  can  be a d e q u a t e l y  r e p r e s e n t e d  f o r  pavement  
d e s i g n  p u r p o s e s  by mean  v a l u e s  o f  t h e  s o i l ' s  r e s i l i e n t  rnodul us 
( M R ) ,  f o r  f l e x i b l e  p a v e m e n t s ,  or  t h e  m o d u l u s  o f  s u b g r a d e  
react ion ( k ) ,  f o r  r i g i d  pavements.  However, c e r t a i n  s o i l s  s u c h  
a s  those t h a t  are  e x c e s s i v e l y  e x p a n s i v e ,  r e s i l i e n t ,  f r o s t  
s u s c e p t i b l e ,  o r  h i g h l y  o r g a n i c  r e q u i r e  t h a t  a d d i t j o n a l  s t e p s  be 
taken  t o  p r o v i d e  f o r  a d e q u a t e  p a v e m e n t  performance, 

S i n c e  t h e  borrow may p r o v i d e  t h e  c o n t r o l  f o r  t h e  d e s i g n  o f  
t h e  pavement s t r u c t u r e ,  t h e  t e s t  d a t a  f o r  d e s i g n a t e d  borrow 
s o u r c e s  s h o u l d  b e  c a r e f u l l y  s t u d i e d .  The q u a l i t y  o f  t h e  
m a t e r i a l  w i l l  b e  i n d i c a t e d  b y  t h e  R - v a l u e  w i t h  t h e  l o w e s t  
n u m b e r ,  i n d i c a t i n g  the p o o r e s t  mater ia l .  I f  the  m a t e r i a l s  
s o u r c e  i s  f a i r l y  u n i f o r m  t h e  m e a n  R - v a l u e  o f  t h e  m a t e r i a l  s h o u l d  
be u s e d  for t h e  c o n t r o l .  H o w e v e r ,  i f  most o f  t h e  source  i s  
uni formly  h i g h  i n  q u a l i t y  w i t h  perhaps o n l y  a f e w  t e s t  h o l e s  
w i t h  a low R - v a l u e ,  t h e  s o u r c e  should be s t u d i e d  t o  s e e  i f  t h e  
u n f a v o r a b l e  m a t e r i a l s  may be i s o l a t e d  a n d  e l i m i n a t e d  from t h e  
p i t  area  s o  t h e  mean  R-va lue  o f  t h e  h i g h e r  q u a l  i t y  m a t e r i a l  may 
b e  used f o r  t h e  d e s i g n  and  c o n s t r u c t i o n  o f  t h e  p r o j e c t .  

Where t h e r e  is m o r e  t h a n  one borrow source  on a p r o j e c t  and 
there i s  considerable  d i f f e r e n c e  i n  t h e  R - v a l u e  o f  t h e  v a r i o u s  
s o u r c e s ,  a c o s t  s t u d y  s h o u l d  be made t o  d e t e r m i n e  t h e  
f e a s i b i l  i t y  o f  haul i n g  t h e  h i g h e r  qual i t y  m a t e r i a l  l o n g e r  
d i s t a n c e s  v e r s u s  u s i n g  t h e  l o w e r  q u a l i t y  m a t e r i a l s  w h i c h  w i l l  
require a d d i t i o n a l  p a v e m e n t  s t r u c t u r e .  The  r e s u l t s  of t h e s e  
s t u d i e s  w i l l  h e l p  t o  d e t e r m i n e  t h e  f i n a l  s e l e c t i o n  o f  t h e  borrow 
s o u r c e s .  

Many p r o j e c t s  w i l l  n o t  h a v e  d e s i g n a t e d  borrow s o u r c e s  and  i t  
w i l l  be t h e  c o n t r a c t o r s  r e s p o n s i  b i l  i t y  t o  7 o c a t e  needed 
m a t e r i a l .  The p a v e m e n t  d e s i g n e r  will need t o  a n t i c i p a t e  t h e  
1 i k e l y  R - v a l u e s  o f  borrow material f o r  t h e  p r o j e c t  and d e s i g n  
t h e  project  a c c o r d i n g l y .  T h e  a n t i c i p a t e d  mean R - v a l u e  a n d  
a s s o c i a t e d  s tandard  d e v i a t i o n  will need  t o  be s p e c i f i e d  f o r  
i n c l u s i o n  i n  t h e  project  s p e c i f i c a t i o n s .  The c o n t r a c t o r  w i l l  be 
r e q u i r e d  t o  p r o v i d e  b a r r o w  s o u r c e s ,  and t e s t  r e s u l t s  
d e m o n s t r a t i n g  t h a t  h i s  sources  meet o r  e x c e e d  t h e  mean a n d  
s t a n d a r d  d e v i a t i o n  r e q u i r e m e n t s .  

A .  Subgrade Tabu1 a t i o n s  

The s u b g r a d e  t a b u l a t i o n s  c o n t a i n  e s s e n t i a l l y  the  s a m e  t e s t  
i n f o r m a t i o n  a s  t h e  b o r r o w  t a b u l a t i o n s  w i t h  t h e  l o c a t i o n  o f  t h e  
t e s t  h o l e s  i d e n t i f i e d  i n  r e l a t i o n  t o  a S t a t i o n  o n  t h e  p r o j e c t .  



The s u b g r a d e  t a b u 1  a t i o n s  s h o u l d  be s t u d i e d  carefully 
t o g e t h e r  w i t h  t h e  preliminary construction profile to d e t e r m i n e  
t h e  design controls f o r  e a c h  p a v e m e n t  s t r u c t u r e .  Only t h a t  
material w h i c h  is e x p e c t e d  to b e  placed w i t h i n  t h e  top 3 f e e t  o f  
f i n i s h e d  subgrade e l e v a t i o n  should b e  i n c l u d e d  i n  t h e  
statistical a n a l y s i s  o f  R - v a l u e s .  A t  t h e  t i m e  t h e  pavement 
s t r u c t u r e  i s  d e s i g n e d ,  t h e r e  is usually n o  earthwork c o m p u t a t i o n  
a v a i  1 a b l e  to indicate t h i s ,  therefore j udgemen t  should be  
e x e r c i s e d  in determining t h e  l e n g t h  o f  e a c h  p a v e m e n t  d e s i g n  
s e c t i o n .  J h i s  m a y  b e  s u b j e c t  t o  a d j u s t m e n t  when e a r t h w o r k  
q u a n t i t i e s  a r e  a v a i l a b l e .  

Isolated small a r e a s  o f  poor q u a 1  i t y  m a t e r i a l  may be o m i t t e d  
i n  t h e  d e s i g n  by s p e c i f y i n g  t h a t  t h e  material be  r e m o v e d  t o  a 
d e p t h  o f  3 f e e t  b e l o w  f i n i s h e d  s u b g r a d e  elevation a n d  r e p 1  a c e d  
w i t h  a c c e p t a b l e  material. The r e m o v e d  material may be p l a c e d  i n  
e m b a n k m e n t  sections a m i n i m u m  o f  3 f e e t  b e l o w  f i n i s h e d  s u b g r a d e  
elevation. 

I n  t h e  a n a l y s i s  o f  t h e  s u b g r a d e ,  c a r e f u l  consideration 
should be given to  a r e a s  where test r e s u l t s  indicate conditions 
that m i g h t  g e n e r a t e  problems in construction and p e r f o r m a n c e  o f  
t h e  p a v e m e n t  s t r u c t u r e .  S u c h  c o n d i t i o n s  may include, b u t  not  
necessarily be l i m i t e d  t o ,  l o w  R-values, h i g h  p l a s t i c i t y ,  high 
percentage p a s s i n g  t h e  # Z O O  sieve, e x p a n s i v e  clays, h i g h  
m o i s t u r e  c o n t e n t ,  frost suscepti b i l  i ty, s e t t l e m e n t ,  coll a p s  i b l e  
soil, etc. E a c h  s u c h  c o n d i t i o n  should b e  e x a m i n e d  and  
engineering judgement a p p l i e d  to d e t e r m i n e  w h a t  s h o u l d  be  
r e c o m m e n d e d  i n  t h e  pavement d e s i g n  memo to prec lude  s u c h  
p r o b l e m s .  

O t h e r  problems related to r o a d b e d  soils are t h e  nonuniform 
support t h a t  results f rom wide v a r i a t i o n s  i n  soil t y p e  or 
c o n d i t i o n ;  t h e  a d d i t i o n a l  d e n s i f i c a t i o n  under traffic o f  s o i l s  
t h a t  are not a d e q u a t e l y  c o m p a c t e d  during construct ion; and 
construction d i f f i c u l t i e s ,  particularly those a s s o c i a t e d  w i t h  
c o m p a c t i o n  of cohesionless s a n d s  and w e t ,  h i g h l y  plastic c l a y s .  

W i t h  t h e s e  problems i n  m i n d ,  t h e  following a d v e r s e  
c o n d i t i o n s  listed b e l o w  s h o u l d  be  c o n s i d e r e d  i n  design. I f  
necessary, t h e  Soils Engineer should be consulted to a s s i s t  in 
i d e n t i f y i n g  t h e  p r o b l e m  a n d  recommending a solution. It s h o u l d  
be noted t h a t  the solutions g i v e n  f o r  each c o n d i t i o n  are n o t  t h e  
o n l y  a n s w e r  a n d  e a c h  p r o b l e m  a r e a  should b e  s t u d i e d  on an 
individual b a s i s .  Appropriate statements of recognition of t h e  
problems and s o l u t i o n s  should be included i n  t h e  d e s i g n  m e m o .  

1. Soils t h a t  are excessively expansive s h o u l d r e c e i v e  
s p e c  i a 1  consideration. Generally, e x p a n s i v e  soil s h a v e  
h i g h  plasticity i n d i c e s ,  h i g h  p e r c e n t a g e  p a s s i n g  t h e  # Z O O  
s i e v e ,  low " I ? " - v a l u e s ,  a n d  are A-6 a n d  6 - 7  s o i l s  a c c o r d i n g  



to t h e  AASHTO S o i l  Classification S y s t e m .  One solution may 
b e  to c o v e r  t h e s e  soils w i t h  a sufficient d e p t h  of selected 
material to overcome t h e  detrimental e f f e c t s  o f  expansion. 
Expansion may often be reduced by t i g h t  control o f  t h e  
c o m p a c t i o n  w a t e r  c o n t e n t .  i n  some c a s e s ,  i t  may be more 
economical t o  t r e a t  e x p a n s i v e  s o i l s  by stabilizing w i t h  
suitable admixture, s u c h  a s  lime or c e m e n t ,  to o v e r  e x c a v a t e  
a n d  replace t h e  material o r  to e n c a s e  a substantial 
t h i c k n e s s  i n  a w a t e r p r o o f  m e m b r a n e  t o  s t a b i ?  i z e  t h e  water  
c o n t e n t .  A l s o ,  w i d e n i n g  and deepening t h e  c u t  ditches and 
providing the s h o u l d e r  slopes w i t h  a membrane ,  may h e l p  t o  
s t a b i l i z e  t h e  r o a d w a y  section. 

2. Low s h e a r  strength soils g e n e r a l l y  a r e  t h o s e  soils t h a t  
h a v e  low " R " - v a l u e s ,  (15 o r  l e s s ) .  A l t h o u g h  t h e s e  soils c a n  
b e  c o m p e n s a t e d  for by increasing the structural thickness, 
it may be  m o r e  e c o n o m i c a l  i n  t h e  l o n g  t e r m  t o  t r e a t  them 
w i t h  a s u i t a b l e  a d m i x t u r e  s u c h  a s  lime or c e m e n t .  In some 
c a s e s  geosynthetics may be appropriate. A d d i t i o n a l l y ,  t h e  
shear  s t r e n g t h  may be improved by blending with a granular 
soil. If t h e  low s h e a r  s t r e n g t h  s o i l  i s  i n  limited a r e a s ,  
it may be most economically treated by over-excavating a n d  
replacing with a selected material. 

3. I n  a r e a s  w i t h  a freezing i n d e x ,  the pavement  d e s i g n  
should include an a n a l y s i s  o f  the e f f e c t s  of f r o s t  i n  
addition t o  t h e  analysis f o r  t r a f f i c  loadings. A complete 
explanation o f  the d e s i g n  p r o c e d u r e s  f o r  frost c o n d i t i o n s  i s  
contained i n  A p p e n d i x  8. 

4 .  P r o b l e m s  w i t h  h i g h l y  organic s o i l s  are related to t h e i r  
extremely  compressible nature, and are a c c e n t u a t e d  when 
d e p o s i t s  are extremely nonuniform in p r o p e r t i e s  or d e p t h .  
L o c a l  deposits, o r  t h o s e  of relatively s h a l l o w  d e p t h ,  may b e  
m o s t  economically excavated a n d  rep laced  w i t h  suitable 
selected material. Problems a s s o c i a t e d  with d e e p e r  and more 
extensive d e p o s i t s  may be a1  l e v i a t e d  by p l a c i n g  surcharge  
e m b a n k m e n t s  for preconsolidation, s o m e t i m e s  w i t h  s p e c i a l  
p r o v i s i o n s  for rapid removal o f  water to h a s t e n  
c o n s o l  idation. 

5 .  S p e c i a l  provisions f o r  unusually variable s o 4 1  t y p e s  
and c o n d i t i o n s  may include: scarifying and r e c e m p a c t i n g ;  
t r e a t m e n t  o f  an  upper l a y e r  o f  r o a d b e d  soils with a suitable 
admixture; using appreciable d e p t h s  of more suitable r o a d b e d  
s o i l s ;  overexcavation o f  cut sections, and p l a c i n g  a uniform 
layer o f  s e l e c t e d  material i n  b o t h  cut and fill a r e a s ;  
adjustment i n  t h e  t h i c k n e s s  o f  s u b b a s e  at transitions f r o m  
o n e  soil type to a n o t h e r ,  particul arly when  t h e  t r a n s i t i o n  
i s  f r o m  c u t  to fill s e c t i o n ,  or the u s e  o f  g e o s y n t h e t i c s .  



6. A l t h o u g h  the d e s i g n  procedure is b a s e d  o n  t h e  
assumption t h a t  provisions will be made f o r  s u r f a c e  a n d  
s u b s u r f a c e  drainage, unusual situations may r e q u i r e  t h a t  
special attention be  given to d e s i g n  a n d  construction o f  
d r a i n a g e  s y s t e m s .  Drainage i s  particularly important where  
continual flows o f  water are  encountered  ( i . e . ,  s p r i n g s  or 
s e e p s ) ;  where detrimental frost conditions are p r e s e n t ;  or 
where  s o j l s  a r e  p a r t i c u l a r l y  susceptible t o  e x p a n s i o n  or 
loss o f  strength w i t h  i n c r e a s e  in w a t e r  c o n t e n t ,  Special 
subsurface d r a i n a g e  may i n c l u d e  provision of addi ti onal 
l a y e r s  o f  permeable m a t e r i a l  b e n e a t h  t h e  p a v e m e n t  f o r  
i n t e r c e p t i o n  and collection o f  w a t e r ,  a n d  pipe d r a i n s  f o r  
collect ion and transmission o f  w a t e r .  Speci a 1  surf a c e  
d r a i n a g e  may r e q u i r e  s u c h  facilities a s  d i k e s ,  p a v e d  
d i t c h e s ,  a n d  catch-basins. F o r  additional information an 
subsurface drainage s e e  FHWA Reports RD-73-14, TS-80- 224, 
a n d  TS-86-208. 

7. C e r t a i n  roadbed s o i l s  p o s e  d i f f i c u l t  prablens d u r i n g  
construction. T h e s e  are primarily the cohesionless s o i l s ,  
w h i c h  are readily d i s p l a c e d  under equipment used to 
c o n s t r u c t  t h e  p a v e m e n t ;  a n d  w e t  c l a y  s o i l s ,  which c a n n o t  b e  
compacted a t  h i g h  w a t e r  c o n t e n t s  b e c a u s e  o f  displacement 
under rolling e q u i p m e n t  a n d  require long periods o f  t ime to 
dry t o  a s u i t a b l e  water c o n t e n t .  Measures t h a t  may  be 
app't i e d  t o  a 1  1 e v i  ate such c o n s t r u c t i o n  problems i n c l  u d e ;  
blending w i t h  other soils or a d d i n g  suitable a d m i x t u r e s  t o  
s a n d s  to p r o v i d e  cohesion, or to clays t o  h a s t e n  drying o r  
i n c r e a s i n g  s h e a r  s t r e n g t h ;  c o v e r i n g  w i t h  a layer o f  m o r e  
s u i t a b l e  s e l e c t e d  material to a c t  a s  a w o r k i n g  p l a t f o r m  f o r  
construction o f  t h e  pavement ,  or u s e  o f  a geosynthetic to 
provide additional stability. 

A f t e r  a systematic evaluation o f  results o f  t h e  s o i l s  
investigation, t h e  p r o c e s s  of d e s i g n i n g  p a v e m e n t  s t r u c t u r e s  
consists o f  a p p l y i n g  t h e s e  results to a rational p a v e m e n t  
s t r u c t u r e  design procedure. The d e s i g n  procedures will y i e l d  
t h e  a p p r o x i m a t e  t h i c k n e s s e s  o f  s u b b a s e ,  b a s e  course, and surface 
c o u r s e .  T h e  f a l l o w i n g  sections will d e s c r i b e  those p r o c e d u r e s  
employed by t h e  Arizona D e p a r t m e n t  o f  Transportation for t h e  
designing o f  p a v e m e n t  structures for flexible pavements, r i g i d  
p a v e m e n t s ,  a s p h a l t i c  concrete over1 a y s  and other p a v e m e n t  
rehabil i t a t i o n  s t r a t e g i e s .  



202.00 PAVEMENT D E S I G N  

202 .01  - G E N E R A L  I N F O R M A T I O N  

The  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 s  a d o p t i n q  t h e  
1986 AASHTO G u i d e  f o r  D e s i q n  o f  pavement  s t r u c t u r e s  f o r  new 
c o n s t r u c t i o n  o f  b o t h  f l e x i b l e  and r i g i d  p a v e m e n t s .  T h i s  A A S H T O  
p u b l i c a t i o n  s i g n i f i c a n t l y  changes  p a v e m e n t  d e s i g n  a n d  t h e  r e a d e r  
i s  a d v i s e d  t o  o b t a i n  a copy  o f  i t  f o r  a d d i t i o n a l  b a c k g r o u n d  
m a t e r i  a 1  . B e c a u s e  o f  t h e  n u m e r o u s  c h a n g e s  e m b o d i e d  i n  t h e  
A A S H T O  G u i d e ,  i t  i s  n o t  p o s s i b l e  i n  t h i s  m a n u a l  t o  c o v e r  a l l  
d e s i g n  a s p e c t s  f o r  b o t h  f l e x i b l e  and r i g i d  p a v e m e n t s .  I n  t h i s  
r e s p e c t  t h e  M a t e r i  a 1  s S e c t i o n  P r e l  i m i n a r y  E n g i n e e r i n g  and D e s i g n  
Manual  p r e s e n t s  how t h e  A A S H T O  G u i d e  w i l l  b e  a p p l  i e d  f o r  t h e  
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  (ADOT). T h u s ,  much o f  wha t  
i s  p r e s e n t e d  here w i l l  b e  A D O T ' s  m o d i f i c a t i o n s  and  c o n v e n t i o n s  
necessary t o  o b t a i n  d e s i g n s  t h a t  w i l l  p e r f o r m  a s  w e l l  o r  b e t t e r  
t h a n  t h e  t e n t a t i v e  A A S H T O  G u i d e  a n d  w i t h  g r e a t e r  r e l i a b i l i t y .  
I n  a d d i t i o n  c r i t e r i a  a r e  p r e s e n t e d  t o  f a c i l i t a t e  t h e  u s e  o f  new 
m a t e r i a l s  a n d  c o n c e p t s  c o n s i s t e n t  w i t h  c o n s t r u c t i o n  c o n t r o l  
p r a c t i c e s  a n d  p a v e m e n t  m a n a g e m e n t  p o l i c i e s .  I n  g e n e r a l  t h e  
d e s i g n e r  s h o u l d  h a v e  a  g r e a t e r  o p p o r t u n i t y  t o  t r y  d i f f e r e n t  
d e s i g n s , .  w i t h  t h e  g o a l  o f  o b t a i n i n g  t h e  m o s t  c o s t  e f f e c t i v e  
d e s i g n .  Many o f  t h e  f o l l o w i n g  c o n c e p t s  can  b e  a p p l i e d  t o  b o t h  
f l e x i b l e  and r i g i d  p a v e m e n t s ,  h o w e v e r ,  i n  k e e p i n g  w i t h  t h e  
A A S H T O  G u i d e  f l e x i b l e  p a v e m e n t s  w i l l  b e  d i s c u s s e d  f i r s t .  

2 0 2 . 0 2  - F L E X I B L E  PAVEMENT D E S I G N  

A .  The b a s i c  d e s i g n  e q u a t i o n  u s e d  f o r  f l e x i b l e  p a v e m e n t s  
i s  a s  f o l l o w s :  

(SN + 1 ) s 1 9  



Where 

"18 = p r e d i c t e d  number o f  1 8 - k i p  e q u i v a l e n t  
s i n g l e  a x l e  l o a d  a p p l i c a t i o n s  ( F l e x i b l e )  

Z~ = s tandard  normal d e v i a t e ,  

S o  = c o m b i n e d  s t a n d a r d  error o f  t h e  t r a f f i c  
p r e d i c t i o n  and  p e r f o r m a n c e  p r e d j c t i o n ,  

n P S  I = P o  - P t  

Po = initial d e s i g n  s e r v i c e a b i l i t y  i n d e x  

Pt = d e s i g n  terrni n a l  servi c e a b i l  i ty i n d e x ,  

M R  = r e s i l i e n t  m o d u l u s  ( p s i ) .  

SN is equal t o  t h e  s t r u c t u r a l  n u m b e r  i n d i c a t i v e  o f  t h e  t o t a l  
p a v e m e n t  s e c t i o n  r e q u i r e d :  

SN = a l D l  + a *  D2 m 2  + a 3  D3 m 3  

W h e r e  

a 1 
- - ith l a y e r  c o e f f i c i e n t ,  

D l  = ith l a y e r  t h i c k n e s s  ( i n c h e s )  a n d  

m 2  
- - ith 1 a y e r  d r a i n a g e  c a e f f  icient. 

B .  W 1 8  D e t e r m i n a t i o n  

T h e  c a l c u l a t i o n  o f  t h e  e s t i m a t e d  c u m u l a t i v e  n u m b e r  o f  1 8 - K i p  
e q u i v a l e n t  s i n g l e  a x l e  l o a d s  ( E S A L )  f o r  a d e s i g n  ( o r  
performance)  p e r i o d  i s  performed b y  t h e  P a v e m e n t  Management 
B r a n c h  o f  t h e  M a t e r i a l s  S e c t i o n  for a l l  S t a t e  h i g h w a y s .  The  
c a l c u l a t i o n s  are performed at l e a s t  o n c e  e a c h  y e a r  a n d  c o m p u t e r  
r e p o r t s  d i s t r i b u t e d  t o  t h o s e  i n v o l v e d  w i t h  t h e  p a v e m e n t  d e s i g n  
p r o c e s s .  

The c a l c u l a t i o n  o f  t h e  e s t i m a t e d  E S A L  i s  based  on: 

I )  t r a f f i c  v o l u m e  (ADT) ( A v e r a g e  D a i l y  T r a f f i c  p l u s  
g r o w t h  factor) 

2 )  v e h i c l e  e q u i v a l e n c i e s  ( G r o w t h  f a c t o r  and t i r e  pressure)  
3 )  v e h i c l e  c l a s s i f i c a t i o n  



All o f  t h e s e  t r a f f i c  d a t a  a r e  o b t a i n e d  f r o m  t h e  
T r a n s p o r t a t i o n  P l a n n i n g  D i v i s i o n  f o r  s t a t e  h i g h w a y  p r o j e c t  
d e s i g n .  L o c a l  G o v e r n m e n t  g r o u p s  will f u r n i s h  t h e  t r a f f i c  
i n f o r m a t i o n  f o r  t h e i r  p r o j e c t s .  T r a f f i c  e s t i m a t e s  a n d  
c a l c u l a t i o n s  c a n  b e  very d i f f i c u l t  t o  o b t a i n  f a r  r amps .  
c r o s s r o a d s  a n d  f r o n t a g e  r o a d s .  R a m p s  and c r o s s r o a d s  s h o u l d  b e  
e s t i m a t e d  t o  h a v e  t r a f f i c  l o a d s  o f  a t  l e a s t  f i v e  p e r c e n t  o f  t h e  
m a i n l i n e  t r a f f i c  l o a d i n g .  L i k e w i s e ,  f r o n t a g e  r o a d s  s h o u l d  b e  
e s t i m a t e d  t o  b e  a t  l e a s t  one  p e r c e n t  o f  t h e  m a i n l i n e  t r a f f i c  
l o a d i n g .  I f  a c t u a l  t r a f f i c  m e a s u r e m e n t s  g i v e  1 a r g e r  c a l c u l  a t e d  
t r a f f i c  v a l u e s ,  t h e s e  a c t u a l  m e a s u r e s  should  b e  u s e d .  

A d e t a i l e d  e x p l a n a t i o n  o f  t h e  a s s u m p t i o n s ,  e q u a t i o n s  and 
c a l c u l a t i o n s  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  t r a f f i c  I oadi n g  u s e d  
f o r  p a v e m e n t  d e s i g n  i s  g i v e n  in A p p e n d i x  A .  

C .  Z R  D e t e r m i n a t i o n  

S t a n d a r d  normal d e v . i a t e  i s  a m e a s u r e  o f  how l i k e l y  a p a v e m e n t  
i s  t o  f a i l  w i t h i n  t h e  d e s i g n  p e r i o d .  I f  ZR o f  - 2 . 3 2 7  i s  
s e l e c t e d  t h e r e  i s  o n l y  one c h a n c e  i n  a h u n d r e d  t h a t  t h e  p a v e m e n t  
will f a i l  d u r i n g  i t s  d e s i g n  p e r i o d .  C o n v e r s e l y ,  t h e r e  i s  a 9 9  
p e r c e n t  c h a n c e  a p a v e m e n t  will not fail w i t h i n  t h e  d e s i g n  p e r i o d ,  
w h i c h  c a n  b e  c a l l e d  t h e  level o f  r e l i a b i l i t y .  T a b l e  2 0 2 , 0 2 - 1  
g i v e s  t h e  level o f  r e l i a b i l i t y  i n  p e r c e n t ,  as well a s  t h e  Z R  
v a l u e s  t h a t  s h o u l d  b e  u s e d  f o r  d e s i g n .  

D .  S o  - I n  k e e p i n g  w i t h  t h e  A A S H T O  Gu ide  a c o m b i n e d  
s t a n d a r d  e r r o r  o f  0.45 f o r  f l e x i b l e  p a v e m e n t s .  

E. & P S I  - Over a 20 y e a r  d e s i g n  p e r i o d  t h e r e  w i l l  b e  a 
change i n  present s e r v i c e a b i l i t y  i n d e x .  
Arizona's p a v e m e n t  m a n a g e m e n t  d a t a  b a s e  i n d i c a t e s  
t h a t  t h i s  c h a n g e  i s  a f u n c t i o n  o f  h i g h w a y  t y p e  a 5  
s h o w n  b e l o w  in T a b l e  2 0 2 . 0 2 - 2 .  

F .  M R  - R e s i l i e n t  M o d u l u s  o f  S u b g r a d e  

F o r  f l e x i b l e  p a v e m e n t  d e s i g n ,  t h e  p r i m a r y  s o i l  s t r e n g t h  
m e a s u r e  u s e d  by ADOT i s  t h e  R e s i l i e n t  Modulus, M R ,  a s  
d e t e r m i n e d  thru R - V a l u e  analysis. D u e  t o  t h e  much g r e a t e r  amount 
o f  t i m e  a n d  e x p e n s e  o f  t h e  R - v a l u e  s a m p l i n g  a n d  t e s t i n g  p r o c e s s ,  
a m e t h o d  o f  e s t i m a t i n g  R - v a l u e s  and hence, M R  v a l u e s ,  f r o m  
other more  common t e s t s  h a s  b e e n  d e v e l o p e d .  



TABLE 2 0 2 . 0 2 - 1  

L E V E L  OF R E t I A B I L 1 T Y  ( P E R C E N T )  

D i v i d e d  H i g h w a y s ,  f r e e w a y s  
a n d  I nterstates 

N o n - D i v i d e d ,  N O R - I n t e r s t a t e  
H i g h w a y s ,  10,000t A D T  

2 , 0 0 1  - 10,000 ADT 90% 

5 0 1  - 2,000 ADT 8 5% 

( 5 0 0  A D T  - 7 5% 

Z R  values f o r  e a c h  level o f  reliability: 

T A B L E  2 0 2 . 0 2 - 2  

D i v i d e d  H i g h w a y s ,  
F r e e w a y s  % Interstates 

N o n - D i v i d e d ,  N o n - I n t e r s t a t e s  
Highways ,  10,000+ ADT 

2 , 0 0 2 - 1 0 , 0 0 0  A D T  

501-2,000 RDT 

< 500 ADT - 

n P s I  
Cha-nge i n  

P t  P S I  



E x t e n s i v e  r e g r e s s i o n  a n d  c o r r e l a t i o n  a n a l y s e s  h a v e  b e e n  
p e r f o r m e d  u s i n g  t h e  g r a d a t i o n  a n d  t h e  P l a s t i c i t y  I n d e x ,  L i q u i d  
L i m i t  and  Sand E q u i v a l e n t  t e s t  a s  i n d i c a t o r s  and p r e d i c t o r s  o f  
R - v a l  u e .  O f  t h e  m a n y  c a n d i d a t e  e q u a t i o n s  a n d  r e l a t i o n s h i p s  
c o n s i d e r e d ,  a f a m i l y  o f  c u r v e s  w a s  f i n a l l y  c h o s e n  a s  t h e  b e s t  
w o r k a b l e  re1 ationshi p b e t w e e n  g r a d a t i o n  a n d  P I  a s t  i c i t y  I n d e x .  
T h e  g e n e r a l  form o f  t h e  e q u a t i o n  is: 

l o g  R - V a l u e  a t  300 psi = 2 . 0 - 0 , 0 0 6 { P a s s  2 0 0 ) - 0 . 0 1 7 ( P I )  

A soil s t r e n g t h  c o r r e l a t i o n  t a b l e  h a s  been c o n s t r u c t e d  t o  
simp1 i f y  t h e  s o l u t i o n  t o  t h e  m a t h e m a t i c a l  r e 1  a t i o n s h i p s  
devel o p e d  b e t w e e n  R - v a l  u e ,  Pl a s t i c i  t y  E n d e x  a n d  Percent  P a s s  
#200 s i e v e  ( T a b l e  202.02-3) For e x a m p l e ,  g i v e n  a PI o f  12 a n d  a 
p e r c e n t a g e  p a s s  t h e  # 2 0 0  s i e v e  o f  39, T a b l e  202.02-3 p r o d u c e s  an 
R - v a l u e  o f  36. 

F o r  d e s i g n  p u r p o s e s ,  t h e  d e s i g n  R - V a l u e  u s e d  s h o u l d  b e  
d e t e r m i n e d  f r o m  t h e  c o r r e l a t e d  R - v a l u e ,  R r e s u l t s  ( f r e m  PI 
and 200's) a s  well as f r o m  actual R - v a l u e ,  k i ,  t e s t s  ( A A S H T O  T 
190). 

A l l  soil s a m p l e s  d e l i v e r e d  t o  t h e  t e s t i n g  l a b o r a t o r y  s h o u l d  
b e  a c c o m p a n i e d  by a f i e l d  l o g  a n d  w o r k  i n s t r u c t i o n s  i n i t i a l e d  by 
t h e  r e q u e s t o r .  A l l  s a m p l e s  will b e  t e s t e d  f o r  G r a d a t i o n  ( c o a r s e  
screen and f i n e  screen/el u t r i  a t i o n )  a n d  p l a s t i c i t y  i n d e x .  
A d d i t i o n a l l y ,  t e s t s  such a s  d e n s i t i e s ,  pH and r e s i s t i v i t i e s  
etc., will be p e r f o r m e d  a s  i n s t r u c t e d ,  w i t h  t h e  e x c e p t i o n  o f  
R-val u e  tests. P r i o r  t o  p e r f o r m i n g  R - v a l u e  t e s t s ,  all soil 
s a m p l e  r e s u l t s  will be a n a l y z e d  to d e t e r m i n e  t h e  s a m p l e s  on 
w h i c h  t o  r u n  actual R - v a l u e s .  

T h e  c o r r e l a t e d  R - v a l  ues w i l l  be analyzed a n d  r e p r e s e n t a t i v e  
s a m p l e s  will be  s e l e c t e d  f r o m  t h o s e  t h a t  were i n i t i a l l y  s a m p l e d  
f o r  R - v a l u e s .  T h o s e  s e l e c t e d  s a m p l e s  will a c t u a l l y  b e  t e s t e d  
f o r  R - v a l u e s .  It i s  recommended t h a t  i f  t h e  l o w e s t  c o r r e l a t e d  
R - v a l u e  i s  g r e a t e r  t h a n  65, a n d  t h e  d e s i g n e r  d e t e r m i n e s  t h a t  an  
R - v a l u e  h i g h e r  t h a n  t h i s  w i l l  n o t  s i g n i f i c a n t l y  c h a n g e  h i s  
p a v e m e n t  d e s i g n ,  t h a t  i t  may be a d v i s a b l e  n o t  t o  p e r f o r m  a n y  
actual R - v a l  ues a n d  u s e  a r e p r e s e n t a t i v e  correlated R - v a l  ue 
i n s t e a d .  

T h i s  p r o c e s s  o f  e l i m i n a t i n g  R - v a l u e  t e s t s  i s  a 
r e c o m m e n d a t i o n  t o  m i n i m i z e  t e s t i n g  a n d  e x p e d i t e  t h e  d e s i g n  
process. T h e  d e s i g n e r  m a y  o p t  t o  h a v e  a l l  R - v a l u e  t e s t s  r u n .  

A f t e r  R - v a l u e  t e s t i n g  i s  c o m p l e t e d ,  a l l  test results w i l l  be 
relayed t o  t h e  d e s i g n e r  f o r  f u r t h e r  e v a l u a t i o n .  I f  a f t e r  
a n a l y s i s ,  t h e  t e s t  results s u i t  t h e  d e s i g n e r s  n e e d s ,  n o  f u r t h e r  
s a m p l i n g  or t e s t i n g  w i l l  b e  r e q u i r e d .  I f  n o t ,  t h e  d e s i g n e r  may 
r e q u e s t  a d d i t i o n a l  s a m p l i n g  a n d  t e s t i n g .  



T A B L E  202.02-3 

B O D Y  OF T A B L E  IS R - V A L U E  AT 300 p s i  E X U D A T I O N  P R E S S U R E  

P E R C E N T  P A S S I N G  #200 S T E V E  



G .  Mean R - V a l u e  D e t e r m i n a t i o n  

1 .  The f o l l o w i n g  i t e m s  s h o u l d  b e  c o n s i d e r e d  i n  t h e  
s e l e c t i o n  o f  t h e  Mean R - v a l u e  f o r  d e s i g n .  

