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Environmental Dependence of Subcritical Crack Growth in Marble
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It is important to investigate time-dependent deformation and fracturing in rock for the purpose of ensuring the
long-term stability of structures in a rock mass. Subcritical crack growth is one of the main causes of time-dependent
fracturing in rock. It is known that subcritical crack growth is influenced by not only stress but also surrounding
environment. Studies of subcritical crack growth have been widely conducted for silicate rocks such as igneous rocks
and sandstones. On the other hand, information of subcritical crack growth in carbonate rocks is not enough. Especially,
influence of surrounding environmental conditions on subcritical crack growth in carbonate rocks has not been clarified
yet. In this study, we investigated subcritical crack growth in carbonate rocks. Specifically, we investigated the influence
of temperature and relative humidity on subcritical crack growth in air and in water. Macedonian marble was used as a
rock sample. To measure subcritical crack growth, we used the load relaxation method of the double-torsion test. It was
shown that the crack velocity increased when the temperature was higher at a constant relative humidity in air and in
water. In addition, the crack velocity increased with increasing the relative humidity at a constant temperature. It is
concluded that the temperature and relative humidity influence subcritical crack growth in carbonate rock in air and in
water. From the results obtained in this study, it can be suggested that the condition with low temperature and low

humidity is desirable for the long-term integrity of a carbonate rock.
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Fig.1 Photomicrograph of Macedonian marble under
crossed nicols (1.9 x 3.4 mm).
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Fig.2 X-ray diffraction pattern for Macedonian marble.

Table 1 P-wave velocity in marble in km/s.

Direction Axis-1 Axis-2 Axis-3
P-wave velocity [km/s] 4.15 4.06 3.74
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Fig.3 Stress-strain relationship for Macedonian marble under
uniaxial compression.
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Fig.4 Double torsion specimen and loading configuration.
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Fig.5 Schematic illustration of double-torsion testing apparatus.

3-3 HERFIE

F7, RIS R A B A LT, g & RHOEA
W, BIRER dum T OB W71k, B E—EICR
DLW FHEBVIETZ LIS > T T2, 2O
FUENIA A= LY, EEhEZBELT-.
Trantina'Z L5 &, ROXTRENHHFIAIZEBNT, s
TERAREIN & HOR SITRAF L 720,

0.55w < a < L-0.65w 3)

AW T, w=45[mm|OHEEE HNTnD 2 & h
5, FAEN EXO FIRAICIFIFE LV 25mm IZET 5
FCHIEHDEANDENEEAT 72,

wic, ZZGEREEOHRICLEREREKD a7 F
AT AOWIMEL ZHIE L. Al o6k
HERNL Z 5720 K 912, F 1% dum A0 O R CTHE
RMNENL S ERD S, MEEEMZHET DI &Ik
- TRl L7z,

ZD XD RBMEDRIL, BEMBIZL YT 7Y T ¢
F1 V& GHERINE 21T - 7=, A8F%E Cl, Nara and Kaneko”
Tirbhi= X o, ERIKIC PR EAZBENICIIZ 2%,
FHIREEHEICEN S, TOEMER 2 Bl EfR
D LK TEEMIBIC L DMEEITo 7. FFIZ, 14N
DOFPHEEMZ T, 033 mm OENEZZHINZ D L
Lo THEEIT T,

AWFFETIE, KEAICBT 29727 U7 ¢ L& i
JRIZAZ TR OFBETN D202, 7 R=7T Kt
BB DEENF TN b— g Vilklrz, IR % 50C
T—EL L, MFBEZE 10% « 50% * 90%D 3 DD 5
DRZEREE N CITo72. SBIC, IREORBEIRLI-
DIZ, A 291K - 318K O/KTBRE T T, F7-FHxhE
A 50% CT—E & L, % 293K - 323K + 351K @ 3 D
DEAFDORKEREE N CRlR A1 T o7z,

4 HEHER

IS THERER S K & & ZHEREIE da/dt OBIFRIT, #R5R
FICRD X HIlcFzRSD 1.

&k, @
ZIT, AL nTERTHD. KR, niZY T2 U T 4D
& RERE TN, MOV T 7 VT o I ER
MR b2 R~ EHTH S.

