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these  changes have c r e a t e d  a  dynamic s i t u a t i o n  f o r  po l i cy -makers  who a r e  a t t e m p t i n g  
t o  de te rmine  c o s t  r e s p o n s i b i l i t i e s  f o r  d i f f e r e n t  highway users  and t o  d e f i n e  e q u i t a b l e  
means o f  a p p o r t i o n i n g  f h e  funds t h a t  a r e  a v a i l a b l e  f o r  p r e s e r v i n g  ou r  n a t i o n ' s  h i gh -  
wa,y network.  

Long - te rm .mon i t o r i ng  o f  pavements i s  now be ing  q e n e r a l l y  accepted by t h e  highway 
community as e s s e n t i a l  t o  t h e  r e s o l u t i o n  o f  t h e  p o l i c y  and t e c h n i c a l  ques t i ons  t h a t  
have a r i s e n .  M o n i t o r i n g  o f  pavements f o r  l o n g  p e r i o d s  has been a p p l i e d  on a  1  i i h i t e d  
b a s i s  and i n  a  v a r i e t y  o f  ways a t  S t a t e  and n a t i o n a l  l e v e l  f o r  a  number of  years ,  b u t  
o n l y  r e c e n t l y  has t h e r e  been any a t t emo t  t o  c o o r d i n a t e  and expand t hese  e f f o r t s ,  t o  
make as much as p o s s i b l e  o f  t h e  a v a i l a b l e  data,  t o  share  da ta  among agencies,  and 
t o  e s t a b l i s h  t h e  degree o f  u n i f o r m i t y  i n  t h e  da ta  t h a t  i s  e s s e n t i a l  t o  p e r m i t  i t s  
e f f e c t i v e  use a t  t h e  l o w e s t  cos t .  The b e s t  way o r  ways t o  do t h i s  a r e  n o t  y e t  
e s t a b l i s h e d .  It i s  n o t  a l t o g e t h e r  c l e a r  what uses a r e  t o  be made o f  t h e  da ta ,  what 
k i n d s  of  da ta  shou ld  be c o l l e c t e d  u n i f o r m l y  f o r  common use and what k i n d s  a r e  so 
S t a t e  o r  D i s t r i c t  s p e c i f i c  t h a t  u n i f o r m i t y  i s  n o t  necessary,  and how b e s t  t o  share 
da ta  among agencies.  I n  s h o r t ,  t h e  o v e r a l l  s t r u c t u r e  o f  t h e  Long-Term M o n i t o r i n g  
e f . f o r t  has n o t  been f u l l y  determined as y e t .  I t  i s  b e l i e v e d  t h a t  a f t e r  c a r e f u l  con-
s i d e r a t i o n  i s  g i v e n  t o  a l l  o f  these  ques t i ons  i n  t h e  two Long-Term M o n i t o r i n g  work- 
shops i n  October  1984 and February 1985, a b e t t e r  unde rs tand ing  o f  t h e  e n t i r e  process 
w i l l  emerge, and d e c i s i o n s  can be made t o  de te rmine  t h e  f u t u r e  d i r e c t i o n  o f  t h e  Long- 
Term M o n i t o r i n g  process i n  t h e  s t a t e s  and i n  t h e  n a t i o n .  

Th i s  document has been p repared  t o  p r o v i d e  background i n f o r m a t i o n  f o r  t h e  f i r s t  
of  t hese  two workshops, t h e  purpose o f  which i s  t o  e s t a b l i s h  ~ r i o r i t i e s  on t h e  ob jec -  
t i v e s  and uses o f  Long-Term M o n i t o r i n g ,  t o  cons ide r  seve ra l  p o s s i b l e  a l t e r n a t i v e  means 
of o r g a n i z i n g  and s t r u c t u r i n g  t h e  Long-Term M o n i t o r i n g  e f f o r t ,  and t o  recommend those  
a l t e r n a t i v e s  wh ich  a r e  most l i k e l y  t o  s a t i s f y  t h e  o b j e c t i v e s  which a r e  determined t o  
be most impo r tan t .  I n  o r d e r  t o  make these  d e c i s i o n s  e f f e c t i v e l y ,  t h e  workshoo 
p a r t i c i p a n t s  need t o  be aware o f  p rogress  t o  da te  f o r  t h e  Long-Term M o n i t o r i n g  proqram, 
i n c l u d i n g  t h e  exper ience  ga ined  from oas t  da ta  c o l l e c t i o n  a c t i v i t i e s  o f  s h o r t  and 
l o n g  d u r a t i o n .  
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PREFACE 


Long- te rm m o n i t o r i n y  has been c a r r i e d  on f o r  a  number o f  y e a r s  a t  

b o t h  S t a t e  and N a t i o n a l  l e v e l .  The m a j o r  impe tus  f o r  t h e s e  a c t i v i t i e s  

was t h e  AASHO Road T e s t  and subsequent s a t e l l i t e  and e n v i r o n m e n t a l  

s t u d i e s  w h i c h  were begun by s e v e r a l  S t a t e s  i n  t h e  1960 's .  

Subsequent ly ,  o t h e r  Long-Term M o n i t o r i n g  e f f o r t s  were i n i t i a t e d  i n  t h e  

areas o f  t r a f f i c ,  c o n s t r u c t i o n  qua1 i t y ,  and s t a f f i n g ,  o v e r a l l  h i  yhway 

per formance,  p r e d i c t i v e  mode l i ng ,  c o s t  a l l o c a t i o n ,  c o s t  appor t i onmen t ,  

and o t h e r s .  

The emphasis a t  p r e s e n t  i s  t oward  t h e  development o f  e m p i r i c a l  

models w i t h  sound s t a t i s t i c a l  bases, and on t h e  e s t a b l i s h m e n t  o f  d a t a  

c o l l e c t i o n  a c t i v i t i e s  t o  p r o v i d e  s u f f i c i e n t  d a t a  f o r  s e r i o u s  model -

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

s u f f i c i e n t  n a t i o n a l  d a t a  base i s  one o f  t h e  p r i m a r y  reasons f o r  t h e  

proposed Long-Term Pavement M o n i t o r i n g  Program, as w e l l  as one o f  i t s  

p r i m a r y  goa l  s. 

I n  1981, t h e  FHWA O f f i c e s  o f  Highway P l a n n i n g  and E n y i n e e r i n y  

deve loped  concep ts  f o r  t h e  LTM Program, d r a w i n g  s t r o n g l y  on t h e  

o p i n i o n s  and i d e a s  f r o m  o t h e r  o f f i c e s  o f  t h e  FHWA. It was d e c i d e d  t o  

approach LTM as a c o o p e r a t i v e  program between t h e  FHWA, an AASHTO 

A d v i s o r y  Panel  ( c o n s i s t i n g  o f  t h e  Pavement Manayement Task Group o f  

AASHTO J o i n t  Task F o r c e  on Pavements) ,  and p a r t i c i p a t i n g  S t a t e  DOT'S. 

The a u t h o r s  of  t h i s  background document were asked t o  w r i t e  two papers  

t o  make i n i t i a l  recommendations on d a t a  t o  be c o l l e c t e d  and on 



s t r u c t u r i n g  t h e  da ta  c o l l e c t i o n  e f f o r t  by S t a t e  DOT's. These papers 

were p resen ted  i n  June 1981 t o  a  meet ing o f  t h e  FHWA and t h e  AASHTO 

Long-Term M o n i t o r i n g  Adv iso ry  Panel as work ing  papers f o r  

c o n s i d e r a t i o n  and r e v i s i o n  t o  produce an approved p l a n  f o r  funded LTM 

a c t i v i t i e s .  

I n i t i  a1 p i  l o t  s t u d i e s  were es tab l  i shed  by t h e  FHWA, i n  

coope ra t i on  w i t h  t h e  AASHTO and se lec ted  s ta tes ,  t o  assess t h e  

problems i n  b u i l d i n g  a  da ta  base t h a t  can develop improved pavement 

damage r e l a t i o n s h i p s ,  as w e l l  as t o  make a  beg inn ing  i n  LTM. The 

i n i t i a l  p i l o t  s tudy  has been s t r u c t u r e d  as a  coope ra t i ve  program 

between t h e  FHWA, AASHTO, and e i g h t  s e l e c t e d  S ta tes  t o  demonstrate and 

share i n f o r m a t i o n  on i n n o v a t i v e  pavement m o n i t o r i n g  techn iques  and t o  

e s t a b l i s h  a co re  number o f  case s tudy s i t e s  (minimum o f  10 s i t e s  pe r  

S t a t e )  t o  be mon i to red  over  a t  l e a s t  10 years .  I f  t h i s  p i l o t  s tudy 

shows s u ' f f i c i e n t  promise, t h e  s tudy w i l l  be p laced  on a  firm 

s t a t i s t i c a l  b a s i s  and S t a t e  p a r t i c i p a t i o n  expanded t o  e s t a b l i s h  a  

broad-based Long-Term M o n i t o r i n g  (LTM) program t o  develop a n a t i o n a l  

d a t a  base. 

The FHWA O f f i c e  o f  P l ann ing  developed i n  e a r l y  1982 a  d r a f t  

"Long-Term Pavement M o n i t o r i n g  Program Data Col l e c t i o n  Guide" f o r  use 

by p a r t i c i p a t i n g  S t a t e  DOT's. Th is  gu ide  was p r e l i m i n a r y  and drew 

h e a v i l y  on o t h e r  da ta  c o l l e c t i o n  systems such as COPES f o r  guidance 

and da ta  c o l l e c t i o n  forms. Th i s  da ta  c o l l e c t i o n  gu ide  was d i s t r i b u t e d  

t o  p a r t i c i p a t i n g  S t a t e  DOT's, and then  a c o o r d i n a t i o n  meet ing  was h e l d  

i n  Kansas C i t y  i n  A p r i l  1982 t o  i d e n t i f y  and r e s o l v e  p o t e n t i a l  

problems i n  t h e  p i l o t  s tudy e f f o r t .  T h i s  meet ing  i nc l uded  i n t e r e s t e d  



FHWA personnel  and r e p r e s e n t a t i v e s  o f  t h e  p a r t i c i p a t i n g  S t a t e  DOT's. 

The au thors  o f  t h i s  background document were c o n t r a c t e d  w i t h  t o  

r e v i  ew t h e  p r e l  i m i  na ry  da ta  co l  1  e c t i  on guide, coo rd i  n a t e  proposed 

r e v i s i o n s  w i t h  t h e  FHWA, and t o  develop a  f i n i s h e d  da ta  c o l  l e c t i o n  

gu ide  f o r  use i n  f u t u r e  LTM a c t  i v i t i e s .  Th i s  has been done. 

Another  meet ing  o f  t h e  LTM Program Adv iso ry  Panel was he ld  i n  

A r l i n g t o n ,  Texas d u r i n g  December 1982 t o  d iscuss  FHWA p l a n n i n g  f o r  LTM 

and a  v a r i e t y  o f  i deas  f rom t h e  p a r t i c i p a n t s .  The p a r t i c i p a n t s  i n  

t h i s  meet ing  i n c l u d e d  r e p r e s e n t a t i v e s  o f  t h e  FHWA, FHWA r e g i o n a l  

o f f i c e s ,  S t a t e  DOT's, t h e  NCHRP, and f o u r  p r i v a t e  consu l t an t s .  The 

i n v i t e d  c o n s u l t a n t s  were Drs. Rauhut, D a r t e r ,  L y t t o n ,  and Hudson. 

As t h e  f i r s t  y e a r  o f  t h e  p i l o t  s tudy da ta  c o l l e c t i o n  a c t i v i t i e s  

by t h e  e i g h t  S t a t e  DOT'S approached c h p l e t i o n ,  t h e  FHWA c o n t r a c t e d  

w i t h  B r e n t  Rauhut Eng ineer ing ,  Inc .  (and ERES Consu l t an t s ,  I nc .  as a  

s u b c o n t r a c t o r )  t o  augment t h e  FHWA t e c h n i c a l  s t a f f  d u r i n g  t h e  

e v a l u a t i o n  phase. T h i s  t e c h n i c a l  ass i s t ance  has i n c l u d e d  t h e  

development of a  scheme f o r  , t he  i n i t i a l  LTM da ta  bank, e n t r y  o f  da ta  

i n t o  t h e  da ta  bank, e v a l u a t i o n  o f  t h e  LTM p i l o t  s tudy a c t i v i t y  t o  

da te ,  and p r e p a r a t i o n  o f  t h i s  and o t h e r  documents i n  p r e p a r a t i o n  f o r  

t h e  "A1  t e r n a t i  ve Development Workshop." 

iii 
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CHAPTER 1 


INTRODUCTION 


Long-term m o n i t o r i n y  s tands a t  a  crossroads.  Long-term 

m o n i t o r i n g  e f f o r t s  have been c a r r i e d  on f o r  a number o f  yea rs  a t  S t a t e  

and n a t i o n a l  l e v e l  and has been g e n e r a l l y  accepted. However, t h e  

shape t h a t  i t  takes  i n  t h e  f u t u r e  w i l l  depend very  l a r g e l y  upon t h e  

d e c i s i o n s  t h a t  a re  made i n  t h i s  Workshop concern ing  t h e  f o l  l ow iny  ve ry  

b a s i c  i s sues :  

1. 	 What ques t i ons  re1 a ted  t o  t h e  f i n a n c i n g  and rnanaye~nent o f  

t h e  n a t i o n ' s  highways need t o  be answered and can o n l y  be 

answered w i th .  a  c o n t i n u i n g  da ta  m o n i t o r i n g  e f f o r t ?  

2. 	 What d a t a  need t o  be c o l l e c t e d  and eva lua ted  i n  o rde r  t o  

answer these  ques t i ons?  

3 .  	 What i s  t h e  -b e s t  way t o  c o l l e c t  and eva lua te  these  da ta  i n  

o rde r  t o  answer a number o f  these bas i c  and impo r tan t  

ques t i ons .  

The d e t e r i o r a t i o n  o f  t h e  highway i n f r a s t r u c t u r e  and t h e  

consequent need t o  use t a x  d o l l a r s  w i s e l y  t o  ma in ta i n ,  r e h a b i l i t a t e ,  

and r e c o n s t r u c t  t h e  h i  yhway system have p resen ted  t h e  highway 

community, t h e  S t a t e  and n a t i o n a l  governments w i t h  bas i c  p o l i c y  and 

t e c h n i c a l  ques t i ons  t o  which, a t  present ,  t h e r e  a re  o n l y  t e n t a t i v e  o r  

i n t u i t i v e  answers. Rehab i l it a t e d  o r  r econs t ruc ted  pavements a re  more 

d i f f i c u l t  t o  des i  yn and c o n s t r u c t  p r o p e r l y  than  a re  new pavelnents. 

The compos i t i on  o f  t h e  v e h i c l e  f l e e t  and v e h i c l e  l o a d i n g  

d i s t r i b u t i o n s ,  t h e  c o n s t r u c t i o n  o f  t i r e s ,  and t h e  magnitude and 



d i s t r i b u t i o n  o f  t i r e  p ressures  a re  changing r a p i d l y  and a re  expected 

t o  have a s i g n i f i c a n t  impact on t h e  r a t e  o f  highway d e t e r i o r a t i o n .  

There i s  a growing r e c o g n i t i o n  o f  t h e  impor tance o f  c l i m a t i c  

i n f l u e n c e s  on t h e  r a t e  o f  pavement d e t e r i o r a t i o n .  A l l  o f  these  

changes have c rea ted  a  dynamii s i t u a t i o n  f o r  po l i cy -makers  who a re  

a t t e m p t i n g  t o  de te rmine  c o s t  r e s p o n s i b i l i t i e s  f o r  d i f f e r e n t  highway 

users  and t o  d e f i n e  e q u i t a b l e  means o f  a p p o r t i o n i n g  t h e  funds t h a t  a r e  

ava i  l a b l e  f o r  p r e s e r v i n g  our  n a t i o n ' s  highway network.  

Long-term m o n i t o r i n g  o f  pavements i s  now be ing  g e n e r a l l y  accepted 

by t h e  highway community as e s s e n t i a l  t o  t h e  r e s o l u t i o n  o f  t h e  po l  i c y  

and t e c h n i c a l  ques t i ons  t h a t  have a r i sen .  M o n i t o r i n g  o f  pavements f o r  

l o n g  p e r i o d s  has been a p p l i e d  on a  l i m i t e d  bas i s  and i n  a  v a r i e t y  o f  

ways a t  S t a t e  and n a t i o n a l  l e v e l  f o r  a  number o f  years ,  b u t  o n l y  

r e c e n t l y  has t h e r e  been any a t tempt  t o  c o o r d i n a t e  and expand these 

e f f o r t s ,  t o  make as much use as p o s s i b l e  o f  t h e  a v a i l a b l e  data,  t o  

share da ta  among agencies,  and t o  e s t a b l i s h  t h e  degree o f  u n i f o r m i t y  

i n  t h e  da ta  t h a t  i s  e s s e n t i a l  t o  p e r m i t  i t s  e f f e c t i v e  use a t  t h e  

l owes t  cos t .  The bes t  way o r  ways t o  do t h i s  a re  n o t  y e t  e s t a b l i s h e d .  

I t  i s  n o t  a l t o g e t h e r  c l e a r  what uses a re  t o  be made o f  t h e  da ta ,  what 

k i n d s  o f  da ta  should  be c o l l e c t e d  u n i f o r m l y  f o r  common use and what 

k i nds  a re  so S t a t e  o r  D i s t r i c t  s p e c i f i c  t h a t  u n i f o r m i t y  i s  no t  

necessary,  and how bes t  t o  share da ta  among agencies. I n  s h o r t ,  t h e  

o v e r a l l  s t r u c t u r e  o f  t h e  Long-Term M o n i t o r i n g  e f f o r t  has no t  been 

f u l l y  determined as y e t .  I t  i s  b e l i e v e d  t h a t  a f t e r  c a r e f u l  

c o n s i d e r a t i o n  i s  g i ven  t o  a l l  o f  these  ques t ions  i n  t h e  two Long-Term 

M o n i t o r i n y  workshops i n  October  1984 and February  1985, a  b e t t e r  



unders tand ing  o f  t h e  e n t i r e  process w i l l  emerge, and d e c i s i o n s  can be 

made t o  de te rmine  t h e  f u t u r e  d i r e c t i o n  o f  t h e  Long-Term M o n i t o r i n g  

process i n  t h e  s t a t e s  and i n  t h e  na t i on .  

T h i s  document has been prepared t o  p r o v i d e  background i n f o r n ~ a t i o n  

f o r  t h e  f i r s t  o f  these  two workshops, t h e  purpose o f  which i s  t o  

e s t a b l i s h  p r i o r i t i e s  on t h e  o b j e c t i v e s  and uses o f  Long-Term 

Mon i t o r i ng ,  t o  cons ide r  seve ra l  p o s s i b l e  a1 t e r n a t i  ve means o f  

o r g a n i z i n g  and s t r u c t u r i n g  t h e  Long-Term M o n i t o r i n g  e f f o r t ,  and t o  

recommend those  a l t e r n a t i v e s  which a re  most l i k e l y  t o  s a t i s f y  t h e  

o b j e c t i v e s  which a re  determined t o  be most impo r tan t .  I n  o rde r  t o  

make these  d e c i s i o n s  e f f e c t i v e l y ,  t h e  workshop p a r t i c i p a n t s  need t o  be 

aware o f  p rog ress  t o  d a t e  f o r  t h e  Long-Term M o n i t o r i n g  program, 

i n c l u d i n g  t h e  exper ience  ga ined f rom pas t  da ta  c o l l e c t i o n  a c t i v i t i e s  

o f  s h o r t  and l o n g  d u r a t i o n .  



CHAPTER 2 


HISTORICAL DEVELOPMENT OF THE LONG-TERM MONITORING INITIATIVE 


EMPHASIS ON PAVEMENT MANAGEMENT 

A ma jo r  reason f o r  t h e  ve r y  s t r o n g  i n t e r e s t  i n  Long-Term 

M o n i t o r i n g  i s  i t s  p o t e n t i a l  f o r  becoming an e s s e n t i a l  p a r t  o f  pavement 

management, which i s  p r a c t i c e d  a t  severa l  d i f f e r e n t  l e v e l  s: p r o j e c t  

l e v e l ,  D i s t r i c t  network l e v e l ,  S t a t e  highway program l e v e l ,  and 

Federa l  highway program l e v e l .  Each l e v e l  has i t s  own requi rements  

f o r  i n f o r m a t i o n  t h a t  can be f u r n i s h e d  by Long-Term Mon i t o r i ng .  B r i e f  

summaries o f  t h e  k i n d s  o f  i n f o r m a t i o n  needed a t  each l e v e l  a re  g i ven  

be1 ow. 

P r o j e c t  Leve l  Pavement Management 

A t  t h i s  l e v e l  o f  pavement management, d e c i s i o n s  a re  made t o  

s e l e c t  a s p e c i f i c  a c t i o n  f o r  a s p e c i f i c  l o c a t i o n ,  t a k i n g  i n t o  account 

t h e  p rev i ous  c o n s t r u c t i o n  h i  s t o r y  and t r a f f i c ,  t h e  f u t u r e  a n t i c i p a t e d  

t r a f f i c ,  t h e  c u r r e n t  d i s t r e s s e d  c o n d i t i o n  and r i d i n g  q u a l i t y  o f  t h e  

pavement, t h e  c u r r e n t  s a f e t y  record,  and t h e  c u r r e n t  annual c o s t  o f  

r o u t i n e  maintenance. D e f l e c t i o n  t e s t s  t h a t  may be made on t h e  s e c t i o n  

w i l l  r evea l  t h e  c u r r e n t  s t r u c t u r a l  c a p a c i t y  o f  t h e  pavement. A l l  

d e c i s i o n s  w i l l  t a k e  i n t o  account t h e  l i k e l y  e f f e c t s  o f  t h e  weather,  

dra inage,  a c t i v e  subgrade s o i l s  such as expans ive c l a y s  o r  f r o s t -

heav ing s o i l s ,  c racks  o r  j o i n t s  t h a t  can be a c t i v a t e d  by tempera tu re  

cyc les ,  and pass ing  t r a f f i c .  The s e l e c t i o n  o f  a s p e c i f i c  a c t i o n  w i l l  



t a k e  i n t o  account t h e  m a t e r i a l s  p r o p e r t i e s  and u n i t  cos t s  o f  v a r i o u s  

a v a i l a b l e  a l t e r n a t i v e  m a t e r i a l s ,  t h e  c o n s t r u c t i o n  o p e r a t i o n s  t h a t  a re  

r e q u i r e d  t o  produce and p l a c e  them, t h e  q u a l i t y  c o n t r o l  t h a t  can be 

ach ieved w i t h  them, and p r e v i o u s  exper ience  w i t h  each a l t e r n a t i v e  

p lan .  Design c a l c u l a t i o n s  w i l l  be made t o  s e l e c t  t h e  bes t  t h i c k n e s s  

o f  each l a y e r .  D e t a i l e d  c o n s i d e r a t i o n s  o f  a l l  o f  these  f a c t o r s  a r e  

u s u a l l y  made i n  some fo rm o r  another  on each p r o j e c t  i n  t h e  course o f  

a r r i v i n g  a t  a f i n a l  d e c i s i o n  o f  what t o  do. Even though a l l  o f  t h i s  

i n f o r m a t i o n  may be c o l l e c t e d  i n  one form o r  ano ther ,  ve ry  l i t t l e  o f  i t  

w i l l  be s t o r e d  f o r  use i n  f u t u r e  p r o j e c t  dec i s i ons ,  and i t  i s  w e l l  

t h a t  i t  shou ld  no t ,  f o r  i n  a  ve r y  s h o r t  t i m e  t h e  accumula t ion  o f  such 

da ta  would f o rm  an unmanageable mass, t h e  b u l k  and i n e r t i a  o f  which 

would become t o o  expens ive t o  s t o r e  and r e t r i e v e .  There fo re ,  

Long-term m o n i t o r i n g  o f  such da ta  must be l i m i t e d  t o  s i g n i f i c a n t  da ta  

r e p r e s e n t a t i v e  o f  t y p i c a l  s e c t i o n s  of pavement. It i s  concerned w i t h  

measur ing and r e c o r d i n g  s y s t e m a t i c a l l y  da ta  t h a t  can be used t o  

e s t a b l i s h  t r ends ,  deve lop  o r  improve des ign  equa t ions ,  and reco rd  f o r  

f u t u r e  r e f e r e n c e  t h e  d i s t r e s s ,  d e f l e c t i o n ,  performance, s a f e t y  and 

c o s t  h i s t o r y  of a p a r t i c u l a r  t y p i c a l  t y p e  o f  pavement, so t h a t  f u t u r e  

d e c i s i o n s  may be based upon a c t u a l ,  o b j e c t i v e ,  and accu ra te  

measurements. Long-term moni t o r i n y  a t  p r o j e c t  l e v e l  r equ i  r e s  a 

c a r e f u l  s e l e c t i o n  o f  pavement s e c t i o n s  t o  be made so t h a t  t h e  'number 

o f  measurements made, t h e  c o s t s ,  and manpower can be reduced t o  a 

manageable minimum. P r o j e c t  l e v e l  m o n i t o r i n g  i s  wasted i f  i t s  e f f o r t s  

a re  spent on e x o t i c  exper iments  which a re  no t  i n t ended  f o r  even tua l  

widespread use. 



D i  s t r i c t  Network Leve l  Pavement Management 

A t  t h i s  l e v e l  o f  pavement management, s p e c i f i c  p r o j e c t s  a re  

s e l e c t e d  f o r  f und ing  and c o n s t r u c t i o n  i n  a  s p e c i f i c  p e r i o d  o f  t ime.  

The p r o j e c t s  may i n c l u d e  r o u t i n e  o r  p r e v e n t i v e  maintenance, 

r e h a b i l i t a t i o n ,  r e c o n s t r u c t i o n ,  w iden ing  o r  rea l ignment ,  o r  i n  some 

cases, new c o n s t r u c t i o n .  The d e c i s i o n s  t h a t  a re  made a t  D i s t r i c t  

network  l e v e l  t a k e  i n t o  account t he  r e l a t i v e  c o n d i t i o n  o f  each 

cand ida te  pavement sec t i on ,  t h e  t r a f f i c  and p o p u l a t i o n  i t  serves, t h e  

a l t e r n a t i v e  c o n s t r u c t i o n  s t r a t e g i e s  t h a t  may be employed on each 

s e c t i o n  and t h e  e x p e c t a t i o n  o f  how l ong  each w i l l  l a s t ,  t h e  r e l a t i v e  

c o s t s ,  and t h e  expected l e v e l s  o f  r i d i n g  q u a l i t y  and d i s t r e s s  t h a t  

each a l t e r n a t i v e  w i l l  exper ience  over  i t s  u s e f u l  l i f e .  A t  t h i s  l e v e l ,  

c o n s i d e r a t i o n  o f  a l l  o f  these  f a c t o r s  r e s u l t s  i n  a l i s t  o f  p r o j e c t s  i n  

o rde r  o f  p r i o r i t y  over  a p e r i o d  o f  years .  The l i s t  may change from 

y e a r  t o  yea r  as t h e  needs o f  each s e c t i o n  s h i f t  r e l a t i v e  t o  one 

another,  

I n  some s t a t e s ,  t h e  process i s  taken  one s t e p  f a r t h e r  t o  

e s t a b l i s h  an op t ima l  se t  o f  s t r a t e g i e s  t o  adopt f o r  each s e c t i o n  o f  

pavement. There a re  severa l  d i f f e r e n t  ways o f  de te rm in i ng  an optimum 

l i s t  o f  p r o j e c t s  depending upon t h e  management o b j e c t i v e s  such as 

m i n i m i z i  ng c o s t  o r  maximiz ing b e n e f i t  , b u t  each method requ i  r es  a 

knowledge o f  how l o n g  a  t y p i c a l  new o r  r e h a b i l i t a t e d  pavement w i l l  

l a s t  under t h e  a n t i c i p a t e d  t r a f f i c ,  as w e l l  as t h e  c o s t  o f  each 

a1 t e r n a t i v e  t h a t  i s  f e a s i b l e  f o r  each p r o j e c t .  

Long-term rnoni t o r i  ng a t  D i s t r i c t  l e v e l  w i  11 be p r i ~ n a r i  l y  

concerned w i t h  deve lop ing  s u f f i c i e n t  da ta  on each t y p i c a l  t y p e  o f  



pavement o r  rehab i  1  i t a t i o n  a l t e r n a t i v e  t o  be ab le  t o  s a t i s f a c t o r i l y  

p r e d i c t  e i t h e r :  

1. 	 I t s  s u r v i v a l  r a t e  w i t h  t ime  o r  w i t h  t r a f f i c ,  i .e.  t h e  

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

s p e c i f i e d  number o f  yea rs  o r  number o f  a x l e  loads,  o r  

2. 	 The r a t e  a t  which i t  changes c o n d i t i o n  w i t h  t ime  o r  w i t h  

t r a f f i c .  

As w i t h  p r o j e c t  l e v e l  l ong - t e rm  mon i t o r i ng ,  t h e  emphasis a t  

D i s t r i c t  network l e v e l  i s  w i t h  c o l l e c t i n g  da ta  c a r e f u l l y  on a  

s u f f i c i e n t  number o f  t y p i c a l  pavement s e c t i o n s  i n  o rde r  t o  be a b l e  t o  

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

which i s  e s s e n t i a l  i n  e i t h e r  r a t i o n a l l y  s e t t i n g  p r i o r i t i e s  o r~. i n  

s e l e c t i n g  an o p t i m a l  1  i s t  o f  p r o j e c t s .  

S t a t e  Leve l  Pavement Management 

A t  t h i s  l e v e l  o f  pavement management, d e c i s i o n s  a re  made t o  

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

S t a t e  based upon a  v a r i e t y  o f  c r i t e r i a  i n c l u d i n g  es t ima ted  needs f o r  

purposes o f  sa fe t y ,  i n c reased  c a p a c i t y  o r  improved a1 ignment, 

r e h a b i l i t a t i o n ,  r e c o n s t r u c t i o n ,  o r  new c o n s t r u c t i o n .  The o t h e r  

c r i t e r i a  may i n c l u d e  t r a f f i c  and p o p u l a t i o n  served, geograph ica l  

d i s t r i b u t i o n  f a c t o r s ,  d i s t r i b u t i o n  o f  l ane -m i l es  o f  d i f f e r e n t  

f u n c t i o n a l  c l asses  o f  highway, and o thers .  I n  some cases, d e c i s i o n s  

a t  t h i s  l e v e l  may be concerned w i t h  s p e c i f i c  p r o j e c t s  o f  ma jo r  

impor tance t o  t h e  sp ine  network o f  t h e  S ta te .  

The needed funds may be es t ima ted  based upon t h e  c u r r e n t  



c o n d i t i o n  o f  a  sample o f  t h e  pavement network. The s i z e  o f  sample 

t h a t  i s  r e q u i r e d  t o  r ep resen t  a c c u r a t e l y  t h e  c o n d i t i o n  and needed 

funds f o r  a p a r t i c u l a r  f u n c t i o n a l  c l a s s  o f  highway v a r i e s  w i t h  t h e  

number o f  l ane -m i l es  o f  t h a t  f u n c t i o n a l  c l ass ,  w i t h  t h e  pe rcen t  o f  t h e  

t o t a l  dec reas ing  as t h e  t o t a l  number o f  l ane -m i l es  inc reases .  

A1 so, a t  t h e  S t a t e  l e v e l  o f  pavement management, p r o j e c t i o n s  o f  

needed funds a re  made a  number o f  y e a r s  i n t o  t h e  f u t u r e  w i t h  annual 

expend i t u res  be ing  es t ima ted  5, 10, o r  20 y e a r s  f rom t h e  c u r r e n t  date.  

There a re  two b a s i c  ways o f  making these  es t ima tes :  

1. 	 S t a r t i n g  w i t h  t h e  c u r r e n t  c o n d i t i o n  o f  each s e c t i o n  o f  

pavement i n  an adequate sample, p r e d i c t  when i t s  c o n d i t i o n  

w i l l  reach an unaccep tab le  l e v e l ,  de te rmine  u s i n g  a  d e c i s i o n  

t r e e  what i s  t h e  a p p r o p r i a t e  r e h a b i l  it a t i v e  a c t i o n  and i t s  

c o s t ,  and t hen  p r e d i c t  t h e  n e x t  t i m e  t h a t  s e c t i o n  w i l l  

r e q u i r e  funds. Add t o  t h i s  t o t a l  t h e  funds t h a t  a re  

r e q u i r e d  a n n u a l l y  f o r  r o u t i n e  maintenance and o c c a s i o n a l l y  

f o r  p r e v e n t i v e  maintenance. The t o t a l  funds t h a t  a re  

r e q u i r e d  yea r  a f t e r  y e a r  p r o v i d e  an e s t i m a t e  o f  t h e  t o t a l  

funds t h a t  a re  needed f o r  t h e  e n t i  r e  S t a t e  network. An 

example o f  t h i s  i s  t h e  Pavement E v a l u a t i o n  System (PES) used 

i n  Texas. 

2. 	 S t a r t i n g  w i t h  a  number o f  " t y p i c a l "  pavement s e c t i o n s  t h a t  

a re  r e p r e s e n t a t i v e  o f  d i f f e r e n t  f u n c t i o n a l  c l asses  o f  

pavements and a  d i s t r i b u t i o n  o f  t h e  ayes o f  a l l  pavements i n  

each c l a s s ,  p r e d i c t  t h e  d i s t r i b u t i o n  o f  t imes  when 

r e h a b i l i t a t i o n  w i l l  be r e q u i r e d  f o r  t h e  "average" pavement 



o f  each age. Es t ima te  t h e  d i s t r i b u t i o n  o f  cos t s  o f  

r e h a b i l i t a t i o n  f o r  each pavement, and s t a r t  over  aga in  

p r e d i c t i n g  t h e  d i s t r i b u t i o n  o f  t imes  and c o s t s  when 

r e h a b i l i t a t i o n  w i l l  be r e q u i r e d  once more. Th i s  process i s  

repeated f o r  each " t y p i c a l "  pavement and t h e  cos t s  i n c u r r e d  

i n  each y e a r  a re  added up t o  g i v e  an es t imated  t o t a l  c o s t  

f o r  each y e a r  w i t h i n  a s p e c i f i e d  p l a n n i n g  hor i zon .  Examples 

o f  t h i s  a re  t h e  FHWA NULOAD program and t h e  Texas RENU 

program t h a t  was developed f rom it. 

The two methods w i l l  g i v e  d i f f e r e n t  es t imated  t o t a l  cos t s  because 

o f  t h e  d i f f e r e n t  assumptions t h a t  u n d e r l i e  each o f  them, b u t  bo th  

es t ima tes  shou ld  be r e a l i s t i c  i f  a  s u f f i c i e n t l y  l a r g e  sample o f  t h e  

S ta tew ide  pavement network i s  represented.  These p r o j e c t i o n s  a re  used 

t o  a s s i s t  i n  budge ta ry  p l a n n i n g  and i n  p r e p a r i n g  and j u s t i f y i n g  

reques ts  f o r  revenues f rom t h e  S t a t e  l e g i s l a t u r e .  

These same two methods o f  e s t i m a t i n y  f und ing  needs a t  t h e  S t a t e  

network l e v e l  a re  capab le  o f  answering "what i f "  ques t i ons  concern ing  

t h e  impact  o f  l e g i s l a t i o n  p e r m i t t i n g  changes i n  maximum a x l e  we igh ts  

and t r u c k  s i z e s  and o f  d i f f e r e n t  fund  d i s t r i b u t i o n  op t i ons .  

Thus, a t  S t a t e  network l e v e l  i t  i s  poss ib l e ,  and u s u a l l y  

d e s i r a b l e ,  t o  be a b l e  t o  es t ima te  c u r r e n t  needs, t o  p r o j e c t  f u t u r e  

needs, and t o  i n v e s t i g a t e  t h e  impacts  o f  f u t u r e  f und ing  and 

l e g i s l a t i v e  p o l i c i e s .  

Long-term m o n i t o r i n g  a t  S t a t e  network l e v e l  i s  concerned w i t h  

hav ing  s u f f i c i e n t  da ta  t o  develop t h e  p r e d i c t i v e  equa t ions  t h a t  a re  

needed f o r  making f u n d i n g  es t i l na tes  and p o l i c y  s t ud ies .  Th i s  means 



t h a t  t h e  p r e d i c t i v e  equa t ions  t h a t  a re  used shou ld  be r e p r e s e n t a t i v e  

o f  t h e  S t a t e ' s  pavements and shou ld  be chosen among t h e  p r i n c i p a l  

t ypes  of pavement i n  t h e  S t a t e  on an unbiased o r  random bas is .  The 

p r e d i c t i v e  equa t ions  may o r  may no t  be t h e  same as t h e  des ign  

equa t ions  t h a t  a re  used a t  p r o j e c t  l e v e l ,  and t h e y  w i l l  i n c l u d e  o t h e r  

t ypes  o f  equa t ions  such as s u r v i v o r  curves o r  m a t r i c e s  i n d i c a t i n g  t h e  

r a t e  o f  change o f  pavement c o n d i t i o n  f o r  t h e  p r i n c i p a l  t ypes  o f  

pavement and r e h a b i l i t a t i o n  methods t h a t  a re  i n  use i n  t h e  S t a t e .  

N a t i o n a l  Leve l  Pavement Management 

The N a t i o n a l  l e v e l  o f  pavement management i s  concerned w i t h  

e s t a b l  i s h i n g  an e q u i t a b l e  b a s i s  f o r  r a i s i n g  revenues and f o r  

d i s t r i b u t i n g  t h e  funds t o  t h e  S ta tes ,  and w i t h  a s c e r t a i n i n g  whether 

t h e  d i s t r i b u t e d  funds a re  p roduc ing  reasonably  accep tab le  r e s u l t s  

among a l l  o f  t h e  S ta tes .  I n d i v i d u a l  p r o j e c t s  a re  r a r e l y  cons idered  a t  

t h i s  h i g h e s t  p o l i c y  l e v e l .  The d i s t r i b u t i o n  o f  funds among t h e  S ta tes  

i s  d i c t a t e d  by fo rmu las  t h a t  i n c l u d e  a  number o f  f a c t o r s  such as t o t a l  

l ane -m i l es  o f  d i f f e r e n t  f u n c t i o n a l  c l asses  o f  highway, t r a f f i c ,  m a i l  

r ou tes ,  and o t h e r  areas o f  f e d e r a l  r e s p o n s i b i l i t y .  F requen t l y ,  t h e  

U n i t e d  S ta tes  Congress r e q u i r e s  s p e c i a l  s t u d i e s  t o  be made concern ing ,  

f o r  example, t h e  impact  o f  t h e  d i f f e r e n t  env i ronmenta l  zones i n  t h e  

U n i t e d  S t a t e s  upon t h e  d e t e r i o r a t i o n  r a t e s  o f  pavements i n  o r d e r  t o  

e s t a b l i s h  whether some c l i m a t i c  f a c t o r  o r  f a c t o r s  shou ld  be i n c l u d e d  

i n  d e t e r m i n i n g  an e q u i t a b l e  d i s t r i b u t i o n  o f  Federa l  funds among t h e  

S ta tes .  Other  s t u d i e s  may be concerned w i t h  c o s t  r e s p o n s i b i l i t i e s  o f  

d i f f e r e n t  v e h i c l e  c lasses ,  and i n v e s t i g a t e  t h e  r e l a t i v e  damage done by 



each c l a s s  o f  v e h i c l e  o r  t h e  r e l a t i v e  cos t s  t h a t  should  be borne by 

each v e h i c l e  c l a s s  i n  o r d e r  t o  p r o v i d e  a  pavement t h a t  w i l l  p r o v i d e  

s e r v i c e a b l e  performance f o r  a1 1  c lasses  o f  v e h i c l e .  Other  s t u d i e s  may 

i n v e s t i g a t e  t h e  economic impact  o f  hav i ng  d i f f e r e n t  r e g u l a t i o n s  o f  

v e h i c l e  s i z e s  and we igh ts  f rom S t a t e  t o  S ta te .  S t i l l  o t h e r  s t u d i e s  

may a t tempt  t o  de te rmine  t h e  o v e r a l l  c o s t  e f f e c t i v e n e s s  o f  t h e  q u a l i t y  

o f  c o n s t r u c t i o n  t h a t  can be achieved w i t h  t h e  d i f f e r e n t  methods o f  

a p p l y i n g  c o n s t r u c t i o n  spec i  f i c a t i  ons. A1 1 o f  these  s t u d i e s  have a  

p r a c t i c a l  r e s u l t  i n  view: t o  c o n t i n u a l l y  a d j u s t  Federa l  p a r t i c i p a t i o n  

i n  t h e  c o n s t r u c t i o n  and r e h a b i l i t a t i o n  o f  t h e  n a t i o n ' s  t r a n s p o r t a t i o n  

net'work t o  become as e q u i t a b l e  and as c o s t  e f f e c t i v e  as p o s s i b l e .  

Even though t h e  Federa l  p a r t i c i p a t i o n ,  as desc r i bed  above, a c t s  i n  a  

suppo r t i ng ,  r a t h e r  than  a  d i r e c t i n g ,  r o l e  i n  a s s i s t i n g  t h e  S ta tes  i n  

managing t h e  n a t i o n ' s  highways, i t  neve r t he less  serves an impo r tan t  

f u n c t i o n  i n  pavement management. 

Long-term m o n i t o r i n g  a t  Federa l  1  eve1 i s  concerned w i t h  hav ing  

s u f f i c i e n t  da ta  a v a i l a b l e  on a  r e p r e s e n t a t i v e  sample o f  t h e  n a t i o n ' s  

h i  yhways t o  be a b l e  t o  produce d e f i n i t i v e  and unbiased answers t o  t h e  

ques t i ons  asked and t h e  p o l i c y  s t u d i e s  t h a t  a re  mandated by t h e  

Congress. These s t u d i e s  may be very  d e t a i l e d  i n  na tu re ,  i n v o l v i n g  t h e  

p r e d i c t i o n  o f  t h e  appearance and growth o f  severa l  t ypes  o f  d i s t r e s s  

i n  each o f  a  l a r g e  v a r i e t y  o f  pavement t ypes  i n  d i f f e r e n t  c l ima tes ,  o r  

i t  may be ve ry  broad i n  scope i n v o l v i n g  a  computer ized s tudy o f  t h e  

c o n d i t i o n  o f  pavements i n  t h e  e n t i r e  coun t r y  u s i n g  t h e  s i n g l e  r i d i n g  

q u a l i t y  s t a t i s t i c  t h a t  i s  recorded i n  t h e  Highway Performance 

M o n i t o r i n g  System. The s t u d i e s  may range over  a  v a r i e t y  o f  t o p i c s ,  



r e q u i r i n g  access t o  q u a n t i t i e s  o f  d e t a i l e d  d a t a  on pavements, t r a f f i c ,  

m a t e r i a l  s, c l  i r na t i c  f a c t o r s ,  cos t s ,  d i s t r e s s ,  r i d i n g  qua1 i t y ,  s a f e t y ,  

and so on. The most i m p o r t a n t  aspect  o f  Long-Term M o n i t o r i n g  a t  t h e  

N a t i o n a l  l e v e l  i s  t o  have a v a i l a b l e  a  r e p r e s e n t a t i v e  sample o f  

d e t a i l e d  i n f o r m a t i o n  on a l l  aspects  o f  pavements w i t h  t h e  sample 

composed o f  a  s u f f i c i e n t  number o f  t h e  p r i n c i p a l  t ypes  o f  pavements i n  

each o f  t h e  S ta tes .  A good d i s t r i b u t i o n  o f  these  pavements i s  

e s s e n t i a l  t o  e l i m i n a t e ,  as much as i s  p r a c t i c a l ,  any b i a s  t h a t  may 

f i n d  i t s  way i n t o  t h e  conc lus i ons  o f  a s tudy  due t o  t h e  use o f  a  s e t  

o f  pavements t h a t  a re  no t  r e p r e s e n t a t i v e .  

D i f f e r e n t  O b j e c t i v e s  o f  Long-Term M o n i t o r i n g  

I t  i s  apparent  Prom t h e  p rev i ous  d i s c u s s i o n  t h a t  t h e  needs f o r  

da ta  f rom Long-Term M o n i t o r i n g  a re  d i f f e r e n t  a t  t h e  d i f f e r e n t  l e v e l s  

o f  pavement management. P r o j e c t  l e v e l  da ta  needs a r e  focused on 

deve lop ing  and c o n t i n u a l l y  upda t i ng  d e t a i l e d  des i  gn equa t i ons  whereas 

t h e  da ta  needs a t  h i ghe r  network l e v e l s  a re  concerned w i t h  deve lop ing  

and c o n t i n u a l l y  upda t i ng  r e1  ia b l e  r e1  a t i o n s  t h a t  w i  11 p e r m i t  accu ra te  

es t ima tes  o f  p resen t  and f u t u r e  c o s t s  and t h e  consequences of  changes 

i n  p o l i c y  o r  fund  d i s t r i b u t i o n  op t i ons .  The two t ypes  o f  da ta  needed 

a re  n o t  m u t u a l l y  e x c l u s i v e  and f o r  t h e  most p a r t  may be taken  f rom t h e  

same c a r e f u l l y  c o n s t r u c t e d  da ta  base, o r  may be t aken  f rom severa l  

Such da ta  bases p rov i ded  t h a t  t h e  da ta  have been ~neasured and recorded 

i n  a  u n i f o r m  way. 

Tables 1 and 2 summarize t h e  t ypes  o f  da ta  t h a t  a re  c o l l e c t e d  i n  

long- te rm mon i t o r i ng ,  t h e  t ypes  o f  equa t ions  and o t h e r  r e l a t i o n s  t h a t  



TABLE 1. Types and Uses o f  Long-Term M o n i t o r i n g  Data 

USES OF LONG-TERM MONITORING DATA 


TYPES OF LONG-TERM 
MONITORING DATA 

INVENTORY DATA 

S e c t i o n  I D  X X X X X X X X X X X 

Geometr ic and 


T h i c k n e s s D e t a i l s  X X X X X X 


P r i o r  T r a f f i c  and 

A x l e  Loads X X X X X X X X X X X 


D ra inage  D e t a i  1s X X X X 

Env i ronmenta l  Data X X X X X X X X X 


M a t e r i a l  P r o p e r t i e s  X 

Subgrade P r o p e r t i e s  X X X X X 

C o n s t r u c t i o n  Costs X 

R e h a b i l i t a t i o n  Costs  X 


MONITORING DATA 

D i  s t r e s s  X X X X X X X 

Performance X X X X X X X 

T r a f f i c  and 


Ax le  Loads X X X X X X X X X X X 

Def 1e c t ions X X X X X X 


Dates of 

Maintenance , 


S a f e t y  Measures X X X 


R e h a b i l i t a t i o n  X X X X X X X 




TABLE 2. Uses o f  Long-Term M o n i t o r i n g  D a t a  
a t  t h e  D i f f e r e n t  L e v e l s  o f  Pavement Management 

USES OF LONG-TERM MONITORING DATA 

LEVELS OF PAVEMENT 
MANAGEMENT 

PROJECT LEVEL 

DISTRICT LEVEL 

X 
,-

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X X X 

STATE PROGRAM X X X X X X X X X X 

FEDERAL PROGRAM X X X X X X X X X 



a r e  developed f rom these  da ta  (Tab le  1), and t h e  l e v e l s  o f  pavement 

management where these  r e l a t i o n s  a re  used (Tab le  2 ) .  I n v e n t o r y  da ta  

a re  those  da ta  which c h a r a c t e r i z e  a  pavement s e c t i o n  and do no t  change 

w i t h  t i m e  o r  accumulated t r a f f i c .  M o n i t o r i n g  da ta  a re  t hose  da ta  

which do change w i t h  t i m e  o r  t r a f f i c .  The c a t e g o r i e s  o f  da ta  shown i n  

Tab le  1 w i l l  be .b roken  down i n t o  much more d e t a i l  i n  a l a t e r  s e c t i o n  

o f  t h i s  document. 

FHWA, NCHRP, AASHTO, and S t a t e  I n t e r e s t s  i n  Long-Term M o n i t o r i n g  

Numerous s tud ies ,  research  p r o j e c t s ,  imp lementa t ion  e f f o r t s ,  and 

demons t ra t ion  p r o j e c t s  have been conducted by t h e  FHWA, t h e  NCHRP, t h e  

AASHTO, and by v a r i o u s  S ta tes  i n  s u b j e c t s  t h a t  r e l a t e  t o  t h e  broad 

a rea  of pavement management and some o f  these  have been d i r e c t l y  

r e l a t e d  t o  t h e  s u b j e c t  o f  Long-Term Mon i t o r i ng .  The FHWA has funded 

an e i g h t - s t a t e  p i l o t  s tudy  o f  l ong- te rm m o n i t o r i n g ,  c u r r e n t  r e s u l t s  of 

which w i l l  be summarized i n  t h i s  document and r e p o r t e d  more f u l l y  i n  a 

separa te  r e p o r t  and i n  t h e , c o u r s e  o f  t h e  workshop. The NCHRP has 

funded t h e  development o f  t h e  Concrete  Pavement E v a l u a t i o n  System 

(COPES), which wi  11 a1 so be sununari zed i n  t h i s  document. Several  

Sta tes,  by u s i n g  Highway P lann ing  and Research (HP&R) funds, have 

developed computer ized long-  te rm m o n i t o r i n g  da ta  bases, i n c l  u d i  ny 

Ar i zona ,  Idaho, I nd i ana ,  Kansas, Maine, Texas, and Washington. I n  

every  case, t h e  da ta  base was an e s s e n t i a l  p a r t  o f  t h e  development o f  

a  pavement management system. Other  long- te rm m o n i t o r i n g  e f f o r t s  have 

been i n i t i a t e d  by t h e  Federa l  Highway Admini s t r a t i  on t o  address 

seve ra l  ma jo r  ques t i ons  concern ing  highway performance, b r i d g e  



c o n d i t i o n ,  and qua1 it y  o f  highway c o n s t r u c t i o n .  The devel  opment o f  

these  da ta  bases, i n f o r m a t i o n  they  con ta i n ,  t h e  ques t i ons  they  were 

a t t e m p t i n g  t o  answer, and some o f  t h e  s t u d i e s  t h a t  have been made w i t h  

them a re  descr ibed  - in t h e  nex t  sec t ion .  

NATIONAL ISSUES ADDRESSED BY MONITORING DATA I N  THE PAST 

I n  t h i s  sec t i on ,  t h e  development and con ten t  o f  severa l  FHWA da ta  

bases w i  11 be descr ibed  a long w i t h  t h e  r e s u l t s  o f  some o f  t he  s t u d i e s  

t h a t  have been made w i t h  them. The da ta  bases i n c l u d e :  

1. 	 The H i  ghway Performance M o n i t o r i n g  System (HPMS) 

2. 	 The N a t i o n a l  B r i d g e  I n s p e c t i o n  Standard System ( N B I S )  

3. 	 The H i  yhway C o n d i t i o n  and Qua1 i t y  o f  Highway C o n s t r u c t i o n  

Survey. 

Three o f  t h e  s t u d i e s  t h a t  have been made i n c l u d e  t h e  3-R Needs 

Study (1976) ,  t h e  Cost A l l o c a t i o n  Study o f  1977, and t h e  Study o f  t h e  

S i ze  and Weight o f  Trucks.  These s t u d i e s  w i l l  i l l u s t r a t e  t h e  t ypes  o f  

o b j e c t i v e s  t h a t  t h e  FHWA a t tempts  t o  meet w i t h  Long-Term M o n i t o r i n g  

data.  

Highway Performance M o n i t o r i n g  System 

The Highway Performance M o n i t o r i n g  System (HPMS) i s  a complete 

computer ized i n f o r m a t i o n  system which i n c l u d e s  da ta  c o l l e c t i o n  and 

p o l i c y  p l a n n i n g  a n a l y t i c a l  t o o l s .  It was developed t o  make a  p e r i o d i c  

assessment of t h e  highway systems w i t h  r espec t  t o  e x t e n t  (system 

m i  1eage) and phys i ca l  c o n d i t i o n ;  t h e  sa fe t y ,  e f f i c i e n c y ,  and economy 



o f  t h e  systems i n  s e r v i n y  t h e  movement o f  goods and people;  and t h e  

impacts  o f  e x i s t i n g  n a t i o n a l  programs and p o l i c i e s .  I n  a d d i t i o n ,  t h e  

HPMS addresses t h e  need t o  assess t h e  p o t e n t i a l  impacts o f  proposed 

programs, p o l  ic i e s  and a1 t e r n a t i v e s .  

I n  a  c o o p e r a t i v e  e f f o r t  t o  develop t h e  HPMS i n t e g r a t e d  da ta  base, 

v a r i o u s  o r g a n i z a t i o n s  w i t h i n  t h e  O f f i c e  o f  Highway P lann ing  have 

merged independent da ta  c o l l e c t i o n  e f f o r t s  i n t o  a  s i n y l e  da ta  

r e p o r t i n g  system. 

The purposes of t h e  HPMS a re  as f o l l o w s :  

a. To p r o v i d e  c u r r e n t  da ta  necessary t o  meet l e g i s l a t i v e  

requ i rements  and agency needs i n  a  t ' i rnely manner. 

L e g i s l a t i v e  requi rements  i n c l u d e  t h e  Biannual  Repor ts  t o  t h e  

Congress on t h e  s t a t u s  o f  t h e  at ion's Hi  yhways, I n t e r s t a t e  

4R Appor t ionments ,  and t h e  Sec t i on  207 Sa fe t y  Repor t  t o  t h e  

Congress. 

b. To p r o v i d e  c u r r e n t  s t a t i s t i c s  on t h e  m i l eage  and e x t e n t  o f  

t h e  v a r i o u s  systems. 

c. To e v a l u a t e  highway programs by m o n i t o r i n g  changes i n  

highway c h a r a c t e r i s t i c s  and performance based on d e t a i  1ed 

sec t i on - spec i  f i c  da ta  ob ta ined  on a  sample bas is .  

d. To m in im i ze  t h e  S t a t e  r e p o r t i n g  burden, t h e  need f o r  s p e c i a l  

d a t a  requests ,  and s p e c i a l  n a t i o n a l  s t ud ies .  

e. To be compat ib le  w i t h  o t h e r  da ta  systems t o  p e r m i t  

meani n y f u l  compari sons. 

I n  t h e  HPMS, t h r e e  ma jo r  types o f  da ta  a re  r epo r t ed :  u n i v e r s e  

mi leage  data,  sample data,  and area-wide data. Each o f  these  a re  



desc r i bed  be1 ow. 

Un ive rse  M i l eaye  Data.  

