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The objective of this study was to improve interface bonding in composite materials consisting of glass textiles embedded in a mineral matrix, commonly termed Fabric Reinforced Cementitious Matrix (FRCM). The use of these materials is considered a suitable solution for repairing and strengthening existing masonry or concrete. Two pre-impregnation methods were used: the wet and dry methods. The wet method consists in immersing a textile in a slurry of fillers and water. This process has already been applied in the literature and improved the mechanical properties of the composite. However, it is difficult, long and can be used only for prefabrication. The dry method is a new solution based on the application of an alternating electrostatic field that causes powder to penetrate into textile bundles. Its main advantage is the possibility of strengthening and repairing structures in situ. Five kinds of unidirectional glass textiles were used, embedded in an ettringitic matrix. Three configurations were tested: a non pre-impregated textile (REF), a textile pre-impregnated according to the wet method (PIW), and a textile pre-impregnated with the dry method (PID). The results of tensile tests and Digital Image Correlation (DIC) analysis are shown and discussed. It was found that the mechanical properties of the composite could be improved by pre-impregnating textiles. The magnitude and efficiency of this improvement was highly dependent on the pre-impregnation process, textile area density and the assembly method of the filaments constituting the textile yarns. The best performance was obtained with the dry pre-impregnation process.

Introduction

In recent decades, mineral-based composite materials have been increasingly used to repair and strengthen existing masonry and concrete buildings. They are now considered effective solutions for engineers, construction companies and practitioners [START_REF] Donnini | Durability of glass frcm systems: Effects of different environments on mechanical properties[END_REF]. These composites consist of inorganic matrices (Portland cement, calcium aluminate cement, inorganic phosphate cement, ettingitic matrix, etc.) and high-performance continuous multifilament yarns (alkali-resistant glass, carbon, aramid, basalt, etc.). In the literature, several names have been used to describe this type of composite: the term Textile Reinforced Concrete (TRC) refers to composite materials that have been used for the production of lightweight structures such as thin shells, cladding panels, ventilated façade systems and other manufactured products [START_REF] Hegger | Investigations on the bearing behaviour and application potential of textile reinforced concrete[END_REF][START_REF] Donnini | Mechanical properties of frcm using carbon fabrics with different coating treatments[END_REF]. However, the term Textile Reinforced Mortar (TRM) or Fabric Reinforced Cementitious Matrix (FRCM) is used to describe this composite whose main field of application is strengthening or rehabilitating concrete and masonry structures [START_REF] D'antino | Mechanical characterization of textile reinforced inorganic-matrix composites[END_REF][START_REF] Donnini | Mechanical properties of frcm using carbon fabrics with different coating treatments[END_REF][START_REF] Wang | Bond behaviour of steel-trm composites for strengthening masonry elements: Experimental testing and numerical modelling[END_REF].

FRCM systems exhibit significant advantages compared to Fiber Reinforced Polymer (FRP), such as resistance to high temperature and UV radiations, application on wet and irregular surfaces, high compatibility with masonry and concrete substrates, ease of installation and safety for operators during installation [START_REF] Papanicolaou | Textile reinforced mortar (trm) versus frp as strengthening material of urm walls: out-of-plane cyclic loading[END_REF][START_REF] Corinaldesi | Experimental study of adhesion between frcm and masonry support[END_REF][START_REF] De Felice | Mortar-based systems for externally bonded strengthening of masonry[END_REF][START_REF] Raoof | Textile-reinforced mortar (trm) versus fibre-reinforced polymers (frp) in flexural strengthening of rc beams[END_REF][START_REF] Homoro | Experimental and analytical study of the thermo-mechanical behaviour of textilereinforced concrete (trc) at elevated temperatures: Role of discontinuous short glass fibres[END_REF].

