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Abstract

Tire force is one of the important factors influencing mechanical response of pavement structure. Tire force cannot be
measured yet under a high-speed rolling condition because of complicated spatial distribution. To provide a
representative form of the tire force to pavement mechanical analysis, this paper established an interaction model of
rolling tire and rigid surface. To compare with the equivalent single-wheel load for pavement design, an 11.00R20 tire
was chosen as a prototype. Steady-state transport analysis was conducted using a mixed Eulerian /Lagrangian approach,
in which a rigid body rotation is described in the Eulerian manner and deformation is described in the Lagrangian manner.
The influencing mechanism of tire operation parameters on tire force was explored by analyzing the simulation results of
tire contact stress under several working conditions. Results demonstrated that three directions of contact stresses, namely,
the vertical, longitudinal, and transversal stresses, exist simultancously under the steady-state rolling condition.
Amplitudes of longitudinal and transversal stresses are at the same magnitude with vertical stress, which should not be
neglected during the mechanical response analysis of the pavement structure. Tire rolling state, axle load, tire pressure,
and pavement friction coefficient could significantly influence the spatial distribution of contact stress, while speed is
insignificant to contact stress. The results provide a reference for the establishment of tire force in pavement model,

which is the basis of mechanical behaviours and early failure mechanism for pavement surface.
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1. Introduction

Mechanical response of pavement structure is one of the
basic problems in pavement engineering field and is the core
of disclosing pavement disease mechanism and designing
pavement structure. Tire load is the key influencing factor of
pavement mechanical behaviors. Spatial distribution pattern
of tire load is a popular research topic in pavement, vehicle,
and tire engineering.

Equivalent single-wheel load (ESWL) has long been
chosen as a pavement design load. It assumes that the tire
axle load is 25 kN, the tire footprint is a circle with 21.30 cm
diameter, and the contact pressure is recommended as 0.70
MPa vertical uniform load. Therefore, tire force is widely
simplified into a circular, uniform, and distributed vertical
load in the traditional mechanical response analysis of
pavement structure [1], [2], [3], [4]. However, real tire force
is a three-way, non-uniform distributed load. Horizontal tire
force significantly affects the mechanical response of the
pavement surface [5]. Therefore, exploring the distribution
characteristics of tire force is important in examining the
mechanical behaviors of pavement structure. Tire force is
directly influenced by tire structure and service conditions.
Thus, analyzing the contact stresses of representative tires
under common operating conditions is necessary as it can
provide reference for applying three-way tire forces in the
pavement model.
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2. State of the art

Establishing a tire-pavement coupling model enables the
application of three-way tire forces to the pavement through
the tire. An earlier research on the modeling of a tire-
pavement coupling system was conducted by Wang et al.,
who built a model and validated it with measured contact
stresses from an actual radial truck tire [6]. Moslem et al. [7]
built a tire-soil coupling model that realistically predicted
laboratory test outputs of the modeled tire on soft soil. In
these studies, tires were kept static rather than rolling, and
they could only apply static three-way tire forces onto the
pavement. Xia et al. [8], [9] and Li et al. [10], [11]
established a coupling model between low-speed rolling tire
and soil and simulated the quasi-static process of the tire-soil
coupling system through this model. In the tire-pavement
coupling model established by Wang et al. [12], arbitrary
linear or angular velocity could be applied onto the tire. This
model could be used to simulate the transient process of the
tire-pavement coupling system. Although this type of model
could realize complicated tire force actions on pavement, it
is disadvantageous in relatively complex modeling processes,
abundant model nodes, and high-computational expenses.

