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Experimental study of creep characteristics of gypsum mine rock
in triaxial compression

JIANG Xuan-wei CHEN Cong-xin XIA Kai-zong LIU Xiu-min ZHOU Yi-chao
(State Key Laboratoey of Geomechanics and Geolechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Acadeny of Sciences, Wuhan Hubei 430071, China)

Abstract: Gypsum minings use room and pillar method frequently; the creep characteristics of gypsum mine have an important
impact on the stability of mined-out area. In this paper, Jinghua gypsum mine is taken as the background, using RC-2000
microcomputer to control triaxial creep test machine to carry out experiments with Jinghua gypsum mine rock under confining
pressures of 0, 2.5, 5.0, 7.5 MPa respectively. Creep test data obtained are analyzed, selecting the appropriate model for the test curve,
and utilize the stress-strain curves method to obtain long-term strength under different confining pressures. The analytical results
elaborate that the gypsum mine rock creep contains attenuation creep and constant creep; attenuation creep appears when the axial
stress is small; constant creep and attenuation creep appear when the axial stress is big enough; using Nishihara model to fit the test
curve. Results show that Nishihara model can describe the creep mechanical properties of gypsum mine rock nicely; the correlation
coefficient R is more than 0.9. The ratio of long-term strength to creep strength is within 0.89-0.95 under different confining pressures,
which means that the confining pressure has little effect on the long-term strength. The results findings will provide a basis for
studying stability of gypsum mine mined out areas.
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Table 2 Instantaneous strengths and creep strengths
c Or I
/MPa /MPa /MPa [
16-8 2.5 25.76 22 0.85
13-5 5.0 32.96 31 0.94
16-17 7.5 43.48 33 0.76 5
10-11
6 7[ ]
3 o<o,
3.1 E+E 1
=0, —L 0 _exp| ——L¢ 1
EE, E, m
3
Table 3 Creep characteristic parameters of samples under different confing pressures
8-1(  0MPa) 16-8(  2.5MPa) 13-5( 5.0 MPa) 16-17( 7.5 MPa)
/MPa  /h  /107mm) /10°mm /MPa  /h  /(10%mm) /(102mm) /MPa  /h  /107mm) /(10%mm) /MPa  /h /(102 mm) /(10 mm)
7 46.0 8.77 1.10 10 50.0 73.87 0.55 21 32.1 107.54 0.27 25 231.9 37.5 10.90
9 47.7 10.86 1.36 12 50.5 75.88 0.56 23 43.7 109.26 0.61 26 211.9 39.56 9.97
11 35.7 13.05 1.47 14 63.7 77.26 1.05 25 49.9 111.25 0.94 27 214.4 43.27 9.83
13 38.2 15.53 1.51 16 73.5 79.24 1.66 27 48.1 113.86 1.43 29 236.9 47.39 11.18
15 38.2 19.10 1.70 18 97.7 81.63 2.16 29 53.1 116.86 1.85 31 220.9 52.28 12.31
17 38.2 21.66 1.85 20 106.6 84.85 2.72 31 86.4 127.21 3.37 32 248.9 55.51 13.38
19 47.2 28.08 2.06 22 106.6 90.30 3.63 33 259.4 61.77 15.97
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Fig.4 Samples after destruction
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Fig.6 Creep characteristics of Nishihara model

Fig.7 Relaxation characteristics of Nishihara model
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Table 4 Parameters of Nishihara model of samples 8-1, 16-8
8-1 0 MPa 16-8 2.5 MPa
Eo E, m m Ey E 7 n,
/MPa /MPa /MPa /(MPa-s) /(MPa-s) R /MPa /MPa /MPa /(MPa-s) /(MPa-s) R
7 8 346 455x10°  3.87x10° 0.983 7 10 1194 2.11x10° 1.09x10°  2.55x10° 0.9912
9 9538 8.04x10*  3.39x10°  0.70x10° 0.981 4 12 1399 4.10x10°  3.50x10°  0.42x10’ 0.997 5
11 8612 1.00x10*  4.23x10°  1.29x10° 0.983 8 14 1607 1.95x10°  1.90x10°  0.67x107 0.997 4
13 8 685 9.14x10*  3.05x10°  2.41x10° 0.981 0 16 1799 1.00x10°  1.13x10°  1.36x107 0.9979
15 8 069 6.97x10*  6.48x10°  1.25x10° 0.9799 18 1974 0.84x10°  0.90x10°  0.90x107 0.9972
17 8074 9.63x10°  3.70x10°  4.16x10° 0.980 2 20 2121 0.74x10°  0.74x10°  1.90x107 0.996 5
19 6911 7.52x10°  5.01x10°  2.39x107 0.979 8 22 2215 0.57x10°  0.56x10°  1.71x107 0.995 1
5 13-5 16-17
Table S Parameters of Nishihara model of samples 13-5, 16-17
13-5( 5.0 MPa) 16-17( 7.5 MPa)
Ey E 7 m Ey E, m 7,
/MPa  /MPa /MPa /(MPa-s) /(MPa-s) R /MPa /MPa /MPa /(MPa-s) /(MPa-s) R
21 1954 1.39x10°  3.18x10° 1.59x10° 0.994 8 25 6 880 3.43x10*  9.94x10°  7.48x10° 0.904 8
23 2108 0.34x10°  2.05x10° 4.19x10° 09975 26 6572 3.66x10°  7.48x10°  1.50x10° 0.994 8
25 2251 0.28x10°  1.64x10° 8.43x10° 0.996 4 27 6255 3.14x10°  1.04x10°  5.47x10° 0.9899
27 2377 0.23x10°  1.17x10° 5.95x10° 0.9973 29 6132 3.68x10°  6.47x10°  3.43x10° 0.993 1
29 2490 1.67x10°  1.02x10° 7.54x10° 0.995 6 31 5919 3.12x10°  1.11x10°  4.37x10’ 0.990 5
31 2451 0.09x10°  0.89x10°  12.03x10° 0.992 7 32 5781 3.13x10°  9.94x10°  5.77x10° 0.993 6

33 5354 3.12x10°  8.81x10°  4.44x10° 0.960 9
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Table 6 Contrast of long-term strength and creep strength
T O O
/MPa /MPa /MPa Ot
8-1 0.0 17.0 19 0.89
16-8 25 20.0 22 091
13-5 5.0 29.0 31 0.90
16-17 7.5 31.5 33 0.95
4
1
2
2 2.5 5.0 7.5MPa
0.76 0.94
3
2
0.9
4 -
0
25 5.0 75MPa
0.89 0.95
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