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INTRODUCTION

Concrete structures constructed since several decades went through many extreme mechanical and environmental conditions. In France, 15% of bridges are classified as damages and need rehabilitation [START_REF] Iddrim | Entretenir et préserver le patrimoine d'infrastructures de transport : une exigence pour la France[END_REF]. Repairing them cost high in terms of money and CO2 emissions [START_REF] Dabous | Comparison between major repair and replacement options for a bridge deck life cycle assessment: A case study[END_REF][START_REF] Mackie | Carbon footpring of postearthquake bridge repair[END_REF][START_REF] Bastidas-Arteaga | Sustainable maintenance and repair of RC coastal structures[END_REF][START_REF]highway administration US Departement of transportation[END_REF]. Their use becomes risky and needs an emergent efficient solution.

Traditional solutions of steel jacketing or replacement of the damaged concrete have been widely used but they did not show a great sustainability. Since 20 years, Fibers Reinforced Plastics, FRPs, became among the most used materials for structural elements repairing or rehabilitation as they provide a significant increase in strength and ductility when bonded to reinforced concrete (RC) [START_REF] Hanna | Composite wraps for ageing infrastructure: Concrete columns[END_REF][START_REF] Nanni | FRP jacketed concrete under uniaxial compression[END_REF]. It must be outlined that one of the first studies has been published in 1990s [START_REF] Cooper | Advanced Composite-Backbone for a New Area in Bridge Engineering Research[END_REF].

The most common composites are based on Epoxy resins systems reinforced by artificial fibers such as carbon fibers (CFRP) [6-9-10-11-12], glass fibers (GFRP) [START_REF] Moretti | Overlap length for confinement of carbon and glass FRP-jacketed concrete columns[END_REF][START_REF] Silva | Aging of GFRP laminates and confinement of concrete columns[END_REF][START_REF] Yaqub | Axial capacity of post-heated square columns wrapped with FRP composites[END_REF][START_REF] Kumutha | Behaviour of reinforced concrete rectangular columns strengthened using GFRP[END_REF] and aramid fibers (AFRP) [7-17-18-19-20].

A comparative study by Moghaddam [START_REF] Moghaddam | FRP CONFINED CONCRETE, 3rd International Conference on Concrete & Development[END_REF] showed that reinforcing concrete structure with FRPs rather than with steel ties provides better mechanical performances and prevents steel corrosion with high strength/weight ratio [START_REF] Gadve | Corrosion Protection of Fiber-Reinforced Polymer-Wrapped Reinforced Concrete[END_REF][START_REF] Khumaedi | The tensile strength properties of CFRPs and GRRPs for Unnes electric car body material[END_REF][START_REF] Shenghu | TENSILE PROPERTIES OF FRP COMPOSITES[END_REF]. On the other hand, old structures strengthened with steel ties may require repairing. Hence, some authors investigated the effects of confining concretes with both steel spirals and FRPs and have focused on the experimental approach of confining aspects as well as on the development of empirical predictive models, an exhaustive list of most of them is available in Lorenzis studies [START_REF] Lim | Confinement Model for FRP-Confined High-Strength Concrete[END_REF] and Lim [START_REF] De Lorenzis | Comparative Study of Models on Confinement of Concrete Cylinders with Fiber-Reinforced Polymer Composites[END_REF] studies.

Carbon Fibers as well as Aramid ones are manufactured respectively from polyacrylonitrile (PAN) and para-phenyleneterephthalamide (PPD-T) while Glass fibers are obtained from silica sand, quartz rocks and other minerals. Hence, these fibers are provided from fossil fuel sources and non-renewable deposits on the earth. On the other hand, their production requires energy to heat and emits toxic gas in the atmosphere that severely impacts the environment. In addition, their handling causes serious health problems to the factory workers. Consequently, these artificial fibers are not biodegradable and non-sustainable materials.

