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This paper focuses on thermal and mechanical properties of a hardened cement paste reinforced with Posidonia-Oceanica fibers. Fibers volume fractions are varied from 0% to 20%. Thermophysical and mechanical properties are measured. Simplified models are developed to predict thermal conductivity, tensile and compressive stresses and fracture toughness variation as a function of fibers volume fraction and geometrical characteristics of samples. Results showed that the addition of Posidonia-Oceanica fibers improved the material insulating properties. In fact, a decrease of about 22% (from 0.0718 W.m -1 .K -1 to 0.559 W.m -1 .K -1 ) of thermal conductivity was found with adding 20% of fibers compared to control cement paste.

Concerning mechanical properties, flexural and compressive strengths increased for fiber volume fractions in the range of 5 to 10% and then decreased for higher fiber volume fractions. It was shown through a simplified model and MEB observations that agglomeration of fibers for high volume fraction is behind this phenomenon. Moreover, a noticeable increase of toughness was observed with increasing fibers amount: for instance, an increase of about

kf: fibers thermal conductivity, W.m -1 .K -1 -kh1: thermal conductivity in the volume V2, W.m -1 .K -1 -kh2: thermal conductivity in the volume V3, en W.m -1 .K -1 kinf: lower thermal conductivity of the first order model, W.m -1 .K -1 ksup: upper thermal conductivity of the first order model, en W.m -1 .K -1 -: thermal diffusivity, m 2 .s 

Introduction

The use of natural fibers in construction materials is not recent. Over the decades and with countries industrialization, industrial materials have been developed and replaced traditional materials. However, with incentives to integrate sustainable development projects, there is a return to old materials and practices based on scientific researches.

In this context, the use of natural fibers in cement-based building materials has been a subject of interest of several studies such as [START_REF] Swift | Sisal fibre reinforcement of cement paste and concrete[END_REF][START_REF] Tolêdo Filho | Durability of alkali-sensitive sisal and coconut fibres in cement mortar composites[END_REF][START_REF] Sedan | Propriétés mécaniques de matériaux enchevêtrés à base de fibre de chanvre et matrice cimentaire[END_REF][START_REF] Jr | Evaluation of mechanical, physical and thermal performance of cement-based tiles reinforced with vegetable fibers[END_REF][START_REF] Allegue | Mechanical properties of Posidonia oceanica fibers reinforced cement[END_REF][START_REF] Sawsen | Effect of flax fibers treatments on the rheological and the mechanical behavior of a cement composite[END_REF][START_REF] Fantilli | Fiber volume fraction and ductility index of concrete beams[END_REF][START_REF] Çomak | Effects of hemp fibers on characteristics of cement based mortar[END_REF][START_REF] Wongsa | Natural fiber reinforced high calcium fly ash geopolymer mortar[END_REF].

A bibliographic synthesis of the formulation of cementitious composites with natural fibers of these articles is conducted and presented in table 1.

It is well known that the incorporation of natural fibers in a cement matrix influences the density and thermal conductivity. Usually, there is a decrease of thermal conductivity and density values with the increase of fibers fraction [START_REF] Khedari | Development of fibre-based soil-cement block with low thermal conductivity[END_REF][START_REF] Bentchikou | Effect of recycled cellulose fibres on the properties of lightweight cement composite matrix[END_REF][START_REF] Benmansour | Thermal and mechanical performance of natural mortar reinforced with date palm fibers for use as insulating materials in building[END_REF][START_REF] Belhadj | Contribution to the development of a sand concrete lightened by the addition of barley straws[END_REF][START_REF] Onésippe | Sugar cane bagasse fibres reinforced cement composites: thermal considerations[END_REF][START_REF] Akinyemi | Development of banana fibers and wood bottom ash modified cement mortars[END_REF]. However, Wongsa et al. [START_REF] Wongsa | Natural fiber reinforced high calcium fly ash geopolymer mortar[END_REF] showed that there is no significant impact of fibers amount on studied composites thermal conductivity. In fact, fibers volume fraction in this work did not exceed 1%.

Cementitious composites have relatively good compressive strength and weak tensile strength. The reinforcement of cementitious matrices with fibers allows the improvement of tensile strength, fracture toughness, material ductility and bridge the developed cracks [START_REF] Belhadj | Contribution to the development of a sand concrete lightened by the addition of barley straws[END_REF][START_REF] Swift | The flexural strength of cement-based composites using low modulus (sisal) fibres[END_REF][START_REF] Banthia | Uniaxial tensile response of microfibre reinforced cement composites[END_REF][START_REF] Banthia | Fracture toughness of micro-fiber reinforced cement concrete[END_REF]. Typically, the presence of fibers in composites does not improve the resistance to crack apparition, it influences the post-cracking behavior [START_REF] Mihashi | Toughening mechanism of hybrid fiber reinforced cement composites[END_REF][START_REF] Fu | Fracture property of steel fiber reinforced concrete at early age[END_REF]. The strength increase is usually a few percent, but the toughness is highly increased.

