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This study presents a new numerical approach using tools developed to perform a molecular simulation to investigate the wall effect on aggregates and mortar distribution in concrete. Aggregates are represented by spheres interacting via a generalized truncated Lennard-Jones potential. This approach allows obtaining the particle profiles according to the reference frame of interest (e.g., the confined directions). Then the particle-based distributions are transformed into continuum profiles of volume fractions using a convolution. Based on volume fraction profiles, transport or mechanical properties are estimated by the Mori-Tanaka scheme from classical homogenization. Results are compared to experimental work. The numerical method could be generalized and used for other applications in different fields. In civil engineering, perspectives include using the aggregate distribution to conduct a finer analysis, and the results would be extremely relevant for the prediction of the water content profile and the evolution of pathologies such as carbonation, corrosion, ISR, etc.

Introduction

One of the main advantages of using concrete is that the material in its fresh state can be poured into formworks and assume the most variable shapes. Nevertheless, the casting is not without effect on concrete. The formwork perturbates the arrangement of aggregates; this effect is known as 'the wall effect' and it is generally neglected in both experiments and numerical calculations. So far, there is no validated method to quantify the gradation of transport and mechanical properties induced by the wall effect. The manifestation of the wall effects can be decomposed on the contributions of (i) the effects of aggregate distribution from the surface; and (ii) the interactions with the environment such as drying (which may induce cracks because of drying shrinkage gradient and strain incompatibility between cement paste and aggregates), hydration slowing down (due to rapid water evaporation on exposed surfaces), and carbonation in long-term. Altogether, these aspects lead to changes in the properties of a superficial layer, and these changes can be relevant to some applications of cement-based materials and concrete structures potentially affecting their performances [START_REF] Kreijger | The skin of concrete composition and properties[END_REF], [START_REF] Bissonnette | Concrete Surface Engineering[END_REF]. The skin of the concrete is in direct contact with aggressive agents such as chlorides and carbon dioxide [START_REF] Bentz | Influence of aggregate characteristics on concrete performance[END_REF]. If it has weaker properties than the bulk area of the material, this implies an increase in the risk of the appearance of pathologies or the acceleration of its appearance. In reinforced concrete, the concrete cover (generally 3 cm thick on average) is critical to prevent serious durability problem such as corrosion. A better understanding of the factors affecting the properties of this zone might contribute to improve durability prediction and strategies of design for durability.

Experimental studies have identified property gradation due the wall effects in cement-based materials [START_REF] Kreijger | The skin of concrete composition and properties[END_REF], [START_REF] Bissonnette | Concrete Surface Engineering[END_REF], [START_REF] Liu | Study on microstructure and composition distribution of concrete surface zone based on fractal theory and XCT technology[END_REF]. From the early 1960s, the importance of considering the effect of the (granular) inclusion of concrete was highlighted as a factor influencing the compressive strength of concrete [START_REF] De Larrard | Structures granulaires[END_REF]. [START_REF] Liu | Study on microstructure and composition distribution of concrete surface zone based on fractal theory and XCT technology[END_REF] showed that the surface of the concrete is mainly composed of cement paste, and the coarse aggregates start to appear as one moves away from the walls. Numerical approaches have also been adopted to quantify how formworks alters aggregate/cement paste distribution adjacent to the walls. Simulation of hard spheres [START_REF] Zheng | Simulation of Two-Dimensional Aggregate Distribution with Wall Effect[END_REF] and ellipsoidal [START_REF] Xu | Effects of particle size distribution, shape and volume fraction of aggregates on the wall effect of concrete via random sequential packing of polydispersed ellipsoidal particles[END_REF] particles allowed the quantification of aggregates and cement paste volume fraction profiles in simplified system. To date, no modelling work have studied how such microstructure gradation affects property on the cover zone. The goal of this work is, on the one hand is to estimate the aggregates volume fraction and concrete properties profiles and to quantify numerically the gradation induced by the formwork. On the second hand, the experimental work shows whether the skin effect modifies or not the overall behavior of the concrete (about transfer and mechanical properties).