The matrix is generally a thermosetting resin. The most used in association with glass, carbon or aramid fibers are epoxy [START_REF] Wang | Introduction to polymer matrix composites[END_REF], polyester [START_REF] Wang | Introduction to polymer matrix composites[END_REF] and vinyl ester [START_REF] Ray | Static and dynamic mechanical properties of vinylester resin matrix composites filled with fly ash[END_REF][START_REF] Garay | Studies on thermal and viscoelastic properties of vinyl ester resin and its composites with glass fiber[END_REF]. These polymers contain bisphenol A (BPA) which leads to health damages and are obtained from nonrenewable fossil resources.

European directives enforce the decrease of wastes and pollutants volume as well as the use of materials with dangerous effects for human, produced from nonrenewable resources. Therefore the use of bio-based composites for the reinforcement and repairing of concretes becomes recommended. Some studies have focused on the development of bio based epoxy matrices [START_REF] Viretto | Development of Biobased Epoxy Matrices for the Preparation of Green Composite Materials for Civil Engineering Applications[END_REF][START_REF] Nouailhas | Synthesis and properties of biobased epoxy resins. part 1. Glycidylation of flavonoids by epichlorohydrin[END_REF][START_REF] Chen | Synthesis and application of epoxy-ended hyperbranched polymers[END_REF][START_REF] Hernandez | Synthesis and Characterization of Bio-based Epoxy Resins Derived from Vanillyl Alcohol, ACS Sustain[END_REF].

Fewer studies have been carried out to investigate the efficiency of natural fibers .Among more than 1000 researches about CFRP, GFRP and AFRP concrete confinement respectively, only few papers explored Flax fiber composite FFRP [START_REF] Yan | Behavior and analytical modeling of natural flax fibre-reinforced polymer tube confined plain concrete and coir fibre-reinforced concrete[END_REF][START_REF] Yan | Natural flax FRP tube encased coir fibre reinforced concrete column: Experimental, 4th Asia-Pacific Conf[END_REF][START_REF] Yan | Experimental Investigation of Flax FRP Tube Confined Coconut Fibre Reinforced Concrete[END_REF]. Coir, Jute, Sisal, Hemp and Flax fibers have shown important mechanical performances [START_REF] Reddy | Tensile and Flexural properties of Jute, Pineapple leaf and Glass Fiber Reinforced Polymer Matrix Hybrid Composites[END_REF][START_REF] Zuccarello | Optimal manufacturing and mechanical characterization of high performance biocomposites reinforced by sisal fibers[END_REF]. Adding to that, these composites based on natural fibers are a short term renewable raw materials. Some of them tested these composites in order to reinforce concrete structures and results are promising [START_REF] Zuccarello | Optimal manufacturing and mechanical characterization of high performance biocomposites reinforced by sisal fibers[END_REF][START_REF] Sen | Confining concrete with sisal and jute FRP as alternatives for CFRP and GFRP[END_REF][START_REF] Ghalieh | Concrete Columns Wrapped with Hemp Fiber Reinforced Polymer -An Experimental Study[END_REF][START_REF] Chen | Flexural behaviour of flax FRP double tube confined coconut fibre reinforced concrete beams with interlocking interface[END_REF].

As yet no published papers concern the confining of concretes by bio-resourced materials composing the composites (matrix and fibers).

The aim of this paper is to investigate not only the efficiency of using a bio resourced composite FFRP for concrete strengthening but also for repairing mechanically damaged concrete. Therefore, cylindrical concrete specimens 15cmx30cm subjected to different damages rates by compressive loading have been confined with 3 different types of woven composites:

• The first one is a bidirectional Carbone fiber fabric reinforced epoxy polymer.

• The second one is a unidirectional Carbone fiber reinforced epoxy polymer.

• The third one is unidirectional fabric flax fibers. The matrix is an EnviPOXY®530 product cross-linked with Phenalkamine NX5619. The resin is synthesized from epicerol bio based epichlorohydrin (ECH) produced using Solvay's proprietary process. The process is based on the use of glycerol, a renewable feedstock, and a glycerine originating from the waste of biodiesel production. It is supplied by Spolchemie Company. The hardener is a bio-resourced amine synthesized from cardanol from cashew nuts and provided by Cardolite.

