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ABSTRACT

This report presents the results of an investigation into the effect of truck tire inflation pressure
and axle load on flexible and rigid pavement performance as determined using computer analysis.

The flexible pavement analysis was conducted with both a nonuniform pressure model and a
uniform pressure model as input to the elastic layer program BISAR and the 3D finite element program
TEXGAP-3D. The results show that (1) the uniform pressure model overestimated the increase in
tensile strain at the bottom of the surface for overinflated tires, and underestimated the increase in
{ensile strain at the bottom of the surface for overloaded tires, (2) both high inflation pressure and
heavy load caused a high increase in tensile strain at the bottom of the surface and a significant
reduction of the pavement fatigue damage life, and (3) the axle load (not the inflation pressure) played
a major role in the subgrade rutting life.

A rigid pavement analysis was conducted with both a nonuniform pressure model and a uniform
pressure model as input to the program JSLAB. The difference between the results obtained for the
nonuniform model and those for the uniform pressure model for the same axle load is insignificant.

Key words: tire pressures, flexible pavements, rigid pavements, distress prediction, contact
pressure distribution, pavement analysis.
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SUMMARY

The main contributions of this report are results showing the effects of tire contact pressures
and axle loads on flexible pavement performance with particular attention to fatigue life and rutting
using layer programs (BISAR, ELSYMS5), and a finite element program TEXGAP-3D. The results can
be summarized as follows: (1) both high inflation pressure and heavy axie load cause a high increase
in tensile strain at the bottom of the surface layer and a significant reduction of the pavement fatigue
damage life, (2) the axle load, instead of the inflation pressure, plays a major role in the subgrade
rutting life, (3) the uniform pressure model (which is commonly used for pavement design)
overestimates the increase in tensile strain at the bottom of the surface layer for overinflated tires, and
underestimates the increase in tensile strain at the bottom of the surface layer for overloaded tires, (4)
tread type (bald or treaded tire) has a small effect on the critical tensile strains developed in the surface
course, (5) the addition of tangential loading (braking force) to normal loading produces a higher strain
than the pure normal loading condition, and (6) the effect of contact pressure distribution (for the
same axle load) on rigid pavement tensile stress at the bottom of the surface layer is not significant.
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IMPLEMENTATION STATEMENT

The work carried out under this project provides highway design engineers with information
useful for evaluating the effect of tire inflation pressure on the structural adequacy and capacity of
flexible and rigid pavements. Such information hopefully will lead to changes in the methods
employed for current highway design and thereby lead to improvements in the structural capacity of
pavements and/or overlay design or produce recommendations for legislation to regulate truck tire
inflation pressure or axle load.
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CHAPTER 1. INTRODUCTION

Truck tire pressures in Texas have increased in the last few years. The increased surface rutting
in asphaltic concrete pavements and decreased fatigue life in asphaltic concrete and Portland cement
concrete pavements are suspected as being related to higher truck tire pressures. No truly basic
research has been done on determining the effect of tire inflation pressure on pavement loading in
recent years.

A previous report (Ref. 1), entitled "Experimental Investigation of Truck Tire Inflation Pressure
on Pavement-Tire Contact Area and Pressure Distribution,” presents results showing experimental
contact pressure distributions for truck tires loaded at different axle loads and at various tire inflation
pressures.

This report deals with the effect of tire pressures on flexible and rigid pavement performance.
Special emphasis is placed on investigating the effects of tire pressure change on flexible and rigid
pavement performance. This investigation was intended to quantify the effects of increasing tire
pressure. A detailed description of the analysis and the results is presented.

BACKGROUND

A variety of factors are known to contribute to pavement damage, including climate, traffic
density, and the loads from car and truck tires. Historically, the subject of the effect of truck tire inflation
pressure has received little attention for several reasons: simplifying assumptions made in past
pavement design procedures have made knowiedge of the actual tire-pavement contact pressure
distribution unnecessary, and measurements of the contact pressure over the entire contact area are
difficult. The influence of tire inflation pressure and the contact pressure distribution between the tire
and the pavement will both undoubtedly play a larger role in pavement design once their role in
causing pavement damage is better understood.

Love and Burmister (Refs 2 and 3) first modeled the tire load as a circular uniform pressure
distribution; only the inflation pressure and axle load were considered important. The uniform
pressure tire model continued to be commonly used in highway design. Duncan, Monismith, and
Wilson (Ref 4) used a uniform pressure distribution model and a finite element technique to analyze
the stress conditions that occur below the tire-pavement interface. They studied a pavement
three-dimensionally using a two-dimensional axisymmetric layer model.

OBJECTIVES

The main objective of this report is to determine the effect of tire inflation pressure, tire axle load,
tire tread type, and friction (braking force) on the stresses and strains in flexible and rigid pavements.
Emphasis is placed on investigating the effects of high inflation pressure and heavy load on the
tensile strain at the bottom of the surface (which is associated with fatigue cracking) and the
compressive strain at the top of the subgrade (which is associated with subgrade rutting) by using
both a nonuniform circular pressure model (BISAR) and a 3D finite element model (TEXGAP-3D). A
portion of the study will investigate the effect of pressure distributions on the critical tensile stresses at
the bottom of a rigid pavement surface layer.



SCOPE AND ORGANIZATION

Chapter 1 provides an introduction 1o this report.

Chapter 2 presents the results showing the effect of inflation pressure, tread type, tangential
friction, and axle load on the asphalt concrete pavement critical surface tensile strain and critical
subgrade compressive strain using the nonuniform circular pressure model (BISAR).

In Chapter 3, the 3D finite element model (TEXGAP-3D) is used to investigate the effect of high
inflation pressure and heavy axle load on (1) the critical tensile strain at the bottom of the asphalt
concrete surface, (2) the compressive strain at the top of the subgrade, and (3) the pavement damage
life.

Chapter 4 presents results for the rigid pavement stress analysis. Conclusions and
recommendations made throughout the report are summarized in Chapter 5.



CHAPTER 2. FLEXIBLE PAVEMENT ANALYSIS -- AN AXISYMMETRIC LAYER MODEL

A previous report (Ref. 1} presents results showing experimental nonuniform contact pressure
distributions for truck tires loaded at different axle loads and at various tire inflation pressures. This
experimental data was obtained in order to determine what effect the magnitude and shape of the
pressure distribution has on the stresses, strains, and deformations developed in the pavement as a
result of truck tire loading. Computer programs typical of those used by highway engineers in
pavement analysis and design work are used to determine the strains and stresses of interest for both
flexible and rigid pavements. The strains and stresses for a treaded tire contact pressure distribution
are compared to those obtained using the traditional design assumptions.

