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AN ANALYSIS OF PICKETT'S SOLUTION TO
WESTERGAARD 'S EQUATION FOR RIGID PAVEMENTS

1 INTi.2NUCTION

Background. The Corps of Engineers method! of determining minimum
thickness requirements for concrete pavements relies in part on Pickett's
procedure2 for determining maximum stress at thc edge of a concrete

slab. Pickett presented influence coefficients for stresses in two
forms. Table 1 presents in tabular form influence coefficients for
stress. These influence coefficients are also available iu graphic

form as shown in Pigure 1. PFor many years the graphic form was the
predominant tool for manual determination of stresses in concrete
pavements.

More recently, however, Pickett's method of determining stresses
in concrete pavements has been programmed for computex by inputting
Pickett's tabular values and usirg linear interpolation to calculate
intermediate values. A typical example is the computer program H51
develaped by Kreger.3

Objective. To facilitate the application of Pickett's work to deter-
mine stresses in concrete pavements, it was necessary to determine

the effect of ignoring all aircraft loads, typical of large complex
landing gear systems, which fall outside the limits of the original
table. Thus, only those loads acting within a transverse and longi-
tudinal distance of twice the radius of relative stiffness from the
point at which stress is required were taken into consideration. The
impact of this limitation was determined by extending the original table
to include loads at distances equal to four times the radius of relative
stiffness in both the transverse and longitudinal directions. At the
same time, a mwore rigorouc interpolation scheme was compared to the

1 M £-824-3/AFM 88-6, "Rigid Pavements for Airfields Other Than
Army," Chapter 3, (Departments of the Army and Rir Force, December
1970) .

2 G. Pickett, M. E. Raville, W. C. Janes, and F. J. McCormick,
"Deflectiors, Moments, and Reactive Pressures for Concrete Pavements,"
Bulletin No. 65, Engineering Experiment Station (Kansas State College,
October 1951).

3 w.c. Kreger, Computerized Aircraft Ground Flotation Analysis - Edge-
Loaded Rigid Pavements, Research Report ERR-FW-572 (Port Worth
Division, General Dynamics, January 1967).
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k-« Rigidity of subgrade (density of hiquid)

D-Flowrsl rigidity of pevermnent
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intenwty of loading
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original linear interpolation method in order to justify or eliminate
ths use of linear interpolation. The obiective of this report is to
present preliminary findings obtained frou this study.

Approach. Pickett's tabular values (shown in Table 1) were developed
prior to 1950; therefore, all calculacions were performed by applying
numerical integration techniques without the use of computers. In order
to reduce the possibility of error, a similar numerical integration
technique was used herein to extend the tables, except that calculations
were done by computer instead of desk calculators. To further guarantee
accuracy, more stringent step sizes and convergence criteria were applied
and Simpson's rule instead of the Trapazoidal rule wvas used for the
integration process.

Once a reliable numerical integration scheme had been developed,
the table was extended to accept "a" and "b" values for offset equal
to four times the radius of relative stiffness. The stress analysis
program“ was then modified to ascept the new tabular values. Six
aircraft loadings were arbitrarily chosen; three separate analyses
were performed on each loading. The first analysis was performed
using Kreger's H51 computer proccam with Pickett's stress coefficients.
The second solution used H51 with the new tabular values exterded to
include ratios of a/l1 and b/l equal to 4.0. Finally, to test the
acceptability of using linear interpolation to obtain intermediate
values in the table, the original computer program was modified to
incorporate a higher order interpolation method developed by McDowell.*

2 RESULTS

When Pickett's integral was first evaluated by computer, several
discrepancies appeared between the newly generated data and the
original tabular values. Purther refinement of the numerical inte-
gration scheme eventually led to a set of corrected values which are
shown in Table 1 along with Pickett's original values. 1In the critical
section of the table, all errors in Pickett's values are less than 11
percent and average only 1.2 percent. The term "critical area" was
arbitrarily chosen to include only those tazbular values which specify
a block count of 10 or more in order to focus attention on that section
of the table where accuracy is most essential.

Y w.c. Kreger, Computerized Aircraft Ground Flotation Analysis - Edge-
Loaded Rigid Pavements, Research Report ERR-FW-572 (Forth Worth
Division, General Dynamics, January 1967).