Th i  s  in c l  udes a  complete  i n v e n t o r y  . o f  m i 1  eaye c l  a s s i  f ied by 

system, j u r i s d i c t i o n ,  and s e l e c t e d  o p e r a t i o n a l  c h a r a c t e r i s t i c s .  These 

da ta  a r e  r e p o r t e d  f o r  a l l  mi leage.  

Sample Data. 

I n  c o n t r a s t  t o  un i ve r se  data,  sample da ta  a re  r e p o r t e d  f o r  a 

smal l  p o r t i o n  o f  t h e  highway mi leage  and c o n t a i n  more e x t e n s i v e  

i n f o r m a t i o n  rega rd i ng  p h y s i c a l  c h a r a c t e r i s t i c s ,  c o n d i t i o n ,  and 

o p e r a t i o n  o f  sampled s e c t i o n s  o f  highway. The sample d a t a  serves as a 
. . 
base f o r  e v a l u a t i n g  changes i n  da ta  element va lues  ove r  t ime ,  t he reby  

p r o v i d i n g  a  b a s i s  f o r  t h e  a n a l y s i s  o f  t h e  performance o f  t h e  N a t i o n ' s  

h i  yhways. The sampled s e c t i o n s  fo rm " f i x e d "  pane ls  o f  highway 

s e c t i o n s  which a re  mon i t o red  f rom yea r  t o  year .  The pane ls  o f  

s e c t i o n s  were e s t a b l  i shed  u s i n g  a  s t a t i s t i c a l l y  des igned sampl i n y  p l a n  

based on t h e  random s e l e c t i o n  o f  road s e c t i o n s  w i t h i n  predetermined 

averaye annual d a i l y  t r a f f i c  (AADT) volume groups ( s t r a t a )  f o r  each 

f u n c t i o n a l  highway c l a s s i f i c a t i o n  i n  t h e  r u r a l ,  smal l  urban, and 

u rban i zed  areas o f  a  S ta te .  There are approx imate ly  94,000 sdmple 

s e c t i o n s  na t ionw ide .  C a p i t a l  improvement da ta  a re  a l s o  p a r t  o f  t h e  

sample s e c t i o n  da ta  requi rements .  Th is  c o n s i s t s  o f  a l l  improvements 

made on t h e  sample panels  o f  sec t i ons ,  i n c l u d i n g  c o s t s  and t y p e  o f  

improvement. A d d i t i o n a l l y ,  s i x  c a t e y o r i e s  o f  a c c i d e n t  da ta  a re  

r e p o r t e d  f o r  t h e  sample sec t ions .  



Areawi de Data. 

C o n t r o l  t o t a l s  f o r  mi 1  eage, t r a v e l  , acc iden ts ,  and l o c a l  

f u n c t i o n a l  c l a s s  da ta  a re  p rov i ded  v i a  areawide forms. The areawide 

m i l eage  and t r a v e l  f i g u r e s  a re  c o n s i s t e n t  w i t h  t h e  m i leage  and t r a v e l  

f i g u r e s  developed f rom t h e  u n i v e r s e  and sample data.  Areawide da ta  i s  

r e p o r t e d  annual l y  f o r  r u r a l  , t o t a l  smal l  urban, and i n d i v i d u a l  

u rban i zed  areas. 

Data on c a p i t a l  expend i t u res  by S t a t e  and geographic  area a re  

r e p o r t e d  on t h e  PR-534 form, Highway C a p i t a l  Ou t l ay  and Maintenance 

Expend i tu res .  The FHWA-534 r e p o r t  was developed i n  c o n j u n c t i o n  w i t h  

t h e  HPMS and i s  used t o  measure S t a t e  and l o c a l  i nves tment  p r i o r i t i e s  

on t h e  a r t e r i a l  and c o l  l e c t o r  highway systems. The FHWA-534 i s  

des igned t o  expand on highway c a p i t a l  o u t l a y  and maintenance 

expend i t u res  by S t a t e  and l o c a l  governments by c l a s s i f y i n g  

expend i t u res  by system ( f u n c t i o n a l  c lass ,  Fede ra l - a i d ,  and non-

F e d e r a l - a i d )  and by t y p e  of  improvement. The FHWA-534 i s  r e q u i r e d  

a n n u a l l y  f o r  S t a t e  highway expend i tu res  and b i e n n i a l l y  f o r  l o c a l  

government expend i tu res .  

The HPMS i s  a  j o i n t  e f f o r t  o f  t h e  Federa l ,  S ta te ,  and l o c a l  

governments. The HPMS o r g a n i z a t i o n ,  guidance, and analyses a re  t h e  

r e s p o n s i b i l i t y  o f  t h e  FHWA. Data r e p o r t i n g  f o r  t h e  HPMS a re  

accompl ished by t h e  S t a t e  Highway Agencies (SHAs) i n  coope ra t i on  w i t h  

l o c a l  yovernmental  u n i t s ,  met ropo l  it a n  p l  ann ing o rgan i  z a t i o n s  (MPOs) , 

and o t h e r  o r g a n i z a t i o n s .  Annual da ta  s u b m i t t a l s  a re  made by t h e  

S ta tes .  Update c y c l e s  f o r  areawide and s e c t i o n  da ta  va ry  f rom 1 t o  5 

yea rs ,  depending on how much t h e  i tems change w i t h  t i m e  and upon t h e  



impor tance o f  hav ing  t h e  i n f o r m a t i o n  c u r r e n t .  

F i g u r e  1 i l l u s t r a t e s  t h e  HPMS procedure s t a r t i n g  w i t h  t h e  da ta  

c o l  1 e c t  i on and r e p o r t  i ng and conc l  ud i  ng w i t h  v a r i  ous r e p o r t s  and o t h e r  

p r i  n c i  pa l  uses. 

There i s  a  wide v a r i e t y  o f  da ta  c o l l e c t e d  i n  t h e  HPMS, i n c l u d i n g  

cos t s  t h a t  a re  r epo r t ed  on t h e  PR-534 fo rm f o r  Highway Cap i t a1  Ou t l ay  

and Maintenance Expendi tures.  These da ta  elements and cos t s  a re  

1  i s t e d  be1 ow. 

Sampl e  Number 
Sample S u b d i v i s i o n  
AADT Vol ume Group I d e n t i f i e r  
Expansion F a c t o r  
Surface/Pavement Type 
Pavement Sect  i on 
SN o r  S lab  Thickness 
Pavement C o n d i t i o n  
Access Con t ro l  
Lane Width 
Approach Width (Urban o n l y )  
Shoul de r  Type 
Shoulder  Width 
Median Type 
ROW Width 
Widening Feas i  b i  1 i t y  
H o r i z o n t a l  A1 i gnment Adequacy (Ru ra l  o n l y )  
Curves by C l  ass 
V e r t i c a l  A1 i gnment Adequacy (Ru ra l  o n l y )  
Grades by Class 
X Pass ing S i g h t  D i s t ance  (Rura l  o n l y )  
Speed L i m i t  
Average Highway Speed (Rura l  o n l y )  
Year 
S t a t e  Code 
County Code 
Ru ra l  /Urban Des igna t i on  
Urban ized  Area Code 
Type o f  Sect ion/Grouped Data I D  
Sect ion/Grouped Data I d e n t i f i c a t i o n  
F u n c t i o n a l  C lass 
Federa l  - A i d  System 
Fede ra l -A id  System S t a t u s  
Route S i  gn i  ng 
Route Number 
Governmental Leve l  o f  C o n t r o l  



C o l l e c t ,  Assemble, and I 
Repor t  Data--50 S t a t e s  

D i s t r i c t  of Columbia 

and P u e r t o  Rico P 


D e t a i l e d  E d i t i n g ,  Review, 

E v a l u a t i o n ,  Updat ing 

I 

Clean Data  Base t 

C u r r e n t  Highway Systems 

. C h a r a c t e r i s t i c s / T r e n d s  

App l  i c a  t i o n  o f  HPMS 

A n a l y t i c a l  Models--Future 


Inves tment /Per fo rmance  

R e l a t i o n s h i p s ,  Improvements 


Needed, Impac t s ,  E t c .  


1.) 	B i e n n i a l  R e p o r t s  t o  t h e  Congress-- 
P r e s e n t  Condi t ion /Per fo rmance  Summary 
Data ;  Trends .  

2 . )  Sec. 207 S a f e t y  Report  t o  t h e  Congress-- 
F a t a l  and I n j u r y  Acc iden t  R a t e s .  

3 .) ~ ~ ~ o r t i o n m e n tI n t e r s t a t e  4 R  Funds--of 
I n t e r s t a t e  l ane-mi les  and v e h i c l e - m i l e s  
of t r a v e l .  

4 .) "Highway S t a t i s t i c s "  and o t h e r  s t a t is-
t i c a l  p u b l i c a t i o n s .  

5.) ~ ~ ~ o r t i o n m e n tC e r t a i n  S a f e t y  Funds- of 
O f f i c i a l  Records  of P u b l i c  Road Mileag 

6 . )  O f f i c i a l  Records o f  Federal -Aid Systems 
Mileage.  

7 . )  	 FHWA/DOT Data N e e d s / S e r v i c e s  t o  f u l f j  
o r g a n i z a t i o n a l  g o a l s ;  d a t a  s e r v i c e s  t u  
gamit o f  S t a t e ,  I n d u s t r y ,  ~ u b l i c / p r i v a t e  
USERS. 

1 . )  B i e n n i a l  R e p o r t s  t o  t h e  Congress .  
2 . )  Support  o f  L e g i s l a t i v e  I n i t i a t i v e s .  
3.) Accruing F u t u r e  Highway Systems 

D e f i c i e n c i e s  and Inves tment  Requiremen 2. 

4 . )  Program ~ e v i e w / D e v e l o ~ m e n t .  
5 . )  P o l i c y  Review/Developmen t . 

Figure 1. Highway Performance Moni tor ing System (HPMS) 
P rocedure  and P r i n c i p a l  Uses 

1 



Federa l ,  S ta te ,  and Loca l  Domain 
Spec ia l  Systems 
Type o f  Fac i  1  i t y  
Trucks/Comrnerci a1 Veh ic les  
To1 1  
Sect ion/Group Length 
AADT 
Number o f  I n t e r s t a t e  Lanes Open t o  T r a f f i c  5 o r  More Years 
Number o f  Through Lanes 
Record Cont i n u a t i  on Code 
Percent  Trucks (Peak and Of f -Peak)  
K-Factor  
D i  r e c t i  onal  F a c t o r  
Capac i ty  (Peak and Off-Peak) 
P reva i  1  i n g  S igna l  i z a t i  on (Urban o n l y )  
T y p i c a l  Percen t  Green t i m e  (Urban- -on ly )  
Pa rk i ng  (Urban o n l y )  (Peak and Off-Peak) 
F u t u r e  AADT 
Dra inage Adequacy 
Type o f  T e r r a i n  (Rura l  o n l y )  
Type o f  Development 
Urban L o c a t i o n  
No. o f  Grade Separated In te rchanges  
No. o f  Ma jo r  Commercial/Recreational/Industrial Access P o i n t s  
No. o f  S t r u c t u r e s  
No. o f  At-Grade R a i l r o a d  Cross ings 
S t r u c t u r e  I d e n t i f i c a t i o n  Numbers 
At-Grade Rai 1 road Cross ing  I d e n t i  f i c a t i  on Numbers 
Type o f  Improvement 
C a p i t a l  Improvement Costs 
Acc iden t  Data 

The c o s t s  t h a t  .are repo r ted  as Highway C a p i t a l  O u t l a y  and 

Maintenance Expend i tu res  on t h e  PR-534 form are  i n  one o f  f o u r  

c a t e g o r i e s :  Federal  - a i d  p r o j e c t s ,  non-Federal - a i d  p r o j e c t s ,  non- 

Fede ra l - a i d  system, and t o t a l .  The cos t s  t h a t  a re  r e p o r t e d  a re  l i s t e d  

be1 ow. 

Right -o f -way Costs 
Eng inee r i ng  Costs 
New Route Costs 
Re1 o c a t i o n  Cost 
Recons t ruc t i on  Cost 
Ma jo r  Widening Cost 
Minor  Widening Cost 
R e s t o r a t i o n / R e h a b i l i t a t i o n  Cost 
Resu r fac ing  Cost 
B r i d g e  Rep1 acement Cost 



B r i d g e  Rehabi 1  i t a t i o n  Cost 

S a f e t y I T r a f f i c  Opera t ions  Cost 

Env i  ronment Re1 a ted  Cost 

T o t a l  C a p i t a l  Out1 ay 

Phys i ca l  Maintenance Cost 

T r a f f i c  Se rv i ce  Cost 

T o t a l  Maintenance Costs 


I n  a d d i t i o n  t o  these  da ta  elements, i t  i s  c u r r e n t l y  be ing  

proposed by t h e  FHWA t h a t  v e h i c l e  c l a s s i f i c a t i o n  da ta  be ob ta ined  on a 

s t a t i s t i c a l l y  drawn subset o f  t h e  HPMS sec t i ons  (app rox ima te l y  15,000 

s e c t i o n s )  and t h a t  v e h i c l e  we igh t  da ta  be ob ta ined  f rom a  sample o f  

t h e  v e h i c l e  c l a s s i f i c a t i o n  sec t i ons  (app rox ima te l y  1000-1500 

sec t i ons ) .  Such a d d i t i o n a l  i n f o r m a t i o n  w i l l  g r e a t l y  enhance t h e  

FHWA's a b i l i t y  t o  es t ima te  v e h i c l e  type,  volumes us ing  t h e  highway 

systems, and v e h i c l e  loads  on these systems. 

HPMS A n a l y t i c a l  Process. 


As s t a t e d  p r e v i o u s l y ,  t h e  HPMS a n a l y t i c a l  process i s  a  p o l i c y  


p l a n n i n g  t o o l  u s e f u l  f o r  s t a tew ide  a n a l y s i s  a t  t h e  f u n c t i o n a l  system 

l e v e l  . The v a l  id i t y  o f  any a n a l y s i s  at tempted a t  a  lower  l e v e l ,  such 

as a highway d i s t r i c t ,  w i l l  depend on t h e  v a l i d i t y  o f  t h e  highway 

sampl e  a t  t h a t  p a r t i c u l a r  l e v e l .  

Forecas t  Highway System Needs. The HPMS process f o r e c a s t s  

highway needs and p rov ides  summaries o f  m i l e s  and c o s t s  o f  each t y p e  

o f  highway improvement f o r  each f u n c t i o n a l  system. The need f o r  an 

improvement i s  determined f o r  each sample s e c t i o n  by comparing highway 

c o n d i t i o n s  year  by y e a r  w i t h  s p e c i f i e d  minimum t o l e r a b l e  cond i t i ons .  

Costs a re  based on t h e  s imu la ted  improvements se lec ted  t o  c o r r e c t  a l l  

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



(up t o  20 yea rs ) .  

S imu la te  Highway System Cond i t ions .  The HPMS da ta  base 

con ta ins  t h e  e x i s t i n g  c o n d i t i o n s  o f  t h e  sampled highway systems f o r  

t h e  base year .  The models s imu la te  changes which would be expected t o  

occur  d u r i n g  an a n a l y s i s  per iod.  Pavement d e t e r i o r a t i o n  and t r a f f i c  

exposure da ta  a re  used t o  determine t h e  c o n d i t i o n s  t h a t  a re  expected 

t o  occur  i n  any f u t u r e  yea r  d u r i n g  t h e  a n a l y s i s  per iod .  I f  an 

improvement i s  s imulated,  changes a re  made i n  t h e  da ta  i tems (e.g., 

l a n e  w i d t h  and pavement c o n d i t i o n )  t h a t  would be a f f e c t e d  by t h e  

improvement. The process con t inues  u n t i l  t h e  t a r g e t  yea r  ( l a s t  yea r  

of  a n a l y s i s  p e r i o d )  i s  reached. Targe t  y e a r  c o n d i t i o n s  a re  a l s o  

s imu la ted  under t h e  assumption t h a t  no improvement i s  made. Th i s  

a l l ows  comparison o f  t a r g e t  yea r  c o n d i t i o n s  w i t h  and w i t h o u t  t h e  

se lec ted  c a p i t a l  improvements. 

Analyze Investment  S t r a t e g i e s .  The HPMS p rov ides  f o r  analyses 

us ing  s p e c i f i c  l e v e l s  o f  f und ing  by f u n c t i o n a l  system f o r  s p e c i f i e d  

a n a l y s i s  per iods.  The models e s t i ~ n a t e . t h e  m i l e s  and cos t s  of each 

improvement t y p e  funded under a  g iven  investment  l e v e l ,  as we11  as t h e  

c o n d i t i o n s  o f  t h e  highway systems r e s u l t i n g  f rom these  expendi tures.  

Up t o  f o u r  ccnsecu t i ve  pe r i ods  (maximum t o t a l  o f  20 y e a r s )  may be 

analyzed, w i t h  f und ing  f o r  each p e r i o d  p rov ided  by t h e  user.  I n  t h i s  

way, d i f f e r e n t  t o t a l  l e v e l s  o f  investment  and d i f f e r e n t  d i s t r i b u t i o n s  

of  funds among t h e  f u n c t i o n a l  systems can be compared. 

The e f f e c t  o f  each investment  l e v e l  can a1 so be eval  uated w i t h  

respec t  t o  o t h e r  va r i ab les .  For example, va r i ous  minimum t o l e r a b l e  

c o n d i t i o n s  can be s p e c i f i e d  w h i l e  h o l d i n g  o t h e r  v a r i a b l e s  constant .  



Th i s  t echn ique  can be used t o  emphasize c e r t a i n  t ypes  o f  improvements 

and t o  show which types  o f  improvements a re  most c o s t  e f f e c t i v e .  

Es t ima te  User Costs. Est imated user  cos t s  f o r  t h e  base yea r  

and t h e  t a r g e t  y e a r  may be analyzed under any scenar io .  The user  c o s t  

measures i n c l  ude f u e l  consumption, v e h i c l e  o p e r a t i n g  cos ts ,  average 

o v e r a l l  t r a v e l  speed, emi ss ions,  and acc idents .  The model s imul  a tes  

these  cos t s  f o r  seven separa te  v e h i c l e  t ypes  on each f u n c t i o n a l  

system. 

HPMS Outputs.  

The p r i n t e d  o u t p u t  sumnaries f rom HPMS a r e  separate f o r  each 

f u n c t i o n a l  system i n  r u r a l ,  smal l  urban, and u rban ized  areas. 

M i l e s  and Costs by Improvement Type. The m i l e s  and cos t s  f o r  

each improvement t y p e  a r e  l i s t e d  f o r  each a n a l y s i s  p e r i o d  and l e v e l  o f  

investment .  

Composite Index  Values ( S u f f i c i e n c y  Ra t i ngs ) .  The r a t i n g s  f c r  

c o n d i t i o n ,  safety ,  se rv ice ,  and t h e  composite va lue  a re  d isp layed .  

These v a l  ues a re  shown i n  two ways--weigh,ted by mi leage and by t r a v e l  . 
The va lues  may be d i s p l a y e d  f o r  t h e  base y e a r  and p r o j e c t e d  f o r  t h e  

t a r g e t  year.  D i s t r i b u t i o n s  o f  these  index  va lues a re  a l s o  d isp layed ,  

i n d i c a t i n g  what p o r t i o n s  o f  m i leage  and t r a v e l  f a l l  w i t h i n  each 

s p e c i f i c  range o f  t h e  index values. 

Investment/Performance Cond i t ions .  Percentage o f  m i l e s  and 

t r a v e l  by pavement type,  pavement c o n d i t i o n ,  1  ane w id th ,  c ross  

sec t i on ,  v o l  ume/capaci ty r a t i o ,  and peak hour  o p e r a t i n g  speed a re  

shown f o r  each investment  1  eve1 . These values, a1o n y  w i  t h  t h e  



composite index  values, i l l u s t r a t e  t h e  p o t e n t i a l  r e s u l t s  o f  va r i ous  

investment  scenar ios.  

D i s t r i b u t i o n  o f  Investment.  The m i l e s  and c o s t s  o f  t h e  

improvements funded i n  a  p a r t i c u l a r  scenar io  a re  l i s t e d .  The same 

da ta  a r e  a l s o  shown f o r  needed improvements s e l e c t e d  by t h e  model b u t  

no t  funded by t h a t  p a r t i c u l a r  investment  l e v e l .  

User Costs. User cos t s  a re  s imu la ted  f o r  each o f  seven v e h i c l e  

types. The "cos ts "  a re  represented by average o v e r a l l  t r a v e l  speed, 

f u e l  consumption, v e h i c l e  o p e r a t i n g  cos ts ,  emiss ions,  and acc idents .  

These may be produced f o r  t h e  base yea r  and f o r  va r i ous  investment  

l e v e l  s. 

~ u l t i p l eD e f i c i e n c i e s .  The mi leage  o f  c e r t a i n  t ypes  o f  

d e f i c i e n c y  and o f  c e r t a i n  f i x e d  combinat ions o f  these  d e f i c i e n c i e s  a re  

1isted. The s p e c i f i c  d e f i c i e n c i e s  addressed a re  pavement c o n d i t i o n ,  

geometr ic  ( r u r a l  on l y ) ,  roadway c ross  sec t i on ,  o p e r a t i o n a l  , and access 

c o n t r o l  ( I n t e r s t a t e  on l y ) .  A comparison may be made among (1) t h e  

d e f i c i e n c i e s  r e s u l t i n g .  f rom a p a r t i c u l a r  1  eve1 o f  investment ,  ( 2 )  t h e  

d e f i c i e n c i e s  t h a t  would e x i s t  w i t h o u t  c a p i t a l  improvements f o r  t h e  

a n a l y s i s  per iod ,  and ( 3 )  t h e  d e f i c i e n c i e s  a l ready  e x i s t i n g  i n  t h e  base 

year .  

De fe r red  Costs. When r e s u r f a c i n g  o r  w iden ing  improvements a re  

d e f e r r e d  f o r  l a c k  o f  funds, i t  i s  p o s s i b l e  t h a t  by t h e  t i m e  t h e  

improvement i s  funded, t h e  o r i g i n a l  improvement t y p e  may no l onge r  be 

adequate. Some t ype  o f  r e c o n s t r u c t i o n  may be needed. T h i s  a n a l y s i s  

shows cos t s  f o r  t h e  improvements i n i t i a l l y  se lec ted  b u t  no t  s imu la ted  

and cos t s  f o r  t h e  l a t e r  improvement which was a c t u a l l y  s imulated.  



Th i s  g i ves  an j n d i c a t i o n  o f  t h e  i nc rease  i n  c o n s t r u c t i o n  c o s t  

r e s u l t i n g  f rom deferment o f  t h e  i n i t i a l  improvement. I n f l a t i o n  c o s t s  

a r e  n o t  considered. 

Types o f  Ana l ys i s  by HPMS. 

HPMS per forms t h r e e  bas i c  t ypes  o f  a n a l y s i s :  needs, investment ,  

and impact. Each o f  these  i s  summarized below. 

Needs Ana l ys i s .  

1. 	 T rave l  P r o j e c t i o n .  Us ing the .  c u r r e n t  and f u t u r e  average 

annual d a i l y  t r a f f i c  da ta  i tems, t r a v e l  i s  p r o j e c t e d  f o r  

each y e a r  o f  t h e  a n a l y s i s  per iod .  

2 .  	 Pavement D e t e r i o r a t i o n .  Us ing  a r n o d i f i c a t i o n  o f  t h e  

AASHTO Road Test  equa t ions  and 18 -k i p  e q u i v a l e n t  a x l e  loads,  

pavement d e t e r i o r a t i o n  i s  sirnul a ted  over  t ime. A  normal 

l e v e l  o f  maintenance i s  assumed. 

3. 	 Capac i ty  C a l c u l a t i o n .  Us ing methods based on t h e  Highway 

Capac i ty  Manual (1965), c a p a c i t i e s  a re  c a l c u l a t e d  f o r  f u t u r e  

c o n d i t i o n s  and s imu la ted  improvements. 

4. 	 D e f i c i e n c y  I d e n t i f i c a t i o n .  D e f i c i e n c i e s  a re  i d e n t i f i e d  by 

comparing t h e  c o n d i t i o n s  o f  each sample highway s e c t i o n  w i t h  

t h e  minimum t o l e r a b l e  c o n d i t i o n s  s p e c i f i e d  f o r  t h a t  t ype  o f  

highway, 

5. 	 Improvement Type S imu la t ion .  Based on t h e  i d e n t i f i e d  

d e f i c i e n c i e s ,  t h e  model s e l e c t s  one o f  twe l ve  p o s s i b l e  t ypes  

o f  improvement f o r  each highway sec t ion .  Changes a re  made 

t o  t h e  s e c t i o n  reco rd  t o  s imu la te  t h e  changes t h a t  would be 



made by t h e  t ype  o f  improvement se lec ted .  

6. 	 Cost Es t imat ion .  Cons t ruc t i on  and r i gh t -o f -way  cos t s  a re  

based on t h e  improvement t ype  and t h e  number o f  lanes  a f t e r  

improvement. Rura l  cos t s  a re  a l s o  based on f u n c t i o n a l  c l a s s  

and t e r r a i n  type.  Urban cos t s  a re  based on h i  yhway des ign  

t y p e  and t y p e  o f  development. Costs a r e  1980 n a t i o n a l  

average va lues,  which may be changed by t h e  user .  

7. 	 Composite Index Assignment. The composite index  va lue  i s  

based on t h r e e  components--condit ion, sa fe t y ,  and serv ice .  

Each o f  these  components i s  i n  t u r n  based on severa l  da ta  

i t ems  which d i r e c t l y  a f f e c t  it. Th is  concept i s  s im i  1  a r  t o  

t h e  s u f f i c i e n c y  ra ' t i ngs  used by many S ta tes .  

Investment  Ana lys is .  

1. 	 Investment  Leve l .  Th i s  process analyzes seven f i x e d  

l e v e l s  o f  investment  over  a  s i n g l e  f und ing  p e r i o d  o f  up t o  

20 years.  The l e v e l s  range f rom f u l l  needs t o  zero c a p i t a l  

investment.  " F u l l  needs" means t h a t  a1 1  s e l  ec ted  

improvements a re  funded. For  t h e  f i v e  i n t e r m e d i a t e  f und ing  

l e v e l s ,  o n l y  a  p o r t i o n  o f  t h e  se lec ted  improvements a re  

funded and simulated. Th i s  a n a l y s i s  p rov ides  i d e n t i f i c a t i o n  

of f u l l  needs cos ts ,  t ypes  o f  improvement, and t h e  r e s u l t a n t  

system c o n d i t i o n s  f o r  each investment  1  eve1 . 
2. 	 Fundi ng Per iod.  The model a1 lows s e l e c t i o n  o f  up t o  f o u r  

consecu t i ve  f und ing  pe r i ods  f o r  a n a l y s i s  (maximum t o t a l  t i m e  

i s  20 years) .  The funds a v a i l a b l e  f o r  each p e r i o d  a re  

p rov ided  by t h e  user. The r e s u l t s  ape produced sepa ra te l y  



f o r  each f und ing  per iod.  The improvements s imu la ted  f o r  

each p e r i o d  a re  taken  f rom t h e  t o p  o f  t h e  p r i o r i t y  l i s t i n g  

f o r  t h e  per iod ,  t o  t h e  ex ten t  o f  a v a i l a b l e  funds. 

3. Improvement P r i  o r i  t i za t i on .  Sample sec t i ons  i d e n t i f i e d  as 

needing improvement a re  ranked i n  p r i o r i t y  order .  Th i s  

r ank ing  i s  based on e i t h e r  a  c o s t  e f f e c t i v e n e s s  index,  t h e  

base y e a r  composite index, a  combinat ion o f  these, o r  any 

one o f  t h e  component i n d i c e s  ( c o n d i t i o n ,  s a f e t y ,  o r  

se rv i ce ) .  When l e s s  than  f u l l  needs funds a re  a v a i l a b l e  f o r  

investment ,  t h e  improvements a re  se lec ted  f rom t h e  t o p  o f  

t h e  rank ing  1  i s t  u n t i l  a11 funds a re .  expended. Improvements 

ranked below t h i s  p o i n t  a re  n o t  s imu la ted  by t h e  model . The 

p r i o r i t i z e d  l i s t  o f  sample s e c t i o n s  may be p r i n t e d  f o r  

i n s p e c t i o n .  

Impact  Ana lys is .  

. The model d i s t r i b u t e s  d a i l y  

t r a v e l  over  severa l  d i s c r e t e  p o r t i o n s  o f  t h e  24-hour day, 

each w i t h  a  d i f f e r e n t  l e v e l  o f  congest ion. Each p o r t i o n  of 

t h e  day i s  analyzed sepa ra te l y  and t h e  r e s u l t s  a re  

aggregated. 

2. 	 T r a f f i c  F l e e t  Composit ion. The model determines t h e  

d i s t r i b u t i o n  o f  t h e  seven v e h i c l e  t ypes  by r u r a l  and urban 

f u n c t i o n a l  systems. The v e h i c l e  t ypes  i n c l u d e  two s i z e s  of 

passzngw cars ,  p ickups  and vans, and f o u r  s i z e s  o f  t r ucks .  

3. 	 V e h i c l e  Ope ra t i on  S imu la t ion .  Opera t ion  o f  each o f  t h e  

seven v e h i c l e  types i s  s imu la ted  on each sample sec t ion .  



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

pavement t y p e  and c o n d i t i o n ,  cu rva tu re ,  and grade. The 

e f f e c t s  on v e h i c l e  ope ra t i on  a re  analyzed i n  terms o f  

runn ing  speed, speed change cyc les ,  s tops,  i d 1  i n g  t ime, f u e l  

consumption, and v e h i c l e  o p e r a t i n g  cos ts .  Emissions and 

acc iden ts  a re  a l s o  cons idered i n  t h e  ana l ys i s .  

4. 	 E s t i m a t i o n  o f  use r  Costs. Average o v e r a l l  t r a v e l  speeds, 

f u e l  consumption, v e h i c l e  o p e r a t i n g  c o s t s  (1980 v a l  ues), and 

emiss ions a re  es t imated  f o r  each o f  t h e  seven v e h i c l e  t ypes  

based on t h e  parameters g i ven  i n  paragraph 3 above. 

Acc iden ts  a re  es t imated  c o l  1  e c t i  ve l  y f o r  a1 1  v e h i c l e  types. 

A v a i l a b i l i t y ,  Costs, and Documentation o f  HPMS. 

The HPMS da tase t  i s  r e a d i l y  a v a i l a b l e  s i n c e  t h i s  da ta  i s  

f u r n i s h e d  annua l l y  t o  FHWA by t h e  States.  The same sample s e c t i o n  

da ta  i s  used as i n p u t  t o  t h e  a n a l y s i s  model. For  use s ta tew ide ,  no 

f u r t h e r  da ta  man ipu la t i on  should be necessary. The sample i.s designed 

t o  be s t a t i s t i c a l l y  sound on a  s ta tew ide  b a s i s  f o r  each f u n c t i o n a l  

system i n  e i t h e r  r u r a l ,  smal l  urban, o r  u rban ized  areas. The programs 

a re  designed f o r  use w i t h  a  minimum o f  e f f o r t  o r  a d d i t i o n a l  coding. 

Parameter cards a re  used t o  s p e c i f y  t h e  o p t i o n s  d e s i r e d  and t o  mod i fy  

c e r t a i n  va lues  o r  t a b l e s  (e.g., minimum t o l e r a b l e  c o n d i t i o n s ) .  Other 

changes (e.g., c o n s t r u c t i o n  cos t s )  may be made by m o d i f y i n g  o n l y  one 

subprogram. The ac tua l  c o s t  o f  opera t io r i  v a r i e s  accord ing  t o  t h e  

computer system, number o f  sample sec t i ons ,  and types  o f  a n a l y s i s  

s p e c i f i e d .  I n  genera l ,  no more than 2 m inu tes  CPU t i m e  and 450K co re  



a re  r e q u i r e d  f o r  a s p e c i f i c  computer run  (approx imate range o f  $4 t o  

$45 1. 

A l though t h e  HPMS a n a l y t i c a l  process was o r i g i n a l l y  developed f o r  

use on t h e  n a t i o n a l  l e v e l ,  i t  has been m o d i f i e d  f o r  use on a s ta tew ide  

b a s i s  and has been t e s t e d  i n  .severa l  States.  The so f twa re  i s  

a v a i l a b l e ,  a long  w i t h  Volumes 11, 111, and I V  o f  t h e  documentation. A 

S t a t e  may reques t  t h e  so f tware  by sending a  computer tape  t o :  

Federa l  Highway A d m i n i s t r a t i o n  


O f f i c e  o f  Highway P lann ing  (HHP-12) 


400 Seventh S t r e e t ,  S.W. 


Washington, D.C. 20590 

The Federa l  Highway A d m i n i s t r a t i o n  w i l l  be avai  l a b l e  t o  p r o v i d e  

t e c h n i c a l  ass i s tance  t o  S ta tes  us ing  t h e  process. The HPMS 

documentat ion package c o n s i s t s  o f :  

A. 	 Volume I - Execu t i ve  Summarx. The Execu t i ve  Summary i s  a  b r i e f  

overv iew o f  t h e  c a p a b i l i t i e s  o f  t h e  HPMS a n a l y t i c a l  process. 

B. 	 Volume I 1  - Techn ica l  Manual. The Techn ica l  Manual con ta ins  

t h e  t e c h n i c a l  aspects  o f  t h e  package i n c l u d i n g  t h e  t ypes  o f  

a n a l y s i s  done, t h e  formulas used, and t h e  va lues of va r i ous  

t a b l e s  i n c l u d e d  i n  t h e  programs such as minimum t o l e r a b l e  

c o n d i t i o n s ,  des ign  standards, and improvement cos ts .  

C. 	 Volume III - User ' s  Guide. The Use r ' s  Guide con ta ins  t h e  

i n s t r u c t i o n s  f o r  us i ng  t h e  a n a l y t i c a l  process. Th i s  i n c l  udes 

s p e c i f y i n g  which analyses a re  t o  be run, how t o  c v e r r i d e  d e f a u l t  

va lues,  and how t o  s p e c i f y  f und ing  f o r  a n a l y s i s  per iods.  

D. 	 Volume I V  - System Documentation. The System Documentat ion 



p rov ides  i n f o r m a t i o n  on t h e  s t r u c t u r e  o f  t h e  .sof tware and on t h e  

l o g i c  o f  t h e  analyses. It e x p l a i n s  how c e r t a i n  va lues o r  

f e a t u r e s  i nc l uded  i n  t h e  process can be changed. 

Highway C o n d i t i o n  and Qua l  i t y  o f  Highway C o n s t r u c t i o n  Survey 

Phys i ca l  d e t e r i o r a t i o n  o f  pavements and b r i d g e  decks, r e d u c t i o n  

i n  t e s t i n g  and i n s p e c t i o n  manpower i n  c o n s t ~ u c t i o n  p r o j e c t s ,  and 

concerns f o r  m a i n t a i n i n g  o r  improv ing t h e  qual  it y  o f  h i  ghway 

c o n s t r u c t i o n  l e d  t h e  Federa l  Highway A d m i n i s t r a t i o n  t o  i n i t i a t e  t h e  

1976 H i  ghway C o n d i t i o n  and Qual it y  o f  H i ghway C o n s t r u c t i o n  Survey. 

The b a s i c  approach o f  t h e  Survey c a l l e d  f o r  t h e  conduct o f .  t h e  

f o l l o w i n g :  

1. 	 C o n d i t i o n  surveys o f  r e c e n t l y  coinpl e ted  pavements and b r i  dye 

decks (0-9 years  o f  s e r v i c e  l i f e ) .  

2. 	 C o n s t r u c t i o n  qual i t y  surveys o f  on-going p r o j e c t s .  

3. 	 C o n s t r u c t i o n  s t a f f i n g  surveys o f  on-going p r o j e c t s .  

The a n a l y t i c  procedures o f  t h e  Survey p rov ided  f o r  t h e  syn thes i s  

and c o r r e l a t i o n  o f  these  t h r e e  bodies o f ' i n f o r m a t i o n  ( c o n d i t i o n ,  

c o n s t r u c t i o n  q u a l i t y ,  and p r o j e c t  s t a f f i n g ) ,  one w i t h  another ,  t o  

a s s i s t  i n  answering t h e  f o l l o w i n g  fundamental ques t i ons  w i t h  respec t  

t o  r i g i d  and f l e x i b l e  pavements and b r i d g e  decks: 

1. 	 Are highway pavements per fo rming  i n  accordance w i t h  s e r v i c e  

l i f e  expec ta t ions ,  and i f  no t ,  i s  t h e r e  an a s s o c i a t i o n  w i t h  

c o n s t r u c t i o n  qual  i t y ?  

2. 	 What a re  t h e  c u r r e n t  q u a l i t y  l e v e l s  o f  ongoing c o n s t r u c t i o n ?  

3. 	 What a re  t h e  c r i t i c a l  q u a l i t y  parameters t h a t  i n s u r e  good 



performance? 

4. What a re  t h e  t r e n d s  i n  s t a f f i n g  o f  c o n s t r u c t i o n  p r o j e c t s ?  

5. Does p r o j e c t  s t a f f i n g  a f f e c t  t h e  qua1 i t y  o f  t h e  work? 

I n  a d d i t i o n  t o  p r o v i d i n g  i n s i g h t  t o  these b a s i c  ques t ions ,  t h e  Survey 

was t o  p r o v i d e  a  re fe rence  datum aga ins t  which subsequent q u a l i t y  and 

s t a f f i n g  e v a l u a t i o n s  and comparisons can be made t o  judge t h e  e f f i c a c y  

o f  c o r r e c t i  ve measures. 

The C o n d i t i o n  Survey Phase c o n s i s t s  o f  eva lua t i ng ,  on a  sampl ing 

bas is ,  t h e  c o n d i t i o n  o f  completed pavements and b r i d g e  decks w i t h  0 t o  

9  yea rs  o f  s e r v i c e  l i f e .  The pavements and b r i d g e  decks a re  randomly 

sampled on a  s t r a t i f i e d  bas i s  f o r  t h e  9-year per iod;  thus, i t  was 

p o s s i b l e  t o  draw i n fe rences  w i t h  regard  t o  t h e  t r e n d s  o f  such 

performance c r i t e r i a  as pavement roughness, s k i d  r es i s tance ,  and 

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

The C o n s t r u c t i o n  Q u a l i t y  Survey Phase c a l l s  f o r  assess ing t h e  

c u r r e n t  q u a l i t y  l e v e l s  o f  m a t e r i a l s  and procedures u t i l i z e d  i n  t h e  

c o n s t r u c t i o n  o f  r i g i d  and f l e x i b l e  pavements and b r i d g e  decks. 

On-going I n t e r s t a t e  and Fede ra l - a i d  Pr imary  p r o j e c t s  i n v o l v i  rig t h e  

c o n s t r u c t i o n  o f  one o r  more o f  these  elements d u r i n g  t h e  p e r i o d  o f  

J111y 1, 1976, t o  October 15, 1976, were surveyed on a  sample bas is .  

Qual i t y  d a t a  were gathered f o r  3 p roduc t i on  days on each p r o j e c t  and 

analyzed u s i n g  a  s t a t i s t i c a l l y  based e s t i m a t i n g  t o o l  c a l l e d  t h e  

Q u a l i t y  Leve l  Procedure. Th i s  t o o l  uses t h e  r e s u l t s  o f  r o u t i n e  

p r o j e c t  t e s t s  and i nspec t i ons ,  p r o j e c t  s p e c i f i c a t i o n  requ i  rements, and 

s t a t i s t i c a l  t h e o r y  .to es t ima te  t h e  q u a l i t y  o f  work be ing  performed o r  

produced. The r e s u l t s  a r e  a  measure o f  t h e  Qua l  i t y  o f  Confo rmi ty  t o  



S p e c i f i c a t i o n s .  

The C o n s t r u c t i o n  S t a f f i n g  Survey Phase c a l l s  f o r  a rev iew o f  

p r o j e c t  s t a f f i n g  r e l a t i n g  t o  those  a c t i v i t i e s  which c o n t r i b u t e  t o  t h e  

q u a l i t y  o f  t h e  pavement o r  b r i d g e  deck, namely i n s p e c t i o n  and t e s t i n g .  

The s t a f f i n g  p o r t i o n  o f  t h e  survey was conducted c o n c u r r e n t l y  w i t h  

t h e  q u a l i t y  o f  con fo rm i t y  p o r t i o n  o f  t h e  survey i n  o r d e r  t o  determine 

i f  a  c o r r e l a t i o n  e x i s t s  between s t a f f i n g  and q u a l i t y  l e v e l .  I n  

a d d i t i o n  t o  s t a f f i n g  l e v e l  i n f o r m a t i o n ,  da ta  ,on personnel 

c l a s s i f i c a t i o n s ,  personnel qua l  if i c a t i o n s ,  a c t i v i t i e s  performed, and 

work u n i t s  were c o l l e c t e d  and analyzed t o  p r o v i d e  bench marks f o r  

purposes o f  c o n s t r u c t i o n  manpower p lann ing .  Due t o  t h e  wide :, 

v a r i a b i l i t y  o f  s t a f f i n g  da ta  c o l l e c t i o n  and t h e  d i f f i c u l t y  i n  drawing 

conc lus ions ,  s t a f f  da ta  a r e  no l onge r  c o l l e c t e d  i n  t h e  Survey a f t e r  

1982. 

The r e s u l t s  o f  t h e  survey were pub l i shed  i n  J u l y  1977, i n  t h e  

"Hi yhway C o n d i t i o n  and Qua1 i t y  o f  Highway C o n s t r u c t i o n  Survey Report." 

The 1976 Survey was a  p r o t o t y p e  survey and was t h e  model f o r  f u t u r e  

Surveys. As a r e s u l t  o f  t h e  exper ience ga ined i n  1976, improvements 

were made i n  t h e  survey forms and da ta  c o l l e c t i o n  techniques.  The 

1979, 1980, 1982, and 1984 Surveys a re  a  c o n t i n u a t i o n  o f  t h e  1976 

Survey and were conducted t o :  

1. 	 p rov ide  c u r r e n t  i n f o r m a t i o n  on t h e  c o n d i t i o n  o f  r e c e n t l y  

completed h i  ghways, 

2 .  	 i d e n t i f y  problem areas i n  t h e  qual  i t y  o f  highway 


c o n s t r u c t i o n ,  


3. 	 p rov ide  i n f o r m a t i o n  necessary t o  f o rmu la te  s t r a t e g i e s  t o  



improve t h e  q u a l i t y ,  

4. 	 p r o v i d e  da ta  necessary t o  determine t h e  r e l a t i o n s h i p ,  i f  

any, between t h e  qual  i t y  o f  c o n s t r u c t i o n  and pavement 

d i s t r e s s ,  and 

5. 	 generate da ta  about p r o j e c t  s t a f f i n g  and p r o d u c t i v i t y  r a t e s  

t o  a1 low i d e n t i f i c a t i o n  and a n a l y s i s  o f  s t a f f i n g  t rends .  

The 1979 and 1982 Surveys cove r i ng  f l e x i b l e  pavements and t h e  

1980 and 1984 Surveys cove r i ng  r i g i d  pavements and b r i d g e  decks were 

d i v i d e d  i n t o  c u r r e n t  c o n d i t i o n ,  c o n s t r u c t i o n  qual ity, and c o n s t r u c t i o n  

s t a f f i n g  phases. The p r o j e c t s  se lec ted  f o r  t h e  c u r r e n t  c o n d i t i o n  

phase a re  l i m i t e d  t o  those  t h a t  were reviewed i n  a  p rev ious  

c o n s t r u c t i o n  qual  i t y  phase. The c o n s t r u c t i o n  qual  it y  phase c o n s i s t s  

of  a r ev i ew  and e v a l u a t i o n  o f  se lec ted  qual  i t y  elements on I n t e r s t a t e  

and Fede ra l - a i d  p r ima ry  p r o j e c t s  where c o n s t r u c t i o n  i s  underway. 

Q u a l i t y  o f  c o n s t r u c t i o n  e v a l u a t i o n s  a re  made on t h e  subgrade, subbase, 

base course, b i n d e r  and s u r f a c i n g  courses o f  bo th  f l e x i b l e  and 

P o r t l a n d  cement concre te  pavements. In a d d i t i o n ,  t h e  d i s t r e s s ,  sk i d ,  

and Present  S e r v i c e a b i l  it y  R a t i n g  were determined f o r  each p r o j e c t .  

The number o f  p r o j e c t s  t h a t  have been eva lua ted  ranged between 58 and 

633 depending on which pavement element was s tud ied.  The da ta  t h a t  

were c o l l e c t e d  i n c l u d e  t h e  i tems shown i n  Tab le  3. The c o n d i t i o n ,  

weighted average qual  ity 1eve1 , qual it y  l e v e l  below 90 percent,  and 

v a r i o u s  s t a f f i n g  percentages were compared between 1976 and two 

subsequent surveys (1979 and 1980 ) t o  see whether c o n s t r u c t i  on qual  i t y  

and s t a f f i n g  1eve1 s  a re  dec l  i n i  ng and whether t h e r e  i s  2 c o r r e l  a t i o n  

between c o n s t r u c t i o n  q u a l i t y  and t h e  observed d i s t r e s s .  Some of t h e  



TABLE 3. Data Co l l ec ted  i n  t he  Highway Cond i t i on  
and Qua1 i t y  o f  Highway Const ruc t ion  Survey 

P r o j e c t  I d e n t i f i c a t i o n  

Subgrade 

Mois ture  
Dens i ty  
S t a f f i n g :  Tes t i ng  o r  I nspec t i on  

Engineers o r  Technicians 
Years o f  Experience 
Number and Man-Hou r s  

Subbase 

Mois ture  o r  Admixture Content 
Dens i ty  
Grading, % Passing #ZOO 
Contra1 Sieve, % Passing 
Thickness 
S t a f f i n g :  (same as f o r  subgrade) 

Base 

Mo is tu re  o r  Admixture Content 
Dens i ty  
Grading, % Passing #ZOO 
Cont ro l  Sieve, % Passing 
Thickness 
S t a f f i n g :  (same as f o r  subgrade) 

B i  nder Course 

Mix Laydown Temperature 
Dens i ty  
Bitumen Content 
Grading, % Passing #200 
Cont ro l  Sieve, % Passing 
Thickness 
S t a f f i n g :  (same as f o r  subgrade) 

Bituminous Sur fac ing  

Mix Laydown Temperature 
Dens i ty  
Bitumen Content 
Grading, % Passing #200 
Cont ro l  Sieve, % Passing 
Thickness 
Surface Roughness, i n l m i  
S t a f f i n g :  (same as f o r  subgrade) 



TABLE 3. Data Co l l ec ted  i n  t he  Highway Cond i t ion  
and Q u a l i t y  o f  Highway Const ruc t ion  Survey (Cont 'd )  

P r o j e c t  I d e n t i f i c a t i o n  (Cont I d )  

P o r t l a n d  Cement Concrete Base o r  Sur fac ing  

Mix Temperature 
A i r  Content 
S l  ump 
WaterICement R a t i o  
Dens i ty  
S t reng th  
Thickness 
Surface Roughness, i n / m i  
. S t a f f i n g :  (same as f o r  subgrade) 

Pavement Cond i t ion  

Design 18-k ip Equ iva len t  S ing le  Axle Loads (ESAL) 
No. o f  18-k ip ESAL Appl ied t o  Date 
Age o f  Pavement 
Sk id  Number 
Present S e r v i c e a b i l i t y  Rat ing  
Pavement D i s t r e s s  S e v e r i t y  (10 types)  
Pavement Dra i  nage 
Maintenance Cost/Mi l e  

Br idge Deck Const ruc t ion  Q u a l i t y  

M i  x Temperature 
A i  r Content 
S l  ump 
WaterICernent R a t i o  
Dens i ty  
S t rength  
Thickness 
Surface Roughness, i n l m i  
R e i n f o r c i n g  Bar Cover 
S t a f f i n g :  (same as f o r  subgrade) 

Br idge Deck Condi t i  on 

D i s t r e s s  Seve r i t y  
Cracking 
Spa1 1 i ng 
R u t t i n g  
Pol i sh i  ng 

R e i n f o r c i n g  Bar Cover 



- -  

r e s u l t s  o f  these  comparisons a re  repeated i n  Tables 4 th rough 6. 

Tab le  4 shows t h e  change o f  t h e  percentages o f  p r o j e c t s  w i t h  q u a l i t y  

l e v e l s  below 90 percen t  f rom 1976 t o  1979. The average change was 

+10.7 pe rcen t  f o r  t h e  b i n d e r  course and +7.5 percen t  f o r  t h e  su r f ace  

course, i n d i c a t i n g  a  s i g n i f i c a n t  d e c l i n e  i n  q u a l i t y .  The same genera l  

t r e n d  was noted i n  r i g i d  pavements and b r i d g e  decks. Tab le  5 shows 

t h e  changes i n  r i g i d  pavement q u a l i t y  f rom 1976 t o  1980, i n d i c a t i n g  an 

average change o f  11.9% o f  a l l  p r o j e c t s  be ing  b u i l t  i n  1980 a t  lower  

qual  i t y  than  i n  1976. Table 6 shows t h e  change i n  c o n s t r u c t i o n  

q u a l i t y  f o r  b r i d g e  decks i n d i c a t i n g  t h a t  4.1% more p r o j e c t s  a re  o f  

l owe r  q u a l i t y  i n  1980 than  i n  1976. The changes i n  p r o j e c t  i n s p e c t i o n  
-

and t e s t i n g  showed t h a t  fewer and more exper ienced engineers and ---- --- - - - - - - -- - ,-

t e c h n i c i a n s  a r e  be ing  used i n  these c r u c i a l  areas i n  c o n s t r u c t i o n .  

Qua lit y  Level  s  

The te rm " q u a l i t y  l e v e l "  has been used w i t h o u t  d e f i n i t i o n  up t o  

t h i s  p o i n t .  A s p e c i f i c  d e f i n i t i o n  was used i n  t h i s  survey by bas ing  

t h e  q u a l i t y  l e v e l  on t h e  degree t o  which c o n s t r u c t i o n  qual  i t y  c o n t r o l  

t e s t s  were w i t h i n  s p e c i f i e d  1  i m i t s .  

An upper and lower  Q u a l i t y  Index was c a l c u l a t e d  f rom t h e  average 

t e s t  value, x, t h e  upper and lower  s p e c i f i c a t i o n  l i m i t ,  U.L. and L.L., 

r e s p e c t i v e l y ,  and t h e  range o f  t e s t  values, K. 

The upper Qua l  ity Index i s  

- U.L. - x
Qu - R 

2 



TABLE 4. Percent  o f  F l e x i b l e  Pavement P r o j e c t s  

W i th  Q u a l i t y  Leve l s  Less Than 90 


Qua1it y  Percent  o f  P r o j e c t s  Change 
Con t ro l  in 
F a c t o r  1976 -1979 Percent  

B i n d e r  Course 

Laydown Temperature 

Dens i t y  

Bitumen Content  

% Pass ing  No. 200 

% Pass ing Con t ro l  S ieve  

Th ickness 


Average change 10.7% 

Sur face  Course 

Laydown Temperature 

D e n s i t y  

Bi tumen Content  

% Pass ing  No. 200 

X Passing Conto l  S ieve  

Th ickness 


Average change 7.5% 



TABLE 5. Percent o f  R i g i d  Pavement P r o j e c t s  

Wi th Q u a l i t y  Levels Less Than 90 


Cons t ruc t i on  Q u a l i t y  Element 

Subgrade 
Densi ty  

Subbase 
Moi s ture/Admixture Content 
Dens i ty  
No. 200 Sieve 
Cont ro l  Sieve 
Thickness* 

Aggregate Base 
Moi s tu re IAdmix ture  Content 
Dens i ty  
No. 200 Sieve 
Cont ro l  S ieve 
Tk i  ckness* 

Bituminous Base 
Laydown Temperature 
Dens i ty  
Bitumen Content 
No. 200 Sieve 
Cont ro l  Sieve 
Thickness* 

PCC Base 
Mix Temperature 
A i r  con tent  
S l  ump 
W!C R a t i o  
Densi t y  
S t rength  
Thickness* 

PCC S u r f a c i n g  
Mix Temperature 
A i r  Content 
S l  ump 
W/C R a t i o  
S t rength  
Thickness* 
Dens i ty  

Overa l l  
Averaqe f o r  a l l  Pavement 

~ u r f a c ing Elements 

Percent o f  P r o j e c t s  With Qua1 it y  
Leve ls  Less Than 90 

1976 1980 Change % Change 



TABLE 6. Percen t  o f  B r i d g e  Deck P r o j e c t s  
Wi th  Qua l  i t y  Leve l s  Less Than 90 

Percent  o f  P r o j e c t s  Wi th  Qua l  i t y  
C o n s t r u c t i o n  Qua1 i t y  E l  ement Leve l s  Less Than 90 

1976 1980 Change % Change 

M i  x Temperature 
A i r  Content  
S l  ump 
W/C R a t i o  
D e n s i t y  
S t r e n g t h  
Rebar Cover* 

Average f o r  a l l  B r i d g e  
Deck S u r f a c i n g  Elements 27.3 31.4 +4.1 + 15.2 

*The i n d i c a t e d  l a c k  o f  c o n f o r m i t y  t o  s p e c i f i c a t i o n s  f o r  t h i ckness  and 
reba r  cover  c o n t r o l  may be due t o  l i m i t e d  c o n s t r u c t i o n  to le rances .  



The lower  Q u a l i t y  Index i s  

- x - L.L. 
QL - R 

A t a b l e  f o r  e s t i m a t i n g  t h e  percen t  o f  t h e  l o t  t h a t  i s  a c t u a l l y  

w i t h i n  t o l e r a n c e  was used t o  e s t a b l i s h  t h e  percen t  w i t h i n  upper and 

l owe r  bounds, PU and PL ' r e s p e c t i v e l y .  The t o t a l  pe rcen t  

wi  t h i  n  t o1  erance 1i m i t s ,  PT, was g iven  'by 

Ift h i s  va lue  of P T  was l e s s  than  90, t h e  t e s t  was counted among 

those  w i t h  a  q u a l i t y  l e v e l  l e s s  than  90. 

Wi th  t h i s  d e f i n i t i o n ,  a  q u a l i t y  l e v e l  o f  "100" i s  an es t ima te  

t h a t  a11 o f  a  p roduc t  meets t h e  s p e c i f i c a t i o n s ;  a  qual  i t y  l e v e l  of 

"80" i s  an es t ima te  t h a t  80 pe rcen t  o f  t h e  p roduc t  meets t h e  

spec i  f i c a t i o n s .  

