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Introduction

Chloride penetration into concrete can cause irreversible damage within reinforced concrete structures, predominantly corrosion damage, when chloride content at the surface of reinforcement bars reaches a certain threshold level. Steel corrosion initiation is then a key indicator for the estimation of service life. The risk of corrosion damage is higher in a marine environment because of significant humidity and chloride contents in both seawater and air. Consequently, the corrosion of engineering structures is more severe in coastal areas than inland locations [START_REF] Guo | Experimental investigation on the cyclic performance of reinforced concrete piers with chloride-induced corrosion in marine environment[END_REF]. Chloride profile analysis, is therefore, an important tool for service life predictions of structures and inspection/maintenance/repair action scheduling [START_REF] Bastidas-Arteaga | A comprehensive probabilistic model of chloride ingress in unsaturated concrete[END_REF]de Rincón et al., 2004). Recent studies have highlighted the spatial variability of chloride-induced reinforced concrete corrosion with an impact on infrastructure network maintenance optimization (O'Connor and [START_REF] O'connor | Experimental E aluation of the Scale of Fluctuation for Spatial Variability Modeling of Chloride-Induced Reinforced Concrete Corrosion[END_REF]. In the following, the focus is on total chloride content because, firstly, measurement methodology is not subject to debate [START_REF] Bonnet | Sources of uncertainties for total chloride profile measurements in concrete: quantization and impact on probability assessment of corrosion initiation[END_REF] and, secondly, because it is the key parameter for already available maintenance optimisation methods.

Chloride profile analysis is therefore essential. Profiles are better assessed when different factors like concrete properties [START_REF] Tadayon | Long-term field study of chloride ingress in concretes containing pozzolans exposed to severe marine tidal zone[END_REF] and period of exposure [START_REF] Mangat | Prediction of long term chloride concentration in concrete[END_REF]Molloy, 1994, Tamimi et al., 2008) are taken into account. Exposure (above sea level: atmospheric and splashing zones, and under sea level: tidal and immersed zones) and environmental conditions (temperature, relative humidity, wind, orientation…) are also important factors in affecting the durability of concrete and in shortening the life span of structures. Many studies have shown that tidal and splash zones drive the most severe conditions as regards chloride ingress and steel corrosion of concrete in comparison with atmosphere and immersed zones [START_REF] Valipour | In situ study of chloride ingress in concretes containing natural zeolite, metakaolin and silica fume exposed to various exposure conditions in a harsh marine environment[END_REF]. [START_REF] Li | The effect of chloride binding on the predicted service life of RC pipe piles exposed to marine environments[END_REF] conclude that immersed zones allow for a service life 1.6 to 3.9 times longer than splash zones, whatever the binding isotherm considered. Furthermore, in marine exposure conditions, chloride ions can penetrate into concrete through multiple mechanisms including diffusion, adsorption, permeation and surface deposit of airborne salts [START_REF] Hilsdorf | Performance Criteria for Concrete Durability[END_REF]. Although chloride ingress within concrete involves many mechanisms, it is widely accepted that diffusion is the primary mechanism [START_REF] Pang | Service life prediction of RC structures in marine environment using long term chloride ingress data: Comparison between exposure trials and real structure surveys[END_REF]. Hence, chloride ingress can be modelled by the empirical Fick's diffusion model. Besides, The Fick's model is used by engineers and researchers to deal with in situ data (see references on table 1) and recommended by codes like Fédération International du Béton (2006) for its simplicity and its capacity of being adapted to different exposure cases.

Indeed, a comparison of an oversimplified model to an improved model shows that both yields to similar results [START_REF] Nguyen | An Efficient Chloride Ingress Model for Long-Term Lifetime Assessment of Reinforced Concrete Structures Under Realistic Climate and Exposure Conditions[END_REF] and fairly well predict the chloride ingress in a Portland cement (up to 100 years) [START_REF] Luping | On the mathematics of time-dependent apparent chloride diffusion coefficient in concrete[END_REF]. Moreover, a long-term monitoring on real concrete structures exposed to environmental conditions makes the empirical Fick's model adapted for durability design [START_REF] Li | Model-based durability design of concrete structures in Hong Kong-Zhuhai-Macau sea link project[END_REF].

Then, many studies have been devoted to the measurement of chloride ingress within real structures like decks, piles, offshore platform or concrete specimens, in a marine environment with different exposure conditions (Table 1). The chloride profiles obtained (often) have the shape of a bell with a chloride content, which increases from the concrete surface to a certain depth where a maximum content, noted C peak in Table 1, is reached and then decreases as depth increases. This is accounted for by (Andrade et al., 1997) as "concrete surface skin effect". In the studies reported in Table 1, the approach commonly used to estimate both surface content C s and diffusion coefficient D come from the fitting of the Fick's second law to in-situ values of experimental chloride profiles. This regression beginning at C peak provides C s and D simultaneously.

