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ABSTRACT 

The pavements at Dulles International Airport were the subject of a comprehen
sive pavement management study. The study consisted of data collection, pave
ment evaluation, and long-term pavement rehabilitation development. Data col
lection included detailed visual surveys, nondestructive testing, and materials 
characterization. ,The existing condition of the pavements was evaluated to 
determine the cause of the deterioration and to predict future condition and 
end of service life. A cost-effective rehabilitation program was established to 
maintain the pavements in acceptable condition for safe aircraft operations. 

All major airfield pavement elements at Dulles In
ternational Airport were the subject of a comprehen
sive evaluation study. The objectives of the study 
were to (a) update a previous 1978 pavement evalu
ation (..!.), (b) establish the rate of deterioration 
and predict the remaining service life of the air
field pavements, and (c) formulate a pavement reha
bilitation and maintenance program including an es
timated timetable and cost estimate. 

The evaluation study was composed of two phases-
a 1982 airfield pavement evaluation (2) and a 1984 
airfield pavement evaluation (3). The overall evalu
ation study consisted of data collection, pavement 
evaluation, and long-term pavement management. The 
1982 airfield pavement evaluation was the more 
thorough of the two evaluations. The purpose of the 
1984 evaluation was to provide data to validate or 
adjust the 1982 evaluation. A previous evaluation of 
the Dulles International Airport pavements was per
formed in 1978. Data from that evaluation were in
corporated into this evaluation study. 

Essentially all of the pavements at Dulles Inter
national Airport were constructed at the same time 
by the same contractor with the same design detail 
and materials. Nevertheless, various pavements on 
the airfield have deteriorated at different rates. 
By establishing a comprehensive record of pavement 
conditions in 1978, and adding the data from the 
1982 and 1984 evaluations, causes for these varying 
rates were uniquely determined. This paper presents 
the evaluation process, the conclusions of the eval
uation, and how those conclusions were used to for
mulate the pavement rehabilitation program, and the 
long-term pavement management program. 

SCOPE OF WORK 

All the airfield pavements at Dulles Airport were 
surveyed. The most heavily trafficked pavements were 
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subjected to a detailed survey consisting of de
tailed visual surveys and nondestructive testing 
(NDT) as shown in Figure 1. The remaining pavements 
were given a visual cursory survey to determine if 
major distress was observed. The pavements of the 
detailed survey are the subject of this paper. 

The 1982 airfield pavement evaluation consisted 
of (a) a record review, (b) visual surveys using the 
Pavement Condition Index (PCI) over the entire pave
ment network, (c) NDT using the WES 16-kip vibrator 
(developed at the U.S. Army Corps of Engineers' 

Waterways Experiment Station) and the Falling Weight 
Deflectometer (FWD), (d) a detailed traffic analysis 
to determine traffic patterns as well as historic 
and future traffic volumes, and (e) pavement life 
predictions. From this evaluation, five rehabilita-

F1GURE 1 Pavements subjected to detailed survey. 
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tion programs were developed as feasible methods for 
future pavement management. 

The 1984 airfield pavement evaluation was an 
abridged version of the 1982 evaluation. PC! visual 
surveys were only conducted on approximately om!
third of the pavement; the amount of NDT, using the 
WES 16-kip vibrator only, was reduced by one-half, 
and traffic analysis was limited to revising future 
traffic projections. The pavement life predictions 
were examined to see the impact of the new data. One 
of the five rehabilitation alternatives was devel
oped into a recommended program. The 1978 airfield 
pavement evaluation had coneieted of cataloging of 
the pavement distress; NDT using the WES 16-kip vi
brator and Dynaflect; a detailed traffic analysis; 
destructive testing consisting of coring, material 
sampling, anC. material tQ:;ting; u.nd pavement life 
predictions. An overall rehabilitation program was 
also proposed. 

RECORD REVIEW 

The first stage of data collection was to obtain all 
known information on the pavements. From as-built 
drawings; conversations with the airport engineering 
staff, and the 1978 pavement evaluation, information 
was obtained regarding typical pavement sections, 
thicknesses, panel sizes, subsurface information, 
material properties, pavement maintenance, and skid 
resistance. 

