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Abstract: The fracture toughness of rock is of great significance in quantitative evaluation of engineering safety and stability.
Rocks often destruct with water, so it is worthwhile to do study on the issue as how the rock fracture toughness and associated
mechanical parameters change under long-term immersion of reservoir water. In this paper, a long-term immersion test is de-
signed and carried out and a comprehensive analysis is done in aspects such as the fracture toughness, deformation failure char-
acteristics and microstructure change characteristics. The results show that: (1) under the water-rock interaction, the fracture
toughness has a significant deterioration trend, and the deterioration rate increased in prophase and lowered in anaphase; and
the deterioration rate gradually becomes slow after 5 or 6 months’ immersion. (2) The P-CMOD relation curves of the sand-
stone three-point bending test can be divided into three stages, namely elastic stage, yield stage, and crack development and
damage phases; and with the immersion time, the elastic stage gradually becomes shorter, the yield stage gradually becomes
longer, and the downward trend of crack development phase gradually becomes slow, meanwhile, the incision opening displace-
ment which is corresponding to cracking peak load gradually increases. The sandstone brittleness gradually weakens, and plas-
ticity gradually enhances. (3) Lubrication, softening and changes of sandstone’s inner microscopic structure caused by water-
rock interaction, especially the micro-cracks and the development of the cracks are the basic reasons which lead to the deteriora-

tion of the sandstone fracture toughness and other mechanical parameters. The research results facilitate the understanding of
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the degradation law of sandstone fracture toughness under long-term reservoir water immersion.

Key words: long-term immersion; water-rock interaction; three-point bending; fracture toughness; engineering geology.
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Fig.1 Typical three-point bending sandstone samples
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Table 1 Fracture toughness K¢ testing value

I 7] Kic Kl WA A%t o0 0 9\ ekt
(H) (MPa+ m'?) (MPa « m"2) kI8 (mm) (m/s)
0.440 0.069 3292
0.490 0.065 3318
0 0.46
0.473 0.068 3296
0.437 0.071 3180
0.473 0.070 3284
0.437 0.071 3286
1 0.45
0.461 0.071 3 344
0.437 0.075 3255
0.398 0.075 2 895
0.445 0.074 3141
2 0.43
0.432 0.072 3273
0.208 0.088 2738
0.341 0.078 2811
0.424 0.088 2962
3 0.39
0.424 0.082 3236
0.374 0.086 2995
0.398 0.085 2911
0.390 0.095 2 895
4 0.38
0.422 0.088 3092
0.328 0.093 2758
0.336 0.103 2 805
0.381 0.094 3012
5 0.35 _
0.324 0.090 2705
0.365 0.095 2819
0.345 0.103 2768
0.328 0.098 2611
6 0.33
0.312 0.097 2629
0.347 0.101 2 806
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Fig. 2 Deterioration curves of fracture toughness of

sandstone under immersion interaction
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Fig.3 Deterioration percentage of fracture toughness un-

der single-time immersion interaction
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Fig.5 Typical P-CMOD curves of sandstone samples
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Table 2 The detection results of pH value and ion concentration

BT (mg/ L)

BRI ) pH {i

Ca?t Na™ K™

Wl ha 7.26 43.30 16.45 3.17
1 7.51 50.88 18.57 3.48
2 7.75 53.52 20.78 3.79
3 7.94 54.01 22.40 4.04
4 8.11 55.43 23.39 4.17
5 8.27 56.10 24.48 4.26
6 8.29 56.68 24.84 4.28
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