To guarantee this efficiency, raw materials have been characterized physically, chemically and mechanically.

This paper investigates how far can bio resourced composite is able to replace CFRP composite. For this aim, the main objectives of this work are to compare experimentally and analytically reinforcing and repairing concrete with 3 different FRP composites in order to develop its application in civil engineering field.

RAW MATERIALS AND SPECIMENS PREPARATION

All composites and fibers are stored, prior tests, at the same hydrothermal conditions: 22°C at a relative humidity of 48%. • The first composite "FOREVA TFC, called "CBF", is a Carbon bidirectional woven fabric with 0°/90° fiber orientation.. • The second one "SIKAWRAP-230C", designed as "CUS".

• The last one named "FUB" is a unidirectional flax fiber fabric associated with a bioresourced epoxy polymer well described previously [44].

The polymers ensure fiber's protection, composite bonding to concrete surface and effort transmission into all fibers. Each product is a mix of a liquid resin and a hardener (Table 2). Composites are manufactured by applying the required quantity of each resin on a plane surface covered with an adhesive reverse plastic film; putting the required dimension of the fabric. Then, a pressure is applied with a hand lay-up technique from the center of the sheet to the external parts in the fiber direction to ensure that the fabric is totally impregnated in the polymer. After 7 days of curing in laboratory climate conditions, the plate is cut into rectangular 2.5x30 cm specimens with a saw. Samples are covered in their extremities by aluminum plates sanded with sandpaper to ensure contact between samples and machine's grips.

Confining steps

Concrete cylindrical samples 15 cm x 30 cm were conserved for 90 days in water. The side surface has to be wet but not soaked to ensure the sticking of the composite material. The resin is applied on all the side surface of the sample with a paintbrush with respect to quantity.

The fabric is applied delicately on the side surface avoiding air pockets using a roller. The reinforced/repaired samples are stocked under ambient temperature for four days before test.

A 10 cm of overlap length is foreseen to ensure the total confinement of the concrete column as suggested by Eurocode 2. Only one ply is used for both carbon composites and two plies for flax fiber composite.

MATERIAL CHARACTERIZATION

Resin

Polymers used in this work have to be characterized in order to ensure their applications in civil engineering. Therefore, chemical and mechanical behaviors of adhesives are studied through rheological, kinetics and DMA measurements. These tests enable to identify temperature range of resins' application as well as viscosity evolution.

Gel time

The gel time is the time for which the resin system can no longer be considered able to be hand lay-up. Different methods allowing the measurement of the gel time are performed with rheological tests. In this study, gel time and the viscosity of the polymer are measured with a Haake Rehowin RT 20 rheometer with plate-plate geometry and a diameter of 20 mm (Karlsruhe, Germany). The resin systems are mixed under mechanical stirring during 3 minutes at ambient temperature. Rheological measurements were performed under constant strain and fixed frequency 1Hz at T=25°C.

Figure 1: Viscosity evolution during shear test

Gel time corresponds to a sudden increase of viscosity. It indicates the first occurrence of macromolecule and formation of the three-dimensional network. The viscosity continues increasing such that the network becomes denser and the system vitrifies, causing a further increase in viscosity. Thus, the gelation is an irreversible transformation from a viscous to an elastic gel.

Figure 1 shows the evolution of viscosity as a function of time for the three polymers. Gel times of the three resins systems are determined from extrapolating high and low time asymptotes of the viscosity. This method is practical but overestimates the gel time. We can notice that CHS/CAR has a gel point time higher than this of SIKA (Table 3). It must be outlined that resin system with short gel time requires fast repairing or confining of concretes. Indeed, the resin system becomes not able to be handled.