MATERIAL AND METHODS

Materials

VeRCoRs REF concrete is used in this study for both numerical and experimental work. This concrete formula is developed at EDF's laboratories for the project aiming to investigate the ageing of containment vessels. VeRCoRs concrete is an ordinary concrete C35/40 and 0.52 water-cement ratio. Table 1 shows the composition of VeRCoRs concrete. Experiments are conducted on prismatic 7x7x28 cm3 specimens which are widely used in civil engineering laboratory testing. The specimens are manufactured and then stored under sealed conditions for 60 days. Under this condition, drying (and the resulting differential cement hydration progress) is limited but the appearance of microcracks induced by desiccation shrinkage might occur. and second to enable the hydration reaction to progress. Otherwise, these parameters would interfere the formwork effect. 

Experiments

Mass loss is monitored on 9 specimens while drying at 23°C, 50%HR over one surface (upper, lower, and left or right surface, 3 specimens per surface state). The studied drying configurations follow the scheme depicted in Fig. 1. The aim of this experiment is to investigate the impact of concrete surface state on transport properties such as permeability. The second experiment consists of conducting 3-point bending test considering the same previous configurations of specimen's surface. The idea is to investigate the effect of concrete skin state on its mechanical properties such as Young modulus and tensile strength. Another experimental investigation of the wall effect consists of analysing the microcracking rate in molded vs non-molded concrete surfaces using a microscopic observation on a 7x7x28 cm specimen.

Simulation granular packing under confined geometries

We propose a new approach to simulate aggregate distribution in confined geometries based on a tool developed to perform molecular simulations (using LAMMPS) [START_REF] Plimpton | Fast Parallel Algorithms for Short-Range Molecular Dynamics[END_REF]- [START_REF] Plimpton | Effect of interatomic potential on simulated grain-boundary and bulk diffusion: A molecular-dynamics study[END_REF]. The idea is to represent the aggregates by polydisperse spheres, adopt interactions approximating hard-sphere potential, and perform Monte Carlo simulations to fill the confined geometry. Post-processing allows computing aggregates profiles that will be used in the estimation of property gradation.

Pseudo Hard-Sphere potential

The hard-sphere (HS) pair potential reads:

𝑈 𝐻𝑆 (𝑟 𝑖𝑗 ) = { ∞, 𝑟 𝑖𝑗 < 𝜎 𝑖𝑗 0, 𝑟 𝑖𝑗 ≥ 𝜎 𝑖𝑗 (1) 
where 𝑟 𝑖𝑗 is the distance between the centers of particles 𝑖 and 𝑗, and

𝜎 𝑖𝑗 = 𝜎 𝑖 +𝜎 𝑗 2
is the average of the diameters 𝜎 𝑖 and 𝜎 𝑗 of particles 𝑖 and 𝑗, representing their center distance when they are in contact. The discontinuous and non-bounded nature of this potential make difficult its numerical implementation. One solution is the use of a pseudo-HS potential that is continuous. The HS potential can be approximated by a shifted and truncated generalized Lennard-Jones (or Mie) potential [START_REF] Jover | Pseudo hard-sphere potential for use in continuous molecular-dynamics simulation of spherical and chain molecules[END_REF]:

𝑈 𝐻𝑆 𝑃 (𝑟 𝑖𝑗 ) = { 𝜆 𝑟 𝜆 𝑟 -𝜆 𝑎 ( 𝜆 𝑟 𝜆 𝑎 ) 𝜆 𝑎 𝜆 𝑟 -𝜆 𝑎 𝜖 𝑖𝑗 [( 𝜎 𝑖𝑗 𝑟 𝑖𝑗 ) 𝜆 𝑟 -( 𝜎 𝑖𝑗 𝑟 𝑖𝑗 ) 𝜆 𝑎 ] + 𝜖 𝑖𝑗 , 𝑟 𝑖𝑗 < 𝑟 𝑐𝑢𝑡𝑜𝑓𝑓 0, 𝑟 𝑖𝑗 ≥ 𝑟 𝑐𝑢𝑡𝑜𝑓𝑓 (2) 
where 𝜆 𝑟 and 𝜆 𝑎 are the exponents of the repulsive and attractive terms of the Mie potential, respectively; 𝜖 is the potential well depth; and 𝑟 𝑐𝑢𝑡𝑜𝑓𝑓 = (

𝜆 𝑟 𝜆 𝑎 ) 𝜆 𝑎
𝜆 𝑟 -𝜆 𝑎 𝜎 𝑖𝑗 is the pair-wise cutoff distance. Therefore, only the repulsive part of the potential is effective, and the shift makes the potential smooth (class 𝐶 1 ) for all 𝑟 𝑖𝑗 . Jover et al. [START_REF] Jover | Pseudo hard-sphere potential for use in continuous molecular-dynamics simulation of spherical and chain molecules[END_REF] shows that using 𝜆 𝑟 = 50 and 𝜆 𝑎 = 49 lead to a good reproduction of the HS behavior. For polydisperse systems, the Lorentz-Berthelot mixing rule 𝜖 𝑖𝑗 = √ 𝜖 𝑖𝑖 𝜖 𝑗𝑗 and 𝜎 𝑖𝑗 = (𝜎 𝑖𝑖 + 𝜎 𝑗𝑗 )/2 can be applied to describe the interactions among the different classes of particle size.

