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The work was conducted by the Engineering and Materials Division (EM), U.S. Army
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DEVELOPMENT OF A PAVEMENT
CONDITION INDEX FOR
ROADS AND STREETS

‘ INTRODUCTION

Background

The US. Ammy Construction Engineering Research
Laboratory (CERL) is developing a computerized sys-
tem to help Facilities Engineering personnel manage
the maintenance and repair of pavements.' ¥ The sys-
tem, called PAVER includes (1) a pavernent inspection
procedure, (2) a set of input torms for entering relevant
pavement information into a computerized data base,
(3) a set of report outputs for retrieving information,
and (4) a computer interactive program for performing
economic analysis between various maintenance and
repair alternatives.,

To further help the pavement engineer evaluate
pavement and determine M&R requirements, a need
was identified for developing a method to determine a
pavement condition index (PC) based on data gathered
from the pavement inspection.

CERL has developed a method for the Air Force tor
determining the PCIH for airfield pavements % which
has been successfully field-tested by several Air Force

Major Commands and is expected to be formally

adopted. The development of PCI for road and streets is

'D. W, Rand, Pavement Evaluation 11 (Maine Department
of Transportation, Materials and Research Division, August
1973), pp 7378

M. Y. Shahin, M. L Darter, . M. Rozanski, and R. Stark,
Development of an Installetion Surfaced Area Maintenance and
Repair Management Svstem, Technical tnformation Pamphilet
C49/ADAO1 7328 (Construction Fngineering Research Labora-
tory [CERL], September 1975).

M. Y. Shahin, M. 1. Darter. and F. M Rozanski, Pavement
Inspection Reference Manual, Technical Information Pamphlet
CA8/ADADL 7329 (CERL, September 1975),

M. Y. Shahin and F. M Rozanski, Auromated Pavement
Maintenance and Repair Management Svstem, Interim Report
CT9/ADAM2SRY (CERL, June 1977).,

M. Y. Shahin, M. 1. Darter, and $. D. Kohn, Development
of @ Pavement Maintenance Management System, Vol 1, dirfield
Pavement Condition Rating, Report Number AFCEC-TR-76-27
(At Force Civil Engineering Center [ AFCECT, November 1976).

o e

partially based on expenence gained in developing the
PCL for airfields, 7 which provided valuable input ot
improving distress definitions tor roads and streets

Objective

The objective of this study 1s to develop a PCL tor
pavement condition tating of roads and streets, which
will provide the pavement engineer with

1. A standard method for condition rating of pave-
ment sections in terms of structural integrity and surtace
operational condition,

20 A method for companng the condition of differ-
ent pavement sections on the stallation i order to
determine maintenance and repait (M&R) needs and
pronties.

3. A feedback on pavement performance (condition
history) determined from accumulation of PCH data tor
many years. Knowledge of pavement performance and
previously applied M&R will assist the pavement engi-
neet in validating and/'or improving M&R policies.

Approach
This study was accomplished by the following steps

1. Selecting a pavement condition index scale and
the corresponding condition ratings

2. Defining distress types and severtties for asphalt-
and concretesurtaced roads

3. Developing deduct curves tor determining the
deduct values tor each combination of distress type,
severity, and amount

4. Developing correction curves for correcting the
sum of deduct values when there is more than one com-
bination of distress type and severity

3. Determining the PCL as the maximum possible
score minus the corrected sum of the deduct values

ACaEa—
®M. Y. Shahin, M. 1 Darter, and 8. D Kohn, Development
or @ Pavement Maintenance Management Svstem, Vol I, dir
fleld Pavement Distress ldentificetion Manual, Report No
AFCEC-TR-76-27 (AFCEC, November 1970)
DAL Voss, R L Terrel, F. Finn, and D Hovey, 4 Pave
ment Evaluarion Svstem for Maintenance Management, a papet

Propared for presentation at the Western Summer Meeting,
Highway Research Boacd, Olysipla, Washington (August 197 1)
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6. Field testing, revising, and improving the distress
definitons, deduct curves, and corection curves so
that the distress defimtions represent actual field con-
dittons and so that the PCI represents the collective
judgment of experienced pavement engineers regarding
the pavement structural integrity and surtace opera-
tional condition