The present research is focused on studying the effect the reinforcement of a cement paste with Posidonia Oceanica natural fibers. Posidonia-Oceanica is an aquatic Mediterranean plant from the Posidoniaceae family. In autumn, leaves and balls of Posidonia-Oceanica are accumulated in beaches with various fragmentations. These debris are frequently eliminated from beaches. Therefore, the valorization of this "waste product" in construction materials seems interesting.

The use of fibers extracted from Posidonia Oceanica balls as an insulation material have been studied in our previous work [START_REF] Hamdaoui | Thermophysical characterization of Posidonia Oceanica marine fibers intended to be used as an insulation material in Mediterranean buildings[END_REF]. Results showed that these fibers could be used as a thermal insulation material. Indeed, fibers thermal conductivity is close to the most commonly used thermal insulation materials: thermal conductivity values are lying between 0.04 and 0.07 W.m -1 .K -1 . However, their heat capacity is significantly higher (about 2500 J.kg -1 .K -1 ) [START_REF] Hamdaoui | Thermophysical characterization of Posidonia Oceanica marine fibers intended to be used as an insulation material in Mediterranean buildings[END_REF].

In this work, the effect of the reinforcement of cement paste with Posidonia Oceanica fibers is investigated. Table 1 was used to choose the studied composites formulation.

Allegue et al. [START_REF] Allegue | Mechanical properties of Posidonia oceanica fibers reinforced cement[END_REF] have studied the effect of the reinforcement of a cement paste with

Posidonia-Oceanica natural fibers on mechanical compressive and flexural strengths. This reference is used to compare results found in this work concerning mechanical properties. The originality of our paper consists in the study of thermal properties and the proposition of analytical models to predict thermal and mechanical properties.

Thus, the present article is structured in the following way. Section 2 describes samples preparation and characterization methods employed. Section 3 presents and discusses experimental results. Analytical models to predict thermal and mechanical properties and a comparison with experimental data are proposed and discussed in section 4. Section 5

summarizes our major conclusions. 

Experimental program

Samples preparation and microstructure

The studied composites were made of Portland cement paste CEM I 42.5 R and natural fibers of 1cm of length. Fibers were mechanically extracted from the marine Mediterranean plant

Posidonia-Oceanica previously washed and dried. The water cement ratio is 0.5. Fibers volume fraction considered are 0, 5%, 10%, 15% and 20%.

Samples of 44×44×10 mm 3 were prepared for thermal tests and samples of 40×40×160 mm 3 for mechanical tests. Pre-notched samples with 8 mm tip width were prepared for fracture test. Three specimens were prepared for each group. All the specimens were demolded after 24h and conserved 28 days in the laboratory with recording of temperature and humidity. The temperature was about 20°C ± 2°C and the relative humidity was about 50% ± 5%.

Experimental results are obtained after hydration and results considered are obtained from the average of 3 samples. Thermophysical properties (density, thermal conductivity, thermal diffusivity and heat capacity) and mechanical properties (compressive strength, flexural strength and toughness) are evaluated and discussed.

SEM images of composites observed with JEOL 6301F scanning electron microscope are presented in Figure 1. As it can be seen, fibers of diameter of about 100 µm with a hollow structure are randomly dispersed in the cement paste. Additionally, as shown in Figure 2, some agglomerations of fibers are observed and lead to an additional porosity. 

Methods

Thermal tests

Thermal properties (thermal conductivity and thermal diffusivity) are measured with the Hot-Disk Transient Plane Source (TPS) method. This method consists in applying a controlled heat flux with a plane probe placed between two samples of the material to be tested. This probe is connected to the TPS device and acts as a heating source and a temperature sensor:

the increase of the probe electrical resistance corresponding to the increase of its temperature is recorded.

More details concerning this method are available in a previous work [START_REF] Hamdaoui | Thermophysical characterization of Posidonia Oceanica marine fibers intended to be used as an insulation material in Mediterranean buildings[END_REF] and in references [START_REF] Gustafsson | Transient plane source techniques for thermal conductivity and thermal diffusivity measurements of solid materials[END_REF][START_REF] Gustavsson | Thermal conductivity, thermal diffusivity, and specific heat of thin samples from transient measurements with hot disk sensors[END_REF][START_REF] Log | Transient plane source (TPS) technique for measuring thermal transport properties of building materials[END_REF][START_REF] Krapez | Mesure de l'effusivité thermique-Méthodes photothermiques[END_REF].

In this work a TPS 2500 device is used. A probe (Reference 5465) with a radius of 3.189 mm is used. A heating power of 80 mW is applied during 20 s.

