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Damage Localisation in Beams using the Ritz Method and
Speckle Shear Interferometry

J.V. Araiijo dos Santos', H.M.R. Lopes?, J. Ribeiro?, N.M.M. Maia' and M.A. Pires Vaz’

“IDMECV/IST, Instituto Superior Técnico, Lisboa, Portugal
~ESTIG, Instituto Politécnico de Braganga, Portugal

*DEMEG], Faculdade de Engenharia do Porto, Portugal

Keywords: damage detection, Ritz method, Timoshenko beam theory, rotation field, spatial derivative, shear
interferometry.

Structural damage identification methods have attracted the interest of mechanical, civil and aerospace engi-
neering communities during recent decades. This interest is attested by the extensive number of papers, reviews
and conferences dedicated to this area [1]. The underlying idea amongst most of these methods is that whenever
there is damage in a structure, its stiffness, mass and damping properties change. therefore changing its dynamic
behaviour.

In this paper a novel numerical-experimental technique is developed in order to minimise some of the difficulties
exhibited by others damage localisation approaches, namely those based on the mode shape curvature [2,3]. These
difficulties are: (1) ineffective differentiation schemes, (2) lower spatial resolution, and (3) presence of noise in
measurements. The first difficulty is addressed by using the Ritz method and Timoshenko theory, so that one is able
to compute the undamaged rotation field as a function series, and, therefore, the differentiation can be performed
analytically. The damaged rotation field is obtained experimentally by speckle shear interferometry, which is a
full-field technique, and the differentiation is performed using an efficient Gaussian function derivative [4]. By
combining both techniques, i.e. the Ritz method with the speckle shear interferometry, a point-by-point correlation
of rotation fields and their spatial derivatives can be performed. The last problem is addressed by applying filters
to the experimental data [4].

Two damage localisation indicators are also presented, which, instead of being based on the second spatial
derivative of displacement fields, are based on the first spatial derivative of the rotation fields. These damage
localisation indicators, the modified curvature difference (MCD) and the modified damage index (MDI), were
applied successfully in the localisation of damage in two clamped-clamped aluminium beams, using only the first
mode. The proposed indicators also correlate well with the damage severity, therefore showing that they may be
suitable to quantify the damage.
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