Scope

This report describes the preliminary development
of the pavement condition rating procedure tor roads
and streets. Since the procedure has been field-tested
only once, further tests wall be required before it is
finalized. During that time, the procedure will be
extended to be applicable for surfaced parking lots,
storage areas, and hard stands.,

Mode of Technology Transfer

Technology transter will be by incorporation into
the computenzed PAVER system in FY78 and incor-
poration into an Army Technical Manual in FY 79,

2 CONCEPTS AND THEORY

Introduction

Several tactors affect a pavement's condition: (1)
structural integrity (the ability of a pavement to hold
together under current traffic), (2) structural capacity
(the maximum load a pavement can carry), (3) rough-
ness, and (4) skid resistance ‘hydroplaning potential.

To accurately reflect the pavement's condition, a
condition index should consider all of these factors.
Direct measurement of these condition indicators
requites  expensive equipment and highly trained
personnel. Indirect measurement, however, can be
accomplished by measuring observable distress in the
pavement. One advantage of this method is that very
little equipment is required (a measuring wheel and a
straight edge). In addition, if the distress types are
carefully defined and described in an inspection manual,
nearly anyone can collect the needed data with a min-
imum of training. Another advantage is that the obser-
vation and recording of existing distress provides the
principal information needed for determining mainte-
nance and repair requirements. A pavement condition
index based on existing distress is therefore closely
related to the amount of work required to repair the
pavement,

Figures 1 and 2 show how observable pavement dis-
tresses relate to condition indicators in concrete and
asphalt pavements, respectively. Structural capacity
and localized roughness can be measured by observing
certain types of distresses, such as rutting and cracking.
SKid resistance /hydroplaning is interred from distresses
such as bleeding and polished aggregate.

The tollowing text describes the theory used to
develop the PCI based on observable pavement distress

Mathematical Expression of the PCI
The degree of pavement deterioration is a function
of:

1. Types of distress

2. Severity of distress, such as spalling of cracks or
depth of ruts

3. Amount or density of distress, which can be
expressed as a percentage of the total pavement area.

Each of these distress characteristics has a significant
effect on how the overall amount of physical pavement
detenioration is determined. If any of these three char-
actensties is ignored, developing a meaningtul condition
index will be ditficult.

Because there are several types of distress, several
possible degrees of severity for cach type, and a wide
range of amount or density for each type, combining
the effects of these three characteristics into one index
is the major problem in deriving a condition index.
After evaluating current methods, *'* a model for ex-
pressing PCIL was developed. The model is based on

M. Y. Shahin and F. M. Rozanski, Automared Pavement
Maintenance and Repair Management Svstem, Technical Intor-
mation Pamphlet C-79/ADAO4258Y (CERL, June 1977),

M. Y. Shahin, M. L. Darter, and 8. D. Kohn, Development
of @ Pavement Maintenance Management Svstem, Vol l, Airfield
Pavement Condition Rating, Report Number AFCEC-TR-76-27
(AFCEC, November 1976).

M. Y. Shahin, M. 1 Darter, and S. V. Kohn, Development
of @ Pavement Maintenance Management Svstem, Vol 1, Air
field Pavement Distress Identification Manual, Report No.
AFCEC-TR-76-27 (AFCEC, November 1976).

oA Voss, R. L. Terrel, V. Finn, and D. Hovey, 4 Pave
ment Fyaluation System for Maintenance Management, a paper
prepared tor presentation at the Western Summer Meeting,
Highway Research Board, Olympia, Washington (August 1973),

