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a b s t r a c t

The detection of changes in the dynamic behavior of structures is an
important issue in structural safety assessment. The development of
detectionmethodsassumesgreater significance in the caseof offshore
platforms because the inherent problems are compounded by the
harsh environment. Here, we describe an instrumented physical
model for the structural health monitoring of an offshore jacket-type
structure and the results of tests in several different damage scenarios.
In a comparative investigation of two different methods, we discuss
the difficulties of implementing damage detection techniques for
complex structures, such as offshore platforms. The combined algo-
rithmof a fuzzy logic systemand amodel updatingmethod are briefly
discussed, and a method based on stochastic autoregressive moving
average with exogenous input is adopted for the structure. The
consideration of uncertainties and the effects of nonlinearity were
major objectives. So, themethodswere also investigated based on the
test scenarios consisting of the physical model with a geometric
nonlinearity. The principal component analysis method was utilized

q This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-No De-
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for thedetectionofnonlinearity in the recordeddata. The results show
that the developedmethods are suitable for damage classification, but
the quality of the acquired signals must be considered an important
factor influencing successful classification. The development of these
methods may be extremely useful, as such technologies could be
applied for offshore platforms in service, enabling damage detection
with fewer false alarms.
� 2013 The Authors. Published by Elsevier Ltd. All rights reserved.

Nomenclature

M, K, C Mass matrix, damping matrix, stiffness matrix
X(t), _XðtÞ Displacement vector, velocity vector, acceleration vector
ua, ue Analytical natural frequency, experimental natural frequency
DðlÞ
k Percentage damage parameter

E Young’s modulus
l Crisp number for a structural member
k Crisp number for damage intensity
p The number of linguistic variables of damage intensity
zðlÞk Matrix of measurement deltas
a Noise level parameter
mðlÞk Membership function for fuzzy logic system
m Midpoint of the fuzzy set
s Standard deviation
SR Success rate
MðlÞ

k Fuzzy system rules for frequency domain extracted features
MðtÞ Fuzzy system rules for time domain extracted features of tth test scenario
A(q), Ba(q), C(q) Autoregressive parameters, moving average parameters, innovations variance

parameters
na, nb, nc ARMAX model order of autoregressive, moving average, and innovation variance
e(t) Variance of the white noise
s Number of divided parts of the signal used to calculate the fuzzy system rules
Rnm Observation matrix for n number of sensor and m number of sampled data
U Orthogonal matrix of the principal components
S Diagonal matrix of the singular values
V Orthogonal matrix
Q Subspace matrix
SHM Structural health monitoring
FL Fuzzy logic
PCA Principal component analysis
FE Finite element
OMAX Operational modal analysis with exogenous forces
ARMAX Autoregressive moving average with exogenous input
MAC Modal assurance criterion
MD Measurement delta
SVD Singular value decomposition
PC Principal component
FRF Frequency response function
PSD Power spectral density
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