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SECTION 1
INTRODUCTION

A. OBJECTIVE

The primary purpose of the work reported here was to determine the
pavement pressure distribution produced by a variety of aircraft tires used by
the Air Force. The tire/pavement pressure distributions are needed by
airfield pavement engineers concerned with the design of thin flexible

pavements for aircraft using high pressure tires to carry heavy loads.

B. BACKGROUND

Pavement design has traditionally been based on the assumptions that a
tire's footprint is circular and exerts a uniform pressure on the pavement
surface. The magnitude of the pressure is often taken as equal to the
inflation pressure although other values have been specified which are related
to the expected footprint area (Reference 1). Although the assumption of
uniform tire/pavement contact pressure has led to successful airfield pavement
design for many years, modern aircraft with high-pressure tires to carry heavy
loads are creating new demands for pavement performance.

Modern pavement models, based on the finite element method, can account
for nonuniformity in the surface pressure produced by a tire. It has been
established that, for a truck tire, the shape of the tire/pavement pressure
distribution has a significant effect on strains in a flexible highway
pavement (Reference 2). The actual shape of the aircraft tire/pavement
preﬁSure distribution is thus,becoming of considerable interest to airfield

pavement engineers.

v




In view of the lack of measurement of aircraft tire/pavement pressure
distributions, and the expense of making such measurements, the present
project was initiated to calculate representative pressure distributions using

a computer tire model.

C. SCOPE/APPROACH

As few previous studies of aircraft tire/pavement pressure distributions
exist, the project was begun by developing a list of tires that would include
a wide range of tire sizes, inflation pressures, and tire loads. This list is
given in Table 1, and the tires are arranged according to their rated loads.
A1l of the tires are main gear tires, for the aircraft identified in Table
1. Only one radial tire {for the F-15f airplane) is included in the study as
virtually all aircraft tires today are of conventional bias-ply design. The
relative sizes of the tires can be seen by turning to Appendix A where
meridian profile plots are shown.

The tire/pavement pressure distributions were made with a finite element
tire model developed previously at Texas A&M University (Reference 3). This
model utilizes a relatively comprehensive description of a tire's geometry and
material properties, without requiring an excessive amount of computer time.
Most of the calculations were made with a VAXstation 2000 workstation-class
computer. The 3-D plots shown in the next section were made with the SAS
graphics package on a mainframe computer.

Input data describing a tire to the tire model were obtained from various
sources, fincluding the tire Qualification Test Report (QTR), the tire
manufacturer, and a physical section of the tire. Tire sections for this
project were provided by Mr. Jack Passey and Mr. Brian Chatterton of Hill AFB;
Utah; Mr. Bob Fitzharris of MWright-Patterson AFB, Ohio; and Mr. H.G.
Herchenroether of B.F. Goodrich Aerospace and Defense. A detailed description
of the input data needed by the tire model is given in Appendix A.
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SECTION I1
CALCULATED RESULTS

The tire model that provided the calculated results given here represents
the tire as a layered toroidal shell of revolution. Cord and rubber
properties of each cord-reinforced layer are specified separately. The tread
layer (rubber only) is not included in the modei. Tire inflation pressure is
input to the model and the inflated shape of the tire is calculated. The
model is then deflected against a flat, frictionless surface and the contact
pressure distribution is calculated. This contact pressure distribution is
approximately what would be produced by a tire without a tread, standing on a
smooth surface. It is believed to exhibit the essential features of the
pavement pressure in the footprint of an actual tire, at the same inflation

pressure and tire load.

A. PRESSURE DISTRIBUTIONS

Figures 1-7 show 3-D plots of pavement pressure distributions calculated
for the seven tires listed in Table 1. These distributions represent the
normal contact pressure applied to the pavement by each tire (standing
condition) at its rated inflation pressure and rated load. In these figures,
x indicates the direction of tire travel and y is directed across the tread.
The normalized contact pressure (NCP) shown in the figures is obtained by
dividing the calculated contact pressure, p, by the rated inflation pressure
for the tire. The calculated pressure values are given in tables in Part C of

this section.

B. DEFLECTION-LOAD PLOTS
The integral, or resultant, of the pavement pressure distribution gives

the tire load. Since the tire model used in this work is a deflection-

4
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specified model*. comparing the calculated tire load with the load measured at
the same tire deflection indicates validity of the tire model.

