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Homogenization-based investigation on constitutive relationship of
oblique joint rock

NIU Bin, YANG Hai-tian

(Department of Engineering Mechanics, State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of
Technology, Dalian 116023, China)
Abstract: It was suggested to employ asymptotic expansion-based homogenization method to establish the equivalent
homogenized model of oblique joint rock. Macroscopic equivalent constitutive parameters of the model were predicted and
compared with those given by other equivalent models. The numerical simulation of displacement of an underground cave was

presented to verify the model in comparison with the results obtained by Goodman joint element-based FE analysis, and good

accordance could be observed.
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Fig. 1 The rock with two sets of oblique joints
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Fig. 2 A quarter of the cell
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Fig. 3 A representative cell
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Fig. 4 FEM mesh on a representative cell

s, R E,=2x10" Pa ,
E =5x10" Pa, v,=03.
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Fig. 5 The variation of equivalent constitutive parameters with
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Fig. 8 A door-shaped cave in the jointed rock
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Table 1 The comparison of vertical displacements between
homogenization-equivalent constitutive relation and

Goodman joint element

i : mm
J= PR B G )54k
e -7.2180 -8.4767
f -7.1142 -7.9726
d ~7.0043 -7.5183
b -6.2005 -6.7117
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Table 2 The comparison of vertical displacements between
homogeniz-ation-equivalent constitutive relation and

Goodman joint element

Hif7: mm
X/m Y/m GRSV STH B4k
=475 -0.25 ~6.0389 -6.9528
-4.25 -0.25 -6.0666 -6.9434
-3.75 -0.25 -6.1044 -6.9444
-3.25 -0.25 -6.1442 -6.9517
=2.75 -0.25 -6.1821 -6.9620
-2.25 -0.25 -6.2157 -6.9729
-1.75 -0.25 —6.2437 -6.9815
-1.25 -0.25 -6.2634 -6.9845
=0.75 -0.25 -6.2724 ~6.9684
-0.25 -0.25 -6.2005 =6.7117
0 -0.25 -6.1839 -6.2343
0.25 -0.25 -6.1674 -6.6813
0.75 -0.25 -6.2807 -6.9476
1.25 -0.25 -6.2917 -6.9657
1.75 -0.25 -6.2830 -6.9613
2.25 -0.25 ~6.2659 -0.9490
2.75 -0.25 -6.2428 -6.9347
3.25 -0.25 -6.2157 -6.9190
3.75 -0.25 -6.1875 -6.9044
4.25 -0.25 -6.1633 -6.8947
4.75 -0.25 =6.1507 -6.8938
Xlm
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Fig. 9 The comparison of the vertical displacements between the

Goodman joint element and the homogenization-equivalent

constitutive relation
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