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ABSTRACT

M easuring  p av em en t pe r fo rm an ce  is a m ajo r  co m p o n en t  o f  the  p av e m e n t  m an ag em en t  

system . It assists in d ec is io n -m ak in g  for f ind ing  the o p t im u m  s tra teg ies  to provide, 

evaluate, and  m ain ta in  serv iceab il i ty  in an accep tab le  cond ition  cost effectively . T he  

O ntario  M in istry  o f  T ransporta tion  (M T O ) has been  sys tem atica l ly  ra ting  p av em en t 

p erfo rm ance  since the m id-1960s .  Pavem en t cond ition  su rvey  invo lves  m easu rem en t  o f  

tw o  physical param eters: ride quality  o f  pavem en t surfaces, and  the ex ten t and severity  o f  

pavem en t distress m anifesta tions . T h e  pav em en t ride quali ty  can be  m easu red  w ith  an 

accep tab le  level o f  consis tency  and  repeatab il i ty  th ro u g h  au tom ation .  H ow ever,  

ach iev ing  consis tency  in the eva lua tion  o f  p av em en t  d is tress  m an ifes ta tio n s  is a 

cha lleng ing  task  because  the au tom ation  that could  accura te ly  and  cons is ten tly  detect, 

quan tify  and  record  surface  d is tresses  is not fully deve loped  in sp ite  o f  rap id  advances  in 

v ideo im agery  and non-con tac t  sens ing  devices.

This  report eva lua tes  the  p rogress  m ad e  o v er  the  past th ree  d ecad es  in the key  

areas o f  D istress M anifes ta tion  Index, R id ing  C om fort  Rating, P av em en t  C o n d i tio n  Index 

and second generation  Pavem en t M an ag em en t  System  softw are  (P M S 2).  A  rev iew  o f  the 

M in is t ry ’s netw ork-level pavem en t p e rfo rm ance  da tabase  is p resen ted ,  em p h as iz in g
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pavem en t cond ition  surveys, pred ic tion  m odels  and m ain  Factors in tli ienc ing  assessm ent 

o f  long-term  p av em en t perfonnanee .  Several key  issues re lated to the quali ty  control and 

quali ty  assu rance  o f  the pavem en t roughness  are d iscussed  w ith  re ference  to the 

veritiea tion  techn iques  used by  the M T O . B ased  on the li te ra ture  rev iew , fu ture 

reco m m en d a tio n s  for possib le  im p ro v em en ts  o f  the  p redic tion  m o d e ls  and techn iques  

used for the eva lua tion  o f  pavem en t p e r fo rm an ce  are p resen ted  in o rd e r  to ob ta in  m ore  

consisten t values.
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CHAPTER 1: PAVEMENT PERFORMANCE 

11 Background

CuiTently, Ontario M inistry o f  Transportation (M T O ) has  18,646 k i lo m e te rs  o f  provincia l 

h ighw ays  com pris ing  3 ,654  k m  o f  freew ays, 4 ,324  km  o f  collec tors ,  6 ,120  km  o f  arterials, 

and 4 ,648 k m  o f  local and  secondary  roads. Based  on su rveys co n d u c ted  in 2000 , 14,259 

km (or 7 6 .5% ) are hot m ix  asphalt pavem ents ,  3,318 km  (o r  17.8%) are  aspha lt  su rface  

treated pavem en ts ,  and the  rem a inder  are Portland cem en t conc re te  and g ravel-su rfaced  

pavem ents .  T ab le  1.1 p resen ts  a su m m ary  o f  the M in is t ry ’s h ig h w a y  n e tw o rk  in fo rm ation  

in tcm is  o f  road  functional class and  p av em en t  type. It is ev iden t  that flex ib le  p avem en ts  

are the m ajo ri ty  (17 ,577  km  or 94 .3% ) o f  the  h ig h w ay s  in the prov inc ia l  ne tw ork  

(Ningyuan et al. 2002).

G eograph ica lly , the p rov inc ia l  h ig h w ay s  are d is tr ibu ted  in the five M T O  

ju r isd ic tiona l regions (T ab le  1.2). E ach  reg ion  has its ow n  env ironm en ta l  and traffic 

cond itions  as well as econom ic  character. T he  d is tr ibu tion  o f  road  c lass and  p av em en t  

type is, therefore , d iffe ren t from  region  to region. For exam ple .  C entra l  reg ion  is 

charac te rized  b y  significant pe rcen tage  o f  high v o lu m e  freew ays  w ith  aspha lt  concre te  

pavem ents ,  w h ile  N orthw es te rn  reg ion  has  a s ign ifican t pe rcen tag e  o f  low  v o lu m e  local 

and seco n d ary  roads w ith  asphalt su rface  treated  pavem en ts .  It shou ld  b e  no ted  that m ost 

o f  the freew ays  are located  in Sou the rn  O ntar io  (Centra l,  Eastern  and  S ou thw es te rn  

reg ions) w hereas  the m ajo ri ty  o f  the local and seco n d ary  roads are loca ted  in the 

N orthern  and  N orthw es te rn  regions.

A s far as p av em en t s tructure is concerned , m ost  o f  su rface  t rea ted  p av e m e n ts  are 

d is tr ibu ted  w itb in  N orthern  and N orthw este rn  reg ions  w h ile  P ortland  ce m e n t  concre te
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p avem en ts  are p red o m in a te ly  located  in C entra l  reg ion  a round  the u rban  centres. T h ere  

are no co m p o s i te  and  exposed  concre te  pav em en ts  in the  N o rth e rn  and  N orthw este rn  

reg ions and  no surface  treated  p av em en ts  exist in the C entral and  S o u th w es te rn  reg ions  

(Ningyuan et al. 2002). For the purpose  o f  p av em en t  m an ag em en t ,  all h ig h w ay s  in each 

reg ion  are sectioned on the basis o f  u n i fo n n i ty  in pav em en t s tructure , road function, 

subgrade  condition , traffic loads and  o ther  p rincip les  used  in p av em en t  m an ag em en t.

T able 1.1 M T O  Road Netw ork as Surveyed in 2000 (N ingyuan et al. 2002)

Road Class Length(km) P e rc e n ta g e Pa\'ement Type Length (km) Percentage

Arterial 6120 32.8 Mot Mix Asphalt 14259 7621

Collector 4324 232 Composite 444 2.4

Freeway 3654 19.6 Portland Cement 
Concrete

121 0.7

local 2890 15.5 Surface Treated 3318 17.8

Secondary 1658 8.9 Gravel Surface 505 2.6

T ab le  1.2 Length  o f  Each C lass  o f  P av em en t by  M T O  R eg ions  S urveyed  in 2000  
(N ingyuan  et al. 2002)

Pavement Type Total Centre line Length (km) by MTO Regions

Central Southwestern Eastern Northern Northwestern

Hot Mix Asphalt 1216 2788 2788 3646 3821

Surface Treated 0 0 39 1541 1738

Portland Cement Concrete 46 30 45 0 0

C o m p o s i te 3 1 5 114 14 0 0

Gravel Surface 0 0 0 142 363
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A s a result, there  are a total o f  1,700 road sections used  to def ine  the provincia l 

road netw ork. T h e  length o f  each pav em en t sec tion  ranges  from  the shortes t  at 400 

m eters  to the longest at 78 k ilom eters .  Deta iled  descrip tions  o f  each  p av e m e n t  section 

and d y n am ic  data  collec ted  in the field are s tored in M T O ’s second  gen e ra t io n  Pavem en t 

M an ag em en t System  (P M S 2 ) database. T h e  data  is co llec ted  for each  p av e m e n t  section: 

road section geom etry , env ironm enta l  and traffic data, p av em en t  s truc tu re  and m ateria ls ,  

construc tion  history , and pav em en t perfo rm ance .  A t present, the M in is try  invests  about 

$200  m ill ion  annua lly  to ensure  that the  h ig h w ay  ne tw ork  is m a in ta in ed  above  the target 

serviceability  level requ ired  for each  c lassified  road.

F or p reserva tion  o f  the road ne tw o rk  in te rm s o f  p rev en tiv e  and correc tive  

m ain tenance  activities, the M in is try  has  es tab lished  a set o f  s tan d ard ized  m ain ten an ce  

and rehabilita t ion  a lternatives c o n e s p o n d in g  to trea tm ent stra teg ies  for var ious  p av em en t 

distresses. All o f  the s tandard ized  M & R  trea tm ents  are inpu t in the  fo rm  o f  dec is ion  trees 

w ith in  the P M S 2  (K azm ierow sk i  et al. 2001) da tabase  fo r u ti liza tion  in pavem en t 

ne tw ork  rehabilita tion  p rog ram m ing , w h ich  invo lves  lifc-cycle  cost  ana lysis  o f  

p av e m e n t  des ign  and eco n o m ic  analysis.

1.2 Pavement M anagement System

T h e  defin it ion  prov ided  in P av em en t M an a g em en t  G u id e  (R T A C  1977) is still en tire ly  

app licab le  and is quoted  as: “T h e  bas ic  pu rpose  o f  the p av em en t  m a n a g e m e n t  system  is 

to achieve the  best va lue  poss ib le  for  the ava ilab le  pub lic  funds and  to p rov ide  safe, 

com for tab le  and eco n o m ic  transporta tion . T h is  is acco m p lish ed  b y  co m p ar in g  the 

inves tm ent alternate  at bo th  ne tw ork  and  pro jec t  levels, coo rd in a t in g  des ign ,  construc tion , 

m ain tenance  and  eva lua tion  activ ities  and m ak in g  effic ien t use  o f  ex is t ing  p rac t ice  and

3
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k n o w led g e” .

T h e  defin it ion  described  in P av em en t M a n a g em en t  G u id e  (A A S H T O  2001) is 

quo ted  as; “T h e  func tion  o f  a p av e m e n t  m an ag e m en t  sys tem  is to im p ro v e  the  c tf ic ien cy  

o f  dec is ion -m ak ing , expand  its scope, p rov ide  feedback  on  the c o n se q u en ce s  of dec is ions, 

facilitate the co-o rd ina tion  o f  ac tiv ities  w ith in  the  M in is try  and  en su re  the  co n s is ten cy  o f  

dec is ions m ad e  at d iffe ren t m an ag e m en t  levels w ith in  the sam e  o rg a n iz a t io n ” . S ince  its 

in troduction  in the late 1960s and  early  1970s p av e m e n t  m a n a g e m e n t  sy s tem  has evo lved  

co n tinuous ly  in te n u s  o f  its scope, m eth o d o lo g y ,  and  applica tion .

T h e  p av em en t  m a n ag e m en t  sys tem  has tw o  bas ic  w o rk in g  levels, n e tw o rk  and 

project. T h e  p rim ary  function  o f  the ne tw ork -leve l  is to dev e lo p  a p r io r i ty  program , 

schedu le  o f  rehab ilita t ion  and m ain tenance ,  w ith in  b u d g e t  constra in t .  H ere  are the  key  

co m p o n en ts  (T A C  1997):

1. Sectioning, d a ta  acquis it ion , (fie ld  data  on  roughness ,  su rface  d istress,  s tructural 

adequacy ,  su rface  friction, geom etr ies ,  traffic, costs, and  o th e r  data)  and  data 

processing.

2. C riteria  for the  m in im u m  accep tab le  serv iceabili ty ,  m a x im u m  surface  d istress, 

m in im u m  structura l adequacy ,  etc.

3. A pplica t ion  o f  deter io ra tion  p red ic t ion  m odels .

4. D e te rm ina tion  o f  p resent and  fu ture  needs, eva lua t ion  o f  the  op tio n s  and  budge t  

requirem ent.

5. Iden ti t lca tion  o f  alternatives , d ev e lo p m en t o f  p r io rity  p ro g ram s and sch ed u le  o f  

w ork  (rehabilita tion , tua in tenanee ,  n ew  construc tion) .

T h e  p ro jec t- level p av e m e n t  m a n ag e m en t  syste tu  dea ls  w ith  the  de ta ils  o f  w o rk  co iu ing  

on-s tream  from  the ne tw ork -leve l  decision. H ere  are  the k ey  c o m p o n e n ts  (T A C  1997):

4
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1. Sub-sec tion ing , detailed  field/lab and o ther  da ta  o f  schedu led  pro jec ts ,  data  

processing.

2. P red icting  deter iora tion  and eco n o m ic  analysis  w ith in  pro jec t  a l ternatives.

3. Selecting  the  best alternative , deta iled  quantities ,  costs, and  schedules .

4. Im p lem enta tion  cons truc tion  and periodic  m ain tenance .

1.3 Pavement Performance Evaluation

T he  defin it ion  described  in P av em en t D esign  and  R ehab ili ta t ion  M anua l (M T O  1990) is 

quo ted  as: “T h e  p rocedure  o f  go ing  to the field and  m easu r in g  and  / o r  o b serv in g  the 

current s tate o f  various pav em en t charac teris t ics  system atica lly ,  per iod ica l ly ,  and 

record ing  them  for fu ture u se ” . T he  pu rp o se  o f  p av em en t  eva lua t ion  is to p ro v id e  a basis  

for identify ing  cuixent and  fu ture  fiscal needs in ne tw ork-leve l p av e m e n t  m an ag e m en t  

system  and to p rov ide  the detailed  ana lysis  at the  projec t- level to select a su itab le  

rehabilita t ion  or m ain ten an ce  treatm ent.  P av em en t p e r fo rm an ce  eva lua t ion  relies on  tw o 

princip le  features:

1. Surface distress m anifesta tions, and

2. R ide quality.

T h e  m odel for D istress M anifes ta tions  (D M ) w as  dev e lo p ed  b y  P h an g  et al. (1979) 

to define  the su rface  distress m an ifesta tions  in a num erica l  va lue  b y  d ef in in g  the  severity , 

extent, and w e ig h tin g  values for tw en ty -seven  surface  distresses. T h e  m o d e l  for D istress 

M anifes ta tion  Index ( D M f )  w as deve loped  b y  Hajek et al. (1986). P resen tly , M T O  is 

using  rev ised  D istress M an ifes ta tion  Index (D M I) in its P M S 2  (N in g y u an  et al. 2001). 

Surface  distress surveys are p e r fo n n ed  m an u a lly  b y  reg ional p av e m e n t  eva lua tion  

officers  o r  techn ic ians  d r iv ing  on the p av em en t  sections. Each ind iv idua l pavem en t

5
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surface  d istress is v isually  inspected  by  ag g reg a tin g  the severity ,  and  extent.

Fig. 1.1 su m m arize s  the average  D M I values For each  reg ion  based  on  data  

collected in 2000  (N in g y u an  et al. 2002). P av em en ts  in the  C entral reg ion  are g ene ra l ly  in 

very  good  condition , w ith  the average  D M I va lue  be in g  h ig h e r  than 9.2. T h e  su rface  o f  

the p av em en t in Eastern and  S ou thern  reg ions  are  in good  cond it ion  w ith  the  ave rage  

DM I values Just b e lo w  the 8.5 level. T h e  N o rthe rn  reg ion  has the low est ave rage  DM I 

value, b ecau se  o f  the  large am oun t o f  local roads.

T he  defin ition o f  the ride quali ty  desc ribed  b y  P h an g  et al. (1979) is q u o ted  as: 

“T h e  d eg ree  o f  p av e m e n t  surface  undu la tion  w h ich  affec ts  the  ride  com for t  o f  the 

m o to ris t .” It is ra ted  o n  a R id ing  C o m fo rt  R ating  (R C R ) sca le  o f  0 to 10 w h e re  10 

represents  a perfec tly  sm o o th  surface, and  0 is a very ro u g h  road. It can  be  m easu red  

sub jec tive ly  b y  r id ing  the p av em en t  b y  spec ia lized  ra ters  (P h a n g  et al. 1979) and 

ob jec tive ly  by  using  diffe ren t m echan ica l  and electrical devices.

P avem ent roughness  is o n e  o f  the m ost  im p o rtan t  ind ica to r  o f  the p av em en t  

p er fo rm an ce  and d irec t ly  reflects  p av em en t  se rv iceab il i ty  to the  road users. T h e  concep t 

o f  p av em en t serv iceab il i ty  w as dev ised  in the A A S H T O  R oad  T est  as a m easu re  o f  the 

pavem en t p e r fo n n a n e e  (A A S H T O  1962). T h e  A m er ican  S oc ie ty  for M ater ia ls  and 

T esting  (A S T M  E l 777-96 )  ass igns roughness  the h ighes t  p r io ri ty  a m o n g  per fo rm an ce  

related data  for p av em en t  m an ag em en t,  both  at the project and n e tw o rk  levels. T hus ,  the 

m ost  im portan t factor in charac te r iz ing  the se rv iceab ili ty  o f  a p av e m e n t  is the roughness  

o f  the trave led  surface. R oughness  m easu rem en t  in te rm s o f  In ternational R o u g h n ess 

Index (IRI) has  b e c o m e  the p r im ary  pa ram ete r  used to m easu re  p av e m e n t  su rface  

condition .

In recen t years, so m e  A m er ican  states and C an ad ian  p ro v in ces  h av e  used IRI in
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their bus iness  p lan  as an objec tive  m easu re  o f  their  p av em en t  ne tw o rk  conditions. For 

exam ple ,  M T O  uses IRl as a per fo rm an ce  m easu re  fo r d esc r ib in g  and m o n ito r in g  the 

p av em en t  eond ition  o f  its ne tw ork-leve l p av em en t  m a n ag e m en t  sys tem  (H ajek  et al. 

1998). T h e  U.S. Federal H ighw ays  A dm in is tra t ion  (F H W A ) uses  IR l as a p er fo rm an ce  

m easu re  for descr ib ing  and  m on ito r in g  the p av e m e n t  cond ition  o f  its N a tional H ighw ay  

System  (N H S).

R ecent research has  dem onstra ted  an app roach  for ad op ting  the  IRl ca lcu la ted  

from  the high  precis ion  p rofilom eters  for the e ffec tive  quali ty  assu ran ce  and  eva lua t ion  o f  

the roughness  on pav ing  projects. B y  its defin ition , IRI (A S T M  E 867-96)  is a su m m ary  

statistic, rep resen ting  an  aggregation  o f  the p rofile  e leva tion  data. M easu rem en t  o f  

p av em en t roughness  in term s o f  IRI can  be  p e rfo rm ed  us ing  d iffe ren t m e a su r in g  devices, 

but the result  o f  individual m easu rem en t  on  the sam e p av e m e n t  sec tion  m ay  vary  

s ign ifican tly  from  one ano ther  due  to the facts o f  u s in g  d iffe ren t m easu r in g  devices, 

d ifferent longitud inal profiles  and d iffe ren t m easu r in g  speeds  (N in g y u a n  et al. 2001).

T hus ,  g iven  an IRl and the re la tive  in form ation , a h ig h w ay  ag en cy  can ob jec tive ly  

assess h o w  the condition  o f  its p av e m e n t  ne tw o rk  responds  to p av e m e n t  inves tm en ts  like 

m ain ten an ce  and rehabilita t ion  p ro g ram  or a b u d g e t  plan. T h e  IRl m easu rem en t  at 

ne tw ork-leve l has  b eco m e  a rou tine  p rac t ice  for m an y  road  agenc ies  in recent years. At 

the netw ork-leve l,  roughness  is m easu red  on  an annual or b iannual bas is  as a part o f  

pavem en t evaluation. .
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On the o ther hand, the IRI m easu rem en t at the p ro jec t-level is requ ired  p rim arily  

for accep ting  or adjusting  the price o f  a pav in g  co n trac to r’s product.  T here fo re ,  there  is a 

need  to s tandard ize  the p av em en t roughness  eva lua tion  both  at the pro jec t and n e tw o rk - 

levels. T he  m o st  co m m o n ly  used  m e th o d s  and equ ipm en ts  to m easu re  the roughness  have 

been  ca tegorized  accord ing  to scale  o f  accu racy  and  re liab ility  d ev e lo p ed  as a part o f  the 

IRI experim en ts  b y  Sayers et al. (1986).

