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

The Alaska Department of T r a n s p o r t a t i o n  and P u b l i c  F a c i l i t i e s  

( DOTPF) i n i  t i  a ted  use o f  newly devel  oped pavement r a t i n g  procedures d u r i  ng 
i t s  1978 highway i n v e n t o r y .  The purpose o f  t h i s  s tudy  i s  t o  desc r i be  t h e  
pavement r a t i n g  method i n  d e t a i  1 and eva lua te  t h e  i n d i v i d u a l  measurements 

which comprise it. The Alaskan r a t i n g  a t tempts  t o  q u a n t i f y  su r f ace  crack-  

ing ,  pa t ch ing  and wheelpath r u t t i n g  as an a i d  t o  design, c o n s t r u c t i o n  and 

mai ntenance p l  anni  ng . Th i  s r e p o r t  exami nes t h e  s i g n i f i c a n t  amount o f  e r r o r  

assoc ia ted  w i t h  measurements o f  pavement o f  d i s t r e s s ,  and suggests improve- 
ments which can be i nco rpo ra ted  i n t o  f u t u r e  i n v e n t o r y  work. 

P r i  n c i  pa l  t o p i c s  addressed are:  

- pavement r a t i n g s  i n  t h e  con tex t  o f  a pavement management system 

- t h e  development of A laska ' s  r a t i n g  method f o r  f l e x i b l e  pave- 

ment s 
- accuracy and r e p r o d u c i b i l i t y  o f  f i e l d  measurements f o r  pave- 

ment r a t i n g s  conducted by a two-man crew 

ways o f  improv i  ng obse rva t i on  and sampl i ng methods - 

The research  da ta  base u t i l i z e d  i n  t h i s  s tudy cons i s ted  o f  da ta  and 

exper ience accumulated f rom two complete i n v e n t o r i e s  o f  t h e  A1 askan paved 

highway system conducted over  t h e  pas t  t h r e e  years .  The s tudy  a l s o  

examines r e s u l t s  o f  r e p e t i t i v e  sampling conducted s p e c i f i c a l l y  f o r  t h i s  

p r o j e c t  on f i v e  t y p i c a l  pavement sec t i ons  l o c a t e d  near Fai rbanks,  Alaska. 

The conc lus ions  reached i n  t h i s  r e p o r t  w i l l  p rov ide  g u i d e l i n e s  which 
can be i n c o r p o r a t e d  i n t o  t h e  S t a t e ' s  f u t u r e  i n v e n t o r y  work. 
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SUMMARY & CONCLUSIONS 

Thi s report describes the development and eval ua t i  on of A 1  aska' s 
inventory rat ing procedure for f l ex ib le  pavements. 

Development of the system was based on the generally accepted 
principal s of pavement rat ing practice as o u t 1  i ned i n  recent 1 i t e ra tu re .  
The Alaskan rat ing method attempts t o  measure basic elements of road 
quali ty from two important viewpoints: 

1 )  the highway user --- 
* r ide  roughness 

2 )  the highway engineer --- 
* fat igue ( a l l i ga to r )  cracking 
* major ( f u l l  lane w i d t h )  patching 
* wheelpath r u t t i n g  

These r a t i n g  features are reported on a mile-by-mile summary b o t h  
individually and in terms of a composite servicabi l i ty  score. As the 
rat ing method was being developed, a concerted e f for t  was made t o  keep a l l  
d i s t r e s s  measurements as simple as possible while providing adequate 
information for pavement management needs. 

The rat ing method was evaluated through a special f i e l d  study and 
experience accumulated during the three years since i t s  implementation. 
Findings indicate a large variation i n  the a b i l i t i e s  of d i f ferent  r a t i n g  
crews t o  characterize the extent and severi ty of patching and cracking. 
The range of variation i n  crack and patch measurements obtained by 15 
crews on 5 selected pavement sections was f o u n d  t o  be as much as twice the 
mean measured value. These differences are apparently associated w i t h  the 
level of task- interes t  expressed by each crew and weather factors  control-  
1 i ng vi s i  bi 1 i t y  of pavement surface features.  Examination of previous 
inventory rat ings confirmed the d a t a  sca t te r  indicated by the experimental 
pavement sections. 

The variation in rut depth measurements was large enough t o  require 
very high sampling frequencies. A mechanized form of rut measuring device 
i s  suggested which i s  capable of more t h a n  100 measurements per section i n  
b o t h  inner and outer wheelpaths. Marked differences between average depths 
of inner and outer wheelpaths require data from b o t h  locations i n  order t o  
define the worst-case condition. 

- 2 -  



Conclusions: 

* The assumption that  Alaska's pavement rat ing methods are simple 
enough t o  insure a high degree of reproducibility i s  n o t  demon- 
s t ra ted w i t h  available d a t a .  

* A great deal of variation i s  apparent i n  the f i e l d  measurement of 
cracking, patching and rutt ing.  This i s  indicated t h r o u g h  examina- 
t i o n  o f  experimental data as well as data collected from previous 
i nventory work. 

* The use of machine measurements i s  suggested wherever possible in 
a l l  phases of the rat ing process. 

* I t  i s  evident t h a t  pavement r a t i n g  by "eyeball" methods i s  a 
d i f f i cu l t  process requiring careful and rigorously standardized tech- 
nique. Pavement rat ing instructions must be formalized t o  include 
gui del i nes for t r a i  ni ng r a t i n g  crews and i nsuri ng acceptable perform- 
ance. Specifications are necessary for standardization of viewing 
height , acceptable 1 i g h t i  ng condi t i  ons and vehicle speed. 

- 3 -  



RECOMMENDATIONS 

The ab i l i t y  t o  successfully quantify pavement performance i s  a 
requirement of almost any approach t o  pavement management. I t  i s  therefore 
necessary t o  view Alaska's pavement r a t i n g  method as a tool t o  be improved 
rather t h a n  discarded. 

Recommendations for  improvement include: 

1 )  Phase o u t  human "eyeball" measurements of pavement d i s t ress  as 
re l i ab le  machines methods become available. 

2 )  Except fo r  very rough cl assif  i ca t i  on purposes, rut measurements 
should be discontinued until  sampling ra tes  of more t h a n  100 per 
mile can be achieved. 

3 )  Continue existing approach b u t  w i t h  greatly increased/improved crew 
t r a i  n i  ng and a s t r i c t  standardi z a t i  on of observation technique. 

An ideal form of instruction would include the use of "standard" 
road sections. On these sections, the crew would attempt t o  match the 
rat ings performed by experienced personnel. The au thor  suggests a five-day 
"tuning" period f o r  new rat ing crews. Ratings performed d u r i n g  t h i s  f i r s t  
week would n o t  be included i n  the inventory summary before being verif ied 
by a repeated observation. 

Observation conditions for  the inventory measurement o f  cracking and 
patching should be standardized: 

1 )  
2 )  
3 )  u t i l i za t ion  of optimal sun incidence whenever possible 

vehicle speed a t  6 mph or less  
r a t i n g  only completely dry road surfaces 

best illumination - -  (See f igure 10) 
* horizontal sun angle of +-70 degrees from head-on 
* vert ical  sun angle of more t h a n  10 and less  than 60 

degrees from the horizontal 

- 4 -  



This point should be emphasized even i f  i t  requires t h a t  the 
direction o f  t r ave l ,  i . e . ,  direction o f  the r a t e r ' s  view, be 
changed. 
standardized viewing height a t  5 1 / 2  f ee t  5 1 / 2  foot 4 )  

5 )  use o f  u t i l i t y  van-type vehicle with nearly vert ical  windshield 
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RATING PROCEDURE 
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DEVELOPING AN ALASKAN 

PAVEMENT R A T I N G  PHILOSOPHY 

Background and L i t e r a t u r e :  

Dur ing  t h e  w i n t e r  o f  1977-78 t h e  P lann ing  D i v i s i o n  o f  A laska ' s  DOTPF 
decided t o  r e v i s e  i t s  e x i s t i n g  highway i n v e n t o r y  procedure. The impetus 

behind t h i s  move was an i n c r e a s i n g  awareness o f  t h e  need f o r  accurate,  

q u a n t i t a t i v e  da ta  f o r  programming highway maintenance and c o n s t r u c t i o n  
funds. The Department I s Research Sec t ion  was comrni s s i  oned t o  produce a 

p r a c t i c a l  i n v e n t o r y  system, one which would s tand  t h e  s c r u t i n y  o f  s t a t i s -  

t i c a l  eva l  u a t i  on. 

Be fo re  a t t emp t i ng  t o  assemble an Alaskan highway i n v e n t o r y  p ro-  

cedure, t h e  l i t e r a t u r e  was researched t o  see how o t h e r  American s t a t e s  and 

f o r e i g n  government t r a n s p o r t a t i o n  agencies had n e g o t i a t e d  t h e  same ground. 

A method f o r  r a t i n g  pavements was f i r s t  developed f o r  use i n  t h e  

AASHO road  t e s t  o f  t h e  l a t e  5 0 ' s  t o  e a r l y  6 0 ' s  e r a  ( 1 ) .  The o r i g i n a l  i d e a  

behind t h e  r a t i n g  was t o  numer i ca l l y  c l a s s i f y  pavements based on t h e  

s u b j e c t i v e  obse rva t i  ons o f  eng ineer ing  speci  a1 i s t s  and normal highway 

users.  A r a t i n g  sca le  was a r b i t r a r i l y  s e t  between 0 and 5, where 0 i s  

ext remely  poor and 5 i s  p e r f e c t .  The key d i s t r e s s  m a n i f e s t a t i o n s  se lec ted  

were; su r face  d e t e r i o r a t i o n ,  r i d e  roughness, r u t t i n g ,  c r a c k i n g  and main- 

tenance pa tch ing .  T h i s  r a t i n g  techn ique  produced a number termed "Present  

S e r v i c e a b i l i t y  Ra t ing"  (PSR) in tended f o r  c l a s s i f y i n g  a g i v e n  s e c t i o n  o f  

road. F i g u r e  1 i n d i c a t e s  t h e  number of i n d i v i d u a l  r a t e r s  necessary, 
s t a t i s t i c a l l y ,  t o  es t ima te  t h e  " t r u e "  va lue  o f  PSR u s i n g  t h e  comple te ly  

s u b j e c t i v e  AASHO method. Th i s  f i g u r e  i n d i c a t e s  t h a t  f o r  1 o r  2 r a t e r s  t h e  

e r r o r  assoc ia ted  w i t h  e s t i m a t i o n  o f  PSR i s  g r e a t e r  than  1. S ince t h e  e r r o r  

can range e i t h e r  t o r  - f r om t h e  t r u e  value, t h e  f u l l  range o f  p o s s i b l e  
e s t i m a t i o n  i s  t h e r e f o r e  2 which rep resen ts  1 /3 o f  t h e  t o t a l  0-5 sca le .  

The AASHO researchers  then  took  t h e  n e x t  l o g i c a l  s tep  o f  c o n v e r t i n g  
t h e  r a t i n g  f rom a s u b j e c t i v e  t o  an o b j e c t i v e  method by d e r i v i n g  a 

r e g r e s s i o n  equat ion  c l o s e l y  matching PSR panel scores. Regression equat ion  

independent v a r i a b l e s  cons i s ted  o f  s tandard ized  measurements o f  f a t i g u e  

c r a c k i n g  area, maintenance pa tch  area, wheel pa th  r u t  depth and l o n g i t u -  

d i  n a l  s u r f  ace v a r i  a t i  on (roughness).  The road  s u r f  ace condi t i  on Val ues 
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c a l  c u l  a ted  by t h e  r e g r e s s i o n  equat ion  a re  termed "Present  Serv iceab i  1 i ty  

Index"  ( P S I  1. 

