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•AS A PART of an NCHRP project to evaluate AASHO interim guides for design of 
pavement structures, a request was submitted to the states for information on their 
methods of using the AASHO interim guides and on relevant design procedures. The 
request contained 70 questions, 4 of which pertained directly to the ascertaining of 
criteria used in upgrading the existing pavement structures on highways. They were 
(a) what procedures are used to evaluate the existing pavements for purposes of esti
mating overlay requirements?; (b) what test and experience factors are used to eval
uate the existing pavements?; (c) what are the r equi r ed surface preparations prior to 
overlay?; and (d) what are the minimum requirements l'or overlays, either rigid or 
flexible? 

Questions similar to these were answered by state highway department engineers 
experienced in pavement design in an interview with a representative of the U.S. Bu
reau of Public Roads. All participants in the interview were familiar with the purpose 
and content of the request for information, which was considered a success for replies 
were obtained from all fifty states plus the District of Columbia and Puerto Rico. 

SUMMARY OF REPLIES 

The replies indicated that basically the states used five categories of procedures 
for estimating the overlay thickness required. These categories and the percentage 
of states using each are as follows: 

Procedure 

Experience 
Flexible guides 
Deflection 
AASHO PSI 
Visual 

Percent 

65 
21 

0 
4 
4 

The seven experience factors and the percentage of states considering them as part 
of their criteria for establishing overlay thickness are as follows: 

Experience Factors 

Condition survey 
Riding quality 
Maintenance cost 
Material survey 
Traffic 
Skid 
Deflection 

Percent 

40 
38 

8 
20 
34 
6 

24 
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These experience factors are somewhat nebulous because, to some degree, all design 
procedures are based on experience, and in most cases the states gave very few quan
titative criteria for determining the value of these experience factors. The most im
portant factor, from the standpoint of numbers, are riding quality and pavement con
dition surveys, with roughly 40 percent of the states considering each. Only 8 percent 
of the states specifically considered maintenance costs, which by any economic stan
dards should be one of the most important factors. It is interesting to note that main
tenance costs are considered by four small states, measured by miles of roadway. 

Only 20 percent of the states made a material survey to determine the properties of 
the subgrade and the properties of the component parts of the pavement structure. Of 
the seven experience factors listed, only a material or a deflection survey will provide 
data for evaluating the load-carrying capacity of a pavement structure. Four of the 10 
states that made material surveys also made deflection surveys, thereby reducing the 
total number of states attempting to make an evaluation of the in-place structure. 
Therefore, only about 35 percent of the states used some measure of the in-place load
carrying capacity of the pavement structure. 

The consideration of the traffic factor involved a projection of the average daily 
traffic or the total axial load. Of the 17 states that considered traffic, 12 also indi
cated that they used the AASHO flexible guides. This correlation is understandable 
because the use of the guides requires an estimate of the total equivalent wheel loads 
and the use of pavement structure during the design period. 

In terms of a systems analysis, these factors have to be grouped according to per
formance and judgment criteria. The factors of condition survey, material survey, 
and deflection are essentially measures of performance of the existing structure. The 
other four factors-riding quality, maintenance costs, traffic, and skid-are decision 
criteria. In other words, the three performance factors may be used to predict how 
well the existing facility will perform in the future, or what is needed to bring it up to 
a certain level, whereas the judgment-criteria factors may be used to give a qualita
tive rating of past performance. 

DESIGN PROCEDURES 

AASHO Interim Guides 

Figure 1 shows the use of the AASHO flexible guides in overlay design. Several of 
the states make some estimate of the structural number of the existing roadways in 
terms of the flexible pavement guides. Generally, the coefficients a1 and az are re
duced to account for the wearing out of the facility as a result of traffic. A value of 
0.44 would not be used for the existing asphalt concrete, because it probably has ex
perienced considerable fatigue, but might be used for a new pavement. The exact 
value to which these coefficients should be reduced can only be labeled as an engineer
ing estimate at the present time. 
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Figure I . Use o[ nexiblc guides i11 overlay design . 
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After coefficient values are assigned to the layers, the structural number of the ex
isting materials, in accordance with the guides, is subtracted from that required for a 
new design. This A-value is then used to estimate the inches of overlay, using a coef
ficient value. 

The AASHO interim flexible guides are also used for designing an asphalt concrete 
overlay for an existing concrete pavement to which a coefficient value of 0,35 to 0.40 
is assigned. 

Deflection Procedures 

The third major category of overlay design procedure used was the deflection cate
gory. A number of the states mentioned that they used deflection measurements in con
nection with a design procedure, and two of the states-California and Oklahoma-have 
documented a detailed procedure for this approach. The basic concepts used in these 
procedures are discussed in the following paragraphs. 

The first step is to obtain a deflection profile of the roadway, as shown in Figure 2. 
Generally deflections are measured at some given interval along the roadway, which 
may vary from 50 to 500 ft depending on the topography and soil conditions. Some given 
section of roadway is usually selected for deriving a deflection value for use in design, 
project limits, soil conditions, or some other factors. If an average value of deflec
tion is used, it is not difficult to conceive of the problems that may result. For an av
erage value, there are as many points above the line as below the line. Therefore, 
half the road may be underdesigned because several low values of deflection may pull 
the average down. The other extreme would be to use the maximum value of deflection, 
but this is economically unfeasible because there will always be random values of de
flection that are excessively high and require an expensive pavement structure. There
fore, the compromise is to use some percentile value, which may be from 75 to 95 
percent, depending on the degree of confidence for which one wants to design. The 
level would depend on the probability of failure that one is willing to accept and also 
the monies available for design. In summary, a value of deflection should be obtained 
Irom the roadway, as indicated by the dashed line in Figure 2. 