R, V. LeClerc and T. R. Marshall, 4 Povement Condition
Rating Svstem and Its Use, Symposium on Pavement Fvalua-
tion, AAPT Proceedings (1969).
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Figure 1. Relationship of observable distress on concrote pavement condition indicators.
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Figure 2. Relationship of observable distress in asphalt-surtaced pavements
to pavement condition indicators.,




weighting values (called deduct values) that are functions
of the types, severities, and densities ot visible distresses
The deduct values tor distresses in a given pavement are
added and then adjusted based on both the number of
deduct values and their sum. The adjusted sum s sub
tracted from the maximum possible PCL The scale
selected tor determining the PCLis shown in Figure 3,
where 100 was chosen as the maximum possible PCL,
¢, the PCLot a pavement with no visible distress. This
model can be expressed mathematically as tollows

P my
PCL= 100 -3 & a(T.8,, D) Fd) (Eq 1)
=1 j=1

where  PClL= Pavement Condition Index
al ) = deduct value depending on distress
type T,  level ot severity §;, and
density of distress Dy,
1= counter tor distress ty pes
j = counter for severity levels
p = total number of distress types for pave-
ment type under consideration
m, = number of severity levels for the ith
type of distress
F(t,d) = an adjustment function for multiple
distresses that vary with total summed
deduct value (1) and number of deducts
(d).

]

A pavement section’s PCE can be determined from
Eq | only when the following information is known
(Figure 4).

Oistress Types

Each distress type in the pavement being evaluated
must be identitied and described. Figure Sisan example
description of alligator or fatigue cracking tor asphalt-
surfaced pavements.

Distress Severity

Most distress types occur in various levels of severity,
which must each be defined explicitly . These definitions
must be wntten so that field engineers can consistently
identify a given distress type and seventy . Figure S pro-

vides example descriptions of the levels of severity of

alligator or fatigue cracking.

Deduct Values-a(T, S, D)

Deduct values as functions of distress type (T)), level
of seventy (§)). and density (D) must be determined,
as illustrated in the following example. (Chapter 3 pro-
vides a detaled descnipriion.) A major structural distress

-
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Identitication of
Distress Types

+

Definitions of
Levels of Severity
of Eoch Distress
Type

Deduct Weighting Adjustment
Volues for Each Function for
Distress Type Muitipie Distress
As Function of (F)
Severity & Density |

!

Equotion | - Computation of
Pavement Condition Index (PCl)

i
PCIsC- I XolT,S,0,)F(T.q
ist jel

Figure 4. Information needed to determine the Pavement
Condition Index using kq 1.

of asphaltsurtaced pavement is alligator or fatigue crack-
ing (Figure 5). Deduct values must be determined over
a range of density (i.e., percent area) of distress. The
deduct values must be based on some selected rating
scale, such as a scale ranging from 0 to 100, with 0
deduct indicating the distress has no impact on pave-
ment condition and 100 deduct indicating an extremely
serious distress which causes the pavement to fail,
Deduct values can then be assigned to a given density
and level of severity based on the umpact of the distress
on pavement condition (see Chapter 3). Figure 6 gives
example deduct curves for alligator cracking for three
levels of severity (low, medium, and high), and densi-
ities ranging from 0.1 to 100 percent of total pavement
areas. A pavement section having 1 percent of high-
severity alligator cracking would have a deduct value of
23, and the PCI would be:

PCl= 100 -23=77

Curves like those shown in Figure 6 must be derived
for each distress type and severity level. These curves
are based on the assumption that only one distress type

at a given level of seventy exists in the pavement sec-
tion; the curves are based on a scale of 0 to 100,

Adjustment Function for Multiple Distress Types—(F)

An adjustment function must be developed so that
pavement sections having more than one distress can be
evaluated using the curves described above. The deduct
values are not linearly additive, because as additional
distress types and/or severity levels occur in a given
pavement section, the resulting umpact of those dis.
tresses become smaller. Development of this function
is presented in Chapter 3

3 DEVELOPMENT

This chapter describes the development of the pre-
liminary procedure for determining the pavement con-
dition index (PCL) tor roads and streets.

Development of Distress Definitions

Definitions of pavement distresses, including high-,
medium-, and low-severity levels tor each type of distress,
were developed a few years ago.'' In the process of
developing the PCL for aurfield pavement, '*'* valuable
experience was gained toward improving the distress
definttions for roads and streets. Based on this expen.-
ence, the distress severity definitions were improved
for use in calculating the PCItor roads. Figure S provides
a definition for alligator or fatigue cracking in asphalt
pavement.

