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SENSITIVITY ANALYSIS OF MOISTURE TRANSPORT MODELS IN THE FRAMEWORK OF A RELIABILITY APPROACH

The durability of concrete is linked to the water content, its spatial and time evolution, since aggressive agents pass through the liquid or gas phase. Thus, predicting the service lifetime of reinforced concrete structures requires reliable moisture transport models. Numerous modeling tools have been developed in order to predict moisture profiles in cementitious materials, in function of the environmental conditions, the characteristics of the porous media, etc. The models can include the following mechanisms: the advection and diffusion of water in gaseous and liquid phases, as well as the thermodynamic equilibrium through the water vapor sorption isotherm. This study proposes to perform, in the framework of a reliability approach, a sensitivity analysis for two modeling tools: a multiphasic model or a simplified version based on the Richards' equation. The originality of this study is partly reached taking into account the variability of input data. The two models are applied in case of drying of two mature concretes (one high performance concrete and one ordinary concrete), i.e. mass loss kinetics and moisture profiles are simulated. The objective is to identify the most relevant mechanisms and influencing input data (mean value and standard deviation). The results of the sensitivity analysis points out the importance to define a relevant water vapor desorption isotherm and, to a lesser extent, the liquid-water permeability, as a function of saturation.

Introduction

Nowadays, designers of reinforced concrete (RC) structure have to imagine long-term and sustainable projects against mechanical loads, degrading internal chemical reactions and environmental attacks. These disorders are closely related to the moisture properties of cementitious materials. For this purpose, it is important to predict accurately the moisture profile inside the material and its evolution in function of the time.

In the literature, experimental data (mass loss monitoring, water vapor desorption isotherm (WVDI), etc.) and modeling of moisture transport within concretes generally focuses on the drying process of quasi-saturated concretes (corresponding to the state reached at the end of International RILEM Conference on Materials, Systems and Structures in Civil Engineering Conference segment on Moisture in Materials and Structures 22-24 August 2016, Technical University of Denmark, Lyngby, Denmark hydration) caused by low environmental relative humidity RH [START_REF] Mainguy | Role of air pressure in drying of weakly permeable materials[END_REF][START_REF] Thiéry | Modelling of concrete drying -Analysis of the different modes of moisture transport[END_REF]. That is why the present article focuses on the case of drying. One easy-to-use way to model drying is to consider a continuum model coupled with WVSI which linked the capillary pressure Pc and the liquid-water saturation S. These models are consistent with the French performance-based durability approach [START_REF] Baroghel-Bouny | Concrete design for a given structure service life-durability management with regards to reinforcement corrosion and alkali-silica reaction. State-ofthe-art and guide for the implementation of a predictive performance approach based upon durability indicators[END_REF], i.e. main input data are durability indicators (DIs) (e.g. porosity, diffusion coefficient, permeability, etc.) and the numerical tools have a clear physical and chemical basis. Main input data are subject to scattering due to different factors: the uncertainties of measurements and numerical methods, quality execution (concrete cover thickness), nearsurface heterogeneities due to segregation of aggregates, sedimentation of cement and early desiccation. To take into account this variability into the prediction, moisture transport models can be coupled with reliability approaches. The main objective of this study is to perform in the framework of a reliability approach a sensitivity analysis of moisture transport models, in terms of the most relevant mechanisms and influencing input data (mean value and standard deviation). Main mechanisms for a drying experiment are well-known but it remains uncertainties about their influence as well as the weight of input data. This study responds quantitatively to the need to limit expensive experimental tests by pointing out influential input data. First, the studied moisture models are presented. A one-side drying experiment of a concrete specimen at RH = 53.5% is considered. Secondly, the general framework of a probabilistic approach and the associated sensitivity analysis will be detailed. Two concretes are studied and statistical distributions chosen for each input data are also discussed. Finally, the sensitivity analysis is carried out, and the impacts of the mean and the standard deviation for each input data, are quantified.