Construction of Dulles International Airport was 
begun in 1958. The airport was opened to traffic in 
1962. Since then, the only major improvement to the 
airfield pavement was expansion of the jet ramp in 
1976. None of the pavements has been reconstructed. 
The pavements subjected to traffic consist of plain 
15-in. portland cement concrete (PCC) on 9 in. of 
crushed stone with a typical panel size of 20 by 25 
ft. The outer 50 ft of the runways taper to 12-in. 
PCC pavement. The runway joints are typical of air
port construction. The first longitudinal construc
tion joint from the edge of pavement is keyed with 
bars. All other longitudinal joints are keyed. Only 
the transverse contraction joints located within the 
first 600 ft of the runway have dowel bars. The 
taxiway joints consist of doweled transverse joints 
and keyed longitudinal joints with tie bars. The 
tower ramp consists of 9 in. of PCC pavement on 4 
in. of crushed stone. Material properties were eval
uated during the 1978 pavement evaluation. (Note 
that material properties are discussed elsewhere in 
this paper.) 

Past maintenance activity has included full-depth 
slab replacement, slab jacking of octtled pavement, 
shoulder repair, partial depth spall repair, and 
crack and joint sealing. Maintenance personnel at 
Dulles perform all maintenance that is not labor
intensive. This includes some full-depth pavement 
repair, all partial depth repair, and most crack 
sealing programs. (The annual number of man-hours 
spent working on maintenance is equivalent to the 
number of hours worked by two full-time employees. ) 
The runways were grooved in 1979. The skid resis
tance of the runways has been tested since 1981 with 
the MU-Meter. Friction data have been used to moni
tor rubber build-up. 

VISUAL SURVEYS 

Visual surveys consisted of Pavement Condition Index 
(PC!) surveys, crack surveys, and cursory surveys. 

PC! surveys consist of identifying the ty~e, lo
cation, and severity of pavement distress in confor
mance with the procedure outlined in Federal Avi-
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ation Administration (FAA) Advisory Circular 
150/5380-6 Ii>· The procedure assumes that new pave
ments have a PCI of 100. Deduct values are assigned 
to each observed distress, then added together and 
subtracted from 100 to determine the PC! value, in
dicating the condition of the pavement. 

The amount of structural cracking in each feature 
was obtained by counting each slab that was cracked 
(longitudinal, diagonal, transverse, or shattered) 
or had previously been replaced. It was assumed that 
panels were replaced because of severe cracking. 
Th is information was recorded while conducting the 
PC! eui:vey. If the gample u11iL was noL sul.Jjt!CLt!<.l Lo 
a PCI survey, it was surveyed for cracked panels. In 
addition, sample units not subject to the PC! survey 
were cursorily examined to verify that they were 

ments not subjected to frequent aircraft loadinqs 
and heavy traffic were cursorily inspected to deter
mine if any major problems existed. 

The 1982 visual survey consisted of a 100 percent 
PC! survey of the heavily trafficked pavements and a 
cursory survey of all other pavements. All sample 
units were subject to a PCI survey. The detailed 
visual survey included a total of 1,073 sample units 
with PC! values that "Jar ied from a low of 0 to a 
high of 98. 

The 1984 visual survey consisted of a statistical 
PC! survey, crack survey, and cursory survey. The 
PCI of the airfield pavement features was determined 
using the random sampling techniques outlined in FAA 
Advisory Circular 150/5380-6. Instead of surveying 
100 percent of the sample units, only a portion of 
the sample units was surveyed. The number of sample 
units surveyed was based on the total number of sam
ple units, standard deviation of 1982 PC! data, and 
allowable error. The detailed visual survey included 
a total of 350 sample uni ts. The remaining sample 
uni ts were subject to a crack survey as well as a 
cursory survey. 

Observed Distress 

Pavement distress types at Dulles include both traf
fic and nontraffic load-associated distress. Traffic 
load distress consists of longitudinal, transverse, 
and corner cracking in the center two panels of the 
runway and all three panels of the taxiway; pumping; 
and keyway failure. The major nontraffic distress 
consists of shrinkage and curling stress cracking, 
or both; settlement and cracking over utility 
trenches; crazing; and straining from water seepage. 