The mechanical behavior of FRCM systems is not only dependent on the mechanical properties of fibers and matrices but it is also influenced by the bond behavior at the fiber-matrix interface [START_REF] Wang | Effect of curing environment on the tensile behaviour of frcm composites[END_REF][START_REF] D'antino | Mechanical characterization of textile reinforced inorganic-matrix composites[END_REF][START_REF] Saidi | Experimental analysis and analytical modelling of the textile/matrix interface shear stress in textile reinforced cementitious matrix composites[END_REF][START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (dfos) technology[END_REF]. This bond is not as strong as in FRP composites because the inorganic matrices do not offer the same adhesive properties as an epoxy [START_REF] Donnini | Mechanical properties of frcm using carbon fabrics with different coating treatments[END_REF]. Indeed, the mineral matrix is not able to fully penetrate the space between the filaments constituting the fabric yarns, because the dimensions of the cement particles are usually too large compared to the space between the inner filaments [START_REF] Donnini | Mechanical properties of frcm using carbon fabrics with different coating treatments[END_REF][START_REF] Dvorkin | Effect of reinforcement with carbon fabrics impregnated with nanoparticles on the tensile behavior of cement-based composites[END_REF]. This creates two zones: the sleeve zone, in which the external filaments are well-bound to the matrix, and the core zone, in which the internal filaments are relatively free [START_REF] Brameshuber | Report 36: textile reinforced concrete-state-of-the-art report[END_REF][START_REF] Banholzer | Bond behaviour of a multi-filament yarn embedded in a cementitious matrix[END_REF]. This result is known as telescopic failure. It is characterized by the rupture of the external filaments and the slippage of the internal filaments [START_REF] Donnini | Failure modes in frcm systems with dry and pre-impregnated carbon yarns: Experiments and modeling[END_REF][START_REF] Banholzer | Bond behaviour of a multi-filament yarn embedded in a cementitious matrix[END_REF].

In order to obtain high composite performance, it is necessary to improve the stress transfer between the inorganic matrix and all the filaments of the bundle, including the inner filaments. This can be achieved by filling the empty spaces between filaments. Several experimental studies have shown that the epoxy coating of fabrics can lead to enhanced mechanical bond strength, frictional bond strength, and stiffness [START_REF] Xu | Bond characteristics of carbon, alkali resistant glass, and aramid textiles in mortar[END_REF][START_REF] Scheffler | Interphase modification of alkaliresistant glass fibres and carbon fibres for textile reinforced concrete ii: Water adsorption and composite interphases[END_REF][START_REF] Raupach | Epoxy-impregnated textiles in concreteload bearing capacity and durability[END_REF][START_REF] Cohen | Controlled telescopic reinforcement system of fabric-cement composites durability concerns[END_REF][START_REF] Dvorkin | Effect of reinforcement with carbon fabrics impregnated with nanoparticles on the tensile behavior of cement-based composites[END_REF][START_REF] Donnini | Mechanical properties of frcm using carbon fabrics with different coating treatments[END_REF]. However, the use of polymer has two main drawbacks: (i) the poor adhesion of polymer to mineral matrices due to their opposite chemical characteristics, resulting in composite delamination [START_REF] Dvorkin | Effect of reinforcement with carbon fabrics impregnated with nanoparticles on the tensile behavior of cement-based composites[END_REF], and (ii) the sensitivity of the polymer to high temperatures [START_REF] De Andrade Silva | Effects of elevated temperatures on the interface properties of carbon textile-reinforced concrete[END_REF]. To overcome these issues, fabrics can be pre-impregnated with mineral fillers which are thermally more stable than polymers and bond well with the mineral matrices. This option has received much attention recently due to its effective improvement of the mechanical behavior and the durability performance of FRCM composites [START_REF] Dvorkin | Effect of reinforcement with carbon fabrics impregnated with nanoparticles on the tensile behavior of cement-based composites[END_REF][START_REF] Cohen | Controlled telescopic reinforcement system of fabric-cement composites durability concerns[END_REF][START_REF] Cohen | Effect of nanofillers and production methods to control the interfacial characteristics of glass bundles in textile fabric cement-based composites[END_REF][START_REF] Nadiv | Micro-and nanoparticle mineral coating for enhanced properties of carbon multifilament yarn cement-based composites[END_REF][START_REF] Bentur | Preservation of telescopic bonding upon aging of bundled glass filaments by treatments with nano-particles[END_REF].

