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MEASURING OF NON-UNIFORM RESIDUAL STRESSES IN DEPTH WITH OPTICAL TECHNIQUES  

Ribeiro1, J., Monteiro2, J., Lopes1, H., Vaz3, M. 
1ESTIG – Instituto Politécnico de Bragança; 2INEGI – Instituto de Engenharia Mecânica e 

Gestão Industrial; 3DEMEGI – Faculdade de Engenharia da Universidade do Porto 
Rua Dr. Roberto Frias, s/n, 4200-465 Porto, Portugal.  

INTRODUCTION 
 
A method to measure residual stresses combining Moiré Interferometry and the incremental hole-

drilling (integral method) was implemented in this work to measure non-uniform residual stresses in 

shot peening specimens. The calibration coefficients were obtained by numerical simulation with a 

FEM code generated in the ANSYS® programme. A mesh with 5525 parametric brick elements 

(SOLID185) was used to simulate the stress release evolution. 
 

(a)  (b)  

Figure 3. (a), (c) Phase map in u and v direction; (b), (d) Unwrapped phase map of displacement field in u and v direction (in µm). 

The results were compared with the ones obtained using different techniques and can be seen in figure 4.  

Figure 4 . Residual stresses distribution in a AISI 4337 steel specimen. Comparison 
among Moiré Interferometry, FEM, MFI (integral method) and DRX (X-ray diffraction). 

CONCLUSIONS  
 
The obtained results with Moiré Interferometry associated to the incremental hole drilling method are closer to the results measured 

with other traditional techniques used to measure residual stresses, therefore this optical technique is well adapted to measure non-

uniform residual stresses in depth.  This type of residual stresses are out of the scope ASTM E-837 standard and these measurements 

could be important to its reformulation.  

Work founded by FCT – Fundação para a Ciência e Tecnologia, through Project  POCI/EME/63236/2004. 
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RESULTS 
 
The object grating (1200 l/mm in two orthogonal directions) was recorded on the object surface with 

epoxid resin being the master generated by laser interferometry with four collimated beams. 

Stresses were released by an incremental hole drilled with an air turbine (350.000 rpm). The strain 

relaxation was assessed by the Moiré interferometry. An image processing software was used to 

assess the in-plane displacement field. 
 
A numerical model was implemented with a finite elements programme (ANSYS) to calculate the 

calibration coefficients and simulated the stress release after drilling  different hole increments.  

Figure 1. Apparatus of used set-up. 

Figure 2. Simulation of  incremental hole drilling. 
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