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Study of subcritical crack growth of rocks and threshold values
in different environments

WAN Lin-hui, CAO Ping, HUANG Yong-heng, WANG Yi-xian
(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: Subcritical crack growth is one of the main causes of time-dependent behavior in rocks. Applied the constant displacement
relaxation method, subcritical crack growth in specimens made of marble and granite which were in dry and water-saturated
environments was studied in double torsion test. The relations of the stress intensity factor K; versus the subcritical crack growth

velocity ¥ were obtained under the two different environments. The behavior of subcritical crack growth was analyzed. The threshold

values of subcritical crack growth in rocks were obtained under the two different environments dry environment: marble
K, =1.365, granite K =2.305; water-saturated environment: marble K, =1.118, granite K, =1.490. The results showed: the relations
between lg K, and Igl accorded with linear rules; but it were discrete because of inhomogenous mineral composition, etc, it was
more discrete under water-saturated environment; water can accelerate the subcritical crack growth; the effect degree was different in
different rocks; the threshold values were reduced by water; the reduction was different in different rocks.

Key words: constant displacement relaxation; double torsion specimen; subcritical crack growth; effects of water; relations between

lgK,and lgV’; threshold values
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Fig.1 Schematic illustration of double torsion specimen
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Fig.2 Picture of double torsion specimen
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Table 1 Sizes and mechanical parameters of specimens
WARECE W RN PURsRE SRR

A5 A= RALE
/AN /mm /MPa /GPa
1 piAEE= 9 180x60%5 101.8 32.7 0.26
2 peiib= 9 180x60%5 201.0 383 0.16
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Fig.3 Schematic illustration of the DT test apparatus
and loading configuration of the DT test
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Fig.4 The load-time curve of typical specimen with crack
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Fig.5 The load-time curve of typical specimen
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Fig.6 The displacement-time curve of typical specimen
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Fig.7 Curves for different marble specimens

lg/[v/(m/s)]

0.15 020 025 030 035 040 045

1g/[(Ki/(MN » m*?)]

B 8 TERIAE R K-V KR ML

Fig.8 Curves for different granite specimens
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Table 2 The regression coefficient of marble test result

A S8 a SHb HRAR
my ~15.530 79311 0.972 48
my -17.291 79.413 0.981 85
e m ~14.459 83360 0.980 78
(P 11514 50445 0.962 14
ms ~13.809 79302 0.972 12

B -14.520£191  74.367+12.06  0.973 87+0.007 2

wim -8.936 57.121 0.996 72
Wi -8.161 41.648 0.996 75
K#E wm ~7.446 66.689 0.994 66
(K> wmy ~7.435 40.032 0.979 06
wms -6.367 62.059 0.992 35

¥IMEH  -7.66940.854  53.510+10.80  0.991 91+0.006 62
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Table 3 The regression coefficient of granite test result

Wl S8 a SHb HRAHR
& ~39.400 §8.931 0.997 56
@ ~42.169 97.628 0.996 49
HEE  ® ~34.202 75314 0.996 98
(T @ -30.392 68.794 0.996 27
g ~57.039 158.687 0.991 41

¥IMEH  -40.64019.157 97.871+32.040 0.995 74+0.002 22

wg| -12.962 41.706 0.992 97
wg -11.639 31.093 0.990 06
piAEp= wg3 -17.320 72.740 0.997 33
(MK wgs -12.337 43.703 0.997 92
wgs -12.370 43.845 0.998 06

YIME  -13.326+2.040 46.618+13.883 0.99527+0.003 2
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Table 4 The parameters of subcritical crack growth
ik fF A CFBE  n CFED 4 UEK  n (IO
m 2.95X10" 79311  1.16x10°  57.121
m,  5.12X10" 79412 691X10°  41.648
JEps my 348X107° 66689  3.58X10% 83360
my  3.06X10" 50445  3.67X10% 40032
ms  1.55X10™ 62059  430x107 79302

B 6.17X10"7 67600  1.02X107  60.292

g 3.99%10% 88931 1.09X10"  41.706

g 678X10% 97628 229%X10"  31.093

HHE g 6.28X10%° 75314 479X10' 72740
g 405x10°" 68794 461X10"7 43703

g 9.15X10°% 15869 426X10"  43.845

B 8.11X10°7 97871  658X10"7 46618
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Table 5 Fracture toughness K;c

o 4 s 4
peiib=y 32 ViasE= W
K]c/(MN *m ) K]c/(MN *m )
my 1.660 27 2.620
mg 1.800 g 2.530
my 1.410 2 2.560
B 1.620+0.228 IMH 2.570+0.0529
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Table 6 Threshold values K,

Y] Ve

W fF /IZEA;TE:;/Z) Ko /Kic /[Z(:A;L?js)/z) Ko/Kic

my 1.341 0.826 1.163 0.717

m 1.433 0.883 1.179 0.726

i m; 1.354 0.834 1.061 0.654
my 1.340 0.826 1.155 0.712

ms 1.358 0.837 1.031 0.635

Bl 1.365 0.841 1.118 0.689

g 2.410 0.964 1.513 0.589

@ 2.354 0.942 1.595 0.621

oA 2 2.106 0.842 1.440 0.560
2 2.387 0.955 1.466 0.570

gs 2.270 0.908 1.436 0.559

IMH 2.305 0.922 1.490 0.580
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