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Four methods of nondestructive testing for airport pavements —steady-
state vibratory, both load-sweep and frequency-sweep procedures, wave 
propagation, falling weight deflectometer, and deflection profile—are 
compared. Their advantages, especially in terms of costs and ease of 
operation, and their limitations, especially in terms of the required cor-
relations between pavement property measured and pavement perfor-
mance, are summarized. The steady-state vibratory methods are recom-
mended, and a program for their use is suggested. 

There is strong and rapidly growing interest in the de-
velopment of nondestructive methods for evaluating the 
load-carrying capacities and potential performances of 
airport pavements. This interest in nondestructive 
testing (NDT) has been spurred by advances in equip-
ment and technology that have made NDT a realistic 
goal and the need for testing procedures for use in pave-
ment evaluation that cause a minimum of disruption to 
normal airport operations. The pressure for nondis-
ruptive test procedures will increase with increasing 
air traffic. 

To be of value to the airport pavement engineer, NDT 
methods must meet the following criteria: 

They must be rapid, 
They must be simple enough so that they do not 

require highly trained engineers to conduct the tests, 
The costs of conducting the tests and interpreting 

the results must not be excessive, and 
The results of the tests must be interpretable in 

terms of the potential performance of the pavement and 
the effects of pavement rehabilitation on the performance 
trends (Figure 1), 

If the NDT methods cannot meet these criteria, they will 
either not be used or be of little value to airport engi-
neers and managers. 

At present, there are several NDT methods either 
under development or being applied on a limited basis. 
These include (a) steady-state vibrators, (b) wave-
propagation procedures, (c) the falling weight deflectom-
eter, and (d) measurement of the deflection basin under 
moving loads. The steady-state vibrators are the most 
highly developed in terms of application to airport pave-
ment systems. This paper will focus on the practical 
implications of these test methods. 

In recent years, two separate methods of testing and 
interpreting the results obtained by using steady-state 
vibrators have been developed. Both methods have been 
used on a number of airport pavements, and both use the 
same equipment for the testing, but there are variations 
in the test procedures. For simplicity in comparison of 
these two methodologies, it will be assumed that the 71-
kN (16 000-lbf) vibrator developed at the U.S. Army En-
gineer Waterways Experiment Station (wES) (1) is used 
for both. However, it is possible to use other equipment, 
provided that it is capable of testing pavements under 
both an adequate range of vibratory-force amplitudes and 
over an adequate range of frequencies. Single-load and 
single -frequency equipment cannot be used. 

STEADY-STATE VIBRATORY METHODS 

One method of testing and evaluation that has been de-
veloped at WES (1) is to select a specific test frequency  

and conduct tests over a range of loads at this preselected 
frequency. This is referred to as the load-sweep method 
of NDT. The other method of testing and evaluation, de-
veloped by Yang (2, 3), is to preselect a load range and 
test the pavement by using a range of frequencies. This 
is referred to as the frequency-sweep method of NDT. 
Because the two methods of testing produce different out-
puts, it follows that the interpretations of the findings 
will also be different. The two methods are summarized 
below, and the implications of each are discussed. 

The basic concept of the load-sweep approach is that 
there exists a correlation between pavement deflection 
and performance as indicated in Figure 2. Thus, if the 
deflection of a pavement under dynamic load is deter-
mined, the resistance to deflection can be expressed as 
a dynamic stiffness modulus (DSM) as follows: 

DSM =F/8 	 (I) 

where 

F = amplitude of the dynamic force applied at the pre-
selected frequency (usually 15 Hz) and 

= deflection of the dynamically loaded pavement. 

The steps involved in the procedure are summarized 
below: 

Conduct tests over a range of dynamic loads at a 
frequency of 15 Hz and a sufficient number of locations 
to identify the critical pavement segments, 

Determine the DSM values for the critical pave-
ment segments, 

Determine the pavement capacity by correlating 
the DSM values with previously established curves re-
lating DSM to capacity for various types of pavements, 

Establish total pavement section requirements for 
proposed traffic conditions, and 

Establish pavement rehabilitation and overlay 
needs from the differences between the answers to steps 
3 and 4. 

If the pavement and subgrade systems were linear 
with respect to F and ô,  it would be necessary to test 
the pavement under a fixed force amplitude. However, 
most pavement and subgrade systems are not linear, but 
have load-versus-deflection plots, such as that shown in 
Figure 3. The DSM value for the pavement is deter-
mined by taking the inverse of the slope of the linear 
portion of the load-deflection curve as illustrated in 
Figure 3. 

