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This paper presents a comprehensive procedure for the evaluation of the 
condition of an airfield pavement and the determination of its mainte
nance and rehabilitation needs. The overall procedure consists of three 
steps: The first is the determination of the airfield-pavement-condition 
rating based on a pavement-condition index. This index is a score be
tween 0 and 100 that describes the structural integrity of the pavement 
and its surface operational condition and is based on measured types, 
severities, and amounts of distress . The index, and hence the pavement
condition rating (Le .. excellent, very good, good, fair, poor, very poor, 
or failed), agree.s closely with the collectlvejudgment of experienced 
pavement engineers and is strongly correlated to the need of the pave· 
ment for maintenance and rehabilitation. The second step is the evalua
tion of the pavement through a stepwise procedure. The purpose of the 
evaluation is to provide the necessary background for a rational deter· 
mination of feasible maintenance and rehabilitation alternatives. The 
stepwise evaluation procedure depends largoly on the pavement-condition
index and distress date but other direct measurements, such as profile 
roughness, hydroplaning potential, and load-carrying capacity, are also 
included. The third step is the determination of the optimum mainte
nance and rehabilitation alternative. Feasible alternatives are deter-
mined through the use of guidelines that are based on the results of the 
stepwise evaluation and include recommended methods for the localized 
repair of different types of distress at different levels of severity. After 
the feasible alternatives are identified, an economic analysis is per-
formed . The optimum alternative is selected besed on the results of the 
economic analysis, the mission of the pavement, and the policies of the 
airfield management. The procedure is illustrated by an example. 

The first step in determining the maintenance and reha
bilitation (M&R) needs of and alternatives for a given 
pavement feature is an accurate and comprehensive eval
uation of its existing condition. 

The condition of an airfield pavement can be evaluated 
in terms of factors called condition indicators; compre
hensive pavement-condition evaluation requires the mea
surement of these condition indicators, which include at 
least the following: 

1. Q>erational surface indicators: (a) roughness 
(both localized and profile roughness), {b) skid resistance 
and hydroplaning potential, and {c) potential for foreign 
object damage (FOD) (to jet engines); 

2. Structural indicators : {a) structural integrity 
{cracking, distortion, and disintegration) and {b) load
carrying capacity; and 

3. Other indicators: (a) rate of deterioration and (b) 
amount of previous M&R applied. 

Many of these condition indicators are interrelated; for 
example, surface distortion and disintegration are re
lated to surface roughness. A complete condition evalu
ation requires the consideration of each condition indi
cator individually and of all the indicators collectively. 

Most of these pavement condition indicators are re
lated to observable pavement distress, as ·shown in Fig
ure 1 (for asphalt-surfaced pavement); there is a similar 
correlation for rigid pavements (1). In most cases, the 
observable pavement distress gives a good indication of 
pavement condition: FOD potential structural integrity, 
roughness (short wave lengths only~, and rnte of detel'io-

ration can be determined in this manner. 
In this paper, the development is described of a com

posite index that relates airfield pavement cracking, dis
tortion, and disintegration. The index, which is known 
as the pavement-condition index (per) has been officially 
adopted and is being used extensively by the U.S. Air 
Force. The PCI is a score between 0 and 100 that agrees 
closely with the average rating (collective judgment) of 
experienced pavement engineers and is strongly related 
to the need for M&R. 

The stepwise evaluation procedure presented in this 
paper is based on the use of the PCI, distress data, rate 
of deterioration, and other direct measurements (such as 
skid potential and profile roughness>. The PCI and dis
tress data were selected as the basis for the evaluation 
because they showed strong correlations with M&R needs. 
Guidelines for identifying feasible M&R alternatives 
based on the results of the evaluation are presented. The 
selection of the optimum M&R alternative should be based 
on economics, pavement mission, and management 
policies. 

The application of these procedures is illustrated for 
a plain-jointed concrete runway in Illinois. 

PAVEMENT- CONDITION INDEX 

Description 

The PCI is a numerical indicator of pavement condition 
that is directly related to the structural integrity of the 
pavement (its ability to resist fracture, distortion, and 
disintegration) and its surface operational condition. The 
PCI is a function of (a) type of distress (T 1); (b) severity 
of dist1·ess (S ,) , such as width and degree of spallinis of 
cracks or depth of ruts; and (c) density of distress (D1), 

which is the percentage of the area of the pavement that 
is distressed. The development of a meaningful condi
tion index requires the inclusion of all three of these dis
tress characteristics. The PCI is expressed mathemat
ically as follows: 

where 

(I) 

C = constant that depends on desired maximum 
scale value; 

a( ) = deduct weighting value that depends on Tu SJ, 
and D1J; 

i = counter for types of distress; 
j = counter for levels of severity; 

p = total number of types of distress for pave
ment type under consideration; 

m 1 = number of severity levels on the i th type of 
distress; and 

F(t, q) =adjustment function for multiple distresses that 
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varies with total summed deduct value (t) and 
number of deducts (q). 