The objective of this chapter is to determine the effect of tire inflation pressure, tire axle load,
and tire pressure distribution on the strains and stresses in flexible pavement. A large portion of this
chapter concentrates on flexible pavements owing to their anticipated sensitivity to the pressure
distribution. The pavement descriptions and computer models used in the analysis of pavement
performance are also described.

FLEXIBLE PAVEMENT MODEL

Figure 2.1 shows the flexible pavement model with surface, base, and subgrade courses. The
surface courses in this study had thicknesses (Hg) of between one and four inches and a modulus of

elasticity (E) of 400 ksi. The base and subgrade had thicknesses of 8 inches and 169 inches,
respectively, and Young's moduli of 20 ksi and 6 ksi. The course thicknesses and moduli of elasticity
chosen correspond with those of a low volume road.

FLEXIBLE PAVEMENT ANALYSIS PROGRAM (BISAR)

There are a number of computer programs available that can be used to analyze pavement
performance. The choice of a particular program depends on a number of parameters, including the
following: the form of input, the characteristics of the simulated pavement, and the output variables
desired from the analysis. Computer program BISAR (Ref 5) is used in this study to predict the
performance of flexible pavements.

Computer program BISAR (Bltumen Structures Analysis in Roads) has been devised as a
general-purpose program for computing stresses, strains, and displacements in elastic multilayered
systems subjected to one or more uniform loads, acting uniformly over circular surface areas. These
surface loads can be combinations of a vertical normal pressure and a unidirectional tangential stress.

PRESSURE DISTRIBUTION MODEL FOR BISAR

BISAR uses a common form of data input, that of a uniform pressure acting on a circular area (see
Fig 2.2) or that of concentric circles with different pressures acting on each annular area (see Fig 2.3).

The traditional approach assumes that the contact area is circular in shape, and that the contact
pressure is uniform over the circular area and equal in magnitude to the tire inflation pressure (Ref 6).
These assumptions simplify the equations used in the analysis.

A more realistic model of the pressure distribution is represented by Fig 2.3. A half-section view
of this pressure distribution model (tread tire, inflation pressure of 75 psi, and axle load 4500 Ibs)
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Fig2.1. Diagram of a flexible pavement
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which is used as input to program BISAR is shown in Fig 2.4. The computer input data is specified by
a pressure distribution and the radial distances associated with each pressure level.

To match a given tire load, the radial distances are uniformly adjusted so that the sum of the
forces (pressure intensity multiplied by the annular area on which it acts) equals the applied load. The
form of data input, that of concentric circles, permits the use of pressure distributions containing
localized annular regions of high pressure and the resulting large pressure gradients (such as those
that occur at a tread gap and a tire shoulder). The pressure distribution inputs to BISAR for various tire
inflation presures and axle loads studied in this chapter are given in Appendix A.

The contact pressure distribution was obtained experimentally using pressure sensitive film
(Ref 1). Regions of interest (high contact pressure or large pressure gradients) along the tire
contact width were visually identified from numerical prints of the experimental pressure
distributions and then lines were drawn along the length of the print to identify these regions. The
region of high contact pressure between the tire shoulder and circumferential gap was of special
interest for this case due to the magnitude of the pressures that exist in the region. Therefore, this
region was divided into four smaller areas to preserve the extremely high pressures (which occurred
on a local level throughout this region) that would be lost if an averaging scheme were used over a
larger area. Relatively low pressures from the gap to the tire centerline make this region less
significant in the analysis; therefore, larger areas were used in this region. The distance between the
tire centerline and the section line is an approximate radial distance.

A representative pressure distribution is obtained by drawing two lines across the tire print. This
creates 14 enclosed regions containing different pressure values in each region. Averaging the
pressures in each region then determines the pressure that acts on the corresponding annular area of
the input pressure profile.

The radial distances defining the areas on which the pressures act were adjusted so that the
total tire load equaled that used in obtaining the experimental data. This step was necessary since the
experimental and input pressure distributions have different forms. For example, the high pressures
that act only at the tire shoulder in the experimental distribution completely encircle the print on the
computer input model. The radial distances are adjusted in a manner that keeps the relative size of
each region proportional to the corresponding region on the actual tire footprint.

COMPUTER MODEL BISAR

The flexible pavement modeled with program BISAR consists of three courses (surface, base,
and subgrade) with full friction between adjoining layers. The thickness of the course, modulus of
elasticity, and Poisson's ratio for each course are assumed uniform throughout the pavement and are
specified as input to BISAR. The frictional condition (no friction or no slip) that exists between
adjacent courses is also user specified (Ref 5).

The output variables of BISAR are the stresses, strains, and deflections developed in each
course in response to the applied load. Strain is the most useful variable when dealing with flexible
pavements since theoretical relationships used in pavement design generally involve the strains
developed in each course. The tensile strain at the bottom of the surface course and the
compressive strain at the top of the subgrade were studied since they are known to contribute to
pavement damage.

Damage to flexible pavements is caused by a number of different mechanisms, with the resulting
damage usually being indicative of the mechanism involved. Since the computer analyses were
conducted with the intent of showing the effect of the pressure distribution model on pavement
performance, damage due to other mechanisms (such as frost heave, bleeding, pumping, and so on)
was notf considered. This leaves two major mechanisms to be addressed, the lateral movement of
pavement material in the surface course and the vertical compaction of material in the three courses
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(Ret 7).

When a surface course with a relatively high stiffness is subjected to high pressures or heavy
loads, it is able to carry and transmit the loads without developing large compressive strains. However,
the high stiffness causes large tensile and shear strains to be developed at the bottom of the surface
course. The tensile and shear strains cause lateral movement of the material in the surface course
away from the region below the tire contact zone and are responsible for longitudinal cracking. Due to
the fact that an increase in tensile strain is always accompanied by an increase in horizontal shear
strain, the effects of the pressure distribution on only the tensile strain was considered since similiar
trends can be expected with the shear strain (Ref 7).

Compressive straing are more of interest when a surface course with low surface stiffness is
used. In this case, high compressive strains are found in all the pavement layers in response to a
heavy tire load. These strains, particularly those in the subgrade, are reponsible for most of the
observed rutting. Past studies have shown that 70 to 95 percent of the compressive strain is found in
the subgrade layer; therefore, the vertical compressive strain at the top of the subgrade is of most
interest (Ref 7). This strain will be the second output variable (the tensile strain at the bottom of the
surface course being the first) of interest from computer program BISAR.

