Structural Geology


Lecture 16


Stress Concentration


(A process necessary for tensile failure)











Tensile cracking (jointing) occurs in the crust of the earth because of the magnification of stress at the crack tip.  Here we show that tectonic stress (SH) around a circular borehole was magnified by a factor of three. In an infinite elastic plate containing a circular hole and subjected to a uniaxial far-field stress, local stresses are concentrated about the edge of the hole (Kirsch, 1898).  If rock containing a vertical cylindrical hole is subject to a uniform uniaxial horizontal stress at infinity, SH, then the stresses near the hole expressed in polar coordinates at a point q, and r are given by
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where R is the radius of the borehole, r is the distance from the center of the hole, and q is measured clockwise from the line parallel to the direction of the compressive stress SH (the x-axis in Figure 16-1a).  sqq is the circumferential or hoop stress whereas srr is the radial stress.  An analysis of the redistribution of stresses about a borehole shows that the uniaxial far-field stress, SH, is magnified by a factor of three at the point on the wall of the hole where the stress is tangential to the hole (Figure 16-1b).  At 0° and 180°, the uniaxial compression is reflected as a tension of the same magnitude as SH but opposite in sign.  Equations [16-1 to 16-3] are useful for calculating stresses at any point in the vicinity of the circular pore.  For example the large compressive hoop stress at the wall of the pore decreases rapidly with distance away from the pore wall.  At a distance greater than one radius the compressive normal stress is only slightly larger than the far-field stress, SH.
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	Figure 16-1





Joints form in tensile so we need to change the sign on the stress acting on the hole in the rock and assume that Sh is tensile.  At the tip of a crack stress Sh (it is now tensile) is further magnified depending on the radius of curvature at the crack tip and the aspect ratio of the crack.  The aspect ratio is the aperature of the crack divided by the length of the crack (i.e b/c in fig. 16-2).
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Figure 16-2








Conditions for initiation , propagation and arresting of a tension crack are as follows (Fig. 16-3).  Conditions for propagation of a macroscopic crack can be described by specifying only the crack edge intensity factor K.  A crack will not propagate until a critical stress intensity factor  (KI) has been exceeded.   For opening mode cracking





	KI  =  (syy).(π.c)1/2                                                      





where c is the initial crack length.  Hence,  KI > K is the criterion for crack propagation.   Note here that syy is pulling the crack open and this is equivalent to a negative s3. 
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Figure 16-3
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