A q u a l i t y  l e v e l  o f  90 ( e s t i m a t i n g  90 percen t  o f  t he  p r o d u c t i o n  

compl ies w i t h  s p e c i f i c a t i o n s )  was se lec ted  as t h e  c r i t e r i o n  t o  

d i f f e r e n t i a t e  between good q u a l i t y  work and t h a t  where improvements 

may be needed. These c r i t e r i a ,  i.e., t h e  es t imated  percen t  o f  t h e  

p r o d u c t i o n  i n  compl iance w i t h  t h e  s p e c i f i c a t i o n s  and t h e  percen t  of 

p r o j e c t s  w i t h  qual  i t y  l e v e l s  l e s s  than  90, a re  t h e  bas i c  analyses used 

t o  develop conc l  u s i  ons about t h e  qual it y  o f  c o n s t r u c t i o n .  



C o r r e l a t i o n s  Between Pavement D i s t r e s s  and Qua l  i t y  Level .  

A s imp le  l i n e a r  r eg ress ion  a n a l y s i s  was made t o  determine i f  t h e  

s e v e r i t y  o f  d i s t r e s s  recorded i n  1979 on f l e x i b l e  pavements was 

c o r r e l a t e d  w i t h  t h e  qual  it y  l e v e l s  recorded i n  1976. Some 

c o r r e l a t i o n s  were found, t o  be s i g n i f i c a n t  and these  a re  1  i s t e d  i n  

Tab le  7. 

S i g n i f i c a n c e  o f  Highway C o n d i t i o n  and Qual it y  o f  Highway 

Cons t ruc t  i o n  Survey. 

The i n f o r m a t i o n  t h a t  has been c o l l e c t e d  i n  1976, 1979, and 1980 

has been coded and s to red  i n  a computer-access ib le  form f o r  a  v a r i e t y  

o f  pavement s e c t i o n s  f o r  which a  complete s e t  o f  da ta  c o n s t r u c t i o n ,  

t r a f f i c ,  d i s t r e s s ,  and qual  i t y  c o n t r o l  m a t e r i a l s  p r o p e r t i e s  a re  

recorded. There a r e  over  600 f l e x i b l e  pavements i n  t h i s  da ta  base, as 

w e l l  as ove r  400 r i g i d  pavements and over  300 b r i d g e  decks. I t  i s  a 

good s t a r t  f o r  Long-Term M o n i t o r i n g  and may be a b l e  t o  be blended i n t o  

an o v e r a l l  m o n i t o r i n g  program. 

Cost A l l o c a t i o n  

The s u b j e c t  o f  Cost A l l o c a t i o n  i s  t i e d  u l t i m a t e l y  t o  road user  

taxes. I t  i s  now and has been f o r  decades a  s u b j e c t  of i n t e n s e  

i n t e r e s t  by a l l  taxpayers  and has as i t s  o b j e c t i v e  t o  a r r i v e  a t  an 

" e q u i t a b l e "  means o f  d i s t r i b u t i n g  t h e  cos t s  o f  b u i l d i n g ,  ma in ta i n i ng ,  

rehab i  1  i t a t i n g ,  and r e c o n s t r u c t i n g  t h e  n a t i o n ' s  highways. As i t  has 

beeri p r a c t i c e d  i n  t h e  l a s t  25 years,  t h e  c o s t  a l l o c a t i o n  approach t h a t  

has been used by t h e  Federa l  government and most S t a t e  governments i s  



TABLE 7. Co r re la ted  D i s t r e s s  Types 
and Low Const ruc t ion  Q u a l i t y  Levels 

D i s t r e s s  Related Q u a l i t y  Cont ro l  Tests 

Long i tud ina l  Cracking Binder  Course 
G radat  i on 
Bitumen Content 

Surface Course 
Thickness 
Bitumen Content 

Transverse Cracking Subbase 
Gradat ion 

- Thickness 
Binder  Course 

G radat  i on 
Thickness 
Bitumen Content 

Sur face Course 
Gradat ion 
Thickness 
Bitumen Content 

R u t t i n g  Subbase 
Moisture/Admixture Content 

Sur face Course 
Dens i t y  



p r e d i c t e d  on f a i r n e s s  o r  equ i t y ,  which i s  d e f i n e d  as " c o s t  a l l o c a t i o n  

on t h e  b a s i s  o f  c o s t  occasioning,"  t h a t  i s ,  those  v e h i c l e  groups t h a t  

g i v e  r i s e  t o  c e r t a i n  c a p i t a l  cos t s  should bear t h e  t a x  burden t o  pay 

f o r  such costs .  Whatever bas i s  i s  adopted f o r  a l l o c a t i n g  these cos ts ,  

i t must be pe rce i ved  as f a i r  o r  e q u i t a b l e  by highway users  and even 

non-users who a l s o  pay a share o f  t h e  costs .  

One o f  t h e  p r ima ry  purposes o f  the  AASHO Road Tes t  was t o  p r o v i d e  

bas i c  da ta  on which t o  base an e q u i t a b l e  a l l o c a t i o n  o f  cos t s  f o r  a 

ma jo r  Federa l  cos t  a l l o c a t i o n  s tudy  conducted between 1956 and 1965 

w i t h  ma jo r  r e p o r t s  t o  the'U.S. Congress i n  1961 and 1965. The s tudy  

was mandated by t h e  Highway Revenue Ac t  o f  1956, which a l s o  

e s t a b l  ished t h e  Highway T r u s t  Fund. 

The p r e f e r r e d  method o f  t h a t  e a r l y  s tudy  made use o f  t h e  then  

r e c e n t l y  developed AASHO Road Tes t  equat ions.  E s s e n t i a l l y ,  t h e  method 

c o n s i s t s  o f  a sequen t i a l  des ign  o f  a  paven~ertt f o r  success ive 

increments o f  a x l e  we igh ts  and because o f  t h i s  i s  termed t h e  

" Inc rementa l  Method." A x l e  loads  a re  ca tego r i zed  i n t o  s i x  groups and 

a l l  a x l e  l oads  w i t h i n  a range o f  a x l e  loads  a re  assumed t o  weigh t h e  

same as t h e  upper boundary of '  t h e i r  r e s p e c t i v e  we igh t  group, except  

t h a t  t h e  heav ies t  ca tegory  i s  represented by an a p p r o p r i a t e  average 

load. Twenty-year a x l e  passages i n  each we igh t  ca tegory  a re  

est imated.  

A s e r i e s  o f  pavement th icknesses  i s  designed. The f i r s t  

t h i ckness  i s  designed f o r  a l l  ax l es  a t  t h e i r  ac tua l  weights.  The nex t  

t h i ckness  i s  designed f o r  a l l  ax l es  as though t hey  weighed a maximum 

o f  20,000 pounds (20  k i p s )  f o r  a s i n g l e  a x l e  o r  a corresponding 



e q u i v a l e n t  we igh t  tandem ax le .  The d i f f e r e n c e  i n  t h i ckness  i s  charged 

e q u a l l y  t o  each a x l e  above 20 k ips.  The process i s  repeated u n t i l  t h e  

t h i c k n e s s  cor respond ing  t o  a  maximum load  o f  3 k i p s  ( t h e  upper 

boundary o f  t h e  1 i g h t e s t  a x l e  we igh t  group) i s  designed. The c o s t  of  

t h i s  f i n a l  t h i ckness  i s  assigned e q u a l l y  t o  a l l  ax les .  

Only new pavements were cons idered i n  t h i s  inc rementa l  approach. 

Pavement o v e r l a y  and r e c o n s t r u c t i o n  cos t s  were ass igned i n  t h e  same 

p r o p o r t i o n  as r e s u l t s  f rom appl i c a t i o n  o f  t h e  approach t o  h y p o t h e t i c a l  

new pavements. No over1 a i d  o r  r ecyc led  pavements were designed o r  

considered, as was p robab ly  a p p r o p r i a t e  f o r  a  s tudy done when 

c o n s t r u c t i o n  o f  t h e  I n t e r s t a t e  system was j u s t  beg inn ing  and when 

Federal  funds on o t h e r  highway systems were much more concent ra ted  on 

new c o n s t r u c t i o n  than  t hey  a r e  today. 

A pavement o f  a  g i v e n  t h i ckness  can w i t h s t a n d  a c e r t a i n  number o f  

ESAL a p p l i c a t i o n s  be fo re  wear ing  out. Accord ing t o  des ign  theory,  i t  

does n o t  m a t t e r  whether t h e  ESAL's a re  p rov ided  by a l a r g e  number o f  

smal l  a x l e  loads  o r  a  smal l  number o f  1  arge a x l e  loads. Fu r the r ,  t h e  

number o f  ESAL a p p l i c a t i o n s  accommodated by t h e  a d d i t i o n  o f  1 e x t r a  

i n c h  o f  pavement t h i ckness  i s  much l e s s  f o r  t h i n  pavements than  f o r  

t h i c k  pavements. 

The o l d  inc rementa l  method f a i l s  t o  f o l l o w  e q u i t a b l e  a p p l i c a t i o n  

o f  des ign t heo ry  by charg ing  one s e t  o f  a x l e  we igh ts  a d i f f e r e n t  

th ickness-requirement-per-ESAL than  another  s e t  o f  a x l e  we'ghts. The 

o r d e r  o f  h y p o t h e t i c a l  ESAL removal, i.e., which v e h i c l e  c l a s s  i s  

removed f i r s t ,  has a p ro found  e f f e c t  on pavement cos t  ass i  gnment. 

Accord ing t o  s tandard des ign  theory ,  i t  can be done i n  any order.  An 



e q u i t a b l e  removal o rde r  would no t  s y s t e m a t i c a l l y  g i v e  l owe r  charges t o  

one s e t  of a x l e  we igh ts  than another  b u t  would u n i f o r m l y  remove ESAL's 

f rom a l l  a x l e  we igh t  c lasses  d u r i n g  t h e  c o s t  assignment process. 

A new study of c o s t  a l l o c a t i o n  was mandated by t h e  U.S. Congress 

i n  t h e  Sur face  T r a n s p o r t a t i o n  Ass is tance  Act  o f  1978. There were 

severa l  reasons t h a t  a new study was seen as des i rab le .  For  example, 

as s t a t e d  i n  t h e  Congress ional  Budget O f f i c e  Guide1 i nes :  

A new c o s t - a l l o c a t i o n  s tudy now appears t o  be needed f o r  severa l  
reasons. F i r s t ,  an i nc rease  i n  hf-ghway taxes  appears l i k e l y  i n  
t h e  near f u t u r e  as t h e  growth i n  Highway T r u s t  Fund revenues i s  
o u t s t r i p p e d  by con t inued  i n f l a t i o n  i n  c o n s t r u c t i o n  costs .  The 
f i n a n c i a l  s t r e s s  on t h e  Highway T r u s t  Fund w i l l  i n t e n s i f y  as t h e  
e f f e c t s  o f  energy l e g i s l a t i o n  s t a r t  t o  dampen t h e  growth i n  
consumption o f  motor  f u e l s ,  thereby  h o l d i n g  back t h e  growth i n  
assoc ia ted  t a x  r e c e i p t s .  

Second, a  new l o o k  a t  c o s t  a l l o c a t i o n  becomes t i m e l y  as t h e  
f ede ra l  highway program s h i f t s  emphasis away from new 
c o n s t r u c t i o n  and toward repa i  r and rehab i  1  it a t i o n .  Some o f  t h e  
new programs assoc ia ted  w i t h  t h i s  s h i f t  d i f f e r  s i g n i f i c a n t l y  f rom 
those  now i n  e f f e c t  i n  t he  ways i n  which cos t s  can be t r a c e d  t o  
spec i  f i c  groups o f  users. 

Th i  rd,  t h e  1  a s t  cornprehensi ve federa l  cost-a1 l o c a t i o n  s tudy  was 
pub l i shed  i n  1965. Much o f  t h e  i n f o r m a t i o n  used i n  t h a t  s tudy i s  
by now ou t -o f -da te  and u n r e l i a b l e .  Est imates o f  t r a v e l  by each 
c l a s s  o f  veh i c l e ,  f o r  example, which a re  e s s e n t i a l  th roughout  t h e  
process o f  c o s t  a l l o c a t i o n ,  a r e  based on t r a f f i c  counts t h a t  va ry  
cons ide rab l y  i n  re1  i a b i l i t y .  

F i n a l l y ,  t h e  methodology used i n  p rev ious  s t u d i e s  can be improved 
upon bo th  i n  a number o f  t e c h n i c a l  aspects and i n  t h e  way i t  
r e f l e c t s  t h e  new mix o f  f e d e r a l  highway programs. 

It was recognized t h a t  t h e  incrementa l  method o f  cos t  a l l o c a t i o n  

t h a t  was used i n  t h e  l a s t  major  Federa l  s tudy  d i d  n o t  account f o r  

pavement 4-R ( r e s u r f a c i n g ,  r e s t o r a t i o n ,  r e h a b i l i t a t i o n ,  and 

r e c o n s t r u c t i o n )  costs .  Th i s  i s  p r i m a r i l y  because i n  t h e  1950 's  the 

emphasis was on i n i t i a t i n g  t h e  I n t e r s t a t e  system and t h e  incrementa l  



method had a  c e r t a i n  appeal. 

Sec t i on  506 o f  t h e  1978 Sur face  T r a n s p o r t a t i o n  Ass is tance  Act i s  

t h e  p o r t i o n  of t h e  Act  t h a t  bears d i r e c t l y  on t h e  s u b j e c t  o f  Long-Term 

Mon i to r ing .  I n  Sec t i on  506, t h e  Secre ta ry  o f  T r a n s p o r t a t i o n  was 

au tho r i zed  and d i r e c t e d ,  i n  coopera t ion  w i t h  t h e  S t a t e  highway 

departments, t o  under take a  complete i n v e s t i g a t i o n  and s tudy  o f :  

(1) 	 t h e  cos t s  occasioned i n  design, c o n s t r u c t i o n ,  

rehab i  1  it a t i  on, and maintenance o f  Federal  - a i d  highways by 

t h e  use o f  v e h i c l e s  o f  d i f f e r e n t  dimensions, weights,  and 

o t h e r  s p e c i f i c a t i o n s ,  and by t h e  frequency o f  such veh i c l es  

i n  t h e  t r a f f i c  stream; 

(2) 	t h e  p r o p o r t i o n a t e  share o f  such design, 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 ,  and maintenance cos t s  a t t r i b u t a b l e  t o  each 

c l a s s  o f  persons and v e h i c l e s  us ing  such highways; and 

(3 )  	 t h e  need f o r  long- term o r  cont inuous m o n i t o r i n g  o f  roadway 

d e t e r i o r a t i o n  t o  determine t h e  re1 a t i  ve damage a t t r i b u t a b l e  

- t o  t r a f f i c  and env i  ronmental f ac to r s .  

Recommended Approach. 

The FHWA and severa l  c o n t r a c t o r s  c a r r i e d  o u t  severa l  s t u d i e s  o f  

cos t  a l l o c a t i o n  methods and f i n a l l y  a r r i v e d  a t  a recommended one which 

dea ls  w i t h  new pavements d i f f e r e n t l y  than  r e h a b i l i t a t e d  ones. The 

recomnended approach f o r  ass ign ing  pavement c o s t s  f o l l o w s  d i r e c t l y  

f rom t h e  ma jo r  c r i t i c i s m s  o f  t h e  approach used 20 years  ago. F i r s t  o f  

a l l ,  d i s t i n c t i o n  i s  made between cos ts  i n c u r r e d  t o  b u i l d  new pavements 

and cos ts  i n c u r r e d  t o  r e c o n s t r u c t  o r  r e p a i r  e x i s t i n g  pavements. New 



pavement cos ts  a re  assigned based on c u r r e n t  pavement des ign  p rac t i ce .  

Veh i c l es  from each c l a s s  a re  h y p o t h e t i c a l l y  removed i n  equal 

p r o p o r t i o n s  u n t i l  f u r t h e r  removal would no t  reduce pavement t h i ckness  

requ i  red. Pavement r epa i  r and r e c o n s t r u c t i o n  cos t s  a re  assigned based 

on each v e h i c l e ' s  a n t i c i p a t e d  c o n t r i b u t i o n  t o  t h e  wear ing o u t  o f  t h e  

pavement. U n l i k e  t h e  approach o f  20 years  ago, t h e  recommended 

approach s p e c i f i c a l l y  a t tempts  t o  ass ign pavement r e h a b i l i t a t i o n  cos t s  

based on t h e  reasons these  cos t s  a re  incur red .  S i m i l a r l y ,  t h e  

recommended method f o r  new pavement overcomes t h e  ma jo r  weaknesses o f  

t h e  a p p l i c a t i o n  o f  t h e  o l d  approach t o  t h a t  ca tegory  o f  costs.  

The c o s t  a l l o c a t i o n  approach used i n  t h e  1982 study i s  t o  

cons ider  each o f  t h e  most impor tan t  d i s t r e s s e s  f o r  f l e x i b l e  and r i g i d  

pavements, model t h e i r  occurrences as a f u n c t i o n  o f  t r a f f i c ,  and gauge 

t h e  r e l a t i v e  impor tance o f  each d i s t r e s s  a t  d i f f e r e n t  magnitudes i n  

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

The d i s t r e s s  models a r e  based on bo th  pavement performance t heo ry  

and on t h e  performance o f  ac tua l  pavement sec t ions .  Each d i s t r e s s  i s  

expressed as a  f u n c t i o n  o f  t h e  f a c t o r s  t h a t  c o n t r i b u t e  t o  it; t r a f f i c  

i s  one o f  t h e  f a c t o r s  i n  most o f  t h e  major  d i s t r esses .  

Together,  t h e  d i s t r e s s  models a re  used t o  s imu la te  t h e  c o n d i t i o n  

o f  pavement sec t i ons  a f t e r  t h e  passage o f  t ime  and t r a f f i c .  A t  some 

p o i n t ,  t h e  combinat ion o f  d i s t r e s s e s  o c c u r r i n g  induces a  d e c i s i o n  t o  

r e h a b i l i t a t e  t h e  road. The d i s t r e s s e s  e x i s t i n g  a t  t h e  t ime  o f  t h i s  

d e c i s i o n  have, t he re fo re ,  caused t h e  need t o  r e h a b i l i t a t e .  A number 

o f  S ta tes  use numer ica l  r a t i n g s  t o  determine t he  need f o r  

rehabi  1  i t a t i o n  as a  f u n c t i o n  o f  d i s t r esses ,  so t h e  r e l a t i v e  impor tance 



of each d i s t r e s s  can be es t imated  d i r e c t l y .  

N e i t h e r  t h e  d i s t r e s s  models no r  t h e  d i s t r e s s  we igh t i ng  schemes 

a re  t h e  f i n a l  word i n  a n a l y s i s  o f  t h e  causes o f  t h e  need f o r  pavement 

r e h a b i l i t a t i o n .  Desp i te  t h e  many highway pavements b u i l t  d u r i n g  t h e  

pas t  20 years,  t h e r e  a re  s imp ly  no t  enough mon i to red  s e c t i o n s  w i t h  

adequate t r a f f i c  da ta  t o  c o n c l u s i v e l y  v e r i f y  t h e  mechan is t i c  pavement 

behav io r  t heo ry  t h a t  was r e l i e d  upon i n  t h e  development o f  t h e  

pavement d i s t r e s s  models used i n  t h i s  cos t  a l l o c a t i o n  study. 

S i m i l a r l y ,  r a t i o n a l i z a t i o n  and q u a n t i f i c a t i o n  o f  t h e  pavement 

rehabi 1it a t i  on dec i  s i  on a re  s t i11 improv i  ng and a re  expected t o  evol  ve 

r a p i d l y  i n  t h e  nex t  few years  as t h e  importance o f  r a t i o n a l  pavement 

management ga ins  wide recogn i t i on .  Thus, t h e  approach used i n  t h e  

1982 study f o r  r e h a b i l i t a t e d  pavement cos t  assignment, a l though judged 

t o  be b e t t e r  than  any a l t e r n a t i v e  and f a r  b e t t e r  than  i g n o r i n g  

r e h a b i l i t a t i o n  cos ts ,  as was done i n  t h e  1956-1965 study, r e s u l t s  i n  

an improved, b u t  much l e s s  than  p e r f e c t l y  accurate,  cos t  assignment. 

The assignment of pavement r e h a b i l  i t a t i o n  cos t s  has a  ma jo r  

e f f e c t  on t h e  o v e r a l l  c o s t  assignments t o  v e h i c l e  c lasses.  Not o n l y  

a re  pavement expend i tu res  t h e  1  a rges t  components o f  Federa l  highway 

do1 1  a r s  , b u t  t h e  re1 a t i  ve c o s t  responsi  b i  1ities a re  more s e n s i t i v e  t o  

changes o f  v e h i c l e  c l a s s  than any o the r  ca tegory  o f  costs.  Thus, t h e  

impor tance o f  improv ing  our  knowledge o f  pavement d e t e r i o r a t i o n  

r e l a t i o n s h i p s  v i a  Long-Term M o n i t o r i n g  cannot be overemphasized. 

Other FHWA Long-Term M o n i t o r i n g  Data Bases 

In a d d i t i o n  t o  t h e  HPMS and Highway C o n d i t i o n  and Q u a l i t y  o f  



Highway C o n s t r u c t i o n  da ta  bases, t h e  FHWA has developed o t h e r  da ta  

bases f o r  s p e c i f i c  purposes. Several  o f  these a re  descr ibed  below. 

Highway S t a t i s t i c s .  

T h i s  da ta  source i s  a  general  c o l l e c t i o n  o f  a  myr iad  o f  e x i s t i n g  

r e p o r t i n g  forms which a r e  p e r i o d i c a l l y  supp l i ed  t o  FHWA. The 

i n f o r m a t i o n  gathered i n  t h i s  manner i nc l udes  ex tens i ve  mi leage, motor  

f u e l ,  motor  v e h i c l e ,  d r i v e r  l i c e n s i n g ,  highway usage c h a r a c t e r i s t i c s ,  

and f inance  data.  These da ta ,  however, have some fea tu res  t h a t  h i nde r  

t h e i r  d i r e c t  use i n  m o n i t o r i n g  performance. For  ins tance,  i n d i v i d u a l  

t a b l e s  p resen t  d i f f e r e n t  d e t a i l s  t h a t  a re  no t  i n t e r r e l a t e d  and da ta  

a re  no t  always presented i n  a  c o n s i s t e n t  manner, Wi thout  these  

c o n s i s t e n c i e s  and i n t e r r e l a t i o n s h i p s ,  performance cannot be 

success fu l l y  moni tored. 

Another problem area re1 a tes  t o  t h e  d e f i n i t i o n  o f  "mun ic ipa l "  and 

"urban." The term "mun i c i pa l "  i s  no t  synonymous w i t h  "urban" and 

v a r i e s  f rom S t a t e  t o  S ta te .  Whi le urban i s  norma l l y  de f i ned  as 

Fede ra l - a i d  urban, t h e r e  i s  no sepa ra t i on  o f  smal l  urban and urbanized 

i n f o r m a t i o n ,  and t h i s  d e f i n i t i o n  i s  norma l l y  used o n l y  w i t h  Federa l -  

a l d  system d iscuss ions .  

Motor f u e l  , motor-vehi  c l  e  taxes and revenues, v e h i c l e  

r e g i s t r a t i o n ,  and d r i v e r  1  icenses da ta  a re  cons iderab ly  more u s e f u l .  

F i n a n c i a l  expend i t u re  data a re  a v a i l  ab le  i n  aggregate form b u t  are no t  

ava i  1ab le  by f u n c t i o n a l  c l  ass i  f i c a t i o n ,  i ~ p r o v e m e n t  type,  o r  

i n d i v i d u a l  u rban ized  area. 



Tab le  TA-1. 

T h i s  t a b l e  p rov ides  s ta tew ide  i n f o r m a t i  on on mi leage, v e h i c l e s  

per  day, t r a v e l ,  f a t a l i t i e s ,  f a t a l  acc iden ts ,  n o n f a t a l  i n j u r i e s ,  and 

n o n f a t a l  i n j u r y  acc iden t s  by Fede ra l - a i d  and genera l  ized f u n c t i o n a l  

sys tem- -a r t e r i a l  , c o l  l e c t o r ,  and l o c a l .  Rura l - urban and f u l l  c o n t r o l  

o f  access breakdowns a re  prov ided;  acc iden t  i n f o r m a t i o n  i s  presented 

i n  bo th  number and r a t e  form. 

The above da ta  p r e s e n t l y  a l l ows  S ta te -by -S ta te  comparisons of 

r a t e  i n f o r m a t i o n  on a  Fede ra l - a i d  and o t h e r  S t a t e  and l o c a l  road 

bas is .  However, t h e r e  a re  no property-damage-only acc iden t  r a te ,  

d e t a i l e d  f u n c t i o n a l  system, des ign type, o r  w e l l - d e f i n e d  geographic  

l o c a t i o n  da ta  ava i  1  able.  

F a t a l  Acc iden t  Repor ts  System (FARS). 

T h i s  N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  (NHTSA) 

system p rov ides  da ta  on f a t a l  acc iden ts  f o r  r u r a l  and urban areas 

w i t h i n  each State.  However, n o t  o n l y  does it n o t  p r o v i d e  i n f o r m a t i o n  

on o t h e r  t ypes  o f  acc iden ts ,  t h e  t r a f f i c  volumes assoc ia ted  w i t h  t h e  

acc iden ts ,  access c o n t r o l  , and f u n c t i o n a l  system, b u t  a1 so t h e  

accuracy of t h e  da ta  d e s c r i b i n g  t h e  c o n d i t i o n s  r e l a t e d  t o  t h e  acc iden t  

i s  quest ionable.  There i s  a l s o  a  d i f f e r e n c e  i n  t h e  d e f i n i t i o n  o f  a 

f a t a l  i t y  between t h i s  source and Tab le  TA-1. 

Truck Weight Study (TWS). 

T h i s  source o f  i n f o r m a t i o n  p rov ides  v e h i c l e  c l a s s i f i c a t i o n  da ta  

on an annual bas i s  and t r u c k  weight  da ta  every o t h e r  y e a r  w i t h  



approx imate ly  h a l f  t h e  S t a t e s  r e p o r t i n g  each year .  There a r e  severa l  

d i f f i c u l t i e s  i n  u s i n g  da ta  f rom t h i s  source. F i r s t ,  t h e  p r o p o r t i o n  of  

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

average because t h e  s t a t i o n s  a re  l o c a t e d  on rou tes  t h a t  have heavy 

t r u c k  usage. Secondly, t h e r e  i s  a  l i m i t e d  number o f  urban s t a t i o n s .  

And f i n a l l y ,  t h e r e  i s  s i  gn i  f i c a n t  we igh t  i n f o r m a t i o n  ava i  1  ab le  o n l y  

f o r  t h e  summer months. A r e v i s e d  TWS Guide, c u r r e n t l y  i n  d r a f t  form 

( J u l y  1984), addresses many o f  these  shortcomings. For  a d d i t i o n a l  

i n f o r m a t i o n  on t h i s ,  c o n t a c t  Frank Jarema, HHP-44, (202)  426-0160. 

Na t ionwide  Personal  T r a n s p o r t a t i o n  Study (NPTS). 

T h i s  s tudy  was conducted by t h e  Bureau o f  t h e  Census, Department 

o f  Commerce, f o r  FHWA i n  1969-70. Th i s  survey made i t  p o s s i b l e  t o  

r e l a t e  household socio-economic and l o c a t i o n  c h a r a c t e r i s t i c s  t o  d a i l y  

t r a v e l  c h a r a c t e r i s t i c s  f o r  a l l  modes, b u t  o n l y  f o r  na t i onw ide  

s t a t i  s t i c s  . 
The NPTS was merged w i t h  t h e  N a t i o n a l  T rave l  Survey (NTS) i n  1977 

and, t h e r e f o r e ,  i s  p a r t  o f  t h e  1977 Census o f  T ranspo r ta t i on .  

R e s u l t a n t  da ta  a re  i n  aggregate areawide form f o r  va r i ous  l e v e l s  of  

geographic  d e t a i l .  No i n f o r m a t i o n  on f u n c t i o n a l  c l a s s i f i c a t i o n  i s  

prov ided.  These e f f o r t s  w i l l  p rov ide  u s e f u l  n a t i o n a l  background 

i n f o r m a t i o n  b u t  w i l l  p r o v i d e  no S t a t e  o r  s e c t i o n  s p e c i f i c  i n f o rma t i on .  

Automat ic  T r a f f i c  Recorder Data (ATR).  

There a r e  p r e s e n t l y  45 S ta tes  s u b m i t t i n g  h o u r l y  t r a f f i c  volume 

da ta  on computer tape  f o r  some 4,085 permanent ATR coun te r  l o c a t i o n s  



nat ionwide.  Due t o  t e c h n i c a l  problems, p a r t i c u l a r l y  t h e  c o l l e c t i o n  o f  

da ta  i n  w i n t e r  months, o n l y  3,000 a re  supp l i ed  f o r  more than  9 months 

o f  t h e  year .  

Each coun te r  s i t e  rep.orted i s  i d e n t i f i e d  by rou te ,  l o c a t i o n ,  and 

highway c lass .  U n t i l  such t i m e  t h a t  t h e  i d e n t i f i c a t i o n  i n f o r m a t i o n  

can be expanded t o  i n c l u d e  f u n c t i o n a l  c l a s s i f i c a t i o n  and o t h e r  

phys i ca l  c h a r a c t e r i s t i c s ,  these da ta  w i l l  n o t  be very  u s e f u l  i n  

performance mon i t o r i ng .  

S t r u c t u r e  I n v e n t o r y  and Appra isa l  o f  t h e  N a t i o n ' s  Br idges.  

Under t h e  Na t i ona l  B r i d g e  I n s p e c t i  on Standard (NBIS) i n v e n t o r y  

program, a1 1  b r i dges  on t h e  Fede ra l - a i d  systems a r e  i n v e n t o r i e d ,  

inspected,  and appra ised by t h e  States.  The f i r s t  NBIS i n v e n t o r y  was 

begun i n  J u l y  1972 w i t h  t h e  most r ecen t  update r e q u i r e d  as o f  December 

1, 1977. These da ta  now i n c l u d e  f u n c t i o n a l  c l a s s i f i c a t i o n  as w e l l  as 

c i t y  and county  codes. 

N a t i  onal  H i  ghway-Rai 1  road Cross ing  I nven to ry .  

T h i s  i n v e n t o r y  con ta ins  up- to-date i n f o r m a t i o n  f o r  each c ross ing .  

The f u n c t i o n a l  c l a s s i f i c a t i o n  o f  t h e  highway i s  i d e n t i f i e d ,  b u t  t h e  

Fede ra l - a i d  r u r a l ,  smal l  urban, o r  u rban ized  area d e s i g n a t i o n  i s  n o t  

inc luded .  

Other Data Sources. 

Four o t h e r  da ta  sources were examined and were found t o  be 

d e f i c i e n t  t o  t h e  e x t e n t  t h a t  they  were exc luded from t h e  m o n i t o r i n g  



process. These sources and a  major de f i c i ency  f o r  each are: 

- 55 M.P.H. Speed Mon i to r i ng  Studies. Co l l ec ted  on ly  on those 

segments having a 55 m.p.h. speed l i m i t .  

- Truck Inven to ry  and Use Survey (Bureau o f  t h e  Census). I s  a  

probabi 1  i t y  sample co l  l e c t e d  every 5 years and i s  no t  re1 i a b l  e  a t  l e s s  

than mu7 t i - S t a t e  area l e v e l s .  

- Land Area and Popu la t ion  (Bureau o f  t h e  Census). Contains no 

Federa l -a id  urban o r  urbanized area s t a t i s t i c s .  

- P r o j e c t  S ta tus  Record (PR-37). Excludes non-Federal-aid 

p r o j e c t s .  

DEVELOPMENT OF STATE AND NATIONAL LONG-TERM MONITORING DATA BASES 

I n  a d d i t i o n  t o  t h e  data resources t h a t  have been compiled by the  

FHWA i n  the  Highway Performance Moni to r ing  System (HPMS), t h e  Highway 

Cond i t ion  and Qua1 i t y  o f  Highway Const ruc t ion  Survey, t he  Cost 

A l l o c a t i o n  s tud ies ,  and the  Veh ic le  Size and Weight s tudies,  o ther  

data bases have been assembled p r i m a r i l y  f o r  research purposes by t h e  

States,  t h e  Nat iona l  Cooperat ive Highway Research Program (NCHRP) , and 

by t h e  FHWA. P r i m a r i l y  i n  response t o  the  need f o r  S a t e l l i t e  Road 

Test in fo rmat ion  a t  t h e  conclus ion o f  t h e  AASHO Road Test, a  number o f  

S ta tes  began sys temat i ca l l y  t o  c o l l e c t  d e t a i l e d  i nven to ry  and 

mon i to r i ng  data on a  c o l l e c t i o n  o f  pavements. An assessment o f  t h e  

q u a l i t y  and q u a n t i t y  o f  t h a t  da ta  was made r e c e n t l y  i n  NCHRP P r o j e c t  

20-7, Task 17, by Texas A&M U n i v e r s i t y ,  and the  r e s u l t s  of t h a t  study 

w i l l  be summarized below. I n  add i t i on ,  t he  NCHRP funded the  



development o f  t h e  -Concrete -Pavement -Eva1 u a t  i o n  System (COPES) 

a t  t h e  U n i v e r s i t y  o f  I l l i n o i s .  A separate s e c t i o n  o f  t h i s  background 

m a t e r i a l s  w i l l  be devoted t o  a  d e s c r i p t i o n  o f  COPES because o f  i t s  

c l o s e  re1  a t i o n  t o  t h e  ongoing bong-Term M o n i t o r i n g  p i  l o t  s tud ies .  One 

o t h e r  da ta  base i s  i n  t h e  process o f  be ing  assembled under c o n t r a c t  t o  

t h e  FHWA, t h i s  one be ing  concerned w i t h  p r o j e c t s  on which va r i ous  

forms o f  aspha l t  r e c y c l i n g  have been used. The Aspha l t  Recyc l i ng  Data 

Base con ta ins  approx imate ly  316 p r o j e c t s ,  was i n i t i a t e d  by Iowa S t a t e  

U n i v e r s i t y ,  and i s  be ing  c a r r i e d  on a t  p resen t  by t h e  Aspha l t  

I n s t i t u t e .  A l l  o f  these da ta  sources may p l a y  an impo r tan t  r o l e  i n  

t h e  f u t u r e  bong-Term M o n i t o r i n g  program. 

The t i t l e  o f  NCHRP P r o j e c t  20-7, Task 17, was "Eva lua t i on  of 

AASHO R ~ a d  Tes t  S a t e l l i t e  and Environmental  S tud ies "  and was conducted 

i n  two phases by t h e  Texas T r a n s p o r t a t i o n  I n s t i t u t e .  I n  t h e  f i r s t  

phase, a  q u e s t i o n n a i r e  was sent  t o  a l l  50 S ta tes  and r e p l i e s  were 

rece i ved  f rom 47. The rep1 i e s  were s tud ied  s y s t e m a t i c a l l y  t o  

determine bo th  t h e  q u a l i t y  and q u a n t i t y  o f  da ta  t h a t  were a v a i l a b l e  

and an assessment was made o f  t h e  l i k e l i h o o d  t h a t  such da ta  cou ld  be 

used i n  t h e  development o f  pavement des ign equat ions.  The 

q u e s t i o n n a i r e  a1 so revea led  how access ib l e  t h e  da ta  were: whether 

t hey  were s to red  i n  c e n t r a l i z e d  o r  d e c e n t r a l i z e d  manual f i l e s ,  o r  i n  a  

computer access ib l e  form. The second phase i n v e s t i g a t e d  some o f  t h e  

da ta  i n  d e t a i l  t o  determine how good o f  an o v e r l a y  des ign  equat ion  

c o u l d  be cons t ruc ted  f rom t h e  da ta  t h a t  were a v a i l a b l e  i n  Texas and 

Minnesota,  and what k i n d  o f  da ta  a re  needed t o  develop d i f f e r e n t  

l e v e l s  o f  such equat ions.  The r e s u l t s  o f  t h i s  s tudy w i l l  be d iscussed  



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

IMPACT OF THE 1982 SURFACE TRANSPORTATION ASSISTANCE ACT 

I n  t h e  Sur face T r a n s p o r t a t i o n  Ass is tance  Ac t  (STAA) o f  1982, t h e  

U.S. Congress added severa l  more t asks  t o  those  t h a t  had been mandated 

i n  t h e  STAA o f  1978. The 1978 Ac t  c a l l e d  f o r  a  s tudy  o f  t h e  cos ts ,  

b e n e f i t s ,  and t h e  e f f e c t s  o f  S t a t e  r e g u l a t i o n s  on t r u c k  s i zes  and 

weights ,  a  s tudy  o f  c o s t  a1 l o c a t i o n ,  and a  p i l o t  long- te rm m o n i t o r i n g  

e f f o r t  t o  assess t h e  c o s t s  o f  c o l l e c t i n g  long- te rm performance data.  

I n  t h e  1982 Ac t ,  f u r t h e r  t r u c k  s i z e  and we igh t  s t u d i e s  were c a l l e d  

f o r ,  as w e l l  as a  s tudy o f  t h e  e f f e c t  o f  c l i m a t e  on t h e  r a t e  o f  

pavement d e t e r i o r a t i o n  t o  determine whether c l i m a t e  f a c t o r s  should be 

i n c l u d e d  i n  c o s t  appor t ionment  formulas. The two Acts  taken t o g e t h e r  

shgwed a  c l e a r  r e c o g n i t i o n  by Congress, and f i r m  suppor t  by AASHTO, 

i n d u s t r y ,  and t h e  FHWA o f  t h e  need t o  have more d e t a i l e d  and accura te  

da ta  and models t o  p e r m i t  c a r e f u l  and comprehensive s t u d i e s  o f :  

1. 	 Cost r e s p o n s i b i l i t y ,  a l l o c a t i o n ,  and apport ionment.  

2. 	 E f f e c t s  o f  t r u c k  s i z e s  and weights  on pavement 

d e t e r i o r a t i o n ,  t r a n s p o r t a t i o n  b e n e f i t s ,  and revenues. 

3.  	 E f f e c t s  o f  weather on pavement d e t e r i o r a t i o n .  

4. 	 Qua1i t y  o f  highway c o n s t r u c t i o n  and development o f  r e a l is t i c  

s t a t i s t i c a l  s p e c i f i c a t i o n s  which a re  based upon ac tua l  

performance. 

5. 	 Cost e f f e c t i v e  p r e v e n t i v e  maintenance 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 ,  



The data f o r  a l l  o f  these s tud ies  must come from a Long-Term 

Mon i to r i ng  program which i nvo l ves  the  t e s t i n g  o f  pavements i n  t he  

f i e l d ,  and t h e  p a t i e n t  c o l l e c t i o n  o f  i nven to ry  and mon i to r i ng  data f o r  

t he  f u l l  l i f e  c y c l e  o f  se lec ted  types o f  pavements. A l l  o f  t h i s ,  and 

o the r  cons idera t ions  as w e l l ,  has l e d  t o  the  adopt ion o f  t he  Federal 

pavement i n i t i a t i v e s .  

NATIONAL INITIATIVES ON PAVEMENT REHABILITATION AND DESIGN 

The s h i f t  o f  emphasis from new c o n s t r u c t i o n  t o  r e h a b i l i t a t i o n  

r a i s e s  many quest ions t h a t  can on l y  be answered by judgement and 

i n t u i t i o n  a t  present.  I n  a d d i t i o n  t o  t h e  need f o r  t h e  s tud ies  

mentioned i n  t h e  prev ious sec t ion ,  t h e  f o l l o w i n g  quest ions have been 

r a i  sed: 

1. 	 Which r e h a b i l i t a t i o n  s t r a t e g i e s  are more s u i t a b l e  under 

g iven cond i t i ons?  

2. 	 What are t h e  costs o f  de fer red  maintenance? 

3. 	 What maintenance cos ts  are associated w i t h  var ious  types o f  

r e h a b i l i t a t i o n ?  

4. 	 What a re  t h e  long range ( l i f e  c y c l e )  performances and cos ts  

o f  r e h a b i l i t a t i o n  s t r a t e g i e s ?  

5. 	 What are the  f u t u r e  long term impacts o f  increased t r u c k  

1  oadings? 

Securing i n f o r m a t i o n  t o  p rov ide  needed answers t o  c u r r e n t  and 

f u t u r e  pavement r e h a b i l i t a t i o n  and design issues i s  extremely complex, 

and a t  present ,  fragmented. I n  order  t o  address sho r t  term and long 



term needs and a t  t h e  same t ime  mesh w i t h  ongoing a c t i v i t i e s ,  FHWA has 

embarked on the  f o l l o w i n g  o v e r a l l  program: 

1. 	 Working w i t h  AASHTO, FHWA w i l l  compi le and disseminate a l l  

p r e s e n t l y  used pavement r e h a b i l i t a t i o n  design methods and 

techniques t h a t  have proven t o  be successful  and are cos t  

e f fec t i ve .  This  i s  a  near term s o l u t i o n  to.make the  most o f  

what we now have w h i l e  w a i t i n g  f o r  t he  r e s u l t s  o f  longer  

range e f f o r t s  o u t l i n e d  below. 

2. 	 The FHWA w i l l  survey and i d e n t i f y  t he  n a t i o n a l  pavement 

management info'rmati  on needs (bo th  pol  i c y  and techn ica l  ) o f  

FHWA i n  t h e  areas o f  planning, design, cons t ruc t ion ,  and 

maintenance, as requi  red by Congress t o  manage t h e  na t i ona l  

highway program. The e f f o r t  w i l l  be an i n t e r n a l  FHWA 

a c t i v i t y  and w i l l  be r e l a t e d  d i r e c t l y  t o  Long Term Pavement 

Mon i to r i ng  (LTM). The i d e n t i f i e d  needs w i l l  be used i n  

e v a l u a t i n g  ongoing in fo rmat ion-gather ing  e f f o r t s  and i n  

assessing new i n i t i a t i v e s .  

3. 	 Working w i t h  AASHTO and indus t r y ,  FHWA w i l l  develop a 

coordinated program o f  demonstrat ion and experimental  

p r o j e c t s  on pavement r e h a b i l i t a t i o n  techniques and 

ma te r ia l s .  The e f f o r t  w i l l  be meshed w i t h  the  ongoing 

research program. 

4. 	 The FHWA w i l l  work w i t h  AASHTO and TRB t o  complete the  

update o f  the  i n t e r i m  pavement design guide i n  t he  sho r tes t  

poss ib le  t ime frame. 

5. 	 Working w i t h  AASHTO and TRB, FHWA w i l l  evaluate the  need f o r  



f u t u r e  f u l l - s c a l e  road t e s t i n g  o f  some form and t h e  

f e a s i b i l i t y  o f  acce lera ted  t e s t i n g  systems t o  a l l ow  more 

r a p i d  eva lua t i on  o f  new pavement r e h a b i l i t a t i o n  techniques 

and mater i  a1 s. 

6. The FHWA w i l l  i ssue a  q u a r t e r l y  news le t te r  t o  high1 i g h t  

pavement management s ta te -o f - t he -a r t ,  technology t r a n s f e r  

a c t i v i t i e s ,  research, t r a i n i n g ,  and o the r  p e r t i n e n t  

i n fo rma t ion  o f  i n t e r e s t  t o  pavement engineers. 

More d e t a i l e d  d e s c r i p t i o n s  o f  t h e  s i x  FHWA i n i t i a t i v e s  are g iven 

be1 ow. 

I n i t i a t i v e  No. 1. Pavement R e h a b i l i t a t i o n  Design and Techniques Study 

There are  no road t e s t s  o r  o the r  s i g n i f i c a n t  work upon which t o  

base our  r e h a b i l i t a t i o n  design and c o n s t r u c t i o n  procedures o r  t o  

address the  ever i nc reas ing  quest ions concerning rehabi  1  it a t i  on 

techniques. With the  cu r ren t  l e v e l  o f  expendi tures f o r  pavement 

r e h a b i l i t a t i o n ,  and the  increased l e v e l  expected, t h e r e  e x i s t s  a  

d e f i n i t e  need f o r  guidance on r e h a b i l i t a t i o n  techniques and design and 

c o n s t r u c t i o n  methods. Securing i n fo rma t ion  t o  p rov ide  needed answers 

t o  c u r r e n t  rehabi 1  it a t i o n  issues are extremely complex and a t  present  

fragmented. With t h e  c u r r e n t  emphasis on r e h a b i l i t a t i o n ,  t h e  

s t a t e - o f - t h e  p r a c t i c e  needs t o  be evaluated. It i s  impor tan t  t o  know 

which techniques have been t r i e d  and how they have performed. I t  i s  

equa l l y  impor tan t  t o  have a  system t o  ensure t h a t  r e h a b i l i t a t i o n  data 

w i l l  be c o l l e c t e d  and analyzed i n  t he  fu tu re .  



O b j e c t i v e  o f  I n i t i a t i v e  No. 1. 

To compi le  and d i ssem ina te  a l l  p r e s e n t l y  used pavement 

r e h a b i l i t a t i o n  des ign  methods and techn iques  used and t o  eva lua te  

t h e i  r performance. To develop a system t o  c o l  l e c t  rehab i 1it a t i  on 

i n f o r m a t i o n  on a c o n t i n u i n g  bas is .  

Scope o f  I n i t i a t i v e  No. 1. 

The FHWA w i l l  i n v e s t i g a t e  t h e  p r e s e n t l y  used pavement 

r e h a b i l i t a t i o n  des ign  methods and techn iques  th roughout  t h e  U n i t e d  

S ta tes .  A r e h a b i l i t a t i o n  techn ique  i s  cons idered  t o  be any procedure 

o r  method used t o  extend t h e  use fu l  l i f e  o f  a f l e x i b l e  o r  r i g i d  

pavement. An e v a l u a t i o n  w i l l  be made t o  determine t h e  performance o f  

v a r i o u s  techniques. I n f o r m a t i o n  gathered w i l l  be compi led and 

d i  sseminated i n  a summary r e p o r t  and manual. A system w i  11 a1 so be 

developed t o  c o l l e c t  r e h a b i l i t a t i o n  i n f o r m a t i o n  on a c o n t i n u i n g  bas is .  

Work Plan. 

The proposed s tudy  w i l l  i n c l u d e  a three-phase approach. Under 

t h e  i n i t i a l  phase, a genera l  q u e s t i o n n a i r e  w i l l  be completed by t h e  

reg ions ,  o r  d i v i s i o n  o f f i c e s  i f  necessary. The ques t ionna i  r e  w i l l  

i d e n t i f y  t h e  pavement r e h a b i l i t a t i o n  techn iques  t h a t  have been used 

and a r e  b e i n g  used, and what i n f o r m a t i o n  i s  a v a i l a b l e .  Under t h e  

second phase, rev iew g u i d e l i n e s  w i l l  be developed and enough se lec ted  

d i v i s i o n s  wi 11 be v i s i t e d  and reviewed t o  compi le  d e t a i l e d  i n f o r m a t i o n  

f o r  a manual o f  a v a i l a b l e  r e h a b i l  i t a t i o n  techniques. The f i n a l  phase 

w i  11 i n v o l v e  deve lop ing  a system t o  co l  l e c t  p r o j e c t  spec i  f ic 



r e h a b i l i t a t i o n  i n f o r m a t i o n  on a  c o n t i n u i n g  bas is .  

Tasks. 

A. Present  s tudy concept t o  t h e  AASHTO S tand ing  Committee on 

Highways f o r  i t s  i n f o r m a t i o n  and comments. 

B. Conduct a  l i t e r a t u r e  rev iew o f  r e h a b i l i t a t i o n  des ign  methods 

and techn iques  c u r r e n t l y  used f o r  f l e x i b l e  and r i g i d  pavements. 

C. Develop a  genera l  q u e s t i o n n a i r e  t o  be used i n  a  na t ionwide  

e v a l u a t i o n  o f  t h e  s t a t e - o f - t h e - p r a c t i c e  i n  r e h a b i l i t a t i o n  des ign  and 

c o n s t r u c t i o n  techn iques  f o r  bo th  f l e x i b l e  and r i g i d  pavements. 

D. The q u e s t i o n n a i r e  developed under Task C w i  11 be completed 

f o r  each S t a t e  by t h e  r e g i o n a l  o f f i c e .  Th is  may r e q u i r e  rev iews i n  o r  

ass i s tance  by t h e  r e s p e c t i v e  d i v i s i o n  o f f i c e s ,  depending upon 

i n f o r m a t i o n  avai  1  a b l e  a t  each reg iona l  o f f i c e .  

E. Develop a  summary r e p o r t  f rom i n f o r m a t i o n  ob ta i ned  i n  Task D. 

F. Us ing  i n f o r m a t i o n  f rom Task D, i d e n t i f y  t h e  r e h a b i l i t a t i o n  

techn iques  t h a t  w i l l  be eva lua ted  i n  depth. Develop rev iew g u i d e l i n e s  

and da ta  c o l l e c t i o n  p lan,  i.e., sample s i ze ,  f requency, e tc .  f o r  use 

i n  t h e  se lec ted  s ta tes .  Conduct a  p i l o t  rev iew o f  one S t a t e  t o  

e v a l u a t e  t h e  e f f e c t i  veness o f  t h e  guide1 ines. 

G. Us ing  t h e  above gu ide l i nes ,  conduct a f i e l d  rev iew i n  one 

S t a t e  o f  each r e g i o n  w i t h  r e g i o n  and d i v i s i o n  s t a f f .  F o l l o w i n g  these 

reviews, t h e  reg ions  w i l l  conduct rev iews i n  s e l e c t e d  States.  S ta tes  

w i l l  be i d e n t i f i e d  depending upon d i f f e r e n c e  i n  techniques,  

geographica l  areas, and c l i m a t i c  cond i t i ons .  

H. Prepare a  re fe rence  manual on r e h a b i l i t a t i o n  techn iques  based 



on e x i s t i n g  1  i t e r a t u r e  and data  gathered du r ing  t h e  survey i n  Task E. 

I. Develop a  system t o  co l  l e c t ,  s to re ,  r e t r i e v e ,  and analyze 

pavement r e h a b i l i t a t i o n  in format ion.  The system w i l l  i nc lude  

r e h a b i l i t a t i o n  da ta  c o l l e c t e d  under Task D and G. The system i s  t o  be 

expanded t o  i nc lude  data from f u t u r e  rehabi  1  it a t i o n  pro jec ts .  P r i o r  

NEEP, experimental  p r o j e c t s ,  demonstrat ion p ro jec ts ,  research and 

development work w i l l  be coordinated. It i s  a n t i c i p a t e d  t h a t  t he  

system w i l l  be coord ina ted  w i t h  the  proposed r e v i s i o n  o f  t h e  Highway 

Cond i t i on  and Qua1 i t y  o f  Highway Const ruc t ion  Survey. 

J .  Develop a  p l a n  t o  p e r i o d i c a l l y  update t h e  summary repo r t ,  

manual, and survey. 

K. Cont inue f i e l d  reviews by regions. 


The f o l l o w i n g  i tems w i l l  be considered w i t h i n  t h i s  i n i t i a t i v e :  


1. 	 I n  a d d i t i o n  t o  p repar ing  a  manual, t echn ica l  ass is tance may 

be prepared on spec ia l  t o p i c s  o r  techniques t h a t  a re  no t  i n  

t h e  manual o r  t h a t  warrant  e x t r a  a t t e n t i o n .  

2 .  	 Contact w i l l  be made w i t h  i n d u s t r y  and l ead ing  u n i v e r s i t i e s  

t o  keep them advised o f  t he  i n i t i a t i v e  and t o  s o l i c i t  t h e i r  

input .  

3. 	 Th i s  i n i t i a t i v e  w i  11 be para1 l e l  i n g  t h e  update o f  t h e  AASHTO 

I n t e r i m  Guide. The update w i l l  a1 so address r e h a b i l  it a t i o n  

design. The J o i n t  Task f o r c e  on Pavements w i l l  be advised 

o f  t h i s  i n i t i a t i v e  and the  r e s u l t s  w i l l  be c l o s e l y  

monitored. 

4. 	 This  work p lan  w i l l  be submitted t o  the  Pavement Management 

Coord ina t ing  Group (PMCG). The O f f i c e  o f  Engineer ing w i l l  



keep t h e  PMCG adv ised o f  progress. 

5. 	 The p o s s i b i l i t y  o f  secu r i ng  t h e  s e r v i c e  o f  an o u t s i d e  

c o n s u l t a n t  f o r  ass i s tance  under Tasks C, F, and I w i l l  be 

eva lua ted  and pursued. 

I n i t i a t i v e  No. 2 .  Pavement Management I n f o r m a t i o n  Needs Study 

Th i s  i n t e r n a l  study by t h e  FHWA c a l l s  f o r  c o o r d i n a t i o n  w i t h  a l l  

t h e  va r i ous  pavement management a c t i v i t i e s  t h a t  m igh t  have da ta  

c o l l e c t i o n  i m p l i c a t i o n s ,  and, i n  p a r t i c u l a r  w i t h  t h e  Long-Term 

M o n i t o r i n g  Workshops and I n i t i a t i v e  Number 5 d e a l i n g  w i t h  acce le ra ted  

1  abora to ry  t e s t i n g  and road t e s t i n g .  

Background. 

I t  has been recognized by t h e  Federa l  Highway Admini s t r a t i o n  

(FHWA) t h a t  a  h i ghe r  l e v e l  o f  e f f o r t  i s  j u s t i f i e d  t o  secure b e t t e r  

i n f o r m a t i o n  upon which t o  base c o s t - e f f e c t i v e  dec i s i ons  r e l a t i n g  t o  

pavements. I n  o rde r  t o  s a t i s f y  one aspect o f  t h e  recognized need f o r  

more d e f i n i t i v e  i n f o r m a t i o n ,  t h i s  i n i t i a t i v e  was approved i n  May t h a t  

would survey and i d e n t i f y  n a t i o n a l  pavement i n f o r m a t i o n  t h a t  i s  needed 

by t h e  FHWA i n  t h e  areas o f  p lann ing ,  design, c o n s t r u c t i o n ,  and 

maintenance t o  manage t h e  Na t i ona l  Highway Program. 

O b j e c t i v e s  o f  I n i t i a t i v e  No. 2. 

a. To i d e n t i f y ,  ca tegor ize ,  and p r i o r i  t i ze FHWA pavement 

management i n f o r m a t i o n  uses and needs 

b. To survey a v a i l a b l e  and r e q u i r e d  resources necessary t o  



s a t i s f y  t h e  h igh  p r i o r i t y  needs 

c. To develop a  coordinated p lan  ( i n c l u d i n g  a  coordinated se t  o f  

data elements) f o r  o b t a i n i n g  and ma in ta in ing  an adequate i n fo rma t ion  

system 

Scope o f  I n i t i a t i v e  No. 2. 