Repeatability measurements of thermal conductivity and thermal diffusivity with the Hot-Disk method have been carried out and showed that the standard deviation is about 4% for thermal conductivity measurements and 9% for thermal diffusivity [START_REF] Hamdaoui | Thermophysical characterization of Posidonia Oceanica marine fibers intended to be used as an insulation material in Mediterranean buildings[END_REF]. These values are considered in the results of this study.

Mechanical tests

Mechanical tests are performed according to NF EN 12390 standard [START_REF] En | [END_REF] and using an Universal Testing Machine FORM+TEST apparatus equipped with a 50 kN load cell.

Samples of 40×40×160 mm 3 are horizontally placed upon two parallel supporting rollers spaced with 100 mm. A vertical load is applied in the middle of the sample with a constant speed of 50 N.s -1 . The load required to break the specimen Ff is recorded and the tensile strength obtained by flexural test is calculated as follows:

. × × The fracture toughness is determined according to ISO 12135 standard [START_REF]Matériaux métalliques -Méthode unifiée d'essai pour la détermination de la ténacité quasi statique[END_REF]. Pre-notched samples of size 40 × 40 ×16 mm 3 are placed in the flexural machine as shown in Figure 3.

Fracture toughness Kc is calculated as follows:
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Where: b = 40 mm, w = 40 mm and L = 120 mm.

a is the notch length and Pf is the load required for rupture. 
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Experimental results

Density

Samples density has been calculated from the average of the measurement of weight and volume of three samples. Density variation as function of fiber volume fraction is presented in Figure 4. Results indicate that the material becomes slightly less dense with the increase of fibers volume fraction. Indeed, the density varies from 1761 kg.m -3 to 1613 kg.m -3 : a reduction of 8 % compared to the control cement paste is noted. This result is expected because of the hollow structure of fibers shown in SEM images of Figure 1 that generate voids and pores in the matrix. There is also an additional porosity coming from the fiber matrix interface and the fibers agglomeration (see Figure 2).

Composites density ) * as a function of fibers volume fraction could be written as follows:

m f H ρ ϕ ϕρ ρ ) 1 ( - + = (5)
Where ) + and ) , are respectively fibers and matrix densities. Equation 5 allows the identification of ) , and ) + . Estimated densities are 1713 for ) , and 1214 kg.m -3 for ) + . A bibliographic synthesis was carried out by Pickering et al. [START_REF] Pickering | A review of recent developments in natural fibre composites and their mechanical performance[END_REF] and showed that densities of natural fibers (Coir, Sisal, Hemp, Jute,) are situated between 1200 kg.m -3 and 1600 kg.m -3 . This relashionship is available for samples including fibers. However, density founded for φ=0 is slightly lower than experimental measured density. This could be explained by fibers incorporation that tends increase matrix porosity. 

Thermal conductivity

Thermal conductivity values as a function of fibers volume fraction are presented in Figure 5.

Cement composites containing Posidonia-Oceanica fibers thermal conductivity is varying from 0.718 W.m -1 .K -1 to 0.559 W.m -1 .K -1 for composites including 20% fibers volume fraction, thus showing a decrease of about 22% . This decrease could be explained by the density decrease and porosity increase that leads to reduce the heat transfer and the huge difference between fibers and matrix thermal conductivities: fibers thermal conductivity (kf = 0.047 to 0.070 W.m -1 .K -1 ) [START_REF] Hamdaoui | Thermophysical characterization of Posidonia Oceanica marine fibers intended to be used as an insulation material in Mediterranean buildings[END_REF] is at least 10 times lower than that of the matrix (km = 0.718 W.m -1 .K -1 ). In addition, the fibers incorporation in the matrix creates many interfaces that act as thermal contact resistances and leads to a decrease in thermal conductivity. This result has been also reported by many researches. Benmansour et al. [START_REF] Benmansour | Thermal and mechanical performance of natural mortar reinforced with date palm fibers for use as insulating materials in building[END_REF] in their study of the development of an insulation material made of mortar including date palm fibers.

Authors have noted a decrease of 92.5% in thermal conductivity values. This important drop compared to our results is due to the fibers content tested that reaches 30% weight fraction. Belhaj et al. [START_REF] Belhadj | Contribution to the development of a sand concrete lightened by the addition of barley straws[END_REF] have noted a decrease from 1.4 W.m -1 K -1 to 1.32 W.m -1 K -1 on thermal conductivity values of barley straw reinforced cement. Onésippe et al. [START_REF] Onésippe | Sugar cane bagasse fibres reinforced cement composites: thermal considerations[END_REF] have reported that thermal conductivity decreases from 0.62 W.m -1 K -1 to 0.46 m -1 K -1 with the introduction of Bagasse fibers in a cement-based matrix. Same ascertainments have been noticed by Akinyemi et al. [START_REF] Akinyemi | Development of banana fibers and wood bottom ash modified cement mortars[END_REF] in their work concerning the incorporation of banana fibers and wood bottom ash in a cement matrix.

