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Introduction

The prediction of creep of concrete is a major challenge for the civil engineering structures. In fact, concrete is a heterogeneous visco-elastic material that develops delayed deformations. According to several studies, the visco-elastic behaviour is strongly linked to calcium silicate hydrates (C-S-H). Because of their solid sheets composition separated by adsorbed water, they can be deformed due to the movement of water causing the sliding of the solid layers. During the solidification of the cement paste at early-ages, a maximum deformation is observed [START_REF] Bazant | Solidification theory for aging creep[END_REF]. These important deformations restrained by the presence of aggregates cause microcracks in the paste witch can be prejudicial to a good performance of the structure [START_REF] Saliba | Influence of basic creep on cracking of concrete shown by the Acoustic Emission technique[END_REF].

The study of the cement paste morphology is of particular interest to evaluate the macroscopic behaviour of concrete [START_REF] Sanahuja | Modélisation micromacro du fluage propre du béton[END_REF]. For this reason, homogenization techniques seem to be the best method to calculate the effective behaviour from the description of the local behaviour. Indeed, for a visco-elastic heterogeneous material, the 1 correspondence principle between elasticity and linear visco-elasticity through the Carson-Laplace transform is used. This allows using classical homogenization schemes (Mori-Tanaka, self-consistent scheme, etc.) directly in the transformed space [START_REF] Christensen | Viscoelastic properties of heterogeneous media[END_REF] and [START_REF] Hashin | The elastic moduli of heterogeneous materials[END_REF]. Effective visco-elastic properties are derived by inverting the Laplace-Carson transform. Most of these techniques are limited to nonaging materials and the extension to aging materials is rarely dealt [START_REF] Briffaut | Numerical analysis of the thermal active restrained shrinkage ring test to study the early age behavior of massive concrete structures[END_REF] due to difficulties of inverting the Laplace-Carson transform. Within this framework, the aim of this work is to introduce an original multi-scales method for creep of concrete at early-ages taking into account the evolution of the microstructure [START_REF] Grondin | Physicochemical deformations of solidifying cementitious systems: multiscale modeling[END_REF]. This method operates directly in time domain [START_REF] Tran | A simple computational homogenization method for structures made of linear heterogeneous viscoelastic materials[END_REF] and avoids difficulties of inverting the Laplace-Carson transform.

To model the cementitious materials at different scales it is possible to represent at each scale the material by a matrix and inclusions of different sizes. To simulate the creep, a constant load is applied to the volume and local stresses and strains fields are calculated. The relation between the average of stresses and strains allows deducing the effective tensor of creep compliance. This work is divided into two parts: the determination of creep properties of the concrete constituents and the evolution of creep in terms of the age of concrete. Here, the first part highlights the evaluation of creep compliance of the C-S-H which could be considered intrinsic in the second part. For this, their visco-elastic parameters are estimated by inverse approach starting from an experimental comparison made on concrete.

Multi-scales model of creep for a non-aging material

The volume V of the studied material is formed by two phases: a matrix volume V m and inclusions volume V i . Locally, only the matrix is considered visco-elastic and its compliance is defined for a model of Kelvin-Voigt with three chains (Figure 1), with E the elastic modulus, k i the stiffness and i  the characteristic time:  the boundary of V on which macroscopic displacements conditions are applied. The chosen damage model is the isotropic model developed by Fichant [START_REF] Fichant | Continuum damage modeling: approximation of crack induced anisotropy[END_REF] based on the microplan theory.
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The volume is modeled by finite elements. The resolution of the local problem gives a relation between the average stresses  V and the average strains  V linked by the effective creep tensor hom J :

V V   : hom J  [7]
To determine the visco-elastic properties of the concrete components, an inverse approach is used. At each step the visco-elastic coefficients of the matrix are calibrated to adjust the result of the material volume. At the first step, concrete is represented by a mortar matrix and the real aggregate size distribution is generated in the volume. The visco-elastic coefficients of mortar are adjusted from experimental results on concrete. These coefficients allow defining the creep compliance of mortar (equation [1]). At the second step, mortar is represented by a cement paste matrix and the real sand grains size distribution. The inverse approach is used to characterize the visco-elastic coefficients of the cement paste. Then, at the lower scale, an assumption is made on the visco-elasticity of the cement paste to be strictly dependent on that of the C-S-H. Thus, the cement paste is represented as a heterogeneous medium formed by a matrix of C-S-H and inclusions composed by the other hydrated phases and residual clinkers (CH, Ettringite, gypsum, C 3 AH 6 , FH 3 , C 3 S, C 2 S, C 3 A, C 4 AF). In this case, only one type of particle is considered with a unique size and their elastic characteristics are derived from the average of the elastic characteristics of the different hydrates and clinkers. The visco-elastic parameters of C-S-H are then calibrated to find the creep compliance J hom defined in the previous step for the cement paste. The volume fraction of each component of the cement paste is determined by a hydration model [START_REF] Grondin | Physicochemical deformations of solidifying cementitious systems: multiscale modeling[END_REF].

