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This research work focuses both on experimental analysis and the development of an analytical model of the shear stress distribution at the textile/matrix interface of Textile Reinforced Cementitious Matrix Composites (TRCMC) in tension.

For the experimental part, distributed fibre optic sensing (DFOS) was used, embedded in the core of the TRCMC, allowing strain measurement with a millimetric spatial resolution.

Four configurations were studied: two types of matrices and two reinforcement ratios.

Experiments comprised pull-out tests of several textile configurations using both matrices, in order to complete the experimental data set obtained by the tensile tests. The analytical model uses as input data the shear stresses obtained by the pull-out tests. This model allows to estimate the evolution and distribution of the interface shear stress of the TRCMC in tension. This model allows also to predict the distribution of strain in the TRCMC, both in the matrix and in textile reinforcement.

Introduction

The repair, rehabilitation and reinforcement of the load-bearing elements of civil engineering structures have become a requirement in recent years. To do this, several techniques are applied, including the use of composite materials as an alternative to traditional reinforcement techniques such as shotcrete, or bonded steel plates, particularly Textile Reinforced Cementitious Matrix Composites (TRCMC) [START_REF] Mechtcherine | Novel cement-based composites for the strengthening and repair of concrete structures[END_REF][START_REF] Promis | Failure behavior of E-glass fiber-and fabricreinforced IPC composites under tension and compression loading[END_REF][START_REF] Kouris | State-of-the-art on strengthening of masonry structures with textile reinforced mortar (TRM)[END_REF][START_REF] Sasi | Three dimensional (3D) fabrics as reinforcements for cement-based composites[END_REF]. The incorporation of a textile reinforcement in a cementitious matrix provides high mechanical performances in terms of tensile strength.

The tensile behaviour of TRCMC has been investigated in several research studies [START_REF] Mechtcherine | Novel cement-based composites for the strengthening and repair of concrete structures[END_REF][START_REF] Hegger | Investigations on the bearing behaviour and application potential of textile reinforced concrete[END_REF][START_REF] Peled | Influences of textile characteristics on the tensile properties of warp knitted cement based composites[END_REF][START_REF] Promis | Analytical modeling of the bending behavior of textile reinforced mineral matrix composite beams[END_REF][START_REF] Mobasher | Distributed cracking and stiffness degradation in fabric-cement composites[END_REF][START_REF] Tsangouri | A fundamental investigation of textile reinforced cementitious composites tensile response by Acoustic Emission[END_REF],

which have shown that it is generally formed by three typical zones. A first zone called "precracking zone", controlled by the mechanical characteristics of the matrix. The second zone called the "crack propagation zone", is characterised by the appearance of transverse cracks in the specimens as the imposed load or displacement increases. The last zone is called "postcracking zone", which is governed by the mechanical properties of the textile reinforcement.

These experimental observations and analyses of the TRCMC's mechanical behaviour are obtained using several localised and distributed measurement techniques, with or without contact, to measure the strain field on the surface of specimens. These techniques include digital image correlation, linear variable differential transformer, strain gauges, laser extensometry, etc. [START_REF] Tran | Mesoscale experimental investigation of thermomechanical behaviour of the carbon textile reinforced refractory concrete under simultaneous mechanical loading and elevated temperature[END_REF][START_REF] Caggegi | Experimental study on effective bond length of basalt textile reinforced mortar strengthening system: Contributions of digital image correlation[END_REF]. From these measurements, the internal behaviour mechanisms of the matrix, the textile and the textile/matrix interface are deduced by combining both continuum and failure mechanics approaches. This allows the development of hypotheses and models to quantify the micro-mechanical parameters controlling the reinforcement/matrix interaction of TRCMCs [START_REF] Ahn | Strain and hysteresis by stochastic matrix cracking in ceramic matrix composites[END_REF][START_REF] Cuypers | Stochastic matrix-cracking model for textile reinforced cementitious composites under tensile loading[END_REF][START_REF] Hawkins | An Analytical Failure Envelope for the Design of Textile Reinforced Concrete Shells[END_REF]. One of these important parameters is the distribution of shear stress at the textile/matrix interface over the three typical zones of the tensile behaviour of TRCMC. Studies assume that this stress is constant and different from zero along the load transfer lengths developed by the cracks, and nil on the rest of the specimen [START_REF] Ahn | Strain and hysteresis by stochastic matrix cracking in ceramic matrix composites[END_REF]. Other studies analysed the textile/matrix interface by pull-out [START_REF] Yang | Interface strength in glass fibre-polypropylene measured using the fibre pull-out and microbond methods[END_REF] and fragmentation tests [START_REF] Mccarthy | Determination of interfacial shear strength in continuous fibre composites by multi-fibre fragmentation: A review[END_REF].

However, and to the best of the authors' knowledge, to date, no correlation has been established between the shear stress at the interface in the case of a pull-out or fragmentation test and a direct tensile test on a TRCMC specimen. In a recent study [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF] the authors shown that direct and local measurements of the interface stress are possible by embedding DFOS into the core of the composite, and have established a decreasing shear stress curve over the load transfer length starting from the crack position, and zero on the rest of the specimen.

