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In its service-life concrete is loaded and delayed strains appear due to creep phenomenon. Some theories suggest that micro-cracks nucleate and grow up when concrete is submitted to a high sustained loading, which contribute to make the concrete weaker. Thus, it is important to understand the interaction between the viscoelastic deformation and damage in order to design reliable civil engineering structures. Several creep-damage theoretical models have been proposed in the literature. However most of these models are based on empirical relations applied at the macroscopic scale. Coupling between creep and damage is mostly realised by adding some parameters to take into account the microstructure effects. In the author opinion, the microstructure effects can be modelled by taking into account the effective interactions between the concrete matrix and the inclusions. In this paper, a viscoelastic model is combined with an isotropic damage model. The material volume is modelled by a Digital Concrete model which takes into account the "real" aggregate size distribution of concrete. The results show that stresses are induced by strain incompatibilities between the matrix and aggregates at mesoscale under creep and lead to cracking.

INTRODUCTION

Deformation and fracture of concrete are associated with very complicated progressive failure. Tensile creep is an important issue especially in the case of special concrete structures. The effects of high stress levels on the longterm behaviour of concrete are important with reference to delayed strains, residual strength and permeability. Three main mechanisms were recognized for tensile creep [START_REF] Bissonnette | Tensile creep of concrete: study of its sensivity to basic parameters[END_REF][START_REF] Garas | Multi-scale investigation of tensile creep of ultrahigh performance concrete for bridge applications[END_REF]: water seepage, viscous shear and microcracking. On one hand, creep deformations relax the stresses generated by autogenous shrinkage and thermal dilation at early ages [START_REF] Bissonnette | Tensile creep at early ages of ordinary, silica fume and fiber reinforced concretes[END_REF][START_REF] Altoubat | A new look at tensile creep of fiber reinforced concrete[END_REF]. On the second hand, creep includes a detrimental substantial component of microcracking [START_REF] Cook | The tensile creep and fracture of desiccated concrete and mortar on water sorption[END_REF]. It is usually accepted that the failure process under a sustained load is associated with the development and growth of microcracking [START_REF] Rossi | Investigation of the basic creep of concrete by acoustic emission[END_REF][START_REF] Bazant | Cohesive crack with rate-dependent opening and viscoelasticity: I.mathematical model and scaling[END_REF][START_REF] Barpi | Lifetime evaluation of concrete structures under sustained post-peak loading[END_REF]. Thus, understanding the behaviour of concrete requires the detailed assessment of creep and the part of damage. Coupling between the viscoelastic behaviour and damage is mostly realised by a classical approach in which a time dependent growth of damage is considered [START_REF] Omar | Déformations différées du béton : Etude expérimentale et modélisation numérique de l'interaction fluageendommagement[END_REF][START_REF] Mazzotti | Nonlinear creep, Poisson's ration, and creep-damage interaction of concrete in compression[END_REF][START_REF] Reviron | Coupling between creep and cracking in tension[END_REF][START_REF] Torrenti | Coupling between leaching and creep of concrete[END_REF]. In the author opinion, the microstructure effects can be modeled by taking into account the effective interactions between the concrete matrix and the inclusions. The multi-scales approach was found very useful for the evaluation of material characteristics affected by the material characteristics of the components. Thus, the mesoscale modelling presents many advantages in the understanding of the fracture process and the corresponding effect of concrete heterogeneities [START_REF] Grassl | Meso-scale approach to modelling the fracture process zone of concrete subjected to uniaxial tension[END_REF][START_REF] Lopez | Meso-structural study of concrete fracture using interface elements. I: numerical model and tensile behaviour[END_REF]. In addition it allows giving new elements for the comprehension of complex phenomena as the behaviour of concrete under confinement [START_REF] Dupray | A mesoscopic model for the behaviour of concrete under high confinement[END_REF], temperature effect [START_REF] Grondin | Multi-scales modelling for the behaviour of damaged concrete[END_REF], sulphate attack [START_REF] Idiart | Chemo-mechanical analysis of concrete cracking and degradation due to external sulfate attack: A meso-scale model[END_REF] ... In order to have more information on the behaviour of concrete under creep, coupling between a viscoelastic model and an isotropic damage model is operated and a Digital Concrete model is used to take into account the microstructure heterogeneities. In the first section, the non linear viscoelastic model for the creep behaviour is presented. Then, the model parameters are determined by experimental tests on mortars under direct tensile creep. Finally, the numerical results obtained for direct tensile creep and flexural creep tests at the mesoscopic scale are compared to experimental measurements.

