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A Prediction Method for Creep Behaviors of Hard Rock Based on Micromechanics
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Abstract

Recently, various ideas on the underground development are proposed and associated technical prob-
lems are studied. One of the fundamental issue is long-term mechanrical behavior of underground struc-
tures. It is necessary to establish a prediction method for creep deformation and creep failure of rock
in order to ensure the long-term safty of undergroud structures. Studies with scanning Electron Mi-
croscopy(SEM) revealed that the m :hanism of creep deformation and creep failure is the microcracking
nucleated at the pre-existing defects. Under compressive stress, the crack gradually grows and the rock
specimen finally fails. The mechani:m of the time-dependent crack growth is understood as the stress
corrosion at the crack tips. In this :tudy, we propose a model for creep behaviors of hard rock based on
micromechanics. The model is implemented into a finite element program to analyse creep behaviors of
underground structures. As an example, a problem of a elliptical excavation is analysed and crack length
is predicted as a function of time.
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Figure 6 Stress difference vs. failure time
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Length and orientation of cracks
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Time 1 second 1 day 100 days 30 years 3000 years
Temperature
t=20°C 2562 pm 5644 pm 6880 pm 8136 um | 9372 pm
t=100°C 5060 pm 8136 Mm 9372 Hm 10558 pm | 11682 um
t=400°C 99.72 Hm 12734 um 13704 Mm 14596 p#m | 15408 Mm
Table 1 Crack length at the top of excavation

6. fk=

AFETH A /v i h=y RcETEFED s V— 78 - BEOBRE2EA . BRLLLEHRE
IR S 75y /EBEFVERVAIEIKE ST, BRO 7V —TEBOHEABHEETH 5 LW
Ehtco COZERBBROI Y —TEBB A 70359 70RELENEREINCLZIERICKESNT
WHEEVWIEBZEZRLTVS, SERTOEEICBWTR Y 5 70BBEEFIIAE (. HMITEEYICHL
TREEBLTRIET DO LEDLN S, HIBEEEVENL V- RPN TEEEZLEL T 5HEYERICH -
LCREBPHETH A 5. AMATCHRE L7 V- THHOFRERE 0 /5 Ak EEOMTREE
Wit A BAETH 0. FAAREHREEVGRET AN PELZRL T, I TEEMORHNEEE
bR TRIEBTES, WEEERHS T 3 2 &, ITEEMO 7 V) — TEBicxd 28HE - K73
OHELZHLMILT B ENESRORETH 5,

<BEXH>
1) The Geoscience Program Proceedings of The Twelfth Information Meeting of The Nuclear Fuel Waste
Management Program, Atomic Energy of Canada Limited Technical Record, TR-200 (1982).
2) B.J.S.Wolkins & A.R.Reich & W.R.Wallace, Slow Microcracking in Plutonic Rocks, Atomic Energy of
Canada Limited Technical Record, TR-264 (1984).
3) H.Horii and S.Nemat-Nasser, Brittle Failure in Compression:Splitting,Faulting and Brittle-ductile Tran-
sition, Phil.trans.Roy.Soc.London. vol.319, pp.337-374 (1986).
4) Robert L.Krantz, Crack Growth and Development During Creep of Barre Granite, J.Rock Mech.Min.Sci.
&Geomech.Abstr. Vol.16, pp.23-35 (1979).
5) Bairy Kean Atokinson, Subcritical Crack Growth in Geological Materials, Journal of Geophysical Re-
search. Vol.89, No.B6, pp.4077-4114 (1984).
6) Robert L.Krantz, The Effects of Confining Pressure and Stress Difference on Static Fatigue of Granite,
Journal of Geophysical Research. Vol.85, No.B4, pp.1854-1866 (1980).
7) H.Horii and S.Nemat-Nasser, Overall Moduli of Solids with Microcracks: Load-Induced Anisotropy,
J.Mech.Phys.Solids. Vol.31, pp.155-171 (1983).

—265—



