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Improved nonlinear elastic constitutive model for normal deformation
of rock fractures
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(1. Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing 210024, China; 2. Department of Earth Sciences,
Nanjing University, Nanjing 210093, China)

Abstract: Some nonlinear elastic constitutive models for normal deformation of rock fracture were reviewed and the significant
deviation of these models from experimental results at median stress level was pointed out. A new concept named half-closure
stress oy, was introduced to lay emphasis on the analysis of the mathematical defects of both the BB model and the classical
exponential model. The generalized exponential model proposed by Malama and Kulatilake (2003) was treated as an example
for further explanation of the necessity for model improvement, meanwhile the deficiency of physical meaning of the initial
normal stiffness of fracture K,; because of the modification by accession of power function » on /o, was analyzed. Based on
the above researches, a governing differential stress-displacement equation of fractures under monotonically raising normal
compressive loading was established, and the concept of maximum allowable closure of pseudo fracture Dy, =Cdyax Was
defined. Then a new 3-parameter constitutive model which could improve the nonlinear elastic normal deformation behavior of
fractures was proposed. It was strictly proved that the BB model and the classical exponential model were two special cases of
the new model. The new parameter was easy to be determined, and the mathematical defects of the BB model and the classical
exponential model were overcome. Counteracting the deviation of the simulated results of these traditional nonlinear models
with the test results at median stress level, the physical meaning of K; would not be lost with the accession of the new
parameter. The predicated results fitted with the test results well in adopting the new model for the predication of other test data,
which verified the feasibility of the new model.
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Table 1 Parametric values for test samples in the laboratory!!!

et JUST /mm /MM K,i/(MPa » mm ") o1»/MPa n a B
Grd-1 93x106%93 0.505 4,142 1.45 0.70 0.154 0.40
Grd-2 87%99x95 0.481 4.949 1.65 0.70 0.148 0.38
Grd-3 103x104x89 0.683 3.380 1.60 0.80 0.222 0.44
®2 sHNRSHERITHE
Table 2 Parametric values for test samples in the laboratory and the calculated results
Grd-1 Grd-2 Grd-3
B53 = i3
o/MPa djmm g & °© ﬁij o/MPa djmm & © f; o/MPa djmm g & ¢ ; Lf
3.5080 0.3774 0.747 2.60 3.5213  0.3447  0.717 275 3.4634 0.5070 0.742 3.87
4.0072  0.3901 0.773 2.22 3.9663  0.3593 0.747 2.66 3.8419 05201 0.762 348
45202 03995 0791 1.92 48555 03769 0785 2.05 42426 05369 0786 3.16
5.0887 0.4139 0.820 1.88 5.5219  0.3828 0.796 1.70 45339 0.5500 0805 3.17
5.6711  0.4239 0.839 1.79 6.1890  0.39755 0.826 1.74 47779 05618 0.823 3.3l
6.1702  0.4330 0.856 1.78 1.78 7.0782  0.4092 0.851 1.71 1.83 5.1243  0.5768 0.845 349 311
6.8912  0.4330 0.856 1.51 ’ 7.7445  0.4180 0.869 1.66 5.6123  0.5883 0.861 3.15 ’
7.5429 0.4447 0.880 1.56 8.6337  0.4268 0.887 1.62 6.0531 0.6017 0.881 3.24
8.4026 0.4560 0.903 1.60 9.7451 0.4327  0.900 1.51 6.6907 0.6100 0.893 2.79
9.1929 0.4599 0.910 1.52 11.0785  0.4444 0924 1.57 7.2732  0.6199 0.908 2.66
9.8446 0.4646 0920 1.52 12.1898  0.4474 0930 1.47 7.9580 0.6266 0917 241
10.718 04715 0933 1.53 13.5248  0.4532 0942 1.48 8.4400 0.6383 0.935 2.69
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Fig. 6 Experimental results for test specimens of Arizona granodiorite fractured rock under normal compressive loading!", and fitting of

model using the parametric values given in Table 1
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