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Application of Finite Element Analysis to Residual Stress Measurement
with Hole Drilling Method

by Takashi HONDA*

Abstract: Residual stress is the stress which exists in components and structures before application
of any service or external load. It is known that residual stresses significantly influence the structural
stability of components and structures. Therefore an accurate quantitative estimation of residual
stresses is very important and affordable techniques for measurement of residual stresses are needed.

The hole drilling method involves measuring the localized strain relieved by the drilling of a
shallow blind in stressed materials. This method is a popular and widely used technique for measuring
residual stresses because of its ease to use in many different applications, its limited damage to the
specimen, and its general reliability.

The hole drilling method has been investigated over the past sixty years. Consequently, much of
research has been incorporated into the ASTM standard E837-85. The procedure for making residual
stress from the measured strains in this standard is based on the theoretical stress distribution in
an infinite plate with a through hole in a plane stress field. Therefore this method has been used so
far in situation where the residual stress field is assumed not to vary with depth below the surface.
However the residual stress fields usually vary with depth. In such case, the error of estimated
residual stress increases if the calibration factors provided in ASTM standard are used to calculate
the residual stresses. In this study, the relieved surface strains around a blind hole location caused
by drilling in the biaxial stress field, the shear stress field and the non-uniform stress field were
calculated by finite element analysis in order to investigate the effect of the stress variation with
depth, and the analytical results were compared with experimental values.

The main results obtained in this study are as follows:

(1) Calibration factors calculated from the results of finite element analysis are in good agreement

with experimental values.

(2) The accurate surface stresses of components under linearly varying stress field with depth
can be obtained by using the relationship between the stress gradient and strains measured
by rosette gage.

(3) A procedure to estimate the varying stress field with depth is proposed, and validity of this
method is confirmed.

Keywords; Nondestructive inspection, Finite element analysis, Residual stress, Hole drilling
method
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Fig. 1  Schematic of the hole-drilling methed.
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Fig. 3 Simulation model used for strain relaxation
analyses.
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Fig. 4 The strain measured by the rosette gage for
hole-drilling method.
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Fig. 5 Change of the surface strain distribution around a hole location with drilling in the biaxial stress field.
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Fig. 6 Change of the surface strain distribution around a hole location with drilling in the shear stress field.
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Fig. 7 Relationship between strain measured by the rosette gage and the hole depth drilled.
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Fig. 8 Comparison of calibration factors calculated by
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