Moisture transport models

Two 1D moisture transport models based on a continuum approach are studied. Relevant hypotheses are applied in order to dispose of easy-to-use predictive tools: the solid matrix is supposed rigid, the gravity is negligible and the moisture transport is isothermal. Moreover, the pore is divided into two main phases: liquid l and gas g phases. The last one is decomposed as a mixture of two perfect gases, water vapor v and dry air a, that imposes to consider P g =P a + P v (Pi is the partial pressure of phase i). Two different levels of refinement are proposed: a multiphasic model and a simplified version considering the Richards' equation. The set of equations is solved by means of a finite-volume code named bil implemented in C language (http://perso.lcpc.fr/dangla.patrick/bil/index.html).

Multiphasic transport model [1] Equation system

The fluxes of v and a phases ( ⃗ w v and ⃗ w a , respectively) are decomposed into two terms: a diffusion (Fick's law) component and an advection (extended Darcy's law) one. The flux of l phase ⃗ w l is only advective. The flux equations are the following:

⃗ w l =-ρ l K l k rl μ l ⃗ grad (P l ) (1) ⃗ w j = -M j P j RT K g k rg μ g
⃗ grad ( P g ) -

M j P atm RT D 0 ϕ (1-S ) f ( ϕ , S) ⃗ grad ( P j P g )
where the index j means the v or a phases. ρi, μi, Mi and Pi are the density (kg/m 3 ), the dynamic viscosity (kg/m/s), the molar mass (kg/mol) and the pressure (Pa) of phase i, respectively. Kl (values determined by inverse analysis: 10 -19 -10 -22 m² [START_REF] Zhang | Modelling of sorption hysteresis and its effect on moisture within cementitious materials[END_REF]), Kg (experimental values between 10 -16 -10 -17 m² [START_REF] Zhang | Modelling of sorption hysteresis and its effect on moisture within cementitious materials[END_REF]), ϕ , krl and krg are the liquid-water permeability (m²), the gas permeability (m²), the porosity (-) and the permeabilities (-) relative to liquid-water and gas (-). Patm is the atmospheric pressure (10 5 Pa), R the ideal gas constant (8.3143 J/mol/K), T the absolute temperature (293.5 K) and D0 the diffusion coefficient of vapor in the free air (m²/s). Mass balance equations for water w (l + v) and a phases are solved. To complete the system of equations, the thermodynamic equilibrium between the l and v phases is assumed using the Kelvin's law. A last relationship named WVDI [START_REF] Baroghel-Bouny | Water vapour sorption experiments on hardened cementitious materials. Part I: Essential tool for analysis of hygral behaviour and its relation to pore structure[END_REF][START_REF] Zhang | Modelling of sorption hysteresis and its effect on moisture within cementitious materials[END_REF] is introduced, i.e. the capillary pressure Pc is expressed as a function of saturation S. A two-parameter (a, n) formula derived from soil science proposed by Van Genuchten [START_REF] Van Genuchten | A closed-form equation for predicting the hydraulic conductivity of unsaturated soils[END_REF] (VG2) is used to fit experimental main desorption curve. These four equations are expressed as follow:

∂ ∂t [ ρ v ϕ (1-S)+ ρ l S ϕ ] =-¿ (⃗ w v +⃗ w l ) -P c + P g -P atm = ρ l RT M v ln ( P v P vs ) (2) ∂ ∂t [ ρ a ϕ (1-S) ] =-¿ ⃗ w a P c =a ( S 1 n -1 -1 ) 1 n

Determination of transport coefficients

The resistance factor f(Ф,S) used in Eq. ( 1) is introduced to link the diffusion of vapor in free air and that in a porous media. It has to consider the saturation, the reduced space available for vapor diffusion due to the presence of the solid and liquid phases, the tortuosity and the connectivity of the porous network, etc. Because of limited experimental results, a two parameter (x1, x2) expression derived from Millington [START_REF] Millington | Gas diffusion in porous media[END_REF] is used:

f ( ϕ , S )=ϕ x 1 -1 (1-S) x 2 +1
(3)