Shrinkage and curling cracks are caused when the 
stress created by the fresh-shrinking co·ncrete is 
greater than the concrete strength, or nonuniform 
expansion of the top and bottom of the concrete as a 
result of a difference in temperature or moisture. 
These cracks were found in the outer runway slabs 
(12 in. in thickness), in the center taxiway panel, 
and in panels with paint stripes as shown in Figure 
2. (Note that in Figure 2, the cracks have been 
sealed by airport maintenance crews.) The paint 
stripes are the touchdown zone markers, located in 
the outer 37.5 ft of pavement where the panel sizes 
are 20 by 25 ft and pavement thickness is 12 in. 
Crazing may have been caused by overfinishing the 
concrete or improper curing. The crazing was not 
observed to deteriorate with time and, therefore, is 
not a major concern in the future. Pumping and 
staining were predominant sources of distress on the 
jet ramp. Except in the heavily trafficked areas, 
few signs of base material pumping through the 
cracks were observed. It was thus concluded that the 
water flowing out of the joints was due to natural 
springs or roof leakage and should be referred to as 
staining. 
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FIGURE 2 Paint stripe cracking caused by pavement curl. 

Pavement Condition 

The PCI sample uni ts were combined into features 
based on PCI values 1 traffic; and use of the pave
ment (runway, taxiway, or ramp). The PCI features 
and their values are shown in Figure 3. 
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FIGURE 3 1982 PCI values for each feature. 
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Based on the 1982 and 1984 visual surveys, the 
following conclusions were made: 

l. Pavement deterioration is primarily aircraft 
load-associated (the concrete itself is sound). 

2. Although significant amounts of nontraffic
associated distress were observed, these distresses 
did not significantly affect pavement deterioration. 

3. Pavements used by departing traffic are in 
the worst condition. 

4 . There was no correlation between PCI and cut
fill of the subgrade, nor between PCI and elevation. 

5. The ends of the runway have lower PCis than 
the center. 

6. overall condition of the airfield pavements 
is good, although some severely deteriorated sec
tions exist. 

NONDESTRUCTIVE TESTING 

NDT was used to determine the effective support of 
the pavement slabs, the efficiency of load transfer 
across a joint, and the presence of voids under a 
slab. The NDT equipment included the WES 16-k ip vi
brator and the FWD. The WES 16-kip vibrator was used 
in the 1978, 1982, and 1984 evaluations, and the FWD 
was used only in the 1982 evaluation. 

W1 

W2 
TOWER E2 El 19L 

1R 
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All pavements subjected to the detailed visual 
surveys were tested with the NOT equipment. (Note 
that the NOT test locations were the same for all 
three evaluations,) Runways were tested in the cen
ter 50 ft of the runway. Panels were tested at the 
ceulet of vanel and transverse joint locations every 
250 ft. Taxiways were tested in the center slab with 
a pattern of center of panel and transverse joint 
tests in one panel and corner and longitudinal joint 
tests in the panel 100 ft away. This pattern was 
repeated every 400 ft, In 1982, the FWD tested the 
same runway and taxiway slabs, but all four loca
tions (center of panel, trnnRvPrRP joint, lonl)itudi
nal joint, and corner) were tested. In 1984, the 
testing program was reduced to center of slab tests, 
and, following every fifth slab test, the transverse 
j oint was tested. 

The NOT data from each evaluation were tabulated 
and analyzed using the same procedures, and were 
compared to the ,other evaluations. 

The WES vibrator deflection data from Sensor 1 
was analyzed by dividing the pavement into similar 
sections a ccording to criteria given in FAA Advisor y 
Circular 150/5370-11 (_2_) • These pavement sect i ons 
have similar deflection values and are statistically 
different than adjacent pavement sections. 

