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Abstract; The GAW-2000 microcomputer-controlled electro-hydraulic servo rock single-axis testing machine was
used to carry out the classification cyclic loading and unloading test based on the underground deep granite as the test
material. The changed of compressive strength, deformation, failure characteristics, residual strain and elastic
modulus trend of the specimens were studied under the same increasing load amplitude. The results shown that the
peak strength of the rock sample shown a decreasing trend with the increase of the number of cycles per stage under
the action of the uniaxial hierarchical cycle plus unloading test,and the cyclic load stress-strain curve was enveloped
by a monotonic load stress-strain curve. Rock sample failure characteristics were mainly shear failure,and the failure
cracks were more dispersed with the number of cycles increases. During the loading process of the rock sample, the

structure inside the rock mass was continuously adjusted so that the structural surface becomes dense and the fissure
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is more closed. There was a lag phenomenon in the rebound deformation during unloading,and the load start point

does not coincide with the unload end point. There were similar features of elastic strain and residual strain on axial

and circumferential with the number of cycles changed. Elastic modulus curve of the rock sample changes alternately

ina “wavy” pattern. The research results can provide theoretical basis for the gradual rock failure process of

underground engineering under action of circulating loads.
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Fig. 5 Stress-strain curves for different number of loading and unloading cycles
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Table 1 Uniaxial cyclic loading and unloading test data of specimens

Number

Loading rate/

Compressional wave

Cycle index/times

Peak strain

Compression

(Nes™ 1) velocity/(m « s=1) e /% .2/ % strength/MPa
D1 1 500 4610 6 0.282,0.377 76
D2 1 500 4 590 10 0.258,0. 350 60
D3 1 500 4 620 24 0.201,0.491 75
D4 1 500 4 740 28 0.251,0. 313 64
D5 1 500 4 640 30 0.250,0. 364 60
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Fig. 6 Sketch diagram of the calculation of elastic strain and residual strain
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Table 2 Results of elastic strain and residual strain(taking 5 cycles as an example)

Axial strain/ % Lateral strain/ %
Cycle index
Total strain Residual strain Elastic strain Total strain Residual strain Elastic strain
1 4.56 0. 50 4. 06 —25.81 —13.99 —11.82
2 4. 14 0. 00 4.14 —12.56 —1.23 —11.33
3 4.18 0. 00 4.17 —11. 89 —1.13 —10.76
4 4.21 0.02 4.18 —11.09 —0.82 —10. 27
5 4. 20 0. 00 4.20 —10.51 —0.65 —9.86
6 7.73 0.32 7.41 —18.09 —4.90 —13. 20
7 7.52 0.03 7.49 —14. 81 —0.25 —14. 56
8 7.53 0. 05 7.48 —14. 90 —0.57 —14. 33
9 7.54 0. 04 7.50 —14. 41 —0.08 —14. 33
10 7.56 0.02 7.54 —14. 33 —0.25 —14.08
11 7.73 0.32 7.41 —18.09 —4.90 —13. 20
12 7.52 0.03 7.49 —14. 81 —0.25 —14. 56
13 7.53 0. 05 7.48 —14. 90 —0.57 —14. 33
14 7.54 0. 04 7.50 —14. 41 —0.08 —14. 33
15 7.56 0.02 7.54 —14. 33 —0.25 —14.08
16 10. 73 0. 25 10. 48 —15.79 —0.47 —15.32
17 10. 60 0. 05 10. 55 —15.97 —0.25 —15.72
18 10. 64 0. 04 10. 60 —15.89 —0.42 —15.47
19 10. 65 0.03 10. 62 —15.71 —0.24 —15.47
20 10. 65 0.02 10.63 —15.56 —0.33 —15.23
21 10.73 0. 25 10. 48 —15.79 —0.47 —15.32
22 10. 60 0. 05 10. 55 —15.97 —0.25 —15.72
23 10. 64 0. 04 10. 60 —15.89 —0.42 —15.47
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Fig. 7 Axial and circumferential elastic strain of normalized rock sample
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Fig. 8 Axial and circumferential residual strain of normalized rock sample
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Fig. 10 Change curve of elastic modulus in the whole process of cyclic loading and unloading
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