- AASHO Equat ion - 

2 P S I  = 5.03-1.91 l o g  (l+SV)-1.38RD -0.01 (CtP) 

Where : 

SV = mean s lope  var iance  i n  t h e  two wheelpaths as measured absolute-  
6 l y  by a l o n g i t u d i n a l  p r o f i l o m e t e r  ( i nches  pe r  m i l e  x 10 ) 

RD = mean r u t  depth ( i nches )  

C t P  = c rack ing  + pa t ch ing  (square feet/l,OOO square f e e t  t o t a l  su r-  

f ace ) 

Most pavement r a t i n g  methods developed subsequent t o  t h e  AASHO 

study, i n c l u d i n g  A laska 's ,  a re  r e l a t e d  i n  some degree t o  t h e  o r i g i n a l  

AASHO fo rm and were in tended t o  p rov ide  key performance feedback t o  t h e  

o v e r a l l  pavement management process. Generat i  on o f  A1 aska 's  r a t i n g  scheme 
was exped i ted  by a then  r e c e n t l y  compl ied summary and c r i t i q u e  o f  highway 

agency pavement management p r a c t i c e s .  A f e d e r a l l y  sponsored workshop was 

h e l d  i n  Tumwater, Washington, i n  November o f  1977 which examined t h e  

e x i s t i n g  s t a t e - o f - t h e - a r t  i n  t h e  f i e l d  o f  Pavement Management Systems 

( PMS) . U. S. and Canadi an r e p r e s e n t a t i  ves were s e l  e c t i  v e l y  i n v i t e d  p r o v i  d-  

i n g  t h e y  were a c t i v e l y  implementing, and t h e r e f o r e  exper ienced i n  a PMS 

program. A t  t h e  t i m e  t h e  ADOTPF was a t t emp t i ng  t o  dev i se  a r a t i n g  method 

f o r  aspha l t  concre te  pavements, t h e  Tumwater conference r e p o r t  was by f a r  

t h e  most comprehensive source o f  i n f o r m a t i  on concern ing r a t i n g  schemes 

a v a i l a b l e .  Al though t h e  Tumwater meet ing addressed t h e  genera l  f i e l d  o f  

pavement management, a major  t o p i c  o f  d i scuss ion  concerned s e l e c t i o n  o f  

methods f o r  examining and r a t i n g  pavements ( 3 ) .  The Tumwater r e p o r t  n o t  

o n l y  d iscussed va r i ous  f i e l d  methods b u t  c r i t i c a l l y  compared them. Ra t i ng  

system elements were suggested which p rov ided  t h e  b e s t  i n p u t  t o  t h e  

o v e r a l l  PMS. 

- 9 -  



The f o l l o w i n g  d i scuss ion  w i l l  i n d i c a t e  how pavement r a t i n g s  f i t  i n t o  

an o v e r a l l  PMS. It w i l l  a l s o  rev iew some p r i n c i p a l  conc lus ions  reached a t  
Tumwater which were used i n  t h e  development o f  A laska ' s  r a t i n g  methods. 

F i g u r e  2 i s  an i d e a l i z e d  r e p r e s e n t a t i o n  o f  t h e  "systems" approach t o  

pavement management ( 10 ) .  Pavement r a t i n g s  w i t h i n  t h i s  scheme p rov ide  

v i t a l  da ta  t o  bo th  p r o j e c t  ( p l  1 and network ( n l  l e v e l s .  A laska p r e s e n t l y  
uses i t s  pavement r a t i n g s  mos t l y  a t  t h e  network l e v e l  f o r  a l l o c a t i o n  o f  

f und ing  th rough t h e  D i v i s i o n  o f  P lann ing  and Programming. There has been 

some use o f  i n v e n t o r y  data,  however, as a road  c l a s s i f i c a t i o n  t o o l  i n  

research  p r o j e c t s .  Also, a t  t h e  r e g i o n a l  l e v e l ,  maintenance ana l ys t s  a re  

beg inn ing  t o  l ook  a t  road  i n v e n t o r y  da ta  as an a i d  t o  manpower and 

equipment a l l o c a t i o n .  The i d e a l i z e d  "Data F i l e "  shown a t  t h e  cen te r  of 
F i g u r e  2 does n o t  e x i s t  i n  a comprehensive fo rm w i t h i n  t h e  ADOTPF a t  t h e  

p resen t  t ime.  I n  Alaska, da ta  concern ing t h e  highway i nven to ry ,  main- 

tenance expendi ture,  highway design, highway economics, e t c .  a r e  s t o r e d  on 

separate f i l e s  i n  va r i ous  computer systems. A d d i t i o n a l l y ,  l i t t l e  i s  com- 

p a t i b l e  between d i f f e r e n t  da ta  f i l e s  t o  a l l o w  t h e i r  u t i l i z a t i o n  as com- 

b i n a b l e  PMS i n p u t .  
Assuming t h a t  a PMS would be t h e  u l t i m a t e l y  i n tended  use o f  pavement 

i n v e n t o r y  data,  t h e  f o l l o w i n g  consensus emerged f r om t h e  Tumwater con fe r -  

ence: 

1. Ride roughness should be o b j e c t i v e l y  r a ted ,  

2. S t r u c t u r a l  c a p a c i t y  should be r a t e d  b u t  i t  was n o t  c l e a r l y  decided 

whether t o  r a t e  s t r u c t u r a l  capac i t y  on t h e  b a s i s  of d e f l e c t i o n  t e s t s  
o r  su r f ace  d i s t r e s s  measurements. 

3. Pavement d i s t r e s s  should be ra ted .  Th i s  i n c l u d e s  measurement o f  r u t  

depth, c r a c k i n g  and patch ing.  

4. Rut Depth measurements were cons idered a long  w i t h  s k i d  t e s t i n g  t o  

p r o v i d e  an i n d i c a t i o n  o f  road  sa fe t y .  Rut measurements should t he re-  

f o r e  be i n c l u d e d  i n  any highway r a t i n g  scheme. 
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5. The use of a single c lass i f ica t ion number such as Present Servicea- 
b i l i t y  Index ( P S I )  was said t o  provide a valid measure of pavement 
condition. 

6 .  There i s  very l i t t l e  standardization of terminology and measurement 
technique among the available systems of pavement rat ing when these 
systems are examined i n  de t a i l .  

Each of the above points was seriously considered prior t o  develop- 
ment of the Alaskan rat ing system. Table 1 ,  taken from the Tumwater 
conference report ,  indicates the sa l ient  features of the road rat ing 
methods o f  U.S. States and Canadian provinces in attendance. 

I n  reviewing more recent l i t e r a tu r e  (4,5)  i t  appears tha t  the rat ing 
procedures outlined i n  Table 1 have been basically continued. I t  i s  
therefore concluded that  Alaskan rat ing methods developed w i t h  the a i d  of 
pre-1978 l i t e r a tu r e  sources s t i l l  r e f lec t  contemporary t h i n k i n g .  

The objectives and basic rat ing elements l i s t ed  below were chosen by 
the ADOTPF from background research and a defini t ion of Departmental 
needs. They guided the development o f  Alaska's inventory r a t i n g  by provid- 
ing u t i l i z a t i o n  " targets . "  Only the most recognized pavement condition 
indicators were selected for consideration as elements in Alaska's rat ing 
procedure. 

Objectives: 

Pavement condition ( ra t ing)  d a t a  must - 

1 . Provide i nformati on for  p l  ann i  n g / p r i  or i  t i  zi ng rehabi 1 i t a t i  ve design 
and mai ntenance of exi s t i  ng pavements. 

2 .  Provide information on the re la t ive  condition o f  to ta l  highway 
mileage within various jur isdic t ions  for  budgetary apportionment 
purposes. 

3 .  Provide design feedback information. 
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Pavement Distress Indicators: 

1 .  Structural condition 

a .  surf ace d i  s t ress  

*cr ac ki ng* 
- fa t igue ( t r a f f i c  load  related "a l l iga tor"  cracks) 
- thermal (major transverse and "map" cracks) 
- longitudinal 

*def ormat i on* 
- shoving (slippage of asphalt concrete layer on the base 

- wheelpath r u t t i n g  
course) 

*surface deterioration* 
- plucking ( l o s s  of coarse aggregate) 
- ravelling ( loss  o f  f ine  aggregate) 
- b l  eedi ng 
- potholes 

b .  pavement layer strength, usually interpreted from deflection 
t e s t  data 

2 .  Funct i onal condition 

a .  r ide  roughness - produced by combined e f fec t s  of surface 
d i s t ress  and embankment/foundation movements 

- cracking and ru t t ing (surface d i s t ress  features)  
- f ro s t  heave ( embankment 
- different ia l  thaw settlement (foundation) 

b. pavement surface f r ic t ional  coefficient  
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Any o f  t h e  pavement damage terms which may be u n f a m i l i a r  t o  t h e  

reader  a re  exp la i ned  w i t h  photographic  examples i n  Onta r io ,  Canada's 

e x c e l l e n t  pavement r a t i n g  manual ( 6 ) .  The O n t a r i o  manual ( a v a i l a b l e  as o f  

t h i s  w r i t i n g  on reques t  f r om t h e  p r o v i n c i a l  government) i s  suggested as a 
s tanda rd i z i ng  source f o r  d e t a i l e d  pavement d i s t r e s s  te rmino logy .  F i g u r e  3 
i l l u s t r a t e s  d i s t r e s s  types  most commonly seen on A laska ' s  paved roadway 

system. 

A l a s k a ' s  Ra t i ng  Method - The Development Process: 

L i t e r a t u r e  rev iew  p l u s  common sense p o i n t e d  t o  t h e  need f o r  a r a t i n g  

method which would adequately c h a r a c t e r i z e  t h e  road  c o n d i t i o n  whi 1 e a1 1 ow- 

i n g  a h i gh  degree o f  r e p r o d u c i b i l i t y .  The da ta  must p r o v i d e  t r u e  reproduc-  

ab le  c h a r a c t e r i z a t i o n  o f  pavement c o n d i t i o n  changing f rom yea r  t o  year  i n  

a r a t i o n a l  manner, e.g., pavements should n o t  anomalously appear t o  heal  

w i t h  t i m e  un less  maintenance has a c t u a l l y  been done. The r a t i n g  techn ique  

t h e r e f o r e  had t o  be as s imp le  as poss ib l e ,  and i n c l u d e  t h e  l a r g e s t  

p r a c t i c a l  sampl ing o f  each road  sec t i on .  
The f o l l o w i n g  were chosen as r a t i n g  parameters by Alaskan r e -  

searchers:  

1 )  f a t i g u e  c rack ing  ( a l l i g a t o r i n g )  

2 )  major pa t ch ing  ( a t  l e a s t  f u l l  l ane  w i d t h )  

3 )  wheel pa th  r u t  depth 

4 )  r i d e  roughness as measured by t h e  Mays Ridemeter 

F a t i g u e  c r a c k i n g  was se lec ted  as a r a t i n g  parameter because i t 

serves as an e x c e l l e n t  i n d i c a t o r  o f  s t r u c t u r a l  c o n d i t i o n  and l o a d - l i f e  
p o t e n t i a l .  The pavements d e s i g n - l i f e  v e h i c l e  l o a d  c a p a c i t y  i s  s a i d  t o  be 

reached when s i g n i f i c a n t  a l l i g a t o r i n g  becomes apparent.  F a t i g u e  c rack ing  

i s  a l s o  o f t e n  assoc ia ted  w i t h  unacceptable r u t t i n g ,  v e h i c l e  r i d e  roughness 

and pavement s u r f  ace d i  s i  n t e g r a t i  on. 