The development of the PCI consisted of defining the 
types of distress and the levels of its severity (2) and of 
developing the individual distress deduct curves and an 
adjustment function for multiple-distress corr ection (~. 

Determination of Pavement-Condition 
Index of a Pavement Feature 

A pavement feature is defined as a portion of pavement 
that (a) has consistent structural thickness and materials, 
(b) was constructed at one time, and (c) is subjected to 
the same type and approximately the same number of 
traffic repetitions. 

The PCI of a given .pavement feature is determined by 
carrying out the following s teps (see Figure 2): 

1. The pavement feature is first divided into sample 
units. A sample unit for concrete pavement is approxi
mately 20 slabs; a sample unit for asphalt is an area of 
approximately 465 m2 (5000 ft 2

). 

2. The sample units ar e inspected and the types of 
distress and their severity levels and densities are re
cor ded. The criteria given by Sha hin and others (4) 
should be used in identifying and recording the types of 
distress. 

3. For each type, density, and severity level of dis
tres s with.in a sample unit, a deduct vall1e is determined 
from an app1·opr iate cur ve (4) (s ee s tep 3 in Figure 2 for 
an example of s uch a curve):-

4. The total deduct value (TDV) is deter mined by 
adding all of the deduct values for each distress condition 
observed for each sample unit inspected. 

5. A corrected deduct value (CDV) is determined 
from the appr opriate curve (4)· the CDV is based on the 
TDV and t he number of distl·ess conditions observed that 
have individual deduct values higher than five points (see 
step 5 in Figure 2). 

6. The PCI for each sample unit inspected is calcu
lated as follows: 

PC! = 100 - CDV (2) 
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7. The PCI of the entire feature is computed by av
eraging the PCis of all the sample units inspected. 

8. The pavement condition rating of the feature is 
determined by using step 8 of Figure 2, which presents 
verbal descriptions of pavement condition as a function 
of PCI value. 

An inspection by sampling procedure has been devel
oped to e:xpedite inspection without loss of accuracy and 
has been widely accepted and used by the Air Force en
gineer s . A computer program has also been developed 
to e:xpedite the PCI calculations (_!). 

EVALUATION OF PAVEMENT FEATURE 
FOR SELECTION OF MAINTENANCE 
AND REHABILITATION ALTERNATIVES 

In this section, the steps are presented for the evalua
tion of the condition of a pavement feature. The major 
emphasis is on the use of the PCI and distress data for 
the determination of condition because these items have 
been found to be strongly correlated with maintenance 
and repair needs, but the use of other direct measure
ments to supplement and verify evaluations in critical 
situations is also described. 

Figure 3 is a summary of the steps in the pavement
condition evaluation. Following is a brief description of 
each: 

1. Overall condition: The mean PCI of a pavement 
feature is an estimation of the overall condition of the 
pavement and represents the consensus of opinion of a 
group of e:xperienced pavement engineers. 

2. Variation of PCI within feature : Because of vari
ations of materials, construction, subgrade, and traffic 
loadings, certain portions of a given pavement feature 
may show a significantly different condition than the av
erage for the overall feature. Areas that have a poorer 
condition are of major concern. Variation within a fea
ture occurs on both a localized random basis (i.e., from 
material and variability) and a systematic basis (i.e., 
from traffic patterns>. 

Figure 4 has been developed from field data to provide 
guidelines for determining whether localized random 
variation exists. For example, if the mean PCI of a 



Figure 2. Steps in determining pavement-condition indicator 
of a pavement feature. 

Figure 3. Form for evaluation of airfield pavement condition. 
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feature is 59, any sample unit having a PC! of less than 
42 should be identified as a localized bad area. This 
variation or localized bad area should be considered in 
determining M&R needs. 

Systematic variation occurs whenever a large concen
trated area of the feature has a condition that is signifi
cantly different from the rest. For example, on a wide 
runway or a large apron where traffic is channeled to a 
certain portion, that portion may show much more dis
tress (or poorer condition) than the rest of the area. 
Whenever there is a significant degree of systematic 
variability within a feature, strong consideration should 
be given to dividing the ieature into lwo or moi-t: Ieatu1'es. 