PRESENTATION AND DISCUSSION OF RESULTS

Computer program BISAR was used in the flexible pavement analysis to determine the strains
and stresses that occur throughout a pavement structure in response to various truck tire loadings.
Results are presented showing the effect of tangential braking force, tread type, inflation pressure,
and axle load on the stresses and strains developed in flexible pavements.

rain

Figure 2.5 shows the tensile strain at the bottom of the surface course for the case of the
treaded tire at 90 psi inflation pressure and an axle load of 4500 Ibf. The plot shows the pure normal
loading case as well as the case where a tangential load {i.e., one developed during braking) equal to
30 % of the normal is superimposed onto the normal load. The strain for both cases is the same under
the center of the tire. However, the tangential load produces higher strains elsewhere, with a
maximum difference of about 13% being observed at a radial distance of 2.5 inches.

Effect of Tread T Tensile Strain at the B ( the Surface C

Figure 2.6 shows the effect of the tread type on critical tensile strains at the bottom of a
one-inch surface course for the treaded and bald tires at two different inflation pressures. Using a
one-inch surface thickness permitted trends in strain to be more easily seen. A more realistic surface
course would be 2 to 4 inches thick when normal-to-heavy wheel loads were anticipated (Ref 8).

At the same axle load, the treaded tire generally produces higher tensile strains than the bald,
except for the underinflated case. When underinflated, the bald tire maintains a higher average
pressure under the center of the tire (less shoulder effect) causing the strains to be higher at
radial distances of roughly 1.5 inches and less. The treaded tire produces the tensile strain of
greatest magnitude because of the regions of high pressure near the tire shoulder.

The critical tensile strains produced by three different pressure input models (i.e., bald, treaded,
uniform) are shown plotted against surface course thickness in Figs 2.7 and 2.8. For the
underinflated case (Fig 2.7), the treaded tire distribution produces much higher strains for thin surface
thicknesses than does the bald tire distribution or uniform pressure model. As the surface thickness
is increased, agreement between the three models improves; the models predict similiar results with
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surface thicknesses greater than about 2.5 inches. The uniform pressure model consistently
underestimates the strains for the underinflated case.

Figure 2.8 shows that, for the overinflated case, the uniform pressure model always overestimates
the strain produced. As before, the treaded tire produces larger strains than the bald tire for all
surface thicknesses. In addition, the greatest difference between the strains produced for the three
pressure distribution models occurs for thin surface layers.

Effect of Tire Inflation P | Axle Load on Surface Tensile Strai

Figure 2.9 shows plots of the tensile strain at the bottom of the surface course for the treaded
tire at three inflation pressures with a surface course thickness of one inch. This plot shows how
inflation pressure determines the shape of the strain contour as well as the location of the maximum
strain. For an underinflated tire, the high shoulder pressures produce the largest strains. Increasing
the inflation pressure moves the highest strains towards the region beneath the center of the tire in
response to the increased contact pressure on the corresponding area of the surface course.

Figure 2.10 shows the effect of inflation pressure on the critical tensile strains for surface
course thicknesses from 1 {0 4 inches. The overinflated tire consistently produces higher strains than
the underinflated tire. For a typical surface course thickness (2 to 4 inches), the difference between
the strains for the underinflated and overinflated cases is small.

Figure 2.11 shows the critical tensile strain developed at the bottom of the surface course by
applying a 4500 Ibf load and a 5400 Ibf load to the threaded tire (at 90 psi rated inflation pressure).
The maximum critical strain for the overloaded case occurs roughly 2.5 inches from the tire centerline:
this is the expected result since it has been shown for the overloaded tire (Ref 1) that the region
between the circumferential tread gap and the tire shoulder was saturated with high pressures (160 to
220 psi). For anincrease in axle load of 20%, there is a corresponding 20% increase in the maximum
critical tensile strain developed at the bottom of the surface course. Figure 2.12 shows the maximum
critical strain obtained for two axle loads and the usual range of surface course thicknesses. As
anticipated, the overloaded tire consistently produces the highest strains with a difference of about
20% being observed for a typical surface course thickness.

Effect of Tire Inflation P | Axle Load on Subarade C ive Strai

In addition to the tensile strain in the surface course, the vertical compressive strain at the top of
the subgrade (and how it is affected by the tire inflation pressure) is also of interest since this strain is
known to play a major role in pavement damage. Figure 2.13 shows that an increase in inflation
pressure produces a small increase in the compressive strain developed at the top of the subgrade for
the usual range of surface course thicknesses.

The axle load has a significant effect on the compressive strains developed at the top of the
subgrade. However, the axle load is unique (as compared with the other variables studied) in that its
effect persists for all surface course thicknesses, as can be seen from Fig 2.14. The plot shows that a
20% increase in the axle load produces a 20% increase in the critical subgrade compressive strain for
a typical surface course thickness.

SUMMARY

Based on the limited number of tire contact pressure distributions and pavements studied in this
chapter, the following conclusions can be drawn:

(1) Superimposing a tangential load (braking force) onto the normal load has little effect on the
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tensile strains produced at the bottom of the surface course and under the center of
the tire. With radial distances larger than about 1 inch, the effect of tangential
braking force becomes more significant; the maximum difference in the surface tensile
strains occurs at a radial distance of about 2.5 inches. The effect of tangential braking
force, therefore, should be considered since it affects most strongly the strains of
interest (the maximum tensile strains in the thin and flexible pavement).

The fread type (bald or treaded tire) has a small effect on the critical tensile strains
developed at the bottom of the surface course. A treaded tire produced slightly higher
strains than the bald tire indicating that as a tire wears, there will be a small decrease
in the maximum tensile strain produced.

(3) The tire_inflation_ pressure has a greater effect than the tread type on the critical tensile

strains at the bottom of the surface course. Inflation pressure determines not only the
magnitude of the tensile strains produced, but also the location of the maximum tensile
strain relative to the tire centerline. Underinflation produces a maximum strain under
the tire shoulder; overinflation produces a maximum strain beneath the
center of the tire. Although there is little difference in the magnitudes of the tensile
strains produced for the two cases, especially when a realistic surface course thickness
of 4 inches is used, the pavement life reduction due to high inflation pressure may be
significant since strain ratio not the difference in strain is a significant factor in
determining pavement damage life.

(4) The tire inflation pressure will have an effect of less than 2% effect on the compressive

sirains developed at the top of the subgrade. For surface course thicknesses between 2
and 4 inches, the effect of inflation pressure is negligible. Therefore, inflation
pressure is an insignificant factor with respect to subgrade rutting.

(5) The axle lpad was the most significant factor causing high tensile strains at the bottom of

the surface course in flexible pavements. Regions of high contact pressure (e.g.,
between the tire shoulder and circumferential gap) produce significant increases in the
tensile strain with the maximum strains occuring below the high contact pressure
regions. The increase in tensile strain at the bottom of the surface course is a function
of the surface course thickness; the effect is most dramatic in pavements with thin
surface courses. The axle load increases the tensile and horizontal shear strains in the
surface course, making axle load the primary factor (among those studied) in causing
fatigue cracking.