It should be noted that the value of C peak varies from 0.0014 kg Cl-/ kg concrete [START_REF] Pang | Service life prediction of RC structures in marine environment using long term chloride ingress data: Comparison between exposure trials and real structure surveys[END_REF] to 0.013 kg Cl/ kg concrete [START_REF] Chalee | Predicting the chloride penetration of fly ash concrete in seawater[END_REF]. C peak can also start at 0 mm [START_REF] Chalee | Predicting the chloride penetration of fly ash concrete in seawater[END_REF]de Rincón et al., 2004), around 10 mm [START_REF] Medeiros-Junior | Chloride penetration into concrete in an offshore platform-analysis of exposure conditions[END_REF][START_REF] Pang | Service life prediction of RC structures in marine environment using long term chloride ingress data: Comparison between exposure trials and real structure surveys[END_REF][START_REF] Thomas | Performance of pfa concrete in a marine environment--10-year results[END_REF], and at 20 mm or 30 mm (de Rincón et al., 2004). The depth may vary in relation to concrete quality, exposure conditions and structure orientation. Some values of D obtained vary between 0.27 x 10 -12 m²/s (da Costa et al., 2013) and 5.13 x 10 -12 m²/s [START_REF] Medeiros-Junior | Chloride penetration into concrete in an offshore platform-analysis of exposure conditions[END_REF].

Among key parameters and phenomena (quality of concrete, exposure conditions and orientation) affecting structure service life, exposure conditions are the focus of this research. The present paper, indeed, reports the experimental investigation carried out on a 28-years old beam made from the same concrete composition and on which all the chloride profiles are measured on the same horizontal line (coring is performed on the same line along the beam). Moreover, the studied beam is located in a splash zone influenced by two local microclimates (both beam exposures are detailed in §2.1). The present study also provides a significant number of chloride profiles in accordance with [START_REF] Medeiros-Junior | Chloride penetration into concrete in an offshore platform-analysis of exposure conditions[END_REF], who underline the significance of the number of samples as a direct benefit to achieve precise statements. Furthermore, De Vera G. et al. (2015) highlighted that to assign reliable values for C S it is only possible on the basis of experimental chloride profiles obtained with the similar concrete composition and in similar locations. As for D, the sensitivity analysis realised by [START_REF] Li | Development of {HAM} tool for building envelope analysis[END_REF] shows that the achieved reliability of design is rather sensitive to the mean of D values as well as the cover thickness. It is thus necessary to evaluate D accurately.

These data form a substantial high value data base to improve the scientific documented knowledge library for concrete subject to XS3 class environmental exposure according to the NF EN 206-1 standard. The objective of this research is to address the problem of the determination of C s that usually results from the chloride content reduction at the concrete surface [START_REF] Song | Factors influencing chloride transport in concrete structures exposed to marine environments[END_REF]. So, the variation of the position where C peak is measured appears to constitute a possible alternative route for study.

Thus, this paper provides an important data base of chloride measurements done on the same beam with reduced settings like concrete composition, location, marine environment and tidal height that were all the same for 30 core samples. Indeed, approximately 600 chloride measurements were carried out to highlight the observations and comments done hereafter. On a comparable data, it is possible, on the one hand, to underline the variability of the raw data of chloride profiles and, on the other hand, the variability of C s and D along the beam once the raw data was processed by Fick's second law solution. This work, as far as we know, has never been done on so many data.

Since very numerous comparable data are available it led us to review the generic treatment used by some authors to deal with chloride profiles to determine C s and D [START_REF] Chalee | Predicting the chloride penetration of fly ash concrete in seawater[END_REF][START_REF] Da Costa | Modelling of chloride penetration into non-saturated concrete: Case study application for real marine offshore structures[END_REF][START_REF] Pang | Service life prediction of RC structures in marine environment using long term chloride ingress data: Comparison between exposure trials and real structure surveys[END_REF].This treatment was compared to the individual treatment called reference case in this paper which is more time consuming than the previous treatment.

Accordingly, the paper is structured as follows:

-Experimental investigation of the studied structure.

-Experimental chloride profile fitting methodology based on three sets of analyses depending on the chloride maximum content position and using Fick's second law to assess C s and D.

-C s and D results presentation for the three sets of analyses. The focus is made on the reference case to derive the statistical distribution and the covariance. Harbour infrastructures, especially energy-related ones, are important components of the transportation system in coastal areas. We, therefore, focus on the coal terminal of the test area. The coal terminal is located within the industrial and port activity area, which includes many specialised facilities near the city of Saint-Nazaire (France). The coal terminal, which is one of the largest thermal power stations in Europe, is used for the import and then the transportation of coal by inland waterways to support French power supply.

The coal terminal (Fig. 2a), built between 1981 and 1983, consists of five bridge piers (54.5m in length *9.8 m in width each) giving access to an unloading platform (246.4 m in length* 20.7 m in width).

