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Sudy of creep characteristics of gypsum rock in natural and saturated states
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LIU Xiu-min', JIANG Xuan-wei, CHEN Cong-xin', XIA Kai-zong’“, ZHOU Yi-chao"“, SONG Xu-gen
(1. State Key Laboratory of Geomechanics and Geolechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The saturated and softening creep characteristics of gypsum rock have important impacts in the safety evaluation of
gypsum mine goaf. Taking Jingmen gypsum mine as the research object, the saturated and softening creep characteristics of gypsum
rock are analyzed by carrying out single sample step by step increment load experiment in natural or saturated conditions; the
constitutive relation of gypsum rock has been described by Nishihara model. The results show that the total creep deformation of
saturated states is large than the natural; the average strength (11 MPa) of saturated samples is 0.54 times of the natural samples (21.5
MPa), the average long-term strength of saturated samples (10 MPa) is 0.49 times of natural samples (19.5 MPa); using the Nishihara
model to fit the creep curve and analyze the creep parameter; the fitting results show that the creep parameter E; is 0.1-0.5 times of
natural sample; #; is 0.2-0.7 times; E, is 2-10 times. The above results indicate that the creep characteristics of saturated samples are
more obvious than the natural ones. By analyzing the mechanism of creep characteristics of water-softening gypsum rock, we can
draw the conclusion: the water-softening of gypsum rock includes the hole-pressure effect under hydrostatic pressure in physical layer
aspect and recrystallization in chemical layer aspect. The resulting findings can provide basis for safety evaluation of gypsum rock
goaf, which has important actual engineering significance.
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Tablel Saturation method of sample
2h
1/5 4h
¢ 50 mmx100 mm 2/5 4h
3/5 4h
[10] 4/5 4h
5/5 4h
RC-2000 2 cm 2h
1 24 h
2 000 kN 10 GN/m 2
70 MPa Table2 Test plan
2 000 kN
/(mmx>mm) /(m/s) /MPa
¢ 50 75 100 mm 3-1 $ 48.51x99.74 3030 7
0 25 mm 8-1 $ 49.65x99.06 3488 7
2 000 kKN 0 70 MPa 10-2 $ 48.56x99.72 3448 3
9-5 $ 48.98x100.04 3704 3
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24 MPa Table3 Creep parameter statistics
0.4 /————'—————. / MPa h o /(102mm) /(102mm) /(10" mm)
by 22 MPa
;( /'/' 20 MPa 7 46.51 0.85 0.65 0.20
2 o3 L 18 MPa 9 5051 121 0.93 0.29
E — 14 53.01 2.10 1.81 0.28
= e 14 MPa 31 18 77.45 286 2.46 0.40
02 C ) g 100.4 4.65 3.97 0.68
| ee———— 9 MPa : ; _ !
% o 22 87.9 4.78 3.86 0.93
01 . . . . . 24 90.41 7.35 6.03 132
0 20 40 60 80 100
WG AT /b 7 46 1.21 1.03 0.18
9 477 1.51 1.25 0.26
11 : 1. 1. )
® 31 ) 1 35.7 67 33 0.33
¢ ) 13 38.2 1.81 1.53 0.28
035 ¢ 15 38.2 2.08 1.73 0.35
0301 10 MPa 17 38.2 231 1.8 0.51
L 19 472 2.61 227 0.34
S 025}
z J—— 17 MPa 3 136.4 2.82 1.62 12
A 020 [ 15 MPa 4 84.46 2.75 1.78 0.97
a 13 MPa
2 s b - 102 5 90.63 3.16 222 0.95
& e a 6 89.13 3.73 2.53 12
0.10 " s MPa ¢ 7 102.13 439 3.16 1.23
A0 7 MPa . : . .
8 103.3 5.07 3.68 1.4
0.05 ‘ ‘ s ‘ ‘
0 10 20 30 40 50 9 119.97 6.28 4.66 1.63
IS IR / h 3 82.14 2.15 1.64 0.51
) s1( ) 5 96.14 332 2.41 0.91
9-5 7 96.14 3.76 2.83 0.93
1.65 «C ) 9 13123 6.14 4.79 1.35
9 MPa 11 181.96 9.52 7.09 243
160 8 MPa 13 219.33 17.15 13.5 3.65
o /’/ 7 MPa
oy 6 MPa
= ///——-ZMPa Table4 Creep parametersunde different axial
F 5 //_//"_’/:_’_/_,3 MPa compressions
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Table5 Creep strength comparison between satur ated
sample and natural sample
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Table6 Comparison between long-term strengths of
saturated samples and natural samples