In the literature, mineral coating was carried out using the wet method: the fabrics were immersed in a slurry of mineral fillers and water (1:1 mass ratio). Indeed, the wet pre-impregnation process is known to be tedious. It is principally used in the case of prefabrication and it remains a craft process. In this article, we propose to use a new dry pre-impregnation process. This innovative process is based on the principle of particles migration inside the fabric bundles by applying an alternating electrostatic field. The main advantage of this method is that it allows strengthening and repairing old structures in situ. This work involves an experimental study on glass FRCM systems to evaluate the influence of the two preimpregnation methods. Five types of unidirectional glass textiles were used for the manufacture of FRCM specimens. They are mainly differentiated by their area densities and the method used to assemble the filaments constituting the yarns. For each type of FRCM composite, three configurations have been studied: a non pre-impregnated textile (REF), a textile pre-impregnated according to the wet method (PIW), and a textile pre-impregnated with the dry method (PID). Digital Image Correlation (DIC) analysis was conducted to evaluate the crack pattern and crack width of all the specimens tested.

Materials and method

To investigate the tensile behavior of FRCM composites by evaluating the effect of the two pre-impregnation methods, five types of glass fabric and a specific mineral matrix were used. This section describes the materials properties, the specimen preparation process, the specimen testing and the cracking analysis methodology using DIC.

Materials

Fabric

Five different E-glass textiles were used to study the tensile behavior of FRCM composites. The textiles were named according to their area density (g m -2 ): 230, 236, 400, 440 and 600. They are classified into three groups in which each group was provided by different companies:

• The first group (Figure 1a) includes textiles 236, 440 and 600. They are made of unidirectional roving.

The only difference between these fabrics is the area density, i.e. the number of filaments per yarn. The filaments are assembled directly into the yarn by sizing (direct roving, Figure 2a). The yarns are bonded by a polyethersulphone fiber with a mass per unit area of 6 g m -2 . • The second group (Figure 1b) includes textile 400. It is a unidirectional taffeta glass fabric. As with the first group of textiles, the filaments are assembled directly into yarn.

• The third group (Figure 1c) comprises textile 230, which is distinguished mainly by the method used to assemble the filaments. Indeed, the filaments are assembled into strands by sizing, the strands are then assembled into yarn (multi-end roving, Figure 2b), unlike other textiles which do not have this intermediate structuring (strand).

For the textile yarns of the first group, the mechanical properties were provided by the manufacturers (Table 1). For textiles 230 and 400, a series of tensile tests on single yarns was carried out to define their mechanical properties. The specimens consisted of a 10 cm long yarn and two FRP plates (25 mm× 50 mm) which were epoxy-bonded to the ends of the yarn to ensure slip-free gripping by the testing machine (Figure 3). Tests were performed in displacement control at a rate of 1 mm/ min according to the European standard ISO 3341 [START_REF]Textile glass -yarns -determination of breaking force and breaking elongation[END_REF]. A laser sensor was used to measure the longitudinal strain of the yarn, as shown in Figure 3. Six specimens were tested for both textiles 230 and 400. Table 1 shows the average values of tensile stress σ f and elastic modulus E f with the corresponding coefficient of variation CoV . 