Pot life time indicates how fast the system is curing. It is measured when the viscosity doubles its initial value. It can be observed that the pot life times are quite similar for the three resin systems but the lowest value is obtained for the bio-resourced resin system (Table 3). So it can be expected that CHS/CAR will have the slowest curing time. The DSC (Differential Scanning Calorimetry) tests aim to measure time reticulation, the reticulation degree as well as the glass temperature. Tests were performed using TA Instrument NETZSCH DSC, STA 449. The heating process was conducted at a rate of 10°C/min from -30°C to 250°C for the dynamic scan. Each test is repeated at least 3 times. Isothermal scans were performed at 25°C under a constant flow of nitrogen of 50 mL/min and helium purge gas of 25 mL/min for different curing durations: 0s, 3min, 45 min, 1h, 1h30, 2h, 5h, 6h, 9h and 18h.

The enthalpy is obtained by integrating the heat flow curve. Figure 2-a shows the decrease of heat flow obtained through a dynamic scan applied to a partially cured resin system by applying an isothermal scan. It can be observed that when isothermal duration increases, the reaction progresses and therefore the residual enthalpy of the reaction, res H ∆ decreases. . It appears that the total enthalpy of CHS/CAR polymer is the lowest comparing to the others obtained from nonrenewable fossil resources (Table 4). The cure degree α is defined for a given time "t" by [Equation 4]. Theoretically, it ranges from 0 to 1 for totally uncured and fully cured resin system respectively.

( ) The evolution of cure degree with time is illustrated in figure 3-a. As expected it increases and stabilizes when the reticulation degree is at its maximum 98% α =

tot res tot H H t H α ∆ -∆ = ∆ (4)
(Table 4). The longest curing time is observed for the CHS/CAR polymer. The results are in adequacy with those obtained for the pot life times. Moreover, it appears that the total enthalpy is the lowest for CHS/CAR. Total enthalpy gives indication on the cross-linking reactions taking place into the polymer, reaction evolving heat. The glass transition temperature Tg of each polymer is determined from the inflection point of the curve (figure 3-b). It corresponds to the temperature at which the behavior of the polymer changes from the brittle and glassy state to the viscous or rubbery state. Resulting values are summarized in Table 4. The bio-resourced polymer CHS/CAR exhibits the highest Tg and consequently the highest service temperature.

3.1.3. DMA Dynamic Mechanical Analysis, DMA, tests consist on applying an oscillatory loading tensiletensile on a cross-linked polymer in order to measure the rigidity modulus of the polymer, glass transition temperature. The tests are conducted with DMA Q800 TA Instrument machine for a temperature range between -30°C and 200°C and a heating rate of 3°C/min. The controlled strain loading is 0.05% with a frequency 1 Hz. The evolution of storage modulus is presented in figure 4. Results are given in table 5. The modulus at the glassy zone is related to the elastic one "Young's modulus", E, while the modulus which is related to the rubbery plateau, c E (Pa), is associated to the crosslinking density, υ (mol/cm 3 ), of the polymer according to the Flory's theory [Equation 5]:

3 c E RT υ = ( 5 
)
Where R is the perfect gas constant (8.314 J mol -1 K -1 ) and T is the temperature in Kelvin. The obtained results obtained from the analysis of DMA tests are given in Table 6. It can be observed the bio-resourced polymer CHS/CAR is characterized by the lowest of both crosslinking density and Tg. These results are in accordance of those achieved using DSC tests. On the other hand CHS/CAR has the lowest elastic modulus. 5-a. The test was repeated 3 times. Figure 5-b shows a brittle elastic behavior of resin samples cured after 7 days. According to this figure, the used resin has brittle elastic for the three resins. Mechanical properties are summarized in Table 7. Samples are broken at their thin central part as shown in figure 5-a. . Conclusions These tests allowed identifying differences between CHS/CAR polymer and Epoxy polymers used for Carbon composites CBF and CUS. These differences present advantages (+) and drawbacks (-) as detailed in Table 8.

Bio resourced polymer CHS/CAR showed the lowest pot life time which is an advantage comparing to others because it provides workers more time to apply the resin in important quantity before it gets hardened. For example bio resourced polymer showed the highest glass temperature which means that this polymer can be handled and exposed to in higher temperature. Mean drawback of the bio resourced system is their mechanical performances which are lower than those for epoxy systems. 

