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Dynamic Analysis of Rigid Pavement Under Variable Velocity Moving
Loads
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Abstract In this paper, the rigid roadway pavement under dynamic traffic loads with variable velocity is studied. The rigid roadway
pavement is modeled as a rectangular damped orthotropic plate supported by elastic Pasternak foundation. The boundaries of the plate are
the steel dowels and tie bars which provide the elastic vertical support and the rotational restraint. The natural frequencies and the modal
shapes of the system are obtained through solving two transcendental equations, derived from the solution of two auxiliary Levy’s type
problems, known as the Modified Bolotin Method. The dynamic moving traffic load is expressed as a concentrated load of harmonically
varying magnitude, moving straight along the plate with a variable velocity. The dynamic response of the plate is obtained by using the
characteristic equation with orthogonal properties. The results of a numerical example show that the velocity and the angular frequency of
the loads affect the maximum dynamic deflection of the rigid roadway pavement. It is also shown that a critical speed of the load exists. If
the moving traffic load travels at the critical speed, the rectangular plate will suffer from a deflection of infinite amplitude. The present
mathematical solution should be verified further with the results of experimental researches, especially, with respect to the determination
of the forces in the steel connecting devices (dowels and tie bars) along the joints.

Keywords rigid roadway pavement; elastic foundation; moving load
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Fig. 1 Rectangular rigid concrete plate resting on a
Pasternak foundation under dynamic traffic loading
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Table 1 Critical velocities of the system and the maximum
absolute dynamic deflections
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Fig. 2 Maximum dynamic deflection response spectra as
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Fig. 3 Maximum dynamic deflection response spectra

as a function of load’s frequency

M,, C=0% M, (=5% M, (=10%
M/(N-m) M/(N-m) M/ (N-m)
10000 10600 10000 !
so00 'h 5000‘, m.'."v- J \ qwo:‘ /\./rﬁ\\
ol F‘ il e t/s ALY, ts
bf? Hg m = Ulﬁm tls [{Wolbs 01 01502 "1 Y005 00 00502
—5000 -s000/ | -5000{
—lUlJUU: —1 0000 —]{KI)CI'
M., =0% M, (=5% M, =10%
M,/(N-m) M /(N-m) M /(N-m)
; j :
10000 i 10000 10000' Il \
S000 I’f'r‘ikﬂ‘ LU «uuu] AN v f\-\ >n<}ul ' \/
. 05 01 15 TR tfs ll yu«‘ o _0_11 =z tfs i "‘t] 05 01 o |: 2 ts
5000 5000 —4000| ‘-
—10000 L 10000 - 10000]
0., ¢=0% 0., =5% 0. =10%
OJ/N O./N
10000 10000
7500 7500 T
5000 ."'ﬁ\\L 5000 / '\,\
25001 /N 2500 J .
| { ~ s
0. e "If‘ '»,Us .1 ms .2 s 3503 TBos g1 005 -2 us
—s000; A} 3." 3000 Y ;‘p
~750 / —7500
~1000° v Z1000 b
0, =0% 5% 0, &=10%
Q-‘)IrN QIN
10000, "
2000
1000 ||.'
o s e e
Mojos Ve 015 02 s VS~ o2
1000
2000

24

& 4 O~t B 1EE FE 7 [E] R FE bk T M Rz fy MU 4 % TED 3 2 M) iz
Fig. 4 Various dynamic responses of the rigid runway pavement for different damping ratios for soft

soil condition, in the time interval 0<t<1,
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