The FHWA i s  examining na t i ona l  pavement management i n fo rma t ion  

needed by t h e  var ious  FHWA Headquarters o f f i c e s  f o r  proper  stewardship 

of t h e  Federal -Aid Highway Program. The end product  o f  such 

examinat ion w i l l  be a  coordinated p lan  aimed a t  t h e  c o l l e c t i o n  and 

a n a l y s i s  of pavement da ta  and r e l a t i o n s h i p s  i n  a  more c o s t - e f f e c t i v e  

and comprehensive fashion. D i s t i n c t i o n s  w i l l  be made between 

r e c u r r i n g  mon i to r i ng  types o f  i n fo rma t ion  needs and one-time o r  

i n f requen t  speci a1 analyses o r  data c o l l e c t i o n  e f f o r t s .  

D e s c r i p t i o n  o f  Tasks. 

Task A. L i t e r a t u r e  Review: Perform l i t e r a t u r e  search t o  

become f a m i l i a r  w i t h  o rgan iza t ions ,  func t ions ,  and procedures o f  

var ious  program o f f i c e s  t h a t  are i nvo l ved  i n  pavements. 

Task B. I nven to ry  Needs and Resources: Develop c l a s s i f i c a t i o n  

parameters and i n i t i a l  summary o f  pavement i n fo rma t ion  needs (da ta  and 

re1  a t i o n s h i p s )  and resources as perceived by var ious  o f f i c e s .  

Task C. In-Depth I n t e r v i e w s  on Uses, Needs, and Resources: 

Conduct in -depth  i n te rv iews  o f  var ious  program o f f i c e s  t o :  

1. 	 V e r i f y  i n f o r m a t i o n  uses and needs conta ined i n  i n i t i a l  

summary and add o r  de le te  as necessary. 



2 .  Determine da ta  t h a t  i s  c u r r e n t l y  be ing  c o l l e c t e d  and 

r e l a t i o n s h i p s  c u r r e n t l y  a v a i l a b l e ,  i n c l u d i n g  t h e i r  use, mode 

of c o l l e c t i o n ,  and c o l l e c t i o n  c o s t s  (FHWA and S t a t e s ) .  

Task D. A n a l y s i s  o f  I n t e r v i e w s :  Analyze r e s u l t s  o f  i n t e r v i e w s  

t o  a r r i v e  a t  f i n a l  l i s t  o f  pavement i n f o r m a t i o n  uses and needs. 

Develop i n v e n t o r y  o f  da ta  c u r r e n t l y  be ing  c o l l e c t e d  and e x t a n t  

re1 a t i o n s h i p s .  

Task E. Needs versus Resources: T r a n s l a t e  i n f o r m a t i o n  needs 

i n t o  da ta  elements. Compare da ta  element 1  i s t  ( d e r i v e d  f rom t h e  

i n f o r m a t i o n  needs) w i t h  i n v e n t o r y  o f  da ta  c u r r e n t l y  be ing  c o l l e c t e d  

and e x t a n t  r e l a t i o n s h i p s .  

Task F. P r i o r i t i z a t i o n  o f  Needs: Present  needs 1  i s t  and 

c u r r e n t  resources t o  FHWA t o p  management f o r  approval  and 

p r i o r i t i z a t i o n .  Th i s  would be accomplished by each program o f f i c e .  

I n t e r i m  Repor t  1 ( A p r i l  1984) was d i s t r i b u t e d  t o  program o f f i c e s  

i n v o l v e d  i n  t h e  p r o j e c t .  

Task G. Coo rd ina t i on  w i t h  Other  E f f o r t s :  P a r t i c i p a t e  i n  an 

adv i so ry  c a p a c i t y  i n  t h e  Long-Term M o n i t o r i n g  and E v a l u a t i o n  o f  Road 

T e s t i n g  and Acce le ra ted  T e s t i n g  ( I n i t i a t i v e  # 5 )  e f f o r t s .  Ensure t h a t  

t h e  r e s u l t s  o f  these  e f f o r t s  a re  cons idered  i n  t h i s  study. 

Task H. C r i t e r i a  Development: Develop c r i t e r i a  t o  assess and 

rank i n f o r m a t i o n  uses and needs ( c o s t  o f  c o l l e c t i o n  o f  d a t a  t o  s a t i s f y  

needs, re1 a t i  ve importance, etc.) . 
A p r i  1  -May 1984 Prepare a  concept paper d e f i n i n g  t h e  c r i t e r i a ,  

i n c l u d i n g  p o s s i b l e  ways t o  measure them. 

P o t e n t i a l  c r i t e r i a  i n c l u d e :  



Immediacy o f  need i s  t h e  i n f o r m a t i o n  

requirement p ress ing  and c u r r e n t  o r  long-term, 

e tc .  

Void o f  c u r r e n t  i n f o r m a t i o n  a re  t h e r e  

sur rogate  o r  s u b s t i t u t e  measures t h a t  cou ld  

s a t i s f y  t he  i n fo rma t ion  need a t  no o r  low 

a d d i t i o n a l  cost.  

Importance t o  t h e  agency's miss ion  i s  the  

i n fo rma t ion  needed f o r  a  requ i red  p r o j e c t ,  

e.g., p r o j e c t  approval , r e p o r t  t o  Congress, 

etc., and how important  i s  t h e  p a r t i c u l a r  

mission. 

Importance o f  t h e  i n f o r m a t i o n  t o  t h e  Sta tes  

D o l l a r  savings from b e t t e r  i n fo rma t ion  - f o r  

example, a  reduc t i on  i n  requ i red  f u t u r e  

c a p i t a l  Imai  ntenance out  1  ays r e s u l t i n g  from 

b e t t e r  designs; user  cos t  savings from b e t t e r  

investment/mai ntenance p r a c t i  ces resu l t ing 

from more informed dec is ions  based on b e t t e r  

in fo rmat ion ,  etc.  

Cost of improved i n fo rma t ion  - t h i s  subtask 

i s  t h e  major t i e - i n  w i t h  Task 9. The cos ts  of 

ga the r ing  b e t t e r  data (mechanical , LTM, e tc .  ) 

w i l l  be est imated i n  a  crude fash ion  a t  f i r s t  

t o  be used as one o f  t h e  screening c r i t e r i o n .  

A more r e f i n e d  cos t  est imate w i l l  be made as 



p a r t  o f  Task 9  on t h e  screened o r  reduced s e t  

o f  p r i o r i t y  i n f o r m a t i o n  r e q u i  rements. 

A p r i 1-May 1984 Reexamine t h e  Task F  r e s u l t s  by p u t t i n g  t h e  

i n f o r m a t i o n  needs i n t o  a  s u i t a b l e  form f o r  

p r i o r i t y  assessment; consol  i d a t e  t h e  i n f o r m a t i o n  

needs i n t o  a  s m a l l e r  number o f  c a t e g o r i e s  where 

f e a s i b l e .  

June-August 1984 D e f i n e  t h e  da ta  elements r e q u i r e d  t o  meet t h e  

i n f o r m a t i o n  da ta  a v a i l a b l e ,  p o s s i b l e  sur roga tes ,  

and c u r r e n t  vo ids.  

June-December 1984 Q u a n t i f y  t h e  v a r i o u s  c r i t e r i a  

Apply  t h e  c r i t e r i a  t o  t h e  i n f o r m a t i o n  needs 

f rom Task F. 

September 1984: F i n i s h  a  d r a f t  Task 8 r e p o r t  

( I n t e r i m  Repor t  Number 2 )  f o r  use i n  t h e  LTM 

conference t h e  f i r s t  o f  October  1984. 

December 1984: R e f i n e  t h e  c r i t e r i a  

q u a n t i f i c a t i o n  i n  c o n j u n c t i o n  w i t h  t h e  Task 9  

a1 t e r n a t i  ve development e f f o r t .  

Task I. A1 t e r n a t i  ve Devel opment: Devel op coo rd ina ted  p l  an f o r  

s a t i s f y i n g  a l l  da ta  needs. 

June 1984-March 1985 Determine method o f  c o l l e c t i o n  o f  inc reased  

da ta  requirements--LTM, l a b o r a t o r y  mechanical  


t e s t i n g ,  on-s i  t e  acce le ra ted  mechanical  t e s t i n g ,  


e tc .  


Determine sample s i z e ,  f requency, etc., and 




how t o  coo rd ina te  t h e  sampl ing and da ta  


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


Es t ima te  t h e  c o s t  o f  a d d i t i o n a l  da ta  


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


Task J. A l t e r n a t i v e  S e l e c t i o n :  Present  va r i ous  a l t e r n a t i v e s  

f o r  a  coo rd ina ted  pavement management i n f o r m a t i o n  system t o  t o p  

management f o r  d e c i s i o n  (March 31, 1985). 

Task K. AASHTO Involvement :  B r i e f  AASHTO on s e l e c t e d  

a l t e r n a t i v e .  Work on p l a n s  f o r  changes t o  e x i s t i n g  da ta  c o l l e c t i o n  

e f f o r t s  and on new e f f o r t s .  

Task L. Imp iementa t i  on P lan :  Develop imp lementa t ion  plan. 

January- Prepare mu1 t i - y e a r  program budget f o r  p lan.  

September 1985 Suggest r e v i s i o n s  t o  e x i s t i n g  p lans/budgets .  

D e f i n e  respons ib i  1  i t y  f o r  c o l l e c t i o n ,  s torage,  

and a n a l y s i s  o f  da ta  ( i  .e., Headquarters,  f i e l d ,  

S ta tes ,  e t c .  ) . 
Determi  ne da ta  s to rage /  r e t  r i e v a l  system. 

Task M. Imp lementa t ion  Decis ions:  Present  imp lementa t ion  p l a n  

f o r  t o p  management d e c i s i o n  (M i l es tone  3 - September 30, 1985). 

I n i t i a t i v e  No. 3. Coord ina ted  Demonstrat ion and Exper imenta l  P r o j e c t s  

P rog  ram 

Because t h e  complete rep1 acement of t h e  d e t e r i o r a t i n g  pavements 

i s ,  i n  many ins tances ,  u n d e s i r a b l e  because o f  excess ive cos t  and 

t r a f f i c  d i s r u p t i o n ,  a  d e f i n i t e  need e x i s t s  f o r  d i r e c t i o n  on p roper  

pavement r e h a b i l i t a t i o n  techniques. The pavement r e h a b i l i t a t i o n  



techn iques  c u r r e n t l y  i n  use need t o  be eva lua ted  t o  i d e n t i f y  those 

which a re  t h e  most e f f i c i e n t  and c o s t - e f f e c t i v e .  

O b j e c t i v e  o f  I n i t i a t i v e  No.. 3. 

The o b j e c t i v e  o f  t h i s  i n i t i a t i v e  i s  t o  work w i t h  AASHTO and 

p r i v a t e  i n d u s t r y  t o  develop and implement a  c o n t i n u i n g  ma jo r  

coo rd i  na ted  demonst r a t i  on lexper imenta l  p r o j e c t s  program on pavement 

r e h a b i l i t a t i o n  and mesh t h i s  e f f o r t  w i t h  o t h e r  FHWA pavement 

r e h a b i l i t a t i o n  programs. 

Ongoing A c t i v i t i e s  o f  I n i t i a t i v e  No. 3. 

Bo th  t h e  Demonstrat ion and Exper imenta l  P r o j e c t s  Programs 

c u r r e n t l y  have underway a c t i v i t i e s  r e l a t i n g  t o  pavement 

r e h a b i l i t a t i o n .  The f o l l o w i n g  i s  a  l i s t i n g  o f  those  a c t i v i t i e s .  

1. 	 NEEP No. 27 - P o r t l a n d  Cement Concrete Pavement (PCCP) 

J o i n t  R e s t o r a t i o n  and R e h a b i l i t a t i o n :  The o b j e c t i v e  of  

t h i s  p r o j e c t  i s  t o  o b t a i n  exper ience w i t h  a  v a r i e t y  o f  j o i n t  

r e h a b i l i t a t i o n  techniques t o  r e s t o r e  l oad  t r a n s f e r  between 

s labs ,  p reven t  t h e  i n t r u s i o n  o f  m a t e r i a l  and water  i n t o  and 

th rough t h e  j o i n t ,  reduce r e s u l t a n t  c rack ing ,  and r e s t o r e  

t h e  e x i s t i n g  PCCP t o  h i g h  s e r v i c e  c o n d i t i o n  w i t h o u t  use o f  

an over lay.  

2 .  	 NEEP No. 28 - Highway Pavement Subdra in  Systems: The 

o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  o b t a i n  exper ience and da ta  

on t h e  va r i ous  types  o f  d ra inage  systems, b o t h  f o r  new 

c o n s t r u c t i o n  and f o r  4-R t y p e  p r o j e c t s .  



3. 	 Exper imenta l  P r o j e c t  No. 2 - Concrete Over lays:  The 

purpose o f  t h i s  p r o j e c t  i s  t o  ga the r  da ta  needed t o  

de te rmine  t h e  p o t e n t i a l  o f  t h i n  bonded concre te  ove r l ays  as 

a rehab i  1  it a t i o n  procedure. The work w i  11 requ i  r e  

m o n i t o r i n g  performance o f  se lec ted  t h i  n  bonded concre te  

o v e r l a y  p r o j e c t s  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  t h i s  

technique. Data w i l l  be gathered rega rd ing  t h e  i n i t i a l  

c o n s t r u c t i o n  cos t s  and problems. Long-term performance 

s t u d i e s  w i l l  a t tempt  t o  document maintenance c o s t s  and 

pavement l i f e  t o  e s t a b l i s h  cos t -e f f ec t i veness ,  

4. 	 Exper imenta l  P r o j e c t  No. 3 - Aspha l t  A d d i t i v e s :  The 

o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  promote t h e  sys temat ic  

g a t h e r i n g  and r e p o r t i n g  o f  i n f o r m a t i o n  on t h e  design, 

c o n s t r u c t i o n ,  cos t ,  and performance o f  d i f f e r e n t  aspha l t  

a d d i t i v e s .  The d i f f e r e n t  a d d i t i v e s  e l i g i b l e  f o r  e v a l u a t i o n  

under t h i s  p r o j e c t  can i n c l u d e  rubber ,  chemical ,  o r  n a t u r a l  

p roduc ts  t h a t  a re  added t o  t h e  aspha l t .  

5.  	 Exper imenta l  P r o j e c t  (proposed) - J o i n t  Seal ants :  

S i g n i f i c a n t  c o n t r a c t  use o f  improved j o i n t  m a t e r i  a1 s f o r  

concre te  pavements i s  l i m i t e d .  Most S ta tes  have exper ience 

w i t h  one o r  more o f  these  m a t e r i a l s ,  h u t  because o f  t h e  

abundant t ypes  and brands a v a i l a b l e ,  i t  i s  d i f f i c u l t  f o r  a 

S t a t e  t o  o b t a i n  adequate exper ience w i t h  them a l l .  To 

exped i t e  e v a l u a t i o n  and d i ssem ina t i on  o f  i n f o r m a t i o n  on t h e  

use of t h e  va r i ous  j o i n t  sea lan ts ,  i t  i s  proposed t o  s e l e c t  

a r e p r e s e n t a t i v e  sample o f  i n t e r e s t e d  S ta tes  hav ing  c o n t r a c t  



exper ience  w i t h  a  p a r t i c u l a r  seal  a n t  t o  p a r t i c i p a t e  i n  a  

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

i n f o r m a t i o n  de r i ved  from t h e  S t a t e  e v a l u a t i o n s  o f  t h e  

v a r i o u s  sea lan t  products ,  i n f o r m a t i o n  on c-osts and 

performance wi 1  l be compi 1  ed and disseminated. 

6. 	 Exper imenta l  P r o j e c t  (proposed) - Pavement Rehabi 1  it a t i o n  

Techniques: Th is  p r o j e c t  i s  s t i l l  i n  t h e  development 

stage. It w i l l  be p a r t  o f  a coord ina ted  e f f o r t  between t h e  

Demonstrat ion P r o j e c t s  D i v i s i o n ,  t h e  C o n s t r u c t i o n  and 

Maintenance D i v i s i o n ,  and t h e  Pavement Design Branch t o  

c o l l e c t  da ta  on qua1 i t y  c o n t r o l  , m a t e r i a l  s, s p e c i f i c a t i o n s ,  

and adequacy o f  des ign  f o r  va r i ous  pavement r e h a b i l i t a t i o n  

techn iques  and t o  equate these  v a r i a b l e s  t o  t h e  o v e r a l l  

performance o f  t h e  pavement. 

7. 	 Demonstrat ion P r o j e c t  No. 17 - P res t ressed  Concrete 

Pavement Cons t ruc t i on :  The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  

demonstrate t h e  t e c h n o l o g i c a l  and economical f e a s i b i l i t y  o f  

p res t ressed  concre te  pavements. E v a l u a t i o n  o f  t h e  va r i ous  

p r o j e c t s  cons t ruc ted  t o  da te  has demonstrated t h a t  

p res t ressed  concre te  pavements can be b u i  1t u s i n g  c u r r e n t l y  

a v a i l a b l e  p r e s t r e s s i n g  technology and t h a t  i t  represen ts  a 

c o m p e t i t i v e  a l t e r n a t i v e  t o  o t h e r  c o n v e n t i o n a l l y  used 

pavements. The a p p l i c a t i o n  o f  p r e s t r e s s  a l l o w s  a 

s i g n i f i c a n t  r e d u c t i o n  i n  t h e  t h i ckness  and re in fo rcement  

r equ i  rements o f  concre te  pavements. A1 so, t h i  s  method i s  

expected t o  r e s u l t  i n  f a s t e r  pav ing  ra tes ,  energy 



conse rva t i on ,  and by reduc ing  t h e  number o f  j o i n t s  and 

cracks,  reduce maintenance r e q u i  rements. 

8. 	 Demonstrat ion P r o j e c t  No. 47 - Recyc l i ng  P o r t l a n t  Cement 

Concrete Pavements: The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  

c o n s t r u c t  and eva lua te  recyc led  p o r t l a n d  cement concre te  

pavements. Crushed concre te  i s  ob ta i ned  from any 

s a t i s f a c t o r y  source and used i n  t h e  new p o r t l a n d  cement 

conc re te  pavement. 

9. 	 Demonstrat ion P r o j e c t  No. 50 - S p r i n k l e  Treatment:  The 

o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  c o n s t r u c t  and eva lua te  

p r o j e c t s  i n v o l v i n g  t h e  a p p l i c a t i o n  o f  nonpo l i sh ing  

aggregates t o  t h e  s u r f a c e  o f  newly p laced  hot-mi x a s p h a l t  

conc re te  pavements. A d d i t i o n  o f  s k i d - r e s i s t a n t  aggregate 

p r i o r  t o  compact ion o f  t h e  a s p h a l t i c  concre te  enables 

embedment and r e t e n t i o n  o f  t h e  s k i d - r e s i s t a n t  m a t e r i a l .  As 

a r e s u l t ,  t h e  l e s s  expensive and more r e a d i l y  a v a i l a b l e  

p o l is h i  ng aggregates can be used f o r  s t r u c t u r a l  r equ i  rements 

o f  t h e  pavement whi 1  e  r e s e r v i n g  t h e  h i  gh-qua1 it y  

n o n p o l i s h i n g  aggregates f o r  t h e  wear ing sur face.  The r e s u l t  

i s  a  roadway w i t h  improved s k i d  r e s i s t a n c e  q u a l i t i e s  and a  

sav ings  i n  c o s t  and va luab le  aggregate resources. 

10. 	 Demonstrat ion P r o j e c t  No. 54 - S u l f u r  Extended Aspha l t  

(SEA): The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  encourage t h e  

c o n s t r u c t i o n  and e v a l u a t i o n  of pavements u s i n g  SEA as a 

b inder .  The p r o j e c t s  a re  be ing  eva lua ted  t o  de te rmine  t h e  

performance and d u r a b i l i t y  o f  pavements i n c o r p o r a t i n g  



s u l f u r ,  t h e  cos t  e f f e c t i v e n e s s  o f  us i ng  s u l f u r ,  and t h e  

q u a n t i t i e s  o f  energy and resources t h a t  a r e  conserved. 

11. 	 Demonstrat ion P r o j e c t  No. 55 - Aspha l t  Emulsions: The 

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

p r o j e c t s  us ing  aspha l t  emulsions. A mix  des ign  method f o r  

e m u l s i f i e d  aspha l t  aggregate pavements has n o t  been 

u n i v e r s a l l y  accepted. C u r r e n t l y ,  a t  l e a s t  11 d i f f e r e n t  

procedures a re  be ing  used. Th i s  demons t ra t ion  p r o j e c t  

encompasses p r o j e c t s  i n  which aspha l t  emulsions a re  used as 

sur face t rea tments ,  i n c l u d i n g  seal  coats ,  s l u r r y  sea ls ,  t a c k  

coats,  and pr ime coats.  

12. 	 Demonstrat ion P r o j e c t  No. 59 - The Use o f  F l y  Ash i n  

Highway Cons t ruc t i on :  The o b j e c t i v e s  o f  t h i s  p r o j e c t  a re  

t o  use f l y  ash i n  c o n s t r u c t i o n  and eva lua te  i t s  use i n  

highway cons t ruc t i on .  One ma jo r  use i s  i n  l i m e - f l y  

ash-aggregates (LFA) m ix tu res .  LFA m i x t u r e s  a re  b lends o f  

m ine ra l  aggregate, l ime,  f l y  ash, and wate r  combined i n  

p roper  p r o p o r t i o n s  and compacted t o  h i g h  d e n s i t i e s .  When 

p r o p e r l y  cured, these  m i x t u r e s  harden t o  produce h i g h  

qua1 i t y  pav ing  m a t e r i a l  s  t h a t  a r e  s u i t a b l e  f o r  use as road 

base and subbase courses. For  f a s t e r  c u r i n g  and acce le ra ted  

s t r e n g t h  ga ins,  p o r t l a n d  cement has been p a r t i a l l y  o r  w h o l l y  

s u b s t i t u t e d  f o r  l ime. Another use o f  f l y  ash i s  t h e  p a r t i a l  

replacement o f  p o r t l a n d  cement i n  PCC mixes. When used i n  

t h i s  manner, i t  has t h e  p o t e n t i a l  t o  reduce cos ts ,  reduce 

heat  o f  hyd ra t i on ,  and i nc rease  t h e  mix  w o r k a b i l i t y .  F l y  



-	 ash can a l s o  be used as a  s t a b i l i z e d  f i l l  and embankment 

m a t e r i a l ,  and as a  p a r t i a l  rep1 acement f o r  t he  b inder  

m a t e r i a l  i n  var ious  grouts. 

13. 	 Demonstrat ion P r o j e c t  (proposed) - P o r t l a n d  Cement Concrete 

Pavement (PCCP) Restora t ion :  It i s  a n t i c i p a t e d  t h a t  t h i s  

p r o j e c t  w i l l  be announced i n  the  near f u tu re .  This  p r o j e c t  

has been developed t o  h i g h l i g h t  c e r t a i n  proven 

r e h a b i l i t a t i o n  techniques t o  r e s t o r e  PCC roadways which can 

be used as an a1 t e r n a t i v e s  t o  c u r r e n t l y  employed methods 

such as PCC o r  bi tuminous concrete over lays o r  t o t a l  

r e c o n s t r u c t i o n  o f  t he  pavement s t ruc ture .  This  

demonstrat ion p r o j e c t  w i l l  i nco rpo ra te  many proven methods 

o f  PCC pavement r e s t o r a t i o n  such as diamond g r i nd ing ,  j o i n t  

sea l ing ,  and s lab replacement. The widespread use o f  these 

method can prov ide  an economical cos t  e f f e c t i v e  means of 

improving the  r i d e a b i l i t y  and extending the  se rv i ce  l i f e  o f  

many d e t e r i o r a t i n g  PCC pavements,. 

Proposed A c t i v i t i e s  o f  I n i t i a t i v e  No. 3. 

1. 	 Work w i t h  the  O f f i c e  o f  Research, Development, and 

Technology and the  Pavement Management Coord ina t ing  Group 

(PMCG) working group t o  i d e n t i f y  i tems o f  new technology t o  

be incorpora ted  i n  e i t h e r  t he  experimental  o r  demonstrat ion 

p r o j e c t .  This  w i l l  be accomplished p r i o r  t o  t he  annual 

budget ing process. 

2. 	 S o l i c i t  i n p u t  from t h e  f i e l d  on i tems o f  new technology and 



p o t e n t i  a1 rehabi  1  it a t i o n  techniques and m a t e r i  a1 s  on an 

annual bas is .  Th i s  wi 11 be proposed as a  c o n t i n u i n g  agenda 

i t e m  a t  t h e  annual n a t i o n a l  technology t r a n s f e r  meet ing. 

Research, Development, and Technology i s  c u r r e n t l y  

deve lop ing  a  new process f o r  s o l  i c i  t a t i o n  o f  research 

problems. Th is  s o l  i c i  t a t i o n  cou ld  a1 so p r o v i d e  i n p u t  i n t o  

t h e  exper imenta l  p r o j e c t s  program. 

3. 	 Use t h e  i n p u t  f rom t h e  Task Force f o r  I n i t i a t i v e  No. 1 t o  

a s s i s t  i n  i d e n t i f y i n g  i tems o f  new techno logy  and p o t e n t i a l  

r e h a b i l i t a t i o n  techn iques  and m a t e r i a l s .  

4. 	 Cont inue s o l i c i t a t i o n  o f  new technology on p o t e n t i a l  

rehab i 1it a t i  on techniques and m a t e r i  a1 s  f rom i n d u s t r y  and 
~. 

AASHTO th rough r e p r e s e n t a t i o n  on t h e  f o l l o w i n g  committees o r  

t ask  fo rces :  

a. 	 ACPA Committee on Pavement R e h a b i l i t a t i o n  

b. 	 AASHTOIAGCIARTBA Subcommittee on New Highway M a t e r i a l s  

c. 	 Task Force No. 20, Development o f  Gener ic  S p e c i f i c a t i o n  

f o r  Pa t ch ing  M a t e r i a l s  Used i n  Rapid Repa i r  o f  PCC 

d. 	 Task Force No. 22, Cross Reference o f  M a t e r i a l s  

S p e c i f i c a t i o n s  f o r  Waterways, A i r p o r t s ,  T r a n s i t ,  and 

Highway P r o j e c t s  

e. 	 Task Force  No. 23, M a t e r i a l s ,  S p e c i f i c a t i o n s ,  and 

Processes f o r  R e h a b i l i t a t i o n  o f  PCC Pavements 

f. 	 Task Force No. 25, Development o f  Gener ic  

S p e c i f i c a t i o n s  and Labora to ry  Tes t  Procedures f o r  

G e o t e x t i l e s  Used i n  C i v i l  Eng ineer ing  A p p l i c a t i o n s  



5. 	 Sol i c i t  representa t ion  from a l l  i nvo l ved  program o f f i c e s  on 

t h e  techn ica l  advisory committee o f  a1 1  experimental  and 

demonstrat ion p ro jec ts .  

6. 	 A s s i s t  t h e  Const ruc t ion  and Maintenance D i v i s i o n  w i t h  the  

development o f  an automated i n fo rma t ion  c o l l  e c t i o n  ana lys i s  

and r e t r i e v a l  system. 

7 .  	 Work w i t h  t h e  reg ion  and d i v i s i o n  o f f i c e  technology t r a n s f e r  

coo rd ina to rs  and S ta te  representa t ives  t o  improve t h e  

r e p o r t i n g  and d isseminat ion procedures f o r  new and 

i n n o v a t i v e  technology. 

I n i t i a t i v e  No. 3. Demonstrat ion/Experimental  P r o j e c t s  Program 

Time Schedule: . 

The schedule f o r  t he  var ious  p r o j e c t s  l i s t e d  p rev ious l y  are on 

t h e  f o l l o w i n g  page. 

I n i t i a t i v e  No. 4. Updating the  AASHTO Pavement Design Guide . 

The AASHO Road Test, when completed i n  1960, was t h e  most 

s i g n i f i c a n t  o f  a number o f  road t e s t s  conducted s ince  the  beginning of 

t h e  highway program. It provided i n fo rma t ion  t h a t  has been used 

i n t e r n a t i o n a l  l y  f o r  cost  a1 l o c a t i o n  and pavement design purposes. No 

road t e s t  work o f  s i m i l a r  s i g n i f i c a n c e  has been done s ince t h a t  t ime. 

Whi le research has cont inued i n  the  pavement area, t he  1i m i t a t i o n s  o f  

t he  AASHO Road Test (one c l imate ,  l o c a l l y  a v a i l a b l e  m a t e r i a l s  used, 

sho r t  dura t ion ,  l i m i t e d  load app l i ca t i ons ,  etc.) cont inue t o  be 

monumental problems t h a t  must be d e a l t  w i t h  i n  a  much greater  e f f o r t .  
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* A f t e r  1984, r e s u l t s  from these NEEP's w i l l  be inc luded i n  t h e  
Experimental  P r o j e c t  on Pavement R e h a b i l i t a t i o n  Techniques. 



Issues such as: t h e  e f f e c t s  of c l imate ,  t h e  e f f e c t s  o f  var ious  

c o n f i g u r a t i o n s  o f  t r u c k  s i zes  and weights, t h e  cos t  responsi b i  1  it y ,  

and t h e  need f o r  performance and l i f e  c y c l e  cos t  i n fo rma t ion  remain as 

issues t h a t  c a l l  f o r  so lu t i ons .  This  l ack  o f  in fo rmat ion  f o r  pavement 

purposes has been recognized by the  Congress, i ndus t r y ,  AASHTO, and 

FHWA. 

The AASHTO recognized these problems when i t  r e c e n t l y  approved 

$500,000 t o  update and expand ( t o  i nc lude  r e h a b i l i t a t i o n )  t he  AAHSTO 

I n t e r i m  Guide us ing  c u r r e n t l y  a v a i l a b l e  in fo rmat ion .  

O b j e c t i v e  o f  I n i t i a t i v e  No. 4. 

Encourage and a s s i s t  AASHTO and TRB i n  complet ing the  update of 

t h e  I n t e r i m  Pavement Design Guide i n  t he  -shor tes t  poss ib le  t ime. 

Scope o f  I n i t i a t i v e  No. 4. 

The Ch ie f  o f  t h e  FHWA Pavement Branch serves as secre tary  t o  the  

AASHTO J o i n t  Task Force on Pavements. Using t h i s  p o s i t i o n ,  t h e  

Pavement Branch w i l l  a s s i s t  AASHTO and TRB i n  updat ing the  guide i n  

t h e  sho r tes t  poss ib le  t ime  w h i l e  ensur ing a  h igh  q u a l i t y  product.  

Work Plan. 

The Pavement Branch, O f f i c e  o f  Engineering, w i l l  c l o s e l y  mon i to r  

t h e  progress o f  Phase I and Phase I 1  o f  t he  AASHTO Design Guide 

Update. Phase I inc ludes  per forming a  1  i t e r a t u r e  rev iew and survey, 

secur ing  p u b l i c  i n p u t  from i n d u s t r y  and others, and developing an 

out1 i n e  and format  f o r  t he  new guide. Phase I was completed i n  



December 1983. Phase 11 i s  t h e  development o f  t e c h n i c a l  i n p u t  f o r  t h e  

guide, and i s  scheduled f o r  comple t ion  i n  December 1984. The Pavement 

Branch w i l l  work w i t h  AASHTO and TRB t o  ensure adequate f und ing  and 

comple t ion  i n  t h e  s h o r t e s t  t ime. 

Techn ica l  ass i s tance  and rev iew w i l l  be p rov ided  by t h e  Pavement 

Branch w i t h  t h e  ass i s tance  f rom o t h e r  o f f i c e s  i n  t h e  PMCG. The 

Pavement Branch w i l l  keep t h e  PMCG advised o f  t h e  progress on t h e  

update and i n v o l v e  t h e  o t h e r  o f f i c e s  i n  t h e  rev iew o f  t h e  update. The 

Pavement Branch w i  11 p r o v i d e  r e p r e s e n t a t i o n  a t  a11 ~ u b li c  meet ings 

he ld  on t h e  update and o f  a l l  AASHTO J o i n t  Task Force meet ings 

concern ing  t h e  update where poss ib l e .  

I n i t i a t i v e  No. 5. Pavement T e s t i n g  

The AASHO Road Tes t  completed i n  1960 was t h e  most s i g n i f i c a n t  o f  

a  number o f  road t e s t s  conducted s i nce  t h e  beg inn ing  o f  t h e  highway 

program. It p rov ided  i n f o r m a t i o n  t h a t  has been used i n t e r n a t i o n a l l y  

f o r  c o s t  a l l o c a t i o n  and pavement des ign purposes. No road t e s t  work 

o f  s i m i l a r  s i g n i f i c a n c e  has been done s i nce  t h a t  t ime.  Whi le  research 

has con t i nued  i n  t h e  pavement area, t h e  l i m i t a t i o n s  o f  t h e  AASHO Road 

Test  (one c l ima te ,  l o c a l l y  a v a i l a b l e  m a t e r i a l s  used, s h o r t  du ra t i on ,  

1  i m i  t e d  l o a d  appl i c a t i o n s ,  etc.)  con t i nue  t o  be monumental problems 

t h a t  must be d e a l t  w i t h  i n  a  much g r e a t e r  e f f o r t .  Issues such as: 

t h e  e f f e c t s  o f  c l ima te ,  t h e  e f f e c t s  o f  va r i ous  c o n f i g u r a t i o n s  o f  t r u c k  

s i z e s  and weights,  t h e  c o s t  r e s p o n s i b i l i t y ,  and t h e  need f o r  

performance and l i f e  c y c l e  c o s t  i n f o r m a t i o n  remain as i s sues  t h a t  c a l l  

f o r  s o l u t i o n s .  Th i s  l a c k  o f  i n f o r m a t i o n  f o r  pavement purposes has 



been rec.ognized by t h e  Congress, indus t ry ,  AASHTO, and FHWA. 

The FHWA O f f i c e  o f  Research recognized the  need f o r  a  pavement 

t e s t i n g  program when i t  proposed an accelerated t e s t i n g  system t o  

per form more r a p i d  eva lua t ions  o f  pavement designs and performance. 

As we now e n t e r  an era  o f  4R o r  r e h a b i l i t a t i o n ,  t he  quest ions are 

more complex and the re  has been no road t e s t  o r  o ther  s i g n i f i c a n t  work 

done w i t h  respect  t o  t he  r e h a b i l i t a t i o n  quest ions. Wi th the  cu r ren t  

l e v e l  o f  expend i tu re  f o r  pavement r e h a b i l i t a t i o n ,  and the  increased 

l e v e l  expected, a  h igher  l e v e l  o f  e f f o r t  i s  j u s t i f i e d  t o  secure b e t t e r  . 

i n fo rma t ion  upon which t o  base cos t  e f f e c t i v e  dec is ions  i n  t he  use o f  

those funds. 

O b j e c t i v e  o f  I n i t i a t i v e  No. 5. 

To eva lua te  t h e  need fo r  f u t u r e  f u l l - s c a l e  road t e s t i n g  o f  some 

form and the  f e a s i b i l i t y  o f  accelerated pavement t e s t i n g  t o  perform 

more r a p i d  eva lua t i on  o f  new pavement r e h a b i l i t a t i o n  techniques and 

ma te r ia l s .  

Scope o f  I n i t i a t i v e  No. 5. 

The FHWA convened a  n a t i o n a l  workshop i n  March 1984 w i t h  

i n t e r n a t i o n a l  rep resen ta t i on  of exper ts  i n  t he  f i e l d  o f  pavements. 

The end product  o f  t h i s  workshop was an eva lua t i on  r e p o r t  d iscuss ing  

how these t o o l s  can be used i n  an o v e r a l l  approach t o  eva lua t i ng  and 

t e s t i n g  pavements. The r e s u l t s  and recommendations t h a t  came from 

t h a t  Workshop w i l l  be d iscussed more i n  d e t a i l  i n  Chapter 3. 



I n i t i a t i v e  No. 6. Q u a r t e r l y  Pavement News le t t e r  

New developments i n  3R and 4R p r o j e c t s ,  methods, and techniques 

and progress on t h e  n a t i o n a l  pavement i n i t i a t i v e s  suggests t h a t  t h e r e  

i s  an u rgen t  need t o  ge t  new pavement s t a t e - o f - t h e - a r t  i n f o r m a t i o n  ou t  

t o  t h e  pavement community: FHWA, S ta te ,  and l o c a l  o f f i c i a l s .  Much o f  

t h i s  i n f o r m a t i o n  i s  n o t  w i d e l y  a v a i l a b l e  o r  used. New i n f o r m a t i o n  i s  

p r e s e n t l y  be ing  developed, and w i l l  be a v a i l a b l e  i n  t h e  f u t u r e .  It i s  

impo r tan t  t o  develop a  process t o  c o l l e c t  and d issemina te  such 

pavement i n fo rma t i on .  The Pavement News le t t e r  was designed t o  p rov ide  

t h i s  needed serv ice ,  and t h e  second e d i t i o n  has now been d i s t r i b u t e d .  

Coo rd ina t i on  o f  I n i t i a t i v e s  ~. 

The o v e r a l l  c o o r d i n a t i o n  o f  t h e  r e s u l t s  o f  t h e  Na t i ona l  

I n i t i a t i v e s  i s  expected t o  r e s u l t  i n  an o v e r a l l  p l a n  f o r  a coord ina ted  

Long-Term M o n i t o r i n g  program, a  n a t i o n a l  Pavement T e s t i n g  program, t h e  

r e v i s e d  AASHTO pavement des ign guide, and f o r  an e f f i c i e n t  coope ra t i ve  

program f o r  s a t i s f y i n g  S t a t e  and l o c a l  pavement management i n f o r m a t i o n  

needs. 

Much o f  t h e  i n f o r m a t i o n  t h a t  has been assembed w i l l  be presented 

t o  t h e  p a r t i c i p a n t s  i n  t h e  two Long-Term M o n i t o r i n g  workshops, t h e  

f i r s t  o f  which w i l l  develop a l t e r n a t i v e  methods o f  c r e a t i n g  a  n a t i o n a l  

Long-Term M o n i t o r i n g  program i n c l u d i n g  p o s s i b l y  t h e  coord ina ted .  use o f  

a v a i l a b l e  da ta  bases. The second workshop w i l l  e va lua te  t h e  

a l t e r n a t i v e s  and a r r i v e  a t  a f i n a l  recommendation f o r  an o v e r a l l  

coo rd ina ted  p lan.  The importance o f  these two workshops i s  

i l l u s t r a t e d  i n  F i g u r e  2, which shows t h e  approximate t i m e  s c a l e  
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accord ing  t o  which these  workshops a r e  proceeding. 

LONG TERM MONITORING PROGRAM 

As d iscussed i n  Chapter 1, t h e  FHWA and AASHTO took  t h e  l ead  i n  

deve lop ing  concepts f o r  a  program of ongoing m o n i t o r i n g  o f  i n - s e r v i c e  

pavements t o  develop a  n a t i o n a l  da ta  bank. T h i s  n a t i o n a l  da ta  bank i s  

in tended t o  serve a  number o f  i n f o r m a t i o n  needs, and t o  e s p e c i a l l y  

suppor t  t h e  development o f  bad l y  needed r e l a t i o n s h i p s  f o r  p r e d i c t i n g  

performance o f  pavements and des ign ing  r e p a i r  o r  r e h a b i l i t a t i o n  

p r o j e c t s .  Th i s  work e f f o r t  t o  da te  has inc luded :  

1. 	 I n i t i a l  i d e n t i f i c a t i o n  o f  da ta  i tems t o  be c o l l e c t e d  .- and 

development o f  a  da ta  c o l l e c t i o n  gu ide  and da ta  bank schema 

f o r  use i n  c o l l e c t i o n  and management o f  t h e  data. 

2. 	 Es tab l i shment  o f  LTM p i l o t  s t u d i e s  i n  e i g h t  s t a t e s  and 

i n c l u d i n g  144 t e s t  sec t ions .  The d i s t r i b u t i o n  o f  these t e s t  

sec t i ons  by s t a t e ,  t y p e  o f  pavement, and env i ronmenta l  zone 

appears i n  Table 8. 

The i n i t i a l  program was accomplished by hav ing  each o f  

t h e  e i g h t  p a r t i c i p a t i n g  S ta tes  i d e n t i f y  t h e i r  pavement 

m o n i t o r i n g  da ta  needs f o r  s t a tew ide  program a n a l y s i  s, 

p r o j e c t  ana lys is ,  and d e t e r i o r a t i o n  case s tud ies .  S ta tes  

were p rov ided  w i t h  i n p u t  on pavement da ta  needs by t h e  

AASHTO J o i n t  Task Force on Pavement FHWA s t a f f ,  and severa l  

noted expe r t s  i n  spec ia l  aspects o f  pavement m o n i t o r i n g  

systems. These S t a t e  pavement m o n i t o r i n g  programs were 



TABLE 8. Pavement Sec t ions  f o r  t h e  
Long-Term M o n i t o r i n g  P i  l o t  Study 

Type o f  Pavement 
Env i  ronmental 

S t a t e  Zone F l e x i b l e  Composite R i g i d  

Arkansas Wet - No Freeze 

C a l i f o r n i a  Dry  - No Freeze 
Wet - 
Wet - 

Freeze 
No Freeze 

Colorado Dry  - Freeze 
Wet - Freeze 

Idaho Dry  - Freeze 

Iowa Wet - Freeze 

New Mex i co Dry  - Freeze 
Dry - No Freeze 

Pennsy lvan i  a Wet - Freeze 

Washington Dry  - Freeze 
D ry  - No Freeze 
Wet - Freeze 
Wet - No Freeze 

TOTAL 5 6 2 1 6 7 



reviewed by t h e  AASHTO J o i n t  Task Force on Pavement adv isory  

panel o f  exper ts  and comments g iven as t o  how each S ta te  

cou ld  improve t h e i  r pavement mon i to r i ng  program. Each 

p a r t i c i p a t i n g  S t a t e  operated t h e i r  pavement mon i to r i ng  

program. A t  t h e  end o f  each year,  t h e  p a r t i c i p a t i n g  S t a t e  

r e p o r t s  on t h e i r  pavement mon i to r i ng  program t o  the  FHWA 

c o n t r a c t  manager. 

The major p o r t i o n  o f  resources i n  t h i s  e f f o r t  were 

p laced on t h e  d e t e r i o r a t i o n  case s tud ies  which c a l l  f o r  t h e  

establ ishment  o f  a  minimum o f  ten  s i t e s  per  S t a t e  t o  be 

s tud ied  i n  d e t a i l  t o  develop improved r e l a t i o n s h i p s  between 

pavement design, ax le-1 oad, maintenance, and envi  ronment. 

A t  t h e  end o f  each year  t h e  p a r t i c i p a t i n g  S ta te  prepares a  

r e p o r t  t h a t  d e t a i  1  s  t he  i n fo rma t ion  obta ined,  ana lys i s  

performed, cos t  t o  o b t a i n  t h e  data, and makes 

recommendations concerning the  techniques used f o r  long- term 

pavement moni tor ing.  Each p a r t i c i p a t i n g  S t a t e  i s  expected 

t o  cont inue t o  mon i to r  pavement performance on t h e  case 

study s i t e s  and prov ide  annual repor ts .  

3.  	 A c o n t r a c t  f o r  t echn ica l  support t o  a s s i s t  i n  eva lua t i ng  t h e  

p i l o t  s tudies,  c r e a t i n g  a  data bank f o r  managing t h e  data, 

developing an annual p lan  f o r  cont inued c o l l e c t i o n  and 

management o f  t h e  data, p repar ing  background documents f o r  

use i n  t h e  two LTM workshops, developing a l t e r n a t i v e s  t o  be 

considered by the  workshop i n  s e l e c t i n g  a  t e n t a t i v e  p lan  f o r  

t h e  f u t u r e  expanded LTM e f f o r t ,  and documenting t h e  r e s u l t s  



o f  t h e  p i l o t  s t ud ies ,  workshops, and o t h e r  s t u d i e s  inc luded.  

4. 	 Planned and hosted t h e  Pavement T e s t i n g  Conference d iscussed 

p r e v i o u s l y  and i n  t h e  nex t  chapter .  

5. 	 P a r t i c i p a t e d  w i t h  AASHTO and t h e  T r a n s p o r t a t i o n  Research 

Board i n  p l a n n i n g  a  n a t i o n a l  pavement t e s t i n g  program. , 



CHAPTER 3 


PAVEMENT TESTING CONFERENCE 


The purpose o f  t h e  Pavement T e s t i n g  Conference sponsored by t h e  

Federa l  Highway A d m i n i s t r a t i o n  (FHWA) was t o  deve lop  a Na t i ona l  

Pavement T e s t i n g  (NPT) Program which would y i e l d  da ta  t o  serve t h e  

f o l l  owing needs: 

1. 	 Eva1 u a t i n g  and deve lop ing  a1 t e r n a t i  ve pavement 


r e h a b i l i t a t i o n  and c o n s t r u c t i o n  techniques. 


2 .  	 E v a l u a t i n g  and deve lop ing  p r e d i c t i v e  des ign  equat ions  f o r  

pavement des i  gn and rehab i  1 it a t ions. 

3. 	 Conduct ing spec i  a1 s tud ies ,  such as c o s t  a1 1 o c a t i  ons , heavy 

v e h i c l e  we igh t  e f f e c t s ,  and env i ronmenta l  e f f e c t s ,  r equ i  red  

by  t h e  Congress o r  o thers .  

4. 	 Suppo r t i ng  p r o j e c t  and network pavement management 

a c t i v i t i e s  a t  t h e  S t a t e  and n a t i o n a l  l e v e l .  

To f u l f i l l  i t s  purpose, t h e  conference was d i v i d e d  i n t o  two broad 

c a t e g o r i e s  and f o u r  workshops w i t h i n  each ca tego ry  as f o l l o w s :  

Category 1 - T e s t i n g  Methods 


Workshop A - Road Tes t  and Test  Track 


Workshop B - Mechanical  T e s t i n g  


Workshop C - I n s e r v i c e  T e s t i n g  


Workshop D - Combinat ion o f  A, B, and C 


Category 	2 - Data Needs and Uses 


Workshop E - R e h a b i l i t a t i o n  Techniques 


Workstlop F - Eqclations and M a t e r i a l s  




Workshop G - Spec ia l  S tud ies  

Workshop H - Network Pavement Management 

The p r ima ry  task  addressed i n  t h e  f i r s t  o f  each workshop sess ion 

was t h e  assessment o f  t h e  s t a t e - o f - t h e - a r t  i n  t h e  workshop sub jec t  

area and t h e  i d e n t i f i c a t i o n  o f  f u t u r e  da ta  needs o r  1  i s t i n g  o f  methods 

r e q u i r e d  t o  upgrade t h e  s u b j e c t  f o r  f u t u r e  pavement management. I n  

t h e  second workshop session, p a r t i c i p a n t s  eva lua ted  t h e  FHWA proposed 

NPT program, based upon t h e  i d e n t i f i e d  f u t u r e  needs, and developed 

recommended changes t o  t h e  proposed program. 

I n  o r d e r  t o  assure a  broad c o n s u l t a t i o n  and a  comprehensive 

v i ewpo in t  t o  t h e  conc lus ions  reached, t h e  88 p a r t i c i p a n t s  i n  t h e  

Workshop were i n v i t e d  f rom t h e  v a r i e t y  o f  ca tego r i es  shown i n  Table 

9. 

TABLE 9. Pavement T e s t i n g  Conference P a r t i c i p a n t s  

S t a t e  Agencies 

U n i v e r s i t i e s  

P r i v a t e  Consu l t an t s  

F o r e i gn Count r ies 

I n t e r n a t i o n a l  Road Fede ra t i on  

World Bank 

T r a n s p o r t a t i o n  Research Board 

I n d u s t r y  Groups 

U.S. Army Corps o f  Engineers 

Federa l  A v i a t i o n  Admini s t r a t i o n  

Department o f  T r a n s p o r t a t i o n  

Consul t ing F i  rms 

FHWA 


TOTAL PARTICIPANTS 88 

FHWA PROPOSED NATIONAL PAVEMENT TESTING PROGRAM 

The FHWA i d e n t i f i e d  f o u r  work ca tego r i es  t h a t  w i l l  generate t h e  

89 



major  pavement t e s t i n g  and da ta  needs f o r  t h e  f u t u r e :  

1. 	 E v a l u a t i n g  a l t e r n a t i v e  r e h a b i l i t a t i o n  and c o n s t r u c t i o n  

techn iques  was cons idered  an immediate need, r e q u i r i n g  t e s t  

methods which can r a p i d l y  eva lua te  r e h a b i l i t a t i o n  s t r a t e g i e s  

and generate r e q u i r e d  da ta  needs. 

2. 	 E v a l u a t i n g  and deve lop ing  p r e d i c t i v e  des ign  equat ions  was 

cons idered  s t r a t e g i c a l  l y  impo r tan t  t o  deve lop ing  mechani s t i c  

pavement a n a l y s i  s model s  e s s e n t i  a1 t o  o v e r a l l  pavement 

management. Data, p a r t i c u l a r l y  t h a t  re1 a ted  t o  pavement 

performance, and t e s t  methods a p p l i c a b l e  t o  v e r i f i c a t i o n  of 

p r e d i c t i o n  models w i  11 be r e q u i  red. 

3. 	 Spec ia l  s t ud ies ,  i n c l  ud i  ng t e c h n i c a l  problems o r  

Congress ional  mandates, g e n e r a l l y  r e q u i r e  s o l u t i o n s  t o  very  

s p e c i f i c  i s sues  such as c o s t  appor t ionment ,  cos t  a l l o c a t i o n ,  

e f f e c t  o f  ax l es  o r  wheel c o n f i g u r a t i o n s ,  e f f e c t  o f  t i r e  

pressure,  dynamic impacts and s i m i  1  a r  i tems.  

4. 	 Pavement management a c t iv i  t y - - p r o j  e c t  and network pavement 

management a t  t h e  S t a t e  and n a t i o n a l  l e v e l s - - w i l l  r e q u i r e  

p r e d i c t i v e  models f o r  many o f  t h e  f a c t o r s  a f f e c t i n g  pavement 

performance. A vas t  amount o f  pavement da ta  wi 11 be 

r e q u i  red. 

F o l l o w i n g  a  b r i e f  d e s c r i p t i o n  and a n a l y s i s  o f  t h e  c u r r e n t  

pavement t e s t i n g  programs and da ta  bases, t h e  FHWA eva lua ted  t h e  

advantages and disadvantages o f  t e s t i n g  systems and proposed t h e  

f s l l  owi ng NPT program: 

1. 	 I n s e r v i c e  t e s t i n g  - I n s e r v i c e  t e s t i n g  would c o n s i s t  o f  two  



major  p a r t s :  (1) Long-Term Pavement M o n i t o r i n g  (LTM) i n  

which each S t a t e  would c o l l e c t  da ta  on c a r e f u l l y  se lec ted  

sec t i ons  o f  e x i s t i n g  pavements, and ( 2 )  Design Highway 

Sec t ions  (DHS) which would be l o c a t e d  e i t h e r  p a r a l l e l  t o  o r  

i n  t h e  main t r a f f i c  lanes and da ta  c o l l e c t e d  by LTM a long  

w i t h  a d d i t i o n a l  measurements as necessary. There are many 

advantages and disadvantages t o  i n s e r v i c e  t e s t i n g .  A major  

advantage i s  t h e  r e a l  ism and c r e d i b i  li t y  o f  t h e  da ta  

c o l l e c t e d , .  w h i l e  t h e  major  d isadvantage i s  t h e  t i m e  r e q u i r e d  

t o  c o l  1  e c t  t h e  'data. 

2. 	 Mechanical  t e s t i n g  - Fo r  t h e  proposed NPT program, 

mechanical  t e s t i n g  i s  cons idered t o  be t h e  a p p l i c a t i o n  of  

s imu la ted  r o l l i n g - w h e e l  loads  on e i t h e r  i n s e r v i c e  o r  

l a b o r a t o r y  pavement sec t i ons  and under e i t h e r  c o n t r o l l e d  o r  

ambient c l i m a t i c  cond i t i ons .  The FHWA program proposed 

conduc t ing  mechanical  t e s t i n g  i n  two phases. Phase I would 

c o n s i s t  o f  deve lop ing  and u s i n g  a  mechanical t e s t i n g  system 

a t  t h e  Turner-Fai rbank Highway Research Center  t o  t e s t  

s imu la ted  highway sec t i ons .  Phase I 1  would be t o  b u i l d  f o u r  

mechanical  t e s t e r s  t o  be l oca ted  i n  each o f  f o u r  

env i  ronmental  zones and used p r i m a r i l y  t o  t e s t  inse rv i ce  

pavement sec t ions .  Among i t s  severa l  advantages i s  t h e  

speed a t  which da ta  can be generated. The main d isadvantage 

i s  t h e  need t o  t r a n s l a t e  t h e  da ta  t o  represen t  r e a l - w o r l d  

c o n d i t i o n s .  

3. 	 Tes t  Track - Tes t  t r a c k s  a re  cons idered t o  be f u l l - s c a l e  



pavement sec t i ons  cons t ruc ted  by normal c o n s t r u c t i o n  

equipment and sub jec ted  t o  p l  anned combinat i  ons o f  r e a l  

t r a f f i c  i n  an acce le ra ted  manner. The AASHO Road Test  i s  an 

example o f  t h i s  t ype  o f  t e s t i n y .  The FHWA program 

cons idered  t h r e e  op t i ons :  (1) Update t h e  AASHO Road Tes t  

s e c t i o n  designs, t r a c k  c o n f i g u r a t i o n s ,  and o t h e r  f a c t o r s ,  

( 2 )  Cons t ruc t  f o u r  r eg iona l  t e s t  t r acks ,  and ( 3 )  Use a  

s i n g l e  t e s t  t r a c k  equipped w i t h  an automated guidance system 

f o r  t h e  a p p l i c a t i o n  o f  t r a f f i c .  O f  these  t h r e e  op t ions ,  t h e  

FHWA program recommended u s i n g  t h e  automated t e s t  t r a c k .  

Pes t  t r a c k s  have t h e  advantage o f  f u l l - s c a l e  pavement 

s e c t i o n s  sub jec ted  t o  ac tua l  t r a f f i c  which can generate 

r e a l is t i c  da ta  much more r a p i d l y  than  i n s e r v i c e  t e s t i n g .  

The major  d isadvantage i s  t h e  l a c k  o f  c r e d i b i l i t y  o f  r e s u l t s  

because env i ronmenta l  e f f e c t s  cannot be evaluated.  

Es t imated  s t a r t u p ,  annual opera t ing ,  and t o t a l  cos t s  f o r  t h e  NPT 

program were i n c l u d e d  i n  t h e  proposal ,  as was an imp lementa t ion  p lan.  