3. Rate of deterioration: For jointed concrete
surfaced pavements, the relative rate of long-term de
terioration from initial construction can be determined 
from Figure 5, which was obtained by plotting all avail
able data on the features surveyed [a similar fi~ure was 
also developed for asphalt- surfaced pavements (_!.)]. In 

Figure 4. Procedure for determination of minimum sample unit 
PCI based on mean PCI of feature. 
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Figure 5 (and the similar one for asphalt-surfaced pave
ments), each point represents one pavement feature, the 
solid central line represents the overall average rate of 
deterioration of the pavement features, and the dashed 
lines are intended to envelop a majority of the data to 
represent normal rates of deterioration. These data 
points represent a great variety of pavement designs, 
traffic, climates, soils, and other factors, and thus the 
overall average expected loss of condition. A pavement 
feature that is above the upper dashed line is considered 
to have a low rate of deterioration, and a feature that is 
below the lower dashed line is considered to have a high 
rat~ ui dete1·iu1·at.ion. Thus, a concrete pavement feature 
that has a PCI of 40 after 20 years is considered to have 
a high long-term rate of deterioration, but one that has a 
PC! of 60 is considered to have a normal long-term rate 
of deterioration. 

The rate of deterioration of a pavement can also be 
evaluated in terms of the short-term or annual decrease 
in the PCI. A decrease in the mean PCI of a feature (as
suming only normal routine M&R has been applied) of 
seven or more PCI points indicates a high short-term 
rate of deterioration; a decrease of four to six points in
dicates a normal or average short-term rate of de
terioration. 

4. Pavement distress: The PCI is a composite index 
of existing airfield-pavement distress. However, ex
amination of the specific types, severities, quantities, 
and causes of individual distresses also provides a val
uable aid in determining condition and eventually select
ing M&R needs. Distress occurs as a result of traffic 
loads, climatic conditions, material durability, and other 
factoi·s. The types of distress have been divided into 
three main groups: (a) those caused primarily by traffic 
loadings, (b) those caused primarily by material dura
bility and climate, and (c) those caused by other factors. 
Conditions at each pavement will dictate the specific dis
tresses that belong in each group. 

The following steps constitute a procedure for deter
mining the primary cause or causes of the deterioration 
of the pavement condition of a given feature: 

First, the total deduct values attributable to load, 
climate and durability, and other distresses are sepa
rately determined. For example, the following dis
tresses were measured on an asphalt feature and the 
deduct values were determined: 
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Type of Distress Deduct Value Cause 

Alligator cracking 50 Load 
Transverse cracking 8 Climate and durability 
Rutting 20 Load 

Thus, the total deduct value attributable to load is 70 and 
that attributable to climate and durability is 8. 

Second, the percentage deduct values attributable to 
load, climate and durability, and other causes are com
puted. For the above example feature, the calculation 
is as follows: 

Load = (70/78) x 100 = 90 percent 
Climate and durability = (8/78) >< 100 = 10 percent 
Total = 100 percent. 

Third, the percentage deduct values attributed to each 
cause form the basis for the determination of the primary 
cause(s) of pavement deterioration. In this example, 
distresses caused primarily by load have caused 90 per
cent of the total deduct value, whereas all other causes 
amount to only 10 percent. Thus, traffic load is by far 
the major cause of deterioration of this pavement feature. 

5. Evaluation of load-carrying capacity: The load
carrying capacity of an airfield pavement is defined in 
terms of three factors: (a) the aircraft gross weight, 
(b) the type of aircraft, and (c) the number of aircraft 
passes over the pavement until a "failed" condition is 
predicted. If these three factors are held constant, the 
load-carrying capacity depends on the pavement struc
ture and material properties and the subgrade soil prop
erties. For years, the U.S. Air Force has determined 
the load-carrying capacity of airfield pavements by using 
procedures developed by the U.S. Army Corps of Engi
neers (5). Research efforts are under way to develop 
nondestructive testing methods and criteria for evalu
ating the load-carrying capacity of airfield pavements. 
The results of this development could be used to replace 
the older procedure. 

6. Surface roughness: There are currently three 
methods for estimating surface roughness. First, pilot 
complaints are subjective but highly reliable sources of 
qualitative roughness information. The pilot reports 
reflect aircraft ride quality as well as surface roughness; 
the additional factor of aircraft vibration is therefore 
included. 

