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Cyclic elastoplastic FEM with time-domain homogenization and extended subloading surface elastoplastic model

for ballast settlement analysis
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The cyclic elastoplastic FEM with the time-domain homogenization and the extended subloading

surface model is developed for the railway ballast settlement analysis. The formulation of the present

method is verified by the numerical tests for several boudary value problems with cyclic loading.

The improved scheme for the time-integration on the macro-chronological response enhances the

stability of the macro-chronological analysis.

Key Words: time-domain homogenization, extended subloading surface model, FEM, cyclic

loading
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Fig.2 Problem description of Ex.2.

Fig.1 Relation between macro-chronological strain €33 and the number of cycles N[O

Table 1 Material parameters for Ex.1.
v=04,7=4x107% ¢ =60°, p = 0.001, p = 5,
¢pa =10°,b, =90, ¢p = 65°, w1 =6, m1 = 3, c1 = 20,
Cy = 5, C3 = 2, Fo = 200(kPa), Prnum = 0.1(kPa)
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Table 2 Material parameters for Ex.2.
v=04,7=4x107%¢=40°p=0.03, p = 3,
¢a = 20°, b, =90, ¢p = 20°, ur = 0.5, m1 = 2, c1 = 10,
c2 = 0.2, c3 = 4, Fo = 100(kPa), prum = 0.1(kPa)
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Fig.3 Simulated results of o, (kPa) under the maximum loads in

the 11th cycle. (solid: homogenization, dotted: conventional FEM)
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Fig.4 Simulated results of y/.J»(kPa) under the maximum loads in
the 11th cycle. (solid: homogenization, dotted: conventional FEM)
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Fig.5 Simulated results of volumetric strain &,,,, (%) at the end of

the 10th cycle. (solid: homogenization, dotted: conventional FEM)
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Fig.6 Simulated results of , /e €5;€5; €r:/2(%) at the end of the 10th
cycle. (solid: homogenization, dotted: conventional FEM)
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Table 3 Material parameters for Ex.3.
v=04,7=4x107%¢=50°p=0.01, p = 5,
¢pa =10°,b, =90, ¢p = 60°, w1 =6, m1 = 3, c1 = 20,
Cy = 3, C3 = 2, Fo = 200(kPa), Prnum = 0.1(kPa)
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Fig.7 Macro-chronological strain £33 calculated using the modi-

fied scheme at each cycle N[O
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