Major  patch ing,  necess i t a ted  t o  r e p a i r  a hos t  o f  problems i n c l u d i n g  

f a t i g u e  c rack ing ,  embankment se t t lement ,  r u t t i n g ,  e t c .  , g i v e s  a genera l  

p i c t u r e  o f  t h e  maintenance e f f o r t  r e q u i r e d  on a g i ven  road  sec t i on .  It i s  

- 15 - 
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a l s o  a p r i n c i p a l  source o f  su r face  roughness and u s u a l l y  becomes cracked 

and po tho led  w i t h  t ime.  

Wheelpath r u t t i n g  i s  impo r tan t  i n  terms o f  d r i v e r  s a f e t y  and t r a v e l  

cos ts .  A consensus o f  ava i  1 ab le  1 i t e r a t u r e  i n d i c a t e s  t h a t  r u t t i  ng deeper 

t han  approx imate ly  1 /2  i n c h  i s  a s a f e t y  hazard which can cause hydroplan-  
i n g  a t  h i g h  v e h i c l e  speeds. R u t t i n g  a l s o  has an e f f e c t  on v e h i c l e  s t e e r i n g  
and reduces t h e  mechanical l i f e  o f  chass is  components. Deep r u t t i n g  

u s u a l l y  accompanies advanced a l l i g a t o r  c rack ing  and s i g n i f i e s  t h a t  pave- 

ment s t r u c t u r a l  s o i l  l a y e r s  (base and/or subbase) have been loaded beyond 
capac i t y .  Th i s  c o n d i t i o n  i s  aggravated th rough use o f  m a t e r i a l s  sub jec t  t o  
ex tens i  ve moi s t u r e  r e 1  a ted  s o f t e n i n g  ( thaw weakening) . 

Ride roughness i s  measured because i t  i s  t h a t  c h a r a c t e r i s t i c  o f  t h e  

pavement which i s  o f  p r imary  concern t o  t h e  d r i v i n g  p u b l i c .  The combina- 

t i o n  o f  d i f f e r e n t i a l  se t t lement  and l e v e l i n g  patches a re  common t o  a l l  

p a r t s  o f  Alaska and t oge the r  a re  t h e  major  cause o f  roughness f e l t  by  t h e  

d r i v i n g  p u b l i c .  R ide roughness i s  e a s i l y  measured on a cont inuous bas i s .  

Some recogn ized  su r f ace  d i  s t r e s s  f e a t u r e s  were d i  sregarded i n  o rde r  

t o  s i m p l i f y  t h e  r a t i n g  process f o r  t h e  f o l l o w i n g  reasons: 

D i f f i c u l t  t o  I d e n t i f y  -- 
p l  u c k i  ng (popping)  o f  coarse aggregate 

r a v e l  1 i n g  

D i f f i c u l t  t o  Q u a n t i f y  --  
p l u c k i n g  

r a v e l  1 i ng 

l o n g i t u d i n a l  c racks  ( a l l  t ypes)  
thermal  c rack ing  (map t y p e  c rack ing  ) 

shov ing 
b 1 eedi  ng 

Rare Occurrence i n  Alaska -- 
( o r  cons idered  o f  r e l a t i v e l y  minor impor tance)  

shov ing 
b l  eedi  ng 

p l u c k i n g  

- 17 - 



Just i f ica t ion f o r  Not Including Other Distress 
Indicators -- 

pothole patches/pot holes 
Easily recognized and quantified by individual count b u t  
a very time consuming measurement fo r  rou t i  ne inventory 
work 

thermal cracking (major transverse type) 
Easily counted b u t  the i r  number i s  apparently more con- 
t ro l l ed  by climate-area than by materials type and pave- 
ment condition ( 7 ) .  An inventory i s  n o t  made of these 
features because they are no t  meaningful indicators of 
design-dependent pavement performance 

pavement f r ic t ional  coefficient  
Recent measurements (Statewide in 1975) have indicated 
t h a t  the materials used i n  Alaskan roadbuilding provided 
consistently high skid numbers. Reasons for  t h i s  include 
a h i g h  degree of aggregate hardness and limited poten- 
t i  a1 for asphalt bleeding because of  A 1  aska' s re1 a t i  vely 
cool a i r  temperatures. 

def 1 ec t i  on t e s t i  ng 
These data provide valuable basic information concerning 
the mechanical nature of the pavement structure.  I t  has 
been proposed t h a t  deflection tes t ing ultimately become 
p a r t  of the normal inventory process. According t o  pre- 
sent p l a n n i n g ,  a def 1 ec t i  on i nventory process w i  11 begi n 
i n  1982 and will require approximately 5 years per 
statewide cycle. The f a l l i n g  weight deflectometer wi l l  
be used t o  col lec t  inventory d a t a .  

- 18 - 



DESCRIPTION OF R A T I N G  AND SCORING 
PROCEDURES USED S I N C E  1978 

T h i s  chap te r  o u t l i n e s  pavement r a t i n g  methods used by Alaska DOTPF 

s ince  1978 and shows how t h e  acqu i red  f i e l d  da ta  a re  mun ipu la ted  f o r  

purposes o f  sco r i ng  and r e p o r t i n g .  F i g u r e  4 i l l u s t r a t e s  t h e  manner i n  
which raw f i e l d  da ta  a re  t ransformed i n t o  a u s e f u l  pavement i n v e n t o r y  

r e p o r t .  

Summary o f  F i e l d  Methods: 

The r a t i n g  process i s  done as two separate opera t ions ,  each r e q u i r -  

i n g  t h e  use o f  a two-man crew. A d e t a i l e d  d e s c r i p t i o n  o f  t h e  i n v e n t o r y  

r a t i n g  procedure i s  presented i n  Appendix A. 

Phase I Mays Ridemeter Eva lua t i on  ( m i l e  by m i l e ,  cont inuous measurement) 

1. Minimum 2 man crew 
2.  Mays Ridemeter, Model 890 w i t h  r o t a r y  t r a n s m i t t e r  

3. Standard ized o p e r a t i  on 

a. v e h i c l e  ope ra t i ng  speed 
b. s tandard ized  veh i c l e ,  suspension and t i r e  t y p e  

a. p e r i o d i c a l  l y  

b. w i t h  t i r e ,  suspension, v e h i c l e  changes 

4. Required C a l i b r a t i o n  

Phase I 1  Sur face D i s t r e s s  Ra t i ng  

1. Minimum 2 man crew 

2.  D i s t r e s s  f e a t u r e s  measured 

a. a l l i g a t o r  c rack ing  ( m i l e  by m i l e ,  cont inuous measurement). 

Appearance o r  absence o f  c rack ing  i s  d e f i n e d  by t h e  r a t e r s  

d e t e c t i o n  a b i l i t i e s  a t  minimum a l l owab le  v e h i c l e  speed--no 

e s t i m a t i o n  o f  s e v e r i t y  i s  necessary except  t y p e  I, type  I 1  

c 1 a s s i  f i c a t i  on. 
1. s e v e r i t y  measured s u b j e c t i v e l y  as t y p e  I o r  t y p e  I 1  

2. d e n s i t y  ( e x t e n t )  measured as t o t a l  % o f  s e c t i o n  
l e n g t h  e x h i b i t i n g  a l l i g a t o r i n g  i n  any o r  a l l  wheel 

pa ths  (see Appendix A ) .  
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3. detection l imit  i s  defined by observation speed ( 7  - 
10 mph)  

b .  f u l l  width patching (mile by mile, continuous measurement) 
1 .  defined as having a minimum 1 lane wid th  
2 .  no measurement o f  severity 
3. density (extent)  measured as a % of to ta l  section 

4. detection l imit  i s  defined by observation speed ( 7  - 

c. rut depth measurement (measured a t  r a t e r s  discret ion one or 

1 .  rut depth i s  derived by averaging a l l  wheelpaths 
2 .  magnitude o f  rut depth determines to ta l  number of 

readings required ( see Appendix A )  , with deeper 
r u t t i n g  requiring more measurements 

1 ength 

10 mph)  

more times per mile) 

Road C o n d i t i o n  Scoring Utilizing Alaska's Pavement R a t i n g :  

Alaska u t i l i z e s  i t s  pavement inventory d a t a  t o  construct a mile by 
mile summary report l i s t i ng  individual condition scores ( %  cracking, rut 
depth, % patching and r ide  roughness) and also a combined Condition Value 
( C V )  score. The C V  i s  analogous t o  the AASHO PSI and provides a single 
numerical descriptor of a given road section. The purpose behind Alaska's 
summarization in terms of b o t h  the individual and composite ( C V )  scoring 
i s expl ai ned : 

mile by mile 
summary of CV 

used mostly by administrative level personnel for  general 
pavement serviceabil i ty c lass i f ica t ion and funding a1 location. 

mile by mile 
summary of individual d i s t ress  features 

used mostly by those a t  the technical level for  detailed 
evaluation of the pavement sections; t h i s  method of summar- 
i z a t i  on i s  necessary, for  example, t o  descriminate between 
functional and structural  problems i n  maintenance planning. 
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The CV i s  calculated from the inventory data in the  following way: 

CV=Mays Ridemeter Score(Ranked)tSurface Condi t ion  Index(Ranked1 
2 

"Ranked" d a t a  indicates that  the d a t a  has been mathematical ly transformed 
into a percent-worse-than score before calculation of C . V .  This provides a 
normalizing of raw scores on a 0-100 (worst t o  bes t )  scale. 

%-worse-than=[(1/2E+L)/N]XlOO 
where: E=number of statewide sections rated the same 

L=number of statewide sections rated worse 
N=total number of statewide sections rated 

Mays Ridemeter score as shown in the CV equation i s  derived di rect ly  
t h r o u g h  the ranking equation from raw Mays Ridemeter d a t a .  Surface Condi-  
t ion Index ( S C I )  i s  calculated by means of the following equation and then 
transformed t o  a %-worse-than ranking t h r o u g h  the ranking formula. 

SCI=1 .38R2t0.01 ( A t P )  

Where: R=average rut depth (inches) 
A = %  of road section which i s  a l l iga tor  cracked 
P=% of road section which i s  covered by f u l l  wid th  patching 

I n  addition t o  reporting a summary o f  the previously discussed 
i nformati on the pavement i nventory report a1 so includes , for  mu1 t i  pl e m i  l e  
sections, the ranked scores describing a volume/capacity r a t i o  and the 
sec t ion ' s  accident rat ing value. Finally, the C V  plus capacity and acci- 
dent scores are combined in a f inal  step t o  produce a "Composite Value" 
calculated as: 

Composite Value Score=(C.V. X Capacity(ranked score))( accidents(ranked 
score) 1 /3 

This composite score, l ike  the C V  i s  used mostly for generalized 
administrative planning and programming purposes. Figure 5 i s  an example 
page from the 1979 inventory summary. 
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SECTION I 1  

EVALUATION OF THE 

ALASKA DOTPF PAVEMENT 

RATING PROCEDURE 
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EVALUATING THE ORIGINAL PLAN 

C r i t e r i a  Used i n  t h e  I n i t i a l  Development o f  t h e  1978 Pavement Ra t i ng  

Met hod : 

The r e p o r t i n g  of m i l e  by m i l e  da ta  i s  an expedient  s e t t l e d  upon 

because l a r g e r  sec t i ons  were n o t  s u f f i c i e n t l y  l o c a t i v e  o f  s p e c i f i c  p ro-  

blems, w h i l e  sma l l e r  sec t i ons  r e s u l t  i n  ext remely  voluminous summary 

r e p o r t s .  A f t e r  dec id i ng  on one m i l e  as t h e  b a s i c  s e c t i o n  l e n g t h  f o r  r a t i n g  

purposes, i t  was necessary t o  s e t t l e  on a sampl ing f requency which cou ld  

p r o p e r l y  c h a r a c t e r i z e  each m i l e .  
The Mays Ridemeter can a u t o m a t i c a l l y  p rov ide  a one hundred percen t  

sampl ing d e n s i t y  a t  50 mph so sec t i ons  o f  l e s s  than  a m i l e  i n  l e n g t h  were 

n o t  cons idered.  S tud ies  o f  t h e  r e p e a t i b i l i t y  o f  t h i s  t e s t  have been made 

by  o the rs  and were beyond t h e  scope o f  t h i s  r e p o r t .  Becasue o f  i t s  

r e l a t i v e l y  good r e p e a t a b i l i t y  t h e  Mays meter i s  cons idered  t h e  most 

r e l i a b l e  p a r t  o f  t h e  p resen t  i n v e n t o r y  procedure. 