Second, certain types of distress contained in the PCI 
can be correlated with localized roughness as shown in 
Figure 1. However, it is difficult or impossible to see 
the longer wave-length roughness that affects aircraft 
ride quality when inspecting a runway surface. 

Third, the roughness can be quantitatively evaluated, 
on a relative basis, by analyzing measured profile
elevation data. [The development of this approach 
formed a large part of a joint Federal Aviation Admin
istration and U.S. Air Force research program and is 
discussed in more detail elsewhere (6).] This method 
has required the development of rapid elevation
measuring instruments and suitable data-processing 
techniques involving filtering and statistical analysis of 
random data as well as the use of computer programming 
for the estimation of aircraft vibration response. 

7. Skid resistance and hydroplaning potential: The 
Air Force (7) reports pavement skid resistance in terms 
of the coefffCient of friction as measured by a Mu-Meter 
(8) and the wet-to-dry stopping distance ratio as mea
sured by the diagonally braked vehicle (9). Transverse 
slope can also be measured by survey techniques. 

8. Previous M&R applied: A pavement feature can 
be kept in operating condition almost indefinitely if ex
tensive M&R is continually applied. There are major 
disadvantages to this maintenance strategy, however, 
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such as overall cost, downtime of the feature, the in
crease in roughness caused by excessive patching, limi
tations of personnel and equipment, and airfield mission 
requirements. The amount and types of previous M&R 
applied to a pavement feature are important factors in 
determining currently needed M&R. A pavement where 
a large portion has been patched or replaced must have 
had many previous distress problems that are likely to 
continue in the future. 

Permanent patching and slab replacement may be used 
as a criterion for evaluating previous maintenance. 
Patching and slab replacement of 1. 5-3. 5 percent is con
sidered normal, more than 3. 5 percent is considered 
high, and less than 1. 5 percent is considered low. Some 
pavement features may also have received an excessive 
amount of M&R other than patching. If, in the judgment 
of the engineer, this should be evaluated as high previ
ous maintenance, then this evaluation should take prece
dence over the evaluation based only on patching and slab 
replacement. 

MAINTENANCE AND REHABILITATION 
NEEDS 

The selection of the optimum M&R category (i.e., rou
tine, major, or overall) for a given pavement feature is 
a major decision that requires many years of experience 
in pavement maintenance and repair. In many cases, a 
group of experienced pavement engineers will agree on 
a recommended M&R category. In many other cases, 
however, disagreement will occur and a thorough ex
amination of the pavement condition evaluation and a 
comprehensive economic analysis will be required for 
the selection of the correct M&R category and the opti
mum M&R alternative. 

Maintenance and Rehabilitation Categories 

M&R methods (such as crack filling, patching, slab re
placement, and overlay) are grouped into three general 
categories for convenience of analysis and discussion. 

1. Routine M&R: Routine M&R consists of perform
ing preventive or localized M&R. Preventive M&R in
cludes methods that preserve the condition of the pave
ment and retard its deterioration. These methods in
clude crack sealing, joint sealing, and application of fog 
seals and rejuvenators. Application of aggregate seals, 
however, is considered to be major localized M&R. · 
Localized M&R methods are those that restore pave
ment condition. Some repair methods are considered 
localized if they are applied to only a small area of the 
pavement feature; for example, skin patching, applying 
heat and rolling sand, placing small patches [0.46 m 2 

(5 ft2) ] , and patching joint and corner spalls are con
sidered localized regardless of amount. On the other 
hand, partial-depth or full-depth patching, slab replace
ment, slab undersealing, slab jacking, and slab grinding 
are considered localized only if applied to a small area 
of the pavement feature (usually less than 3. 5 percent). 

2. Major localized M&R: Major localized M&R is 
an extensive form of localized M&R. It includes partial
depth or full-depth patching, slab replacement, slab un
derseaUng, and slab grinding when applied to a consider
able area or portion of the pavement feature (usually 
more than 3. 5 percent). Other M&R methods included 
in the major localized category are the application of an 
aggregate seal over the entire feature and the recon
struction of many joints in a concrete pavement. 

3. Overall M&R: Overall M&R includes procedures 
that cover the entire pavement feature and usually im-
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Figure 6. Relationship between percentage of engineers 
recommending M&R category and PCI. 
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proves its load-carrying capacity. Overall M&R in
cludes overlays with asphalt or concrete, reprocessing 
or recycling of existing pavements, and total recon
struction. 