For accessibility reasons, the study is conducted on beam J of Pier 5 (Fig. 1b). The beam is 9.35m long and 0.40m wide. The upstream side, exposed to weather variations, is called "exposed side" (noted ES) whereas the protected downstream face being situated in a confined environment is called "sheltered side" (noted SS) (Fig. 1c and Fig. 1d). Beam J is located in the estuary area of the Loire River less than 7 km from the Atlantic Ocean.

The beam is situated 5.8 m above sea level, in a splash zone where the bottom of the beam may be in contact with seawater when tidal coefficients are high (roughly 2 days/month). The climatic data, including temperature (T), relative humidity (RH) and wind speed, cumulative rainfall and the atmospheric pressure (P), have been recorded by the French Government weather station 1 near the Saint-Nazaire harbour (Table 2). Temperature mean maximal and minimal values are 16.9°C and 8.7°C, respectively, with high relative humidity (>80%). Concrete open water porosity and compressive strength are both measured on the central parts of the extracted cores that were sawn and rectified to obtain a flat surface (slide Number 3 in Fig. 2c).

Concrete cylinders were oven-dried at 60 °C until reaching constant weight. Then they were cooled for 48 h in a desiccator at 20 °C before being water saturated to determine their open water porosity [START_REF] Ben Fraj | New approach for coupled chloride/moisture transport in nonsaturated concrete with and without slag[END_REF].

The porosity is obtained from five samples with a mean value of 13.7% (min value =11.3% and max value =15.9%). The compressive strength is obtained from four 5-cm diameter and 10-cm long samples. The loading speed was of 5kN/s. The mean value is 43.5MPa (min value =38.5MPa and max value =48.9MPa).

Experimental investigation for chloride content

The extraction of the cylindrical cores took place in 2011 after 28 years of exposure and carried out along a line situated 30 cm above the bottom of the beam. Thirty samples have been collected every 30 cm (red dots in Fig. 2a) and numbered from 1 to 30 from the Loire estuary side to the embankment side of the beam. The procedure recommended by the RILEM Technical Committee 178-TMC ("Recommendation for analysis of total chloride in concrete.," 2006) is followed to obtain the chloride profiles. Slices are grounded first into 5-mm thick layers up to a depth of 5 cm (slices 1 and 5 in Fig. 2c) and then into 10-mm thick layers for the remaining 5 cm (slices 2 and 4 in Fig. 2c). This method makes it possible to monitor the progression of the fitting and to assess the peak position on the profile with good accuracy (+/-2.5 mm), the other parts of the core (# 2 and #4) having less impact on the fitting accuracy. For the recovery of powder, grounding is made perpendicularly to the top faces of the cylinders using a grinding instrument as recommended by Vennesland [START_REF] Vennesland | Recommendation of RILEM TC 178-TMC: Testing and modelling chloride penetration in concrete*[END_REF].

The powder is collected and stored in sealed plastic bags. The procedure described below is used to determine the total chloride content from concrete powder [START_REF] Chaussadent | AFREM test procedures concerning chlorides in concrete: Extraction and titration methods[END_REF][START_REF] Vennesland | Recommendation of RILEM TC 178-TMC: Testing and modelling chloride penetration in concrete*[END_REF].

In order to extract the chloride from the concrete powder samples, 100 ml of nitric acid is added to 5 g of grounded concrete powder. The mixture is heated and stirred for 30 min. The solution obtained is then filtered into a 250-cm 3 volumetric flash. The chloride content of the filtered solutions is finally determined by potentiometric titration using an automatic titrator with 0.05-M silver nitrate (AgNO 3 ) as titrant.

3. Fitting method

Chloride profiles

The chloride content is plotted as a function of the distance (in mm) from the top surface for both sides (SS and ES) to illustrate chloride profiles. Samples are numbered from 1 to 30 as shown in Fig. 2a. 37 workable profiles are thus obtained, which are distributed as follows: 21 profiles from the sheltered side (SS) and 16 profiles from the exposed side (ES). The profiles are summarized in Table 3 (cross mark means availability).

