1INTRODUCTION

Reassessment of existing structures generates a need for up-dated materials properties. In a lot of cases, on-site inspections are needed and in some cases visual inspection is not sufficient. For example Non Destructive Testing (NDT) tools are required for the inspection of coastal and marine structures where marine growth acts as a mask or immersion area gives harsh conditions of inspection. In these fields, the cost of inspection can be prohibitive and an accurate description of the on-site performance of NDT tools must be provided. Inspection of existing structures by a NDT tool is not perfect and it has become a common practice to model their reliability in terms of probability of detection (PoD), probability of false alarms (PFA) and Receiver Operating Characteristic (ROC) curves [START_REF] Rouhan | Probabilistic modelling of inspections results for offshore structures[END_REF][START_REF] Straub | Modelling dependency in inspection performance[END_REF][START_REF] Pakrashi | An Image Analysis Based Damage Classification Methodology[END_REF]. These results quantities are generally the main inputs needed by owners of structures in view to achieve Inspection, Maintenance and Repair plans (IMR) [START_REF] Sheils | Development of a two stage inspection process for the assessment of deteriorating bridge structures[END_REF]. The assessment of PoD and PFA is even deduced from inter-calibration of NDT tools or from the modelling of the noise and the signal [START_REF] Barnouin | Underwater inspection reliability trials for offshore structures[END_REF][START_REF] Rudlin | Reliability of inspection for fatigue cracks in offshore structures[END_REF][START_REF] Rudlin | The ICON database. Assisting underwater inspections[END_REF].

Theoretical aspects coming from detection theory and probabilistic modelling of inspections results in view to provide inputs in the computation of mathematical expectation of RBI cost models are described in Schoefs et al. (2008b).

First, let us focus in this paper on the benefit of the combination of multiple Non-Destructive Testing (NDT) and the role of expert judgement in this process. In this case, expert judgement acts at two levels:

-The knowledge of ageing laws to provide the probability of defect existence that is needed when computing likelihood of events that govern the cost expectation; -The way to address the decision after obtaining results from the two inspections. The methodology is illustrated for the RBI of steel harbour structures.

Then, the effect of the shape of ROC curve on the decision process is highlighted. To this aim, a parametric study is performed to analyze the influence of the polar coordinates of the best performance point of the NDT tool (NDT-BPP) on the expectation of the cost of detection and the cost of no detection. NDT-BPP is defined as the closest point of the ROC curve to the best performance point BBP of coordinates (PFA=0 , PoD=1). The paper introduces the polar coordinates of NDT-BPP for characterizing ROC curve. That allows to perform parametric studies based on these two parameters.
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2COMBINATION OF MULTIPLE INSPECTIONS: EXEMPLE OF APPLICATION FOR THE RBI OF STEEL HARBOUR STRUCTURES 2.1Context

The objective is here to analyse the combination of the same technique of NDT tools and the role of expert judgement on the minimization of the cost expectation and on the ranking decisions. In the combination, we consider a memory-less inspection: the inspection is carried out by two similar operators that don't remember the previous result at the same location. Then inspections are considered as independent.

The methodology is illustrated for the RBI of steel marine structures submitted to uniform corrosion (steel sheet pile seawalls). In this example, we consider only results provided by ultrasonic residual thickness measurement that is the common technique for identifying zones on steel marine structures which are the most affected by corrosion.

ROC curves obtained for three wharfs by three couples (diver-inspection society) for the same level of corrosion are represented on Figure 1. In this study, performance of NDT tool is only represented by the minimal distance δ NDT between the optimal point of ROC, with cartesian coordinates (0 , 1) in PFA, PoD plane and ROC curve number i. The ROC3 curve represents the best performance of the three different NDT tool results and the ROC2 curve the worst. Measurements performed in the immersion area for which inspection's conditions are harsh (Schoefs et al., 2008a).

2.2Combination of identical techniques

Objective is here to combine characteristics of ROC obtained from different couples (diver-inspection society).

