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Abstract

Creep property of rock mass has a significant impact on the stability of underground constructions.
On the basis of classical power-law creep model, the time-dependent creep behavior of rock is in-
vestigated based on damage mechanics principle, in which the damage evolution is considered as
a key factor dominating the accelerating creep and a damage-based constitutive law for tertiary
creep is proposed. The maximum tensile strain criterion and the Mohr-Coulomb criterion are uti-
lized as two damage thresholds to control the rock damage. Then the damage-based creep model
is implemented using finite element method by MATLAB programming, a powerful PDE-based
multiphysics modeling environment. The model is firstly validated by comparing the numerical
results with the previously published experimental observation and then used to simulate the
rock creep under uniaxial and biaxial compression. The model accurately reproduces the classic
tri-modal behaviour (primary, secondary and tertiary creep) seen in laboratory creep (constant
stress) experiments. So the fact shows that the rheological model is appropriate to predict the
nonlinear creep failure of rocks, and the complex macroscopic time-dependent behavior can be
mechanically explained by the material degradation (damage) at the mesoscale.
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Figure 1. Elastic damage constitutive law of element under uniaxial
tensile and compressive stress
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Figure 2. Model boundary condition
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Figure 3. Comparison between simulated creep curve and experimental creep curve
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Figure 4. Calculation model
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Table 1. Physico-mechanical parameters of model specimens

= 1. REYIENFSH

K SHUE
P50 (m) 3.0
PAPERR M (GPa) 5.5
FIT R B 2 {H (M Pa) 50
oA 10
PEHE Sy 32
TR LE 0.3

At i N 42/1073

FiF [A]/h

Figure 5. Numerically obtained creep deformation curves un-
der uniaxial compression creep
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Figure 6. Failure process of rock specimen under uniaxial compres-
sion creep
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Figure 7. Numerically obtained creep deformation curves under
biaxial compression creep
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