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NUMERICAL STUDY ON THE PROGRESSIVE FAILURE LAW
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Abstract Based on the framework of Continuum Discontinuum Element Method (CDEM), the rock damage
fracture model and explosion gas adiabatic expansion model are introduced. The numerical analysis of progressive
failure process of bedding step slope under explosive load is carried out, and the influence of blasting distance,
structural plane occurrence and structural plane strength on the failure characteristics of bedding step slope is
discussed. The results show that, under the action of blasting, the tensile-shear composite failure will occur on the
bedding structural plane. The larger of the structural plane dip angle, the lower of the structural plane strength, and
the smaller of the blasting distance, the greater of the probability of failure of bedding slope. Compared with the
blasting distance, the strength of structural plane has a greater influence on the fracture area. With the increase of
strength, the fracture area decreases rapidly.

Key words rock blasting, bedding slope, progressive failure, numerical simulation, continuous-discontinuous
coupling method
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Fig.1 Description of fracture in CDEM
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Fig.3 Solution flow in each time step
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Fig4. Numerical model of blasting crater
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Table 1 Computation parameters of artificial material

Density Elastic modulus/ Poisson’s ratio Cohesion / Tensile strength /
/(kg/m?) GPa MPa MPa
2500 30 0.25 6 3
Inner friction Dilation angle Tensile fracture energy Shear fracture energy

angle/ ° /[ ° /(Pa m) /(Pa m)




35 10 50 200

Normal and tangential contact
stiffness per unit area / Pa/m

1x10"3 0.14

Interface friction coefficient after fracture
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Fig.5 Progressive failure and fragments movement process of artificial material
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Fig.6 Comparison of craters between numerical simulation and physical experiment
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Fig.7 Comparison of displacement of middle point on the top side
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Table 2 Computation parameters of solid elements of iron ore slope
Elastic

Density /(kg/m?) modulus / GPa Poisson’s ratio Cohesion / MPa
3200 60 0.25 36
Inner frictior; Tensile Dilation angle / ° Tensile and shpar
angle / strength / MPa fracture strain
40 12 10 0.5%

JIEJ2 455 KA THT 14D 225 M40 THT A R 50°, RS28 778 0.1MPa, HLhissE 0.1MPa, PEEHEff 30°, i IiZLEE 10.0
Pa m, BJYJHIELEE 50.0 Pa m.
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Fig.9 Horizontal displacement contour of jointed slope under different blasting distances
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Fig.10 Relationship between fracture area of structural surface and blasting distance
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Fig.13 Relationship between fracture area and strength of structural surface under blasting load
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Fig.14 Failure mechanism of bedding rock slope under blasting load
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