The ROC curves obtained by intersection and union methods of NDT tool results 2 and NDT tool results 3 are represented on Figure 2 [START_REF] Yang | Improving NDE through multiple inspections[END_REF]. In view to perform a cost analysis, points of ROC curves can be considered for the computation of P i{i∈ [1:4]} where 'i' characterizes the scenario in the decision tree [START_REF] Rouhan | Probabilistic modelling of inspections results for offshore structures[END_REF]. If the detection threshold is unknown, the performance of the technique is given by the whole ROC curve. Then, computation of P i{i∈ [1:4]} leads to project ROC curves on P(E i ) surfaces (Schoefs et al., 2008b).

Then P i are replaced in cost analysis by their geometric mean value. Geometric mean values This consequence analysis allows introducing interest of repeating the same or other technique [START_REF] Schoefs | Multiple inspection modeling for decision making and management of jacket off-shore platforms: effect of false alarms[END_REF]). On Figure 2, we notice that union method leads to better performances than intersection method. Note that data fusion can be used in this case. As we fusion similar data with known probability the probabilistic method is selected here.

This aspect shows the influence of expert's judgment on the choice of the combination method.

Let us now analyze the role probability of defects presence γ evaluated from expert's judgement or ageing laws. It is studied though the sensitivity of to this parameter respectively on Fig. 8 and 10 for three likelihoods: low (γ=0.1), medium (γ=0.5) and large (γ=0.9).

2.3Sensibility of expert's judgement on cost analysis

In the following, we focus on the two choices that affect the costs in our methodology both in case of detection Cost model selected for the application in table 1 gathers common values considered for marine structures [START_REF] Rouhan | Probabilistic modelling of inspections results for offshore structures[END_REF]. Influence of probability of detects presence γ is in an opposite way for E(C) d and E(C) nd : cost of detection is more sensitive for small probability of defects presence γ (0.1 to 0.5) and cost of no detection is more sensitive for high probability of defects presence γ (0.5 to 0.9). Furthermore, cost of detection and no detection increase when performances of ROC curves decrease.

3EFFECT OF THE SHAPE OF ROC CURVES ON THE DECISION PROCESS

3.1Aim and principle

A simple geometric characterization of ROC curves is the distance between the curve and the best performance point BPP of coordinates (PFA = 0 , PoD = 1) [START_REF] Schoefs | Multiple inspection modeling for decision making and management of jacket off-shore platforms: effect of false alarms[END_REF]: by definition, the more is this distance, the worst is the performance. The corresponding point on the ROC curve is called the performance point of the NDT tool (NDT-BPP).

However as the configuration of ROC curves for the same distance are various, we extend in this paper this characterization by using the polar coordinates of the NDT-BPP. Then NDT-BPP polar coordinates are defined by: -The radius δ NDT equal to the performance index (NDT-PI) (distance between the best performance point and the ROC curve) [START_REF] Schoefs | Multiple inspection modeling for decision making and management of jacket off-shore platforms: effect of false alarms[END_REF](Schoefs, , 2007)); -The angle α NDT between axis (PFA = 0) and the line (BPP , NDT-BPP).

Objective of this parametric study is to analyse the effect of the shape of ROC curves on the decision process: inspection, maintenance, repair. To achieve this goal, the influence of the performance of ROC curves, represented by δ NDT and α NDT , is appreciated through the expectation of the cost in case of detection E(C) d and the cost in case of non detection E(C )nd .

To this aim the 'Signal + noise' and noise amplitude are normally distributed with respective characteristics N(µ s+n , σ s+n ) and N(µ n , σ n ). The mean and the standard deviation of the 'signal + noise' are modified as well as the standard deviation of the noise with a step of 0.5. Variation range of the statistical parameters of 'signal + noise' and noise used during the study are shown on Figures 78. Then, the best performance point of the NDT tool (NDT-BPP) is defined for each configuration.