The next step is to establish a maximum allowed by the deflection, as shown in Fig
ure 3. Along the abscissa scale traffic is evaluated by a method such as equivalent 
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Figure 2. Simulated deflection profile of a roadway. 
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wheel loads or number of a given type of commerical vehicle. The maximum allowable 
deflection decreases as the amount of anticipated traffic decreases and as the surface 
thickness increases. The thicker the surface the less the allowable deflection. There
fore, the design traffic is entered on the abscissa scale projected up to the surface 
thickness anticipated and across, and a maximum allowable deflection is established. 
The maximum allowable deflection value is then subtracted from the actual measured 
value of deflection for a given section of roadway, as shown in Figure 2, and expressed 
as a percentage of the measured deflection. This gives a value for use in design. 

The percentage of deflection reduction previously computed is entered on the ordi
nate scale projected to the design line and then to the abscissa to obtain an increase in 
thickness of the appropriate material. This graph is shown in Figure 4. The Okla
homa method is somewhat different from the California method in that it uses an aver
age of overlay thicknesses derived by the methods shown in Figure 5. The overlay 
thickness derived by the Oklahoma method is the average of deflection obtained from a 
condition survey, from a deflection method, and from the flexible pavement procedure. 
There is no particular weighting factor applied to the three different approaches, and, 
hence, engineering judgment is used to select the appropriate thickness. 

In connection with the condition-rating procedure, a condition survey is made of the 
existing facilities to ascertain the amount of cracking and other damages. Various dis
tress parameters are combined on a weighted basis to obtain a quantitative rating for 
the pavement. This has been correlated with the pavement age to predict the expected 
depreciation in 10 years. After the expected depreciation is determined, the figure is 
entered into a special design chart to obtain a predicted deflection for the facility. The 
predicted deflection is then used to obtain an overlay thickness as previously described. 

MINIMUM OVERLAY TfilCKNESSES 

An analysis of replies regarding the minimum overlay thicknesses reveals several 
interesting observations. The minimums for the state highway departments for struc-
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Figure 3. A maximum-allowahle deflection for a roadway. 
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Increase in Thickness 

Figure 4. An increase in thickness to reduce the measured de
flection to an allowable level. 
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Figure 5 . Mean overlay thickness from independent methods. 

tural improvements were not necessarily 
al.nmlule values, but rather general mini

mums that may be varied depending on project conditions. 
Most of the established overlay practice is with asphalt concrete or asphalt concrete 

with a granular cushion course. If all states are considered, the mean minimum thick
ness for asphalt concrete ovel'layi; uve1· exisling flexible pavements and rigid pavements 
are between 1½ to 2 in. and 1½ to 2½ in. respectively. The minimum thickness for 
overlo.yo of flexible pavements in many cases approaches what is considered a practi
cal minimum lay-down thickness by a paving machine for an asphalt concrete of nor
mal gradation. 

One interesting observation of the data is that rigid pavements, which are generally 
considered the strongest, require a greater minimum overlay thickness. One possible 
explanation for this observation is that the increased thickness is required to combat 
reflection cracking over the joints. Reflection cracking occurs because of volume 
change stresses of the poi:-tl ;mrl c-P.mP.nt c-nnr.rete. If the explanation is correct, one 
would expect the greater thickness in the northern Midwest, where temperatures are 
lower than those in the southern states . 

Figure 6 shows a plot of the minimum asphalt concrete overlay thicknesses over an 
existing rigid pavement vs the joint spacing; ui;ed by U1e individual states. The joint 
spacing used by the respective states in 1955 is in many cases different from that cur
rently being used. 

In most cases contraction joint spacing was used for plotting, but expansive joint 
spacing was used in some cases because a regular pattern of frequent intervals was 
used in some states. The points for the four northern states from Washington to 
Maine were circled, and the points for the southern otates from Arizona to Georgia 
were enclosed in squares. Although there is no definite trend, it may be stated that 
the minimum thickness of portland cement concrete pavement increases with the joint 
spacing. The three extra-heavy minimum overlay thicknesses greater than 4 in. in the 
joint spacing range of 15 to 20 ft are for the states of Minnesota, North Dakota, and 
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Figure 6. Current minimum asphalt concrete overlay thickness in terms of the joint spacing used by the stales. 

California. Two of these may be considered as states experiencing cycles of extreme 
temperature differentials . The data indicate that the probability of the overlay thick
ness being greater than the mean value of 2½ in. increases as the joint spacing in
cr eases. H only the southern states are considered, thereby neutralizing the influence 
of the temperature differential , the effect of joint spacing on the minimum overlay 
thickness becomes more evident. 

SUMMARY 

A r eview of the current overlay design practices indicates that only a few bona fide 
design methods are available, and these account only for wheel load stresses, with no 
consideration of volume change stresses. Of the procedures available, only those 
utilizing deflections evaluate the load-carrying capacity of the in-place pavement struc
ture. The AASHO flexible guides had been utilized in the design of overlays, but this 
is an extension of an empirical equation beyond its l imits of derivation. This is es
pecially true in regard to its use with rigid pavements because the basis for assignment 
of the layer equivalence value to concrete is not known. 

In conclusion, it may be stated that, although experience in empirical approaches 
has worked fairly well, there is an immediate need for a rational overlay design pro
cedure that encompasses both wheel load and volume change stresses. This design 
procedure should encompass most of the factors previously discussed in a systematic 
approach in which quantitative judgment criteria could be applied. 