Another subject of consideration is to determine the relative permeabilities for the gas krg and the liquid-water krl phases. Mualem [START_REF] Mualem | Hysteretical models for prediction of the hydraulic conductivity of unsaturated porous media[END_REF] proposes a well-known approach deriving from the water vapor sorption isotherms (WVSIs) for the main drying Sd(Pc) (VG2 parameters: ad and nd) and wetting Sw(Pc) (VG2: aw and nw):

k rl (S )=S l l [ KL-(1-KL ) KH ] q l (4 ) k rg ( S )=(1-S) l g [ 1-F (S) F(1) ] q g with F ( S)= ∫ 0 S 1- 1 γ g (1-y ) -1 γ g dy
Considering the two functions

L ( P c ) =S w (P c ) and H ( P c ) = S d ( P c ) -S w ( P c ) 1-S w (P c )
, KL and KH can be detailed as:

KL= ∫ P c ∞ dL(S) P c / ∫ 0 ∞ dL(S )
P c and

KH = ∫ P c ∞ dH (S ) P c / ∫ 0 ∞ dH (S) P c (5)

Simplified model based on Richards' equation

A simplified approach considers the Richards' equation [START_REF] Richards | Capillary conduction of liquids in porous mediums[END_REF][START_REF] Zhang | Modelling of sorption hysteresis and its effect on moisture within cementitious materials[END_REF]. Two hypotheses are added to those detailed in Sec. 2 to lead to Eq. 6: the gas pressure Pg is constant and equal to the atmospheric pressure and the advection of the vapor phase is negligible with respect to the diffusion of the same phase. It is written as follows:

∂ ∂t [ ρ l S ϕ ]=-¿ [ -M v P atm RT D 0 ϕ (1-S ) f ( ϕ , S ) ⃗ grad ( P v P g ) -ρ l K l k rl μ l ⃗ grad ( P l ) ] (6) 

Boundary and initial conditions

In the natural environment, the relative humidity varies rapidly. The surface of the material is then hardly in equilibrium with its surrounding [START_REF] Dat | Modelling of coupled process : hydration and drying of cementitious materials at the end of the removal of the formwork[END_REF][START_REF] Uno | Plastic shrinkage cracking and evapouration formulas[END_REF]. To describe this, the convective boundary condition is used:

⃗ w v + ⃗ w l = S ϕ E (P v surf -P v ext ) (7) 
where P v surf and P v ext are the vapor pressure on the surface of the material and in the environment, respectively. E (kg/m²/s/Pa) is the emissivity and is expressed by Uno [START_REF] Uno | Plastic shrinkage cracking and evapouration formulas[END_REF] v e =0¿ or temperature effects will be considered. Concrete specimens are also supposed uniformly fully-saturated at the initial time. Due to a limitation of numerical resolution, the initial saturation S will be chosen equal to 99.9%.

Reliability approach: principle and sensitivity analysis

Principle of the reliability approach

As proposed by Lemaire et al. [START_REF] Lemaire | Structural Reliability[END_REF], the reliability calculation is based on three main steps.

First, the random vector ⃗ X is defined among the input data. In this paper, the authors consider a vector ⃗ X composed of independent variables as follows:

⃗ X =[ϕ K l K g a d n d l l x 1 x 2 E] ( 8 
)
The choice of this vector ⃗ X will be discussed in Sec. 4, as well as that of related probabilistic laws (type, average and standard deviations) (cf. Tab. 1). The second step relies on the definition of a failure scenario, for which a failure probability is calculated. As defined in the introduction, moisture properties are linked to internal degrading reactions or to environmental attacks. Nevertheless, it is difficult to consider a failure scenario on the unique basis of moisture transport model. A first idea is to consider the carbonation process, which only occurs in a non-saturated cementitious material. A classical threshold value is equal to 80% [START_REF] Saeki | Mechanisms of carbonation and prediction of carbonation process of concrete[END_REF] of saturation since below this limit carbonation can occur due to enough space available within the porous medium for CO2 gaseous diffusion. Thus, the first failure scenario G1 compares the concrete cover thickness e with the maximum depth x (S =80 ) for which the saturation is below 80%.

