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Subcritical growth of rock crack under water-rock interaction

CAO Ping, CHEN Shao-ming

(School of Resource and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: Subcritical crack growth is one of the main causes of time-dependent behavior in rock mass engineering. By
using Instronl 1342 type electro hydraulic servo test machine and adopting the double-torsion load-relaxation method at
constant displacement, two groups of specimens, one immersed in groundwater and the other in air, were tested to study
the relationship between the crack growth rate v and fracture toughness Kj, and the parameters of subcritical crack growth
in the two different environments were gotten. The influence of water on the subcritical crack growth mechanism was
analyzed, and comparisons of the parameters of the growth of subcritical crack were made for the two different
environments above-mentioned. The results show that the parameters of 1gK;—lgv are in accord with linear rules, the
relationship between subcritical crack growth velocity v and stress intensity factor K| agrees power function. In the double
logarithmic coordinates space, the 1gK—lgv curves of those specimens in saturated water locate at the left coner
above those of the specimens in air with smaller slope but larger intercept. In addition, the subcritical crack growth
velocity of saturated water specimen is higher at the same stress intensity factor, which indicates that water speeds up the
subcritical crack growth. Those results can provide reliable references to study the complicated rock mass stability under
the effects of water.

Keyword: double torsion specimen; constant displacement load relaxation method; chemical water-rock interaction;

subcritical crack growth; stress intensity factor
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Table 1 Mechanical parameters of specimens

Compressive Elastic

Environmental Specimen Poisson’s
. ) strength/  modulus/ )
condition quantity ratio
MPa GPa
In air 3 104.50 36.88 0.24
In water 3 99.69 16.08 0.24
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Fig. 3 Schematic diagrams of testing equipment (a) and

loading method (b)
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Table 2 Regression analyses results of parameters

Sample  Environmental 5
No. condition ¢ b R
2 In air —16.5216  60.2636  0.9024
3 In air —18.1616  60.1332  0.9381
Average In air -17.3416  60.1984  0.92025
4 In water —6.8865  20.0006  0.8913
5 In water —7.4225  23.7139  0.8347
Average In water —7.1545 21.85725 0.8630
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Table 3 Regression analyses results of relationship between

correlation coefficient and correlation degree

Correlation  Correlation Correlation Correlation

coefficient degree coefficient degree

Minimal Low

0<R<0.3 ) 0.3<R<0.5 )
correlation correlation

Significant High

0.5<R<0.8 ) 0.8<R<1.0 )
correlation correlation
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Table 4  Parameters of subcritical crack growth under

different environmental conditions

Sample No. Environmental y )
condition
2 In air 3.0088X10°"7  60.2636
3 In air 6.8928X107"  60.1332
Average In air 1.5389X 1077 60.1984
4 In water 1.2987X107  20.0006
5 In water 3.7801X107°  23.7139
Average In water 8.3834X10°*  21.85725
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Table 5 Parameters of subcritical crack growth

Fracture
Environmental Fracture
Sample No. o toughness/
condition peak/MN L
(MN'm )
2 In air 302.8613 2.0820
3 In air 303.4765 2.0933
Average In air 303.1689 2.0877
4 In water 253.7674 1.9496
5 In water 277.1378 1.9301
Average In water 265.4526 1.9398
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