The average center-of-slab deflections for the 
sections have increased during the 6 years. The av
erage deflection of all pavements increased 11 per
cent between 1982 and 1984 and 31 percent between 
1978 and 1984. However, there were no significant 
changes in center-of-slab deflection between 1982 
and 1984 for all three runways and heavily used 
taxiways. Changes in deflections indicated a reduc
tion in subgrade support, possibly from increased 
moisture content. 

The joints at Dulles Airport have joint-to-mid
span r at i o and load transfer values that are typical 
of p avements with good load tra ns fer. In general, 
joint-to-midspan ratios are 1.4 or less and deflec
tion load transfer values are in excess of 70 per
c ent (unloaded side deflection/loaded side deflec
tion x 100). No significant deterioration of the 
joint load transfer condition has occurred over ~he 

6 years of testing. 
The deflection sections of the three NOT programs 

delineate the same areas of pavement, although the 
boundary lines may shift slightly with each testing 
program. The center slab deflections section corre
late well with cut-and-fill subsurface conditions . 
The average center-of-slab deflection was calculated 
for each PCI feature. Between 1982 and 1984, no re
lationship was found between change in center-of
slab deflection and change in PCI. This result is as 
expected because center-of-slab deflection does not 
change until after cracking has occurred. Deflection 
profiles, plotted from the three NOT testing peri
ods, all show similar highs and lows, The 1984 de
flections are typically the highest values of the 
three testing periods. 

MATERIAL CHARACTERISTICS 

Structural analysis of the pavement requires deter
mination of several material properties. The modulus 
of elasticity of PCC slab, modulus of subgrade sup
port (or k-value), modulus of rupture of the PCC 
slab, thickness of the PCC slab, and load transfer 
of the joints are required in the calculation of 
critical slab stresses from aircraft loads. These 
values were determined using core data from the 1978 
study and the NOT deflection test results along with 
the ILLISLAB finite element computer program devel
oped at the University of Illinois for the FAA (.§_). 
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The pavement can be accurately characterized by 
"backcalculating" the k-value of the foundation and 
the modulus of elasticity of the PCC from the mea
sured deflection basin. From the NOT data, the area 
of the deflection basin was calculated. The plot 
shown in Figure 4 was then developed over a reason
able range of modulus of e l asticity and k-values 
until the average area and maximum center of deflec
tion of the pavement is bounded using the ILLISLAB 
program. The results showed the dynamic modulus of 
elasticity of the PCC slab to be close to the 5. 4 
million psi measured from the cores in 1978. Thus, 
5.4 million pRi waR used for the PCC slab dynamic 
modulus of elasticity. 
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FIGURE 4 Illustration of determination of 
Epcc and K-value for tower ramp. 

The k-values for each feature were determined 
from deflections at the center of the slab. The 
largest k-values can be shown to be located at areas 
where the depth to bedrock was shallow (i.e., 2-5 
ft.). These k-values are not the conventional static 
plate load k-values because they were computed using 
a dynamic load from the FWD and the WES 16-kip vi
brator. The static value may be estimated by divid
i nlJ these values by approximately 2 to 3. 

The modulus of rupture can be approximated several 
different ways such as using the dynamic modulus of 
elasticity of the PCC, the indirect tensile strength 
of the cores, the compressive strength of the cores, 
or the measured modulus of elasticity of the con
crete cores. ERES Consultants, Incorporated, of 
Champaign, Illinois, developed an approximate rela
tionship between the dynamic (or sonic) modulus of 
elasticity (E) and the conventional third point mod
ulus of rupture (MR) using data from the u.s. Army 
Corps of Engineers Cl>· The average modulus of rup
ture of the PCC is estimated as 

MR = 209 EO' 736 (1) 

Thus, the average modulus of rupture for a modulus 
of elasticity of 5.4 million is 723 psi. 

A similar estimate is obtained by using the re
sults of the four compressive-strength (CS) tests 
and the conventional relationship between CS and 
modulus of rupture (MR). This can be expressed as 
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MR = 9 cs0 •5 

From 4-in. diameter cores, the average indirect 
tensile strength was found to be 614 psi, which is 
0.85 of the 723 psi mean modulus of rupture. Thus, 
an estimate of the modulus of rupture for each fea
ture where cores were taken can be obtained by di
viding the indirect tensile strength by 0.85 to ob
tain an estimate of the modulus of rupture for that 
feature. 