The numerical model

The non-linear viscoelastic model

The volume V of a heterogeneous material is formed by two media: a matrix defined by the medium V m and inclusions defined by the medium V i . With the objective to model the damage due to creep of cement-based materials, phases have a damage elastic behaviour. A constant load F is applied on one of the surface boundary of V. This load implies local displacements fields ( ) u y , local strain fields ( ) y ( ) 
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where 0 ( ) C y ɶ is the initial stiffness of the material phases considered isotropic and linear elastic. Stresses are defined along a finite set of directions defined by unit vectors n [START_REF] Fichant | Isotropic and anisotropic descriptions of damage in concrete structures[END_REF]:

( ) 3 2 1 (1 ) 
(1 ) ( )

t i ij j t t ij i k kl l d n n d n n n σ σ τ σ σ = - = - - ∑ (3) 
Where σ and τ represent the normal and tangential components of the local stress fields and d the scalar value of the isotropic damage which depends only on the elastic strain:
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where t B represents a damage parameter to control the slope of the strain softening constitutive relation in function of the width h of the element and 0 d ε the strain threshold from which damage begins and is defined as the ratio between the tensile strength and the Young's modulus ( 0 /
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The original version of the model has been modified in order to take into account the plasticity part in the fracture energy dissipation. The Nadai criterion has been replaced by two Drucker-Prager yield functions. One to limit the tensile regime and the second to limit the compression and the compression-compression regime:
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where c α , t α , c β and t β are four parameters in function of the relationship between the tensile limit stress and the compression one and the relationship between the bi-axial compressive state and the uni-axial one. The hardening law is considered as linear plastic:
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where q is a model parameter, p is the effective plastic strain and 0 w represents the elastic domain in the stress space. The viscoelastic strain is defined by Kelvin-voigt chains. With those elements, the stress history does not have to be stored for the calculation of creep strain [START_REF] Saliba | Study of creep-damage coupling in concrete by acoustic emission technique[END_REF]. For a Kelvin-voigt unit i, the basic strain evolution is given by:
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Where ( ) v t εɺ represents the derivative of the elementary basic creep strains, v k the stiffness and v η the viscosity of the Kelvin voigt unit.

The creep process occurs only in the undamaged part of the material and the effective stresses are linearized for each time step. The local total viscoelastic strains are obtained by solving analytically the differential equations and are expressed as:
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Where n v ε is the viscoelastic strain vector at time-step number n and , ,

v v v
a b c depend upon material parameters.

The total viscoelastic strain is deduced from the sum of all the elementary viscoelastic strains.
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Digital concrete model

The Digital Concrete Model has been developed with the aim to have a 'realistic' representation of cement-based materials by taking into account the random size distribution of heterogeneities. So, for previous applications on the behaviour of concrete, the concrete microstructure was represented as a multi-phases material with successions of three material phases (cement paste, pores, aggregate of various sizes) spatially distributed in a random way. Each phase is characterized by a set of physical and geometrical parameters as: the volume fraction, the unit size (aggregate or pore diameter), physico-mechanical properties. A specific algorithm has been developed to make a spatial and random distribution of these phases on the basis of a F.E. grid. Details are given in [START_REF] Grondin | Multi-scales modelling for the behaviour of damaged concrete[END_REF]. Simulations on Representative Elementary Volume (REV) allow defining the REV dimensions and the finite element size chosen in accordance with the material characteristics and the problem type. Generally the REV dimensions are taken equal to four times the highest inclusion diameter and the finite element size is equal to 0.8 time the smallest inclusion diameter. Calculations have been performed to check the stability of results with these dimensions for different inclusions distributions. The presented model is implemented in the finite element code CAST3M. Mechanical and basic creep parameters were identified from an experimental campaign performed in GeM laboratory.

3 Experimental identification of material parameters

Materials properties

Concrete and mortar specimens were mixed with Portland cement CPA-CEMII 42.5, crushed limestone aggregate distributed in fine sand, with a maximum size of 5 mm and a density of 2570 kg/m 3 and crushed gravel of size 5 to 12.5 mm with a density of 2620 kg/m 3 . A superplasticizer agent (Glenium 27) with a quantity of 1.9 kg/m 3 has been added for the workability of concrete. The same constituents were used for mortar. Table 1 shows the mix quantities of constituent materials for mortar and concrete. The mixtures were characterized by a water-to-cement ratio of 0.56. Three-point bending tests were realised on concrete beams with the dimensions 100 * 200 * 800 mm 3 [START_REF] Saliba | Study of creep-damage coupling in concrete by acoustic emission technique[END_REF]. Tensile tests were realised on cylinder specimens φ110x500 mm 2 . 