The effect of the axle load on the critical compressive strains at the top of the subgrade

persists for all surface course thicknesses. Increasing the axle load increases the
maximum compressive strain by a proportional amount, regardiess of surface course
thickness. Therefore, axle load plays the dominant role in pavement damage with
respect to surface and subgrade rutting.
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CHAPTER 3. FLEXIBLE PAVEMENT ANALYSIS - A 3D FINITE ELEMENT MODEL

The previous chapter presented results showing the effect of high inflation pressures and
heavy loads on the critical tensile strain at the bottom of the surface course and the compressive strain
at the top of the subgrade by employing a nonuniform concentric circular pressure model. However,
experimental results showed that the shoulder regions of a truck tire produce two strips of high
pressure which can dominate the whole contact pressure distribution (Ref 1). Compared to the
experimental tire contact pressure distribution, neither the uniform pressure model nor the
nonuniform concentric circular pressure model appears appropriate as an input for pavement stress
analysis. _

The main objective of this chapter is to investigate the effects of high inflation pressures and
heavy loads on the asphalt concrete pavement stress and pavement damage life by utilizing a 3D finite
element model instead of the nonuniform circular pressure model. There are several general purpose
finite element computer programs available that can be used to analyze pavement performance. For
the three dimensional contact pressure model, computer program TEXGAP-3D was selected in this
study to predict the performance of flexible pavements for various inflation pressures and truck
tire axle loads. The disadvantage of accurately modeling the contact pressure distribution with a finite
element analysis is the increased computation time. For example, the computation time for a single
run on TEXGAP-3D (216 brick elements) was approximately 18 minutes, corresponding to $80 per
case, as compared to 2.5 seconds execution time using the layer program ELSYMS5.

FLEXIBLE PAVEMENT MODEL

The pavement selected for analysis is typical of that used on Texas farm to market roads. The
modulus of elasticity, Poisson's ratio, and thickness of each layer are as follows:

Surface:
Thickness 1.5, 2.0, 3.0, and 4.0 inches
Surface modulus 400 ksi
Poisson's ratio 0.35
Base:
Thickness 8 inches
Base modulus 60 ksi
Poisson's ratio 0.40
Subgrade;
Thickness 169 inches
Subgrade modulus 6 ksi
Poisson's ratio 0.45

DESCRIPTION OF PROGRAM TEXGAP-3D

The finite element program TEXGAP-3D (Texas Grain Analysis Program) is a linear elastic, static
finite element code for the analysis of a three dimensional continuum structure and as such is not a
general purpose code because it does not contain other element types; i.e., beam, plate, and shell
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elements. The element library includes quadratic, isoparametic 20 node bricks, 15 node triangular
prisms, and 10 node tetrahedrons. Material models include isotropic, orthotropic, and anisotropic.
Permissible loadings and boundary conditions include pressure and traction on a surface, sliding and
clamped surfaces, and prescribed nodal point forces or displacements.

PRESSURE DISTRIBUTION MODEL FOR TEXGAP-3D

The total number of 3D solid brick elements and the corresponding computation time are plotted
in Fig 3.1. Since the contact pressure distributions are quite symmetric along the tire center line, only
one quarter of the tire pavement interaction was analysed, in order to minimize computer costs. The
3D finite element model (9x6x4) consists of 216 solid brick elements. The element size was smallest
within the contact pressure region, as shown in the left hand corner of Fig 3.2. The pressure loading
consists of 6x3 elements. Each element corresponds to an individual uniform contact pressure within
the corresponding cell region. The pressure distributions (input to TEXGAP-3D for various inflation
pressures and axle loads) studied in this chapter are given in Appendix B. The bottom of the
subgrade was assumed rigid.

PAVEMENT DAMAGE

The two primary pavement distress conditions addressed in this analysis are fatigue and rutting.
Fatigue cracks may develop if the tensile strain at the bottom of the asphalt layer is excessive. Rutting,
the permanent deformation leading to loss of surface shape, may occur if the compressive strain at the
top of the subgrade is excessive.

Eatigue Cracking Damage

Flexible pavement fatigue is manifest by the appearance of alligator cracking in the wheelpaths
and is caused by excessive tensile stresses and strains at the bottom of the asphalt concrete surface
layer. The tensile strains that have been computed using TEXGAP-3D at the bottom of the asphalt
concrete surface are used to approximate the number of 18-kip axle load applications until Class 2
cracking occurs. Class 2 cracking is defined as the appearance of alligator cracking. Class 3 cracking is
defined as the progression of alligator cracking to that of severe spalling. A pavement surface that has
Class 2 cracking is assumed to have failed in fatigue.

Predictions of the number of loads (Nj) necessary to cause fatigue failure have been developed

in the literature. Such predictions were based on laboratory tests, with little correlation to field
experience to account for the relaxation times between traffic loads and the resulting differences in
crack propagation rates. A literature survey showed that the number of wheel loads required to
initiate fatigue distress is on the order of 13 to 18 times that predicted by constant-stress laboratory
tests (Ref 9).

A field fatigue distress model can be developed for two levels of cracking: (1) cracking less than
or equal to 10% of the wheelpath area; and (2) cracking equal to or greater than 45% of the wheelpath
area. The equations presented are as follows (Ref 9):

log N((<10%) = 15947 - 3.291 log; - 0.854 log E* @3.1)
log Ny(245%) = 16.086 - 3.291 loge, - 0.854 log E* (32)
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one quarter of tire print

Fig. 3.2 Grid formulation at the surface of the asphalt concrete pavement (5 feet long by 5 feet wide)
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where N = number of loads of constant stress necessary to
cause fatigue cracking,

¢ = initial tensile microstrain at the bottom of the surface, and
E* = complex modulus of the asphalt concrete surface, ksi.
Butting

Rutting in the wheelpaths results from high compressive strains and permanent deformation in
one or more pavement layers. The amount of pavement rutting is determined by truck tire axle load,
layer properties, environment, and number of traffic loadings. Analysis of the AASHO Road Test
showed that lateral movement of material in the subbase accounted for most of the rutting observed
(Ref 10). The excessive traffic consolidation in the upper portion of the pavement and the plastic
deformation due to insufficient mix stability are claimed as the primary cause of pavement rutting in
Western states (Ref 11).

To minimize surface rutting, Shell Company engineers used results from the AASHO Road Test
to develop a compressive strain criteria equation (Ref 12):

1

Wig=6.15x 101740 (33
€
C

where ¢, is the compressive microstrain at the top of the subgrade, and W4g is the number of
weighted 18-kip axle loads prior to excessive permanent deformation.