The DSM is a measure of the resistance of the 
pavement-subgrade system to deflection under dynamic 
loads. In itself, the DSM is of little value in predicting 
pavement performance. It becomes significant only when 
the values for typical pavement sections are correlated 
(Figure 4) with allowable load capacities determined in 
the conventional manner by using destructive test meth-
ods. In this approach, the accuracy of the NDT and 
pavement-evaluation procedure is dependent on the va-
lidity of the conventional procedure used, with some pos-
sible loss of accuracy because of the errors inherent in 
any correlation procedure. 

One of the criticisms of the DSM as a method of pave- 
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Figure 5. Effect of frequency of dynamic load on pavement 
deflection over range of amplitudes. 
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Figure 1. Use of NDT for pavement management. 
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Figure 2. Correlation between pavement deflection and performance. 
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Figure 3. Deflection versus amplitude of force for typical pavement 
system. 
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ment evaluation is the need to preselect the testing fre-
quency (which is normally 15 Hz). The arbitrary selection 
of this particular frequency is based on the relatively 
constant ratio observed between the pavement deflection 
at that value and at other frequencies for a wide range of 
dynamic load amplitudes as shown in Figure 5. 

Different pavement systems have different natural 
frequencies. Figure 6 shows the effect of testing fre- 
quency on pavement deflection for a number of pavement 
systems at a given dynamic force. A study of these 
curves indicates that the first or primary mode for the 
resonant frequency is generally >5, but <10 Hz, although 
several of the pavements had an apparent resonance at 
a significantly higher frequency. There is considerable 
speculation as to the significance of the findings at test 
frequencies near, but not at, the first resonant fre-
quency, but this point has not yet been fully investigated. 

Because the load-sweep method of NDT relies ex-
clusively on the correlation between the DSM and allow-
able loads, strict limitations must be placed on the test 
procedure and the methods for interpreting the results. 
The constraints on the method (1) are shown below: 

The DSM must be determined by using a vibrator 
with a static mass of 71 kN and a load-plate diameter of 
45.7 cm (18 in). 

The DSM must be computed using the slope of the 
linear portion of the deflection-versus-load curve. 

The DSM must be measured at 15 Hz. 
A temperature adjustment must be applied to the 

DSM on flexible pavements. 
The DSM for rigid pavements mut be measured 

at the slab center. 
The inoduli of elasticity of the respective pave- 

ment layers under investigation must decrease with depth. 

The basic concept of the frequency-sweep approach is 

Figure 4. Correlation between DSM and allowable load as determined by 
conventional test and evaluation procedure. 
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also based on the resistance of a pavement to deforma-
tion under a dynamic force. However, rather than mea-
suring the resistance to deformation and using this value 
directly, Yang calculates an equivalent modulus (E) for 
the pavement-subgrade system. The procedure for de-
termining E involves testing the pavement at a fixed am-
plitude of dynamic force over a range of frequencies 
from well below the first resonance to approximately 10 
times the primary resonance and then using the following 
equation: 

E = (F/2a) x 1/[ô(u)/u] 	 (2) 

where 

F = amplitude of the dynamic force, 
a = radius of the loaxiing plate, 
u = evaluation frequency as a multiple of the first 

resonant frequency, and 
8(u) = pavement deflection at frequency u. 

The steps involved in the procedure are summarized 
below: 

Test at a sufficient number of locations to define 
the critical pavement segments. 

Calculate the E-values of the critical pavement 
sections. 

Determine the load and traffic capacities of the 
existing pavement (Yang uses a combination of elastic-
layer system theory and experience). 

Establish the pavement needs for the proposed 
traffic. 

Determine the pavement rehabilitation or overlay-
thickness requirements for the proposed traffic. 

Project the pavement performance and make an 
economic analysis of the alternatives. 

Make engineering decisions. 

Figure 7 shows the effect of frequency on pavement 
deflection for a given pavement. The first resonant 
frequency for this pavement was approximately 8 Hz. 
Thus, the deflection values are read at frequencies that 
are multiples of 8 (i.e., 8, 16, 24, 32 . .. ). Each de-
flection is then divided by the appropriate multiple of 
the resonant frequency (i.e., 1, 2, 3, 4 ...), and these 
ratios are summed. 