Maintenance and Rehabilitation Guidelines 

Excellent correlation was found between the PCI and the 
M&R categories. The correlation was based on results 
obtained from 37 airfield pavement features that included 
runways, taxiways, and aprons and represent a wide 
variety of climates, traffic, ages, and structures. 
Eighteen of the features were asphalt- or tar-surfaced 
pavements, and 19 were jointed concrete. During the 
field surveys of the features, all existing distress was 
measured, 35-mm color slides were taken, the pavement 
structure and age were determined, and the primary air
craft were identified. This information was given to 10 
experienced engineers to aid them in making M&R de
cisions (the PCis for the features were not available to 
the engineers when recommending M&R requirements). 

Figure 6 shows the percentage of engineers recom
mending routine, major, or overall M&R within the next 
two years of the life of the pavement for each condition
rating zone. These results show that the higher the PCI, 
the greater the percentage of engineers recommending 
only routine M&R and the lower the PCI, the greater the 
percentage recommending overall M&R. In the middle 
of the PCI scale (40 to 70), there is a lack of consensus 
as to which to recommend. 

From these res.ults, four M&R zones were established 
to provide guidelines for the selection of M&R. The four 
zones conveniently fit the condition-rating zones used 
with the PCI, as shown in the table below. 

M&R Zone PCI Rating 

Routine 100 Excellent 
85 Very good 

Routine, major, overall 70 Good 
55 Fair 

Major, overall 40 Poor 
Overall 25 Very poor 

10-0 Failed 

1. Routine M&Rzone (R-zone). In this zone, nearly all 
engineers recommended only routine M&R for the next 
two years. The specific routine M&R methods are de
termined based on types and severities of distress, as 
shc'.vn in Tables 1 and 2. 1'.'fujor or overall lVI&R v ... ·ould 
be recommended only in exceptional cases such as those 
where the pavement-condition evaluation (Figure 3) indi
cates that one or more of the followi.ng "tems exists: 
(a) load-associated distress accounts for a major po1·tion 
of the distress deduct value, (b) load- carrying capacity is 
deficient as indicated by a "Yes" rating, (c) rate of pave
ment deterio1·ation is rated high, (d) previous M&R ap
J?lied is rated J1igh, (e) surface roughness is rated major, 
(f) skid resistance and hydroplaning potential is rated 
ve1·y high, and (g) a change in mission requires greater 
load-carrying capacity. Thus, the pavement engineer 
should concentrate on applying routine M&R to pavement 
features within this zone. Timely and effective routine 
M&R will reduce the rate of deterioration of the pave
ment. 

2. Routine-major-overall zone (R-M-0 zone): This 
zone includes all pavement features that have PCis be
tween 41 and 70 or a condition rating of fair or good. 
As shown in Figure 6, there is no general agreement 
among engineers as to which type of M&R should be ap
plied. Generally, however, the higher the PCI in this 
zone, the higher the percentage of engineers recommend
ing routine M&R. It is therefore recommended that 
either routine 01· major M&R generally be applied to 
pavement features in this zone (particularly those that 
are rated good). The specific 1·outine or major M&R 
alternative that should be selected depends on the types 
and severities of distress as presented in Tables 1 and 2. 
Overall M&R should be considered only if the condition 
evaluation indicates that one or more of items a through 
g listed above exist. 

3. Major-overall zone (M-0 zone): This zone in
cludes all pavement features having PCis between 26 and 
40 or a condition rating of poor. As shown in Figure 6, 
there is a consensus of opinion that pavement features in 
this condition should receive either major or overall 
M&R within the next two years. For example, for one 
feature that had a PCI of 35, overall M&R was recom
mended by 80 percent of the engineers and major M&R 
was recommended by 20 percent (none recommended i·ou
tlne). Some engineers apparently feel that a pavement in 
this condition needs significant M&R to prevent it from 
exceeding the point of economic repair, but many others 
feel that it has already exceeded that point. The decision 
to select major or overall M&R should be based pri
marily on an economic analysis of the alternatives. How
ever, if the condition evaluation indicates that one or 
more of items a through g exist, overall M&R should be 
strongly considered. 

4. Overall zone (O-zone): This zone includes all 
pavement features that have PCis between 0 and 25 or a 
condition rating of very poor or failed. As shown in 
Figure 6, there is a consensus of opinion that pavement 
features in this condition should receive overall M&R 
within the next two years. The experienced engineers ap
parenUy feel that a pavement feature in this condition is 
beyond the point of economical repair and that only over
all M&R will provide adequate results. The decision as 
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Table 1. Recommended preventive and localized M&R: jointed concrete-surfaced airfield pavements. 

