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DYNAMIC EFFECT OF MOVING VEHICLES ON

THE ROAD CONCRETE SLABS

The road concrete slabs represent the typical transport structure exposed to dynamic effects of moving vehicles. Numerical simulation
methods demand to pay attention to the proposal of the computing model of the vehicle and the computing model of the road concrete slab.
The models must be mathematically described and the equations of motion must be solved in a numerical way. For the solution of such
a problem the specialized computer program must be created. It is suitable to use the possibilities of the higher level programming languages
as MATLAB. The influence of some important factors on dynamic response of the structure is numerically tested.

1. Introduction

The road structure is the typical transport structure exposed
to dynamic effects of moving vehicles. The classic road structures
are designed as bitumen pavements. At the present time also the
concrete pavements are sometimes utilized in the form of concrete
slabs. From the practical point of view it is needed to known the
dynamic response of the slab structure on the effect of moving vehi-
cles [1], [2], [3], [4]. One possibility of dynamic analysis is to utilize
the methods of numerical simulation. This approach demands to
pay attention to the proposal of the computing models of vehicle
and the computing models of the road concrete slab. The dynamic
response of the road concrete slab is dependent on the parameters
of vehicle, the parameters of the slab and the parameters of sub-
grade. The submitted paper presents the influence of some parame-
ters of the truck and the slab on the dynamic response of analysed
structure.

2. Computing model of vehicle

Generally the one two or three dimensional computing model
of the vehicle can be adopted for the modelling of dynamic effect
of moving vehicles on the road structures. For the purpose of the
task presented in this paper the plane computing model of the truck
TATRA was adopted, Fig. 1.

The computing model of vehicle has 8 degrees of freedom -
5 mass and 3 massless. The massless degrees of freedom correspond
to the vertical movements of the contact points of the model with
the surface of the runway. The vibration of the mass objects of the
model is described by the 5 functions of the time r(z), (i = 1, 2,
3, 4, 5). The massless degrees of freedom are coupled by contact
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Fig. 1 Plane computing model of the truck TATRA

forces Fpy, (1), (i = 6,7, 8,) acting at the contact points. The equa-
tions of motions and the expressions for contact forcers have the
following form:

The meaning of the used symbols is as follows (Fig. 1): k;, b;, f;
are the stiffness, damping and friction characteristics of the model,
m;, I, are the mass and inertia characteristics of the model, 4, b, ,
s are the length characteristic of the model, g = 9.81 ms 2, G, are
the gravity forces acting at the contact points with the surface of
the runway. The deformations of the spring elements are d(¢) and
the derivation with respect of time is denoted by the dot over the
symbol.
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3. Computing model of the road slab

The space computing model of the road concrete slab is based
on the Kirchhoff theory of the thin slab resting on Winkler elastic
foundation. The equation of the slab is

'w d'w 'w 82
ox* ax’ay* 9y’

D

3w (3)
+ 2uw,,af = p(x.y.1).

It is the partial differential equation for the unknown function
w(x, y, 1) representing the bending surface of the slab centre plane.
The solution of the differential equation will be realised in the sense
of Fourier method. The wanted function w(x, y, f) will be expressed
as the product of two functions

w(x, ¥, 1) = wy(x.p) - q(0). (4)

The function w,(x,y) figures as known function and it is depen-
dent on the coordinates x, y only and the function ¢() figures as
unknown function and it is dependent on the time ¢. The function
q(t) has the meaning of generalized Lagrange coordinate. With
the respect to the goal of the solution the assumption about the
shape of the function w,(x,y) was adopted

2
w,(xy) = i(l — cos 2;”)(1 — cosl—y). (5)

A

The meaning of the other symbols is as follows: D is the slab
stiffness [N.m], K is modulus of foundation in [N.m°], p is the
mass intensity [ke.m 2], w, is damping circular frequency [rad.s ",
p(x, v, t) represent the continuous load in [N.m_z], Ly, I, are the
length and width of the slab in [m]. With the respect to the assump-
tion (5) for x = /2, y = [,/2 the equation (3) can be rewritten to
the form

q(t)- 1+ q(1) 21 0, + q(1)-

R R S

= p(x,y,t).

In the case of plane computing model of vehicle the p(x, y, 1)
can be expressed as

pler) = X F(1)

j=678

27y, 2my, 7
{1 — cos I 1 — cos .

x

F{(1) is the contact force under the jth axle of vehicle at the
position x; and y,.

4. Numerical analysis

For the purpose of numerical analysis the following slab con-
struction was considered, Fig. 2:

1. CS - concrete slab,
hy = 240 mm, E; = 37 500 MPa, v, = 0.20
2. CA I - coating aggregate, quality class II,
h, = 40 mm, E, = 4 500 MPa, v, = 0.21
3. SCI - soil cement, quality class I,
hy = 200 mm, E5 = 2 000 MPa, v; = 0.23
4. PC - protective coat, gravel sand,
hy = 250 mm, E, = 120 MPa, v, = 0.35
5. SS - sub-soil,
hs = o mm, E5 = 30 MPa, v = 0.35

CS; 240 mm; E = 37500 MPa; v = 0.20 h =240 mm
E = 37500 MPa

CAl; 40 mm; E = 4500 MPa; v =0.21 ‘ ‘

SC I; 200 mm; E = 2000 MPa; v = 0.23

PC; 250 mm;E= 120 MPa;v=0.35

SS; o mm; E= 30 MPa;v=0.35

K =171,8 MN/m?

