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Airfield Pavement Distress Measurement and Use in

Pavement Management

M.Y, SHAHIN

This paper describes airfield pavement distress measurement and use pro-
cadures that were developed for the U.S. Air Force. The procadures have
been implemented by the U.S, Air Force and published by the Federal Avia-
tion Administration, Distress identification, distress data collection pro-
cadures, distress data processing, and distress data analysis and use in pave-
ment manag are dis d. The paper also describes the pavement
condition index (PCI), which is puted based on di type, severity,
and amount. The PCI is measured on a scale from 0 to 100, with 100 being
axcellent. Both the distress data and PCI provide an invaluable tool for
pavement evaluation, determination of maintenance and repair needs, and
management at both the project and the network levels.

The majority of existing airfield pavements is ap-
proaching their economic design life, so a great
need exists for pavement management. A primary com-
ponent of pavement management is pavement condition
evaluation. Figure 1 presents the major pavement
condition indicators (PCIs) for airfield pavements.
These indicators include roughness, skid resistance,
structural integrity and capacity, and the potential
for damage from foreign objects. Field experience
has shown that most of these condition indicators
can be measured through objective and accurate mea-
surement of distress. Figure 1 also shows how the
various distress types in asphalt pavements relate
to the various pavement condition indicators. Many
pavement engineers think that a distress survey
should be performed before a direct measurement of
the condition indicators (e.g., structural capacity)
is recommended.

This paper describes airfield pavement distress
measurement and use procedures that were developed
for the U,S. Air Force. The procedures have been
implemented by the U.S. Air Force and published by
the Federal Aviation Administration (FAA).

DISTRESS IDENTIFICATION
An accurate distress characterization should include

three parameters: distress type, severity, and
quantity. The lack of any of these parameters will

produce an unrepeatable and inconsistent distress
characterization. A comprehensive distress manual,
which identifies wvarious distress types in both
asphalt- and concrete-surfaced pavements, has been
developed for the U.S. Air Force (l). FAA has also
published the same manual in a technical report
(2). Figure 2 (1,2) is an example distress defini-
tion for rutting. For each distress type a descrip-
tion is provided that includes the possible causes
of distress. Three levels of severity are defined:
low, medium, and high. Photographs of each level of
severity are also provided. The use of the distress
identification manual has provided accurate and con-
sistent distress survey results.

DISTRESS DATA COLLECTION PROCEDURES

The first step in the distress data collection pro-
cedures is to divide the airfield pavements into
uniform features based on construction, condition,
and traffic. Figure 3 shows an airfield layout map
with pavements divided into features. For the pur-
pose of inspection each feature is divided into sam-
ple units. A sample unit is defined as approxi-
mately 5000 ft? for asphalt-surfaced pavements and
approximately 20 slabs for jointed concrete-surfaced
pavements, When the inspection is performed, each
sample unit may be surveyed or inspection may be
performed by sampling. For inspection by sampling,
both the number of sample units to be surveyed and
their locations should be determined. A procedure
to do so has been developed and used successfully
(1). The number of sample units to be inspected is
a function of the level of reliability desired in
the data collected. This in turn is a function of
the objective of the survey (i.e., whether the sur-
vey is performed for developing a project for that
pavement or only for the purpose of identifying the
overall condition of the airfield pavement net-
work). TIf the objective is the latter, then only a
few sample units may suffice; however, if the ob-
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jective is to use the distress information in devel-
oping a project, then more sample units should be
surveyed.

Figure 4 shows a field data sheet for asphalt
pavements that 1is used when surveying a sample
unit. The numbers shown in circles are the distress
types. In this example they are distress types 1
(alligator cracking) and 3 (block c¢racking). Under
each distress type the quantity of distress encoun-
tered is recorded, followed by the severity level.
For example, 20L indicates that there were 20 ft?
of low-severity alligator cracking. After the field
survey, the data are then totaled.

The distress data can be collected manually or by
using automated methods.