Composite

The mechanical properties of the three composites (Table 9) are investigated under tensile loading in order to study the effectiveness of flax fibers reinforced polymer in substituting Carbon fibers' ones in civil engineering applications. Each fabric was impregnated to its related adhesive according to supplier's recommendations. Composite samples were subjected to uniaxial tensile tests in the two main directions 0° (fiber main direction) and 90°. Tests were performed according to ASTM D3039 standard with a displacement rate of 2mm/min using an INSTRON machine with a capacity of 30 kN. Mechanical properties like modulus, stress strength and elongation at break are measured from stress-strain curve presented in figure 6-b, and resumed in Table 10. Microscopic observations of broken composites in figure 6-a showed the complete fracture of both fibers and polymers.

For Carbon composites, only one ply has been tested under tensile loading. Two plies of natural composite are used for the same test.

We can notice a brittle elastic behavior for all composites. Lowest properties are observed for natural composite due to flax fibers' limited capacities.

Regarding tensile test in 90° direction, results show highest properties for CBF due to the presence in this direction of fibers (Vf=30%) comparing to unidirectional fabrics. The axial strain is detected by three sensors related to a crown. The compressive stress-strain curve is illustrated in figure 7. The main properties are given in table 11. 8) show an irreversible decrease of the secant modulus through each cycle which reflects a damage of the material. The damage is evaluated by a scalar D calculating using the [Equation 6] and reported as function of the applied strain in figure 10. [START_REF] Hanna | Composite wraps for ageing infrastructure: Concrete columns[END_REF] Where Ec is the initial tangent elastic module and Es is the secant one obtained at the i-th loading/unloading cycle. The maximum measured value of D is D=50%. 

Reinforcement effect

This part explores confinement effect with the three composites on none and mechanically damaged concrete under compressive loading. The aim of this part is to investigate how far can flax fiber composite is able to substitute carbon fiber ones. Each test is repeated 3 times for the three composites. One ply was used to perform compressive tests on confined concrete with Carbon composite and two plies were used for the flax fiber composite. Figure 10 shows an example of confining effect with CUS fabric fibers reinforced polymer provides a great ductility to concrete with brittle fracture. We will consider corresponding parameters for the following parts: Figure 10: Mechanical parameters for un/confined concrete Three different phases in the trend behavior of confined concrete are observed. The first one is the elastic behavior of the concrete which preserved its same stiffness. Third region is a linear behavior corresponding to concrete hardening in ductility. This part indicates if the confinement is high or weak. The second one is supposed to be the transition zone. Ductile behavior is provided by fibers strength who are working in tension. Confinement by the composite decreases concrete radial expanding under the vertical compressive loading and induces a triaxle applied stress inside concrete. At the end of the test a sudden brittle failure was observed caused by fibers breaking. As it is observed confining concrete with composite led to a great increase in compressive strength and high ductility. Figure 11 shows different confined concretes behavior with the three composites. The difference is observed for specimens confined with flax composites in the two last phases of confined concrete behavior.

In fact the transition phase has a concave shape followed by almost ductile branch, the maximum compressive strength is not the same as the compressive stress at failure but obtained before as observed in the figure11. Even though flax composite has clear lower effect on confining concrete then carbon one, it is still a very interesting material according to the enhanced compressive strength and ductility. Following parts in this paper will check the use of this material to repair mechanically damaged concrete comparing to carbon composites.

Flax composites allowed enhancing the ultimate strain up to strain of 0.4% at failure which matches with a stress of 53 MPa.

