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One of the fundamental aspects in cohesive zone modeling is the definition of the traction-

separation relationship across fracture surfaces, which approximates the nonlinear fracture 

process. Cohesive traction-separation relationships may be classified as either nonpotential-

based models or potential-based models [6]. Nonpotential-based models are relatively simple 

to develop, because a symmetric system is not required. However, these models do not 

guarantee consistency of the constitutive relationship for arbitrary mixed-mode conditions 

because they do not account for all possible separation paths. For example, a simple linear 

softening model [2] provides a positive stiffness under softening condition, as shown in 

Figure 1. In other words, the model results in the increase of cohesive traction when 

separation increases although such behaviour is not physical.  

 
                                                                                   

 
Figure 1: Example of a nonpotential-based model: (a) a linear softening model, (b) the 

derivative of the traction, which displays an incorrect positive stiffness.  

 

For potential-based models, the traction-separation relationships are obtained from the 

gradient of a general potential function, which is expressed in terms of normal and tangential 

separations. A general potential function was introduced by Needleman [3], based on cubic-

polynomials for the normal cohesive traction with a linear tangential traction. However, the 

model is limited for large shear separation. In addition, general potential-based models were 

developed in conjunction with the universal binding energy [1, 4, 7]. For instance, an 

exponential-periodic potential-based model [4] was generalized by applying cohesive fracture 
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boundary conditions [1]. In order to account for the complete shear failure condition, the 

exponential-exponential potential-based model was proposed in reference [7]. However, the 

exponential-exponential potential-based model possesses several limitations, especially when 

the mode I fracture energy is different from the mode II fracture energy. Alternatively, a 

unified potential-based model was derived by the authors from consistent fracture boundary 

conditions associated with fracture energy, cohesive strength, shape and initial slope [5]. The 

gradient of the potential is illustrated in Figure 2. However, the aforementioned models still 

demonstrate several limitations on representing physical phenomena, including fatigue 

damage, rate dependence, friction, contact, etc. In conclusion, the constitutive relationship of 

mixed-mode cohesive fracture should be selected with great caution and there is room for 

further development of such models.  

 
                                                                              

 
Figure 2: Normal and tangential traction-separation relations of a unified potential-based 

model 
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