Fig6 |2, IREN—F (318~323K) D& X |ZKR&K T &
FEEK R T3 DAV IS I ERAR S & & S i oo Bt
ZoRd. ZORNZIE, IR 323 K« FARHEE 45 ~ 48 %D
ST CTORSECAMEDOME (128 MN/M*?) & S TR L
TWb. Fig6 £V, R—DISHIERREICB T, BE
BRI, SRMERBENE D T ENSND. iz,
AKPTIEREAT LD & EFEEREE RS 2D L3
5.

Table 2 12, HJEN—T (318 ~323K) D& T |TREH
LIRBKFTITONZ DTRBRORE T LD 5. 0%k
TUX, WIHERERE A 9~ 5 72912, da/de=107 [m/s]ic
B DISTHERBE DM Ki(109) %2 £ LTz, SBIL, &



KEAIZE T 2972 T 4 )L X ZGEIEO EIBREHRAT 285

DIYEFAREE DOWE OFPHN 0.7~1.3MNmMR2 TH o722 &
Mo, TELEREEOLEZITOZOHIIC, K = 1.0

[MN/mM*?IZ 3317 % & ZHERIHE da/dq(1.0)DfEE £ & iz

ZOFRLY, WE R E L BITSIERRE Ki(10%) 3K
TL, EZUERGER da/di(1.0)NIEERT D Z &R 0n5.
o, BT 7 UT 4 AN EREREE 0 O, KP &

D HARHEREE FOLMEL e o7z, REPIZBW T, &
FENREL RBHIFEE n DIEIMEL 72 o7z,

Fig.7 |2, FHXHREE 50 %D REERE T 36 L UOZRHEAKH B
BEFICRWTC, BENRRD L & DOIEIIERRE L &2
e OBIRZ /R T, Fig6 & [FEEIZ Fig.7 IZBWTh,
TR 323K« FHEHREE 45~48 %D S CHIE S 7= hls
CAMEDE (128 MN/mM*?) Z A CTRL TS, ZDK
XV, RGP EKRPNTNOEE S, F—ORIIERGRE
IZBWT, BEN ERTAI2oN T, SEHERBENS <
B ENDND.

107! T T T T 1 T
107 -
@10t - 5 .
g ;
10% | _
oy E
ot | -
o ,
> ;
M 10° - : -
S ;
s i
O 107+ 5 _
10* - @ @ :inwater (318K,pH=8.5-8.6) .
S|t . % rinair (323K, 90%) E
0°F 4 | m | v :inair (323K, 50%) 7
1010 ° ,, 4, 8 :inair (323K, 5-7%)
0.7 0.75 0.8 0.850.9095 1 1.28 1.5

Stress intensity factor [MN/m3/2]

Fig.6 Ki-da/dt relationships for Macedonian marble in air with
different relative humidities and in water.
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Fig.7 Ki-da/dt relationships for Macedonian marble in air with
different temperatures and in water.
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Table 2 Summary of subcritical crack growth measurements for marble in air and distilled water with constant temperature.

relative humidity

Temperature [K] or pH n K 1 (10°) [MN/m*?] da/d#(1.0)[m/s]
325 5~7 % in air 103+5 -7.82+1.03 1.06+0.03 1.51x10%103
323~324 48~50 % in air 64+2 -5.39+0.29 1.03+0.04 4.11x10°%0%
323~324 89 % in air 61£13 -3.5440.76 0.94+0.04 2.92x104076
318 pH =9 in water 3612 -2.5540.16 0.86+0.02 2.95%1073+003

Table 3 Summary of subcritical crack growth measurements for marble in air and distilled water with different temperatures.

relative humidity

Temperature [K] or pH n K ;1 (10°) [MN/m*?] da/dt(1.0)[m/s]

293 50 % in air 611 -6.89+0.19 1.08+0.01 1.30x107+017

323~324 48~50 % in air 64+2 -5.39+0.29 1.03+0.04 4.11x10760-2

351 50 % in air 69+12 -3.42+0.33 0.95+0.02 4.55x10403

291 pH = 8~9 in water 39+4 -2.93+0.52 0.89+0.02 1.63x10 32020

318 pH =9 in water 36+2 -2.55+0.16 0.86+0.02 2.95x1(3+0:03
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