Repairing effect

Two different damage rates are applied on concrete samples according to the concrete damage behavior identified above in figure 9. The first damage level D1 corresponds to 10% and is related to the pic strain of the unconfined specimens, while the second D2 is about 20% and is referred to a strain of 0.25% located in the post-pic part of the compressive curve. These two damage levels are considered to study the effect of reparation with the CFRP. Repairing steps are the same as used for concrete confinement. We notice that for D2 damaged samples lateral surface contains many discontinuities due to macro cracks comparing to D1 damaged samples where no macro cracked occurred. Thus for D2 damaged samples, confining cracked surface requires filling the space between concrete parts with resin which was more difficult to handle. Results of repairing concrete subjected to both compressive damage rates are illustrated in figures 14 and 15.

Confining damaged concrete columns allowed restoring and enhancing compressive strength and ductility in one hand and preserving stiffness in the other hand. As expected, flax composite has lowest efficiency comparing to others but it is still a great mean for reinforcing damaged concrete. In fact, for the highest damage rate D2, using flax composite provides an increase of the compressive strength by 160%. Histograms in figures 16 and 17 illustrate obtained results using the three composites comparing to unconfined concrete. This part validates the set-up of flax fiber composite for repairing concrete short columns damaged mechanically by compressive load. 

ANALYTICAL MODELLING

Main equations predicting fcc and cc ε [Equations 7 and 8] have been established since 1928 by Richart [START_REF] Richart | A Study of the Failure of Concrete under Combined Compressive Stresses[END_REF] and have been calibrated (identification of the parameters a, b and Kc) using experimental database. The empirical modeling of the overall compressive mechanical behavior of the confined concrete, based on the expressions of fcc and cc ε , is largely investigated by Lorenzis, Lim and Wang et al [START_REF] Lim | Confinement Model for FRP-Confined High-Strength Concrete[END_REF][START_REF] De Lorenzis | Comparative Study of Models on Confinement of Concrete Cylinders with Fiber-Reinforced Polymer Composites[END_REF][START_REF] Wang | Introduction to polymer matrix composites[END_REF]. Among the published models, Mander'one [START_REF] Al-Khafaji | Experimental Investigation of CFRP Wrapped Square Non-ductile Reinforced Concrete Columns[END_REF], established first for steel concrete confinement in 1988, is the most used. Mander proposed a strong model to describe steel concrete confinement behavior and served consequently as a base for recent analytical models [START_REF] Benzaid | The confinement of concrete in compression using CFRP composites -effective design equations[END_REF][START_REF] Al-Khafaji | Experimental Investigation of CFRP Wrapped Square Non-ductile Reinforced Concrete Columns[END_REF][START_REF] Lee | 13 th World Conference on Earthquake Engineering BEHAVIORS OF CONCRETE COLUMNS CONFINED WITH BOTH SPIRAL AND FIBER COMPOSITES[END_REF]. The corresponding compressive behavior is given by Equations 8 to 11.
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The model requires some mechanical properties of the concrete as input parameters (E, fcm and 1 c ε ). These characteristics have been widely explored by European standards as well as mix design models. In this paper we used predicted parameters by Omary et al [START_REF] Omary | Mix Design and Recycled Aggregates Effects on the Concrete's Properties[END_REF] according to equation 12 and 13 which demonstrated better estimation than EC2. 

c cm E f = (12) 0.175 1 1.1( ) c cm f ε = (13) 
Experimental as well as analytical behavior of confined concrete are compared (figures 18, 19 and 20). It appears that the model well predicts the first phase related to the elastic behavior of the unconfined concrete and the third phase corresponding to the behavior of the fully activated FRP jacket. The linear ascending behavior up to failure observed experimentally is well described by the model. The ascending curve indicates high confinement ratio. However some discrepancies between the model and the experimental results are observed for the second phase of the curve related to the progressive activation of the FRP due to the concrete dilatancy. Theses discrepancies are especially observed when flax composites are used (Figure 20). Indeed, after exceeding the elastic behavior, the jacket is not getting activated under the effect of tensile stresses due to concrete dilation because of the lower mechanical properties of FUB compared to those of CUS and CBF. As the concrete dilatancy increases, the tensile stresses increase and will be sufficient to activate the jacket leading to the third phase. 