Experimental procedures

All tests are performed in a climate controlled chamber at 50 % of relative humidity and temperature of 20°C. For creep tests, the exchange of moisture is prevented by a double layer of self-adhesive aluminium paper.

The flexural creep tests are performed on frames (Figure 1b) with a capacity ranging from 5 to 50 KN. The load is applied by gravity with a weight and counterweight system and the displacement is measured at midspan (Figure 1). Three-point bending creep tests are realized on notched specimens. Specimens are loaded in creep at 70% and 85 % of the maximum load (F max ). The maximum load is measured in fracture tests with specimens at 28 days controlled with the crack mouth opening displacement (CMOD).

Tensile tests are conducted in a 100 kN capacity electromechanical machine. For each specimen, two thick steel plates are fixed on the top and on the bottom using high modulus and strength epoxy. Two rings are fixed on the specimen with three screws. Three LVDT with an accuracy of ±3 µm are placed on the rings at 120°. The relative displacement between the two sections is measured on a base of 280 mm at the central zone. A general view of the experimental setup is provided in figure 1a. The load is applied with a constant rate of 0.2 kN/s; so that the maximal strength occurred at about 1 minute. During each test, load, LVDT displacement and load cell displacement are measured and recorded up to final failure with a data acquisition system. Two specimens are loaded in creep at 85 % and 70% of the maximum load. 

Measurement of the concrete components properties

Concrete is modelled by a two-phase material considering aggregates embedded in the mortar matrix. So, the mechanical properties of mortar and aggregates have to be determined separately. Two mortar specimens are submitted to rupture at the age of two months to measure the maximum load to be considered in creep tests. In this study, we consider that the matrix governs the viscoelastic behaviour of concrete. So, the basic creep parameters are also determined based on tensile creep tests on mortar. A constant load is maintained for 30 days at 70% and 85% of the maximal strength. The Kelvin-Voigt parameters of the viscoelastic model are then calibrated to give a calculated total strain evolution of mortar, performed for an uniform mortar volume, comparable to the measurements (Figure 2). The displacement rate is very fast in the first few days of loading (primary creep) and then stabilizes (secondary creep). Creep strain begins then to decrease in time indicating that shrinkage increases. The same behavior was observed by Reinhardt and Rinder [START_REF] Reinhardt | Tensile creep of high-strength concrete[END_REF] and Rossi et al. [START_REF] Rossi | Basic creep behavior of concretes investigation of the physical mechanisms by using acoustic emission[END_REF]. Creep strain for aggregates is considered equal to zero. The direct tensile test does not allow measuring the postpeak regime. The fracture energy (G f ) for each constituent is also given by the literature [START_REF] Borderie | Approche mésoscopique du comportement du béton, Apport de la représentation géométrique[END_REF]. For aggregate, the mechanical characteristics are obtained from the literature. A Young's modulus of 60 GPa and a tensile strength of 6MPa are considered [START_REF] Granger | Comportement différé du béton dans les enceintes de centrales nucléaires analyse et modélisation[END_REF]. All the parameters that are used at the mesoscopic scale are summarized in table 3. 

E (GPa) 0 ν t f (MPa) f G (J/m²) 1 v k (GPa) 2 v k (GPa) 3 v k (GPa) v η (GPa.

Application on concrete at the mesoscale

The considered mesoscale for modelling the behaviour of concrete is the scale at which the material can be observed as a set of coarse aggregates embedded in a mortar matrix. Here, coarse aggregates are inclusions of a size greater than 5 mm while mortar matrix is a mixture of finer aggregates and a cement paste. The aggregate volume represents 37% of the total volume of concrete. The stability of results depending on the size of the specimen and the maximal diameter of the inclusion was performed in a recent study [START_REF] Grondin | Multi-scales modelling for the behaviour of damaged concrete[END_REF] and was respected here (L/Dmax>4).

Table 3: The aggregate size distribution of concrete φ (mm) 5 6.25 8 10 12.5 f V (%) 3 7 11 14 2

Creep behaviour in tension

The imposed constant load is equal to 70% or 85% of the maximal strength of concrete calculated by a fracture test. Figure 3 shows the macroscopic stress-strain curve obtained by the numerical simulation in comparison with experimental results. A good correlation is obtained and the post-peak region is very brittle as in the experimental tests. The numerical simulation and the experimental creep tests are presented in Figure 4. The numerical creep strain obtained with the digital concrete model is lower than creep strain for mortar specimen wish is expected as the aggregate do not creep. The specimens loaded at 85% fail after few days and the crack is localized at the end of the specimen. This failure may be due to stress concentration at both extremities. In addition, while concrete specimens fails, mortar specimens do not show any damage; thus the failure can be associated to the presence of the interfacial transition zone which is characterized by weak mechanical properties that should be simulated in the future for a real representation of this behaviour. Figure 5 shows the damage localisation for concrete specimens loaded at 70% and 85%. The specimens loaded at 70% show little damage localized at the mortar-aggregate interface. The same result is obtained for the specimen loaded at 85% however the damage intensity is more important. This damage is due to the load application at the beginning and begins to increase with creep. 