Although the frequency-sweep method for quantifying 
the resistance to deformation of a pavement is based in 
part on random vibration theory, the procedure in fact 
relies heavily on correlations between E-values deter-
mined by NDT and E-values determined by using con-
ventional plate-load tests on the pavement. Here two 
problems arise: The first is that different methods of 
conducting plate-load tests produce different E-values, 
and the second is that, because of the nonlinearity be-
tween pavement deflection and the amplitude of the dy-
namic force, it is necessary to arbitrarily select an 
amplitude of the force for the test procedure. The latter 
problem is illustrated in Figure 8. 

Both of the procedures for NDT and evaluation dis-
cussed above have been used to successfully determine 
pavement load capacity and to develop realistic pave-
ment rehabilitation plans. Both, however, have some 
obvious limitations and their successful application is 
due more to the sound engineering judgment and ingenuity 
of the persons involved in the evaluations and rehabilita-
tion designs than in the fundamental correctness of the 
procedures. Some of the limitations, some necessary 
steps for improvement, and some needed research are 
discussed below. 

The primary use of the NDT procedures is to allow 

the pavement engineer to predict pavement performance 
under specified traffic conditions, schedule necessary 
rehabilitation procedures, and make plans for the future. 
Both procedures attack this problem by measuring the 
resistance of the pavement-subgrade system under dy-
namic loads and using this information to predict pave-
ment performance. The two procedures provide different 
measures of this resistance to deformation, but each pro-
vides essentially a single value to quantify this property. 

Most of the deflection in pavement-subgrade systems 
is due to deformation in the subgrade. It has been esti-
mated that more than 80 percent of the deflection in flex-
ible pavements and nearly 100 percent of the deflection 
in rigid pavements occurs in the subgrade soil. Thus, 
significant improvement can be made in the NDT and 
evaluation procedures if some of the critical properties 
of the subgrade soil are known. 

The left side of Figure 9 shows a representation of a 
typical flexible pavement system, and the right side 
shows a representation of what is simulated by a single-
valued property of the pavement-subgrade system. In 
predicting the pavement deflection under a specified 
load, the single-valued property of the system is just 
as valid as is a multiple-valued designation. A problem 
arises, however, when one tries to evaluate the effect 
of an overlay or other rehabilitation with a single-valued 
system. 

Figure 10 shows representations of a typical flexible 
pavement system and of its simulation by a single-valued 
system, both with an overlay. It is apparent that an 
overlay on the single-valued pavement system will have 
a significantly different effect on the theoretical behavior 
of the system than will the same overlay on the typical 
pavement section. Because of this deficiency, it is prob-
able that neither NDT procedure described will provide 
a meaningful estimate of pavement behavior after over-
lay and that both in their present stage of development 
are not valid tools for predicting performance after re-
habilitation. Fortunately, this limitation is not as dif-
ficult to correct as might be anticipated. 

Because most of the deformation of a pavement is 
due to deformation in the subgrade, the theory for pre-
dicting pavement behavior can be improved substantially 
if the resistance to deformation of the subgrade is known. 
If the subgrade modulus is known or can be estimated to 
a reasonable level of accuracy, equivalent thicknesses 
and moduli can be calculated from elastic-layer theory 
(4) or the application of the Odemark theory for equiva-
lent pavement sections (5). Also, because most of the 
deformation occurs in the subgrade, the equivalent thick-
nesses and moduli of the pavement itself need not be 
known to a high level of precision. 

There are several ways to determine modulus values 
for subgrade soils. In evaluating these methods, it is 
well to remember that very few soils exhibit true elastic 
properties, but rather are highly stress -dependent and 
exhibit both permanent and recoverable strain character-
istics. Figure 11 shows a typical load-versus-
deformation curve for fine-grained soils. The ratio 
of the permanent deformation to the recoverable or re-
silient deformation depends on many factors, including 
the level of stress in the soil. If the stress level is high 
enough to cause significant permanent deformation in the 
subgrade soil after a number of load applications, then 
any type of pavement will give poor.  performance. Thus, 
most engineers rely on the recoverable or resilient de-
formation to predict pavement behavior. 

The resilient modulus of a soil is defined as the ap-
plied deviatoric stress divided by the resilient strain in 
the soil specimen and is a function of the stress level 
(6, 7). Figure 12 shows the effect of stress level on the 
ñsllient moduli for several soils. These moduli are 
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Figure 7. Relation between 
pavement deflection and 
frequency: frequency-sweep 
method. 