Considering the most severe environment for carbonation induced corrosion (XC4) defined in the European standard EN 206 [START_REF]NF EN 206-1 Concrete -specification, performance, production and conformity[END_REF], minimal value for e is equal to 3.5 cm. The authors will consider this value in the following article.

Another idea for the limit-state function is to use one of the classical experimental measures during a drying test, i.e. the mass monitoring of concrete specimens. The second failure scenario G2 thus is defined arbitrarily as the difference between 50 % of the theoretical maximum mass variation and the mass variation at the time t. The theoretical maximum mass variation is considered as the water loss for the concrete specimen between a fully-saturated state and the equilibrium state with the environment. The two failure scenarii, named "saturation" scenario (G1) and the "mass" scenario (G2) are thus defined as:

G 1 ( ⃗ X , t )=e-x ( S=80 ) ( ⃗ X , t ) or G 2 ( ⃗ X , t )=0.5 * Δm max -Δ m( ⃗ X ,t ) (9) 
G1 corresponds to the case of RC structures exposed in-situ to carbonation whereas G2 refers to the drying experiments performed in laboratory conditions. The definition of the failure probability Pf(t) is proposed as: 

P f (t )=P(G( ⃗ X ,t )≤ 0)= ∫ G ( X ,t ) ≤ 0 ❑ f X (⃗ x) dx and P f (t )=Φ (-β (t)) (10) 
where fX is the joint probability density function of the random vector ⃗ X and G ( X ,t ) ≤0 is the failure space. Ф is the cumulative distribution function of the centered and reduced normal law. A similar notion is generally introduced in case of reliability approach by using the reliability index β(t) which is linked to Pf(t) (cf. Eq. 10).The authors will use the prefix "β-" to appoint results relative to the reliability index.

To calculate the reliability index, an approximated method is considered based on the First Order Reliability Method (FORM) [START_REF] Lemaire | Structural Reliability[END_REF]. This calculation is carried out using the toolbox FERUM [START_REF] Bourinet | A review of recent features and improvements added to FERUM software[END_REF] implemented in Matlab language environment.

Sensitivity analysis

A sensitivity analysis is carried out in the framework of the reliability approach in order to determine the most relevant mechanisms and input data. This is accomplished at the time τ when β is equal to 1.5 (threshold value at 50 years for the service limit state recommended by 10 5 a Statistical laws are specified using abbreviations: log-normal (LN), uniform (U) and deterministic (D) distributions. b The silica fume content is specified between brackets (10 %).

Eurocode 0 [START_REF] Nf En | Annex C Eurocode 0: Basis of structural design -Annex C: Basis for partial factor design and reliability analysis[END_REF]) and is based on the elasticities with respect to the mean and the standard deviation. The elasticity ε p i with respect to the reliability parameter pi of the random variable Xi is defined as:

ε p i = p i β (τ ) ∂ β (τ ) ∂ p i ( 11 
)
The elasticity ε m i with respect to the mean of the probabilistic variable Xi is interpreted as follows. If it is close to zero, this signifies that a variation on this mean does not influence the reliability result, and thus an approximated value could be chosen as mean value (i.e assessed by comparison with a similar material, by using simple analytical formula or easy-to-use model). A high value for ε m i implies that the associated mechanism (transport, sorption, etc.) to the variable Xi plays a strong role in durability prediction.

Regarding the elasticity ε σ i with respect to the standard deviation of the probabilistic variable Xi, if it is close to zero, the variable Xi can be considered as deterministic with respect to the other variables. On the contrary, if its value is high, it is necessary to limit the dispersion of the associated variable Xi.