TRAFFIC 

The last phase of data collection involved o.btaining 
information on aircraft traffic. Several sources of 
data and existing traffic studies were reviewed to 
develop a projection of traffic volume, aircraft 
mix, and aircraft ground traffic patterns over the 
next 20 years for use in this study. Sources of in
formation included the 1978 pavement evaluation1 
metropolitan Washington airport policy--aviation 
forecast1 Peat, Marwick, Mitchell & Company fore
casts 1 Jet ramp schedules for fall, 1982; a Civil 
Aeronautics Board report1 and discussions with air
port staff (!_,.!!,-11). (Note that traffic projections 
used for the 1978 study were based on the 1977 Peat, 
Marwick, Mitchell forecast. Projections used for 
this study are based on the 1983 Peat, Marwick, 
Mitchell forecast.) Pavement stress analysis indi
cated that an aircraft with a gross weight less than 
the DC-9/737 category would induce stresses well be
low a magnitude that would materially contribute to 
fatigue damage. 

Airport ground traffic patterns were established 
by reviewing historic data and discussion with the 
airport operating staff. After determining runway 
and ramp patterns, traffic utilization was assigned 
to the connecting taxiway system. There were dis
cernible differences in runway, taxiway, and ramp 
utilization for the various weight categories of 
aircraft. Aircraft were therefore grouped into the 
following weight categories for traffic distribution: 

Weight 
Heavy 
Medium 
Light 

Category 
747, DC-10, Ll0-11, DC-8, 707, SST 
727 
DC-9, HE-748, DASH-7, 737, CV-580 

Past and future traffic volumes, by aircraft 
type, were calculated for each pavement feature for 
use in fatigue damage determinations. Fatigue damage 
predictions were developed by first correlating only 
historic traffic at the airport to existing pavement 
distress. It became apparent that observed distress 
density and location correlated best when only his
torical departures were considered. This was partic
ularly true for the longitudinal center of runways 
where take-off and landing operations overlapped. 
Two factors contribute to the correlation of pave
ment deterioration and departing aircraft traffic 
patterns. They are as follows: 

1. Departing aircraft are significantly heavier 
than arriving aircraft. The heavier wheel loads 
cause far more fatigue damage than the lighter wheel 
loads. 

2. Most loading within the longitudinal center 
of the runway (where the path of landing and depart
ing aircraft overlap) is a relatively high-speed dy
namic load, which results in much less fatigue dam
age than the slow-moving departure aircraft at the 
runway ends. 
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PAVEMENT LIFE PREDICTIONS 

The pavement evaluation phase consisted of evalu
ation of the collected data and prediction of re
maining pavement service life. The collected data 
were analyzed to determine the cause of the deterio
ration. various explanations were found including 
construction technique, design, environmental fac
tors, and traffic loadings, with traffic pinpointed 
as the most significant cause for pavement condition 
deterioration. 

The remaining life of the pavement features was 
estimated using three approaches. The first approach 
considered only the structural fatigue life of the 
slabs by predicting the amount of slab cracking. Re
petitive loading will cause initial slab fatigue 
cracks. With additional loading, the cracks will 
continue to develop and deteriorate at an increased 
rate. The second approach involves the PCI, which 
includes all distress types--not just cracked slabs-
using a straight-line prediction technique. The 
third approach related PCI to traffic and material 
characteristics using regression techniques. Graphic 
representation of the approaches is shown in Figure 
5. 

To determine the useful life of a pavement,· cri
teria for pavement failure must be established. For 
this evaluation, failure criteria were based on 
structural cracking and minimum PCI values. Struc
tural cracking refers to the percentage of slabs 
cracked as a result of loading. Failure criteria for 
structural cracking was defined as 50 percent cracked 
slabs, a value commonly considered as failure among 
engineers. 

