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Problem :

In-operation modal identification of structures

e T he excitation is typically:
— natural, not controlled.

— not measured:
x buildings, bridges, offshore structures,

x rotating machinery,
* cars, trains, aircrafts.

— nonstationary (e.g., turbulent).

e How to merge multiple measurements setups
e.d. in case of moving sensors?



Identification and merging

e Output-only eigenstructure identification,
e In the presence of nonstationary excitation,

e Handling moving sensor pools, with some reference sensors.

Wanted:
e Avoid merging identification results from the different pools,
e Merge the data instead, and process them globally,

e Use a standard subspace algorithim.
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Modelling

MZ(s)+CZ(s) + KZ(s) = v(s)
FE model:

Y (s) = LZ(s)
(Mp?+ Cp+ K)¥, =0, ¢, =LV,

State space:

Y, = HX,

Fdy=X®), ¢)= H®),

eéu:)‘a ¢u=¢A

modes mode shapes




Output-only covariance-based subspace identification

Ry Ri Ry ...

A T Ri Ry R3 ...
Ri2E(YiYii)» "=|p, Ry R, ...

ok if stationary !

R,=HF' G, GZ2E(XY])
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Implementation

Ry Ri Ry ...
A 1 N R » » »
RA - Yvvr, |, A=|f 2B
N k=1 Ry Rs R4 ...
ok when nonstationary! : : el

SVD(H) + truncation — O — (H, F) — (), $))

A1 0
0 Ag

1/2

H=UAWI=U )WT; O=U A3

O!(H,F) = Op(H,F) F

det(F—AI)=0, F &\, =X ®,, p\=H P,



Merging multiple measurements setups

Yk(Oal) Yk(072) Yk(O’J)

y, (! y,? A

Record 1 Record 2 Record J
X = FxP 4 VP
Yk(o’j) = Hpj X,gj) (the reference)
Yk(j) = H, X,gj) (sensor pool n%j)

, . T . : T
RV AE Yk(O’J) Yk(g,i]) , RIAE Yk(y) Yk(g,i])

)T

. . T ., .
EYY vY)." not used, EYVY) VY. (j # j/) not available
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Stationary excitation

J

R,fi’ Hy |
rFA B —pgFig, math
R} | H;

Nonstationary excitation

: : AT
covVii) =@, G;AE xY) vl%)

R}” =Hy F! G;, R!=H,; F' G,

Hint: right renormalization of the covariances.



Robustness to nonstationary excitation

Time-varying excitation within each record
COVVk.(J) = Q.
Approximate factorization of covariances

Consistency: T 'FT—>F, H—>H

Combination of:

e the key factorization property of the covariances,
e the averaging operation underlying covariance computation,

allows to cancel out nonstationarities in the excitation.
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Numerical results - Steelquake

Estimated modes - Classical subspace identification

Mode 1 2 3 4 5 6 e 3
Freq.(Hz) | 3.1 1 3.92 6.1 |9.68|10.8|12.27 | 13.0 | 17.7
Dir. X Y Y Y X Z Z Z
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Frequency
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Reference sensors: 6/8; moving sensors: 11/14 (Q09 —-1), 9/15
(Q10-2), 1/4 (Q10-3), 2/13 (Q09—-4), 5/12 (Q10 —5).
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Reference sensors: 1/6/7; moving sensors: 4/5 (Q09 - 1), 8/13
(Q10-2), 12/15 (Q10-3), 11/14 (Q09 —-4), 2/10 (Q09 — 5).
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moving Ssensors

4/5/12
2/6/8/10/13 (Q10 —2), 3/7/11/14 (Q10 — 3).

Reference sensors
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Bending mode in Y direction at frequency 3.92 Hz.
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Bending mode in X direction at frequency 10.8 Hz.






Numerical results - Z24 bridge

Estimated modes - Classical subspace identification

Mode 1] 2 3 4 5
Frequency (Hz) | 4]5.3]19.8|10.3 |12




Frequency

20 xxxxxxxxxxxxxxxxx«xxxxxxxxxxvxxx*%ﬁﬁ%?x
D‘ ‘XX
V@vv%‘vvvvvvovv ;
1l v vV V v . O o
¢ X o
3 v
0 e . X X x v
X
15_XXXXXXXXXXXXXXXXXXXXXX X X X X X X X X X X X X X X X X
]xxxxXDXxxvxxxxxxxxxxxxgxxxxDxDDDDDDDDDD[
+ « 0 x
x “x w0 x . i
¢ .0 I A I R SR ST S SR S SEP ST 4 . o‘v““ He Qe «Q
4 x x [ \Y v \Y
D000 0« xpoO®*®es s 00505506, 0 VYV Voos eaoe ey
* zxvvv S ><x
. O L2 A G SR SR TSP S S
10_]DDDDEI;IDEIDDEIDEIEIxDDDDDEl&E&&DDDD O&8 0000 KK O
.
x A4 L
EIO
. x x x + + x0x 4+ 00xp00xx000DO0D0DO0D0O0D0O00O00000 [
X
. ¢ x X X x4
5- x U x x O . Ve ¢ et 0D00¢ 000 ¢
¢
]DDDDDDBHDDDDDDDDDDXDDDDDDDDDDDD O oo O~ [
i 0 x O & O v
vV ¢ x V ¢ §
t**********%*******%**i*‘*i*************!
20 30 40 50 60

Classical subspace identification: first

record (3 sensors).
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record
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(2 sensors).
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subspace identification with the two records.
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