In addition, samples thermal conductivity relative variation as a function of the density relative variation presented in Figure 6 shows that there is a correlation between these two properties. This result confirms those already observed by Ibos [START_REF] Ibos | Métrologie thermique appliquée à la caractérisation thermophysique des composites et au contrôle de structures par thermographie[END_REF] for other natural fibers used in the reinforcement of organic or mineral matrices. 

Thermal diffusivity

As shown in Figure 7, samples thermal diffusivity is ranging between 0.362 × 10 -6 m 2 .s -1 and 0.298 × 10 -6 m 2 .s -1 . Thermal diffusivity decreases very slightly with the incorporation of fibers in the cement matrix. A decrease of 12% is observed from the introduction of 5% of fibers. However, non-significant variation is noted for higher fibers volume fractions, regarding measurement uncertainties. Therefore, it could be reported that Posidonia-Oceanica fibers introducing in cement matrix plays a minor influence on thermal diffusivity. Onésippe et al. [START_REF] Onésippe | Sugar cane bagasse fibres reinforced cement composites: thermal considerations[END_REF] have calculated thermal diffusivities of their Bagasse fibers reinforced cement composites from their thermal conductivity, density and heat capacity measurements. Thermal diffusivities found in their study do not show important variation and are lying between 1.18× 10 -6 m 2 .s -1 and 1.58 × 10 -6 m 2 .s -1 . 

Flexural strength

Flexural strength is the tensile strength obtained by flexural test and estimated by Equation 1.

Flexural strength as a function of fibers volume fraction is presented in Figure 8.

Results revealed that flexural strength increases by 27% for the composites including 5% of fibers compared to the cement paste. For higher fibers volume fraction, flexural strength decreases but still remains higher than the control cement paste strength. Fibers presence in a cementitious matrix improves the composite tensile and allows crack bridging. For higher fiber content, mixing becomes difficult and composites homogeneity is affected by fibers agglomeration. Allegue et al. [START_REF] Allegue | Mechanical properties of Posidonia oceanica fibers reinforced cement[END_REF] have reported the same behavior of their composites made of a cement matrix with Posidonia-Oceanica fibers. Flexural strengths for composites with 0.5 W/C ratio were found between 4.3 MPa and 5.6 MPa. The slight difference compared to our results could be associated to the difference between the type of cement used. Sedan et al. [START_REF] Sedan | Propriétés mécaniques de matériaux enchevêtrés à base de fibre de chanvre et matrice cimentaire[END_REF] have revealed the same trend in their study of a cement matrix reinforced with hemp fibers.

For fiber contents varying from 0 to 20% and a W/C ratio of 0.5, authors noted flexural strength values between 4 MPa and 6.8 MPa. Belhaj et al. [START_REF] Belhadj | Contribution to the development of a sand concrete lightened by the addition of barley straws[END_REF] have noticed an increase of 6% and a decrease of 6% compared to the control samples when adding respectively 5 kg.m -3 and 15 kg.m -3 of barley straws. 

Compressive strength

Samples compressive strength as a function of fibers content is presented in Figure 9. Results revealed that compressive strength has the same behavior than tensile strength obtained by flexural test: it increases with the addition of fibers then it decreases then but still higher than the control cement strength. The peak corresponding to a 27% of strength increase is obtained at 10% of fibers volume fraction. This decrease could be associated to the rise of composite porosity. However, the optimal compression strength is obtained for 10% of fibers volume fraction. A similar behavior was also reported by Allegue et al. [START_REF] Allegue | Mechanical properties of Posidonia oceanica fibers reinforced cement[END_REF]. Zaroudi et al. [START_REF] Zaroudi | Fresh and hardened properties of an eco-friendly fiber reinforced self-consolidated concrete composed of polyolefin fiber and natural zeolite[END_REF] also reported such a variation in a study concerning the use of polyolefin fiber on an eco-friendly concrete. Authors indicated that there is a slight rise of compressive strength values with the introduction of 0.5 kg.m -3 of fibers, and a decrease is observed for higher fibers content. However, Benmansour et al. [START_REF] Benmansour | Thermal and mechanical performance of natural mortar reinforced with date palm fibers for use as insulating materials in building[END_REF] have observed a substantial decrease of compressive strength when increasing date palm fibers fraction in mortar. 

Toughness

Fracture toughness variation as a function of fibers volume fraction is presented in Figure 10.

A linear and significant increase of toughness is observed with the increase of fibers content.

An increase of 65% is observed for composites including 20% of fibers. Thus, it could be deduced that the addition of fibers significantly improves the material toughness and therefore its resistance to cracks propagation. This leads to the decrease of the material brittleness and of its ductility due to the role of fibers in the bridging of cracks. Fibrous composites crack bridging is owing to the presence of frictional shear resistance along the interface between fibers and matrix [START_REF] Nair | Crack-wake debonding and toughness in fiber-or whisker-reinforced brittle-matrix composites[END_REF]. Similar results have been reported for cement-based composites with natural or synthetic fibers by Banthia et al. [START_REF] Banthia | Uniaxial tensile response of microfibre reinforced cement composites[END_REF][START_REF] Banthia | Fracture toughness of micro-fiber reinforced cement concrete[END_REF], Fu et al. 

