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Fig. 1 Failure modes of fractured rock samples after creep
test
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Fig.2 Schematic plot of creep constitutive model
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Fig.3 Nonlinear creep model curves of fractured granite
with different model parameters
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Tab.1 Model parameters under different stress conditions obtained by fitting the creep tests on fractured granite

PR SR
[l %/ MPa ZLBR /() B 1A 8 /] /MPa
Ey/GPa 1] (GPa-h) E,5.G,/GPa 17,/(GPah) y @
71.00 35.08 1175.50 3793.10 2697200  0.1313 00108
. “ 84.83 33.87 2411.30 2547.80 1542600 02245  0.0142
99.54 33.02 1782.90 1161.20 5 986.70 03693  0.0209
113.30 30.76 188.55 902.84 5301.30 0.6604  21.9234
54.70 3439 145430 7764.50 9294.00 0.1928  0.0361
o 45 65.30 32.49 3309.30 3 328.60 5 547.30 03230  0.0211
76.70 31.29 2774.60 2819.20 4246.10 04165  0.0302
87.20 29.80 824.49 3.03x10"! 8.54x10"" 05672 3.748 1
138.00 35.38 943.51 3571.10 551420 0.1907 00176
163.40 35.85 1122.90 2742.20 4559.60 02070  0.0179
189.50 35.97 1112.60 2565.70 4174.10 02714 0.0050
10 3 214.80 35.65 809.74 2113.50 3 686.20 02950  0.0087
240.10 34.64 456.64 1339.50 2227.90 0349 1 0.005 1
265.20 32.57 26.04 407.38 1783.50 06754  69.6112
144.60 34.70 1002.10 2125.90 3 487.40 0276 1 0.007 2
0 45 172.40 34.54 1032.50 1 799.90 2 068.60 03142 0.0055
199.30 33.75 824.37 1 139.40 1514.70 03679  0.0016

226.20 31.77 121.20 3.71x10° 7.94x10° 0.720 7 19.473 3
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Fig. 5 Relationship curves between nonlinear creep model parameters and axial stress level
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Nonlinear Creep Constitutive Model of Fractured Granite and Its Parameters Analysis
WANG Chunping1‘2’3, LIU JianfengB, CHEN Liangl’z, LIU Jian"?*, ZHAO Xingguangl’z, MA Hongsul’2

(1.Beijing Research Inst. of Uranium Geology, Beijing 100029, China; 2.CAEA Innovation Center for Geological Disposal of High-Level Radioactive Waste,
Beijing 100029, China; 3.College of Water Resource & Hydropower, Sichuan Univ., Chengdu 610065, China)

Abstract: The creep behavior of fractured granite is crucial for the long-term stability and safety of high-level radioactive waste disposal reposit-
ories. This study proposes a damaged elastic-visco-plastic model, considering the effect of stress-induced damage accumulation during the creep
process. The model replaces the Newtonian element with a fractional derivative viscoelastic element and the classical viscoelastic body with a
damaged elastic-visco-plastic body within the Burgers model framework. Consequently, a new nonlinear creep constitutive model and its corres-
ponding 3D creep equation for fractured granite are established. The model parameters and their variations with stress levels are determined by fit-
ting the experimental creep results of granite samples with fractures inclined at 30 and 45 degrees under varying stress conditions. Additionally,
the suitability and rationality of the creep model are verified. A sensitivity study is conducted to examine the impacts of the fractional derivative
order, damage factor, and stress level on the creep strain of fractured granite. The findings suggest that in specific cases, the nonlinear creep con-
stitutive model can be simplified to the classical Burgers model. Importantly, the proposed model accurately describes the three stages of the creep
failure process, particularly highlighting the nonlinear characteristics of creep strain in the accelerated stage.

Key words: fractured granite; creep; nonlinear model; fractional derivative; parameter analysis
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