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Experimental study on loading and unloading mechanical properties of
sandstone under heat and wet cycles
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Abstract: During the high temperature season of summer, frequent rainfall and evaporation result in that rock(rock
mass) is under the alternate action of heating and wetting cycles. In this study, the variation of mechanical
properties and the effect of heating and wetting cycles were investigated through the triaxial loading and
unloading tests to intact sandstone samples under cyclic heating and wetting. The peak strength of triaxial loading
and unloading of sandstone was found to decrease with the increasing of heating and wetting cycles and the
degradation effect is more obvious in the early cycles. The failure mode of sandstone under triaxial compression
after heating and wetting cycles is mainly the shear failures, which are the one with a single shear plane and the
conjugated shear failure of “X” and “Y” type. The slipping phenomena appears in the failure surface and the
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damage occurs along the cone at the end of the sample. The triaxial unloading failures of sandstone under heating
and wetting cycles are mainly the shear failure accompanied by the tensile splitting failure. Some specimens have
the tensile and shear failures at the same time. The sandstone has more primary and secondary cracks, the modes
of failure are more complex, and the extent of damage is more severe than the case of triaxial compression failure.
The mechanical properties of sandstone decrease with the increase of heating and wetting cycles, and the trend of
variation is consistent. The deterioration coefficient W due to heating and wetting cycles, that is, the absolute value
of the coefficient of the term In(n+1) in the normalized function, was defined to evaluate the deterioration degree
of the mechanical parameters in the heating and wetting cycles.
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Fig 6 Stress-strain curves of triaxial compression
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Table 1  Analysis of peak strength variation for rock under
triaxial compression tests

30 MPa

W BT PEACE
o IMPa 4y H6/%

10 MPa 20 MPa

PEIR
W VEEHTRE O BRMK EERIE FAAI%
o /MPa FH4r/% o /MPa  EH4rHL%

0 168.997 - 236.976 - 316.880 -

5 150.383 11.01 226.378 4.47 307.038  3.11
10 140.868 5.63 218.172 3.46 298.682  2.63
20 132.971 4.68 207.801 4.38 285399 4.19
30 125.788 4.25 199.315 3.58 276.475  2.82
40 119.737 3.58 194,531 2.02 271.625  1.53
50 115.101 2.74 190.586 1.67 267.920 1.17
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Table 2 Analysis of residual strength variation for rock
under triaxial compression tests

% TR oy IMPa FRAE %

Vs
UL 10MPa 20MPa 30MPa 10MPa 20MPa 30 MPa

0 50.962 97.234 141.247  30.16 41.03 4457
5 62.066 108.371 156.695  41.27 47.87 51.03
10 60.661  109.677 130.252  43.06 50.27 43.61
20 59.343 88.204 127.879  44.63 42.45 44.81
30 48.887 94563 136.185  38.86 47.44 49.26
40 60.480 87.552 132.413  50.51 45.01 48.75
50 67.832 94971 158483  58.93 49.83 59.15
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Table 3  Analysis of peak strength variation for rock under
triaxial unloading

. 10 MPa 20 MPa 30 MPa
(N

vk UEESER PRIRE VMR PRRE ER BRIRE
EIMPa  4rthi%  FEIMPa  4rth/%  FEIMPa 4yEi/%

0 137.376 - 193.023 - 258.452 -

5 120355 1239  183.627 4.87  250.005 3.27
10 113.783  17.17  176.544 854  245.690 4.94
20 107.538  21.72  169.568  12.15  236.836 8.36

30 101.241  26.30 160.583  16.81  228.176 11.71

40 96.747 2958  158.376  17.95 224.050 13.31

50 93.680 31.81 154631 19.89  218.304 15.53
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Table 4 Analysis of residual strength variation for rock
under triaxial unloading

% FRAR SR EEIMPa BRARTE I3 EEI%
UH jomPa 20MPa 30MPa 10MPa 20 MPa 30 MPa
0 61156  74.967 125142 4452 3884 4842
5 46321 61734 113206 3849 3362 4528
10 48615 71520 156761 4273 4051  63.80
20 48316 104796 117.744 4493 6180  49.72
30 44690 103.503 148.923 4414 6445  65.27
40 38297 80797 117.218 3958  51.02 5232
50 41070  80.308 123.248 4384 5194  56.46
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