Matrix

In this study we used an ettringitic matrix called K3 [START_REF] Ambroise | Mineral matrix for the production of thin composites by impregnating woven or non woven reinforcements[END_REF]. Its composition is described in Table 2. The granular skeleton includes silica, limestone, and silico-aluminous fillers. The binder, which is ettringitic, is 

Specimen preparation

The FRCM specimens tested in this study were 140 mm long × 20 mm wide × 5 mm thick (Figure 4a). They were made of the K3 matrix and the five types of textiles mentioned above. For each specimen, two 2.5 mm thick matrix layers coat the textile. The layers of matrix were deposed and equalized in the molds with spatula. The three layers were deposed in this order : first matrix layer, textile layer and second matrix layer, as show on figure 4b. This process were completed by covering the free surfaces of the specimen by plastic layers to avoid desiccation and premature shrinkage. 24 hours after their fabrication, the specimens were removed from the molds. To provide better stress transfer during testing, two aluminum plates, drilled beforehand (∅ 8 mm), were used. Half of the surface of each non-drilled plate was glued to the edges of both faces of the specimen using an epoxy adhesive (Figure 4a). The specimens were kept under ambient atmosphere and temperature for six additional days. The cure time is 7 days instead of 28 days because the matrix used in this study is consisting of an ettringitic binder, which is characterized by a rapid increase in strength compared to conventional cementitious matrices. The compressive strength of this matrix at 7 days is approximately 80% the compressive strength at 28 days.

Before being tested, the specimen surface was pretreated by a homogeneous layer of white paint and then coated with a random speckle pattern of black paint (Figure 4c) in order to use the digital image correlation technique (DIC).

For each type of textile, three experimental configurations were studied:

(i) Non pre-impregnated textile, denoted REF (Figure 5a);

(ii) Textile manually pre-impregnated with the wet process using the K3 matrix slurry, denoted PIW (Figure 5b);

(iii) Textile pre-impregnated in dry process using an ettringitic binder, a sulpho-aluminous cement, denoted PID (Figure 5c). This binder was chosen for two reasons: it was chemically identical to the ternary binder used in the K3 matrix and it was a mono-component binder which ensured a homogeneous distribution of the powder within the multifilament yarns. Furthermore, for the dry pre-impregnation process, the sulpho-aluminous binder exhibited the best improvement in the yarn-matrix bond in comparison with the K3 matrix and the binder of the K3 matrix [START_REF] Homoro | Improvement of the mechanical properties of a glass multifilament yarn reinforced ettringitic matrix using an innovative pre-impregnation process[END_REF][START_REF] Homoro | Effect of pre-impregnation process on the tensile behavior of glass yarn/ettringitic matrix composite[END_REF].

The dry pre-impregnation process was developed by Fibroline, a French manufacturer [START_REF] Caramaro | Imprégnation voie sèche procédé d'imprégnation électrostatique de la société fibroline[END_REF]. It can induce powder penetration into bundles using a high intensity alternating electrostatic field. The principle of this method was explained in [START_REF] Homoro | Pull-out response of glass yarn from ettringite matrix: Effect of pre-impregnation and embedded length[END_REF][START_REF] Homoro | Effect of pre-impregnation process on the tensile behavior of glass yarn/ettringitic matrix composite[END_REF].

All the dry pre-impregnated textiles were sprayed with water before being placed in the mold (the mass ratio between the water and the pre-impregnated powder was 0.3).

The FRCM specimens were referenced according to the area density of the textile and its configuration. For example, 230.PIW composites refer to specimens consisting of textiles with a density of 230 g m -2 , which were wet pre-impregnated with the K3 matrix. Five specimens were tested for each FRCM configuration (textile type/textile configuration).

Test set up

The test set up is based on American Concrete Institute standard [START_REF]Design and Construction Guide of Externally Bonded FRCM Systems for Concrete and Masonry Repair and Strengthening[END_REF]. A Zwick/Roell universal machine was used to conduct all the tensile tests with a speed of 1 mm min -1 . In order to avoid parasitic bending effects due to implementation errors, reinforcement asymmetry and/or specimen warping, the tensile load was applied via ball joints [START_REF] Contamine | Contribution to direct tensile testing of textile reinforced concrete (trc) composites[END_REF], as shown on Figure 6. Each test is carried out either until a 6 mm extension was obtained or until the complete failure of the specimen. A camera with a resolution of 2560 × 2048 pixels was fixed at a distance of 90 cm from the specimen surface. A reference image was taken before the test began and then a series of images was taken at a frequency of 2 Hz until the rupture of the specimen.