Slab 
Doing Crack Joint Partial-Depth Full-Depth Slab Slab Slab Jac king 

Type of Distress Nothing Sealing Sealing Patching (bonded) Patching Replacement U ndersealing Grinding Grouting 

Blowup L orM' H' H' 
Cornerbreak L L, M, M orH 

or H 
Longitudinal, L L, M, H' H H 

transverse, or H 
or diagonal 
cracking 

D-cracking L L' L < M orH Mor H H 
Joint- seal damage L M orH' 
Small patches L M M orH' H' 

(<0.46 m') 
Large patches L M Mor He H' H 

(>0.46 m') 
Pop-outs A 
Pumping A A A 
Crazing and L M orH H 

sealing 
Settlement and L H Mor H M orH 

faulting 
Divided slab L, M, M orH 

or H 
Shrinkage cracking A 
Joint spalling L L orM L , M, M orH' M orH' 

or H 
Corner spalling L Lor M M orH 

Notes: 1 m2 = 10.8 ft 2
, 

A= type of distress that has only one severity level; L = low-severity distress; M ""' medium-severity distress; and H =high-severity distress 
•Must provide expansion joint. 
bAllow crack to continue through patch except when using asphalt concrete. 
cseal all joints and cracks. 
d Joint seal local areas. 
•Replace patch. 
10nly when surface is unacceptable. 
11 lf caused by keyway failure, provide load transfer a 

Table 2. Recommended preventive and localized M&R: asphalt- or tar-surfaced airfield pavements. 

Partial- Full- Heating Fog Application 
Doing Crack Depth Depth Skin and Sand Sealing' Application of Aggregatel 

Type of Distress Nothing Sealing Patching Patching Patching Rolling (emulsion) of Rejuvenator Sealing Coat 

Alligator M orH M orH Lor M 
cracking 

Bleeding A A 
Block cracking L L, M, L Lor M 

or H 
Corrugation L M orH M or H 
Depression L M orH M orH M orH 
Jet blast A A A A A 
Joint retlection L L, M, H 

cracking or H 
Longitudinal L L, M, H L Lor M 

and transverse or H 
cracking 

Oil spillage A A A 
Patching L M M' H' 
Polished A A 

aggregates 
Raveling and L H Lor M L Mor H 

weathering 
Rutting L M orH M orH M orH 
Shoving L M orH 
Slippage A A 

cracking 
Swelling L M orH 

Note: A= type of distress that has only one severity level; L = low-severity distress; M = medium-severity distress; and H =high-severity distress 
•Requires prior approval by command pavement engineer. 
b Replace patch, 

to which overall M&R alternative to select should be 
based on an economic analysis of the feasible alternatives . 

Economic Analysis of Maintenance and 
Rehabilitation Alternatives 

Based on the results of pavement-condition evaluation and 
the guidelines for M&R selection, the engineer may need 
to consider more than one M&R alternative for restoring 
the structural integrity and operational condition of the 

pavement. The selection of the best alternative often 
requires performing an economic analysis that compares 
the costs of all feasible alternatives. This section pre
sents an economic analysis procedure that compares 
M&R alternatives based on total present worth. 

1. Select an economic analysis period (in years). The 
period generally used in pavement analysis is in the 
range of 5-30 years, depending on the future use of the 
featw·e (e.g., abandonment or change of mission). When 
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the present-worth method of economic analysis is used, 
the alternatives must be compared over the same num
ber of years. Thus, all alternatives must have equal 
life. 

2. Select the interest rate (rt) and the inflation rate 
(r r) to be used for calculath1g the present cost. 

3. Estimate the annual M&R cost for each M&R al
ternative for every year for which work is planned dur
ing the analysis period. The cost estimates should be 
based on current prices. 

4. Determine the salvage value of the M&R alterna
tives. These are the values or worths of the pavement 
at the end of the analysis period and can be determined 
by subtracting the cost of rehabilitating or reconstructing 
the existing pavement structure from the cost of con
structing a new paveme nt structure over the s ubgrade 
(assuming that no pavement exists). This difference in 
costs, then, is the value of the existing pavement (which 
may be a negative value if the pavement is badly de
teriorated). 

5. Calculate the total present worth for each M&R 
alternative as follows: 

Total present worth = ( ~ C1 x f; ]- (Sv x fn) 

where 

n = number of years in analysis period, 
C1 = M&R cost for year i based on current costs, 
s. = salvage value based on current costs, 

(3) 

f 1 =present-worth factor for i th year that is a func
tion of rt and r,; i.e., f1 = [(1 + r,)/(1 + rt)] 1• 

After completion of these basic steps, comparison of 
the present worth for all M&R alternatives will assist 
the pavement engineer in selecting the most economic 
M&R alternative. 