Historically , m an y  h ig h w ay  agencies  hav e  ga thered  roughness  m easu rem en t  using  

response  type  devices  and converted  their  ex is t ing  data  into IRl th ro u g h  the  use  o f  

corre la tion  techniques. Pavem en t ride  quali ty  b y  reg ion  is sh o w n  in Fig. 1.2, indicates  

that the pav em en ts  in S ou thern  O ntar io  are genera l ly  sm o o th e r  than  th o se  in N orthern  

O ntar io  based  on  data  collec ted  in 2000. Overall,  the p av e m e n t  roughness  in the 

provincial network is at a good  level o f  serv iceab il i ty  acco rd ing  to the  sca le  o f  IRI (Fig. 

5.1).

100

90 

80 

70 - 

60 -■ 

Ô  50 

40 

30 - 

20  -  

10  -

0

□  HMA Pavement

C e n tr a l S o u th w e s te rn E a s te rn

MTO R eg ion s

Northern N o rth w es te rn

Figure 1.3 A verage  PCI o f  H ot M ix  A sphalt  (H M A ) P av em en ts  o f  the  M T O  
R egions (N ingyuan  et al. 2002)

R eproduced  witfi perm ission of tfie copyrigfit owner. Furtfier reproduction profiibited witfiout perm ission.



1.4 Summary of the Literature Review

T ab ic  1.3 p rov ides  the su m m ary  o f  the literature rev iew  for flex ib le  pav em en t 

per fo rm an ce  eva lua tion  m e th o d o lo g y  used  by  the M T O . It shou ld  b e  no ted  that the 

n um bers  in b rackets  fo l low ing  each  ca tego ry  in the  sub jec t co lu m n  p ro v id e  the section  

w ith in  the  report that can be  re ferenced  for the sup p o r t in g  inform ation .

T ab c 1.3 S u m m a ry  o f  the L itera ture  R ev iew
No A uthor Subject Im portance Be superseded

C hong  et al. (1975)

M anual D escrip tion  o f  2 7 Distresses.
Y es by C ho ng  et al. 
Q 9 8 2 )

1 RCR (4.2) Subjective M easure  (0-10) No

PCR (6.2) S ubjective M easure  (0-100) N o

f ) l ( 6 .3 ) P aram ete r  (0-100)
Y es b y  PCI (H ajek  et 
ah 1986)

-) Phang et al. (1979) R C R  (4.4) M ays Ride M eter  (0-10)
Y es  b y  P U R D  
H ajek  et al. (1986)

D M  (3.2) With 27 Distresses (0 -320)
Y es by  H ajek  et al. 
Q 9 8 6 )

3 Chong et al. (1982) Manual D escrip tion  o f  27 Distresses
Yes by  C ho ng  et al. 
Q 9 M )

PCI (6.4) P aram eter  (0-100) N o  but C oeffic ient

4 H ajek  et al. (1986) RCR (4.4) P U R D  (0-10)
Y es by  Hajek et al. 
(1998)

[ ) \4 1 (3 .3 ) W ith  15 Distresses (0-205)
Y es b y  N ing yu an  et 
al. (2002)

5 C hong  et al. (1989) M anual (2.3) D escrip tion  o f  15 Distresses No

6 H ajek  et al. (1998) R Cl (5.2) Sw itch  to IRI No

7
N in gy uan  et al. 
(2002)

Prediction
M odels(6 .5 .1)

RCl, DM1, PCI No

DM1 (3.3.2) W ith  15 Distresses (0-10) No

8 Sayers et al, (1995) IRl
Integration o f  O rd inary  
Differential Equations

Different M ethods  
like E u le r  Integration

K aznherow sk i  et al. 
(2001)

IRl (5.2.6) Q uality  A ssurance No
y

M odel
Transfer  Function  to G et  C lass  1 
IRI

No

10
K azm ierow ski et al. 
(2001)

PM S2(6.6) PM S2 Software No

10 Joseph et al. (1984)
R M SV A
(4.4.1.1)

A lgorithm
Y es by K azm ie row sk i 
e t a l .  (2001)

10 Q ue iro z  (1981) S V(4.4.1) M odel
Y e s  b y  J o s e p h  et al. 
(1 9 84 )

11
L oughnan  and h vers 
(19 ^ ) R A M  (4.4.1) M odel Yes Q ue iroz  (1981)
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1,5 Objective and Scope of the Project

T h e  purpose  o f  this p ro jec t is to carry  out a l i te rature and m e th o d o lo g y  rev iew  for the 

pavem en t pe r fo rm an ce  evalua tion  in Ontario . T h e  m ain  ob jec t ive  o f  this s tudy  is to 

rev iew  the  M in is t ry 's  ne tw ork  p av em en t p e r fo rm an ce  history, in te rm s  o f  pav em en t 

condition surveys, p e r fo m ian ce  p red ic t ion  m odels  and  the m ain  factors in f luenc ing  the 

assessm ent o f  long-term  pavem en t perfo rm ance .  Specifiea lly , each  e lem en t o f  the 

pavem en t p e r fo m ian ce  evaluation are  addressed: cond ition  o f  p av e m e n t  by w ord  

descrip tion , distress severity  and density , w e ig h tin g  value, PCI, DM1, and  R CR  

m easu rem en t based  on Portab le  Universal R oughness  D ev ices  (P U R D ) and  International 

R oughness  Index (IRl). C onsequences  o f  m easu r in g  the IR l u s in g  d iffe ren t  equ ipm ent,  

m odels  to convert  the roughness  m easu rem en t  to R C R  and quali ty  assu ran ce  o f  IRl are 

d iscussed. T h e  study  em phas izes  the fo l low ing  aspects  o f  p av e m e n t  p er fo rm an ce  

evaluation:

1. D iagnosis  o f  p av em en t  cond ition  and p e r fo m ia n ce  trends o f  the  p rovincia l  road 

netw ork.

2. D iscussion  o f  p av em en t  p er fo rm an ce  p red ic tion  m o d e ls  based  on  historical 

p e rfo rm ance  data.

3. R ev iew  o f  the quality  assu rance  process  dev e lo p ed  for m easu re  o f  pav em en t 

perform ance.

Based  on the  literature review , the reco m m en d a t io n s  for the im p ro v em en t  o f  the ex is ting  

techn iques  used to m an ag e  the  pav em en t p e r fo m ia n ce  eva lua t ion  are presen ted .
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CHAPTER 2: SURFACE DISTRESS MANIFESTATIONS  

2.1 Introduction

This  chap te r  explains  the m ethodo logy , how  the surface dis tress  da ta  is eo llee ted  to 

ea leulate  the pavem en t eva lua tion  indexes. It is d o n e  b y  literature rev iew  and ex am in in g  

the m ethodo log ies  from  the M T O  m anua ls  (C h o n g  et at 1975, 1982. 1989). Distress 

m anifesta tions  are v isib le  signs o f  the  p av em en t  structural condition . T h e  assessm en t 

m ethod  (C h o n g  et al. 1989) answ ers  four s im ple  questions:

1. W h a t  is the p roblem ?

2. W ha t causes the p rob lem ?

3. H o w  bad  is the p rob lem ?

4. H o w  b ig  is the p rob lem ?

First, the distress type  is identified b y  co m p ar in g  with  ca ta log  pho tos  (C h o n g  et al. 

1 989) o f  various dis tresses  w hich  are acco m p an ied  by  the w ord  desc rip tions  o f  physical 

appearances  and b r ie f  sum m aries  o f  w h y  it happens. N ext,  the  q u es t io n  o f  ‘ho w  b a d ’ is 

answ ered  b y  desc rib ing  the d is tress  severity  in one  o f  these  v ery  s im p le  term s: very  

slightly, s lightly , m odera te ,  severe, and very  severe. T h e  correct a n sw e r  m ay  b e  chosen  

b y  s im p ly  com paring  the p rob lem  to the ca ta log  p ho tos  and  desc rip tions .  A  ca ta log  o f  

pho tos  sho w in g  the d iffe ren t s tages o f  ‘ho w  b a d ’ d is tresses  are, is con ta ined  in a m anual 

(C hong  et al. 1989).

Lastly, ‘how  b ig  is the p ro b le m ’ is answ ered  b y  d esc r ib in g  the densi ty  o f

occu rrence  o f  the distress b y  using  one  o f  these  w ords:  few, in ten n i tten t,  frequent,

extensive, and th roughout.  T hese  w ords  re fer  to the pe rcen tag e  o f  leng th  or a rea  o f  the

road section w hich  is be in g  rated. For exam ple ,  the ra ter m a y  en c o u n te r  a s i tua tion  w here

13
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there are s o m e  inc idences  o f  distress located  w ith in  a short d is tance  ot each  o th e r  and 

w ithin  the eva lua tion  section, this d is tance  represen ts  be tw een  10 to 2 0 %  o t  the pav em en t 

surface  area. T h u s  the ‘d e n s i ty ’ is said to be “ in ten n i t te n t” (Fig. 2.1).

2.2 Assessm ent o f Surface Distress M anifestations

T h e  ra ter  d rives  a long  the shou lders  at a s low  speed  (not ex c eed in g  40  k m /h )  and 

observes  the c racks and  o ther  distresses, m ak in g  frequen t s tops to ex a m in e  and m easu re  

the particu la r  distresses. A t the end, he su m m arize s  his im p ress io n  by  p lac in g  check  

m arks in the appropria te  b o x es  o f  a cond ition  ra ting  check  list fo rm  (T ab le  3.2).

2.3 G uidelines for Surface Distress M anifestations

T h e  defin itions, causes and gu idelines  for surface  d is tress  m an ifes ta tio n s  are defined  

be low  (C h o n g  et al. 1989).

2.3.1. Ravelling and Loss o f Coarse Aggregates

P av em en t su rface  looks as though  it is b reak in g  up into sm all p o ck -m a rk s  as coarse  

aggrega te  partic les  are lost from  the surface; o r  p rog ress ive  loss o f  p av e m e n t  m ater ia ls  

(coarse  or fine aggregates ,  o r  both) from  the surface. Follow ing are  the p o ss ib le  causes:

t"/„ 6%

Figure 2.1 In term itten t O ccu rren ce  o f  D istress (C h o n g  et al. 1989)
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1. Lack o f  bond be tw een  partic les  and m ortar  d u e  to inadequa te  coating.

2. F racture o f  the particles th rough load or natural causes , a l lo w in g  the loosened  

pieces to be p icked  out by  traffic action.

3. D is in tegration  o f  partic les , such  as chert, w h ich  are h ig h ly  abso rp tive  and 

d is in tegrate  upon repea ted  freez ing  and thaw ing.

4. D e lam ina tion  o f  chert  o r  shale  particles.

5. C lay  coated  aggrega te  particles.

2,3.1.1 Severity

Follow ing  are the gu ide lines  to desc ribe  the  severity  o f  rave ll ing  and  loss o f  coarse  

aggregates  (C h o n g  et al. 1989).

U niform  D escrip tion  G u idelines  (based on o b serva tion  o f  ap p earan ce)

V ery  Slight B are ly  noticeable .

Slight N oticeab le  loss o f  p av e m e n t  m ater ia ls .

M odera te  H av ing  po ek -m ark ed  appearanee ,  p oek-  m ark s  are fairly

well spaced.

Severe  H av ing  p o ek -m ark ed  appearanee ,  p o ek -  m ark s  are closely

spaced.

V ery  Severe  Surface has  a ravelled  ap p ea ran ce  and is d is in teg ra ted  into

large potholes  or veined  w ith  m o d e ra te  cracks.

2.3.2 Flushing

T he  p resence  o f  free aspha lt  b inder  on the p av em en t  surface, resu lts  from  upw ard  

m igra tion  o f  the  b inder. M ost likely to o ccu r  in the w heel tracks d u r in g  ho t  w ea th e r  due
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to high asphalt content relative to void content in mineral aggregate.

2.3.2.1 Severity

F ollow ing  are the gu idelines  to desc ribe  the severi ty  o f  H ushing (C h o n g  et al. 1989).

U nifo rm  D escrip tion G uide lines  (based  on o b serva tion  o f  ap p earan ee)

V ery  slight

Slight

M o d era te

Severe

V ery  Severe

V ery  faint co lou ring  (veining).

C o lo u r in g  v is ib le  ( in terconnected  vein ing).

D istinctive  ap p earan ee  (w ith  ex cess iv e  aspha ltic  m ater ia ls  

a lready  free).

Free aspha ltic  m ateria l g iv ing  the  p av e m e n t  su rface  area a 

w et look.

Free asphalt ic  m ateria l g iv in g  the affec ted  p av em en t  

su rface  area a w et look  and  w heel no ise  co m p arab le  to that 

w hen  d riv ing  o v er  a w a te r  w et surface.

2.3.3 Rippling and Shoving

R eg u la r  transverse  undu la tions in the su rface  o f  the  p av e m e n t  consis t  o f  c lo se ly  spaced, 

a lternate  va lleys  and crests. F o llow ing  are the p o ss ib le  causes:

1. Faulty  paver  b eh a v io u r  w ith  so m e m ixes.

2. H eav y  traffic on steep d o w n g ra d e  or upgrade ,  o r  p av e m e n t  w ith  too th ick  tack 

coat o r too th ick  soft w a te rp ro o f in g  m em b ra n es  on  the  b r idge  decks.

3. Low  stab ility  in asphalt  m ix.

4. S topp ing  at in tersec tion  stop  lights.

16
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2.3.3.1 Severity

Follow ing  are the  gu idelines  to describe  the  severity  o f  r ipp ling  and sh o v in g  (C h o n g  et al. 

1989).

U niform  D escrip tion G uidelines  (based  on observa tion  o f  appearance)

V ery  slight B are ly  no ticeab le  w ash b o a rd  effect.

shght N oticeab le  w ash b o ard  effect.

M oderate R ough  ride

Severe  V ery V ery  rough  ride

V ery  Severe W ash b o ard in g  or large h u m p s  w h ich  cau se  veh ic les  to drift 

s idew ays  and  m a y  cause  loss o f  control o f  vehicles.

2.3.4 W heel Track Rutting

Longitudinal depressions, w h ich  can take the fom i o f  s ing le  rut o r  d o u b le  ruts, left in the 

w heel tracks after repeated  load application. W heel track ru tt ing  resu lts  from 

densifica tion  and p e n n a n e n t  deform ation  u n d e r  the  load, co m b in ed  w ith  d isp lacem en t o f  

p av em en t m ateria l.  D eep ru ts  are often  acco m p an ied  b y  long itud inal c rack ing  in the 

w heel tracks. Fo llow ing  are the possib le  causes:

1. P oorly -com pac ted  structura l layers.

2. U nstab le  g ranu la r  bases  o r  subbases  created  b y  posit ive  po re  w a te r  p ressures

under  loads at the t im e  o f  near-saturation.

2.3.4.1 Sever ity

F ollow ing  are the gu idelines  to desc ribe  the severity  o f  ru tt ing  (C h o n g  et al. 1989).

17
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Uniform Description Guidelines (based on observation o f  appearance)

V ery  slight

Slight

M odera te

Severe

V ery  Severe

B are ly  noticeable , less than  6 m m .

6 to 13m m  w ith  or w ithou t  s ing le  long itud ina l crack.

14 to 19m m  w ith  or w ithou t  s ing le  or m u lt ip le  long itud inal 

cracks. D o u b le  ru tt ing  b eg in s  to develop .

20 to 5 0 m m  w ith  o r  w ithou t  long itud ina l cracks, o r  d o u b le  

ru tt ing  deve loped .

G rea ter  than  5 0 m m  sing le  or  d o u b le  ru tt ing  w ith  o r  w ith o u t  

m u ltip le  long itud inal c racks o r  a l l iga to r  cracks.

2.3.5 Distortion

A n y  dev ia t ion  (o ther than  desc ribed  fo r rippling, sho v in g  and  ru tting) o f  the p av e m e n t  

surface  from  its original shape  result from  the se tt lem ent s lope  failure, v o lu m e  changes  

due  to m o is tu re  changes or frost heaving , and  residual e ffec ts  o f  frost heav ing  

accu m u la t in g  a f te r  each  winter.

2.3 .5 .2  Severity

F ollow ing  are the gu ide lines  to describe  the severi ty  o f  d is to r t ion  (C h o n g  et al. 1989).

U nifo rm  D escrip tion G uide lines  (based  on o b serva tion  o f  ap p earan ce)

V ery  slight 

S light 

M odera te  

Severe

B are ly  no ticeab le  sw ay in g  o f  v eh ic le  w h ile  in m otion. 

B are ly  no ticeab le  p itch  and  roll, and  j a r r in g  bum p. 

N o ticeab le  p itch  and roll, and harsh  bu m p s .  

C o n tin u o u s  p itch  and  roll, and  hard  j a r r in g  bum p.

18
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V ery  Severe C on tinuous  d is tortion  m ak es  the  d r iver  to feel it is

necessary  to reduce  speed.

2.3.6 Longitudinal W heel-Track Cracking

C racks w h ich  follow  a course  ap p ro x im a te ly  parallel to the cen tre  line o f  the pavem en t 

and are situated at or nea r  the cen tre  o f  the wheel tracks, and m a y  b e  d u e  to overloaded  

vehicles at the w eakest  pavem en t period, in the early  sp ring  (C h o n g  et al. 1989).

2.3.6.1 Sever ity

F ollow ing  are the gu idelines  to describe  the severity  o f  longitud inal w h ee l- traek  crack ing  

(C hong  et al. 1989).

U nifoirn  D escrip tion G uidelines  (based  on  observa tion  o f  appearanee)

V ery  Slight

Slight

M odera te

Severe

V ery  Severe

S ingle crack less than 3m m .

Single crack 3 to 12mm.

Single crack  13 to 19mm. M ultip le  c racks even  i f  less than 

13mm.

Single or m u ltip le  cracks. S ing le  crack  20 to 2 5 m m  with  

initial s ign o f  spalling. M ult ip le  c racks even  i f  less than 

2 0 m m  but g rea ter  than 13 m m , w ith  initial s ign o f  spalling. 

S ingle crack  g rea ter  than  2 5 m m  w ith  o r  w i th o u t  spalling. 

M ultip le  cracks even  i f  less than 2 5 m m  but g reater  than 

2 0m m , w ith  o r  w ithou t  initial s ign  o f  spalling.
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2.3.7 Longitudinal M eander and M id-Lane Crack

Crack, usually  qu ite  long, w h ich  w an d ers  from  edge  to ed g e  o f  the  pav em en t,  o r crack 

w h ich  is u sua lly  straight and parallel to the cen tre  line, at o r  nea r  the  m id d le  o f  the lane. 

T h ese  types  o f  cracks are u sually  s ing le  cracks, bu t occas iona lly  sec o n d a ry  cracks  do 

deve lop  parallel to them. Fo llow ing  are poss ib le  causes:

1. Frost ac tion-grea te r  h eav e  at p av em en t  cen tre  than at edges.

2. Poor  construc tion  practices.

3. Faulty  construc tion  equ ipm ent,  resu lt ing  in w eak  p lane  w h ich  then  fails, d u e  to 

therm al shrinkage.

2.3.7.1 Severity

F ollow ing  are the gu idelines  to describe  the severity  o f  long itud ina l m e a n d e r  and  m id ­

lane crack  (C h o n g  et al. 1989).

U n ifo m i D escrip tion  G uide lines  (based  on  o b serva tion  o f  ap p ea ran ee )

V e ry  Slight S ingle crack  less than  3m m .

Slight S ingle  crack  3 to 12mm.

M odera te  S ingle or  m u ltip le  cracks. S ing le  crack  13 to 19mm.

M ultip le  cracks even  i f  less than  13mm.

Severe  S ingle crack 20 to 2 5 m m , w ith  initial s ign o f  spalling.

M ultip le  cracks even  i f  less than  2 0 m m  b u t  g rea te r  than 

13m m , w ith  initial s ign o f  spalling.
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Very Severe Single or m ultip le  cracks. S ingle crack  g rea te r  than 2 5m m , 

with  or w ithout spalling. M ultip le  c racks even  i f  less than 

25 m m  but greater than 2 0 m m , with  o r  w ith o u t  spalling.