Figure 8. Effect of 
magnitude of dynamic force 
on calculated E-value: 
frequency-sweep method. 
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Figure 11. Typical 
stress deformation 
for fine-grained soil 
under impulse-type 
loading. 
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Figure 9. Representations of typical pavement system 
and single-value simulation of such a system. 
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system and single-valued simulation of such a 
system, both with overlays. 
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Figure 15. Wave-propagation equipment. 
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soils that have excellent chances for success. 
In the late 1950s,   workers at the University of Cali-

fornia, Berkeley, developed test procedures to measure 
resilient moduli (6) that have been refined and improved 
until it is now possible to measure the resilient modulus 
of an undisturbed soil sample quickly and accurately (7). 
The undisturbed soil samples for these tests can be taken 
through small [5.1 to 10.8-cm (2.5 to 4-in) diameter] 
core holes in the pavement with a tube sampler. The 
tube samples can then be shipped to a laboratory and 

-100cm 	-100 	-50 	1 	*0 	+1 

Note: lc,n0.39in. 	DURATION OF LOAD AND STRESS • in 

quickly processed to determine the resilient modulus 
values for the subgrade. 

If it is not possible to obtain the necessary undisturbed 
samples and test them, it is possible to obtain a good es-
timate of the resilient modulus values from key indicator 
values for the subgrade soil. Thompson and Robnett (7) 
have shown, based on tests on approximately 50 illinois 
soils, that the resilient modulus of a soil can be esti-
mated by the following equation: 

= 6.37 + 0.034C + 0.45P1 - 1.640C- 0.0038S 
- 0.244G1 - 0.344M 	 (3) 

where 

En = resilient modulus in kips per square inch as il-
lustrated in Figure 14, 

C = percentage of clay in soil (less than 2 microns), 
P1 = plasticity index of soil, 

OC = percentage of organic carbon in soil, 
S = percentage of silt in soil (-200 sieve to 2 

microns), 
GI = group index of soil (determined by AASHO Soil 
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Classification procedure), and 
M = moisture content (percentage) above optimum. 

(The operation of this equation requires that the variables 
be given in U.S. customary units.) 

For the 50 soils tested, this equation has a correlation 
coefficient (R) of 0.80, with a standard error of the mean 
of 2.18 kips per square inch. Of all the factors listed, 
the resilient modulus is most sensitive to the moisture 
content of the soil. Thompson and Robnett (7) show, for 
example, that there is a high degree of correlation be-
tween En  and the degree of saturation for the 50 fine-
grained soils tested, taken collectively. The more in-
formation that is known about a soil, however, the more 
reliable the prediction of the En . Thus, if the type of 
subgrade soil is generally known, so that such factors as 
the clay content, silt content and P1 can be estimated or 
if the moisture content of the soil can be determined, 
either by sampling or with a nuclear probe, then it will 
be possible to make reasonable estimates of the resilient 
moduli for subgrade soils with a minimum of destructive 
testing. 

These procedures for the characterization of subgrade 
soil are not necessarily recommended, but are given to 
illustrate the current state of the art and what might be 
done with a little imagination and engineering judgment. 
A good estimate of the soil dynamic properties and some 
knowledge of the composition and thicknesses of the pave-
ment layers will permit substantial advances in pavement 
NDT and evaluation without additional advances in tech-
nology or significantly increased costs. 

WAVE-PROPAGATION METHOD 

Another NDT method that has received considerable at-
tention and research funding is wave propagation. This 
method has been under development since the mid-1930s, 
but has not yet been used to any significant degree for 
pavement evaluation. 

The basic concept of the approach is that there is a 
relation between the speed of surface wave propagation 
and the shear modulus, density, and Poisson's ratio of 
the pavement material that can be expressed as follows: 

7=n(G)½/p 	 (4) 

where 

y = propagation velocity of the Rayleigh wave, 
G = shear modulus, 
p = mass density, and 
n = function that depends on Poisson's ratio. 

Watkins and others (8) have shown that there are other 
types of surface waves generated, but the primary wave 
form used for this analysis is the Rayleigh wave. 

The testing procedure for wave propagation is repre-
sented in Figure 15 (8,9). A vibrator is used to excite 
the pavement system, and sensors that can be moved 
relative to the vibrating source are used to record the 
phase velocity and wavelength of the surface wave. 