Development of Deduct Values

Deduct values are numbers that represent the etfects
that distresses have on a pavement's structural integrity
and surface operational condition. A deduct value is a
function of the type, severity, and density of a distress,

Deduct values were developed by evaluating hypo-
thetical “sample units™ of pavement. Sample unit sizes

M. Y. Shahin, M. L Darter, F. M. Rozanski, and R, Stark,
Development of an Installation Surfaced Area Maimrenance and
Repatr Managemeny Svsters, technical tatomation Prmphlet
C49/ADAOL 7328 (CERL, September 1975)

AL Y Shahin and B M. Rozanski, duromared Pavement
Maintenance and Repair Management Svstem, Technical Infor-
mation Pamphlet C 79 ADAM SR (CERL, June 1977

MY, Shahin, M1 Darter, and 8. D. Kohn, Development
of @ Pavement Maintenance Management Svstem, Vol I, Airfield
Pavement Condittion Raring, Report Number AFCEC-TR-76-27
(AFCEC, November 1976)




Name of Distress:

Alligator Cracking

Description: Alligator or fatigue cracking is a series of interconnecting cracks caused by fatigue
failure of the asphalt concrete surface under repeated traffic loading. The crack-
ing initiates at the bottom of the asphalt surface (or stabilized base) where ten-
sile stress and strain is highest under a wheel load. The cracks propagate to the
surface initially as a serics of parallel longitudinal cracks. After repeated traffic
loading, the cracks connect, forming many-sided, sharp-angled pieces that de-
velop a pattern resembiing chicken wire or the skin of an aliigator. The pieces are
less than 2 ft (.6 m) on the longest side.

Alligator cracking occurs only in areas that are subjected to repeated traffic load-
ings, such as wheel paths. Therefore, it would not occur over an entire area un-
less the entire area was subjected to traffic loading. Pattern-type cracking which
oceurs over an entire area that is not subjecied to loading is rated as block crack-
ing, which is not a load-associated distress.

Alligator cracking is considered a major structural distress and is usually accom-
panied by rutting.

Severity Levels: L*- Fine, longitudinal hairline cracks running parallel to each other with none or
o only a few interconnecting cracks. The cracks are not spalled.

M — Further development of light alligator cracking into a pattern or network of
cracks that may be lightly spalled.

H Network or pattern cracking has progressed so that the pieces are well defined
and spalled at the edges; some of the pieces rock under traffic.

Note: Spalling of the cracks is a breakdown of the material along the sides of the crack.

How to Measure: Alligator cracking is measured in square feet of surface area. The major difficulty
in measuring this type of distress is that two or three levels of severity ofter
exist within one distressed area. If these portions can be distinguished ecasily
from each other, they should be measured and recorded separately. However, if
the different levels of severity cannot be divided easily, the entire area should be
rated at the highest severity level present.

*L. - Low severity level
M - Medium severity level

H - High severity level

Figure 5. Example desc.riptinn of a distress and definition of its severity levels.
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of 2500 sq ft (225 m?) for asphalt and 20 slabs for
jointed concrete (a stab length of 30 ft {9 m] or less
was assumed) were chosen based on experience in devel-
oping the PCI for airfields. Each hypothetical sample
unit contained one distress at a particular severity level
and at one of five density levels.*

Each member of the project staff evaluated each
sample unit and independently assigned the sample

*The densities of concrete distress were computed by divid
ing the number of slabs containing the distress by the total
number of slabs in the sample unit. The densities of most as-
phalt distresses were computed by dividing the surface area of
distress by the sample unit area. Fdge cracking and longitudinal/
transverse cracking densities were expressed in £t/100 sq 't (9
m*) potholes in number of potholes/100 sq £t (9 m*),

units numerical ratings according to the PCl scale
(Figure 3).