PRESENTATION AND DISCUSSION OF RESULTS

i f Tire Inflation Pr: re and Axle L n Surf Tensil rain

To demonstrate the accuracy of the TEXGAP-3D finite element modeling, results were
compared to a layer program (ELSYMS5) for a uniform circular pressure model. Figure 3.3 shows the
comparison between the 3D uniform pressure model (TEXGAP-3D) and the uniform circular pressure
model (ELSYMS) for the tensile strain at bottom of the surface with various surface thicknesses
(Note that the U designates the uniform pressure model by employing TEXGAP-3D, and that the L
designates the results from layer program ELSYMS5). There is a close correspondence between the
resuits from the two models. The increase in tire inflation pressure from 75 psi to 110 psi (a 47%
increase) results in an approximate 102 microstrain increase (a 65% increase) at the bottom of a
1.50-inch-thick surface pavement. For thicker surface pavements, the effect of the tire-pavement
contact pressure distribution on the surface tensile strain becomes less significant.

Figure 3.4 shows a comparison between the experimental nonuniform pressure model and the
uniform pressure model for the tensile strain at the bottom of the surface with various surface
thicknesses (T designates the treaded tire experimental contact pressure model). With a 47%
increase in tire inflation pressure, the uniform pressure model predicts a 62% increase in the surface
tensile strain at the bottom of the 1.5-inch-thick pavement, while the experimental model yields a 33%
increase in surface tensile strain. The uniform pressure model overestimates the reduction in contact
area with increased tire inflation pressure (from 75 psito 110 psi). For example, with the 47% increase
in tire inflation pressure, the uniform pressure model will produce a 32% decrease in contact area, as



28

40 T al
%2
(]
o
2 35+
A
Z * U 7545
Fa 30 ¢+ n o]
= -
= U 11045
g ® | 7545
o 25 ¢
e T L1045
[72]

20 + ne <

15 —rt + + + .

140 160 180 200 220 240 260 280 300

TENSILE STRAIN AT BOTTOM OF SURFACE,
MICROSTRAIN

Fig. 3.3 Effect of pressure distribution model on critical tensile strain at the bottom of the surtace



a0 @
[70]
tad
é 35+
]
= .
& 30 + * » o T7545
= T 11045
g 7545
L il
£ 23 Oy 11045
[72]
. l/o /n
kY 2 3 re M

140 160 180 200 220 240 260 280
TENSILE STRAIN AT BOTTOM OF SURFACE,
HMICROSTRAIN

Fig. 3.4 Effect of inflation pressure on the critical tensile strain at the bottom of the surface

29



30

200
180 + ™~

160 + —
’\\l - T754%

c\' 0~ 79045

‘B T 11045

/

140 -

MICROSTRAIN

120 -

*

100

T

TENSILE STRAIN AT BOTTOM OF SURFACE,

80 +

60

0.0 1.0 20 3.0 4.0 5.0 6.0
TRANSVERSE DISTANCE FROM TIRE CENTER LINE,
INCHES

Fig. 3.5 Effect of inflation pressure on the tensile strain contour at the bottom of a 2-inch-thick surface
pavement



40 1
] 35 ¢
T
2
A 30 4 * n a)
Lad
=2
W}
(=]
=
w 25 T
<
[
o
3
20 T
15 ' +<Cd + + n,

150 160 170 180 190 200 210 220 230 240

TENSILE STRAIN AT BOTTOM OF SURFACE,
MICROSTRAIN

Fig. 3.6 Effect of axie load on the tensile strain at the bottom of the surface

-4 T9045
> T9054
B U 9045
T uo0s4

31



32

180 1 e AN

60 1 \‘\o\

o © * 79045
\‘ 0 79054

MICROSTRAIN

140 +

120 -

TENSILE STRAIN AT BOTTOM OF SURFACE,

100 +

0.0 1.0 20 30 4.0 5.0 6.0

TRANSVERSE DISTANCE FROM TIRE CENTERLINE,
INCHES

3.7 Effect of axle load on the tensile strain at the bottom of a 2-inch-thick surface pavement



40 T
17,3 IS + \
5
. -+ T 7545
A 30 +
:z: < T11045
Qo .
z . & U 7545
§ 2 Oy 11045
L.
=3
@ 20 +
1.5 $ o+ \ e Ml L1t
300 350 400 550 600 650
COMPRESSIVE STRAIN AT TOP OF SUBGRADE,
MICROSTRAIN

Fig. 3.8 Effect of inflation pressure on the compressive strain at the top of the subgrade

33



34

SURFACE THICKNESS, INCHES

407 e m o 0O

35 1

30 ¥

25 ¢

20 ¢t ¢ N ] o

L NN
300 400 500 600 700 800

COMPRESSIVE STRAIN AT TOP OF SUBGRADE,
MICROSTRAIN

- T9045
O 79054
¥ U 9045
O Uy 9054

3.9 Effect of axle load on the compressive strain at the top of the subgrade




SURFACE THICKNESS, INCHES

40 1 O *0
351
& T 7545 (¢< 10R)
> T11045 (¢ 10R)
30 oe
& T 7545 (> 45%)
O T 11045 (> 45%)
251
20 +~0—D—+—¢& +—B

1.00 200 3.00 400 5.00 6.00

PAVEMENT LIFE FOR FATIGUE CRACKING, MILLIONS
OF CYCLES

3.10 Effect of inflation pressure on the pavement fatigue damage lite

35



36

SURFACE THICKNESS, INCHES

40 ;

35

3.0

25 +

20

. 0o ¢ n
-# T 9045 (< 10R)
- 79054 (¢ 10%)

& 19045 (>45%)
O 19054 (>45%)

e Qo e et Il ¥ y t ¢
10 15 20 25 30 35 40 45

PAVEMENT LIFE FOR FATIGUE CRACKING, MILLIONS
OF CYCLES

3.11 Effect of axle load on the pavement fatigue damage life



37

compared to a measured 9% decrease in truck tire gross contact area.

Figure 3.5 shows the effect of increased tire inflation pressure on the tensile strain at the bottom
of the surface layer for a 2-inch-thick surface. The tensile strain is shown along the tire transverse
direction. At a distance of 6 inches from the tire center line, the inflation pressure will have no
significant effect on the surface tensile strain.

Figure 3.6 shows the effect of tire axle load on critical tensile strain for surface thicknesses of
from 1.5 10 4 inches for both the nonuniform experimental pressure model and the uniform pressure
model. The results from the uniform pressure model are conservative in comparision to the
experimental model for the surface thicknesses considered. As anticipated, the overloaded tire
consistently produces the highest strains. For the 4-inch-thick surface pavement and a 20% increase
in the axle load, the uniform pressure model results in a 10% increase in the surface tensile strain as
compared to a 15% increase for the experimental pressure model. The uniform pressure model
overestimates the increase in contact area with increasing axle load, and therefore the model
produces a smaller increase in surface tensile strain.

