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fllecnd:= General context and objective )

Pre-stressed and post-
tensioned concrete bridges:

Sensitive to a void in the duct
(corrosion of tendons -> failure)

- Extensive zone to investigate (NDT toolsﬁ? '
ER MACOA
- Gamma ray radiography: efficient for
detection but costly, demands trained
and licensed personnel, and safety risks

- Need for alternative in terms of simplicity and cost to get the
first level of measurement (for further investigations)
Here: Impact echo method
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fllecnd:= General context and objective )

The impact echo method
Establish for a slab

Zero Group Velocity Lamb mode

Source: steel balls 6mm ->12mm
v, f

@IFSTTAR

>

/ fe -— BVp/ZG

Vp: Compression wave velocity
8 : shape factor, function of the
Poisson ratio v 8 = 0.095 for v=0.22

Amplitude

Freciuency
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* General context and objective

Generalization to an
= heterogeneous material §

In case of a void
Frequency shift of the mlckness frequency (fe)
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assessment of NDT Performance

Context of RBI RBI

(optimize the
planning)
Faber et al. 2002

/
: and destructive tests
In harsh environment
Bad detections exist Ageing laws \

(detection of a non existing
defect, non detection of an
existing defect)

& analysis
Bad decisions (over-costs) %

- Non necessary repair

Consequence

(detection of a non existing Risk
defect)
- Failure (non detection of an Assessment

existing defect)
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assessment of NDT Performance

Harsh conditions of inspection

+ Statistical
Natural Measured ncertainty (limited Marginal
hazard property number of

measurements) distribution
/\_ _/\_ assessment
Physical indicator (frequency)

Condition of measurement
Calibration ...
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assessment of NDT Performance

Characterization of the uncertainty after

measurement

Mat 1 Real World Mat 1

Intrinsic " Compare materials
Material randomness Analyse effect of space/time

J\ T Mat 1 Mat 2

Repetitivity (without bias)
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assessment of NDT Performance

General scope of using NDT
tools results in RBI context

STAKES:

- Model the uncertainty
- Take into account expert judgement and model its choice

- Bayesian modelling of The needs for decision
inspection results Pi=f(PoD, PFA, y)

- Introduce the expert judgement i N
Expert
<Judgment {
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assessment of NDT Performance

Probabilistic modelling of inspection based
on detection theory

Definitions

Probability of Detection (PoD) : Probability to detect (event d(X)=1)
an existing defect (X=1)

Probability of False Alarm (PFA) : Probability to detect (d(X)=1) a
non-existing defect (X=0)

PoD
Bayesian definition of the PoD and the PFA:

BPP Le-micmimimimiimimicis,
PoD(X) = P( d(X)=1| X=1) a &
PFA(X) = P( d(X)=1 | X=0 ) AR

Rouhan & Schoefs, 2003

Schoefs & Boéro, 2010 PFA

Receiver Operating
Characteristic (ROC) curve

fecnd:
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Recelver Operating Characteristic Curve (ROOC)

Noise
- Signal+Noise

h &

@

@

Increasing defect size (constant std

Detection threshold is known  Receiver Operating Characteristic
Curve (ROCQ)
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= Testing procedure

Full scale wall (IFSTTAR) @IFSTTAR

-: %
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/ecn “ Testing procedure )

Contactless Robot @IFSTTAR

ource: steel balls 6mm ->12mm

T
lllllllllll

Receiver: Polythec PI
OFV-505 sensor
OFV-5000 controller
VD-02 demodulator

5 mm.s”.V'

bandwidth 0 — 250 kH
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Testing Procedure

Contactless Robot

@IFSTTAR
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Choice of Fp as guantity of interest

Amplitude of the normalised FFT modulus Frequency of the max of FFT modulus
at 7.8 kHz
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“ Results

Originald=a

b

D ata t r e at m e n t Step 1: Pre-processing with filtering

Data fiter : upper boundf, .. = 000 ? remove datawith £ > 3000 kHz

Datafilter : lower bound £, ... = 6000 7 remove data with f, < 6000 kHz

}

Step 2 : Pre-processing with removing data at the frontier between materials

Repetitive test: after each line of
measurement a measure is carried out at

a given point. JL

The standard deviation of the data Available data base for po-processing

obtained from this repetitive test: 101 Hz

(CoV 1.5 %) JL JL

// the difference between mean values of ' '

peak frequency: 3 kHZ Mean valuesfor thetrajectories in each area Column diagram of frequences
ROC curves

!

Measure of &
Detection threshold 16
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Distribution assessment after filtering
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Figure 9. Column diagrams for signal
and signal + noise (Duct 4R): empty
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“ Results

Building ROC curves
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< ROC curves are used in order to quantify the performance of NDT tools

<Process is illustrated for the detection of voids in tendon ducts with impact
echo method

Note

<Effect of the shape of ROC curves (protocol/optimization) on the extra costs
can be analyzed through the o6 method (Schoefs et al. 2009)

<Easy to implement for the optimisation of inspection and repair (Sheils et al.
2009) including multi-optimization (Bastisdas et al. 2010)

< Reliability of the od method can be improved by using projection on
polynomial chaos to characterize the ‘noise’ and ‘signal+noise’ (Schoefs et
al., Structural Safety, 2009)

ure works: another quantity of interests (+ data fusion) -> optimization
of the design of the robot.

fMecnd:=



// ecn S ) PAYS DE LA LOIRE
LOIRE émes JOUrNEESs
Flablllte des Matériaux & des |Structures
~—__4-5-6juin 2012 — Chambery

Thank yeu ffor your kind attention!

Questdons ?
En savoir plus:

Schoefs F., Abraham O., Popovics J., “Quantitative evaluation of NDT method performance:
application example based on contactless impact echo measurements for void detection in tendon duct”,
Construction and Building Materials, Available on line March 29t 2012, in press.

Schoefs F., Abraham O., "Probabilistic evaluation for improvement of design of impact-echo sources",
in Transportation Research Record (TRR), Journal of the Transportation Research Board, 2012
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