The imp1 ementat ion p l a n  proposed s t a r t i n g  w i t h  mechanical t e s t i n g  and 

i n s e r v i c e  t e s t i n g  over  t h e  f i r s t  2-5 yea rs  and i n t r o d u c ? n g  t e s t - t r a c k  

t e s t i n g  i n  approx imate ly  5-10 years.  A  t o t a l  o f  20 yea rs  was se lec ted  

as reasonable f o r  t h e  program, w i t h  s i g n i f i c a n t  da ta  b e i n g  generated 

w i t h i n  t h e  f i r s t  5 years.  

Proposed T e s t i n g  Methods 

A l though a l l  t h r e e  t e s t i n g  methods proposed by t h e  FHWA were 

perce ived  as y i e l d i n g  needed pavement data,  i n s e r v i c e  t e s t i n g  and 



mechanical  t e s t i n g  were g i v e n  t h e  h i ghes t  p r i o r i t y  i n  t h e  program. I n  

a d d i t i o n ,  t h e  need f o r  con t inued  l a b o r a t o r y  t e s t i n g  was s t ressed.  

I n s e r v i c e  Tes t ing .  

The i n s e r v i c e  t e s t i n g  program as proposed was d e f i n e d  as t h e  

c o l l e c t i o n  o f  pavement performance da ta  th rough long- te rm m o n i t o r i n g  

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

highway network. Two c a t e g o r i e s  o f  highway sec t i ons  a re  proposed as a 

p a r t  of t h e  i n s e r v i c e  t e s t i n g - - e x i s t i n g  o n - l i n e  pavement sec t i ons  and 

s p e c i a l l y  designed, newly cons t ruc ted  pavement sec t i ons  b u i l t  e i t h e r  

o n - l i n e  o r  p a r a l l e l  t o  e x i s t i n g  o n - l i n e  pavements. 

It was proposed t h a t  a long- te rm m o n i t o r i n g  program on e x i s t i n g  

i n s e r v i c e  pavements shou ld  be i n i t i a t e d  as soon as poss ib l e ,  and t h a t  

t h e  program i n c l u d e  a l l  S ta tes ,  w i t h  an average o f  40 t e s t  s e c t i o n s  

p e r  S t a t e ,  o r  a  t o t a l  o f  around 2,000 sec t ions .  

A program o f  t e s t i n g  and m o n i t o r i n g  designed highway sec t i ons  

averag ing  2 m i l e s  per  S ta te ,  o r  100 m i l e s ,  a l s o  should be undertaken. 

S p e c i f i c a l l y ,  i t  was dec ided t h a t  designed highway s e c t i o n s  on 

p a r a l l e l  s i t e s  should be cons t ruc ted  as a  p a r t  o f  t h i s  program, i n  a t  

l e a s t  each o f  t h e  f o u r  AASHTO reg ions,  t o  pe rm i t  some spec ia l  t e s t i n g  

t o  be done on them i n  l i e u  o f  r e g i o n a l  t e s t  t r acks .  

Mechanical  Test ing.  

The proposed mechanical t e s t i n g  program was de f i ned  as t h e  

l o a d i n g  and t e s t i n g  o f  pavements u s i n g  mechanical dev ices  t o  s imu la te  

v e h i c l e  l oads  and t o  a c c e l e r a t e  a p p l i c a t i o n  o f  those  loads  t o  t e s t  



pavement s t r i p s ,  i n s e r v i c e  e x i s t i n g  pavements, and new design sec t ions  

o f  i n s e r v i c e  pavements. Recommended i s  a  l i n e a r  mob i le  t e s t i n g  system 

s i m i l a r  t o  t he  u n i t  developed i n  A u s t r a l i a  (ALF) o r  t he  u n i t  developed 

i n  South A f r i c a  (HVS). It was suggested t h a t  cons ide ra t i on  a l so  be 

g iven t o  t h e  use o f  e x i s t i n g  mechanical t e s t i n g  devices ( i .e., a t  t he  

U.S. Army Waterways Experiment S ta t i on ,  U n i v e r s i t y  o f  Washington, 

U n i v e r s i t y  o f  I l l i n o i s )  t o  f u l f i l l  immediate t e s t i n g  needs. Although 

t h e  i n s e r v i c e  t e s t i n g  program was considered t h e  most v a l i d  and 

c o s t - e f f e c t i v e  method f o r  s tudy ing  r e h a b i l i t a t i o n ,  i t  was recognized 

t h a t  mechanical t e s t i n g  on s p e c i a l l y  designed t e s t  sec t ions  o r  newly 

cons t ruc ted  highway sec t ions  would permi t  i n i t i a l  t e s t  r e s u l t s  t o  be 

expedited. 

A c q u i s i t i o n  and assignment o f  mobi le  l i n e a r  mechanical t e s t i n g  

systems were recommended on a phased basis. The conference 

recommended the  i n i t i a l  a c q u i s i t i o n  o f  one mechanical t e s t i n g  u n i t  t o  

be used i n  a  na t i ona l  l abo ra to ry  a t  t he  FHWA Turner-Fai rbank Highway 

Research Center. The u n i t  should prov ide  n a t i o n a l  t e s t i n g  c a p a b i l i t y  

i n  an envi  ronmental l y  c o n t r o l  l e d  1  aboratory s e t t i n g  and w i t h  mobi 1  it y  

f o r  f i e l d  t e s t s  as we l l .  

When the  i n i t i a l  opera t ing  experience i n  t he  l a b o r a t o r y  has 

subs tan t i a ted  t h e  d e s i r a b i l i t y  o f  t he  se lec ted  l i n e a r  mob i le  t e s t i n g  

system ( o r  suggested msdi f i c a t i o n s )  , two a d d i t i o n a l  u n i t s  should be 

acqui red and s ta t i oned  i n  two AASHTO regions f o r  t e s t i n g  i n s e r v i c e  

pavement sect ions.  Fo l lowing s u f f i c i e n t  reg iona l  ope ra t i ng  experience 

t o  support t h e  con t i nua t i on  o f  the  p lan  ( o r  i t s  m o d i f i c a t i o n ) ,  t he  

f i n a l  two u g i t s  should be acqui red and s ta t i oned  i n  the  remaining 



AASHTO regions.  Because t h e  mechanical  t e s t s  a r e  key f a c t o r s  i n  t h e  

sho r t - t e rm  r e s u l t s  needed f rom t h e  program, t h e  phas ing sequence was 

proposed on a  r e l a t i v e l y  r a p i d  schedule so t h a t  t h e  l a b o r a t o r y  and 

r e g i o n a l  mechanical  t e s t i n g  systems a1 1  would be i n  p l ace  and 

o p e r a t i n g  w i t h i n  a  5-year per iod .  

Tes t  Roads o r  Tes t  Tracks. 

Cons ide ra t i on  was g i ven  t o  t h e  need f o r  f u l l - s c a l e  t e s t  t r a c k s  

capable o f  u s i n g  a c t u a l  v e h i c l e s  f o r  l o a d i n g  and t e s t i n g .  There was 

no suppor t  f o r  a  ma jo r  n a t i o n a l  t e s t  road on t h e  AASHTO scale.  The 

conference p a r t i c i p a n t s  expressed some i n t e r e s t  i n  s m a l l e r  r e g i o n a l  

t e s t  t r a c k s  t o  accommodate a l t e r n a t i v e  env i ronmenta l  f a c t o r s .  Spec ia l  

s t u d i e s  such as e v a l u a t i n g  t h e  e f f e c t  o f  new a x l e  c o n f i g u r a t i o n s  and 

suspension systems on pavement performance may r e q u i r e  t e s t  t r a c k  

exper iments.  However, i t  was concluded t h a t  no t e s t  road o r  t e s t  

t r a c k  shou ld  be cons idered  u n t i l  t h e  f e a s i b i l i t y  o f  u t i l i z i n g  e x i s t i n g  

t e s t  t r a c k s ,  such as t h e  one i n  Pennsylvania,  i s  f u l l y  exp lo red .  

Because o f  t h e  1 i m i t a t i o n s . o n  env i ronmenta l  v a r i a b i l i t y  and t h e  cos t s  

o f  c o n s t r u c t i o n  and ope ra t i on ,  i t  was recommended t h a t  t e s t  t r a c k s  n o t  

be i n c l u d e d  i n  t h e  program un less  it i s  i m p r a c t i c a l  t o  c o n t r a c t  f o r  

s t u d i e s  a t  e x i s t i n g  t r acks .  

Data Needs 

A l l  o f  t h e  da ta  needs o u t l i n e d  i n  t h e  t e s t  program proposed by 

FHWA were s t r o n g l y  endorsed by t h e  conference p a r t i c i p a n t s .  



Rehabi 1  it a t i  on. 

The e v a l u a t i o n  o f  r e h a b i l i t a t i o n  techn iques  and t h e  improvement 

o f  r e h a b i l  i t a t i o n  technology was ranked as t h e  s i n g l e  most impo r tan t  

da ta  need t o  be s a t i s f i e d  by t h e  NPT program. I n  r e c o g n i t i o n  o f  t h i s  

need, t h e  conference p a r t i c i p a n t s  proposed t h a t  a  m a j o r i t y  o f  t h e  

long- te rm m o n i t o r i n g  i n s e r v i c e  sec t i ons  and t h e  designed highway 
\ 

sec t i ons  be r e h a b i l i t a t e d  pavement sec t ions .  The i n s e r v i c e  t e s t i n g  

program was cons idered t h e  most v a l i d  and cos t -  e f f e c t i v e  method f o r  

s t u d y i n g  r e h a b i l  i t a t i o n .  Mechanical t e s t i n g  on designed highway 

s e c t i o n s  would p e r m i t  i n i t i a l  t e s t  f i n d i n g s  t o  be exped i t ed  by 

a c c e l e r a t i n g  t h e  load ings .  

Network Pavement Management. 

The da ta  needed t o  serve pavement management systems i s  t o  be 

p rov ided  p r i m a r i l y  th rough  i n s e r v i c e  t e s t i n g .  Many performance 

ques t i ons  c r i t i c a l  t o  e f f e c t i v e  pavement management can be s a t i s f i e d  

th rough t h e  i n s e r v i c e  t e s t i n g  program. 

A t  t h e  n a t i o n a l  1  eve1 , pavement management systems requ i  r e  da ta  

on: 

- p h y s i c a l  c h a r a c t e r i s t i c s  (des ign,  age, etc.)  


- ope ra t i ons  c h a r a c t e r i s t i c s  ( t r a f f i c ,  l oads )  


- performance c h a r a c t e r i s t i c s  (roughness, d i s t r e s s )  

A t  t h e  S t a t e  network l e v e l ,  pavement management system da ta  

shou ld  i n c l u d e :  

- p h y s i c a l  c h a r a c t e r i s t i c s  


- ope ra t i ons  c h a r a c t e r i s t i c s  




\ 

-	 maintenance performed ( a c t i v i t y ,  data, cos ts )  

-	 rehabi  1  i t a t i o n  performed (design, cons t ruc t ion ,  dates, cos ts )  

-	 performance (roughness, d i s t r e s s ,  s k i d  res is tance,  acc ident  

record, s t r u c t u r a l  capac i ty  [de f  1ec t i ons ] )  

The conference p a r t i c i  pants recommended t h a t  both na t i ona l  and 

S ta te - l eve l  network pavement management systems be es tab l i shed  and 

operated i n  c lose  coo rd ina t i on  w i t h  the  NPT program. 

Equations. 

Pavement system performance models can take  t h e  form o f  

mechanist ic ,  p robab i l  is t i c  ( s t a t i s t i c a l  ), o r  emp i r i ca l  equations. The 

inse rv i ce  t e s t s  u s i  ng designed highway sec t ions  were ranked as 

o f f e r i n g  t h e  greates t  va lue f o r  developing improved pavement 

performance models. Such models need t o  be developed i n  terms o f  

d i s t r e s s  phenomena such as deformation, crack ing,  d i s i n t e g r a t i o n ,  and 

sur face f r i c t i o n .  

Three l e v e l s  o f  response need t o  be considered i n  developing 

models and i n  p lann ing  t h e  data c o l l e c t i o n  program f o r  t he  na t i ona l  

pavement t e s t s  : 

- t h e  pr imary response o f  pavements t o  load ing  through s t ress ,  

s t r a i n ,  and deformation; 

- a  secondary response through t h e  development o f  d i s t r e s s  

phenomena such as cracking,  s p a l l i n g ,  and d i s i n t e g r a t i a n ;  and 

-	 a t e r t i a r y  response through changes i n  r i d i n g  q u a l i t y  ( P S I ) .  



M a t e r i a l  s. 

Mechanical and chemical  t e s t s  o f  m a t e r i a l s  i n  t h e  l a b o r a t o r y  need 

t o  be v e r i f i e d  and c o r r e l a t e d  w i t h  f i e l d  performance i n  t h e  pavement 

system. The i n s e r v i c e  t e s t i n g  method u s i n g  designed highway s e c t i o n s  

was cons idered  t h e  bes t  source o f  da ta  needed f o r  m a t e r i a l s  s tud ies .  

Speci a1 S tud ies  . 
Two t ypes  o f  spec ia l  s t u d i e s  were cons idered  by t h e  conference i n  

assess ing da ta  needs: 

-	 p o l i c y  s tud ies ,  such as c o s t  a l l o c a t i o n  and appor t ionment  

-	 t e c h n i c a l  s t ud ies ,  such as e v a l u a t i o n  o f  t i r e  p ressure  o r  a x l e  

c o n f i g u r a t i o n s ;  and l o a d  equ iva lency  f ac to r s .  

A1 1 t e s t i n g  methods may be needed t o  sa t . i s f y  spec ia l  s tudy 

requi rements,  b u t  t h e  i n s e r v i c e  t e s t s  were ranked as most va luab le ,  

w i t h  t e s t  t r a c k s  as an impo r tan t  supplemental da ta  source. Mechanical 

t e s t s  were cons idered  . t h e  l e a s t  l i k e l y  t o  serve spec ia l  needs. The 

conference recommended t h a t  t h e  NPT program be s t r u c t u r e d  t o  p r o v i d e  

spec ia l  undesignated funds f o r  spec ia l  s t u d i e s  r a t h e r  than  at tempt  t o  

p r o v i d e  f o r  unknown needs i n  t h e  ongoing program. 

Program C h a r a c t e r i s t i c s  

As an impo r tan t  p a r t  o f  i t s  d e l i b e r a t i o n s ,  t h e  conference 

cons idered  n o t  o n l y  t h e  exper imenta l  des ign  f o r  t h e  NPT program, b u t  

a1 so t h e  i n s t i t u t i o n a l  and o p e r a t i o n a l  c h a r a c t e r i s t i c s  which w i  11 

i n f i  uence i t s  success. The conference committee f e l t  s t r o n g l y  t h a t  a 



s i  gn i  f ic a n t  e f f o r t  would be requ i  r e d  t o  assembl e r e p r e s e n t a t i v e s  o f  

t h e  p a r t i c i p a t i n g  agencies, c r e a t e  adv isory  groups a t  t h e  p o l  i c y  and 

t e c h n i c a l  l e v e l s ,  e s t a b l  ish an o r g a n i z a t i o n a l  p lan,  ar range funding, 

i n s t i t u t e  s tandards f o r  program performance, and des ign  t h e  

exper iment.  C r i t e r i a  t h a t  should gu ide those  i n v o l v e d  i n  t h i s  process 

were proposed i n  each o f  t h e  workshops and endorsed by t h e  conference 

committee. The c r i t e r i a  t h a t  p e r t a i n  t o  Long-Term M o n i t o r i n g  and da ta  

c o l l e c t i o n  a re  d iscussed  be1 ow. 

Data. 

An impo r tan t ,  complex, and d i f f i c u l t  requi rement  t h a t  must be 

addressed i s  t h e  es tab l i shment  o f  da ta  c o l l e c t i o n  and da ta  p rocess ing  

procedures which p r o v i d e  t h e  r e q u i r e d  u n i f o r m i t y  and q u a l i t y  necessary 

f o r  r e l i a b l e  a p p l i c a b l e  analyses and r e s u l t s .  Standards need t o  be 

s e t  f o r  t h e  da ta  c o l l e c t e d  ( i .e,  what i s  measured, how i t  i s  measured, 

where it i s  measured, when i t  i s  measured, what i t  i s  measured w i t h ) .  

Sample se l  e c t  ion procedures, f requency , and qua1 ity  c o n t r o l  s need t o  

be set.  Where poss ib l e ,  equipment should be s tandard ized  (i.e., 

roughnes;-measuring equipment) o r  a re1  i a b l e  c o r r e l a t i o n  e s t a b l  i shed  

between accep tab le  a1 t e r n a t i  ve types  o f  equipment. A1 so, a process 

and program f o r  equipment c a l i b r a t i o n  w i l l  be needed t o  ensure 

c o n t i n u i n g  accuracy o f  some t ypes  o f  measuring devices. 

Data management techn iques  must be empl oyed f o r  t h e  f o l  1 owi ng: 

1. 	 The v a r i e t y  and q u a n t i t y  o f  da ta  c o l l e c t e d  should be 

c a r e f u l  l y  c o n t r o l  1 ed. Data c o l  l e c t i o n  dec i s i ons  must be 

based upon e s t a b l i s h e d  needs f o r  t h e  data,  no t  upon i t s  



a v a i l a b i l i t y .  

2. 	 Data bases shou ld  be designed t o  ensure t h a t  t h e  r e t a i n e d  

da ta  be i n  con ten t  and form s u i t a b l e  f o r  t h e  b roades t  

p o s s i b l e  use i n  t h e  NPT program and i n  o t h e r  programs such 

as pavement management, maintenance management, maintenance 

budget ing,  and s a f e t y  s t ud ies .  

Supplemental  Research. 

A p e r i p h e r a l  research  need t h a t  shou ld  be cons idered  i n  t h e  NPT 

program i s  t h e  need e i t h e r  t o  develop new techno logy  o r  t o  improve 

e x i s t i n g  techno logy  and equipment so t h a t  mechanized, e f f i c i e n t  , 

low-cost  da ta  c o l l e c t i o n  processes can be employed where p o s s i b l e .  

The use o f  i n f r a r e d ,  radar ,  sonar,  1  asers,  photography, t e l e v i  s i  on, 

r ad io ,  f i b e r  o p t i c s ,  and o t h e r  t echno log ies  may p e r m i t  automated 

sens ing,  r eco rd i ng ,  and t r ansm iss i on  o f  da ta  a t  h i g h  speeds and low 

c o s t s  w i t h  g r e a t  b e n e f i t s  t o  t h e  n a t i o n a l  program. 

The development o f  computer-based "ezpe r t  systems" i n  which 

computer programs emulate  t h e  p rob lem-so lv ing  behav io r  o f  human 

e x p e r t s  by i n t e r r o g a t i o n ,  i n t e r p r e t a t i o n ,  i n f e rence ,  d i agnos i s ,  

p r e s c r i p t i o n ,  and recommendation h o l d  much promise. The magnitude o f  

t h e  da ta  base and t h e  scope o f  t h e  e x p e r t i s e  i n v o l v e d  i n  t h e  NPT 

program o f f e r  s i g n i f i c a n t  resources f o r  deve lop ing  expe r t  systems i n  

pavement performance and should  be cons idered  as a  component o f  t h i s  

program. 



Costs. 

The d e l i b e r a t i o n s  o f  t h e  conference committee were concent ra ted  

on t h e  conceptual  des ign  and c h a r a c t e r i s t i c s  o f  t h e  program r a t h e r  

t han  cos ts .  The cos t  es t imates  prepared by t h e  FHWA as p a r t  o f  i t s  

proposed p l a n  were reviewed and broad-based assessments made o f  t h e  

1 eve1 s  o f  research e f f o r t  and hardware and c o n s t r u c t i o n  requ i  rements. 

The r e s u l t i n g  es t ima tes  developed o r  m o d i f i e d  by t h e  conference and 

r e f l e c t i n g  t h e  recommended program c o n f i g u r a t i o n  a re  shown i n  Table 

10. Whi le  these  va lues  a r e  u n r e f i n e d  and d e r i v e d  f rom e a r l y  

conceptual  p lans,  t h e y  do suppor t  a  n a t i o n a l  program w i t h  1  i k e l y  

s t a r t u p  c o s t s  i n  excess o f  $100 m i l l i o n  and an annual o p e r a t i n g  c o s t  

o f  approx imate ly  $20 m i l l i o n  i n  1984 d o l l a r s .  

These expend i tu res  represen t  a  ma jo r  new investment  i n  pavement 

research, b u t  a  ve ry  modest expend i tu re  when pu t  i n  pe rspec t i  ve w i t h  

t h e  need t o  r e h a b i l i t a t e  and p r o t e c t  t h e  m u l t i b i l l i o n  d o l l a r  n a t i o n a l  

pavement network toward which t h e  new technology w i l l  be d i r e c t e d .  

QUESTIONS THAT NEED ANSWERS 

The ques t i ons  t h a t  have been r a i s e d  a re  a l l  impo r tan t  and Long- 

Term M o n i t o r i n g  w i l l  p l a y  an impo r tan t  r o l e  i n  how w e l l  they  a re  

answered. As i n  a l l  o f  these  mat te rs ,  t h e  way t h a t  t h e  Long-Term 

M o n i t o r i n g  program i s  o rgan ized  w i l l  be determined p r i m a r i l y  by those  

answers which a re  regarded as most i tnpor tant .  There a re  da ta  needs on 

every l e v e l  : n a t i o n a l  highway network,  S t a t e  and d i s t r i c t  highway 

network,  and p r o j e c t  l e v e l .  As many ques t ions  as t h e r e  a re  and as 



TABLE 10 .  N a t i o n a l  Pavement T e s t i n g  Program 

P r e l  i m i n a r y  Es t imates  o f  Costs 


S t a r t  Up 
Costs  

$ M i l l i o n s  

Annual T o t a l  Costs 
Costs  ( 20  y e a r s )  

$ M i l l i o n s  $ M i l l i o n s  

10 2 14 

2 140 

I n s e r v i  ce T e s t i n g  

E x i s t i n g  Pavement Sec t i on  
-+ZOO0 s i t e s  

Designed Highway Sec t ions  
-+2 m i l e s  per  S t a t e  

o n - l i n e  s e c t i o n s  and 
para1le l  s e c t i o n s  

Mechanical  Tes t i ng ,  L i n e a r  
M o b i l e  T e s t i n g  U n i t  

Phase I :  	Labo ra to r y  and 
one t e s t i n g  u n i t  

Phase 11: 	 Regional  t e s t i n g  
u n i t s  

14 

100 

3 

8 

($20,000 pe r  m i 1 e )  

1 

21 546 

I n i t i a l l y :  2 t e s t i n g  u n i t s  
F i n a l :  2 a d d i t i o n a l  t e s t i n g  

u n i t s  

Tes t  Roads and Tracks 

Study o f  E x i s t i n g  Tracks 1 

C o n t r a c t  S tud ies  ( w i t h  
e x i s t i n g  t e s t  t r a c k s )  

TOTAL : 126 



many da ta  needs as have been i d e n t i f i e d ,  i t  i s  h i g h l y  p robab le  t h a t  

t h e  most c o s t - e f f e c t i v e  o r g a n i z a t i o n  o f  t h e  Long-Term M o n i t o r i n g  

Program should be such as t o  make da ta  as t r a n s p o r t a b l e  and as usab le  

f o r  m u l t i p l e  purposes as i s  poss ib le .  I f  t h i s  i s  so, i t  i s  a l s o  

h i g h l y  d e s i r a b l e  t o  have t h e  da ta  measured, recorded, and s t o r e d  i n  as 

u n i f o r m  a  way as p o s s i b l e  t o  make i t  as r e t r i e v a b l e  as p o s s i b l e  and 

u s e f u l  t o  as many agencies as may have a  need f o r  it. The more 

s p e c i a l i z e d  o r  l o c a l  a  p a r t i c u l a r  i t e m  o f  da ta  i s ,  t h e  l e s s  need t h e r e  

i s  f o r  i t  t o  be measured i n  a  u n i f o r m  way. Data uses can be 

c h a r a c t e r i z e d  by t h e  scope w i t h i n  which t hey  w i l l  be shared among 

o r g a n i z a t i o n s  accord ing  t o  t h e  f o l l o w i n g  scheme: 

Data Requi red  
U n i f o r m i t y  Scope o f  Shared Degree o f  

Category Data Use U n i f o r m i t y  

A Na t i ona l  H ighes t  
B Region a1 H i  gh 
C S t a t e  Moderate 
D D i s t r i c t  F a i r  
E P r o j  e c t  Low 

Data may a l s o  be ca tego r i zed  by t h e  o b j e c t  o f  i t s  use; whether i t  

i s  i n t ended  f o r  research  o r  spec ia l  s t u d i e s  o r  f o r  c a l i b r a t i n g  

mechani s t i c  model s o r  whether i t  i s  in tended as a broad-scal  e 

s t a t i s t i c a l  measure o f  t h e  pavement f u n c t i o n ,  c o n d i t i o n  o r  

performance. Four da ta  c a t e g o r i e s  have been d e f i n e d  on t h e  bas i s  of  

i t s  in tended use. 



Data  Use 
C a t e g o r y  D a t e  Use 

A Simp1 e  b road  s c a l e  measurements, s t a t i s t i c a l  
re1  a t i o n s  between d a t a  items 

B Network l e v e l  pavement management 

C P r o j e c t  l e v e l  pavement management and d e s i  gn 

D 	 Research, s p e c i a l  s t u d i e s ,  c a l i b r a t i n g  m e c h a n i s t i c  
model s  

As t h e  l i s t  o f  q u e s t i o n s  i s  g i v e n  below, i t  i s  w e l l  t o  r e f l e c t  

upon t h e  t y p e  and amount o f  d a t a  t h a t  i s  needed t o  answer each 

q u e s t i o n  and how u n i f o r m  t h e  d a t a  s h o u l d  be. 

Q u e s t i o n s  

1. 	 What a r e  t h e  most s u i t a b l e  r e h a b i l i t a t i o n  s t r a t e g i e s  and under  


what c o n d i t i o n s ?  


2. 	 What i s  t h e  expec ted  pavement l i f e  and l i f e  c y c l e  c o s t s  o f  


d i f f e r e n t  r e h a b i l i t a t i o n  s t r a t e g i e s ?  


3. 	 What a r e  t h e  a p p r o p r i a t e  d e c i s i o n  c r i t e r i a  and c o s t s  f o r  


p r e v e n t i v e  main tenance? 


4. 	 What a r e  t h e  c o s t s  o f  d e f e r r e d  main tenance? 

5. 	 What a r e  t h e  c o s t s  o f  r o u t i n e  main tenance? 

6. 	 What a r e  t h e  impac ts  o f  i n c r e a s e d  t r u c k  l o a d i n y s ,  i n c r e a s e d  t i r e  

p r e s s u r e s ,  and chang ing  t i r e  c o n s t r u c t i o n ?  

7. 	 What s h o u l d  be t h e  f a c t o r s  t h a t  a r e  c o n s i d e r e d  i n  c o s t  


appor t i onmen t  f o r m u l  as? 


8. 	What e f f e c t s  o f  t r a f f i c ,  pavement des ign ,  t i r e  p r e s s u r e  and 


des ign ,  c l  imate ,  v o l  m e t r i c a l  l y  a c t i v e  subyrades ( f r o s t  and 




expans i  ve c l  ay)  shou ld  be cons idered i n  c o s t  a1 1  o c a t i  on? 

9. 	 What p o r t i o n  o f  user  c o s t s  should  be cons idered  i n  a r r i v i n g  a t  


d e c i s i o n s  on optimum pavement des igns?  


10. 	 What s p e c i f i c a t i o n s  t h a t  a re  c u r r e n t l y  used f o r  c o n s t r u c t i o n  

qua1it y  c o n t r o l  should  become s t a t i s t i c a l  ly -based and be 

c o r r e l a t e d  w i t h  ac tua l  pavement performance? 

11. 	 How shou ld  c o n s t r u c t o r ' s  pay q u a n t i t i e s  be changed based upon t he  

q u a l i t y  c o n t r o l  t h a t  i s  ach ieved? Should t h e  pay i t e m  deduc t i on  

be t i e d  t o  t h e  expected i nc rease  i n  l i f e  c y c l e  cos t s?  

12. 	 What a re  t h e  e f f e c t s  o f  new m a t e r i a l s ,  c o n s t r u c t i o n  techniques,  

addi t i ves, r e i n f o r c i n y  and s t r a i n - r e 1  i e v i n g  l a y e r s  on t h e  1  i f e  o f  

r e h a b i l i t a t i o n  and i t s  l i f e  c y c l e  c o s t s ?  

13. 	 What new des ign  and a n a l y s i s  methods f o r  pavements and o v e r l a y s  

need t o  be developed and eva lua ted?  

14. 	 What a re  t h e  a p p r o p r i a t e  d e c i s i o n  c r i t e r i a  t o  use t o  e s t a b l i s h  

p r i o r i t y  1  i s t s  and t o  d i s t r i b u t e  r e h a b i l i t a t i o n  and c o n s t r u c t i o n  

funds f o r  d i f f e r e n t  cand ida te  p r o j e c t s ?  

15. 	 What da ta  shou ld  be c o i l e c t e d  i n  o rde r  t o  be prepared t o  respond 

t o  f u t u r e  s t u d i e s  t h a t  a re  r e q u i r e d  by Congress? 

Obv ious ly ,  a  wide v a r i e t y  o f  da ta  w i l l  be r e q u i r e d  t o  answer 

these  ques t ions .  I n  o r d e r  t o  keep t h e  q u a n t i t y  o f  da ta  c o l l e c t e d  and 

t h e  c o s t  o f  c o l l e c t i n g  and s t o r i n g  t o  a  minimum, i t  i s  e s s e n t i a l  t o  

p l a n  t h e  da ta  c o l l e c t i o n  e f f o r t  c a r e f u l l y  t o  a t t a i n  t h e  ~naxilnum use 

from it. Th i s  c o n s i d e r a t i o n  n a t u r a l l y  b r i n g s  up t h e  sub jec t s  o f  

exper imenta l  des ign  and s t a t i s t i c a l  sampl ing which w i l l  be cons idered  

i n  subsequent chap te rs .  



CHAPTER 4 


AASHO ROAD T E S T  


I n  t h i s  s e c t i o n ,  s e v e r a l  aspec ts  o f  t h e  AASHO Road T e s t  w i l l  be 

d i s c u s s e d :  

1. 	 I t s  e x p e r i m e n t a l  d e s i g n  f o r  b o t h  r i g i d  and f l e x i b l e  

pavements 

2. 	 What was m o n i t o r e d  

3. 	 What r e 1  a t i o n s h i p s  were found  

4. 	 What t y p e s  o f  a n a l y s i s  were used; t h e  f o r m  o f  t h e  e q u a t i o n  

s e l e c t e d  and t h e  s e l e c t i o n  c r i t e r i a  t h a t  were used. 

T h i s  w i l l  be i n s t r u c t i v e  i n  showiny how t o  d e t e r m i n e  what t y p e s  

o f  d a t a  a r e  r e q u i r e d  and how much o f  i t  i s  needed. 

The AASHO Road T e s t  was composed of  two f a i r l y  s i m p l e  e x p e r i ~ n e n t s  

one w i t h  f l e x i b l e  and one w i t h  r i g i d  pavements, each w i t h  f o u r  

v a r i a b l e s .  These v a r i a b l e s  f o r  f l e x i b l e  pavements were l o a d  l e v e l  and 

t h e  t h i c k n e s s e s  o f  s u r f a c e ,  base, and subbase. Fo r  r i g i d  pavements, 

t h e  v a r i a b l e s  were l o a d  l e v e l ,  t h i c k n e s s e s  o f  s l a b  and subbase, and 

whether  t h e  s l a b  was r e i n f o r c e d  o r  no t .  D e s p i t e  i t s  s i m p l i c i t y ,  t h e r e  

were a t o t a l  o f  468 s e c t i o n s  o f  f l e x i b l e  pavernent and 368 s e c t i o n s  o f  

r i g i d  pavement, f o r  a t o t a l  o f  836 s e c t i o n s  o f  pavernent. 

FLEXIBLE PAVEMENT EXPERIMENT 

So many pavement s e c t i o n s  were r e q u i  r e d  because o f  t h e  number o f  

l e v e l s  t h a t  were used. F o r  example, t h e r e  were 6 s i n g l e - a x l e  and 4 



tandem-axle loads t h a t  were app l i ed  t o  these pavements. - Table 11 

shows t h e  l e v e l s  o f  t h e  d i f f e r e n t  va r i ab les  t h a t  were used i n  t h e  

f l e x i b l e  pavement experiment. When the  number o f  l e v e l  s  o f  the  

va r iab les  are mu1 t i p 1  i e d  together ,  i.e. load, 11; sur face th ickness,  

6; base th ickness,  4; and subbase th ickness,  5 ,  t h e  product i s  1320, 

which i s  t h e  t o t a l  number o f  sec t ions  t h a t  would have been requ i red  t o  

f i l l  out  a " f u l l  f a c t o r i a l "  experimental  design. However, by 

ar rang ing  t h e  pavement sec t ions  so t h a t  on ly  t he  s t ronger  pavements 

were loa'ded w i t h  the  heav ier  loads, t he  t o t a l  number o f  "main 

experiment" pavement sec t ions  was reduced t o  288 w i t h  another 44 

" r e p l i c a t e  sect ions," which were b u i l t  i n  o rder  t o  g i ve  an idea o f  how 

much experimental  e r r o r  occurs between pavement sec t ions  t h a t  are 

b u i l t  and loaded i n  an i d e n t i c a l  way. By recogn iz ing  t h e  s imple 

eng ineer ing  f a c t  t h a t  s t rong pavements are used w i t h  heavy loads, t he  

number o f  requ i  red sec t ions  was reduced t o  22% (i.e. 288 d i v i d e d  by 

There were spec ia l  s tud ies  t h a t  were a1 so conducted on the  

e f f e c t s  o f  t he  subsurface 1  ayers, sur face t r e a t e d  pavements, paved 

shoulders, and base type. Table 12 shows how the  main experimental  

design o f  t h e  AASHO Road Test on f l e x i b l e  pavements was se t  up. As 

shown i n  the  tab le ,  t h e  experiment was broken down i n t o  

sub-experiments i n  which, t y p i c a l l y ,  t he re  were -two load l e v e l s  and 

t h r e e  l e v e l s  o f  th ickness  o f  surface, base, and subbase. Three l e v e l s  

are u s u a l l y  pu t  i n t o  an experiment when i t  i s  suspected t h a t  what i s  

measured w i l l  vary i n  a  non l i nea r  way w i t h  one o f  t he  va r iab les  i n  the  

experiment. I t  i s  wor th w h i l e  n o t i n g  t h a t  i n  t he  l a y o u t  of t he  



TABLE 11. F l e x i b l e  Pavement Exper iment V a r i a b l e s  
a t  t h e  AASHO Road Pes t  

Number o f  
V a r i a b l e s  Leve l  s  S i z e  o f  V a r i a b l e s  

Load Leve l  
No Load 
S ing le -Ax le  
Tandem-Ax1 e 

11 
1 
6 
4 

see be1ow 
0 k i p s  
2, 6, 12, 18, 22.4, 
24, 32, 40, 48 k i p s  

30 k i p s  

Sur face  Course Thickness 6 -. 1, 2 ,  3, 4, 5, 6 inches 

Base Course Thickness 4 0, 3, 6, 9 inches  

Subbase Thickness 5 0, 4, 8, 12, 16 inches 



TABLE 12. Ac tua l  Number o f  Va r i ab les  and Pavement Sec t ions  
i n  t h e  AASHO Road Tes t  F l e x i b l e  Pavement Experiments 

A. M A I N  EXPERIMENT 

Load Levels*  Th ickness Level  s T o t a l  i n  
Loop Mai.n 

No. 0 S T Sur face  Base Subbase Experiment R e p l i c a t e s  

TOTALS: 

* 0 - Zero Load; S - S ing le -Ax les ;  T - Tandem-Axles 

0 .  SPECIAL STUDIES 

T o t a l  i n  
Loop S u r f  ace Paved Base Pr imary 
No. Subsurface Treatment Shoulders Type Experiments R e p l i c a t e s  

2, 
1 12 --

--
--
12 --

- - 
--

---- 12 
12 

4 

12 


m 
-- -- 6 6 12 12


--- - --
- - 

6 
6 
6 

6 
6 
6 

12 
12 
12 

12

12

12 


E 

H 

TOTALS: 72 64 




experiment,  t h e  Road Tes t  s t a f f  cons idered t h a t  between 36 and 54 

pavement sec t i ons  were a s u f f i c i e n t  number o f  pavement s e c t i o n s  f o r  

any o f  t h e  sub-experiments t h a t  were conducted on each Loop o f  t h e  

Road Test. 

R I G I D  PAVEMENT EXPERIMENT 

Tab le  13  shows t h e  l e v e l s  o f  t h e  v a r i a b l e s  i n  t h e  main r i g i d  

pavement exper iment.  I f  t h e  number o f  l e v e l s  a re  m u l t i p l i e d  t oge the r ,  

t h e  t o t a l  number o f  pavement sec t i ons  i s  704. Us ing t h e  same 

eng inee r i ng  know1 edge t h a t  t h e  heav ie r  loads  a re  p l aced  on t h e  heav ie r  

pavements, t h e  exper iment was broken i n t o  sub-experiments, and t h e  

t o t a l  number o f  pavement sec t i ons  was reduced t o  260 o r  37 percen t  o f  

t h e  f u l l  f a c t o r i a l .  Another 52 pavement s e c t i o n s  were b u i l t  as 

r e p l i c a t e s  t o  determine t h e  s i z e  o f  exper imenta l  e r r o r ,  and s t i l l  

o t h e r  pavement sec t i ons  were p laced as s p e c i a l  s t u d i e s  o f  t h e  e f f e c t  

o f  t h e  subsur face and o f  paved shoulders.  Tab le  14 shows how a l l  o f  

t h e  sub-experiments and spec ia l  s t u d i e s  on r i g i d  pavements were s e t  

up. It i s  wo r th  n o t i n g  t h a t  here again i n  t h e  main sub-experiments 

t h e  t o t a l  number o f  pavement sec t i ons  t h a t  was judged t o  be s u f f i c i e n t  

was between 32 and 48. 

OVERLAY EXPERIMENTS 

A t o t a l  o f  99 f l e x i b l e  pavement sec t i ons  were o v e r l a i d  when they  

reached a  S e r v i c e a b i l i t y  Index t h a t  was g e n e r a l l y  below 1.5. Over lay 



TABLE 13. R i g i d  Pavement Experiment V a r i a b l e s  
a t  t h e  AASHO Road Tes t  

Number o f  
V a r i a b l e s  Leve l s  S i z e  o f  V a r i a b l e s  

Load Leve l  
No Load 
S i  ng l  e-Ax1 e 
Tandem-Ax1 e 

11 
1 
6 
4 

see below 
0 k i p s  
2, 6, 12, 18, 22.4, 
24, 32, 40, 48 k i p s  

30 k i p s  

R e i n f o r c i n g  2 None, Re in fo r ced  

S lab  Thickness 8 2.5, 3.5, 5, 6.5, 8, 9.5, 11, 12.5 inches 

Subbase 4 0, 3, 6, 9 inches 



TABLE 14. Ac tua l  Number o f  Va r i ab les  and Pavement Sec t ions  
i n  t h e  AASHO Road Tes t  R i g i d  Pavement Experiments 

A. MAIN EXPERIMENT 

Rein- Thickness T o t a l  i n  
Loop Load Leve ls*  f o r c i n g +  Level  s  Main 
No. 0 S T 0 R S lab  Subbase Experiment Rep l i ca tes  

1 2 0 0 1 1 4 2 32 16 
- 2 	 0 2 0 1 1 3 3 36 4 
m 	 0 1 1 1 1 4 3 48 8 

0 1 1 1 1 4 3 48 8 
0 1 1 1 1 4 3 48 8 

U I 	 0 1 1 1 1 4 3 48 8 
s 

u 

TOTALS: 260 52 

* 0 - Zero Load; S - Sing le-Ax les;  T - Tandem-Axles 
+ 0 - no r e i n f o r c i n g ;  R - Re in fo r ced  

B. SPECIAL STUDIES 

To ta l  i n  
Loop Paved Main 
No. Subsurface Shoulders Experiment R e p l i c a t e s  

TOTALS : 52 



t h i cknesses  ranged between 2 and 3.5 inches. A  t o t a l  o f  18 ove r l ays  

were p laced  on t h e  r i g i d  pavements w i t h  th icknesses  o f  2 and 3 inches. 

INVENTORY OF THE AASHO ROAD TEST 

The i d e n t i f i c a t i o n  o f  a l l  o f  t h e  th icknesses  and t h e  m a t e r i a l  

p r o p e r t i e s  of each l a y e r ,  t h e  dimensions and c ross -sec t i on  o f  each 

pavement sec t i on ,  as w e l l  as a l l  o f  t h e  s t a t i s t i c a l  p r o p e r t i e s  o f  

weather such as annual r a i n f a l l ,  maximum and minimum mean month ly  

temperatures a re  a l l  p a r t  o f  t h e  i n v e n t o r y  da ta  f o r  t h e  AASHO Road 

Test.  The sec t i ons  o f  pavement i n  Loop 1 were l e f t  w i t h o u t  t r a f f i c  i n  

o r d e r  t o  observe t h e  e f f e c t s  o f  t h e  weather on t h e  r a t e  o f  

d e t e r i o r a t i o n  o f  t h e  pavements. 

MONITORING OF THE AASHO ROAD TEST 

The da ta  t h a t  were mon i to red  a t  t h e  AASHO Road Tes t  i n c l u d e d  

t r a f f i c ,  env i ronmenta l  v a r i a b l e s ,  some m a t e r i a l s  p r o p e r t i e s ,  and t h r e e  

t ypes  o f  response o f  t h e  pavement: pr imary,  secondary, and t e r t i a r y .  

Each o f  these  w i l l  be sumnarized below. 

1. T r a f f i c  

The d a i l y  number o f  passes o f  t h e  v e h i c l e s  i n  each l ane  i n  

each Loop were counted. 

2 .  Envi ronmental  V a r i a b l e s  

D a i l y  a i  r and pavement temperature and r a i  n f a l l  , seasonal 

subgrade wate r  con ten t ,  seasonal changes i n  t h e  v e r t i c a l  



e l e v a t i o n  o f  t he  pavement su r f ace  i n  t h e  u n t r a f f i c k e d  Loop, and 

c u r l i n g  and j o i n t  opening i n  t h e  r i g i d  pavement sec t i ons  were 

moni tored.  

3, M a t e r i a l  P r o p e r t i e s  

Subgrade water  con ten t ,  dens i t y ,  CBR, and p l a t e  l oad  t e s t s  

t o  determine t h e  c o e f f i c i e n t  o f  subgrade reac t i on ,  Marsha l l  

s t a b i l i t y  as a  f u n c t i o n  o f  temperature,  and mo i s tu re  and 

temperature c o e f f i c i e n t s  o f  expansion of concre te  were e i t h e r  

mon i to red  o r  measured i n  spec ia l  l a b  t e s t s  a t  t he  AASHO Road 

Test. 

4. Pr imary Responses 

The p r ima ry  responses t h a t  were mon i to red  a t  t h e  Road Test  

i nc l uded  d e f l e c t i o n s ,  s t r a i n s ,  and s t resses.  

5. Secondary Responses 

The secondary responses a t  t h e  Road Tes t  i nc l uded  roughness, 

v a r i o u s  forms o f  d i s t r e s s  and pumping, and r u t t i n g  and d i s t o r t i o n  

o f  t h e  l a y e r s  w i t h  t ime  and t r a f f i c .  Pa tch ing  was recorded as i t  

was requ i  red. 

6. T e r t i a r y  Responses 

The t e r t i a r y  response a t  t h e  Road Tes t  was t h e  

Se rv i ceab i 1it y  Index, which was i n f e r r e d  from o t h e r  phys i ca l  

measurements such as roughness, c rack ing ,  pa tch ing ,  and r u t t i n g .  

I t  i s  f rom t h e  i n v e n t o r y  and m o n i t o r i n g  da ta  t h a t  were c o l l e c t e d  

a t  t h e  Road Test  t h a t  severa l  r e l a t i o n s h i p s  between t he  v a r i a b l e s  were 

developed. 



ANALYSIS OF MONITORING DATA 

The m o n i t o r i n g  da ta  (p r imary ,  secondary, and t e r t i a r y )  was 

assumed t o  depend p r i m a r i l y  upon t h e  l oad  a p p l i e d  t o  t h e  pavement and 

t o  t h e  " s t r u c t u r a l "  t h i ckness  o f  t h e  pavement sec t i on ,  which w i l l  be 

c a l l e d  t h e  "des ign"  o f  t h e  pavement. A form o f  equa t ion  t h a t  was 

assumed t o  g i v e  t h e  p roper  r e l a t i o n s h i p  between t h e  v a r i a b l e s  was used 

i n  a l i n e a r  r eg ress ion  a n a l y s i s  t o  g i v e  t h e  "cons tan ts "  t h a t  r e l a t e d  

t h e  v a r i a b l e s .  

Four  t ypes  o f  re1 a t i o n s h i p s  were analyzed: 

1.  	 The r e l a t i o n s  between per formance as a dependent v a r i a b l e  

and -l o a d  and des ign  as t h e  independent v a r i a b l e s .  These 

re1  a t i  ons became t h e  we1 1  known AASHO pavement des ign 

equat ions.  

2. 	 The re1 a t  ions between s t r u c t u r a l  d e t e r i o r a t i o n  ( v a r i o u s  

forms o f  d i s t r e s s )  as dependent v a r i a b l e s  and -l o a d  and 

des ign  as independent va r i ab les .  

I n  f l e x i b l e  pavements, t h e  measures o f  s t r u c t u r a l  

d e t e r i o r a t i o n  f o r  which equat ions were developed i nc l uded  

r u t  depth and C lass  2 crack ing.  I n  r i g i d  pavements, t h e  

s t r u c t u r a l  d e t e r i o r a t i o n  f o r  which equat ions were developed 

i n c l u d e d  a  c r a c k i n g  index a l though f a u l t i n g  and pumping were 

a1 so measured and recorded. Each o f  these equat ions can be 

used as a pavement des ign  equat ion  and a l s o  can be used t o  

develop equi  va l  e n t  a x l e  loads. 

3. 	 The r e l a t i o n s  between d e f l e c t i o n  o r  s t r a i n  as a 



dependent v a r i a b l e  and -load,  design, t r a v e l  ing speed, 

and temperature as independent v a r i a b l e s .  

I n  f l e x i b l e  pavements, equat ions were developed f o r  

. .  	normal and rebound d e f l e c t i o n s  i n  t h e  s p r i n g  and f a1  1, and 

t o t a l  d e f l e c t i o n s  a t  d i f f e r e n t  v e h i c l e  speeds. I n  r i g i d  

pavements, equa t ions  were developed f o r  -b o t h  d e f l e c t i o n  

and s t r a i n  and i t  was found t h a t  they  bo th  depend upon t he  

temperature d i f f e r e n t i a l  across t h e  dep th  o f  t h e  concre te  

s lab.  

4. 	 The re1 a t i o n s  between per formance as a dependent v a r i a b l e  

and d e f l e c t i o n  o r  s t r a i n  and temperature d i f f e r e n t i a l  

as independent va r i ab les .  

The equat ions t h a t  were developed f o r  f l e x i b l e  

pavements r e l a t e d  t h e  number o f  e q u i v a l e n t  a x l e  loads t o  

reach a s e t  va lue  o f  s e r v i c e a b i l i t y  index t o  t h e  s p r i n g  and 

fa1  1 normal d e f l e c t i o n s .  The equat ions developed f o r  r i g i d  

pavement re1 a ted  equi  va l  e n t  a x l e  appl  i c a t i  ons t o  dynamic 

edge s t r a i n  and t o  s t a t i c  edge d e f l e c t i o n s ,  t h e  l a t t e r  be ing  

c o r r e c t e d  f o r  temperature d i  f f e r e n t i  a1 . 

Regression Ana l ys i s  Used 

L i n e a r  r eg ress ion  a n a l y s i s  was used a t  t h e  AASHO Road Test.  The 

f a m i l i a r  des ign equat ions  w i t h  exponents i n  them were developed by 

l i n e a r  r e l a t i o n s  between t h e  l oga r i t hms  o f  t h e  dependent and 

independent va r i ab les .  Because we now have l a r g e r  and f a s t e r  

computers than  were a v a i l a b l e  i n  1960 when t h e  a n a l y s i s  o f  AASHO Road 



Test  da ta  was done and because we now have s tandard a n a l y s i s  methods 

t h a t  p e r m i t  r o u t i n e  n o n l i n e a r  r eg ress ion  ana l ys i s ,  we have many more 

o p t i o n s  i n  t h e  a n a l y s i s  o f  pavement da ta  than  were a v a i l a b l e  t o  t h e  

s t a f f  o f  t h e  AASHO Road Tes t .  It i s ,  i n  f a c t ,  p o s s i b l e  t o  s e l e c t  t h e  

form o f  equa t i on  which i s  known from eng inee r i ng  p r i n c i p l e s  and f rom 

t h e o r y  t o  r ep resen t  c o r r e c t l y  t h e  r e l a t i o n s  among t h e  v a r i a b l e s  and 

a l l o w  t h e  computer t o  f i n d  t h e  cons tan ts  f o r  t h e  equat ion  

au tomat ica l  ly.  

Form o f  Equa t i on  Se lec ted  

The fo rm o f  equa t i on  t h a t  was used a t  t h e  AASHO Road Tes t  was 

l i m i t e d  by what c o u l d  be analyzed u s i n g  l i n e a r  regress ion.  The form 

o f  equa t i on  t h a t  was f i n a l l y  se lec ted  was 

where 

9 = t h e  damage r a t i o ,  a  number v a r y i n g  f rom 0 t o  1. 

w = t h e  number o f  e q u i v a l e n t  a x l e  loads. 

P = a  cons tan t  r e p r e s e n t i n g  t h e  number o f  equ i va len t  a x l e  

loads  r e q u i r e d  t o  t a k e  a  pavement t o  a  damage r a t i o  o f  

1. 

i3 = a  power r e p r e s e n t i n g  t h e  r a t e  a t  which damage 

accumulates. 


The l o g a r i t h m  o f  t h e  equat ion  g i ves  




l o g  g =  - Blogp + B 709 W 

which i s  o f  a l i n e a r  fo rm such as 

- .  

y = a + b x  

where 

Y = l o g  g  ( 4  

X = l o g  W (5) 

a = - @ogp ( 6 )  

la = B ( 7  

A l though o t h e r  forms o f  equa t ion  were t r i e d  t h a t  were r e d u c i b l e  

t o  t h e  l i n e a r  form shown above i n  Equat ion  3, t h i s  equa t i on  was 

f i n a l l y  s e l e c t e d  because t h e  sum o f  squared e r r o r s  between t h e  

observa t ions  and t h e  p r e d i c t i o n s  were as smal l  as any and sma l l e r  than 

most. 

However, as i n  t h e  o r i g i n a l  exper imenta l  des ign  o f  t h e  Road Test ,  

i n  which eng inee r i ng  knowledge was ab le  t o  reduce t h e  number o f  

r e q u i r e d  pavement sec t i ons  t o  22 and 37 pe rcen t  o f  t h e  f u l l  f a c t o r i a l  , 

t h e  same k i n d  o f  eng inee r i ng  knowledge cou ld  have e l i m i n a t e d  a  number 

o f  forms o f  equa t ion  f rom cons ide ra t i on ,  i n c l u d i n g  t h e  form o f  

equa t ion  t h a t  was o r i g i n a l l y  chosen. 

The se rv i ceab i  1i t y  i ndex  i s  de f i ned  on a sca le  between 0 and 5 

and cannot become nega t i ve  no m a t t e r  how many a x l e  e q u i v a l e n t s  pass 

over  a  pavement. Th is  f a c t ,  which i s  a "boundary cond i t i on , "  

r equ i  res  a form o f  equa t ion  t h a t  remains between 0 and 5, a 



requi rement  t h a t  i s  v i o l a t e d  by t h e  form o f  equa t ion  t h a t  was s e l e c t e d  

a t  t h e  AASHO Road Test.  The form o f  equa t ion  t h a t  i s  r e q u i r e d  by t h e  

boundary c o n d i t i o n s  on s e r v i c e a b i l i t y  index must approach a  h o r i z o n t a l  

asymptote a t  l a r g e  va lues  o f  e q u i v a l e n t  a x l e  l o a d  a p p l i c a t i o n s .  T h i s  

r e q u i  rement can be s a t i  s f i  ed by exponent i  a1 and S-shaped curves. 

Because we no l onge r  have t h e  hardware and so f twa re  c o n s t r a i n t s  

t h a t  were faced by t h e  s t a f f  o f  t h e  AASHO Road Test ,  we can and should 

spend t h e  e x t r a  t i m e  i t  takes  t o  make sure  t h a t  t h e  c o r r e c t  form o f  

equa t ion  i s  se lec ted  based upon "boundary c o n d i t i o n s "  and t h e  

p r i n c i p l e s  o f  mechanics. J u s t  as i t  was used i n  t h e  des ign  o f  t h e  

Road Tes t  exper iment,  eng inee r i ng  knowledge should be used i n  t h e  

s e l e c t i o n  o f  t h e  form o f  equa t i on  used f o r  t h e  ana l ys i s .  

Why i s  t h e  form o f  equa t ion  impo r tan t?  A statement f rom t h e  

AASHO Road Tes t  Repor t  5 (HRB Spec ia l  Repor t  61E) s t a t e s  t h e  reason as 

we1 1 as any: 

"At tempts a t  mathematical  a n a l y s i s  designed t o  es tab l  ish s p e c i f i c  

re1  a t i o n s h i p s  between performance and o v e r l a y  des i  yn were 

unsuccess fu l ,  because t h e  outcome o f  each a n a l y s i s  proved t o  be 

h i g h l y  dependent (emphasi s  mine) on t h e  assumptions made 

concern ing  t h e  mathematical  model f o r  t h e  analys is . "  (pg. 112) 

The same can be s a i d  f o r  a l l  assumed forms o f  equat ion,  and 

espec ia l  l y  as i s  r e l a t e d  t o  over1 ay design. Th i s  statement emphasizes 

t h e  need f o r  s e l e c t i n g  t h e  form o f  t h e  equat ion  c a r e f u l l y  based upon 

eng inee r i ng  p r i n c i p l e s  r a t h e r  than upon mere s t a t i s t i c a l  o r  

computat ional  convenience. 