2.3.8 Centre Line Crack

Crack  w h ich  runs a long o r  near the road centre  line. F o llow ing  are  the poss ib le  causes:

1. P oor  longitudinal jo in t  construction.

2. V ariab le  granu la r  dep ths  due to construc ting  lanes separately .

3. M ois tu re  changes (sw elling /shrinkage)

2.3.8.1 Severity

F ollow ing  are the gu idelines  to describe  the severity  o f  cen tre  line crack . (C h o n g  et al. 

1089).

U nifo rm  D escrip tion G uidelines  (based on observa tion  o f  appearance)

V ery  Slight 

S light

M oderate

Severe

V ery  Severe

S ingle crack  less than  3m m .

Single crack  3 to 12mm.

S ingle o r  m u ltip le  cracks. S ing le  crack  13 to 19mm. 

M ultip le  cracks even  i f  less  than 13mm.

Single o r  m u ltip le  cracks. S ing le  crack  20  to 2 5 m m  w ith  

initial s ign o f  spalling. M ultip le  c racks even  i f  less than 

2 0 m m  but g rea ter  than 13m m  w ith  initial sign o f  spalling. 

S ingle or  m ultip le  cracks. S ingle  crack  g rea te r  than  25m m , 

w ith  or w ithou t  spalling. M ult ip le  c racks  ev en  less than 25

bu t  g reater  than  2 0 m m , w ith  or w ithou t  spalling.
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2.3.9 Pavement Edge Crack

C rack  (or c racks) w hich  is parallel to and  w ith in  3 0 cm  o f  the p av e m e n t  edge , and is 

e i ther a fair ly  eon tinuous  ‘s t ra ig h t’ crack  or consis ts  o f  c rescen t-sh ap ed  c racks  in a w ave 

fonna tion .  Fo llow ing  are the poss ib le  causes:

1. Frost action.

2. Insufficient bearing  support  an d /o r  excess ive  traf tic  load ing  at the  p av e m e n t  edge.

3. Poor  d ra inage  at the p av em en t  edge  and  shoulder.

4. Inadequate  pav em en t w id th  and  traffic too  c lose  to p av e m e n t  edge.

2.3.9.1 Sever ity

Follow ing  are  the gu idelines  to desc ribe  the severity  o f  p av e m e n t  ed g e  c rack  (C h o n g  et al. 

1989).

UnifoiTn D escrip tion G uidelines  (based  on o b serv a tio n  o f  ap p earan ee)

V ery  Slight

S light

M odera te

Severe

S ingle longitud inal crack  or s ing le  w a v e -fo rm a tio n  crack 

less than 3 m m  and no m ore  than 150m m  from  the 

p av em en t edge.

S ingle crack  o r  tw o parallel c racks 3 to 12m m  w id e  and 

less than  3 0 0 m m  from  p av e m e n t  edge.

E x tend ing  o v e r  3 0 0 m m  hut less than  6 0 0 m m  from  

p av em en t edge. M ultip le  c racks begin  to in te rw eav e  with 

co n n ec tin g  cracks.

E x tend ing  o v e r  6 0 0 m m  but less than  1500m m  from

pavem en t edge.

9?
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Very Severe Progressive  m ultip le  cracks ex tend  o v er  1500m m  from 

p avem en t edge. O u te rm ost  area  nea r  edge  is alligatored.

2.3.10 Transverse Crack

C rack  w h ich  fo llow s a course  ap prox im a te ly  at right angles to the  p av em en t  cen tre  line. 

Full transverse  cracks tend  to be regu la rly  spaced  a long  the length  o f  the  road, w h ile  h a l f  

transverse  and part t ransverse  occur  at shorter, in tem ied ia te  d is tances.  F o llow ing  are the 

possib le  causes:

1. N atural sh rinkage  caused  by  very  low  tem peratures .

2. H igh tem pera tu re  susceptib il ity  o f  asphalt cem ent b in d e r  in aspha lt  m ixes.

3. Frost action.

2.3 .10.1 . Severity

F ollow ing  are the gu idelines  to describe  the severity  o f  t ransverse  crack  (C h o n g  et al. 

1989).

U nifo rm  D escrip tion G uidelines  (based on observa tion  o f  appearance)

V ery  Slight

Slight

M oderate

Severe

S ingle crack less than 3m m .

Single crack 3 to 12mm.

13 to 19 m m  single crack  or m u ltip le  c racks  even  i f  crack  

o p en in g  is less than 13mm. C racks  s tart ing  to deve lop  

cupp ing  o r  lipping.

20 to 2 5 m m  single crack  o r  m u lt ip le  c racks  even  i f  crack 

o pen ing  is less than  2 0 m m  but g rea ter  than  13m m . Cracks 

have deve loped  cu p p in g  o r  l ipp ing  d istortion .
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Very Severe G reater  than 25 m m  sing le  crack  or m u lt ip le  c raeks  even it 

crack o p en in g  is less than 2 5 m m  but g rea te r  than  2 0m m . 

C racks  are d istorted  w ith  cu p p in g  and  lipping, and  spa ll ing  

o f  the c racked  edges.

2.3.11 A lligator Crack

C racks w h ich  fo m i a ne tw ork  o f  po lygon  b lock  re sem b lin g  the  skin o f  an alligator. T h e  

b lock size can range from  a few m ill im eters  to abou t a meter. F o llo w in g  are th e  poss ib le  

causes;

1. Insufficient b ea r in g  support.

2. P o o r  b a se  dra inage, and  s t i f f  o r  brittle  asphalt  m ixes  at cold  tem pera tu res .

2.3.11.1 Severity

F ollow ing  are the gu idelines  to describe  the seve ri ty  o f  a ll iga to r  crack  (C h o n g  et al. 

198V).

U niform  D escrip tion G uidelines  (based on  o b serv a tio n  o f  ap p earan ce)

V ery  Slight

S light

M odera te

Severe

M ultip le  cracks beg in  to deve lop  short  in te rco n n ec t in g  

cracks. D is tortion  less than  13mm.

A lliga to r  pattern  es tab lished  w ith  c o m e rs  o f  po lygon  

b locks  fracturing. D is tortion  less than 13mm.

A lliga to r pattern  es tab lished  w ith  spa l l ing  o f  po lygon  

b locks. D is tortion  13 to 25m m .

P olygon b locks  beg in  to lift. Sm all po tho les .  D is to rtion  26 

to 50m m .
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Very Severe Polygon b locks  lifting with d iffe ren t s izes o f  potholes. 

D is tortion  g rea ter  than 50m m .

2.4 Densities for Distress M anifestations

F o llow ing  are  the gu ide lines  to desc ribe  the densi ty  o f  all ab o v e  m en t io n ed  pav em en t 

surface  d is tresses  (C h o n g  et al. 1989).

U niform  D escrip tion

Few

Interm ittent

Frequent

Extensive

T h roughou t

G uidelines  (based  on percent o f  su rface  area  in the 
p av em en t  section  b e in g  affec ted  b y  the defect)

Less than 10% o f  p av e m e n t  su rface  affected. Spo tted  over

localized  areas only.

10 to 2 0 %  o f  pav em en t surface  affected. Spo tted  over  

localized  areas only.

21 to 50 %  o f  p av em en t  su rfaee  affected. M ay  spot even ly  

over  length  o f  p av em en t  sec tion  or o v er  loca l ized  area only. 

51 to 80%  o f  p av em en t  su rface  affected. Spo tted  even ly  

o ver  length  o f  p av em en t  section

81 to 100% o f  p av em en t  su rface  affec ted . Spo tted  even ly  

o v er  length  o f  p av e m e n t  section.
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CHAPTER 3: SURFACE DISTRESSES RATING

3.1 Introduction

T h e  first m an u a l  (C h o n g  et al. 1975) for co n d i t io n  ra ting  o f  f lex ib le  p a v e m e n ts  desc ribed  

o n ly  the sev e r i ty  and  d e n s i ty  o f  the  d is tresses  b y  w o rd  desc rip tion .  L ate r  it w as  realized  

that the severitie s  and  d en s i t ie s  o f  the d is t re sses  should  b e  w e ig h ted  to  ge t a n u m erica l  

value. T h e  m o d e l  fo r  D is t re ss  M an ife s ta t io n  (D M )  w as  d ev e lo p e d  b y  P h an g  et al. (1 979) 

and  the m o d e l  for D is tress  M an ifes ta t io n  Index  (D M fl)  w as  d ev e lo p e d  b y  H a jek  et al. 

(1986) to ev a lu a te  the  d is t re s s  m an ife s ta tio n s .  T h e  euiTently used  m o d e l  in P M S 2  for 

rev ised  D istress  M an ife s ta t io n  Index (D M 1) is d ese r ib ed  in N in g y u a n  et al. (2001).  T he  

scope  o f  th is  ch ap te r  is to  exp la in , h o w  th e  v is ib le  d is tresses  are co n v e r ted  into a 

n um erica l  v a lu e  to d e sc r ib e  o r  ra te  the  su r fa ee  d is tresses .

3.2 Distress M anifestations (D M )

A  sys tem atic  m e th o d  fo r  c la s s i fy in g  and  a s s e s s in g  the  v is ib le  co n se q u en ce s  o f  var ious  

d is tresses  w as  d e se r ib ed  b y  P h an g  et al. (1 9 7 9 ) .  D is tress  M an ife s ta t io n s  (D M ) c lass if ied  

th e  d is tress  m a n ife s ta t io n s  in to  27 c a te g o r ie s  (T a b le  3.1), w h ich  w e re  ra ted  b y  severi ty  

and  density . D M  w as ca lcu la ted  for e a ch  s e c t io n  o f  the  road  n e tw o rk  b y  th e  m odel 

p resen ted  in Eq. 3.1.

27
Distress Manifestations=DM == X W .(S .+ D .)  (3,1)1 1 C

T h e  D M  w as  an  overa ll  eh a rae te r is t ie  d e s c r ib in g  the  p av e m e n t  su rface  co n d it io n  on  a 

sca le  o f  0 to 32 0  w h e re  0 fo r  exce llen t  p a v e m e n t  cond it ion  (no  d is tress),  an d  3 20  fo r very  

p o o r  p av e m e n t  co n d i t io n  (m a x im u m  d is t re s ses ) .
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W, = W eigh ting  value for a par ticu la r  type  o f  crack or o ther  fo n n  o f  p av e m e n t  distress 

(Table  3.1).

Sj= W eig h t in g  value  for severity  o f  crack  o r  o ther  form  of d is tress  (T ab le  3.1).

Dj= W e ig h t in g  value  for dens ity  o f  o ccu rrence  o f  the par ticu la r  c rack  ty p e  o r  o th e r  form 

o f  distress (T ab le  3.1).

3.2.1 P roced ure  for D e term in in g  Distress M a n ifes ta tion  (D M )

T h e  bas ic  p rocedure  for class ify ing  and  ra ting  p av em en t  d is tresses  w as  described  by  

Phang et al. (1979). T he  va lue  o f  D M  w as ca lcu la ted  based  on  m easu rem en ts  taken  from  

the field survey. T he evalua tion  w as  d one  b y  us ing  the flex ib le  p av e m e n t  cond ition  

evaluation fo rm  (Table  3.1). Eventually ,  the D M  w as ca lcu la ted  b y  subs t i tu t ing  w e ig h tin g  

values (T ab le  3.1) in Eq. 3.1.

3.3 Distress M anifestation Index (DM Ii)

A  system atic  m ethod  fo r c lassify ing  and assess ing  the v is ib le  co n seq u en ces  o f  the various 

d istresses w as  described  by  H ajek et al. (1986). It w as  d es ig n ed  to supersede  the 

p rev iously  used DM . D istress M an ife s ta t ion  Index (D M 1 |)  c lass if ied  distress 

m an ifesta tions  into 15 categories, w h ich  w ere  ra ted  by  the  severi ty  an d  the  density . T he  

m odel deve loped  for the calcu la tion  o f  the  D M 1 1 has  a s im ila r  s truc tu re  to that used  for 

ca lcu la ting  the D M  (P hang  et al. 1979), bu t  the d is tresses  w ere  red u ced  to fifteen.

15
D istress M anifesta tion  Index (DM I, ) =  X  W. (S- + D. ) (3.2)

i=l 1 1 1

DM1| w as  an overall charac teris t ic  for desc r ib ing  the p av em en t d is tress  m an ife s ta tio n s  on 

a scale  o f  0 to 205 w h ere  0 for excellen t p av em en t  cond it ion  (no  d is tress),  and 205
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(m ax im u m  distresses) for very  p oor  pavem ent.

Wi = W eig h tin g  va lue  for a par ticu la r  type  o f  crack  or o th e r  fo rm  o f  p av e m e n t  (T ab le  3.2). 

Si= W e ig h t in g  value  for severity  o f  erack  o r  o ther  form  o f  d is tress  (T a b le  3.2).

Dj= W e ig h t in g  value  for dens ity  o f  occu rren ce  o f  the  par ticu la r  crack  type  o r  o th e r  fom i 

o f  distress (Table  3.2).

3.3.1 P roced ure  fo r  D e term in in g  Distress M an ifes ta t io n  In dex  (D M I,)

T h e  bas ic  p rocedure  for c lass ify ing  and  ra ting  p av e m e n t  d is tresses  d esc ribed  by  P h an g  et 

al. (1979) w as  rem a in ed  sam e, h o w e v e r  o n ly  15 sepa ra te  d is tress  ca tegories  w ere  

evaluated. T h e  eva lua tion  w as d o n e  b y  using the  t lex ib le  p av e m e n t  co n d i t io n  eva lua tion  

form  (T ab le  3.2) (H a jek  et al. 1986). D M I, w as  ca lcu la ted  b y  subs t i tu t ing  the field 

recorded data  and the d istress w e ig h tin g  values  in Eq. 3.2. T h e  D M I, w as  an integral part 

o f  the P avem ent C ond ition  Index (P C I |)  but it w as  used  in d ep en d en t ly  as the 

m easu rem en t o f  visib le  p av e m e n t  d istresses. T h e  D M I,  w as  used  as a proxy for assess ing  

pavem en t structural ad e q u acy  and  iden tify ing  p av e m e n t  sec tions  that requ ired  a 

corrective ac tion due  to the sp ecific  distress cond it ion  (H ajek  et al. 1986). T h e  w e ig h tin g  

values (Wj) w ere  chosen  using  e x p e r t ’s op in ion  and  ca lib ra t ion  techn iques.

For exam ple ,  cen terl ine  a ll igator c rack ing  has a W, =  2, (T ab le  3 .2) w h ile  

longitud inal w heel track a ll igator c rack in g  has  a W ;= 3 .  In o th e r  w ords ,  c rack in g  in the 

w heel- traek  w as considered  to con tribu te  3 3 %  m o re  to the  D M I, than  c rack in g  a lo n g  the 

centerline. T he  w e ig h t in g  values w ere  not in tended  to cap tu re  p av e m e n t  rou gh n ess  

co m p o n en ts  a lready  accoun ted  for the R id ing  C o m fo rt  R a ting  (R C R ) (C h o n g  et al. 1975). 

T h e  w e ig h tin g  values o f  the  15 dis tresses  g iven in T ab le  3.2 w ere also  tes ted  to ensure  

that the D M I, w as equal to the p rev io u s ly  used  D M  b ased  on  27  dis tresses .  All D M
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recorded  du rin g  the  per iod  from  1978 to 1985 have  been  converted  to  D M 1|. T h e  o f  

the linear re la tionship  be tw een  the D M  and the  DM1| w as  0.938.

3.3.2 R evised  Distress M anifesta tion  In dex  (D M I)

It is sam e as DM1| but its scale is rev ised  from  0 to 10 w h ere  10 rep resen ts  flaw less 

p av em en t (no distress), and  0 for very  p o o r  p av e m e n t  (m ax im u m  dis tresses)  (N ingyuan  et 

al. 2001 ). It is curren tly  used b y  the  M T O  in its PM S2.

15
2 0 8 - 1  W . ( S . + D . )

R evised D istress M anifesta tion  Index (D M I) = 1 0 * --------— -------------------  (3,3)
208

Wj =  W e ig h tin g  value for a par tieu lar  type  o f  crack  or o ther  fo rm  o f  p av e m e n t  d istress 

(T ab le  3.2).

Sj= W eig h tin g  value for severity  o f  crack  o r  o ther  form  o f  d is tress  (T ab le  3.2).

Dj= W e ig h t in g  va lue  for dens ity  o f  o e c u n  ence o f  the  par ticu la r  crack  type  or o ther  form 

o f  d istress (T ab le  3.2).
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T abic  3.1 Flex ib le  Pavem en t C on d itio n  E valua tion  or C h eck lis t  F o rm  (P h an g  et al.
1979)
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T able  3.2 F lexible  P av em en t C ond ition  E valua tion  or C heck lis t  F orm  (H ajek  et al. 

IQ86)

II. I & M l iai ! '  lài l l  a n d  Mu l t i p l e

31
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CHAPTER 4: RIDE QUALITY RATING

4.1 Introduction

O n ta r io ’s p av em en t cond ition  assessm en t m ethod  relies on the  ex am in a tio n  o f  two 

principal features: one  is the r id ing  quali ty  and the  o ther is d is tress  m anifesta tion .  This  

chap te r  exp la ins  h o w  the  ride qua li ty  is m easu red  p resen tly  and h o w  it w a s  m easu red  in 

past in O ntario . T he  ride quali ty  is the m easu rem en t  o f  roughness  on  a R id ing  C o m fo rt  

R ating  (R C R ) scale  rang ing  from  0 to 10 w h ere  10 represents  a perfec tly  sm o o th  surfaee, 

and 0 is very  rough road. R oughness  is def ined  as a d is to rtion  o f  the p av em en t  su rface  

that con tribu tes  to an undes irab le  o r  u n co m fo r tab le  ride.

P av em en t roughness  is one  o f  the m ost  im p o rtan t  ind ica to r  o f  the  p av em en t  

p e r fo n n an c c  that d irec t ly  reflects the p av em en t se rv iceab il i ty  to the  road  users. T h e  R C R  

is a perce ived  m easu re  o f  ro ad w ay  roughness  as expe rienced  b y  the  public. A s a 

perceived  m easu rem en t,  R C R  has been  trad it ionally  eva lua ted  subjectively . H ow ever ,  the 

p resen t m echan ica l  and laser devices  are enab led  to g ive  an ob jective , repea tab le  and 

re liable m easu rem en t.  T h e  R C R  for the pu rpose  o f  rev ised  P av em en t  C on d itio n  Index 

(PCI) cu rren tly  used b y  the M T O  is es tab lished  o b jec t ive ly  from  In ternational R oughness  

Index (IRI).

4.2 Subjective M easurem ent o f Riding Com fort Rating (RCR)

T he rid ing  quality  o r  roughness  o f  the p av e m e n t  used by  the M T O  in the past w as rated

subjectively. T h e  R id ing  C o m fo rt  R a ting  (R C R ) assessm en t w as  carried  out b y  the  rater

in a p assenger  car t rav e lin g  at a s tandard  speed  o f  80  km /h. T h e  ra ter w as  u sually  the

driver and the  veh ic le  w as  n o rm ally  one  w ith  w h ich  he w as very  fam il ia r  (P h an g  et al.
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1979). T h e  ra ter m ark ed  the pav em en t on a scale  rang ing  from  0 to 10 or any  o n e  from  

excellent,  good, fair, poor, and very  p o o r  by  co m p ar in g  the s u m m a ry  desc rip tion  (T able

4 . 1 ). In recent years, sys tem s have  been  dev e lo p ed  that m in im ize  the effec ts  o f  hum an  

ju d g m en t  and b ias  in surface  cond ition  rating, b ecau se  these  effec ts  m ay  lead to 

inconsis tencies  in the  priority  list that is used in funds allocation. T h e  p av e m e n t  ride 

quali ty  can be  m easu red  w ith  an accep tab le  level o f  consis tency  and repea tab il i ty  th rough  

autom ation .