The classical mechanical study of pavements does not
involve tire mechanical behavior analysis. Therefore, to save
computation cost, some studies only established the
pavement model and replaced the tire model by applying
three-way tire forces directly onto a pavement [13], [14],
[15], [16]. Measurement and prediction of tire force are the
basis of this model type as tire force loading on a pavement
must take real tire force as reference.
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Field measurement of tire contact stress began in 1959
[17]. At present, various types of sensors have been
developed for tire force measurement [18], [19], [20], [21].
De Beer et al. [5], Hernandez et al. [22], and Luo et al. [23]
measured tire force by different types of measurement
systems. The results confirmed the spatial distribution
complexity of tire contact stress. However, only contact
stress of low-speed rolling tire could be measured at present,
while contact stress of fast rolling tires could not be
measured because of technical limitations.

Finite element method provides a new effective means
for tire contact stress prediction. It can accurately predict the
contact stress of tires rolling steadily under any speed by
establishing a coupling model between rolling tire and rigid
surface. Yang et al. [24], Wang et al. [25], and Hernandez et
al. [26] established models for specific tires and analyzed
tire contact stress under various rolling conditions, such as
free rolling, braking/acceleration, and cornering.

The remainder of this paper is organized as follows.
Section 3 analyzes the steady-state rolling problem of tires
based on finite element method, which is adopted to
establish a 3D finite element tire. Section 4 predicts the tire
contact stress under different working conditions and
analyzes the influences of different tire operation parameters
on contact stress. Section 5 gives the conclusion.

3. Methodology

3.1 Finite element presentation of a steady-state rolling
tire problem
(1) Kinematic equation

A straight-line motion of a tire is shown in Fig. 1. A
steady-state tire rolling involves three states: braking,
acceleration, and free rolling. The mixed
Eulerian/Lagrangian method was applied to establish the
steady-state rolling tire model. Rolling problem kinematics
was described in terms of a coordinate frame that moves
along with ground motion. In this moving frame, rigid-body
rotation was described by the Eulerian manner, while
material deformation was described by the Lagrangian
method.

Suppose the rim center Xj is the origin, and T axis is the
central axis of rigid-body rotation of the tire. 7 axis passes
through Xj. If the tire translation is neglected and the
pavement is simplified into a rigid surface that moves at
linear velocity vy, the tire-rolling problem is converted into a
problem in which the tire rotates around the fixed axis at an
angular velocity w and the tire comes in contact with the
moving-rigid surface.

As the tire is a flexible body, motions at different points
can be decomposed into two parts (Fig. 2). For any point X,
it conducts rigid rolling and arrives at point ¥ accompanied
with an infinitesimal displacement to point y. The
relationship between points X and Y can be described as

Fig. 1. Description of a rigid-tire rotation

Y=R,-X
R, :exp(cfn) W

where Rgis the spinning-rotation matrix, @ is the skewed-
symmetric matrix related to the rotation vector = wT, and
¢ is time.

of x
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Fig. 2. Movement at the internal tire points

At point X, the final position at # is defined as

y=x(1.1) @)
So the kinematic velocity of this point is
= y = a_l . a_Y + a_x
Y ot ot 3)
According to Eq. (1),
G R,-X=0TxY
o )
The peripheral direction can be defined as:
TxY
§=-2>
k )

where R is a rigid-rotating radius of point X.
According to Egs. (4) and (5), Eq. (3) can be rewritten as

v=a)Ra—l-S+aX —a)Ra—x+a—x

Y ot 29SS ot

(6)
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where S is the arc length that point X makes a rigid rotation
att.

For steady-state conditions, dy/dt=0, Eq. (6) can be
simplified as

aIx

WR—=
MERPY

(7

The time derivative of Eq. (7) is the accelerated velocity
of point y:

2

X

a=w*R*—% 5
oS

3
In the model, the virtual work contribution from
D’Alembert forces is

0’

35 -ovdV

SI= —JV pa-SvdV = —J.V pw’R’
)

The virtual work contribution becomes
d(dy
L% 50 |=
Ssox o)
Then, Eq. (9) can be rewritten as

d(dy
2R2
BS(BS 5v]dV+j

dy 90v

'y
RAAPTREY:

a8’

(10)

'R X dx ddov

—dV
oS dS§

SH:—Jpr
(11

According to Eq. (3),

(12)

Based on the divergence criterion, the first term in Eq.
(11) can be expressed as

a al 2 p2 a%
R e = R - -
_[pw S- 57 [aS 6v)dV pr S n(a v |dS

(13)
where n is the unit vector along the normal direction of the
curve.