Representative specimens were selected. Then, the following mechanical properties were evaluated :

• The ultimate tensile force F max .

• The stiffness of composite K in the linear zone of the force-displacement curve.

• The toughness W representing the dissipated energy and calculated as the area under the forcedisplacement curve up to F max . 2.6. Analysis of cracking using DIC GOM Correlate software [START_REF]Gom correlate: a free digital image correlation (dic) and evaluation software[END_REF] was used to conduct a digital image correlation related to the specimen surface. It provides displacement fields at each loading step. Figure 7a shows the longitudinal displacement as a function of the position on the longitudinal axis of the specimen for various load levels. The discontinuities in the displacement allowed determining the location of cracks, crack spacing and crack width, as shown in Figure 7b. These parameters were evaluated for all the FRCM composites studied in order to investigate the effect of pre-impregnation according to the wet and dry pre-impregnation processes.

Results and discussion

Tensile test results

Figure 8 presents the tensile behavior of the representative specimens for the different pre-impregnation methods, i.e. wet and dry pre-impregnation and reference (without pre-impregnation). Except for composite 230, textile pre-impregnation improved mechanical behavior relative to the reference material. Composite tensile behavior was strongly dependent on which pre-impregnation process, either dry or wet, was used. In most cases, dry pre-impregnated composites exhibited the best mechanical properties (Figures 8c, 8d and8e).

Figure 8 highlights the existence of three groups of curves, which can be distinguished mainly by the number of phases constituting the curve, the curve stiffness and the force drops before reaching ultimate load.

The first group concerns composites 230 and 236 whose curves are composed of three different phases regardless of the impregnation state of the textile:

(i) The first phase is linear, characterized by an uncracked matrix;

(ii) The second phase is linear, characterized by an uncracked matrix;

(iii) The third phase is quasi-linear. In this zone, the effort is supported by the textile and the stiffness is lower than that of the first phase.

The second curve group is related to composites 400 and 440. The curves can also be divided into three phases, but differ from the curves of the first group by two characteristics: (i) The second phase has very low force drops;

(ii) The slope of the third phase is of the same order as that of the first phase.

The third group concerns the composites 600 whose curves consist of a single quasi-linear phase. Indeed, the second phase, corresponding to crack phase, has disappeared and the first and third phases are confounded because they have the same slope. The disappearance of the second phase in this case does not indicate the absence of composite cracks. This was confirmed by DIC analysis, which showed that the composites 600 cracked during loading in the case of the three textile configurations (REF, PIW and PID).

Two conclusions can be drawn from these findings:

1. As the reinforcement rate of the composite increases, the drop in force related to the crack development decreases or is even canceled. Indeed, at the cracking instant, the rigidity of the specimen decreases and the greater the reinforcement rate, the more negligible the decrease in this rigidity, consequently the drop in force tends towards zero. 2. The slope of the third phase increases with the reinforcement rate; this is in accordance with the literature, which assumes that the stiffness of this phase is proportional to the longitudinal fiber rates [START_REF] Aveston | The properties of fiber composites[END_REF]. Therefore, with a high reinforcement rate, the first and the third phase can be confounded, resulting in a single quasi-linear phase, as in the case of the 600 composites.

Mechanical properties

Figure 9 shows the evolution of the maximum force F max for the different types of composite: 230, 236, 400, 440 and 600, as a function of the textile configurations: REF, PIW and PID.