Figure 3.7 shows the tensile strain developed at the bottom of the 2-inch-thick surface course
by applying a 4500-ibf load and a 5400-Ibf load (20% overload) to the treaded tire at the rated infiation
pressure of 90 psi. The overloaded tire consistently produces a higher tensile strain, even at a
distance of 6.0 inches from the tire center line.

Effect of Tire Inflation P | Axle Load on Subarade G ive Strai

Figure 3.8 shows that a 47% increase in inflation pressure produces less than a 2% increase in
the compressive strain developed at the top of the subgrade for both the uniform pressure model and
the nonuniform experimental pressure model. The uniform pressure model consistently
overestimated the subgrade compressive strain except for thick surface pavements.

From Fig 3.9, it can be seen that the axle load has a significant effect on the compressive strains
at the top of the subgrade for both the uniform pressure model and the nonuniform pressure model.
The figure shows that a 20% increase in axle load produces an approximately 20% increase in the
critical subgrade compressive strain for both models. However, the uniform pressure model
consistently overestimated the subgrade compressive strain for the full range of surface thicknesses.

Effect of Tire Inflation P | Axle Load on Fatigue Cracking Lif

The number of loads of constant stress necessary to cause fatigue cracking can be obtained by
substituting the computed tensile strain from finite element program TEXGAP-3D into Eq 3.1 and Eq
3.2 for either the 10% cracking mode! or the 45% cracking model. Figure 3.10 shows the effect of
increased tire inflation pressure on fatigue damage life for various surface thicknesses. The pavement
life improves with thicker pavements. For the 2-inch-thick surface pavement, a 47% increase in tire
inflation pressure results in a 22% increase in surface tensile strain and therefore, a 48% reduction of
the pavement life for both the 10% fatigue cracking model and the 45% fatigue cracking model.

Figure 3.11 shows the effect of truck tire overload on pavement fatigue life for various surface
thicknesses (2 to 4 inches). For a 4-inch surface pavement, a 20% increase in axle load will cause a
36% reduction in pavement life for both fatigue cracking models. The tensile strains at the bottormn of
the surface and the corresponding number of constant stress cycles (Nf) necessary to cause either

10% or 45% fatigue cracking are given in Table 3.1 for various surface thicknesses, tire inflation
pressures, and axle loads.
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TABLE3.1 THE TENSILE STRAIN AT THE BOTTOM OF THE SURFACE AND THE
CORRESPONDING FATIGUE LIFE FOR VARIOUS SURFACE THICKNESSES,
INFLATION PRESSURES, AND AXLE LOADS

Tensile Strain at Bottom  10% Fatigue Cracking Model 45% Fatigue Cracking Model

of Surface (microstrain) (million cycles) (million cycles)

Surface
Thickness 20 3.0 40 20 30 40 20 30 40
{inches)
T7545 170.0 1704 14841 242 240 382 334 331 526
T11045 2065 1923 161 1.27 162 290 176 223 399
T9045 196.5 187 158.4 151 177 3.06 207 244 421
T9054 208 2089 1816 1256 123 195 172 169 2869
U7545 1946 1911 1638 155 165 274 214 227 377
U11045 2778 242 1945 048 076 156 066 104 214
U2045 2326 2148 1788 0864 112 206 119 155 284
Ug054 233.6 228.8 1965 085 091 150 117 126 207

Note: T designates a treaded tire, with a nonuniform (experimental) pressure model, and U
designates a uniform pressure model. The last two digits (45 and 54) stand for 4500 Ibf and 5400 Ibf
respectively, and the number (75, 80, and 110) represents the inflation pressure at 75 psi, 90 psi, and
110 psi respectively; i.e., T7545 is a treaded tire, with a 75 psi inflation pressure and a 4500 Ibf axle
load; and U7545 is a uniform pressure model, with a 75 psi inflation pressure and a 4500 Ibf axle load.
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Effect of Axle Load on Subarade Rutting Lif

Figure 3.12 shows the effect of increased axle load on the subgrade rutting damage life for
various surface thicknesses. A 20% increase in axle load will result in a 19% increase in subgrade
compressive strain and a 50% reduction in pavement life. The subgrade compressive strains and the
corresponding rutting lives for various surface thicknesses, inflation pressures, and tire axle loads are
given in Table 3.2.

SUMMARY

The effects of high tire inflation pressure and heavy axle load on asphalt concrete pavement
stresses and strains (and the corresponding pavement damage life) were analyzed using the 3D finite
element tire-pavement contact pressure model rather than the uniform circular pressure model or the
nonuniform concentric circular pressure model. Table 3.3 shows a comparison between the 3D finite
element model (uniform or nonuniform pressure distribution) TEXGAP-3D and ELSYMS5. It can be
concluded that the uniform pressure model overestimates the tensile strain at the bottom of the
surface for either the underinflated or overinflated tire. The uniform pressure model will predict a
higher percent increase in tensile strain than the nonuniform experimental pressure model. However,
with the same percent increase in truck tire axle load, the uniform pressure model will underestimate
the percent increase in the surface tensile strain.

The effects of increased tire inflation pressure on the tensile strains at the bottom of the surface
are greatest for surface thickness less than 2 inches. A 47% increase in the tire inflation pressure
results in a 33 % increase in tensile strains at the bottom of the surface and a 60% reductionin
fatigue cracking life. The axle load also has a significant effect on the tensile strains at the bottom of
the surface layer. A 20% increase in the tire axle load will result in a 15% increase in tensile strain and a
36% reduction in fatigue cracking life.

The tire inflation pressure will have less than a 2% effect on the compressive straing at the top of
the subgrade for either the uniform pressure model or the nonuniform pressure model. Therefore,
inflation pressure is an insignificant factor in causing subgrade rutting.