3.2Analysis of the NDT-BPP mapping

Figure 9 presents the mapping of NDT-BPP in the plan (PFA, PoD). We notice that all the NDT-BPP are included between 0.4 and 1.0 on the PoD axis and between 0.0 and 0.6 on the PFA axis, that represents an interesting area to analyse the effect of the shape of ROC curves on the decision process. NDT-BPP1 corresponds to the worst NDT tool performance, meaning that some noise can be easily detected, even if nothing is to be detected (no presence of defect) and finally leading to a high number of false alarms. At the opposite, NDT-BPP2 is the best NDT tool performance in our numerical data-base. In this case, the probability of detection reaches very quickly values near 1, with small probabilities of false alarms for high values of probabilities of detection.

Performances of NDT tool 1 and NDT tool 2 can be easily compared with the radius δ NDT , i.e. 0.71 for NDT-BPP1 versus 0.00 for NDT-BPP2. But between these two extreme levels of NDT tools performances, there is a multitude of cases where this single parameters doesn't allow to differentiate ROC curves. To illustrate the role of α NDT , the maintenance policy, cost functions and cost models are the same that those used in section. The best of four NDT tools is the one which minimize the two cost functions or a combination of them (sum, …), related to the cases of detection or no detection. We also considered three values of the probability of defect presence γ, i.e. 0.1, 0.5 and 0.9, that is needed when computing likelihood of events that govern the cost expectation.

Results of cost analysis are presented on Table 3. Let us focused on the comparison of the NDT tool 3 and NDT tool 4 performances. It is interesting to notice that for the three values of γ, the cost in case of detection E(C) d is always minimum for NDT tool 3 and the cost of no detection E(C) nd is always minimum for NDT tool 4. Here cost in case of no detection is much larger than cost in case of detection. It comes clearly from the selected maintenance policy and cost models. With another cost model, this tendency can be reversed (Breysse et al. 2008, O'Connor et al. 2008). In this case, δ NDT become not sufficient to characterize the performance of NDT tools. Then, it is necessary to use the two polar coordinates: radius δ NDT and the angle α NDT . As the radius δ NDT , the angle α NDT can't be used alone to characterize performance of NDT tool. Consequently, the following study is dedicated to analyze costs of detection and costs of no detection according to the whole numerical data-base of NDT-BPP obtained during the previous simulations (see Figure 14). For high probability of defect presence (γ = 0.9), maximum costs of detection are located in zone delimited by values of δ NDT higher than 0.3 and α NDT and higher than 50°. Outside this area, cost of detection increases mainly with δ NDT . Costs of no detection for γ = 0.9 increases when α NDT decreases and δ NDT increases. 

3.3Influence of NDT-BPP polar coordinates on cost of detection and cost of no detection

4CONCLUSION

This paper shows the interest of combination methods, i.e. intersection or union, to optimize the maintenance of existing structures and highlights the impact of the expert judgement in the decision process at two levels: -The way to address the decision after obtaining results from the two inspections (choice of combination methods); -The estimation of the probability of defect existence that is needed when computing likelihood of events that govern the cost expectation. These aspects are treated by an illustration of the process for the RBI of steel harbour structures submitted to uniform corrosion.

Finally, the effect of the shape of ROC curves on the decision process -inspection, maintenance, repair-is analyzed. The objective of the parametric study is to assess the influence of the performance of NDT tools, represented by δ NDT and α NDT , through the expectation of the costs in case of detection E(C) d and in case of non detection E(C )nd . 5REFERENCES
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 1 Figure 1. R.O.C curves used for illustration.

Figure 2 .

 2 Figure 2. R.O.C curves resulting from intersection and union methods in case of different NDT tool results (2) and (3).

  results 2 and NDT tool results 3 are represented on Figures 3-4.

Figure 3 .

 3 Figure 3. Results of techniques combination for m(P2).
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 4 Figure 4. Results of techniques combination for m(P3).

  The probability of defects presence γ; -The decision after two inspections (union or intersection).

Figure 5 .

 5 Figure 5. Influence of probability of defects presence γ on the cost in case of detection E(C)d.
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 6 Figure 6. Influence of probability of defects presence γ on the cost in case of no detection E(C)nd.
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 7 Figure 7. Variation range of the statistical parameters of the 'signal + noise' normally distributed.
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 8 Figure 8. Variation range of the statistical parameters of the noise normally distributed.

Figure 9 .