The comparison of the results of composites 230 and 236, two composites with relatively the same reinforcement rate, showed that the effect of textile pre-impregnation is not identical. In the case of composite 230, the textile pre-impregnation process had no effect on the composites strength. Indeed, materials 230.REF, 230.PIW and 230.PID exhibited the same value of F max , which is in the same order as that of composites 236.PIW and 236.PID. However, in the case of composite 236, the textile pre-impregnation using both processes contributed significantly to an increase in the maximum load F max of around 53%. This was due to the filament assembly method, which distinguished textile 230 from the other types of textile used. As mentioned in section 2.1, the filaments composing the yarns of textile 230 were assembled into strands by sizing and then the strands were assembled into yarn. This yarn structuring allowed matrix penetration between the strands and between the filaments composing these strands, contrary to textile 236 which did not have this intermediate organization (strand) and thus the penetration of the matrix remained limited to the external filaments of the yarn. As a result, although textile 230 was non pre-impregnated, the spaces between the filaments were well filled by matrix particles, which explains why the ultimate strength of composite 230.REF was in the order of that of composite 230.PIW and 230.PID.

For the other composites, the improvement of the maximum tensile strength obtained by the dry process was much more significant than that obtained by the wet one: 80% and 36% for FRCM 400, 57% and 47% for FRCM 440 and 64% and 11% for FRCM 600, respectively. The wet method remained effective in the case of low-weight fabrics, as in the case of FRCM 236, but reached its limit when the fabric became very dense, as in the case of FRCM 600, because the manual mechanical action used was not sufficient to allow the matrix particles to migrate into the internal filaments. Therefore, this conventional method could be replaced by the dry pre-impregnation method, which, on the one hand, significantly increases the composite performance regardless of the density of the textile and, on the other hand, can be used for strengthening and repairing old structures in situ. The results of the stiffness K of the different types of composites: 230, 236, 400, 440 and 600, for textile configurations REF, PIW and PID, are presented in Figure 10.

The values of the stiffness K, corresponding to the slope of the ascending part of the force-displacement curves before the first crack appeared, showed a good correlation with the values of F max . In the case of composite 230, textile pre-impregnation had no influence on the materials stiffness if we take into account the dispersion of the values. As explained above for the force F max , the yarn structure of textile 230 allowed the matrix to penetrate into the yarn, therefore, the reference and the pre-impregnated composite 230 exhibited the same behavior. For composite 236, both pre-impregnation processes had the same effect on the stiffness K, corresponding to an increase of about 51% compared to the reference. As for composites 400, 440 and 600, the dry pre-impregnation process presented the largest increase of K, with a gain ranging from 23% to 42% compared to non pre-impregnated composites.

For a particular fabric density, the wet pre-impregnation method had no effect on the composites stiffness. Indeed, for textile 600, the reference and the wet pre-impregnated materials exhibited the same stiffness value K. The results show the same general trends as the ultimate force F max and K. The values of W for the composites 230 and for the three textile configurations are close. In the case of material 236, both preimpregnation methods led to an increase of 97% of the toughness W compared to the composite 236.REF. However, for composites 400, 440 and 600, the increase in W obtained by the dry process was greater than that obtained by the wet process: 159% and 73% for the FRCM 400, 145% and 96% for the FRCM 440 and 189% and 30% for the FRCM 600, respectively.

The analysis of these characteristics reveals the importance of textile pre-impregnation using this new dry pre-impregnation process, which allows producing materials with high resistance and stiffness. 

. First crack effort

Figure 12 shows for each type of composite tested (230, 236, 400, 440 and 600), the development of effort F 1 , corresponding to the appearance of the first crack, according to textile configuration (REF, PIW and PID). It was not possible to determine this parameter from the experimental curves, in particular in the case of composite 600, for which the curve is quasi-linear (no force drop in the curve).