4.3 Introduction to Objective M easurem ent o f R iding Com fort 
Rating (RCR)

Since 1986 to 1996, the  M T O  used R esp o n se  T y p e  R oad R o u g h n ess  M easu rem en t  

System  (R T R R M S ) called Portab le  U niversal  R o u g h n ess  D ev ice  (P U R D ) (M T O  1990) 

fo r per iod ic  m o n i to r in g  o f  p av em en t  roughness  for ne tw ork-leve l p av e m e n t  m anagem en t.  

T h e  P U R D  is m an u fac tu red  b y  the R o ad w are  Inc., that m easu res  ro u g h n e ss  in te n n s  o f  

R oot M ean Square  Vertical A ccelera tion  (R M S V A ) o f  a tra iler axle.

T h e  ro u g h n ess  m easu rem en t ob ta ined  b y  this dev ice  is refem ed to as P U R D . In 

o rder  to ob ta in  R C R  value  objectively , the  roughness  w as m easu red  in the  past  by  P U R D  

and then  converted  to the R C R  through  a transfer  function. W ith  the  sw itch  to the 

In ternational R oughness  Index (IRI), it is necessa ry  to convert  IRI v a lues  b ac k  to the 

R C R  (H ajek  et al. 1998).

4.4 Roughness Study for M ays and PURD to Develop M odels for 
O bjective RCR.

E xtensive  p av em en t roughness  m easu rem en ts  w ere  c a n ie d  out on  the h ig h w a y  ne tw orks
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o f  three d istr ic ts  o f  the  M T O , H untsville ,  K ingston  and Stratford , in 1984. B oth  M ays and 

P U R D  m easu rem en t  dev ices  w ere  used (H ajek  et al. 1986). T h e  th ree  d istr ic ts  w ere  

selected with  the  in ten tion  o f  ob ta in in g  a p ro v in ce -w id e  rep resen ta tive  sam p le  o f  d is tress  

m an ife sta tions  and ro u g h n ess  cond it ions  assoc ia ted  w ith  a var ie ty  o f  p av e m e n t  structures, 

traffic, and  the env ironm enta l exposures.

All asphalt  conc re te  p av em en ts  on K in g ’s H ig h w ay s  in the th ree  d is tric ts  (about 

3270  cen te r  line km ) w ere  inc luded  in the  study. T w o - lan e  h ig h w ay s  w e re  m easu red  in 

one  direc tion  only, but d iv ided  h ig h w ay s  w ere  m easu red  in bo th  d irec tions. T h e  ave rage  

roughness  m easu rem en ts  w ere  ob ta ined  for each  h ig h w ay  section. T h e  R C R  w as  also 

d e ten n in e d  sub jec tive ly  b y  d iffe ren t ra ters  in each  district. All ra te rs  w e re  experienced  

and  fam iliar  w ith  their  respec tive  districts. T h e  h ig h w ay  sec tions  w e re  con s id ered  to have  

a u n i fo n n  pavem en t perfo rm ance .  T h e  section  length  w as  ranged  from  0.3 to 25.7  km  

w ith  an ave rage  o f  9.9 km . T h e  total n um bers  o f  h ig h w ay  sec tions  inc luded  in the  s tudy  

w ere  310.

4.4,1 T ra n sfer  F unctions  for  R C R  fr o m  M ays a n d  P U R D

T h e  search  fo r the best transfer  func tion  (H a jek  et al. 1986) w as  d o n e  b y  fo n n u la t in g  

m an y  p ro m is in g  m athem atica l  m odels ,  re la ting  the m ech an ica l ly  m easu red  roughness  

with the sub jec tive  R id ing  C o m fo rt  R ating  (R C R ) and eva lua t ing  u s in g  the least square  

regression  technique. T h e  resu lts  for the  tw o  typical m ode ls  fo n n u la t io n  w ere  a linear and 

a sem i-logarithm ic ,  su m m arized  in T ab le  4.2 (H a jek  et al. 1986) in te rm s  o f  R". T he  

results  sugges t that roughness  m easu red  b y  P U R D  coiTclate m arg in a l ly  b e t te r  w ith  the 

sub jec tive  R C R  than  the roughness  m easu red  by  M ays R ide M eter. A lso  for the  P U R D ,
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T a b le  4. R ide  C o m fo rt  R ating  (R C R 1 G u ide  (C h o n g  et al. 1975)

RCR

U niform  D escrip tion  o f  R ide 
C o m fo rt  R ating  (R C R ) at 80 
km /h

G uidelines

8-10 Excellent V ery  sm o o th  ride.

6-8 Good
S m o o th  ride with  ju s t  a few  b u m p s  or 
depressions.

4-6 Fair
Still com for tab le  ride w ith  in term itten t 
b u m p s  or depressions.

2-4 Poor
U n co m fo rtab le  ride w ith  f requen t b u m p s  or 
depressions

0-2 V ery  Poor

U n com fortab le  ride  w ith  constan t  b u m p s  or 
depressions resu lt ing  in ra ttle  and  shake  o f  
ra ting vehicle . C an n o t  m ain ta in  pos ted  
speed  and m ust s teer co n s tan tly  to avoid  
b u m p s  or depressions. D an g ero u s  at 80 
km/h.

T a b le  4.2 E valua tion  o f  R oughness  T ran sfe r  Functions  (H ajek  et al. 1986)
R oughness
D evice M T O  D istricts

No. o f  
O bserva tions

R- 0

L inear Sem i Log

H untsville 55 0.410 0.439
P U R D Kingston 132 0.452 0 .469

Stratford 123 0.424 0 .439
1985-1996 All three

District
C om bined

310 0.403 0.413

H untsv il le 55 ÔUÜ4
K ingston 132 0.530 0.512

M A Y S Stratford 123 0 J 9 0 0.400
All three
District
C o m bined

310 0.401 0 J 7 8

S quared  m ultip le  co rrelation  coeffic ien t 
L inear fonTi= Co+C i (dev ice  response)
Sem i logarithm ic  form  = Cp+C, .log|p (device response)
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the sem i-logar ithm ic  m odel fo rm ula tion  is m arg in a lly  better  than  the l inear  one. For the

M ays R ide M eter, the linear m odel fo n n u la t io n  appears  to be  m arg in a l ly  better. Based  on

the results o f  the roughness  study, the fo l low ing  transfer  fune tions  w e re  reco m m en d ed

(H ajek  et al. 1986):

a) Portab le  U niversal R oughness  D ev ice  (P U R D  I)

R id ing  C o m fo rt  R ating  (R C R ) =14.85  - 6.18 * log  io (P U R D  1) (4.1)

n
%  SV

P U R D  1 = ^ -----  (4,2)
n

n= N u m b ers  o f  50m  segm ents  con ta ined  in the h ig h w a y  netw ork .

S V = S lo p e  V arian ce  co m p u ted  from  profile  e leva tions  on  50m  long  seg m en ts  (Jo sep h  et 

al. 1984). S lope  V ariance  (SV ) is a m eth o d  o f  profile  ana lysis  (Q u e iro z  1981)

7
n

n -1

b) M ays  R ide M eter

R id ing  C o m fo rt  R ating  (R C R ) = 9.38 - 0 .0 1 7 7 (M A Y s)  (4.3)

Z  R A M
M AYS = ^ ---------  (4.4)

n

R A M  = R elative  ax le  m o v em en t  as defined  in L oughnan  and  E vers  (1 980) ob ta ined  for 

0.8 km  long  segm ent.

n = n um bers  o f  0.8 km  long  segm en ts  conta ined  in the  h ig h w ay  ne tw ork .

In o rd e r  to achieve the long-term  stab ility  in m easu r in g  the ob jec t iv e  R C R , the 

roughness  m easu r in g  eq u ip m en t m ust  b e  carefu lly  ca librated  and  an y  u n a v o id ab le  change  

in its m echan ica l  co m p o n en ts  m ust b e  no ted  to assess the ir  influence. T h e  use  o f  the  tw o
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roughness  m easu rem en t  dev ices  and their  respec tive  transfer  func tions  w ill y ield  on  the 

average, the sam e  ob jective  R C R  as ass igned  subjectively . H ow ever ,  for the  individual 

pavem en t section, there m ay  be considerab le  d iffe rence  be tw een  the o b jec t iv e ly  and 

sub jectively  ass igned  RCR. Furthennore ,  there  is also a d iffe rence  be tw een  the R CR  

obta ined  by  d iffe ren t roughness  m easu rem en t  devices. For exam ple ,  R ‘ fo r a linear m odel 

re la ting  M ays  and P U R D  w as  0 .80 (H ajek  et al. 1986).

T h is  indicates that 20 %  o f  the variance  be tw een  the tw o  m o d e ls  w as  not 

exp la ined  b y  the m odel. T he  unexp la ined  variance  can b e  caused  b y  the  d if fe ren ce  in the 

m easu red  physical  responses,  d iffe rence in the eq u ip m en t (e.g., tire type, w e ig h t  and  

I suspens ion  o f  trailers), and  b y  the o ther  factors. A t any  rate, in o rd e r  to o b ta in  the  re liab le

and h is to r ica lly  s table roughness  m easu rem en ts ,  on ly  one  type  o f  ro u g h n ess  m easu rem en t  

dev ice  should  be  used for es tab lish ing  the  RCR. It should  b e  noted  that the  function  

re la ting  to the n ew  PU R D  is in R oot M ean  Square  V ertical A cce le ra t io n  (R M S V A ).  

R id ing  C o m fo rt  Rating (R C R ) == 27.6 - 7.51 log  (P U R D )

=  27 .6  - 7.51 log  (R M SV A ) (4.5)

4.4,1.1 R oot M ea n  S q u a re  V ertica l A cce lera tion  (R M S V A )

R oot M ean Square  Vertical A ccelera tion  (R M S V A ) w as  in itia lly  p ro p o sed  b y  M cK en z ie  

and Srinaraw at (1978) to su m m arize  p ro t i lo m e te r  data. It is d e t in ed  as the  root m ean  

square  ratio o f  the change  o f  ad jacent profile  s lopes  to the  d is tanee  b e tw e en  the  spaced  

points. T h e  s lope  is defined as the ratio  o f  the e leva tion  ch an g e  to the co r re sp o n d in g  

horizonta l d is tance  o f  the se lec ted  interval (F ig  4.1). A lgo ri thm  for R M S V A  is as fo llow s 

(Joseph  et al. 1984).
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Y  - Y
Slope at A = —    = 0, since 0, is small

As ' '

Slope al B = — — —  = loJ .
As  '

Change o f  Slope = 0, - 0 ,  = A0 = — — — —
As

Ratio o f  s lope to the d is tance is g iven by.

AO _  (Y(. -  Y|j ) ~  (Y |, -  ) A 0 .

As Æ c

As = sample  length

T h u s  R M S V A  =

As
is the estim ate  o f  second  derivative.

A 8 

As

I

I (4.6)

w h e r e  n =  n u m b e r s  o f  p r o f i l e  e l e v a t i o n s

O rig inal G eom etiw

D ev ia tion  due  to S urface  D istortion

A rb itra rv  D atum

F igu re  4.1 R ep re sen ta t io n  o f  P a v e m e n t  Profile  fo r  R oo t M e a n  S q u a re  V ertical 
A cce le ra t ion  (R M S V A ) A n a ly s is  (Jo sep h  et al. 1984)
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CHAPTER 5: INTERNATIONAL ROUGHNESS INDEX (IRI)

5.1 Introduction

Since 1997, M T O  has used In ternational R o ughness  Index (IRI) to  m e asu re  roughness  

(H ajek  et al. 1998). It is com puted  from  a longitud inal p rofile  m ea su re m e n t  u s ing  quar te r  

car s im ula tion  at a speed  o f  80 km /h  (A S T M  1997) T h e  IRI is a m e a su re m e n t  scale  for 

pav em en t roughness  based  on the re sponse  o f  a generic  m o to r  veh ic le  to a s ingle  

longitudinal p rofile  o f  the road surface. T h e  IRI w as  dev e lo p ed  (H a jek  et al. 1998) in 

1986 using  the results o f  the in ternational road roughness  ex p e r im en ts  he ld  in Brazil in 

1982 (Sayers  1995). S ince then, the IRI has  b ec o m e  a w ell re co g n ized  s tandard  for 

m easu r ing  road roughness. T h e  source  code  for ca lcu la ting  the  IRI is d esc r ibed  in Sayers 

(1995).

D etails  on the  ca lcu la tion  o f  the IRI are  g iven  in S ayers  (1 9 9 5 ) and Sayers  et al. 

(1986). Sayers (1995) also contains  d iscuss ion  on so m e o f  the unreso lved  IRI 

m easu rem en t issues w h ich  inc lude  location o f  the p ro f ile  in the trave led  lane, w id th  o f  

the profile  (optical system  can m easu re  a path  abou t 150m m  w id e  ra th e r  than  a line), 

length  o f  profile, and  the in fluence o f  cracks. It should  be  noted  that so m e  agencies  report 

IRI values w hich  are not ob ta ined  from  the actual p av em en t  p rofile  m easu rem en ts  bu t 

from  R oot M ean  Square  Vertical A ccelera tion  (R M S V A ) m easu rem en ts  are  converted  to 

IRI values  th rough  a ca libration procedure .

5.1.1 A d v a n ta g es  o f  U sin g  In ternational R o u g h n ess  Index (IR I)

A standard ized  ro u g h n ess  m easu rem en t  p rocedure  has m an y  ad v an tag es  for a h ig h w ay  

agency  as su m m arized  b y  H ajek  et al. (1998).
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G eneral A pplicab il i ty  o f  Results; T he  p ro t l le -based  IRI is a geograph ica l ly  

t ransferab le  and t im e-s tab le  s tandard  for the m easu rem en t  o f  road roughness,  I he 

results  o f  the studies undertaken  by one  ju r isd ic t io n  and reported  in the s tandard  

IRI units can be d irectly  transferab le  and  usab le  by o ther  agencies .  T h is  app lies  to 

the s tud ies in the areas  such as pavem en t roughness  eo m p ar iso n  and  pavem en t 

perfo rm ance  m odeling.

IRI m /km

16

14
—

Trosioii aiKl deep 
depre.ssiiin 1

N o rm al use
i

12 —
1 repuent shiillow

1 — 50 km /h
— 1

10 — depression some 1
— deep :  : 1 — 60 km /h

8 —
I'reiiucnt minor

1 ■ : : ■
— I I . '

6 I depression

Siirt'aee _  §
80 km /h

4 imperleetion
100 km /h

1
0=.\h,scili)ic pcrlcciion

AIRPORT RUNW AYS & SUPTR IIIOIIWAYS  

Ni:W IIIGIiVVA\'

01.01 R P AVr MTN I 

MAINTAINTO UNPAVPO ROAD 

O A M A O rO  PAVPMTN'I'

DAMAOI D PAVI:MI:NT

F igu re 5.1 Scale  for IRI (T A G  1997)
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2. E quitab le  A lloca tion  o f  Resources: A dop tion  o f  IRI b y  large h ig h w a y  agencies  

encourages  local transporta tion  agencies  to use IRI as well. A general  use  o f  IRI

leads to m o re  equ itab le  a lloca tion  o f  p av em en t  p reserva tion  funds  s ince  the

pavem en t serv iceab il i ty  could  b e  d irec t ly  co m p ared  ac ross  the  ju r isd ic t io n a l  

boundaries .

3. C ost  Effectiveness: T h ere  are n u m ero u s  co m p an ie s  that can  m easu re  IRI. 

H ig h w ay  agencies  can contract out roughness  m easu rem en ts  th ro u g h  com peti t ive  

b id d in g  process.

5.1 .2  C o m m o n  R ou gh n ess M ea su rem en t M eth ods

F ollow ing  are the co m m o n ly  used dev ices  to m easu re  the p ro f ile  and  then IRI (TA G

1997). W ith  the help  o f  transfer functions, the  IRI can  be  converted  to R id in g  C om fort

R ating  (R C R).

C lass 1 P recision  P rofiles (M o st  A ccurate)

Digital Increm ent Profiler  (D ipstick)

R o d  and  Level

T ran sp o rt  R esea rch  L abora to ry  (T R L ) P ro fi lom eter

C lass 2 P rofitom etric  M eth od s

A u to m atic  R oad  A na lyzer  (A R A N )

Profi log raph

D ynates t  M odel 5051 RSP L aser T est  System

K.J Law  Inertial Profilom eter
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Longitud ina l Profile  A na lyzer  (F rance)

Road S urface  T es te r  (L aser R ST ) S w eden

R oad T es te r  3000

South  D ako ta  R oad  Profiler

C lass 3 R esp o n se  T y p e D evices

K.J Law M odel 8300 R oughness  S u rveyor 

M ays R ide M ete r  (a lso a tra iler version)

Portab le  U niversal  R o u g h n ess  D evices  (P U R D )

W a lk e r  R o u g h n ess  D evice

C lass 4 S u b jectiv e  R atin g  (L east  A ccura te )

R id ing  C o m fo r t  R ating  (from  panel rating)

5.2 M ethodology to Switch to IRI from PURD

It is exp la ined  here, h o w  to sw itch  to In ternational R oughness  Index  (IRI) from  Portable  

U niversal R o u g h n ess  D ev ice  (P U R D ) w ithou t  losing  M T O 's  h is to rical  d a ta  taken  by  the 

P U R D  (H ajek  et al. 1998). A  s tudy  w as  p e r fo n n e d  that add ressed  the  fo l lo w in g  specific  

concerns (H ajek  et al 1998);

1. C o n seq u en ces  o f  m easu r in g  IRl b y  using  d iffe ren t equ ipm ents .

2. T h e  afrihty o f  IRI to predic t u se r ’s percep tions  o f  the p a v e m e n t  ro u g h n ess  in 

te rm s o f  R ide  C om fo rt  R ating  (R C R ) for bo th  ea r  and  truck  occupan ts .

3. T h e  d ev e lo p m en t o f  a transfer  func tion  be tw een  IRl and  R C R  w h ich  w ould  

rep lace  the transfer function be tw een  P U R D  m easu rem en ts  w ith  RCR.
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5.2.1 Calibration Circuit Measurements for Methodology

T h e  p av em en t  sec tions in calibration  c ircuit  w ere  selec ted  to represen t a var ie ty  o f  

p av em en t types and p av em en t cond itions  (in term s o f  su rface  d is tress  and  roughness) 

typical for MTO highway network. The calibration circuit consisted o f  ten typical 

pav em en t sec tions that w ere  used to co m p are  the fo llow ing  sub jec t ive  and  ob jec tive  

methods;

a) S ub jec tive  R oughness  M easu rem en t

T w o  types o f  sub jec t ive  m easu rem en ts  w ere  used  b y  H ajek  et al. (1998).

1. C a r  based  R ide C o m fo rt  R ating  (R C R ) b y  a panel o f  16 raters. All the ra ters  w ere  

M T O  em ployees .  T h e  ra ters  t rave led  in a p assen g er  car, tw o  p er  car.

2. T ruck  based  R ide  C om fort  R ating  (R C R T ) d one  by  a panel o f  tw o  ra ters  trave lling  

in a th ree  ax le  truck w ith  semi trailer loaded  up to 5 0 %  o f  its a l lo w ab le  load. It 

should  b e  v iew ed  as an ind ica to r o f  truck  R ide C o m fo rt  R a ting  .The var ia tion  in 

truck  configuration  is m u ch  g reater  than  the car.

b) O b jec tive  R oughness  M easu rem en ts

1. Profile  based  International R o u g h n ess  Index (IRI) m easu rem en ts  by  three 

d ifferent inertial profilers  w ere  used  b y  three  d iffe ren t co m p an ies ,  c lass 11 and 

class III, as described  in spec if ica tions by  A m er ican  S ocie ty  for M ater ia l  and 

T es t ing  (A S T M  E 950-94). T h e  basic  param eters  o f  profilers  are  su m m arize d  in 

T ab le  5.1 (H ajek  et al. 1998) and are deno ted  A, B and  C in this report.