Methods f o r  measuring a1 l i g a t o r  c rack ing  and major  pa t ch ing  were 

i n i  t i  a1 l y  eva l  uated on seven s e c t i  ons of roadway near  Fai rbanks.  Each 

s e c t i o n  was d i v i d e d  i n t o  t e n t h  m i l e  subsect ions which were independent ly  

r a ted .  F u l l  w i d t h  pa t ch ing  was c h a r a c t e r i z e d  on t h e  b a s i s  o f  t o t a l  l e n g t h  

patched ( d e n s i t y )  , w h i l e  f a t i g u e  c rack ing  was t y p i f i e d  by bo th  d e n s i t y  and 

s e v e r i t y .  A t y p e  1 o r  t ype  2 c l a s s i f i c a t i o n  was adopted f o r  c rack ing  o f  

l e s s e r  o r  g r e a t e r  s e v e r i t y  as descr ibed  i n  Appendix A. 
A l l i g a t o r  Crack ing was d e f i n e d  as t h a t  v i s i b l e  w h i l e  s l o w l y  d r i v i n g  

(7-10 mph) a long each t e n t h  m i l e  i n t e r v a l  and measuring t h e  percen t  o f  t h e  

t o t a l  d i s t ance  i n  which c rack ing  occurred. Histograms were cons t ruc ted  

( F i g u r e  6 )  t o  show t h e  f requency d i s t r i b u t i o n  o f  f a t i g u e  c r a c k i n g  f o r  t h e  

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

poly-modal (showing no s i n g l e  mean va lue)  and bounded a t  bo th  t h e  0 and 

100 percen t  occurrence 1 eve1 . D i  s t r i  b u t i  ons o f  f a t i g u e  c r a c k i  ng a r e  obv i  - 
ous l y  non-Gaussion i n  charac te r .  I n  v iew o f  these  da ta  i t  was apparent 

t h a t  a one, two, t h r e e  o r  more m i l e  l e n g t h  o f  paved road  cou ld  n o t  

accu ra te l y  be r a t e d  f o r  f a t i g u e  c rack ing  based on measurements i n  a random 

subsec t ion  severa l  hundred f e e t  long.  The normal assumption o f  a 10-20 
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percen t  sampl ing d e n s i t y  i s  o f  no va lue  i n  t h i s  case. As a r e s u l t  o f  t h i s  

i n i t i a l  t r i a l ,  i t  was apparent t h a t  f a t i g u e  c rack ing  must be measured by 

cont inuous obse rva t i on  th rough each m i l e  o f  roadway. 

F u l l  Width Pa tch ing  was observed t o  be s i m i l a r  i n  d i s t r i b u t i o n  o f  

occurrence t o  f a t i g u e  c rack ing  and i t  was s i m i l a r l y  dec ided t h a t  t h i s  
f e a t u r e  cou ld  be p r o p e r l y  cha rac te r i zed  o n l y  by cont inuous observa t ion .  

Rut Depth measurement f requency was a l s o  b r i e f l y  examined p r i o r  t o  

development o f  t h e  r a t i n g  method th rough m u l t i p l e  read ings  taken  on each 

o f  e i g h t  one-mi le  l ong  pavement sec t i ons  near Fai rbanks.  Rut depth averag- 

es ranged f r om 0.185 i n c h  t o  0.244 inch .  The sample s tandard d e v i a t i o n s  

ranged between 16 and 35 percen t  of t h e  sample means and t h e  p l o t t e d  

f requency d i s t r i b u t i o n s  o f  r u t  depth measurements appeared reasonably  

i n d i c a t i v e  o f  normal (Gaussian) behavior .  I t  was assumed f r om these  t r i a l s  

t h a t  r u t  depth measurement cou ld  be eva lua ted  by normal s t a t i s t i c a l  

techniques.  Sampling f requency was addressed th rough t h e  s t a t i s t i c a l  
method used f o r  e s t i m a t i n g  a t r u e  mean va lue  f r om a smal l  sampling. An 

e s t i m a t i o n  o f  t r u e  p o p u l a t i o n  average i s  g i ven  by: 

where: o = t r u e  p o p u l a t i o n  average, i.e., t r u e  average r u t  depth 

X = average r u t  depth as determined from sample 

S = s tandard d e v i a t i o n  o f  sample 

N = number o f  measurements c o n s t i t u t i n g  t h e  sample 

t = " s tuden ts  t "  va lue  f o r  a g i ven  con f idence  l e v e l  and N 

T h i s  f o rmu la  i s  an express ion  o f  t h e  Cent ra l  L i m i t  Theorem which 

descr ibes  t h e  d i s t r i b u t i o n  o f  sample means about a t r u e  mean. I n  m o d i f i e d  

form, t h e  equat ion  can be expressed as f o l l o w s :  
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The error in estimating t rue  rut depth average, i . e . , / d - X  i s  
small in re la t ion t o  the sample standard deviation ( a t  a given level of 
confidence) when the term ? / 4 i s  minimized. Figure 7 i s  a plot of N 
versus p / f l  used t o  se lect  sampling frequency for  the i n i t i a l  inventory 
runs in 1978. Flattening of the curve beginning between N=4 and N=7 
suggested that  a sampling of a t  leas t  4 locations would be necessary t o  
insure t h a t  the error  in estimating t rue  mean rut depth would be l ess  t h a n  
2 standard deviations of the sample. Figure 7 indicates t h a t  the error of 
estimating t rue  mean rut depth i s  about 1 .6  X S for  N=4. Since S of the 
t r i a l  road sections averaged approximately 0.05 inches, i t  was expected 
tha t  the errors in estimating rut depth during inventory work would be no 
larger than + or - 1.6  X 0.05, i . e . ,  0.08 inches. This accuracy was con- 
sidered good enough for  beginning the pavement inventory process. As 

indicated in the description of rat ing methods (Appendix A ) ,  l ess  t h a n  4 
readings per mile were required in the 1978 rat ing method i f  ru t t ing was 
generally observed t o  be less  than 0.25 inch. 

Summary of the Original Plan: 

I t  was decided on the basis of very limited f i e l d  t r i a l s  previously 
described t h a t  pavement d i s t ress ,  except for  rut depth measurement, should 
be characterized by continuous observation o f  the en t i re  road. Three f i e l d  
seasons o f  f i e ld  d a t a  collection have absolutely reinforced the idea of 
u t i l i z ing  a 100% sampling. 

The frequency of measurements necessary t o  adequately determine 
average rut depth was calculated from a prel imi nary s t a t i  s t i  cal assess- 
ment, Measurement of r u t s  was known t o  be a disproportionately time 
consuming j o b  when compared t o  other d i s t ress  observations. I t  was hoped 
t h a t  accumulating experience would show t h a t  no more t h a n  4 s e t s  of 
readings would be required per mile of road. 
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A REVIEW OF ALASKA'S PAVEMENT 
RATING METHODS BASED ON R E C E N T  FIELD STUDIES 

Introduction : 

The Alaskan pavement rat ing method had been i n  use for  2 years when 
i t  was decided t h a t  a more detailed evaluation of i t s  constituent measure- 
ments was needed. A f i e l d  study was begun i n  1980 t o  investigate the 
repeatabi l i ty  of cracking and patching measurements made by di f ferent  
r a t i n g  crews. Frequency of measurements necessary t o  estimate rut depth 
was also reviewed. 

Method of Study and Data Acquisition: 

Five roadway sections were selected near Fairbanks, t o  r e f l ec t  the 
average range of road surface conditions commonly encountered. Each of the 
sections were rated,  using the standard Alaskan procedure, by 15 d i f ferent  
2-member crews. Members were drawn mostly from the middle level pro- 
fessional and technical ranks of road design, maintenance, right-of-way 
and materials sections, b u t  only four  had prior pavement r a t i n g  expe- 
rience. Raters with previous experience were drawn from the Department's 
Research and Development section. 

Each crew of ra te r s  was given the same introduction t o  pavement 
rat ing and  directed from one pavement section t o  another by the instruc-  
tor .  Ratings by each crew required a f u l l  day and the sequence of pavement 
sections remained constant t h r o u g h o u t  the duration of the study. I t  was 
considered important t h a t  the sequence of sections n o t  change because t h i s  
assured t h a t  the sun angle re la t ive  t o  the viewer remained consistant for 
each crew, for  each section. Sun illumination was known th rough  accumu- 
lated f i e ld  experience t o  greatly affect  pavement crack v i s i b i l i t y .  I n  
order t o  maximize the observational a b i l i t i e s  of each rat ing crew, a l l  
rat ings were performed from a vehicle of l ight  truck " v a n"  configuration. 
A nearly vert ical  windshield combined w i t h  a re la t ively  high seating 
position allowed the most advantageous pavement surface view of any 
standard vehicle type. Each section was inspected a t  under 10 mph i n  order 
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t o  i d e n t i f y  and measure c rack ing .  Rut depths were measured i n  each o f  t h e  

f o u r  wheel pa ths  every two- ten ths  m i  l e .  D is tances were measured w i t h  an 

e l e c t r o n i c  odometer capable o f  one ( 1 )  f o o t  r e s o l u t i o n .  

The F i e l d  Data: 

Appendix B i s  a s e c t i o n  by s e c t i o n  summary o f  t h e  pavement d i s t r e s s  

measurements made by each crew. An i n d i c a t i o n  o f  measurement v a r i  ab i  1 i t i e s  

between crews i s  g i v e n  th rough t h e  C o e f f i c i e n t  of  V a r i a t i o n  (Cv) assoc i-  

a ted  w i t h  each d i s t r e s s  type.  

