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regard to damage under uniaxial stress
(a) —Relaxation curves; (b) —Creep curves
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Fig. 3 Various creep curves from creep test of soft rock (stress 0;< 0,< O3< O4< Os)
(a) —Stable creep curves (@, (b) —Unstable creep curves @ and @) (¢) —Unstable creep curves @
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Fig. 4 Results of creep test and theoretical computation of shale from certain mine

(“*”is from test and “ —is from computation)
(a) —Stable creep under low stress level; (b) —Unstable creep under high stress level
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Endochronic rheological constitutive model of soft rock

CHEN Yuarr jiang, PAN Chang-liang, CAO Ping, WANG Werrxing
(The School of Resources Safety Engineering, Central South University, Changsha 410083, China)

Abstract: Starting from the endochronic theory, the basic principle of the irreversible thermodynamics of continuum media was used to derive
a new endochronic rheological constitutive equation of soft rock by introducing Newton time into intrinsic time and a damage variable into the
Helmholtz free energy to rebuild them. The solution, analysis and experimental validation of the new equation under uniaxial stress were per-
formed. The results show that, the new constitutive equation can effectively describe the mechanics characteristics of three creep stages of the
decaying, stable and accelerating creep of soft creep; the damage variable performs an important effect in the new equation, which can de-
scribe the characteristics of the first and second creep stage and relaxation when damage dose not happen, and the characteristics of the third
creep stage when damage appears. The new equation correctly reflects such a fact as that the creep damage starts or appears at the end of the

second stage and results in the accelerating creep and failure.

Key words: soft rock; rheology; endochronic theory; constitutive model; damage
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