Missing profiles 9, 11, 12 and 26 correspond to the cores damaged during sampling. Other profiles have also been eliminated. Indeed, when plotting chloride concentrations as a function of depth, some profiles present a linear trend suggesting the presence of cracks that may trap a significant amount of chloride (Erreur ! Source du renvoi introuvable.-curves with empty markers). For the sake of clarity, only mean chloride ingress profiles and error bars corresponding to standard deviation are presented in Fig. 4 for both exposures. The mean value is calculated for both sides from the retained experimental profiles (21 and 16 profiles for SS and ES, respectively). It ought to be pointed out that the number of profiles is very high and composes a substantial high value data base that can be used to estimate low order statistics (mean and standard deviation) with a low statistical uncertainty. It should also be reminded here that all the chloride profiles studied come from the same structure, with the same concrete material and the same environmental conditions (constant height above sea level, orientation, exposure, etc.). However, despite this, all the points of the profiles display a high standard deviation. The chloride profiles from both sides of the beam (SS and ES) reveal identical behaviour: first, a low chloride content at the concrete surface, which increases to a peak value (around 20 mm for the mean profile) and then decreases to the central point (estimated from eight samples and corresponding to slice n°3 on Fig. 2c). Then the chloride profiles reveal the well-known bell shape as it appears in many researches [START_REF] Song | Factors influencing chloride transport in concrete structures exposed to marine environments[END_REF][START_REF] Win | Penetration profile of chloride ion in cracked reinforced concrete[END_REF]. It should also be noted that the standard deviation values are higher and more variable on the sheltered side (Fig. 5a) and that they remain lower than 0.000156, the upper bound of the standard deviation of the error on chloride measurements calculated by [START_REF] Bonnet | Sources of uncertainties for total chloride profile measurements in concrete: quantization and impact on probability assessment of corrosion initiation[END_REF]. Moreover, the lower the chloride content, the smaller the standard deviation. This observation may be accounted for by the fact that high chloride content is affected by a combination of several factors, which are very changeable along the beam due to the environment or to the heterogeneity of concrete during processing (vibration). The coefficient of variation is similar on both sides with most values within the range 0.25-0.35, save near the beam surface (Fig. 5b). This confirms an interesting statistical property for probabilistic modelling: the higher the chloride content, the higher the uncertainty. [START_REF] Duprat | Reliability of RC beams under chloride-ingress[END_REF] has shown that a high degree of uncertainty combined with some environmental parameters makes the chloride intake unpredictable. Chloride content values, on the other hand, are higher on the sheltered side because the concrete beam stands in a confined environment, highly loaded with salt spray.

Chloride ions are trapped beneath the slab. 

Analytical model for diffusion law

In a marine environment, concrete can be considered as almost saturated. Indeed, the concrete used for the studied beam was casted in-situ. Thus, it was initially saturated and persistently exposed to high RH. RH , superior to 80%, as shown in Table 2 was measured according to a national meteo station located nearby the beam but not so closed to the sea water as this one. Moreover the beam is submitted to water coming from splashing and/or rain. Besides, the pore network of the cement matrix is very thin. [START_REF] Baroghel-Bouny | Characterization and identification of equilibrium and transfer moisture properties for ordinary and high-performance cementitious materials[END_REF] explained that in this case the water displacement into concrete is low and can be described by a diffusion equation.

. Thus, chloride ingress is modelled using Fick's diffusion model except near the surface and it is applied to fit the experimental chloride profiles.

For a homogeneous concrete, a constant surface content and a one-dimensional diffusion into a semi-infinite space, Fick's second law is expressed as:

(1)

where C is the chloride content at a depth of x (m) after time t (s); C 0 (kg Cl-/ kg concrete ) the initial chloride content in concrete before exposure, C s (kg Cl-/kg concrete ) the chloride content at the surface and D (m²/s) the diffusion coefficient.

The initial chloride content C 0 is obtained from eight samples at a depth of 200mm, which is considered distant enough from the surface to be representative of uncontaminated concrete. A very low negligible coefficient of variation (less than 2%) is obtained with a mean value C 0 =0.001019 kg Cl-/ kg concrete , a maximum value= 0.001066 kg Cl-/kg concrete and a minimum value= 0.000964 kg Cl-/kg concrete . The mean value is subsequently used. Besides C s and D are not time dependant in the paper, as it was done by [START_REF] Chalee | Predicting the chloride penetration of fly ash concrete in seawater[END_REF][START_REF] Tadayon | Long-term field study of chloride ingress in concretes containing pozzolans exposed to severe marine tidal zone[END_REF][START_REF] Valipour | In situ study of chloride ingress in concretes containing natural zeolite, metakaolin and silica fume exposed to various exposure conditions in a harsh marine environment[END_REF], since all the samples have been taken from the same beam at the same age of 28 years old.

Moreover it was showm by Ben Fraj et al. ( 2012) that the diffusion coefficient decreases particularly in the first few months. The values for C s and D were provided simultaneously by fitting the experimental profiles with Eq.1 and were obtained by iteration using the Mathematica software with the least square minimization method 3.3. Fitting method C 0 being known, the estimation of parameters C s and D of Fick's second law by fitting the experimental chloride profiles implies that these profiles have a monotonic decreasing shape. This is not, however, the case near the concrete surface where the first few centimetres present a high positive chloride gradient (Fig. 4). That is why discarding the first few centimetres below the surface is a commonly used technique [START_REF] Chalee | Predicting the chloride penetration of fly ash concrete in seawater[END_REF][START_REF] Pang | Service life prediction of RC structures in marine environment using long term chloride ingress data: Comparison between exposure trials and real structure surveys[END_REF]. Da Costa et al. ( 2013) specify that the aim in doing this is to eliminate lixiviation effect.