As S:n=0 , the virtual work contribution from
D’Alembert forces becomes

o= po*R* X %907 )
oS dSs (14)
The virtual work rate becomes
doT = | po*R* X ody .90V 4/
aS 9§ (15)

(2) Contact conditions
According to Eq. (6), the kinematic velocity of point y in
relation to pavement is

(16)

Let & represent the distance between slave node and
master control. The penetration rate is

h=-n- v.=v—y,=n-v,—@Rn- a—l—n~a—l
aS ot (17)
For any contact point,
8 N
Therefore, Eq. (17) can be simplified as
h=n- v, —1- 8_)(
ot (19)

Eq. (19) can be rewritten in the increment form, that is,
the standard contact condition:

Ah=n-(Ax, - Ax)

(20)
For steady-state conditions, as . Ax,=n-Ax=0
, Ah=0.
The slip rate is defined as
Y=t v.=0Rt, -a—x+ta -a—l—ta Vv,
g as ot 1)

where t, is the tangential vector of the contact surface, a=1,
2,and n=t Xt ,.

Under steady-state conditions, as dx/dt=0, Eq. (21) is
simplified as

y=t, v =0Rt, .E)_x_t LV
aS (22)
The variation of ¥ is
oy=t, -v.=wRt, ~@—ta -0V,
LA (23)

The Coulomb law of friction describes friction between
contact surfaces. When the frictional force is smaller than
the critical frictional force, the contact surfaces do not slip
relatively. In this paper, the contact condition without a
relative slip is expressed approximately as follows:

Ip

F oR
! (24)

T, =3'/2

where 7, (a=1, 2) is the tangential shear stress of contact

surfaces, f is the friction coefficient, p is the contact
pressure, and Fis the allowable slip error.
The virtual work contribution from the slip is
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oll= oydA
J.AT"’ 4 (25)

The virtual work rate for the slip is

dsT1= | (dz, 8y +7,d5y)d4 6

3.2 Tire model descriptions

To compare with the ESWL, the 11.00R20 tire is chosen for
the tire force analysis. The section width, outer diameter,
load capacity, and pressure of this tire are 293 mm, 1,085
mm, 30 kN, and 0.72 MPa, respectively. The tire model is
composed of rubbers and reinforcements. Fig. 3 shows the
meshes of each component.

The rubbers in different parts of the tire are simplified to
the same material. The neo-Hookean model is selected to
simulate its hyperelastic properties, and the Prony series
formulation is employed to model its viscous properties. The
reinforcements include radial ply and steel belts, which are
regarded as linear-elastic materials. The reinforcements are
modeled as surface membrane elements, which are
embedded in the host continuum elements. The rim is
regarded as a rigid body, and the bead is attached to it. The
tire patterns are neglected, and tire heating is not considered.
The pavement is simplified as a rigid surface in contact with
the tire.

00

(a) Tread rubber (b) Belt rubber
(c) Sidewall (d) Rim
(e) Belt 1 (f) Belt 2

20

(g) Radial ply

(h) Full tire

Fig. 3. 3D finite element model of the 11.00R20 tire

Tire rolling includes angular velocity o and linear
velocity vy. The rotation axis of w is parallel to the Y axis,
and the v, direction is parallel to the X axis. The working
condition of the vertical tire load is 25 kN, inflation tire
pressure is 0.70 MPa, vy = 80 km/h, and f = 0.9. The
pavement with no horizontal and vertical slopes is defined as
the standard working condition. It is the common operation
condition of truck tires on highways.

