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Analysis of catastrophic failure mechanism of roof bed
in gypsum mines induced by relative humidity
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Abstract: Mechanical parameters of gypsum rock are influenced by the relative humidity in the mine atmosphere. Based on failure
characteristics of the roof bed in gypsum mines, we proposed a simplified three-hinged arch analysis model under the uniform load g.
Then a cusp catastrophe model was established to investigate instability mechanisms of the roof bed system influenced by the relative
humidity. Experimental results show that mechanical parameters of gypsum rock are greatly reduced due to the influence of relative
humidity. Analysis and calculation results show that the increase of the relative humidity around the roof bed leads to the instability
of support system and the appearance bifurcation set. Therefore, it is more likely that the roof bed undergoes a catastrophic event. The
algebraic value of control parameter (a) of the three-dimensional space gradually increases with the increase of relative humidity in
the mine atmosphere (i.e., absolute value decreases and changes from negative to zero), and the control parameter (b) gradually
increases as well. The path of the control parameter (@, b) of system instability shows the northeast direction, which is the probable
path for the system to lose stability.
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Fig.1 Stress-strain curves of natural gypsum rock
specimens under uniaxial compression
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Fig.2 Uniaxial compressive stress-strain curves of gypsum
rock specimens with relative humidities of
70%, 85% and 100%
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Table 1 Mechanical parameters of gypsum rock specimens
with different relative humidities

AR R HUERRY o, YR E
/% / MPa / GPa
RIR 17.14 6.59
75 16.27 6.26
85 15.12 6.00
100 14.35 5.75
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Table 2 Mechanical parameters of natural specimens
under triaxial compression tests”!

WA o, o, -0, o, ¢ » E

Y42  /MPa /MPa /MPa /MPa /(") /GPa
6-1 2.5 23.24 25.76 5.40 29.01 8.61
6-2 5.0 27.94 32.96 5.40 29.01 8.76
5-2 7.5 3593 43.48 5.40 29.01 10.10
6-5 10.0 34.42 44.44 5.40 29.01 13.34
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Table 3 Mechanical parameters of specimens saturated
by the solution of calcium sulphate dihydrate
under triaxial compression tests'’!

fEvES o, o -0, o, c @ E

Y% /MPa /MPa /MPa /MPa /(°) /GPa
162 2.5 20.50 22.99 4.30 28.66 5.82
16-3 5.0 25.58 30.62 4.30 28.66 5.46
164 7.5 28.30 35.82 4.30 28.66 3.68

16-5 10.0 31.61 41.64 430 28.66 5.08
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Fig.3 Unconfined compressive strength and elastic
modulus under different relative humidities
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