The confining walls interaction are described by the usual 12-6 Lennard-Jones potential but also in a truncated form and with a shift:

𝑈 𝐿𝐽 𝑊 (𝑟 𝑖𝑤 ) = { 4𝜖 𝑤 [( 𝜎 𝑖 𝑟 𝑖𝑤 ) 12 -( 𝜎 𝑖 𝑟 𝑖𝑤 ) 6 ] + 𝜖 𝑤 , 𝑟 𝑖𝑗 < 𝑟 𝑐𝑢𝑡𝑜𝑓𝑓 0, 𝑟 𝑖𝑗 ≥ 𝑟 𝑐𝑢𝑡𝑜𝑓𝑓 (3) 
where the distance between the center of particle 𝑖 and the wall, and 𝜖 𝑤 is the energy well depth associated with wall interactions. The LJ wall is placed at the edge of the simulation box, and the cutoff in this case is 𝑟 𝑐𝑢𝑡𝑜𝑓𝑓 = 𝜎 𝑖 2 ⁄ . With this assumption, the wall function as a hard wall. Fig. 2 shows the LJ potential (usual 12-6 and truncated LJ). 

GCMC simulations of concrete granular packing

Grand Canonical Monte Carlo (GCMC) simulations are adapted to model system with varying number of particles and is used here to simulate the granular packing in a confined system. In a GCMC simulation a particle insertion is accepted following the probability [START_REF] Frenkel | Understanding Molecular Simulation -2nd Edition[END_REF].

acc(N→N+1)=min (1, V Λ 3 (N+1) exp [- ∆U-μ k b T ]) (4) 
where 𝑉 is the volume, 𝛬 is the thermal De Broglie wavelength, ∆𝑈 = 𝑈(𝑁) -𝑈(𝑁 + 1) is the variation in potential energy due to the trial insertion, 𝜇 is the chemical potential, 𝑘 𝑏 is the Boltzmann constant, and 𝑇 is the temperature. Note that in our simulations, the temperature and chemical potential do not necessarily need to have a physical meaning and can be used to enforce particle insertion and to promote a better packing if combine with dynamics. Removals can be prevented by choosing a large value of 𝜇, which favors insertion of particles.

Aggregate volume fraction profiles

The volume fraction of the aggregates can be computed directly from the particles using the convolution [START_REF] Nygård | Anisotropic Pair Correlations and Structure Factors of Confined Hard-Sphere Fluids: An Experimental and Theoretical Study[END_REF]:

ϕ i s (x)=N i (x)⨂P sph (x,R i )= ∑ N i (x j ) P sph (x j -x,R i ) j ( 5 
)
𝑃 𝑠𝑝ℎ (𝑥, 𝑅) is the projection of the sphere with the center at the point o i and R is the radius of the sphere.

𝑃 𝑠𝑝ℎ (𝑟, 𝑅) = { 0, 𝑟 < -𝑅 𝜋(𝑅 2 -𝑟 2 ), 𝑟 < -𝑅 0, 𝑟 ≥ 𝑅 (6) 

Estimating property gradation using micromechanics

Representative elementary volume (REV) and microstructure gradation Homogenization schemes can be used to estimate the effective properties of heterogenous materials in which a representative elementary volume (REV) can be defined. In a REV, all the heterogeneities (different phases present) and their spatial variability (in term of spatial distribution and orientation) should be statistically represented. A REV cannot be defined in systems with microstructure gradation, but a local approximation can be done. For the zone perpendicular to the microstructure gradation, the criteria to define a REV are respected. The local behaviour per slice can be approximated as the behaviour of a 3D medium with similar microstructure as the slice. In this framework, the usual homogenization schemes can be applied locally to obtain the evolution of properties as a function of the microstructure gradation. Mori-Tanaka homogenization scheme [START_REF] Mori | Average stress in matrix and average elastic energy of materials with misfitting inclusions[END_REF] is used to compute properties profile. The concrete in this case is considered a two-phase material, where mortar constitute the matrix and aggregates the inclusionary phase (cf. Fig. 3). More details about the used homogenization method are described in the next section. 