 9 Figure 9. NDT-BPP mapping in cartesian plan.

  dE(C)nd E(C)dE(C)nd E(C)dE(C)nd __________________________________________________ NDT tool 1 0.010 0.100 0.006 0.501 0.001 0.901 NDT tool 2 0.004 0.026 0.002 0.154 3.10 -4 0.372 NDT tool 3 0.006 0.040 0.002 0.252 4.10 -4 0.713 NDT tool 4 0.008 0.032 0.003 0.189 5.10 -4 0.457 __________________________________________________ This last point is conforted by the fact that variation ranges of costs of detection and costs of no detection according to δ NDT are relatively important. Results are presented on Figures 10-11 for three probabilities of defect existence γ.

Figure 10 .

 10 Figure 10. Variation range of costs of detection E(C)d according to the radius δNDT.
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 11 Figure 11. Variation range of costs of no detection E(C)nd according to the radius δNDT.
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 12 Figure 12. Variation range of costs of detection E(C)d according to the radius αNDT.
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 13 Figure 13. Variation range of costs of no detection E(C)nd according to the radius αNDT.

Figure 14 .

 14 Figure 14. NDT-BPP mapping in polar plan.

Figures 15 -

 15 Figures 15-22 present mappings of cost of detection and cost of no detection according to the cartesian and polar coordinates of NDT-BPP. Mappings are established for the three probabilities of defect presence γ used in this study, i.e. γ = 0.1, 0.5 and 0.9. For low probability of defect presence (γ = 0.1), costs of detection are minimum when associated mainly to values of radius δ NDT lower than 0.4 and values of angle α NDT minor than 40°. Maximum costs of detection are located in zone with high values of δ NDT and α NDT . It is also interesting to notice that for values of δ NDT less than 0.1, the influence of α NDT .is negligible. Costs of no detection for γ = 0.1 are maximum for values of δ NDT more than 0.1 and for values of α NDT less than 30°. When values of α NDT are higher than 30°, costs of no detection increase essentially with δ NDT .

Figure 15 .

 15 Figure 15. Mapping of cost of detection E(C)d in cartesian plan for probability of defect existence γ = 0.1.

Figure 16 .

 16 Figure 16. Mapping of cost of detection E(C)d in polar plan for probability of defect existence γ = 0.1.
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 17 Figure 17. Mapping of cost of no detection E(C)nd in cartesian plan for probability of defect existence γ = 0.1.
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 18 Figure 18. Mapping of cost of no detection E(C)nd in polar plan for probability of defect existence γ = 0.1.

Figure 19 .

 19 Figure 19. Mapping of cost of detection E(C)d in cartesian plan for probability of defect existence γ = 0.9.

Figure 20 .

 20 Figure 20. Mapping of cost of detection E(C)d in polar plan for probability of defect existence γ = 0.9.

Figure 21 .

 21 Figure 21. Mapping of cost of no detection E(C)nd in cartesian plan for probability of defect existence γ = 0.9.

Figure 22 .

 22 Figure 22. Mapping of cost of no detection E(C)nd in polar plan for probability of defect existence γ = 0.9.

Table 1

 1 Results are presented on figures 5-6. Cost in case of no detection is much larger than cost in case of detection. It comes clearly from the selected cost model (huge gap between C repair / C failure ratio and C inspection / C repair ratio).

	. Cost model selected for failure, repair, inspection
	and inspection combination. ______________________________________________
	Cost ______________________________________________
	Failure	1.000
	Repair	0.010
	Inspection	0.001
	Inspection combination _____________________________________________ 0.002

Table 2 .

 2 Cartesian and polar coordinates of NDT-BPP.

	______________________________________________
		Cartesian plan ____________	Polar plan _____________
	PFA ______________________________________________ PoD δ α (°)
	NDT-BPP1	0.50	0.50	0.71	45.00
	NDT-BPP2	0.00	1.00	0.00	00.00
	NDT-BPP3	0.16	0.79	0.26	36.83
	NDT-BPP4 _____________________________________________ 0.18 0.88 0.21 57.23

Table 3 .

 3 Performances of the four NDT tools based on cost analysis. __________________________________________________