Materials and statistical distribution

The sensitivity analysis is performed for two concretes BO and BH [START_REF] Van Genuchten | A closed-form equation for predicting the hydraulic conductivity of unsaturated soils[END_REF][START_REF] Baroghel-Bouny | Water vapour sorption experiments on hardened cementitious materials. Part I: Essential tool for assessment of transport properties and for durability prediction[END_REF]. The concrete specimens are cylinder with a height and a diameter equal to 7 cm. The main characteristics of these concretes are provided in Tab. 1. Input data of the studied models are determined using the following methods: ϕ by hydrostatic weighing [START_REF] Nf P | Concrete -Testing hardened concrete -Testing porosity and density[END_REF][START_REF] Baroghel-Bouny | Water vapour sorption experiments on hardened cementitious materials. Part I: Essential tool for assessment of transport properties and for durability prediction[END_REF]; Kg by means of the Cembureau constant head permeameter [START_REF] Baroghel-Bouny | Water vapour sorption experiments on hardened cementitious materials. Part I: Essential tool for assessment of transport properties and for durability prediction[END_REF]; Kl calibrated by inverse analysis on a mass change profile during a drying experiment [START_REF] Baroghel-Bouny | Water vapour sorption experiments on hardened cementitious materials. Part I: Essential tool for assessment of transport properties and for durability prediction[END_REF] and the sorption parameters (a, n) assessed via a fitting of the experimental data provided by the equilibrium method of determination of the sorption isotherms [START_REF] Van Genuchten | A closed-form equation for predicting the hydraulic conductivity of unsaturated soils[END_REF]. Values proposed by Mualem [START_REF] Dat | Modelling of coupled process : hydration and drying of cementitious materials at the end of the removal of the formwork[END_REF] for the parameters of krl function are selected. Thiéry [START_REF] Thiéry | Modelling of isothermal drying process in cementitious materials -Analysis of the moisture transfer and proposal of simplified approaches[END_REF] of materials on the basis of experimental data published by Villain et al. [START_REF] Villain | Measure of gaz permeability in function of the concrete saturation[END_REF]. Tab. 1 points out also the initial and boundary conditions. Statistical distributions for all the input data are exhibited. The statistical distribution of the porosity is based on previous publications in the literature [START_REF] Deby | Probabilistic approach for durability design of reinforced concrete in marine environment[END_REF][START_REF] Siemes | Statistical quantification of the variables in the limit state functions[END_REF]. In case of the parameters of the Millington law, Zhang et al. [START_REF] Zhang | Modelling of sorption hysteresis and its effect on moisture within cementitious materials[END_REF] have performed a comprehensive study and determined the two parameters for a large range of materials. As a large dispersion of results was observed, a relevant approach is to choose uniform distributions for these two parameters, considering the minimum and the maximum values as limits for their distributions. Due to a lack of literature data, for other parameters, a systematic statistical law is chosen, i.e. a lognormal distribution with a coefficient of variation equal to 10 %. Other input data of the studied models (aw, nw, ql, lg, qg and γg) are chosen deterministic in order to simplify the reliability approach. In particular, for the krg function, available experimental data determined by Villain et al. [START_REF] Thiéry | Modelling of concrete drying -Analysis of the different modes of moisture transport[END_REF][START_REF] Villain | Measure of gaz permeability in function of the concrete saturation[END_REF] seems to converge to an intrinsic curve, which leads to neglect the variability on that function. Moreover, initial and boundary condition are chosen deterministic since the experience described in the present article corresponds to laboratory conditions (thorough control of initial and boundary conditions).