The matrix/textile interface mechanical behaviour of cementitious matrix composites was the subject of several studies. Investigations have tried to better understand this behaviour by studying the effect of specimens size and shape [START_REF] Hendlmeier | Sizing effects on the interfacial shear strength of a carbon fibre reinforced two-component thermoplastic polymer[END_REF][START_REF] Ko | Effect of the thickness on the fracturing behavior of discontinuous fiber composite structures[END_REF], and by performing numerical modelling proposing improvements in the used interface laws [START_REF] Zou | Combining interface damage and friction in cohesive interface models using an energy based approach[END_REF]. Other research has investigated the possible improvement of the mechanical behaviour of composites, focusing on the reinforcement/matrix interface, using the native conductivity of the carbon fibre by applying an ohmic heating curing [START_REF] Liu | Ohmic heating curing of carbon fiber/carbon nanofiber synergistically strengthening cement-based composites as repair/reinforcement materials used in ultra-low temperature environment[END_REF] or by adding chemical and filamentary components to the composite [START_REF] Cao | Fracture behavior of cement mortar reinforced by hybrid composite fiber consisting of CaCO3 whiskers and PVA-steel hybrid fibers[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]. The matrix/textile interface behaviour is strongly related to the architecture of the textile reinforcement. Indeed, this architecture influences the spacing between filaments of the same yarn, which affects the degree of penetration of the cementitious matrix into the core of the yarn. This penetration influences directly the interface shear stress. This phenomenon has been the subject of several experimental investigations that have studied the effect of pre-impregnation of the textile reinforcement on the pull-out behaviour [START_REF] Homoro | Pull-out response of glass yarn from ettringite matrix: Effect of pre-impregnation and embedded length[END_REF][START_REF] Dvorkin | Effect of reinforcement with carbon fabrics impregnated with nanoparticles on the tensile behavior of cement-based composites[END_REF]. In our case, a coated textile with monolithic behaviour is used to minimise as much as possible the uncertainties related to impregnation and to have approximately the same contact surface between textile and matrix along the longitudinal yarns.

In the field of composites, several experimental investigations have used optical fibre as a strain and/or temperature sensor [START_REF] Bruno | Mechanical characterization of composite materials by optical techniques: A review[END_REF][START_REF] Lekakou | Optical fibre sensor for monitoring flow and resin curing in composites manufacturing[END_REF], in particular Bragg grating systems. Polymer matrix composites, such as FRP [START_REF] Woods | Measuring strain fields in FRP strengthened RC shear walls using a distributed fiber optic sensor[END_REF][START_REF] Yashiro | Evaluation of interfacial shear stress between multi-walled carbon nanotubes and epoxy based on strain distribution measurement using Raman spectroscopy[END_REF], and thermoplastic matrix composites [START_REF] De Baere | On the feasibility of optical fibre sensors for strain monitoring in thermoplastic composites under fatigue loading conditions[END_REF] have been instrumented with optical fibres. For cementitious matrices, in a previous study, we have evaluated the feasibility of embedding DFOS, and analysed the reliability of the results obtained by the optical fibres at the core of these composites characterised by a cracking behaviour [START_REF] Saidi | Use of distributed optical fibre as a strain sensor in textile reinforced cementitious matrix composites[END_REF]. This allowed to characterise the local behaviour of the textile, the cementitious matrix and to compare them with the global behaviour of the TRCMC [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF].

From these results, a first visualisation of the shear stress distribution at the textile/matrix interface is therefore provided [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF]. The influence of the presence of optical fibre at the core of composites on their mechanical behaviour was evaluated [START_REF] Skontorp | Effect of embedded optical fibers on the structural integrity of composites[END_REF], showing that for a quasistatic test, these embedded sensors have no influence either on the mechanical behaviour of the composites or on the propagation of damage.

Therefore, the objective of this work is to experimentally study the mechanical behaviour of the textile/matrix interface of the TRCMCs, and to link shear stress at the interface from a pull-out test to that at the interface of the TRCMC submitted to tensile loading. Then, to propose an analytical model allowing to predict the interface stress under tensile loading from a direct pull-out test. For this purpose, direct tensile tests were performed on TRCMC specimens with embedded DFOS. These distributed sensors are based on the Rayleigh backscattering principle [START_REF] Soller | High resolution optical frequency domain reflectometry for characterization of components and assemblies[END_REF], providing a millimetric spatial resolution. Four configurations of TRCMC were tested: two matrices and two reinforcement ratios. In parallel, pull-out tests were carried out on different configurations of the textile reinforcement with the two used matrices. This allowed the development of a new analytical model to predict the behaviour at the TRCMC interface, combining both optical fibre and pull-out results.