For failure criteria based on PCI value, two min
imum PCI values were selected. The two levels repre
sent the range of PCI values over which rehabilita
tion is normally required. The higher level, high 
pavement quality, is a condition where rehabilita
tion occurs before user complaints and heavy mainte
nance. The lower level, acceptable pavement quality, 
is the condition where rehabilitation occurs after 
or just as the pavement requires substantial mainte
nance effort and considerable user complaint. 

The minimum PCI values for the end of service life 
as defined in this evaluation are shown in the fol
lowing table: 

PCI Level to PCI Level to 
Maintain High Maintain Acceptable 

Location Pavement Qualit:X: Pavement gualit:x: 
Runways 70 55 
Taxiways 60 40 
Ramps 50 40 

These values were established from evaluating the 
existing airfield pavements. 

PCI Life Prediction Anal:x:sis 

Two pavement life predictions were developed from 
PCI data. The first procedure assumed that all pave
ments had a PCI of 100 at the completion of original 
construction. The current PCI of each pavement fea
ture was calculated from distress data observed dur
ing the visual surveys. An average annual loss of 
PCI before the survey was calculated and the future 
annual loss of PCI was extrapolated at the same 
rate. However, straight-line extrapolation is a sim
plistic procedure and is valid only in the higher 
PCI ranges and for nontraffic load pavement features 
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FIGURE 5 Three approaches to pavement life prediction. 

where deterioration is normally a gradual, slow pro
cess. 

The second life prediction procedure based on PCI 
r elates the PCI to fatigue damage. As previously 
discussed, the varied traffic history and pavement 
distress for the individual pavement features can be 
used to relate pavement deterioration to traffic 
loadings. The current PCI and traffic history were 
determined for each pavement feature. Mathematical 
models were developed by regression techniques to 
closely approximate the historic rate of pavement 
deterioration. The procedure that best fits actual 
conditions included separate equations for runways , 
taxiways, and ramps. The models developed for pave 
ment life prediction are as follows: 

PCI = 83.567 - 0.00033 [r(cr/MR) 4•0 • DEPARTURES) 
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PC! 78.35 - 0.000436 1rccr/MR)2. 5 • DEPARTURES) 

PCI 6.531 [r(cr/MR)4.0 • DEPARTURES]-1.2847 

where 

cr = critical stress induced by each in
dividual aircraft, in psi, 

MR modulus of rupture of concrete of 
pavement feature, in psi, and 

DEPARTURES total departures by each indiv idual 
aircraft. 

Fatigue Cracking Analysis 

This procedure predicts the percentage o f struc
turally c rackPn pnu1?ment p~!"!e ls over the =~=l~lsi s 

period based on the Miner 's fatigue damage number. 
Laboratory and field pavement studies have shown 
that pavement panel cracking and the cumulative fa
tigue damage number can be represented by an s
shaped curve on a log-nor mal plot. The shape of the 
curve indicates that cracking begins slowly but then 
accumulates rapidly before slowing down after a 
l~rge percentag e of s labs ar e c Lackt::d . Tbe s hape o f 
the S-curve was determined for the Dulles pavements 
by analyzing the wide range of past traffic and the 
correspondi ng obser ved cracking of the different 
pavement features . 

Remaining Service Life 

The remaining service life for a pavement was deter
mined by summarizing the three approaches to pave
ment life. From the three approaches, an end-of-ser
vice-life date for the pavement was selected (by 
'time phase) that best represents when rehabilitation 
will be required. The estimated time phases for re
habilitation were grouped into five categories as 
shown in the following table. 

Time 
Duration 

Ca t e9or:£ (:i;'.r) Calendar Years 
Immediate 2 1984 and 1985 
Short term 3 1986 through 1988 
Medium term 5 1989 through 1993 
Long term 10 1994 through 2003 
Future Beyond 2003 

The analysis period of 20 years was divided into 
four periods, each subsequent period having a longer 
time span. The reaoon for this distribution of time 
is that reliability of pavement life predictions de
crease with further projections into the future. (A 
visual picture of the end-of-service-life time 
phases to maintain acceptable pavement quality is 
shown in Figure 6.) 

