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Experimental Study on Short-and Long-Term Mechanical Properties
of Beishan Granite Under Conventional Triaxial Compression

ZHU Qizhi'*, ZONG Yue'**

(1. Key Laboratory of Geotechnical Mechanics and Dam Engineering, Ministry of Education, Hohai University, Nanjing,
Jiangsu 210098, China; 2. Institute of Geotechnical Engineering, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract; In order to study the physical and mechanical properties of Beishan granite, conventional tri-
axial, creep, and relaxation tests were conducted. The main research process and conclusions are as
follows: (1) Conventional triaxial compression tests were conducted on Beishan granite under different
confining pressure conditions and mechanical characteristics, such as the deformation and failure modes
of the samples, were compared and analyzed. It was found that the irreversible deformation of Beishan
granite rock during failure was relatively small and there is no brittle ductile transition phenomenon with
the increase of confining pressure; (2) Single stage creep tests on Beishan granite and multi-level creep
tests were conducted under different confining pressure conditions and the deformation of different devia-
toric stress pairs and the creep rate of single stage creep were analyzed, which showed that the creep
form of Beishan granite was unstable creep, and its strain curve showed typical third-order creep charac-
teristics; and (3) Single stage stress relaxation and cyclic relaxation tests were conducted on Beishan
granite and the variation law of deviatoric stress was analyzed, which found that the deviatoric stress of
Beishan granite decreased rapidly during the initial relaxation stage of stress relaxation process and
reached a stable state in a relatively short period of time.

Key words: Beishan granite; conventional triaxial compression test; creep test; relaxation test
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Tab. 1 Triaxial creep test scheme and parameters of samples

75 FAy i D/mm H/mm m/g p/(g+cm™) (o,705)
/MPa
1 HK(15) BS28-1605-01-01 48.75 101. 50 515.3 2.72 225.7
2 Y (15) BS28-1605-11-01 48. 84 100. 71 513.6 2.72 228
3 L (15) BS28-1605-04-01 48.90 100. 74 514.6 2.72 232.5
4 B (5) BS28-1605-03-02 48.72 101. 07 513.7 2.73 130-155
5 LR (15) BS28-1605-10-01 48.76 100. 90 512.3 2.72 180-235
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Tab. 2 Stress relaxation rest scheme and parameters of samples
A= 2 s D/mm H/mm m/g p/(g+-cm™) (o1705)

/MPa

1 HK(15) BS28-1605-01-03 48. 83 100. 57 512.42 2.72 171

2 B (15) BS28-1605-04-06 48. 83 101. 87 514. 66 2.72 196

3 B (15) BS28-1605-04-02 48.77 100. 93 513. 16 2.72 221

4 HLZ(5) BS28-1605-12-04 48.72 101. 14 513.70 2.73 233

5 MEFR(15) BS28-1605-15-01 48. 80 100. 57 511. 64 2.72 200
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Fig. 1 Stress-strain curves of samples under different confining pressures
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Tab. 3 Mechanical parameters of conventional triaxial compression tests
F5 o,/MPa o,/MPa o./MPa e/ % e/ % E/GPa v

1 0 126. 02 126.02 0.438 0. 286 40. 66 0. 130
2 0 133.27 133.27 0. 462 0. 128 38.80 0. 094
3 0 123. 89 123. 89 0.423 0. 178 32.95 0. 106
4 1 146. 85 145. 85 0. 480 0.592 39.99 0. 103
5 1 136. 18 135.18 0. 476 0.561 39.55 0. 103
6 1 128. 46 127. 46 0.519 0. 455 34. 39 0. 108
7 2 145.71 143.71 0. 545 0. 537 35.43 0. 108
8 2 139. 48 137.48 0. 490 0.242 29.77 0. 141
9 2 158. 18 156. 18 0. 526 0.482 39. 66 0.117
10 5 184.01 179.01 0. 600 0. 499 40. 66 0. 090
11 5 195. 01 190. 01 0.507 0. 549 48.57 0. 144
12 5 182.55 177.55 0.615 0. 679 32.95 0. 106
13 5 177.55 172.55 0.572 0. 684 38.43 0. 097
14 10 246. 81 236. 81 0. 676 0. 609 46. 12 0. 206
15 10 226. 80 219.40 0.709 0. 490 39.83 0. 189
16 10 229. 40 216. 80 0.710 0. 690 42. 84 0.202
17 15 291.35 276. 35 0. 829 0.743 43.95 0. 175
18 15 266. 65 251. 65 0. 835 0. 829 41. 15 0.216
19 15 271.25 256. 25 0. 843 0. 622 40. 96 0. 170
20 15 252.38 237.38 0. 745 0. 659 43.94 0. 093
21 25 334. 16 309. 16 0. 840 0.810 47.57 0. 159
22 30 378. 63 348. 63 1.013 0.714 44.31 0. 168
23 30 369. 13 339.13 1.025 0.824 42.10 0.239
24 30 366. 10 336. 10 1. 048 0.907 42.30 0.172
25 40 453.91 413.91 1.202 1.139 49.29 0.182
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Fig. 2 Single stage loading creep test curve (225.7 MPa)
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Tab. 4 Multistage creep test results under confining pressure of 5 MPa

e (o,~05)/MPa e,/ % &,/ % ey/ % v/ (% -h™") v,/ (% -h™) v./(% -h™")
1 130 0.016 0. 026 0. 036 0. 047 0.091 0.135
2 140 0. 027 0. 088 0. 149 0. 058 0. 154 0.205
3 145 0.020 0. 084 0. 148 0. 056 0.206 0.356
4 150 0. 025 0. 127 0.229 0.077 0.393 0.709
5 155 0. 087 0.551 1.015 0.377 2.123 3.869
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Tab. 5 Multistage creep test results under confining pressure of 15 MPa
28 (0,~05)/MPa e,/ % &,/ % ey/ % v,/(% -h™") v/ (% -h™) v./(% -h™")
1 180 0.018 -0.003 -0.024 0.023 0. 001 -0.021
2 190 0.012 0. 008 0. 004 0. 008 0.001 -0. 006
3 200 0.016 0.021 0. 026 0.032 0. 030 0. 028
4 210 0.023 0. 048 0.073 0. 030 0. 042 0. 054
5 220 0. 030 0.075 0. 120 0. 046 0. 107 0. 168
6 230 0.053 0. 161 0.269 0. 082 0.252 0.422
7 235 0.137 0. 493 0. 849 0.310 1.162 2.014
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Fig. 7 Single stage relaxation test curve
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Tab. 6 Single stage relaxation test results
(o4 g,/ o v v
P /MOPa xl(:)’3 /Ml;a A Mz Maw/H /(MPaA- D) /(MP;]Z-hh")

1 171 3.984 158.1 0.075 0.061 80. 4 0.013 0.091

2 196 4.584 180 0.076 0. 067 88.4 0.053 0.192

3 221 5. 381 202.6 0.083 0.079 94. 6 0.051 0. 301

4 233 7.232 208. 8 0. 104 0. 089 85.92 0.217 0.421
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Tab.7 Cyclic relaxation test results

g,/ v,/
F5  o,/MPa <107 op/MPa N, (MPa - h)
199.8  4.89 183.1 0.0836 0. 506
200. 1 5.11 189.7 0.0520 0. 501
200. 3 5.21 191.9 0.0419 0.485
200.4  5.27 193.3 0.0354 0.476
200. 1 5.30 194.2  0.029 5 0.471
200.4  5.32 194.6  0.028 9 0. 469
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