Manual Distress Collection

For manual distress collection the survey is per-

Figure 1. Relation between pavement condition indicators and distress types
for asphalt airfield pavements.
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formed by a crew that usually consists of two or
three persons. The crew walks the pavement and,
through the use of simple tools such as a measuring
wheel, straight edge or rope, and a ruler, identi-
fies the distress types and severities that exist in
each sample unit. The rope or straight edge is used
to determine depths of surface deformations such as
rutting and depression.

Automated Data Collection

The automated data collection procedures presented
here have been used in Japan for the last 10 years.
They have been developed by the Pacific Aero Survey
Company, Ltd. (PASCO) (3). Two systems are pre-—
sented here. The first is known as Road Recon-70.
The Road Recon-70 is capable of photographing pave-
ments at night while traveling at speeds of up to 45
mph. One advantage of using the system is that the
condition of the pavement is recorded on film for
future use and reference. The second system used by
PASCO is the Rut Depth-75 (RDP-75). The RDP-75
[Figure 5 (3)] is used to measure rut depth at pre-
selected intervals. It uses the same vehicle, power
source unit, power control unit, and camera support-
ing unit as the Road Recon-70. The RDP-75, however,
uses a pulse camera and a power source unit and
hairline projector that are all mounted on the vehi-
cle. The camera shutter intervals are correctly
controlled through the pulse signal transmission
device in accordance with the traveling speed of the
vehicle. The RDP-75 system is patented in the
United States and several other countries.

DISTRESS DATA PROCESSING

The distress type, severity, and amount collected
for each sample unit are used to compute PCI. The
PCI (Figure 6) is measured on a scale of 0-100, with

Fi . 'E le distress definition for rutting.
igure 2. Example distress definition for rutting S :

Description:

Severity Levels:

How to Measure:

Rutting

A rut is » surface depression in the wheel paths. Pavement uplift may occur along the
sides of the rut; however, in many instances ruts are noticeable only after a rainfall, when
the wheel paths are filled with water. Rutting stems from a permanent deformation in any
of the pavement lavers or subgrade, usually caused by lidation or lateral t of
the materials due to traffic loads, Significant rutting can lead to major struetural failure of
the pavement

Mean Rut Depth Criteria
Severity All Pavement Sections
L Y-V, inch (Figures A1-58, A1-59)
M >Y 1 inch (Figure A1-60)
H >1inch (Figures A1-61, A1-62)

Rutting is measured in square feet of surfuce area, ond its severity is determined by the
mean depth of the rut. To determine the mean rut depth, a strmightedge should be iaid
across the rut and the depth measured. The mean depth in inches gshould be computed from
measurements taken along the length of the rut.

Figure 3. Airfield layout showing -
different pavement features.
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Figure 4. Sample field data sheet

for asphalt pavements. DISTRESS TYPES

1. Alligator Crack 10. Patching

2. Bleeding 11. Polished Agg
3. Block Crack 12. Raveling
Existing Distress Types
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100 being excellent. It is computed by using the
concept of deduct values. A series of deduct values
has been developed for each distress type, as shown
in Figure 7. The deduct values for each distress
existing in the pavement are determined from such

Figure 5. Rut depth measurement system RDP-75 used by PASCO.
~ System chart of RDP-75
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Figure 6. PCI rating system.
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Figure 9. PCI calculation for sample unit.

DIST TYPE DENSITY % SEVERITY DEDUCT VALUE
Allig. Crack 1.0 L 21
Block Crack 20 L 10
Block Crack 3.0 M 16

Total = 47
Corrected = 26
PCl = 100-26 = 74

Figure 10. Extrapolated distress data for pavement feature.