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

b .  W i l l  t h e  s u b g r a d e  be  composed  o f  i n - p l a c e  
m a t e r i a l ,  r o a d w a y  e x c a v a t i o n  o r  b o r r o w ?  

c .  I f  r o a d w a y  e x c a v a t i o n  c o n t r o l s ,  e s t i m a t e  t o  w h a t  
l i m i t s  t h e  m a t e r i a l  w i l l  be p l a c e d .  

d .  D i f f e r e n t  t y p e s  (AASHTO SOIL  C L A S S I F I C A T I O N )  o f  
m a t e r i a l  i n  t h e  c u t s ?  

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

f .  The l o c a t i o n  w i t h i n  t h e  c u t  o f  e a c h  m a t e r i a l  t y p e  
( a t  g r a d e ,  h o r i z o n t a l  s t r a t u m ,  e t c . ) .  

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

h .  F e a s i b i l i t y  o f  s t a b i l i z i n g  ( l i m e  and  c e m e n t )  s o i l s  
w i t h  a  l o w  R - v a l u e  ( R  l e s s  t h e n  1 5 ) .  S u c h  
s t a b i l i z e d  l a y e r s  w i l l  b e  c h a r a c t e r i z e d  b y  a  
s t r u c t u r a l  c o e f f i c i e n t  b a s e d  u p o n  s t r e n g t h .  

i. F e a s i b i l i t y  o  f c o n t r o l 1  i n g  p l  a c e m e n t  o  f 
e x c a v a t i o n .  

( 1 )  S p e c i f y  s t a t i o n  l i m i t s  f o r  h a u l i n g  e x c a v a t i o n .  

( 2 )  S p e c i f y  m a t e r i a l  n o t  u s e d  w i t h i n  3 f e e t  o f  
f i n i s h e d  s u b g r a d e  e l e v a t i o n .  

j. F e a s i b i l i t y  o f  u s i n g  G e o s y n t h e t i c s .  F o r  p u r p o s e s  
o f  t h e  d e s i g n  t h e  mean s u b g r a d e  R - v a l u e  s h o u l d  b e  
i n c r e a s e d  b y  1 0  when a  g e o s y n t h e t i c  i s  u s e d .  

k .  P o s s i b i l i t y  o f  u s i n g  m a t e r i a l  i n  a  p l a c e  w h e r e  t h e  
s o i l  s t r e n g t h  i s  n o t  c r i t i c a l  ( e . g . ,  d i k e  
c o n s t r u c t i o n ,  s l o p e  p l a t i n g ) .  W a s t i n g  p o o r  
m a t e r i a l  s h o u l d  a l s o  b e  c o n s i d e r e d .  



1 .  Over excavation ( e s p e c i a l l y  a t  g r a d e - i n  a n d  
g r a d e - o u t  p o i n t s )  and r e p l a c e m e n t  w i t h  a b e t t e r  
m a t e r i  a 1  . 

m .  S t r i p p i n g  o f  o v e r b u r d e n  and p l acemen t  i n  l o w e r  
l e v e l  o f  f i l l s .  

2 .  De t e rmine  t h e  M e a n  and C o n s t r u c t i o n  C o n t r o l  R - v a l u e s  by 
a n a l y s i s  o f  t h e  t e s t  d a t a  f o r  t h e  s o i l  t y p e s ( s )  t h a t  w i l l  
compose t h e  f i n i s h e d  s u b g r a d e .  T e s t  r e s u l t s  f rom s o i l s  t h a t  
w i l l  n o t  be p a r t  o f  t h e  3 f e e t  i m m e d i a t e l y  below f i n i s h e d  
s u b g r a d e  e l e v a t i o n  s h o u l d  n o t  b e  i n c l u d e d  i n  t h i s  a n a l y s i s .  I f  
borrow will b e  u s e d ,  t h e  t e s t  r e s u l t s  f rom t h e  borrow w i l l  need  
t o  be e i t h e r  i n c o r p o r a t e d  i n t o  t h e  a n a l y s i s  o r  a n a l y s e d  
s e p a r a t e l y .  B o t h  c o r r e l a t e d  ( R c )  a n d  a c t u a l  ( R a )  R - v a l u e s  
s h o u l d  be i n c o r p o r a t e d  i n t o  t h e  a n a l y s i s .  T h e  means o f  t h e  Rc 
and R a  v a l u e s  a r e  d e t e r m i n e d  s e p a r a t e l y  and combined thru t h e  
fo rmu la  t o  a r r i v e  a t  t h e  m e a n  R - v a l u e .  

Where Nt  = number o f  a c t u a l  R - v a l u e s  
N, = number  o f  c o r r e l a t e d  R - v a l u e s  (from P I  % 200) 
R t  = mean o f  t h e  actual R - v a l u e s  
R, = mean o f  t h e  c o r r e l a t e d  R - v a l u e s  
ut = s t a n d a r d  d e v i a t i o n  of t h e  a c t u a l  R - v a l u e s  
U C  = s t a n d a r d  d e v i a t i o n  o f  t h e  c o r r e l a t e d  R - v a l u e s  

The s t a n d a r d  d e v i a t i o n  o f  t h e  Rc v a l u e s  t h a t  w e r e  used i n  
d e t e r m i n i n g  t h e  m e a n  R - v a l u e  should a l s o  b e  used i n  d e t e r m i n i n g  
t h e  c o n s t r u c t i o n  c o n t r o l  R - v a l u e .  

H .  R e s i l i e n t  Modulus D e t e r m i n a t i o n  

Once t h e  mean R - v a l u e  has been d e t e r m i n e d ,  i t  s h o u l d  b e  
c o n v e r t e d  t o  a r e s i l i e n t  modulus v a l u e ,  M,, thru t h e  e q u a t i o n :  

Where S V F  i s  t h e  seasonal v a r i a t i o n  f a c t o r  f r o m  F i g u r e  
2 0 2 . 0 2 - 1 .  For f u r t h e r  c l a r i f i c a t i o n  Tab1 e 2 0 2 . 0 2 - 4  s h e w s  S V F  
v a l u e s  f o r  e a c h  c i t y  s h o w n  o n  t h e  m a p .  

T h i s  M R  v a l u e  i s  u s e d  a s  t h e  i n p u t  v a l u e  f o r  t h e  A A S H T O  
Flexible Pavement d e s i g n  e q u a t i o n .  T h e  M R  v a l u e  is a l s o  used 
t o  d e t e r m i n e  t h e  m o d u l u s  o f  s u b g r a d e  r e a c t i o n  ( k )  f o r  i n p u t  i n  
t h e  r i g i d  p a v e m e n t  design equation. F i g u r e  202.02-2 graphically 
p r e s e n t s  t h e  r e l a t i o n s h i p  between M R ,  SVF a n d  m e a n  R - v a l u e .  
Generally, t h e  d e s i g n  M R  v a l u e  f o r  s u b g r a d e  m a t e r i a l s  s h o u l d  
not e x c e e d  26,000 p s i ,  



FIGURE 202.02-1 

SEASONAL VARIATION FACTOR 
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T A B L E  2 0 2 . 0 2 - 4  

L O C A T I O N  

A g u i l a  
A j o  
A l p i n e  
A p a c h e  J u n c t i o n  
A s h  F o r k  
A v o n d a l e  
Bagdad 
B e n s o n  
B i  s b e e  
B l a c k  C a n y o n  C i t y  
B o n i t a  
B o u s e  
Bowie 
Buckeye 
C a m e r o n  
Camp Verde 
Carri t o  
C a s a  G r a n d e  
C h a n d l e r  
C h i n l e  
C h i n o  V a l l e y  
Cl arkdale  
Cl i f t o n  
C l i n t s  Well 
Colorado  Ci t y  
Concho 
Congress 
Cool  i dge 
Cordes J u n c t i o n  
C o t t o n w o o d  
Dewey 
Dos C a b e z a s  
D o u g l a s  
D u n c a n  
Eager 
Ehrenberg 
El oy  
F l a g s t a f f  
F l o r e n c e  
F l  orence J u n c t i  on 

SEASONAL 
V A R I A T I O N  

F A C T O R  



T A B L E  2 0 2 . 0 2 - 4  ( C o n t " . )  

Fort  G r a n t  
F r e d o n i  a 
G a n a d o  
G i l a  Bend 
Gl endal e 
Globe 
Goodyear 
Grand Canyon 
Gray M o u n t a i n  
Greer 
H e b e r  
H i l l s i d e  
H o l  b r o o k  
H o o v e r  Dam 
H o p e  
I n d i a n  P i n e  
J a c o b  l a k e  
Jakes  Corner 
Jerome 
Joseph C i t y  
Kayen ta  
K e a m s  C a n y o n  
Kearney 
K i  n g m a n  
Lake H a v a s u  C i t y  
L ~ ~ P P  
L i t t l e f i e l d  
L u k e v i l l e  
l u p l o n  
Mammoth 
Marana  
M a r b l e  Canyon 
Mayer 
M c N e a l  
Mesa  
M e x i c a n  W a t e r  
M i a m i  
Moen k o p  i 
Mohawk  
M o r e n c i  
Morristown 
New River  
N o g a l e s  

S E A S O N A L  
V A R I A T I O N  

F A C T O R  



TABLE 2 0 2 . 0 2 - 4  (Cont'd.) 

LOCATION 

N o r t h  R i m  
O r a c l e  
O r a c l e  J u n c t i o n  
O r a i  bi 
Overgaard 
P a g e  
Parker 
P a t a g o n i a  
P a y s o n  
P e a c h  S p r i n g s  
P e a r c e  
P e o r i a  
P h o e n i x  
P i c a c h a  
P i  ma 
P i n e  
P i  n e d a l  e 
P r e s c o t t  
Q u a r t z s i t e  
Q u i j o t o a  
R o b l e s  R a n c h  
R o o s e v e l  t 
R o u n d  R o c k  
S a f f o s d  
S a l  ome 
San C a r l o s  
San L u i s  
S a n  M a n u e l  
S a n  S i m o n  
Sanders  
S a s a b e  
S c o t t s d a l e  
Seba D e l k a i  
S e c o n d  Mesa 
S e d o n a  
Se l  i gman 
S e l l  s 
Seneca 
S e n t i n e l  
Show low 
Sierra V i s t a  
S n o w f l  a k e  
Sorner ton  

SEASONAL 
V A R I A T I O N  

F A C T O R  



LOCATION 

S o n e i  t a  
Springerville 
Strawberry 
St. D a v i d  
St. J o h n s  
S u p e r i o r  
T a y l o r  
Teec N o s  P o s  
Tempe  
T h a t c h e r  
T o m b s t o n e  
T o n a l e a  
T o n o p a h  
Jopock 
T u b a  C i t y  
' F ~ b a c  
Tucson 
V a l l e  
We1 1 ton 
W h i t e r i v e r  
Why 
tli ckenburg 
Wide  R u i n s  
W i k i e u p  
W i l c o x  
W i l l i a m s  
W i n k e l m a n  
W i n s l o w  
Y arnel 1 
Young 
Yucca  
Yuma 

TABLE 2 0 2 . 0 2 - 4  (Cont'd.) 

SEASONAL 
V A R I A T I O N  

FACTOR 





I. C o n s t r u c t i o n  Control R - V a l u e  Determination 

For construction control, t h e  m i n i m u m  a c c e p t a b l e  R c - v a l u e  
( c o r r e l a t e d  R - v a l u e )  should be d e t e r m i n e d  as follows: 

For a confidence level of 90%, f i n d  t h e  critical value f r o m  
T a b l e  202.02-5 o f  t h e  t distribution and for n-I d e g r e e s  o f  
f r e e d o m .  

Multiply t h e  c r i t i c a l  t v a l u e  t i m e s  t h e  standard d e v i a t i o n  
from the m e a n  R c - v a l u e  d e t e r m i n a t i o n .  S u b t r a c t  t h i s  p r o d u c t  f r o m  
t h e  mean R c - v a l u e .  The r e s u l t  w i l l  b e  t h e  minimum Rc-value f o r  
construction control purposes. 

3 .  SN - Structural number represents t h e  overall s t r u c t u r a l  
capacity needed i n  t h e  b a s e  and surfacing to 
accommodate  the e x p e c t e d  t r a f f i c  loading. I t  is 
solved for i t e r a t i v e l y  to n e a r e s t  h u n d r e d t h  o f  a 
d e c i m a l  point. 

K. ai - Following t h e  solution o f  s t r u c t u r a l  n u m b e r  
the layer c o e f f i c i e n t . i s  determined for e a c h  
supporting layer. T a b l e  202.02-6 
coefficients to be u s e d  for a v a r i e t y  o f  b a s e  
a n d  s u r f a c i n g  m a t e r i a l s .  

C i r c u m s t a n c e s  may e x i s t  t h a t  warrant t h e  u s e  of new 
materials a n d / o r  new variations o f  materials i n  s u c h  a w a y  t h l t  
nermal c o e f f i c i e n t s  m a y  n e e d  t o  be c h e c k e d .  In addition to t h i s  
some m a t e r i a l s  may be substantially altered d u r i n g  c o n s t r u c t i o n  
to t h e  e x t e n t  t h a t  t h e  s t r u c t u r a l  coefficient may n e e d  to be 
changed .  I f  t h e  material i n  question i s  s t a t i s t i c a l l y  
c o n t r o l l e d  with a p e n a l t y  s chedu le  t h e n  coefficient a d j u s t m e n t  
may not b e  n e c e s s a r y .  W i t h  t h e  a b o v e  c o n d i t i o n s  i n  m i n d  t h e  
following e q u a t i o n s  and nomographs s h o u l d  b e  u s e d  t o  d e t e r m i n e  
t h e  c o e f f i c i e n t  in q u e s t i o n ,  

Asphaltic C o n c r e t e  - A C  

F o r  A C  m i x e s  such a s  a 1 J 2 "  A C ,  3 / 4 ' Q C ,  r e c y c l e ,  e m u l s i o n  
t r e a t e d  b a s e  or  any e t h e r  a s p h a l t  material the following 
e q u a t i o n ,  w h i c h  w a s  a d a p t e d  f r o m  t h e  A s p h a l t  I n s t i t u t e  a l o n g  
w i t h  Figure  2 0 2 . 0 2 - 3  c a n  be u s e d  to e s t i m a t e  the c o e f f i c i e n t .  

L a g I 0 ( E A C )  = 6 . 4 2 7 9 3 6 t O . O 1 9 4 7 6 * ( P a s s  200)-0.03476*(voids)om5 
+ 0 . 0 7 0 3 7 7 * ( v i  s c  @ 7 0 ' ~ )  - 0 . 2 8 6 4 6 * ( %  A s p h )  



TABLE 2 0 2 . 0 2 - 5  

C r i t i c a l  t V a l u e  

D e g r e e s  o f  Freedom 
( h u m b e r  o f  T e s t s - 1 )  

1 2 0  
O v e r  120 

90% t 
V a l  ue  



TABLE 2 0 2 . 0 2 - 6  

S U R F A C I N G  A N D  B A S E  C O E F F I C I E N T S  

M a x i m u m  
c o e f f i c i e n t  

A s p h a l t i c  Concre t e  . 4 4  - a ]  
( 3 / 4 "  o r  1 J 2 "  M i x ;  V i r g i n  or R e c y c l e d )  

Cement T r e a t e d  or B i t u m i n o u s  T r e a t e d  B a s e  . 2 8  - a 2  

C e m e n t  o r  L i m e  T r e a t e d  S u b g r a d e  .23 - a 2  

A g g r e g a t e  Base . 1 4  - a 2  

A g g r e g a t e  S u b b a s e  . I 1  - a 3  



F I G U R E  202.02-3 

Chart for estimating structural layer coetficient of asphalt 
bound material based on elastic modulus or marshall stability 

75 Blow 
Marshall 
Stability' 
@ 74OUF, 

ELASTIC MODULUS, EAC (PSI), OF 
ASPHALT BOUND MATERIAL ( A T  70°F) 

Flow must be between 8-18 
" Coefficient cannot be lower than 0.15 or higher than 0.44. 



W h e r e  

E = E l a s t i c  M o d u l u s  o f  A C  ( p s i )  
F o r  v a l u e s  l e s s  t h a n  2 7 5 , 0 0 0  p s i  o r  5 0 0  m a r s h a l 1  
s t a b i l i t y  n o  c o e f f i c i e n t  s h o u l d  b e  a s s i g n e d .  E i t h e r  
r e - d e s i g n  m i x  o r  c o n s i d e r  i t  a  b a s e  c o u r s e .  I f  
g r e a t e r  t h a n  6 5 0 , 0 0 0  p s i  o r  2 , 0 0 0  m a r s h a l 1  s t a b i l i t y  
t h e  c o e f f i c i e n t  i s  - 4 4 .  

P a s s  2 0 0  = P e r c e n t  p a s s i n g  t h e  #ZOO s i e v e .  F o r  p u r p o s e s  o f  
d e s i g n  c a l c u l a t i o n s  u s e  t h e  m i n i m u m  d e s i g n  
c r i t e r i a  v a l u e .  

V o i d s  = E f f e c t i v e  v o i d s .  F o r  p u r p o s e s  o f  d e s i g n  
c a l c u l a t i o n s  u s e  t h e  m a x i m u m  d e s i g n  c r i t e r i a  
v a l u e .  

v i s c . @ 7 0 ° F  = V i s c o s i t y  a t  7 0 ' ~ .  

V i s c .  

F o r  p u r p o s e s  o f  d e s i g n  c a l c u l a t i o n s  u s e  t h e  
s m a l l e s t  a l l o w a b l e  a b s o l u t e  v i s c o s i t y  a t  1 4 0 ' ~  
f o r  t h e  d e s i g n  a s p h a l t  g r a d e .  

% A s p h .  = P e r c e n t  a s p h a l t  b y  w e i g h t .  F o r  r e c y c l e  m i x e s  u s e  
o n l y  t h e  new a s p h a l t .  

C e m e n t  T r e a t e d  B a s e  - CTB 

F i g u r e  2 0 2 . 0 2 - 4  s h o w s  t h a t  t h e  C T B  c o e f f i c i e n t  i s  a  f u n c t i o n  
o f  t h e  s e v e n  ( 7 )  d a y  u n c o n f i n e d  c o m p r e s s i v e  s t r e n g t h .  I f  t h e  
c o m p r e s s i v e  s t r e n g t h  i s  l e s s  t h a n  2 0 0  p s i  t h a n  t h e  m a t e r i a l  
s h o u l d  b e  c o n s i d e r e d  a s  a g g r e g a t e  b a s e  a n d  t h e  c o e f f i c i e n t  
r e - c a l c u l a t e d .  A c o e f f i c i e n t  o f  0 . 2 8  w i l l  a p p l y  t o  C T B  w i t h  8 0 0  
p s i  o r  m o r e  s t r e n g t h .  

B i t u m i n o u s  T r e a t e d  B a s e  - B I B  

T h i s  b a s e  w i l l  b e  u s e d  p r i m a r i l y  a s  a  d r a i n a g e  l a y e r  a n d  
s h o u l d  b e  g i v e n  a  c o e f f i c i e n t  o f  0 . 2 8 .  

S o i l  C e m e n t  o r  L i m e  T r e a t e d  S u b g r a d e  

F i g u r e  2 0 2 . 0 2 - 4  s h o w s  t h a t  f o r  t h e s e  m a t e r i a l s  t h e  
c o e f f i c i e n t  i s  a  f u n c t i o n  o f  t h e  s e v e n  ( 7 )  d a y  u n c o n f i n e d  
c o m p r e s s i v e  s t r e n g t h .  T h e  c o e f f i c i e n t s  a r e  l e s s  t h a n  CTB 
b e c a u s e  o f  s u b g r a d e  v a r i a b i l i t y  a n d  c o n s t r u c t i o n  c o n t r o l .  I f  



F I G U R E  2 0 2 . 0 2 - 4  

CLS 
Soil 

Cement or 
time Treated 

Subgrade 

Chart for estimating structural layer coefficient of cement 
treated base (CTB) and stabilized soil subgrade based on 
unconfined compressive strength or elastic modulus 

CTB 

.28 

.27 

-26 

.25 

.24 

.23 

-22 

a2 = 0.20 + 0.0001 (CSCTB) 
a2 = 0.1 5 + 0.0001 (CSCLS) 



t h e  c o m p r e s s i v e  s t r e n g t h  i s  l e s s  than 200  p s i  t h a n  t h e  m a t e r i a l  
should  b e  c o n s i d e r e d  s u b g r a d e .  A c o e f f i c i e n t  o f  0 . 2 3  w i l l  a p p l y  
t o  t h o s e  m a t e r i a l s  w i t h  8 0 0  p s i  o r  m a r e  s t r e n g t h .  

A g g r e g a t e  Base a n d  S u b b a s e  

F i g u r e  2 0 2 . 0 2 - 5  s h o w s  t h a t  t h e  a g g r e g a t e  b a s e  a n d  s u b b a s e  
c o e f f i c i e n t  i s  a f u n c t i o n  o f  R - v a l u e ,  e i t h e r  t e s t e d  o r  
c o r r e l a t e d  f r o m  P I  a n d  - 2 0 0 .  For a g g r e g a t e  b a s e  m a t e r i a l  w i t h  a 
7 9  R - v a l u e  o r  h i g h e r  t h e  c o e f f i c i e n t  i s  0 . 1 4 .  F o r  a s u b b a s e  
m a t e r i a l  w i t h  a 70 R - v a l u e  o r  h i g h e r  t h e  c o e f f i c i e n t  i s  0.11. 
F o r  both m a t e r i a l s  a n  R-value  b e l o w  6 3  i s  c o n s i d e r e d  s u b g r a d e .  

L. D R A I N A G E  C O E F F I C I E N T  - Mi 

T a b l e  202.02-7 s h o u l d  be  used t o  d e t e r m i n e  d r a i n a g e  
coefficients. 

F o r  b a s e  m a t e r i a l s  a d r a i n a g e  c o e f f i c i e n t  s h o u l d  be a p p l  i e d  
c o n s i s t e n t  w i t h  t h e  s e a s o n a l  v a r i a t i o n  f a c t a r  ( F i g u r e  2 0 2 . 0 2 - 1  
a n d  T a b 1  e 202.02-4). 

The S e a s o n a l  v a r i a t i o n  f a c t a r  i s  used t o  d e t e r m i n e  p e r c e n t  
o f  t i r n e . o f  s a t u r a t i o n  e x p o s u r e ,  

D e f i n i t i o n s  o f  Q u a l i t y  o f  D r a i n a g e  are:  

E x c e l l e n t  - S p e c i a l l y  d e s i g n e d  b i t u m i n o u s  b o u n d  o r  u n b o u n d  
a g g r e g a t e  porous  d r a i n a g e  b a s e  l a y e r  w i t h  a t  l e a s t  
2 , 0 0 0  F t / D a y  p e r m e a b i l i t y  c o n n e c t e d  t o  d r a i n a g e  
sys tem ( T r e n c h e s  a n d  P i p e s ) .  

Good - S p e c i a l l y  d e s i g n e d  bi tuminous  b o u n d  or  u n b o u n d  
a g g r e g a t e  p o r o u s  d r a i n a g e  b a s e  l a y e r  w i t h  a t  l e a s t  
2 , 0 0 0  F t / D a y  p e r m e a b i l i t y ,  n o  d r a i n a g e  s y s t e m  
( T r e n c h e s  a n d  P i p e s ) .  

F a i r  - T y p i c a l  Aggregate  B a s e .  
Poor - T y p i c a l  A g g r e g a t e  S u b b a s e .  

Very Poor  - S u b g r a d e - 1  i k e  m a t e r i a l  

. A S P H A L T  G R A D E  S E L E C T I O N  

T a b l e  202.02-8 g i v e  a s p h a l t  grade  g u i d e s .  T h e  g r a d e  t o  b e  
used w i l l  b e  d ~ t e r m j n e d  by t h e  B i t u m i n o u s  E n g i n e e r ,  

N .  M I N I M U M  I N D E X  O F  R E T A I N E D  S T R E N G T H  

M i n i m u m  i n d e x  o f  r e t a i n e d  s t r e n g t h  s h a l l  b e  i n  a c c o r d a n c e  
w i t h  F i g u r e  202.02-6 n o t i n g  t h a t  p a v e m e n t  f o r  i n t e r s t a t e  
h i g h w a y s  and o t h e r  h i g h  volume r o a d w a y s  w i l l  o r d i n a r i l y  r e q u i r e  
a n  a d d i t i o n a l  1 0 % .  T h e  r e t a i n e d  s t r e n g t h  r e q u i r e d  w i l l  b e  
d e t e r m i n e d  by t h e  B i t u m i n o u s  E n g i n e e r .  



F I G U R E  2 0 2 . 0 2 - 5  

Chart for estimating structural layer coefficient of unbound 
granular base determined by R-value or elastic modulus. 



T A B L E  2 0 2 . 0 2 - 7  

O U A L I T Y  OF 
D R A I N A G E  

EXCELLENT 

GOOD 

F A I R  

POOR 

V E R Y  POOR 

E L E V A T I O N  

E S T I M A T E  OF D R A I N A G E  C O E F F I C I E N T  [ M i )  
A S  A F U N C T I O N  OF Q U A L I T Y  O F  D R A I N A G E  

A N D  S E A S O N A L  V A R I A T I O N  F A C T O R  

S E A S O N A L  V A R I A T I O N  F A C T O R  

T A B L E  202.02-8  

A S P H A L T  CEMENT G R A D E *  
S E L E C T I O N  CHART 

18 K I P  E S A L / Y E A R  

L E S S  THAN 60,000 M O R E  T H A N  60,OOO** 

A B O V E  6000" A C  - 20  A C - 2 0  

* T h e  grade  t o  b e  u s e d  will b e  d e t e r m i n e d  by t h e  B i t u m i n o u s  
Engineer. 

** I n c l u d e s  a l l  I n t e r s t a t e .  



F I G U R E  202.02-6 

INDEX OF RETAINED STRENGTH 

SELECTION 

* An additional 1O0/0 is required 4O0/0 Retention Area * 
for Interstate highways. 0 50% Retention Area * 

@ 60% Retention Area * 
- 103  - 



202 .03  - R I G I D  PAVEMENT D E S I G N  

The basic design equation for rigid pavements is as follows: 

Where 

'18 = predicted number of 18-kip equivalent single 
axle load applications (Rigid), (Appendix A). 

z~ = standard normal deviate, same as flexible, 
Table 2 0 2 . 0 2 - 1 .  

so = combined standard error of the traffic 
prediction and performance prediction, 
equal to 0 . 3 5 .  

D = thickness (inches) of pavement slab, 
cannot be less than nine (9) inches. 



S I C  = A v e r a g e  m o d u l u s  o f  r u p t u r e  ( p s i )  for p o r t 1  a n d  
c e m e n t  c o n c r e t e  u s e d  on a s p e c i f i c  p r o j e c t ,  
f i x e d  a t  670 psi. T h e  t y p i c a l  m i n i m u m  
c o n s t r u c t i o n  control ( S c )  v a l u e  i s  500 p s i .  

C~ = D r a i n a g e  c o e f f i c i e n t  s a m e  a s  f l e x i b l e ,  
T a b l e  202.02-7. 

E~ = M o d u l u s  o f  e l a s t i c i t y  ( p s i )  for p o r t l a n d  
c e m e n t  c o n c r e t e .  I t  c a n  be  e s t i v a t e d  f r o m  
c o n c r e t e  c o m p r e s s i v e  s t r e n g t h  ( f  C), 
by t h e  f o l l o w i n g  f o r m u l a .  

F o r  p u r p o s e s  o f  d e s i g n  f ' C  i s  equal t o  5,000 p s i  and 
E C  i s  e q u a l  t o  4 , 0 0 0 , 0 0 0  p s i ,  b a s e d  o n  a r n i n i m u m  f e q u a l  
t o  4,000 p s i  a n d  a n  a v e r a g e  f f C  o f  5,000 p s i  a t  2 8  s a y s  a s  
d e t e r m i n e d  by A A S H T O  T - 2 2 .  

P o  = I n i t i a l  d e s i g n  s e r v i c e a b i l i t y  i n d e x ,  
same  a s  F l e x i b l e ,  T a b l e  2 0 2 . 0 2 - 2 .  

Pt  = D e s i g n  t e r m i n a l  s e r v i c e a b i l i t y  i n d e x ,  
same a s  F l e x i b l e ,  T a b l e  2 0 2 . 0 2 - 2 .  

J = L o a d  t r a n s f e r  c o e f f i c i e n t  u s e d  t o  a d j u s t  
f o r  l o a d  t r a n s f e r  characteristics o f  a 
s p e c i f i c  d e s i g n ,  T a b l e  2 0 2 . 0 3 - 1 .  

k = M o d u l u s  o f  s u b g r a d e  reaction i s  f o u n d  by f i r s t  
d e t e r m i n i n g  t h e  s u b g r a d e  m o d u l u s  ( s e e  f l  e x i  b l e  
d e s i g n  S e c t i o n  2 0 2 . 0 2  ( 5 ,  G a n d  H ) .  F o r  a f u l l  
d e p t h  d e s i g n  s u b g r a d e  m o d u l u s  c a n  b e  c o n v e r t e d  l o  
k v a l u e  w i t h  t h e  f a l l o w i n g  f o r m u l a .  

Where  

M R  = R e s i l i e n t  m o d u l u s  o f  s u b g r a d e  

T h e  d e s i g n  k v a l u e  i s  f o u n d  by c o r r e c t i n g  f o r  l o s s  o f  
s u p p o r t  by u s i n g  F i g u r e  2 0 2 . 0 3 - 1 ,  F i g u r e  202.03-2 a n d  T a b l e  
202.03-2. 



T A B L E  2 0 2 . 0 3 - 1  

J F A C T O R S  

T i e d  
C o n c r e t e  S h a u l  ders  

Load  T r a n s f e r  No L o a d  T r a n s f e r  
D e v i c e s  D e v i c e s  

P l a i n  J o i n t e d ,  ( N o  D o w e l s )  N/A 3.9 

J o i n t e d  Reinforced,(Dowels) 2 . 8  N / A  

T A B L E  2 0 2 . 0 3 - 2  

L O S S  O F  S U P P O R T  

L o s s  o f  
S u p p o r t  A s  a F u n c t i o n  o f  
S e a s o n a l  V a r i a t i o n  F a c t o r  

A s p h a l t i c  Concrete 
L e a n  C o n c r e t e  Base 
C e m e n t  Treated Base 
C e m e n t  T r e a t e d  S u b g r a d e  
L i m e  T r e a t e d  S u b g r a d e  
A g g r e g a t e  B a s e  
A g g r e g a t e  S u b b a s e  
S u b g r a d e  



FIGURE 202.03-1 

Correction of effective modulus of subgrade reaction for 
potential loss of subbase support. 

5 10 50 100 500 1000 2000 

Effective Modulus of Suhgrade Reaction, k tpcil 

LOG(K)CORR ' Aa + A,'LOG(K) 
Where: A. = - 0 . 0 8 4 4 * ~ ~ ~ - ~ ~ ~ ~  

A. = I .O - 0.1566'LS 

(NOTE: Logs are in Base 10) 



F IGURE 2 0 2 . 0 3 - 2  

Chart for estimating composite modulus of subgrade reaction, 
km , assuming a semi-infinite subgrade depth, (For practical 
purposes, a semi-infinite depth is considered to be greater than 
10 feet below the surface of the subgrade.) 

Example: 

D,, = 6 inches 

E,, = 20,000 psi 

M A  = 7,000 psi 

Solution: k, = 400 pei 



F o r  t h o s e  d e s i g n s  u s i n g  a n  u n b o u n d  o r  b o u n d  b a s e  o r  s u b b a s e  
T a b l e  202.03-2 s h o u l d  b e  u s e d  t o  d e t e r m i n e  t h e  m o d u l u s ,  a s  well 
a s  t h e  l o s s  o f  s u p p o r t .  F i g u r e  2 0 2 . 0 3 - 2  s h o u l d  t h e n  b e  u s e d  t o  
d e t e r m i n e  t h e  c o m p o s i t e  K v a l u e .  T h e  d e s i g n  c o m p o s i t e .  K v a l u e  
i s  t h e n  f o u n d  by e n t e r i n g  F i g u r e  2 0 2 . 0 3 - 1  w i t h  t h e  a p p r o p r i a t e  
loss o f  s u p p o r t  v a l u e .  

202.04 - M I N I H U M  PAVEHENT DESIGN CONTROLS 

T h e  AASHTO R o a d  T e s t  s t r u c t u r a l  d e s i g n  e q u a t i o n s  a r e  based 
o n  t r a f f i  c - i n d u c e d  f a t i g u e  failures. There a r e  o t h e r  c r i t e r i a  
w h i c h  must be c o n s i d e r e d  t o  a v o i d  i m p r a c t i c a l  d e s i g n s .  S o m e  of 
t h e s e  a r e :  

1.  E a s e  o f  c o n s t r u c t i o n  
2. M a i n t e n a n c e  c o n s i d e r a t i o n s  
3 .  Cur r e n t  e n g i n e e r i n g  j u d g e m e n t  a n d  p r a c t i c e  
4. F a i l u r e  under the a c t i o n  o f  a f e w  h e a v y  wheel l o a d s  

T a k i n g  t h i s  c r i t e r i a  i n t o  a c c o u n t ,  m i n i m u m  d e s i g n s  f o r  
f l e x i b l e  a n d  r i g i d  p a v e m e n t s  w e r e  d e v e l o p e d .  

A .  M a i n l i n e  H i g h w a y s  

The m i n i m u m  s t r u c t u r a l  number c h a r t  s h o u l d  b e  u s e d  t o  c h e c k  
t h e  adequacy  o f  d e s i g n .  In a d d i t i o n  i t  c a n  be u s e d  t o  e s t i m a t e  
a d e s i g n  s e c t i o n  when it is n o t  p o s s i b l e  to c o m p l e t e  t h e  d e s - i g n  
d u e  t o  u n u s u a l  c i r c u m s t a n c e s .  F o r  t u r n i n g  b a y s ,  b r i d g e  
repl a c e m e n t ,  c u l v e r t  rep l  a c e m e n t ,  minor roadway w i d e n i n g  o r  any 
other h i g h w a y  work  i n v o l v i n g  s m a l l  areas  or s m a l l  q u a n t i t i e s  o f  
m a i n l  i n e  h i g h w a y  p a v i n g ,  t h e  d e s i g n  s t r u c t u r a l  s e c t  ion s h o u l d  
match the  e x i s t i n g  s t r u c t u r a l  n u m b e r .  I f  t h e  e x i s t i n g  
structural  number  i s  l e s s  t h a n  t h e  m i n i m u m  r e q u i r e d  t h e n  use t h e  
1 a r g e r  v a l u e .  Generally f u l l  d e p t h  c o n s t r u c t i o n  i s  p r e f e r a b l e  
f o r  a l l  smal l  area  p a v i n g  p r o j e c t s ,  e x c e p t  f o r  w i d e n i n g ,  w h i c h  
s h o u l d  m a t c h  t h e  i n - p l a c e  s e c t i o n .  For mainl i n e  h i g h w a y s  t h e  
f o l l o w i n g  min imums  a p p l y .  

