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This research describes a non-destructive method for the quantitative estimation of property
variations due to damage in metal materials. The method employs a damage mechanics model,
which accounts for stiffness degradation and damage evolution of a metal medium with a
measurement of ultrasonic velocity. In order to describe the progressive deterioration of materials
prior to the initiation of macrocracks, we have developed a new damage mechanics model.
Thereafter, afinite element model valid for numerically describing such damage process has been
developed by ABAQUS/Standard code, and correl ations between damage state, elastic stiffness
and plastic strain could be found by the results of the finite element simulation. The property
variations due to damage evolution are calculated based on the Mori-Tanaka theory, and then the
ultrasonic velocity can be predicted by Christoffel’s equation. When the measured velocity is
coupled with the theoretically predicted velocity, the unknown damage variable is solved, from
which other residual properties are determined by the predictions of damage model. The proposed
technigue is performed on type 304 stainless steel bars. The numerical results obtained by the
simulation were compared with experimental onesin order to verify the validity of the proposed
finite element model and good agreement was found. It is shown that the damaged properties of
metals can be estimated accurately by the proposed method.

Keywords: Damage mechanics model, Nondestructive testing (NDT), Finite el ement model.
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