CHAPTER 5 


AASHO ROAD TEST SATELLITE STUDIES 


A t  t h e  conc lus ion  o f  t h e  AASHO Road Test ,  i t  was recognized t h a t  

t h e r e  were two ma jo r  " va r i ab les1 '  t h a t  a f f e c t  t h e  performance o f  

pavements which had remained cons tan t  d u r i n g  t h e  Road Tes t :  t h e  

e f f e c t s  o f  t h e  subgrade and o f  t h e  l o c a l  cli'mate. It was apparent 

t h a t  these  v a r i a b l e s  and o t h e r s  needed t o  be i nco rpo ra ted  i n t o  t h e  

AASHO design equat ions  i n  o r d e r  f o r  them t o  have widespread 

a p p l i c a b i l i t y .  F u r t h e r  da ta  c o l l e c t i o n  i n  l o c a t i o n s  o t h e r  than  

Ottawa, I l l i n o i s ,  t h e  s i t e  o f  t h e  AASHO Road Test,  was r e q u i r e d  and 

t h i s  i n i t i a t e d  t h e  s a t e l l i t e  s t u d i e s  program, g u i d e l i n e s  f o r  which 

were p rov ided  i n  NCHRP Repor t  ZA, "Gu ide l ines  f o r  S a t e l l i t e  S tud ies  o f  

Pavement Performance." The f o l l o w i n g  i s  a  r ev i ew  o f  t h e  

recommendations con ta ined  i n  NCHRP Repor t  2 ,  "An I n t r o d u c t i o n  t o  

Gu ide l i nes  f o r  S a t e l l i t e  S tud ies  o f  Pavement Performance." 

Any v a r i a b l e  i n  a  s a t e l l i t e  s tudy i s .  cons idered  t o  be e i t h e r  a 

l o a d  v a r i a b l e ,  a  c l  i m a t i c  o r  r eg iona l  v a r i a b l e ,  a  s t r u c t u r a l  v a r i a b l e ,  

o r  a  performance va r i ab le .  The genera l  o b j e c t i v e  f o r  a s tudy m igh t  

be, f o r  example, t o  l e a r n  how a  p a r t i c u l a r  s t r u c t u r a l  v a r i a b l e  i s  

a f f e c t e d  by a  c l i m a t i c  v a r i a b l e ,  o r  how some performance v a r i a b l e  i s  

a f f e c t e d  by combined changes i n  load,  c l  i m a t i c ,  and s t r u c t u r a l  

v a r i a b l e s .  

Four i n t e r r e l a t e d  a c t i  v i  t i e s  a re  requ i  red  t o  produce t h i s  k i n d  o f  

i n f o rma t i on .  App rop r i a te  exper iment des igns need t o  be developed, 

t e s t  sec t i ons  se lec ted  o r  cons t ruc ted ,  and a p p r o p r i a t e  measurements 



made, processed, and analyzed. 

One o f  t h e  bas i c  proposal  s i n  t h e  gu ide l  i n e s  i n  NCHRP Repor t  2A 

i s  t h a t  measurement teams be equipped and t r a i n e d  t o  o b t a i n  "common 

denominator"  measurements on a1 1 sate1 1 i t e  t e s t  sec t i ons ,  o r  a t  l e a s t  

on those  which a re  p a r t  o f  a na t ionwide  design. These teams would be 

supplemental  t o  t h e  sponsor 's  measurement programs and would v i s i t  

each s a t e l l i t e  p r o j e c t  on a r e g u l a r  b a s i s  th roughout  t h e  l i f e  o f  t h e  

p r o j e c t .  

I t  i s  assumed i n  t h e  g u i d e l  i n e s  t h a t  a manual s p e c i f y i n g  i n  

d e t a i  1 how "common denominator" measurements a re  t o  be ob ta ined  w i  11 

be developed f o r  use by t h e  measurement teams. 

Whether under taken by t h e  measurement team, p r o j e c t  sponsor, o r  

both,  t h e  f o l l o w i n g  measurement program i s  cons idered  t o  be min imal  

f o r  any s a t e l l i t e  t e s t  sec t i on :  

1. S t r u c t u r a l  Va r i ab les .  Thicknesses o f  su r f ac i ng ,  base, 

and/or subbase courses; s t r e n g t h  c h a r a c t e r i s t i c s  o f  each s t r u c t u r a l  

component, by a t  l e a s t  one and p r e f e r a b l y  two t e s t  procedures; 

measurements f o r  c l  a s s i  f ic a t i o n  o f  s t r u c t u r a l  components (wherever 

a p p r o p r i a t e )  ; and a t  l e a s t  one measure o f  .composi t e  s t r eng th .  

2.  Load Var iab les .  A t  l e a s t  one loadometer study which 

a p p l i e s  d i r e c t l y  t o  t h e  t e s t  sec t i ons  i n  t h e  study. Load s t u d i e s  w i l l  

o r d i n a r i l y  be supplemented by v e h i c l e  count s t u d i e s  and a p p l i c a b l e  

t r e n d s  o f  t r a f f i c  composi t ion.  

3. C l i m a t i c  and Regional  Va r i ab les .  Measurements t o  desc r i be  

year- round t e s t  s e c t i o n  c l i m a t e  and environment, as w e l l  as seasonal 

v a r i a t i o n s  i n  composite s t r eng th ,  f d r  example, "h ighs and lows"  f o r  



d e f l e c t i o n s .  

4. Performance Var iab les .  Year ly  eva l  u a t i o n s  o f  su r f ace  

de fo rmat ion  and d e t e r i o r a t i o n ,  p resen t  s e r v i  ceabi  1  i t y  index  and 

performance index. The g u i d e l i n e s  g i v e  d e t a i l s  f o r  severa l  

a l t e r n a t i v e  methods o f  o b t a i n i n g  p resen t  s e r v i c e a b i l i t y  'and 

performance index  values. 

DEVELOPMENT OF EXPERIMENTAL DESIGNS 

The c o n t r o l l i n g  a c t i v i t y  i n  any s a t e l l i t e  s tudy  i s  t h e  

development o f  an exper imenta l  des ign which shows how se lec ted  

s t r u c t u r a l ,  load,  and c l i m a t i c  o r  r eg iona l  f a c t o r s  w i l l  be v a r i e d  i n  

combinat ion w i t h  one another.  

Tes t  S i t e  Factors .  

C e r t a i n  v a r i a b l e s  w i  11 n o t  va ry  app rec iab l y  w i t h i n  t e s t  s i t e s  , 

b u t  w i l l  have d i f f e r e n t  l e v e l s  f rom one t e s t  s i t e  t o  another. Such 

v a r i a b l e s  a re  c a l l e d  t e s t  s i t e  f a c t o r s ,  and w i l l  g e n e r a l l y  i n v o l v e  

d i f f e r e n c e s  i n  roadbed m a t e r i a l ,  c l  i m a t i c  c o n d i t i o n s ,  o r  r a t e  o f  

e q u i v a l e n t  18 -k i p  ax le - l oad  accumulat ion. 

A s imp le  example i s  shown i n  F i g u r e  3. R a i n f a l l  and freeze-thaw 

c o n d i t i o n s ,  f o r  ins tance ,  have been used t o  desc r i be  t h r e e  l e v e l s  o f  

c l i m a t i c  s e v e r i t y :  low, medium, and h igh.  The v e r t i c a l  sca le  shows 

t h r e e  l e v e l s  o f  as -cons t ruc ted  roadbed s t reng th ,  perhaps i n  terms of 

subgrade modulus o f  r eac t i on .  Thus t h e r e  a re  n i n e  combinat ions o f  

t e s t  s i t e  f a c t o r s  i n  t h e  i l l u s t r a t i v e  exper iment design. I t  w i l l  be 
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supposed i n  t h i s  example t h a t  a l l  n i n e  t e s t  s i t e  c o n d i t i o n s  w i l  l have 

t h e  same number o f  e q u i v a l e n t  18-k ip  a x l e  loads per  day, so t h a t  t hey  

a r e  n o t  an exper imenta l  f a c t o r .  

Pavement S t r u c t u r e  Fac to rs .  

The n e x t  ques t i on  i s  whether any pavement s t r u c t u r e  f a c t o r s  w i l l  

be i n c l u d e d  i n  t h e  exper iment design. I f  no t ,  t h e  example w i l l  be a  

t w o - f a c t o r  s tudy  which has e i t h e r  t h e  same pavement des ign  a t  a l l  n i n e  

t e s t  s i t e s ,  o r  perhaps t h e  same range o f  des igns a t  every  s i t e .  

It w i l l  be supposed t h a t  t h i s  example i s  a  r i g i d  pavement s tudy 

and t h a t  two pavement s t r u c t u r e  f a c t o r s  w i l l  be v a r i e d  a t  each t e s t  

s i t e .  The f i r s t  f a c t o r  w i l l  be t h i ckness  of s u r f a c i n g  a t  two l e v e l s ,  ~. 

seven and n i n e  inches, It i s  assumed t h a t  t h e  s u r f a c i n g  m a t e r i a l ,  

re in fo rcement ,  and j o i n t i n g  i s  s i m i l a r  t o  t h a t  o f  t h e  r e i n f o r c e d  AASHO 

Road Tes t  sec t ions .  The second pavement f a c t o r  w i l l  be t h e  s t r e n g t h  

o f  subbase m a t e r i a l  which i s  s i x  inches t h i c k  f o r  a1 1  t e s t  sec t i ons .  

The l ow- l eve l  s t r e n g t h  i s  assumed t o  be e q u i v a l e n t  t o  t h a t  o f  AASHO 

Road Tes t  subbase, and a  h i g h - l e v e l  s t r e n g t h  w i l l  be ob ta i ned  by 

cement s t a b i l i z a t i o n .  As shown i n  F i g u r e  4, t h e  i l l u s t r a t i v e  

exper iment des ign  p rov ides  f o r  f o u r  d i f f e r e n t  pavement des igns a t  any 

t e s t  s i t e ,  7L, 7H, 9L, and 9H. 

Complete F a c t o r i a l  Exper iments f o r  I n d i v i d u a l  S a t e l l i t e  S tud ies .  

I f  t h e  exper iment des ign con ta ins  a l l  p o s s i b l e  combinat ions o f  

se lec ted  f a c t o r  l e v e l s ,  t h e  s tudy i s  a  complete f a c t o r i a l  exper iment.  

For  t h e  example, F i g u r e  5 shows 36 t e s t  sec t i ons  i n  t h e  complete 
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Figure 5. Complete factorial experiment - 36 t e s t  sections 



f a c t o r i a l ,  n i ne  t e s t  s i t e s  i n  a l l  combinat ions w i t h  f o u r  pavement 

s t r u c t u r e s .  The gu i  de l  ines recommend t h i s  t y p e  o f  exper iment des ign  

f o r  any i n d i v i d u a l  s a t e l l i t e  study, us i ng  e i t h e r  two, t h ree ,  o r  f o u r  

f a c t o r s  and e i t h e r  two o r  t h r e e  l e v e l s  f o r  any f a c t o r ,  It i s  a l s o  

recommended t h a t  a t  l e a s t  one f a c t o r  be s i m i l a r  t o  a  Road Tes t  f a c t o r  

and t h a t  one o r  more new f a c t o r s  be included. Furthermore, i t  i s  

proposed t h a t  a t  l e a s t  one l e v e l  o f  any f a c t o r  should correspond t o  a 

l e v e l  t h a t  was used i n  t h e  Road Test. O f  t h e  f o u r  f a c t o r s  i n  t h e  

example, o n l y  t h e  s u r f a c i n g  t h i ckness  f a c t o r  was v a r i e d  a t  t h e  AASHO 

Road Test,  so t h i s  s tudy  w i l l  p r o v i d e  i n f o r m a t i o n  on t h r e e  new 

f a c t o r s .  

Experiment Designs w i t h  Fac to r s  Confounded. 

I n  e x i s t i n g  pavement s tud ies ,  p a r t i c u l a r l y ,  i t  may n o t  be 

p o s s i b l e  t o  f i 11 a1 1  c e l l  s  i n  a  proposed exper iment design. As an 

extreme case, perhaps o n l y  t h e  seven sec t i ons  shown i n  F i g u r e  6 can be 

found. i n  t h e  e x i s t i n g  highway system. It can be seen t h a t .  t h e  

s t r o n g e r  pavement des igns a re  assoc ia ted  w i t h  more adverse roadbed and 

c l i m a t i c  c o n d i t i o n s  and t h a t  weaker des igns a re  found i n  more 

f a v o r a b l e  roadbed-c l imat i c  cond i t i ons .  T h i s  s i t u a t i o n  i s  t o  be 

expected i n  e x i s t i n g  pavement s t u d i e s  s i n c e  t h e  b a s i c  p r i n c i p l e s  of 

pavement des ign  imp l y  t h a t  such compensations be made. As t h e  example 

now stands, a  few d i r e c t  comparisons can be made, b u t  f o r  t h e  most 

p a r t  s u r f a c i n g  and subbase e f f e c t s  a re  confused o r  confounded w i t h  

each o t h e r  and w i t h  t h e  e f f e c t s  o f  t e s t  s i t e  f a c t o r s .  S t i l l  f u r t h e r  

con fus ion  would occur i f  t h e  18 -k i p  ESAL's were t o  vary  from one s i t e  
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Figure 6 .  Design w i t h  Tactors confounded - 7 t e s t  sec t ions  



t o  another.. I n  t h i s  example, i t  i s  v i r t u a l l y  impossib le t o  analyze 

the  separate e f f e c t s  o f  t h e  f o u r  f a c t o r s  se lec ted  f o r  study. I f  t h e  

research o b j e c t i v e s  d e f i n i t e l y  i nc lude  t h e  study o f  a l l  f o u r  

va r i ab les ,  then cons ide ra t i on  w i l l  have t o  be g iven t o  t h e  

c o n s t r u c t i o n  o f  new experimental  sec t ions  t o  g i ve  a complete f a c t o r i  a1 

experiment. 

Composite Experiment Designs f o r  ~ a t i  onwide Sate1 1 it e  Studies.  

I n  a d d i t i o n  t o  experiment design guides f o r  i n d i v i d u a l  s a t e l l  i t e  

s tud ies ,  t h e  guide1 i nes  i n c l  ude composite experiment designs t h a t  can 

be used f o r  nat ionwide coopera t ive  s tud ies  o f  pavement performance. 

The present  i l l u s t r a t i o n  shows t h e  na ture  o f  t he  proposed nat ionwide 

designs. Three types o f - t e s t  s i t e s  are shown i n  F igu re  7: f o u r  

f a c t o r i a l  s i t e s  i n v o l v i n g  t h e  h i g h  and low l e v e l s  o f  roadbed s t reng th  

and c l i m a t i c  seve r i t y ,  one c e n t r o i d  s i t e  w i t h  medium l e v e l s ,  and f o u r  

ex tens ion  s i t e s  which i n t roduce  very h igh  and very low l e v e l s  o f  one 

f a c t o r  when a t  t h e  medium l e v e l  o f  the.  o the r  f ac to r .  I n  t he  

na t ionwide composite design, f i v e  t e s t  s i t e  f a c t o r s  are used: two f o r  

roadbed s t rength ,  two f o r  c l i m a t i c  cond i t ions ,  and one f o r  d a i l y  load 

ra te ,  w i t h  a t o t a l  o f  32 f a c t o r i a l  s i t e s ,  one c e n t r o i d  s i t e ,  and t e n  

ex tens ion  s i t e s .  Thus a nat ionwide composite experiment would i n v o l v e  

43 t e s t  s i t e s  encompassing a wide range o f  roadbed and c l i m a t i c  

cond i t i ons .  

As shown i n  F igu re  8, several a d d i t i o n a l  combinations o f  

s u r f a c i n g  th ickness  and subbase s t a b i l  i z a t i o n s  are in t roduced f o r  t he  

composite experiment design. One o f  these i s  f o r  a c e n t r o i d  s t r u c t u r e  
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F igu re  7. Composite experiment design - t e s t  s i t e s  
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Figure 8. Composite experiment design - 25 t e s t  sections 



which has e i g h t - i n c h  s u r f a c i n g  t h i c k n e s s  and medium s t a b i l i z a t i o n  

l e v e l .  T h i s  8M s e c t i o n  occurs  once a t  t h e  c e n t r o i d  s i t e ,  once a t  

every  f a c t o r i a l  s i t e ,  and i n  d u p l i c a t e  a t  a l l  e x tens ion  s i t e s .  Thus 

t h e  c e n t r o i d  s t r u c t u r e  i s  common t o  a l l  t e s t  s i t e s  and serves as a 

c o n t r o l  o r  s tandard  sec t i on .  F a c t o r i a l  s i t e s  now i n c l u d e  o n l y  two o f  

t h e  f o u r  pavement des igns which were i n  t h e  complete f a c t o r i a l  

exper iment  o f  F i g u r e  5, b u t  these  have been s e l e c t e d  acco rd i ng  t o  

c e r t a i n  mathemat ica l  p r i n c i p l e s .  

A t  t h e  c e n t r o i d  s i t e  e x t r a  l ow  and e x t r a  h i g h  l e v e l s  o f  s u r f a c i n g  

t h i c k n e s s  ( s i x  and t e n  i nches )  a re  used w i t h  medium s t a b i l i z a t i o n ,  and 

e x t r a  low and e x t r a  h i g h  l e v e l s  o f  subbase s t a b i l i z a t i o n  (VL and VH)  

a re  used w i t h  medium su r f ace  th ickness .  Thus t h e  c e n t r o i d  s i t e  now 

has f i v e  t e s t  sec t i ons  f o r  t h e  s tudy o f  wide v a r i a t i o n s  i n  pavement 

s t r u c t u r e  f a c t o r s .  

I n  t h e  i l l u s t r a t i v e  composi te exper iment  des ign,  o n l y  25 t e s t  

s e c t i o n s  a re  used t o  s tudy  t h e  same f a c t o r s ,  and over  w ide r  ranges, as 

f o r  t h e  36 -sec t i on  complete f a c t o r i a l  exper iment .  The na t i onw ide  

des igns g i ven  i n  t h e  g u i d e l i n e s  i n v o l v e  s i x  s t r u c t u r a l  f a c t o r s  i n  

a d d i t i o n  t o  t h e  f i v e  t e s t  s i t e  f a c t o r s  p r e v i o u s l y  descr ibed .  Each o f  

t h e  t e n  e x t e n s i o n  s i t e s  has two c e n t r o i d  sec t i ons ,  each o f  t h e  32 

f a c t o r i a l  s i t e s  has f i v e  sec t i ons ,  and t h e  c e n t r o i d  s i t e  has 13 

sec t i ons ,  t o t a l i n g  193 t e s t  sec t i ons  f o r  any pavement t y p e  under 

study. To s tudy  e leven  f a c t o r s  i n  a  complete f a c t o r i a l  exper iment  

would r e q u i r e  over  2,000 t e s t  sec t ions .  The composi te exper iment  

des ign  i s  be1 i eved  t o  be near optimum f o r  na t i onw ide  c o o p e r a t i v e  

s t ud ies .  Any coope ra t i ng  s t a t e  m igh t  have two, f i v e ,  o r  more s e c t i o n s  



i n  t h e  o v e r a l l  p a t t e r n ,  p rov ided  t h a t  a p p r o p r i a t e  t e s t  s i t e  c o n d i t i o n s  

a r e  ava i  1  able.  

I n  some cases, ' t e s t  sec t i ons  r e p r e s e n t i n g  a  p a r t  o f  a  na t ionwide  

exper iment  des ign  m igh t  a l s o  be p a r t  o f  an i n d i v i d u a l  study. 

SELECTION OR CONSTRUCTION OF TEST SECTIONS 

A f t e r  an exper iment des ign has been developed f o r  s e l e c t e d  

f a c t o r s ,  s p e c i f i c a t i o n s  a re  needed f o r  a1 1 s t r u c t u r a l  , load,  and 

c l i m a t i c  o r  r e g i o n a l  v a r i a b l e s  n o t  covered by t h e  exper iment design. 

such s p e c i f i c a t i o n s  r e l a t e  t o  t e s t  s e c t i o n  dimensions, p r o v i s i o n  f o r  

d e s t r u c t i v e  t e s t i n g ,  ground r u l e s  f o r  t h e  immediate environment o f  

t e s t  sec t i ons ,  and va lues o r  p e r m i s s i b l e  v a r i a t i o n s  f o r  m a t e r i a l s  and 

c o n s t r u c t i o n  procedures. Many o f  these  i tems a r e  d iscussed i n  t h e  

g u i d e l i n e s ,  b u t  a l l  d e t a i l s  a re  l e f t  t o  t h e  sponsors o f  i n d i v i d u a l  o r  

na t i onw ide  sate1 1  i t e  p r o j e c t s .  

. P r e l i m i n a r y  da ta  on s e c t i o n s  se lec ted  f o r  e x i s t i n g  pavement 

s t u d i e s  may revea l  t h e  need f o r  r e v i s i o n s  i n  t h e  exper iment design. 

As a  genera l  r u l e ,  i t  i s  suggested t h a t  i f  s u i t a b l e  t e s t  sec t i ons ,  

i n c l u d i n g  s u f f i c i e n t l y  p r e c i s e  l oad  h i s t o r i e s ,  cannot be found f o r  a t  

l e a s t  90 pe rcen t  o f  t h e  planned exper iment des ign  c e l l s ,  then  t h e  

des ign  should be reduced th rough t h e  d e l e t i o n  o f  f a c t o r s  and f a c t o r  

l e v e l s .  It i s  impo r tan t  i n  e x i s t i n g  pavement s t u d i e s  t o  s e l e c t  

s e c t i o n s  i n  such a  way t h a t  v a r i a b l e s  o c c u r r i n g  i n  t h e  exper iment 

des i  gn a r e  n o t  c o r r e l a t e d  w i t h  o t h e r  v a r i a b l e s .  

NCHRP Repor ts  2 and 2 A  gave e x p l i c i t  g u i d e l i n e s  f o r  t h e  



o r g a n i z a t i o n  and conduct o f  a  na t ionwide  S a t e l l i t e  Study program. 

Near ly  two decades l a t e r ,  a s tudy was made o f  t h e  da ta  t h a t  a r e  

a v a i l a b l e  i n  t h e  va r i ous  S ta tes  as a  r e s u l t  o f  S a t e l l i t e  and 

env i ronmenta l  s t u d i e s  i n  NCHRP P r o j e c t  20-7, Task 17. The r e s u l t s  o f  

t h a t  s tudy  a r e  summarized below. 

STUDY OF DATA AVAILABLE FROM SATELLITE ROAD TESTS 

I n  1980, t h e  NCHRP c i r c u l a t e d  a  q u e s t i o n n a i r e  t o  a l l  50 S ta tes  t o  

assess t h e  q u a n t i t y ,  qua1 i t y ,  and a c c e s s i b i l i t y  o f  t h e  da ta  t h a t  a re  

a v a i l a b l e  f rom Sate1 1  it e  S tud ies  t h a t  were conducted by t h e  States.  A 

t o t a l  o f  47 S ta tes  r e p l i e d ,  The t o t a l  number o f  t e s t  sec t i ons  t h a t  

were found were 3167 f l e x i b l e  pavement and 1192 r i g i d  pavement t e s t  

sec t ions ,  d i s t r i b u t e d  as shown i n  f a b l e  15. 

A c a r e f u l  assessment o f  t h e  a v a i l a b l e  da ta  were made t o  determine 

t h e  l i k e l i h o o d  o f  be ing  ab le  t~ s u c c e s s f u l l y  develop a  des ign  equat ion  

f o r  a  pavement. The da ta  were c l a s s i f i e d  i n t o  f i v e  ca tego r i es :  

1. Design 

2 .  S o i l  Support  

3. Environment 

4. T r a f f i c  

5. Performance 

The 1  i s t  added " S o i l  Suppor t "  t o  t h e  f o u r  t h a t  were s p e c i f i e d  i n  NCHRP 

Repor t  2A. F i n d i n g  t h a t  i t was imposs ib l e  w i t h  t h e  a v a i l a b l e  da ta  t o  

c o n s t r u c t  a  "uni versa1 " pavement des ign equat ion  t h a t  would be 

a p p l i c a b l e  i n  a l l  c l i m a t i c  zones, t h e  s tudy broke pavements down i n t o  



TABLE 15. Number o f  Test Sec t ions  

S ta tes  Number o f  Tes t  Sec t ions  

Ar izona 

Cal i f o r n i a  

Colorado 

Connect icu t  

F l  o r i  da 

Georgia 

I l l i n o i s  

.Loui s i  ana 

M a i  ne 

Minnesota 

M issou r i  

Nebraska 

New Jersey  

New York 

Nor th  Carol  i na 

Pennsyl vani a 

Texas 

V i r g i n i a  

Washington 



$1 d i f f e r e n t  t ypes  and d i v i d e d  t h e  U n i t e d  S ta tes  i n t o  6  d i f f e r e n t  

c l i m a t i c  zones, g i v i n g  a  t o t a l  o f  66 p o s s i b l e  r e g i o n a l  pavement des ign 

equat ions  t h a t  cou ld  be developed. I n  o rde r  t o  qua1 i f y  as a  1  i k e l y  

equa t ion ,  between 30 and 50 separate pavement sec t i ons  were r e q u i r e d  

and h i g h  q u a l i t y  da ta  i n  each o f  t h e  f i v e  ca tego r i es  was necessary. 

I t  was found t h a t  a  t o t a l  o f  38 r e g i o n a l  pavement des ign  equat ions  

cou ld  very  l i k e l y  be assembled f rom t h e  a v a i l a b l e  data,  as shown i n  

Tab le  16. 

VERIFICATION OF FINDINGS OF THE STUDY OF AVAILABLE SATELLITE DATA 

The second phase o f  NCHRP Repor t  20-7, Task 17, a t tempted t o  

v e r i f y  t h e  conc l  us ions  reached i n  t h e  s tudy  o f  t h e  ques t i onna i res  i n  

t h e  f i r s t  phase o f  t h e  p r o j e c t  by pe r fo rm ing  a  p i l o t  study. Data from 

Minnesota and Texas were used t o  develop r e g i o n a l  over1 ay des ign  

equat ions.  Three l e v e l s  o f  des ign equat ions were i d e n t i f i e d  i n  t h e  

study, c h a r a c t e r i z e d  by i n c r e a s i n g  s i m i l a r i t y  t o  a  mechani s t i c  des ign  

equat ion,  which i s  t h e  t h i r d  l e v e l .  A Leve l  1 equa t i on  can be 

assembl ed w i t h  presumed, r a t h e r  than  measured, m a t e r i a l  p r o p e r t i e s .  A 

Level  2 equa t i on  makes use o f  measured m a t e r i a l  p r o p e r t i e s .  Leve l  1 

equat ions  were s u c c e s s f u l l y  developed f rom b o t h  t h e  Minnesota and 

Texas data,  w i t h  c o e f f i c i e n t s  o f  de te rm ina t i on  ( R ~ )around 0.20 t o  

0.60, which i s  about as good a f i t  as can be expected from a  Level  1 

equat ion.  An unusua l l y  success fu l  Level  2 o v e r l a y  des ign  equat ion  was 

developed from the  Texas da ta  w i t h  an R' o f  0.94. 

The second phase o f  t h e  s tudy showed t h a t  t h e  assessment t h a t  was 



TABLE Most L i k e l y  Regional  Equa t ions  

Pavement 
Type 

F l  e x i  b l  e 

1. 	Aspha l t  on 
f l e x i b l e  
base 

2 .  	Aspha l t  on 
s t a b i l i z e d  
base 

3. 	 Aspha l t  on 
b i tuminous  
base 

4. 	 F u l l  dep th  
a s p h a l t  

5. 	 Sur face  
t r e a t e d  
pavement 

6. 	 O v e r l a i d  
f l e x i b l e  
pavement 

R i g i d  

1. 	 Con t i n -
uous l  y 
r e i  n f o r c e d  
c o n c r e t e  

2. 	 J o i n t e d  
p l a i n  
c o n c r e t e  

3. 	 J o i n t e d  
r e i n f o r c e d  
c o n c r e t e  

Composit e  

1. 	 Aspha l t  
o v e r l a y s  
on j o i n t e d  
conc re te  

2. 	 Concrete  
over1 ays 
on j o i n t e d  
c o n c r e t e  

1 


Cal if o r n i a  
F l o r i d a  
Washington 

L o u i s i a n a  
Washington 

F l o r i d a  
Texas 

Texas 

Texas 
Washington 

Texas 

Washington 

Lou i  s i  ana 

C a l i f o r n i a  
Washington 

2 
C l i m a t i c  Regions 

3 4 5 6 

Cal i f o r n i a  
M i  s s o u r i  
Washington 

L o u i s i a n a  
Washington 

Minnesota 
M i ssou r i  
New York 

Cal i- Cal i f o r n i  a 
f o r n i a  Washington 

Washington 

Washinyton 

Washington 

M i s s o u r i  
Texas 

M i s s o u r i  Texas Texas 

Texas Texas Texas 

Texas 
Washington 

Texas Texas 
Washington 

Washinyton 

Texas Texas Texas 

Washington Washington Washi ny ton  

I 1  1 in o i  s 
L o u i s i a n a  

I l l i n o i s  

Cal i f o r n i a  
Washi ngton 

Gal i- Cal if o r n i a  
f o r n i a  Washington 

Washington 



made o f  t h e  da ta  t h a t  are a v a i l  a b l e  f rom t h e  S ta tes  i s  ve ry  l i k e l y  t o  

be accura te  a t  l e a s t  f o r  Leve l  1 pavement des ign equat ions.  I t  i s  

u n l i k e l y  t h a t  more than a  dozen Level  2 equa t ions  can be composed o f  

t h e  a v a i l a b l e  data. 

NUMBER OF PAVEMENT SECTIONS NEEDED FOR REGIONAL PAVEMENT DESIGN 

EQUATIONS 

Rather  than  a t t emp t i ng  t o  develop a  " u n i v e r s a l "  equa t ion  f o r  each 

o f  11 o r  12 types  o f  pavement t h a t  w i l l  be v a l i d  i n  a l l  c l i m a t i c  

areas, t h e  " r e g i o n a l "  approach was adopted. I n  t h i s  approach, i t i s  

necessary t o  i d e n t i f y  those  c l i m a t i c  areas which can be cons idered  

reasonably  homogeneous as f a r  as pavement performance i s  concerned, 

and a t tempt  t o  develop models us ing  o n l y  those  v a r i a b l e s  which vary  

s i g n i f i c a n t l y  w i t h i n  t h a t  reg ion.  It w i l l  be remembered t h a t  a 

procedure such as t h i s  was used a t  t h e  AASHO Road Tes t  t o  break i t  

down i n t o  sub-experiments w i t h  a reduced number o f  v a r i a b l e s .  W i th i n  

each area, a l l  o f  t h e  des ign f a c t o r s  n o t  i n c l u d e d  i n  t h e  b l o c k i n g  

scheme would be a1 lowed t o  change w i t h i n  reasonable ranges. Th i s  

proposed approach has t h e  a t t r a c t i v e  f e a t u r e  t h a t  i t  a l l ows  t h e  

development and implementat ion o f  a  f a c t o r i a l  des ign  w i t h  a  number o f  

exper imenta l  c o n d i t i o n s  t h a t  i s  f a r  l e s s  than t h a t  r e q u i r e d  by t h e  

"un i  ve rsa l  " equa t ion  approach. 

E s s e n t i a l l y ,  t h e  " r e g i o n a l "  approach i s  compu ta t i ona l l y  

e q u i v a l e n t  t o  t h e  "un i  ve rsa l  " approach. The conceptual  d i  f f e r e n c e  

l i e s  i n  t h e  f a c t  t h a t  i n  t h e  geographica l  approach severa l  reg ions  a re  



d e f i n e d  based on s o i l  suppor t  and c l i m a t i c  cond i t i ons .  W i th i n  each o f  

these  ( p o s s i b l y )  f i v e  o r  s i x  reg ions,  a f r a c t i o n a l  f a c t o r i a l  des ign 

w i t h  b l ocks  should be run  t o  es t ima te  t h e  main e f f e c t s  and 

i n t e r a c t i o n s .  

W i t h i n  a  , p a r t i c u l a r  r e g i o n  t h e  f o l l o w i n g  i s  a  l i k e l y  l i s t  o f  

f a c t o r s  t o  be i n v e s t i g a t e d :  

- Sur face  t h i ckness  

- Sur face  modulus 

- Base t h i ckness  

- T r a f f i c  i n t e n s i t y  

- T r a f f i c  d i s t r i b u t i o n  

- Dra inage 

- Geometry ( shou lde r ,  no shoulder ,  c r o s s - s l  ope) 

- Pavement t y p e  

As can be seen, t h e  r e d u c t i o n  i n  t h e  number o f  f a c t o r s  would be f rom 

(app rox ima te l y )  15  t o  ( app rox ima te l y )  8. S ince 28 designs a re  

e a s i e r  t o  handle than 215 designs,  t h e  computat ional  improvement . 

would be s i g n i f i c a n t .  able 17 summarizes a  comparison between t h e  

"un i  versa1 " and " r e g i o n a l  " approaches. 

The r e g i o n a l  iz a t ion o f  t h e  performance equat ion is very  

a t t r a c t i v e  f rom a  computa t iona l  p o i n t  o f  view. I n  p r a c t i c e ,  a  t r u e  

a t tempt  a t  o p t i m i z i n g  t h e  pavement exper imenta l  des ign  c o n d i t i o n s  i s  

p l a u s i b l e  by u s i n g  so-cal l e d  "Response Sur face  E x p l o r a t i o n  ." Th is  

approach c o n s i s t s  o f  s e q u e n t i a l l y  a d j u s t i n g  t h e  l e v e l s  o f  t h e  f a c t o r s  

u s i n g  a  "s teepes t  descent methodology," which has t h e  purpose o f  

m i n i m i z i n g  t h e  squared e r r o r  between observed and p r e d i c t e d  



TABLE 17. Number o f  Sec t ions  Requi red f o r  Un i ve rsa l  and 

Regional  Design Equat ions 


Uni versa1 Regional  

Fac to rs ,  n  15 8 

Exper imenta l  Cond i t ions ,  F u l l ,  zn  32768 256 

Recommended F r a c t i o n  11128 118 

Exper imenta l  Cond i t i ons  F r a c t i o n a l  , 2"p 256 32 

Recommended Number o f  B locks  8 4 (*)  

Exper imenta l  Cond i t i ons  pe r  B lock 3  2  8 

*As an example 



performance o f  pavements. The ad justments  a re  based on r e s u l t s  f rom 

t h e  runs of a  zn-p f r a c t i o n a l  f a c t o r i a l  design. I n  t h e  

neighborhood o f  t h e  optimum, 3 - l eve l  designs a re  used i n s t e a d  o f  

2 - l e v e l  des igns i n  o rde r  t o  i n v e s t i g a t e  t h e  c u r v a t u r e  o f  t h e  

performance f u n c t i o n .  

As a r e s u l t  o f  t hese  c o n s i d e r a t i o n s  o f  t h e  des ign  o f  exper iments  

and o f  t h e  d i s t r i b u t i o n  o f  good da ta  w i t h i n  t h e  U n i t e d  S ta tes ,  i t  

appears t o  be more f e a s i b l e  t o  c o n s t r u c t  r eg iona l  equa t ions  f o r  each 

ma jo r  pavement t y p e  than  t o  t r y  t o  mod i fy  o r  r e v i s e  s i n g l e  equa t ions  

f o r  f l e x i b l e  and r i g i d  pavements t o  t a k e  i n t o  account a l l  o f  t h e  

p o s s i b l e  v a r i a b l e s .  I n  a d d i t i o n ,  t h e  reg iona l  equa t ions  f o r  each 

pavement t ype  a re  more l i k e l y  t o  be re1 i a b l e  rep resen ta t i ons  o f  

pavement performance t han  a s i n g l e  u n i v e r s a l  equat ion.  

FACTORS AFFECTING THE QUALITY OF AVAILABLE DATA 

The qua1 i t y  o f  t h e  a v a i l a b l e  da ta  w i l l  be a f f e c t e d  by two ma jo r  

f a c t o r s :  (1) t h e  a c c e s s i b i l i t y  o f  t h e  da ta  and ( 2 )  t h e  l a c k  o f  an 

exper imenta l  des ign  as a b a s i s  f o r  s e l e c t i n g  t h e  pavement sec t i ons .  

The a c c e s s i b i l i t y  o f  t h e  da ta  i n c l u d e s  t h e  way i n  which t hey  a re  

s t o r e d  as w e l l  as t h e  f a m i l i a r i t y  o f  t h e  personnel o f  t h e  S t a t e  agency 

w i t h  these  data.  For  example, i t  was found t h a t  Minnesota, which 

r e p o r t e d  t h a t  i t s  pavement da ta  f i l e s  a re  manual and decen t ra l i zed ,  

had e x c e l l e n t  da ta  which were very  access ib l e  because o f  t h e  

f a m i l i a r i t y  t h e  S t a t e ' s  personnel had w i t h  t h e  data.  I n  such a S ta te ,  

i t  i s  p o s s i b l e  t o  c o n s t r u c t  a  reasonably  we1 1 represen ted  exper imenta l  



des ign  f rom t h e  a v a i l a b l e  da ta  w i t h  t h e  ass i s tance  o f  t h e  S t a t e ' s  

personnel i n  t h e  s e l e c t i o n  process. 

An exper imenta l  des ign o f  t h e  da ta  c o l l e c t e d  i s  impo r tan t  

p r i m a r i l y  as a  f a c t o r  t o  reduce b i a s  i n  t h e  data.  It i s  t o  be 

expected t h a t  t h e  pavement sec t i ons  on which da ta  have been kep t  were 

normal l y  n o t  b u i  1  t w i t h  t h e  c a r e f u l  c o n s t r u c t i o n  c o n t r o l  exerc ised  a t  

t h e  AASHO Road Tes t  so t h a t  a l a r g e r  degree o f  s c a t t e r  o f  t h e  da ta  

p o i n t s  may be expected. Est imates o f  t h e  s i zes  and d i s t r i b u t i o n  o f  

e r r o r  sources i n  t h e  da ta  may be made w i t h  an a n a l y s i s  o f  va r i ance  i f  

t h e  da ta  a r e  gathered accord ing  t o  an exper imenta l  des ign  and as such, 

i t  i s  v a l u a b l e  i n fo rma t i on .  However, even i f  pavement sec t i ons  a re  

n o t  ava i  l a b l e  which f i t  i n t o  a  predetermined exper imenta l  design, 

performance and d i s t r e s s  equa t ions  can s t i l l  be found. These 

equat ions  should be used w i t h  t he  unders tand ing  t h a t  t h e r e  may be b i a s  

i n  t h e  da ta  and thus  i n  t h e  p r e d i c t e d  r e s u l t s .  

REQUIRED NUMBER OF PAVEMENT TEST SECTIONS 

Tak ing  32 pavement sec t i ons  as a  minimum number o f  sec t i ons  t h a t  

a r e  r e q u i r e d  t o  develop an equat ion,  and approx imate ly  60 d i f f e r e n t  

r eg iona l  pavement des ign equat ions t o  be developed, a  minimum number 

o f  pavement sec t i ons  t h a t  a re  requ i red  i s  1920. Tak ing 50 pavement 

sec t i ons  as an upper l i m i t ,  t h e  number o f  r e q u i r e d  pavement sec t i ons  

i s  around 3000. The t ype  o f  da ta  t h a t  should be c o l l e c t e d  on these 

sec t i ons  should be s u f f i c i e n t  t o  develop Level  2 equat ions.  I n  o rde r  

t o  see t h e  q u a n t i t y  and t ype  o f  da ta  t h a t  a re  needed t o  c o n s t r u c t  
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re1 i a b l e  des ign equat ions,  as w e l l  as t h e  k i n d  o f  d e t a i l  t h a t  i s  

necessary f o r  t h i s  purpose, i t  i s  wo r thwh i l e  t o  cons ider  t h e  

Concrete Pavement E v a l u a t i o n  System (COPES), which was 

developed on NCHRP P r o j e c t  1-19 by t h e  U n i v e r s i t y  o f  I l l i n o i s .  



CHAPTER 6 

CONCRETE PAVEMENT EVALUATION SYSTEM (COPES) 

COPES i n c l u d e s  j o i n t e d  p l a i n ,  j o i n t e d  r e i n f o r c e d ,  and 

c o n t i n u o u s l y  r e i n f o r c e d  conc re te  pavements. The COPES da ta  bank 

p rov i des  e x t e n s i v e  i n f o r m a t i o n  f o r  t h e  development o f  p r e d i c t i v e  

models t h a t  can be used f o r  pavement management purposes, i n c l u d i n g  

p r e d i c t i o n  o f  rema in ing  li f e  and f u t u r e  rehab i  1  it a t i o n  needs. 

The system c o n s i s t s  o f  t h r e e  major  components: d a t a  c o l l e c t i o n ,  

s t o rage  and r e t r i e v a l ,  and eva lua t i on .  These t h r e e  components and 

severa l  uses o f  t h e  da ta  a re  i l l u s t r a t e d  i n  F i g u r e  9. Both h i s t o r i c a l  

and f i e l d  da ta  a r e  ob ta i ned  f o r  each pavement s e c t i o n  i n c l u d e d  i n  

COPES. The da ta  p rocess ing  i s  computer ized f o r  maximum e f f i c i e n c y .  

The user  can r e t r i e v e  pavement i n f o r m a t i o n  and pe r f o rm  many analyses 

and e v a l u a t i o n s  o f  t h e  da ta  almost i n s t a n t a n e o u s l y  u s i n g  a remote 

computer t e r m i n a l  . 
The sample o f  da ta  i n c l u d e d  i n  t h e  COPES da ta  bank (1297 m i l e s )  

represen ts  approx imate ly  6 percen t  o f  t h e  t o t a l  m i leage  o f  t h e  

I n t e r s t a t e  conc re te  pavement network. 

S t a t e  l e v e l  demonst ra t ions o f  COPES have been conducted i n  s i x  

s t a t e s :  I l l i n o i s ,  Georgia,  Utah, Minnesota, Lou i s i ana ,  and 

C a l i f o r n i a .  A number o f  demons t ra t ion  analyses and e v a l u a t i o n s  were 

made i n  these  S t a t e s  i n c l u d i n g  t h e  f o l l o w i n g :  

- Network i n v e n t o r y  da ta  summary 

- Network c o n d i t i o n  da ta  summary 

- P r e d i c t i o n  o f  f u t u r e  pavement d e t e r i o r a t i o n  ( c r a c k i n g ,  j o i n t  



DATA COLLECTION DATA BANK 

&Project Survey Data @Storage 

Distress 
@Retrieval 

USES OF SYSTEM 
Other 

GHistorical Data 

Location 

EVALIJATION 

eClverall Data 
Sutnmaries 

@Resign 
Improvement 

Design 

Materials 

@Distress Prediction 
& Causation 

@Construction 
81 Materials 
lmprbvements 

Climate *Maintenance 
lm provernents 

Traffic 
6Rehabilitation 
Priority & Design 

@Rehabilitation Needs 

F i g u r e  9. Concre te  Pavement E v a l u a t i o n  System - COPES 



d e t e r i o r a t i o n ,  f a u l t i n g ,  PSR, pumping) 

- Design e v a l u a t i o n  and improvements 

- C o n s t r u c t i o n  and ma te r i  a1 s  eva l  u a t i o n  

- Maintenance eva l  u a t i  on 

- De te rm ina t i on  o f  causes o f  pavement d e t e r i o r a t i o n  

- De te rm ina t i on  o f  r e h a b i l i t a t i o n  needs 

- De te rm ina t i on  o f  research  needs and s p e c i a l  s t u d i e s  

COPES r e l i e s  h e a v i l y  on t h e  use o f  e x i s t i n g  pavement d i s t r e s s  t o  

conduct  t h e  many analyses and e v a l u a t i o n s  subsequent ly  descr ibed.  

Because o f  t h i s ,  a  comprehensive d i s t r e s s  i d e n t i f i c a t i o n  manual was 

developed t o  p r o v i d e  f o r  s t anda rd i zed  u n i f o r m  da ta  c o l l e c t i o n .  The 

manual desc r i bes  each d i s t r e s s  type,  what causes it, and how t o  

measure i t ;  d e f i n e s  l e v e l s  o f  s e v e r i t y ;  and p rov i des  photographs o f  

many t y p i c a l  d i s t r e s s e s .  The manual l i s t s  approx imate ly  17 t ypes  o f  

d i s t r e s s  f o r  f l e x i b l e ,  j o i n t e d  conc re te  pavement, and c o n t i n u o u s l y  

r e i  n f o r ced  concre te  pavement. 

COPES o r  i t s  va r i ous  components a re  a1 ready be ing  used by severa l  

agencies. The D i s t r e s s  I d e n t i f i c a t i o n  Manual i s  be ing  used by severa l  

s t a tes ,  and two s t a t e s  (Minnesota and V i r g i n i a )  a r e  implement ing COPES 

p r e s e n t l y .  The da ta  c o l l e c t i o n  forms and procedures developed f o r  

COPES were used as t h e  p a t t e r n  f o r  t h e  da ta  c o l l e c t i o n  gu ides f o r  t h e  

ongoing FHWA Long Term M o n i t o r i n g  P i l o t  Program. One s t a t e  has a l s o  

extended COPES t o  i n c l  ude a s p h a l t  pavements ( I 1  1  in o i  s )  . 
I n  summary, t h e  development and f i e l d  demons t ra t ion  o f  COPES show 

t h a t  s t a t e  and n a t i o n a l  pavement m o n i t o r i n g  e f f o r t s  can produce 

r e s u l t s  t h a t  can be used t o  g rea t  advantage by AASHTO, t h e  FHWA, and 



i n d i v i d u a l  s t a t e s  i n v o l v e d  i n  deve lop ing  improved management, design, 

c o n s t r u c t i o n  and maintenance procedures f o r  concre te  pavements. 

I n  t h e  f o l l o w i n g ,  a  b r i e f  d e s c r i p t i o n  w i l l  be g iven  o f  each o f  

t h e  t h r e e  elements o f  COPES: da ta  c o l l e c t i o n ,  s to rage  and r e t r i e v a l ,  

and e v a l u a t i o n  and use. 

DATA COLLECTION 

The conc re te  pavement network i s  d i v i d e d  i n t o  "un i f o rm  

sect ions."  A u n i f o r m  s e c t i o n  has u n i f o r m  c h a r a c t e r i s t i c s  a long i t s  

l e n g t h  i n c l  ud ing  s t r u c t u r a l  design, j o i n t  des ign  and spacing, 

re in fo rcement ,  t r u c k  t r a f f i c ,  subgrade c o n d i t i o n s ,  d i s t r e s s ,  e t c .  

Un i f o rm  sec t i ons  a re  f r e q u e n t l y  de f i ned  by o r i g i n a l  c o n s t r u c t i o n  

s e c t i o n  boundaries.  

The number o f  u n i f o r m  sec t i ons  f rom which da ta  are c o l l e c t e d  

depends upon t h e  purpose o f  t h e  pavement eva lua t i on .  I f  t h e  data i n  

COPES i s  t o  be used f o r  network l e v e l  pavement management programming, 

then  a l l  s e c t i o n s  on a  g i ven  highway system should be inc luded.  The 

COPES da ta  can then  be u t i l i z e d  t o  p r i o r i t i z e  p r o j e c t s  f o r  maintenance 

o r  r e h a b i l i t a t i o n  and t o  develop r e h a b i l i t a t i o n  s t r a t e g i e s .  

I f  COPES i s  t o  be u t i l i z e d  b a s i c a l l y  f o r  research purposes (e.g., 

des ign  eva lua t i on ,  e tc . )  then  o n l y  a "sample" o f  t h e  e n t i r e  network i s  

requ i red .  The u n i f o r m  s e c t i o n s  must be s t r a t i f i e d  i n t o  groups based 

upon s i m i l a r  c l ima te ,  design, and any o t h e r  major  f a c t o r s  t h a t  a re  

b e l i e v e d  t o  i n f l u e n c e  performance. A sample o f  sec t i ons  can then be 

se lec ted  f rom each o f  these s t r a t i f i e d  groups. Because o f  t h e  h i g h l y  



v a r i a b l e  performance o f  pavements, a t  l e ' as t  20 sec t i ons  o f  a  g i ven  

pavement t ype  should  be se lec ted  f rom each c l i m a t i c  zone t o  p r o v i d e  a  

da ta  base ,capab le  o f  adequate ly  assess ing c l i m a t i c  e f f e c t s .  For  

na t ionw ide  eva lua t i ons ,  da ta  f o r  each pavement t y p e  and des ign  w i l l  be 

r e q u i r e d  f rom each broad c l i m a t i c  zone. Pavements o f  s i m i l a r  des ign 

b u i 1t on s im i  1  a r  subgrades should  g e n e r a l l y  g i v e  s im i  1  a r  performance 

i n  each o f  these  zones. 

The c o l l e c t i o n  o f  h i s t o r i c a l  ( des i gn )  and f i e l d  da ta  i s  next.  

The h i s t o r i c a l  o r  i n v e n t o r y  da ta  can i n e l  ude over  325 v a r i a b l e s  

c o v e r i n g  p r o j e c t  i d e n t i f i c a t i o n ,  l o c a t i o n ,  env i  ronment, s t r u c t u r a l  

design, j o i n t  design, r e i n f o r c i n g  s t e e l ,  conc re te  m i x  des i  gn and 

p r o p e r t i e s ,  base and subgrade p r o p e r t i e s ,  shou lder  des ign, 'dra inage,  

p rev i ous  t r a f f i c ,  and p rev ious  maintenance and r e h a b i l i t a t i o n  

a c t i v i t i e s .  The h i s t o r i c a l  da ta  a re  recorded on 13 da ta  c o l l e c t i o n  

sheets t h a t  a re  designed t o  f a c i l i t a t e  d i r e c t  da ta  e n t r y  onto computer 

ca rds  o r  o t h e r  i n p u t  media. The h i s t o r i c a l  da ta  can no rma l l y  be 

ob ta ined  d i  r e c t l y  f rom S t a t e  Department o f  T ranspo r t a t  i o n  as-bu i  1  t 

c o n s t r u c t i o n  p lans,  standards,  s p e c i f i c a t i o n s ,  c o n s t r u c t i o n  and 

m a t e r i a l s  r epo r t s ,  t r a f f i c  s t ud ies ,  W-4 t a b l e s ,  c l i m a t i c  records,  and 

o t h e r  sources . 
The f i e l d  da ta  c o l l e c t i o n  procedures desc r i be  how t o  o b t a i n  a l l  

needed da ta  f rom a  g i ven  highway c o n s t r u c t i o n  p r o j e c t  d u r i n g  a  s i n g l e  

v i s i t  t o  t h e  p r o j e c t .  These procedures a re  o u t l i n e d  below: 

1. 	 A t r a i n e d  two- to - th ree  person survey crew makes one pass 

ove r  each l ane  o f  t h e  e n t i r e  p r o j e c t  a t  t h e  posted speed 

l i m i t  i n  a  mid- t o  f u l l - s i z e d  automobi le.  Present  



s e r v i c e a b i  1  it y  r a t i n g s  and c e r t a i n  d i s t r e s s  types  a re  

recorded a t  t h i s  t ime. 

2. The automobi le  i s  then d r i v e n  s l o w l y  (10-15 mph) a long  t h e  

o u t s i d e  shou lder  o f  t h e  e n t i r e  p r o j e c t  t o  a l l o w  t h e  

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

3. The survey team stops once w i t h i n  each m i l e  (1.6 km) and 

conducts  a  d e t a i l e d  survey o f  a  randomly se lec ted  0.1 m i l e  

(0.16 km) sample u n i t .  

T h i s  survey procedure p rov ides  f o r  t h e  e f f i c i e n t  c o l l  e c t  i o n  o f  

a l l  e x i s t i n g  d i s t r e s s  da ta  on 7 f i e l d  da ta  c o l l e c t i o n  sheets. No 

expensive equipment i s  needed t o  conduct t h e  f i e l d  survey. Only i tems 

such as a hand-held odometer, measuring tape, s c a l e  o r  pocket  r u l e r ,  . . 

and f a u l t m e t e r  a re  requ i  red. 

F i e l d  da ta  c o l l e c t i o n  t imes  a re  h i g h l y  dependent on t h e  amount o f  

d i s t r e s s  p resen t  and t h e  volume and c h a r a c t e r i s t i c s  o f  t r a f f i c  

present .  The f o l l o w i n g  survey t i m e  es t imates  f o r  two lane-mi les  show 

t h a t  t h e  f i e l d  da ta  can be c o l l e c t e d  q u i c k l y  by a  t r a i n e d  survey team: 

Good Pavement C o n d i t i o n  - Rura l  (10-15 min.), Urban (15-25 min.) 

F a i r  Pavement C o n d i t i o n  - Rura l  (15-25 min.), Urban (25-35 min.) 

Poor Pavement C o n d i t i o n  - Rura l  (25-45 rnin.), Urban (35-50 min.) 

COPES was designed t o  be ab le  t o  accommodate t h e  many un ique 

pavement des igns,  m a t e r i  a1 p r o p e r t i e s ,  c o n s t r u c t i o n  'procedures,  

d i s t r e s s  types, e t c .  t h a t  m igh t  be encountered i n  na t ionwide  uses. 

Cons iderab le  da ta  c o l l e c t i o n  and s to rage  sav ings can be r e a l i z e d  by 

e l i m i n a t i n g  t h e  c o l l e c t i o n  o f  any v a r i a b l e s  t h a t  a re  o f  cons tan t  va lue  

o r  o f  l i t t l e  use t o  t he  user-agency. 
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* a 

DATA STORAGE AND RETRIEVAL 

Large  amounts of da ta  must be c o l l e c t e d  and processed by COPES 

f o r  a  t y p i c a l  s t a t e  highway network,  and e s p e c i a l l y  f o r  na t i onw ide  o r  

r e g i o n a l  e v a l u a t i o n s  over  many s ta tes .  Thus, t h e  use o f  au tomat i c  

da ta  p rocess ing  (ADP)  i s  e s s e n t i a l  f o r  success fu l  system ope ra t i on .  

The da ta  management system used i n  COPES i s  t h e  -S c i e n t i f i c  

-I n f o r m a t i o n  R e t r i e v a l  ( o r  SIR). - SIR i s  a  d a t a  base management 

system w i t h  t h e  f o l l o w i n g  ma jo r  capabi l i t i e s :  

1. 	 e f f i c i e n t  s torage,  r e t r i e v a l ,  and manipu l  a t  i o n  o f  1arge 

amounts o f  da ta  ( i n p u t ,  m o d i f i c a t i o n s ,  d e l e t i o n s ,  and o t h e r  

means o f  c o n t r o l  1  i n g  t h e  da ta  bank c o n t e n t s )  ; 

2. 	 s imp le  and complex da ta  r e t r i e v a l s  i n  a  s t r a i g h t - f o r w a r d  

manner; 

3 .  	 r epo r t - gene ra t  ing procedures f o r  t h e  p r o d u c t i o n  o f  simp1 e  o r  

complex r epo r t s ;  

4. 	 d i r e c t  i n t e r f a c e  w i t h  o t h e r  computer programs t o  pe r f o rm  

s t a t i s t i c a l  and o t h e r  analyses on t h e  data;  and 

5. many o t h e r  c a p a b i l i t i e s .  