F l  e x i  bl e Pavements :  

F o r  f l e x i b l e  p a v e m e n t s  t h e  m i n i m u m  i s  e x p r e s s e d  a s  a 
s t r u c t u r a l  n u m b e r  w h i c h  i s  f u r t h e r  qua1 i f i e d  by m i n i m u m  
a s p h a l t i c  c o n c r e t e  t h i c k n e s s .  A d d i t i o n a l l y ,  o n  l a y e r e d  s e c t i o n s  
u s i n g  a g g r e g a t e  b a s e s ,  a min imum t h i c k n e s s  o f  4 "  s h a l l  b e  u s e d  
f o r  t h e  b a s e  m a t e r i a l .  T a b l e  2 0 2 . 0 4 - 1  s h o w s  t h e  min imum 
r e q u i r e m e n t s  f o r  f l e x i b l e  p a v e m e n t s .  



T A B L E  2 0 2 . 0 4 - 1  

F L E X I B L E  P A V E M E N T S  M I N I M U M  S T R U C T U R A L  N U M B E R S  
A N D  C O M P O N E N T  T H I C K N E S S  

ROADWAY 
C L A S S I F I C A T I O N S  

M I N I M U M  S T R U C T U R A L  M I N I M U M  
N U M B E R  A C  T H I C K N E S S  

R U R A L  U R B A N  
E S A L ' S  

F r e e w a y s ,  a1  1 10,000,000~ >10,000,000 
I n t e r s t a t e s ,  n o n -  SN S N  SN 
I n t e r s t a t e s  w i t h  
g r e a t e r  t h a n  
10 ,000  A D T  

M a i n  Roadway  3.00 3 . 5 0  3.50 
Ramps & C r o s s r o a d s  2 . 2 5  2 . 2 5  3.50 
F r o n t a g e  Road 2 . 2 5  2 . 2 5  2 . 7 2  
D e t o u r s  2.25 2.40 2.40 

ESAL's 
Arter i  a1  s ,  2,500,000< > 2 , 5 0 0 , 0 0 0  
( A D S  2 , 0 0 1 - 1 0 , 0 0 0 )  S N  S N S N  

M a i n  Roadway 2.50 2 . 7 5  2 . 7 5  
D e t o u r s  1 . 7 5  2.00 2.00 

E S A L ' S  
Collectors 750,000< > 7 5 0 , 0 0 0  
( A D T  500-2,000) S N  SN 

M a i n  Roadway 2 . 0 0  
D e t o u r s  1 . 5 0  

ESAL'S 
L o c a l  100,  O O O <  >100,00Q 
( A D T  5 0 0 . 0  S N  SN 

M a i n  R o a d w a y  1.35 
D e t o u r s  0 . 7 5  

* O n  low v o l u m e ,  s h o r t  d u r a t i o n  d e t o u r s  o f  30 d a y s  o r  l e s s ,  a 
p r i m e  c o a t  m a y  be  u s e d  i n  lieu o f  t h e  m i n i m u m  A C  t h i c k n e s s .  



R i g i d  P a v e m e n t s :  

F o r  r i g i d  p a v e m e n t s  t h e  m i n i m u m  i s  e x p r e s s e d  a s  a m i n i m u m  
p a v e m e n t  section. The m i n i m u m  r i g i d  p a v e m e n t  s e c t i o n  f o r  a l l  
r o a d w a y s  i s  9 "  o f  P o r t l a n d  Cement  Concrete Pavement on 4 "  o f  
b a s e .  

Grave l  Roadways: 

A t  l e a s t  6 "  o f  b a s e  s h o u l d  be p l a c e d ,  

B .  N o n - M a i n l i n e  Pavements 

The foll o w i n g  m i n i m u m  s t r u c t u r a l  number a n d / o r  m i n i  mum 
t h i c k n e s s  apply  t o  t u r n o u t s ,  d r i v e w a y s ,  r e s t  a r e a s ,  parks a n d  
a n y  o t h e r  n e n - m a i n l i n e  h i g h w a y  p a v e m e n t .  I n  order t o  f a c i l i t a t e  
t h e  d e s i g n  p r o c e s s  it is r e c o m m e n d e d  t h a t  f o r  r e s t  a r e a s ,  p a r k s  
a n d  s i m i l a r  p a v e m e n t s  t h a t  t h e  t r a f f i c  l o a d i n g  b e  e s t i m a t e d  t o  
be o n e  p e r c e n t  o f  t h e  a d j o i n i n g  m a i n l i n e  t r a f f i c .  Any o t h e r  
d e s i g n  t r a f f i c  l o a d i n g  e s t i m a t e  w i l l  r e q u i r e  Mater ia l s  S e c t i o n  
a p p r o v a l .  

F l e x i b l e  Pavements M i n i m u m  S t r u c t u r a l  o r  Component T h i c k n e s s  

T u r n o u t s  and D r i v e w a y s  M i n i m u m  2 "  A C  on 4 "  A B  

R e s t  A r e a s  a n d  Parks M i n i m u m  S N = 2 . 2 5 ;  4 "  AC 

202 .05  - S E L E C T I O N  OF O P T I M A L  D E S I G N  

I n  c h o o s i n g  t h e  optimal  design f o r  t h e  p a v e m e n t  s t r u c t u r e  
t h e r e  a r e  m a n y  t h i n g s  t o  c o n s i d e r .  

A .  C o n t i n u i t y  o f  P a v e m e n t  Type 

To m a i n t a i n  u n i f o r m  d r i v i n g  c o n d i t i o n s  f a r  t h e  m o t o r i n g  
p u b l i c ,  c o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  c o n t i n u i n g  t h e  same 
t y p e  o f  e x i s t i n g  p a v e m e n t s ,  e s p e c i a l l y  if a new project  i s  a 
re1 a t i v e l y  s h o r t  o n e .  

3. Locat ion  a n d  Local C o n d i t i o n s  

Although t h e r e  are many p a v e m e n t  d e s i g n s  t h a t  will m e e t  t h e  
r e q u i r e m e n t s  o f  t h e  d e s i g n  e q u a t i o n ,  t h e r e  are s i t u a t i o n s  when 
l o c a l  c o n d i t i o n s ,  such  a s  underground u t i l i t i e s  c l o s e  t o  t h e  
s u r f a c e ,  p o o r  d r a i n a g e ,  f l o o d i n g ,  snow p a c k ,  e t c . ,  where o n e  
d e s i g n  m i g h t  f u n c t i o n  more e f f i c i e n t l y  t h a n  a n o t h e r .  P a s t  
e x p e r i e n c e  a n d  j u d g e m e n t  s h o u l d  be u s e d  i n  t h e  f i n a l  s e l e c t i o n  
o f  t h e  d e s i g n .  



C .  C o n s e r v a t i o n  o f  N a t u r a l  R e s o u r c e s  

A c a s t  c o m p a r i s o n  c o m p u t e r  p r o g r a m  d e t e r m i n e s  q u a n t i t i e s  o f  
a g g r e g a t e s  r e q u i r e d  f o r  e a c h  p a v e m e n t  d e s i g n ,  a n d  s o m e  p r o g r a m s  
t a k e  i n t o  c o n s i d e r a t i o n  the f u t u r e  v a l u e  o f  t h e  m a t e r i a l s  u s e d  
a s well a s  t h e i r  s a l v a g e  v a l u e ,  C o n s e r v a t i o n  o f  n a t u r a l  
r e s o u r c e s  s h o u l d  be c o n s i d e r e d  i n  t h e  e v a l u a t i o n  o f  t h e  p a v e m e n t  
d e s i g n ,  a n d  in a r e a s  w h e r e  a g g r e g a t e  is s c a r c e ,  i t  s h o u l d  b e  
g i v e n  c o n s i d e r a b l e  w e i g h t .  

D. A n t i c i p a t e d  C o n s t r u c t i o n  P r o b l e m s  

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

E .  C o s t s  

C o m p a r a t i v e  c o s t s  p r o v i d e d  i n  t h e  p a v e m e n t  d e s i g n  p r o c e d u r e  
s h o u l d  be  g i v e n  c o n s i d e r a t i o n  i n  t h e  s e l e c t i o n  o f  t h e  p a v e m e n t  
d e s i g n .  

I .  L i f e  C y c l e  C a s t  

Designers a r e  e n c o u r a g e d  t o  c o n d u c t  a l i f e  c y c l e  c a s t  
a n a l y s i s  t o  d e t e r m i n e  t h e  m a s t  c o s t  e f f e c t i v e  s t r u c t u r a l  d e s i g n  
w h e n e v e r  r e a s o n a b l e  t o  d o  so. A l t h o u g h  s t r u c t u r a l  d e s i g n s  
e n c o m p a s s  a 20 year p e r i o d ,  h i g h w a y  f a c i l i t i e s  g e n e r a l l y  are in 
service m u c h  l o n g e r  a n d  t h e r e f o r e  a 35 y e a r  a n a l y s i s  p e r i o d  
s h o u l d  be u s e d .  

I n  a d d i t i o n  t o  t h e  initial c o n s t r u c t i o n  c o s t ,  several o t h e r  
i n p u t s  are needed,  i n c l u d i n g  rehabil i t a t i o n  s t r a t e g i e s ,  u n i t  
costs, s a l v a g e  v a l  u e ,  user de7  ay c o s t ,  m a i n t e n a n c e  cost, 
d i s c o u n t  rate and t r a f f i c  control co s t .  The f o l l o w i n g  d e s c r i b e s  
t h e s e  i n p u t s  in more d e t a i l .  

a .  C o n s t r u c t i o n  c o s t s  - C o s t  d a t a  i s  a v a i l a b l e  f r o m  ADOT 
C o n t r a c t s  a n d  S p e c i f i c a t i o n s  S e r v i c e s  in t h e i r  a n n u a l  c o s t  
s u m m a r y  p u b l i c a t i o n  as well a s  c u r r e n t  p r o j e c t  b i d  d a t a .  
D e s i g n e r s  a r e  e n c o u r a g e d  t o  use t h e s e  r e f e r e n c e s  a s  a g u i d e  
a n d  t o  d o c u m e n t  t h e  s o u r c e s  o f  all c o s t  e s t i m a t e s ,  
G e n e r a l l y  Contracts a n d  S p e c i f i c a t i o n s  d a t a  w i l l  be used t o  
r e f e r e e  any d i s p u t e s  a b o u t  c o s t  e s t i m a t e s .  

b .  R e h a b i l i t a t i o n  S t r a t e g i e s  - l i f e  c y c l e  performance e s t i m a t e s  
f o r  new p a v e m e n t s  and r e h a b i l i t a t i o n  c a n  be o b t a i n e d  f r o m  
t h e  p a v e m e n t  management  b r a n c h  o f  M a t e r i a l s  Section. T a b l e  



2 0 2 . 0 5 - 1  can be used a s  a  g u i d e  f o r  most t y p i c a l  p a v e m e n t  
d e s i g n s  and r e h a b i l i t a t i o n  s t r a t e g i e s .  For t h o s e  d e s i g n  
s i t u a t i o n s  n o t  r o u t i n e l y  c o v e r e d  f u r t h e r  c o n s u l  t a t i o n  w i t h  
pavement management i s  s u g g e s t e d .  Any d e v i a t i o n s  from T a b l e  
2 0 2 . 0 5 - 1  must be documented  and a p p r o v e d  b y  M a t e r i a l s  S e c t i o n .  

c .  S a l v a g e  Value  - The f o l l o w i n g  f o r m u l a  w i l l  be used t o  
e s t i m a t e  t h e  s a l v a g e  v a l u e  a s  a  p e r c e n t a g e  o f  t h e  i n i t i a l  c o s t .  

P e r c e n t  S a l v a g e  Va lue  = 

1 - ( ( P  * ( I C  t R M -  ( T H N * R V ) ) )  t ( ( 1  - P )  * ( R H  - ( T H R * R V ) ) ) )  * l o 0  
I C 

Where: 

P = Chance o f  r e b u i l d i n g  t h e  highway a t  t h e  end o f  t h e  
a n a l y s i s  p e r i o d .  H i s t o r i c a l  p e r f o r m a n c e  i n d i c a t e s  a  
0 . 5 0  v a l u e  a t  3 5  y e a r s .  

I C  = I n i t i a l  c o s t  of  t h e  d e s i g n  s e c t i o n  i n  $ / s y .  D e s i g n  
s e c t i o n  i n c l u d e s  p a v i n g  and b a s e  l a y e r s .  

R M  = C o s t  i n  $ / s y  t o  remove p a v i n g  m a t e r i a l  d u r i n g  
r e c o n s t r u c t i o n .  

THN = T h i c k n e s s  o f  new bound l a y e r  i n  i n c h e s .  

T H R  = T h i c k n e s s  o f  r e h a b i l i t a t e d  bound l a y e r  i n  i n c h e s .  

R V  = Worth o f  r e c y c l e d  bound l a y e r  i n  $ / s y - i n .  $ 0 . 2 5 / s y - i n  
f o r  A C  and z e r o  f o r  a l l  o t h e r  m a t e r i a l s .  

R H  = R e h a b i l i t a t i o n  C o s t  i n  $ / s y .  

S a l v a g e  v a l u e s  g e n e r a l l y  f a l l  i n t o  t h e  f o l l o w i n g  r a n g e s  s h o w n  i n  
T a b l e  2 0 2 . 0 5 - 2 .  

d .  Use r  d e l a y  c o s t s  r e f e r  t o  t h e  t i m e  t h a t  d r i v e r s  a r e  i n c o n v i e n c e d  
due  t o  r e c o n s t r u c t i o n ,  r e h a b i l  i  t a t i o n  o r  m a i n t e n a n c e  
a c t i v i t i e s .  R e s e a r c h  i n d i c a t e s  a  c o s t  o f  $ 0 . 0 6  p e r  v e h i c l e  
m i l e .  By knowing t h e  A D T  a t  t i m e  o f  t h e  a c t i v i t y  ( d a y ,  n i g h t  
a n d / o r  w e e k e n d ) ,  l e n g t h  o f  p r o j e c t  and number o f  w o r k i n g  d a y s  
t h e  u s e r  d e l a y  c o s t  can  be c a l c u l a t e d .  Use r  d e l a y  c o s t s  a r e  n o t  
computed f o r  new c o n s t r u c t i o n  on a  new a l i g n m e n t ,  s i n c e  o t h e r  
f a c t o r s  s u c h  a s  e x c a v a t i o n ,  d r a i n a g e  e t c .  w i l l  c o n t r o l .  

e .  The d i s c o u n t  r a t e  w i l l  be s e t  t o  f o u r  p e r c e n t .  



T A B L E  202.05-1 

E X P E C T E D  P E R F O R M A N C E  L I F E  

Fl e x i  b ?  e P a v e m e n t s  

New C o n s t r u c t i o n  
20 Y e a r  D e s i g n  

AC O v e r 1  ays o r  R e c y c l i n g  
1 0  Y e a r  D e s i g n  

R i g i d  P a v e m e n t s  

Y e a r s  o f  S e r v i c e  
B e f o r e  R e h a b i l i t a t i o n  

Y e a r s  o f  S e r v i c e  B e f o r e  
R e h a b i l  i t a t i o n  

New C o n s t r u c t i o n ,  20  y e a r  D e s i g n  2 0 

G r i n d i n g  p l u s  J o i n t  R e - s e a l  i n g  1 4  

G r o o v i n g  p l u s  J o i n t  R e - s e a l  i n g  1 0  

A C  O v e r l a y  o f  C o n c r e t e  
F u l l  S t r u c t u r a l  S e c t i o n  
( T y p i c a l l y  4 "  o r  M a r e )  

T h r e e  Layer System 
A s p h a l t  R u b b e r I A C F C ,  A R ,  A C F C )  
A s p h a l t  R u b b e r  A C  
( T y p i c a l l y  1 . 5 " - 2 " )  

A C  p a v e m e n t  w i t h  o r  w i t h o u t  
b a s e  a n d  m i l l  a n d  f i l l .  

TABLE 2 0 2 . 0 5 - 2  

S a l v a g e  V a l u e  a s  P e r c e n t a g e  
o f  I n i t i a l  C o s t  

A l l  c o n c r e t e  w i t h  o r  w i t h o u t  
b a s e  and g r i n d i n g .  

A l l  c o n c r e t e  w i t h  o r  w i t h o u t  
b a s e  and a t h r e e  l a y e r  o v e r l a y .  



f .  M a i n t e n a n c e  C o s t  

M a i n t e n a n c e  c o s t s  w e r e  e s t i m a t e d  f r o m  a c t u a l  c o s t s  c o m p i l e d  
f r o m  t h e  Pecos  m a i n t e n a n c e  c o s t  f i l e  and  a r e  s h o w n  i n  T a b l e  
2 0 2 . 0 5 - 3 .  Any c h a n g e s  i n  t h e s e  c o s t s  n e e d  t o  b e  a p p r o v e d  by t h e  
P a v e m e n t  S e r v i c e s  E n g i n e e r .  

F .  Summary 

N o r m a l l y  t h e  p a v e m e n t  d e s i g n  t h a t  s a t i s f i e s  t h e  s t r u c t u r a l  
r e q u i r e m e n t s  a n d  r e p r e s e n t s  t h e  l e a s t  c o s t  w o u l d  b e  s e l e c t e d .  
H o w e v e r ,  a s  d i s c u s s e d  p r e v i o u s l y ,  t h e r e  may be t i m e s  when t h e  
l e a s t  c o s t  d e s i g n  w o u l d  not n e c e s s a r j l y  b e  t h e  most a p p r o p r i a t e  
d e s i g n .  T o  the d e g r e e  possible t h e  d e s i g n e r  s h o u l d  t a k e  t h e s e  
c o n s i d e r a t i o n s  i n t o  a c c o u n t  i n  d e t e r m i n i n g  t h e  r e c o m m e n d e d  
p a v e m e n t  s e c t i o n .  Alternative d e s i g n s  f o r  f u r t h e r  r e v i e w  may b e  
a p p r o p r i a t e  i n  a s i t u a t i o n  w h e r e  no one d e s i g n  seems c a p a b l e  o f  
s a t i s f y i n g  a l l  t h e  c o n s t r a i n t s .  F a r  a d d i t i o n a l  information on 
d e s i g n  c o n s i d e r a t i o n  t h e  d e s i g n e r  s h o u l d  c o n s u l t  t h e  1 9 8 6  AASHTO 
G u i d e .  

TABLE 2 0 2 . 0 5 - 3  

ESTIMATED M A I N T E N A N C E  COSTS 

A C  P a v e m e n t s  

C o n c r e t e  w i t h o u t  
d o w e l  s 

C o n c r e t e  w i t h  
dowel s 

Concrete w i  t h  
R e i n f o r c i n g  S t e e l  

( C R C P )  

C u m u l a t i v e  A n n u a l  
M a i n t e n a n c e  C o s t s  

$500 /7  a n e - m i l  e 

$ 2 5 0 / l  a n e - m i l  e 

Y e a r  
M a i n t .  
B e g i n s  



T h i s  s e c t i o n  d e a l s  with t h e  d o c u m e n t a t i o n  a n d  p r e s e n t a t i o n  
o f  t h e  i n f o r m a t i o n  d e v e l o p e d  d u r i n g  t h e  d e s i g n  process. T h e  
m e t h o d  u s e d  t o  p r e s e n t  t h i s  i n f o r m a t i o n  i s  c a l l e d  t h e  M a t e r i a l s  
Design P a c k a g e .  T h e  Materi  a1 s Design P a c k a g e  c o n s i s t s  o f  t h r e e  
s e p a r a t e  p a r t s ,  t h e  f i r s t  is t h e  P a v e m e n t  D e s i g n  S u m m a r y ,  t h e  
s e c o n d  i s  t h e  M a t e r i a l s  D e s i g n  M e m o r a n d u m  a n d  t h e  t h i r d  is t h e  
P r e l i m i n a r y  P a v e m e n t  S t r u c t u r e  C o s t  Estimate. A d e s c r i p t i o n  o f  
e a c h  part a n d  t h e  f u n c t i o n  it s e r v e s  is p r e s e n t e d  in t h e  
f o l l o w i n g  p a r a g r a p h s :  

203.01  PAVEMENT DESIGN SUMMARY 

A p a v e m e n t  d e s i g n  s u m m a r y  is ,prepared f o r  e a c h  p r o j e c t  t o  
s h o w  t h e  b a s i s  for t h e  p r o p o s e d  d e s i g n .  It p r o v i d e s  i n f o r m a t i o n  
n e c e s s a r y  for r e v i e w  o f  t h e  d e s i g n  and s u p p o r t s  t h e  d e s i g n  
r e c o m m e n d a t i o n s .  

T h e  p a v e m e n t  d e s i g n  summary sho u l d  i n c l u d e  t h e  d e s c r i p t i o n ,  
l o c a t i o n ,  and r e a s o n  for a project. V i s u a l  o b s e r v a t i o n s  made by 
t h e  d e s i g n e r  s h o u l d  b e  listed, e s p e c i a l l y  on r e h a b i l i t a t i o n  
p r o j e c t s ,  Subsoil c o n d i t i o n s  and g e o l o g y  s h o u l d  b e  d i s c u s s e d  
and t e s t  results pert i n e n t  to t h e  d e s i g n  s u c h  a s  R - v a l u e s ,  PI, 
gr a d a t i o n ,  m o i s t u r e ,  pH a n d  R e s i s t i v i t y ,  etc. s h o u l d  b e  
m e n t i o n e d .  

For reconstruction or new c o n s t r u c t i o n ,  t h e  selection o f  t h e  
d e s i g n  r e s i l i e n t  modulus v a l u e  should be d i s c u s s e d .  O t h e r  
f a c t o r s  i m p o r t a n t  in t h e  design s h o u l d  b e  l i s t e d  i n c l u d i n g  
t r a f f i c  l o a d i n g  a n d  t h e i r  source, seas o n a l  v a r i a t i o n  f a c t o r ,  
t e r m i n a l  s e r v i c e a b i l  i t y  i n d e x ,  d r a i n a g e  c o e f f i c i e n t s ,  and 
s t r u c t u r a l  c o e f f i c i e n t s  for m a t e r i a l s  c o n s i d e r e d .  L i k e w i s e ,  
f o r  rehabil i t a t i o n  p r o j e c t s  s i m i l a r  i n f o r m a t i o n ,  a s  we 1  1 as, t h e  
d e f l e c t i o n  a n a l y s i s  s h o u l d  be d i s c u s s e d .  I f  t h e  p r o j e c t  i s  t o  
be d i v i d e d  i n t o  s e c t i o n s  w i t h  d i f f e r e n t  d e s i g n  r e c o m m e n d a t i o n s ,  
s u p p o r t  s h o u l d  b e  shown for t h i s  d i v i s i o n ,  s u c h  as, d i f f e r e n t  
soil t y p e ,  d i f f e r e n t  traffic l o a d i n g ,  o r  d i f f e r e n t  e x i s t i n g  
p a v e m e n t  c o n d i t i o n s .  

T h e  p a v e m e n t  d e s i g n  s u m m a r y  s h o u l d  list d i f f e r e n t  d e s i g n  
a l t e r n a t i v e s ,  an e c o n o m i c  c o s t  comparison and  a discussion 
e x p l a i n i n g  the reason f o r  e a c h  a l t e r n a t i v e  c h o s e n .  U n i t  c o s t s  
and total c o s t s  s h o u l d  be l i s t e d  for e a c h  d e s i g n  c o n s i d e r e d .  

T o  be  c o m p l e t e ,  t h e  pavement d e s i g n  summary wil l  g i v e  t h e  
r e c o m m e n d e d  p a v e m e n t  s t r u c t u r e  a n d  r e a s o n i n g  for s e l e c t i n g  o n e  
a l t e r n a t e  o v e r  t h e  o t h e r s ,  A s u p p o r t  a r g u m e n t  f o r  t h e  d e s i g n  
c h o s e n  s h o u l d  b e  m a d e .  



2 0 3 . 0 2  O U T L I N E  OF PAVEMENT D E S I G N  SUMMARY 

Pavement Design Summary 

Project Number 

Project Name 

INTRODUCTION 

A. Location (include limits) 

B .  Description o f  project 

C. Scope o f  work 

EXISTING PAVEMENT HISTORY AND VISUAL OBSERVATIONS 

A. Existing pavement structure (component t h i c k n e s s e s  
and dates constructed). 

B .  Existing pavement condition (list percent c r a c k i n g  
and t y p e ,  ride, surface type and condition, etc.). 

C. Observed geologic features, terrain and d r a i n a g e  
conditions. 

D .  Unusual conditions. (Low bridge clearances, c a t t l e  
guards, railroad crossings, equipment c r o s s i n g s ,  
utilities, c u r b  and gutter, guardrail h e i g h t ,  
etc.) 

T E S T  DATA 

A. Pavement Management System Information ( s k i d ,  r i d e  
and cracking values) . 

B .  Dynaflect and fall ing weight d e f l e c t o m e t e r  
information. 

C. Soils information (R-values, P I ,  g r a d a t i o n ,  p H ,  
resistivity, moistures, frost susceptibil i ty, 
swell, soil classification and description, etc.) . 



D E S I G N  C A L C U L A T I O N S  AND DISCUSSION 

A .  N e w  P a v e m e n t  D e s i g n  

1 .  L i s t  v a l u e s  u s e d  in d e s i g n  e q u a t i o n  a n d  e x p l a i n  
o r i g i n  ( t r a f f i c  U 1  r e l i a b i l i t y  , e f f e c t i v e  
r e s i l i e n t  m o d u l u s  M R ,  !?;, S o ,  P S I ,  etc.) 

2. D i s c u s s  d e s i g n  selected a n d  a l t e r n a t e s  c o n s i d e r e d  
a s  well a s  l i f e  cycle cost i f  a p p r o p r i a t e  ( l i s t  S N  
required, c ~ m p o n e n t  layer c o e f f i c i e n t s ,  d r a i n a g e  
c o e f f i c i e n t ,  s e a s o n a l  v a r i a t i o n  f a c t o r ,  c o s t s ,  
s p e c i  a 1  c o n s i d e r a t i o n s ,  etc. ) . 

3 .  R i g i d  P a v e m e n t  - i f  r i g i d  p a v e m e n t  i s  c o n s i d e r e d ,  
d i s c u s s  s e l e c t i o n  o f  r i g i d  p a v e m e n t  t y p e ,  1 i f e  
cycle c o s t  a n a l y s i s ,  a n d  v a l u e s  u s e d  in r i g i d  
d e s i g n  e q u a t i o n .  

% P a v e m e n t  R e h a b i l i t a t i o n  D e s i g n  

I .  List b a s i s  o f  d e s i g n  ( s t r u c t u r a l  n e e d ,  d e f l e c t i o n  
d e s i g n ,  f a t i g u e  r e l a t e d ,  d i s t r e s s  r e l a t e d ,  e t c . ) .  

2. D i s c u s s  s t r a t e g i e s  c o n s i d e r e d .  

R E C O M M E N D A T I O N S  

A. G i v e  p a v e m e n t  s e c t i o n  recommended and r e a s o n s  for 
s e l e c t i o n .  

0 .  D i s c u s s  p a v e m e n t  c o m p o n e n t s ,  s p e c i  a 1  
c o n s i d e r a t i o n s ,  a n d  p a v e m e n t  s u r f a c e  t r e a t m e n t  
s e l e c t i o n .  

S I G N A T U R E  

A .  Person s u b m i t t i n g  d e s i g n  s u m m a r y  s h a l l  a t t a c h  
s i g n a t u r e .  

B .  D e s i g n  summary s h a l l  b e  c h e c k e d  and a p p r o v e d  by a 
P r o f e s s i o n a l  E n g i n e e r ,  ( A t t a c h  S i g n a t u r e ) .  

203.03 MATERIALS D E S I G N  MEMORANDUM 

A M a t e r i a l s  D e s i g n  Memo i s  prepared f o r  e a c h  p r o j e c t  t o  
p r e s e n t  t h e  o u t c o m e  o f  t h e  d e s i g n  p r o c e s s  a n d  p r o v i d e  t h e  
i n f o r m a t i o n  and s p e c i f i c a t i o n s  o n  t h e  r e c o m m e n d e d  p a v e m e n t  
s t r u c t u r e .  T h e  i n f o r m a t i o n  p r o v i d e d  in t h e  M e m o  i s  s u p p o r t e d  by 
t h e  r e c o m m e n d a t i a n s  m a d e  i n  t h e  P a v e m e n t  D e s i g n  Summary a n d  
G e o t e c h n i c a l  R e p o r t .  



T h e  Memo p r o v i d e s  t h e  r e c o m m e n d e d  p a v e m e n t  s t r u c t u r e  f o r  
e a c h  d e s i g n  s e c t i o n  i n c l u d i n g  t h e  l i m i t s  f o r  e a c h  d e s i g n  s e c t i o n  
a n d  t h e  c o m p o n e n t  t y p e  a n d  t h i c k n e s s  i n  i n c h e s  f o r  e a c h  
s e c t i o n .  A d d i t i o n a l l y  t h e  s u r f a c e  c o u r s e  o r  t r e a t m e n t  s h a l l  b e  
l i s t e d  a n d  o n  new o r  w i d e n e d  p a v e m e n t s  t h e  t o t a l  t h i c k n e s s  
s h o u l d  b e  i n c l u d e d .  

I n  a d d i t i o n  t o  p r o v i d i n g  t h e  p a v e m e n t  s t r u c t u r e  f o r  e a c h  
d e s i g n  s e c t i o n ,  t h e  Memo p r o v i d e s  t h e  p r o c e d u r e s  a n d  
s p e c i f i c a t i o n s  f o r  e a c h  p a v e m e n t  c o m p o n e n t  o r  p r o c e s s ,  w h i c h  m a y  
i n c l u d e  t h e  f o l l o w i n g :  e x i s t i n g  p a v e m e n t  r e m o v a l ,  s u b g r a d e  
p r e p a r a t i o n ,  s u b g r a d e  a c c e p t a n c e ,  s u b b a s e s ,  b a s e s ,  s u r f a c e  
t r e a t m e n t s ,  p a v e m e n t s ,  e t c .  I f  t h e  i t e m  i s  c o v e r e d  b y  t h e  
s t a n d a r d  s p e c i f i c a t i o n s  t h e n  r e f e r e n c e  t o  t h e  s t a n d a r d  
s p e c i f i c a t i o n  i s  a l l  t h a t  i s  n e e d e d .  

A l s o  i n c l u d e d  i n  t h e  Memo i s  i n f o r m a t i o n  p r o v i d e d  b y  t h e  
G e o t e c h n i c a l  R e p o r t  i n c l u d i n g :  

M a t e r i a l s  S o u r c e s  a n d  h a u l  d i s t a n c e s ,  E a r t h w o r k  F a c t o r s  a n d  
S l o p e s ,  G r o u n d  C o m p a c t i o n  R e q u i r e m e n t s ,  W a t e r  R e q u i r e m e n t s  a n d  
S o u r c e s ,  P i p e  L i f e  I n f o r m a t i o n ,  S p e c i a l  C o n d i t i o n s ,  e t c .  

M u c h  o f  t h e  memo i s  made u p  o f  D e s i g n  Memo S t a n d a r d  I t e m s  
a n d  t h e s e  s h o u l d  b e  u s e d  w h e n e v e r  a p p l i c a b l e .  T h e  f o r m a t  o f  t h e  
f o l l o w i n g  e x a m p l e  s h o u l d  b e  a d h e r e d  t o  a s  c l o s e l y  a s  p r a c t i c a l .  

203.04 O U T L I N E  A N D  E X A M P L E  O F  M A T E R I A L S  D E S I G N  M E M O R A N D U M  

T h e  M a t e r i a l s  D e s i g n  Memo s h a l l  c o n t a i n  t h e  m e m o r a n d u m  
n u m b e r ,  t h e  p r o j e c t  r e f e r e n c e  a n d  t h e  m a t e r i a l s  d e s i g n  
i n f o r m a t  i o n .  

A .  M e m o r a n d u m  N u m b e r  

Memos a r e  n u m b e r e d  c o n s e c u t i v e l y  b e g i n n i n g  w i t h  t h e  n u m b e r  
o n e  w i t h  a  p r e f i x  o f  t h e  l a s t  t w o  d i g i t s  o f  t h e  y e a r  i n  
w h i c h  i t  i s  w r i t t e n ,  e . g . ,  8 8 - 1 .  S u b s e q u e n t  memos f o r  t h e  
same p r o j e c t  a r e  g i v e n  c o n s e c u t i v e  s u f f i x  n u m b e r s  b e g i n n i n g  
w i t h  t h e  n u m b e r  o n e ,  e . g . ,  8 8 - 1 - 1 ,  w h e n  m i n o r  c h a n g e s  a r e  
m a d e .  I f  t h e  o r i g i n a l  memo b e c o m e s  v e r y  o l d  o r  c o m p l e t e 7 y  
o b s o l e t e ,  a  n z w  n u m b e r  i s  a s s i g n e d .  

B. P r o j e c t  R e f e r e n c e  

E a c h  Memo r e f e r s  t o  a  s p e c i f i c  p r o j e c t  a n d  t o  i d e n t i f y  t h e  
p r o j e c t  t h e  f o l l o w i n g  i n f o r m a t i o n  i s  1 i s t e d :  t h e  n a m e  o f  
t h e  h i g h w a y  a n d  r o u t e  n u m b e r ,  t h e  l o c a t i o n  o f  t h e  p r o j e c t  on  
t h a t  h i g h w a y  ( p r o j e c t  name) ,  t h e  c o n s t r u c t i o n  n u m b e r ,  t h e  
p r e l i m i n a r y  e n g i n e e r i n g  n u m b e r ,  t h e  t y p e  o f  c o n s t r u c t i o n ,  
a n d  t h e  b e g i n n i n g  a n d  e n d i n g  m i l e p o s t  a n d  c o r r e s p o n d i n g  
s t a t i o n i n g .  F o r  e x a m p l e :  



P R O J E C T  M E M O R A N D U M  #88-5 

C O R D E S  JCT. - P R E S C O T T  HWY ( S R  6 9 )  M E M O R A N D U M  T Y P E :  
P R E S C O T T  V A L L E Y - P R E S C O T T ,  U N I T  I 1  I N I T I A L  F O R  R E V I E W  
F - 0 2 9 - 1  ( 6 )  C 
F - 0 2 9 - 1 - 4 0 6  P E  
W I D E N I N G ,  O V E R L A Y  & NEW C O N S T R U C T I O N  
M P  289.62 (ST A .  4668t00) T O  M P  294.68 (STA 4930+00) 

C .  D e s i g n  I n f o r m a t  i o n  

T h e  desjgn i n f o r m a t i o n  is p r e s e n t e d  i n  s e c t  i o n s  w i t h  e a c h  
s e c t i o n  b r o k e n  i n t o  i t e m s ,  a s  foJ7ows: 

S E C T I O N  I - P A V E M E N T  STRUCTURE 

I T E M  1 - S T R U C T U R A L  T H I C K N E S S  ( I n  I n c h e s )  

T h e  s t r u c t u r a l  t h i c k n e s s  includes t h e  t e r m i n i  o f  each  d e s i g n  
section, t h e  t y p e  and t h i c k n e s s  o f  e a c h  p a v e m e n t  c o m p o n e n t ,  
and t h e  t o t a l  thickness, a 1 7  expressed i n  inches ( T h e  total 
t h i c k n e s s  need n o t  b e  included o n  r e h a b j l i t a t i o n  projects). 
F o r  examp7e: 

S t a t i o n  
T o t a l  

A B  A C ( 3 / 4 )  A C F C  T h i c k n e s s  

4 6 6 8 + 0 0  t o  4 7 8 9 + 0 0  ( W i d e n i n g )  1 5  7 1/2* 1 / 2  2 3 
4 7 8 9 + 0 0  t o  4 8 3 7 + 7 0  ( W i d e n i n g )  6 7 1/2* 1 / 2  1 4  
4837t70 t o  4854+30  ( W i d e n i n g )  18 7 1 / 2 *  1 / 2  2 6 
4854t30 t o  4910t55 (New C s t )  18 7 1 / 2  1 / 2  2 6 
4910+55 t o  4930+00 ( W i d e n i n g )  18 7 1 / 2 *  1 / 2  2 6 

* I n c l u d e s  a 2 1 J 2  i n c h  overlay o n  e x i s t i n g  S R  69. 