PAVEMENT MANAGEMENT 

The goal of pavement management is to develop an 
economical pavement rehabilitation program, includ
ing its priorities, that maintains or improves the 
overall pavement condition. The objective of pave
ment rehabilitation is to provide a pavement system 
that has adequate load-carrying capacity, that has 
good rideability, and that permits safe operation of 
aircraft under all weather conditions. 

As part of the 1982 pavement evaluation, five 
different rehabilitation programs were developed for 
Dulles International Airport. In each program, the 
pavement rehabilitation involved one, two, or three 
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FIGURE 6 Time period for rehabilitation to maintain 
acceptable pavement quality. 

rehabilitation t_echniques. These techniques are re 
construction, restoration, and maintenance. The spe
cific rehabilitation technique for a feature was 
selected based on the existing and future pavement 
condition as depicted by visual distress surveys, 
NOT, and pavement service life projection. The five 
rehabilitation programs were evaluated by consider
ing initial construction cost, annual maintenance 
cost, average PCI during the next 20 years, number 
of features closed to traffic (if no additional re
habilitation were to occur), disruption to traffic, 
traffic control flexibility, and other criteria. 

The five rehabilitation programs were developed 
to meet a variety of funding levels and rehabilita
tion techniques. The following characteristics ex
isted for each rehabilitation program: (a) specific 
rehabilitation techniques were selected for each 
featurei (b) the priority of the rehabilitation 
projects was determined based on projected end of 
service lifei (c) the overall pavement quality was 
proportional to the program costi and (d) the vary
i ng funding levels provided a range of possibilities . 

SUMMARY 

In summary, the five rehabilitation programs were as 
follows: 

Alternative 1: Overlaying of all airfield pave
ments during a 5-year period. 

Alternative II: Reconstruction of all features 
that reached end of service life (high-quality pave
ment) during the next 10 years. 

Alternative III: Restoration of all features that 
reach end of service life (high-quality pavement) 
during the next 20 years, and reconstruction of 
those features in which restoration was not pro
jected to extend service life longer than 5 years. 

Alternative IV: Restoration of all features that 
reach end of service life (acceptable quality pave
ment) during the next 20 years, and reconstruction 
of those features in which restoration was not pro
jected to extend service life longer than 5 years 
(Figure 7). 
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FIGURE 7 Alternative IV rehabilitation program. 

Alternative V: Continued maintenance and slab re
placement. 

The cost of implementing each program was esti
mated by predicting the type and extent of work com
pleted each year of the program, and by modifying 
construction costs to include engineering, inspec
tion, administrative costs, and inflation . 

Annual maintenance costs were estimated using the 
cost of present maintenance and increasing or de
creasing cost based on rehabilitation, inflation 
cost, and pavement condition. The pavement condition 
was projected over the next 20 years. The average 
PCI projection reflects improvements to pavement 
condition and projected deterioration as a result of 
the environment and traffic after completion of the 
program (Figure 8). On completion of the 1984 evalu
ation, and following discussions with FAA and Dulles 
personnel, one of the rehabilitation programs was 
modified into a rehabilitation strategy to be fol
lowed at Dulles Airport. 

The 1984 rehabilitation strategy was developed 
with the following guidelines: 

1. Funding is not presently available to imple
ment Alternatives I, II, and III. 

2. Alternative V is not desirable because of 
high maintenance costs and possible future closure 
of features for maintenance. 

3. As a minimum, Alternative IV should be imple
mented (except that the reconstruction would be de
layed by initiating a restoration program now). 

4. Restoration work would be contracted out as a 
result of the magnitude of work. 

A detailed work program was developed for each of 
the next 10 years. 

CONCLUSIONS 

The following conclusions are made: 

1. The pavement features at Dulles Interna
tional Airport, all constructed at the same time by 
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FIGURE 8 Projected mean PCI for all features for alternative rehabilitation programs I to V. 

the same contractor and with the same design detail 
and materials, are deteriorating at different rates. 

2; Both load-associated and nontraffic-associ
a ted dis tresses were identified. However, pavement 
condition deterioration is largely a result of load
associated distress. 

3. Pavements used by departing aircraft are in 
the worst condition. 

4. Pavements subjected to static traffic load
ing such as aprons, deteriorate at a faster rate 
than pavements subjected to the same amount of mov
ing traffic, such as runways or taxiways. 