4. Result analysis and discussion

4.1 Tire-pavement contact stress under the standard
working condition

According to simulation results, a complicated 3D contact
stress exists between the tire and the pavement when the tire
is under the steady-state rolling condition. The component
forces of this contact stress along three directions of the
coordinate system are recorded as CPRESS, CSHEARI1, and
CSHEAR?2, respectively. Tire contact stress under the free
rolling state is shown in Fig. 4, and tire contact stresses
under the complete braking and traction states are presented
in Fig. 5.

CPRESS
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+3.774e+05
+3.019e+05
+2.264e+05
+1.510e+05
+7.548e+04
+0.000e+00

(a) Vertical stress

CSHEAR1

+2.669e+05
+2.175e+05
+1.681e+05
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-2.946e+04
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-2.764e+05
-3.258e+05

(b) Longitudinal stress
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CSHEAR2

+3.230e+05
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+5.140e+04
-2.915e+03
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CPRESS
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(a) Vertical stress under the complete braking state

CSHEAR1

+8.347e+05
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+6.261e+05
+5.565e+05
+4.869e+05
- +4.174e+05
+3.478e+05

+2.782e+05
- +2.087e+05
+1.391e+05
+6.956e+04
+0 000e+00

CSHEAR2

+7.653e+04
+6.372e+04
- +5.092e+04
+3.811e+04
+2.531e+04
+1.250e+04
-3.019e+02

-1.311e+04
-2.591e+04
-3.872e+04
-5.152e+04
-6.433e+04
-7.713e+04

(e) Transversal stress under the complete braking state
Fig. 5. Tire contact stresses under the complete braking and traction states

Figs. 4 and 5 show that when the tire is rolling, the
predicted tire imprint is identical to that of the assumed
ESWL, which is generally a circular shape. Tire imprint
changes slightly with the rolling state change. However, the
spatial distribution of the tire contact stress is far more
complicated than the ESWL and shows different
characteristics with the rolling state change.

Under free rolling, CPRESS distributes unevenly in the
tire imprint, but such unevenness is not very distinctive.
Therefore, assuming that CPRESS in ESWL is a uniform
vertical load to some extent is reasonable. As the resultant
force of CSHEAR1 and CSHEAR?2 is close to 0, ESWL
hypothesizes that the horizontal contact stress is 0.
Nevertheless, the simulation results demonstrate that the
extreme values of CSHEAR1 and CSHEAR? are at the same
magnitude of that of CPRESS, which differs significantly
from the horizontal contact stress in ESWL. Therefore,
compared with the predicted tire contact stress, ESWL
greatly simplifies the horizontal tire force, which may make
ESWL fail to predict accurately the mechanical behaviors
and early damage of the pavement surface when it is used as
the pavement design load.

Under the complete braking state, the CPRESS spatial
distribution is the same as that under free rolling. It can still
be simplified into a circular uniform load. The spatial
distribution law of CSHEAR1 under the complete braking

21

(c) Transversal stress

Fig. 4. Tire contact stress under the free rolling state

CPRESS
+9.051e+05
+8.297e+05
+7.542e+05
+6.788e+05
+6.034e+05
+5.280e+05

- +4.525e+05
+3.771e+05
+3.017e+05
+2.263e+05

- +1.508e+05
+7.542e+04
+0.000e+00

(b) Vertical stress under the complete traction state

CSHEAR1
+0.000e+00
-6.773e+04
-1.355e+05
-2.032e+05
-2.709e+05
-3.386e+05
-4.064e+05
-4.741e+05
-5.418e+05

- -6.095e+05
-6.773e+05
-7.450e+05
-8.127e+05

(d) Longitudinal stress under the complete traction state

CSHEAR2
+7.283e+04
+6.055e+04
+4.828e+04
+3.600e+04
+2.373e+04
+1.145e+04

- -8.219e+02
-1.310e+04
-2.537e+04
-3.765e+04
-4.992e+04
-6.220e+04
-7.447e+04

(f) Transversal stress under the complete traction state

state is the same as that of CPRESS. The CSHEARI
amplitude in the same position is the product of CPRESS
and f. The CSHEAR?2 amplitude is far smaller than that of
CPRESS and CSHEARI. Therefore, in pavement design,
CPRESS and CSHEARI can be simplified into circular
uniform loads under the complete braking state, and
CSHEAR?2 can be neglected.