Materials and preparation of specimens

2.1.Materials

The TRCMC and pull-out specimens studied in this work are composed of two components: a self-placing liquid cement matrix and a reinforcement glass textile. Four configurations were studied: two types of matrices and two reinforcement ratios. The mechanical properties of these two components are respectively detailed in the following subsections.

Self-placing liquid cement matrix

To avoid any damage to the optical fibre during the casting process, two self-placing liquid cementitious matrices based on ettringite were used, allowing good handling and coating of the optical fibre and textile reinforcement. These two matrices exhibit different bond characteristics to the textile, which will allow to analyse the effect of this bond on the shear stress at the textile/matrix interface (see sub-section 4.1). The mechanical properties of the two cementitious matrices (M1 and M2) are summarised in Table 1, obtained using standard laboratory tests [START_REF]Methods of testing cement-Part 1: Determination of strength[END_REF]. 

Textile reinforcement

The textile reinforcement used in this study made of alkali-resistant glass, has a grid shape with an inter-axis opening mesh of 5×5 (mm²). The yarns in the weft and warp direction have a weight of 2400 Tex and 272 Tex, respectively. The main geometrical and mechanical properties of the textile reinforcement, measured in the laboratory, are summarised in Table 2.

The cross-section of the yarn was considered elliptical with a major radius denoted as 'R' and a minor radius denoted as 'r', a perimeter denoted as Pf and a cross-sectional area denoted as Sf, respectively (Table 2). These radii are measured in the laboratory with a sliding calliper (micrometre). Several cross-sections are measured to have an order of dispersion in the same yarn and between different yarns of the same textile reinforcement, then an average and a standard deviation are calculated. The results obtained are as follows: R = 1.67 ± 0.11 mm and r = 0.42 ± 0.02 mm. This gives a maximum coefficient of variation of 0.11/1.67 = 6.6 %, which allow to replace the cross-sectional area and perimeter of the yarns can be replaced by the average value measured in the laboratory (see Table 2). We present here only a short description of the geometrical and physical properties of TRCMC specimens. Detailed information about preparation (moulding, embedding of optical fibres, etc.) is given in [START_REF] Saidi | Use of distributed optical fibre as a strain sensor in textile reinforced cementitious matrix composites[END_REF][START_REF] Saidi | Adaptation of the strain measurement in textile reinforced cementitious matrix composites by distributed optical fibre and 2D digital image correlation[END_REF].

The shape of the studied TRCMCs is rectangular parallelepipedic with approximate dimensions of 600 × 50 × 10 mm 3 (±1 mm) (length × width × thickness). This shape was chosen from experimental studies reported in the literature [START_REF] Caggegi | Experimental study on effective bond length of basalt textile reinforced mortar strengthening system: Contributions of digital image correlation[END_REF][START_REF] Contamine | Contribution to direct tensile testing of textile reinforced concrete (TRC) composites[END_REF], and by referring to current cases of strengthening civil engineering structures using this type of composite.

interface shear stress of the TRCMC, the 2m long optical fibre was embedded in six different positions in the core of the tested TRCMC. Each position had an effective measuring length of 25 cm, with five external loops of 10 cm each, as shown in Fig. 1.

Fig. 1: Diagram of TRCMC specimen with optical fibre positions

In the first step, the mould is prepared with the positioning of the textile and optical fibre at the specified position (Fig. 2-a). Then, the two matrices were prepared and cast into the moulds (Fig. 2-b). After this step, the TRCMCs were covered with a plastic film and conserved at room temperature. After demoulding, two aluminium plates were bonded using epoxy resin (Eponal 380, with a tensile strength of 29.5 MPa, and an elongation at failure of 0.65 %) to each of the two free ends of the specimen (Fig. 2-c). For more information, see [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF][START_REF] Saidi | Use of distributed optical fibre as a strain sensor in textile reinforced cementitious matrix composites[END_REF]. 

Preparation of Pull-out specimens

The preparation of pull-out specimens consists in embedding a part of the textile over the entire height of a parallelepiped-shaped matrix block. This height constitutes the embedding length Le. Two Le are studied in this work, 3 cm and 6 cm. The dimensions of the matrix blocks were 5 × 5 × Le (cm 3 ) (length × width × height). The total length of the textile is 35 cm, and the two aluminium plates are 12 cm long (Fig. 3). This configuration is inspired by several works in literature [START_REF] Reinhardt | State-of-the-Art report of RILEM Technical Committee TC 201-TRC "Textile Reinforced Concrete[END_REF][START_REF] Peled | Geometrical characteristics and efficiency of textile fabrics for reinforcing cement composites[END_REF]. Three grid shapes are studied in this work: textile with one longitudinal yarn, textile with two longitudinal yarns and textile with three longitudinal yarns.

The aim is to verify, for a coated textile with monolithic behaviour, if the maximum shear stress of a pull-out test depends on the number of yarns tested and/or on the embedding length Le. 

Experimental setup

The experimental study conducted in this work consists on the one hand of a pull-out test of the textile with two different matrices, and on the other hand of a direct tensile test of the TRCMC composites, with four different configurations: two reinforcement ratios and two different matrices. The following subsections present the experimental setup of the pull-out and the tensile test.