Cv=(std.deviat ion/mean value)X100 

I n  genera l  , a smal l  Cv o f  around 5-10% i n d i c a t e s  t h a t  a good 

es t ima te  o f  a t r u e  mean va lue  i s  p o s s i b l e  f r om r e l a t i v e l y  few i n d i v i d u a l  

measurements. Cv va lues assoc ia ted  w i t h  measurement o f  a l l  pavement d i s -  

t r e s s  i n d i c a t o r s  were cons idered ve ry  h igh .  T h i s  tends  t o  c o n t r a d i c t  t h e  

i n i t i a l  hypo thes is  t h a t ,  because o f  t h e  r a t i n g  method's s i m p l i c i t y ,  r e p r o -  

d u c i b i l i t y  o f  r a t i n g s  between crews c o u l d  be taken  f o r  granted. The 

f o l l o w i n g  es t imates  o f  Cv were c a l c u l a t e d  f r om p r o j e c t  data:  

Type I A l l i g a t o r i n g  cv 

Rut Depth ( c a l c u l a t e d  average) cv 

Rut Depth (Ca l cu la ted  s td .  d e v i a t i o n )  cv  

average = 43% 
average = 25% 

average = 40% 

The s i g n i f i c a n c e  o f  t h e  above l i s t i n g  shou d n o t  be unders ta ted  as 

t h e  u n i f o r m i t y  o f  Cv f rom s e c t i o n  t o  s e c t i o n  i n d i c a t e s  (See Appendix B) . 
Type I 1  (severe)  a l l i g a t o r i n g  and f u l l  w i d t h  pa t ch ing  a r e  n o t  l i s t e d  

because t h e i r  i n f r e q u e n t  occurrence w i t h i n  t h e  t e s t  sec t i ons  d i d  n o t  
p rov ide  an adequate sampl ing t o  a l l o w  a good e v a l u a t i o n  o f  d i f f e r e n c e s  

between r a t i n g  crews. Based on these  l i m i t e d  observa t ions  i t  i s  f a i r l y  

apparent , however , t h a t  t h e  v a r i  ab i  1 i t y  i n  measuring p a t c h i  ng l e n g t h  i s 

somewhat lower  than  f o r  a l l i g a t o r i n g  w i t h  a Cv o f  perhaps 10-20%. A c l e a r  

d i s t i n c t i o n  between t y p e  I and t ype  I 1  a l l i g a t o r i n g  was n o t  e a s i l y  made by 
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the rat ing crews. A tendency, except in the most obviously severe cases, 
was t o  place a l l  cracking i n t o  the type I category. Most crews apparently 
selected a 1 ower severity cl assif  i ca t i  on whenever the question of degree 
of damage arose. This problem can probably be remedied t o  some extent 
during the instruction process by specif ical ly advising t h a t  pavements be 
c r i t i c a l l y  rated. 

The large amount of var iabi l i ty  observed i n  the collected d a t a  i s  
shown i n  table  2 .  Considering the s imilar i ty  in training and background 
between these "experimental" r a te r s  and previous inventory crews, these 
va r i ab i l i t i e s  could be expected on pavement sections t h r o u g h o u t  the State.  

The l a s t  two columns of Table 2 indicate d i f ferent  perspectives from 
which measurement variations can be viewed. 

Interpretat ion No. 1 :  - variation i n  measurements expressed as a 
percent o f  the to ta l  road  section length - Referring t o  the next-to- 
l a s t  column of Table 2 ,  the variation between crews in measuring 
a l l iga tor  cracking was as high as 13% of the to ta l  section length 
(where length of sec. 2 = 2 miles) .  I t  i s  also as  low as 2% as 
indicated for sections 1 and 4. On sections where patching was 
present, the range of i t s  measurement varied from 0.4 t o  almost 6% 
of the t o t a l  section lengths. Set i n  a context of percent t o t a l  
1 ength of section, these measurement vari abi 1 i t i e s  would probably 
n o t  be termed excessive. 

Interpretat ion No. 2:  - v a r i a t i o n  i n  measurements expressed as a 
percent of the mean measurement value - This approach evaluates 
variation within the measurement i t s e l f  rather t h a n  considering i t  a 
percent of some arbitrary variable such as length of road section. 
Examples of t h i s  calculation are shown below where the extreme 
difference in measurements i s  divided by the average value: 

Examples : (max. - m i  n .  )/average 
Type I al l igatoring 

Section 1 100 x (187-29)/ 
Section 2 100 x (1,434-35 
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Section 3 100 x (700-69)/300 = 210% 

Section 1 100 x (382-350)/360 = 10% 
Section 2 100 x (1,042-439)/820 = 70% 
Section 3 100 x (197-91)/100 = 110% 

Full Width Patching 

Most of the  above examples show measurement differences which are 
actually larger than the average value i t s e l f .  

Considering interpretat ion No. 2 and the high coefficient  o f  vari-  
ation ( C v )  values previously noted, i t  would appear t h a t  very serious 
rat ing er rors  could occur on sections of pavement where a l l iga tor ing (o r  
patching) would cover a large percent of the  to ta l  section length. In 
other words, as the actual to ta l  length o f  al l iga tor ing ( o r  patching) 
increases within a part icular  road section, the importance o f  an accurate, 
reproducible measurement becomes very important. 

Because i t  i s  a more s t a t i s t i c a l l y  correct assessment of measurement 
va r i ab i l i ty ,  the author favors interpretat ion No. 2 and notes w i t h  concern 
the apparent inab i l i ty  of rat ing crews t o  match each others measurements. 
These resu l t s  are part icularly surprising since a1 l igatoring i s  c lass i f ied  
and measured i n  what i s  thought t o  be the simplest possible manner. 

The overall e f fec t  of crew measurement variations on rut depth 
determinations i s  magnified by the f a c t  t h a t  the DOTPF usually reports 
"maximum" rut d e p t h  i n  terms of average plus 2 standard deviations. 

Examples: the  mean, mean t 1 standard deviation and mean t 2 
standard deviations are given fo r  the following sections: 

*Section 1 mean = 0.090" mean t s = 0.145" mean t 2s = 0.200" 

Section 2 0.240" 0.480" 0.720" 
Section 3 0.150" 0.240" 0.330" 
Section 4 0.180" 0.260" 0.340" 

*Note--Using Table 2 ,  outer wheel path data. 

The above examples demonstrate a wide range of uncertainty as t o  the 
measured depth o f  r u t t i n g  even though calculated mean values are quite  low. 
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Discussion of Alligator Cracking Measurements: 

I n  several of the following figures the variations i n  measurements 
have been "normalized." This normalization step i s  used so t h a t  various 
road sections can be di rect ly  compared even t h o u g h  each has a d i f ferent  
mean rut depth or  length of al l igatoring.  Normalization of scoring, e.g.,  
% al l igator ing,  average rut depth, etc'. i s  accomplished as in the fo l-  
lowing example: 

Normalized % all igatoring = ( A - B ) / C  

where: A = % all igatoring as measured by an individual 
crew on a specif ic road section. 

B = average % all igatoring calculated from the 
measurements of a l l  crews on the above section. 

C = standard deviation value calculated from the 
measurements o f  a l l  crews on the above section. 

Figure 8 shows how normalized scores of individiual crews rank i n  
relat ion t o  calculated average values on a l l  5 pavement sections. This 
plot indicates the ab i l i t y  of certain crews, e.g. ,  7 and 8 t o  see more 
damage t h a n  others. Conversely, crew number 14  saw much less  cracking in 
a l l  5 pavement sections than the calculated average. Figure 8 includes the 
ins t ruc tor ' s  subjective assessment of each crew in terms o f :  communication 
between crew members [rated: low ( L ) ,  moderate ( M I  and h i g h  ( H ) ] ,  and 
i n i t i a l  impression of rat ing ab i l i t y  ( ra ted:  f a i r ,  good, expert) .  I t  
should be noted t h a t  crews 2 and 10, rated "expert" by the ins t ructor ,  had 
a t  l eas t  a f u l l  season's rat ing experience and were included for  purposes 
of comparison with the other crews. Although f igure  8 indicates t h a t  some 
crews could apparently see more pavement damage t h a n  others, t h i s  d i f -  
ference was no t  parti  cul a r l y  accounted for in obvious  a t t i  tudes or abi  1 i - 
t i e s .  I t  i s  interest ing t o  note, however, t h a t  crew 8, which saw much more 
pavement damage t h a n  crew 1 4 ,  also rated higher i n  the i n s t ruc to r ' s  opin- 
ion. I t  i s  suggested t h a t  best resu l t s  are obtained when active conver- 
sa t i  on concerni ng the rat ing process i s encouraged between crew members , 
especially during the f i r s t  few days o f  inventory. 
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Table 3 a t tempts  t o  d e l i n e a t e  reasons f o r  d i f f e r e n c e s  between crew 

r a t i n g s .  The samples have been broken down i n t o  a s t r a t i f i e d  fo rmat  and 

c ross  indexed i n terms o f  crew communicati on and weather/pavement s u r f  ace 
c o n d i t i o n  a t  t h e  t i m e  of r a t i n g .  The numbers shown i n  t a b l e  3 as X 

( c h a r a c t e r i s t i c  sample average) and S ( c h a r a c t e r i s t i c  sample s tandard 

dev i  a t i  on 1 have been "normal i zed" as p r e v i o u s l y  d e s c r i  bed, t hus  a1 1 owing 

a l l  5 pavement sec t i ons  t o  be cons idered i n  t h e  same ana l ys i s .  The 

combinat ion o f  a SW ( s l i g h t l y  we t )  pavement su r f ace  and a h i g h l y  communica- 
t i v e  crew r e s u l t e d  i n  more v i s i b l e  c rack ing  w i t h  a c h a r a c t e r i s t i c  average 

o f  +0.8 s td .  d e v i a t i o n s  above t h e  o v e r a l l  sample average. Also, i n  

examining t h e  weighted ( f o r  sample number) averages o f  b o t h  rows and 

columns, good crew communication and a s l i g h t l y  wet r oad  su r f ace  a re  

i n d i v i d u a l l y  assoc ia ted  w i t h  inc reased  damage observa t ion .  

Sur face Wetness: The e f f e c t  o f  a s l i g h t l y  wet su r f ace  i n  o p t i m i z i n g  

t h e  v i s i b i l i t y  o f  a l l i g a t o r  c rack ing  i s  f a i r l y  obv ious t o  even t h e  casual 

observer  and can o f t e n  cause t h e  most h a i r l i n e  a l l i g a t o r i n g  t o  s tand  o u t  

i n  v i v i d  d e t a i l .  On t h e  o t h e r  hand, a ve ry  wet r oad  su r f ace  such as ob- 

t a i n e d  d u r i n g  o r  s h o r t l y  a f t e r  a r a i n s t o r m  camouflages a l l  b u t  severe 

c rack ing .  It i s  s t r o n g l y  suggested t h a t  observa t ions  o f  c r a c k i n g  be 

d i  scon t i  nued d u r i  ng ra i ns to rms  o r  o t h e r  pe r i ods  when t h e  pavement su r f ace  

i s  covered by " f r e e "  water .  Table 3 g e n e r a l l y  assoc ia tes  t h e  l e a s t  
observed c rack ing  w i t h  a very  wet ( V W )  su r f ace  c o n d i t i o n .  The i d e a l  

s l i g h t l y  wet su r f ace  c o n d i t i o n  i s  c rea ted  when t h e  road  su r f ace  i s  d r y  

except i n  and around i n d i v i d u a l  cracks.  I n  t h i s  case, wa te r  s t o r e d  i n  t h e  
c racks  d u r i n g  a r a i n  w i l l  keep t h e  ad jacen t  pavement wet l onge r  than  i n  

areas o f  no c rack ing .  

