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NUMERICAL SIMULATION OF FRACTURE MECHANISM OF COLUMNAR
JOINTED BASALTS WITH DIFFERENT SHAPES UNDER COMPRESSION®Y

WANG Yongyi? GONG Bin®» TANG Chun’an
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract The strengths and deformations of columnar jointed basalts (CJBs) with different shapes are different
under compression, and the fracture mechanisms and failure patterns are also different. In this paper, the
images of CJBs with different shapes are constructed. Then, by combining meso-damage mechanics, statistical
strength theory and continuum mechanics, the images of CJBs are transformed into finite element mesh models
based on RFPA3P-CT digital image processing, and mechanical parameters of joints and rock materials are
assigned respectively, in which the heterogeneity of joints and rock is considered. Further, numerical tests of
CJBs under different lateral pressures are carried out to study their strength and deformation characteristics,
fracture mechanisms and failure patterns. The results show that for the case under the lateral pressure of 0

MPa, the compressive strength of CJBs (with dimensions of 1.5 m x 3 m, 3 m x 3 m and 6 m x 3 m) generally
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exhibits U-shaped distribution with the increase of column dip angle; under the lateral pressure of 6 MPa, the

compressive strength generally exhibits V-shaped distribution with the increase of column dip angle. For CJBs

with dimensions of 1.5 m x 3 m and 6 m x 3 m, and column dip angles of 8 = 15° and § = 45°, the fracture

mechanisms and failure patterns under different lateral pressures are studied. The whole processes of stress

concentration, crack initiation, propagation, fracture strip zone formation and acoustic emission characteristics

are analyzed.

Keywords compression, shape, columnar jointed basalts, fracture mechanism, acoustic emission, numerical

simulation
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(b) The inhomogeneous finite element mesh model after digital image transformation
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Fig. 1 The schematic diagram of transforming the digital image into the inhomogeneous finite element mesh model
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Fig. 2 The elastic-brittle damage constitutive relation

of element under uniaxial stress
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Table 1 Values of mechanical parameters of rock and joint for columnar jointed basalts (CJBs)
in validation of numerical simulation

Material Heterogeneity Elastic Uniaxial compressive Poisson’s Friction Residual strength
type index modulus/GPa strength/MPa ratio angle/(°) coefficient
rock 5 60 0.2 56.15 0.1
joint 5 15 0.25 36 1

-4.139268e+000
2.039527e+000 I
8.218322e+000
1.439712e+001
2.057591e+001
2.675471e+001
3.293350e+001
3.911230e+001
4.529109e+001 I
5.146989e+001

Max Principal Stress [MPa)
Step 13-(0)
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(a) The maximum principal stress diagram for 8= 15°
along the direction parallel to column axis
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(b) The physical test resultl®
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(c) The physical test resultl®
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Fig. 3 Comparison of specimen failure patterns between laboratory physical test and numerical test under uniaxial compression
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(a) The digital image of the 1.5 m X3 m
specimen with 5=15°
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(b) The finite element model of the 1.5 m X3 m
specimen with = 15°
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Fig. 4 The typical setting and boundary condition of CJBs specimen under confining pressure

(taking 1.5 m X 3 m specimen as an example)
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Fig. 5 The compressive strength and equivalent deformation modulus of the CJBs with different lateral

pressures and specimen shapes
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Fig. 6 The stress-strain curves of the 1.5 m X 3 m, 6 m x 3 m CJBs under different lateral pressure
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the lateral pressure of 0 MPa
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