3.1.Tensile testing machine

The pull-out and tensile tests are performed using a Zwick universal testing machine as shown in Fig. 5-a. This machine has a maximum load capacity of 65 kN and is equipped with precise force and displacement sensors, with an accuracy of 0.2% and 0.06%, respectively. The pull-out and tensile tests were controlled in displacement, with a velocity of 100 µm/minute. In order to reduce effects of parasite bending due to geometric imperfections of the TRCMC specimens, two ball-joint loading heads are used to maintain and transmit the load from the Zwick machine to the tested TRCMC specimen. For the pull-out test, and by analogy with the study conducted in [START_REF] Peled | Bonding characteristics of multifilament polymer yarns and cement matrices[END_REF], one ball-joint loading head is used to pull the textile, and a special '∏' shaped is used to fasten the cementitious matrix block (Fig. 5-b).

3.2.Optical data acquisition

The optical fibre is connected to an ODiSI-B LUNA (Optical Distributed Sensor

Interrogator) device to acquire the strain during tests (Fig. 5-a). This device is based on the optical frequency domain reflectometry (ODFR), using Rayleigh principle [START_REF] Soller | High resolution optical frequency domain reflectometry for characterization of components and assemblies[END_REF], and has a random error of less than 0.1 GHz, or approximately 1 μm/m. It allows to control and program all the parameters related to the optical fibre (spatial resolution, acquisition rate, calibration...), as well as to instantly visualise and record the strain distribution along the optical fibre during tests. For our study, we chose a spatial resolution of 2.6 mm over the entire range of the optical fibre (2 m) and 2 Hz as the acquisition rate.

The characteristics of the optical fibre used in this study are summarised in Table 3. These results show that the pull-out behaviour can be divided into five parts: a first part (0A) from the beginning of the test to the first peak; the second part corresponds to the small drop in the applied force (AB); the third part corresponds to the re-increase in the applied force to the second peak (BC); the fourth part corresponds to the drop in applied force after the second peak (CD); and the last part corresponds to a relatively constant force with the increase of the displacement (DE). Note that the fifth part (DE) is recorded only for configurations with a single longitudinal yarn (Fig. 6-a), and the failure occurred at the point of embedding of the yarn into the matrix for all the tests carried out on pull-out specimens with a single yarn. For the other configurations (with two and three yarns), a sudden failure of the matrix block appeared at the textile/matrix interface, justifying the absence of the fifth part (Fig. 6-b).

The load increase in the first part (0A) is caused by an increase in shear stress at the textile/matrix interface. By analogy to the study conducted by [START_REF] Ranjbarian | Locking Front Model for pull-out behaviour of PVA microfibre embedded in cementitious matrix[END_REF][START_REF] Sueki | Pullout-Slip Response of Fabrics Embedded in a Cement Paste Matrix[END_REF], the first peak 

Shear stress at the textile/matrix interface along the specimen

The strain in the matrix was recorded along the specimen, before, during and after crack propagation (Fig. 8-a). The distribution of this matrix strain is almost constant along the specimen before cracking. Once the first crack appears, the strain in the matrix changes its a b

shape and shows a decreasing curve on the two sides of the crack position, over a length called the load transfer length δo. This process occurs each time a new crack appears. Outside the load transfer zone of the appeared cracks, the strain in the matrix is approximately constant. The authors in a previous paper showed that this cracking and development mechanism of δo is presented in [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF], which shows that crack propagation will not stop as long as the crack spacing is greater than 2δo.

At the crack position, the stress applied to the composite is fully supported by the textile reinforcement. Then, part of this stress is transmitted from the textile to the matrix as it moves away from the crack position. The force in the matrix increases along δo until it becomes sufficient for the matrix to deform by the same amount as the textile. From this analysis, and thanks to the millimetric resolution of the optical fibre, the shear stress at the textile/matrix interface can be deduced. Indeed, since the matrix strain is due to the load transfer from the textile to the matrix via the interface, it is sufficient to know the strain of each element of length dx of the matrix (corresponding to the spatial resolution). Using an elastic approach the elementary force dFm(x) supported by each dx element of the matrix and the shear stress at the interface τ(x) can be deduced by the strain difference between two consecutive measuring points on the optical fibre in the matrix as follow:

τ(x) = dF m (x) P f × N bf × dx = S m × E m × dɛ m (x) P f × N bf × dx , Eq. 1
where Sm corresponds to the cross-sectional area of the matrix, Em is the Young's modulus of the matrix in tension, dɛm(x) is the strain gradient between two successive measurement points of the optical fibre, Pf is the perimeter of one longitudinal yarn of the textile reinforcement, and Nbf is the total number of longitudinal yarns in the TRCMC specimen. The shear stress distribution at the interface along the specimen (Fig. 8-b) is related to the position of cracks and to the load transfer length. Indeed, the strain gradient between two consecutive measurement points has a decreasing tendency from the crack, where it has its maximum value, to δo where it is equal to zero, whereas this gradient is almost zero beyond δo, which explains the zero-value of the interface shear stress in the zone non-swept by δo.