Figures 8-14 show a comparison of measurea deflection-load data, taken
from the tire QTR, with calculated deflection-load data for each tire at its
rated inflation pressure. The comparison is fairly good in the
neighborhood of each tire's rated load. In all cases, however, the slope of
the calculated data is less than the slope of the measured data. This
indicates that the tire model is somewhat stiffer than the tire being modeled.
Consequently, the calculated pavement pressures may be more nonuniform than

the actual pavement pressures.

C. TABULAR DATA

Tables 2-8 give the locations and numerical values of contact pressure,
p, calculated in the footprint of each tire at rated inflation pressure and
rated load. As the tire model footprint has two axes of symmetry, contact
pressure$ in one quarter of the footprint are calculated. The location of
each point where a pressure is found is given by Cartesian coordinates, x and
y, which originate at the center of the footprint. For example, Figure 15
shows the complete set of points where contact pressures are obtained for the
20x4.4 (T7-38) tire. The tire model calculates pressures at points 1 through
21 (Table 2 and Figure 15) for the T7-38 tire. The pressures at the unnumbered
points in Figure 15 are identified by reflection across the footprint axes of
symmetry (the x and y axes). The footprint locations of contact pressures for

the other tires (Tables 3-8 and Figures 16-21) are similarly determined. The

*ith this model, a tire deflection is specified as input data and the
consequent load is obtained by integrating the calculated contact pressure
distribution. ’

12
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TABLE 2.

CONTACT PRESSURES, p, IN FOOTPRINT OF 20x4.4 (T-38) TIRE

WITH 265 PSI INFLATION PRESSURE AND 6,000 POUND LOAD.

Point x {in) y (in) . p (psi) NCP
1 0.0 0.0 134.4 0.5
2 0.99 0.0 146.5 0.55
3 1.98 0.0 160.1 0.60
4 2.97 0.0 135.9 0.51
5 3.96 0.0 0.0 0.0
6 0.0 0.40 426.9 1.61
7 0.98 0.40 383.9 1.45
8 1.97 0.40 370.4 1.40
9 2.95 0.40 314.2 1.18

10 3.94 0.40 0.0 0.0
11 0.0 0.82 512.3 1.93
12 0.97 0.82 468.2 1.77
13 1.93 0.82 559.3 2.11
14 2.90 0.82 0.0 0.0
15 0.0 1.27 787.1 2.97
16 0.94 1.27 700.6 2.64
17 1.87 1.27 46.6 0.18
18 2.81 1.27 0.0 0.0
19 0.0 1.47 0.0 0.0
20 0.92 1.47 0.0 0.0
21 1.83 1.47 0.0 0.0
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TABLE 3. CONTACT PRESSURES, p, IN FOOTPRINT OF 25.5x8.0-14 (F-16) TIRE
WITH 310 PSI INFLATION PRESSURE AND 16,200 POUND LOAD.

Point x (in) y (in) p (psi) NCP
1 0.0 0.0 49.3 0.16
2 1.28 0.0 72.6 0.23
3 2.56 0.0 112.7 0.36
4 3.84 0.0 62.6 0.20
5 5.12 0.0 0.0 0.0
6 0.0 0.50 604.3 1.95
7 1.28 0.50 576.3 1.86
8 2.56 0.50 606.6 1.96
9 3.84 0.50 473.2 1.53

10 5.12 0.50 0.0 0.0
11 0.0 1.00 349.2 1.13
12 1.27 1.00 232.9 0.75
13 2.54 1.00 328.2 1.06
14 3.81 1.00 16.6 0.05
15 5.09 1.00 0.0 0.0
16 0.0 1.50 572.0 1.85
17 1.26 1.50 400.0 1.29
18 2.52 1.50 716.7 2.31
19 3.78 1.50 0.0 0.0
20 0.0 2.00 581.3 1.88
21 1.23 2.00 775.4 2.50
22 2.46 2.00 504.7 1.63
23 3.69 2.00 0.0 0.0
24 0.0 2.42 979.7 3.16
25 1.20 2.42 563.8 1.82
26 2.41 2.42 0.0 0.0
27 0.0 2.75 0.0 0.0
28 1.18 2.75 0.0 0.0
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NCP

y (in) p (psi)

TIRE WITH 265 PSI INFLATION PRESSURE AND 26,600 POUND LOAD.
x (in)

CONTACT PRESSURES, p, IN FOOTPRINT OF 30X11.5-14.5 (F-4C/G)

TABLE 4.
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