Moreover, Fig. 6a shows that peak positions (the depth corresponding to the maximal chloride concentration) occurs at different depths between 12.5 mm and 37.5 mm with a maximum occurrence within the range 12.5 mm -22.5 mm. The objective of the following section is to examine the effect of pre-treatment (discarding of experimental data close to the surface) on the estimation of the Fick's law parameters. We will compare some generic treatments (Cases 2 and 3) commonly used in various research works with the individual treatment (Case 1), which is specific to each chloride profile; the objective is here to evaluate the relevance of the latter. The three different experimental data pre-treatments studied here are now described:

-

In the first case, called "reference case", the treated profiles start from the real peak value that varies from a sample to another (no assumption is required). This method, where the peak position is assumed to be a random variable, is in better agreement with the real evolution of data. The trend, indeed, is a decreasing one [START_REF] Bastidas-Arteaga | A comprehensive probabilistic model of chloride ingress in unsaturated concrete[END_REF], Nilsson et al., 2010). The peak value position varies within the range 12.5 mm -37.5 mm (Fig. 6). The pre-treatment of the experimental profiles is then carried out on an individual basis.

The two other treatments can be carried out on a systematic basis, relying, however, on the assumption of the peak position, which is assumed here to be deterministic: -In the second case "15-mm discarded case", all data from the first 15 mm below the concrete surface are discarded. All the profiles start with the data at abscissa 17.5 mm, which corresponds to a recurrent frequency peak depth for both exposed and sheltered sides (n=11 in Fig. 6b). Moreover, the maximum absolute deviation between the real peak value (corresponding to the starting point in the reference case-1) and the value at 17.5 mm is 0.0022 kg Cl-/ kg concrete for the sheltered side and 0.0012 kg Cl-/ kg concrete for the exposed side.

-In the third case" 20-mm discarded case", all data from the first 20 mm below the concrete surface are discarded. The profiles here start at abscissa 22.5 mm, which is the highest peak position frequency for both the sheltered and the exposed sides (n=15 for SS and 5 for ES in Fig. 6b). Moreover, the maximum absolute deviation between the real peak value and the value at 22.5 mm is 0.0014 kg Cl-/ kg concrete for the sheltered side and 0.0015 kg Cl / kg concrete for the exposed side.

Results and discussion

4.1. Preliminary comparison of the three pre-treatments

The 37 experimental profiles are fitted using Fick's second law (Eq. 1) with the three pre-treatments to estimate C s and D parameters. The main trends emerging from the results are discussed on the basis of the study of three profiles. Fig. 7 illustrates the fitting for three profiles with different real peak positions: 12.5 mm (profile 1ES), 17.5 mm (profile 14ES) and 22.5 mm. (profile 4ES). The analysis of the shape of the curves, which can indicate the trend for (i) C s and (ii) D, is then conducted. The quantitative results are displayed in Table 4 where the relative error (RE) is defined as

RE =(y-y ref )/y re f (2)
where y is C s or D for the two pre-treatment cases (discarded 15 mm and 20 mm, respectively), y ref is C s or D for the reference case.

(i)

The estimation of the surface chloride content is first examined. For most specimens, pre-treatments 2 and 3 underestimate C s . Moreover, the error is even greater when the real peak position at 22.5 mm is approximated by discarding the first 15mm (Fig. 7c). At this point, it can be concluded that the case where points situated before the real peak position are discarded, increases the error contrary to the case where they are discarded beyond the real peak position (Fig. 7a and Fig. 7b versus Fig. 7c) [START_REF] Song | Factors influencing chloride transport in concrete structures exposed to marine environments[END_REF] give two reasons to explain the problem of the determination of C s : first, the composition of the concrete skin may be different from that of concrete inside the structure and second, the effects of some phenomena like the reaction between the concrete surface and the surrounding environment. On this basis, it can be concluded that the individual treatment respects the chloride intake capacity for each sample/position.

(i)

The diffusion coefficient estimation is then discussed because it is one of the main parameters for assessing material performances as regards chloride penetration [START_REF] Da Costa | Modelling of chloride penetration into non-saturated concrete: Case study application for real marine offshore structures[END_REF]. For most specimens here also, pre-treatments 2 and 3 overestimate D with a significant relative error. The result is a shortened predicted service life and increased maintenance costs (Bastidas and Schoefs, 2012) because of early scheduled repair operations.

The comparison of the three pre-treatment cases is applied to all the profiles (37 profiles). The conclusions are the same as those obtained for ES profiles 1, 4 and 14. The overall detail of the results is presented in Section In order to quantify the sensitivity of C s and D to treatment methods, the relative error (Eq. 2) is plotted vs. the distance to the peak position N x (Eq. 3).

N x = x-x ref (3)
where, x is the depth as displayed in Fig. 6b (x takes the value 17.5 mm for the '15-mm discarded' case and 22.5 mm for the "20-mm discarded case" and x ref is the real abscissa of the peak (reference case).