The axle load has a significant effect on the subgrade compressive strain and the corresponding
subgrade rutting life. A 20% increase in axle load results in a 19% increase in subgrade compressive
strain and a 50% (approximate) reduction of the pavement life.
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TABLE 3.2 THE COMPRESSIVE STRAIN AT THE TOP OF THE SUBGRADE AND THE
CORRESPONDING PAVEMENT DAMAGE LIFE FOR VARIOUS SURFACE
THICKNESSES, INFLATION PRESSURES, AND AXLE LOADS

Compressive Strain at Million Load Cycles Prior o
Top of Subgrade (microstrain) Excessive Deformation (rutting)

Surface

Thickness 1.5 2.0 3.0 40 1.5 2.0 3.0 40
(inches)

T7545 5628 5108 4196 347.2 6.13 9.03 198 423
T11045 5753 5214 4272 3526 5.61 832 185 39.8
T9045 571 518 4247 351 578 854 189 40.5

T9054 681 6183 508 420.4 286 4.21 923 197
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TABLE 3.3 COMPARISON OF VARIOUS MODELS FOR TENSILE STRAIN AND SUBGRADE

COMPRESSIVE STRAIN
47% Increase in the 20% Increase in the
Tire Inflation Pressure Truck Tire Axle Load
Non  Uniform ELSYMS Non  Uniform ELSYMS
Uniform Uniform
Tensile Strain
at Bottom of
Surface 3 a2 69 15 10 8
{% increase)
Subgrade
Compressive
Strain 2 2 5 19 19 17

(% increase)




CHAPTER 4. RIGID PAVEMENT ANALYSIS

Rigid pavements are designed to carry tire loads in a way, different than flexible pavements,
since rigid pavement performance depends on resistance to bending. Rigid pavement is analysed as
a beam supported on an elastic foundation. A rigid pavement generally consists of a Portland cement
stab on a compacted subgrade. Since the modulus of elasticity of the concrete slab is much greater
than that of the foundation material, a major portion of the load-carrying capacity is derived from the
slab itself. Base courses are used when additional load capacity is desired or when the native soil
exhibits undesirable drainage characteristics. Stresses in rigid pavements depend on total tire load,
tire inflation pressure, the spacing of multiple wheels, the position of loading on the pavement (comer
or interior), and the subgrade suppont (Ref 7).

The objective of this chapter is to determine the effect of pressure distribution (uniform model
versus nonuniform experimental pressure model) on the maximum tensile stress at the bottom of a
concrete slab. The pavement description and the computer models used in the analysis of the rigid
pavement are described.

RIGID PAVEMENT MODEL

A rigid pavement is modeled as a two layer system resting on a Winkler foundation in the
computer program JSLAB (Ref 13). Material properties and slab dimensions are shown in Fig 4.1.
The slab size is 15 feet long and 12 feet wide. The frictional condition is assumed to exist between
adjacent layers. The maximum horizontal (edge) stress at the bottom of the slab is the desired output
variable.

DESCRIPTION OF PROGRAM JSLAB

The finite element program JSLAB can analyze concrete pavement sections consisting of up to
nine slabs. The program can analyze a one or two layer pavement system resting on a Winkler
foundation. The two layers may be unbonded or fully bonded. Permissible loadings include wheel
loads at any location on the slab, nodal point forces, nodal displacements, and tire pressure. A more
detailed description of JSLAB is given in (Ref 13).

The computer program JSLAB is used in this study to show what effect different input pressure
distribution models have on the tensile stress at the bottom of the slab where the tensile stress is
maximum. This is the critical stress for a rigid pavement (provided the material is relatively
homogeneous and contains no stress concentrations).

PRESSURE DISTRIBUTION MODEL FOR JSLAB

The form of input used by JSLAB is an array of experimental contact pressures {inflation
pressure of 110 psi and axle load of 4500 Ibf) acting at specific locations in the tire footprint (see Table
4.1 and Fig 4.2). The program JSLAB allows the user to apply the tire load anywhere on the slab. This
permits a "worst case” analysis to be performed, as when one single tire axle load is applied at the left
hand corner of the slab.
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TABLE 4.1 PRESSURE ARRAY USED IN COMPUTER PROGRAM JSLAB
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PRESENTATION AND DISCUSSION OF RESULTS

Figure 4.3 shows the edge stress at the bottom of the slab versus the distance along the wheel path
for the case of (1) the treaded tire at a 4500 Ibf load and (2) the uniform pressure model, both at a
110-psi inflation pressure. The tensile stress at the bottom along the critical edge of the slab for both
cases is almost identical. Although not shown in this report, only the axle load (not the tire inflation
pressure) affects the magnitudes of the stresses developed in a rigid pavement in response to tire
loads.

SUMMARY

Based on the limited number of contact pressure distributions and pavements studied in this
chapter, it was found that the uniform pressure model gave almost identical results (when compared
with the experimental model) for predicting the tensile stresses at the bottom of the slab. This
indicates that the pressure distribution model (for the same tire axle load) has little effect on rigid
pavement performance.
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CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS

This chapter summarizes the contributions of this research. Recommendations for future
research are also presented.

SUMMARY OF WORK ACCOMPLISHED

The main contribution of this report is the determination of the effects of high inflation pressures
and heavy axle loads on flexible pavement performance by using an experimental nonuniform
pressure model instead of a uniform circular pressure model, which is commonly used for pavement
design. The tensile strain at the bottom of the surface (which is associated with fatigue cracking) and
the compressive strain at the top of the subgrade (which is associated with rutting) are obtained for
various surface thicknesses, inflation pressures (75 psi, 90 psi, and 110 psi), and axle loads (4500 Ibf
and 5400 Ibf) by employing the layer programs (BISAR and ELSYMS), and the 3D finite element
program (TEXGAP-3D). The rigid pavement analysis was conducted with both an experimental
nonuniform pressure model and a uniform pressure model as input to the program JSLAB.

CONCLUSIONS

The conclusions presented in this report show the effect of braking force, tread type, inflation
pressure, axle load, pressure distribution model, and pavement surface thickness on pavement
performance.

Braking Force Effect

Superimposing a tangential force ( as with braking vehicles) onto the normal load does not
significantly affect the critical tensile strain for high modulus and thick surface pavements. However,
for thin and flexible (low modulus) pavements, the stress distribution is quite different from that
obtained using only normal force loading.

Tread Type Effect

The tread type has little effect on the critical tensile strain at the bottom of a 4-inch-thick surface
course pavement, and it likewise has little eftect on the strains produced at the top of the subgrade.
However, for thin and low modulus flexible pavements, the high contact pressures near the tire
shoulder region produce a critical tensile strain at a radial distance of 2.5 inches from the tire center
line.

Tire Inflation P Effect

(1) For thin and flexible pavements, an underinflated tire will produce a maximum strain under
the tire shoulder while an overinflated tire will produce a maximum strain beneath the
center of the tire.

(2) Increasing the truck tire inflation pressure will produce a significant increase in the tensile strain
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at the bottom of the surface and therefore a significant decrease in the fatigue damage
life. For example (for the 2-inch-thick surface pavement) a 47% increase in the tire
inflation pressure results in a 33% increase in the surface tensile strain and, therefore, a
48% reduction in pavement life for both the 10% fatigue cracking model and the 45% fatigue
cracking model. The pavement life improves with thicker pavements.

{(3) The inflation pressure will have a minimal effect on the compressive strains developed at the
{op of the subgrade, especially for pavements with thick bases.

