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WAVE PROPAGATION IN AN AXIALLY LOADED RAIL
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Wave modes propagating in a rail subjected to an axial load due to temperature stress

are analyzed. The railway track is modeled by an infinite beam discretely supported by

sleepers. Due to the periodicity represented by the sleeper space, the equation of motion

of the infinite rail is reduced to that of a unit cell by virtue of the Floquet theorem. The

wave propagation modes can be attained by way of an eigen problem with respect to

the axial load, the wave number and the frequency. Sensitivity of axial loads to the wave

number and the frequency is investigated based on the dispersion analysis. Through those

analyses, it is discussed that which modes are suitable for evaluation of axial load.
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Fig.1 Beam element and acting forces
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Fig.2 Rail model for vertical vibration
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Table 1 parameters of 50kgN rail

mass density(kg/m?) p = 7880

cross-sectional area(m?) A =64.05 x 1074

Young’s modulus(GPa) E =206

Poisson’s ratio v =0.33

geometrical moment I = 1960 x 10~ 8(vertical vibration)

of inertia(m%*) I = 322 x 10~8(horizontal vibration)

shear factor K = 0.394(vertical vibration)

K = 1.382(horizontal vibration)
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Fig.3 Influence of axial load on dispersion curves (vertical

vibration)
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Fig.4 Standing wave modes (vertical vibration)
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Fig.5 Influence of stiffness of pads on relation between wave

number and axial load (mode a)
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Fig.6 Influence of stiffness of pads on relation between fre-

quency and axial load (mode a)
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Fig.7 Influence of stiffness of pads on relation between fre-

quency and axial load (mode b, c)
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Fig.8 Rail model for horizontal vibration
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Fig.11 Influence of stiffness of lateral resistance on relation

between wave number and axial load (mode A)
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