On o v e r l a y  p r o j e c t s  where t h e  existing r o a d w a y  i s  o u t  o f  
section or h a s  a r o u g h  r i d e  a n  Item designating additiona7 
q u a n t i t i e s  for 7eveling s h o u 7 d  be included. 

I T E M  2 - A D D I T I O N A L  Q U A N T I T I E S  F O R  L E V E l I N G  

A n  a d d i t i o n a l  1,500 t o n s  o f  a s p h a l t i c  c o n c r e t e  ( 3 / 4 )  s h a l l  
b e  e s t i m a t e d  f o r  l e v e l i n g  purposes .  500 To n s  o f  t h e  m a t e r i a l  
s h a l l  b e  u t i l i z e d  f o r  m i s c e l l a n e o u s  p a v i n g  and s p o t  p a t c h i n g  or 
b l a d e  l a i d  l e v e l i n g  o f  t h e  r o a d w a y  p r i o r  t o  t h e  p l a c e m e n t  o f  
over1 ay. 1 , 0 0 0  T o n s  o f  t h e  m a t e r i a l  s h a l l  be a d d e d  t o  t h e  
o v e r l a y  f o r  l e v e l i n g  p u r p o s e s  b e t w e e n  S t a .  4668+00 t o  S t a .  
4 8 5 4 + 3 0 .  



T y p i c a 7 7 y ,  t h e  second p a g e  o f  t h e  Design  Memorandum i s  a 
vicinity m a p  s h o w i n g  t h e  project location and t h e  7 o c a t i o n  
o f  any m a t e r i a l s  p i t s  i n v o 7 v e d .  ( F i g u r e  2 0 3 . 0 4 - 1 ) .  

Fo77uwing t h e  v i c i n i t y  map i s  t h e  T y p i c a l  S e c t i o n  S h e e t  or 
sheets. ( F i g u r e  2 0 3 . 0 4 - 2 ) .  T h e  t y p i c a 7  s e c t i o n  s h o w s  a 
g r a p h i c  i 7 7 u s t r a t i o n  o f  t h e  r o a d w a y  typica7 s e c t i o n s  and t h e  
pavement s t r u c t u r e .  The p a v e m e n t  s t r u c t u r e  shows t h e  t ype ,  
t h i c k n e s s ,  and placement o f  e a c h  pavement  c o m p o n e n t  a n d  
7 i f t .  F i g u r e  2 0 3 . 0 4 - 3  shows t h e  recommended symbo7s f o r  
e a c h  p a v e m e n t  component a n d  treatment to be used o n  t h e  
t y p i c a l  s e c t i o n s .  

SECTION I 1  - S U B G R A D E ,  S U B B A S E S  AND B A S E S  

T h i s  s e c t i o n  s e t s  f o r t h  t h e  recommended specifications f o r  
s u b g r a d e ,  subbases  and  b a s e s .  T h e s e  i t e m s  s h o u l d  b e  7 i s t e d  
i n  t h e  order  o f  t h e i r  placement d u r i n g  construct i o n  and m a y  
incJude, but are n o t  l i m i t e d  t o  t h e  f o 7 7 o w i n g :  

S u b g r a d e  C o n s t r u c t i o n  C o n t r o 7  
Cement  T r e a t e d  S u b g r a d e  
Aggregate  S u b b a s e s  
Cement T r e a t e d  B a s e  
l e a n  Concrete Base 
Aggregate B a s e s  

ITEM 1 - S U B G R A D E  C O N S T R U C T I O N  CONTROL 

T h i s  i t e m  i s  t o  be included o n  p r o j e c t s  t h a t  i n v o 7 v e  new 
sobgrade  c o n s t r u c t  i o n .  T h e  s u b g r a d e  a c c e p t a n c e  c h a r t  
( f i g u r e  2 0 3 . 0 4 - 4 )  s h a 7 J  b e  included i n  t h e  Memo f o 7 7 o w i n g  
t h e  t y p i c a l  s e c t i o n s  or a n  e q u i v a l e n t  e q u a t i o n  s h a l l  be  
inc7uded when there js no d e s i g n a t e d  b o r r o w  s o u r c e .  

The a t t a c h e d  s u b g r a d e  acceptance  c h a r t  should  be u s e d  d u r i n g  
construction f o r  determining whether subgrade materi a 1  s are 
s u i t a b l e  a s  outlined i n  Section 203.06 o f  t h e  ADOT Construction 
M a n u a l .  





F I G U R E  203.04-2 

TYPICAL SECTIOtiS 

F - 0 2 9 - l ( 6 )  C 
PRESCOTT VALLEY - PRESCOTT, UNIT I1 

SUBGRADE 

STA. TO STA. "AB TI1ICKNESS 

STA. TO STA. "AB THICKNESS 

4854+30 - 4910+55 18" 



F I G U R E  203.04-3 

TYPICAL  SECTION S Y M B O L S  

LEGEND DESCRIPTION 

EXISTING ASPHALTIC CONCRETE / BASE 

CEMENT TREATED SUBGRADE / L I M E  TREATED SUBGRADE 

AGGREGATE SUBBASE 

AGGREGATE BASE 

CEMENT TREATED BASE / L E A N  CONCRETE BASE 

ASPHALT TREATED BASE 

DRAINAGE LAYER / ARRESTER BED AGGREGATE 

ASPHALTIC CONCRETE 

RECYCLE PAVEMENT 

REMOVE AC & REPLACE W/NEW AC 

'QQ oQ,do. . .,d.a;,..$ p T " 7 5 ]  Q. .oonQo . o i o  
PORTLAND CEMENT CONCRETE PAVEMENT 

MEMBRANES /GEOTEXTILES/  GEOGRIDS 

PRIME COAT 

TASK COAT/ FOG COAT 

CHIP SEAL COAT 

ASPHALT CONCRETE FRICTION COURSE 

GRIND OR GROOVE PCCP/  RECYCLE EXISTING BITUMINOUS SURFACE 

BORROW 



ITEM 2 - AGGREGATE BASE 

A g g r e g a t e  b a s e  s h o u l d  b e  C l a s s  3 ,  a n d  s h a l l  b e  a s  s p e c i f i e d  
i n  S e c t i o n  3 0 3  o f  t h e  S t a n d a r d  S p e c i f i c a t i o n s .  T h e  g r a d i n g  
s h a l l  b e  a s  f o l l o w s :  

S i e v e  S i z e  % P a s s i n g  

T h e  p l a s t i c i t y  i n d e x  s h a l l  n o t  e x c e e d  3 .  

F o r  e s t i m a t i n g  p u r p o s e s  t h e  h a u l  d i s t a n c e  i s  a p p r o x i m a t e l y  6 
m i  1  e s .  

SECTION I 1 1  - SURFACE TREATMENTS AND PAVEMENTS 

T h i s  s e c t i o n  s e t s  f o r t h  t h e  recommended s p e c i f i c a t i o n s  f o r  
t h e  v a r i o u s  p a v e m e n t  c o m p o n e n t s .  T h o s e  c o m p o n e n t s  s h o u l d  be  
l i s t e d  i n  t h e  o r d e r  o f  t h e i r  p l a c e m e n t  d u r i n g  c o n s t r u c t i o n  
and  may i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o ,  t h e  f o l l o w i n g :  

P r i m e  C o a t  
T a c k  C o a t  
A s p h a l t  R u b b e r  S t r e s s  A b s o r b i n g  Membrane  
A s p h a l t i c  C o n c r e t e  
A s p h a l t i c  C o n c r e t e  F i n i s h i n g  C o u r s e  
P o r t l a n d  Cement C o n c r e t e  P a v e m e n t  
C h i p  Sea7 C o a t  
F o g  C o a t  
B l o t t e r  M a t e r i a l  

T h e  S t a n d a r d  S p e c i f i c a t i o n s  c o v e r  m o s t  o f  t h e  i t e m s ;  
h o w e v e r ,  w h e r e  t h e r e  i s  a d e v i a t i o n  f r o m ,  o r  n o t  c o v e r e d  i n  
t h e  S t a n d a r d s  t h e  s p e c i f i c a t i o n  s h o u l d  b e  d e t a i l e d  i n  t h e  
i t e m .  

ITEM 1 - PRIME COAT 

T h e  p r i m e  c o a t  s h a l l  b e  a s  s p e c i f i e d  i n  S e c t i o n  4 0 4  o f  t h e  
S t a n d a r d  S p e c i f i c a t i o n s .  

T h e  p r i m e  c o a t  s h o u l d  b e  a p p l i e d  t o  t h e  s u r f a c e  o f  t h e  
a g g r e g a t e  b a s e  a t  a n  a p p r o x i m a t e  r a t e  o f  0 . 5  g a l l o n  p e r  s q u a r e  
y a r d .  





ITEM 2  - TACK COAT 

A t a c k  c o a t  s h a l l  b e  a p p l i e d  a s  n e c e s s a r y  t o  p r o v i d e  p r o p e r  
b o n d i n g  p r i o r  t o  t h e  p l a c e m e n t  o f  e a c h  l i f t  o f  AC o r  ACFC o v e r  
a n  u n d e r l y i n g  b i t u m i n o u s  s u r f a c e .  T h e  t a c k  c o a t  s h a l l  b e  a s  
s p e c i f i e d  i n  S e c t i o n  4 0 4  o f  t h e  S t a n d a r d  S p e c i f i c a t i o n s .  

ITEM 3  - ASPHALTIC CONCRETE ( 3 / 4 )  (END PRODUCT) 

T h e  a s p h a l t i c  c o n c r e t e  s h a l l  b e  a s  s p e c i f i e d  i n ' s e c t i o n  4 1 6  
o f  t h e  S t a n d a r d  S p e c i f i c a t i o n s .  

F o r  e s t i m a t i n g  p u r p o s e s  t h e  u n i t  w e i g h t  o f  t h e  b i t u m i n o u s  
m i x  i s  1 5 0  p o u n d s  p e r  c u b i c  f o o t ,  t h e  a s p h a l t  i s  4 . 7 % ,  a n d  t h e  
h a u l  d i s t a n c e  i s  6  m i l e s .  

T h e  a s p h a l t  t y p e  s h a l l  b e  A C - 2 0 .  

T h e  m i n i m u m  i n d e x  o f  r e t a i n e d  s t r e n g t h  s h a l l  b e  6 0 % .  

T h e  e f f e c t i v e  v o i d s  s h a l l  b e  6 . 0 % + 0 . 2 % .  

T h e  c o m b i n e d  b u l k  s p e c i f i c  g r a v i t y  r a n g e  s h a l l  b e  2 . 3 5  t o  
2 . 8 5 .  

T h e  c o m b i n e d  w a t e r  a b s o r p t i o n  r a n g e  s h a l l  b e  0 t o  2 . 5 .  

ITEM 4  - ASPHALTIC CONCRETE F R I C T I O N  COURSE 

T h e  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  s h a l l  b e  a s  s p e c i f i e d  
i n  S e c t i o n  4 0 7  o f  t h e  S t a n d a r d  S p e c i f i c a t i o n s .  

Q u a n t i t i e s  a r e  e s t i m a t e d  o n  a  s p r e a d  r a t e  o f  5 9  I b s .  p e r  
s q u a r e  y a r d  w h i c h  i n c l u d e s  25% f o r  l e v e l i n g  1:o p r o v i d e  a  m i n i m u m  
1 / 2  i n c h  t h i c k n e s s ,  h o w e v e r ,  t h e  e x a c t  s p r e a d  r a t e  s h a l l  b e  
d e t e r m i n e d  b y  t h e  E n g i n e e r .  

T h e  a s p h a l t  s h a l l  b e  5 . 5 %  o f  t y p e  A C - 2 0  a n d  t h e  e s t i m a t e d  
h a u l  d i s t a n c e  f o r  t h e  ACFC i s  6 m i l e s .  

I t  h a s  b e e n  d e t e r m i n e d  t h a t  t h e  a v e r a g e  e l e v a t i o n  o f  t h e  
r o a d w a y  f o r  t h i s  p r o j e c t  i s  5 4 0 0  f e e t .  

One p e r c e n t  ( b y  w e i g h t  o f  t h e  a s p h a l t )  o f  a n  a p p r o v e d  
a s p h a l t  c e m e n t  l i q u i d  a d d i t i v e  s h a l l  b e  a d d e d  t o  t h e  a s p h a l t .  

ITEM 5  - FOG COAT 

T h e  f o g  c o a t  s h a l l  b e  a s  s p e c i f i e d  i n  S e c t i o n  4 0 4  o f  t h e  
S t a n d a r d  S p e c i f i c a t i o n s  e x c e p t  f o r  t h e  f o l l o w i n g :  



T h e  b i t u m i n o u s  m a t e r i a l  s h a l l  b e  E R A - 2 5 ,  d i l u t e d  w i t h  1 p a r t  
w a t e r  t o  1 p a r t  E R A - 2 5 .  

T h e  b i t u m i n o u s  m a t e r i a l  s h a l l  b e  a p p l i e d  a t  a  r a t e  o f  0 . 1 0  
g a l l o n s  p e r  s q u a r e  y a r d .  

When a  f o g  c o a t  i s  s p e c i f i e d  f o r  new a s p h a l t i c  c o n c r e t e ,  i t  
s h a l l  b e  a p p l i e d  a s  s o o n  a s  p r a c t i c a b l e  a f t e r  p l a c i n g t h e  
a s p h a l t i c  c o n c r e t e .  

ITEM 6 - BLOTTER MATERIAL 

T h e  b l o t t e r  m a t e r i a l  s h a l l  b e  a s  s p e c i f i e d  i n  S e c t i o n  4 0 4  o f  
t h e  S t a n d a r d  S p e c i f i c a t i o n s .  

An a p p l i c a t i o n  o f  b l o t t e r  m a t e r i a l  may b e  r e q u i r e d  f o l l o w i n g  
t h e  p l a c e m e n t  o f  a  f o g  c o a t  a n d  p r i o r  t o  o p e n i n g  t h e  r o a d w a y  t o  
t r a f f i c .  T h e  E n g i n e e r  may d i r e c t  t h a t  a f t e r  t h e  b i t u m i n o u s  
m a t e r i a l  h a s  b e e n  a l l o w e d  t o  a d e q u a t e l y  p e n e t r a t e ,  b l o t t e r  
m a t e r i a l  b e  a p p l i e d  i n  o n e  o r  m o r e  a p p l i c a t i o n s  f o r  a  t o t a l  
a p p l i c a t i o n  o f  2 p o u n d s  p e r  s q u a r e  y a r d .  

T h e  e s t i m a t e d  h a u l  d i s t a n c e  i s  a p p r o x i m a t e l y  6 m i l e s .  

SECTION IV - MATERIAL SOURCES - GEOTECHNICAL ANALYSIS 

T h e  m a t e r i a l s  s o u r c e s  s e c t i o n  d e s i g n a t e s  s o u r c e s  o f  b o r r o w  
a n d  s p e c i a l  b a c k f i l l .  E a c h  s o u r c e  i s  l i s t e d  s e p a r a t e l y  
s h o w i n g  t h e  d a t a  p e r t a i n i n g  t o  t h a t  s o u r c e .  M a t e r i a l  
s o u r c e s  f o r  m i n e r a l  a g g r e g a t e  and  a g g r e g a t e  b a s e  a r e  n o t  
u s u a l l y  d e s i g n a t e d  s i n c e  c o m m e r c i a l  s o u r c e s  a r e  u s u a l l y  
a v a i l a b l e .  T h e s e  w o u l d  b e  d e s c r i b e d  a s  n o n - d e s i g n a t e d  
s o u r c e s .  

G e o t e c h n i c a l  a n a l y s i s  i n c l u d e s  t h e  p e r t i n e n t  i t e m s  t h a t  w e r e  
d e v e l o p e d  d u r i n g  t h e  g e o t e c h n i c a l  i n v e s t i g a t i o n  and  a r e  
u s u a l l y  o b t a i n e d  f r o m  t h e  g e o t e c h n i c a l  r e p o r t .  T h e  
g e o t e c h n i c a 7  a n a l y s i s  i t e m s  may i n c 7 u d e  b u t  a r e  n o t  l i m i t e d  
t o  t h e  f o l l o w i n g :  

G r o u n d  C o m p a c t i o n  
E a r t h w o r k  F a c t o r s  ( S h r i n k / S w e l l )  
S l o p e  F a c t o r s  
W a t e r  R e q u i r e m e n t s  and  S o u r c e s  
P i p e  l i f e  I n f o r m a t i o n  ( p H  a n d  R e s i s t i v i t y  
S p e c i a l  C o n d i t i o n s  



I T E M  1  - NONDESIGNATED SOURCES 

No S t a t e  d e s i g n a t e d  a g g r e g a t e  s o u r c e  i s  s e t  u p  f o r  t h i s  
p r o j e c t .  M a t e r i a l s  s o u r c e s  s h a l l  b e  a s  s p e c i f i e d  i n  S e c t  i o n  
1 0 0 1  o f  t h e  S t a n d a r d  S p e c i f i c a t i o n s .  

I T E M  2 - BORROW 

DATE OF REPORT: J a n u a r y  1 9 8 6  

P I T  S E R I A L  NUMBER: # 8 7 4 1  

MATERIAL  DESIGNATION:  BORROW 

LOCATION AND DESCRIPT ION:  

T h i s  s o u r c e  i s  l o c a t e d  a p p r o x i m a t e l y  2 6 0 0  f e e t  s o u t h e a s t  o f  
S t a t i o n  1 5 9 5  (MP 3 1 4 . 5 )  o n  US 8 9  a d j a c e n t  t o  a  C i t y  o f  P r e s c o t t  
l a n d f i l l  s i t e .  T h e  m a t e r i a l s  a v a i l a b l e  a t  t h i s  s o u r c e  c o n s i s t s  
o f  c e m e n t e d  s a n d s ,  g r a v e l s ,  a n d  c o b b l e s  w i t h  t r a c e s  o f  c l a y .  
T h e  m a t e r i a l s  w i l l  r e q u i r e  r i p p i n g  i n  m o s t  a r e a s  o f  t h e  p i t  t o  
d e v e l o p  t h e  b o r r o w  q u a n t i t i e s .  

EXTRACTION OF P I T  M A T E R I A L :  

L i g h t  c l e a r i n g  o f  g r a s s  a n d  s m a l l  b r u s h  w i l l  b e  r e q u i r e d  o n  
o r t i o n s  o f  t h e  p i t  a r e a .  S t r i p p i n g  w i l l  n o t  b e  r e q u i r e d .  T h e  
s t i m a t e d  q u a n t i t y  o f  b o r r o w  m a t e r i a l  a v a i l a b l e  f o r  t h i s  p r o j e c t  

a t  t h i s  s o u r c e  i s  i n  e x c e s s  o f  6 0 , 0 0 0  c u b i c  y a r d s  a f t e r  a n  
e x c a v a t i o n  f a c t o r  h a s  b e e n  a p p l i e d .  T h e  m a t e r i a l s  s h a l l  b e  
r e m o v e d  t o  t h e  l i n e s  a n d  g r a d e s  o b t a i n e d  f r o m  t h e  C i t y  o f  
P r e s c o t t .  

I N V E S T I G A T I O N :  

T h e  i n v e s t i g a t i o n  o f  t h i s  s o u r c e  c o n s i s t e d  o f  t h e  e x c a v a t i o n  
o f  1 2  t e s t  h o l e s  i n  M a y ,  1 9 8 5 .  T h e  t e s t  h o l e s  w e r e  d u g  t o  
d e p t h s  o f  f r o m  2 . 5  t o  4 7  ( f a c e  s a m p l e )  f e e t .  N o w a t e r  w a s  
e n c o u n t e r e d  a t  t h e  t i m e  t h e  t e s t  h o l e s  w e r e  d u g .  

INFORMATION A V A I L A B L E  TO B IDDERS:  

T h e  f o l l o w i n g  i n f o r m a t i o n  i s  a v a i l a b l e  a t  t h e  o f f i c e  o f  t h e  
M a t e r i a l s  S e c t i o n ,  2 0 6  S o u t h  1 7 t h  A v e n u e ,  P h o e n i x ,  A r i z o n a  
8 5 0 0 7 :  

1. D r i l l e r s  l o g s  a n d  l a b o r a t o r y  t e s t  r e s u l t s  o n  t h e  t e s t  
h o l e s  d u g  i n  M a y ,  1 9 8 5 .  

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



HAUL ROAD AND HAUL DISTANCE: 

M o d e r a t e  t o  h e a v y  b l a d e  w o r k  w i l l  be  r e q u i r e d  t o  c o n s t r u c t  a  
h a u l  r o a d  f r o m  t h e  p i t  a r e a  t o  c o n n e c t  w i t h  an  e x i s t i n g  h a u l  
r o a d  u t i l i z e d  b y  t h e  C i t y  o f  P r e s c o t t ,  a  d i s t a n c e  o f  
a p p r o x i m a t e l y  1 0 0 0  f e e t .  The h a u l  d i s t a n c e  t o  t h e  p r o j e c t  v i a  
Sundog  Ranch  Road ,  S l a u g h t e r  House  Road,  a n d  US 89  t o  t h e  w e s t  
end  o f  t h e  p r o p o s e d  p r o j e c t  i s  e s t i m a t e d  a t  2 m i l e s .  L e g a l  
l o a d s  w i l l  be  r e q u i r e d .  

MISCELLANEOUS INFORMATION: 

The  u s a b l e  m a t e r i a l s  w i l l  h a v e  a  c o m p a c t e d  w e i g h t  o f  
a p p r o x i m a t e l y  1 2 5  p o u n d s  p e r  c u b i c  f o o t  a n d  an  e v e n  e x c a v a t i o n  
f a c t o r .  

ITEM 3  - GROUND COMPACTION 

The  f o l l o w i n g  g r o u n d  c o m p a c t i o n  f a c t o r s  s h a l l  b e  c o m p e n s a t e d  
f o r  on  embankment  s e c t i o n s  o u t s i d e  t h e  e x i s t i n g  r o a d w a y  p r i s m .  

S t a t i o n  G r o u n d  C o m p a c t i o n  ( f t . )  

ITEM 4  - EARTHWORK FACTORS AND SLOPES 

The  f o l l o w i n g  e x c a v a t i o n  f a c t o r s  a n d  s l o p e s  s h a l l  b e  u s e d  
f o r  p r o j e c t  d e v e l o p m e n t .  

S t a t i o n  E x c a v a t i o n  F a c t o r s  S l o p e s  

1 5 %  S h r i n k  C - 2 . 2 0  
1 0 %  S h r i n k  C - 2 . 2 0  
15% S h r i n k  C - 2 . 2 0  

S w e l l  5% C - 2 . 2 0  L t . , 3 / 4 : 1  R t .  
1 0 %  S h r i n k  C - 2 . 2 0  

E v e n  C - 2 . 2 0  
5% S h r i n k  L t . , S w e l l  5% R t .  D a y l i g h t  L t . , 1 / 2 : 1  R t .  

10% S h r i n k  C - 2 . 2 0  
S w e l l  5% 1 : l  

Even  L t .  , S w e l l  10% R t .  1 : l  L i . , 3 / 4 : 1  R t .  
Even  L t . , S w e l l  5% R t .  1 : 1  L t . , D a y l i g h t  R t .  

E v e n  1 : l  L t . , 3 / 4 : 1  R t .  
E v e n  L t . ,  S w e l l  5% R t .  1 : l  L t . , 3 / 4 : 1  R t .  



S t a t i o n  E x c a v a t i o n  F a c t o r s  S l o p e s  

E v e n  
E v e n  
E v e n  

S w e l l  5 %  
1 5 %  S h r i n k  

I T E M  5  - WATER 

A p p r o x i m a t e l y  6 5  g a l l o n s  o f  w a t e r  p e r  c u b i c  y a r d ,  s h o u l d  b e  
e s t i m a t e d  f o r  c o m p a c t i o n  o f  b a s e  m a t e r i a l s .  W a t e r  c a n  m o s t  
l i k e l y  b e  o b t a i n e d  f r o m  t h e  C i t y  o f  P r e s c o t t ,  a n  a p p r o x i m a t e  
h a u l  d i s t a n c e  o f  2 m i l e s .  

I T E M  6  - p H  AND R E S I S T I V I T Y  

I f  a  c o r r u g a t e d  m e t a l  p i p e  c u l v e r t  i s  t o  b e  u s e d ,  t h e n  t h e  
t y p e  o f  m e t a l  p i p e  a n d  c o a t i n g  s h o u l d  b e  d e t e r m i n e d  b y  t h e  pH 
a n d  r e s i s t i v i t y  o f  i n - p l a c e  m a t e r i a l s  l i s t e d  b e l o w .  

T h i s  i n f o r m a t i o n  s h o u l d  b e  u s e d  in c o n j u n c t i o n  w i t h  F i g u r e  
2 0 3 . 0 4 - 5 .  

I n - P l a c e  M a t e r i a l s :  

S t a t i o n  ( L o c a t i o n )  PH R e s i s t i v i t y ( o h m - c m )  

( 6 0 '  R t  . )  
( 6 0 '  R t . )  
( 5 0 '  R t . )  
( 5 0 '  R t . )  
( 4 0 '  R t . )  
( 4 5 '  R t . )  
( 4 0 '  R t . )  
( 4 5 '  R t . )  
( 8 9 '  R t  . )  
( 4 5 '  R t . )  
( 4 0 '  L t . )  
( 4 5 '  L t . )  
( 4 0 '  L t . )  

( 5 0 '  R t . )  





ITEM 7 - ROADWAY EXCAVATION 

A n y  s u b g r a d e  m a t e r i a l  e n c o u n t e r e d  a t  t h e  f o l l o w i n g  l o c a t i o n s  
w h i c h  d o e s  n o t  m e e t  t h e  s u b g r a d e  c o n t r o l s  s e t  f o r  t h e s e  a r e a s  
s h a l l  b e  r e m o v e d  t o  a  d e p t h  o f  3 f e e t  b e l o w  f i n i s h e d  s u b g r a d e  
e l e v a t i o n  a n d  r e p l a c e d  w i t h  s u i t a b l e  m a t e r i a l .  T h e  m a t e r i a l  
r e m o v e d  f r o m  t h e s e  a r e a s  may b e  u s e d  i n  t h e  l o w e r  r e a c h e s  o f  t h e  
l a r g e r  f i l l s  ( 3  f e e t  b e l o w  f i n i s h e d  s u b g r a d e  e l e v a t i o n ) .  

R i g h t  S t a t i o n  4 8 1 0 t 8 0  t o  4 8 1 1 t 8 0  
R i g h t  a n d  L e f t  S t a t i o n  4 8 5 8 t 0 0  t o  4 8 6 6 t 0 0  

A n y  a d d i t i o n a l  a r e a s  e n c o u n t e r e d ,  w h i c h  i n  t h e  o p i n i o n  o f  
t h e  E n g i n e e r  may c a u s e  a n  u n s t a b l e  c o n d i t i o n  s h a l l  a l s o  be 
r e m o v e d  t o  a  d e p t h  o f  3  f e e t  b e l o w  f i n i s h e d  s u b g r a d e  e l e v a t i o n  
a n d  r e p l a c e d  w i t h  s u i t a b l e  m a t e r i a l .  

T h e  e s t i m a t e d  q u a n t i t y  f o r  s u b g r a d e  r e m o v a l  a n d  r e p 1  a c e m e n t  
i s  7 5 0 0  c u b i c  y a r d s .  

SECTION V - MISCELLANEOUS 

M i s c e 1 7 a n e o u s  S e c t i o n  i n c l u d e s  i t e m s  t h a t  w o u l d  n o t  be 
c o v e r e d  u n d e r  t h e  o t h e r  s e c t i o n s .  

ITEM 1  - TURNOUT CONSTRUCTION 

M i n o r  t u r n o u t s  a n d  d r i v e w a y s  d e s i g n a t e d  t o  b e  s u r f a c e d  a s  
shown i n  t h e  p r o j e c t  p l a n s  s h a l l  b e  c o n s t r u c t e d  o f  2  1 / 2  i n c h e s  
A C  ( 3 / 4 )  p l a c e d  o v e r  4 i n c h e s  AB C l a s s  3 .  M a j o r  c r o s s r o a d s  
s h a l l  h a v e  t h e  same p a v e m e n t  s e c t i o n  a s  t h e  m a i n  r o a d w a y .  

ITEM 2 - TEMPORARY CONNECTIONS AND DETOURS 

T h e  t e m p o r a r y  s u r f a c i n g  s h o u l d  c o n s i s t  o f  2 1 / 2  i n c h e s  o f  AC 
( 3 / 4 )  p l a c e d  o v e r  5 i n c h e s  o f  A g g r e g a t e  B a s e  ( C l a s s  3 ) .  

A t  a  t i m e  s p e c i f i e d  b y  t h e  E n g i n e e r ,  t h e  b i t u m i n o u s  
s u r f a c i n g  a n d  t h e  b a s e  m a t e r i a l  s h a l l  b e  b r o k e n  u p  a n d  p i c k e d  u p  
s e p a r a t e l y  a n d  s t o c k p i l e d  i n d i v i d u a l l y  a t  s i t e s  d e s i g n a t e d  by  
t h e  E n g i n e e r .  T h e  r e m a i n i n g  d e t o u r  r o a d w a y s  s h a l l  b e  r e m o v e d ,  
a n d  t h e  n a t u r a l  s u b g r a d e  s h a l l  b e  r e s t o r e d  a s  n e a r l y  a s  
p r a c t i c a b l e  t o  t h e  c o n d i t i o n  e x i s t i n g  p r i o r  t o  t h e  c o n s t r u c t i o n  
o f  t h e  d e t o u r .  

No m e a s u r e m e n t  f o r  p a y m e n t  w i l l  b e  made f o r  t h e  w o r k  o f  
r e m o v i n g  t h e  d e t o u r s  a n d  s t o c k p i l i n g  t h e  m a t e r i a l ,  t h e  c o s t  
b e i n g  c o n s i d e r e d  a s  i n c l u d e d  i n  t h e  c o s t  o f  t h e  c o n t r a c t  i t e m s .  



T h e  M a t e r i a l s  D e s i g n  M e m o r a n d u m  s h a l l  b e  s i g n e d  b y  a 
P r o f e s s i o n a l  E n g i n e e r .  

S u b m i t t e d  b y  P . E .  

A p p r o v e d  b y  P . E .  

203.05 P R E L I M I N A R Y  P A V E M E N T  STRUCTURE COST ESTIMATE 

A p a v e m e n t  c o s t  e s t i m a t e  f o r  e a c h  p r o j e c t  i s  d e v e l o p e d  f r o m  
t h e  recommended  p a v e m e n t  s t r u c t u r e .  T h i s  c o s t  e s t i m a t e  s h o u l d  
n o t  b e  c o n f u s e d  w i t h  t h e  e c o n o m i c  c o s t  c o m p a r i s o n  o f  a l t e r n a t e  
d e s i g n s  u s e d  i n  t h e  d e s i g n  summary ,  f o r  t h i s  e s t i m a t e  r e p r e s e n t s  
t h e  a n t i c i p a t e d  b i d  p r i c e s  o f  t h e  recommended p a v e m e n t  s e c t i o n .  
The  c o s t  e s t i m a t e  g i v e s  o n l y  t h e  c o s t s  f o r  t h e  p a v e m e n t  
s t r u c t u r e  a n d  r e l a t e d  i t e m s ,  a n d  d o e s  n o t  r e p r e s e n t  t h e  t o t a l  
c o s t s  f o r  a  p r o j e c t .  The P r e l i m i n a r y  P a v e m e n t  S t r u c t u r e  C o s t  
E s t i m a t e  i s  u s e d  f o r  c o m p a r i s o n  p u r p o s e s  t o  e n s u r e  r e a s o n a b l e  
c o m p l i a n c e  w i t h  t h e  p r o g r a m m e d  amoun t  f o r  p a v e m e n t s  o n  e a c h  
p r o j e c t .  An e x a m p l e  o f  a  P r e l i m i n a r y  P a v e m e n t  S t r u c t u r e  C o s t  
E s t i m a t e  and  t h e  recommended  f o r m a t  a r e  shown i n  F i g u r e  
2 0 3 . 0 5 - 1 .  

204.00 DESIGN R E V I E W  A N D  DISTRIBUTION 

204.01 R E V I E W  A N D  A P P R O V A L  OF MATERIALS DESIGN MEMORANDUM B Y  
MATERIALS SECTION 

A f t e r  t h e  P a v e m e n t  D e s i g n  E n g i n e e r  h a s  c o m p l e t e d  a  M a t e r i a l s  
D e s i g n  Memorandum a n d  i t  h a s  b e e n  t y p e d  i n  d r a f t  f o r m ,  i t  i s  
c h e c k e d  b y  o t h e r  S e r v i c e s  w i t h i n  M a t e r i a l s  S e c t i o n  t o  a s s u r e  
t h a t  i t e m s  r e g a r d i n g  t h e i r  f u n c t i o n  a r e  c o r r e c t .  T h i s  may 
i n c l u d e ;  r e v i e w  b y  t h e  G e o t e c h n i c a l  E n g i n e e r  f o r  u p d a t e  o f  p i t  
i n f o r m a t i o n ,  e a r t h w o r k  i t e m s ,  s l o p e  r a t i o s ,  a n d  o t h e r  r e l a t e d  
i t e m s ,  r e v i e w  b y  t h e  T e s t i n g  S e r v i c e s  E n g i n e e r  f o r  a s p h a l t i c  
c o n c r e t e  a n d  o t h e r  m a t e r i a l s  s p e c i f i c a t i o n s ;  r e v i e w  b y  t h e  
P a v e m e n t  S e r v i c e s  E n g i n e e r ,  a n d  f i n a l l y  r e v i e w  b y  t h e  A s s i s t a n t  
S t a t e  E n g i n e e r ,  M a t e r i a l s  S e c t i o n .  Any c h a n g e s  t h a t  n e e d  t o  b e  
made a r e  n o t e d  a n d  made.  A  v i c i n i t y  map s h o w i n g  t h e  l o c a t i o n  o f  
t h e  p r o j e c t  a n d  d e s i g n a t e d  p i t s  i s  i n c l u d e d  w i t h  t h e  memo a l o n g  
w i t h  a  t y p i c a l  s e c t i o n  o f  t h e  p r o p o s e d  d e s i g n .  A l s o  i n c l u d e d  i s  
a  s u b g r a d e  a c c e p t a n c e  c h a r t  when  a p p r o p r i a t e .  



PRELIMINARY PAVEMENT STRUCTURE COST ESTIMATE < Head i n q  

F-029-l(6) C 
Prescott Valley - Prescott, Unit I1 

< Construction # 
< Pro j ect Name 

Preliminary Cost Estimate: 
Subject to design changes, 
additions, alterations, 
and corrections. 

