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Three-Dimensional Mesoscopic Modeling Method of Rock-Filled Concrete
Considering Skeleton Effect

CHEN Mingzhen, HE Shigin', WANG Hui, GE Yanfeng

(School of Civil Engineering, North China University of Technology, Beijing 100144, China)

Abstract: To avoid the cumbersome process of aggregate interference judgment and rapidly generate calculation
models with different rock-filled rates, a method for generating a three-dimensional mesoscopic model of rock-filled
concrete considering the skeletal effect was proposed using discrete element software PFC3D, based on the material
composition and structural characteristics of rock-filled concrete. Uniaxial compression tests on rock-filled concrete
mesoscopic models, both considering and neglecting the skeleton effect, were conducted using the established
geometric models. The results indicate that the force transfer skeleton formed by the mutual contact of aggregates
inside rock-filled concrete can effectively enhance the overall strength of the material. The stress-strain curves and
failure modes of rock-filled concrete obtained from numerical simulations considering the skeletal effect are more
consistent with experimental results. This model can effectively reflect the influence of the skeletal effect on the
mechanical properties of rock-filled concrete, providing a meso-mechanical model foundation for in-depth studies
on the damage evolution laws and failure mechanisms of rock-filled concrete.
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Fig. 2 Flow chart of rock-filled aggregate generation considering skeleton effect
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Fig. 3 Flow chart of rock-filled aggregate generation without considering skeleton effect
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(a) Considering skeleton effect (b) Without considering skeleton effect
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Fig.5 Three-dimensional mesoscopic model of rock-filled concrete
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Table 1 Material parameters of microscopic component of rock-filled concrete

Material o/(kgm™*) E/GPa v f./MPa
Rock-filled aggregate 2 650 50.0 0.21
SCC 2400 21.4 0.20 11.3
1TZ 2000 19.3 0.20 10.2

Note:p is the density of material; E is the elastic modulus of material; v is the Poisson’s ratio of material; f; is the compressive strength of

material.

(a) 0=4.42 MPa (b) 0=6.82 MPa (c) 0=9.35 MPa (d) 0=8.58 MPa
V6 25 i AR % S T B 45 40 R 3

Fig. 6 Damage and failure process of rock-filled concrete considering skeleton effect

(a) 0=4.20 MPa (b) 0=7.51 MPa (c) 0=8.44 MPa (d) 0=4.43 MPa
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Fig.7 Damage and failure process of rock-filled concrete without considering skeleton effect
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Fig. 8 Damage failure form of partial rock-filled concrete
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