It should be emphasized that many predictions and as
sumptions must be made to perform the analysis. The 
engineer must therefore exercise judgment in selecting 
the best inputs and use the results of the analysis as an 
aid in decision making. 

APPLICATION OF MAINTENANCE AND 
REHABILITATION GUIDELINES AND 
ECONOMIC ANALYSIS: EXAMPLE 

This section describes an example of the procedure for 
determining the optimum M&R alternative for a pave
ment feature. The steps included are data collection, 
condition evaluation, selection of feasible M&R alterna
tives, economic analysis, and selection of the optimum 
M&R alternative. 

The pavement used in this example is a portion of a 

runway constructed in 1947 of plain jointed concrete. 
The pavement is 46 m (150 ft) wide and 841 m (2760 ft) 
long. The individual slab size is 3.8x6.1 m (12.5x20 
ft). Figure 7 shows the slab layout for the runway. 

The critical aircraft using the runway for the past eight 
years has been the DC-9 (be!o1·e that time only light-load 
aircraft operated on the runway). The pavement is ex
hibiting distress that began after the DC-9 started op
eration on the runway. The pavement engineer is con
cerned about the current pavement deterioration and the 
amount of maintenance required. 

A pavement-condition survey was performed on the 
feature in 1977. Before the actual survey, it was ob
served that most of the distress occurred within the 
central 15 m (50 ft) (i.e., in slab rows 5, 6, 7, and 8) and 
that all but a few of the tire rubber marks were contained 
within the central 22. 7 m (75 ft) (slab rows 4, 5, 6, 7, 
8, and 9). The condition of rows 1 to 3 and 10 to 12 was 
very similar, in that they exhibited only minor distress. 
Therefore, the six center rows of slabs were grouped as 
the pavement feature to be surveyed and analyzed. 

All 828 slabs in the central six slab rows of the fea
ture were surveyed by inspecting 46 sample units of 18 
slabs each (6 slabs wide by 3 slabs loug). The entire 
feature was surveyed, because it was desired to have ex
tensive information for this example. A few random 
samples from the outer three rows of slabs on both sides 
of the runway were also surveyed. A plot of the PCI 
along the runway is shown in Figure 8. A summary of 
the types of distress found in the central six slab rows 
and the calculated percentage deduct values due to load 
and climate are shown in Table 3. (The overall evalu
ation summary of this pavement is shown in Figure 3.) 

Selection of Feasible Maintenance and 
Rehabilitation Alternatives 

The PCI of the center six rows of slabs is 65. Thus, the 
feature is placed in the R-M-0 zone. The outer three 
rows on each side of the center six rows of the runway 
have a PC! of 79, which places these slabs in the R-zone. 
Again, this supports the consideration of the center six 
rows as a single feature. 

The M&R guidelines for the R-M-0 zone state that 
routine or major M&R should generally be applied to 
pavement features in this zone unless the evaluation 
shows that one or more of the condition indicators is 
rated in a high or major category or that load-associated 
distresses account for a majority of the deduct values. 

For this feature, the evaluation summary sheet (Fig
ure 3) shows the following: 

1. Load-associated distresses account for a majority 
of the deduct values, 

2. Load-carrying capacity is deficient, and 

Figure 7. Layout of runway 
feature. 
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Figure 8. PCI profile along 
runway feature. 
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Table 3. Summary of distresses occurring in center six rows of 
slabs of runway feature. 

Type of 
Cause Distress 

Load Corner break 
Longitudinal and 

transverse cracking 
Patching (>0 .46 m') 
Shattered slab 

Total 

Climate and D-cracking 
durability Joint- seal daninge 

Patching ( 0.46 m') 
Shrinkage cracking 
Joint spalling 
Corner spalling 

Total 

Other Faulting and 
settlement 

Total 

Total 

Note: 1 m2 = 10.7 ft2 • 

Deduct 
Value 

4 
22 

5 
_Jl_ 

37 

2 
12 

1 
1 
4 

..1 
23 

_i 

4 

Percentage 
Deduct 
Value 

58 

36 

__§. 

100 

3. Previous maintenance is excessive and rated as 
high. 

Therefore, as the guidelines indicate, overall M&R was 
strongly considered and, based on these considera
tions, the following alternatives were selected for 
consideration: 

1. Application of major M&R to specific distresses 
based on recommendations in Table 1 and field condi
tions, 

2. Replacement of the center six rows of slabs by 
slabs of adequate design (keel replacement), 

3. Overlaying of the entire width of the runway with 
concrete, 

4. Overlaying of the entire width of the runway with 
asphalt, and 

5. Performance of major M&R for a few years and 
then performance of either items 2, 3, or 4 above. 

Each of these was considered a feasible M&R alter-

Table 4. Economic analysis of alternatives. 