ITEM DESCRIPTION 

Aggregate Base, Class 3 

Asphalt Cement (AC-30) (3/4If Mix) 

Asphalt Cement (AC-20) (ACFC) 

Bituminous Tack Coat 

Pavement Costs = $ 4 ,  371,445 
Programmed Amount for Pavement = Unknown 
Total Programn~ed Amount = $ 9,100,000 

F I G U R E  2 0 3 . 0 5 - 1  

UNIT 

Cu. Yd. 

Ton 

Ton 

Tpf 

QUANTITY 

214,000 

3,422 

2 9 3 

15 5 

Apply Bituminous Tack Coat V 

Fog coat M o  n 

Ton 

Apply Provisional Seal Coat Hour 

Blotter Material Ton 

4 8 0 

10 

120 

40 

2 3 

72,800 

1,456 

5,318 

V 

Asphaltic Concrete (3/411 Mix) 

Mineral Admixture (3/411 Mix) 

Asphaltic Concrete ~riction Course 

UNIT PRICE 

$ 9.50 

185.00 

200.00 

120.00 

Ton 

Ton 

Ton 

AMOUNT 

$ 2,033,000 

633,070 

58,600 

18,600 

110.00 

200.00 

175.00 

100.00 

25.00 

18.00 

90.00 

20.00 

TOTAL 

52,800 

2,000 

21,000 

4,000 

57 5 

1,310,400 

131,040 

106,360 

$ 4,371,445 



204.02 DISTRIBUTION O F  MATERIALS DESIGN M E M O R A N D U M  

The Materials Prel iminary Design Report (MPDR) and Ini ti a1 
Design Memo are prepared and distributed for information, review 
and comment. The MPDR is typically a one page overview o f  the 
most likely design section and geotechnical factors including 
ground compaction, slopes and shrink and swell when applicable. 
This report is issued as soon as sufficient information 
(historical or laboratory) is available to make a reasonable 
estimate. The purpose of the report is t o  provide adequate 
information to prepare the initial plans and earthwork 
calculations. The initial memo is circulated internally within 
Materials Section for comments. Following this it is 
distributed for review and comments to other ADOT services and 
sections and district offices, as well as, the Federal Highway 
Administration when applicable. Reviewers are asked to make 
comments within ten working days after receipt. 

205.00 FINALIZATION O F  DESIGN, F I N A L  DESIGN M E M O  

If after the review period some comments have not been 
returned the designer should call to ascertain any comments. 
Giving each comment appropriate consideration, t h e  Final Memo 
should be prepared as soon as practical (generally n o  more than 
two weeks after the review period ends). The Final Memo should 
be circulated for review and comments within materials, typed, 
signed and distributed typically within a subsequent t w o  week 
period to other ADOT Services, Sections, District Offices and 
the Federal Highway Administration when applicable. 

Since the Final Memo is distributed typically at least three 
months before the bid date, t h e  designer may have to issue an 
addendum to Contracts and Specifications Services t o  update any 
last minute specification changes. 

205.01 SOIL P R O F I L E  

Under the direction of t h e  Geotechnical S i t e  Supervisor o f  
Geotechnical Services, a soil profile should be prepared. This 
soil profile should show t h e  location of t h e  test holes, the 
depth o f  the test holes, t h e  plasticity index, s i e v e  analysis 
and R-value o f  the material in the various strata and the 
general description o f  the material. 

T h e  soil profile is prepared by placing the pertinent data 
on a copy o f  the profile as prepared for the final plans o f  the 
project. This soil profile, together with o t h e r  materials 
information is available for examination by prospective bidders 
at the offices o f  the Assistant State Engineer, Materials 
Section. 



A .  TEST HOLES 

T h e  t e s t  h o l e s  s h o u l d  b e  d r a w n  o n  t h e  p r o f i l e  a t  t h e  
l o c a t i o n s  a n d  e l e v a t i o n s  i n d i c t e d  o n  t h e  f i e l d  w o r k i n g  p r o f i l e  
a n d  t e s t  h o l e  l o g  w h i c h  h a s  b e e n  p r e p a r e d  b y  t h e  f i e l d  c r e w .  
C a r e  s h o u l d  b e  t a k e n  t o  i n d i c a t e  t h e  h o l e  a t  t h e  p r o p e r  
e l e v a t i o n s  a n d  o f f s e t  f r o m  t h e  c e n t e r l i n e .  

B .  P L A S T I C I T Y  INDEX,  S I E V E  A N A L Y S I S  DATA AND " R " - V A L U E  

T h e  p l a s t i c i t y  i n d e x ,  s i e v e  a n a l y s i s  d a t a  a n d  " R " - v a l u e  d a t a  
o f  t h e  v a r i o u s  s t r a t a  o f  m a t e r i a l s  i n  e a c h  t e s t  h o l e  s h o u l d  be  
s h o w n  o n  t h e  s o i l  p r o f i l e .  T h i s  may b e  a c c o m p l i s h e d  b y  p a s t i n g  
a  c o p y  o f  t h e  s u b g r a d e  t e s t  d a t a  f r o m  t h e  c o m p u t e r  p r i n t - o u t  as 
c l o s e  t o  t h e  t e s t  h o l e  a s  p o s s i b l e  w i t h  a n  a r r o w  p o i n t i n g  t o  t h e  
h o l e  o r  p o r t i o n  o f  t h e  h o l e  t o  w h i c h  t h e  d a t a  a p p l i e s .  I f  t h e r e  
i s  n o  c o m p u t e r  p r i n t o u t  a v a i l a b l e ,  t h e  d a t a  s h o u l d  b e  p r i n t e d  on  
t h e  p r o f i l e .  

C .  MATERIALS DESCRIPT ION 

A  g e n e r a l  d e s c r i p t i o n  o f  t h e  t y p e  o f  m a t e r i a l  f o u n d  i n  e a c h  
s t r a t u m  o f  e a c h  t e s t  h o l e  s h o u l d  b e  s h o w n  a t  t h e  p r o p e r  l o c a t i o n  
o n  t h e  s o i l  p r o f i l e .  T h e  i n f o r m a t i o n  f o r  t h i s  d e s c r i p t i o n  m a y  
b e  f o u n d  i n  t h e  l o g  o f  t h e  s u b g r a d e  t e s t  h o l e s  p r e p a r e d  b y  t h e  
F i e l d  C r e w  C h i e f .  

205.02 CHECKING OF PLANS A N D  SPECIAL PROVISIONS 

As s o o n  a s  t h e y  a r e  a v a i l a b l e  p r i o r  t o  b i d  c a l l ,  t h e  p l a n s  
a n d  s p e c i a l  p r o v i s i o n s  s h o u l d  b e  c h e c k e d  b y  t h e  M a t e r i a l s  D e s i g n  
E n g i n e e r  w h o  p r e p a r e d  t h e  m a t e r i a l s  d e s i g n  r e c o m m e n d a t i o n s  t o  
a s c e r t a i n  i f  t h e y  a r e  a l l  i n  a g r e e m e n t .  A n y  d e v i a t i o n s  f r o m  t h e  
i n t e n t  o f  t h e  m a t e r i a l s  d e s i g n  a s  s t a t e d  i n  t h e  m a t e r i a l s  memo 
s h o u l d  b e  n o t e d  o n  t h e  f i l e  c o p i e s  o f  b o t h  t h e  A s s i s t a n t  S t a t e  
E n g i n e e r  a n d  M a t e r i a l s  P a v e m e n t  E n g i n e e r .  I f  t h e  d e v i a t i o n  i s  
s u f f i c i e n t  t o  w a r r a n t  a  c h a n g e ,  t h e  p r o p e r  s e c t i o n  s h o u l d  b e  
n o t i f i e d  o f  t h e  r e q u i r e d  c h a n g e .  

205.03 ASSEMBLING MATERIALS DATA FOR F I N A L  PLANS A N D  FOR 
DISTRICT INFORMATION 

When a c o n s t r u c t i o n  p r o j e c t  i s  a d v e r t i s e d  f o r  b i d s ,  a  n o t i c e  
f r o m  t h e  C o n t r a c t s  a n d  S p e c i f i c a t i o n s  S e r v i c e s  i s  f o r w a r d e d  t o  
t h e  M a t e r i a l s  S e c t i o n  s h o w i n g  t h e  p r o j e c t  n u m b e r ,  t h e  t e r m i n i  o f  
t h e  p r o j e c t ,  a n d  t h e  s e r i a l  n u m b e r s  o f  t h e  p i t s  t o  b e  u s e d  o n  
t h e  p r o j e c t .  



O n  a l l  p r o j e c t s  i n v o l v i n g  F e d e r a l  f u n d s ,  one c o m p l e t e  s e t  o f  
roadway p l a n s  s h o u l d  a l s o  be r e q u e s t e d  i n  t h e  " S p e c i a l  
I n s t r u c t i o n s "  s p a c e  and t h i s  s e t  o f  p l a n s  s h o u l d  be d e l i v e r e d  t o  
t h e  S u p e r v i s o r  of  t h e  F i n a l  Reco rds  and Sample s ,  f o r  u s e  by h i s  
c r ew .  

2 0 6 . 0 0  CONSTRUCTION P R O B L E M S  

When a  p r o j e c t  has  gone t o  c o n t r a c t  t h e  M a t e r i a l s  Design 
E n g i n e e r  s h a l l  be p r e p a r e d  t o  answer  q u e s t i o n s  p e r t a i n i n g  t o  t h e  
m a t e r i a l s  d e s i g n  o r  m a t e r i a l s  f i e l d  p rob l ems  wh ich  may be 
e n c o u n t e r e d  d u r i n g  c o n s t r u c t i o n .  The m a t e r i a l s  q u e s t i o n s  and 
f i e l d  p r o b l e m s  need t o  be h a n d l e d  e x p e d i t i o u s l y  i n  o r d e r  t o  
p r e v e n t  c o n s t r u c t i o n  d e l a y s .  

One o f  t h e  common m a t e r i a l s  p rob l ems  d u r i n g  c o n s t r u c t i o n  
o c c u r s  a t  t h e  t i m e  t h e  s u b g r a d e  i s  b e i n g  t e s t e d  f o r  a c c e p t a n c e .  
O n  p r o j e c t s  i n v o l v i n g  s u b g r a d e  p r e p a r a t i o n  t h e  m a t e r i a l s  d e s i g n  
memo c o n t a i n s  a  s u b g r a d e  a c c e p t a n c e  c h a r t .  ( F i g u r e  2 0 3 . 0 4 - 4 )  
The c h a r t  i s  used by f i e l d  c o n s t r u c t i o n  p e r s o n n e l  f o r  
d e t e r m i n i n g ,  t h e  d e s i g n  a c c e p t a b i l i t y  o f  t h e  s u b g r a d e  s o i l s .  
When a  s u b g r a d e  sample  f a l l s  w i t h i n  t h e  u n a c c e p t a b l e  r e g i o n  t h e  
f i e l d  p e r s o n n e l  w i l l  n o t i f y  t h e  m a t e r i a l s  d e s i g n e r  o f  t h e  t e s t  
r e s u l t s .  The d e s i g n e r  compares  t h i s  i n f o r m a t i o n  w i t h  t h e  
r e s u l t s  o f  t h e  o r i g i n a l  d e s i g n .  The c o n s t r u c t i o n  p e r s o n n e l  
c o n t i n u e  s a m p l i n g  t h e  u n a c c e p t a b l e  m a t e r i a l  i n  i n c r e m e n t s  o f  1 0 0  
f e e t  u n t i l  t h e  l i m i t s  o f  t h e  f a i l i n g  m a t e r i a l  h a s  been 
d e t e r m i n e d .  Using t h i s  i n f o r m a t i o n  t h e  d e s i g n e r  d e t e r m i n e s  t h e  
b e s t  method of  d e a l i n g  w i t h  t h e  u n a c c e p t a b l e  s u b g r a d e  m a t e r i a l .  
Some o f  t h e  methods  used t o  t r e a t  t h i s  m a t e r i a l  a r e  a s  f o l l o w s .  

1 .  O v e r e x c a v a t e  and r e p 1  a c e  w i t h  a c c e p t a b l  e  m a t e r i a l .  

2 .  Cement o r  l i m e  s t a b i l i z a t i o n .  

3 .  Use g e o s y n t h e t i c s  ( f a b r i c s ,  g r i d s ,  membranes ,  
e t c . ) .  

4 .  I n c r e a s e  t h e  pavement  s t r u c t u r a l  number t o  
compensa t e  f o r  weake r  s o i l s .  

In a d d i t i o n  t o  u n a c c e p t a b l e  s u b g r a d e  m a t e r i a l ,  o t h e r  
c o n s t r u c t i o n  p rob l ems  r e l a t i n g  t o  m a t e r i a l s  may o c c u r ,  a  few o f  
which a r e  a s  f o l l o w s .  



1 .  S u b g r a d e  m o i s t u r e  p r o b l e m s .  

2. S l o p e  p r o b l e m s .  

3. D r a i n a g e  o r  e r o s i o n  p r o b l e m s .  

4. O u t  o f  s p e c i f i c a t i o n  m a t e r i a l .  

A s  w i t h  all q u e s t i o n s  r e l a t i n g  t o  f i e l d  p r o b l e m s ,  t h e s e  
i t e m s  s h o u l d  be a n a l y z e d  a n d  e x p e d i t e d  by t h e  D e s i g n  E n g i n e e r  a s  
j u d i c i o u s l y  a s  p o s s i b l e .  



 



C H A P T E R  3 

P A V E M E N T  M A N A G E M E N T  A N D  E V A L U A T I O N  

300.00 PAVEMENT MANAGEMENT 

P a v e m e n t  Management annually surveys e a c h  mile o f  the S t a t e  
Highway System f o r  r i d e  roughness and pavement c r a c k i n g .  I n  
a d d i t i o n ,  rut depth m e a s u r e m e n t s  are t a k e n  a n n u a l l y  on all 
interstate h i g h w a y s .  S k i d  r e s i s t a n c e  measurements are t a k e n  on 
a priority b a s i s ,  w i t h  s p e c i a l  requests  g i v e n  t o p  priority, 
whereas routine inventory t e s t s  a r e  c o n d u c t e d  a s  t i m e  permits. 
Airports under the S t a t e  Airport System are a l s o  a n n u a l l y  
surveyed f o r  r i d e  a n d  c r a c k i n g  a s  t i m e  permits. T h e  reports 
detailing the r e s u l t s  o f  these t e s t s  a r e  made  a v a i l a b l e  t o  
pavement designers i n  o r d e r  to improve overlay and 
r e h a b i l i t a t i o n  designs. I n  a d d i t i o n ,  t h e  survey  d a t a  is used i n  
t h e  development o f  t h e  F i v e  Y e a r  Construction P r o g r a m .  Each 
Preservation Project i n  t h e  5-year p r o g r a m  i s  t e s t e d  f o r  
d e f l e c t i o n  a n d  t h e  r e s u l t s  o f  t h e s e  tests are used to help 
determine over1 ay t h i c k n e s s  a n d  type  o f  materi  a 1  . 

300,Ol PAVEMENT MANAGEMENT G O A L S  AND O B J E C T I V E S  

1 .  Complete t h e  annual pavement c o n d i t i o n  inventory on 
s c h e d u l e ,  

2 .  Analyze  t h e  d a t a  c o l l e c t e d  on a network b a s i s  for 
n e t w o r k  optimization t o  determine the appropriate m a i n t e n a n c e  
s t r a t e g y  for t h e  v a r i o u s  h i g h w a y  s e g m e n t s .  The p a v e m e n t  
condition d a t a ,  t r a f f i c  d a t a  a n d  c l i m a t e  d a t a  a r e  u s e d  t o  
predict pavement  d i s t r e s s  i n  future y e a r s ,  An o p t i m i z a t i o n  
program uses p r e d i c t i o n  models  in matrix form, as well as, other 
i n p u t  c o n s t r a i n t s  to determine t h e  l e a s t  c o s t  s e t  o f  p a v e m e n t  
i m p r o v e m e n t s  (seal coats, over1 ays  e t c . )  t o  m a i n t a i n  t h e  h i g h w a y  
network, 

A f i v e  year p r e s e r v a t i o n  p r o g r a m  i s  developed from t h e  
d a t a  and  i n t e r a c t i o n  w i t h  Distr'ncts and ADOT Management .  F o r  
t h e  f i r s t  t h r e e  y e a r s ,  s p e c i f i c  p r o j e c t s  are identified and 
funded. In t h e  last t w o  y e a r s  a budgeted a m o u n t  o f  money i s  
e s t i m a t e d  to fund  p r o j e c t e d  preservation p r o j e c t s .  

The yearly w o r k  p r o g r a m  for t h e  m a j o r  d u t i e s  o f  P a v e m e n t  
Management and Evaluation i s  shown i n  F i g u r e  3 0 0 . 0 1 - 1 ,  





3. P r o v f d e  d e f l e c t i o n  d a t a  t o  t h e  p a v e m e n t  d e s i g n e r s  f o r  
t h e  p u r p o s e  o f  d e t e r m i n i n g  t h e  s t r u c t u r a l  a d e q u a c y  o f  e a c h  
p r e s e r v a t i o n  p r o j e c t .  

4 .  M a i n t a i n ,  a s  resources a l l o w ,  a c o m p u t e r  f i l e  o f  
p a v e m e n t  c o n d i t i o n ,  h i s t o r y ,  t r a f f i c ,  m a t e r i a l s  t e s t s  a n d  a11 
o t h e r  p e r t i n e n t  d a t a  f o r  t h e  p a v e m e n t  m a n a g e m e n t  a n d  d e s i g n  
p r o c e s s .  

5 .  C o m p l e t e  a c o n d i t i o n  i n v e n t o r y  o f  a i r p o r t s  w i t h i n  
a v a i l a b l e  t i m e  c o n s t r a i n t s .  

6 .  Respond t o  reques t s  from v a r i o u s  g o v e r n m e n t  a g e n c i e s  
such a s  t h e  A t t o r n e y  G e n e r a l ,  D e p a r t m e n t  o f  Pub1 i c  S a f e t y ,  
F e d e r a l  H i g h w a y  A d m i n i s t r a t i o n ,  T r a n s p o r t a t i o n  R e s e a r c h  B o a r d ,  
AASHTO, U n i v e r s i t i e s ,  F o r e i g n  C o u n t r i e s  and  o t h e r s .  

7 .  On a t h r e e  y e a r  c y c l e  d e v e l o p  i n  c o o p e r a t i o n  w i t h  
m a n a g e m e n t  a p a v e m e n t  p r e s e r v a t i  o n  pol i c y ,  w h i c h  d o c u m e n  is 
p a v e m e n t  management g o a l s  on a h i g h w a y  n e t w o r k  b a s i s .  

301.00 PAVEMENT E V A L U A T I O N  

P a v e m e n t  E v a l u a t i o n  encompasses t h o s e  f u n c t i o n s  r e l a t i n g  t o  
t h e  f i e l d  t e s t i n g  o f  t h e  h i g h w a y  sys tem t o  o b t a i n  a l l  o r  p a r t  o f  
t h e  d a t a  n e e d e d  f o r  P a v e m e n t  Management  a n d  p a v e m e n t  s t r u c t u r a l  
d e s i g n .  

301 .01  DEFLECTION M E A S U R E M E N T  

D e f l e c t i o n  m e a s u r e m e n t s  o n  p a v e m e n t s  a r e  made by A D O T  
currently w i t h  t w o  d e v i c e s ,  t h e  D y n a f l e c t  and t h e  F a l l i n g  Weight  
Defl e c t o r n e t e r  ( F W D ) .  T h e s e  a r e  e l e c t r o - m e c h a n i c a l  s y s t e m s  f o r  
m e a s u r i n g  d e f l e c t i o n s  o f  p a v e m e n t s  from a n  a p p l i e d  l o a d .  

T h e  f o l l o w i n g  i s  a b r i e f  d e s c r i p t i o n  o f  b o t h  o f  t h e s e  
d e v i c e s :  

A .  THE F A L L I N G  W E I G H T  D E F L E C T O M E T E R  

T h e  F a l l i n g  W e i g h t  D e f l e c t o m e t e r  ( F W D )  i s  a t e s t i n g  
a p p a r a t u s  t h a t  t r a n s m i t s  t o  t h e  p a v e m e n t  a n  18,000 p o u n d  s i n g l e  
a x l e  l o a d  by a f a 7 1  i n g  w e i g h t .  The  FWD a p p f  i e s  a s p e c i f  i ed 
p a v e m e n t  l o a d i n g ,  a n d  m e a s u r e s  t h e  a c t u a l  appl i e d  l o a d  and 
d e f l e c t i o n s .  T h e  FWD p r o v i d e s  t e s t  r e s u l t s  t h a t  c a n  b e  u s e d  t o  
d e t e r m i n e  t h e  nodul u s  o f  t h e  s u b g r a d e  a n d  t h e  p a v e m e n t  l a y e r s .  



T h e  FWD t r a i l e r  i n c l u d e s  t h e  f a l l i n g  w e i g h t  l o a d  p l a t e ,  a 
f o r c e  t r a n s d u c e r ,  a n d  s e v e n  d e f l e c t i o n  t r a n s d u c e r s .  A c o m p u t e r  
p r o c e s s e s  t h e  t e s t  d a t a  a n d  p r o d u c e s  a p r i n t o u t .  By u s i n g  a 
c o m p u t e r  p rogram,  t h e  m o d u l u s  ( E - v a l u e )  c a n  b e  c a l c u l a t e d  f r o m  
t h e  t e s t  d a t a .  

B .  THE D Y N A F L E C T  

T h e  D y n a f l e c t  i s  a t e s t i n g  a p p a r a t u s  w h i c h  uses  a 1 0 0 0  p o u n d  
c y c l i c  l o a d  and r e c o r d s  d e f l e c t i o n s  t o  d e t e r m i n e  t h e  r e s p o n s e  o f  
a p a v e m e n t .  

T h e  D y n a f l e c t  t r a i l e r  i n c l u d e s  a n  e i g h t  c y c l e  p e r  s e c o n d  
1000 1 b .  f o r c e  g e n e r a t o r ,  d e f l e c t i o n  s e n s o r s ,  a n d  a d a t a  
a c q u i s i t i o n  s y s t e m .  

T o  t e s t  t h e  d e f l e c t i o n s  d u e  t o  t h e  c y c l i c  l o a d i n g ,  t h e  f i r s t  
s e n s o r  i s  lowered  t o  a p o i n t  m i d w a y  b e t w e e n  t h e  t w o  f o r c e  
wheel s. T h e  r e m a i n i n g  f o u r  geophones  a r e  p l a c e d  on o n e  f o o t  
c e n t e r - t o - c e n t e r  s p a c i n g  f rom t h e  1 s t  s e n s o r .  T h e  l o a d  i s  
a p p l i e d  a n d  t h e  d e f l e c t i o n s  f r o m  t h e  s e n s o r s  are recorded.  

C .  D A T A  A N A L Y S I S  

T h e  d a t a  o b t a i n e d  f r o r  t h e  F W D  or t h e  D y n a f l e c t  m a y  b e  
p l o t t e d  t o  f o r m  a " d e f l e c t i o n  b a s i n " ,  w h i c h  may be u s e f u l  i n  
e v a l u a t i n g  s t r u c t u r a l  adequacy o f  t h e  roadway a t  t h e  t e s t  s i t e ,  
A l s o ,  i n d e x  v a l u e s  a r e  u t i l i z e d  t o  n u m e r i c a l l y  d e f i n e  t h e  s h a p e  
o f  t h e  d e f l e c t i o n  b a s i n .  T h o s e  i n d e x  v a l u e s  a r e :  

1 .  S u r f a c e  C u r v a t u r e  Index  ( S C I )  d e f i n e d  as t h e  
numerical  d i f f e r e n c e  b e t w e e n  m e a s u r e d  d e f l e c t i o n s  o f  t h e  f i r s t  
s e n s o r  and t h e  second s e n s o r .  

2 .  B a s e  C u r v a t u r e  I n d e x  (B.C.I.), d e f i n e d  a s  t h e  n u m e r i c a l  
d i f f e r e n c e  b e t w e e n  measured d e f l e c t i o n s  o f  t h e  l a s t  s e n s o r  a n d  
t h e  n e x t  t o  t h e  last sensor. 

3 .  T h e  M a x i m u m  D e f l e c t i o n  ( M . D , ) ,  is d e f i n e d  a s  t h e  v a l u e  
o f  t h e  measured d e f l e c t i o n  of t h e  f i r s t  senso r ,  

4 .  T h e  S p r e a d a b i l i t y  I n d e x  (S.I.) i s  d e f i n e d  a s  t h e  sum o f  
a l l  t h e  s e n s o r  r e a d i n g s  d i v i d e d  by t h e  number  o f  sensors t i m e s  
t h e  f i r s t  s e n s o r  r e a d i n g  and t h a t  r e s u l t  i s  t h e n  m u l t i p l i e d  by 
1 0 0 .  

S I  = ( d l  + d 2  + d 3  + d 4  +. . .  dN)  x 100 
N x d l  

By o b s e r v i n g  t h e  S . C . I . ,  B . C . I . ,  M . D . ,  a n d  t h e  5 . 1 .  a 
q u a 1  i t a t i v e  a n a l y s i s  i s  a v a i l a b l e  f o r  t h e  s t r u c t u r a l  a d e q u a c y  o f  
t h e  r o a d w a y  a t  t h e  t e s t  s i t e .  
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301 .02  SURFACE ROUGHNESS MEASUREMENT 

One o f  t h e  m a j o r  criteria o f  a n  a d e q u a t e  r o a d w a y  i s  t h e  
c o m f o r t a b l e  a n d  s a f e  r i d e  it p r o v i d e s  t h e  t r a v e l l i n g  p u b l i c .  I t  
i s  i m p o r t a n t  t h a t  t h e r e  b e  a m e t h o d  t o  o b j e c t i v e l y  d e t e r m i n e  i f  
t h e  r o a d  i s  s u f f i c i e n t l y  s m o o t h .  

Effective February 1, 1992, ADOT has converted a11 of the 
existing Mays-meter historical data to true Mays-meter d a t a  in 
accordance with the standard methods in NCHRP Report #228, 
"Calibration of Response-Type Road Roughness Measuring 
Systemsva.  A l l  references to and use of Mays-meter data 
following February 1, 1992 are based on the new, true Mays-meter 
values. A11 references in t h i s  manual reflect those changes 
through the issuance of Change Letter No. 2, March 1992. 

The equipment u s e d  by A D O T  t o  m e a s u r e  road r o u g h n e s s  i s  the 
Mays R i d e  M e t e r ,  I t  m e a s u r e s  t h e  r o u g h n e r s  o f  t h e  p a v e m e n t  
s u r f a c e  by recording t h e  movement  b e t w e e n  t h e  rear a x l e  and t h e  
body o f  the car. 

The Mays r i d e  m e t e r  i s  m o u n t e d  in a f u l l - s i z e d  c a r  e q u i p p e d  
with c o i l  s p r i n g s ,  firm s h o c k  a b s o r b e r s ,  and front and rear 
a n t i - r o l l  bars. 

The r o a d w a y  r o u g h n e s s  i s  m e a s u r e d  i n  one t e n t h  of  a n  i n c h  
i n c r e m e n t s  ( c o u n t s )  by a t ransmit ter  t h a t  i s  r i g i d l y  m o u n t e d  i n  
t h e  t r u n k  directly a b o v e  t h e  a x l e .  A s  t h e  rear a x l e  m o v e s  up 
a n d  down relative t o  t h e  car body t h e  transmit ter  r o t a t e s  and  
provides t h e  c o u n t s .  

T h e  recorder i n  t h e  f r o n t  s e a t  r e c e i v e s  t h e  r o u g h n e s s  c o u n t s  
f r o m  t h e  transmit ter  and  p r i n t s  o u t  the a c c u m u l a t e d  t o t a l  and 
t h e  d i s tance  t r a v e l e d  d u r i n g  t h e  t e s t .  

The counts from t h e  transmitter are c o n v e r t e d  to i n c h e s  p e r  
m i l e  by d i v i d i n g  t h e  t o t a l  roughness e o u n t r  by t h e  d i s t a n c e  over 
w h i c h  they w e r e  m e a s u r e d  (usually 1 m i l e ) .  These  r e s u l t s  are 
a d j u s t e d  by t h e  c a l i b r a t i o n  f o r  t h e  s p e c i f i c  v e h i c l e .  The f i n a l  
r e s u l t s  a r e  normally used f o r  i n d i c a t i n g  r o u g h n e s s  a l t h o u g h  t h e y  
nay be converted t o  a present serviceability rating ( P S R )  by t h e  
e q u a t i o n :  
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301 .03  V I S U A L  O B S E R V A T I O N S  AHD PHYSICAL HEASUREHENTS 

A l t h o u g h  t h e  s u r f a c e  roughness i s  t h e  predominant f a c t o r  i n  
determining t h e  serviceability level o f  a pavement ,  t h e r e  a r e  3 
other factors t h a t  h a v e  a b e a r i n g  o n  serviceability. C r a c k i n g ,  
p a t c h i n g ,  and r u t t i n g  are usually measured visually e v e r  a 
specified area. A s u r f a c e  c o n d i t i o n  s u r v e y  o f  t h e  e n t i r e  s t a t e  
h ighway  system i s  p e r f o r m e d  e a c h  y e a r .  The amount o f  cracking, 
p a t c h i n g ,  r u t t i n g ,  a n d  f l u s h i n g  a t  e v e r y  milepost is recorded to 
d e t e r m i n e  t h e  present condition o f  t h e  roadway .  

301 .04  MEASUREMENT OF FRICTIOHAL CHARACTERISTICS 

One i m p o r t a n t  characteristic o f  a p a v e m e n t  i s  s u r f a c e  
friction. T e s t  I n f o r m a t i o n  i s  u s e d  t o  d e t e r m i n e  t h e  adequacy  o f  
s u r f a c e  f r i c t i o n  on roadways to meet t h e  traffic demands.  
Collection o f  f r i c t i o n  d a t a  i s  d o n e  a s  manpower i s  available 
a f t e r  c o n d i t i o n  s u r v e y ,  and roughness surveys are a c c o m m o d a t e d .  
E v e r y  a t t e m p t  i s  made t o  a s s u r e  t h a t  testing i s  done on any 
p r o b l e m  areas that are i d e n t i f i e d .  Whenever possible, p r o p o s e d  
rehabilitation p r o j e c t s  a r e  also tested. 

The device used by ADOT to determine surface friction is t h e  
Mu-meter, a continous recording friction measuring trailer. It 
measures the side-force friction generated between the t e s t  
surface and the two pneumatic tires which are each set at a 
fixed toe-out angle of 7-1/2 degrees. This frictional force is 
sensed by a transducer locatad near the apex of the trailer's 
frame. During a test, water is sprayed under the test tires to 
simulate wet pavement conditions. For special studies, dry 
tests can also be performed. Generally tests are made for 500  
feet and inventory t e s t s  normally begin at the milepost. 

3 0 1 . 0 5  FLEXIBLE PAVEMENTS 

A .  C r a c k i n g  

T h e  amount o f  cracking o f  the pavement  i s  recorded a s  a 
p e r c e n t a g e  o f  a 1 0 0 0  square f o o t  area a t  each m i l e p o s t .  A 
procedure was o r i g i n a l l y  d e v e l o p e d  f r o m  an  analysis o f  p i c t u r e s  
o f  r o a d  s u r f a c e s  w i t h  d i f f e r e n t  l e v e l s  o f  cracking s u b d i v i d e d  
into a 3000-compartment g r i d .  

T o  estimate crackf ng an  the r o a d w a y ,  previously a n a l y z e d  
pictures o f  k n o w n  percent c r a c k i n g  are compared t o  t h e  road 
sur face  and t h e  percent c r a c k i n g  o f  the area i s  determined. 
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B .  P a t c h i n g  

The amount o f  p a t c h i n g  i s  r e p o r t e d  a s  a  p e r c e n t a g e  o f  a 1000 
s q u a r e  f o o t  a r e a  a t  t h e  m i l e p o s t .  P a t c h i n g  i s  d e f i n e d  a s  any  
s u r f a c e  t r e a t m e n t  p l a c e d  by m a i n t e n a n c e  f o r c e s .  P a t c h i n g  i s  
u s u a l l y  found  i n  s m a l l  i s o l a t e d  s p o t s  b u t  can o c c a s i o n a l l y  b e  
s e e n  o v e r  t h e  e n t i r e  w i d t h  o f  t h e  roadway f o r  a hundred  f e e t  o r  
more .  

C .  F l u s h i n g  

F l u s h i n g  r e s u l t s  f rom an e x c e s s  c f  a s p h a l t  on t h e  s u r f a c e  o f  
t h e  p a v e m e n t .  

F l u s h i n g  i s  r e c o r d e d  a s  a  s e v e r i t y  r a t i n g  f rom 1 - s e v e r e  
and b l e e d i n g ,  t o  5 - no f l u s h i n g .  

D .  R u t  Depth 

R u t  d e p t h  i s  d e f i n e d  a s  t h e  mean d e p t h  of a  r u t  i n  t h e  
w h e e l p a t h s  of  t h e  pavement where  t h e  r u t  i s  t h e  d e p r e s s i o n  u n d e r  
t h e  c e n t e r  of  a  f o u r  f o o t  s t r a i g h t  e d g e .  

301 .06  R I G I D  P A V E M E N T S  

A .  P a t c h i n g  

P a t c h i n g  i s  r e p o r t e d  t h e  same way a s  f o r  f l e x i b l e  p a v e m e n t s .  

8. F a u l t i n g  

F a u l t i n g  a t  t h e  j o i n t s  o c c u r r i n g  i n  t h e  1000 s q u a r e  f o o t  
a r e a ,  i s  measured  and r e p o r t e d  t o  t h e  n e a r e s t  0 . 0 1  i n c h .  