The complete traction state can be viewed as the
opposite of the complete braking state. Tire forces under
these two states can be simplified into the same forms,
except that CSHEAR1 under the complete traction state is
opposite to that under the complete braking state.

4.2 Effects of tire operation parameters on contact stress
The effects of tire operation parameters (including axle load,
tire pressure, vy, and f) on contact stress are analyzed by
changing the corresponding parameter of the standard
working condition. As braking and traction are two
completely opposite processes, the following discussion
only analyzes the conditions under braking and free rolling.

(1) Axle load

According to the common truck design, the axle load range
for a tire is 5-45 kN. The effect of axle load on contact stress
is analyzed based on the standard working condition. Here,
only the simulation of contact stress under 45 kN axle load is
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presented (Fig. 6).

The simulation results indicate that axle load
significantly influences contact stress. With the increase in
axle load, tire footprint gradually changes from a circle to a
rectangle. Tread CPRESS changes slightly, but the CPRESS
of the tire shoulder increases. When the axle load exceeds 25
kN, tire shoulder stress is significantly higher than that on
the tread. This finding reveals that overload is an important
incentive in accelerating the wearing of the tire shoulder and
accelerates the occurrence of early pavement failure.

(2) Tire pressure

Pressure of the 11.00R20 tire varies between 0.62 and 0.93
MPa. The tire pressure effect on tire contact stress is
analyzed on the basis of the standard working condition.
Here, only the tire contact stress simulation under 0.93 MPa
tire pressure is presented (Fig. 7).

According to the simulation results, tire pressure greatly
influences the tire contact stress. Under the same loading
conditions, the contact area decreases with the increase in
tire pressure, and the contact-stress distribution becomes
increasingly uniform. This finding indicates that tire
pressure can effectively improve the mechanical behaviors
of tire under overloading conditions. However, a high tire
pressure cannot significantly improve the mechanical
behaviors of the pavement. Under overloading conditions,
although a high tire pressure is conducive to a uniform
spatial distribution of tire force, the axle load on the tire does

CPRESS
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+1.150e+06
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+8.942e+05
+7.665¢+05
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+1.277e+05
+0.000e+00

(a) Vertical stress under the free rolling state

CSHEARI
+3.557e+05
+2.912¢+05
+2.267¢+05
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-9.582¢+04
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-2.248¢+05

- -2.893¢+05
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-4.183e+05

(c) Longitudinal stress under the free rolling state

CSHEAR2

+6.713e+05
+5.596e+05
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-3.338¢+05
-4.455¢+05
-5.572e+05
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(e) Transversal stress under the free rolling state

Fig. 6. Tire contact stress under a 45 kN axle load
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not change. Conversely, contact stress on the tread tire is
kept close to the tire pressure. Even under a low axle load, a
high tire pressure may cause a relatively high contact stress.

(3) Pavement friction coefficient
The f changes with the changes in pavement temperature,
humidity, and cleanliness. Under extreme conditions, such
as snow cover or frozen pavement, f can reach as low as 0.3.
The effect of f on the tire contact stress is analyzed on the
basis of the standard working condition. Here, only the tire
contact stress simulation when /= 0.3 is presented (Fig. 8).
According to the simulation results, CSHEARI is
positively correlated with f, whereas tire imprint, CPRESS,
and CSHEAR2 are independent from f. This finding
demonstrates that low f may improve the mechanical
behaviors of the pavement surface. However, such an
improvement is at the cost of vehicular security because a
low f'reduces the adhesive force of the tire and weaken the
braking performance of the tire.