2. Portab le  Universal R oughness  D ev ice  (P U R D ) w as used  to m easu re  the 

roughness.
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5.2 .2  O p eration

T h e  three  co m p an ie s  co n d u c tin g  International R oughness  Index (IR l)  m easu rem en ts  

opera ted  u n d e r  the  fo l lo w in g  instructions.

1. T h e  m easu rem en ts  w e re  conduc ted  in the fall, p re fe rab ly  in O c to b e r  o r  N ovem ber.

2. T h ree  co n secu tiv e  m easu rem en ts  w ere  taken  on  each  section . T h e  p av em en t

sec tions used in th is  s tudy  w ere  not su rveyed  using  con tac t p ro f il ing  dev ices  o f  

class I (A ST M  E 950-94).

5 .2 .3  C o n seq u en ces  o f  M ea su r in g  IRI U sin g  D ifferen ce  D ev ices

O n e  ob jec t ive  o f  the s tu d y  conduc ted  b y  H ajek  et al. (1998) w as  to  assess  the 

co n seq u en ces  o f  us ing  d iffe ren t In ternational R o ughness  Index (IRI) equ ipm en ts .  It 

shou ld  b e  noted  that th e  o b jec t iv e  w as  not to assess, co m p are  or to im p ro v e  the  accu racy  

o f  the ex is ting  IRI eq u ip m en t .  T he  d iffe rence  in the IRI m e asu rem en ts  ob ta ined  by  the 

th ree  sys tem s is i l lus tra ted  in Fig. 5.2. T h is  figure  co m p ared  the  av e rag e  IRI 

m easu rem en t  (average  o f  the  tw o  w h ee l  paths  fo r the  th ree  runs) o b ta in ed  for all ten 

sec tions o f  the ca lib ra t io n  circuit b y  the  th ree  IRl m easu r in g  system . T h e  average  

d iffe rence  be tw een  the sy s tem s  se ldom  exceeds  0 .4  m /km .

It is also ap p a ren t ,  that  the d iffe ren t sys tem s sy s tem atica l ly  p ro v id e  lo w er  o r  

h ig h e r  values. T h e  o v era l l  m ean  values  ob ta ined  from  all sec tions  (and  runs) b y  th ree  IRI 

m easu r in g  sys tem s w ere  1 .57m /km , I .8 4 m /k m  and 1.90 m /km . O n  the  o th e r  hand , the R '  

eon 'e la tions  be tw een  th e  th ree  IRI m easu r in g  sys tem s  w ere  in a ve ry  h igh  range  o f  0.95 to

0.98. S im ila r  results  w e re  rep o r ted  by  A snani et al. (1993) w h o  c o m p ared  the  d iffe rences
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in the IRI m easu rem en ts  ob ta ined  b y  d ifferent vers ions o f  the Sou th  D ak o ta  road profders.  

T h e  fo l low ing  observa tions  are based  on data p resen ted  in Fig. 5.2 ( t t a je k  et al. 1998):

1. All the th ree  IRl m easu r in g  sys tem s evalua ted  in this s tudy  ap p ea r  to be  equa lly  

capab le  o f  p rov id ing  re liable roughness  m easu rem en ts  for ne tw ork-leve l 

m o n ito r in g  purposes  and the system s corre la te  very  well w ith  each  other.

2. IRl m easu rem en ts  ob ta ined  w ith  any  o f  the th ree  IRI sys tem s w e re  repeatable .

3. T here  w as s ign ificant d iffe rence  be tw een  the IRl system s, w h ich  can nega tive ly  

affect m on ito r ing  o f  pavem en t p er fo rm an ce  trends, on a ne tw ork -leve l  and  a 

p ro jec t  (section  level). T h e  system  cannot b e  used  in te rch an g eab ly  and  m ust  be 

calibrated  to m atch  the ex is ting  historical roughness  m easu rem en t  sca le  R CR.

4. To  m ain ta in  the historical valid ity  o f  roughness  data, it is im p o rtan t  that a switch 

from  the  ex is ting  roughness  m easu rem en t p ro ced u re  to IRI m easu rem en ts  should  

be  based  on  transfer  function  obta ined  by  ex tens ive  co m p ara t iv e  analysis.

5. T h e  ability  o f  IRl (H a jek  et al. 1998) to predic t the R C R  is be t te r  than  Portable 

U niversal R oughness  D ev ice  (P U R D ) w ith  R oot M ea n  S quare  V ertical 

A ccelera tion  (R M S V A ).  R “ for IRl w as  0.72 to 0 .87 (Figs. 5.3, 5.4, and 5.5), and 

R “ for P U R D  w as 0.67 (Fig. 5.6) (H ajek  et al. 1998).

6. T h e  ab ility  o f  IRI to predic t  the  R ide C o m fo rt  R ating  fo r  T ru c k s  (R C R T )  was 

s im ilar  to its ab ility  to pred ic t  R C R  for ears (Fig. 7).

7. T here  is little d iffe rence in transfer  function  for Sou thw este rn  and  N orthw es te rn  

reg ions  (Fig. 5.8) (H a jek  et al. 1998)

8. T h e  transfer  func tion  b e tw een  IRI and  R C R  for O ntar io  is sh o w n  in Fig. 5.9 and 

Eq. 5.1 (H ajek  et al. 1998).
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T a b l e  5.1 Selected  Param eters  for  Inertial Profilers  (H ajek  et al. 1998)

P aram eter
IR l M easu r in g  System

A B c
A STM  H 950-94 II 11 III

C lass Inertia l A cce le rom eter Inertia l A cce le rom eter Inertia l A cce le rom eter
Sensor T ype and  T ran sd u ce r L ight 

Sensors
and L aser and  A coustic  U ltrasound

W heel Path Both B oth B oth

D istance B etw een  
W heel Path

1.650 m N /A ' 1.650 m

L ongitud inal
Sam pling

< 150m m < 150m m < 3 00m m

T est Speed 80 km /h 80 k m  h 80 k m  h
N /A  N ot A vaitatile

T a b le  5.2 T ran sfe r  F unctions for IRI and  P U R D  (H ajek  et al. 1998)

P:ivcinciil Tvpc
Rougliness
Statistics

Number o f  
Obscivatioiis T ran sfe r  Function R- Equation No

A .s p h a l t ic
C o n c r e t e

P a \ e m e n t

IRI 787 R C I= R C R -8.52-7 .49*L og,„  (IRI) 0 652 (5.1)

PURD 787 RCR=27.6-7.51*Log,n (PURD) 0..572 (5.2)

C o m p o s i t e

P a v e m e n t

IRI 135 R C R =8.48-3 .81*L og,„  (IRI) 0.201 (5.3)

PURD 13.5 R C R =9.83-0 .0035*L ogin  (P U R D ) 0.301 (5.4)

E x p o s e d

C o n c r e t e
P a v e m e n t

IRI 30 R C R = 9.27-6 .22*L og ,„ (lR I) 0.509 ( 5 ^

PURD 30 R C R =II9+ (P U R D )"^ -' 0.478 (5.6)

S u r f a c e

T r e a t e d
P a v e m e n t

IRI 233 R CR =15.7e-""" 0.062 (5.7)

PURD 233 ^  -y^-O.OOOtfiîiî 1(FL:RD) 0.032 (5.8)
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5.2.4 In fluence o f  W h eel Path , L ane S election  and C ra ck in g  on IR l M ea su rem en ts

in fluence  o f  w heel path, lane selection , and crack ing  on International R o u g h n ess  Index 

(IR l) m easu rem en ts  is descr ibed  in H ajek et al. (1998). T h e  IRl is def ined  as a p rope rty  

o f  a s ing le  w heel path  profile. T h ere  are no strict gu idelines  reg ard in g  w h e re  the  profiles  

should  b e  loeated and h o w  m an y  o f  them  should  b e  used. T h e  general re co m m en d a t io n  is 

that the profiles  should  b e  m easu red  in the  tw o  w heel pa ths  w ith  the  IRI values  for each 

be in g  averaged  to ob ta in  a su m m ary  IRl fo r  the traffic  lane  (S ayers  1995). IRl m easu red  

b y  profilers  equ ipped  w ith  laser  sensors  m a y  b e  influenced  b y  the p re sen ce  o f  cracks, 

par ticu larly  t ransverse  cracks, even  i f  the  p av e m e n t  on bo th  sides o f  the  erack  is level 

(Sayers  1995). T h is  can o ccu r  b ecau se  the crack  o p en in g  is detec ted  b y  the  p ro f ile r  and 

appears as a nega tive  sp ike  in the profile.

5.2 .5  Q u a lity  A ssu ra n ce  o f  IR I Netw ork  M ea su rem en ts

Since 1997, M T O  has es tab lished  a p av em en t  tes ting  circuit for ca lib ra t ing  p av em en t  

roughness  m easu rem en ts  to take  into accoun t varia tions  and errors  that  m a y  b e  cau sed  by  

various factors (K azm iero w sk i  et al. 2001). A s o f  M ay 2000, a total o f  12 p av em en t  

sections w ere  selected  for ca libra tion  m easu rem en t  purposes, inc lud ing  e ight asphalt 

concrete  sections, tw o jo in ted  Portland  cem ent concre te  sec tions and  tw o  su rface  treated 

sections.

T he  length  o f  ind iv idual p av em en t  sec tions selected for IRI m easu rem en t  

ca libration ranges from  1.0 km  to 2.5 k m  w ith  ap p ro x im a te ly  u n ifo rm  roughness  o v er  the 

length. C are  w as taken  to select sites w ith  s im ilar  roughness  levels  on  bo th  w heel paths. 

T he  goal w as  to identify  road sec tions w ith  m in im u m  variab ili ty  in IRl o v e r  their  lengths.
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T h e  ca libra tion  sites w ere  located  on  road sec tions that w ere  no t p lan n ed  fo r im m ed ia te  

rehabilita tion . It w as requ ired  that con trac to rs  spec ify  in the  b id d in g  d o c u m e n t  the type 

o f  roughness  p rofile  m easu r in g  dev ice  to b e  used  and the  accu racy  level o t  the  device  

w hen  calibrated to a C lass  1 su rvey  dev ice  such  as a D ips tick  (T A C  1997). In addition, 

the fo l low ing  five ind iv idual ca lib ra tion  m easu rem en ts  are requ ired  as a part o f  quali ty  

assu rance  p rocess  (K azm iero w sk i  et al. 2001):

1. P re-contrac t  Q ua lif ica tion  C alib ra tion

2. Initial Calibra tion

3. M id -su rv ey  C alibra tion

4. P os t-su rvey  C alib ra tion

5. Final Calibra tion

5 .2 .5 .1  P re -co n tr a c t Q u a lif ica tio n  C a lib ra tio n

T o ensure  that con trac to r m ee ts  the basic  qua lif ica tion  req u irem en ts ,  pre-contract 

ca libra tion  m easu rem en t  is requ ired  as part o f  the b idd ing  p rocess  fo r  IR l m easu rem en ts .  

It is im pera tive  that p re -con trac t  ca libra tion  be  p e r fo n n e d  w ith  the  s a m e  e q u ip m en t  to be 

u sed  for the rest o f  the su rv ey  work.

5 .2 .5 .2  In itia l C a lib r a tio n

T he  selec ted  con trac to r w as  requ ired  to conduc t  the initial ca lib ra t ion  p r io r  to the  start o f  

the p roduc tion  surveys. In the even t the  ca lib ra tion  data  is fo u n d  unaccep tab le ,  the 

con trac to r  w o u ld  be  requ ired  to repeat the initial ca lib ra tion  at no  ex tra  cost  to the 

M inistry. A ctua l su rvey  shou ld  no t p roceed  until such  t im e  as the  M in is t ry  finds the 

initial ca lib ra tion  results satisfactory.
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5 .2 .5 .3  M id -su rv ey  C a lib ra tio n

U pon  com ple t ing  h a l f  o f  the ne tw ork  In ternational R o u g h n ess  Index (IRI) m easu rem en ts ,  

a m id -su rvey  ca lib ra tion  is to b e  perfo rm ed . F urther su rvey  w ork  should  no t  p roceed  until 

such  t im e  as the  M inistry  finds the m id -su rv ey  ca lib ra tion  resu lts  sa tisfactory . A t any  rate, 

the  contract shall not ca rry  ou t m o re  than  60 %  o f  the  entire  su rvey  b e fo re  p ro v id in g  the 

M in istry  w ith  satisfac tory  m id -su rv ey  ca libra tion  results.

5 .2 .5 .4  P o st-su rv e y  C a lib r a tio n

U pon com ple t ing  the en tire  survey, the  con trac to r  should  repeat the  ca lib ra t ion  p rocedure  

and  subm it the ca libra tion  results to the M in is try  w ith in  th ree  w o rk in g  days. I f  the 

calibration  results  fail to m ee t  the criteria for the  accep tance, it will be  the  co n tra c to r ’s 

re sponsib il i ty  to p rov ide  sa tisfac tory  results, w h ich  m a y  inc lude  rep ea tin g  so m e o r  all o f  

the  p rev ious  m easu rem en ts .  R em ain in g  su rvey  w o rk  shall no t p ro ceed  until such  t im e  as 

the M in istry  finds the pos t-su rvey  ca lib ra tion  resu lts  satisfactory.

5 .2 .5 .5  F in a l C a lib r a tio n

T he  final calibration  w as  required to ensu re  yea r- to -year  co n s is ten cy  o f  the  su rv ey  data. 

T he  results  o f  the  final ca libration  shall b e  subm itted  w ith in  five w o rk in g  days. I f  the 

calibration  results  fail to  m ee t  the criteria  for  acceptance, it will be  the  co n tra c to r ’s 

re sponsib il i ty  to repeat the ca libra tion  su rvey  at no extra  cost to the  M in is try  until the 

calibration results  m eet the  accep tab il i ty  criteria.

5.2 .5 .5  M o n ito r in g  S ite  S u rv ey s

T he  co n trac to r’s m easu rem en ts  o f  p av em en t roughness  w e re  m o n ito red  du r in g  the

p roduc tion  surveys using  abou t 30  m o n i to r in g  sites that w e re  ra n d o m ly  selected
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th ro u g h o u t the netw ork. T h e  con trac to r  w as  in fo rm ed  w ith in  one  w o rk in g  d a y  w h en  the 

su rvey  c rew  had passed  o v e r  a m o n ito r in g  section. It w as  requ ired  that the  contractor 

subm it to the  M in is try  the m o n ito r ing  sec t io n ’s In ternational R o u g h n ess  Index (IRI) 

su m m ary  resu lts  (i.e., ave rage  IRI va lue  for th e  m o n ito r in g  sec tion) w ith in  th ree  w ork ing  

days fo l low ing  the notif ica tion  by  the  M inistry. If  there  w as  a large unexp la ined  

d isc repancy  be tw een  the IRI values  reported  by  the con trac to r  and th o se  o b ta in ed  by  the 

M inistry  (e.g., a d iffe rence  g rea ter  than  20% ), then  inves tiga tion  and d e ta i led  analysis 

w ou ld  b e  required.

5.2.6 Conclusions

1. T h e  In ternational R o u g h n ess  Index (IRI) has  b e c o m e  a w ell re co g n ized  standard 

for m easu rem en t  o f  road  roughness.

2. R C R = 8 .52-7 .49*L og io  (IRI) cun 'en tly  used  b y  the M T O  (H a jek  et al. 1998).

3. T h e  use  o f  s tandard ized  IRI b y  a h ig h w ay  ag en cy  has  several  advan tages .  It can 

p ro v id e  direct transferab il i ty  and  u tiliza tion  o f  k n o w led g e  and d irect com parison  

o f  pav em en t cond itions  across  ju r isd ic t iona l  boundar ies .  T h e  use  o f  IRI also 

enab les  h ig h w ay  agencies  to solicit  IRI (H a jek  et al. 1998) m easu rem en t  services 

from  differen t suppliers  and  to ob ta in  actual p a v e m e n t  p ro files  for p ro jec t  level 

work.

4. T h e  ab il i ty  o f  the IRI (H ajek  et al. 1998) to  p red ic t  R id e  C o m fo rt  R a ting  (R C R) 

w as  found  to b e  be t te r  than  that ach ieved  b y  P ortab le  U niversa l  R oughness  

D ev ice  (P U R D ).
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Chapter 6: PAVEM ENT PERFORM ANCE RATING

6.1 Introduction

P av em en t  p erfo rm ance  is a co m bina tion  o f  the su rface  d is tresses  (as d esc r ibed  in chapters  

tw o  and three) and the r ide  quali ty  (as described  in chapters  four  and five). T rad itionally ,  

pav em en t p e r fo im a n ce  has  been  defined  as an ind ica to r  o f  h o w  well the p av e m e n t  serves 

th e  trave lling  public. T h e  p av em en t  p e r fo rm an ce  eva lua tion  can  b e  m easu red  sub jec tive ly  

and  objectively . Subjectively , it is m easu red  acco rd ing  to the gu idelines  as m en t io n ed  in 

T ab le  6.1. O bjec tive ly , it is/was m easu red  b y  the M T O  w ith  the d iffe ren t indexes; 

D is tress  Index (D l)  (1 9 7 9 -1986) dev e lo p ed  b y  (P h an g  et al 1979), P av em en t  C ond ition  

Index (PC fi)  (1986-2001) deve loped  b y  (H ajek  et al 1986), and rev ised  Pavem en t 

C ond ition  Index (PCI) (2 0 0 1 -present) deve loped  b y  N in g y u an  et al 2001. T h is  chap te r  

presen ts  the historical dev e lo p m en t o f  these  p av e m e n t  ra ting  indexes  a lo n g  w ith  their 

in fluence, and their  u sage  to eva lua te  p av em en t  perfo rm ance.

6.2 Procedure for Subjective Pavem ent Evaluation

T h e  gu ide lines  for the es tim ation  o f  P av em en t C ond ition  R a ting  (P C R ) for f lexible  

p av em en ts  are described  in T ab le  6.1. For the flex ib le  pavem en t,  e igh t s tages  in the  life 

o f  p av em en t have been  identified  b y  the w ord  descrip tion  o f  r ide  quality ,  d is to rt ion  and 

the  range  o f  ra ting  num bers  appropria te  to each  s tage has  been  ass igned . T h e  raters 

co m p are  their  eva lua tion  o f  R C R , d is tort ion  and d is tresses  w ith  the  s tandard  descrip tion  

o f  the stages (T ab le  6.1) and  then dec id e  w hich  stage m ost  c lo se ly  fits the  p av em en t 

b e in g  rated and w h e th e r  the p av em en t is c loser to the top o r  the  bo ttom  o f  the  range  for 

the  stage (C h o n g  et al. 1975).
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Table 6.1 A Guide for the Estimation o f  Pavement Condition Rating (PCR) (Chong et

R econstruc t w ith in  2 years 0-20

P av em en t  is in poor  to very  p oor  condition  
w ith  ex tens ive  severe  c rack ing ,  a l l igatoring 
and dishing. R ideabili ty  is p o o r  and  the 
su rface  is very  rough  and  uneven.

R econstruc t in 2 - 3  years 2 0  - 30

P av em en t is in poor cond it ion  w ith  m odera te  
a ll igatoring  and  ex ten s iv e  seve re  cracking  
and dishing. R ideab ili ty  is p o o r  and the 
su rface  is very  ro u g h  and uneven.

R econstruc t in 3 - 4 years 30-40

Pavem en t is in p o o r  to fair cond it ion  with 
frequen t m odera te  a ll iga to r ing  and ex tensive  
m odera te  c rack ing  and  d ish ing . R ideab ili ty  is 
poor to fair and su rface  is m o d era te ly  rough 
and uneven.

R econstruc t in 4  - 5 years  or  
resurface  w ith in  2 years  
w ith  ex tens ive  padd ing

4 0 - 50

P av em en t is in p oor  to fa ir  cond ition  with 
frequen t m o dera te  c rack in g  and  d ish ing  and 
in term itten t m o dera te  alligatoring. 
R ideab ili ty  is p o o r  to fair and su rface  is 
m o d era te ly  rough  and uneven .

