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Study on subcritical crack growth and thresholds of rocks

LI Jiang-teng, CAO Ping, YUAN Hai-ping

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

Abstract: Subcritical crack growth of specimens made of marble and granite was studied in double torsion test using
Instron1342 type electro hydraulic servo test machine. The relations of the stress intensity factor K; versus the subcritical crack
growth velocity V and the fracture toughness K- were obtained by the load relaxation method under constant displacement. The
behavior of subcritical crack growth was analyzed. The threshold values of subcritical crack growth in rocks were obtained. It
was shown that lgK-lgV relations of rocks measured by this method accorded with linear rules, i.e. the relations between
subcritical crack growth velocity V and stress intensity factor K; conformed to power law, which was in good agreement with
the Charles theory. The range of K/K\¢ for these two kinds of rocks was from 0.706 to 0.870. The test results would provide the
basis for studying time-dependency of rock stability.

Key words: double-torsion specimens; constant displacement load relaxation method; fracture toughness; subcritical crack

growth; Stasis velocity; threshold values
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Fig. 1 The schematic diagram of double torsion specimen
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Table 1 Sizes and mechanical parameters of specimens

A Eng WA RBUE e
A /mm /GPa e

1 JoHiE 9 180%60x4 25.68 0.26
2 fEEE 9 180x60x4  36.88 0.24

KRE, PRI G 1 RS0 B Il i b A S,
Py AR AR, MR R A, 1% 7k A
SRS M S RE AT 2T B 18041 g ok
s Instron1342 R LA IR AF BHALGHL FaEAT, A3k
AR Kie Mo KV A, 7500l ok DU e A7 B %
PEAF LR & B FiZHE % 0.05 mm/min. & 2
RO TR I (R 8 far — I ) i 2k

=200
=150
e
= =100
-50
0 1 1 1 J
50 100 150 200
1ls

[ 2 ALK TR T - Bie) dh 4k

Fig. 2 The load-time curve of typical specimen with crack
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Fig. 3 The load-time curve of typical specimen
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Fig. 4 The displacement-time curve of typical specimen
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Fig. 5 The load-time curve of typical specimen in testing K¢
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Fig. 6 K-V curve for different specimens
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Table 2 The regression coefficient of subcritical crack growth

() BSF Te1) A 4

;:Li a b X AR
1-1 -20.376 75.168 0.9547
1-2 -16.034 66.977 09014
1-3 -17.070 70.324 0.9188
1-5 -14.731 68.294 0.8258
1-6 -22.556 81.993 0.8125

W -18.153+2.888 72.551+6.247 0.883+0.050
2-1 -33.897 92.629 0.9837
2-2 -32.5728 81.845 0.9528
2-3 -41.731 100.18 0.8430
2-4 -34.447 102.44 0.8958
2-6 -40.968 102.62 0.8509

W -36.723+£3.834 05.943+7.931 0.905+0.016

x3 ThFRAY REH

Table 3 The parameters of subcritical crack growth

N AE) A n
1-1 421%10° 75.168
1-2 9.25x10 "7 66.977
1-3 8.51x10"8 70.324
1-5 1.86x10 17 68.294
1-6 2.78x10 % 81.993
LIl 3.92x10'® 75.551
2-1 1.27x10 92.629
2-2 2.67x10% 81.845
2-3 1.86x10 % 100.180
2-4 3.57x10% 102.440
2-6 1.08x10* 102.620
¥ 5.67x10 95.943
x4 BREEE Kie
Table 4 Fracture toughness K¢
D\'flgﬁ = J’(MN.I:H']"E} LI‘LHZW 7 a"{MN.I:n'm)
1-7 1.847 2-7 2.718
1-8 1.798 2-8 2.255
1-9 1.882 2-9 2.614
Bkl 1.843 S| 2.529
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Table 5 Threshold values K

N Ky/(MN.m™"?) Ko/Kic
1-1 1.511 0.820
1-2 1.369 0.743
1-3 1.395 0.757
1-5 1.302 0.706
1-6 1.552 0.842

jtie] 1.435 0.778
2-1 1.932 0.764
2-2 2.030 0.802
2-3 2.201 0.870
2-4 1.836 0.726
2-6 2.123 0.839
Y 2.024 0.800
3 4 it
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