(4) Linear velocity

Truck travel speed on a highway is generally 60-120
km/h. The effect of v, on the tire contact stress is analyzed
on the basis of the standard working condition. The
simulation indicates that under different travel speeds, the
spatial distribution of contact stress changes slightly. The
simulation of the tire contact stress when vy = 120 km/h is
shown in Fig. 9.
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(b) Vertical stress under the complete braking state
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(d) Longitudinal stress under the complete braking state
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L o .

(f) Transversal stress under the complete braking state
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CPRESS
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(a) Vertical stress under the free rolling state
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(c) Longitudinal stress under the free rolling state
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(e) Transversal stress under the free rolling state

Fig. 7. Tire contact pressure under 0.93 MPa tire pressure
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(a) Vertical stress under the free rolling state

(c) Longitudinal stress under the free rolling state

CSHEAR2
+2.119e+05
+1.763e+05
+1.408e+035
+1.052¢+05
+6.962e+04
+3.404e+04
-1.533¢+03
-3.711e+04
-7.268e+04
-1.083e+05
-1.438e+05
-1.794e+05
-2.150e+05

(e) Transversal stress under the free rolling state

Fig. 8. Tire contact stress when = 0.3

CPRESS

+1.107¢+06
+1.015¢+06
+9.228¢+05
+8.305¢+05
+7.382¢+05
+6.459¢+05
+5.537¢+05
+4.614¢+05
+3.691¢+05

+2.768¢+05
+1.846¢+05
+9.228e+04
+0.000e+00

(b) Vertical stress under the complete braking state
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+4.152¢+05
+3.322¢+05

+2.491e+05
+1.661e+05
+8.304¢+04
+0.000e+00

O

(d) Longitudinal stress under the complete braking state

CSHEAR2
+5.630e+04

+4.685¢+04
+3.741e+04
+2.797¢+04
+1.853¢+04
+9.084¢+03
-3.585¢+02
-9.801e+03
-1.924¢+04
-2.869¢+04

-3.813e+04
-4.757¢+04
-5.701e+04

(f) Transversal stress under the complete braking state

CPRESS
+9.030e+035

+8.277¢+05
+7.525¢+05
+6.772¢+05
+6.020e+05
+5.267e+05
+4.515¢+05
+3.762¢+05
+3.010e+05
+2.257¢+035

+1.505¢+05
+7.525e+04
+0.000e+00

(b) Vertical stress under the complete braking state

CSHEARI

+2.703e+05
+2.478e+05
+2.253e+05
+2.028e+05
+1.802¢+05
+1.577e+05
+1.352¢+05
+1.126¢+05
+9.011e+04

+6.759¢+04
+4.506e+04
+2.253e+04
+0.000e+00

®

(d) Longitudinal stress under the complete braking state

CSHEAR2

+1.731e+04
+1.442¢+04
+1.154e+04
+8.649¢+03
+5.762e+03
+2.876e+03
-1.109e+01

-2.898e+03
-5.785¢+03

8.671e+03
-1.1566+04
-1.444¢+04
-1.733e+04

(f) Transversal stress under the complete braking state

23



Wang Yang, Sun Tiecheng, Lu Yongjie and Si Chundi/Journal of Engineering Science and Technology Review 9 (4) (2016) 17 - 25

@

CPRESS
+9.114e+05
+8.355e+05
+7.595¢+05
+6.836e+05
+6.076e+05
+5.317e+05
+4.557¢+05
+3.798e+05
+3.038e+05
+2.279¢+05
+1.519¢+05
+7.595e+04
+0.000e+00