If N x >0, the real peak position is closer to the surface than 17.5 mm (case 2) or 22.5 mm (case 3). Otherwise (N x <0), the peak occurs deeper than 17.5 mm or 22.5 mm. The previous section underlined the effect of an individual pre-treatment of the experimental chloride profiles (reference case) on the relative error. In this section, a quantitative analysis is carried out to highlight the impact of pre-treatment on the mean and standard deviations of the estimated parameters. The values of the chloride surface contents and diffusion coefficients along the beam, estimated using the three pre-treatment methods, are given in Fig. 9. The real position of the peak is also plotted on the same figure (solid line). The scatter of the points is more pronounced on the sheltered side and will be exhaustively discussed below. It should be noted that, from a statistical point of view, this could be partly related to the number of points used to fit the experimental chloride profiles. All the curves have 12 points each (starting from 2.5 mm to 95 mm). However, when the peak occurs deep from the surface (deeper than 22.5 mm), few points only remain for fitting. For the 15-mm and 20-mm discarded cases, the number of points is 12 and 11, respectively. C s is first examined for both exposures (Fig. 9a, right side and Fig. 9b, left side). Most of C s values are coherent between the different treatments for both exposures. Moreover, the trend observed in the previous section is confirmed: the deeper the peak, the higher the error is (unde-estimation) when discarding points before 15 mm. We observe that the peak occurs principally at 22.5 mm for the sheltered side (10 profiles / total of 21 profiles-SS but only on five profiles for the exposed side (total of 16 profiles-ES). The total mean value of C s on the sheltered side is 0.00802 kg Cl-/kg concrete (min =0.00731 kg Cl-/kg concrete ; max=0.00856 kg Cl-/kg concrete ) whereas the mean value of C s on the exposed side is 0.0054 kg Cl-/kg concrete (min =0.00514 kg Cl-/kg concrete ; max=0.00576 kg Cl-/kg concrete ). The values obtained are in accordance with those found in the literature for real structures in a marine environment with comparable exposures and investigation periods: C s can vary between 0.002 kg Cl-/kg concrete (33-year-old bridge-Table 1) (de Rincón et al., 2004) and 0.0078 kg Cl-/kg concrete (29-year-old offshore platform) [START_REF] Medeiros-Junior | Chloride penetration into concrete in an offshore platform-analysis of exposure conditions[END_REF]. Fig. 10 presents the mean values of C s (as histograms) and the standard deviation: both are higher on the sheltered side than on the exposed side. The sheltered side refers to a confined environment with high relative humidity, which is more affected by sea water through splashing. Consequently, more spray is trapped under the beam relative to the exposed side, which is more subjected to weather variations. This is in accordance with [START_REF] Kenshel | Influence on Spatial Variability on Whole Life Management of Reinforced Concrete Bridges[END_REF] [START_REF] Wood | Tay road bridge: Analysis of chloride ingress variability & prediction of long term deterioration[END_REF]Crerar (1997) [ref (Duprat, 2007) ] 63 38 [START_REF] Uji | Formulation of an equation for surface chloride content of concrete due to permeation of chloride. Corrosion of reinforcement in concrete[END_REF]) [ref (Duprat, 2007) are not independent because they come both from the regression of the chloride profile using Fick's 2 nd law.

Further C s does not come from a direct measurement on the concrete surface but it comes rather from an extrapolation of chlorides in the material (starting from 7.5 mm to 37.5 mm as shown in fig 6) to the abscissa x=0 mm.

We now examine their statistical dependence by plotting the scatter diagram of C s and D in Fig. 11. It can be noticed that, whatever the exposure, for a tight range of C s (around 0.004 kg Cl-/kg concrete ), D ranges from 0.36x10 -12 to 3.67x10 -12 m²/s. This trend clearly demonstrates that C s and D are correlated when identified from Fick's 2 nd law. Conversely, a joint distribution of these parameters should be used when modeling C s and D as random variables and propagating uncertainties through the same model. However, this rule is not general. Note that physically, C s depends not only on the environmental conditions but also on the composition of concrete due to the chloride fixation capacity of the binder, which in turn depends on its free chloride content and so on its diffusivity. Indeed C s is determined by fitting and using the experimental chloride contents close to the surface.

However until now, no data are available and our proposition is only valuable for Fick's second law model. Probabilistic modelling last key step consists in the assessment of marginal probability density functions (pdf).

The probabilistic distribution and fitting with a lognormal pdf according to the maximum likelihood estimate are plotted in Fig. 12. As suggested in the literature, C s and D are well fitted by a lognormal pdf [START_REF] Duprat | Reliability of RC beams under chloride-ingress[END_REF]Li et al., 2015).The lognormal parameters used in this study are given in Fig. 12. Applying a lognormal pdf for the results obtained appears relevant because both parameters are positive. Moreover, their distribution is dissymmetric as shown in Fig. 12. The Table 7 372 points out that 373 the mean value of C s on the sheltered side is 1.5 times higher than on the exposed side. This result is in accordance with the global observations conducted on the field data in Fig. 4 and with the results obtained by [START_REF] Kenshel | Influence on Spatial Variability on Whole Life Management of Reinforced Concrete Bridges[END_REF] where C s is up to three times higher on the north side than on the south side with regard to the prevailing wind.