301 .07  D A T A  I N T E R P R E T A T I O N  

T a b l e  3 0 1 . 0 7 - 1  d e s c r i b e s  qua1 i t a t i v e l y  t h e  m e a n i n g  o f  
v a r i o u s  pavement  management d a t a .  
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TABLE 3 0 1 . 0 7 - 1  

G U I D E L I N E S  U S E D  F O R  C A T E G O R I Z I N G  P A V E M E N T  

M U - M E T E R  N U M B E R :  
H I G H  4 3 - 9 9  
M E D I U M  3 5 - 4 2  
LOW L e s s  t h a n  3 5  

ROUGHNESS : 
SATISFACTORY 0-93 inlmile 
TOLERABLE 94-142 inlmile 
OBJECTIONABLE 143 + in/mile 

P E R C E N T  C R A C K I N G :  
LOW L e s s  t h a n  10 
M E D I U M  1 0 - 3 0  
H I G H  Greater t h a n  3 0  

ANNUAL M A I N T E N A N C E  C O S T  ( P E R  L A N E  MILE): 
LOW 0 - 3 3 3  
M E D I U M  3 3 4 - 6 6 6  
H I G H  Greater t h a n  6 6 6  

T R A F F I C  - A V E R A G E  D A I L Y  T R A F F I C  (ADT)  
V E R Y  LOW ( 5 0 0  
L O W  501- 2 0 0 0  
M E D I U M  2 0 0 1 - 1 0 , 0 0 0  
HIGH G r e a t e r  t h a n  10,000 

T R A F F I C  - 10 YEAR C U M U L A T I V E  18 KIP S I N G L E  
A X L E  E Q U I V A L E N T  L O A D S  (ESAt's): 

LOW 0-50,000 
M E D I U M  5 1 , 0 0 0 -  3 7 5 , 0 0 0  
H I G H  3 7 6 , 0 0 0 - 1 , 2 5 0 , 0 0 0  
V E R Y  HIGH Greater t h a n  3,250,000 

S E A S O N A L  V A R I A T I O N  F A C T O R :  
LOW Desert 0 - 1 . 7  
M E D I U M  T r a n s i t i o n  1 . 8 - 2 . 7  
H I G H  M o u n t a i n s  Greater t h a n  2 . 7  



TABLE 301 .07-1  ( C o n t ' d . )  

G U I D E L I N E S  U S E D  F O R  C A T E G O R I Z I N G  P A V E M E N T  

D E F L E C T I O N :  F I R S T  G E O P H O N E  - M I L S  ( I  m i l  = 0 . 0 0 1  i n c h )  
D y n a f l e c t  FWD 

LOW L e s s  t h a n  1 . 0  L e s s  t h e n  2 5  
M E D I U M  1 .0  - 1 . 5  2 5  - 4 0  
H I G H  1.5- t  40+ 

SPREADABILITY I N D E X :  
S T R O N G  S T R U C T U R E  46 or M o r e  
M E D I U M  3 5  - 4 5  
W E A K  L e s s  t h a n  3 5  

RUT D E P T H  
LOW 
M E D I U M  
H I G H  

- 0  - .25 I N ,  
.26 - . S O  I N .  

. 5 1 +  I N .  



 



C H A P T E R  4 

P A V E M E N T  R E H A B I L I T A T I O N  

Rehabilitation generally involves restoring the ride to a 
new condition, r e p a i r i n g  surface problems  such a s  c r a c k i n g ,  
rutting and pothole p a t c h e s  and p r o v i d i n g  g o o d  skid resistance. 
T o  a c c o m p l i s h  this may r e q u i r e  overlaying, m i l l i n g ,  recycling, 
grinding, c r a c k  sealing a n d / o r  joint sealing, a s  well a s ,  a t h e r  
activities a s s o c i a t e d  w i t h  a preservation, widening or i n  rare 
c a s e s  a reconstruction p r o j e c t .  D e s i g n s  f o r  rehabilitation 
d i f f e r  f r o m  n e w  construction i n  that c o n s i d e r a b l e  i n f o r m a t  i on 
about t h e  p a v e m e n t  structure a n d  performance a l r e a d y  e x i s t s .  In 
addition, structural c a p a c i t y  can be measured with deflect i on 
equipment. Rehabilitation design g u i d e s  are b a s e d  on deflection 
measurements augmented by e x p e r i e n c e  and do not directly follow 
the new AASHTO Design Guide. Table 400.00-1 s h o w s  the d a t a  
required for a rehabilitation d e s i g n .  In a d d i t i o n  t h e  d e s i g n e r  
should b e  familiar with t h e  t r a f f i c  loading informat i o n  
presented  in Chapter 2 ,  a s  we13 a s ,  t h e  c o s t  d a t a  c o m p i l e d  by 
Contracts and Specifications S e r v i c e s .  A s  in p a v e m e n t  d e s j g n  
for new construction, rehabilitation d e s i g n s  should reflect t h e  
most c o s t  e f f e c t i v e  solution a l t h o u g h  1 ife cycle c o s t  a n a l y s i s  
would n o t  routinely b e  conducted. 

4 0 0 . 0 1  F L E X I B L E  P A V E M E N T  REHABILITATION 

The procedure u s e d  to d e s i g n  overlays i n  Arizona i s  t o  
d e t e r m i n e  the structural a d e q u a c y  by d e f l e c t i o n  t e s t i n g .  W h e n  
t h e  18k e q u i v a l e n t  loading i s  l e s s  t h a n  100,000 f o r  t h e  d e s i g n  
period, deflect ion testing and d e s i g n  i s  r a r e l y  warranted; 
t h e r e f o r e  deflection t e s t i n g  and analysis is n o t  required f o r  
t h o s e  p r o j e c t s .  E x c e p t  in unusual situations, the design p e r i o d  
for overlayJrehabi1 i t a t i o n  p r o j e c t s  i s  10 years and t h e  
c o r r e s p o n d i n g  t e n  year traffic loading is u s e d  f o r  design. F o r  
d i v i d e d  h i g h w a y s  or highways w i t h  f o u r  o r  m o r e  lanes, t h e  d e s i g n  
traffic f o r  the high traffic lane i s  reduced  by t e n  p e r c e n t  f o r  
e a c h  a d d i t i o n a l  t r a f f i c  l a n e ,  The o t h e r  traffic l a n e s  are 
therefore e a c h  t e n  p e r c e n t  o f  the d e s i g n  t r a f f i c .  Generally, 
milling o u t  s o m e  d e p t h  o f  a s p h a l t  b o u n d  material i n  e a c h  t r a f f i c  
lane and replacing w i t h  new or r e c y c l e d  A C  i s  more c o s t  
effective t h a n  a simple o v e r l a y .  Mill out d e p t h s  and  o v e r l a y  
thicknesses can b e  d e t e r m i n e d  from deflection measurements .  
Typically t h r e e  to f i v e  measurements per mile are t a k e n  in e a c h  
traffic lane u s i n g  t h e  falling w e i g h t  deflectometer (FWD) ar  
dynafl ect. 



T A B L E  400.00-1 

DATA REQUI RED FOR DIFFERENT TYPES OF CONSTRUCT ION PRU ECTS 

ACP PCCP Surface 
Reconstruction Widening Rehabi l i ta t ion  R e h a b i l i t a t i o n  Treatments 

Data 
Requi red 

Existing 
A s - B u i l t  H H H H H 
I n  fe rnat  i on 

Roughness , 
Skid ,Crackinq L M H 

F ie ld  H H H H H 
Da ta  

Pavement 
Surf ace L M H 
Condition 

Traff ic  
Data M H H iM L 
JADT & ADLE 

Subgrade 
Sarnpl ing & H M L 

Defl ection 1 H H M L 
Test i nq 

Materi a1 H tl M M L 
Sources 

Envi ronment H H M M L 

Level o f  Need: H = High M = Moderate L = low N/A = N o t  Applicable 
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Materials Section uses the  SODA (Structural. Overlay D e s i g n  
for Arizona) method, which is based on analysis of a l l  7 FWD or 
5 dynaflect sensor readings. 

A, SODA METROD 

The SODA method uses as input values: 

I )  Total traffic loads expected over the design period (18 
k i p  ESAZns) for the given lane. 

2) Road roughness (Nays-meter value) 

3 )  Seasonal Variation Factor 

4 )  Spreadability Index (SZ) (Section 301.Ol.C.4) 

5 )  FWD #7 or Dynaflect #5 sensor readings 

The equation thickness is: 

Q00578* (Po-4,255) 
(Log L-3.255) +(0.104*SVF) + I -(0.0653*SIB) 0 . 5 4  

Where: L = Design 18 kip ESALms 
SVF = Seasonal Variation Factor 
Po = Roughness, incheslmile 
S I B  = Spreadability Index before Overlay 

For the FWD 
SIB = 2 . 7  * (FWD SI) 0 . 8 2  

D5 = #5 Dynaflect sensor reading in mils 
For the FWD 
D5 = 0 . 3 6  * (FWD D7) 1.115 

The thickness should be determined at each test l o c a t i o n  and 
the mean value of thickness for all test locations in a des ign  
section is then used as the  overlay thickness. No s t a t i s t i c a l  
manipulations are needed as they w e r e  incorporated i n t o  the 
development of t h e  method. 

Any individual t e s t  location results less than zero are 
assigned a value of zero and any results over 6 inches  are  
assigned a value of 6 inches. 
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If milling is involved then the roughness is set to 50 
inches per mile. In addition the spreadability index before 
overlay is calculated to be a function of the depth of milling, 
representative of the new or recycled asphaltic concrete that 
will be placed in the milled out trench and is set equal to the 
SIM value in the following equation. 

SIM = (0.899 * ET) + SIB 

ET = [2.6 + (32 * D5) I 0-333 * MILL 
Where: SIM = Spreadability Index after milling and 

replacement. 
ET = Equivalent thickness adjusted to reflect 

milling and replacement. 
MILL = Depth of mill out and replacement in inches. 

B. OTHER SODA CONSIDERATIONS 

From past experience if the #7 FWD sensor reading is less 
than 0.67 mil, or less than 0.1 mil for the #5 dynaflect sensor, 
the thickness of the overlay probably will be too thick. Given 
the other physical distress measurements, such as ride and/or 
cracking the designer may elect to reduce the overlay thickness 
to a value sufficiently thick to meet or exceed Table 400.01-1 
guidelines. 

If the #7 FWD sensor is greater than 2.4, or the #5 
dynaflect sensor is greater than 0.4, the subgrade is weak and 
the overlay thickness may be underestimated. For this case 
historical soil support logs, R-value tests and drainage should 
be investigated. Increased thickness and/or subgrade drainage 
may be necessary. 

If the SODA design thickness is less than 2.5 inches or the 
traffic is less than 100,000 18 kip ESALts, the designer should 
review the pavement management data base, the design review team 
data and design recommendation, as well- as, personal project 
review notes in light of Table 400.01-1. This table contains 
the most common type of repair activities and range of thickness 
for a particular distress. The selected design should consist 
of a sufficiently thick overlay and/or mill and replace section 
to meet or exceed Table 400.01-1 guidelines. 

C. OVERLAYS OTHER THEN SODA 

There may be circumstances where an overlay is warranted for 
reasons of stage construction, continuity (widening, structures) 
or preventative maintenance. For these cases a minimum two inch 
overlay should be considered. 
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TABLE 400.01-1 

O V E R L A Y  G U I D E L I N E S  

When S O D A  o v e r l a y  i s  2 . 5  i n c h e s  or l e s s  
or t r a f f i c  l o a d i n g  l e s s  t h a n  100,000 18 K i p  ESAL's 

ROUGHNESS: 

Satisfactory 0-93 in lrni le  - No Action or Seal Coat 
Tolerable 94-142 in / rn i l e  - 2"  Overlay 
Objectionable 143+ inlmile - Minimum 2 . 5 "  Overlay 

N O T E :  See T a b l e  400.01-2 for addi t i o n a l  l e v e l i n g  thickness. 

PERCENT CRACKING: 

Low less t h a n  10 - N o  a c t i o n  or Seal  C r a c k s  
M e d  i urn 10-30 - T" Overlay with o r  w i t h o u t  

m f l l i n g  
H i g h  Greater t h a n  30 - M i n i m u m  2.5" Overlay w i t h  o r  

w i t h o u t  m i l l i n g  

NOTE: C o n s i d e r  special t r e a t m e n t s  f o r  r e f l e c t i v e  cracking. 

M U - M E T E R  N U M B E R :  

H i g h  4 3 - 9 9  - No act ion  
Med i urn 3 5 - 4 2  - ACFC or  S e a l  C a a t  
Low L e s s  t h a n  3 5  - A C F C  or  Seal  C o a t  

N O T E :  Milling s h o u l d  a l s o  be considered. 

RUT DEPTH : 

L o w  
M e d i u m  

High 

0 - . 2 5  i n .  - N o  a c t i o n  
- 2 6 - . 5 0  i n .  - M'inimum 2 "  m i l l  o u t  a n d  

repl  acement 
. 5 1 +  in. - M i n i m u m  2 . 5 "  m i l l  o u t  a n d  

repl acement 

ANNUAL M A I N T E N A N C E  COST ( P E R  l A N E  MILE): 

Low 6 0 - 3 3 3  - N o  action 
Med i urn 3 4 4 - 6 6 6  - Minimum 1 . 5 "  Overlay  
H i g h  Greater t h a n  666 - M i n i m u m  2" O v e r l a y  

NOTE: If patching m a t e r i a l  unstable  m i l l i n g  will be 
n e c e s s a r y .  



I n  addition t o  overlay t h i c k n e s s ,  t h e  designer s h o u l d  
c o n s i d e r  t h e  u s e  o f  a s p e c i a l  t r e a t m e n t  t o  alleviate a 
troublesome problem. L a r g e  transverse o r  longitudinal cracks 
are d i f f i c u l t  t o  control w i t h  j u s t  a n  o v e r l a y  a n d  c a n  p r o d u c e  a 
reflective cracking p r o b l e m .  S p e c i a l  t r e a t m e n t s  s u c h  a s  a s p h a l t  
r u b b e r ,  f a b r i c s  or elastic t a p e  material s h o u l d  be c o n s i d e r e d .  
R e f l e c t i v e  cracking m a y  a l s o  o c c u r  i f  t h e  o v e r l a y  t h i c k n e s s  or 
t h e  c o m b i n e d  t h i c k n e s s  of mi71 and r e p l a c e  pavement p l u s  t h e  
overlay i s  less than t h e  t h i c k n e s s  o f  the remaining or e x i s t i n g  
o l d  pavement. In order to r e d u c e  t h e  i n c i d e n c e  o f  reflective 
c r a c k s ,  either t h e  overlay t h i c k n e s s  or milling t h i c k n e s s  s h o u l d  
be  increased t o  be a t  l e a s t  e q u a l  t o  t h e  t h i c k n e s s  o f  t h e  
r e m a i n i n g  or e x i s t i n g  o l d  p a v e m e n t .  I f  t h i s  i s  n o t  p r a c t i c a l ,  
then other special t r e a t m e n t s  such a s  asphalt rubber or fabric 
should b e  c o n s i d e r e d .  R u t t i n g  p r o b l e m s  may not b e  a l l e v i a t e d  by 
j u s t  overlaying, milling o f  u n s t a b l e  m a t e r i a l  s h o u l d  a l s o  b e  
considered. B l e e d i n g  p a v e m e n t s  may a 1  sa need  t o  be m i l  l e d  in 
c o n j u n c t i o n  w i t h  t h e  s u r f a c e  treatment .  I f  cracks h a v e . b e e n  
s e a l e d  by m a i n t e n a n c e  w i t h  a s p h a l t  r u b b e r ,  they s h o u l d  be milled 
o f f  b e f o r e  o v e r l a y  t o  improve t h e  overlay ride. T o  correct r i d e  
or  rutting problems by only overlaying, a leveling q u a n t i t y  a s  
shown on T a b l e  400.01-2 s h o u l d  be s p e c i f i e d .  

Recycling o f  e i t h e r  milled material or stockpiled s a l v a g e d  
A C  f r o m  other p r o j e c t s  s h o u l d  be considered on a l l  o v e r l a y  
p r o j e c t s .  I f  r e c y c l i n g  i s  n o t  p o s s i b l e ,  b u t  m i l l i n g  i s  
n e c e s s a r y ,  m i l l e d  material can be either stockpiled or used for 
s h o u l d e r  buildup. U n u s u a l  d r a i n a g e  problems, s u c h  a s  s p r i n g s ,  
s h o u l d  be a d d r e s s e d  w i t h  pavement reconstruction incorporating a 
d r a i n a g e  l a y e r  a n d / o r  geotextile s e p a r a t i o n  layer. If swelling 
soil i s  in e v i d e n c e  t h e n  waterproof m e m b r a n e s  such a s  a s p h a l t  
rubber or a geomembrane to intercept w a t e r  s h o u l d  be c o n s i d e r e d .  

400.62 RlGlD PAVEMENT REHABILJTATION 

Concrete structural damage,  w h i c h  may be e v i d e n c e d  by random 
cracks, s h o u l d  b e  determined . f r o m  deflection t e s t i n g .  F i g u r e  
400.02-1 i n d i c a t e s  t h e  maximum deflection at t h e  center o f  s l a b  
f o r  a new p l a i n  j o i n t e d  concrete pavement .  T h i s  f i g u s e  c a n  b e  
used  t o  d e t e r m i n e  q u a l i t a t i v e l y  t h e  degree  o f  s tructural  damage 
a n d  t h e  type  o f  rehabilitation to be c o n s i d e r e d  ( a s  shown on  
T a b l e  400.02-1). If a n  overlay i s  warranted only m i n o r  s l a b  
repairs s h o u l d  be considered a n d  normally only spalled j o i n t s  
w o u l d  be r e p a i r e d  with A C  p a t c h i n g  m a t e r i a l ,  no  joint s a w i n g  o r  
seal i n g  would be necessary. 

Other concrete s u r f a c e  d j s t r e s s  p r o b l e m s  s u c h  a s  rough r i d e  
( w i t h  or without f a u l t i n g )  or l o w  s k i d  r e s i s t a n c e  a l s o  create  a 
need f o r  rehabil i t a t i o n .  T a b l e  4 0 0 . 0 2 - 2  shows t y p i c a l  
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T A B L E  400 .01-2  

L E V E L I N G  R E Q U I R E M E N T S  ON O V E R L A Y  P R O J E C T S  

ROUGHNESS (MAYS) ADDITIONAL THICKNESS FOR LEVELING 
IN INCHES IN FEET 

R U T  DEPTH * L E V E L I N G  R E Q U I R E D  P E R  L A N E  ( T D N S J M E L E )  

1 /4  I n c h  
1 J 2  I n c h  
3/4 I n c h  
1 . 0  I n c h  

1 1 / 4  I n c h  
1 1 / 2  I n c h  

5 0  T o n s  
1 0 0  Tans 
2 5 0  Tens 
200 T o n s  
2 5 0  Tons 
300 Tons 

* L e v e l i n g  B a s e d  o n  a Three f o o t  R u t  W i d t h  



DEFLECTION 
VS 

PCC PAVEMENT THICKNESS 

PAVEMENT THICKNESS - INCHES 

DYNA = 3-6 (1) 
THK 

FWD 
#1 

SENSOR 

FWD = 76.6 ( 2) -4.94 
THK 



TABLE 4 0 0 , 0 2 - 1  

C O N C R E T E  S T R U C T U R A L  R E H A B I L I T A T l O N  

D e f l e c t i o n *  
R a t  i o 

R e h a b i l  i t a t  i o n  
A c t i o n  

1 . 0  o r  G r e a t e r  No s t r u c t u r a l  damage  

. 7  or L e s s  

C o n s i d e r  a s p h a l t  rubber o v e r l  a y ,  
or  minimum f i v e  i n c h  A C  o v e r l a y  
w i t h  or  w i t h o u t  b r e a k  a n d  s e a t ,  
a r  membrane interlayer, 

C o n s i d e r  a s p h a l t  rubber o v e r l  a y ,  
or  minimum s i x  i n c h  A C  o v e r l a y  
w i t h  or w i t h o u t  b r e a k  a n d  s e a t ,  
or membrane  i n t e r l a y e r ,  o r  t o t a l  
r e p 1  a c e m e n t .  

R a t i o  o f  new concrete d e f l e c t i o n  f r o m  F i g u r e  4 0 0 . 0 2 - 1  t o  in 
s e r v i c e  f i e l d  d e f l e c t i o n .  

NOTE:  B r e a k  a n d  s e a t  r e f e r s  t o  mechanically c r a c k i n g  or b r e a k i n g  
t h e  P C C P  s l a b  i n t o  a p p r o x i m a t e l y  t w o  f o o t  square p i e c e s  
followed by rolling or s e a t i n g  t h e  c r a c k e d  P C C P  w i t h  a 
h e a v y  (40 t o n )  r o l l e r .  

I n  areas  w i t h  a seasonal  v a r i a t i o n  f a c t o r  o f  t w o e r  
h i g h e r ,  edge  d r a i n s  should be considered. 

S t r u c t u r a l  r e h a b i l i t a t i o n  a n a l y s i s  generally i s  only 
c o n s i d e r e d  i f  s i g n i f i c a n t  r a n d o m  c r a c k s  are p r e s e n t .  
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T A B L E  4 0 0 . 0 2 - 2  

C O N C R E T E  N O N - S T R U C T U R A L  R E H A B I L I T A T I O N  

Ride 
Roughness 

S k i d  R e s i s t a n c e  

4 3  o r  m o r e  
3 5 - 4 2  
L e s s  t h a n  3 5  

Rehabilitation 
Action 

No action 
Grind* or three layer 
asphalt rubber overlay 
or asphalt rubber overlay 

No a c t i o n  
G r o o v e *  
G r o o v e *  

* J o i n t s  w o u l d  b e  sawn a n d  r e s e a l e d .  

NOTE:  L o c a l i z e d  s p a l l e d  a r e a s  a t  j o i n t  s h o u l d  b e  p a t c h e d .  I n  
a d d i t i o n ,  s l a b s  w i t h  s i g n i f i c a n t  c r a c k i n g  may n e e d  t o  b e  
r e p a i r e d  o r  r e p 1  a c e d .  



r e h a b i l i t a t i o n  m e t h o d s  t o  b e  c o n s i d e r e d .  If t h e  c o n c r e t e  i s  t o  
be g r o u n d  o r  g r o o v e d  and t h e r e  are a s p h a l t  s h o u l d e r s ,  c o n c r e t e  
s h o u l d e r s  o f  a t  l e a s t  s e v e n  i n c h  t h i c k n e s s  should  b e  c o n s i d e r e d .  

400.03 W I D E N I N G  

Some p r o j e c t s  may i n v o l v e  w i d e n i n g  t h e  e x i s t i n g  h i g h w a y  
t o g e t h e r  w i t h  o v e r l a y i n g  o r  m i l l  o u t  w i t h  r e p l a c e m e n t .  If t h e  
w i d e n i n g  i s  l e s s  t h a n  a f u l l  l a n e  ( 1 2  f e e t )  or o f  a t e m p o r a r y  
n a t u r e  ( i n t e r s e c t i o n ,  or s t a g e  d e s i g n )  t h e n  t h e  e x i s t i n g  
p a v e m e n t  and p a v e m e n t  s t r u c t u r e  s h o u l d  be used t o  d e s i g n  t h e  
o v e r l a y  and w i d e n i n g .  N o r m a l l y  t h e  w i d e n i n g  w o u l d  match  t h e  i n  
p l a c e  s t r u c t u r a l  n u m b e r  or m i n i m u m  s t r u c t u r a l  n u m b e r ,  w h i c h e v e r  
i s  g r e a t e r .  The  f u l l  w i d t h  o v e r l a y  o r  m i l l  o u t  p l u s  o v e r 1  ay 
would be d e t e r m i n e d  by t h e  f l e x i b l e  o v e r l a y  m e t h o d ,  S e c t i o n  
4 0 0 . 0 1 .  I f  n o  o v e r l a y  i s  needed ,  a t  l e a s t  a minimum t h i c k n e s s  
( t w o  i n c h e s )  w o u l d  be p l a c e d  f o r  c o n t i n u i t y .  

I f  t h e  w i d e n i n g  w a s  one l a n e  o r  w i d e r  a n d  a t  l e a s t  1 5 0 0  f e e t  
l o n g ,  j t  w o u l d  be  d e s i g n e d  i n  a c c o r d a n c e  w i t h  s e c t i o n  2 0 2 . 0 0 .  
T h e  r e m a i n i n g  i n - p l  a c e  p a v e m e n t  w o u l d  b e  d e s i g n e d  i n  a c c o r d a n c e  
w i t h  s e c t i o n  4 0 0 . 0 1 ,  e x c e p t  i t  w o u l d  be  a t w e n t y  y e a r  d e s i g n  and 
w o u l d  be  c o n s i d e r e d  t h e  i n s i d e  l a n e .  T h u s  t h e n e w w i d e n i n g  
w o u l d  be d e s i g n e d  w i t h  90 percen t  t r a f f i c  l o a d i n g  a n d  t h e  
o v e r l a y  w i t h  40  percent  t r a f f i c  l o a d i n g .  Ef p o s s i b l e ,  t h e  t o t a l  
t h i c k n e s s  o f  t h e  new AC and b a s e  s h o u l d  c l o s e l y  m a t c h  t h e  
t h i c k n e s s  o f  t h e  e x i s t i n g  p a v e m e n t  s e c t i o n .  I f  t h e  e x i s t i n g  
p a v e m e n t  d i d  n o t  need an o v e r l a y  t h e n  a t  l e a s t  a m i n i m u m  
t h i c k n e s s  ( t w o  i n c h e s )  w o u l d  b e  p l a c e d  f o r  c o n t i n u i t y .  



 



C H A P T E R  5 

C O N S U L T A N T  A N D  L O C A L  G O V E R N M E N T  

P R O J E C T S  

500.00 CONSULTANT A N D  L O C A L  GOVERNMENT PROJECTS 

T h e  n a t u r e  a n d  e x t e n t  o f  j n v o l v e m e n t  by t h e  M a t e r i a l s  
S e c t i o n  will d e p e n d  u p o n  t h e  e x a c t  n a t u r e  o f  t h e  project. 

For 1 o c a l  g o v e r n m e n t  projects w h i c h  are Federal l y  f unded ,  
t h e  g e o t e c h n i c a l  i n v e s t i g a t i o n  a n d  p a v e m e n t  d e s i g n  may b e  
p e r f o r m e d  by t h e  L o c a l  G o v e r n m e n t  or by a c o n s u l t a n t  u n d e r  
c o n t r a c t  t o  t h e  L o c a l  G o v e r n m e n t .  I n  e i t h e r  c a s e ,  t h e  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  (ADOT) becomes  i n v o l v e d  a s  t h e  
a g e n t  f o r  contracting, and i n  some c a s e s ,  f o r  c o n t r a c t  
a d m i n i s t r a t i o n .  I t  i s  t h e  r e s p o n s i b i l i t y  o f  t h e M a t e r i a l s  
S e c t i o n  t o  e v a l u a t e  t h e  g e o t e c h n i c a l  i n v e s t i g a t i o n  a n d  p a v e m e n t  
d e s i g n  *submitted by t h e  Local G o v e r n m e n t  f o r  c o m p l  i a n c e  w i t h  
A D O 7  and F H W A  p o l i c i e s  a n d  s t a n d a r d s .  

T h e  M a t e r i a l s  S e c t i o n  i s  a l s o  r e s p o n s i b l e  f o r  r e v i e w i n g  t h e  
g e o t e c h n i c a l  a n d  p a v e m e n t  d e s i g n  work performed by D e s i g n  
C o n s u l t a n t s  h i r e d  by ADOT.  When APOT h a s  r e t a i n e d  a Management 
C o n s u l t a n t  f o r  a d m i n i s t r a t i o n  o f  d e s i g n  c o n t r a c t s ,  t h a t  f i  rrn h a s  
t h e  p r i m a r y  r e s p o n s i b i l i t y  f o r  r e v i e w  and a p p r o v a l  o f  t h e  D e s i g n  
Consultant's s u b m i t t a l s .  H o w e v e r ,  t h e  Management  C o n s u l t a n t  
will a l s o  f o r w a r d  t h e  s u b m i t t a l s  t o  M a t e r i a l s  S e c t i o n  for r e v i e w  
and comment. 

The L o c a l  G o v e r n m e n t  o r  C o n s u l t i n g  E n g i n e e r  i s respons i  bl e 
f o r  c o o r d i n a t i n g  a l l  a c t i v i t i e s  r e 1  a t e d  t o  accompl i s h i n g  t h e  
prel im ina r y  survey  a n d  p a v e m e n t  d e s i g n  w h i c h  may i n v o l v e  
o b t a i n i n g  p e r m i t s  a n d / o r  h a v i n g  an  a p p r o v e d  t r a f f i c  c o n t r o l  
plan. F i e l d  s a m p l i n g  work, p a v e m e n t  d e s i g n ,  a n d  d e s i g n  
i n f o r m a t i o n  p r e s e n t a t i o n  s h o u l d  be  d o n e  i n  accordance w i t h  t h e  
procedures  a n d  g u i d e l i n e s  l i s t e d  i n  t h e  o t h e r  c h a p t e r s  o f  t h i s  
d e s i g n  manual. 

5 0 0 . 0 1  M A T E R I A L S  S E C T I O N  C O N T A C T S  FOR L O C A L  GOVERNMENTS 
AND CONSULTING E N G I N E E R S  

T o  a s s i s t  l o c a l  g o v e r n m e n t s  or  c o n s u l t i n g  e n g i n e e r s  w i t h  any 
q u e s t i o n s  w h i c h  may a r i s e  a b o u t  R O O T  M a t e r i a l s  procedures o r 



m e t h o d s ,  t h e  f o l l o w i n g  p e r s o n s  may b e  c o n t a c t e d  w i t h i n  t h e  
M a t e r i a l s  S e c t i o n  at  2 5 5 - 7 2 3 1 :  

P a v e m e n t  E n g i n e e r  
T e s t i n g  E n g i n e e r  
G e o t e c h n i c a l  E n g i n e e r  

T h e  P a v e m e n t  E n g i n e e r  shall b e  c o n t a c t e d  p r i o r  t o  
commencement  o f  t h e  p r e l i m i n a r y  e n g i n e e r i n g  s u r v e y  o r  p a v e m e n t  
d e s i g n  so t h a t  t h e  a p p r o p r i a t e  M a t e r i a l s  S e c t i o n  D e s i g n  E n g i n e e r  
i s  i d e n t i f i e d ,  C o m m u n i c a t i o n s  b e t w e e n  t h e  local g o v e r n m e n t  o r  
consul t i n g  e n g i n e e r  a n d  M a t e r i a l s  p e r s o n n e l  s h o u l d  be  
m a i n t a i n e d  t o  e n s u r e  t h a t  t h e  p r e l i m i n a r y  e n g i n e e r i n g  s u r v e y  and 
d e s i g n  will m e e t  t h e  r e q u i r e m e n t s  o f  t h e  M a t e r i a l s  S e c t i o n ,  
T h i s  will e l i m i n a t e  any u n n e c e s s a r y  d e l a y s  d u r i n g  t h e  r e v i e w  
p r o c e s s  w h i c h  c o u l d  a f f e c t  t h e  s c h e d u l e d  c o n s t r u c t i o n  d a t e .  

On p r o j e c t s  w h i c h  h a v e  a M a n a g e m e n t  C o n s u l t a n t ,  r e f e r e n c e s  
t o  n o t i c e s  or s u b m i t t a l s  t o  ADOT shall be i n t e r p r e t e d  t o  m e a n  
n o t i c e s  or s u b m i t t a l s  t o  t h e  l i a i s o n  d e s i g n a t e d  by t h e  
Management  C o n s u l t a n t .  S i m i l a r l y ,  ADOT U r b a n  H i g h w a y s  S e c t i o n  
will d e s i g n a t e  a l i a i s o n  f a r  p r o j e c t s  u n d e r  t h e i r  j u r i s d i c t i o n .  

500.02 TYPES OF PROJECTS 

Prel i m i n a r y  e n g i n e e r i n g  s o i l s  surveys, 1 a b o r a t o r y  
p r o c e d u r e s ,  a n d  p a v e m e n t  d e s i g n s  done by l o c a l  g o v e r n m e n t  o r  
c o n s u l t i n g  e n g i n e e r s  for a wide  r a n g e  o f  p r o j e c t s  will r e q u i r e  
r e v i e w  by ,  a n d  c l o s e  c o o p e r a t i o n  w i t h ,  M a t e r i  a 1  s S e c t i o n .  
P r o j e c t  t y p e s  may i n c l u d e ,  but a r e  n o t  l i m i t e d  to, new p a v e m e n t  
c o n s t r u c t i o n ,  w i d e n i n g  o f  e x i s t l n g  p a v e m e n t  s t r u c t u r e s ,  
r e a l i g n m e n t  o f  e x i s t i n g  r o a d w a y s  or s t r e e t s ,  r e h a b i l i t a t i o n  o f  
e x i s t i n g  p a v e m e n t  s u r f a c e s ,  r e c o n s t r u c t i o n  o f  e x i s t i n g  p a v e m e n t  
s e c t i o n s ,  a n d  o t h e r  m i s c e l l a n e o u s  p a v e m e n t  i m p r o v e m e n t s .  

I t  should b e  n o t e d  t h a t  a w i d e  r a n g e  o f  c o n s t r u c t i o n  
a l t e r n a t i v e s  a r e  p o s s i b l e  f o r  e a c h  type o f  p r o j e c t ,  and an 
e f f o r t  s h o u l d  b e  made t o  c o n s i d e r  a n u m b e r  o f  a l t e r n a t i v e s  s o  
t h a t  e f f i c i e n t  u s e  o f  f u n d s  may be o b t a i n e d .  

500 .03  D E S I G N  DEVELOPMENT G U I D E L I N E S  FOR L O C A L  GOVERNMENT AND 
CONSULTING E N G I N E E R S  

In o r d e r  t o  a s s i s t  l o c a l  g o v e r n m e n t s  a n d  c o n s u l t i n g  
e n g i n e e r s  i n  t h e  d e v e l o p m e n t  o f  t h e i r  p r o j e c t ,  a g u i d e l i n e  
o u t l i n i n g  r e q u i r e d  d e s i g n  d e v e l o p m e n t  p r o c e d u r e s  f o l l o w s :  



A. COMMENCEMENT OF WORK 

Before beginning work on a project, the sponsoring agency or 
t h e  consultant should contact the Materials Section Geotechnical 
Services to discuss the geotechnical requirements o f  the p r o j e c t  
and t o  obtain any pertinent information that may be available. 

B. INFORMATION AVAILABLE FROM A D O T  MATERIALS SECTION 
Information which may be useful in the design preparation 

f o r  a proposed project may be supplied by ADOT Materials S e c t i o n  
if it is available for that location. 

Traffic information is currently avail able f o r  any r o a d w a y  
which is part o f  the state system, including i n t e r s t a t e s ,  
primary and secondary roads. Traffic counts are encouraged f o r  
all local government projects. Assistance may be provided by 
A D O T  Transportation Planning S u p p o r t  Section at 2 5 5 - 7 8 9 3 .  

Information on aggregate o r  borrow pits under permit to 
A D O T ,  o r  in t h e  process o f  being acquired, may be obtained f r o m  
Materials Section. Each materials pit has a file which i n c l u d e s  
a location map o f  the pit and a summary o f  laboratory t e s t s  
conducted on samples from exploration o f  the pit. 

If the project is, o r  at o n e  time w a s ,  part o f  t h e  S t a t e  
s y s t e m ,  as-buil t information may be available. A s - b u i l t  
information should be sought o n  all rehabilitation projects t o  
obtain knowledge o f  the existing construction prior t o  
commencing field work. 

For rehabilitation projects on t h e  state s y s t e m ,  d e f l e c t i o n  
d a t a ,  ride d a t a ,  and skid d a t a  may also be available, s i n c e  a 
r e g u l a r  pavement survey i s  d o n e  by Pavement M a n a g e m e n t ,  
Materials Section. A maintenance history o f  t h e  pavement is 
a l s o  available. 