CONCLUSIONS

This paper investigated the efficiency of bio resourced composite to reinforce and repair plain concrete. Experimental and analytical results have demonstrated that FFRP confined concrete column tested in axial compression have interesting performances even for high damaged concrete. The following main conclusions are drawn:

• Chemical characterization of epoxy polymers and bio-resourced one showed two advantages: highest gel time, the cross-linking time and the glass temperature. These properties indicate that the use of bio-resourced polymer enables easy application on site and good thermal properties at the cross-linked state. • Results obtained by mechanical characterizations of cured polymers and composites served to model the compressive behavior of confined concrete with FRP. • Tensile performances of bio resourced composite are clearly weaker than carbon ones.

• Confining plain concrete with FRP allowed concrete behavior under compressive • Confining plain concrete with CFRP and FFRP enabled improving confined concrete compressive strength by 150% and 120% respectively. Axial fracture strain for confined concrete has been improved as well by 10 times and 4 times respectively. • Repairing damaged concrete with CFRP and FFRP enhanced confined concrete compressive strength by 240 % and 175 % respectively. Axial fracture strain for confined concrete has been improved by 7 times and 4 times respectively. • Analytical modeling using Mander's model fitted experimental results for concrete confined with CFRP better than with FFRP due to the lower confinement provided by the bio resourced composite. • Flax composite has potential return and can be used for concrete confinement purpose to enhance its mechanical properties to some required level. These results motivate using flax fiber composite in repairing concrete structure subjected to different damage rates and why not to substitute carbon composites and preserve the environment

Notation

  CFRP: Carbon fiber reinforced polymer FFRP: Flax fiber reinforced polymer CBF: Carbone bidirectional composite by Freyssinet CUS: Carbone unidirectional composite by SIKA FUB: Flax unidirectional composite bio based concrete pic strain m f c : Unconfined concrete compressive strength cc ε : Fracture strain for confined concrete D : Damage parameter
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 2 Figure 2-b illustrates the evolution of heat flow obtained by dynamic scan leading to the calculation of the total enthalpy of each system tot H ∆. It appears that the total enthalpy of CHS/CAR polymer is the lowest comparing to the others obtained from nonrenewable fossil resources (Table4).
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 2 Figure 2-a: Heat flow-temperature for different curing times(SIKA system)
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 55 Figure 5-a : Sample size and failure modes

Figure 6

 6 Figure 6-a: microscopic observation of broken composites
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 7 Figure 7: Stress-strain curve under monotonic compressive load
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 89 Figure 8: Stress-strain curves of cyclic compressive loadThese results allow as controlling damage rate of the concrete by applying the corresponding strain using figure 9. Two damage rates (10% and 20%) are fixed to investigate repairing effect on mechanically damaged concrete in the following parts of this paper.
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 11 Figure 11: Reinforcement effect with the three composites Figures 12 and 13illustrate main mechanical properties for confined concrete samples regarding unconfined ones. It can be observed that carbon composite enhanced concrete compressive strength by 160 % for bidirectional composite and by 128% for unidirectional one. On behalf of flax composite, it increased this performance by 120% but it does not match with the fcc.
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 1213 Figure 12: Reinforcement effect on compressive strength
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 14151617 Figure 14: Repairing effect on D1 damaged concrete
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 19 Figure 18: Stress-strain curve for experimental and modeled results for concrete confined with Carbone bidirectional fabric (CBF)
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 20 Figure 20: Stress-strain curve for experimental and modeled results for concrete confined with Bio-resourced resin reinforced with Flax Unidirectional fabric (FUB)

  

  

Table 1 :

 1 Mix proportioning of C35/45 concrete applied on saturated aggregates

	2.1.		Concretes				
	Concrete used in this work is C35/45. The mixing design as well as the proportioning of this
	concrete is prescribed by the PN RECYBETON [42] as described by Omary et al. [43] and
	summarized in table 1. This concrete, C35/45, is used to investigate repairing effect with FRP
	subjected	to	mechanical	damage	by	compressive	loading.