Structural response on a three-point bending test

Numerical simulations are performed on concrete submitted to a three-point bending creep test and results are compared to experimental results analysed in a previous study [START_REF] Saliba | Study of creep-damage coupling in concrete by acoustic emission technique[END_REF]. Only half of the beam is analysed (100*200*400 cm 3 ) due to a central symmetry around the notch. A regular mesoscopic mesh related to the middle part of the concrete specimen is generated and two homogeneous concrete blocks are attached to the left end of the beam with progressively larger mesh to avoid stress concentration (Figure 6). Numerical simulations are performed under stress plane conditions. The same parameters determined above are used for the mesoscopic mesh. For the homogeneous part, the parameters are determined by direct tensile test on homogenous concrete specimens. Creep compliance is assumed equal in compression and in tension which is in accordance with experimental evidences for mature concrete [START_REF] Brooks | A comparaison of creep, elasticity and strength of concrete in tension and in compression[END_REF]. A fracture test is performed to determine the maximal flexural strength (Figure 7). Calculated results of the typical load-CMOD curve are compared with experimental results. The evolution of local damage is also visualized in the material microstructure (Figure 8). The damage is localized at the front of the notch at the beginning of the test.

Then cracks begin to join up together and cracks propagate in the mortar matrix. The proposed model is also suitable for the computations of creep damage in bending. In Figure 9 deflection-time curves are plotted for different load to peak load ratios. The macroscopic behaviour of concrete under creep loading is characterized by a progressive degradation of the material stiffness. This behaviour is caused by the growth and coalescence of micro-cracks in the concrete microstructure (Figure 10). That means that the mechanical properties of concrete are gradually and locally degraded under creep. Further, we assume that the concrete specimen collapses when a long continuous crack develops at the bottom of the specimen and at the same time the maximum axial strains of the elements along the main crack are higher than the corresponding ultimate strain. This work has allowed highlighting the nucleation of micro-cracks in the concrete microstructure under a sustained load which contribute to the weakness of concrete observed in a recent work [START_REF] Saliba | Study of creep-damage coupling in concrete by acoustic emission technique[END_REF].
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  and local stress fields ( ) y σ in each point y of V which are linked by the following behaviour law:

  stiffness tensor of the material phases depending on the strain of phases, ( ) p y ε the local plastic strain fields and ( ) v y ε the local viscoelastic strain fields. The chosen damage model is the isotropic model developed by Fichant et al.[START_REF] Fichant | Contiuum damage modeling: approximation of crack induced anisotropy[END_REF]. It allows to represent the unilateral effect and to obtain objective results independently of the length of the finite elements by controlling the fracture energy. This model is a simplified version of the microplan model of Bazant and Ozbolt[START_REF] Bazant | Nonlocal microplane model for fracture, damage, and size effect in structures[END_REF] and is based on the relation between the total stress and the effective stress ( ) y σɶ of the material defined by:
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 1 Tensile creep test setup (a) and general view of the flexural creep frame (b).
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 2 Figure 2: Tensile creep strain of mortar specimens loaded at 70% and 85%.
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 34 Figure 3: Stress -strain relationship in tension and comparison with experimental results.
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 5 Figure 5: Localisation of damage in concrete specimens loaded at 70% and 85% of the maximal strength.
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 67 Figure 6: Meshing of the concrete beams under three point-bending tests.
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 8 Figure 8: Localisation of damage in concrete beams at 86, 100 of the maximal strength and 5% of the post peak region under three point bending test.
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 910 Figure 9: Deflection-time curves of concrete beams in flexion for different stress to strength ratios

Table 1 :

 1 Concrete and mortar mixtures proportions.

	Constituents	Dosage for concrete (Kg/m3)	Dosage for mortar (Kg/m3)
	Gravel: G5/12,5 mm	936.0	-
	Sand: 0/5 mm	780.0	1270.0
	Cement: CEMII 42.5	350.0	550.0
	Water	219.5	330.0

Table 2 :

 2 Model parameters for mortar and aggregates