The ratings were averaged tor each sample unit and
subtracted trom 100 to produce the deduct values toy
each distress/severity /density combination. For exam
ple, tor medium-severity block cracking at 30 percent
density, the average of the sample unit ratings was 76
(very good). The deduct value was, theretore, 100 76
=24,

For each severity level of each distress, the deduct
values were plotted against the corresponding densities,
and smooth curves were drawn through the points to
produce the deduct curves.

Figure 6 shows the deduct curves tor alligator crack
ing for asphaltsurtaced pavements.




Development of Correction Curves (Adjustment
Function)

The cortection curves are used to adjust the sum ot
deduct values for those pavements that have more than
one combination of distress type and severity  The ad-
justment 15 a function ot the magnitude of the sum ot

deduct values and of the number of distress type/sever
16,17

iy combinations. The higher the s
values and the number of combinations, the higher the

adjustment is.

The correction curves were developed in the office
by having each member of the project statf rate hypo
thetical sample units containing more than one distress
type/severity combination. For each sample unit, the
tatings were averaged and subtracted from 100 to pro-
duce the corrected deduct values.

Corrected deduct values were then plotted against
the sum of the individual deduct values for the sample
unit, For example, for an asphalt pavement sample unit
with a sum of deduct values of 80 and a three distress
type/severity combination, the average rating of the
project staff was 32 The corrected deduct value was,
therefore, 100 — 32 = 68, This was plotted against the
sum of the imdividual deduct values, which was 80,
Other sample units with thiee distresses (each having
an individual deduct value greater than S*)were plotted
on the same graph. A smooth curve was drawn thiough
the points, as shown in Figure 7. The extent of correc-
ton increases as the sum ot deduct values increases

Similar “correction curves™ were developed tor g
(the number of distresses with deduct values greater
than §) equal to 2,4, 6,and 8,

Initial Field Test
Portions of some local city streets were surveyed to
mitially verify the distress definitions, deduct curves,

M. Y. Shahin and . M Rozanski, Automated Pavement
Maintenance and Repair Management Svstem, Technical Intor-
mation Pamphlet C-79/ADAO42SKE? (CERL, June 1977)

UMy Shahin, M_ I Darter, and S D Kohn, Development
of @ Favement Maintenance Management Svstem, Vol 1, Airfield
Favement Condition Rating, Report Number AVCEC-TR-76-27
(AFCEC, November 1976)

*Previous experience had shown that distresses with deduct
values of less than S had little effect on pavement condition.
Counting them would distort the adjustment function

and correction curves developed e the office. The
conditions of sample units of approximately 2500 sq ft
(225 m?) for asphalt 1oads and 20 stabs for concrete
roads were surveyed, and the amount of each distress
type at a given severity was measured.

bFach of the three members of the project staff

asstgned each sample unit a nuimerical rating according
to the PCI scale shown in Figure 3. In addition, each
sample unit was rerated tor all but one distress type)
severity combination, The field deduct values were then
determined by subtracting the average rating assigned
by the project staft from the maximum possible score
of 100

The deduct values were also calculaied in the office,
using the developed deduct and correction curves, A
comparnson of these values with the field deduct values
ndicated the following information.

1. Many of the distress deduct values developed in
the office were higher than those obtuned trom the
field. This was thought to be partially because the pro
ject staft was still influenced by their previous expen
ence in developing the PCH for airfields, where the dis
tresses have a more adverse effect on surface operational
condition,

2. The effect of some distress types is less on low-
speed roads than on high-speed roads.

It was also found through the field survey that some
definitions of distress severity levels did not reflect
field conditions accurately .