C. INFORMATION AVAILABLE FROM T H E  ADOT ENGINEERING RECORDS 

Engineering Records Services at A D O T  has many p u b l i c a t i o n s  
available as well as a s - b u i l t  records for most p r o j e c t s  
constructed o n  t h e  state system. A publications brochure w h i c h  
is normally distributed when any purchase is made l i s t s  all 
available publications and t h e  prices. S o m e  o f  t h e  p u b l i c a t i o n s  
w h i c h  may be useful to the local government o r  consultant a r e  
1 isted below: 

A D O T  MATERIALS MANUALS 
Materials Testing Manual 
Prel iminary Engineering and Design Manual 
Policy and Procedures Directives Manual 



S T A N D A R D S  A N D  SPECIFICATIONS 
A D O T  S t a n d a r d  D r a w i n g s  
Part ( 1 )  - C o n s t r u c t i o n  D e t a i l s  
P a r t  (2) - S t r u c t u r e s  
P a r t  (3) - T r a f f i c  S i g n a l s  a n d  L i g h t i n g  
P a r t  (4) - S i g n i n g  and M a r k i n g  
A D O T  S t a n d a r d  S p e c i f i c a t i o n s  f o r  R o a d  & B r i d g e  
Construction 
M A G  S p e c i f i c a t i o n s  
MAG S t a n d a r d  D e t a i l s  
C i t y  o f  P h o e n i x  S u p p l e m e n t a l  S p e c i f i c a t i o n s  
C i t y  o f  P h o e n i x  S u p p l e m e n t a l  Detail s 
A D O T  T e l e p h o n e  and M a i l  D i r e c t o r y  

N u m e r o u s  r e p o r t s  a n d  s t u d i e s  a r e  a l s o  a v a i l a b l e  f o r  
p u r c h a s e .  T h e s e  i n c l u d e  s t u d i e s  d o n e  by ADOT p e r s o n n e l  as well 
a s  other fu n d e d  s t u d i e s ,  and are l i s t e d  on t h e  p u b l i c a t i o n s  
b r o c h u r e  d i s t r i b u t e d  by ADOT E n g i n e e r i n g  R e c o r d s .  

501.01 P R E L I M I N A R Y  SURVEY MORK 

It i s  t h e  r e s p o n s i b i l i t y  o f  t h e  local g o v e r n m e n t  o r  
c o n s u l t i n g  e n g i n e e r  t o  d e t e r m i n e  w h a t  o w n e r s h i p s  a r e  i n v o l v e d  
w i t h  t h e  r o a d w a y  a 1  i g n m e n t  and a n y  p r o p o s e d  p i t  l o c a t i o n s .  T h e  
c o n s u l t a n t  or local g o v e r n m e n t  s p o n s o r i n g  agency s h a l l  c o n t a c t  
e a c h  p r o p e r t y  o w n e r  f o r  p e r m i s s i o n  t o  e n t e r  b e f o r e  e n t e r i n g  u p o n  
t h e  property for e x p l o r a t i o n  p u r p o s e s .  W r i t t e n  l i c e n s e  s h o u l d  
be o b t a i n e d  b e f o r e  p r o s p e c t i n g  m a t e r i a l s  s o u r c e s .  An 
E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t  and c l e a r a n c e  may a1 so b e  
n e c e s s a r y  o n  both c e n t e r l i n e  a n d  p i t  s i t e s  d e p e n d i n g  on p r o j e c t  
l o c a t i o n .  

All p r e l i m i n a r y  e n g i n e e r i n g  s u r v e y  w o r k  performed b y  t h e  
1 o c a l  g o v e r n m e n t  or a n  e n g i n e e r i n g  c o n s u l t a n t  s h o u l d  f o l l o w  t h e  
p r o c e d u r e s  o f  t h i s  m a n u a l .  M a t e r i a l s  I n v e s t i g a t i o n  P r o c e d u r e s  
are l i s t e d  i n  C h a p t e r  1 and P a v e m e n t  M a n a g e m e n t  a n d  E v a l u a t i o n  
Procedures a r e  1 i s t e d  i n  C h a p t e r  3. 

501.02 C E N T E R L I N E  I N V E S T I G A T I O N  OF NEW CONSTRUCTION AND 
R E C O N S T R U C T I O H  P R O J E C T S  

For n e w  p a v e m e n t  c o n s t r u c t i o n ,  r e c o n s t r u c t i o n ,  w i d e n i n g  o f  
e x i s t i n g  r o a d s ,  or real i g n m e n t ,  s u b g r a d e  e x p l o r a t i o n  and 
s a m p ?  i n g  f o r  R-val u e ,  P I ,  G r a d a t i o n  a n d  in-pl ace d e n s i t y  s h o u l d  
f o l l o w  procedures l i s t e d  in C h a p t e r  1 o f  t h i s  m a n u a l  w h i c h  are 
m i n i m a l  r e q u i r e m e n t s .  T h e  E n g i n e e r  p r e p a r i n g  t h e  G e o t e c h n i c a l  
Report may e l e c t  to d o  a d d i t i o n a l  w o r k  in order t o  more f u l l y  



d e s c r i b e  a n d  document any unusua l  o r  s p e c i a l  m a t e r i a l s  a n d / o r  
c o n d i t i o n s .  

To p r o p e r l y  r ecord  o b s e r v a t i o n s  a n d  d a t a  d u r i n g  t h e  
i n v e s t i g a t i o n ,  a w o r k i n g  s o i l  p r o f i l e  s h o u l d  b e  d e v e l o p e d  and 
p e r t i n e n t  i n f o r m a t i o n  r eco rded  and n o t e d  o n  t h i s  p r o f i l e .  The 
b a s e  d o c u m e n t  f o r  t h e  w o r k i n g  p r o f i l e  s h o u l d  b e  t h e  c e n t e r 1  i n e  
p r o f i l e  p r o v i d e d  by t h e  s p o n s o r i n g  a g e n c y  o r ,  i f  p l a n s  a n d  
p r o f i l e s  h a v e  already been p r e p a r e d ,  t h e  p l a n  p r o f i l e  may be 
used .  

On projects i n v o l v i n g  new c o r r u g a t e d  me ta l  p i  p e  
i n s t a l l a t i o n ,  pH a n d  r e s i s t i v i t y  t e s t s  a r e  a l s o  r e q u i r e d  a t  t h e  
p r o p o s e d  p i p e  l o c a t i o n .  On p r o j e c t s  where e x i s t i n g  p i p e s  a r e  t o  
b e  e x t e n d e d ,  g e n e r a l l y  t h e y  w i l l  b e  m a t c h e d  i n  k i n d  a n d  n o  
s a m p l i n g  w i l l  be needed u n l e s s  t h e  p r o j e c t  i s  w i t h i n  a c o r r o s i v e  
a r e a ,  t h e n  a t  l e a s t  h a l f  t h e  p i p e  l o c a t i o n s  o r  a m i n i m u m  o f  
t h r e e  l o c a t i o n s ,  w h i c h e v e r  i s  g r e a t e r ,  s h o u l d  be s a m p l e d  and 
t e s t e d .  R e f e r  t o  o t h e r  s e c t i o n s  o f  t h e  M a n u a l  for a n y  
a d d i t i o n a l  i t e m s  t h a t  may be r e q u i r e d .  

501.03 INVESTJGATION FOR REHABILITATION O F  EXISTING ROADWAY 

For  r e h a b i l  i t a t i o n  p r o j e c t s ,  subgrade a n d  b a s e  m a t e r i a l s  do  
not need t o  b e  s a m p l e d  u n l e s s  deemed necessary by t h e  
r e s p o n s i b l e  E n g i n e e r .  A s p h a l t  cores s h o u l d  be t a k e n  t o  v e r i f y  
the  condition a n d  t h i c k n e s s  o f  t h e  e x i s t i n g  s u r f a c i n g .  See  
S e c t i o n  103 f o r  c o r i n g  r e q u i r e m e n t s .  

E v a 1  u a t i o n  o f  t h e  e x i s t i n g  p a v e m e n t  s u r f a c e  s h o u l d  be done  
a t  a minimum o f  5 l o c a t i o n s  p e r  p r o j e c t  o r  a t  l e a s t  3 p e t  m i l e  
o f  roadway,  w h i c h e v e r  i s  g r e a t e r .  T h e  e v a l u a t i o n  s h o u l d  i n c l  u d e  
t h e  f o l l o w i n g :  

1. C r a c k i n g  - location, p e r c e n t a g e ,  t y p e ,  w i d t h  
2 .  P a v e m e n t  r u t t i n g  - l o c a t i o n s ,  d e p t h ,  w i d t h  
3 .  P a v e m e n t  f l u s h i n g  - l o c a t i o n ,  e x t e n t  
4 ,  S t r i p p i n g  - l o c a t i o n ,  e x t e n t ,  t y p e  
5 .  Rave l1  i n g  - l o c a t i o n ,  cause  
6 .  M a i n t e n a n c e  p a t c h e s  - l o c a t i o n ,  t y p e ,  p u r p o s e  
7 .  D r a i n a g e  p rob l ems  
8. S h o u l d e r  c o n d i t i o n  

A w r i t t e n  r e c o r d  s h o u l d  be made o f  the  p a v e m e n t  e v a l u a t i o n  
by  l o c a t i o n  with p h o t o g r a p h s  or  d r a w i n g s  t o  v i s u a l l y  r e c o r d  t h e  
t y p e s  o f  problems w h i c h  a r e  e v i d e n t  o n  t h e  p a v e m e n t  s u r f a c e .  

On p r o j e c t s  where  o v e r l a y  o f  e x i s t i n g  p a v e m e n t  i s  n o t  
p o s s i b l e  o r  w h e r e  c r a c k i n g  o f  t h e  e x i s t i n g  p a v e m e n t  i s  v e r y  
e x t e n s i v e ,  r e m o v a l  o f  t h e  e x i s t i n g  p a v e m e n t  m a y  b e  n e c e s s a r y .  



T h i s  i s  e s p e c i a l l y  t r u e  w h e r e  c u r b  a n d  g u t t e r  i s  p r e s e n t .  O n  
p r o j e c t s  w h e r e  r e c y c l i n g  o f  t h e  e x i s t i n g  p a v e m e n t  i s  t o  b e  
c o n s i d e r e d ,  a t  l e a s t  3 s i x  i n c h  c o r e s  at s e l e c t e d  s a m p l i n g  
l o c a t i o n s  s h o u l d  be t a k e n  f o r  recycl i n g  t e s t s .  In n o  c a s e  
s h o u l d  l e s s  t h a n  1 2  l o c a t i o n s  b e  s a m p l e d ,  a t  u n i f o r m l y  s p a c e d  
l o c a t i o n s  t h r u - o u t  t h e  p r o j e c t ,  i n  order t o  p r o v i d e  enough 
m a t e r i a l  for a r e c y c l e  m i x  d e s i g n ,  

I n  a d d i t i o n ,  d e f l e c t i o n  t e s t i n g  s h o u l d  b e  d o n e  i f  t h e  d e s i g n  
t r a f f i c  is g r e a t e r  t h a n  100,000 18K E S A L ' s .  D e f l e c t i o n  t e s t  
r e s u l t s  may b e  a v a i l a b l e  f r o m  A D O T  i f  t h e  r o a d w a y  i s  on t h e  
s t a t e  system. I f  d e f l e c t i o n  t e s t s  a r e  n e e d e d ,  t e s t i n g  c a n  be 
d o n e  by a c o n s u l t a n t .  If t h i s  i s  n o t  p o s s i b l e  M a t e r i a l s  S e c t i o n  
will c o n d u c t  t h e  tests u p o n  request. 

501.04 IMVESTIGATION OF M A T E R I A L  P I T S  

O n  p r o j e c t s  w h e r e  b o r r o w  will b e  r e q u i r e d ,  a m a t e r i a l s  p i t  
w i l l  p r o b a b l y  b e  n e c e s s a r y .  If t h e  p r o p o s e d  s o u r c e  i s  one w h i c h  
has n o t  b e e n  p r e v i o u s l y  e x p l o r e d  by M a t e r i a l s  S e c t i o n ,  t h e n  
e x p l o r a t i o n  o f  t h e  p i t  w o u l d  b e  n e c e s s a r y .  Q u e s t i o n s  r e g a r d i n g  
pit e x p l o r a t i o n  r e q u i r e m e n t s  s h o u l d  b e  d i s c u s s e d  w i t h  a 
G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r  o f  t h e  M a t e r i  a1 s S e c t i o n .  
N o r m a l l y  a source i s  n o t  d e s i g n a t e d  i f  t h e  r e q u i r e d  q u a n t i t y  i s  
l e s s  t h a n  5,000 c u b i c  y a r d s ,  

E x p l o r a t i o n  o f  m a t e r i  a ?  s p its s h o u l d  f o l l o w  t h e  procedure 
l i s t e d  i n  Chapter 1 .  T h e  r e q u i r e m e n t s  f o r  R - V a l u e  t e s t s  on 
borrow sources s h o u l d  b e  noted. 

5 0 1 . 0 5  E X P L O R A T l O N  E Q U I P M E N T  AND S A M P L I N G  

M o s t  s a m p l i n g  o f  s u b g r a d e  soils f o r  new r o a d w a y  c o n s t r u c t i o n  
i s  d o n e  w i t h  a b a c k h o e .  U t i l i z a t i o n  o f  a b a c k h o e  i s  e n c o u r a g e d  
s i n c e  i t  will p r o v i d e  a l a r g e  u n c o n t a m i n a t e d  s a m p l e  a n d  w i l l  
a l l o w  visual i n s p e c t i o n  o f  t h e  d i f f e r e n t  s o i l  h o r i z o n s ,  l a y e r i n g  
a n d  soil s t r u c t u r e .  M a t e r i a l  s p i t s  a r e  a1 s o  g e n e r a l  ly e x p l o r e d  
i n  t h i s  m a n n e r  f o r  t h e  s a m e  r e a s o n s .  

S a m p l e s  t a k e n  on r e c o n s t r u c t i o n  a n d  r e h a b i l i t a t i o n  p r o j e c t s  
a r e  o f t e n  t a k e n  w i t h  c o r i n g  e q u i p m e n t  i n  o r d e r  t o  m i n i m i z e  t h e  
d i s r u p t i o n  o f  t h e  e x i s t i n g  road a n d  b e c a u s e  o f  the s h a l l o w  
d e p t h s  u s u a l l y  r e q u i r e d .  T h e s e  s o i l  s a m p l e s  s h o u l d  i n c l u d e  a t  
l east t h e  t w o  f e e t  i m m e d i a t e l y  b e l o w  t h e  e x i s t i n g  p a v e m e n t  
structure. 

S a m p l e s  s h o u l d  be t a k e n  i n  a m a n n e r  w h i c h  will p r o v i d e  an 
a d e q u a t e  s a m p l e  s i z e  w i t h  a m i n i m u m  of c o n t a m i n a t i o n .  C a r e  
s h o u l d  b e  e x e r c i s e d  i n  s a m p l i n g  t o  prevent c o n t a m i n a t i o n  o f  



m a t e r i a l s .  Other m e t h o d s  of sampling are possible provided 
c o n t a m i n a t i o n  c a n  b e  p r e v e n t e d .  Sampling t e c h n i q u e s  o t h e r  t h a n  
t h o s e  listed i n  the design m a n u a l  will not be used w i t h o u t  prior 
approval by t h e  Geotechnical S e r v i c e s  E n g i n e e r .  A Field R e v i e w  
of p r o j e c t s  c o n t r a c t e d  t o  a c o n s u l t i n g  e n g i n e e r  on  t h e  s t a t e  
r o a d  system may be c o n d u c t e d  From time to time by t h e  
G e o t e c h n i c a l  I n v e s t i g a t i o n  E n g i n e e r  of Materi a 1  s S e c t i o n  f o r  
informational purposes. 

502.00 M A T E R I A L S  TESTING 

All t e s t i n g  o f  samples should be performed i n  c o m p l i a n c e  
w i t h  p r o c e d u r e s  o u t 1  i n e d  i n  " A r i z o n a  Department of 
Transportation M a t e r i a l s  T e s t i n g  Manual". 

On p r o j e c t s  w h i c h  will utilize cement  or lime t r e a t m e n t  for 
b a s e  s u p p o r t ,  ADOT Materials T e s t i n g  Services Engineer s h o u l d  be 
contacted f o r  t e s t i n g  r e q u i r e m e n t s .  

503.00 T R A F F I C  I N F O R M A T F O N  

A g o o d  p a v e m e n t  d e s i g n  should b e  s u f f i c i e n t  to p r o v i d e  t h e  
required life under the traffic w h i c h  will be i m p o s e d  o n  i t .  
P a v e m e n t  d e s i g n  traffic information for S t a t e  Highways i s  
available f r o m  M a t e r i a l s  S e c t i o n .  For non-state h i g h w a y s  a n d  
l o c a l  government projects A p p e n d i x  A s h o u l d  be rev i ewed  to 
determine h o w  t o  calculate pavement design t r a f f i c  l o a d i n g s .  

504.00 PAVEMENT STRUCTURE DESIGN 

T h e  d e s i g n  of all p a v e m e n t  structures s h o u l d  b e  d o n e  
a c c o r d i n g  to t h e  d e s i g n  m e t h o d s  listed i n  Chapters  2 and  4 o f  
this manual. These c h a p t e r s  i n c l u d e  t h e  A A S H T D  M e t h o d  a s  
modified by ADOT f o r  flexible p a v e m e n t s ,  ADOT's a d o p t i o n  o f  
A A S H T O ' s  m e t h o d  for d e s i g n  o f  r i g i d  pavements,  and a n  over1 ay  
d e s i g n  procedure b a s e d  upon deflection t e s t i n g .  M i n i m u m  
p a v e m e n t  d e s i g n s  s h o u l d  b e  n o t e d  as l i s t e d  i n  C h a p t e r  2 .  

505.00 CONSULTANTS O R  LOCAL GOVERNMENTS REPORT 

The report  p r e s e n t e d  to ADOT s h o u l d  consist of three  parts, 
e a c h  o f  w h i c h  will stand separately. T h e s e  are the G e o t e c h n i c a l  
R e p o r t ,  P a v e m e n t  D e s i g n  Summary, a n d  D e s i g n  Memorandum. 
Examples of e a c h  a r e  a v a i l a b l e  f r o m  t h e  M a t e r i a l s  D e s i g n  
E n g i n e e r  or L o c a l  Government S e r v i c e s ,  a s  wel l  a s ;  s h o w n  i n  
Chapter 2 .  Each o f  t h e  t h r e e  r e p o r t s  mentioned shall b e  s i g n e d  
and s e a l e d  by a n  A r i z o n a  registered engineer. 



A .  G E O T E C H N I C A L  REPORT 

The geotechnical report should primarily be a summary o f  the 
field exploration, laboratory testing, interpretations and 
recommendations. It should include the project c o n c e p t ,  scope 
and a site plan. All Geotechnical Reports should contain the 
following basic information. 

1 .  A  summary of the information gathered during field 
exploration should be presented w i t h  visual 
observations, geology, sample conditions, sample l o g s ,  
in-place density data, groundwater information, record 
of existing pavement conditions and existing pavement 
section measurements should be included when necessary. 

2. Laboratory or in situ test data should b e  presented 
showing all test results including, but not limited t o ,  
R-Value, Plasticity Index, gradation analyses, moisture 
content, pH, resistivity, proctor d e n s i t y ,  shear 
strength, consolidation, sulfate and asphalt tests. 

3. A section containing interpretation and analysis of 
data should be included. This section should contain 
ground compaction factors, excavation f a c t o r s ,  slope 
ratios and associated testing. 

4. Specific recommendations f o r  design. 

5. Geotechnical special provisions. 

6. A soils profile which clearly illustrates t h e  location, 
depth and soils physical properties. 

7. A section on recommendations, c o m p l e t e  with 
justifications, should be composed as the summary. All 
references utilized should be listed. 

8. An appendix containing engineering calculations shall 
be submitted. 

9. Pit information should include reference t o  pit 
numbers, site maps, pit gradation and plasticity 
indexes, R-values, unit weights, pH and resistivity 
data, in-place density test d a t a ,  haul d i s t a n c e  and 
availability. 

B. PAVEMENT DESIGN SUMMARY 

The pavement design summary is necessary t o  s h o w  the basis 
f o r  the proposed design. It also provides information necessary 
f o r  the review o f  design. T h e  pavement design summary should 
support the design recommendations made. 



The pavement d e s i g n  summary s h o u l d  i n c l u d e  a d e s c r i p t i  o n ,  
l o c a t i o n ,  a n d  r e a s o n  for t h e  p r o j e c t .  V i s u a l  o b s e r v a t i o n s  m a d e  
by t h e  d e s i g n e r  s h o u l d  b e  l i s t e d ,  e s p e c i a l l y  on r e h a b i l i t a t i o n  
p r o j e c t s .  S u b s o i  1 c o n d i t i o n s  a n d  g e o l o g y  s h o u l d  b e  d i s c u s s e d  
a n d  t e s t  r e s u l t s  p e r t i n e n t  t o  t h e  d e s i g n  s u c h  a s  R - v a l u e s ,  P I ' S ,  
g r a d a t i  e n s ,  mei s t u r e s  and  f r o s t  s u s c e p t i  bi 1 i  t i e s  s h o u l d  be  
l i s t e d .  

A s u p p o r t  a r g u m e n t  f o r  t h e  d e s i g n  c h o s e n  s h o u l d  b e  made .  
For  n e w  c o n s t r u c t i o n ,  t h e  s e l e c t i o n  o f  t h e  d e s i g n  R - v a l u e  s h o u l d  
b e  d i s c u s s e d .  O t h e r  f a c t o r s  i m p o r t a n t  i n  t h e  d e s i g n  s h o u l d  be 
1  i s t e d  i n c l u d i n g  t r a f f i c  n u m b e r s  a n d  t h e i r  s o u r c e ,  s e a s o n a l  
v a r i a t i o n  f a c t o r ,  t e r m i n a l  s e r v i c e a b i l  i ty i n d e x ,  s t r u c t u r a l  
c o e f f i c i e n t s  fo r  m a t e r i a l  s i n  t h e  p a v e m e n t  s e c t i o n ,  and  requi red 
s t r u c t u r a l  number  w i t h  a ?  1 f a c t o r s  c o n s i d e r e d .  f o r  
r e h a b i l  i t a t i o n  p r o j e c t s  u t i l i z i n g  d e f l e c t i o n  d e s i g n ,  all r e s u l  t s  
o f  d e f l e c t i o n  t e s t  s h o u l d  b e  l i s t e d  a l o n g  w i t h  t h e  m e t h o d  used .  
I f  t h e  p r o j e c t  i s  t o  b e  d i v i d e d  i n t o  s e c t i o n s  w i t h  d i f f e r e n t  
d e s i g n  r e commenda t i ons ,  s u p p o r t  s h o u l d  be shown f o r  t h i s  
d i v i s i o n ,  s u c h  a s  d i f f e r e n t  s o i l  t y p e  o r  d i f f e r e n t  e x i s t i n g  
pavement  c o n d i t i o n s .  

The p a v e m e n t  d e s i g n  summary s h o u l d  l i s t  d i f f e r e n t  d e s i g n  
a l t e r n a t i v e s ,  an  economic c o s t  c o m p a r i s o n  a n d  a d i s c u s s i o n  
e x p l a i n i n g  t h e  r e a s o n  f o r  t h e  a l t e r n a t i v e  c h o s e n .  U n i t  c o s t s  
a n d  t o t a l  c o s t s  s h o u l d  be l i s t e d  f o r  each  d e s i g n  c o n s i d e r e d .  
The M a t e r i a l s  D e s i g n  E n g i n e e r  c a n  g i v e  a s s i s t a n c e  w i t h  r e g a r d  t o  
r e c e n t  c o s t s  o f  v a r i o u s  p a v e m e n t  m a t e r i a l s .  

C .  DESIGN MEMORANDUM 

T h i s  i s  t h e  f i n a l  p a r t  o f  t h e  repor t  t o  be s u p p l i e d  by t h e  
c o n s u l t i n g  e n g i n e e r  o r  l o c a l  g o v e r n m e n t .  C h a p t e r  2 e x p l a i n s  t h e  
d e s i g n  memo p r e p a r a t i o n  and w h a t  s h o u l d  be c o n t a i n e d  t h e r e i n .  
T h e  d e s i g n  memorandum d e s c r i b e s  w h a t  w i l l  be c o n s t r u c t e d  a n d  t h e  
i n f o r m a t i o n  i t  c o n t a i n s  i s  i n c l u d e d  i n  t h e  o v e r a l l  p r o j e c t  
d e s i g n  a n d  p l a n s .  I t  a l s o  t e l l s  A D O T  C o n t r a c t s  a n d  
S p e c i f i c a t i o n s  S e r v i c e s  w h a t  m a t e r j a l s  w i l l  be used s o  t h a t  t h e  
p r o p e r  s p e c i f i c a t i o n  i s  i n c l u d e d  i n  t h e  c o n t r a c t .  I t  i n c l u d e s  
o t h e r  s e c o m m e n d a t i o n s  f o r  c o n s t r u c t i o n  as wel l  a s  e a r t h w o r k  
f a c t o r s  and s o u r c e s  o f  any materials. 

Much o f  t h e  m e m o  i s  made up  o f  s t a n d a r d  i t e m s  w h i c h  c a l l  o u t  
a s t a n d a r d  o r  s t o r e d  s p e c j f i c a t i o n .  C o p i e s  o f  t h e s e  i t e m s  are 
avail a b l e  f r o m  ADOT. T h e s e  i t e r n s  a r e  b e i n g  c o n s t a n t l y  u p d a t e d ,  
a n d  t h e  c o n s u l t a n t  i s  e n c o u r a g e d  t o  r e q u e s t  t h e  l a t e s t  v e r s i o n  
f r o m  ADOT M a t e r i a l s  S e c t i o n  or  Local  Government S e r v i c e s .  



T h e  i n c o r p o r a t i o n  o f  any s p e c i f i c a t i o n  by r e f e r e n c e ,  o t h e r  
t h a n  a n  A D O T  S p e c i f i c a t i o n ,  i s  n o t  an a c c e p t a b l e  p r o c e d u r e .  
R e f e r e n c e  s h o u l d  b e  m a d e  t o  t h e  a p p r o p r i a t e  ADOT s p e c i f i c a t i o n .  
I f  a n o t h e r  s p e c i f i c a t i o n  i s  s p e c i f i c a l l y  d e s i r e d  f o r  a p r o j e c t  
w h i c h  i s  n o t  o n  t h e  S t a t e  h i g h w a y  s y s t e m ,  t h e  s p e c i f i c a t i o n  m u s t  
b e  w r i t t e n  out in f u l l ,  and will be s u b j e c t  to r e v i e w  a n d  
approval by ADOP. 

D .  P R E L I M I N A R Y  P A V E M E N T  S T R U C T U R E  C O S T  E S T I M A T E  

A p a v e m e n t  cost e s t i m a t e  for e a c h  p r o j e c t  i s  d e v e l o p e d  f r o m  
t h e  r e c o m m e n d e d  p a v e m e n t  s t r u c t u r e  f o l l o w i n g  t h e  e c o n o m i c  
comparison o f  a l t e r n a t e  d e s i g n s .  T h e  cost e s t i m a t e  g i v e s  only 
the costs f o r  t h e  p a v e m e n t  s t r u c t u r e  and r e l a t e d  i t e m s .  The 
Prel irninary Pavement  S t r u c t u r e  Cost E s t i m a t e  i s  used f o r  
comparison p u r p o s e s  t o  e n s u r e  r e a s o n a b l e  c a m p 1  i a n c e  w i t h  t h e  
programmed amount  for p a v e m e n t s  o n  e a c h  project a n  e x a m p l e  
f o r m a t  i s  shown  in F i g u r e  203.05-1, 

E .  R E V I E W  PROCEDURE 

T h e  preparer o f  t h e  d e s i g n  m e m o r a n d u m  s h o u l d  work c l o s e l y  
w i t h  t h e  M a t e r i a l s  D e s i g n  E n g i n e e r  a s s o c i a t e d  w i t h  t h e  project. 
N o r m a l l y ,  M a t e r i a l s  D e s i g n  Memos are r e v i e w e d  at l e a s t  t w o  times 
p r i o r  to b e i n g  f i n a l i z e d .  T h e  local government, their d e s i g n  
e n g i n e e r  or ADOT contracted d e s i g n  engineer r e s p o n s i b l e  f o r  t h e  
e n g i n e e r i n g  s u r v e y  a n d  d e s i g n  should s u b m i t  a p r e l  i m i n a r y  
g e o t e c h n i c a l  report, p a v e m e n t  d e s i g n  s u m m a r y  a n d  d e s i g n  
m e m o r a n d u m  d i r e c t l y  t a  M a t e r i a l s  S e c t i o n  for p r e l i m i n a r y  
review. I f  c l o s e  c o o p e r a t i o n  h a s  b e e n  m a i n t a i n e d  t h r o u g h o u t ,  
t h e s e  repor t s  s h o u l d  b e  in t h e  proper f o r m  at t h a t  t i m e .  
Materials S e c t i o n  personnel will make c o m m e n t s  a n d  a s k  q u e s t i o n s  
c o n c e r n i n g  t h e s e  reports a n d  t h e y  will be returned t o  t h e  
c o n s u l t a n t  or local government for r e v i s i o n  w h e r e  n e c e s s a r y .  

A f t e r  r e v i s i o n s  h a v e  been made a s  r e q u e s t e d ,  t h e s e  items 
will b e  r e s u b m i t t e d  for a n o t h e r  review. If r e v i s i o n  i s  c o m p l e t e  
a n d  a c c e p t a b l e  t h e  Iscal g o v e r n m e n t  or consulting e n g i n e e r  will 
b e  c o n t a c t e d ,  a n d  ADOT w i l l  accept t h e  g e o t e c h n i c a l  report and 
p a v e m e n t  d e s i g n  summary and s u b m i t  t h e  d e s i g n  memo t o  t h e  
n e c e s s a r y  l o c a t i o n s  i n  ADOT. If r e v i s i o n  i s  not s u f f i c i e n t ,  
t h e s e  i terns will b e  returned t o  t h e  c o n s u l t a n t  o r  l o c a l  
g o v e r n m e n t  for more r e v i s i o n .  T h i s  w i l l  c o n t i n u e  u n t i l  t h e s e  
i t e m s  are a c c e p t a b l e .  

F .  L O C A L  G O V E R N M E N T  A N D  C O N S U L T A N T  S U B M I T T A L S  

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

1. S o i l  i n f o r m a t i o n ,  i n c l u d i n g  s o i l s  c l a s s i f i c a t i o n s ,  
s o i l s  p r o f i l e  f o r  new a l i g n m e n t s ,  a n d  log a f  core 
s a m p l e s .  



2 .  G e o t e c h n i c a l  R e p o r t  

3 .  D e s i g n  S u m m a r y ,  i n c l u d i n g  a n  e c o n o m i c  c o m p a r i s o n  o f  
d e s i g n  a1 t e r n a t i v e s .  

4 .  I n i t i a l  D e s i g n  memo f o r  r e v i e w  

5 .  P r e l i m i n a r y  p a v e m e n t  s t r u c t u r e  c o s t  e s t i m a t e .  

6 .  F i n a l  D e s i g n  Memo 

T h e  f i n a l  v e r s i o n  o f  G e o t e c h n i c a l  R e p o r t ,  D e s i g n  S u m m a r y ,  
a n d  D e s i g n  Memo m u s t  b e  s i g n e d  a n d  s e a l e d  by  a n  A r i z o n a  
r e g i s t e r e d  e n g i n e e r .  



 



A P P E N D I X  A 

T R A F F I C  D A T A  P R O C E D U R E S  A N D  A N A L Y S I S  

INTRODUCTION 

Generally ADOT can provide or determine traffic loading 
information in 18 kip ESALts on all state highways under A D O T  
jurisdiction. The following procedure describes how A D O T  
developes these traffic loadings. 

SOURCES OF TRAFFIC DATA 

The Transportation Planning Division (TPD) is responsible 
for the collection and the publication of traffic data. T h e r e  
are three types of traffic data which must be collected t o  
determine the traffic loading. 

1. TRAFFIC VOLUME 

The TPD has Automatic Traffic Recording (ATR) devices t h a t  
obtain samples from 983 locations. These data are published 
annually in the "Traffic on Arizona Highway System Logbook". 

The Materials Section maintains a computer file containing 
the last ten years o f  traffic volume data from which traffic 
volume and growth factors are calculated using regressi o n  
analysis. 

2. TRAFFIC CLASSIFICATION 

Samples of the traffic mix are collected annually at 129 
1 ocat i ons. This operation has been done by a manual count o f  
the number o f  vehicles in each o f  the following categories: 

Abbreviation 

* Light Trucks 
* Medium Trucks 
* Tractor Semi-trailer 
* Tractor Trailer 
* Tractor Semi-trailer Trailer 
* Buses 
* Automobiles 

TST 

The "commercial vehicles" include the first five vehicle 
categories shown above. 

A five-year moving average of classification data is used t o  
estimate the percentage distribution among the vehicle 
categories. 



F i g u r e  A - 1  shows t h e  t y p i c a l  c o n f i g u r a t i o n  o f  e a c h  o f  t h e s e  
v e h i c l e s  t y p e s  a n d  t h e i r  g r o u p i n g  i n t o  o n e  o f  t h e  g e n e r a l  
c a t e g o r i e s  shown a b o v e .  

3 .  TRAFFIC WEIGHT 

E v e r y  o t h e r  y e a r  t h e  TPD c o n d u c t s  a '  T r u c k  W e i g h t  S t u d y  ( a 1  s o  
c a l l e d  a  l o a d o m e t e r  s t u d y )  w h i c h  i s  a  s a m p l e  o f  t h e  a x l e  w e i g h t s  
o  f 13 v e h i c l e  t y p e s .  T h e s e  d a t a  a r e  s e n t  t o  W a s h i n g t o n ,  D . C .  
w h e r e  a  c o m p u t e r  p r o g r a m  g e n e r a t e s  a  r e p o r t  c o n s i s t i n g  o f  s i x  
t a b l e s  o f  d a t a ,  l a b e l l e d  W-2 t h r o u g h  W-7. T h e  W-4 t a b l e  
c o n t a i n s  t h e  i n f o r m a t i o n  n e e d e d  t o  d e v e l o p  t h e  r e p r e s e n t a t i v e  1 8  
K i p  ESAL 's  f o r  e a c h  v e h i c l e  . c a t e g o r y .  T h e  c a l c u l a t i o n  o f  
v e h i c l e  e q u i v a l e n c i e s  i s  b a s e d  o n  r e g r e s s i o n  a n a l y s i s  p e r f o r m e d  
o n  t h e  d a t a  f r o m  t h e  l a s t  s i x  T r u c k  W e i g h t  S t u d i e s .  T h e  
e q u i v a l e n c i e s  o f  t h e  TS, TT, a n d  TST v e h i c l e  c l a s s e s  i n c r e a s e  
w i t h  t i m e .  The  e q u i v a l e n c y  e q u a t i o n s  i n  e f f e c t  f o r  1 9 8 8  f o r  
t h e s e  v e h i c l e s  a r e :  

F l e x i b l e  P a v e m e n t s  @ 1 1 0  P S I  T i r e  P r e s s u r e s  

TS = - 0 . 9 8 1 2 6  + 0 . 0 2 7 7 1  * YR 
TT = - 0 . 2 2 2 3 8  + 0 . 0 2 0 4 1  * YR 
TST = - 1 . 4 4 9 5 6  t 0 . 0 4 1 8 2  * Y R  

R i g i d  P a v e m e n t s  @ 1 1 0  P S I  T i r e  P r e s s u r e s  

TS = - 1 . 6 2 7 7 4  t 0 . 0 3 7 5 0  * YR 
TT = - 0 . 8 5 9 4 2  + 0 . 0 2 6 6 5 5  * YR 
TST = - 1 . 8 3 4 5 0  + 0 . 0 4 1 8 1 5  * YR 

w h e r e  t h e s e  AASHTO p a r a m e t e r s  h o l d :  

P t  = 2 . 5  
SN = 5 . 0  f o r  F l e x i b l e  P a v e m e n t s  
D = 9 . 0  f o r  R i g i d  P a v e m e n t s  

a n d  

Y R  = YEAR - 1 9 0 0  

YEAR i s  t h e  m i d - y e a r  o f  t h e  d e s i g n  a n a l y s i s  
( p e r f o r m a n c e )  p e r i o d .  F o r  e x a m p l e ,  f o r  a  2 0  y e a r  
p a v e m e n t  d e s i g n  f r o m  1 9 8 7  t o  2 0 0 8 ,  YEAR = 1 9 9 8  a n d  



F I G U R E  A - 1  

VEHICLE CLASSIFICATIONS 



The o t h e r  f o u r  v e h i c l e  c l a s s i f i c a t i o n  e q u i v a l e n c i e s  do n o t  
change  w i t h  t i m e  o r  w i t h  pavement  t y p e ,  t h e y  a r e :  

A u t o m o b i l e s  = 0 .0008  
Buses = 0 .2500 
LT = 0 .0100  
MT = 0 .4000  

The t h r e e  h e a v y  v e h i c l e  e q u i v a l e n c i e s  h a v e  b e e n  c a l c u l a t e d  
and a r e  t a b u l a t e d  i n  T a b l e  A - 1 .  