R esu rface  w ith in  3 years 50-65

P av em en t is in fair cond it ion  with 
in term itten t m o dera te  and frequen t  slight 
c rack ing  and w ith  in term it ten t  slight or 
m odera te  a ll iga to ring  and  dishing. 
R ideab il i ty  is fa ir  and su rface  is slightly 
rough  and  uneven .

R esurface  in 3- 5 years 65- 75

P av em en t is in fairly go o d  cond ition  with 
frequen t slight crack ing ,  slight or  very  slight 
d ish ing  and  a few areas  o f  slight alligatoring. 
R ideability  is fairly good  w ith  in term ittent 
rough  and  u n ev en  sections.

N o n n a l  m a in ten an ce  on ly
75- 90

P av em en t is in good  co n d it io n  w ith  frequent 
very  slight or  slight c racking . R ideab ili ty  is 
good  w ith  a few slightly  rough  and  uneven  
sections.

N o m a in ten an ce  required 90  - 1 00
Pavem ent is in exce llen t  con d it io n  with  few 
cracks. R ideab ili ty  is exce llen t  w ith  few 
areas o f  slight d istortion.
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T h e  ra ter nex t ass igns the P C R  va lue  to the ra ted  p av e m e n t  as d esc r ibed  in T ab le  

6.1. B ecause  the ra te r  also does  the p av e m e n t  des ign  w ork , this ra ting  is in f luenced  h y  his 

o r  h e r  percep tion  o f  the need  for m a in ten an ce  and  rehabilita tion. T h e  ra te r  also has  to 

consider  at the tim e o f  inspection, w ha t  and  w hen  rehab ilita t ion  m a y  b e  n eed ed  (C o lu m n  

1 T ab le  6.1). H e  is thus  alerted, at the  t im e o f  inspection , to the need for closer 

exam ina tion  w h ere  necessa ry  in o rd e r  to  m ak e  reeo m m en d a t io n  fo r rem ed ia l  m easures .

T h e  P C R  assessm ent is m a d e  b y  one, tw o  o r  m o re  perso n s  as ava ilab le  fo r  the 

task. T he  P C R  is the average  va lue  from  these  raters. T h e  assessm en ts  are  m ad e  in each  

five reg ions o f  the  p ro v in ce  by  the eng ineering  s ta f f  o f  the  geo techn ica l  departm ent.  

A ssessm en t is genera lly  m ad e  in the  late spring  and  early  sum m er.  T ra in in g  circu its  are 

estab lished  in the reg ions to m ain ta in  the s tandard  assessm en t m e th o d s  th rough  the 

period ic  ca libration  o f  the s ta f f  m em bers .  T he  c ircuit is also used  for the tra in ing  o f  new  

and inexperienced  s ta f f  m em b ers  (C h o n g  et al. 1982).

6.3 Distress Index (DI)

Distress Index (DI) w as deve loped  b y  P h an g  et al. (1979). It w as  a m easu rem en t  o f  

pavem en t p e r fonnance .  It w as  used b y  the M T O  from  1979 to 1986. T h e  DI w as 

com prised  o f  subjective  R C R  and D istress  M an ifes ta tion  (D M ). T h e  DI w as  ca lcu la ted  h y  

using  the fo l low ing  m odel.

D istress Index ( D I )  =  1 0 0 [ ( R C R / 1  0 )  ^   ̂ (6.1)

T he  Dl w as rated on a scale  from  0 to 100 w h e re  100 m ean in g  exce llen t  and  0 for very  

p o o r  p av em en t condition. T h e  R C R  (P h an g  et al. 1979) w as  ca lcu la ted  sub jec tive ly  

(chap ter  four). T h e  D M  is ca lcu la ted  b y  using  from  Eq. 3.1 (P h an g  et al. 1979). T h e  DI
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ca lcu la ted  b y  using  Eq. 6.1 w as  then  co m p ared  w ith  the  P av em en t  C on d itio n  R ating  

(P C R ) (C h o n g  et al. 1975) assigned  b y  the  raters. T h e  effec t o f  D M  on DI w as 

investigated  b y  C h o n g  et al. (1982) .T h e  results  ind icated  that on  a p ro v in ce -w id e  basis, 

D M  values  w ere  g ene ra l ly  less than 100 and  the effect on  Dl w as  no t exceed  30 %  (Table 

6 .2).

6.4 Pavem ent Condition Index (PCI,)

P avem ent C on d itio n  Index (P C Ii)  w as  dev e lo p ed  b y  Hajek et al. (1986). It w as a 

m easu rem en t  o f  p av e m e n t  perfo rm ance .  It w as used  by  the  M in is try  from  1986 to 2001. 

T h e  PC1| w as  ca lcu la ted  b y  using  the  fo l low ing  m o d e l  (H a jek  et al. 1986).

P av em en t C on d itio n  Index (PCI, )= 1 00(0. t* R C R )"^  R “= 0 .72  (6.2)

The PCI, w as  rated on  a scale  from  0 to 100 w h ere  100 m ean in g  exce llen t  and  0 for very 

poor  p av em en t  condition . R id ing  C om fo rt  R ating  (R C R ) w as  ca lcu la ted  us ing  Eq. 4.5 

(H ajek  et al. 1986) i.e., it w as based  on  Portab le  U niversa l  R o u g h n ess  D ev ice  (P U R D ) 

(T A C  1990) m easu rem en ts .  I f  the P U R D  (T A C  1990) de r ived  R C R  (H a jek  et al. 1986) 

w as  not available, sub jec tive ly  ass igned  R C R  (C h o n g  et al. 1975) m a y  be  substitu ted , to 

ap p rox im a te  PC1|. D istress M anifes ta tion  Index (DM 1,) w as  ca lcu la ted  b y  using  Eq. (3.2) 

(H ajek  et al. 1986). P robab le  m ax im u m  value  o f  DM1, w as  205. If  R C R  ca lcu la ted  by  Eq. 

4.5, then the constan ts  w ere  e =  1.077 and  s =  0. I f  R C R  es tab lished  sub jec t ive ly  to 

ap p ro x im a te  PCI, then  constan ts  w ere  c = 0 .9 2 4  and  s = 8.856.

T h e  s truc tu re  o f  Eq. 6.2 w as  sam e as p ro p o sed  for D istress  Index  (DI) b y  P hang  et 

al. (1979). T h e  variab les  c and  205 w ere  des igned  in such  a w a y  to ensu re  that, on 

average, the  PCI, w as  equal to the  P C R  and s lope o f  linear m ode l  re la t ing  PCI, and  PCR
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was equal to 1 and an in tercept w as equal to 0. In o ther  w ords ,  on average , the  PC1| b y  

H a jek  et al. (1986) w as  n u m erica l ly  equal to the P C R  b y  C h o n g  et al. (1975).

T h e  R" o f  the  linear m ode l  re la t ing  PCI, to  PC R , based  on the  298 h ig h w ay  

sections used  in the roughness  s tudy, for w hich, all per tinen t data  w ere  ava ilab le ,  w as

0.72 (H ajek  et al. 1986). P C f  w as  designed  b y  H ajek  et al. (1986) to supersede  the 

p rev iously  used  P C R  and  Dl. H ow ever ,  b ecau se  the  PCIi w as  derived  m o re  ob jec t ive ly  

and w as a m ore  consis ten t m easu rem en t  o f  p av em en t p e r fo rm ance ,  there  m a y  be  

substantial d iffe rences  be tw een  the tw o  m easu rem en ts  on an ind iv idua l p av e m e n t  sec tion  

(H ajek  et al. 1986).

6.5 R ev ised  P a v em en t C o n d itio n  Index (P C I)

Since 2001, M T O  is u s in g  the  fo l low ing  rev ised  m odel  for  PC I (N in g y u an  et al. 2001). 

R ev ised  Pavem en t C ond ition  Index (PCI) = 10 (0 .1*RC1)"^ * D M l* C j (6.3)

T h e  PCI is rated on  a scale  from  0 to 100 w h ere  100 represents  exce llen t  and  0 fo r very  

p o o r  p av em en t condition . T h e  PCI inherits  the concep t o f  the  P C f  (H a jek  et al. 1986) 

with so m e im portan t m odifications.

1. R C l - R C R  co m p o n en t  is based  on  International R o ughness  Index  (IR l)  (H a jek  et 

al. 1998) using  m o d ern  laser tech n o lo g y  (Eq. 5.1) ra ther than  on the  m echan ica l  

m easu rem en ts  (H ajek  et al. 1986).

2. DM1 Eq. 3.3 based  on  a scale  o f  0 to 10.

Cj is a coeffic ien t ca libra ted  for each p av em en t  type  b ased  on  reg ress io n  analysis  

be tw een  the ob jec t ive ly  ca lculated  PCI and sub jec tive  P C R  w h ich  is u sua lly  observed  

and ranked  b y  raters. F o r  that section  w ith  m issing  R C l data, a sub jec t ive  R C R  is used for 

the regression  analysis  on H ot M ix A sphalt  (H M A ) pavem ents .  For instance. Fig. 6.1
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show s the  statistics re la tionsh ip  b e tw een  rev ised  PCI and P C R  based  on  the data 

co llec ted  in 1997 b y  the  Ministry.

6.6 Assessm ent o f Current Needs

T h e  M in is try  curren tly  uses the PCI (N ingyuan  et al. 2 0 01) as a p e rfo rm ance  

m easu rem en t  w ith in  its bus iness  p lan  for n e tw ork  p a v e m e n t  m a in ten an c e  and 

rehab ilita tion  p ro g ram m in g  as d o cu m en te d  in P av em en t D esign  and  R ehabili ta t ion  

M anual (M T O  1990). A  c o m m o n  m e th o d  used  to identify  sec tions  that n eed ed  w ork  now  

is ca lcu la ted  by  co m p ar in g  the cond ition  o f  each  sec tion  fo r each  yea r  w ith in  the  analysis  

period  (T ab le  6.4).

T h e  tr igger values  are n o rm a lly  b ased  on  p a v e m e n t  su rface  type, functional 

c lass if ica tion  and  traffic loadings. T h e  tr igger  level at w h ich  a p av e m e n t  reaches  the 

m in im u m  accep tab le  cond ition  and  requires  rehab ilita t ion  o r  m a jo r  m a in ten an c e  is 

specif ied  in the M & R  analysis  p ro g ram  o f  the PM S2. Levels  for  d iffe ren t  functional 

classes o f  h ig h w ay s  are listed in T ab le  6.4. In o rd e r  to d e tem iin e  the  co r re sp o n d in g  RCI 

and D M I triggers  for each  functional class, m a jo r  h is toric  m a in ten an c e  and  rehabilita tion  

construc tion  activ ities  and  their  perfoiTnance da ta  (1986  to 1999) w e re  rev iew ed  in 

com p ar iso n  to the spec if ied  PCI ranges. T h e  R C I and  D M I va lues  sh o w n  in T ab le  6 .4  are 

the 75 ‘'̂  percen ti les  o f  field observa tions  and  en g in ee r in g  ju d g m en ts .
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P C R  v s . .  C a l c u l a t e d  P C I  
|AC]

R '  =  O  8 0 6 1

?'= CR
L,-wa.- l=T.F )

4 Cl -, J -SO 70 
C a l c u l a t e d  P C I

F ig u re  6.1 Regression Analysis B etw een  PCI and P C R  (N in g y u an  et al. 2002)

T a b le  6.2 T he  Effect o f  DM  on DI (C h o n g  et al. 1982)

D M D IC% )

20 6
40 12
60 19
80 25
100 32

T a b le  6.3 C oeff ic ien ts  Calibra ted  fo r PCI (N ingyuan  et al. 2001)
Pavem en t T ype M odel C oeff ic ien t C; R-

Flexible H M A 1.088 0.86

Rigid (PCC) 0.998 0 63

Com posite  (CO M ) 1.03 ÜA2

Surface Treated 0.962 0.51
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T a b le  6 .4  Trigger Values for Maintenance and Rehabilitation (M & R) Activities

Functional Class PCI R C I= R C R D M I

Freeway 65 6.0 6.9

Arterial 60 6.0 6.9

Collector 55 6.2 6.3

Local 50 5.6 6.1

T a b le  6.5 H ot M ix  A sphalt  (H M A ) P av em en t  P e r fo rm an ce  P red ic tion  M odels

index M odel Form
In d iv id u a l P e r fo n n a n c e  P re d ic tio n  M o d e l R - E q. N o .

RCI (F reew ays)

Sigm oidal Y  =  Y„ - Exp (6 .2  X 0 .9  ' - 4 .955  ) 0.9640 6.4

E xponential Y  =  7.836 '̂°'" -̂'' 0.8668 6.5

R CI (A iteria ls)

S igm oidal Y  =  Y „ -  Exp (1 0 .2 * 0 .9 ' -  12.4) 0.9600 6.6

E xponentia l Y  =  7.84ê "̂'̂ "̂ 0.9945 6.7

PC!

Sigm oidal Y = Y „ -  Exp(l.l 14* 0 .6 '0 .6 2 ) 0.9670 6.8

Polynom ial
Y  =  0.001 12x-* - 0.257X ' +  1.8449x' -6 .1035x  
+  86.242 0.9710 6.9

D M !

Sigm oidal Y  =Y o + E x p  (1.1 7 * 0 .6 ' -0 .4 5 ) 0.9860 6.10

E xponential Y = 23.41 e ' ' ^ " 0.9136 6.11
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6.6.1 P erfo rm a n ce  P red iction  M od els

Different types o f  predietion m odels  are used for the predietion o f  RCI (Hajek et al. 1998) 

PCI and D M I in P M S2 (N in g y u an  et al. 2001).

Y  =  Y „ -2 e ( 6 . 12)

Y  = a (exp)^^^^ (6.13)

Y = ------------ (6 .14)
(a +  bx)

Y  =  a + X b -x . ( i  = 1,2...) (6 .15)

Y  = p e r fo n n an c e  index like RCI, D M I, PCI, etc. Yo =  Y  va lue  corresponding to ag e  0 or 

rehabilita tion  year o f  a p av em en t  section, x =  in dependen t  variab le,  e ither p av e m e n t  age  

o r  cum ula tive  equivalen t s ing le  ax le  loads (ESA Ls).  t= loge( 1/Age), a, b, and e=m odel  

p aram ete rs  to b e  calibrated. T h e  p ro ced u re  used  b y  P M S2 in the d ev e lo p m en t  o f  

individual o r com bined  p e r fo n n an c e  p red ic tion  index  for a spec if ied  p av e m e n t  ca teg o ry  

is described  below:

1. All h istoric  data  used for p e r fo n n an c e  m o d e l in g  shou ld  re tlec t  a specif ied  

ca tegory  o f  pav em en t type  and h ig h w ay  class. In PM S2, p av em en t  sections are 

c lassified  in fe n n s  o f  traffic, s tructural th ickness , en v iro n m en t and su bgrade  type.

2. Predietion  o f  ind iv idual pe r fo rm an ce  p red ie tion  indexes  using  each  o f  the  above  

m odeling  form s (Eqs. 6.13 to 6 .15) in co m p ar iso n  w ith  the s igm oidal m odel (Eq. 

6 . 12).

3. Provided  in T ab le  6.5 are so m e  coeffic ien ts  a, b and c in the defau lt  m o d e ls  used 

to predic t RCI D M I and PCI on the  basis  o f  the  c lassified  p e r fo n n a n c e  fo r each
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p av em en t  type. A c o m m o n  practice  is to d ev e lo p  initial dcFault m o d e ls  using the 

ava ilab le  in form ation  and expected  eng inee ring  ju d g m e n t  (N in g y u an  et al. 2001 ).

4. U sing  the s igm oidal cu rves  to m odel p av em en t de ter io ra tion  th ro u g h  regression 

analysis , these defau lt pe r fo rm an ce  m ode ls  can be then  m o d if ied  by updating  the 

coeffic ien ts  used  for individual p av em en t  sec tions  i f  site specific 

d a ta /pe rfo rm ance  is available.

Table 6.5 is a sum m ary  o f  the indi\ idual perfo rm ance  index prediction m odels 

based on the sam ple data, but sigm oidal m ode ls  are  used  as defau lt  perform ance prediction 

models in the PMS2. Presented in Figs. 6.2 and 6.3 are exam ples  show ing  regression 

analyses o f  pavem ent perform ance data taken  o f  flex ib le  p av e m e n ts  from  O ntar io  freeways

F r e e w a y  R C f  D i s t r i b u t i o n

4

«

a
60 2 4 8 10 12 14 16 18 20 2622 24 28 30

A g e  o f  P a v e m e n t

F ig u re  6.2 M odeling  o f  F reew ay  P av em en t R oughness  in T e rm s  o f  R C 1= R C R  and Age 
o f  P av em en t (N ingyuan  et al. 2002)
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"  Y=(),üll2x'-0.257\ '+ I fi|.|9,\'-6.l035x

%

6 7 8 93 4 59 10

Figure 6.3

Asje o f  P avem ent

M odeling o f  Freeway Flexible Pavement Condition Trends in Term s o f  PCI 
and Age o f  Pavement (N in g y u an  et al. 2002)

and arterial h ighw ays .  Fig. 6.2 d isp lays  the m odeling  o f  pavem ent ride quality 

deterioration by using exponential curves for flexible pavem ents  on freew ays. Fig. 6.3 

il lustrates ho w  the average  overall p av em en t  cond ition  h is tory  is fitted by a po lynom ial 

curve for freeway fiexible pavements.

6.7 Second Generation Pavement M anagement System Software 
(PMS2)

The existing pavem ent m anagem ent system used by the M T O  w as developed  in 1985 

(K azm ierow ski et al. 2001) and is currently being updated with regards to its data 

m anagem ent and network analysis capabilities. The m ajor com ponen ts  were a m ain frame 

based database m aintained by the pavem ent m anagem ent section at the headquarters. In 

1998 the Ministry decided to develop second generation Pavem ent M anagem en t System 

software (PM S2) in order to facilitate data  m anagem ent. Stantec Consulting  Ltd. was 

awarded the contract for the project developm ent (K azm ierow ski et al. 2001 ). T he pavem ent 

m anagem ent database m aintains the historical pavem ent condition data  from  the m id-1980s
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to the cun-ent year. F ig 6 .4  is an exam ple  o f  default predic tion  m odels  for RCI and DM I. Fig.

6.5 is the exam ple  o f  the decision tree to select the m ain tenance  and rehabilita tion  treatments 

based on  the criteria for D M I and RCI. (K azm ierow ski et al. 2001).
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F ig u r e  6.4 E x am p le  o f  D efault R C I= R C R  and D M I P red ic tion  M o d e ls  in PM S2 
(K azm iero w sk i  et al. 2001)
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F ig u re  6.5 E xam ple  o f  D ecis ion  T ree  U sed  for the T rea tm en t  Se lec tion  in P M S2 
(K azm iero w sk i  et al. 2001)
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6.8 Example for Pavement Performance Evaluation

This  exam ple  explains ho w  the data is collected and m anipulated  for the evaluation o f  the 

pavem ent perfonnance.

6.8.1 D ata C o llection

T h e  ra ter found  that the p av em en t seg m en t has  m o d era te  f lu sh ing  on 30  %  area  and 

severe  w heel- track  ru tt ing  on  12% area o f  p av e m e n t  section. A fte r  co llec ting  these  visual 

observa tions  the ra te r  has  m arked  the  checks  in th e  appropria te  p laces  as sh o w n  on  the 

‘D ata for P av em en t P e r fo n n an ce  E va lua tion  E x a m p le ’ (T ab le  6.6). T h e  ride  quality  or 

roughness  in term s o f  the  International R oughness  Index  (IRI) is 1.9 m /km .

6.8 .2  D ata  A n a lysis

P av em en t p e r fo n n an c e  is eva lua ted  by  a s ing le  pa ram ete r  ca lled  PCI. It consis ts  o f  tw o

inteiTelated co m p o n en ts  D M I and RCI. F rom  Eq. 3.3, D M I is ca lcu la ted  as follow s:

2 0 ^  ^

208 208

From Eq. 5.1, R C I= R C R  is ca lcu la ted  as follows:

RCI = R C R -8 .5 2 -7 .4 9 * lo g  (1 .9) =6.4.

