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Abstract: This paper extends the theory of generalised plasticity by applying the Caputo fractional differentiation approach to
develop a new fractional constitutive model for rockfill. The proposed model employs a so-called fractional flow rule and
applies the fractional differential operation on the yield surface to derive a new dilatancy equation. New representations of the
plastic flow direction and the loading direction are provided by allowing the fractional order to equal or not equal 1.0. The
current study suggests that the evolution of the relative positions between the plastic flow direction and the loading direction is
influenced by the state parameter, as it alters the value of the fractional order. The fractional generalised plastic model can capture
this non-orthogonal deformation characteristic without introducing an additional plastic potential function. Moreover, the proposed
model features new representations of the state parameter and the plastic modulus while incorporating a limited number of material
constants to simplify its formula. The model's predictions are compared with the triaxial test data of various types of rockfill under
both drained and undrained conditions to verify the effectiveness of the proposed model in describing the strength and deformation
characteristics of the rockfill. Good fitting results are obtained in the study, which initially proves the effectivenss of the model.
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Table 1 Parameters of different kinds of rockfill for fractional generalised plastic model

ekl G, 4 M r A Do k. k, hy
ISP b ey S 42 0.15 1.65 0.811 0.066 910 1.2 9.6 0.85
2k A 33 36 0.25 1.87 1.222 0.115 18.7 1.4 2.6 0.56
Ranjit Sagar H kY 35 039 206 0.179 0.001 113 1.1 1.8 0.96
Shah Nehar #4783 26 0.35 1.41 0.557 0.042 86.1 1.5 1.6 1.22
Purulia A HIHE £ 34 52 0.31 1.46 0.593 0.042 423 0.8 1.2 0.48
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