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Context Covariance computation
e Vibration-based damage localization on structures relates to the monitoring of the changes in the modal parameters e System matrices are subject to uncertainties due to unknown excitation, noise and finite data length
¢ Based on finite Element model of the structure and output-only measurement data in the reference and damaged states e Estimation from subspace identification, based on covariance-driven Hankel matrix H
e Comparison of Stochastic Dynamic Damage Locating Vector (SDDLV) approach and Subspace Fitting (SF) method, for damage localization e Let f be a function of H, then cov(f(H)) = J f,Hi’H J fT’H with sensitivity Jr 9, = of (H)/ovec(H)
SDDLV Mathematical model SF
( G(s) = R(s)De Mechanical model State space model T C
Transfer matri t Mi(t) + Co(t) + Ko(t) = u(t) x(t) = Ax(t) + Bee(t) .. . |l cA
ransfer matrix < R(s) = Ce(s — Ag)~! CeAc I y(t) = Cex(t) + Dee() Observability matrix O = E
Cec 0
. CAP
Damage localization procedure cpe 1 Ny
Subspace Identification Damage localization procedure

From data: changes in the transfer matrix between both reference and damaged state: : : :
° 55 1 ' 5 e FE model updating procedure to identity structure parameters:

OR(s)T = R(s)! — R(s)! load vector v(s) in the null space of OR(s)’ 7 7 7 T . 2
From FE model: apply load vector o(s) to model Yg Yg+1 - YN+g—1 Yo+1  Yg+2 --- YN+q 0 = argmin |[r||5
e From FE model: a oad vector v(s) to mode A 5 I
Stress computatioﬁ:pS}Es) = L model(8)0(s) y= = [Ya-1 Ya - YNwg=2) oyt — | Va2 Vi3 oo IN4aHl) I = [1211 S (Lpr1)r — OOTL)} Ve {Oh(o )}
: P : : : : B +
e Damaged element indicated by stress = 0 (or close to 0) Vi Vo ... YN Ya+p+1 Ya+p+2 -+ YN+ptq O =01 — Tk | |
- - - - o 0 related to damage (element stiffness reduction)
Uncertainty propagation and covariance computation V1 T T A 0T T 2
H=xY"(Y)' =UAV! = [U; U] vVixUAVE, O=1U, : : : :
e Computed stress for damage localization is afficted with uncertainties N 08 Ag Uncertainty propagation and covariance computation
—Sensitivity-based uncertainty propagation from measurement data (%) to computed e Updating parameters for damage localization is afficted with uncertainties
stress . . — Sensitivity-based uncertainty propagation from measurement data () to updated pa-
Ref tate: el Tan A C Tr A R Apphcatlon rameters, through each iteration step of the updating minimization problem
eference state: — A C— T Tss
Damaged state: 7{dam ‘7"‘4 AC ﬂ) R 28 > 0(s) > 5(s) e Number of degree of freedom: 24 Reference state: Href M gref
e Damping ratio = 2%, noise = 5% Damaged state: 7ydam ‘Z’damﬂ> gdam

cov(S(s)) = Ts(s) (cov(vec(R")re)) + (COV(VeC(RT)re))jSYES) e Output sensors: x and y directions at node a and d

o x’ test S;rrcov(Si) —15; for each element i o Number of sample: 200000

e Damaged state: decreasing 25% Young modulus at element 8

e Damaged if G?am + pdam — Qfef > Ogret fOr €ach element i
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