Results and discussion

Reliability index β

Fig. 1 illustrates β-profiles for BO and BH concretes, considering the "mass" and "saturation" failure scenarii. βlim equal to 1.5 is also illustrated in black dotted lines in order to determine the time τ for the sensitivity analysis. Whatever the material or the considered failure scenario, the two moisture models (multiphasic and Richards) predict similar β-profiles, which is consistent with previous conclusions in the literature [START_REF] Zhang | Modelling of sorption hysteresis and its effect on moisture within cementitious materials[END_REF][START_REF] Coussy | Asymptotic[END_REF]. By using an asymptotic approach and considering Kl << Kg, he concludes that the multiphasic model can be simplified into the Richards' model. At a peculiar time, whatever the failure scenario, β-values for BH are lower than those assessed for BO. This result is unexpected because in view of the concrete mix design, durability of BH is expected higher than that of BO. But, such result can be explained by the fact that the equilibrium of material with the surrounding environment is reached faster for BH than for BO. This is not inconsistent with the following observation: the water loss is more important for BO than for BH

Reliability sensitivity analysis

Once time τ has been determined, the reliability sensitivity analysis is carried out at this peculiar time.

Elasticity with respect to the mean Fig. 2 illustrates the elasticities with respect to the mean value for each statistical input data in case of the two studied models. For each input data Xi, similar values are obtained whatever the failure scenario, the considered model or the material. Globally the comparison of the various input data reveals that maximum εm is obtained for the power coefficient n of WVSI description (linked to the non-linearity of WVSI). This highlights the crucial role of the sorption process in the determination of the moisture transport. Such results must be put into perspective with the need to improve the accuracy of measurement of WVSI (salt solution method, dynamic vapor sorption, etc.). A large discrepancy of results is observed even for a unique material [START_REF] Aït-Mokhtar | Experimental investigation of the variability of concrete durability properties[END_REF]. At a second level, elasticities with respect to the mean of the parameter a of WVSI (linked to the slope from the origin) and the power coefficient ll used in the relative liquid-water permeability are between 0.5 and 2. These results point out the important role of these two last parameters to predict the moisture transport within cementitious materials. In case of parameter n, this confirms the discussion performed in the last paragraph. Results about ll point out the importance of the advection of the liquid phase to predict moisture transport within concrete. These observations strengthen the philosophy of the performance-based approach durability arguing that the sole knowledge of porosity does not make possible an accurate assessment of durability [START_REF] Baroghel-Bouny | Concrete design for a given structure service life-durability management with regards to reinforcement corrosion and alkali-silica reaction. State-ofthe-art and guide for the implementation of a predictive performance approach based upon durability indicators[END_REF]. At a third level, two other elasticities related to the porosity and liquid-water permeability (around 0.3-0.4) are different from 0, but still remaining well below εm(n), εm(a) or εm(ll). There exist other parameters considered also as random variables, i.e. the power coefficients of the Millington law (

x D 1 and x D 2 ), the emissivity E (coefficient for the flux boundary condition) and the gas permeability Kg (only for the multiphasic models). εm values for these parameters are close to 0. Approximated values could be chosen as mean value for these four parameters. In case of Kg, this confirm the assumption performed by Zhang [START_REF] Zhang | Modelling of sorption hysteresis and its effect on moisture within cementitious materials[END_REF] to consider an intrinsic value equal to 10 -17 , without any consideration of the materials. By comparing with the advection of liquid phase, the importance of the advection of the gaseous phase is reduced. This complies again with the similar results determined with the multiphasic model and Richards' equation.

Elasticity with respect to the standard deviation

The elasticity with respect to the standard deviation of each input data are compared in Fig. 2. As previously mentioned in the previous part about εm, similar results are assessed whatever the studied material, the scenario or the moisture transport model. Again, the standard deviation of n plays a crucial role in the assessment of β; mean value of εσ(n) is in the range 0.8-0.9. The influence of the standard deviation of the other input data is weak in comparison to that of the power coefficient n. Except for the parameters a and ll, for which results are close to 0.1, results of all other parameters are close to 0. This means that ϕ , Kl, Kg, x D 1 , x D 2 , E can be defined as deterministic input data when performing probabilistic predictions.