The s t a t i s t i c a l  ana lyses o f  t h e  da ta  can be performed u s i n g  t h e  SPSS 

( S t a t i s t i c a l  Package f o r  t h e  S o c i a l  Sc iences)  o r  t h e  Bio-Med Computer 

Package, P-Ser ies  (BMDP). These a re  w i d e l y  used s t a t i s t i c a l  systems. 

Data r e t r i e v a l  and analyses a re  e a s i l y  accompl i shed  u s i n g  SIR i n  

e i t h e r  ba t ch  mode o r  i n t e r a c t i v e  mode f rom a  remote computer t e r m i n a l .  

The t e r m i n a l  can be l o c a t e d  i n  t h e  u s e r ' s  o f f i c e  and connected t o  t h e  

computer by means o f  te lephone  l i n e s .  Th i s  a l l ows  t h e  use r  t o  i n p u t  



and execute a  s e t  o f  S I R  'commands, r e t r i e v e  da ta  f i l e s  i n  any d e s i r e d  

format ,  and conduct many k i n d s  o f  analyses o f  t h e  data,  w i t h o u t  

l e a v i n g  t h e  o f f i c e ,  

It should be noted t h a t  t h e  da ta  c o l l e c t e d  on t h e  h i s t o r i c a l  and 

f i e l d  da ta  c o l l e c t i o n  sheets  can be en te red  i n t o  o t h e r  computer ized 

da ta  management and s t a t i s t i c a l  a n a l y s i s  systems (egg., SPSS, SAS, 

BMDP, etc.) .  I f  t h e  se lec ted  systems do no t  have t h e  c a p a b i l i t i e s  o f  

SIR, some d i f f i c u l t i e s  m igh t  be expected because o f  t h e  l a r g e  s i z e  o f  

t h e  da ta  base, and t h e  cos t  o f  da ta  s torage,  r e t r i e v a l ,  and a n a l y s i s  

may be g rea te r .  However, COPES can be used even i f  t h e  S I R  system i s  

n o t  ava i  1  able.  

The da ta  p rocess ing  procedure used i n  COPES i s  as f o l l ows .  The 

f i r s t  s e t  o f  f i e l d  and i n v e n t o r y  raw da ta  are c o l l e c t e d  us ing  s tandard 

da ta  c o l l e c t i o n  sheets t h a t  a re  then  s to red  i n  a  manual f i l i n g  system. 

The raw da ta  a re  then  e x t r a c t e d  from these sheets and keypunched 

d i r e c t l y  onto computer ca rds  o r  o t h e r  i n p u t  media f o r  automat ic  da ta  

process ing.  The cards a re  read i n t o  a  d i g i t a l  computer and t h e  da ta  

a r e  en te red  i n t o  t h e  S I R  d a t a  base. A t  t h i s  p o i n t ,  t h e  raw da ta  a re  

ed i t ed ,  cleaned, etc., t o  p repare  them f o r  ana l ys i s .  The da ta  may 

then  be r e t r i e v e d  and analyzed u s i n g  t h e  many statistical procedures 

con ta ined  i n  t h e  SPSS o r  BMDP. The r e s u l t i n g  summary t ab les ,  r epo r t s ,  

p r e d i c t i v e  equat ions,  p l o t s ,  etc., may then  be eva lua ted  t o  produce 

recommendations f o r  design, cons t ruc t i on ,  and m a t e r i a l s  improvements. 

A d d i t i o n a l  da ta  a re  c o l l e c t e d  a t  p e r i o d i c  i n t e r v a l s  (e.g., a t  1, 

2, o r  3 y e a r  i n t e r v a l s ) .  These da ta  are i n p u t  i n  t h e  same way as t h e  

i n i t i a l  da ta  and a re  s imp ly  added t o  t he  e x i s t i n g  da ta  base. Both t h e  



manual s t o rage  f i l e s  and t h e  computer ized S I R  d a t a  bank a r e  e a s i l y  

updated w i t h  new data. Data analyses can then  be repeated, making 

t i m e  sequence analyses poss ib l e ,  s i nce  c o n d i t i o n  da ta  a re  a v a i l a b l e  a t  

more than  one p o i n t  i n  t ime.  

The development o f  automated r e p o r t s  i s  des i  r a b l e  f o r  s p e c i f i c  

agency uses. The S I R  da ta  base management system p rov ides  t h e  user-

agency w i t h  f l e x i b l e  r e p o r t  gene ra t i on  f a c i  1i t i e s .  

DATA ANALYSIS AND EVALUATION 

The i n f o r m a t i o n  con ta ined  i n  t h e  COPES d a t a  bank can be analyzed 

i n  many ways. Examples o f  these  a re  g i ven  below. 

1. Network I n v e n t o r y  Data Summary. Network i n v e n t o r y  

i n f o r m a t i o n  addresses t h e  need t o  know t h e  e x t e n t  and des ign  o f  

pavement f a c i l i t i e s .  Ove ra l l  summaries o f  pavement age, s lab /base  

design, subgrade s o i l  types,  c l ima te /d ra inage  c h a r a c t e r i s t i c s ,  t r a f f i c  

v o l  umes, and 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 i n y s  (ESUL) can be 

developed. T h i s  i n f o r m a t i o n  can be s o r t e d  and summarized by highway 

d i s t r i c t ,  highway rou te ,  county, and pavement ' type. 

2. Pavement C o n d i t i o n  Summary-. B r i e f  o r  comprehensive 

summaries o f  an agency's pavement c o n d i t i o n  can be generated. These 

can be s o r t e d  s ta tew ide  by d i s t r i c t ,  county,  rou te ,  e tc .  A complete 

summary o f  pavement c o n d i t i o n  i nc l udes  d i s t r e s s ,  roughness, and PSI? o r  

P S I .  

3. Fu tu re  Pavement C o n d i t i o n  P r e d i c t i o n .  Regress ion models 

can be developed u s i n g  t h e  da ta  c o l  l e c t e d  t o  p r e d i c t  s l a b  c rack ing ,  



pumping, j o i n t  d e t e r i o r a t i o n ,  j o i n t  f a u l t i n g ,  and PSR. These models 

can be used f o r  p r e d i c t i n g  remain ing 1 i f e ,  s e l e c t i n g  r e h a b i l i t a t i o n  

s t r a t e g i e s ,  and de te rm in ing  causes o f  pavement d e t e r i o r a t i o n .  

Regress ion models were developed f o r  PSR and f o r  t h e  f o u r  ma jo r  

t ypes  o f  d i s t r e s s  i d e n t i f i e d  f o r  e i t h e r  JRCP o r  JPCP i n  each o f  t h e  

s i x  demons t ra t ion  s t a t e s  ( 5  x 6 = 30 models). Regression models were 

a l s o  developed f o r  t h e  n a t i o n a l  da ta  base f o r  each o f  these d i s t r e s s  

types  and PSR f o r  JRCP and f o r  JPCP ( 5  x 2 = 10 models). These models 

p r o v i d e  a va l  uab le  source o f  i n f o r m a t i o n  f o r  de te rm in ing  which 

v a r i a b l e s  a f f e c t  s e r v i c e a b i  1 i t y  and d i s t r e s s  occurrence t h e  most. 

4. Design E v a l u a t i o n  and Improvements. The COPES da ta  

p rov ides  an e x c e l l e n t  source o f  i n f o r m a t i o n  t o  c o n t i n u a l l y  mon i t o r  t h e  

performance o f  pas t  designs. The adequacy o f  t h e  des ign  procedures 

can be eva lua ted  by comparing f i e l d  performance w i t h  p r e d i c t e d  

performance. The demonstrat ions i n  s i x  s t a t e s  and t h e  n a t i o n a l  

demons t ra t ion  showed t h a t  i t  i s  p o s s i b l e  t o  develop many 

recommendations t o  improve pavement des ign,  c o n s t r u c t i o n  and 

maintenance p r a c t i c e s .  

5. C o n s t r u c t i o n  and Ma te r i  a1 s Eva lua t ion .  The d e t a i  1 ed 

i n f o r m a t i o n  i n  COPES p rov ides  i n f o r m a t i o n  t o  determine i f  c o n s t r u c t i o n  

procedures o r  m a t e r i a l s  used a re  c o n t r i b u t i n g  t o  pavement 

d e t e r i o r a t i o n .  For  example, i n  t h e  demonstrat ion p r o j e c t ,  inadequate 

o r  improper  sawing o f  j o i n t s  was observed i n  t h r e e  o f  t h e  

p a r t i c i p a t i n g  s ta tes .  Th i s  r e s u l t e d  i n  cons ide rab le  random s l a b  

c r a c k i n g  and can be expected t o  s i g n i f i c a n t l y  reduce pavement l i f e .  

6. Maintenance Eva lua t ion .  Several  aspects o f  pavement 



maintenance and rehabi  1  i t a t i o n  can be evaluated,  i n c l u d i n g  f u l l  depth 

pa tch ing ,  j o i n t  sea l ing ,  subdrainage, etc.  For  example, i t  was found 

t h a t  t h e  e x t e n t  o f  j o i n t  d e t e r i o r a t i o n  f o r  e f f e c t i v e l y  sealed j o i n t s  

was 2 t o  3 t imes  l e s s  than  t h a t  f o r  j o i n t s  t h a t  were p o o r l y  sealed and 

con ta ined  incompress ib les.  

7. R e h a b i l i t a t i o n  Needs.' The da ta  i n  COPES p rov ides  an 

excel  l e n t  source o f  i n f o r m a t i o n  t o  a s s i s t  i n  de te rm in ing  

r e h a b i l i t a t i o n  needs f o r  i n d i v i d u a l  p r o j e c t s ,  and f o r  de te rm in ing  

general  r e h a b i l i t a t i o n  s t r a t e g i e s  f o r  an o v e r a l l  network o f  pavement 

sec t i ons  . 
8. Research Needs and Spec ia l  Stud ies.  COPES p rov ides  an 

excel  1  e n t  source o f  d i s t r e s s  da ta  f o r  determi  n i  ng research needs. For  

example, i f  t h e  da ta  shows t h a t  j o i n t  d e t e r i o r a t i o n  i s  excess ive,  

research s t u d i e s  cou ld  be i n i t i a t e d  t o  develop improved j o i n t  spacing, 

l o a d  t r a n s f e r  methods, j o i n t  sealants ,  and fo rming  methods, e tc .  

COPES can a l s o  be a va luab le  t o o l  i n  conduc t ing  a number o f  

spec ia l  s t ud ies .  For  example, f i e l d  da ta  c o l l e c t e d  i n  t h e  s i x  

p a r t i c i p a n t  s t a t e s  were used t o  develop reg ress ion  models t o  es t ima te  

t h e  l ane  d i s t r i b u t i o n  o f  t r ucks .  Truck counts (129 i n  s i x  s t a t e s )  

were made i n  each l ane  o f  c o n t r o l l e d  access highway w i t h  two t o  f i v e  

lanes  i n  each d i r e c t i o n .  Regression a n a l y s i s  o f  t h e  da ta  p rov ided  two 

models f o r  e s t i m a t i n g  t h e  percentage o f  t r u c k s  d r i v i n g  i n  t h e  

d i f f e r e n t  lanes.  The o n l y  s i g n i f i c a n t  v a r i a b l e s  i n  these models a re  

one-way ADT and t h e  number o f  lanes i n  t h e  d i r e c t i o n  o f  t r a v e l .  



SUMMARY OF COPES POTENTIAL FOR PAVEMENT MANAGEMENT 

The exper ience  w i t h  COPES thus  f a r  s t r o n g l y  suppor ts  t h e  need f o r  

l ong - t e rm  mon i t o r i ng .  Va luab le  i n f o r m a t i o n  can be ob ta i ned  th rough  

t h e  e v a l u a t i o n  o f  i n - s e r v i c e  conc re te  pavements t o  improve design, 

c o n s t r u c t i o n ,  m a t e r i  a1 qua1 ity, and maintenance procedures.  The 

i n f o r m a t i o n  i s  a l s o  ve ry  u s e f u l  i n  pavement management f o r  de te rm in i ng  

t h e  c o n d i t i o n  o f  an o v e r a l l  pavement network and i t s  e x i s t i n g  and 

f u t u r e  r e h a b i l  i t a t i o n  needs. 

A summary o f  e x p e c t a t i o n s  o f  how COPES w i l l  be u t i  1  i z e d  by t h e  

Minnesota DOT i s  as f o l l o w s :  

"Minnesota c o n s t a n t l y  needs answers t o  ques t i ons  r ega rd i ng  
t h e  performance o f  t h e i r  pavements. It i s  d i f f i c u l t  t o  t e l l  i n  
advance what ques t ions ,  t o  what d e t a i l ,  and what t h e  f a r  reach ing  
imp1 i c a t i o n s  m igh t  be. 

"Cons ide r i ng  t h e  c o s t  o f  ou r  e x i s t i n g  c a p i t a l  investment ,  
t h e  r a t e  a t  which i t  i s  wear ing  out ,  and t h e  even h i g h e r  c o s t s  o f  
ma jo r  rehab i 1i t a t i o n  o r  removal and rep1 acement, we s imp l y  cannot  
a f f o r d  t o  repea t  des ign  and c o n s t r u c t i o n  techn iques  which w i  11 
r e s u l t  i n  below optimum performance. 

"Therefore,  we b e l i e v e  t h a t  COPES, w i t h  i t s  v a s t  amount o f  
d e t a i l e d  i n f o r m a t i o n ,  coupled w i t h  SIR as a  h i g h l y  e f f i c i e n t  da ta  
base manager and s u i t a b l e  s t a t i s t i c a l  packages, w i l l  t h rough  
s imp le  and m u l t i p l e  r eg ress i on  a n a l y s i s  enable  us t o  r a p i d l y :  

1. 	 e v a l u a t e  p a s t  pavement des igns  i n  d e t a i l  ; 
2. 	 eva l  ua te  p a s t  c o n s t r u c t i o n  p r a c t i c e s ;  
3. 	 e v a l u a t e  t h e  e f f e c t s  o f  t r a f f i c  on these  pavements; 
4. 	 make p r e d i c t i o n s  o f  rema in ing  pavement l i f e  i n  e x i s t i n g  

pavements; 
5. 	 i n d i c a t e  t h e  v a l u e o f  t i m e l y  and a p p r o p r i a t e  

r e h a b i l i t a t i o n  techniques;  
6. 	 weed ou t  elements i n  our  conc re te  pavement ph i losophy  

which r e s u l t  i n  poore r  performance; 
7. 	 emphasize elements i n  our  conc re te  pavement ph i losophy  

which r e s u l t  i n  b e t t e r  performance; 
8. 	 suppor t  concept devel  opment whi ch 1  owers annual road 

user  cos t s ;  and 
9. 	 s t o r e  t h i s  i n f o r m a t i o n  i n  a  r e a d i l y  r e t r i e v a b l e  fo rmat  

which th rough  h i g h  t e c h  equipment w i l l  make d e t a i l e d  
i n f o r m a t i o n  rega rd i ng  a  pavement a v a i l a b l e  t o  ou r  
des i  gn , m a t e r i  a1 s, and mai ntenance engi  neers." 



CHAPTER 7 


LONG-TERM MONITORING PILOT STUDIES 


A l though a  separate,  more d e t a i l e d  r e p o r t  w i l l  be f u r n i s h e d  t o  

t h e  p a r t i c i p a n t s  i n  t h e  Long-Term M o n i t o r i n g  Workshop, a b r i e f  summary 

o f  t h e  p i l o t  Long-Term M o n i t o r i n g  S tud ies  w i l l  be presented here. 

A l though t h e  p i l o t  s tudy began w i t h  a t o t a l  number o f  pavement 

s e c t i o n s  o f  102, some S ta tes  v o l u n t a r i l y  added more t o  t h e i  r t o t a l  and 

i n  o t h e r  S ta tes ,  i t  was found t h a t  t h e  pavement c r o s s - s e c t i o n  changed 

so much t h a t  t h e  o r i g i n a l  pavement s e c t i o n  had t o  be c l a s s i f i e d  as two 

sec t ions .  As a r e s u l t ,  t h e  f i n a l  count o f  pavement sec t i ons  i n  t h e  

P i l o t  Study became 144, d i s t r i b u t e d  among t h e  c l i m a t i c  zones as shown 

i n  Tab le  18. 

As can be seen f rom t h e  Table,  3 o f  t h e  12  c e l l s  i n  t h e  t a b l e  

have 16 o r  more pavemeit sec t i ons  i n  them. I f  t h e  da ta  from each o f  

these  pavement sec t i ons  were c o l l e c t e d  u n i f o r m l y ,  it would be p o s s i b l e  

t o  develop p r e l  i m i nary  pavement des ign equat ions.  f o r  each o f  t h e  

th ree .  I f  t h e r e  were a t  l e a s t  30 pavement sec t i ons  i n  each c e l l  o f  

t h e  t a b l e ,  making 360 t o t a l  pavement sec t i ons  i n  a l l ,  i t  would be 

p o s s i b l e  t o  develop pavement des ign equat ions  f o r  a l l  12  combinat ions 

i n  t h e  t ab le .  But t h i s  r e q u i r e s  t h e  a b i l i t y  t o  combine da ta  across 

S t a t e  boundaries,  a  c o n d i t i o n  t h a t  can be met o n l y  i f  t h e  da ta  are 

c o l l e c t e d  i n  a  reasonably u n i f o r m  way. 

I n  t h e  f o l l o w i n g  sec t ions ,  t h e  LTM p lan  t h a t  was adopted by each 

S t a t e  i s  summarized. 



TABLE 18. D i s t r i b u t i o n  of Pavement Types 
i n  D i f f e r e n t  C l i m a t i c  Zones 

F l e x i b l e  Composite R i g i d  To t a1 s 

Wet 

Wet 

Dry  

Dry  

- Freeze 

- No Freeze 

- Freeze 

- No Freeze 

11 

21 

14 -- 

10 

3 

-- 
6 

9 

17 

27 

30 

34 

T o t a l  s  56 21 67 144 



SUMMARY OF ARKANSAS' WORKPLAN 

E x i s t i n g  Pavement M o n i t o r i n g  System (Tasks A and B )  

The pavement management program (May 1980) has developed pavement 

c o n d i t i o n  r a t i n g s  f o r  a l l  s e c t i o n s  o f  pavement on Arkansas '  16,000 

m i l e  system. These r a t i n g s  a r e  used t o  j u s t i f y  p r o j e c t  needs and 

p r i o r i t i e s .  Pavement management's goal  i s  t o  be a b l e  t o  compare 

d i f f e r e n t  t ypes  o f  pavement sec t i ons  t o  determine t h e  most economical 

s e c t i o n  t o  c o n s t r u c t .  I n  a d d i t i o n ,  i t  should be a b l e  t o  address t h e  

e f f e c t  o f  v a r i o u s  we igh t  l i m i t a t i o n  r e v i s i o n s  t h a t  a r e  be ing  

cons idered.  (Cu r ren t  73,280 l b s .  we igh t  1i m i t  .) 

Improvements t o  E x i s t i n g  Pavement Management (Task C) 

-	 Automat ion o f  Mays R ide  Meter w i t h  PCR 2000 d i g i t a l  recorder .  

-	 Purchase o f  p o r t a b l e  we igh ing  dev i ce  t o  f a c i l i t a t e  we igh ing  o f  

t r u c k s  a t  temporary weigh s t a t i o n  s i t e s .  

-	 Development o f  a  p o r t a b l e  ( b r i d g e )  we igh t - in -mot ion  system.* . 

- Development of des ign  procedures f o r  ACHM o v e r l a y s  on PCC 

pavements." 

-	 St resses  and s t r a i n s  i n  ACHM o v e r l a y s  on PCC pavements.* 

-	 Devel opment o f  computer ized procedures f o r  r e t r i e v a l  and 

a n a l y s i s  o f  pavement m o n i t o r i n g  data.  

-	 Development o f  a  c a l i b r a t i o n  procedure f o r  Mays R ide  Meter  

u s i n g  GM p r o f i  l ometer  o r  c a l  i b r a t i o n  t r a c k .  

* 	Note d i r e c t  r e s u l t  o f  LTM Program. 



Case Study S i t e s  (Task D )  

FREEZE 
DRY 

NO-FREEZE FREEZE 
WET 

NO-FREEZE 

F l e x i b l e  
Composite 
R i g i d  

E x i s t i n g  Pavement M o n i t o r i n g  System (Tasks A and B )  

E x i s t i n g  Pavement Management System (PMS) - "The system con ta ins  

"a b i e n n i  a1 pavement c o n d i t i o n s  i n v e n t o r y  o f  a1 1  47,000 1  ane-mi 1es o f  

S t a t e  highways, an eng inee r i ng  l o g i c  system which analyzes t h e  e x t e n t  

and s e v e r i t y  o f  pavement problems t o  determine and r e p o r t  approximate 

rehab i  1it a t i o n  s t r a t e g i e s  and t h e i  r cos ts ,  and a  p r i o r i  t i z i n g  system 

which r e f  1  ects. top-1 eve1 management p o l  i c y  d i r e c t i o n  on t h e  

rehab i  1  it a t i o n  o f  pavements ." ' I n  essence, Cal t r a n ' s  PMS p rov ides  

much o f  t h e  i n p u t  needed t o  answer most o f  t h e  above w i t h  t h e  

excep t i on  o f  p r e d i c t i v e  capabi 1  ity."  

Improvements t o  E x i s t i n g  Pavement Management (Task C )  

- More sys temat ic  communication i s  be ing  developed between a l l  

concerned Cal t rans Headquarters f u n c t i o n a l  areas. 

- More sys temat ic  performance rev iews w i l l  be made o f  

exper imenta l  pavement c o n s t r u c t i o n  and rehab i  1  it a t i o n  p r o j e c t  



- - - - 

segments . 
- Methods a r e  b e i n g  sought ,  a t  l e a s t  o v e r  t h e  l o n g  term, t o  

p r e d i c t  pavement d e t e r i o r a t i o n  r a t e s .  

- Development o f  a "master  p l a n "  t o  implement a  we igh - in -mo t ion  

( W I M )  system t h a t  w i l l  address t h e  p o t e n t i a l  b e n e f i t s  and c o s t  

o f  such a  system. 

Case Study S i t e s  (Task D )  

DRY WET 

FREEZE NO-FREEZE FREEZE NO-FREEZE 


F l e x i b l e  
Composi te 
R i g i d  

S t a r t  m o n i t o r i n g  o f  case s t u d y  s i t e s ,  Fa1 1  1982. 

SUMMARY OF COLORADO ' S  WORKPLAN 

E x i s t i n g  Pavement M o n i t o r i n g  System (Tasks A and B )  

C o l o r a d o ' s  pavement p r o j e c t  dec i s ionmakers  have t h r e e  t o o l s  t o  

a s s i s t  them i n  t h e  p r i o r i t i z a t i o n  process:  

1. 	 s u f f i c i e n c y  r a t i n g s  

2. 	 d y n a f l e c t  o r  Benkelman beam measurement o f  pavement 

s t r u c t u r a l  i n t e g r i t y  

3. r e s u l t s  and f i n d i n g s  o f  research  s t u d i e s  

The s u f f i c i e n c y  r a t i n g  i s  an e v a l u a t i o n  o f  t h e  e x i s t i n g  c o n d i t i o n  o f  



t h e  S t a t e  highway system and i t s  a b i l i t y  t o  handle p resen t  t r a f f i c  

demands. The s u f f i c i e n c y  r a t i n g  s tudy p rov ides  a  general  o v e r a l l  v iew 

o f  t h e  pavement performance. When t h e  o v e r a l l  s u f f i c i e n c y  r a t i n g  f o r  

a p a r t i c u l a r  roadway s e c t i o n  d i p s  below t h e  acceptab le  l i m i t ,  a f i e l d  

i n s p e c t i o n  i s  e s s e n t i a l  t o  assess t h e  ex ten t  o f  t h e  d e f i c i e n c y .  A t  

t h i s  p o i n t ,  t h e  decis ionmaker has t o  i n v e s t i g a t e  t h e  s t r u c t u r a l  

i n t e g r i t y  o f  t h e  pavement.unless d e f i c i e n c y  i s  due t o  s a f e t y  o f  

capac i t y .  The f i n a l  d e c i s i o n  r e s t s  w i t h  t h e  d i s t r i c t  eng ineer  as t o  

t h e  recommended t rea tment  t o  be used. It i s  no t  env is ioned  Colorado 

w i l l  make any sweeping changes i n  t h e  c u r r e n t  pavement m o n i t o r i n g  

system. However, t h e r e  i s  room f o r  improvement bo th  i n  t h e  da ta  

g a t h e r i n g  techniques as w e l l  as t h e  q u a l i t y  o f  t h e  measurements 

ob ta ined  w i t h  t h e  present  equi pm&t . 

Improvements t o  E x i s t i n g  Pavement Management (Task C )  

-	 I n s t a l l a t i o n  o f  a  microprocessor  and tape  recorder  i n  t h e  

p r o f i  lometer  and^ s k i d  t e s t i n g  v e h i c l e  t o  improve e f f i c i e n c y  o f  

da ta  c o l  1  e c t  ion. 

- Develop an improved c a l i b r a t i o n  procedure f o r  roughness 

measurement . 
- Coo rd ina t i on  o f  network l e v e l  m o n i t o r i n y  and t h e  pavement 

management system c u r r e n t l y  be ing  developed. 



Case Study S i t e s  (Task D) 

DRY WET 

FREEZE NO-FREEZE FREEZE NO-FREEZE 


F l e x i b l e  7 
Composite 
R i g i d  2 

SUMMARY OF IDAHO 'S WORKPLAN 

E x i s t i n g  Pavement M o n i t o r i n g  System (Tasks A and B )  

Each of  t h e  s i x  o p e r a t i n g  d i s t r i c t s  o f  t h e  Highway D i v i s i o n  

submits a l i s t  o f  proposed p r o j e c t s  based on a needs e v a l u a t i o n  

conducted w i t h i n  t h e  d i s t r i c t .  The Headquarters s t a f f  rev iews t h e  

proposed p r o j e c t s  and develops t h e  s ta tew ide  program o f  p r o j e c t s .  A 

number o f  f a c t o r s  i n f l u e n c e  t h i s  process, i n c l u d i n g  a v a i l a b l e  funds, 

d i s t r i c t  d i s t r i b u t i o n  e q u i t y  i n p u t  f rom t h e  Idaho T r a n s p o r t a t i o n  

Board, and others .  I n  t h e  near f u t u r e ,  Idaho p lans  t o  beg in  

deve lop ing  t h e  pavement m o n i t o r i n g  system i n t o  a complete pavement 

management system. T h i s  w i l l  be accomplished by a p p l y i n g  I d a h o ' s  

mod i f ied  HWYNEEDSIHIAP package, which i s  o p e r a t i o n a l ,  and upgrading i t  

t o  t r e a t  pavement rehab i 1it a t i o n  p r o j e c t s .  The f i n a l  development 

phase o f  I daho ' s  pavement management system w i l l  i n c l u d e  t rea tment  

s t r a t e g i e s  f o r  bo th  nonpavement d e f i c i e n c i e s  (HWYNEEDSIHIAP) and 

pavement problems (pavement management sys tem)- - th i  s process w i  11 then 

be u t i l i z e d  t o  develop i t s  o v e r a l l  program. 



Improvements t o  E x i s t i n g  Pavement Management (Task C )  

I d a h o ' s  pavement management system w i l l  be improved by deve lop ing  

a c o s t  a n a l y s i s  and o p t i m i z a t i o n  package f o r  p r i o r i t i z i n g  t h e  o v e r a l l  

program o f  improvements and f o r  e s t i m a t i n g  network s e r v i c e a b i l i t y  

t r e n d s  under va r i ous  budget c o n s t r a i n t s .  The ma jo r  e f f o r t  w i l l  be t o  

develop a pavement performance p r e d i c t i o n  and user  c o s t  e s t i m a t i n g  

models f o r  i t s  pavement management system. . 

Case Study S i t e s  (Task D) 

DRY WET 

FREEZE NO-FREEZE FREEZE NO-FREEZE 


. . 
F l -ex ib l e 7 
Composite 
R i g i d  7 

SUMMARY OF I O W A ' S  WORKPLAN 

E x i s t i n g  Pavement M o n i t o r i n g  System (Tasks A and B )  

C u r r e n t l y  improvement p r o j e c t s  a re  t h e  r e s u l t  o f  t h e  combined 

e f f o r t s  of  Highway D i v i s i o n ,  the, O f f i c e s  o f  Cons t ruc t ion ,  M a t e r i a l s ,  

Maintenance, Br idge,  Design, and Road Design, and s i x  d i s t r i c t  

o f f i c e s .  Phys i ca l  i n v e n t o r i e s  o f  t h e  p r imary  system are  conducted 

every 3 years.  I n v e n t o r y  da ta  a re  then en te red  i n t o  a computer ized 

database reco rd  system. Updat ing  o f  pavement f e a t u r e s  based on 

a s - b u i l t  p l ans  i s  done con t inuous ly .  Mun ic ipa l  and secondary road 



systems a re  i n v e n t o r i e d  a t  6- and 10-year i n t e r v a l s ,  r e s p e c t i v e l y .  

The p resen t  goal i s  t o  develop ways t o  u t i l i z e  a l l  da ta  elements 

c u r r e n t l y  be ing  c o l  l e c t e d  t h a t  w i l l  r e s u l t  i n  reduced cos t s  i n  

programming and p r o j e c t  development. 

Improvements t o  E x i s t i n g  Pavement Management (Task C )  

- Develop a common re fe rence  system f o r  a l l  d a t a  records.  

- Develop c o s t - e f f e c t i v e  r e h a b i l i t a t i o n  procedures.  

- Develop a mechanism f o r  p r e d i c t i n g  rema in ing  pavement l i f e .  

Case Study S i t e s  (Task 0) 

DRY WET 

FREEZE: NO-FREEZE FREEZE NO-FREEZE 


F l e x i b l e  
Composite 
R i g i d  

SUMMARY OF NEW MEXICO'S WORKPLAN 

E x i s t i n g  Pavement M o n i t o r i n g  System (Tasks A and B )  

The goal  o f  New Mex i co ' s  pavement management system i s  t o  p r o v i d e  

enough i n f o r m a t i o n  t o  enable  s e l e c t i o n  o f  optimum s t r a t e g i e s  f o r  

p r o v i d i n g  a s e r v i c e a b l e  roadway system. To do t h i s ,  i t  i s  necessary 

t o  e s t a b l i s h  a d e f i n i t i o n  o f  s e r v i c e a b i l i t y  and then  dec ide  what 

i n f o r m a t i o n  must be gathered t o  mon i t o r  s e r v i c e a b i l i t y .  The New 



Mexico method o f  road c o n d i t i o n  r a t i n g  p rov i des  i n f o r m a t i o n  t o  

de te rmine  t h e  s e c t i o n s  o f  highway t h a t  a re  d e f i c i e n t ,  t h e  reasons f o r  

t h e  d e f i c i e n c i e s ,  and t o  i n d i c a t e  needed c o r r e c t i v e  measures. The New 

Mexico S t a t e  Highway Department i s  i n v o l v e d  i n  a concer ted  e f f o r t  t o  

upgrade i t s  pavement m o n i t o r i n g  program. 

Improvements t o  E x i s t i n g  Pavement Management (Task C )  

- C a l i b r a t i o n  o f  a response-type road roughness measur ing d e v i c e  

(second-genera t i  on pho to l  oy equipment)  . 
- Development o f  o b j e c t i v e  d i s t r e s s  d a t a  u s i n g  pho to l  og 


equipment. 


- Pu t  t h e  road r a t e r  i n  o p e r a t i o n  t o  measure pavement d e f l e c t i o n .  

- Revise t h e  e x i s t i n g  maintenance management system so t h a t  

mai ntenance a c t i  v i  t ies a r e  r epo r t ed  by mi  1 epos t  . 

Case Study S i t e s  (Task D) 

DRY WET 

FREEZE NO-FREEZE FREEZE NO-FREE ZE 


F l e x i b l e  4 8 
Composite 1 
R i g i d  



SUMMARY OF PENNSYLVANIA'S WORKPLAN 

E x i s t i n g  Pavement M o n i t o r i n g  System (Tasks A and B )  

E x i s t i n g  da ta  c o l l e c t i o n  e f f o r t s  form a  good f ounda t i on  f o r  a 

pavement management system. Necessary da ta  e x i s t s  b u t  i t  i s  s c a t t e r e d  

i n  va r i ous  l o c a t i o n s  and formats and i t  i s  d i f f i c u l t  o r  imposs ib l e  t o  

use t h e  da ta  e f f e c t i v e l y  t o  generate t h e  i n f o r m a t i o n  needed t o  meet 

t h e  needs o f  decis ionmakers.  Plans t o  improve t h e  da ta  m o n i t o r i n g  

system a r e  be ing  made and have been descr ibed  ( i n  t h e  workp lan) .  

These improvements should b r i n g  t oge the r  t h e  s c a t t e r e d  roadway 

i n f o r m a t i o n  and improve t h e  qua1 it y  o f  t h a t  i n f o rma t i on .  

Improvements t o  E x i s t i n g  Pavement Management (Task C )  

- The T ra ined  Observer Survey w i l l  be expanded t o  p r o v i d e  

i n fo rma t i on  a t  t h e  p r o j e c t  as w e l l  as t h e  network l e v e l  (sample 

r a t e  f rom 4 percen t  t o  17  percen t ) .  A d d i t i o n a l l y ,  changes w i l l  

be made i n  t h e  r e p o r t a b l e  c o n d i t i o n ,  p a r t i c u l a r l y  c rack ing  , 

ca tegor ies ,  t o  d i s t i n g u i s h  among d i f f e r e n t  pavement d i s t r e s s e s .  

- A pa i red - l ane  s tudy w i l l  be performed t o  compare c o n d i t i o n s  i n  

t h e  two lanes  ( a l l  t r u c k  t r a f f i c  i n  t h e  r i g h t  l a n e )  t o  

determine t h e  r e l a t i v e  e f f e c t s  o f  l o a d i n y  w i t h  a l l  o t h e r  

c o n d i t i o n s  equal. 

- Development o f  a  comprehensive da ta  co l  1  e c t i  on and s to rage  

system which w i l l  r e s u l t  i n  a  computer ized, comprehensive road 

i n v e n t o r y .  



Case Study S i t e s  (Task D) 

DRY WET 

FREEZE NO-FREEZE FREEZE NO-FREEZE 


F l e x i b l e  
Composite 
R i g i d  

SUMMARY OF WASHINGTON'S WORKPLAN 

E x i s t i n g  Pavement M o n i t o r i n g  System (Tasks A and B )  

The Washington S t a t e  Department o f  T r a n s p o r t a t i o n  (WSDOT) has 

been deve lop ing  a pavement management system s i n c e  1972. The ma jo r  

uses o f  t h e  WSDOT pavement management system i s  f o r  p r i o r i t y  

programming. The system i s  a p p l i e d  i n  t h r e e  ma jo r  areas:  

1. 	 p r o v i d i n g  pavement a n a l y s i s  da ta  f o r  t h e  p r i o r i t y  a r r a y  

2.  	 p r o v i d i n g  ass i s t ance  t o  each d i s t r i c t  i n  assembl ing i t s  

l e g i s l a t i v e  p l a n  

3 .  	 p r o v i d i n g  ass i s t ance  t o  each d i s t r i c t  i n  assembl ing i t s  

o p e r a t i n g  program. 

The pavement management system has t h e  a b i l i t y  t o  match p r o j e c t s  ( a  

program) t o  1 eve1 s o f  fund ing.  , Corresponding systemwide average 

pavement condi  t ion v a l  ues a re  a1 so produced. Th i  s process p e r m i t s  

e x p l o r a t i o n  o f  a hos t  o f  a l t e r n a t i v e s  q u i c k l y  a t  low cos ts .  



Improvements t o  E x i s t i n g  Pavement Management (Task C )  

- Development o f  a p r o j e c t  s p e c i f i c  maintenance c o s t  model . 
- Determine c l i m a t o l o g i c a l  i n f l u e n c e s  on pavement performance. 

- Determine t r e n d s  i n  m a t e r i a l  and s o i l  p r o p e r t i e s  t h a t  a re  

re1 a t a b l  e  t o  pavement performance purchase. 

- A f a 1  1  ing wei gh t  d e f  1  ectometer  t o  de te rmine  s t ress-dependent  

r e s i l i e n t  E modu l i  f o r  pavement base and subgrade and determine 

changes i n  t h e  E modulus over  t i m e  t o  measure f a t i g u e ,  

- Develop re1  a t i o n s h i  ps between a x l e  loads  and pavement 

p e r f  ormance 

Case Study S i t e s  (Task D) 

DRY WET 

FREEZE NO-FREEZE FREEZE NO-FREEZE 


F l e x i b l e  3 
Composi t e  
R i g i d  1 

DATA THAT ARE INCLUDED ON THE LONG-TERM MONITORING FORMS 

As a m a t t e r  o f  i n t e r e s t ,  Tables 19 and 20 summarize t h e  t y p e  o f  

d a t a  t h a t  a r e  p rov i ded  on t h e  Long-Term M o n i t o r i n g  forms which each o f  

t h e  p i l o t - s t u d y  S ta tes  f i l l e d  out.  Tab le  19 i n c l u d e s  a l l  o f  t h e  

i n v e n t o r y  da ta  and Tab le  20 has a l l  o f  t h e  m o n i t o r i n g  data.  The 

a c t u a l  Data C o l l e c t i o n  Guide f o r  Long-Term M o n i t o r i n g  w i l l  be p rov i ded  

t o  t h e  Workshop p a r t i c i p a n t s  as a  separa te  document. 



TABLE 19. I tems o f  I n v e n t o r y  Data Recommended f o r  C o l l e c t i o n  
f o r  Long-Term Pavement M o n i t o r i n g  

1. 	 Test  Sec t i on  I d e n t i f i c a t i o n :  

Highway Number Func t i ona l  C l  ass 

Urban o r  Rura l  Loca t i on  o f  Test  Sec t i on  

Lanes I nc l uded  


2. 	 Geometr ic D e t a i l s  and General I n fo rma t i on :  

Width o f  Highway Width o f  Shoulders 
Number o f  Lanes Year O r i g i n a l l y  Cons t rdc ted  
Thickness o f  Layers I d e n t i f i c a t i o n  o f  Layer M a t e r i a l s  
Years When Over lays  o r  Recon- Thicknesses o f  Over lays  o r  F i n a l  

s t r u c t i o n  Occurred 	 Layer  Thicknesses A f t e r  Recon- 
I d e n t i f i c a t i o n  o f  M a t e r i a l s  s t  r u c t  ion 

Used i n  Over lay o r  Year and D e t a i l s  i f  Roadway Widened 
Recons t ruc t i on  J o i n t  Spaci ng 

Adequacy o f  Dra inage Dowel Bar Diameter 
Underdra i  ns Prov ided  Type o f  Load T r a n s f e r  (Aggregate 
Ex ten t  and S e v e r i t y  o f  R i g i d  I n t e r l o c k  o r  Dowel s )  

S lab  Crack ing  P r i o r  t o  Dowel Bar Spacing 

Over1 ay 


3. 	 Envi  ronmental  Data: 

General Type o f  Environment Lowest Mean Month ly  Temperature 
(Dry-Freeze, Wet-No Freeze, Thornthwai t e  Index 
etc . )  Lowest, Mean Sol a r  Radi a t i  on 

Number o f  Freeze-Thaw Cycles H ighes t  Mean S o l a r  R a d i a t i o n  
Per Year Annual P r e c i p i t a t i o n  

H ighes t  Mean Month ly  Freeze Index 
Temperature 

4. 	 Accumulated T r a f f i c  and Axle-Load Data P r i o r  t o  Long-Term 
M o n i t o r i n g  E f f o r t :  

Mean o f  AADT f o r  P r i o r  Years Accumulated Tandem Axles by Load 
Accumulated 18 -k i p  ESAL Class 

(AASHO Equi va lenc ies )  Accumulated S i n g l e  Ax les by Load 
Weighted Mean of % Trucks C l  ass 

f o r  P r i o r  Years 



TABLE 19. I tems o f  I n v e n t o r y  Data Recommended f o r  C o l l e c t i o n  
f o r  Long-Term Pavement M o n i t o r i n g  ( C o n t ' d )  

5. M a t e r i a l  P r o p e r t i e s  

a. 	 Subgrade Soi  1 : 
S o i l  Type and C l a s s i f i -  

c a t i o n  
% Passing No. 200 Sieve 
P l a s t i c i t y  Index 

Dry D e n s i t y  
CBR (Es t ima te  f rom o t h e r  da ta  i f  

n o t  ava i  1a b l e )  

b. 	 Base and Subbase Layers  (unbound): 
So i  1 Type and C l  a s s i f i - Percent  Modi f ied AASHO Compaction 

c a t i o n  Percent  B inder  (Pass ing No. 40 
Dry  Dens i t y  S ieve)  

c. 	 Base and Subbase Layers  ( s t a b i l i z e d ) :  
Type o f  Treatment 

(Cement, Lime, e tc . )  
Un t rea ted  S o i l  Type and 

C l a s s i f i c a t i o n  

d. 	 Aspha l t  Concrete  Layers :  
Aspha l t  Grade 
Aspha l t  Content  
V i s c o s i t y  o f  Aspha l t *  
O r i g i n a l  S t a b i  1 it y  

e. 	 R i g i d  Layers :  
Percent  o f  S tee l  	i n  

L o n g i t u d i n a l  D i r e c t i o n  

Dry D e n s i t y  

Percent  o f  S t a b i l i z i n g  Agent 

Percent  M o d i f i e d  AASHO Compaction 


P e n e t r a t i o n  o f  Aspha l t *  

I n i t i a l  A i r  Vo ids 

Type o f  Coarse Aygregate 

Dynamic Modulus 


Modulus o f  Rupture** 

Type o f  Coarse Aggregate 


6. C o n s t r u c t i o n  Costs P r i o r  t o  Long-Term M o n i t o r i n g  E f f o r t :  

Cost o f  I n i t i a l  Cons t ruc t i on  Accumulated Pavement Maintenance 
Cost o f  Each Past  Over lay  Costs ( I f  A v a i l a b l e  Separated 
Cost f o r  Each R e s t o r a t i o n  From Rout ine  Maintenance) 

o r  	Rehabi 1 i t a t i o n  P r o j e c t  

* 	V i s c o s i t y  and p e n e t r a t i o n  o f  aspha l t  cement a t  t ime  o f  bas i c  
i n v e n t o r y  da ta  c o l  1 e c t  ion. 


** Compute f rom compressive s t r e n g t h  i f  no t  a v a i l a b l e .  


*** Table  f rom "Data Requirement f o r  Long-Term M o n i t o r i n g  o f  Pavement 
as a Bas is  f o r  Development o f  Improved Damage Funct ion. "  



TABLE 20. I tems o f  M o n i t o r i n g  Data Having S t a t i s t i c a l  S i g n i f i c a n c e  
f o r  Mu1 t i p l e  ~ e ~ r e s s i o n  ~ e i a t i o n s h i  ps 

D i s t r e s s  and Performance Measurements: 

F l e x i b l e  Pavements (W i th  o r  Without Over lays )  : 
A1 1 i g a t o r  Crack ing  Low-Temperature Transverse o r  

( F a t i g u e )  Longi t u d i  na1 Crack ing  
L o n g i t u d i n a l  Crack ing  i n  Low-Temperature Block Crack ing 

Wheel Path ( F a t i g u e )  Skid-Resi s tance (To Mon i t o r  
Rut Depth Reduct ions) 
Roughness F lush ing  
Ravel i ng 

R i g i d  Pavements: 
S lab Crack ing  Sk id  Resis tance (To Moni tor .  
D-Cracki  ng Reduct ions)  
J o i n t  F a u l t i n g  Roughness 
Pumping B l  ow-ups 
J o i n t  Spa1 1 i ng D e t e r i o r a t i o n  o f  Transverse J o i n t s  

R i g i d  Pavements Wi th  F l e x i b l e  Overlays: 
R e f l e c t i o n  Crack ing  Sk id  Resis tance (To Mon i t o r  
Rut Depth Reduct ions)  
Pot  Holes i n  Over lays Roughness 
Ravel i ng F l  ush i  ng 

T r a f f i c  and Ax le  Loads: 

AADT 18-k ip  ESAL f o r  Year 
Number and D i s t r i b u t i o n  o f  Accumul a ted  18- k i p  ESAL 

S i n g l e  Ax le  Loads Weighted Mean o f  Percent  Trucks 
Number and D i  s t r i b u t i o n  o f  Truck Lane D i s t r i b u t i o n  

Tandem Ax le  Loads 

D e f l e c t i o n  T e s t i n g  Resu l t s :  

Mean Maximum Def  7 e c t i  on C o e f f i c i e n t  o f  V a r i a t i o n  o f  
Under Load Maximum Def 1 e c t  i on 

Bas in  Parameters 

Pavement Maintenance Costs Per Square Yard o f  Test  Sec t i on  
( E x c l u s i v e  o f  Rout ine  Maintenance Such as Mowing, S a l t i n g ,  Snow 
Removal, e t c . )  

* Table f rom "Data Requirements f o r  Long-Term M o n i t o r i n g  o f  Pavements 
as a Bas is  f o r  Development o f  Improved Damage Func t ions"  
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CHAPTER 8 


DESIGN OF DATA COLLECTION EFFORT 


I n  a  p rev i ous  s e c t i o n  o f  t h i s  r e p o r t  on t h e  AASHO Road Tes t  and 

i t s  S a t e l l i t e  s t ud ies ,  t h e r e  was a  d i s c u s s i o n  o f  t h e  exper imenta l  

des ign  t h a t  was used a t  t h e  Road Tes t  and a  procedure f o r  exper imenta l  

des ign  t h a t  was recommended f o r  S a t e l l i t e  s t u d i e s  i n  NCHRP Repor t  2A. 

Subsequent ly,  i n  c o n s i d e r i n g  t h e  NCHRP P r o j e c t  20-7, Task 17,  

sugges t ion  t h a t  r eg iona l  pavement des ign  equa t ions  shou ld  be 

developed, an es t ima te  was made o f  t h e  minimum number o f  pavement 

s e c t i o n s  t h a t  would be requ i r ed ,  assuming t h a t  o n l y  h i g h  and -low 

va lues o f  any v a r i a b l e  would be represen ted  i n  t h e  exper imenta l  des ign  

o f  t h e  r e g i o n a l  equa t ions  approach. 

I n  t h i s  s e c t i o n  o f  t h e  r e p o r t ,  t h e  s u b j e c t  o f  exper imenta l  des ign  

w i l l  be addressed again, t h i s  t i m e  g i v i n g  an example o f  t h e  way t o  s e t  

up a  sma l l ,  p a r t i a l  f a c t o r i a l  exper imenta l  des ign  t a k i n y  i n t o  account 

fou r  f a c t o r s  as was done i n  t h e  sub-exper iments a t  t h e  AASHO Road 

Test.  The techn iques  f o r  s e t t i n g  up such a  des ign  a re  s imp le  and a re  

impo r tan t  t o  cons ide r  because o f  t h e  e x t r a  i n f o r m a t i o n  t h a t  t h e  

a n a l y s i s  o f  t h e  da ta  can g i v e  and t h e  l a c k  o f  b i a s  t h a t  may r e s u l t  i n  

t h e  equa t ions  t h a t  a re  developed. 

I n  a d d i t i o n  t o  deve lop ing  equa t ions  f o r  des ign  and f o r  making 

network 1  eve1 p r o j e c t i o n s ,  t h e r e  i s  ano ther  impo r tan t  f e a t u r e  o f  l ong-  

t e rm  network m o n i t o r i n g  and t h a t  i s  t o  de te rmine  how e f f e c t i v e l y  t h e  

funds a re  be ing  spent and what a re  t h e  c u r r e n t  needs f o r  fund ing .  

Th i s  t ype  o f  m o n i t o r i n g  i s  c a r r i e d  ou t  by sampl ing surveys o f  t h e  



c o n d i t i o n  o f  t h e  pavement network. Two methods o f  s t a t i s t i c a l  

sampl ing w i l l  be d iscussed:  t h e  Highway Performance M o n i t o r i n g  System 

(HPMS) method and t h e  Texas T r a n s p o r t a t i o n  I n s t i t u t e  method. 

THE HPMS METHOD OF STATISTICAL SAMPLING 

The sample of sec t i ons  se lec ted  f o r  t h e  HPMS i s  t h e  bas i s  o f  t h e  

c o n t i n u i n g  m o n i t o r i n g  e f f o r t .  The da ta  repo r ted  f o r  t h e  sampled 

s e c t i o n s  serves as t h e  source o f  system c o n d i t i o n ,  usage, and 

o p e r a t i o n a l  c h a r a c t e r i s t i c s  and i s  used i n  t h e  c a l c u l a t i o n  o f  

performance measures and impacts- - the changes i n  performance over  

t ime.  These da ta  w i l l  a l s o  serve as t h e  da ta  base f o r  va r i ous  

a n a l y t i c a l  models. 

The HPMS method uses " c l u s t e r N  sampling: as de f i ned  by t h e  HPMS 

manual, a  c l u s t e r  i s  a  county, a  smal l  urban area, o r  an u rban ized  

area which con ta ins  sub-areas ( o r  sub -c l us te r s )  hav ing  randomly 

s e l e c t e d  sec t i ons  o f  pavement. The sample des ign i s  based upon a 

random s e l e c t i o n  o f  a f i x e d  number o f  pavement sec t i ons  w i t h i n  

randomly s e l  ected geographic  sub-areas which are, themselves, 

con ta ined  w i t h i n  randomly se lec ted  coun t i es  o r  urban subd i v i s i ons  o f  

a  S ta te .  Thus, t h e r e  a re  t h r e e  l e v e l s  a t  which random sampl i n g  i s  

done : . 
1. a t  S t a t e  l e v e l ,  t h e r e  i s  a  random s e l e c t i o n  o f  coun t i es  o r  

urban subd i v i s i ons ,  

2. a t  county  o r  urban s u b d i v i s i o n  l e v e l ,  t h e r e  i s  a random 

s e l e c t i o n  o f  sub-areas, 



3. 	 w i t h  each sub-area, t h e r e  i s  a  random s e l e c t i o n  o f  a 

s p e c i f i c  number o f  pavement sec t i ons .  

The number o f  pavement s e c t i o n s  t h a t  i s  chosen w i t h i n  each 

sub-area i s  chosen based upon how smal l  o f  a  change i n  t h e  mean 

va lue  i t  i s  d e s i r e d  t o  be a b l e  t o  d e t e c t  and t h e  d e s i r a b l e  l e v e l  o f  

con f idence  i n  t h e  r e s u l t .  

Whi le  i t  i s  assumed t h a t  t h e r e  i s  a  " t e c h n i c a l l y  b e s t "  way t o  

c o l l e c t  sample data, i t  was necessary t h a t  t h e  sample des ign  be s imp le  

and c o s t  e f f i c i e n t  because o f  manpower and c o s t  c o n s i d e r a t i o n s .  The 

r e q u i r e d  number o f  samples a re  d e r i v e d  empi r i c a l l y  by f o rmu la  f rom t h e  

normal d i s p e r s i o n  c h a r a c t e r i s t i c s  o f  AADT va lues  w i t h i n  t h e  framework 

o f  p r e s e l e c t e d  AADT groups ( s t r a t a ) .  The sample s i z e  r e q u i  rements 

r e l a t e ' t o  t h e  c r i t i c a l  da ta  element, AADT, whose va lues can be 

c o n v e n i e n t l y  s t r a t i f i e d .  

I n  o r d e r  t o  o b t a i n  c o s t - e f f e c t i v e ,  v a l i d  comparisons o f  system 

performance over  t ime ,  t h e  sample was designed t o  m in im i ze  bo th  

sampl ing e r r o r  and sample s i ze .  Th i s  was accompl ished by s t r a t i f y i n g  

t h e  sample and keeping i t  f i x e d  over  t ime. Hence, t h e  same s e c t i o n s  

t h a t  a re  i n v e n t o r i e d  now w i l l  be updated i n  f u t u r e  yea rs  on a  c y c l i c a l  

basis.  T h i s  means o f  o b t a i n i n g  da ta  i s  e f f i c i e n t  because: 1) t h e  

need f o r  t h e  p e r i o d i c  drawing o f  a  new sample i s  e l i m i n a t e d ,  2 )  t h e  

need t o  update o r  r e i n v e n t o r y  a l l  da ta  elements every  c y c l e  i s  

e l i m i n a t e d ,  and 3 )  o n l y  those da ta  elements t h a t  change over  t i m e  need 

be updated on a  c y c l i c a l  bas is ,  t h e  l e n g t h  o f  t h e  c y c l e  be ing  

determined by t h e  known s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  

elements, t h e  in tended  use and accuracy needed, and t h e  t i m e  and c o s t  



r e q u i r e d  t o  c o l l e c t  and r e p o r t  such data. However, t h e  use o f  f i x e d  

panel sec t i ons  i s  n o t  w i t h o u t  disadvantages. These i n c l u d e :  t h e  

p o s s i b l e  l o s s  o f  t h e  sample's r e p r e s e n t a t i  veness as t h e  highway 

networks and t r a f f i c  p a t t e r n s  change and t h e  i n a b i l i t y  t o  assess t h e  

co r rec tness  o f  t h e  es t imates  by comparing them w i t h  those  o f  a 

d i f f e r e n t  sample. 

Scope o f  HPMS Sampling 

Data needs w i  11 va ry  f o r  t h e  r u r a l ,  smal l  urban, and u rban ized  

areas. T h i s  v a r i a t i o n  was r e f l e c t e d  i n  t h e  sample design. The des ign 

i s  capable o f  p roduc iny  v a l i d  es t imates  o f  t h e  c o n d i t i o n  of t h e  

highway p l a n t  and i t s  o p e r a t i n g  and performance c h a r a c t e r i s t i c s  on a 

S ta te -by -S ta te  bas is .  Rura l  and smal l  urban f u n c t i o n a l  systems are  

sampled on a  s ta tew ide  bas is .  The o r i g i n a l  HPMS design r e q u i r e d  t h a t  

f u n c t i o n a l  systems i n  u rban ized  areas be sampled i n d i v i d u a l l y .  I n  

o r d e r  t o  reduce t h e  da ta  c o l l e c t i o n  burden and t o  i nc rease  

f l e x i  b i  1  i t y ,  t h a t  requi rement  was mod i f ied .  Urbanized areas can now 

be sampled i n d i v i d u a l l y ,  c o l l e c t i v e l y  on a  s ta tew ide  bas is ,  o r  as a 

combinat ion o f  b o t h  a t  t h e  S t a t e ' s  op t ion .  