Axle Load Effect

{1) A heavy axle load produces a high truck tire contact pressure distribution (between the tire
shoulder and circumferential gap) which will produce significant increases in the tensile
strain at the bottom of the thin surface course, with the maximum strains occuring below the
high contact pressure regions.

(2) The axle load plays a significant role in causing fatigue cracking and subgrade rutting. For
example (for a 4-inch-thick surface pavement), a 20% increase in axle load will cause a
36% reduction in fatigue pavement life and a 50% reduction in subgrade rutting life.

Effect of P Distribution Model

(1) Experimental results show that the truck tire shoulder regions produce two strips of high
contact pressures which can dominate the whole contact pressure distribution. Therefore,
the 3D finite element pressure model appears to be the best model, as compared with the
nonuniform circular pressure model for analyzing flexible pavement performance.

(2) The uniform pressure model overestimates the increase in tensile strain at the bottom of the
surface for overinflated tires, and underestimates the increase in tensile strain at the bottom
of the surface for overipaded tires. For example, with a 47% increase in the tire inflation
pressure, the uniform pressure model will predict a 62% increase in surface tensile strain
as compared to a 33% increase for the experimental nonuniform pressure model.

(3) The uniform pressure model overestimates the surface tensile strain and the subgrade
compressive strain for both the overinflated and underinflated tires.

(4) For the rigid pavement, the effect of the pressure distribution model on the surface tensile
stress is minimal.

Surface Thickness Effect

(1) In general, for pavments of between 1 inch and 4 inches, the thicker the surface pavement,
the greater the pavement damage life.

(2) For heavy traffic, surface thicknesses of between 1 and 3 inches should be avoided for most

cases since typical material combinations do not provide adequate pavement life. A realistic
surface thickness should be at least 4 inches thick for most applications.

RECOMMENDATIONS
Based on the analysis conducted in this study, the following recommendations are made:

(1) An analysis should be performed to compare the effect of radial versus bias-ply tires on
flexible pavement performance.
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(2) A 3D finite element model pressure distribution appears to be the best representation of the
tire-pavement interaction. However, for the TEXGAP-3D program, the number of 3D solid
elements is limited.  Another general purpose finite element program with greater
computing capacity (NASTRAN, ANSYS) should be used to determine pavement stresses for
dual wheel pressure distributions and for pavement models with more than three layers.

(3) A mathematical model should be developed to predict rutting in asphalt concrete pavements
exposed to future truck traffic, which will involve high tire inflation pressure and high
traffic volume.

{4) Flexible surface deformations should be measured and compared with the results from a 3D
finite element analysis in order to validate the analysis.
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APPENDIX A

NONUNIFORM CIRCULAR PRESSURE MODEL
FOR PROGRAM BISAR
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APPENDIX A: NONUNIFORM CIRCULAR PRESSURE MODEL FOR PROGRAM BISAR

Experimental nonuniform circular pressure models for a treaded tire with various inflation
pressures (75 psi, 90 psi, and 110 psi) and an axle load of 4500 Ibf are respectively plotted in Figs.
A.1, A2, and A.3. The pressure distribution model for a 80 psi inflation pressure and a 5400 Ibf axle
load is plotted in Fig. A.4. Nonuniform pressure models for a bald tire (75 psi and 110 psi and 4500
Ibf) are, respectively, plotted in Figures A.5 and A.6
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Fig. A.1 Nonuniform pressure model for a treaded tire with an inflation pressure of 75 psi and
an axle load of 4500 bf
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an axle load of 4500 bf
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APPENDIX B

NONUNIFORM 3D PRESSURE MODEL
FOR PROGRAM TEXGAP-3D
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APPENDIX B: 3D PRESSURE MODEL FOR PROGRAM TEXGAP-3D

The 3D experimental nonuniform pressure models for various inflation pressures (75 psi, 90 psi,
and 110 psi) and an axle load of 4500 Ibf are given respectively in Tables B.1, B.2, and B.3. The
pressure distribution model for a 90-psi inflation pressure and a 5400-Ibf axle load is given in Table
B.4.
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TABLE B.1: THE 3D PRESSURE DISTRIBUTION MODEL FOR AN INFLATION
PRESSURE OF 75 psi AND AN AXLE LOAD OF 4500 Ibf

Along Tire Contact Width (inches)

0 043 108 161 215 323 42 516 624 678 731 80 84

0 46 5 5 33 558 6 888 6 16 67 7B 8

Along Tire Contact Length (inches)

147

112 96 64 35 65 5 5 63 4 59 98 124
283

134 98 98 0 45 50 46 55 15 92 98 138
425

1383 101 7N 36 63 6 5 58 17 8 97 125
567

113 100 74 M & 49 48 74 46 5 H 1N
7.09

66 62 59 17 64 34 58 B8 25 65 66 57
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TABLE B.2: THE 3D PRESSURE DISTRIBUTION MODEL FOR AN INFLATION
PRESSURE OF 90 psi AND AN AXLE LOAD OF4500 Ibt

Along Tire Contact Length (inches)

147
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425

567

7.09

85

0

108

114

87

14

043

37

84

97

91

1.08

46

108

103

Along Tire Contact Width (inches)

161 215 323 42 516 624 678 731 80 84

9 ¥
43 8
27 58
27 ™
5% 75
0 40

39

61

48

61

47

41

50

102

35

106

126

126

109

41
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Along Tire Contact Length (inches)

TABLE B.3: THE 3D PRESSURE DISTRIBUTION MODEL FOR AN INFLATION
PRESSURE OF 110 psi AND AN AXLE LOAD OF 4500 Ibf

147

283
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709

85

18

043 1.08
K <
98 9
% 92
103 &9

81 101
14 42

Along Tire Contact Width (inches)

1.61

48

215 323 42 516 624 678 731 80 84

61

74

62

74

49

70

74

51

27

60

51

98

58

74

52 27
9% 8
%0 106

101 99
8 7
34 6



Along Tire Contact Length (inches)

TABLE B.4: THE 3D PRESSURE DISTRIBUTION MODEL FOR AN INFLATION
PRESSURE OF 90 psi AND AN AXLE LOAD OF 5400 Ibf

Along Tire Contact Width (inches)

0 043 108 161 215 323 42 516 624 678 731 80 84

0 37 5 64 0 63 47 46 64 2 5 6 5

147

127 115 83 52 8 6 70 71 3% 99 121 127
283

144 125 97 3 69 54 43 77 48 84 15 154
425

154 114 124 8 & 64 64 7 21 117 116 165
567

13 109 70 657 8 6 73 8 4 10 130 145
7.09

7% 91 88 7 & 6 70 8 &8 5 92 8
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