The sign of the stress at the interface is related to the direction of calculation of the strain gradient. In our case, this gradient was calculated from left to right, which explains the negative sign for the left side of the cracks, and the positive sign for the right side of the cracks.

Interface shear stress along the load transfer length

As explained in the previous paragraph, the shear stress at the interface of the TRCMC is zero outside the areas covered by δo. The interest of this subsection is, therefore, to monitor the trend of this stress along the load transfer length, depending on the type of matrix and the reinforcement ratio. Fig. 9-a shows the followed approach for the DFOS results and Fig. 9-b shows the experimental results of the matrix strains along the load transfer length induced by the first crack, considering that the abscissa x = 0 corresponds to the position of the crack.

Note that these results are related to the moment of the first crack appearance for each of the four tested configurations. As shown in Fig. 9-b presented in a previous paper of the authors [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF], the load transfer length is related to the matrix type and it decreases with the increase of the reinforcement ratio (or fibre volume fraction), which means that the interface shear stress is also related to these two parameters. The stress distribution at the interface of the four configurations tested is summarised in Fig. 10-a,b,c andd. From these results, the shear stress distribution at the interface along δo can be divided into two parts: a first part of about 0 to 2.6 mm. From the obtained measurements and from a mechanical point of view, at the crack position, the interface shear stress is considered equal to zero. Given the spatial resolution of the optical fibre (2.6 mm), it is difficult to have information between the position of the crack and the first measurement point located at 2.6 mm. For this purpose, the stress at the interface in this interval is obtained by assuming that it evolves linearly between the crack position and the measurement point at 2.6 mm from the crack, which is consistent with the results obtained with the optical fibre (see Fig. 8-b). This a b c d first part includes the crack opening and a total debonded interface "db" part according to the literature [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF]. Then, a second part up to δo with a load transfer between the two TRCMC components. Most of the force supported by the matrix is transmitted by the first interface element after the total debonded zone, then this transfer decreases as it moves away from the crack along δo. The distribution of τ(x) presents a decreasing logarithmic tendency starting to the right of the crack. These results are valid for the left side of the crack with an antisymmetric approach.

Fig. 11-a shows the distribution of the strain in the matrix of the 'M1-1L' configuration along two load transfer lengths (δo1 and δo2), corresponding to the same crack for two applied loads. Fig. 11-b shows the shear stress distribution at the textile/matrix interface for these two load transfer lengths. Indeed, as shown in Fig. 12, the load transfer length δo of a given crack increases linearly with the increase of the applied load on the TRCMC [START_REF] Cuypers | Stochastic matrix-cracking model for textile reinforced cementitious composites under tensile loading[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]. As a result, τ(x) will increase also with the increase of the applied load as shown in Fig. 11-b. The latter indicates that the logarithmic trend is applicable to all δo values during the test. Fig. 12: Evolution of the load transfer length of the first crack on TRCMC as a function of the stress applied to the composite between the time of the appearance of the first and the second crack [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF] By comparing the maximum values of τ(x) along δo at the time of crack occurrence (shown in Fig. 10) with the values of τpo-max, the former is much higher than the latter as presented in Fig. 13, but no direct correlation between the two values could be deduced. In addition, τ(x)max increases during the test (Fig. 14-a) as it is shown on two measurement points relative to the first and third cracks, points A and B, respectively, which complicates a direct correlation between the τpo-max value obtained by a pull-out test and the maximum stress at the matrix textile interface of the TRCMC τ(x)max. to the crack than point B). This evolution can be divided into three parts: the first part represents an almost nil evolution of τ(x), the second part presents an increasing quasi-linear evolution of τ(x), then this stress no longer evolves and it keeps a quasi-constant value in the third part. This evolution can be explained as follows (Fig. 14-b): the first part includes the behaviour of the TRCMC before and during the appearance of cracks, considering that the measurement point of τ(x) is not yet covered by one of the load transfer lengths δo of the formerly appeared cracks. Once a crack appeared near the measurement point of τ(x), so that this point is covered by the load transfer length δo of the crack, the stress τ(x) instantly changes to a non-zero value, represented in Fig. 14-a by an instant leap at the beginning of the second part. The almost-linear evolution on this second part is due to the increase of δo which contains the measurement point of τ(x) with the increase of the stress applied to the composite as shown in Fig. 9. Once a crack (crack i+1) appears in the zone between δo and 2 δo from the crack that induced shear stress at the measurement point under study (crack i), this new crack (crack i+1) develops a load transfer length on its two sides that overlap with that of the 'crack i'. This limits the increase in the load transfer length of 'crack i' by making δo constant for the rest of the test as explained in [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF], and implies that the shear stress at this measurement point remains constant for the rest of the test as shown in the third part on Fig. 14-a. From the experimental results of the distribution of τ(x) along δo (Fig. 10), it is evident that the closer the measurement point is to the crack, the higher the value of τ(x) at this point. In order to correlate the shear stress τ(x) at the textile/matrix interface of the TRCMC to the maximum stress of pull-out test τpo-max, a comparison of the integral of shear stresses from the both tests is made: the integral of τ(x) along δo and the integral of τpo-max assumed constant along the same δo. To do this, the integral of τ(x) is calculated by the trapezoidal method from the experimental results (with τ x .dx