From t h e  p rev ious  d iscuss ion ,  i t  would appear t h a t  pavement r a t i n g s  

cou ld  bes t  be done s h o r t l y  a f t e r  a r a i ns to rm .  A l though a s l i g h t l y  wet 

s u r f  ace a1 1 ows h i g h e s t  crack v i  s i  b i  1 i ty, a d r y  r oad  condi ti on rep resen ts  

t h e  more norma l l y  encountered s i t u a t i o n .  Because o f  t h e  need f o r  a 

s tandard r a t i n g  procedure t h e  author  s t r o n g l y  suggests t h a t  c rack  measure- 

ments be made o n l y  on d r y  pavement. 
Sun Angle: I l l u m i n a t i o n  e f f e c t s  due t o  v a r i a t i o n s  i n  v e r t i c a l  and 

h o r i z o n t a l  sun angle a re  known t o  s t r o n g l y  a f f e c t  c rack  v i s i b i l i t y .  The 

a u t h o r ' s  exper ience i n d i c a t e s  t h a t  op t ima l  l i g h t i n g  c o n d i t i o n s  a re  p ro-  
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v ided  by a more o r  l e s s  head-on sun i nc i dence  as i n d i c a t e d  i n  f i g u r e  9. 
F r o n t a l  l i g h t  tends t o  shade and t h e r e f o r e  darken t h e  v i s i b l e  s i d e  o f  

c rack  segments which a re  pe rpend i cu la r  t o  t h e  observer  and most e a s i l y  

viewed. Th i s  has t h e  n e t  e f f e c t  o f  maximiz ing apparent tone  and t e x t u r e  

d i f f e r e n c e s  between cracked and uncracked pavement. The t r a v e l  d i r e c t i o n  

chosen f o r  t h e  exper imenta l  r a t i n g s  produced "over- the- shou lder"  1 i g h t i  ng 
on 4 o f  t h e  5 pavement sec t i ons  which i s  u s u a l l y  cons idered  a worst- case 

v i ew i  ng condi t i  on. However, each t e s t  s e c t i o n  was examined a t  approx i  - 
mate ly  t h e  same t i m e  o f  day by each crew t o  assure a c o n s i s t e n t  sun angle.  

D iscuss ion  o f  F u l l  Width Pa tch ing  Measurements: 

The occurrence o f  f u l l  w i d t h  pa t ch ing  w i t h i n  t h e  t e s t  sec t i ons  was 
somewhat 1 i m i  t ed .  Data f rom s e c t i  on 3 i n d i c a t e  t h a t  pa t ch ing  measurement 

d i f f e r e n c e s  between crews may be about h a l f  those  expected f r om observa- 
t i  ons o f  c rack ing  . The d i  s t r i  b u t i  on o f  normal i zed scores i n d i c a t e d  i n  

f i g u r e  10 rep resen t  o n l y  t h e  3 t e s t  sec t i ons  which a c t u a l l y  con ta ined  

patch ing.  The v a r i a t i o n  between crews i s  markedly l e s s  pronounced than  f o r  

a l l i g a t o r  c rack ing .  An excep t ion  t o  t h i s  obse rva t i on  i s  crew number 2, one 

o f  t h e  ' 'exper t ' '  crews which i n c l u d e d  t h e  author .  No exp lana t i on  i s  

apparent f o r  t h i s  anomaly except t h a t  t h e  " expe r t s "  were obv ious l y  n o t  

a t tuned  t o  pa t ch ing  a t  t h e  t ime.  
It i s  concluded t h a t  pa t ch ing  i s  more e a s i l y  measured than  a l l i g a t o r  

c rack ing  even though bo th  a re  eva lua ted  i n  a s i m i l a r  way. I n  most cases, 

pa tch ing ,  a t  l e a s t  new patch ing,  i s  a c t u a l l y  q u i t e  e a s i l y  seen. Observa- 

t i o n  c o n d i t i o n s  which p rov ide  t h e  bes t  v iew o f  a l l i g a t o r  c r a c k i n g  a l s o  

t end  t o  make patched areas s tand  ou t .  Again, ve ry  wet su r faced  roads 

r e s u l t e d  i n  t h e  most v a r i a b l e  measurements between crews. 

D i  scuss i  on o f  Rut Depth Measurement: 

The approach i n i t i a l l y  taken  t o  determine a sample number (as  i n d i -  

ca ted  i n  f i g u r e  7 )  was a rough at tempt  t o  l i m i t  t h e  p o s s i b i l i t y  o f  gross 

e r r o r s .  S u f f i c i e n t  f i e l d  da ta  has s i nce  been c o l l e c t e d  t o  a l l o w  a much 

more v a l i d  e s t i m a t i o n  o f  r u t  depth. 
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As stated previously, the problem of rut depth measurement can be 
addressed by normal s t a t i  s t i  cal methods. The pri nci pal  questi ons asked are: 

1 .  
2 .  Must rut depth measurements be taken in bo th  inner and ou 

How frequently must rut depth measurements be taken? 

wheel paths? 

Sampling Frequency: Without becoming involved i n  a detai led exp 
nation of s t a t i s t i c a l  sampling methods and hypothesis t es t ing ,  i t  can 

e r  

a- 
be 

stated that  the sampling frequency must be high enough t o  insure ( t o  some 
specified confidence level 1 t h a t  a calculated mean rut depth i s  reasonably 
close t o  the actual mean rut depth. Actual or "population" average in t h i s  
case, i s  t h a t  value which would be measured from an in f in i t e ly  large 
sampling. Sampling tables which are available i n  references such as the 
C R C  s t a t i s t i c a l  handbook (8)  indicate minimum sample numbers necessary t o  
a t ta in  specif ic levels of confidence against e i ther  a type 1 or type 2 
error being committed. Figure 7 only addressed the poss ibi l i ty  of type 1 
er ror .  A type 1 error occurs i f  s t a t i s t i c a l  calculations indicate t h a t  the 
sample mean i s  no t  representative of the population mean, when in fac t  i t  
i s .  Conversely, a type 2 error occurs when s t a t i s t i c s  indicate t h a t  the 
sample mean i s  representative of the population mean when i t  i s  n o t .  

Figure 1 1  was derived from tabulated values and used t o  determine 
minimal rut depth sampling locations per section. I t  was assumed t h a t  fo r  
predicting the actual rut depth average from sample d a t a ,  an error of no 
more t h a n  b . 0 5  inch would be allowable. I n  order t o  use f igure 1 1 ,  a 
sample standard deviation i s  f i r s t  assumed or  calculated from t r i a l  
measurements. A solution l ine  i s  then selected based on the desired confi- 
dence level against type 1 and 2 er rors .  A horizontal l ine  i s  drawn from 
the estimated standard deviation t o  the selected l ine  and minimum sample 
s ize  i s  read di rect ly  below the p o i n t  of intersection.  

Example 

assumed standard deviation = 0.05 inches 
sel ected confidence agai nst 
type 1 error = 95% 
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s e l  ec ted  con f idence  agai n s t  

t y p e  2 e r r o r  = 95% 

ob ta ined  by g raph i ca l  s o l u t i o n :  

minimum sample number = 17 measurements per  s e c t i o n  

I n  most sampl ing s i t u a t i o n s ,  l i t t l e  concern i s  expressed over  t y p e  2 

e r r o r s .  T h i s  ph i losophy  leads  t o  t h e  use o f  s o l u t i o n  l i n e s  hav ing  o n l y  a 
50% l e v e l  o f  t y p e  2 e r r o r  c o n t r o l ,  i .e. ,  no c o n t r o l  and a s i g n i f i c a n t l y  

reduced sample s i ze .  
Since de te rm ina t i on  o f  sample s i z e  i s  dependent upon expected s tan-  

dard dev ia t i on ,  i t  i s  impo r tan t  t o  cons ider  t h e  magnitude o f  va lues which 

migh t  commonly be encountered. Rut measurements made on t h e  5 Fa i rbanks  

t e s t  sec t i ons  i n d i c a t e d  s tandard d e v i a t i o n s  rang ing  f r om about 0.02 t o  

more t han  0.35 inches  assoc ia ted  w i t h  average r u t  depths between 0.02 and 
0.40 inches.  I n d i c a t i o n s  o f  r u t  measurement v a r i a b i l i t y  d e r i v e d  f r om t h e  

Fai rbanks t e s t  s e c t i o n  da ta  suggest t h a t  minimum sampl ing be based on a 

s tandard d e v i a t i o n  perhaps as h i g h  as 0.30-0.35. T h i s  magnitude o f  dev ia-  

t i o n  p l u s  90-95% conf idence l e v e l  aga ins t  e r r o r  r e s u l t s  i n  a minimum 

sample s i z e  much l a r g e r  than  can be shown i n  f i g u r e  11. E x t r a p o l a t i o n  

suggests a minimum sample s i z e  exceeding one hundred. The j o b  o f  r u t  depth 

measurement t h e r e f o r e  begins t o  appear imposs ib le  except th rough an auto-  

ma t i c  r u t  measuring dev ice  capable o f  h i g h  d e n s i t y  sampling. 

F u r t h e r  evidence f o r  r e q u i r i n g  a l a r g e  number o f  r u t  measurements 

pe r  s e c t i o n  was ob ta ined  by examining da ta  f r om 120 s ta tew ide  pavement 

sec t i ons  which were p a r t  o f  a p rev ious  DOTPF research  s tudy  ( 7 ) .  The 

cumula t i ve  p l o t  shown as f i g u r e  12 i n d i c a t e s  s tandard d e v i a t i o n s  ca l cu-  

l a t e d  f rom bo th  i n n e r  and o u t e r  wheelpath measurements were g e n e r a l l y  l e s s  
than  0.3 inches.  P l o t s  13A and B were cons t ruc ted  t o  show how standard 

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

crease w i t h  average r u t  depth. The s tandard d e v i a t i o n  va lue  o f  0.3 i n c h  i s  

reached on t h e  upper conf idence l e v e l s  ( a  s td .  e r r o r  o f  es t ima te )  o f  bo th  

f i g u r e s  a t  an average r u t  depth of approx imate ly  0.32-0.34 inches.  I n  

o t h e r  words , f a i r l y  1 arge s tandard dev i  a t i  on Val ues a re  assoc i  a ted  even 

w i t h  moderate r u t  depths, a f a c t o r  which would aga in  s t r o n g l y  suggest a 

h i g h  sample f requency.  
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Wheelpath Loca t ion :  F i g u r e  14 answers t h e  ques t i on  o f  whether bo th  

i nner and o u t e r  wheel pa th  1 o c a t i  ons must be measured i n d i  v i  dual  l y  . Data 
s c a t t e r  about t h e  l i n e  o f  bes t  f i t  i s  l a rge ,  w i t h  o n l y  a 0.72 reg ress ion  

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

t h e  ou te r  wheelpath proves t o  be a shaky p r o p o s i t i o n .  A v e r y  s i g n i f i c a n t  

number (28%) o f  t h e  f i e l d  sec t i ons  examined were found t o  e x h i b i t  deepest 

r u t t i n g  i n  t h e  i n n e r  wheelpath areas. The p r ima ry  conc lus ion  f rom t h i s  

a n a l y s i s  t h a t  t h e  "wors t  case" r u t t i n g  c o n d i t i o n  can be determined o n l y  

a f t e r  l o o k i n g  a t  bo th  wheelpaths. 