F rom  Eq. 6.2, PCI is ca lcu la ted  as follows:

PCI =  10 * (0 .1 *6.43)"^*9.32* 1 .088=81.31 .

6 .8 .3  A ssessm en t o f  C u rren t N eed s

T he  tr igger values at w h ich  a p av em en t  reaches  its m in im u m  accep tab le  cond it ion  are 

defined  in P av em en t  D esign  and  R ehab ili ta t ion  M anual (M T O  1990). For F reew ay , these
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Table 6.6 Data for Pavement Perfonnance Evaluation Example

VERY
POOR

GOOD FAIREXCELLENTRIDING COMFORT RATING 
(AT 80 km 111

SEVERITY OF PAVEMENT 
DISTRESS

DENSITY OF PAVEMENT 
DISTRESS

^'emiu
PAVEMENT DISTRESSES N O

RAVELLING AND COARSE 
AGO LOSS 3.0

0.5
FLUSHING

RIPPLING AND SHOVING

WHEEL-TRACK RUTTING

DISTORTION

S A  M
L O N G I T U D I N A L
W I I F i T . - T R A C ' K 3.0A L L I G A T O R

0.5S & M
G L N  T RL  LINT:

2.0A L L I G A T O R

0.5S &  M

A L L I G A T O R

I R A NSV I RSF

A T I  I G A I U R

A N D  M I D - L A N L

0.5R A N D O M

Si ny l c  ;i ikI Mu l l i pk ;S & M
II. T aiui  M Hal t :  Tul l  ant i  Mu l t i p l e
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are D M I =6.9 . RCI = R C R = 6 .0  and PC! = 65 as show n  in Table  6.4. In th is  ex am p le  all 

ca lcu la ted  p aram eters  are  h igher  than  the co r resp o n d in g  tr igger  values  as. D M I =9 .32>6 .9 .  

RCI = R C R =  6 .43>6.0 . and  PCI =81 .31> 65 . T herefore , the segm en t does  not require  any  

rehabilita tion  or m ajo r  m ain tenance  at the curren t time. F rom  the above  resu lts  it can  be 

conc luded  that the  ride quality  or roughness  is a lm os t  reach ing  its t r igger value , but the 

PCI and D M I are not so low. The overall  segm en t cond ition  is good.

6.8 .4  P erfo rm a n ce  P red ic tion  M od el

A s m entioned  above  the segm ent roughness  or  the ride quali ty  is a lm os t  reach ing  its 

tr igger value. From  here it can conc luded  that in the near future, the seg m en t will be on 

the list for m ain tenance  or rehabilita tion . The R id ing  C o m fo rt  Index (R C I) o f  the section  

is 6.43 and x" is the age o f  the segm en t in service after the co n s truc tion  o r  m ajo r  

rehabilita tion  can be ca lcu la ted  from  Eq. 6.5. x =  (In (6 .43 /7 .84)) /  (-0 .0142) = 13 .9 6  years. 

In 2008. the R id ing  C om fort  Index (R C I) va lue  will be 5.98. A s it is less than the trigger 

value, the segm en t should  be considered  for m ain tenance  and rehabilita tion . T he Fig. 6.6 

exp la ins  the results o f  the exam ple .

10

9 -0.0I42\R C l= Y = 7 .8 3 e8

7

6
Fife in Service

5

4

3

2

0

tr

0 10 15 20 25 30

Age ( X )

F ig u r e  6.6 R C1=RCR Prediction  M odel for Pac cm cn t Evalua tion  E xam ple
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CHAPTER 7: OPTIMIZATION OF FUNDS ALLOCATION  
FOR HIGHWAYS MAINTENANCE

7.1 Introduction

T h e  rev ised  Pavem en t C ond ition  Index (PC I) is used  as a d ec is io n  var iab le  in the 

op tim iza t ion  m o d e lin g  o f  the m a in ten an ce  and rehabilita tion . F urther deta ils  can be found 

in Fig. 1.4 and chap te r  six. Selection  o f  the inves tm en t  a lte rna tives  is not easy  w ith  the 

m athem atica l  p ro g ram m in g  because; (a) there  is u sua lly  m u lt ip le  in v es tm en t objectives  

for each  o f  the m an y  ind iv idual p av e m e n t  sec tions  invo lved  in the  n e tw ork  and  (b) 

considerab le  uncerta in ty  m a y  exist for  the  fu ture  fu n d in g  and  de te r io ra t io n  p red ic t ion  for 

each ind iv idual p av em en t  section. Each p rio ri t iza tion  m e th o d  has  certa in  spec if ic  features 

in term s o f  m odel deve lopm en t,  des ign  p a ram ete r  and the ec o n o m ic  ana lys is  (H a jek  and 

P hang 1989).

B ased  on the ex am p le  as descr ibed  in this chapter ,  the m o s t  cost-e ffec tive  

m ain ten an ce  and rehabilita t ion  p rog ram  for the  p rese rva tion  o f  a p av e m e n t  ne tw o rk  can 

b e  ach ieved  th rough  the d ynam ic  p rocess  o f  p av em en t  perfortTiance p red ic t ion  and 

op tim iza t ion  p rog ram m ing . D e te im in a t io n  o f  the op tim al m a in ten an c e  and  rehabilita t ion  

p ro g ram  for p re se rv in g  a road  n e tw o rk  ab o v e  a certa in  serv iceab il i ty  level w ith  a lim ited 

b u d g e t  is critica lly  d ep en d en t  on  the  p av e m e n t  p e r fo rm an ce  p red ic t io n  m odels .  T he  

w h o le  process includ ing  analysis  o f  the  sensit iv it ies  to var ious  b u d g e t  levels  and 

p ro jec ted  n e tw ork  p av em en t  cond it ions  co r resp o n d in g  to var ious  b u d g e t  levels  is 

au tom ated  in PM S2. Selection  and the app lica tion  o f  the op tim a l m a in ten an c e  and 

rehab ilita t ion  s tra tegy  in tegra ted  w ith  t im e-re la ted  p av em en t  p e r fo rm an c e  pred ic tion  

m o d e ls  is b e in g  used  in th e  M in is t ry ’s P M S2 software.
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7.2 Optimization Model o f Funds Allocation

The optimization model proposed for use in PM S2 is cost-effective and based on multi-year 

priority p rog iam m ing  as shown in Eqs. 7.1 to 7.5. T he objective function is given with the 

budget limitations and the other constraints, to m axim ize  the total value o f  cost effectiveness 

(i.e. the total benefit cost ratios) for given alternate pavement treatments o f  a pavement netw ork  

with total S sections on a yearly  basis (Ningyuan et al. 2001).

I E x . .
(P C S ,„ „ -A „ )» L /A A D T .,« D ,  

L *W  » C ,  ' ( l ^ R ) - '

Subject to,

M

(7.1)

(7.2)

I" 1 i f  m ain tenanace  a lternate  m  is selectd for section  s in year t 

0 o therw ise
(7.3)

S M

(7.4)

P C S , „ . , r P C S „ + ( X _ A P C S J < P C S „ _  Vs.t.m (7.5)

PCS

A„

A A D T .

G enera lized  Pavem en t C on d itio n  S ta te  (such  as PCI) for sec tion  s ( o f  total 

S sections) at year t ( o f  total T  years o f  the  ana lysis  period).

T h e  m in im u m  acceptable level o f  PCI (T ab le  6.4) requ ired  fo r a p av em en t

section  s at year t, and  (PCSsi -  A^,) can be e ither pos i t ive  o r  nega tive  

value.

Length  (km ) o f  p av e m e n t  section in yea r  t.

A nnual average  daily  traff ie  earried  on  p av em en t  section  s in yea r  t.
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D  ̂= N u m b e r  o f  serv ice  days  for traffic f low s b y  p av e m e n t  sec tion  s in year t i f

trea tm ent alternative  s tra tegy  m  is selected.

= W id th  (m ) o f  pavem en t sec tion  s in yea r  t.

= Unit cost ($ /per  square  meter, F ig 7.1) o f  a s tandard ized  M & R  trea tm ent

alternative s tra tegy  m, app lied  to p av em en t  sec tion  s in yea r  t.

R = D iscoun t ra te  for ca lcu la t ing  p resen t va lue  o f  fu ture  cost.

B,= B udget  l im it for all M & R  actions in the  n e tw ork  in p ro g ram m in g  y ea r  t.

APCS,„= T rea tm en t effect o f  a s tandard ized  M & R  action, w h ich  is def ined  as an

am oun t o f  PC! that can b e  recovered ,  from  th e  ex is t ing  Pavem en t 

C ond ition  State (PC S), b y  the  m a in ten an ce  & rehab il i ta t ion  a lternative  m.

^  A m ax im u m  value o f  pav em en t cond ition  s tate  defined  for a pavem ent.

For exam ple ,  i f  PC S  is def ined  by  PCI, w h ich  is m easu red  on a sca le  o f  0 

to  100, w ith  100 b e in g  perfect, then the h ighes t level o f  the  PC S  is 100, i.e. 

P C S _  is 100.

A b r ie f  desc rip tion  o f  each  above  m en tio n ed  equa tion  is s ta ted  as; Eq. 7.1 is the 

ob jec tive  function o f  the  op tim iza t ion  m odel,  w h ich  m ax im izes  the value  o f  the  total 

cost- effec tiveness  o v er  the entire  p ro g ram m in g  period. It is used  to find the  op tim al 

m ain tenance  and  rehab ilita tion  action p ro g ram  for the ne tw o rk  in each  p ro g ram m in g  year, 

as com pared  to all o th e r  a lte rna tive  m a in ten an ce  and rehab il ita t ion  ac tion  p rogram s. Eqs. 

7.2 and 7.3 s tate  that the total n u m b er  o f  ava ilab le  s tan d ard ized  m a in ten an c e  and 

rehabilita tion  trea tm en t s tra tegy  op tions des igned  for the ne tw ork  is M. In each  

p ro g ram m in g  yea r  o n e  and only  one  o f  these  m a in ten an c e  and rehab il ita t ion  o p tions  for 

the pavem en t section  s m u s t  be  chosen , w h ich  p roduces  the  h ighes t  cost  e f fec tiveness
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from  the  ne tw o rk  system  po in t o f  review .

Eq. 7.4 eontro ls  the m ax im u m  inves tm ent o r  annual b u d g e t  ava ilab le  for  the 

ne tw ork  m a in ten an ce  and  rehabilita t ion  projeets  o f  each  year. W ith in  the  per iod  o f  m u lt i ­

year M & R  program , ava ilab le  b u d g e t  o f  each p ro g ram m in g  yea r  can b e  d iffe ren t from  

each  other. Eq. 7.5 ind icates  that a p av em en t serv iceab il i ty  level (PCI) canno t  be  h ig h e r  

than its m ax im u m  level at any  time. A ctua lly ,  this constra in t  p lays a ro le  o f  pena lty  

function, w h ich  avoids  the  op tim iza tion  m odel from  selec ting  the p ro jec ts  for those  

pavem en ts  that have  a h igh  PCI bu t  gene ra te  low  eco n o m ic  benefit  o r  effec tiveness .

7.3 Example for Optimization o f Funds Allocation for Highways 
M aintenance

A small road netw ork  consis ting  o f  tw o  p av em en t  sec tions is used to d em o n s tra te ,  ho w  

the op tim iza tion  m odel is applied  to deve lop  annual p av em en t  m a in ten an c e  and 

rehabilita tion  p ro g ram m e for the ne tw ork . Fo llow ing  are  the da ta  used in th is  exam ple ,  

PC S  I =  A t year to (2004) the PCI is 55 and 60 for sec tions 1 and 2.

A^, = T h e  m in im u m  accep tab le  level o f  PC I fo r sec tions 1 and 2 is 50  in ana lysis

period  (2004, 2005, and  2006).

L^,= Length (km ) o f  p av em en t  sections 1 and 2 is 1200m  in yea r  t o, i . 2 -

AADT^, = A nnual ave rage  daily  traffic  carried  on pav em en t sec tions 1 and  2 is 1000

in year to, 1, 2 .

D,., =  It is assum ed  constan t as 1.

= W id th  (m ) o f  p av em en t sec tions 1 and 2 is 7 m in yea r  t o |.

C -  Unit cost $1.5 and $7/pcr square m eter for the m ajor m aintenance and m inor

rehabilitation (Fig 7.1 ).
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R=- D iscoun t  rate for  ca lcu la t ing  the p resen t va lue  o f  fu ture  cost  is 10%.

Bt= B udge t  l im its  for all the  M & R  actions in the  n e tw o rk  in p ro g ram m in g

years  t are $ 0 ,10000 , 40000 , 80000, 100000.

A PCS„,=  T rea tm en t  effect o f  a s tandard ized  M & R  actions, w h ich  is d e f in ed  as an

am o u n t  o f  PCI that can b e  recovered ,  from  the  ex is t ing  PCI. 10 fo r m ajo r  

m a in ten an ce  and  30 for m in o r  rehab ilita tion  (Fig. 7.1 )

PCS,,, ,., =  T h e  h ig h es t  level o f  the  PC I is 100, i.e. PCI,,,.^ is 100.

T h e  m in im u m  PCI for each  p av e m e n t  in the n e tw o rk  is 50. T h e  tw o  s tandard ized  

pavem en t trea tm en t  costs  in this ex am p le  are 1.5 and 7.0 dollars  p e r  square  m e te r  for 

m a jo r  m ain ten an ce  and  m in o r  rehab ilita tion  (Fig. 7.1). In add ition , the effect o f  each 

trea tm ent on ex is ting  p av e m e n t  is specified, for instance, i f  the m a in ten an c e  and 

rehabilita t ion  a lternative  s tra tegy  1 (m a jo r  m a in ten an ce  Fig. 7.1) is se lec ted  for yea r  t, 

then  a rise  o f  10 units o f  PCI can  be  obta ined  in that year. A lte rna tive ly ,  i f  a m inor  

rehabilita tion  trea tm ent,  i.e., s tra tegy  2 is se lec ted  in year t, then  an am o u n t  o f  30  units  o f  

PCI is recovered  in that year. F o llo w in g  the PC I j u m p  point,  w h e re  a t rea tm en t ac tion  is 

applied, a n ew  deter io ra tion  m odel  (T ab le  6.5), w h ich  reflects  the  im p ro v ed  p av em en t  

s tructure b y  the trea tm en t should  b e  estab lished  to  p red ic t  the p av e m e n t  de te r io ra t ion  in 

year t+1. T h e  p ro ced u re  is repea ted  in each  co n secu tiv e  yea r  until the  en tire  ana lysis  

period is com ple ted  for the  in tegrated  p er fo rm an ce  predic tion .

Fig.  7.2 s h o w s  the  m a x i m u m  b e n e f i t s  ( th e  m a x i m u m  v a l u e  o f  Eq.  7.1 w i t h

constra in ts) ob ta ined  b y  d ifferent b u d g e t  levels. T h e  Fig. 7.2 also ex p la in s  that sp end ing

m o re  than  $ 100 ,000  fo r m a in ten an ce  is useless b ecau se  th e  ach ieved  benefits  are  not

increasing. T h e  op tim iza t ion  is d one  in Excel with the o p tim iza t io n  add-in  so ftw are

called Solver. Fig. 7.3 exp la ins  that the  o p t im u m  expend itu re  for m a in ten an c e  is $80 ,0 0 0

74

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



and spend ing  m ore  m oney  even  reduces  the benefits  cost ratio. Figs. 7.4 and  7.5 show  

h o w  the PCI increases tor section  I and 2 as the budget increases  from  $0 to $100,000. 

Figs. 7.6 and  7.7 explain  how the budget is u tilized to o p tim ize  the benefits. W ben  the 

budget w as $100 ,000  then $12 ,600+  $ 12.600 w ere  spent on  sec tions 1 and  2 in the year 

2004. In 2005. the $58 ,800  on  section 1 and $12 ,600  on section 2 are utilized.

M & R  Trea tm ent A lternatives for A sphalt  C oncre te  Pavem ents

'1r y . .. f

( 1 ) M ajor M ain tenance (2) M inor Rehabilitation

Design Criteria . Material Criteria. C onstruc tion  Criteria. S pecifica tion  etc.

  ;    ;  ............................

Rout & Seal H ot-M ix
C racks Hot-Mix R esurfacing
Patching Sealing H ot-in-P lace
A sphalt Strip Recycle
Repair C old M ix Sealing
Frost Treatm ent Surface

Effect o f  Each M & R  T rea tm en t on the E x is ting  P av em en t

I
Rise o f  the Rise o f  the
E xisting  PCI by E xisting  PCI by
10 U nits 30 U nits
Unit Cost: $1.5 / n f Unit Cost: $ 7 /m "

F ig u re  7.1 A Set o f  M ain tenance  and Rehabili ta tion  (M &  R) T rea tm en t  Activ ities .
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CHAPTERS: CONCLUSIONS, RECOMM ENDATIONS  
AND SUMMARY

8.1  Summary

1. C uiren tly ,  M T O  is using  the fo llow ing  param ete rs  and  m o d e ls  to eva lua te  the 

f lexible  pav em en t p e r fo n n an c e  in its PM S2:

PCI = 10(0.1 *RCI)" ' * DMI*Cj (6.3)

2 0 8 -  E  W .(S . + D . )
DM I = 1 0 * --------^ -------------------  (3 .3)

208

RCI=RCR=8.52-7.49*Logto (IRI) (5.1 )

P C R =  It is rated acco rd ing  to the gu idelines  desc ribed  in T ab le  6.1.

2. CuiTcntly, M T O  is using  PCI as dec is ion  var iab le  in its P M S 2  to op t im ize  the 

funds a lloca tion  for h ig h w ay  m ain tenance.

S IX,,
111 1

Vt

Subject to,

, Vs,t

(7.1)

(7 .2 )

f 1 i f  m ain tenanace  alternate m is selectd  for sec tion  s in year t 

''■'■■V0otherw.se

S 1 111 1

PCI_s = P C L + ( X _ A P C I J < P C 1 _  Vs,t.m

(7.4)

(7 .5 )
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3. C u n e n t ly .  M T O  is using  the fo llow ing  m odels  for the p red ic t io n  o f  f lexible  

p av e m e n t  p e r fo n n a n c e  in te n n  o f  RCI, D M I and  PCI in its P M S 2  (T ab le  6.5).

Index M odel F o rm
In d iv id u a l P e rfo rm a n c e  P re d ic tio n  M o d e l R- Eq. N o .

RCI
(F reew ays)

Sigm oidal Y  =  Y (,-E x p  (6.2 X 0 .9 '- 4 .9 5 5 ) 0.9640 6.4

R xponential 0.8668 6.5

R CI
(A rteriais)

Sigm oidal Y  =  Y ,r  E x p (1 0 .2 * 0 .9 '-  12.4) 0.9600 6.6

E xponential Y  =  7.84e'^'"'^'^ 0.9945 6.7

PC!

Sigm oidal Y = Y „ -  E x p (I .I  14* 0 .6 '0 .6 2 ) 0.% 70 6.8

P olynom ial
Y  =  0.001 12x^ - 0.257X' +  1.8449x- - 6 .1035x 
+  86.242 0.9710 6.9

D M !

Sigm oidal Y  = Y „ + E x p  (1 .1 7 * 0 .6 ' -0 .4 5 ) 0.9860 6.10

E xponential Y -23 .4 1 e" '" ''''' 0.9136 6.11

4. Curren tly , M T O  is using the fo l low ing  tr igger values  in te rm s  o f  RCI, D M I and 

PC I for the  m a in ten an ce  and  rehabilita t ion  o f  h ig h w ay s  in its P M S 2  (T ab le  6.4).

