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Improvement of subloading surface elastoplastic model
for cyclic deformation analysis of railway ballast

Kazuhiro KORO (Niigata Univ.), Yuta FUKUTSU (Niigata Univ.), Kazuhisa ABE (Niigata Univ.)

The 3-D finite element analysis for cyclic vertical loading tests of a full-scale railway ballasted
track is implemented using the extended subloading surface elastoplastic model with the modified
material functions proposed by Hashiguchi''). The modified function fulfills the convexity of the
yield surface for a whole range of the friction angle. The vertical displacement of the bottom of
the sleeper is good agreement to the experiment data under the prescribed cyclic loading. The
large plastic strain extends from the edge of the sleeper to the bottom of the ballast layer; the
frictional sliding zone can be found in the ballast layer.
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Table 1 Material parameters for simulation of triaxial
cyclic loading tests.

Density 1.74 x 10%(kg/m®)

Shape of yield surface ¢ =31°

Isotropoc hardening/softening  p = 100, 1t = 3.8, ¢a = 20°

Rotational hardening b, = 39, ¢pg = 46.4°

Evolution of R wy = 0.71, us = 2.0

Similarity center c1=T756,ca=1¢e3=3

Elasticity 4 =9.0x 1075, v =0.15,
Prum = 0.01(kPa)
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Fig. 1 Axial strain and deviator stress in the simula-
tion of the triaxial cyclic loading test.
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Fig. 2 Volumetric strain in the simulation of the tri-
axial cyclic loading test (1st cycle).
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Fig. 3 Dimension of the full-scale track tests.
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Fig. 4 Finite element model.
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Table 2 Material parameters for FE analysis.

Density 1.74 x 10%(kg/m?®)
Shape of yield surface ¢ = 24°
Isotropic hardening/softening p = 0.1, pp = 3.8, ¢g = 20°
Rotational hardening b, = 80, ¢pg = 32°
Evolution of R u; = 1.0, upg = 4.3
Similarity center c1=35,¢e=12¢ =32
Elasticity ¥=15x%10"1, v =0.15,
Pnum = 0.01(kPa)
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Fig. 5 Vertical dislacement and loads in full-scale
simulation.
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Fig. 6 Volumetric permanent strain in the ballast
layer.
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Fig. 7 Deviator stress in the ballast layer.
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