PCl: Aversge PCI of Sample Units
Extrapolated Distress Data

DIST.TYPE SEV. QUANTITY DENSITY DEDUCT VALUE

Allig. Crack L 450 08 20
Block Crack L 2 10
Block Crack M 1500 6 20
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Figure 11. Example of computer output showing estimated cost based on distress data.
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Figure 12. Sample computer output of PCl versus time plot.
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Figure 13. Sensitivity analysis of PCI prediction model, which is function of
load, environment, and material thickness and properties.
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Figure 14. Relation between PCI, compiited based on structural distress
(PClstR), and C factor in U.S. Army Corps of Engineers design equation.
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curves and totaled for the sample unit. The total
deduct values are then corrected based on the number
of deducts over 5 points and the total value of the
deducts, as shown in Figure 8. Figure 9 is an ex-
ample PCI calculation for a sample unit. The PCI

.for a feature is determined by averaging PCIs of the

sample units inspected.

The distress for the feature is extrapolated
based on the distresses determined for the sample
units, as illustrated in Figure 10. To expedite the
process of PCI calculations for a sample unit and a
feature, a computer program has been prepared that
performs these calculations in a batch or interac-
tive mode. An important characteristic of PCI is
that it agrees closely with the collective judgment
of experienced pavement engineers. That was one of
the objectives of its development. Another impor-
tant characteristic is that it correlates closely
with the needed level of maintenance and repair.
This is particularly true because PCI is computed
based on the distress.

ANALYSIS AND USE OF DISTRESS DATA

The distress data and PCI play an important role in
pavement management at both the project level and
the network level. At the project level the dis-
tress data can be used to determine the causes of
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failure. The calculations below show that the sum
of deduct values due to alligator cracking (load
caused) is 20 and due to block cracking (climate
caused) is 30.

Percentage of deduct due to load = (20/50) x 100 = 40
percent

Percentage of deduct due to climate = (30/50) x 100 =
60 percent

The percentage of deduct value due to load and cli-
mate can be calculated as shown. The distress in-
formation can also be used to compute the cost of
localized repair such as patching and crack filling,
as shown in Figure 11. The figure shown is obtained
from the PAVER pavement management system (4-6).
The localized repair costs are computed based on
user's identified maintenance policy and unit cost
of repair. The program also computes the cost of
overlay if requested.

Another important use at the project level is the
determination of rate of deterioration, both for the
short term and for the long term. This can be ob-
tained by plotting the PCI versus time for the pave-
ment, as shown in Figure 12. The consequence of
various maintenance and repair alternatives 1is also
achieved through PCI. Special mathematical models
have been developed that correlate PCI deterioration
with existing pavement structure, traffic, and cli-
mate. Figure 13 is a sensitivity analysis on the
model for concrete pavement. The distress and PCI
data also provide necessary information for overlay
design. In the U,S. Army Corps of Engineers design
Equation 1, C factor is computed that reflects the
condition of existing pavement.

he = [h” - ChE]" P M
where
h, = required concrete overlay thickness;
h = designed concrete thickness for a new pave-
ment;
h, = thickness of existing concrete pavement;

= 2.0 for unbonded overlay, 1.4 for partly
bonded overlay, or 1.0 for fully bonded
overlay; and

C = 1.0 for existing pavement in good condition,

0.75 for existing pavement in fair condi-

tion, or 0.35 for existing pavement in poor

condition.

T
]

Shahin and Darter (7) have developed a method
with which the C factor can be more consistently de-
termined by using the PCI information. The relation
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between PCI computed based on structural related
distress only and the C factor is shown in Figure
14. Distress and PCI data are also very important
at the network level. Various uses have been sum-
marized by Shahin and Kohn (5). These include proj-
ect prioritization, inspection scheduling, predic-
tion of network condition, and budget planning.

SUMMARY AND CONCLUSIONS

A procedure for airfield pavement distress measure-
ment and use in pavement management has been pre-
sented. The procedures are implemented by the U.S.
Air Force and have been used by several states, in-
cluding Illinois and Texas. In conclusion, distress
provides invaluable information for management at
both the project level and the network level, It
is, however, important to emphasize that load-
carrying capacity, roughness, and skid should also
be considered, particularly at the project level.
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