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Where: = coverages to failure

C

D = elastic deflection, inches
p = tire pressure, psi

P = single-wheel load, 1lbs

3. The preceding equation was developed using
single-whecl data from airfield test seciions and Joseph and

Hall reported that the regression analysis had a correlation
coefficient of .80,

4. The preceding equation was adapted so that it could
be used to computc aliowable single-wheel load for various
operational levels in coverages, C, when stiffness, S in kips/inch,
and contact area, A in sq inches, are used as input. The
following is the adapted equation:

Pow o N9 (EQ 2)

3. To usc tihc adapted equation to calculate the
allewable loadings for multiplce-wheel aircraft, the deflection
under a load presented by a multiple-wheel aircraft must be
equated to that under an equivalent single-wheel. This is
accomplished by using the ratio of theoretical deflection factors
for a uniform circular load on a homogenecvus elastic half-space
(Boussinesa ana ysis), The deflection under a test whecel of a
multiple-wheel assembly is increased by a ratio of thc deflection
faztor bencath that point at which the measurement is made
to the maximum deflcction factor for that multiple wheel asscmbly.
This adjusted deflection is divided into the equivalent-single
wheel load (ESWL) for that assembly to obtain stiffness in
kips per inch. LSWL is defined as the load on a single wheel
of the samc contact area as onc wheel of the multiple-wieel
assembly that produces a maximum deflection equal to that >encath
the nmultiple-wheel assembly. Appendix B contains procedures
for computing ESWL.

E. TEMPERATURE-DEFLECTION RELATIUNSHIPS. Because of
the thermo-viscoclastic naturc of asphaltic materials, an
important factor in the snalysis of the deflection of a
flexible pavement structurc is the temperature of the bituminous
surface. As thc surface tempcraturc poes up, the stiffness
of thc asphalt layer poes down and the deflection goes up.
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Therefore, the deflection of a pavement must be adjusted by
some factor so that all deflecctions or stiffnesses are relatecd
to a base tempcrature. The temperature of the pavement sur-
facing can be adjusted for in onc of two ways. The first and
preferable method is to develop a temperature-deflection relation-
ship for the specific pavement stricture being tested. This
can be accomplished by testing thc same point at differcnt
times taroughout the day. If this is not possible, the curves
developed by Kingham (Ref 5S) shown in Figure 5, give a close
approximation for use in adjusting the deflection for tempera-
ture changes.

F. SLASONAL VARIATIONS IN DEFLECTION. The load carrying
capabilitics of a flexible pavement structure vary throughout
the year due to the cffects of frost, tcemperature and moisture.
This cffect on the magnitude of the total deflection of a pave-
ment structure is snown in Figure 6. As pointed out in Reference
9, the annual strength history of a flexihle pavement can be
divided into four periods: deep frost which is when the pavement
is the strongest; when frost is beginning to disappear from the
pavement structure, during whicn the deflection risces rapidly;
when the water from taue melting frost drains out of the pavement
structure and the deflection begins to drop; and the period
during which the deflection levels off with a general downward
trend as the pavement structurce continues to slowly dry out.

G. EXPERIMELTAL STUDIES:

1. Aircraft Comparison Study:

a. At Nellis AFB, Nevada, a study was conducted
to comparc tic deflections obtiained under four Jdiffcrent
single-wheel aircraft with five diffecrent pavement structures.
All the data were collectcd in a two-day pceriod during a time
of ycar when the temperaturc adjustuents for tihe individual
data points should be minor. Tablc 1 prescints the results of
that study. Note that the stiffnesscs vary for eaci: aircraft,
For example, in Feature 4, the stiffness for the F-111 is 1510
kips/in and for the A-7 it is 780 kips/in. The reason for
this disparity is due to the differcnces in contact area, as
was pointed out to be a possible problem under the previous
theoretical discussions.

b. Because of this disparity, a study was conducted
using a mathematical relationship that rclates deflcction to
the moduli and thickness of laycrs in a two laver clastic-layered
system. The equation was devcloped by J. M. Kirk and presented
at the Rome International Congress of Roads, and was obtained
for this study from a report by Kingham (Ref 5). The equation
is given below:
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2. Field Studies:

a. In conjunction with destructive pavement evalua-
tion studies accomplished in accordance with standard Air Force
procedures, the Benkelman Beam was used to measurc deflecction
under various aircraft. The aircraft included the F-102, F-4,
F-111, B-52 and C-130 with most of the work heing done with the
F-4. The primary purpose of this work was to assist the field
pavement evaluation teams in the location of exploratory test
pits and to provide data that would be valuable in the analysis
of materials testing data. Pavement temperaturec data were not
obtained. Table 4 contains a summarization of the deflections

and material properties at cach of the Air Force installations
included in the test studies.

b. During this work, the field procedures for
use of the Benkelman Beam with various aircraft types and
gear configurations wcrc worked out. Based on this work the
following observations are made:

(1) The procedure can be used very successfully
to locate weak and strong points on an airficld system, provided
a systematic data collection procedure is used.

(2) At two installations (Luke AFB and Nellis
AFB), the usc of the procedure located arcas on the runway
where failures in tiae form of rutting and surface disintegra-
tion occurred shortly after the completion of the study. In
both cases, the problem was not manifested in the surfacing
at the time of the field work.

(3) The deflections at Clark AB appeared to
be large when compared with the base and subgrade strengths.
This may be due to a possible differcnce in the deflection
characteristics of a non-plastic versus plastic subgrade,
since the subgrade at Clark was predominantly nonplastic and
in the other studies the subgrades were mainly plastic.

(4) When a large cargo or bomber aircraft such
as the B-52 is used as a loading aircraft, thc radius of the
deflection basin may exceced the length of the Benkelman Beam

probe and two beams set up tail to head are required to mecasure
the deflection.

Cc. An attempt was made to develop a relationship
between deflection and the allowable gross load (AGL) as
would be calculated using standard Air Force paveaent evalua-
tion procedures (based on the CBR test). To accomplish this,
the AGL was computed for the F-4 aircraft for cach of the gave-
ment structures presented in Table 4. The resulting AGL is
plotted against deflection in Figure 9. \Using this data, a
simple regression analysis was accomplished. The rcsultinf
correlation coefficient was .488 which based on 25 data points
indicates thut AGL as computed using CBR procedures does not
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FIGURE 18. ALLOWABLB GROSS LOAD VBRSUS STIFFNESS FOR F-111 AIRCRAPT
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FIGURE 20. ALLOWABLE GROSS LOAD VERSUS STIFFNESS FOR C-141 AIRCRAFT
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