A l t e r n a t i v e s :  Several  sources o f  r u t  measurement da ta  were used t o  

c o n s t r u c t  f u n c t i  onal r e 1  a t i  onshi  ps between average r u t  depth , c a l  c u l  a ted  
s tandard dev i  a t i  on and r e q u i r e d  number o f  sampl i ng p o i n t s .  Th i  s r e p o r t  
subs tan t i a tes  p rev ious  con ten t i ons  ( 9 )  t h a t  t r u e  mean r u t  depth can be 

accu ra te l y  c h a r a c t e r i z e d  o n l y  through a ve ry  l a r g e  sampling. Problem r u t  

depths on t h e  o rde r  o f  0.4-0.5 i n c h  would r e q u i r e  an assumed standard 

d e v i a t i o n  value, us i ng  f i g u r e s  12 and 13, o f  a t  l e a s t  0.3 i n c h  and w i t h  
reasonabl e e r r o r  conf idence 1 eve1 s , f i g u r e  11 woul d i n d i  c a t e  a sampl i ng 

obv ious l y  g r e a t e r  than  100 pe r  sec t i on .  Furthermore, t h e  i nabi  1 i ty  t o  

p r e d i c t  whether i n n e r  o r  o u t e r  wheel pa th  rep resen ts  t h e  wo rs t  case condi - 
t i o n  would r e q u i r e  doub l i ng  o f  t h e  sampl ing e f f o r t .  I n  d e a l i n g  w i t h  t h i s  

ques t ion ,  t h e  choices are:  

1. assume r u t t i n g  t o  n o t  be a problem and cease measurement, 

2. per fo rm a few random measurements pe r  m i l e  a t  l o c a t i o n s  which 

appear f rom general  obse rva t i on  t o  r ep resen t  w o r s t  case condi - 
t i o n s ,  

3. purchase o r  b u i l d  an automat ic  r u t  measuring dev ice  as descr ibed  

i n  r e fe rence  9. 

S ince deeply  r u t t e d  s e c t i  ons a re  usual  l y  associ  a ted  w i t h  severe 

a l l i g a t o r i n g  on most Alaskan road  sec t ions ,  i t  would seem reasonable t o  

suggest t h a t  t h e  measurement o f  bo th  i s  n o t  necessary. It i s  f u r t h e r  known 
t h a t  r u t t i n g  w i t h i n  t h e  s t a t e  i s  r a r e l y  as deep as t h e  $ i n c h  + f i g u r e  

termed c r i t i c a l  i n  most l i t e r a t u r e  sources. The au thor  would f a v o r  t h e  
f i r s t  o f  t h e  above a l t e r n a t i v e s .  A l t e r n a t i v e  2 p rov ides  "numbers" and 

t h e  "numbers" can , o f  course, be i n c l  uded i n  subsequent d i  scuss i  ons o f  
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pavement condition. However, the  numbers generated from al ternat ive  2 have 
no basic s t a t i s t i c a l  va l id i ty  and m i g h t  be thought of as inventory 
garbage. Alternative 3 i s  preferred i f  departmental policy requires a rut 
depth determination. A 1981 cost estimate f o r  purchase of an automatic rut 
measuring device was $30,000-$50,000. 
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A COMPARATIVE LOOK AT 

PREVIOUS INVENTORY DATA 

T h i s  r e p o r t  s e c t i o n  l ooks  a t  ac tua l  pavement i n v e n t o r y  da ta  i n  v iew 

o f  t h e  preceeding f i n d i n g s  o f  t h i s  r e p o r t .  M ind fu l  o f  t h e  r a t h e r  gross 

v a r i a b i l i t y  ev i den t  i n  t h e  exper imenta l  measurement o f  c rack ing  and patch-  

i ng ,  a d i r e c t  m i l e  by m i l e  comparison between two p rev ious  i n v e n t o r i e s  i s  

made. 
F i g u r e  15 shows t h e  apparent v a r i a t i o n  i n  pavement d i s t r e s s  between 

1978 and 1980/81. As shown, these  da ta  have been norma l i zed  t o  p r o v i d e  a 

t o t a l  s c o r i n g  range o f  0-100 (wo rs t - bes t ) .  The reader  should n o t e  t h a t  

da ta  a t  coo rd ina tes  (O%, 0%) and ( l O O % ,  100%) a r e  o f t e n  repea ted  i n  f i g u r e  

15 account ing  f o r  t h e  appearance o f  fewer than  expected i n d i v i d u a l  p o i n t s  

on p l o t s  o f  c rack ing  and pa tch ing .  
A l i n e  o f  x = y has been i n c l u d e d  i n  each p l o t  and d i f f e r e n t i a t e s  

pavement sec t i ons  which apparen t l y  o r  a c t u a l l y  improved w i t h  t i m e  ( p o i n t s  

above t h e  l i n e )  f rom those  which became worse ( p o i n t s  below t h e  l i n e ) .  

Examinat ion o f  p l o t t e d  da ta  i n d i c a t e s :  

1 ) a very  h i g h  degree o f  o v e r a l l  s c a t t e r  

2 )  an unusua l l y  l a r g e  number o f  da ta  p o i n t s  l i e  above t h e  l i n e  o f  x = 

y, i.e., performance improvement w i t h  t ime .  

Taken toge ther ,  these  f i n d i n g s  demonstrate a marked degree o f  random- 

ness i n h e r e n t  t o  t h e  r a t i n g  process. The i m p l i c a t i o n  of p o i n t  number two 

i s  e s p e c i a l l y  s i g n i f i c a n t  i n  v iew o f  t h e  common sense assumption t h a t  

pavement c o n d i t i o n  d e t e r i o r a t e s  w i t h  t ime.  T h i s  assumed g e n e r a l i t y  could,  

o f  course, be a l t e r e d  by recons t ruc t i on ,  o v e r l a y  o r  c a r e f u l  pa tch ing ,  and 

no at tempt  was made t o  remove s p e c i f i c  p o i n t s  r e p r e s e n t i n g  r e c o n d i t i o n e d  

pavement sec t i ons  f r om t h e  p l o t s .  Th i s  should, however, account f o r  o n l y  a 

minor percentage o f  t o t a l  r a t e d  mi leage. A s i g n i f i c a n t  degree o f  random- 

ness i s  suggested because even sec t i ons  s c o r i n g  b e t t e r  t han  average i n  

1978 show a ve ry  h i g h  r a t e  o f  apparent improvement w i t h  t ime.  The 

l i k e l i h o o d  o f  i n i t i a l l y  good pavements ( s c o r i n g  50-100) be ing  s u b s t a n t i a l -  

l y  improved w i t h i n  a p e r i o d  o f  t h r e e  years  th rough maintenance, e tc . ,  i s  

s l i g h t .  
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COMPARISON OF 1978 PAVEMENT INVENTORY DATA 
WITH 1980181 DATA 

NOTE: All numbers have been normalized to a 0-100 (worst-best) scoring system 
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Appendix A 

Description of the State o f  
Alaska's Field 

Rating Precedure for  Bituminous 
Pavements 

(Method Used 1978-81 ) 
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Phase I Mays Ridemeter 

Mays Ridemeter d a t a  i s  collected a t  50 rnph as a continous summation 
of actual vehicle rear axle vert ical  movements on each mile-long section 
of highway. Measurement of r ide roughness t h r o u g h o u t  the s t a t e  produced 
the following values: 

statewide minimum r ide  -- 11 inches/mile 
statewide average r ide  - -  78 inches/mile 
statewide maximum r ide  -- 500 inches/mi l e  

Minimum roughness was measured on a very newly paved surface. Roads i n  
condition a t  or  near the maximum roughness value of 500 inches/mile cannot 
be safely driven a t  50 mph. (With proper driving technique, the variations 
associated w i t h  t h i s  measurement are outside the subjective influence of 
the equipment operator. A complete analysis of road roughness measurements 
i s  therefore outside the scope of t h i s  report.  

Phase I1  Surface Distress Ratina 

A two-man crew i s  recommended for b o t h  safety and efficiency of 
operation. All measurements of cracking, patching and rut depth are made 
in one pass th rough  the section. The average time required t o  r a t e  a 
part icular  mile of roadway i s  completely dependent upon fac tors  o f :  

1 .  l igh t  condition 
2 .  vari abi  1 i t y  of surface qual i t y  
3 .  severi ty and density of cracking 
4. safety considerations 

O p t i m u m  lighting conditions consist of low angle, head-on sun posi- 
t ion.  This tends t o  shadow the f a r  (facing) edge of crack segments r u n n i n g  
more or less  perpendicular t o  the l ine  of s ight  and resu l t s  i n  maximum 
v i s ib i l i t y .  I t  i s  sometimes advisable t o  choose the direction of travel  on 
the basis of l ight  conditions alone, especially i f  cracking i s  sporadic 
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and/or o f  low s e v e r i t y .  An obse rva t i on  speed o f  7 - 10 mph should be used 

t o  i n s u r e  t h a t  a l l  de tec tab le  d i s t r e s s  i s  seen. Th is ,  o f  course, does n o t  

p rec lude  occas ional  s tops which a re  used t o  make comment no tes  and t o  keep 

t h e  " f e e l "  o f  t h e  road  as c o n d i t i o n s  change. 

A l l i g a t o r  Crack ing 

A b r i e f  d e s c r i p t i o n  o f  a l l i g a t o r  c rack ing  i s  presented t o  a i d  t h e  

d i f f e r e n t i a t i o n  o f  t h i s  f rom t h e  m u l t i t u d e  o f  o t h e r  common c rack  types.  

D e s c r i p t i o n  - a f t e r :  Manual f o r  Cond i t i on  Ra t i ng  o f  F l e x i b l e  Pave- 

ment, Onta r io ,  Canada (1975).  

A l l i g a t o r  Cracks 

Cracks which fo rm a network o f  m u l t i s i d e d  (po l ygona l )  b l ocks  resem- 

b l i n g  t h e  s k i n  o f  an a l l i g a t o r .  The b l o c k  s i z e  can range f rom a few 

inches  t o  about two f e e t  ( b l o c k  s i z e  may be somewhat i n d i c a t i v e  o f  

t h e  depth o f  which f a i l u r e  i s  t a k i n g  p l a c e  w i t h  l a r g e r  b l ocks  

corresponding t o  problems deeper i n  t h e  s t r u c t u r e ) .  

A f i e l d  survey summary sheet (see F i g u r e  1 ) i s  used t o  r e c o r d  a1 1 

aspects o f  t h e  sur face  d i s t r e s s .  A l l i g a t o r  c rack ing  i s  d i v i d e d ,  f o r  t h e  

purpose o f  our  e v a l u a t i o n  scheme, i n t o  t ype  I and I1  c l a s s i f i c a t i o n s  which 

a re  s u b j e c t i v e l y  based on s e v e r i t y .  An at tempt  has been made t o  es t ima te  

s e v e r i t y  l e v e l  because t h e  r a t e  of f u r t h e r  d e t e r i o r a t i o n  i s  assumed t o  be 

a c c e l l e r a t e d  w i t h  i n c r e a s i n g  c rack  w i d t h  and s p a l l .  

t y p e  I a l l i g a t o r  c rack ing  
f i r s t  formed a1 l i g a t o r  p a t t e r n  

d e f i n i t e  polygon b locks  w i t h  s l i g h t l y  s p a l l e d  edges 

t y p e  I 1  a l l i g a t o r  c rack ing  

d e f i n i t e  polygon b locks  w i t h  s l i g h t l y  s p a l l e d  edges 

non- in te r l ock ing ,  s p a l l e d  b l ocks :  i n c i p i e n t  pavement d i s i n t i g r a -  

t i  on 
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F i g u r e  1 a l s o  e x e m p l i f i e s  a completed r a t i n g  fo rm cove r i ng  ( 5 )  
1 - m i l e  sec t ions .  The l o c a t i o n  o f  t h e  1- m i l e  s e c t i o n  i s  no ted  i n  t h e  f i r s t  

column, e.g., m i l e  218-9, e t c .  Columns 2-4 a re  used t o  measure t o t a l  c rack  

l e n g t h  and t o  c l a s s i f y  as t o  t ype  I o r  11. I n  t h e  example o f  F i g u r e  1, no 

t y p e  I 1  g a t o r i n g  i s  i n d i c a t e d .  A cont inuous l e n g t h  o f  g a t o r i n g  i s  en te red  

by l i s t i n g  beg in  and end p o i n t s  i n  t h e  app rop r i a te  columns. The numbers as 

shown on t h e  example sheet (columns 2 and 3 )  a re  r o u t e  m i l e s  (A laska  C.D. 

