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The stress distribution along the interface between a cylindrical elastic punch and a rigid substrate 

is analysed. The loading is the tensile stress 𝜎 along the free end of the punch, as illustrated in Fig.1. 

(A). Ideal no-slip contact condtition is used along the interface. The elastic modulus of the punch 

varies radially according to the linear relation 
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where 𝐸0 denotes the elastic modulus around the perimeter and 𝐸0/𝛽 is the Young’s modulus at 

the center of the punch. The smaller the parameter 𝛽, the higher the elastic modulus at the center. 

The particular case when 𝛽 = 1 is the homogeneous elastic punch. The dimensionless parameter 

𝜂 = 𝜎𝑧/𝜎 is introduced to measure the ratio of the normal stress along the interface to the external 

load 𝜎. The simulations were performed using UMAT subroutines in Abaqus. Numerical solutions 

for different 𝛽  values are shown in Fig.1 (B) using a logarithmic plot. The material is 

incompressible in the specific case presented here. It was found that the gradually varying elastic 

modulus along the radial position can be used to significantly reduce the stress magnitudes close to 

the edge singularity domain, as it can be seen in the figure. These smaller stress values around the 

perimeter lead to better adhesion strength, which is an essential goal in applications. This report will 

also present a detailed analysis of the stress distributions for various cases, where radial variation of 

Poisson’s ratio is also considered. These new results can be used to design and fabricate more 

effective elastic punches for adhesion.  
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Fig. 1: Schematics of the problem (A); Normalized normal stress distributions along the interface 

for different values of parameter 𝛽 (B) 
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