5. The historic rate of pavement deterioration 
was closely correlated to fatigue damage, which was 
a function of stress induced by each individual air
craft, the modulus of rupture of concrete, and the 
volume of departing aircraft. 

6. The PCI is a valuable tool for evaluating 
the existing condition of the pavement. 

7. NDT is a valuable tool for rapidly charac
terizing properties of the pavement materials and 
determining joint load transfer. 

8. Three separate methods were used to predict 
pavement service life. Al though the exact year pre
dicted at the end of the service life varied with 
each prediction method, the end of service life for 
each feature could be represented by a time phase 
for rehabilitation. 

9. The three methods used to predict pavement 
service life all identified the same features with 
service lives of less than 10 years. Both PCI and 
cracking projections are useful in estimating re
maining pavement functional and structural life. 

10. Rehabilitation programs must be developed to 
meet various funding levels and maintenance commit
ments for overall pavement management. 

11. Normal maintenance procedures at Dulles In
ternational Airport will not be capable of control
ling future pavement deterioration. 

12. To maintain the airport pavement network at 
its current average PC! condition over the next 20 
years, an increase in funding of maintenance and re
habilitation activities must be obtained. 

13. Pavement service life projections are depen
dent on traffic projections. Major changes in traf-

fie will have significant impact on remaining pave
ment service life. 
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Comparing Different Strategies for Selecting 
Pavement Sections for Major Repair 

D. R. UZARSKI and M. I. DARTER 

ABSTRACT 

The U.S. Navy Public Works Center (PWC), which is located in Great Lakes, Illi
nois, successfully completed implementation of the PAVER Pavement Maintenance 
Management System in September 1902. As part of the implementation, a priority 
scheme for the selection of pavement sections needing major repair was created. 
The scheme developed was a "worst-first" priority strategy based on pavement 
condition and rank. A shortcoming to this scheme, however, is that cost and 
benefit of repair are not considered as criteria. Accordingly, the effects of 
incorporating cost and benefit criteria as additional parameters to be used in 
the selection of pavement sections for major repair are studied in this paper. 
Six strategies are compared--(a) do nothing, (b) use the existing priority 
scheme, (c) use a revised priority scheme that takes cost into account, (d) 
repair when nee.ded, (e) use section benefit-cost optimization with variable 
utility, and ( f) use section benefit-cost optimization with constant utility. 
The results concluded that by revising the priority strategy or by using bene
fit-cost optimization techniques, an improved network condition can result at a 
lower overall cost. 

The PAVER Pavement Maintenance Management System 
(_:!,_,~),which was developed by the U.S. Army Corps of 
Engineers at the Construction Engineering Research 
Laboratory in Champaign, Illinois, is gaining wide
spread acceptance throughout all branches of the 
military service and in civilian communities as well. 
Where implemented, public works managers have found 
PAVER to be a valuable tool in managing their pave
ment network. 

Pavement management is accomplished at two dis
tinct levels--network and project--and each involves 
many specific tasks. A major task at the network 
level is the selection or programming of candidate 
pavement sections for major maintenance repair and 
rehabilitation. Because repair needs almost always 
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M.I. Darter, Department of Civil Engineering, Uni
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exceed available funds, the engineer is tasked with 
deciding which sections will be repaired in a given 
year and which sections will be deferred to future 
years. Studied in this paper are the effects of 
employing different selection strategies on both 
overall network condition and the overall cost for 
repairs. 

BACKGROUND 

The U.S. Navy Public Works Center (PWC), which is 
located in Great Lakes, Illinois, successfully com
pleted implementation of the PAVER Pavement Mainte
nance Management System for the Naval Training Center 
(NTC) (also located in Great Lakes) in September 
1982. The implementation was accomplished via an 
architect-and-engineer (A&E) contract with the con
tractor and the Navy working in close harmony. One 
of the implementation tasks was the development of a 
priority scheme for selecting pavement sections 
needing major repair. The scheme ultimately adopted 
is shown in Figure la and the reverse of this scheme 