S. system) read  d i r e c t l y  t o  t h e  1/1000 m i l e  f r om an e l e c t r o n i c  odometer. 

It i s  impo r tan t  t o  r e a l i z e  t h a t  a segment o f  r oad  i s  cons idered  
con t i nuous l y  cracked i f  a l l i g a t o r i n g  remains v i s i b l e  w i t h i n  any p o r t i o n  o f  

t h e  t r a v e l e d  way, i .e. ,  t h e  i d e a  o f  a " con t i nuous l y "  cracked segment does 

n o t  imp l y  any th ing  about t h e  w i d t h  o r  x-  s e c t i o n a l  d i s t r i b u t i o n  o f  t h e  
c rack  networks. When f i l l n g  o u t  t h e  f i e l d  r a t i n g  sheets,  i t  i s  necessary 

t o  l eave  a space a f t e r  each completed m i l e ' s  da ta  e n t r y .  T h i s  w i l l  a l l o w  

s u f f i c i e n t  room f o r  t h e  i n i t i a l  da ta  convers ions and averaging. A l l  

i n d i v i d u a l  l e n g t h  increments w i t h i n  a g i ven  m i l e  a r e  e v e n t u a l l y  summed and 

conver ted  t o  t o t a l  % per  m i l e ,  e.g., 4% a l l i g a t o r i n g  i s  i n d i c a t e d  f o r  m i l e  

219-20 o f  F i g u r e  1. 

Patch ing 

Patch ing,  f o r  t h e  purpose o f  t h i s  survey, i s  d e f i n e d  as t h a t  which 

i s  a t  l e a s t  f u l l  l ane  w id th .  The usual gene r i c  i m p l i c a t i o n  o f  t h e  "major"  

pa tch  i s  o f  pavement s t r u c t u r e  f a i l u r e  o r  se t t l emen t  problems and a 

d e f i n i t e  h i gh  l e v e l  o f  maintenance requi rement .  Columns 6 and 7 o f  t h e  

f i e l d  survey sheet (see  F i g u r e  1 ) a re  used t o  r e c o r d  t h e  beg inn ing  and end 

o f  patches ( t o  1/1000 m i l e ) .  The survey o f  pa t ch ing  and a l l i g a t o r i n g  i s  a 

s imultaneous ope ra t i on  where t h e  maximum d r i v i n g  speed i s  u s u a l l y  d e t e r -  

mined by t h e  more d i f f i c u l t  c rack  observa t ions .  Where pa t ch ing  and a l l i -  

g a t o r i n g  occur t oge the r ,  e.g., cracked patches o r  a s i n g l e  patched l ane  

w i t h  t h e  oppos i t e  l ane  cracked, b o t h  a re  i n d i c a t e d .  

S ince t h e  bas i c  r a t i n g  i n t e r v a l  i s  by t h e  m i l e ,  no cont inuous 

occurrence o f  r e s u r f a c i n g  m a t e r i a l  which i s  g r e a t e r  t han  1 m i l e  i n  l e n g t h  

i s  termed ' 'patch." I n d i v i d u a l  pa tch  increments w i t h i n  a g i v e n  m i l e  a re  

summed and conver ted  t o  t o t a l  % pe r  m i l e ,  e.g., 12% pa tch ing  i s  i n d i c a t e d  

f o r  m i l e  218-19 o f  F i g u r e  1;. 

- A-5 - 



Rut Depth Measurement 

Rut depth i s  s tandard ized  i n  t h i s  r a t i n g  method by measurement f r om 

a 5 1 /2  ft. re fe rence  s t r a i g h t  edge. A l l  wheelpaths a r e  u t i l i z e d  f o r  

de te rmin ing  r u t  depth i n s t e a d  o f  t h e  usual  p r a c t i c e  o f  u s i n g  o n l y  t h e  

o u t s i d e  t r a c k s .  Th i s  d e c i s i o n  was based on t h e  observed v a r i a b i l i t y  o f  
Alaskan roads, where t h e  more severe r u t t i n g  i s  o f t e n  found on t h e  i n s i d e  

wheel path.  

Rut measurements a re  taken  as a s e r i e s  o f  " s e t s "  pe r  m i l e ,  where a 

s e t  i s  d e f i n e d  as a s e r i e s  o f  read ings  f r om a l l  wheelpaths a t  a g i ven  

l o c a t i o n .  I t  i s  assumed t h a t  a maximum o f  4 s e t s  o f  r u t  depth read ings  

w i l l  c h a r a c t e r i z e  even t h e  more v a r i a b l e  o r  deeply r u t t e d  su r f ace  types.  

The f o l l o w i n g  i s  a suggested f requency o f  measurement based on very  

l i m i t e d  exper ience. 

1. new pavement w /  0.150" r u t  depth; 1 s e t / m i l e  

2. pavements w/  0.250" r u t  depth; 2 s e t s / m i l e  

3. pavements w/ 0.250" r u t  depth; 4 se t s /m i l e  

A l l  pavement t ypes  should be measured a t  4 s e t s / m i l e  i f  r u t t i n g  

appears t o  average more than  0.250" i n  depth. Rut depth i n f o r m a t i o n  i s  

en te red  i n  columns 8-12 o f  t h e  r a t i n g  sheet ( F i g .  1 )  as shown i n  t h e  

example. A l l  r u t  measurements a re  g i ven  t o  0.001 i n c h  and t h e  app rop r i a te  
l o c a t i o n  of t h e  da ta  s e t  i s  recorded  i n  column 12. The depth measurement 
en te red  i n  columns 8-11 should correspond t o  t h e  ac tua l  wheelpaths (as 

viewed i n  t h e  chosen d i r e c t i o n  o f  t r a v e l ) .  The t i m e  r e q u i r e d  t o  per fo rm 

t h e  e n t i r e  d i s t r e s s  r a t i n g  i s  g e n e r a l l y  determined by t h e  number o f  r u t  

measurements requ i red ;  t h i s  i s  by f a r  t h e  s lowest  s i n g l e  ope ra t i on .  

Est imated average t i m e  requi rements f o r  crack,  pa tch  and r u t  measurements 

w i l l  g e n e r a l l y  a l l o w  an advance r a t e  rang ing  f r om l e s s  t h a n  4 mph t o  10+ 

mph. 
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-Other Distress  Features- 

Mi scel 1 aneous Subjective Observations 

A column i s  provided on the f i e l d  ra t ing  sheet fo r  special remarks 
or amplifying comments. Unusual defects should be noted i f  they appear t o  
be a major component of overall  surface qual i t y .  Longitudinal , t rans-  
verse/thermal and meandering cracks are commonly described, and addition- 
a l l y ,  such features  as ravel l ing and bleeding ( i f  severe and p e r s i s t e n t ) .  
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Appendix B 

Sec t i on  by Sec t ion  Summary o f  

Experimental  Rat ings  

- B-1 - 



1 1 4 5  0 3 6 9  5 7  

2 1 0 9  0 3 5 0  3 0  

3 1 4 2  0 3 8 0  3 8  

4 1 1 7 1  1 0 1 3 7 9  I 2 6  
I I I I 

5 1 6 7  0 3 7 9  4 3  

1 4 7 1  1 4  6 5 1  4 2  1 7 9  I 27 I 3 3  
1 1 1 1 

6 1 1 5 8  1 0 1 3 7 5  I 2 4  

7 1 7 4  0 3 7 0  3 7  

8 I 1 8 7  I 0 I 3 7 0  I 3 2  
I 

I I I 

9 1 8 3  0 3 7 0  4 0  
I I 

10  I 9 1  I 0 I 3 8 2  I 4 8  
I 

11 138 0 3 7 1  5 9  

1 2  8 0 3 6 7  4 4  

I I I 1 
1 4  2 9  0 3 8 0  2 5  

1 5  1 0 0  0 3 7 5  3 6  

x o f  
M e a s u r e -  1 2 6  0 3 7 2  3 9  
m e n t s  

s o f  
M e a s u r e -  5 5  0 8 11 
m e n t s  

c o  - 
e f  f i c i  e n t  
o f  
V a r i a t i o n  
( c v >  

6 7  3 3  7 5  2 4  4 3  

2 1  1 2  2 7  11 1 6  

3 1  3 6  3 6  4 6  3 7  

S U M M A R Y  OF PAVEMENT RATING 

DATA F O R  SECTION NUMBER 1 
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R a t i n g  
T o t a l / F t .  T o t a l / F t .  R u t  d e p t h  i n  

o f  o f  F u l l  R a t e r  
R u t  d e  
O p p o s i  _ -  

x- 
O W F  

i e  
L 
ow 1 

17C 

28C 

224  

89 

2 9 0  

1 9 7  

2 2 6  

22 1 

1 4 7  

2 1 2  

2 2 5  

3 4 8  

2 2 7  

5 9 6  

81 

- 

- - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- - 

2 3 6  

- - 

1 2 2  

- - 

5 2  

- 

3 4 1  

2 6 7  

- 

6 9  

2 6  

Crew 
# 

- -- 
C r a c k i n g  W i d t h  V 

Type I [ T y p e  I 1  P a t c h i n g  IWF 
I 

1 7 9  

1 2 3  

1 2 9  

8 0  

1 4 3  

1 0 0  

1 5 6  

1 1 9  

88 

1 1 2  

5 1  

8 5  

6 2  

1 5 8  

8 5  

25C 

1 4 2  

1 9 5  

62 

3 0 1  

1 4 4  

3 5 2  

2 7 9  

2 4 5  

2 0 2  

2 6 3  

3 5 1  

3 1 0  

3 4 0  

4 1 9  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

1 3  

1 4  

6 8 0  1 6  1 0 4 2  1 5 6  

9 1 2  1 9  6 9 7  2 9 5  

8 1 9  1 3  7 9 9  2 0 9  

1 0 3 2  1 4  7 2 7  1 6 6  

1 2 0 2  1 3  8 8 9  2 7 0  

1 0 8 5  11 7 8 5  2 3 1  

1 4 3 4  1 2  1 0 2 3  2 7 4  

1 0 9 7  1 0  8 3 4  2 7 9  

1 0 4 0  1 2  8 2 1  2 9 9  

7 4 7  11 9 3 5  2 4 8  

5 9 3  1 2  8 2 8  1 9 9  

3 5  9 8 7 0  2 6 0  

8 1 4  1 0  6 2 2  3 9 3  

3 1 6  8 8 1 0  2 8 7  

si o f  
M e a s u r e-  
ments 

8 2 8  1 2  8 0 8  2 5 6  

s o f  
M e a s u r e-  
ments 

c o  - 

3 5 5  3 1 5 1  5 9  

L 
O W P  

2 1 5  

3 3 1  

2 8 4  

I WF - 
2 5 4  

1 4 9  
- 2 4 5  

2 3 1  

1 7 9  2 0 8  

1 1 6  

3 1 5  

1 4 5  8! 1 2 4  

1 9 0  

1 3 5  

2 0 8  

1 6 1  

- 

- 

- 

- 

2 0 ;  

2 7 t  
- 

2 8 7  

1 7 7  1 9 2  

3 4 9  

3 0 6  

1 4 i  

26 :  
- 

2 6 6  

2 6 4  

1 8 4  2 7 1  1 4 6  2 1 1  
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