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SensmVlty of SHM Sensors to Brldge Stlffness

U E:> valid for statics with

Theorem of Virtual Work E:> J sensors on the bridge
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Sensitivity
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S(i,j): Sensitivity of J;: reciprocal of the
the deflection respect flexural stiffness at
to the reciprocal of the element j

flexural stiffness



Sensor Installation at mid span
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Situation Analysed

10 m

.
= -



Sensitivity

% 10°

8 10 12
Element location (m)

14

16

18

20



Sensitivi

x10°

Sensitivity

2 4 6 8 10 12 14
Element location (m)

Envelope of the sensitivities




Calculatlng Brldg St ffness from deflectlon
measurements

{5}tx1 = [P]txn{]}nxl

(01 [Pia Pip Pic]

We can solve to find the
/ stiffnesses only if the
matrix is square, i.e.,
only if the number of
A IS A NON SOUARED unknown J’s equals the
MATRIX AND NOT number of
INVERTIBLE measurements
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Calculatl

ng Brldge St ffness from ' fléctloh

measurements
(01) Pia Pip Pic
57 P,y Pp Py Ja
103 0 =P34 P3p P3c|X1{/B
04 Py Pup P Jc
Y Psy Psgp  Psc

The system of equations is also ill
conditioned, i.e., even when the
matrix is square, accuracy is very
sensitive to noise in the
measurement




) Calculatlnlg ‘Brldge Stlffness from deflectlon

measurements

Two problems:
(i) Matrix not square,
(i1) System is ill-conditioned

1

Moses algorithm

+

Penalty function

®

Moses algorithm minimises the
differences between measured
deflections and the theoretical
response. It solves the problem
of the non-square P matrix

|

Penalty function ensures that there is
no sudden change of neighbouring
stiffness values, avoiding, for example,
negatives. It is based on a Blackman
window. It solves the ill conditioning
problem.
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- Calculatlng Brldge Stlffness from deflébtlbn
measurements

Moses algorithm
E = min[({8} - [P1U)?]
Penalty Function

z k(—cii—p — = —CpJi—1 +Ji — Cp+Siv1 — = — Cablisn)?

Where Kk is a set constant, b is the number of points used in the filter
each side and the sum of constants c; to c,;, equals 1
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Calculatlng Brldge Stlffness from deflection
measurements
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Conclusions

- Deflection sensitivity to stiffness is greater at mid-
span.

- Deflection data with loading conditions closer to
mid-span should improve stiffness calculations.

- Moses and penalty function can potentially
calculate stiffness decreasing the influence of
noise.
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