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i A static fatigue constitutive law for joints in weak rock 
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ABSTRACT: A constitutive model for rock interfaces based on the principles of static fatigue is proposed. The 
model is applicable to weak rock or joints with cohesion. Friction and dilation are decreased as plastic work in- 
creases. At equilibrium, the creep time increases by one time-step interval, and interface cohesion at each node 
decreases according to a power function. A constant-load, direct-shear simulation showed that the model is cap- 
able of mimicking constant-rate and tertiary creep and predicting failure. Tests on core from a coal mine showed 
constant-rate and, sometimes, tertiary creep, but also weak transitory creep. The cohesion deterioration function 
may need modification to simulate primary-phase creep. If model parameters are known for a site, the model 
can predict the onset of tcrtiary creep and failure. Such predictions can help engineers make bcner entry design 
and support decisions, which will reduce the likelihood of roof falls and increase safety for underground miners. 

Researchers &om the Spokane Research Laboratory of 
the National Institute for Occupational Safety and 
Health (NIOSII) are developing numerical modeling 
tools to forecast timc-dependent deformation around 
coal mine entries. Conditions such as weak, layered 
strata sometimes cause deformation rates to increase 
so that the roof eventually fails, possibly resulting in 
injuries and fatalities. Therefore, efforts have becn 
focused on developing models that simulate time- 
dependent deformation at joints and other planes of 
weakness. Such models may be applied to other prob- 
lems, such as slopc stability, tunneling, and mining 
problems involving weak joints. 

Most time-dependent interface models are of the 
viscous-creep type. The rate of slip at some location 
along an interface is considered to be a continuous 
(nonlinear) hnction of the shear stress. Often, there- 

! fore, friction, dilation, and cohesion are weakened by 
displacement and are couplcd with the creep model, as 
Fakhimi (1992) did in his discontinuum model. 

In this paper, the principles of static fatigue, or 
stress corrosion, are applied to cohesion along planes 
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of weakness or joints. The goal is to dcscribe time- 
dependent mechanisms involving reduction of cohe- 
sion coupled with weakening of friction and dilation 

caused by displacement. This idea seems reasonable 
because micromechanisms of static fatigue and creep 
are similar. For example, microcracking is the princi- 
pal underlying process causing rock creep and static 
fatigue. Also, both static fatigue and creep rates are 
affected by temperature and the presence of corrosive 
agcnts, such as watcr. Finally, preliminary modcling 
of a coal minc site suggested that reductions in joint 
interface cohesion play a significant role in defor- 
mation of strata ovcr time. 

2 STATIC FATIGUE 

2.1 Pointsfrorn the literature 

Wawcrsik (1974) tested intact and jointed rock speci- 
mens (Westerly Granite and Navaho Sandstone) in 
uniaxial and triaxial compression. Creep of the rock 
was observed, particularly when water was present. 
Very linle creep was seen in a specimen with a clean, 
interlocked joint. Based on these tests, Wawersik 
concluded that creep ofjointed rock follows the same 
gcncral behavior as that of intact material, but with 
larger amounts of shearing strain for jointed rock. 

Charles (1958) conducted investigations of static 
fatigue in soda-lime glass. He assumed that surface 
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