Estimates of elastic properties

For an (N+1)-phase heterogeneous material with a matrix/inclusion morphology in which N isotropic spherical inclusions are randomly placed in a host medium (percolating matrix phase), the Mori-Tanaka estimate of the effective bulk and shear moduli are, respectively [START_REF] Mori | Average stress in matrix and average elastic energy of materials with misfitting inclusions[END_REF]:

K MT -K 0 K MT + 4 3 G 0 = ∑ f i K i -K 0 K i + 4 3 G 0 N i=1 (7) G MT -G 0 G MT +H 0 = ∑ f i G i -G 0 G i +H 0 N i=1 (8) 
with

H 0 = G 0 ( 3 2 K 0 + 4 3 G 0 ) K 0 +2G 0 (9)
where 𝑓 𝑖 is the volume fraction of the phase 𝑖. In this expression, the subscript 0 stands for the matrix phase and the subscripts 𝑖 ∈ [1, 𝑁] for the inclusions.

The local effective young modulus 𝐸 𝑀𝑇 and Poisson ratio 𝜈 𝑀𝑇 can be computed from the bulk and shear moduli using

E MT =9K MT G MT /(3K MT +G MT ) ( 10 
)
ν MT =(3K MT -2G MT )/[2(3K MT +G MT )] (11) 
Estimates of conductivity-like properties By mathematical analogy, the upscaling of the thermal conductivity, electrical conductivity, dielectric permittivity, and diffusivity are equivalent [START_REF] Torquato | Random Heterogeneous Materials: Microstructure and Macroscopic Properties[END_REF]. The expression of Mori-Tanaka (or Maxwell-Garnet) scheme for conductivitylike properties for an (N+1)-phase heterogeneous material with a matrix/inclusion morphology in which 𝑁 isotropic spherical inclusions are randomly placed in a host medium (percolating matrix phase) is given by [START_REF] Mori | Average stress in matrix and average elastic energy of materials with misfitting inclusions[END_REF], [START_REF] Hashin | A variational approach to the theory of the elastic behaviour of multiphase materials[END_REF]:

λ MT -λ 0 λ MT +2λ 0 = ∑ f i λ i -λ 0 λ i +2λ 0 N i=1 ( 12 
)
where again the subscript 0 stands for the matrix phase and the subscripts 𝑖 ∈ [1, 𝑁] for the inclusions. Table 2 reports the properties of each phase. Bulk and shear moduli are taken from [START_REF] Bentz | Influence of aggregate characteristics on concrete performance[END_REF]. The permeability of aggregates is very low compared to mortars permeability. In this study, aggregates permeability is considered null. 

Mass loss monitoring

Figure 4 reports the mean mass loss measurements on 3 prismatic specimens for each drying configuration. Mass loss is very similar at the beginning of the drying process. Then it becomes higher for the non-molded surface drying. Samples drying over the bottom and the side surfaces (which were in contact with the formwork) show a similar drying behavior. The reported difference can be explained by the roughness of the unmolded surface and/or by the rate of micro-cracking compared to a molded surface. 

3-point bending test

Microcracking rate in molded vs non-molded concrete surfaces

Microscopic visualization of molded and non-molded surfaces of 7x7x28cm concrete specimens shows a higher rate and more opened microcracks. Fig. 5 shows an illustration of the visualized microcracks. Numerical RESULTS: Polydisperse systems

1D 'confinement'

A calculation of the granular distribution in the concrete is carried out once the method is validated for a monodisperse distribution case. The application consists in simulating the granular distribution of a concrete formula starting from the granulometric curves. The simulated concrete is EDF's VeRCoRs concrete with two aggregate classes G4/11 and G8/16 as shown in Fig. 6. We consider 11 different diameters with a total volume fraction of 40% and a maximum diameter of Dmax = 25 mm. 1D and 3D confinement are studied. Confinement along the x-direction. Y independent configurations are tested to evaluate the filling variability, the effect of the confined width, and then the of the maximum aggregate diameter (by comparing the results obtained with a calculation based on a different aggregate distribution). The second part consists of performing a calculation considering a confinement configuration on a 7x7x28 cm VeRCoRs concrete specimen in a configuration similar to the one considered in the experimental part of this work., i.e. formwork on all surfaces + a free non-molded surface.