All data obtained from this field test were used to
tevise the distress definitions, deduct curves, and cortrec
tion curves. Figures A1, A2, Bl and B2 in Appendices
A and B provide the distress definitions and curves for
jointed concrete and asphalt surfaced pavements, re-
spectively . The PClLis a valid technique for compziing
pavements in terms of structural integnty and surface
operational condition against a common standard. It
can be used by the pavement engineer as an effective
tool to communicate pavement condition to manage-
ment and as an ard e determining the need for M&R.
It should be emphasized, however, that more field
tests, revisions, and improvements are necessary betore
the pavement condition rating procedure is tinalized
tor implementation
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4 \NSPECTION PROCEDURE

Introduction

To accurately caleulate the PCLtor a section of pave-
ment, 2 thotough inspection must be made to determine
the types, quantities, and severities of distiess existing
i the pavement * The pavement inspection must be
caretully planned and performed according to the guide
lines presented here

There are two methods of performing pavement
inspections; for both methads, the pavement section
must  be  divided wto subsections called  “sample
units.” The fiest method requires inspection ot all sample
units in the section (inspection of the entire section) the
second method requites tnspection of only a pottion of
the sample units in the section (inspec tion by sanpling)
Inspection by sampling is explained i greater detail at
the end of this chapter

For both methods, all the sample units in the section
must be assigned sample untt numbers. Following are
mstructions for inspecting the individual sample units

Equipment

The equipment needed to perform the mspection
includes a measuring wheel (odometer), a 6- or 1 X nch
ruler, and a 1Ot straightedge

Inspection of Sample Units tor Jointed Concrete
Pavement Sections

For jointed concrete pavement sections, a sample
unit should consist of approximately 20 slabs. Figue
8 shows an example of a pavement section divided into
sample units. Fach “sample unit™ is inspected individ-
ually by walking over each slab of the unit (or over the
shoulder or sidewalk if traffic control is not provided)
and recording distress(es) on the Sample Unit tnspec-
tion Sheet (Figure 9).

A sketeh should be made on the inspection sheet
of the sample unit, using the preprinted dots as joint
intersections. The distress codes and severities ot each
distress except joint seal damage should be wecorded
on the sketeh in the square that corresponds o the
slab in which the distress was found. For example, in

*The inspection procedure has been presented as an appen
dix in Awtomated Pavement Maintenance and Repair Manage
ment Svstem, by MY Shahin and o M Rozanski, Interim
Report CTOADAMISE! CERL, Tune 1977 however, (t (s
presented here for the user's convenience
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Figute 9, the notation “22M™ mdicates that medinm
severity level linear cracking was tound i the fiist
slab

Ihe total number of slabs for each severity level of
cach distress type in the sketeh should be summatized
i the “Distress Summary ™ portion o the inspection
sheet. Also, the overall rating tor joint seal damage
should be recorded by entering L, M, or i on the ime
preprinted with distress code “28 "

Inspection of Sample Units for Asphalt- and
Tar Surfaced Pavement Sections

For Nexible pavements, sample units should be ap
provimately 2500 sq (0SS m) Figure 10 shows an
example of a pavement section divided mto sample
units

Lach sample s inspected mdividually by walking
over the unit (o over the shoulder or sidewalk i tathc
control 1y not provided), measuring each distress type
and severity , and recording the data on the Sample Unit
lnspection Sheet (Figure 1) A separate column i
used (o record the quantities and severities of each dis
tress type tound in the sample unit. In the example
shown in Figure (1 the fhist distress encountered was
10 11 (3 m) of lowaseverity level longitudinal cracking,
so the thist column was headed with distiess code 8,
and 101 was entered in that column. The next dis
tress encountered was a 1o sq (14 ms) area of medi
umeseverity level alligator cracking, so the second
column was headed with distress code 1oand “1oM™
was entered o that column, The next distress was
S LS m) of lowdevel transverse cracking, so “SUY
was entered i the column headed by distiess code N
After the inspection s completed, quantities should
be totaled at the bottom ot each column,

tnspection by Sampling

Inspection of every sample unitina pavement section
may require constderable ettort, especially if the section
v very large This is particulady trae for asphalt on ta
sutfaced pavements containing much distress. Because
ot the time and ettort involved, frequent suiveys of an
entite section subjected (0 a heavy trattic volume may
be beyond available manpower, funds, and tme. There
tfore, a sampling plan was developed to allow adequate
determination ot the PCEand maintenance and wepan
needs by inspecti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>