Volumes are generated by using a digital concrete model developed by [START_REF] Mounajed | Exploitation du nouveau modèle Béton Numérique dans Symphonie : Concept, homogénéisation du comportement thermomécanique des BHP et simulation de l'endommagement thermique[END_REF]. Geometries are showed in figure 2. 

Results for a non aging material

Direct tensile tests have been realized on cylindrical specimens of concrete [START_REF] Saliba | Relevance of a mesoscopic modelling for the coupling between creep and damage in concrete[END_REF]. The experimental results achieved for a load of 70% of the tensile strength have shown with the help of acoustic emission technique that the damage did not develop during creep, but only during the instantaneous loading. This allows characterizing the creep compliance regardless of the damage. The composition of concrete is given in detail in [START_REF] Saliba | Influence of basic creep on cracking of concrete shown by the Acoustic Emission technique[END_REF]. The visco-elastic coefficients of mortar are calibrated to well reproduce the evolution of the creep compliance of concrete for a load of 70% of its tensile strength (2.5MPa) (Figure 3).

According to these results, the visco-elastic parameters of cement paste are then calibrated for calculations made on the mortar volume (Figure 4). Finally, for the cement paste volume the volume fraction of C-S-H is assessed equal to 70% (including pores), corresponding to a hydration degree of 0.78. The inclusions have a unique size equal to 30µm with a volume fraction of 30%. The visco-elastic matrix coefficients are calibrated to obtain the creep compliance of the cement paste determined in the previous step (Figure 5). The material parameters obtained are presented in Table 2 

Suggestions for aging material

The volume fractions of the constituents of the cement paste change with the evolution of the degree of hydration. Thus, the visco-elastic parameters are dependent on the pores volume fraction. An analytical method [START_REF] Ricaud | Effective properties of linear viscoelastic heterogeneous media: Internal variables formulation and extension to ageing behaviours[END_REF] is used to find the intrinsic value (k i int ) of C-S-H, independent of the pores volume (p):

p p p p i fp i f f f A f A k k    1 ) ( 4 ) ( . 3 int with [8]
k i int is obtained for C-S-H for ages after 48h of hydration. Then, knowing the pore volume fraction at different ages, calculated with the hydration model presented in [START_REF] Grondin | Physicochemical deformations of solidifying cementitious systems: multiscale modeling[END_REF], k i fp at different ages is calculated (table 7). The creep compliance of cement paste is calculated on the REV and the figure 7 shows that it is more important at early ages. The evolution of the effective creep parameters of cement paste and mortar are calculated on REV (table 7). As well as the compliance of the cement paste the creep compliance of mortar (Figure 6) and concrete are more important at early ages (Figure7). 

Conclusion and perspectives

The proposed multi-scales model allows taking into account the different phases of concrete. The major goal was first to determine the visco-elastic parameters which could be considered intrinsic. The objective is the checking of the solidification theory [START_REF] Bazant | Solidification theory for aging creep[END_REF] considering that only the volume fraction of cement paste components determines the viscosity as a function of the age of concrete. Another point will be dealt on consideration of the presence of the interface transition zone between aggregates and the matrix. Also, experimental tests will be made to compare numerical results.
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 1 Figure 1. Generalized bounded Kelvin-Voigt model.A constant load F is applied on one of the surface boundary 1  of V according to the unit normal vector n . This load implies local displacements fields ) ( y u , local strain
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 2 Figure 2. Geometry descriptions of concrete, mortar and cement paste.
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 45 Figure 3. Comparison between the measured concrete compliance and that obtained with the calibrated coefficients of mortar.
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 67 Figure 6. Influence of age on the creep compliance of cement paste and mortar.

Table 1 . Model parameters for mortar and aggregates

 1 

		E(GPa) ν0	ft(MPa) Gf(J/m2) k 1	fp (GPa) k 2	fp (GPa) k 3	fp (GPa)
	Mortar	22.4	0.24 2.0	45	776.7	472	98.1
	Aggregates	60	0.24 6	80		-	-	-
	Cement Paste	18	0.2	1. 9	15	300	100	90
	Sand grains	80	0.24	4	40		-	-	-
	C-S-H	12	0.13 1. 6	0.5	150	50	65
	Inclusions in CP 45	0.3	3	5		-	-	-

Table 2 . Evolution of the C-S-H parameters

 2 

		Age E(GPa) k 1	fp (GPa)	k 2	fp (GPa) k 3	fp (GPa) p(%)
		16h 9.5	66.46	22.15	28.8	63
	C-S-H (excluding pores)	24h 10.5	142.74	47.58	61.84	44.2
		>48h 12	148.24	49.41	64.24	43.29
		16h 13.12	170.43	56.81	51.13	43
	Cement paste	24h 15.85	286.18	95.39	85.85	31
		>48h 16.7	300	100	90	30
		16h 17	483.91	294.07	61.12	28.38
	Mortar	24h 21	745.46	453.02	94.15	20.46
		>48h 24	776.7	472	98.1	19.8