* Correspondence with Dr. E. L. McDowell of CERL, July 1972.




Table 2 presents stress comparisons for the six aircraft lovadings.
Use of the original influence coefficients and a linear interpolation
procedure produces discrepancies of from 1 to 4 percent; when the new
tabular values are used with linear interpolation, discrepancies of
as much as 3 percent are obtained.

While discrepancies of les: than 4 percent may not cause catastrophic
failures, it should be understood that the chosen aircraft loadiags
are not intended to represent the most critical loading conditions.
However, since the critical discrepancies in Pickett's table do not exceed
11 percent, it can be safely assumed that use of linear interpolation
and Pickett's tabula~ values has produced errors of less than 15
percent in all cases,

3 CONCLUSIONS AND RECOMMENDATIONS

While use of the extended tables and the higher order interpolation
procedure changed stresses by less than 5 percent, use of the two
improvements is recommended, especially since their use causes no
significant penalty in terms of increased requirements for computer
size or calculation time.

Based on information supplied by the heavy-load design curves
for a twin-twin wheel gear of the B52, it can be demonstrated that a
2.5 percent increase in load at the edge of a 24-inch concrete slab
would require an additional 1/2-inch of pavement, whereas a similar 1/2-
inch increase in thickness will allow up to a 4 percent increase in
load in a 15-inch pavement. Turning to the light-load design curves
for a single wheel gaar load, a l/2-inch increase in thickness will
increase the load capacity of a 12-inch slab by 7 percent and the load
capacity of a 7-inch slab by 11 pcrcent. Therefore, it is seen that a
3 percent error will probably affect the design of a heavily-loaded
thick pavement, whereas a lightly-loaded thin pavement is much less
sengitive to errors in the design procedure.

Regardless of whether or not these suggested modifications to
Pickett's approach have an impact on pavement design, this study brings
out the fact that there are areas of possible improvement in the Corps
procedure for rigid pavement analyses as the result of the development
of computers and analytic procedures. Therefore, one begins to wonder
if there may not be other improvements that could be made, especially
since there appears to be a trend towards eliminating the use of design
curves altogether and going to an entirely computerized design process.

Other areas to be considered for improvement are:

1. Pickett's influence ccefficients were generated using a value
of 0.15 for Poisson's ratio. Currently, Poisson's ratio for
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concrete is assumed to be 0.20. This has led to the current
Corps practices of using a value of 0.15 to develop u plot of
radius of relative stiffness versus block count and then
changing tn a value of 0.2 when performing the remaining
calculations needed to complete a set of design curves for a
given aircraft.

How valid is the assumption that an edge-loaded pavement can
be considered to act as a semi-infinite plate? Behrmann®
found from small-scale tests that the semi-infinite assumption
is valid for a single-wheel loading only as long as the mini-
mum slab dimension is greater than threec times the radius of
relative stiffness. This indicates that Pickett's analysis
will produce questionable results as the pavement thickness
approaches 24 inches. It logically follows that the semi-
infinite assumption is further invalidated by the fact that
new aircraft, such as the C-f and the 747, incorporate landing
gears which cover much larger areas of pavement than do the
older twin-tandem gears. I this is the case, an alternate
method of analysis which more closely models the true boundary
conditions should be adopted.

An increase in desian reliability might be achieved through a total

re-evaluation of Corps pavement design procedures. Special attention
should be given to locating inaccuracies that occur as a result of
assumptions and approximations. Sucl a study would then permit one to
determine the extent to which inaccuracies accumulate during the design
of a typical airfield pavement. 1In view of the major changes that have
occurred in aircraft design since 1950, it appears quite likely that many
assumptions and approximations may no lcnger be valid.

S

R. L. Hutchinson, Basis for Rigid Pavement Design for Military
Airfields, Misc. Report No. 5-7 (Ohio River Diviaion Laboratories,
CE, May 1966).

R. M. Behrmann, Small-Scale Model Study to Determine Minimuwn
Horizontal Dimensions for 'Infinite Slab Behavior, Technical Report

No. 4-32 AD 603-345, (Ohio River Division Laboratories, July 1964).
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