Fig. 6. Granulometric curves of VeRCoRs concrete aggregates

The configurational packing variability is evaluated by conducting 5 independent simulations in which the seed for the Monte Carlo simulation is changed. Fig. 7 reports the mean value and standard deviation of the aggregates volume fraction, and the estimated profile of the effective properties. The resulting variability is low on the aggregates volume fraction (maximum standard deviation is equal to 0,015) and very much lower on the effective properties. To evaluate the thickness of the zone perturbed by the wall, in Fig. 8 we compute the profile of the aggregate volume fraction over the first 50 mm of the confined direction for various confinement widths: 3Dmax, 4Dmax, 5Dmax, and 10Dmax. In the most confined system (3Dmax) the effects of the wall opposed walls superposes leading to an augmentation of the average volume fraction of aggregates even in the sample core. Confinement width does not have a major effect on the thickness disturbed by the wall: in all cases the distance perturbed by the wall is roughly Dmax /2. This observation corroborates previous studies indicating that the thickness disturbed by the formwork depends directly on the maximum aggregate diameter [START_REF] Granger | Comportement différé du béton dans les enceintes de centrales nucléaires : analyse et modélisation[END_REF]. We verify the validity of this observation for other aggregates granulometries in Fig. 9, in which aggregates used in other concrete mix designs are considered: F1 VeRCoRs concrete with Dmax = 25 mm, F2 CETU concrete with Dmax = 25 mm and a different aggregates distribution, and F3 the B11 concrete with Dmax = 12.5 mm (the total volume fraction is the same and is equal to 40%). The formulation with the lower Dmax exhibited a smaller thickness perturbed by the wall as expected. Thus, the disturbed thickness depends strongly the maximum aggregate diameter. It is quite inferior to half the maximum aggregate diameter. [START_REF] Granger | Comportement différé du béton dans les enceintes de centrales nucléaires : analyse et modélisation[END_REF] shows the gradation in the wall zone where the distribution of cement pastes and aggregates would be constant from a distance R (greater than the maximum aggregate diameter) away from the wall as reported in Fig. 10. The estimated permeability profile is compared with the results obtained by Kreijger about the estimation of the concrete properties over the first 5 mm. The results are comparable in mean value as reported in Fig. 11. However, the modulus is lower on the first millimeter according to the study [START_REF] Kreijger | The skin of concrete composition and properties[END_REF]. 

3D 'confinement'

We also perform simulation with 3D confinement using the same dimensions 7x7x28 cm3 of the specimen evaluated in the experimental part of this work. The results are presented in Fig. 12 and Fig. 13. Depending on the width according to x, the thickness disturbed by the formwork at x = 0 and x = 7 cm is equal to about 8 mm, which is 1/3 of the maximum aggregate diameter in this case. Between the two walls, there is some fluctuation around the homogeneous value of about 5 % on the volume fraction profile. Regarding the profile of the estimated effective properties, from the surface of the material to 5 mm in depth, the permeability on the surface is twice that of the bulk zone. Therefore, drying and transfer in general are faster in the disturbed zone than in the bulk zone. The Young's modulus in the disturbed zone loses 10% on average compared to its value in the bulk. Since the elastic constants correlate with the mechanical strength, it is expected that the skin zone is more prone to cracking than the bulk zone.

In the y-direction, y = 0 cm corresponds to the free unmolded surface; y = 7cm corresponds to a molded surface. The volume fraction profile of the aggregates shows that there are aggregates that stand out at the free surface. The same observations are made about the disturbed thickness and the interference on the estimated effective properties These results highlight the effect of the formwork on the concrete, which is expressed by a higher mortar content in a zone whose thickness depends on the maximum diameter of the aggregates. 

Conclusion and perspectives

We combine experiments and simulation strategies to quantify the wall effects and the repercussion in the properties of the skin of concrete. We proposed a new simulation strategy based on tool developed to performed molecular simulations. This strategy enables generating simplified microstructures in confined geometries (1-, 2or 3D) for polydisperse particles and the computation of aggregates volume fraction profiles. These profiles can be then used as input for multiscale approaches to estimate property profiles.