The depth to which the waves penetrate the pavement 
system is a function of the wavelength, which is inversely 
related to the frequency. That is, a low-frequency vi-
bration will have a long wavelength, and a high-frequency 
vibration will have a short wavelength. Thus, by mea-
suring the wave-propagation velocity and the wavelength, 
it is possible to establish the values of the shear modu-
lus at various depths in the pavement. Dispersion curves 
of the types shown in Figure 16 are thus generated from 
the data collected. Computer programs have been de-
veloped to calculate representative shear moduli for each  

of the pavement layers (8). 
Watkins and others (8)  list the following advantages 

for this method: 

The method is nondestructive. 
The materials are tested in situ. This eliminates 

the need to account for a number of variables that are 
difficult to reproduce with precision in the laboratory 
(e.g., the confining pressure resulting from a complex 
stress field). 

The properties of the materials are determined 
over a wide area, rather than from a localized test 
sample. 

The properties of the materials are determined in 
the form of their various moduli. This allows their use 
in rational analyses of the response of the structure to 
loading. 

There is a minimum of disruption to site activity, 
which is of major importance in testing highway pave-
ments and airport runways. 

There are also some substantial disadvantages of 
limitations on the use of wave-propagation methods. 
These are summarized by Watkins and others as follows: 

The stress levels induced in the layered structure 
are generally much lower than those produced by work-
ing loads. As many natural materials have nonlinear 
stress -versus -strain characteristics, moduli determined 
by testing cannot be used directly in the analyses of 
structure under traffic loading, but must be modified to 
incorporate the effects of stress level. 

The equipment is relatively expensive. 
The complexity of the equipment and the need for 

a rather sophisticated interpretation of the data require 
an operator with some knowledge of electronics, an un-
derstanding of the nature of wave propagation in layered 
media, and considerable experience with the technique. 
This may reduce the number of routine applications for 
which the method is useful. 

The interpretation of the data is based on the abil-
ity of theoretical analyses to correctly predict the nature 
of wave propagation in layered media. At present, these 
methods are insufficiently advanced to allow full advan-
tage to be taken of data available from testing programs. 
Reliable information is available for only the simplest of 
structures, such as a single stiff layer over a soft half-
space, and.in  many cases, simplifications and idealiza-
tions are used whose practical implications are not fully 
understood. 

This last limitation is probably the greatest single 
obstacle to the widespread use of the wave-propagation 
method. Its solution requires advances in the quality of 
the theoretical models used to represent practical struc-
tures and the full exploitation of existing analytic tools. 
The foundations of these analytic methods are based on 
a mathematical representation of the basic phenomena 
of wave propagation. 

FALLING-WEIGHT DEFLECTOMETER 
METHOD 

A recent advance in NDT has been the development of the 
falling-weight deflectometer (FwD) (10, ii). The test 
equipment and procedure includes a mass of 150 kg (330 
lb) that is lifted to a predetermined height [usually 40 cm 
(15.7 in)],  and released. The mass falls free, guided by 
a vertical rod, and impacts on a spring-shock system 
resting on the pavement. The magnitude of force and 
duration of impulse on the pavement can be controlled 
by changing the height of drop and the rate of decelera- 
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tion (spring-shock system). 
A 76-cm (30-in) diameter plate transmits the load 

caused by the decelerating mass to the pavement, and 
the deflection of the pavement is recorded. Figure 17 
shows the magnitude and duration of force transmitted 
to the pavement in a typical test. Figure 18 shows a cor-
relation between pavement deflections under a conven-
tional truckwheel load and the FWD (ii). 

The data obtained with the FWD is essentially the 
same as that obtained by using a Benkelman beam and a 
loaded truck; i.e., the value of a deflection under a speci-
fied load. These data are useful in projecting potential 
pavement performance only insofar as the pavement de-
flection can be correlated with pavement performance. 
All the comments made concerning the steady-state vi-
bratory test methods and pavement performance apply 
equally to the FWD method of testing and evaluation. 

There are several advantages of the FWD method of 
NDT over the steady-state vibratory method. These in-
clude that the equipment is inexpensive compared to the 
waterways experiment station vibrator and that it is rel-
atively small and so can be transported by truck, rail, 
or aircraft. Another advantage is that the type of load 
applied to the pavement is more compatible with the load 
pattern applied by moving aircraft gear, especially if the 
aircraft is moving at a significant speed. 

The major disadvantage of this type of NDT procedure 
is that its results can be interpreted only through corre-
lations of pavement behavior and performance, and such 
correlations do not always lead to precise evaluations of 
pavement performance. At present, there are very little 
background data to use in the correlation process, so that 
this method cannot be used with confidence. Also, there 
is little or no theoretical basis to use in developing the 
necessary deflection-performance relations other than 
that obtained from the study-state vibratory tests. 