Analytical models 4.1. Hypothesis, microstructure and geometrical model

Several approaches and models to predict the mechanical and thermal properties of short fiber composites are available in the literature. It is well known that composites properties are dependent to fibers shape, length, orientation and the fiber-matrix interface [START_REF] Bigg | Thermal conductivity of heterophase polymer compositions[END_REF][START_REF] Zhandarov | Characterization of fiber/matrix interface strength: applicability of different tests, approaches and parameters[END_REF].

Based on the experimental data and assuming some simplifying hypothesis chosen from composites microstructure, simplified models were developed to predict thermal conductivity, tensile and compressive strengths and fracture toughness as a function of fibers volume fraction.

In order to predict composites properties, the following simplifying hypotheses are considered:

-fibers are cylindrical with an average diameter of 100 μm (see SEM images of Figure 1); -fibers are of average 10 mm length (measured with a caliper); -fibers are considered uniformly distributed in the matrix; -fibers are horizontally oriented in the matrix; -for thermal model, heat flux is considered perpendicular relatively to fibers arrangement and for mechanical model load direction is in the same direction of fibers. These two configurations are chosen because they correspond to the expected application of these materials as a construction material. Measurements were performed accordingly to these hypotheses.

-It was observed from SEM images of composites (see Figure 2 Where d0 is the fiber diameter (100 -.) and is the ratio of fibers fraction. This is an empirical relationship chosen from SEM images. In fact, for a composite with 20% of fibers it could be observed that a bundle of five fibers is formed. The effective diameter d is then 500 -. in this case.

Assuming the simplified hypotheses presented above, the geometric model considered for the analytical predictions is presented in Figure 11.

Inclusion distribution in the matrix considered for analytical model and the simplified representative volume element (RVE) corresponding to a half-cylindrical fiber included in a cement parallelepiped are presented in Figures 11 and12 Three variables , , and are defined such as:

/ 0 1 (7) / 0 / (8) 1 2 3 (9)
is assumed equal to 50 (the same ratio between fibers mi-length 5 mm and diameter 100 -.).

Cylindrical fiber (of length l and diameter d0) is then replaced as shown in Figure 13 by an equivalent parallelepiped of same length and volume. The square section of this "equivalent" fiber is d0' 2 . Thus, we obtain: The volume V1 is composed of a cement parallelepiped in parallel with a volume V2 relatively to the heat flow direction. V2 is composed of a fiber parallelepiped in a cement parallelepiped as shown in Figure 17. Therefore, a 'parallel' volume fraction φp1 could be defined as follows: Where l is the average length of fibers, D1 is the horizontal distance between fibers. The RVE V2 is then subdivided into two volumes: a volume corresponding to the matrix in series with a volume V3 where V3 is a parallelepiped of fiber embedded in a cement parallelepiped as shown in Figure 18. A 'series' fibers volume fraction φs1 is determined considering the volume V2 and defined as follows: 

2 2 2 4 0 ' 0 2 ' 0 2 0 π π d d l d l d = ⇔ × = × ( 10 
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'Parallel' fibers volume fraction φp1' could be defined with considering the volume V3 (see Figure 18) as follows: Finally, total fibers volume fraction φ is:

4 × 8 × 4 ′ (14) 
To determine distances D1 and D2, Equation 14 is considered. 4 , 8 and 4 ′are respectively replaced by their formulas of Equations ( 11), ( 12) and ( 13). Variables , , and are then used to find D1 and D2.

It amounts to solve for each fibers volume fraction the following degree 3 Equation:

< C D ( D 2) < D (2 D 1) D 1 F 0 (15) 
We recall that for a given volume fraction, parameters and are known (see Equations 8 

Thermal model

The equivalent thermal conductivity kH of the composite could be written by considering the RVE V1 as a function of the volume fraction 4 given by Equation 11, the matrix thermal conductivity km and the thermal conductivity of the volume V2 kh1:

m p h p H k k k ) 1 ( 1 1 1 ϕ ϕ - + = (16)
kh1 is calculated on the basis of Equation 17 using the volume fraction 8 , the matrix thermal conductivity km and kh2 the thermal conductivity of the volume V3.

m s h s h k k k ) 1 ( 1 1 2 1 1 ϕ ϕ - + = (17) 
kh2 is calculated on the basis of Equation 18 using the volume fraction 4 A , the matrix thermal conductivity km and fibers thermal conductivity km.

m p f p h k k k ) ' 1 ( ' 1 1 2 ϕ ϕ - + = (18)

Comparison between thermal conductivity model and experimental results

The experimental measurements of thermal conductivity are compared to the upper and the lower bounds given by the first order thermal models. These models allow to define for a composite material the lower bound kinf and the upper bound ksup of thermal conductivity k.