S t r a t if ic a t ion and P r e c i  s i  on Leve l  s  

The sample c o n s i s t s  o f  t h e  randomly se lec ted  panel o f  road 

sec t i ons  w i t h i n  predetermined AADT volume groups ( s t r a t a )  f o r  each 

f u n c t i o n a l  h i  ghway system in  t h e  r u r a l  , smal l  urban, and u rban i  zed 

areas o f  t h e  State.  The s t r a t i f i c a t i o n  o f  sec t i ons  (sampl ing  u n i t s )  

i n t o  r e l a t i v e l y  homogeneous AADT yroups produces es t imates  o f  g r e a t e r  



accuracy w i t h  r espec t  t o  VMT f o r  a  s m a l l e r  number o f  samples a t  t h e  

f u n c t i o n a l  c l a s s  (summati on) l e v e l  s. A1 though s t r a t i f i c a t i o n  i s  based 

on t h e  c r i t i c a l  da ta  element AADT, t e s t s  have shown t h a t  AADT 

s t r a t i f i c a t i o n  i s  compat ib le  w i t h  t h e  sampl i n g  o f  nonvolume-re la ted 

da ta  elements.  

S t r a t i f i c a t i o n  by AADT a l s o  has o t h e r  advantages: 1) most o f  t h e  

impacts  d iscussed  a re  ve r y  s e n s i t i v e  t o  VMT, 2 )  i t  serves as a 

w e i g h t i n g  dev i ce  f o r  q u a n t i t a t i v e  da ta  element v a l  ues sampled f rom 

s e c t i o n s  o f  nonuni form l eng th ,  3 )  t h e  e f f e c t  o f  volume on volume-

s e n s i t i v e  d a t a  element va lues may be measured, and 4 )  i t  i s  u s e f u l  i n  

t h e  a p p l i c a t i o n  o f  s p e c i f i c  fo rmu las  f o r  da ta  element est imates.  

Sample s i z e  requi rements  per  f u n c t i o n a l  c l a s s  va ry  by S t a t e  

accord ing  t o  t h e  t o t a l  number o f  road sec t i ons ,  t h e  number o f  

predetermined volume groups, and t h e  des ign  p r e c i s i o n  l e v e l .  The t e rm  

" p r e c i s i o n  l e v e l "  i s  d e f i n e d  as t h e  degree o f  con f idence  t h a t  t h e  

sampl ing e r r o r  o f  a  produced es t ima te  wi 11 fa1  l w i t h i n  a d e s i r e d  f i x e d  

range. Thus, f o r  a  p r e c i s i o n  l e v e l  o f  80-percent  con f idence  w i t h  

10-percent  a1 lowab le  e r r o r  ( 8 0 - l o ) ,  t h e r e  i s  t h e  p r o b a b i l i t y  t h a t  80 

t imes  o u t  o f  100 t h e  e r r o r  o f  a  da ta  element e s t i m a t e  w i l l  be no 

g r e a t e r  o r  l e s s  than  10 percen t  o f  i t s  t r u e  va lue.  The p r e c i s i o n  

l e v e l s  determined f o r  t h i s  sample des ign  app ly  s p e c i f i c a l l y  t o  t h e  

i n d i v i d u a l  volume s t r a t a .  Aggregat ion o f  t h e  es t ima ted  s t r a tum va lues  

o f  vo lume- re la ted  da ta  elements r e s u l t s  i n  an upgrad ing  o f  t h e  

p r e c i s i o n  l e v e l  f o r  f u n c t i o n a l  system es t imates .  The p r e c i s i o n  l e v e l s  

s p e c i f i e d  f o r  HPMS represen t  minimum requi rements  f o r  r u r a l  , smal l  

urban, and u rban ized  area f u n c t i o n a l  c l  ass vo l  ume groups. 



The HPMS sampl e  s i z e  requi rements a r e  more s t r i n g e n t  f o r  t h e  

a r t e r i  a1 s, where a  h i g h e r  l e v e l  o f  p r e c i s i o n  i s  needed because o f  t h e  

h i g h  l e v e l  o f  Federa l  i n t e r e s t  i n  them. I n  r u r a l  , smal l  urban, and 

c o l l e c t i v e  u rban i zed  areas, t h e  sample s i zes  a re  based on a  90-5 

p r e c i s i o n  l e v e l  f o r  t h e  volume groups o f  t h e  p r i n c i p a l  a r t e r i a l  

system, 90-10 f o r  t h e  minor  a r t e r i a l  system, and 80-10 f o r  t h e  

c o l  l e c t o r  system(s) .  For  i n d i v i d u a l  u rban ized  areas, t h e  des ign  

p r e c i s i o n  l e v e l s  f o r  i n d i v i d u a l  volume s t r a t a  a r e  80-10 o r  70-15, 

depending upon t h e  number o f  u rban ized  areas des igna ted  as i n d i v i d u a l  

a t  t h e  S t a t e s '  op t i on .  Those S ta tes  w i t h  l e s s  than  t h r e e  des ignated 

i n d i v i d u a l  u rban ized  areas use a  p r e c i s i o n  l e v e l  o f  80-10 f o r  a l l  

f u n c t i o n a l  systems, w h i l e  those  w i t h  t h r e e  o r  more may use t h e  lower  

p r e c i s i o n  l e v e l  o f  70-15 f o r  m inor  a r t e r i a l s  and c o l l e c t o r s  and 80-10 

f o r  p r i n c i p a l  a r t e r i a l  s  t he reby  r e q u i r i n g  a  sma l l e r  number o f  samples. 

The s ta tew ide  summation o f  i n d i v i d u a l  u rban ized  f u n c t i o n a l  system 

da ta  element es t imates  w i l l  r e s u l t  i n  an o v e r a l l  p r e c i s i o n  l e v e l  o f  a t  

l e a s t  80-10 a t  t h e  S t a t e  l e v e l .  These h i g h e r  p r e c i s i o n  l e v e l s  a t  t h e  

S t a t e  l e v e l  a re  necessary f o r  two impo r tan t  reasons-- to o b t a i n  

comparable urban and r u r a l  p r e c i s i o n  l e v e l s  and t o  o b t a i n  p r e c i s i o n  

l e v e l s  t h a t  can adequate ly  accommodate des i r ed  l e v e l s  o f  accuracy f o r  

es t ima tes  o f  p r o p o r t i o n a t e  values. 

The p r e c i s i o n  l e v e l s  e s t a b l i s h e d  above and t h e  assoc ia ted  sample 

s i z e s  r e l a t e  s o l e l y  t o  t h e  measurement o f  da ta  such as AADT. The same 

samples w i l l  be used t o  es t ima te  t he  p r o p o r t i o n a t e  va lues o f  da ta  such 

as pavement c o n d i t i o n .  Given t h e  same d e s i r e d  p r e c i s i o n  l e v e l s ,  

1  a r y e r  sample s i z e s  a re  requ i  r e d  f o r  es t imates  o f  p r o p o r t i  onate 



values. S ince  t h e  l e v e l  o f  accuracy f o r  es t ima ted  p r o p o r t i o n s  i s  

c l o s e l y  r e l a t e d  t o  sample s i ze ,  ca re  was taken  t o  s e t  t h e  above 

p r e c i s i o n  l e v e l s  s u f f i c i e n t l y  h i gh  t o  produce reasonable  p r o p o r t i o n a t e  

es t ima tes  a t  t h e  f u n c t i o n a l  c l a s s  l e v e l .  

C a l c u l a t i o n  o f  HPMS Sample S i z e  

The sample s i z e  es t imates  f o r  each St ra tum are  d e r i v e d  f rom t h e  

f o l l o w i n g  fo rmu la :  

. . 

where 

n = r e q u i r e d  sample s i z e  

= va l ue  o f  t h e  s tandard  normal s t a t i s t i c  f o r  an a za 

con f idence  l e v e l  ( two-s ided)  , 

C = AADT c o e f f i c i e n t  o f  v a r i a t i o n ,  

d = d e s i r e d  p r e c i s i o n  r a t e ,  and 

N = u n i v e r s e  o r  p o p u l a t i o n  s t r a tum s i z e  

F o r  example, t h e  sample s i z e  f o r  a  s t r a t u m  w i t h  a  c o e f f i c i e n t  o f  

v a r i a t i o n  o f  0.61 and w i t h  a  d e s i r e d  p r e c i s i o n  o f  -+ 5 percen t  w i t h  

90-percent  con f idence  i s  es t imated  by: 



I f  N = 3000, t h e  es t ima ted  sample s i z e  i s  356. 

Values o f  t h e  s tandard  normal v a r i a b l e  Z, f o r  d i f f e r e n t  l e v e l  o f  

con f i dence  a re  as f o l l o w s :  

Leve l  o f  z
Conf idence a-

50 0 -00. 

70 1.04 

80 1.29 

90 1.65 

95 1.96 

The c r i t i c a l  p o i n t  i n  t h i s  process i s  t h e  va lue  d e s i g n a t i o n  o f  C, 

t h e  AADT c o e f f i c i e n t  o f  v a r i a t i o n .  The o r i g i n a l  HPMS des ign was based 

on e m p i r i c a l  es t ima tes  u s i n g  da ta  f rom a  smal l  number o f  S ta tes .  The 

procedures p resen ted  here  r e q u i r e  t h e  e s t i m a t i o n  o f  AADT c o e f f i c i e n t s  

o f  v a r i a t i o n  based on t h e  l a t e s t  a v a i l a b l e  S t a t e  da ta .  The r e s u l t s  

a re  then  always up- to-date,  based on t h e  l a t e s t  i n f o rma t i on ,  and a re  

t a i l o r e d  t o  t h e  s p e c i f i c  S ta te .  Table  2 1  p resen ts  t h e  o r i g i n a l  (1978) 

HPMS des ign  va lues  o f  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  o f  AADT. 

The volume groups 1 th rough  8 t h a t  a re  shown i n  Tab le  2 1  a re  AADT 

t r a f f i c  ranges t h a t  va ry  w i t h  t h e  f u n c t i o n a l  c l a s s  o f  t h e  highway and 

t h e  p r e c i s i o n  l e v e l s  t h a t  a re  r e q u i r e d  o f  t h e  surveys. T y p i c a l l y ,  

Group 1 w i l l  have between O and 5000 AADT and Group 8 w i l l  have 

between 35,000 and 45,000 AADT. 



Table 21. AADT C o e f f i c i e n t s  o f  V a r i a t i o n ,  C 

Vol ume Group 
Func t i ona l  C l  ass 1 2 3 4 5 6 7 8 

I n t e r s t a t e  
Rura l  
Small Urban 
I n d i v i d u a l  Urbani zed Areas 
Col 1 e c t i  ve Urbanized Areas 

Other Freeways & Expressways 
Small Urban 
I n d i v i d u a l  Urbanized Areas 
Col 1e c t i ve U rban i  zed Areas 

Other  P r i n c i p a l  A r t e r i a l s  
Rura l  
Small Urban 
I n d i v i d u a l  Urbanized Areas 
Col 1 e c t i v e  Urbanized Areas 

M i no r  A r t e r i  a1 s 
Rural  
Small Urban 
I n d i v i d u a l  Urbanized Areas 
C o l l e c t i v e  Urbanized Areas 

Col 1 e c t o r s  
(Ma jo r )  Rura l  
(Mi n o r )  Rura l  
Small Urban 
I n d i  v i d u a l  Urbanized Areas 
C o l l  e c t i  ve Urbanized Areas 



F i g u r e  10 can be used t o  es t ima te  t h e  minimum f u n c t i o n a l  system 

sample s i z e  t o  d e t e c t  a 10 percen t  change i n  performance w i t h  80 

pe rcen t  conf idence.  

I f  t h e  t o t a l  sample s i z e  f o r  a  f u n c t i o n a l  c l a s s  i s  l e s s  than 80, 

i t  may need t o  be ad jus ted  upward t o  pe rm i t  t h e  des i r ed  accuracy i n  

e s t i m a t i n g  t h e  s i z e  o f  t h e  change i n  t h e  performance measure. 

THE TEXAS TRANSPORTATION INSTITUTE METHOD 

The Texas T r a n s p o r t a t i o n  I n s t i t u t e  had severa l  o b j e c t i v e s  i n  

d e v i s i n g  i t s  e m p i r i c a l  sampl ing r u l e s :  

1. 	 To determine by sampling, t h e  -mean c o n d i t i o n  o f  a  pavement 

network,  by f u n c t i o n a l  c lass ,  f o r  d e f  1  e c t i  ons, s k i d  

measurements, v i s u a l  c o n d i t i o n ,  and r i d i n g  qual  i t y .  The 

s i z e  o f  sample i s  t o  be chosen based on a  t r a d e o f f  between 

t h e  c o s t  o f  t h e  survey and t h e  accuracy o f  t h e  es t imated  

mean. ' 

2. 	 To determine by sampl ing t h e  d i s t r i b u t i o n  o f  pavement 

c o n d i t i o n s  i n  a  network, by f u n c t i o n a l  c l a s s  f o r  v i s u a l  

c o n d i t i o n  and r i d i n g  qual it y  measurements. 

3.  	 To determine by sampl ing an es t ima ted  c o s t  o f  m a i n t a i n i n g  

and r e h a b i l i t a t i n g  a  pavement network, separated i n t o  

f u n c t i o n a l  c lasses.  

The mean i s  a  good way t o  compare one d i s t r i c t  w i t h  another  and 

t o  determine where t h e  c r i t i c a l  needs a re  f o r  ma jo r  funding.  The 

d i s t r i b u t i o n  o f  pavement c o n d i t i o n  i s  u s e f u l  i n  de te rm in ing  t h e  
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major  problems i n  a  d i s t r i c t ,  and t h e  bes t  r e h a b i l i t a t i o n  s t r a t e g i e s  

t o  use, and i n  s e t t i n g  up a rehab program and a f u t u r e  i n s p e c t i o n  

schedule. The c o s t  es t ima tes  a re  needed t o  determine a reasonable 

i d e a  o f  t h e  f und ing  needs. 

E s t i m a t i n g  t h e  Means 

The sampl ing p l a n  t h a t  was se t  up t o  determine t h e  mean was a 

two-stage random sampl ing procedure which was found by expe r imen ta t i on  

t o  g i v e  t h e  s m a l l e s t  e r r o r  o f  t h e  es t imated  mean. W i th i n  each 

D i s t r i c t ,  a county  was chosen a t  random, and a  f i x e d  number o f  

pavement s e c t i o n s  was se lec ted  a t  random w i t h i n  t h e  county. The e r r o r  

i n  t h e  mean d i v i d e d  by t h e  mean i t s e l f  t h a t  came f rom t h i s  s tudy  i s  

shown i n  F i g u r e  11. The bes t  sample s i z e  can be es t imated  by eye t o  

be where t h e  curves beg in  t o  ge t  so f l a t  t h a t  i t  doesn ' t  pay t o  ga the r  

more data.  The optimum sample s i z e s  when cos t s  and accuracy a re  

weighted e q u a l l y  a re  as shown below. 

Sample S i z e  f o r  E s t i m a t i n g  Mean Cond i t i on ,  i n  Percent  

Class o f  Highway 
U.S. o r  Farm-to-

Measurement S t a t e  Market 

V i sua l  C o n d i t i o n  3.0% 2 .O% 

Def1e c t i  ons 2 .O 2 .O 

S k i d  Number 3.0 2 .O 

R i d i n g  Qua1 i t y  ( P S I )  2 .O 3 .O 



FM- SI 
/ FM- PRS 

,US- SI 
US-PRS 

I0 1 I I I I 
0 1/2 1 OiO 2 O/o 3 O/o 4 O/o 5 O/o Io 

SIZE SAMPLE 

F i g u r e  11. D i s t r i c t  2 1  - C o e f f i c i e n t  o f  Sample V a r i a t i o n  vs .  Sample S i ze  (1975 Data)  



E s t i m a t i n g  t h e  D i s t r i b u t i o n  o f  Pavement C o n d i t i o n  

A f t e r  some exper imenta t ion ,  i t  was found t h a t  s e l e c t i n g  a f i x e d  

number o f  pavement s e c t i o n s  a t  random w i t h i n  each county  o f  a D i s t r i c t  

produced t h e  most accura te  es t ima te  o f  t h e  d i s t r i b u t i o n  o f  v i s u a l  

pavement c o n d i t i o n  scores. There were t h r e e  D i s t r i c t s  i n  which 100 

pe rcen t  o f  t h e  pavement network was observed and t h i s  p e r m i t t e d  a 

s t udy  o f  t h e  s i z e  o f  sample t h a t  i s  r e q u i r e d  t o  produce a cumu la t i ve  

d i s t r i b u t i o n  o f  pavement scores  t h a t  i s  reasonably  c l o s e  t o  t h e  a c t u a l  

d i s t r i b u t i o n .  An i l l u s t r a t i o n  o f  t h i s  i s  shown i n  F i g u r e  12, i n  which 

t h e  d i  s t r i  b u t i o n  o f  Farm-to-Market pavement scores, 1abel  ed F ( x )  , is 

t h e  t r u e  cumu la t i ve  d i s t r i b u t i o n  and t h e  con f idence  bands were 

generated u s i n g  a' 5 pe rcen t  sample empi r i c a l  d i s t r i b u t i o n ,  1abeled 

Sn( )o 

The s i z e  o f  sample t h a t  i s  r e q u i r e d  t o  make sure t h a t  t h e  sampled 

cumu la t i ve  d i s t r i b u t i o n  i s  always w i t h i n  10% o f  t h e  ac tua l  

d i s t r i b u t i o n  i s  shown i n  Tab le  22. The s i z e  o f  t h e  sample v a r i e s  w i t h  

t h e  t o t a l  number o f  pavement sec t i ons  and w i t h  t h e  va r i ance  o f  

pavement scores.  Consequently, t h e  s i z e  o f  t h e  sample v a r i e s  f rom 

d i s t r i c t  t o  d i s t r i c t ,  as shown i n  t h e  t a b l e .  

E s t i m a t i n g  t h e  Mean Cost Per  Square Yard 

Not a l l  pavement s e c t i o n s  need t o  have maintenance o r  

r e h a b i l i t a t i o n  e f f o r t s  a p p l i e d  and thus  i t  i s  necessary t o  sample 

enough s e c t i o n s  o f  pavement t h a t  need work t o  be done on them so as t o  

reach a r e l i a b l e  es t ima te  o f  t h e  average cos t s  i n  a d i s t r i c t .  The 

b e t t e r  c o n d i t i o n  t h e  pavement network i s  i n ,  t h e  l a r g e r  t h e  sample 
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TABLE 22. Sample S i z e s  t o  Assure a Cumulat ive Pavement Score 

D i s t r i b u t i o n  W i t h i n  10 Percent  o f  t h e  T rue  D i s t r i b u t i o n  


U .S. S t a t e  Farm-to-
D i s t r i c t  I n t e r s t a t e  Highways Highways Market  

O v e r a l l  
Weighted 15 12 12 5 



must be. 

The bes t  method o f  sampl ing t o  determine a  mean c o s t  proved t o  be 

a random s e l e c t i o n  o f  a f i x e d  number o f  pavement sec t i ons  w i t h i n  each 

county. Table 23 shows t h e  s i zes  o f  sample t h a t  a re  r e q u i r e d  t o  

assure t h a t  t h e  es t imated  mean c o s t  per  square y a r d  i n  a  d i s t r i c t  i s  

w i t h i n  25 percen t  o f  t h e  t r u e  mean cos t .  Another way o f  l o o k i n g  a t  

t h e  same da ta  i s  t o  t ake  no te  o f  t h e  expected mean e r r o r  f o r  each 

highway system t h a t  may be expected w i t h  a 25 and 40 percen t  sample as 

shown i n  Table 24. 

These sample s i z e s  and sampl i n y  p l ans  a re  needed t o  es t ima te  mean 

cos ts  and needed r e h a b i l i t a t i o n  work on an annual bas is .  

EXPERIMENTAL DESIGN FOR PAVEMENT DATA COLLECTION FOR D E S I G N  EQUATIONS 

I n  de te rm in ing  t h e  number o f  pavement sec t i ons  t h a t  a re  needed t o  

develop a  good pavement des ign equat ion,  t h r e e  s teps a re  necessary:  

1. 	 Decide upon t h e  v a r i a b l e s  us ing  t heo ry  and eng ineer ing  

mechanics 

2. 	 Se lec t  t h e  l e v e l  o f  f a c t o r i a l  t h a t  i s  p r a c t i c a l  

3. 	 Design t h e  exper iment us i ng  t h e  app rop r i a te  h igh,  low, and 

medium l e v e l  va lues o f  t h e  se lec ted  v a r i a b l e s  

Steps 2 and 3 a re  u s u a l l y  worked t oge the r  i t e r a t i v e l y .  

S e l e c t i o n  o f  V a r i a b l e s  

I t  w i l l  be r e c a l l e d  t h a t  i n  t h e  AASHO Road Tes t ,  s imp le  v a r i a b l e s  

were used such as thickness o f  su r face  course, t h i ckness  o f  base 

course, t h i ckness  of sub-base, and l oad  l e v e l .  Because o f  t h e  r e s u l t s  



TABLE 23. Sample S izes  t o  Assure a  Mean E r r o r  o f  Es t imated  
Mean Cost W i t h i n  25 Percent  o f  t h e  T rue  Mean Cost 

U,S. S t a t e  Farm-to-
D i s t r i c t  I n t e r s t a t e  Highways H i  ghways Market 

15 48 27 >50 35 

O v e r a l l  
Weighted 34 25 13 17  
- - - - -- - -- -- - -- 

TABLE 24. Percen t  Mean E r r o r  i n  Mean Costs  Per  Square Yard 

Percen t  U.S. S t  a t e  Farm-to-
Sample I n t e r s t a t e  Highways Hi  ghways Market 



o f  t h e  AASHO Road Tes t  and t h e  e x p l o s i v e  development o f  a n a l y t i c a l  

methods, computer ized techniques,  and n o n l i n e a r  r eg ress ion  ana l ys i s ,  

i t  i s  p o s s i b l e  t o  b u i l d  upon what has been l ea rned  i n  t h e  s e l e c t i o n  o f  

t h e  va r i ab les .  For  example, as p o i n t e d  o u t  i n  t h e  F i n a l  Repor t  o f  

NCHRP P r o j e c t  20-7, Task 1 7 ,  Phase 11, t h e  AASHO Road Tes t  proved t h a t  

t h e  damage t o  a  pavement i s  p r o p o r t i o n a l  t o  i t s  d e f l e c t i o n s ,  and t hus  

t o  a  whole c o l l e c t i o n  o f  v a r i a b l e s  t h a t  a re  re1 a ted  t o  one another  i n  

p r e d i c t i n g  d e f l e c t i o n s .  As a r e s u l t  o f  what was found a t  t h e  AASHO 

Road Tes t ,  i t  i s  p o s s i b l e  t o  choose as a  s i n g l e  v a r i a b l e  a  te rm l i k e  

where 

6 = t h e  d e f l e c t i o n  o f  t h e  pavement 

1 = t h e  a x l e  l o a d  

b2 = t h e  a x l e  index; i t  i s  1 f o r  a  s i n g l e  ax le ,  2  f o r  a  

tandem ax le ,  and so on 

E 
S = t h e  modulus o f  t h e  subgrade 

hi, Ei = t h e  t h i ckness  and modulus o f  a l l  l a y e r s  above t h e  

su bg rade 

E 
0 

= t h e  "datum" modulus, which appears t o  be t h e  modulus o f  

concre te  f o r  t h e  AASHO Road Test  m a t e r i  a1 s. 

The use o f  eng inee r i ng  mechanics o r  o f  t h e o r y  can p rov ide  as 

s i n g l e  v a r i a b l e s  these c l u s t e r s  o f  v a r i a b l e s  which a re  known t o  be 



r e l a t e d  t o  one another  and which, by themselves, p r e d i c t  a  p r imary  o r  

secondary response o f  t h e  pavement. An example o f  t h i s  was g i ven  i n  

t h e  F i n a l  Repor t  o f  NCHRP P r o j e c t  20-7, Task 17,  Phase I 1  i n  which 

express ions  were d e r i v e d  f o r  t h e  number o f  s t r e s s  c y c l e s  t h a t  would 

cause t h e  f r a c t u r e  o f  an o v e r l a y  due t o  bending, shear, and thermal 

s t r ess .  The f o l l o w i n g  v a r i a b l e s  were i nc l uded  as p a r t s  o f  t h e  

express ions  f o r  t h e  number o f  s t r e s s  cyc les  t o  f a i l u r e :  

1. 	 Bending S t ress  Cyc les t o  F a i l u r e .  

T i r e  p ressure  and rad ius ,  depth o f  over lay ,  f r a c t u r e  p r o p e r t i e s  

of t h e  ove r l ay ,  maximum s i z e  o f  t h e  aggregate, aspha l t  con ten t ,  

v i s c o s i t y  o f  t h e  aspha l t ,  vo l ume t r i c  c o n c e n t r a t i o n  of t h e  

aggregate, moment t r a n s f e r  e f f i c i e n c y  f a c t o r  across a  c rack  i n  

t h e  o l d  pavement as determined by non -des t ruc t i ve  t e s t i n g ,  

s t i f f n e s s  o f  pavement u n d e r l y i n g  t h e  o l d  su r f ace  l a y e r .  

2 .  	 Shear ing S t r e s s  Cyc les t o  F a i l u r e .  

A l l  o f  t h e  v a r i a b l e s  1  i s t e d  above were i n c l u d e d  except  t h a t  t h e  

shear t r a n s f e r  e f f i c i e n c y  f a c t o r  across a  crack i n  t h e  o l d  

pavement rep1 aced t h e  moment t r a n s f e r  e f f i c i e n c y  f a c t o r .  A1 so, 

t h e  r e l a t i o n s  among t h e  v a r i a b l e s  were d i f f e r e n t  than i n  t h e  

express ion  f o r  bending s t r e s s  c y c l e s  t o  f a i  1  ure.  

3. 	 Thermal S t ress  Cycles t o  F a i l u r e .  

Thickness o f  ove r l ay ,  maximum s i z e  o f  aggregate, aspha l t  con ten t  

and v i s c o s i t y ,  v o l u m e t r i c  concen t ra t i on  o f  t h e  aggregate, thermal 

f r a c t u r e  p r o p e r t i e s  o f  t h e  over lay ,  shear s t i f f n e s s  o f  t h e  

i n t e r f a c e  between t h e  o v e r l a y  and t h e  u n d e r l y i n g  o l d  cracked 

sur face,  temperature change i n  t h e  o l d  su r f ace  l aye r .  



By u s i n g  t h e  p r i n c i p l e s  o f  mechanics i n  t h i s  way, a l l  o f  these  

v a r i a b l e s  a r e  combined i n  a  known, mechan is t i c  way t o  form s i n g l e  

v a r i a b l e s  which can be used as s i n y l e  v a r i a b l e s  i n  exper imenta l  

design. It can be done now and i t  i s  a  waste o f  t ime  and money t o  do 

otherwise.  

Fo r  t h e  purpose o f  i l l u s t r a t i n g  exper imenta l  design, we s h a l l  

s e l e c t  these  m e c h a n i s t i c a l l y  p r e d i c t a b l e  v a r i a b l e s :  

V a r i a b l e  Type o f  V a r i a b l e  -. 

A Percent  t r u c k s  i n  t r a f f i c  s t ream 

B Bending S t ress  Cyc les t o  F a i l u r e  

C Shear ing S t ress  Cyc les t o  F a i l u r e  

D Thermal S t ress  Cyc les t o  F a i l u r e  

Because i t  i s  imposs ib l e  t o  have o n l y  a s i n g l e  l oad  l e v e l  on a  

pavement t h a t  i s  i n  se rv i ce ,  i t  i s  w e l l  t o  use t h e  percen t  t r u c k s  i n  

t h e  t r a f f i c  stream as a l oad  v a r i a b l e .  The dependent v a r i a b l e  w i l l  be 

t h e  a c t u a l  number o f  l o a d  c y c l e s  t o  reach f a i l u r e .  

S e l e c t i o n  o f  a  F a c t o r i a l  Leve l  

I f  a  l i n e a r  r e l a t i o n  between t h e  dependent and independent 

v a r i a b l e  i s  expected, t hen  two l e v e l s  o f  t h e  independent v a r i a b l e  a re  

s u f f i c i e n t .  I f  a  n o n l i n e a r  r e l a t i o n  i s  expected, t h r e e  l e v e l s  o f  t h e  

independent v a r i a b l e ,  h igh ,  low, and medium a re  needed. A f u l l  

f a c t o r i  a1 exper iment w i  11 requ i  r e  a t o t a l  number o f  pavement sec t i ons  

equal t o  



I n  our  example, t h i s  would be 34 o r  81 pavement sec t i ons ,  

un less  a  spec ia l  exper imenta l  des ign  were used t o  reduce t h e  t o t a l  

number o f  s e c t i o n s  t o  w i t h i n  30 t o  50 sec t i ons  as was done a t  t h e  

AASHO Road Test.  Th i s  can be done i n  severa l  ways. One i s  t o  use 

o n l y  two l e v e l s ,  h i g h  and low, i n  which a  f u l l  f a c t o r i a l  w i l l  r e q u i r e  

o n l y  z4  o r  16 sec t ions .  But t h i s  may l o s e  t h e  advantage o f  hav ing  

some s e c t i o n s  w i t h  t h e  v a r i a b l e s  i n  t h e  medium range t o  g i v e  some i d e a  

o f  t h e  degree o f  " c u r v a t u r e "  t h e  des ign  equa t i on  may have between t h e  

two extremes. Tab le  25 shows t h e  combinat ions t h a t  may be used t o  s e t  

up. an. exper iment  t h a t  avo ids  t h i s  d i f f i c u l t y  w h i l e  p r o v i d i n g  some 

obse rva t i ons  o f  t h e  cu rva tu re .  I n  genera l  , t h i s  exper imenta l  design. 

has zn+2n+1 s e c t i o n s  where n  i s  t h e  number o f  v a r i a b l e s .  It i s  

no ted  t h a t  t h i s  des ign  uses o n l y  25 pavement s e c t i o n s  i n s t e a d  o f  t h e  

81 r e q u i r e d  by a  f u l l  f a c t o r i a l  des ign  w i t h  t h r e e  l e v e l s .  

I f  i t  i s  d e s i r e d  t o  c u t  t h e  number o f  s e c t i o n s  s t i l l  more, i t  i s  

no ted  t h a t  t h e  f i r s t  16 pavement sec t i ons  i n  Tab le  25 form a  f u l l  

f a c t o r i a l  des ign  f o r  two l e v e l s ,  h i g h  and low. T h i s  c o u l d  be changed 

t o  a  ha1 f f a c t o r i a l  composed o f  z 3  o r  8 pavement sec t i ons  by 

r e f e r r i n g  t o  a  s tandard  re fe rence  book " F r a c t i o n a l  F a c t o r i a l  

Exper iment Desi  gns f o r  ~ a c t o r s '  a t  Two Leve l  s," Appl i e d  Mathematics 

Se r i es  48 by t h e  S t a t i s t i c a l  Eng ineer ing  Labora to ry  o f  t h e  Na t i ona l  

Bureau o f  Standards. I n  t h i s  case, two "b l ocks "  can be s e t  up w i t h  4 

pavement s e c t i o n s  t o  each as shown i n  Tab le  26. 

T h i s  e x e r c i s e  w i  11 reduce t h e  t o t a l  number o f  pavement sec t i ons  



TABLE 25. Exper imenta l  Design f o r  Four V a r i a b l e s  

Level  o f  V a r i a b l e s  
Sect  ion 
Number High Mediurn Low 

ABCD 
ABC D 
ABD C 
AC D B 
BC D A 
AB CD 
AC BD 
AD BC 
8C AD 
BD AC 
CD A B 
A BCD 
B AC D 
C AB D 
D ABC 

ABCD 
ABCD 
ABC 
ABC 
ABD 
ABD 
ACD 
AC D 
BCD 
BC D 



TABLE 26. P a r t i a l  F a c t o r i a l  Design f o r  Four V a r i a b l e s  

Level  o f  V a r i a b l e s  
Sec t i on  
Number H i g h  Low 

ABCD 
BC AD 
AC BD 
CD AB 
AB CD 
BD AC 
AD BC 

ABC D 



t o  17. From t h i s  p o i n t ,  once t h e  exper iment has been run, r e g r e s s i o n  

a n a l y s i s  and a n a l y s i s  o f  va r i ance  can be made t o  see how good o f  an 

equat ion  has been developed. By u s i n g  a  knowledge o f  t h e  eng inee r i ng  

mechanics o f  pavements a t  t h e  o u t s e t  o f  t h e  exper imenta l  des ign,  i t  

was p o s s i b l e  t o  i n c l u d e  a l a r g e  number o f  m a t e r i a l  p r o p e r t y  and l a y e r  

t h i c k n e s s  v a r i a b l e s  i n  t h e  exper iment  which o the rw i se  would have 

r e q u i r e d  a  ve ry  l a r g e  f a c t o r i a l  design. 

There i s  o b v i o u s l y  more t o  t h e  d i s c i p l i n e  o f  exper imenta l  des ign 

than  has been p resen ted  here, b u t  t h e  same b a s i c  p r i n c i p l e s  can be 

a p p l i e d  t o  t h e  des ign  o f  any exper iment,  



CHAPTER 9 


SUMMARY AND CONCLUSIONS 


The s u b j e c t  o f  Long-Term M o n i t o r i n g  i s  complex and can be 

expected t o  p l a y  a  v i t a l  and even c r u c i a l  r o l e  i n  t h e  f u t u r e  

management and f i n a n c i n g  o f  t h e  n a t i o n ' s  highway system. It i s  

apparent t h a t  Long-Term M o n i t o r i n g  da ta  i s  needed t o  p r o v i d e  answers 

a t  severa l  l e v e l s :  

1. 	 Federa l  Highway A d m i n i s t r a t i o n  Mandated S tud ies  

2. 	 Network l e v e l  management a t  D i s t r i c t ,  S ta te ,  and n a t i o n a l  

3. 	 Con t ro l  o f  t h e  qua1 i t y  o f  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 ,  and 

r e c o n s t r u c t i o n  

4. 	 P r o j e c t  des ign  f o r  bo th  r e h a b i l i t a t i o n  and new c o n s t r u c t i o n .  

The t y p e  and q u a n t i t y  o f  da ta  t h a t  i s  c o l l e c t e d ,  t h e  u n i f o r m i t y  

w i t h  which i t  i s  c o l l e c t e d ,  t h e  types  o f  analyses t h a t  a re  made o f  t h e  

data,  and t h e  management uses t o  which i t  i s  p u t  va ry  cons ide rab l y  

f rom one l e v e l  t o  t h e  next .  There i s  a  wide degree o f  ove r l ap  i n  t h e  

t ypes  o f  da ta  t h a t  a re  needed on each l e v e l  so t h a t  no s t r i c t  cho i ce  

has t o  be made between c o l l e c t i n g  da ta  f o r  one l e v e l  o r  another.  The 

number o f  pavement s e c t i o n s  t h a t  must be mon i to red  inc reases  and t h e  

number o f  da ta  i tems t h a t  a re  c o l l e c t e d  on each s e c t i o n  d im in i shes  a t  

i n c r e a s i n g l y  h i ghe r  l e v e l s  o f  Long-Term Mon i to r ing .  Because of  t h e  

m u l t i p l e  uses and o b j e c t i v e s  o f  LTM and t h e  b e n e f i t s  t o  be ga ined 

th rough coope ra t i on  and coo rd ina t i on ,  a  l i s t  o f  p r i o r i t i e s  needs t o  be 

drawn up f o r  t h e  Long-Term M o n i t o r i n g  e f f o r t  t o  e s t a b l i s h  t h e  



o v e r a l l  emphasis o f  t h e  LTM program and t h e  most impo r tan t  a l t e r n a t i v e  

uses o f  i t. 

The m a t r i x  o f  Uses and Requirements f o r  Long-Term M o n i t o r i n g  as 

shown i n  Table 27, i l l u s t r a t e s  t h e  t asks  f o r  t h i s  workshop. As a 

b e t t e r  understanding o f  t h e  Long-Term M o n i t o r i n g  process emerges, 

dec i s i ons  can be made t o  e s t a b l i s h  p r i o r i t i e s  among t h e  Uses and 

Requirements t h a t  a re  summarized i n  t h a t  t ab le .  

T h i s  r e p o r t  has descr ibed  much t h a t  has occur red  d u r i n g  t h e  

e v o l u t i o n  process toward Long-Term m o n i t o r i n g  and has o u t l i n e d  bo th  

t h e  uses and t h e  requi rements f o r  Long-Term Mon i t o r i ng .  It i s  a 

p r i n c i p a l  o b j e c t i v e  o f  t h e  f i r s t  Long-Term M o n i t o r i n g  Workshop t o  

a r r i v e  a t  recommended p r i o r i t i e s  f o r  t h e  a l t e r n a t i v e  uses o f  LTM. 

The FHWA Mandated S tud ies  i n c l u d e  

1. 	 Highway Cost A l l o c a t i o n  

2 .  	 Hi  ghway Cost Appor t  ionment 

3. 	 Truck s i z e  and we igh t  b e n e f i t s  and cos t s  

4. 	 Q u a l i t y  o f  c o n s t r u c t i o n  survey 

5. 	 E f f e c t s  o f  weather on c o s t  apport ionment fo rmu las  

6. 	 Cost e f f e c t i v e n e s s  o f  highway f und ing  and q u a l i t y  c o n t r o l  

programs 

7. 	 L i f e  expectancy o f  pavements 

8. 	 Others 

Network management uses a t  D i s t r i c t ,  S ta te ,  and n a t i o n a l  l e v e l  

in c l  ude 

1. 	 P r e d i c t i v e  equat ions t o  p r o j e c t  t h e  expected l i f e  o f  

d i f f e r e n t  c lasses  o f  pavements 



TABLE 27. Uses and Requirements o f  Long-Term M o n i t o r i n g  

Requi rements 

Uses 

FHWA Mandated 
S tud ies  

Network Management 

C o n s t r u c t i o n  
Qua1 i t y  Con t ro l  

P r o j e c t  Desi  gn 

Data 
Needs 

Data 
Ana l ys i s  

Data 
Elements 

U n i f o r m i t y  
Requirements 



2. 	 S u r v i v o r  curves, probabi 1it y  model s, Markov t r a n s i t i o n  

ma t r i ces ,  dec i  o i on  c r i t e r i a  

3. 	 Fund d i s t r i b u t i o n  s t u d i e s  

4. 	 Funding needs es t imates  

5 .  	 Budget p r o j e c t i o n s  

6. 	 Pavement c o n d i t i o n  sampl ing 

7. 	 Pavement maintenance and r e h a b i l i t a t i o n  c o s t  sampl ing 

8. 	 Network cos t s  o f  d e f e r r e d  maintenance 

9. 	 Rehab i l it a t i o n  s t r a t e g y  s t u d i e s  

10. 	 Network p r i o r i t i e s  and o p t i m i z a t i o n  

11. 	 Others 

Uses o f  bong-Term M o n i t o r i n g  da ta  f o r  Hiyhway Cons t ruc t i on  

Qua1it y  Con t ro l  i n c l u d e  

1. 	 C o r r e l a t i o n s  between q u a l i t y  c o n t r o l  t e s t s ,  pavement 

c o n d i t i o n ,  and s e r v i c e  1i f e  

2. 	 Data t~ e s t a b l i s h  s t a t i s t i c a l  performance-based 


s p e c i f i c a t i o n s  


3. 	 Trends i n  q u a l i t y  o f  c o n s t r u c t i o n  w i t h  t i m e  

4. 	 D i s t r i b u t i o n  o f  s t a f f  e f f o r t  and i t s  e f f e c t  on c o n s t r u c t i o n  

qua1ity  

5. 	 S tud ies  t o  determine t h e  q u a l i t y  s tandards t h a t  i n s u r e  good 

performance 

6. 	 Trends i n  p r o j e c t  s t a f f i n g  and p r o d u c t i v i t y  r a t e s  

7. 	 E f f e c t  o f  i n s p e c t i o n  and o f  d i f f e r e n t  s p e c i f i c a t i o n  

s tandards on c o n s t r u c t i o n  q u a l i t y  

8. 	 S t a f f  work u n i t s  f o r  c o n s t r u c t i o n  manpower p l a n n i n g  



9. I n f o r m a t i  on t o  f o rmu la te  s t r a t e g i e s  t o  improve c o n s t r u c t i o n  

qua1it y  

10. Others 

P r o j e c t  des ign  uses o f  Long-Term M o n i t o r i n g  i n c l u d e  

1. 	 Data t o  eva lua te  and t o  c a l i b r a t e  mechan i s t i c  des ign  


computer programs 


2 .  	 Design equat ions  f o r  rehab i  li t a t e d  and new c o n s t r u c t i o n  

3. 	 P r e d i c t i v e  equa t ions  f o r  t h e . . e f f e c t s  o f  env i ronmenta l  


e f f e c t s  on pavement performance: f r o s t  heave, expansive 


c l  ays, thermal  c r a c k i  ng, and thermal f a t i g u e  


4. 	 Data t o  p r o v i d e  a  means o f  e s t i m a t i n g  t h e  re1 i a b i l  i t y  o f  


d i f f e r e n t  pavement des igns 


5. 	 Maintenance cos t s  

6. 	 P r e d i c t i v e  equa t ions  f o r  va r i ous  types  o f  d i s t r e s s  f o r  use 


i n  c o s t  a l l o c a t i o n  s tud ies ,  pavement des ign,  and network 


o p t i m i z a t i o n  


7 .  	 E f f e c t s  o f  inc reased  t r u c k  l oad ings  and t i r e  pressures 

8. 	 E f f e c t s  o f  new m a t e r i a l s ,  a d d i t i v e s ,  and c o n s t r u c t i o n  


techn iques  on pavement l i f e  and l i f e  c y c l e  c o s t s  


9. 	 Pavement l i f e  and l i f e  c y c l e  cos t s  o f  r e h a b i l i t a t i o n  methods 

10. 	 Design s t u d i e s  t o  r e t a r d  d e t e r i o r a t i o n  r a t e s  and t a k e  

advantage o f  changes i n  m a t e r i a l s  o r  t r a f f i c  c h a r a c t e r i s t i c s  

11. 	 Others 

The 	numerous uses o f  Long-Term M o n i t o r i n g  da ta  a t  a1 1 l e v e l s  o f  

pavement management and f i n a n c i n g  show i t s  impor tance t o  t h e  e n t i r e  



process a t  p r o j e c t ,  D i s t r i c t ,  S ta te ,  and n a t i o n a l  l e v e l s .  It i s  o n l y  

th rough  m o n i t o r i n g  t h a t  t h e  b a s i c  da ta  can be acqu i r ed  t o  p e r m i t  t h e  

r a t i o n a l  and equi  tab1  e  management o f  t h e  n a t i o n ' s  highway network and 

t o  p r o v i d e  measures o f  t h e  c o s t  e f f e c t i v e n e s s  o f  t h e  o v e r a l l  

management process p o l i c y .  Techn ica l  ques t i ons  can o n l y  be answered 

o b j e c t i v e l y ,  i n  t h e  f i n a l  ana l ys i s ,  by r e f e r r i n g  t o  d a t a  t h a t  have 

been c a r e f u l l y  and c o n s i s t e n t l y  c o l l e c t e d  on ou r  n a t i o n ' s  highways. 

REQUIREMENTS FOR LONG-TERM MONITORING 

The m a t r i x  i n  Tab le  27 shows f o u r  requ i rements  f o r  each l e v e l  o f  

Long-Term M o n i t o r i n g :  

1. Data needs 

2. Data elements 

3. U n i f o r m i t y  Requi rements 

4. Data a n a l y s i s  

The t o p i c  o f  "Data Needs" r e f e r s  t o  t h e  s i z e  o f  t h e  sample and 

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

use. Fo r  most o f  t h e  FHWA Mandated S tud ies ,  t h e  da ta  needs t o  be 

sampled i n  a  random, s t r a t i f i e d  manner f o l l o w i n g  t h e  p a t t e r n  used by 

t h e  Highway Performance M o n i t o r i n g  System. Fo r  network l e v e l  

management purposes, t h e  da ta  needs t o  be sampled randomly again.  In 

o r d e r  t o  de te rmine  t h e  mean c o n d i t i o n  o f  a  network,  a  2  t o  5 percen t  

sample i s  r e q u i r e d  whereas i f  a  d i s t r i b u t i o n  o f  t h e  c o n d i t i o n  i s  

needed (and  i t  u s u a l l y  i s ) ,  a  15 t o  25 percen t  sample i s  needed. I f  a  

c o s t  e s t i m a t e  i s  r equ i r ed ,  a  25 t o  35 pe rcen t  sample i s  needed. There 



a re  some network l e v e l  needs f o r  p r e d i c t i v e  equat ions,  s u r v i v o r  

curves,  and o t h e r  s i m i l a r  i tems which a s s i s t  i n  making p r o j e c t i o n s  o f  

t h e  f u t u r e  c o n d i t i o n  o f  t h e  network. These p r o j e c t i o n s  must be 

developed from da ta  c o l  1  ec ted  i n  accordance w i t h  a  des i  gned 

exper imenta l  p l a n  and i n  a  very  d e t a i l e d  and u n i f o r m  manner on a  much 

s m a l l e r  sample o f  t h e  network.  The da ta  needed f o r  Highway 

C o n s t r u c t i o n  Qua1 it y  Con t ro l  must a1 so be sampled randomly f rom 

ongoing c o n s t r u c t i o n  p r o j e c t s  o f  known age and t r a f f i c ,  and f o r  which 

t h e  i n i t i a l  qua1 i t y  c o n t r o l  was monitored. P r o j e c t  des ign needs 

des ign  equat ions  developed f rom c a r e f u l l y  and u n i f o r m l y  c o l  1  ec ted  da ta  

on a  smal l  sample o f  t h e  pavements se lec ted  t o  f i 11 ou t  an 

exper imenta l  des i  gn. 

The "Data Elements" f o r  each l e v e l  o f  use w i l l  vary.  The da ta  

elements can be broken i n t o  i n v e n t o r y  and m o n i t o r i n g  i tems. I n  

genera l ,  t h e  need f o r  i n v e n t o r y  da ta  inc reases  a t  t h e  lower  l e v e l s .  

For  example, f o r  FHWA Mandated Stud ies,  almost a l l  o f  t h e  i n v e n t o r y  

da ta  t h a t  i s  needed i s  t h e  f u n c t i o n a l  c l a s s  and su r f ace  t ype  o f  each 

highway s e c t i o n  i n  t h e  sample. Fo r  Network l e v e l  management, s p e c i f i c  

sect i 'ons must be i d e n t i f i e d ,  urban o r  r u r a l  s e t t i n g  determined, 

c l i m a t i c  zone and weather c h a r a c t e r i s t i c s ,  geo log i ca l  o r  geographica l  

zones es tab l i shed ,  and p rev ious  and f u t u r e  t r a f f i c  est imated.  For  

Highway C o n s t r u c t i o n  Q u a l i t y  Con t ro l ,  t h e  i n v e n t o r y  w i l l  i n c l u d e  t h e  

r e s u l t s  o f  many o f  t h e  t e s t s  t h a t  a re  made and o f  t h e  c h a r a c t e r i s t i c  

s t a f f i n g  t h a t  was used on each p r o j e c t .  I n  p r o j e c t  design, t h e  

i n v e n t o r y  requ i  rements a r e  numerous, c a l l  i n g  f o r  m a t e r i a l  p r o p e r t i e s ,  

1  ayer  t h i ckness ,  p rev ious  t r a f f i c ,  env i  ronmental data,  as we1 1  as 



p r e c i s e  l o c a t i o n ,  p r o j e c t  number, county,  d i s t r i c t ,  and so on. 

The m o n i t o r i n g  da ta  t h a t  i s  r e q u i r e d  d i f f e r s  w i t h  l e v e l  as w e l l ,  

s i n c e  much more d e t a i  1  i s  r e q u i r e d  a t  t h e  lower  l e v e l s .  For FHWA 

Mandated S tud ies ,  a s i n g l e  i t e m  o f  m o n i t o r i n g  da ta  may be s u f f i c i e n t  

f o r  t h e  purpose in tended,  such as a  p resen t  s e r v i c e a b i l i t y  index  o r  

r a t i n g .  Network l e v e l  management u s u a l l y  w i l l  c a l l  f o r  more o f  a 

breakdown o f  d i s t r e s s ,  r i d i n g  q u a l i t y ,  s k i d  measurements, maintenance 

costs ,  and so on. Highway C o n s t r u c t i o n  Q u a l i t y  Con t ro l  i s  concerned 

w i t h  t y i n g  subsequent d i s t r e s s ,  r i d i n g  q u a l i t y ,  and maintenance cos t s  

t o  t h e  i n i t i a l  q u a l i t y  of  c o n s t r u c t i o n  and w i l l  u s u a l l y  want t o  have a  

d e t a i l e d  d i s t r e s s  survey w i t h  area and s e v e r i t y  o f  each t y p e  o f  

d i s t r e s s  noted a t  severa l  ages o f  each p r o j e c t .  P r o j e c t  des ign  

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

q u a l i t y ,  sk id ,  and maintenance cos t s  b u t  u s u a l l y  must add v e h i c l e  

weights ,  d e f l e c t i o n s ,  l a b o r a t o r y  t e s t s  on cores, and so on. 

" U n i f o r m i t y  Requirements" f o r  t h e  da ta  t h a t  a re  c o l l e c t e d  become 

i n c r e a s i n g l y  s t r i n g e n t  as t h e  need t o  share t h e  da ta  among agencies 

increases.  The ma jo r  d i f f i c u l t i e s  i n  t h i s  regard  a re  w i t h  t r u c k  

we igh ts  recorded by wei gh- in-mot ion dev ices,  d e f l e c t i o n  t e s t s ,  

measured roughness, methods o f  r eco rd ing  d i  s t r e s s  survey in fo rmat ion ,  

l a b o r a t o r y  t e s t  methods, and t h e  d e t a i l s  o f  t h e  way t h a t  maintenance 

cos t  and s t a f f i n g  da ta  a re  recorded. Once again,  t h e  d e t a i l  t h a t  i s  

requ i  red  and thus t h e  need f o r  more d e t a i  1ed u n i f o r m i t y  r equ i  rements 

inc reases  w i t h  t h e  lower  l e v e l s  o f  LTM da ta  usage. 

"Data Ana l ys i s "  methods become more complex a t  t h e  lower  l e v e l s  

o f  da ta  usage, as we l l .  A t  t h e  l e v e l  o f  FHWA Mandated S tud ies ,  s imp le  



means and s tandard d e v i a t i o n s  a re  g e n e r a l l y  a l l  t h a t  a r e  requi red.  

There a re  n o t a b l e  excep t ions  t o  t h i s  i n  t h e  case o f  Cost A l l o c a t i o n  

S tud ies  t h a t  r e q u i r e  d e t a i l e d  p r o j e c t  des ign types  o f  equat ions.  The 

HPMS a n a l y s i s  uses l i n e a r  r eg ress ion  t o  o b t a i n  r e l a t i o n s  among 

dependent and independent v a r i  ab l  es . Network 1  eve1 management 

requi rements f o r  da ta  a n a l y s i s  c o n t a i n  a  wide v a r i e t y  o f  s t a t i s t i c a l  

techn iques  and p r o j e c t i o n  methods, i n c l u d i n g  t h e  occas iona l  use o f  

p r o j e c t  des ign  equat ions.  I t  i s  a t  t h i s  l e v e l  t h a t  s u r v i v o r  curves 

a r e  developed us ing  'maximum 1ik e l ihood es t imato rs ; '  t h a t  "Markov 

t r a n s i t i o n  m a t r i c e s "  a re  cons t ruc ted  which show how t h e  c o n d i t i o n  o f  a 

network changes' f rom one t i m e  p e r i o d  t o  t h e  next ;  and t h a t  " d e c i s i o n  

c r i ' t e r i a "  a r e  determined by s t a t i s t i c a l  techn iques  such as 

d i s c r i m i n a n t  a n a l y s i s  o r  l o g i s t i c  regress ion .  I n  t h e  process o f  

d e c i s i o n  making a t  Network l e v e l ,  va r i ous  ope ra t i ons  research  methods 

'are used i n c l u d i n g  1  i n e a r  programming, dynamic p r o g r a m i n g ,  i n t e g e r  

programming, and o t h e r  s p e c i a l i z e d  techniques in tended t o  maximize t h e  

e f f e c t i v e n e s s  of t h e  use o f  highway funds. Highway C o n s t r u c t i o n  

Qua1it y  Con t ro l  s t u d i e s  have used simp1 e means and s tandard d e v i a t i o n s  

and l i n e a r  r eg ress ion  i n  t h e  pas t  t o  e s t a b l i s h  r e l a t i o n s  and 

c o r r e l a t i o n s ,  b u t  i t  i s  ve ry  l i k e l y  t h a t  t h e  f u t u r e  w i l l  see t h e  use 

o f  n o n l i n e a r  r eg ress ion  methods t o  e s t a b l i s h  equa t ions  t h a t  w i l l  t i e  

pavement s e r v i c e  l i f e  t o  q u a l i t y  c o n t r o l  l e v e l s .  P r o j e c t  des ign  

equat ions  r e q u i r e  t h e  use o f  v a r i o u s  forms o f  1  i n e a r  and nonl  i n e a r  

r eg ress ion  a n a l y s i s ,  and uses t h e  types  o f  analyses t h a t  can be made 

w i t h  mechan i s t i c  a n a l y s i s  computer programs. P r o j e c t  l e v e l  

o p t i m i z a t i o n  techn iques  a re  used t o  s e l e c t  t h e  bes t  a l t e r n a t i v e  



design f r om among numerous a l t e r n a t i v e s .  A l l  o f  t h e  a n a l y s i s  methods 

t h a t  a re  ment ioned above a re  now a v a i l a b l e  i n  " o f f - t h e - s h e l f "  

packages, many o f  which have been developed s p e c i f i c a l l y  f o r  use i n  

pavement management processes. 

It i s  t h e  o b j e c t i v e  o f  t h e  f i r s t  Long-Term M o n i t o r i n g  Workshop t o  

cons ide r  these  a l t e r n a t i v e  Uses and Requirements f o r  Long-Term 

M o n i t o r i n g  da ta ;  t o  a r r i v e  a t  p r i o r i t i e s  on each o f  t h e  uses; and t o  

dec ide  which $ r e  t h e  bes t  ways o f  s a t i s f y i n g  t h e  LTM requi rements  f o r  

t hose  uses. What shou ld  emerge f rom t h i s  Workshop i s  a  b e t t e r  

unders tand ing  o f  t h e  e n t i r e  bong-Term M o n i t o r i n g  process and a  se t  o f  

d e c i s i o n s  which w i l l  determine t h e  f u t u r e  d i r e c t i o n  o f  Long-Term 

M o n i t o r i n g  i n  t h e  S ta tes  and i n  t h e  na t i on .  
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