Fig. 2 Model of the slab on elastic foundation
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The Ist layer of the computing model is the concrete slab of
the thickness # = 240 mm, the length /. = 6.0 m, the width /, =
= 3.75 m, modulus of elasticity £ = 37 500 MPa, Poisson coeffi-
cient v = 0.20. The layers under the slab are integrated in the
computing model as Winkler foundation. Modulus of foundation
K was calculated by the computer program LAYMED. The para-
meters of computing model of vehicle correspond to the vehicle
TATRA 815. Total mass of the computing model of vehicle was
13 tons. For the numerical solution of the mathematical apparatus
the computer program in program language MATLAB was created.
The program enables to calculate the time courses of all kinematic
values (deflection, speed, acceleration) at midspan of the slab and
the time courses of contact forces under individual axles. The de-
monstrations of the form of obtained results are in Figs. 3, 4, 5, 6.
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Fig. 3 Time course of the deflection at midspan of the slab
Contact force F6 in time t
-0.0332
— -00332[ _
=z
=,
& 00332} J
-0.0332 I I I I I I
0 01 0.2 03 0.4 05 06 0.7
tis]
Fig. 4 Time course of the contact force F6 under front axle
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Fig. 5 Time course of the contact force F7 under front wheel
of the rear axle

The results of solution are influenced by various parameters
of the considered system. In this paper the influence of the speed
of vehicle motion and the influence of the modulus of foundation
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Fig. 6 Time course of the contact force F8 under rear wheel
of the rear axle

are analyzed. With the goal to clarify the influence of these two
parameters the parametric studies were realized. The influence of
the speed of vehicle motion was analyzed in the interval of speeds
V=0 - 120 km/h with the step 5 km/h. The maximums of verti-
cal deflections at the midspan of the slab versus speed of vehicle
motion are plotted in Fig. 7. Similarly the extremes (maximum,
minimum) of contact forces under front and rear axles versus speed
of vehicle motion are plotted in Figs. 8, 9, 10.

Max defl ection wmax versus speed of vehicle motion V
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Fig. 7 Maximal deflections at midspan of the slab versus speed
of vehicle motion

Extremes of contact force F6 front axle
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Fig. 8 Extremes of contact force F6 under front axle versus speed
of vehicle motion
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Fig. 9 Extremes of contact force F7 under front wheel of rear axle
versus speed of vehicle motion
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Extremes of contact force F8 front axle
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Fig. 10 Extremes of contact force F8 under rear wheel
of rear axle versus speed of vehicle motion

The influence of the modulus of foundation K was analyzed in
the interval 50.10° - 200.10° MN/m? with the step 25.10° MN/m’
and in the interval 200.10° - 500.10° MN/m? with the step 50.10°
MN/m?>. The speed of vehicle motion was ¥ = 65 km/h. The maxi-
mums of vertical deflections at the midspan of the slab versus
modulus of foundation are plotted in Fig. 11. Similarly the extremes
(maximum, minimum) of contact forces under front and rear axles
versus modulus of foundation are plotted in Figs. 12, 13, 14.

Max defl ection wmax versus modulus of foundation K
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Fig. 11 Maximal deflections at midspan of the slab versus modulus
of foundation
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Fig. 12 Extremes of contact force F6 under front axle versus modulus
of foundation

5. Conclusion

Vehicle-road dynamic interaction is a topical engineering pro-
blem. The basic assumption of numerical solution is the creation
of computing models. The computing models of vehicles are usually
created as discrete computing models described by the system of
ordinary differential equations. Minor attention is dedicated to the
creation of pavement computing models. One possibility is to model
the pavement as the slab on elastic foundation. Such computing
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Fig. 13 Extremes of contact force F7 under front wheel
of rear axle versus modulus of foundation
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Fig. 14 Extremes of contact force F8 under rear wheel
of rear axle versus modulus of foundation

model is suitable for modeling the dynamic effect of moving vehi-
cles on the concrete pavements. When we want to follow the
dynamic effect of moving vehicles in one point only we can adopt
the assumption about shape of deflection surface of the slab. On
the basis of this assumption we can replace the partial differential
equation of the slab by ordinary differential equation. Such a com-
puting model enables to analyze all kinematic values (displacement,
speed, acceleration) of vehicle and the slab and contact forces
acting on the slab. Various parameters come into the analysis. In
this paper the influence of speed of vehicle motion and influence
of modulus of foundation on the obtained results were analyzed.
The deflections of the slab and the extremes of contact forces grow
with the speed of vehicle motion. When the slab has good surface
without evident unevenness the influence of the speed of vehicle
motion on the kinematical and force quantities is very small. The
influence of foundation modulus has the opposite tendency as the
influence of speed of vehicle motion. The deflections of the slab
and the extremes of contact forces fall with the grow values of foun-
dation modulus. The analysis in time domain can be extended on
the analysis in frequency domain. The results in frequency domain
can serve for the analysis of noise emissions around the roads [5]
or for the analysis of seismic problems due to transport [6].
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