Assuming that the composite is a multi-layers material, the lower bound is giving by considering a series assembly of the material layers relatively to the heat flow direction. The upper bound is given by considering a parallel assembly of fibers and matrix relatively to the heat flow.

For a two homogenous layers material, kinf and ksup thermal conductivity limits are written as a function of the fibers volume fractions φ and fibers and matrix thermal conductivities kf and km as follows [START_REF] Bigg | Thermal conductivity of heterophase polymer compositions[END_REF]: [START_REF] Fu | Fracture property of steel fiber reinforced concrete at early age[END_REF] km is the hardened cement paste without fibers thermal conductivity (km = 0.718 W.m -1 .K -1 ) and kf is Posidonia-Oceanica fibers thermal (kf = 0.070 W.m -1 .K -1 ) corresponding to fibers maximal thermal conductivity measured in a previous work [START_REF] Hamdaoui | Thermophysical characterization of Posidonia Oceanica marine fibers intended to be used as an insulation material in Mediterranean buildings[END_REF]. reported that two modes of failure are possible [START_REF] Matthews | Composite materials: engineering and science[END_REF]: fibers rupture or fibers sliding.
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Figure 19 presents a part of composite after flexural test. It could be observed by examining the rupture surface of composites that fibers are undamaged. Therefore, it could be assumed that rupture occurs rather by fibers sliding at fiber-matrix interface.

The corresponding geometric model is shown in Figure 16.

The composite tensile strain σtraction,c is defined as a function of the interface shear strength τ, the matrix tensile strain σtraction,m, the geometric properties of the fiber l and d and the fiber volume fractions φ.

According to Matthews et al. [START_REF] Matthews | Composite materials: engineering and science[END_REF] and Van Hattum et al. [START_REF] Van Hattum | A model to predict the strength of short fiber composites[END_REF], the tensile strain is given by Equation 21where d is the agglomerated fibers diameter supposed variable as a function of fibers volume fraction. 

Tensile and compressive strengths models and comparison with experimental results

Equation 15 is considered in order to determine the tensile strength variation as a function of fibers volume fraction. The effective diameter d is replaced by Equation 6, Equation 21becomes:

m traction c traction d d l , 0 0 , ) 1 ( ) 20 ( 2 σ ϕ ϕ τ ϕ σ × - + + × × = (22) 
The value of the interface shear strength is estimated by model identification with experimental data. A value of τ of 0.328 MPa is identified. Figure 22 presents a comparison of experimental tensile strengths with the analytical model previously presented. The tensile strength is increasing until a maximal strength corresponding to optimal amount fibers fraction in the cement matrix. Above this value, strength decreases.

In order to determine the direct tensile strength σtraction,T from tensile strength obtained by flexion σtraction,c, the CERIB (Centre d'Etudes et de Recherches de l'Industrie du Be ton )

proposed the following formula [START_REF] Beinish | Éprouvettes en béton : leurs essais[END_REF]:

c traction T traction , , 6 . 0 σ σ = (23) 
Compressive strength and tensile strength are correlated by the following relationship [START_REF] Neville | Properties of concrete[END_REF][START_REF] Yao | Correlation between the compressive, tensile strength of old concrete under marine environment and prediction of long-term strength[END_REF]:

T traction g c n compressio f , , σ σ = ( 24 
)
Where f and g are two constants to be determined by model identification with experimental measurements.

σtraction,T of the Equation 24 is replaced by Equation 23. σtraction,c is then replaced by Equation 22, σcompression,c becomes:

g m traction c n compressio d d l f ) ) 1 ( ) 20 ( 2 ( 6 . 0 , 0 0 , σ ϕ ϕ τ ϕ σ × - + + × × = (25) 
Coefficients f and g are estimated by model fitting with experimental results. Values found are 8.46 for f and 1.1 for g. The interface shear strength τ taken is 0.328 MPa (value found in section 4.5). The model of compressive strength is then plotted in Figure 23 and compared to measured compressive strengths. It can be easily seen that both model and experimental data have the same trend: there is an increase of composite compressive strength with fiber incorporating until a maximum value. Then, for higher fiber volume fractions, the compressive strength decreases. Classical models did not predict this variation of strength. It has been demonstrated through this simplified model that this behavior is due to fibers agglomeration for high fibers content. 

Toughness model and comparison with experimental results

In this section rupture energy of an homogenized RVE is considered. Fracture toughness could be written as a function of the fracture energy Gc and Young's modulus Ec by in the following way [START_REF] Matthews | Composite materials: engineering and science[END_REF]:

c c c G E K = (26)
The homogenized composite fracture energy Gc can be expressed as a function of the rupture energy in the volume part containing the matrix Gm and the fracture energy of the part containing a part of fiber and matrix G'. 