In agreement with previous studies, we observe that the disturbance induced by the formwork only depends on the maximum size of the aggregates and its thickness is slightly lower than the diameter of the largest aggregate. Properties profiles obtained from the modelling approach show good agreement with the experimental results of the literature [START_REF] Kreijger | The skin of concrete composition and properties[END_REF], despite the simplifying assumption adopted (regarding sphericity of aggregates).

Fig. 1 .

 1 Fig. 1. The different drying configurations (1 = free non-molded surface, 2 = side surfaces in contact with the formwork and 3 = bottom surface in contact with the formwork).

Fig. 2 .

 2 Fig. 2. Usual 12-6 Lennard-Jones potential vs truncated LJ potential.

Fig. 3 .

 3 Fig. 3. Matrix and inclusionary phases of Mori-Tanaka homogenization used to estimate properties gradation.

Fig. 4 .

 4 Fig. 4. Mass loss in 7x7x28 cm specimens one-sided drying in different surface configurations: bottom surface in contact with the formwork, side surfaces in contact with the formwork and free non-molded surface.

Fig. 5 .

 5 Fig. 5. Concrete surface visualization using optical microscope.

Fig. 7 .

 7 Fig.7. Aggregates packing-related variability respectively on volume fraction profile fg, on Young modulus E, and on permeability k.

Fig. 8 .

 8 Fig. 8. Evolution of the aggregate volume fraction for different values of the confined width x over the first 50 mmvariable simulation box size dx, dy=dz=20xDmax.

Fig. 9 .

 9 Fig. 9. Aggregate volume fraction in 3 concrete formulas: F1 VeRCoRs concrete with Dmax = 25 mm, F2 CETU concrete with Dmax = 25 mm and a different aggregates distribution, and F3 the B11 concrete with Dmax = 12,5 mm (the total volume fraction is the same and is equal to 40%).

Fig. 10 .

 10 Fig. 10. Distribution of aggregates in a concrete element [20]. D is the maximum aggregate size.

Fig. 11 .

 11 Fig. 11. Comparison of Young's modulus profile estimated over the first 5 mm with the profile obtained by Kreijger in 1984 [1].

Fig. 12 .

 12 Fig.12. Evolution of the aggregate volume fraction, permeability and Young modulus in 7x7x28cm specimen according to x.

Fig. 13 .

 13 Fig.13. Evolution of the aggregate volume fraction, permeability and Young modulus in 7x7x28cm specimen according to y (y=0 presents the non-molded side of the specimen).

  

Table 1 .

 1 Composition of VeRCoRs concrete.

	______________________________________
	Components	Mass ________	Volume fraction ___________
	(kg.m -3 ) ______________________________________ (%)
	Cement	316.2	13.7
	Sand 0/4	820.1	35.4
	Gravel 4/11	439.7	18.9
	Gravel 8/16	543.5	23.4
	Water	192.9	8.3
	Superplasticizer ______________________________________ 2.6 0.1

Table 2 .

 2 Properties of phases.

	_______________________________________________
	Properties _____________________________________________________ Aggregates Cement matrix
	Bulk modulus (GPa)	67	13
	Shear modulus (GPa)	30	9
	Permeability (-) ________________________________________________ 0 1
	3	Experimental results

Table 3

 3 

reports the results of the 3-point bending test. Young modulus in the first test configuration is lower than test conducted on molded surfaces as bearing. The roughness of the non-molded surface is the main reason for the decrease in the Young modulus value. Results in the two other test configurations are almost similar.

Table 3 .

 3 Young modulus measured on 7x7x28cm specimens considering different bearing surface condition (molded and non-molded).

	___________________________________________
	Condition of the	Specimens	Young
	bearing surface ____________________________________________ modulus (GPa)
	Free non-molded	1	22.78
	surface	2	23.87
	3 ____________________________________________ 22.65
	Left or right molded	4	32.04
	surface	5	31.99
	6 ____________________________________________ 31.91
	Bottom molded	7	32.34
	surface	8	32.34
	9 ______________________________________ 32.23

The experimental work shows that the effect of the formwork and the condition of the concrete surface have a very low impact on the overall behavior and on the global properties of the material. The effect of the formwork is counterbalanced by the effect of micro-cracking and the roughness of the non-formed surface. In view of this study, the wall effect on concrete drying process will be evaluated by exploiting the profiles of the granular distribution and the estimated effective properties i.e., the permeability profile. The overall effect on durability could be thus predicted.