DEFLECTION-PROFILE METHOD 

Another method of NDT is that proposed by Harr and dis-
cussed in a paper in this Special Report in which the 
pavement deflection and the deflection profile, called a 
signature, are continuously measured by a moving ref-
erence beam attached to a moving vehicle that, in turn, 
loads the pavement with the moving load. Because the 
pavement deflection is measured by light sources and 
sensors, no part of the pavement-deflection measuring 
system actually touches the pavement. Thus, the system 
can be moved along the pavement while recording the de-
flections under the moving wheel load. 

While this system may have the potential to be de-
veloped into a useful procedure, it has not yet been used 
in an actual evaluation of any pavement system other than 
experimentally. Also, because the evaluation is based 
solely on pavement deflection and pavement-deflection 
profiles, the results can be related to pavement-
performance evaluation only through a correlation of 
deflections and performance. Thus, the procedure is 
subject to the same limitations and correlation problems 
as the vibratory and FWD procedures. Also, the corre-
lation procedures for the moving deflectometer may be 
the same as those of the other NDT procedures, but the 
actual correlations may be different because of the dif-
ferent loading procedures. 

CONCLUSIONS AND COMMENTS 

Practical NDT procedures have been developed for the 
evaluation of airport pavements. At least two of these 
procedures have been used for the evaluation of civil air-
ports in operation and their results used to develop prac-
tical pavement rehabilitation plans. Because NDT pro- 

cedures permit pavement evaluation-with a minimum dis-
ruption to normal airport operations, their use will 
probably be greatly expanded as air traffic increases 
at major airports. 

While the current NDT procedures have been effective 
in providing realistic pavement evaluation and rehabilita-
tion plans, this has been due in large measure to the ex-
perience and good judgment of those engineers who have 
beenassociated with the testing and evaluation programs. 
At present, these procedures have not been developed to 
the degree that definitive guidelines for testing and evalu-
ation can be provided for general use. The technology 
has been developed, however, so that with minor changes 
in these procedures, substantial improvement can be 
made in the evaluation process. 

Before discussing some recommended changes in the 
NDT procedures, it is well to review some of the poten-
tials and limitations of NDT. For example, NDT pro-
vides data on the behavior of pavements, but to relate 
behavior to performance, transfer functions are needed 
that correlate measured individual responses (primarily 
deflections, in this case) to performance. The 
performance-evaluation phase of NDT can never be 
better than the correlation between behaviorial response 
and performance. Conversely, it is important that the 
test procedure define the pavement behavior as ac-
curately as possible to decrease the correlation error. 
It is also important that the pavement behavior be de-
fined in terms that will permit a realistic estimate of 
pavement response after some specified rehabilitation 
action, such as an overlay. If it is not possible to pre-
dict the behavior of a pavement system after rehabilita-
tion from its properties measured before rehabilitation, 
then the procedures will be of little value in developing 
realistic pavement management systems. 

With these thoughts as background, the following pro-
cedures are recommended for immediate implementation 
of NDT and evaluation of airport pavements: 

Conduct NDT of pavements by using both the 
frequency-sweep and the load-sweep procedures. When 
using the load-sweep procedure, conduct tests over the 
load range at both the standard 15-Hz frequency used in 
the calculation of the DSM and the first resonant fre-
quency. 

Determine the composition of the existing pave-
ment system through study of the as-built plans and by 
taking small-diameter [10.2-cm (4-in)] core samples. 

Determine the resilient moduli of the subgrade by 
either (a) laboratory tests on undisturbed spoon samples 
or (b) correlation with soil-classification parameters or 
degree of saturation of the soils. 

Calculate a value of effective structural stiffness 
for the composite structural layers by using the pave-
ment composition and appropriate theory, such as elas-
tic layer or Odemark's. 

Determine the existing pavement capacity through 
some or all of the following pavement responses: (a) de-
flection, (b) critical stresses, or (c) critical strains. 

Establish the necessary pavement structural sys-
tem so that the critical responses will be at a level for 
satisfactory performance under the projected traffic. 

This procedure requires expert knowledge of pave-
ment behavior and the factors that influence pavement 
performance. To use NDT and evaluation at this 
time without this expert knowledge of pavements is 
an open invitation to wrong conclusions and expensive 
failures. To allow such failures at this stage of de-
velopment may result in loss in credibility for the 
approach. It is most important to remember that 
NDT is a tool, not an end in itself, and that tools 
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are more effective when used by experts. 
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