2 . . . l d G S G S G m c π ′ + = ( 27 
)
Where S is the area of dimensions (d + D2) 2 (see Figure 16).

The fracture energy Gc becomes:

2 ) ( D d dl G G G m c + ′ + = π (28) 2 
Furthermore, Young's modulus can be written according to the law of mixing as follows:

m f c E E E ). 1 ( . ϕ ϕ - + = (29)
Gc is replaced by Equation 28, Ec by Equation 29and d by Equation 6.

It follows that equation 27 becomes: Ef could be accepted because according to literature natural fibers Young's modulus is varying from 6 to 130 GPa [START_REF] Wambua | Natural fibres: can they replace glass in fibre reinforced plastics ?[END_REF] and [START_REF] Baley | Fibres naturelles de renfort pour matériaux composites[END_REF].
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Figure 24 illustrates the developed model of fracture toughness Kc variation as a function of fibers volume fraction compared to experimental results. It can be easily observed that the proposed model has the same variation with experimental data for fiber content ranging between 0% and 20% and that fracture toughness is increasing with fibers volume fraction increase. It confirms that fibers incorporating in a cement brittle matrix improves its ductility. Composites mechanical properties have been measured and analytical models were defined to predict composites compressive, tensile strengths and fracture toughness as a function of fibers volume fractions. It was observed that compressive and flexural strengths increased of about 27% between 5% and 10% then decreased but still higher than specimens without fibers. However, it appears that fracture toughness was significantly increased with the increase of fibers fraction. Analytical models for variation of compressive and tensile strengths and fracture toughness have been also developed and compared to experimental data. It was shown that the pic observed in compressive and tensile strengths is due to fibers agglomeration for high volume fraction. It was also shown that fibers incorporating in this cementitious matrix increases significantly the material ductility and his ability to bridge cracks.

As a result of this research, the use of natural fibers of Posidonia-Oceanica in the reinforcement of a cement matrix seems an interesting application for their valorization in the construction domain. Material thermal and mechanical properties could be improved. This improvement depends on fibers quantity which depends on the intended application. If a maximal strength is needed fibers volume fraction should preferably not exceed 10% and if the priority is having maximal ductility and/or good insulation properties, fibers volume fraction could be higher.

Moreover, models developed in this work could give an estimation of thermal conductivity, fracture toughness and compressive and tensile strengths as a function of any Posidonia-Oceanica fibers volume fraction.
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 1332 ρ: density, en kg.m -3 -ρH: homogenized composite density, kg.m -ρf: fibers density, kg.m -ρm: matrix density, en kg.m -3 φ: fibers volume fraction, % φm: matrix volume fraction, % -φp1: 'parallel' fibers volume fraction relatively to heat flux in the volume V1, % φ'p1: 'parallel' fibers volume fraction relatively to heat flux in the volume V2, % -φs1: 'series' fibers volume fraction relatively to heat flux in the volume V2, % d: fibers effective diameter, mm -d0: fibers mean diameter, mm -d0 ' : fibers equivalent diameter, mm l: mean length of fibers, mm -D1: Horizontal distance between fibers, mm -D2: Vertical distance between fibers, mm -S: RVE area of dimensions (d + D2) 2 , mm 2 -: ratio between D1 and l -: ratio between D1 and D2 -: ratio between l and d0 σtraction: tensile strength obtained by flexural test, MPa σtraction, c: composite tensile strength obtained by flexural test, MPa σtraction, T: direct composite tensile strength, MPa σcompression, c: compressive strength, MPa σcompression, c: composite compressive strength, MPa σtraction, m: matrix tensile strength obtained by flexural test, MPa τ: interface shear strength, MPa -Kc: fracture toughness, MPa.m 1/Gc: composite fracture energy, MPa.m -Gm: matrix fracture energy, MPa.m -G ' : fracture energy of the volume containing the fiber and the matrix, MPa.m -Ec: composite Young's modulus, MPa -Em: matrix Young's modulus, MPa -Ef: fibers Young's modulus, MPa
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 12 Figure 1. SEM images for Posidonia-Oceanica fibers reinforced hardened cement paste ( 5%)

( 1 )

 1 b, w are samples width and depth (b = 40 mm, w = 40 mm) and L is the span (L=120 mm). After failure prismatic beams used in flexural test are placed between two 40 × 40 mm 2 plates until rupture. The compressive strength is calculated from the failure load Fc and the sample area A (A=40 x 40 mm 2 ).

Figure 3 .

 3 Figure 3. Notched beam specimen under flexural test

Figure 4 .

 4 Figure 4. Samples density as function of fibers volume fraction

Figure 5 .

 5 Figure 5. Samples thermal conductivity as function of fibers volume fraction

Figure 7 .