Functional Class PCI R C 1 = R C R D M I

Freeway 65 6 .0 6 .9

Arterial 60 6.0 6.9

Collector 55 6.2 6.3

Local 50 5.6 6.1

5. M T O  has used the  P C f  D M I| and R C R  to eva lua te  th e  p e r fo n n a n c e  o f  flex ib le  

p av em en ts  from  1986 to 2001.
8 0
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PC 1, =  100( 0.1 * R C R  *c+s (6.2)
' 205

15
DMI, = E W . ( S . + D . )  (3.2)

i = l  1 1 1

RCR=27.6-7.51*Logio(RMSVA), RMSVA=PURD (5.2)

6. M T O  has used  the DI, DM , sub jec tive  R C R  and  M ays  R ide M e te r  to ev a lu a te  the 

p e r fo n n an c e  o f  flexible  pavem en ts  from  1979 to 1986.

D1 =  1 0 0 * [ ( R C R / 1 0 )  yr.. (6.1)
3 2 0

27
D M  = I  W . ( S .+ D .)  (3.1)

i ^ l  1 1 1

R C R  = 9.38 - 0 .0 1 7 7 (M A Y s),  o r  ean be  m easu red  subjectively . (3.2)

7. Prior to 1979, M T O  has used P C R  and sub jec t ive  R C R  to ev a lu a te  f lexible  

pavem en t p e r fonnance .

8.2 Conclusions

1. T h is  report has  dem onstra ted  the p rocess  and technical  m e th o d s  used  b y  the  M T O  

in the p av em en t  p e r fo n n an c e  eva lua t ion  o v er  the last 30  years , inc lu d in g  data  

collec tion , data  m an ag em en t/report ing ,  p e r fo rm an ce  eva lua t ion ,  p red ic tion  

m odels ,  need  analysis.

2. Several k ey  issues re la ted  to quality  control and quality  assu ran ce  are d iscussed  

w ith  re ference to the roughness  m easu rem en ts  and  verif ication  tech n iq u es  used  by 

the M inistry. Particularly , th is report d iscussed  the  tech n iq u es  used  for the 

eva lua tion  o f  p av em en t  p erfo rm ance  in te rm s o f  IR l and its app lica tion .

3. T h e  sigm oidal m odels  are used  for the p red ic t ion  o f  p av e m e n t  p e r fo rm an ce
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deter io ra tion  in term s o f  roughness, su rface  distress and  overall  pavem en t 

cond ition  indexes.

9. T he  IRl has tim e-stability , transferab il i ty  and  read y  m easu rab i l i ty  b y  a lm os t  all 

ex is ting  roughness  devices.  A s the IRI is a g eo g rap h ica l ly  t ransferab le ,  repea tab le  

and  t im e-s tab le  m easure , therefore , it has a ttrac tiveness  as a su i tab le  m easu rem en t  

for the quali ty  control o f  new  p av em en t  construc tion  p ro jec ts  o r  rehabilita tion . 

Thus, g iven  the IRl p aram ete r  and  the re la tive  in fo n n a t io n ,  a h ig h w ay  ag en cy  can 

be  ab le  to assess ob jec t ive ly  h o w  the cond ition  o f  its p av em en t  n e tw o rk  re sponds  

to the p av em en t investm ent.

8.3 Recom m endations

1. T h e  D M I values m easu red  b y  d iffe ren t raters for d iffe ren t seg m en ts  cou ld  be 

different. This  ean be reso lved  by  m easu r in g  the ne tw ork  b y  the sam e  raters so 

that the e rro r could  be  reduced  in ave rage  value. B ut still th is is im prac tica l  to 

m easu re  the p rov ince  n e tw ork  so there  is a need  for the d e v e lo p m e n t  and  use  o f  

new  teehno log ies  to m easu re  the d is tresses  ob jectively .

2. T h e  ex is ting  m anual shou ld  be  updated  to e l im ina te  an y  am b ig u i ty  in the 

identif ica tion  and assess d is tresses  like d is tortion , random  crack ing ,  half, full 

single, and  m ultip le  c racks  etc.

3. T h e  reg ional tra in ing  o f  raters m u s t  b e  co n d u c ted  regu la r ly  to im p ro v e  the overall  

p ro v in ce -w id e  consis tency .

4. Still, there  are no fixed s tandards  fo r the ca lcu la tion  o f  In terna tional R o u g h n ess

Index (IR l)  from  laser-based  dev ices  at the p ro v in ee  and  the  m u n ic ip a l i ty  level.

Therefo re ,  the  standards  or gu idelines  should  be  dev e lo p ed  for d iffe ren t  types  o f
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sensors, nu m b er  o f  sensors,  senso r  spacing, p rofile  sam pling ,  reco rd in g  interval, 

base  length  for m o v in g  ave rage  filter, su rvey  d irec tion , d a ta  collec tion  

en v iro n m en t condition , seasonal varia tions, m in im u m  data  co llec tio n  speed  and 

the m in im u m  start up length  to reduce  erro r in IRI m easu rem en ts .

5. T h e  approach  should  be m echan is tic  em pirical for  the p red ic t ion  m o d e ls  o f  RCI 

and D M I. T h ere  is need to deve lop  p red ic tion  m odels  for each  d is tress  to address  

p av em en t structure, m ateria l p roperties  (elastic  m odu lus ,  p o is o n 's  ratio), and  the 

traffic loading.
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A P P E N D IX : G L O S S A R Y  O F  A C R O N Y M S

A A S H T O  A m erican  A ssocia tion  o f  S tate H ig h w ay  and T ran sp o rta t io n  O ffic ia ls

A S T M  A m er ican  Society  for M aterial and T es t ing

A R A N  A u to m atic  Road A na lyzer

Di D ensity  o f  Distress occurrence

D M 11 D istress M anifesta tion  Index

DM1

H M A

IRI

LCCA

M &  R

M R M

M T O

PCI,

PCI

PCS

P C R

PM S

PM S2

P U R D

PCC

Q A

R evised  Distress M anifes ta tion  Index

F H W A  Federal H ig h w ay  A u tho ri ty

G S  G ravel Surfaced  P avem en ts

Hot M ix  A sphalt 

International R o ughness  Index 

Life C ycle  Cost A nalysis  

M ain tenance  and  R ehabili ta t ion  

M ays R ide  M eter

O ntar io  M in istry  o f  T ransporta t ion  

P av em en t  C ond ition  Index 

R evised  Pavem en t C ond ition  Index 

P av em en t C ond ition  State 

P av em en t C ondition  Rating 

P av em en t M an ag em en t System

S econd  G enera t ion  P av em en t M an a g em en t  S y s tem  S oftw are  

P ortab le  Universal R oughness  D evice  

Portland  C em en t  C oncre te

Q uality  A ssu rance
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RAM Relative Axle Movement

R C R  R id ing  C o m fo r t  R ating  (C ar  based)

R C R T  Ride C o m fo r t  R ating  (T ruck  based)

R M S V A  Root M ean  S quare  Vertical A ccelera tion

R T R R M S  R esp o n se  T y p e  R oad  R o u g h n ess  M easu rem en t  System

R T A C  Road and  T ran sp o rta t io n  A ssocia tion  o f  C an ad a

Si Severity  o f  D istress

S V S lope  V arian ce

T A C  T ransporta t ion  A ssoc ia tion  o f  C anada
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A P P E N D IX : G L O S S A R Y  O F  A C R O N Y M S

T h ese  defin it ions  are taken  from  T A C  2001, 1997, and A S T M  E950-94.

A ccu racy: C loseness  o f  ag reem en t be tw een  the  result o f  a m easu rem en t  and a true value 

o f  the  m easurem ent.

Alligator Cracking: C racks  w hich  o ccu r  in asphalt  pavem ents ,  in areas  subjected  to 

repeated  traffic loadings w h ich  deve lop  into a series o f  in te rconnec ted  cracks, 

with  m an y  sided, sharp  angled  pieces, charac te ris t ica lly  w ith  an a l l iga to r pattern.

A sp halt C oncrete: A high quali ty  m ix tu re  o f  aspha lt  cem ent,  ca re fu lly  g raded  coarse  and 

fine aggregates.

A sphalt Pavem ent: P av em en t consis t ing  o f  aspha lt  concre te  layers  on  sup p o r t in g  courses  

such  as concrete  b ase  (com pos ite  pavem ent) ,  asphalt trea ted  base , cem en t treated 

base, granular  base  and /o r  g ranu la r  subbase  p laced  o v er  the subgrade.

B ase L ength: The length  o v er  w h ich  the ind iv idual p rofile  sam ples  are averaged  or 

filtered and needs to be  selected based  on the in tended  use o f  the resu ltan t data.

B lin d  V erifica tio n  Site: A  reference  site w h e re  the veh ic le  o p e ra to r  has  no k n o w led g e  o f  

its location w hen  co n duc ting  the survey.

C alib ration : A m ethod  to s tandard ize  a m easu rem en t by  d e te rm in in g  the dev ia tion  from  

a s tandard  so as to ascerta in  p rope r  coiTection factors.

C lass I P rofiler: Longitud ina l sam pling  is less than or equal to 150mm. Vertical 

m easu rem en t re so lu tion  is less than or equal to 0.1 m m .

C lass II P rofiler: Longitudinal sam pling  is g reater  than 2 5 m m  to 150m m . Vertical

m easu rem en t reso lu tion  is g rea ter  than 0 .1 m m  to 0 .2m m .

C lass III P rofiler: Longitud ina l sam pling  is g rea ter  than 150m m  to 3 0 0 m m . Vertical

m easu rem en t re so lu tion  is g reater  than 0 .2 m m  to 0 .5m m .
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C lass IV  P rofiler: Longitud ina l sam pling  is g rea ter  than dOOmm. V ertica l  m easu rem en t  

re so lu tions  is g rea ter  than  0 .5m m .

C lo su re  V erifica tio n  S ite: S am e as a k n o w n  verif ica tion  site bu t tested  at the com ple t ion  

o f  all data  co llec tion  activities.

Com posite Pavem ent: A p av em en t s tructure  w h ich  co m b in es  bo th  flex ib le  and rigid 

p av em en t  com ponen ts .

Corrective M aintenance: M ain tenance  trea tm ents ,  such as pot ho le  p a tch in g  to correct 

localized  failures o r  m in o r  p rob lem s, carried ou t as rou tine  practice.

C o st E ffec tiv en ess: A n eco n o m ic  m easu re  defined  as the e ffec tiveness  o f  an ac tion  or 

t rea tm en t d iv ided  b y  the  p resen t w orth  o f  life cyc le  costs.

D ip stick : A n A S T M  C lass  1 profiler.

E q u iv a len t S in g le  A xle  L oad: A  concep t w h ich  equates  the  d a m a g e  to a p av em en t 

s tructure  caused  by  the  passage  o f  a non  s tandard  ax le  load to a s tandard  80 KN 

axle load, in te n u s  o f  ca lcu la ted  or m easu red  stress, s tra in  o r  def lection  at so m e 

point in the  p av em en t s tructure, o r  in te n u s  o f  equal cond it ions  o f  d is tress  or  loss 

o f  serviceability .

E nd R esu lt Specification (E R S ): T h e  spec if ica tion  o f  an end resu lt  to b e  ach ieved  in 

construc tion ,  such  as a m in im u m  density , as co m p ared  to a m e th o d  type  o f  

specif ication .

Flexible Pavem ent: A p av e m e n t  s truc tu re  u sually  co m p o sed  o f  o n e  o r  m o re  asphalt  

concre te  layers o v er  an unbo u n d  aggregate  or  s tabilized  base.

Geographic Information System: A co m p u ter ized  da tabase  w h ich  d ef in e s  the specific  

locations o f  var ious a ttribu tes features  or data  item s on  a co o rd in a te  basis.

G lo b a l P o sitio n in g  S ystem : A tech n o lo g y  for iden tify ing  the x, y, z co o rd in a tes  location
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o f  object based on satellite signals.

G old en  C ar: A set o f  m odel veh icle  param ete rs  spec ify ing  t i res /ax le /suspension  

co m p o n en ts  w h ich  best corre la ted  w ith  field tests  from ava ilab le  dev ices  but 

d iffe red  from  true suspension  p e r fo n n a n c e  b ecau se  it inco rpora ted  larger 

suspension  d am p en in g  coefficients. T h e  gold  ca r  m odel p aram ete rs  su b seq u en tly  

b ecam e  the sing le  wheel and suspension  s im ula tion  basis  for d e te n n in in g  the IRI.

In ertia l P rofilers: A veh ic le  equ ipped  with  a d is tance  m easu r in g  device , vertical he igh t 

sensors  and acce lerom eters  used to de te rm ine  the  p rofile  o f  a ro a d w ay  based  on 

the concep t o f  a vertical acceleration , inertial re ference  plane.

In tern a tio n a l R ou gh n ess Index (IR I): A n index  co m p u ted  from  a long itud ina l p rofile  

m easu rem en t  us ing  a quar te r  ca r  s im ula tions  at a s im ula tion  speed  o f  80 km /h . or 

A su m m ary  o f  statistic w h ich  charac terizes  road su rface  long itud ina l roughness  

based  on s im ula tion  o f  a s tandard ized  quar te r  car m o v in g  o v e r  th e  long itud inal 

p ro f ile  o f  the  road.

K now n  V erifica tio n  S ite: A re ference  site w h e re  the veh ic le  o p e ra to r  has  k n o w led g e  o f  

its location prior to conduc ting  the survey.

L aser H eigh t Sen sor: Height m easu rem en t  based  on  the t ransm iss ion  and de tec tion  o f  

laser light (light am plif ica tion  through  the s t im ula ted  em iss io n  o f  radia tion).

M IR I: M ean  In ternational R oughness  Index (IRI) def ined  as the av e rag e  o f  the  ou ter  

w hee l  pa th  and  inner w heel path  IRI.

M a in ten a n ce: W ell t im ed  and execu ted  activ ities  to ensure  or ex tend  p av e m e n t  life until 

deter io ra tion  o f  the p av em en t layer m aterials.

M ethod Based Specification: A specif ica tion  invo lv ing  the  m e th o d o lo g y  o r  tech n iq u e  to 

be  applied  to a construc tion  item, such  as n u m b er  o f  passes  o f  a ce rta in  w e ig h t  o f
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roller.

P a v em en t M a n a g em en t System : A w id e  spee trum  o f  aetiv it ies  inc lu d in g  the p lann ing  

o r p ro g ram m in g  o f  investm ents ,  design, construc tion ,  m a in ten an ce ,  and the 

period ic  eva lua tion  o f  p e r fo n n a n c e  used to p ro v id e  an e ffec tive  and  effic ien t road 

netw ork.

P recision : Prec is ion  in the m easu rem en t  o f  p av e m e n t  p ro f ile  e leva tion  is re la ted  to the 

c loseness  o f  ag reem en t  be tw een  the repeated  m easu rem en ts  o f  the  sam e  pavem en t 

profile.

P re-Q u a lifica tio n : A process  spec if ied  that requ ires  all po tential se rv ice  p rov iders  to 

d em ons tra te  that p e r fo n n a n c e  requ irem en ts  can  b e  m et b efo re  b e ing  a llow ed  to 

respond to a request  for services.

P reven tive  M ain ten an ce: M ajo r  m a in ten an ce  trea tm en ts  to re tard  de te r io ra t ion  o f  a 

pavem en t,  such as chip  seal, rout and crack  seal, etc.

P rofiler  B ias: Bias e rro r  indicates w h e th e r  the p rofiler  is sys tem atica l ly  high or low 

co m p ared  to the truth.

Q u a lity  A ssu ran ce: A system  o f  activ ities  w h o se  pu rp o se  is to p ro v id e  assu ran ce  that 

the overall qua li ty  control jo b  is in fact b e ing  d o n e  effec tively , ft invo lves  a 

con tinu ing  eva lua tion  o f  the e ffec tiveness  o f  the overall  q u a li ty  con tro l  p rog ram  

with a v iew  to hav ing  correc tive  m easu res  initia ted  w here  necessary .  For a 

spec if ic  p roduc t or service, this invo lves  verif ica tions , audits  and  the eva lua t ion  o f  

the quali ty  factors  that  affect the spec if ication , p roduc tion ,  inspec tion  and  use o f  

the p roduc t o r  service.

Q u a lity  C on tro l: T h e  overall  system  o f  activ ities  w h o se  pu rp o se  is to p ro v id es  a quali ty  

o f  p roduc t  o r  serv ice  that m ee ts  the needs  o f  users. T h e  aim  o f  qua li ty  contro l  is to
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prov ide  quality  that is satisfactory, adequate , d ep en d ab le  and  econom ic .  T he  

overall  system  invo lves  in tegra ting  the quali ty  aspects  o f  several  re la ted  steps 

including: (a) the p ro p e r  spec if ica tion  o f  w ha t  is w an ted  (b) p ro d u c tio n  to m eet 

the full intent o f  the spec if ica tions (c) inspection  to d e te rm in e  w h e th e r  the 

resu lt ing  p roduc t o r  serv ice  is in accord  w ith  the  spec if ica tions  and  rev iew  o f  

u sage  to p rov ide  for rev is ion  o f  specif ication.

Q u a rter  C ar IR I: C alcu la tion  o f  the  IRI from  a sing le  w hee l  pa th  profile  us ing  the 

go lden  ca r  s im ula tion  param eters.

R eco rd in g  In terva l: T h e  effec tive  d is tance  b e tw een  reco rded  ro a d w ay  profile  height 

m easu rem en ts  taken  b y  the da ta  acqu is it ion  sys tem  as the p ro f ile  m o v es  d o w n  the 

roadw ay.

R eh ab ilita tion : A  term  in p av em en t m a n ag e m en t  in vo lv ing  the  re s to ra tion  o f  pavem en t 

sei-viceability th rough  such  ac tions as overlays.

R id in g  C o m fo rt Index  (R C I): A m easu re  to charac te rize  the ride  qua li ty  o f  a p av em en t 

on a scale  o f  0 to 10.

R id in g  C o m fo rt R a tin g  (R C R ): A  m easu re  to ch arac te r ize  the ride  qua li ty  o f  a

p av em en t  s im ilar to RCI.

R ep eatab ility : C loseness  o f  the ag reem en t b e tw een  the  resu lts  o f  successive  

m easu rem en ts  o f  the sam e m easu re  and  carried  ou t  under  the sam e cond itions  o f  

m easu rem en ts .

S a m p le  In te r v a l :  T h e  sm alles t  d is tance be tw een  success ive  physical  m easu rem en ts  o f  

the ro ad w ay  profile  b y  the data  acqu is it ion  sys tem  as the  p ro f ile r  m o v es  d o w n  the 

roadw ay.

S carifica tion : R ipping  (usually  w ith  g rader  teeth), re shap ing  and reco m p ac t in g  a
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p av e m e n t  surface  an d /o r  base  an d /o r  sub b a se  layer.

S erv iceab ility : T h e  ability  o f  a pav em en t to serve the  traffic  w h ich  uses it.

S p ecifica tion : A  specif ica tion  invo lv ing  m in im u m  or m a x im u m  levels  o f  p e r fo n n a n c e  

i tem s at certain ages, such  as roughness,  su rface  distress, su rface  fr ic tion  or 

s tructural adequacy .

S trateg ic  H ig h w a y  R esearch  P rogram : A co m prehens ive ,  m ulti  m ill ion  d o lla r  research  

p rog ram  in the  U S A  and  o ther  coun tries  in v o lv in g  research  in L ong  T e n n  

Pavem en t P erfo rm an ce  (L T T P),  asphalt,  conc re te  s tructu res  and h ig h w ay  

operations. T h e  C an ad ian  coun terpart  is k n o w n  as C -S H R P .

T ra n sp o rta tio n  A sso cia tio n  o f  C a n a d a  (T A C ): F orm erly . R oads  and T ran sp o rta t io n  

A ssocia tion  o f  C an ad a  (R T A C ) and b efo re  that the C an ad ian  G o o d  R oads 

A ssocia tion  (C G R A ).

U ltrason ic  H eig h t S en sor: H eigh t senso r  m easu rem en t  based  on  the  tran sm iss io n  and 

detec tion  o f  acoustic  pulses.

V e r i f ic a t io n :  A process  to es tab lish  the  truth, accu racy  or re liab ility  o f  a m easu rem en t.
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