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Damage constitutive model of sandstone under triaxial compression
coupled with cyclic water intrusion and loading
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(1. Shandong Lugiao Group Co., Ltd.. Jinan 250014, China;

2. College of Civil Engineering and Architecture, Shandong University of Science and
Technology, Qingdao 266590, China)

Abstract: In view of the slope engineering safety problems caused by cyclic rise and fall of water level in reservoir
area, the macroscopic mechanical parameters and microstructural degradation characteristics of sandstone under
cyclic water intrusion was analyzed through triaxial compression tests and computed tomography scan (CT)
tests, and a sandstone damage constitutive model considering the combined action of cyclic water intrusion and
load was constructed. The results show that with the increase of the number of cyclic water intrusion, the
sandstone microstructure parameters such as porosity, pore volume and pore throat radius gradually increase,
while the macroscopic mechanical parameters such as peak strength and elastic modulus gradually decrease, and
that the changes are the most significant after one cycle of water intrusion, with the peak strength and elastic
modulus reaching 11. 56 % and 9. 57 % respectively. A constitutive model of sandstone damage under cyclic water
intrusion and load was established and its validity was verified by experiments. The calculated curves of the model
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is in excellent agreement with the experimental results (R*>>0.95), confirming that this model can reflect the
nonlinear deformation laws of rock at various stages. The total damage curve of sandstone presents an S-typed
change. which can be divided into damage stability, development and completion stages. With the increase of
cyclic water intrusion times and confining pressure, the failure mode changes from brittle to ductile, and
confining pressure has an inhibitory effect on the development of rock damage.
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Fig. 1 Test flow diagram
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Fig. 2 Stress-strain curve of sandstone under cyclic water intrusion
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Fig. 3 Triaxial compression test results of rock samples
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Fig. 4 Sandstone image processing and pore network modeling
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Table 1 Digital core porosity analysis results %
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Fig. 5 Evolution curve of sandstone pore structure with times of cyclic water intrusion
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Fig. 7 Axial forces on rock micro units
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Table 2 Statistical results of constitutive model parameters

[# & /MPa 1 PR IR B S my /o m,
0 0.103 3 —0.916 6 0.360 1 234.689 3
1 0.169 3 —0.802 5 0.300 2 70.877 1
0 5 0.330 8 —0.704 5 0.292 5 41.302 2
10 0.377 4 —0.770 2 0.278 1 64.369 9
20 0.514 8 0.694 9 0.275 6 83.301 9
0 0.059 0 —0.9315 0.524 9 44.602 0
1 0.144 3 —0.8339 0.5257 32.765 2
) 5 0.222 0 —0.859 2 0.503 9 8.663 0
10 0.296 7 —0.830 2 0.508 1 10. 520 6
20 0.310 1 —0.993 7 0.510 0 12. 600 2
0 0.032 2 —0.977 4 0.692 3 22.865 6
1 0.111 8 —0.746 4 0.681 9 15.754 4
10 5 0.174 6 —0.662 1 0.699 9 8.681 7
10 0.189 3 —1.2377 0.607 0 11.345 5
20 0.226 3 —1.471 3 0.612 6 11.714 4
0 0.026 2 —1.784 6 0.800 1 22.625 8
1 0.079 9 —0.880 7 0.813 1 14.400 9
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Fig. 8 Experimental and theoretical values of stress-strain curves of sandstone

under different cyclic water intrusion-load conditions
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