By m u l t i p l y i n g  t h e  t r a f f i c  l o a d i n g  f a c t o r s  f o r  e a c h  v e h i c l e  
t y p e  b y  t h e  number  o f  v e h i c l e s  o f  e a c h  t y p e  o v e r  t h e  d e s i g n  
p e r i o d  and summing i t  i s  p o s s i b l e  t o  f i n d  t h e  c u m u l a t i v e  number  
o f  18  k i p  E S A L f s .  However ,  i t  may be  n e c e s s a r y  t o  u s e  an 
a p p r o x i m a t i o n  t o  e s t i m a t e  d e s i g n  t r a f f i c  l o a d i n g s  ( T T L )  when 
v e h i c l e  c l a s s i f i c a t i o n  d a t a  i s  n o t  a v a i l a b l e  i n  s u f f i c i e n t  
d e t a i l  t o  u s e  t h e  s e v e n  v e h i c l e  e q u i v a l e n c i e s  e m p l o y e d  by ADOT. 

T h i s  m e t h o d  r e q u i r e s :  

A. An e s t i m a t e  o f  t h e  number  o f  h e a v y  t r u c k s  (TS,  TT, and  
TST) f o r  t h e  d e s i g n  p e r i o d .  

B. An e s t i m a t e  o f  t h e  r e l a t i v e  l o a d s  o f  t h e  h e a v y  t r u c k s  
b a s e d  on t h e s e  g u i d e l i n e s :  

Heavy - S i m i l a r  t o  i n t e r s t a t e  t r u c k  l o a d i n g s .  

Medium - S i m i l a r  t o  a  US h i g h w a y .  

L i g h t  - S i m i l a r  t o  a  s t a t e  s e c o n d a r y  h i g h w a y  o r  
u r b a n  h i g h w a y .  

C .  A s s i g n  e q u i v a l e n c i e s  b a s e d  on t h e  c a t e g o r y  o f  t r u c k  
l o a d i n g  c h o s e n :  

Heavy  = 1.2 

Medium = 1.0 

L i g h t  = 0 . 8  

D.  M u l t i p l y  t h e  t o t a l  number  o f  h e a v y  t r u c k s  e x p e c t e d  
d u r i n g  t h e  d e s i g n  p e r i o d  t i m e s  t h e  e q u i v a l e n c i e s  t o  
o b t a i n  t h e  d e s i g n  1 8  k i p  ESALfs .  



REVISED DEC. 1991 

TABLE A-1  

HEAVY VEHICLE EQUIVALENCIES 1987-1997  

RIGID PAVEMENTS 

YEAR 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
YR 8 8 8 9 9 0 91 9 2 9 3 94 9 5 96 9 7  9 8 

TS 1.6723 1.7098 1.7473 1.7848 1.8223 1.8598 1.8973 1.9348 1.9723 2.0098 2.0473 
TT 1.4862 1.5129 1.5395 1.5662 1.5928 1.6195 1.6461 1.6728 1.6995 1.7261 1.7528 
TST 1.8452 1.8870 1.9289 1.9707 2.0125 2.0543 2.0961 2.1379 2.1797 2.2216 2.2634 

FLEXIBLE PAVEMENTS 

YEAR 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
YR 8 8 89 90 91 9 2 9 3 9 4 9 5 9 6 97 9 8 

TS 1.4572 1.4849 1.5126 1.5403 1.5681 1.5958 1.6235 1.6512 1.6789 1.7066 1.7343 
TT 1.5737 1.5941 1.6145 1.6349 1.6553 1.6757 1.6962 1.7166 1.7370 1.7574 1.7778 
TST 2.2306 2.2724 2.3142 2.3561 2.3979 2.4397 2.4815 2.5233 2.5652 2.6070 2.6488 



4 .  TRAFFIC DATA COLLECTION I M P R O V E M E N T S  

A .  W e i g h - I n - M o t i o n  ( W I M )  S t u d y  

The TPD has two  W I M  d e v i c e s  t h a t  a u t o m a t i c a l l y  sense  
t h e  dynamic  w e i g h t  o f  m o v i n g  a x l e s ,  e s t i m a t e  v e h i c l e  
v e l o c i t y ,  and c l a s s i f y  v e h i c l e s  by  t y p e .  T h i s  me thod  
may be imp lemen ted  i n  t h e  f u t u r e  t o  r e p l a c e  s t a t i c  
w e i g h i n g  p r o c e d u r e s .  

B .  P o r t s  o f  E n t r y  (POE) D a t a  

T h e r e  a r e  14  POE l o c a t i o n s  i n  A r i z o n a  w h i c h  r e g u l a r l y  
w e i g h  commerc ia l  v e h i c l e s .  The w e i g h t  d a t a  a r e  
c o l l e c t e d  and r e c o r d e d  m a n u a l l y  by  t h e  M o t o r  V e h i c l e  
D i v i s i o n  (MVD). The p r e s e n t  p r o c e d u r e s  do n o t  o f f e r  a  
c o n v e n i e n t  means o f  u t i l i z i n g  t h e  POE t r u c k  w e i g h t  d a t a  
f o r  t r a f f i c  l o a d i n g  e s t i m a t e s .  Recommendat ions have  
been made t o  t h e  MVD t o  au toma te  t h e  s c a l e s  and t h e  
t r u c k  w e i g h t  d a t a  management, These d a t a  c o u l d  t h e n  be  
i n c l u d e d  w i t h  t h e  o t h e r  t r u c k  w e i g h t  d a t a  t o  i n c r e a s e  
sample s i z e  and i m p r o v e  t h e  q u a l i t y  o f  t h e  t r a f f i c  
l o a d i n g  e s t i m a t e s .  



A P P E N D I X  B 

P A V E M E N T  D E S I G N  F O R  F R O S T  A C T I O N  

D e p t h  o f  f r o s t  p e n e t r a t i o n  i s  r e l a t e d  t o  t h e  f r e e z i n g  
i n d e x .  F i g u r e  B - 1  shows A r i z o n a  f r e e z i n g  i n d e x  v a l u e s  
r e p r e s e n t i n g  t h e  a v e r a g e  o f  t h e  f o u r  c o l d e s t  w i n t e r s  b e t w e e n  
1 9 3 1  and  1970 .  T h i s  f i g u r e  s h o u l d  b e  u s e d  t o  e s t i m a t e  t h e  d e p t h  
o f  f r o s t  p e n e t r a t i o n  u s i n g  t h e  f o l l o w i n g  f o r m u l a .  

DF = ( F I )  0 . 5  

DF = D e p t h  o f  f r o s t  p e n e t r a t i o n  i n  i n c h e s  

F I  = F r e e z i n g  i n d e x  f r o m  F i g u r e  B - 1  

F o r  p u r p o s e s  o f  p a v e m e n t  d e s i g n  a l l  h i g h w a y s  c o n s t r u c t e d  
w i t h i n  an a r e a  o f  t h e  s t a t e  w i t h  some f r e e z i n g  i n d e x  s h a l l  
c o n s i s t  o f  n o n - f r o s t  s u s c e p t i b l e  m a t e r i a l s .  T h e s e  m a t e r i a l s  
i n c l u d e  p a v e m e n t ,  bound  b a s e s  and unbound  b a s e  w i t h  n o  more  t h a n  
s i x  ( 6 )  p e r c e n t  p a s s i n g  t h e  number  200 s i e v e .  

I f  t h e  d e p t h  o f  f r o s t  p e n e t r a t i o n  i s  g r e a t e r  t h a n  t h e  
r e q u i r e d  p a v e m e n t  s t r u c t u r a l  s e c t i o n  ( p a v e m e n t  p l u s  b a s e ) ,  t h e n  
a d d i t i o n a l  n o n - f r o s t  s u s c e p t i b l e  b a s e  s h o u l d  b e  i n c l u d e d  t o  
p r e v e n t  f r o s t  damage. 

I f  o t h e r  c o n s t r a i n t s  s u c h  as u t i l i t i e s ,  d r a i n a g e ,  t r a f f i c  
a c c e s s ,  e t c . ,  p r o h i b i t  t h e  c o n s t r u c t i o n  o f  a  c o m p l e t e l y  f r o s t  
f r e e  s t r u c t u r a l  s e c t i o n ,  t h e n  t h e  t h i c k e s t  s e c t i o n  p r a c t i c a l  
s h o u l d  b e  b u i l t .  
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APPEND 

GUIDELINES FOR GEOTECHNlCAL 
IIVVESTIGATIO N AND 

GEOTECHNlCAL REPORT PRESENTATION 

The following document, dated September 1991 and entitled 
"Guidelines for ~eotechnical ~nvestigation and Geotechnical 
Report Presentationv, has been prepared by Geotechnical 
Services. The guidelines contained therein are for use on all 
ADOT related projects. These guidelines supplement the 
information given in Section 100 of this manual, and contain 
more comprehensive requirements for subsurface investigations. 
All geotechnical investigations started after December 31, 1991 
will be expected to follow these guidelines and reports will be 
reviewed accordingly. 
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INTRODUCTION 

hese guidelines have been developed primarily as an aid to 
eotechnical consultants and engineers engaged in working on highway 
rojects for the Arizona Department of Transportation. They a r e  

meant to supplement, not supersede, the contract documents o r  
pub1 ications mentioned below. In the preparation o f  t h e s e  
guidelines, material has been taken from and consideration given to 
the recommendations made in the following publications: 

1. American Society for Testing and Materials; 1990 Annual B o o k  
of ASTM Standards Vol. 04.08. 

2. American Association of State Highway and Transportation 
Officials, Inc.; Manual on Subsurface Investigations; 1988. 

3. American Association of State Highway and Transportation 
Officials; Standard Specifications for Transportation 
Materials and Methods of Sampling and Testing; 15th Edition; 
Part I ,  Specifications; 1990. (AASHTO Designation R - 1 3 - 8 8 ,  
pp. 873-877) 

4. Arizona Department o f  Transportation; Materi a1 s Prel iminary 
Engineering and Design Manual, Third Edition; March 1989. 

5. Federal Highway Administration, U. S. Department o f  
Transportation; Check1 ist and Guide1 ines for Review o f  
Geotechnical Reports and Prel iminary Plans and Specifications; 
October 1985. 

6. Oregon Department o f  Transportation Soil and R o c k  
Classification Manual; 1987 

Subsurface conditions are often highly varied and complex. Subsurface 
exploration procedures cannot be reduced to a few guidelines to fit 
all conditions. Each project must be evaluated according to i t s  
specific geologic conditions and the type of proposed facil i ty 
(AASHTO, 1988). Generally, the subsurface explorations are carried 
out in two stages: 

1. Preliminary Investigation 
2. Final Investigation 

Please note that the goal is to conduct the geotechnical exploration 
program in one phase. However, roadway and bridge design processes 
often require preliminary information before cert'ain i t e m s  
(alignment, grade, foundation location and depth) can be f i r m l y  
establ ished. Planning and scheduling must be conducted accordingly, 
and every attempt made to provide the geotechnical information 
efficiently and effectively. 



P A G E  2 

A preliminary exploration program .generally will consist of widely 
spaced test borings to define the prtncipal geologic parameters to be 
evaluated during initial project planning and cost estimating. 
Preliminary information should be obtained and reported regarding the 
following conditions during early stages of design: 

1. Geologic Conditions 
2. Hydrologic Conditions 
3. Soil Classification, Consistency and Density 
4. Rock Quality - Condition and Discontinuities 
5. Obstructions (e.g. Boulders) 
6. Hazards (e.g. Methane Gas) 

A final exploration program will provide specific recommendations. 
Final alignment, grade and geometry, bridge pier and abutment 
locations and foundation depths should have been selected prior to 
completion o f  the final report. The information obtained from 
preliminary investigations should be considered a part o f  the final 
exploration program. 

G E N E R A L  C O M M E N T S  

It is anticipated that the drilling equipment will use sampling 
devices which yield samples 1.5 inches to 6.0 inches in diameter. 
For all types of investigation, 

1. A boring must not be ended in a soft or loose soil 
stratum (NtlO) or in an unsuitable material. N =  
number o f  blows o f  Standard Penetration Test (ASTM 
D 1586-84). 

2. SPT sampling will be performed at 2, 5 ,  and 10 foot 
depths where spread footings may be placed on 
natural soils. Otherwise, SPT sampling will be 
performed at 5 foot depth intervals o r  at significant 
changes in strata, whichever provides the most 
samples. 

3. In rock, continuous core will be obtained for t h e  top 
10 foot or to the required depth for structural 
foundation, whichever is deeper. The percentages of 
core recovery and RQD will be determined and reported 
in accordance with ASTM D 2113-83. 

4. For groundwater, water levels encountered at the 
completion of the boring and at least 2 4  hours after 
completion will be recorded on boring logs. 

The following are the guidelines for determining the MINIMUM number 
and depths of borings to be made in each case: 
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I .  BRIDGE STRUCTURE 

A .  Number f o r  p r e l i m i n a r y  i n v e s t i g a t i o n :  

1 .  each i s o l a t e d  s t r u c t u r e  over  a  waterway - one b o r i n g  a t  
each abutment l o c a t i o n  and one bor ing  a s  c l o s e  t o  t h e  
middle of t h e  waterway a s  p o s s i b l e .  

2 .  each i s o l a t e d  s t r u c t u r e  n o t  over  a  waterway - one b o r i n g  
a t  each abutment l o c a t i o n .  

, 3 .  a t  each i n t e r c h a n g e ,  f o r  a l l  s t r u c t u r e s  - 4 t o  6 b o r i n g s .  

6. Number f o r  f i n a l  i n v e s t i g a t i o n  (See F ig .  1 ) :  

1 .  one bor ing  per  s u b s t r u c t u r e  u n i t  ( abu tmen t ,  bent  o r  p i e r )  
100 f e e t  o r  under in  w i d t h .  

2 .  two bo r ings  f o r  each s u b s t r u c t u r e  u n i t  g r e a t e r  t han  100  
f e e t  i n  w id th .  

C .  Depth 

A bor ing  must be advanced i n t o  competent  m a t e r i a l  of s u i t a b l e  
b e a r i n g  c a p a c i t y .  

1 .  i n  s o i l s  - t h r e e  t i m e s  t h e  w id th /d i ame te r  o f  t h e  
f o u n d a t i o n  o r  a  minimum of 20 f e e t  below t h e  base  o f  t h e  
sp r ead  f o o t i n g  o r  t i p  e l e v a t i o n  f o r  p i l e  o r  d r i l l e d  s h a f t .  

2 .  i n  bedrock - a  minimum of 10 f t .  below t h e  base  o f  t h e  
sp r ead  f o o t i n g  o r  t i p  e l e v a t i o n  f o r  p i l e  o r  d r i l l e d  s h a f t .  

1 1 .  R E T A I N I N G  WALL 

A .  Number f o r  p r e l i m i n a r y  i n v e s t i g a t i o n :  

one bo r ing  f o r  each wall  u p  t o  500 f e e t  i n  l e n g t h  and t h e n  o n e  
bo r ing  f o r  each 500 .(+) f e e t .  

B .  Number f o r  f i n a l  i n v e s t i g a t i o n :  

1 .  w a l l s  l e s s  than  100 f e e t  long - one bo r ing  

2 .  w a l l s  100 f e e t  o r  l o n g e r  - b o r i n g s  a t  a p p r o x i m a t e l y  150  
f e e t  i n t e r v a l s  s t a g g e r e d  back and f r o n t  of  wa l l  f o o t i n g .  
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C .  D e p t h  

The d e p t h  o f  b o r i n g  s h a l l  be  e i t h e r  

1 .  t w o  t i m e s  t h e  h e i g h t  o f  t h e  w a l l ,  o r  

2 .  a  min imum 10  f e e t  i n  b e d r o c k  

1 1 1 .  C U T S ,  F I L L S  AND SUBGRADE 

A .  Number f o r  p r e l i m i n a r y  i n v e s t i g a t i o n  - b o r i n g s  o r  backhoe  p i t s  
a t  1200 - 1500  f e e t  i n t e r v a l s .  

B .  Number f o r  f i n a l  i n v e s t i g a t i o n  - p e r  ADOT M a t e r i a l s  P E & D  
M a n u a l .  

C .  D e p t h  f o r  p r e l i m i n a r y  and f i n a l  i n v e s t i g a t i o n  - p e r  ADOT 
M a t e r i a l s  PE&D M a n u a l .  

D. R - v a l u e s  and o t h e r  s p e c i a l  t e s t  r e s u l t s  s h o u l d  be o b t a i n e d  p e r  
ADOT M a t e r i a l s  PE&D M a n u a l .  

IV. CMP 

A. Number f o r  p r e l i m i n a r y  i n v e s t i g a t i o n  - one  b o r i n g  i n  e a c h  
m a j o r  d r a i n a g e w a y ,  p r e f e r a b l y  n e a r  t h e  m i d - l e n g t h .  

B .  Number f o r  f i n a l  i n v e s t i g a t i o n  - as a b o v e .  

C .  D e p t h  

The min imum d e p t h  o f  b o r i n g s  s h a l l  be  t o  3 f e e t  b e l o w  t h e  
i n v e r t  e l e v a t i o n .  

V .  AGGREGATE AND BORROW P I T S  

A m in imum number  o f  5  b a c k h o e  p i t s  o r  b o r i n g s  w i l l  b e  r e q u i r e d  f o r  
p r e l  i m i  n a r y  i n v e s t i g a t i o n .  F i n a l  i n v e s t i g a t i o n  t o  f o l l o w  ADOT P E & D  
M a n u a l .  Samples  w i l l  be o b t a i n e d  a t  5 f o o t  d e p t h  i n t e r v a l s  o r  a t  
s i g n i f i c a n t  changes  i n  s t r a t a ,  w h i c h e v e r  p r o v i d e s  t h e  m o s t  s a m p l e s .  
Enough m a t e r i a l  w i l l  be  c o l l e c t e d  f o r  p e r f o r m i n g  R - v a l u e  t e s t s ,  P I  
t e s t s  and g r a i n  s i z e  a n a l y s e s  o f  s o i l .  
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V I .  L O G  OF B O R I N G  S H E E T  

The L o g s  o f  Borings sheet shall be included as p a r t  o f  t h e  
Geotechnical Investigation Report. The location o f  e a c h  boring o r  
test pit in plan view should be shown elsewhere. Logs o f  all b o r i n g s  
shall be shown in an elevation o r  profile view, each l o g  being o n  a  
separate sheet. Information which should be shown on e a c h  plot o f  
test borings is as follows: 

1. Date, diameter and type o f  borings. 

2. Name of driller and field geologist/engineer. 

3. Location o f  borings with respect t o  s t a t i o n i n g  along 
survey lines and offset f r o m  it. 

4. Elevation o f  the top of boring and w a t e r  table. 

5. Results o f  the Standard Penetration Test (ASTM D-1586-84). 

6. Description o f  stratum material f o r  soils a c c o r d i n g  t o  
ASTM D 2 4 8 7 - 8 5  but modified t o  e x c l u d e  m o s t  o f  t h e  
numerical data obtained from in-situ o r  l a b o r a t o r y  
testing. 

V I I .  W R I T T E N  R E P O R T  

A  geotechnical investigation report shall be required o f  all p r o p o s e d  
pavement and structure projects. T h e  study and report s h a l l  be m a d e  
by an A r i z o n a  Professional Engineer who special izes in G e o t e c h n i c a l  
Engineering and who shall seal each report and each plans s h e e t .  

A  w r i t t e n  report shall contain information, a n a l y s e s  a n d  
interpretation o f  t h e  subsurface c o n d i t i o n s  based upon all a v a i l a b l e  
sources o f  information and data. D a t a  may c o m e  from new o r . p r e v i o u s  
e x p l o r a t i o n  programs, laboratory testing, nearby c o n s t r u c t i o n  
e x p e r i e n c e ,  performance o f  nearby existing pavement or s t r u c t u r e s ,  
etc. A  short description o f  site t o p o g r a p h y  and local g e o l o g y  shall 
be included. Emphasis should be placed on s l o p e  s t a b i l i t y  o f  f i l l s ,  
c u t s  and excavations, unusual g r o u n d w a t e r  conditions, s p r i n g s ,  etc. 
All s o u r c e s  o f  information should be cited. T h e  m a t e r i a l s  a n d  
c o n d i t i o n s  which may be encountered d u r i n g  c o n s t r u c t i o n  shall a l s o  b e  
discussed. Anticipated problems involving d e s i g n  and c o n s t r u c t i o n  
should be mentioned, and recommendations made f o r  t h e i r  solution. 
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The recommendations shall be brief, concise, and complete. Reasons 
for recommendations and supporting data shall be included. Methods 
and equations of models used for calculating pile or drilled shaft 
capacities and soil bearing capacities should be mentioned. Data 
and information which are of no use to the designer or Resident 
Engineer, should be omitted. Any judgements and opinions regarding 
the rippability or excavability o f  rock or soil should n o t  be 
included; however, if the consultant or engineer feels that t h e s e  
opinions are important to include, they should be reported concisely 
and shall include a statement that the information is the judgement 
of the writer and that other interpretations are possible. The same 
applies to methods for rock or soil removal. 

Any recommended geotechnical Special Provisions should be included; 
these should be developed considering the requirements of ADOT's 
Standard Specifications, and using these, where appropriate. 

The ground compaction, excavation factors (shrink and swell), pH, 
resistivity and slopes should be provided by stationing. Also, this 
information should be summarized (in tabu1 ar form, if appl icable) , in 
the report. 

In general, a geotechnical investigation report should contain the 
following sections: 

1. Introduction 

2. Project Description: Project Concept and Scope 

3. Site Description: Including a vicinity map, site plan and 
existing pavement conditions and section measurements as 
necessary. 

4. Geologic Description 

5. Field Investigation: Including boring location pl.an and any 
in-situ testing. 

6. Laboratory Investigation: Generally, the tests will include 
gradation analysis, plasticity index, moisture c o n t e n t ,  
R-value, AASHTO T-99 density, consolidation, pH resistivity, 
shearing strength o f  soils and unconfined compressive strength 
o f  rocks. 

7. Discussion of Information, Analyses and Recommendations 

8. Geotechnical Special Provisions 

9. References Cited 
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9 .  A p p e n d i x  A  

a .  T e s t  d r i l l i n g  e q u i p m e n t  a n d  p r o c e d u r e  

b .  T e r m i n o l o g y  u s e d  f o r  v a r i o u s  d e s c r i p t i o n s  

c .  E x p l a n a t i o n s  o f  s y m b o l s  a n d  a b b r e v i a t i o n s  u s e d  o n  b o r i n g  
1  o g s .  

d .  B o r i n g  L o g s  i n  G r a p h i c a l  F o r m  

10 .  A p p e n d i x  B 

a.  L a b o r a t o r y  T e s t i n g  P r o c e d u r e s  a n d  S t a n d a r d  T e s t  N u m b e r  
( A r i z o n a  T e s t  M e t h o d ,  AASHTO T e s t  M e t h o d  o r  ASTM T e s t  
M e t h o d  D e s i g n a t i o n s ) .  * 

b .  Summary o f  T e s t  D a t a  

c .  T a b l e s  a n d  S p e c i a l  T e s t  D a t a  

V I I I .  M I S C E L L A N E O U S  C O M M E N T S  

1. On b o r i n g  l o g s ,  t h e  g e n e r a l  d e s c r i p t i v e  s e q u e n c e  f o r  s o i l s  
w i l l  b e  a s  f o l l o w s :  

G r o u p  Name 
G r o u p  Symbo l  
M o i s t u r e  C o n d i t i o n  
C o l o r  
R e l a t i v e  D e n s i t y / C o n s i s t e n c y  
P a r t i c l e  A n g u l a r i t y / P l a s t i c i t y  
C e m e n t a t i o n  
S t r u c t u r e  
O t h e r  p e r t i n e n t  d e s c r i p t i v e  i n f o r m a t i o n  

A l l  d e s c r i p t i o n s  w i l l  f o l l o w  t h e  r e c o m m e n d a t i o n s  o f  ASTM D - 2 4 8 8 - 8 4 .  
F o r  r e l a t i v e  d e n s i t y  r e f e r  t o  T a b l e  1. 
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2 .  O n  b o r i n g  l o g s ,  t h e  g e n e r a l  d e s c r i p t i v e  s e q u e n c e  f o r  r o c k s  
w i l l  be  a s  f o l l o w s :  

Rock Name 
Col o r  
D e g r e e  o f  W e a t h e r i n g  - R e f e r  t o  T a b l e  2 
R e l a t i v e  H a r d n e s s  - R e f e r  t o  T a b l e  3 
S t r u c t u r e  

a .  S t r a t i f i c a t i o n  - R e f e r  t o  T a b l e  4  
b .  J o i n t  and  B e d d i n g  S p a c i n g  - R e f e r  t o  

T a b l e  5  
O t h e r  p e r t i n e n t  d e s c r i p t i v e  i n f o r m a t i o n  

F o r m a t i o n  Name 
P e r c e n t  C o r e  R e c o v e r y  and R o c k  
Qua1 i t y  D e s i g n a t i o n  (RQD) i f  
n o t  a l r e a d y  r e p o r t e d  e l s e w h e r e  on 
t h e  l o g .  

3 .  O n  b o r i n g  l o g s ,  t h e  N - v a l u e  (ASTM 0 - 1 5 8 6 - 8 4 )  s h o u l d  be  
r e p o r t e d  o n l y  i n  o n e  o f  t h e  t h r e e  f o l l o w i n g  w a y s :  

a .  1 0  b l o w s / z e r o  i n c h  

b .  N b l o w s / f o o t ,  w h e r e  N i s  t h e  b low c o u n t  l e s s  t h a n  
1 0 0 .  

c .  50  blows/X i n c h e s ,  w h e r e  X i s  t h e  s a m p l e r  
p e n e t r a t i o n ,  i n  i n c h e s  b u t  l e s s  t h a n  6  i n c h e s .  

4 .  I f  d u r i n g  a u g e r  d r i l l i n g ,  r e f u s a l  i s  m e t ,  m e n t i o n  " R e f u s a l  
a t  f e e t . "  Do n o t  i n d i c a t e  t h e  t y p e  a n d  n a t u r e  o f  
m a t e r i a l  i n  w h i c h  r e f u s a l  was met, u n l e s s  & d d i t i o n a l  
b o r i n g  was  d o n e  o r  a  s a m p l e  o t h e r w i s e  o b t a i n e d  f r o m  t h i s  
m a t e r i a l .  

5 .  Raw d a t a  f r o m  t h e  f i e l d  o r  l a b o r a t o r y  t e s t  s h o u l d  n o t  b e  
i n c l u d e d  i n  t h e  r e p o r t ;  o n l y  f i n a l  v a l u e s  a n d  i n f o r m a t i o n  
r e q u i r e d  f o r  d e s i g n  o r  c o n s t r u c t i o n  s h o u l d  b e  p r o v i d e d .  



T A B L E  1:  T E R M S  F O R  R E L A T I V E  D E N S I T Y .  C O N S I S T E N C Y  A N D  F I R H E S S  O F  S O I L S  

A .  R E L A T I V E  D E N S I T Y  O F  8 .  R E L A T I V E  C O N S I S T E N C Y  C .  R E L A T I V E  F I R M E S S  O F  

C O H E S I O N L E S S  S O I L S  O F  C O H E S I V E  S O I L S  C E M E H T E D  S O I L S  

N - V A L U E  T E R M  N  - V A L U E  T E R M  N - V A L U E  T E R H  

I 

D  - 4 V e r y  L o o s e  

5 - 1 0  L o o s e  

1 1  - 3 0  M e d i u m  D e n s e  

3 1 - 5 0  D e n s e  

5 0  V e r y  D e n s e  

0  - 2 V e r y  S o f t  

3 - 4  S 0 f  t 

5 - 8  M e d i u m  S t i f f  

9 - 1 5  S t i f f  

1 5 - 3 0  V e r y  S t i f f  

3 0 - 6 0  H a r d  

> 6 0  V e r y  H e r d  

0 - 4  V e r y  S o f t  

5 - 8  S o f t  

9 - 1 5  M o d e r a t e l y  F i r m  

1 6 - 3 0  F i r m  

3 1 - 5 0  V e r y  F i r m  

> 5 0  H e r d  

- - 

* P r o v i d e d  b y  S e r g e n t ,  H a u s k i n s  8 B e c k w i t h ,  P h o e n i x ,  A r i z o n a .  
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T A B L E  2 :  S C A L E  OF R E L A T I V E  ROCK W E A T H E R I N G  

D e s i g n a t i o n  F i e l d  I d e n t i f i c a t i o n  

F r e s h  C r y s t a l s  are bright. D i s c o n t i n u i t i e s  m a y  s h o w  
s o m e  m i n o r  s u r f a c e  s t a i n i n g .  N o  d i s c o l o r a t i o n  
in r o c k  fabric. 

S l i g h t l y  Rock m a s s  is g e n e r a l l y  f r e s h .  D i s c o n t i n u i t i e s  
W e a t h e r e d  a r e  s t a i n e d  and m a y  c o n t a i n  c l a y .  S o m e  

d i s c o l o r a t i o n  in r o c k  fabric. D e c o m p o s i  t  i o n  
e x t e n d s  up t o  1 i nch i n t o  rock. 

M o d e r a t e l y  
W e a t h e r e d  

P r e d o m i n a n t l y  
D e c o m p o s e d  

D e c o m p o s e d  

Rock m a s s  is d e c o m p o s e d  50% o r  less. 
S i g n i f i c a n t  p o r t i o n s  o f  r o c k  s h o w  d i s c o l o r a t  i o n  
and w e a t h e r i n g  e f f e c t s .  C r y s t a l s  a r e  dull a n d  
s h o w  v i s i b l e  chemical a l t e r a t i o n .  
D i s c o n t i n u i t i e s  a r e  s t a i n e d  and m a y  c o n t a i n  
s e c o n d a r y  mineral d e p o s i t s .  

Rock m a s s  is m o r e  t h a n  50% d e c o m p o s e d .  R o c k  
c a n  be e x c a v a t e d  w i t h  geologist's pick. A l l  
d i s c o n t i n u i t i e s  e x h i b i t  s e c o n d a r y  
m i n e r a l i z a t i o n .  C o m p l e t e  d i s c o l o r a t i o n  o f  r o c k  
fabric. S u r f a c e  o f  c o r e  is f r i a b l e  and u s u a l l y  
pitted d u e  t o  w a s h i n g  o u t  o f  h i g h l y  a l t e r e d  
m i n e r a l s  by d r i l l i n g  w a t e r .  

R o c k  m a s s  is c o m p l e t e l y  d e c o m p o s e d .  O r i g i n a l  
r o c k  " f a b r i c "  m a y  be e v i d e n t .  M a y  be r e d u c e d  t o  
soil w i t h  hand p r e s s u r e .  
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TABLE 3 :  SCALE OF RELATIVE ROCK HARDNESS 

Term F i e l d  I d e n t i f i c a t i o n  

E x t r e m e l y  S o f t  Can be i n d e n t e d  w i t h  d i f f i c u l t y  b y  t h u m b n a i l .  
May be  m o l d a b l e  o r  f r i a b l e  w i t h  f i n g e r  p r e s s u r e .  

V e r y  S o f t  

S o f t  

Medium H a r d  

H a r d  

V e r y  H a r d  

C rumb les  u n d e r  f i r m  b l o w s  w i t h  p o i n t  o f  a  
g e o l o g y  p i c k .  Can be  p e e l e d  b y  a  p o c k e t  k n i f e .  
Sc ra t ched .  w i t h  f i n g e r  n a i l .  

Can be p e e l e d  b y  a  p o c k e t  k n i f e  w i t h  
d i f f i c u l t y .  Canno t  be  s c r a t c h e d  w i t h  
f i n g e r n a i l .  S h a l l o w  i n d e n t a t i o n  made b y  f i r m  
b l o w  o f  g e o l o g y  p i c k .  

Can be  s c r a t c h e d  b y  k n i f e  o r  p i c k .  S p e c i m e n  c a n  
be  f r a c t u r e d  w i t h  a  s i n g l e  f i r m  b l o w  o f  
hammer /geo logy  p i c k .  

Can be  s c r a t c h e d  w i t h  k n i f e  o r  p i c k  o n l y  w i t h  
d i f f i c u l t y .  S e v e r a l  h a r d  hammer b l o w s  r e q u i r e d  
t o  f r a c t u r e  s p e c i m e n .  

Canno t  be s c r a t c h e d  b y  k n i f e  o r  s h a r p  p i c k .  
Spec imen r e q u i r e s  many b l o w s  o f  hammer t o  
f r a c t u r e  o r  c h i p .  Hammer r e b o u n d s  a f t e r  i m p a c t .  

TABLE 4 :  STRATIFICATION TERMS 
. . 

Term C h a r a c t e r i s t i c s  

L a m i n a t i o n s  T h i n  beds  ( <  1 / 2  i n c h )  

F i s s i l e  Tendency  t o  b r e a k  a l o n g  l a m i n a t i o n s  

P a r t i n g  Tendency  t o  b r e a k  p a r a l l e l  t o  b e d d i n g ,  a n y  s c a l e  

F o l i a t i o n  N o n - d e p o s i t i o n a l ,  e . g . ,  s e g r e g a t i o n  a n d  l a y e r i n g  
o f  m i n e r a l s  i n  m e t a m o r p h i c  r o c k s  
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T A B L E  5 :  J O I N T  AND B E D D I N G  S P A C I N G  T E R M S  

S p a c i n g  J o i n t  S p a c i n g  Bedd i n g / F o l  i a t  i on 
Terms  S p a c i n g  T e r m s  

L e s s  t h a n  2 i n .  V e r y  c l o s e  V e r y  t h i n  ( l a m i n a t e d )  

2 i n .  - 1 f t .  C l o s e  T h i n  

1 f t .  - 3 f t .  M o d e r a t e l y  c l o s e  Medium 

2 f t .  - 1 0  f t .  Wide  T h i c k  

M o r e  t h a n  1 0  f t .  V e r y  w i d e  V e r y  t h i c k  ( m a s s i v e )  
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