The results show that effort F 1 is strongly influenced by the type of pre-impregnation process used. In the case of FRCM 236 and 440, the trends observed for F 1 were the same as those found for F max : for FRCM 236, the two pre-impregnation methods had the same effect on F 1 , i.e. an increase of the order of 49%; for FRCM 440, wet and dry pre-impregnation contributed to an increase in F 1 of 48% and 61%, respectively. As for composites 400 and 600, the wet method had no influence on F 1 while the dry one led to an improvement of 63% and 25%, respectively. The increase in the first matrix strength for the same type of FRCM is linked only to the improvement of the interaction between the yarn filaments and the matrix, highlighting the importance of the dry process in improving the yarn-matrix bond of the FRCM composite.

Crack width and spacing

Figure 13 shows the average crack spacing and the maximum crack width at the failure load of composites 230, 236, 400, 440 and 600 for each textile configuration: REF, PIW and PID.

The results reveal that the crack spacing and crack width tended to decrease by pre-impregnating textiles using both methods, except for composite 230 whose values were of the same order of magnitude. This is in accordance with the experimental results obtained.

Except for composite 230, the lowest values of maximum crack width were obtained in the case of the composites pre-impregnated using the dry process. This reflects very good bonding between the dry preimpregnated textiles and the matrix. Furthermore, the dry process PID led to the formation of a significant number of cracks compared to the conventional PIW method (Figure 14), which resulted in a reduction in the crack spacing of the dry pre-impregnated composites. This reduction was as significant as the density of the textile was high: -11% for FRCM 236 and -63% for FRCM 600. This confirms that the efficiency of the wet method decreases with increasing textile density.

These results highlight the interest of the dry pre-impregnation process even when using low density textiles (case of textile 236), where wet pre-impregnation showed mechanical performances similar to those of dry pre-impregnation. 

Conclusion

In this paper, the effect of the mineral pre-impregnation process on the mechanical tensile behavior of glass FRCM composites was investigated. Five kinds of composite (230, 236, 400, 440 and 600) with three different textile configurations (REF, PIW and PID) were studied. Based on the results of the experimental tests and the DIC analysis, the conclusions are as follows:

• The shape of the experimental curves greatly depended on the density of the textile. The latter had an effect on the number of phases constituting the curve, the curve stiffness and the force drops related • In the case of low density textiles consisting of multi-end roving (case of textile 230), the preimpregnation of the reinforcement had no effect on the mechanical performance of the composite, because this roving structure, consisting of an intermediate strand structure, allowed good matrix penetration between the filaments and thus ensured good yarn-matrix interaction. However, in the case of fabrics composed of direct roving (case of textile 236), the penetration of the matrix particles remained limited to the external filaments, which requires pre-impregnation of the reinforcement in order to enhance the adhesion between the internal filaments.

• The wet pre-impregnation method PIW was effective in the case of low-density textiles. However, the greater the textile density, the more the effect of this method tended to decrease.

• The dry pre-impregnation process PID produced very interesting results: it conferred to the composite the best mechanical properties (strength and toughness) regardless of the area density of the textile. It also led to less dispersed results compared to the wet method PIW. Moreover, the first crack of the PID composite occurred at a higher loading level than that of the REF and PIW composites. Finally, this method resulted in the formation of a significant number of cracks characterized by narrow widths, of around a few micrometers, which is favorable in terms of aesthetics and durability.

Figure 15 summarizes the effect of textile pre-impregnation using the dry and wet methods on the different mechanical properties studied: F max , K, W , F 1 , crack spacing and maximum crack width, and for the five types of composite. 
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Table 1 :

 1 Mechanical properties of different textile yarns used in this study

	Textile	σ f [MPa]	E f [MPa]
		(CoV )	(CoV )
	236, 440, 600	1400 1	73 1
	230	828 (0.054)	68 (0.067)
	400	1021 (0.054)	61 (0.042)

Table 2 :

 2 Composition of K3 matrix.

	Constituents	Dosage [kgm]	Particle size
	Ettringitic binder B	389	≤ 300 µm
	Granular skeleton	906	≤ 80 µm
	Additive system	157	
	Water	348	
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