Conclusion

The present study has been conducted to examine a 28-year-old reinforced concrete structure in a marine splash zone. An important set of chloride data is studied, which constitutes a substantial material for spatial variability modelling. Chloride profiles have been measured every 30 cm on the same beam line with two different exposure situations: a sheltered side (SS) and an exposed side (ES). Exposed side 0.0057 2.510 -6 1.2510 -12 5.72 10 -25

The following conclusions can be drawn:

-37 workable chloride profiles (21 for SS and 16 for ES) collected along a beam located in an estuary area are studied. Chloride content values are higher on the sheltered side. This can be explained by the fact that the sheltered side is also the lee side and is highly moisture laden. On this side, saline spray is trapped and the contact with seawater is greater due to splashing.

-The experimental chloride profiles are fitted using Fick's second law in order to estimate its parameters: the surface content C s and the diffusion coefficient D. Three pre-treatments of these profiles are carried out: a "reference case" (individual treatment), a "15-mm discarded" case and a "20-mm discarded" case (generic treatments). The reference case results underline the sensitivity of the parameters to the first point corresponding to the maximum content position. When a generic method is applied (systematic discarding of the first few millimetres below the surface), as is the case in the literature, C s is underestimated whereas D is overestimated. Consequently, the rate of error relating to the reference case is around 50% for C s and can reach 100% for D.

-The reference case is used for the statistical study. The computation of the coefficient of variation reveals that D scattering is larger (CoV= 59% for SS and CoV=64% for ES) than Cs one (CoV= 42% for SS and CoV= 27% for ES) and that their values are consistent with the data found in the literature. Moreover, the global mean value of C s is 0.7% kg Cl-/ kg concrete (calculated for both sheltered and exposed sides) and corresponds to a certain risk of corrosion according to the risk classification proposed by Bamforth [START_REF] Bamforth | Definition of exposure classes and concrete mix requirements -Technische Informationsbibliothek (TIB)[END_REF] -Finally C s and D have a dissymmetric distribution and are well fitted with a lognormal distribution.

These results underline the importance of the individual treatment of field chloride profiles for an accurate determination of C s and D. Reducing uncertainties of those key parameters inputs for corrosion damage detection allows the development of a probabilistic-based performance prediction tool that can be used to predict accurately the time to corrosion initiation and hence the optimal time for repair/maintenance intervention of reinforced concrete structures in a marine environment. Furthermore as the chloride profiles are made from a destructive method which is a tedious procedure, it is interesting for the owner to optimize the number of cores.

This study done on 30 profiles extracted at a distance of 30 cm from each other would allow optimizing the number of coring.

Fig. 1 :

 1 Fig. 1: Coal terminal a) aerial view b) sketch of bridges 3,4 and 5 c) Picture of beam J d) Exposed and sheltered sides of beam J2.2. Concrete compositionWhen studying the existing documentation from the coal terminal, we find some data available about the concrete. It is a Portland cement where clinkers make up more than 90% of the cement and secondary constituents shall not exceed 5%. The cement has also a strength class of 45 MPa . The aggregates used are sand 0/6 and gravel 5/10 and 10/25. The cement content of 350kg/m 3 is specified but not aggregate and water contents.

Fig. 2 :

 2 Fig. 2: Investigation line a) front view with cores positions b) cross section A-A and c) sample diagramThe thirty specimens are cylinders 5 cm in diameter and 40 cm in length. Each core is cut into five slices: slices 1 and 2 correspond to the exposed side (ES) and slices 4 and 5 to the sheltered side (SS) (Fig.2c). All are used to determine the chloride profiles. Slice n°3 is used for other investigations like porosity and compressive strength ( §2.2) and for the determination of the initial chloride content ( §3.2).

  [START_REF] Wang | Characteristics of concrete cracks and their influence on chloride penetration[END_REF] have examined the effects of different crack parameters on the chloride diffusion into concrete and have demonstrated that it highly depends on the crack density (represents the amount of cracks), in addition to crack width and crack tortuosity.An outlier reveals a very high chloride content in the chloride profile, which should then be discarded. The discarded profiles here are 3, 15 17, 20 and 29 on the sheltered side and3, 6, 7, 8, 9, 15, 17, 20, 22 and 29 on the exposed side. 37 profiles are finally processed. The mean global profile, represented as the mean chloride content for both sides (mean of the 37 profiles), is given in Fig.3(blue solid line).