/MPa /MPa
[15]

8-1 22

19.5
3-1 17
10-2 8

9.5 6
9-5 11

7
Table7 Fitting paraments of samplesusing Nishihara
mode
EO E, n m,

/MPa /MPa /MPa / (MPa's) /(MPas)

7 5493 10.75x10° 4.17x10° 1.30x10° 09126
9 6484 8.57x10* 3.11x10° 3.59x10° 09572
14 6888 7.53x10* 3.10x10° 6.60x10°  0.984 7

3-1
) 18 7034 7.79x10° 526x10° 1.36x107 09761
20 6977 5.12x10° 6.08x10° 1.59x10"  0.9934 6
22 6779 5.01x10* 6.09x10° 1.57x10"  0.9978
24 5354 3.12x10* 8.81x10° 4.44x10° 09623
7 8346 4.55x10° 3.87x10° 0.983 7 [10]
9 9538 8.04x10* 3.39x10° 0.70x10° 09814
o 11 8612 1.00x10* 4.23x10° 1.29x10°  0.983 8
¢ ) 13 8685 9.14x10* 3.05x10° 2.41x10°  0.9810
15 8069 6.97x10* 6.48x10° 125x10°  0.9799
17 8074 9.63x10* 3.70x10° 4.16x10°  0.9802
19 6911 7.52x10* 5.01x10° 2.39x10"  0.9798
7 8346 4.55x10° 3.87x10° 0.983 7
9 9538 8.04x10* 3.39x10° 0.70x10° 09814
oo 11 8612 1.00x10* 4.23x10° 1.29x10°  0.983 8 b)
¢ ) 13 8685 9.14x10* 3.05x10° 2.41x10°  0.9810
15 8069 6.97x10* 6.48x10° 1.25x10°  0.9799 6
17 8074 9.63x10° 3.70x10° 4.16x10°  0.9802 Fig.6 SEM graphsof natural and saturated samples
19 6911 7.52x10° 5.01x10° 239x10"  0.979 8
32765 141x10° 3.68x10* 1.50x10°  0.908 1 7
5 3914 1.84x10° 9.67x10* 3.49x10° 09979
95 7 4585 2.15x10° 8.68x10* 4.88x10° 09978 1
() 9 4971 176x10* 137x10° 6.00x10°  0.9967
11 5391 148x10° 1.87x10° 6.01x10° 09978
13 4531 096x10° 1.88x10° 5.99x10° 09576 3 5
8
. . . 2 11 MPa
Table8 Nishihare model parametersunder different axial
per ssures 21.5 MPa 0.54
/MPa Ey/MPa E,/MPa 7,/ (MPa's) 7, / (MPa-s) 10 MPa 19.5 MPa
8-1( ) 8346 455x10° 3.87x10° 0.49
3-1( ) 5493 10.75x10* 4.17x10°  1.30x10° 3
7
10-2( ) 457  1.52x10°  1.99x10°  6.93x10° E
1
9-5( ) 4585 2.15x10* 8.68x10*  4.88x10°
0.1 0.5 02 0.7 E
8-1( ) 9538 8.04x10* 339x10°  0.70x10° h 2
3-1( ) 6484 857x10* 3.11x10°  3.59x10° 2 10
9

10-2( ) 577 123x10* 2.00x10°  6.95x10°
9-5( ) 4971 176x10* 137x10°  6.00x10°
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