
Fracture Mechanics or Modes of 

fracturing 







The Coulomb law of Failure  



The Coulomb’s  law of failure is based on 

dynamic/mechanical models developed by 

Coulomb (1773) and Mohr (1900). The law is an 

equation that describes the height and slope of 

the linear envelope of failure for rocks in 

compression (Fig. 5.41): 
 

 σc = σ0 + tan ø (σN ) 
 

Where  σc = critical shear  stress required 

                           for faulting   

  σ0  =     Cohesive strength 

  tan ø = Coefficient of internal friction 

  σN  =        Normal stress 



Insight regarding the conditions under which 

joints and shear fractures are formed in rocks 

can be derived from experimental 

deformation in the laboratory.  

 

The fracture strengths of rocks can be 

measured, and the orientations of fractures 

with respect to principal stress directions can 

be observed.  



Experimental testing of rock strength and 

empirical observation of the conditions 

under which rocks fracture form the 

fundamental basis for exploring the actual 

mechanics of fracturing.  

 

It provides a necessary complement to 

theoretical analysis of the mechanics of 

fracturing. 



For each experimental test the basic 

procedure is to hold one principal stress 

constant, and then progressively increase or 

decrease the other to create an ever-

increasing differential stress.  

 

Basic Approach in  

Experimental Testing  



For tensile strength tests, an  Increasing 

tensile stress (σ3) is applied to the ends of 

the specimen while compressive confining 

pressure (σ1 = σ2) perpendicular to the flank 

of the cylindrical specimen is held constant 

(Figure 5.33A).  

 

When the tensile strength of the rock is 

overcome, the specimen breaks in a mode I 
tension fracture.  







For compressive strength tests, increasing 

compressive stress  (σ1) is applied to the 

ends of the test specimen while 

compressive confining  pressure (σ3= σ2) 

perpendicular to the flank of the cylindrical 

specimen is held constant (Figure 5.33B).  

 

When the compressive strength of the rock 

is overcome, the specimen breaks by shear 

failure.  



For both tensile and compressive strength 

tests the magnitudes of σ1 and σ3, at failure 

are  calculated and recorded. The specimen 

is then removed from the pressure vessel, 

whereupon the orientation  of the fracture 

can he measured relative to the stress field 

that caused the failure.  

 

From this information, we can determine the 

values of normal stress and shear stress on 

the fracture at the instant of failure. 



The Mohr circle diagram provides a graphical 

means to describe the values of shear stress 

and normal stress on any plane within a body 

subjected to known values of greatest and 

least principal stress.  
 

We can now use the Mohr diagram to "map" 

the failure values of normal stress and shear 

stress for each experiment, as well as the  

conditions of greatest and least principal 

stress that prevailed at the instant of failure 

(Figure 5.34A).  



After a series of tests has been carried out on 

the same lithology under different conditions 

of confining pressure, a  whole family of failure 

values (or points of failure) can be identified.  

 

Collectively these define an envelope of failure 

(Figure 5.34B), which  separates the 

differential stress conditions under which the 

rock will remain unfractured and stable, 

versus the differential stress conditions under 

which the rock will fail by fracturing. 
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