M&R Work Present 
Year Description Cost($) Worth($) 

1977 Initial 547 772 l.D 547 772 
construction 

1982 Joint sealing 25 530 0.9108 23 353 
1984 Routine 1 DOO 0.8774 877 
1985 Routine 1 000 0 .8661 866 
1986 Routine 1 000 0.8452 845 
1988 Routine and 26 530 0.8141 21 598 

joint sealing 
1990 Routine 2 000 0 .7843 1 569 
1993 Routine and 29 110 0.7415 21 585 

joint sealing 
1995 Routine 2 000 0.7143 1 429 
1998 Routine and 31 000 0.6753 20 934 

joint sealing 
Total 640 828 

Note: r1 = 8 percent and r1 - 6 percent_ 

native. Overlaying the total width was considered only 
because 46 m is the minimum allowable runway width. 
For the same reason, if the central six rows of slabs 
are replaced, the outer slabs must also be maintained 
so as to provide an acceptable operational condition. 

Each alternative has its own associated costs down
time, and personnel and equipment needs. Thu;, a 
comprehensive economic analysis is needed to aid in 
selection of the best alternative. 

Economic Analysis 

An economic analysis period of 25 years was selected. 
Table 4 shows the calculation of the total present worth 
of one of the alternatives, the application of a 4-cm (10-
in) .thick, partially bonded, no. 3 concrete overlay on 
the entire runway in 1977. The material costs used in 
the analysis were obtained from local contractors. The 
thickness designs of the overlays and reconstruction were 
determined by using Corps of Engineers design met.hods. 
Given the salvage value of the pavement as $352 560 x 
0.6267 = $220 949, its present value is then $419 774. 

Table 5 shows a summary comparison of all four M&R 
alternatives analyzed. Based on the total present worth, 
replacing the central six rows of slabs in 1977 and con
tinuing routine M&R on the outside slabs (alternative 2) 
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Table 5. Summary comparison of M&R 
alternatives. Alternative 

No. Description 

Major M&R 
Replace keel (1977) 
Overlay with portland 

cement concrete (1977) 
4 Overlay with asphalt 

cement (1977) 

is the least expensive alternative. On the other hand, 
performing major IvI&R on the central six rows of slabs 
and routine M&R on the outer slabs (alternative 1) is the 
most expensive alternative. 

It should be recognized that the economic analysis was 
based on several assumptions. Thus, the numbers shown 
in Table 5 cannot be exact. The main uncertainty lies in 
future prediction of performance. However, the analy
sis does provide a reasonable relative comparison among 
the alternatives and makes clear that a strategy of major 
M&R is not the best alternative. 

The results of the economic analysis should not be 
used as a rigid rule for the selection of the best M&R 
alternative; rather, they should be used as an aid to the 
engineer in making the selection. For example, the 
engineer may decide on an alternative other than replac
ing the keel (alte1·native 2) because of factors not con
sidered in the analysis, such as available funding, run
way downtime during construction, and elimination of the 
need for routine M&R for the outer slabs required if the 
keel is replaced. 

SUMMARY 

This paper has introduced a procedure for evaluating the 
condition of an airfield pavement that has been officially 
adopted and is being used extensively by the U.S. Air 
Force. The procedure is based on a PCI that is a score 
between 0 and 100 and based on measured types, severi
ties, and amounts of distress. The PCI agrees closely 
with the average rating (collective judgment) of experi
enced pavement engineers and correlates well with the 
need of the pavement for M&R. 

The paper has also introduced a stepwise procedure 
for evaluation of a pavement feature and guidelines for 
the selection of the optimum M&R alternative. The pro
cedure is largely dependent on the PCI and distress data. 
The guidelines are based on the results of the stepwise 
evaluation procedure and economic analysis and were 
developed based on the evaluation by many field
experienced maintenance engineers of 37 airfield pave
ments. 

The use of the above procedures and guidelines is il
lustrated for a plain-jointed-concrete runway in Illinois. 
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