Fig. 3 :

 3 Fig. 3: Example of profiles with outliers (high values of concentration) with respect to the global mean profile

Fig. 4 :

 4 Fig. 4: Mean chloride profiles for both exposures (SS and ES) and for the central point (used as initial chloride content)

  Fig. 5: a) Standard Deviation (StDev) and b) coefficient of variation (COV) for chloride content for both exposures

  a) Distribution of peak positions (relative to the concrete surface) along the beam and b) Frequency of the peak positions

Fig. 7 :

 7 Fig. 7: Fitting model results for chloride profiles showing a peak at a) 12.5 mm (sample 1ES), b) 17.5 mm (sample 14ES), and c) 22.5 mm (sample 4ES)

C

  

Fig. 8

 8 Fig.8shows that when Nx>0, the values of C s are underestimated by 60% when the overestimation of D is 2 times greater. A similar trend is observed when Nx<0. In other words, C s is underestimated when D is overestimated.

  who explains the higher surface content values of C s on the sheltered side up to three times by the wash-down conditions due to driving rain on the exposed side. a)sheltered side b) exposed side Fig. 9: Variation of C s and D together with peak position (black curve) according to the set of analysis for a) the sheltered side and b) the exposed side

Fig. 11 :

 11 Fig. 11: C s and D scatter diagram for the both exposures (reference case)

Fig. 12 :

 12 Fig. 12: Lognormal pdf of C s and D for the reference case Table 7: Lognormal pdf parameters for C s and D (reference case)

Table 1

 1 

	: Peak values of total ** chloride content and diffusion coefficient of concrete structures and specimens
			exposed to a marine environment				
	Reference	Structure	Exposure conditions	Construction period	Investigation period (year)	Number of samples	Peak position * (mm)	* kg/kg C peak	D * 10 -12 m²/s
	(de Rincón et al., 2004)	Bridge pier	Above the sea level	1962-1963 1938	33 64	-	Around 20-30	0.0028 0.0025	-

*

Peak position is the position within the sample where the maximum chloride content (Cpeak) is measured. When information are missing to convert C and D into kg/kg and m²/s, respectively, we considered Cement concentration =350kg/m 3 and concrete bulk density =2500kg/m 3 ** except for

[START_REF] Medeiros-Junior | Chloride penetration into concrete in an offshore platform-analysis of exposure conditions[END_REF] 

where only free chloride content is measured 2. Experimental investigation of the studied structure 2.1. Test Area

Table 2 :

 2 Climatic data of the beam surrounding environment

			Mean	Mean	Mean	Maximal	Cumulative	Max rainfall	Max P	Min P
			max T [°C]	min T [°C]	RH [%]	Wind speed [km/h]	Rainfall [mm]	per 24h [mm]	[hPa]	[hPa]
	Mean	value	16.9	8.7	>80%	133.3	788.6	61.8	961.6	1088
	(between 1981								
	and 2011)									

Table 3 :

 3 Summary of the profiles obtained

	Sample Position (cm) SS ES	Sample Position (cm) SS ES	Sample Position (cm) SS ES
	1	20	 	11	320	 	21	620	 
	2	50	 	12	350	 	22	650	 
	3	80	 	13	380	 	23	680	 
	4	110	 	14	410	 	24	710	 
	5	140	 	15	440	 	25	740	 

Table 5 :

 5 Estimated values of D (10 -12 m²/s) and relative error (RE) with the reference case for profiles 1,4 and 14

		s	RE	C s	RE	C s	RE
	Reference case	0.00495	0%	0.00779	0%	0.00908	0%
	15-mm discarded case	0.00446	9.9%	0.00779	0%	0.00742	18.3%
	20-mm discarded case	0.00428	13.4%	0.00743	4.5%	0.00908	0%
		Peak at 12.5 mm	Peak at 17.5 mm	Peak at 22.5 mm
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The estimated values of D for both exposures are then analysed (Fig. 9a and Fig. 9b-right side). The global mean value of D is 1.45 x10 -12 ± 7.9 x10 -13 m²/s. Mean values are virtually the same for both sides of the beam (Fig. 10) and in accordance with those found in the literature for real structures in a marine environment: D can vary between 2.75 x10 -13 m²/s (case of a 25-year-old offshore platform-Table 1) [START_REF] Da Costa | Modelling of chloride penetration into non-saturated concrete: Case study application for real marine offshore structures[END_REF] and 5.13x10 -12 m²/s (case of a 29-year-old offshore platform-Table 1) [START_REF] Medeiros-Junior | Chloride penetration into concrete in an offshore platform-analysis of exposure conditions[END_REF].

Again the importance of considering the real shape of the chloride profile with the real peak position must be pointed out. This allows more efficient determination of C s and D. These two deterioration parameters are the most significant as regards the initiation stage of structure service life as shown by [START_REF] Kenshel | Influence on Spatial Variability on Whole Life Management of Reinforced Concrete Bridges[END_REF]. 6). [START_REF] Kenshel | Influence on Spatial Variability on Whole Life Management of Reinforced Concrete Bridges[END_REF] 56 40 [START_REF] Pang | Service life prediction of RC structures in marine environment using long term chloride ingress data: Comparison between exposure trials and real structure surveys[END_REF] 55 69 [START_REF] Berke | Estimating the Life Cycle of Reinforced Concrete Decks and Marine Piles Using Laboratory Diffusion and Corrosion Data[END_REF] [ref [START_REF] Kenshel | Influence on Spatial Variability on Whole Life Management of Reinforced Concrete Bridges[END_REF]] 40 -