δo 0 = ∑ τ x .dx δo 0
), and the integral of τpo-max is calculated as the surface of the rectangle delimited by τpo-max and δo (Fig. 15). Table 5 summarises the obtained results for the four configurations tested as well as for two δo values of the M1-1L configuration. From these results, a correlation can be made between the shear stress at the textile/matrix interface of the TRCMC and that of the pull-out test in terms of the integral. This correlation is introduced as a K factor which corresponds to the ratio of the integral of τ(x) along δo and the integral of τpo-max assumed constant along δo (in our case K = 0.9 as mentioned in Table 5).

This correlation can be written as:

τ x dx = K × τpo-max × δo Eq. 2

Development of the analytical model

As mentioned in subsection 4.2.1, the distribution of τ(x) along the load transfer length can be best approached by a logarithmic curve. Following this observation, it can be considered that:

τ(x) = A Ln(x) + B Eq. 3 20 
The model then consists in finding the expression of the two constants A and B. To do this, two equations are necessary. The first is based on Eq. 2:

τ x dx = A Ln x + B dx = K × τpo-max × δo Eq. 4
In order to take into account the fully debonded zone near the crack, as well as the crack opening, and to avoid the infinite value of the integral in the vicinity of zero, the authors set an approximate value of 0.6 mm for the crack opening and db = 2 mm for the fully debonded zone. This choice is based on the spatial resolution of the optical fibre which is 2.6 mm. As a result, the crack opening is removed, and the integral is then calculated between db = 2 mm and δo as follows:

τ x dx = A × Ln x + B × dx = K × τpo-max × δo Eq.

5

This implies by solving this integral in Eq. 5:

A.[δo× (Ln(δo) -1) -db × (Ln(db) -1)] + B × [δo-db] = K × τpo-max × δo Eq.

6

The second equation for the determination of the model is taken as a boundary condition at the abscissa x = δo. Indeed, experimentally, τ(δo) is not zero, but it is equal to a small value that the authors considered equal to the friction shear stress of the pull-out test τpo-fric, in order to link this boundary condition to the pull-out test. The equation is therefore written: τ(δo) = A Ln(δo) + B = τpo-fric Eq.

7

From Eq.6 and Eq.7, we find:

α × A + β × B = γ A × Ln δ + B = τ
Eq.

8

With :

α = δ × Ln δ -1 -d # × Ln d # -1 β = δ -d # γ = K × τ × δ
Eq. 9

Therefore, the proposed model is written in the form of:

τ(x) = % & × ' ()*+,-.
/ & × 01 ) × Ln( In order to switch from a local to a global approach, the proposed model is applied to the entire TRCMC specimen and compared with the experimental results. To do this, the experimental results from τ(x) are shown in Fig. 8-b, then the two load transfer lengths of two cracks that appeared are measured, giving a total of four load transfer lengths. By the principle of symmetry and equality of the two δo developed on each side of a given crack, as shown in a previous paper [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF], we can calculate τ(x) by applying the proposed model only to the two δo to the right of each of the two cracks, and deduce τ(x) to their left by an antisymmetric approach with respect to the position of each of the cracks. For the rest of the specimen, i. e. areas not covered by one of the load transfer lengths developed by the appeared cracks, τ(x) at is considered to be zero based on the experimental results. The results of the proposed model using this approach are summarised Fig. 18-a. By comparing them a b with the experimental results, it can be concluded that the proposed logarithmic trend model is consistent with the optical fibre results obtained along the TRCMC specimen.

Based on the results of τ(x) obtained by the proposed model (Fig. 18-a), the strain distribution can be computed by doing the inverse calculation of Eq. 1:

∆ɛ = (x) = > + × ? @+ × A2 × ' 2 B 9 × 8 9 + Eq. 13 
Then, a cumulative calculation is made from each of the two cracks starting at their rights (in the direction of the positive τ(x)). The results are shown in Fig. 18-b. The latter shows that the proposed model allows to deduce also the strain distribution of the TRCMC during crack propagation. In addition, from this matrix strain, the textile reinforcement strain can be calculated by applying the mechanical equilibrium of the TRCMC specimen, also the matrix and the textile stresses by multiplying these strains by Young's moduli of each component. In parallel, pull-out tests on different textile configurations were performed and analysed in this paper, with the objective of correlating the shear stress at the interface obtained by a pullout test with that measured along the interface of the TRCMC. The main results are listed below:

• The pull-out test on a grid reinforcement type is influenced by the yarns in the transverse direction and by the connection between the yarns of the two grid directions, which allows to obtain at least two force peaks during a pull-out test.