 7 Figure 7. Samples thermal diffusivity as function of fibers volume fraction

Figure 8 .

 8 Figure 8. Samples flexural strength as function of fibers volume fraction

Figure 9 .

 9 Figure 9. Samples compressive strength as function of fibers volume fraction

  [START_REF] Mihashi | Toughening mechanism of hybrid fiber reinforced cement composites[END_REF], Mohr et al.[START_REF] Mohr | Durability of kraft pulp fiber-cement composites to wet/dry cycling[END_REF] Juarez et al.[START_REF] Juarez | Comparative study between natural and PVA fibers to reduce plastic shrinkage cracking in cement-based composite[END_REF], Akhavan et al.[START_REF] Akhavan | Ductility enhancement of autoclaved cellulose fiber reinforced cement boards manufactured using a laboratory method simulating the Hatschek process[END_REF], Bekhiti et al.[START_REF] Bekhiti | Influence of waste tire rubber fibers on swelling behavior, unconfined compressive strength and ductility of cement stabilized bentonite clay soil[END_REF] and Wang et al.[START_REF] Wang | Effect of basalt fiber inclusion on the mechanical properties and microstructure of cement-solidified kaolinite[END_REF].
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 10 Figure 10. Samples toughness as function of fibers volume fraction

  ) that fibers tend to agglomerate. This phenomenon depends on fibers volume fraction. Thus, an effective diameter d of the fibers as a function of the volume fraction could be defined. d is the diameter of inclusion which represents an agglomeration of fibers or a distributed single fibers for low volume fractions of fibers. The effective diameter d is considered linearly increasing as a function of fibers volume fraction:

  .
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 112212 Figure 11. Simplified repartition of inclusions in the matrix
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 13 Figure 13. Inclusions modeling
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 14151617 Figure 14. Modified representative volume element V1

Figure 18 .

 18 Figure 18. Elementary representative volume V3 for thermal model

and 9 ) 0 I)

 90 . Thus, solving Equation 15 allows the determination of . RVE dimensions D1 (G × H) and D2 (G < / are then calculated. The variation of effective fibers diameter d calculated with Equation 6 and results of the estimated horizontal and vertical distances between fibers D1 and D2 are presented in Figure 19 as a function of fibers volume fraction .

Figure 19 .

 19 Figure 19. Distances d, D1 and D2 as a function of fibers volume fraction

Figure 20

 20 Figure 20 illustrates a comparison between the experimental values of thermal conductivity and the model developed in part 4.2. The experimental and proposed model values are

Figure 20 . 29 4. 4 .

 20294 Figure 20. Comparison between experimental and analytical thermal conductivities

Figure 21 .

 21 Figure 21. Composite specimen fractured surface observed after flexural test (rupture by fibers

Figure 22 .

 22 Figure 22. Comparison between experimental and analytical tensile strengths

Figure 23 .

 23 Figure 23. Comparison between experimental and analytical compressive strength
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  According to Haecker et al.[START_REF] Haecker | Modeling the linear elastic properties of Portland cement paste[END_REF], Young's modulus of Portland cement paste with 0.5 water/cement ratio is 20 GPa. The fracture energy of the matrix Gm is estimated from the matrix experimentally determined fracture toughness and cement paste young modulus.Posidonia-Oceanica fibers Young's modulus Ef, fracture energy in the volume containing the fiber and the matrix G' are estimated by reducing the gap of uncertainties between the model and the experimental data. D2 is considered variable as a function of fibers volume fraction and calculated as shown in section 4.1. G' identified is about 90 N.m -1 . Ef is about 100 GPa,

Figure 24 .

 24 Figure 24. Experimental and analytical fracture toughness of composites as function of fibers volume

  

Table 1 :

 1 Synthesis of the composition of natural fibers reinforced cement matrices
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	Matrix	Fibers	Water/Cement	Volume	Fibers	Chemical	References
				fraction	length	treatment	
				(%)	(mm)		
	Concrete	Sisal	0.57	1% à 5%	50	None	[1]
				(mass			
				fraction)			
	Mortar	Sisal	0.4	3%	375	NaOH	[2]
		Coconut			25	CaOH	
	Cement paste	Hemp	0.5	0 à 20%	20	None	[3]
	Cement paste	Sisal	N/A	1% à 5%	1.66	None	[4]
		Eucalyptus		(mass	0.66		
				fraction)			
	Cement paste	Posidonia-	0.5 à 1	0 à 20%	N/A	None	[5]
		Oceanica					
	Cement paste	Flax	1	2%	25	-Rhéomac	[6]
						treated fibers	
						-boiled fibers	
						-Cement	
						coated fibers	
	Mortar	Flax	0.5	1% to 3%	16	Plasma	[7]
		Hemp		(mass			
				fraction)			
	Mortar	Hemp	0.5	0 to 3%	6 -12 -18	None	[8]