(a) Vertical stress under the free rolling state

CSHEAR1
+3.047e+05
+2.527e+05
+2.007e+05
+1.487e+05
+9.676e+04
+4.478¢+04
-7.205¢+03
-3.919¢+04
-1.112¢+05
-1.632¢+05
-2.151e+05
-2.671e+05
-3.191e+05

CSHEAR2
+3.236¢+05
+2.692e+05
+2.147e+05
+1.603e+05
+1.059¢+05

(c) Longitudinal stress under the free rolling state
+5.149¢+04
-2.928e+03

-
-
-5.734¢+04

-1.118¢+05
-1.662¢+05 F
2:206e+05
2.750e+05
-3.294¢+05

(e) Transversal stress under the free rolling state

Fig. 9. Tire contact stress when vy =120 km/h

5. Conclusions

To predict the force of a typical truck tire on a highway, a
finite element model of an 11.00R20 tire and a rigid surface
is established on the basis of the mixed Eulerian/Lagrangian
method. This model is used to predict tire contact stress
under several working conditions. The following
conclusions are obtained:

(1) Tire contact stress can be decomposed into the
component force of three directions: CPRESS, CSHEARI,
and CSHEAR2. Under the steady-state rolling condition,
these three component forces exist simultaneously, and
CSHEAR1 and CSHEAR2 may have the same magnitude
with CPRESS. However, CSHEAR1 and CSHEAR2 are
considered 0 in the ESWL. Therefore, using ESWL as
design load in the pavement model can make the model
neither capable of predicting the mechanical behaviors of
pavement  structures accurately nor capable of
simulating early failure mechanism of the pavement surface.

(2) Contact stress of the 11.00R20 tire for free rolling
under the standard working condition is the most typical tire
force form against a pavement. Under this condition, the tire
footprint is approximately circular, and CPRESS can be
viewed as a uniformly distributed force. The extreme values
of CSHEAR1 and CSHEAR? are at the same magnitude of
CPRESS. CSHEARI and CSHEAR2 should not be
neglected during mechanical pavement analysis.

CPRESS
+9.366e+05
+8.586e+05
+7.805e+035
+7.025e+03
+6.244e+035
+5.464¢+035
+4.683¢+03
+3.903e+05
+3.122e+05
+2.342¢+05
+1.561e+05
+7.805e+04
+0.000e+00

(b) Vertical stress under the complete braking state

@

(d) Longitudinal stress under the complete braking state

CSHEARI1
+8.422¢+05
+7.720e+05
+7.018e+05
+6.316e+05
+5.615¢+05
+4.913e+05
+4.211e+05
+3.509¢+05
+2.807e+05
+2.105e+05

- +1.404e+05
+7.018e+04
+0.000e+00

CSHEAR2
+4.491e+04
+3.738¢+04
+2.986¢+04
+2.233e+04
+1.481e+04
+7.279¢+03
-2.469e+02
-7.773e+03
-1.530e+04
-2.282¢+04
-3.035¢+04
-3.788e+04
-4.540e+04

(f) Transversal stress under the complete braking state

(3) Given the standard working condition, CPRESS and
CSHEARI can be considered uniformly distributed forces
when the 11.00R20 tire is under complete braking or traction
states, while CSHEAR?2 can be neglected.

(4) Axle load is the most important influencing factor of
tire contact stress. An overly high axle load causes an overly
high contact stress on the tire shoulder. A higher tire
pressure can improve the tire contact stress distribution
effectively and is conducive to improve the working
performance of an overloaded tire. CSHEARLI is positively
correlated with f. Although a low f is favorable to the
improvement of the mechanical behaviors of pavement
structures, f should be kept at a high level for the sake of
travel security. Moreover, travel speed effects on the tire
contact stress can be neglected.

The predicted spatial distribution pattern of the tire
contact stress can be used as reference for tire load modeling
in a pavement model. Further studies can predict the contact
stress of arabesquitic tires based on the established model to
provide support for a more refined pavement model.
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