The first is related to the beginning of the sliding of the longitudinal yarns in the matrix, and the second represents either the ultimate shear strength of the matrix in the event of failure of the cement block, or the strength of the bond strength of the yarns in both directions of the grid in the case of the sliding of the longitudinal yarns. • The use of optical fibres allows the precise measurement of the distribution of the strain in the matrix along the TRCMC specimen, the load transfer lengths of each crack and the deduction of the shear stress distribution at the textile/matrix interface of the TRCMC.

• The distribution of the shear stress at the textile/matrix interface of the TRCMC is strongly related to the crack position and the load transfer length. This shear stress is different from zero along the load transfer lengths and equal to zero above these lengths.

• Over a load transfer length of a given crack, the interface shear stress has a decreasing logarithmic tendency from the crack. This observation is valid for both matrices, for the two reinforcement ratios tested and for the load transfer lengths at the time of cracking and after its increase during the test.

• In zones not covered by one of the load transfer lengths of the cracks that appeared on the TRCMC, the interface stress is almost zero. This remark is also valid before the appearance of the crack, which means that during the pre-cracking zone of the tensile behaviour of the TRCMC, the shear stress is zero along the TRCMC interface.

• A correlation is made between the maximum shear stress obtained by a pull-out test on the one hand and the shear stress at the textile/matrix interface of the TRCMC on the other hand. This correlation is established in terms of a ratio denoted K, obtained by dividing the integral of the shear stress at the interface of the TRCMC by that of a pull-out test.

• From this correlation, an analytical model is developed to predict the stress distribution at the TRCMC interface based on the maximum shear and friction stresses obtained by a pull-out test, the load transfer length and the mechanical characteristics of the TRCMC matrix and textile reinforcement.

• The proposed model allows the deduction and prediction of the distribution of strain and stress of the matrix and textile along the TRCMC specimen.

• The textile reinforcement used in this study has a monolithic behaviour. As future work, the authors propose to study a non-impregnated textile, which allows a partial penetration of the matrix into the textile through the voids between the filaments of the same yarn, which generates a telescopic behaviour and more complicated interface mechanisms [START_REF] Dvorkin | Effect of reinforcement with carbon fabrics impregnated with nanoparticles on the tensile behavior of cement-based composites[END_REF][START_REF] Will | Load-Bearing Behavior of Textile-Reinforced Concrete[END_REF].

• As an outlook, the authors propose to use optical fibres to characterise the behaviour and load transfer mode at the textile/matrix interface for a pull-out test for a single yarn and for a textile in grid form. In addition, it will be interesting to move from a material scale to a structural scale using the same measurement technique to identify the behaviour of TRCMC bonded to reinforced concrete structures.

Fig. 2 :

 2 Fig. 2: Preparation of TRCMC specimens: (a) preparation of mould with optical fibre and textile reinforcement; (b) casting of the cementitious matrix; (c) demoulding and bonding of aluminium plates

Fig. 3 :

 3 Fig. 3: Illustration of pull-out specimens

Fig. 4 :

 4 Fig. 4: Preparation of pull-out specimens: (a) preparation of moulds with textile reinforcement; (b) casting of the cementitious matrix; (c) demoulding and bonding of aluminium plates.

Table 3 :Fig. 5 :

 35 Fig. 5: Experimental setup: (a) tensile testing and measurement by DFOS ; (b) pull-out testing

Fig. 6 :

 6 Fig. 6: Experimental results of pull-out tests: (a) one longitudinal yarn; (b) two and three longitudinal yarns.

  (point A) corresponds to the maximum shear stress between the matrix and the longitudinal yarns, obtained by dividing the force of the first peak by the lateral surface of the longitudinal yarns along the embedding length. The second part (AB) represents the beginning of the sliding of the longitudinal yarns in the cementitious matrix. The re-increase of the force in the third part (BC) is due to the transverse yarns of the grid which are connected to the longitudinal yarns and which prevent them from slipping any further. The second peak (point C) force corresponds either to the strength limit of the connection between the transverse and longitudinal yarns (the case for the pull-out test of a single yarn) (Fig.7-a), or to the shear strength of the matrix, which is stated by the failure of the matrix block at the textile/matrix interface (the case for the pull-out test of two and three longitudinal yarns) (Fig.7-b). The fourth part (CD) represents either damage to the connections between transverse and longitudinal yarns (the case for the single yarn pull-out test), or the drop in force after the matrix block breaks (the case for the two and three longitudinal yarn pull-out test). In the case of two and three longitudinal yarns, the applied force in the third part (BC) is transmitted from the longitudinal yarns to the transverse yarns of the grid via their adhesive layer, which in turn transmit the force to the matrix by local shear stress. In the case of a single longitudinal yarn, the local shear stress in the matrix is not sufficient to lead to the failure of the matrix block at the textile/matrix interface. This means that for a single yarn configuration, the strength of the yarn/matrix interface and the node/yarn connections is lower than the shear strength of the matrix block, whereas the opposite is true for the two and three yarns configuration. For this reason, the fifth part (DE) corresponds to the sliding of the transverse yarn with a load transfer to the matrix by friction. Friction shear stress is obtained by dividing the friction force by the lateral surface of the yarn along the embedding length. Table4presents the experimental results of the maximum shear stress τpo-max. The friction shear stress τpo-fric is 0.42 MPa for matrix M1 and 0.3 MPa for matrix M2.