Conclusion

A sensitivity analysis of moisture transport within concrete in case of drying has been performed in the framework of a reliability approach, i.e. the variabilities of input data are taken into account. This has been carried out using two different indicators: elasticities with respect to the mean value and to the standard deviation. The following conclusions have been drawn:  The key parameter to predict accurately moisture transport within concrete is the power coefficient n (mean value and standard deviation) of the Van Genuchten formalism for the water vapor desorption isotherm (WVDI). This power coefficient is linked to the non-linearity of WVDI. In addition, the mean value of the parameter a of the WVDI, linked to the slope from the origin of this curve have an influence at a second level.  The mean value of the power coefficient ll used for the expression of the relative liquid-water permeability, as a function of saturation has an influence at the same level of the parameter a. At a third level of importance, reduced values of elasticity with respect to the mean value are found for the porosity and the liquid water permeability. This confirms that advection of liquid water is the key transport mechanism in case of drying of fully-saturated concrete (in a 53.5% RH environment).
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 1 Figure 1: Profiles of the reliability index β for the two concretes BO and BH in case of the saturation (left) and the mass (right) scenarii.

Figure 2 :

 2 Figure 2: Elasticities with respect to the mean value (left) and the standard deviation (right) for the moisture transport models in case of concretes BO and BH.
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	as a
	function of the velocity of air ve (m/s), E=2.188 * 10 -8 +1.859 * v

e . The numerical calculation corresponds here to a one-side drying experiment of a concrete specimen in a dessicator with a volume of 2.5 liters, controlled at T = 293.5 K and RH = 53.5%. No wind (
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Table 1 :

 1 Main characteristics of the studied concretes[START_REF] Van Genuchten | A closed-form equation for predicting the hydraulic conductivity of unsaturated soils[END_REF][START_REF] Baroghel-Bouny | Water vapour sorption experiments on hardened cementitious materials. Part I: Essential tool for assessment of transport properties and for durability prediction[END_REF] 

	Variable	Units	Distrib. a	Mean values	Coefficient of
						variation
	Concretes			BO	BH	
	Binder (B) content	(kg/m 3 )		353	463.1 (42.1) b	
	Water-to-binder ratio	(-)		0.49	0.24	
	(W/B)					
	Strength (28 days)	(MPa)		49.4	115.5	
	Porosity ϕ	(%)	LN	12.4	6.6	10 %
	Liquid-water perm. Kl	(10 -22 m²)	LN	30	6	10 %
	Gas perm. Kg	(10 -17 m²)	LN	5.4	2.5	10 %
	WVSI desorption (a / n) (10 6 Pa / -)	LN	40.63 / 1.96 80.62 / 2.13	10 %
	WVSI adsorption (a / n) (10 6 Pa / -)	D	5.84 / 1.49 10.47 / 1.47	-
	Millington law	x1 (-)	U	2	2	37.5 %
		x2 (-)	U	4	4	18.75 %
	krl	ll (-)	LN	0.5	0.5	10 %
		ql (-)	D	2	2	-
	krg	lg (-)	D	7.15	7.15	-
		qg (-)	D	-8.02	-8.02	-
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calibrated the three parameters (lg, qg, γg) of krg function for a large panel International

 On the contrary, for other parameters, i.e. gas permeability, power coefficients of the Millington law and the emissivity defined in the boundary condition, approximated values (i.e. values estimated in the literature) can be chosen as mean value.  The elasticities with respect to the standard deviation points out all input data except the power coefficient n can be considered as deterministic values. This conclusion should be seen in the light of the arbitrary choice of statistical laws. The scope of this sensitivity analysis of moisture transport models within cementitious materials must be modulated due to the different assumptions made during the study: the arbitrary choice of statistical laws; considering only drying phase of concretes and not the imbibition phase and the limited number of studied materials. Nevertheless, this study forms a first step to couple carbonation and chloride predictive models for non-saturated materials, with probabilistic approaches, with the global objective to predict accurately the service lifetime of reinforced concrete structures.