Table 2 :

 2 Mix proportioning of resin systems

	Symbol	Commercial name	Mix	Composite
			proportion	
	FRES	FOREVA EPX : Resin/Hardener	3.5/1.5	CBF
	SIKA	SIKADUR 330 : Resin/ Hardener	4/1	CUS
	CHS/CAR CHS-EPOXY 520/ CARDOLITE NX 5619	2.5/1.37	FUB

Table 3 :

 3 Resin-systems' gel time and pot life

	Polymer	Gel time at 25°C	Pot life
	FRES	3h43 min	1h42 min
	SIKA	4h30 min	1h36 min
	CHS/CAR	5h22 min	1h28 min
	3.1.2. DSC results		

Table 4 :

 4 Activation energy and Tmax for the resin-systems

	Polymer	H ∆	tot	J/g	treticulation (hours) at 98% α =	Tg (°C) by DSC
	FRES	280	9	70
	SIKA	260	16	47
	CHS/CAR	154	18	80

Table 5 :

 5 Glass transition temperatures and stiffness of the cross-linked polymers

	Polymer	Tg (°C)	Modulus at
	designation	DMA	20°C (MPa)
	FRES	79	2700
	SIKA	60	5700
	CHS/CAR	84.5	1600

Table 6 :

 6 Cross-linked polymer properties

	Polymer designation	Cross-linking	Caoutchoutic
		density (mol/cm 3 )	modulus (MPa) at 100°C
	FRES	1811	16.85
	SIKA	1627	15.14
	CHS/CAR	510	4.75

3.1.4. Tensile behavior

Mechanical performances of polymers under tensile loading are studied after 7 days of curing. The test is performed with INSTRON 5567 machine, using an Extensometer Instron 2620 and a loading rate of 1mm/min according to ASTMD3039. Sample's geometry is detailed in figure

Table 7 :

 7 Polymers' mechanical properties

	σrupture (MPa) E (MPa) Ɛrupture

Table 8 :

 8 Advantages and drawbacks of CHS/CAR

	Property	Bio resourced	Comparison to	Comparison to
		polymer	FRES	SIKA
	Glass transition (°C)	80	+	+
	Pot life time (min)	600	+	-
	σultimate (MPa)	25.1	-	-
	E (GPa)	2.69	-	-
	Ɛutimate	0.0095	=	=

Table 9 :

 9 Composites designation and commercial thicknesses

	Composite	Product	Commercial
	designation		thickness (mm)
	CBF	Epoxy-Resin reinforced with Carbone	0.49
		bidirectional fabric	
	CUS	Epoxy-Resin reinforced with Carbone	0.12
		unidirectional fabric	
	FUB	CHS/CAR Resin reinforced with Flax	0.005
		unidirectional fabric (2 plies)	

Table 10 :

 10 Composites tensile propertiesThe concrete behavior is studied under compression in order to figure out confinement effect in one hand and to identify its damage behavior for further repairing studies in the other hand. The concrete used in this work was tested under monotonic and cyclic compressive loading. Tests are conducted by a hydraulic press INSTRON SCHENCK with a capacity of 3000 kN. Used specimens are cylindrical concrete columns with dimensions of 15x30 cm. Three or four samples are tested.

	Fibre		ft MPa)		E (GPa)		ɛultimate	
	direction	Composite	Average	SD	Average	SD	Average	SD
	0°	CBF	1026.5	75.16	64300	9300	0.018	0.005
		CUS	2001	156.24	114000	54300	0.0212	0.008
		FUB	216.29	83.14	27000	2670	0.01	0.0044
	90°	CBF	938.75	100.2	27600	3260	0.035	0.004
		CUS	38.347	12.28	23100	6060	0.002	0.0005
		FUB	86.18	11.12	15110	760	0.006	0.0009
	3.3. Concrete						

Table 11 :

 11 Concrete properties

	Ec (MPa)	33.4
	fc28 (MPa)	43
		0.0016
	Damage behavior of the concrete is defined by applying 10 loading/unloading paths. Stress-
	strain curves (figure	
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