Fig. 7 :

 7 Fig. 7: Failure mode of pull-out specimens: (a) one longitudinal yarn of the textile reinforcement; (b) three longitudinal yarns of the textile reinforcement

Fig. 8 :

 8 Fig. 8: Experimental results of the TRCMC with optical fibre (M1 matrix reinforced with one textile layer: (a) strain distribution in the matrix; (b) shear stress distribution at the textile/matrix interface

Fig. 9 :

 9 Fig. 9: Strain distribution along the load transfer length: (a) analysis methodology; (b) experimental results of the four configurations tested

Fig. 10 :

 10 Fig. 10: Experimental results of the distribution τ(x) along δo, with indication of the trend curve: (a) M1 matrix reinforced by one layer; (b) M2 matrix reinforced by one layer; (c) M1 matrix reinforced by three layers; (d) M2 matrix reinforced by three layers. (L denotes 'layer')

Fig. 11 :

 11 Fig. 11: Experimental results from the optical fibre of the TRCMC with M1 matrix reinforced by one textile layer, with two different load transfer lengths: (a) strain distribution; (b) shear stress distribution τ(x) at the textile/matrix interface

Fig. 13 :

 13 Fig. 13: Comparison of the maximum shear stress at the textile/matrix interface of the TRCMC τ(x)max and the pull-out test τpo-max for the four tested configurations

Fig. 14 :

 14 Fig. 14: Evolution of shear stress at a measurement point at the textile/matrix interface along the TRCMC tensile test: (a) experimental results; (b) illustrative diagram

Fig. 15 : 5 :

 155 Fig. 15: Confrontation of the shear stress distribution τ(x) at the textile/matrix interface of the TRCMC along δo with that from a pull-out test τpo-max

2 ) 10 Fig. 16 :

 21016 Fig. 16: Comparison of the proposed model with the experimental results of τ(x) along δo: (a) M1 matrix reinforced with one layer; (b) M2 matrix reinforced with one layer; (c) M1 matrix reinforced with three layers; (d) M2 matrix reinforced with three layers; (e) two values of δo for M1 matrix reinforced with one layerA second comparison of the model is made in terms of the shear stress τ(x) evolution at a measurement point 'x' during the TRCMC tensile test, in particular with part II illustrated in Fig.14-a. To do this, and knowing that δo of a given crack increases with the stress applied to the composite (Fig.11-a and Fig.12), the model is applied for several values of δo and the

Fig. 17 :

 17 Fig. 17: Results of the proposed model with different δo values applied to the M1 matrix reinforced by one layer: (a) τ(x) distribution along δo; (b) evolution of τ(x) at a measurement point at the interface during the tensile test

Fig. 18 : 5 .

 185 Fig. 18: Application and comparison of the proposed model with the experimental results of the M1 matrix reinforced with one layer: (a) distribution of τ(x) along the TRCMC specimen; (b) matrix strain distribution along the TRCMC specimen

  

Table 1 :

 1 Mechanical properties of the two cementitious matrices (M1 and M2), tested in

	the laboratory						
			σu Compression (MPa)	σu Tension (MPa)	ɛu Compression (µm/m)	ɛu Tension (µm/m)	Ec Compression (MPa)	Et Tension (MPa)
	Matrix M1	Average Standard deviation	31.2 1.10	3.5 0.20	2350 160	300 27	13000 454	10700 316
	Matrix M2	Average Standard deviation	40 1.57	4.5 0.36	3000 230	400 34	13000 507	14000 492

Table 2 :

 2 Mechanical and geometrical properties of the AR glass textile used

		cross-sectional area Sf (mm²)	Perimeter Pf (mm)	Tensile strength of the yarn (MPa)	Young's Ef (MPa) modulus of the AR glass fibre	Maximum strain (%)	Textile Weight (g/m²)
	Average	2.2	7	520	35000	1.5	525
	Standard deviation	-	-	48	3180	0.12	-
	2.2.Specimens preparation				
		2.2.1. TRCMC specimens preparation		

Table 4 :

 4 Experimental results of the pull-out tests

	Number of yarns -Le	1 y -3 cm 1 y -6 cm 2 y -3 cm 2 y -6 cm 3 y -3 cm 3 y -6 cm
		Average (MPa)	1.24	1.58	1.47	1.52	1.26	1.32
		Standar deviation	0.134	0.02	0.024	0.038	0.002	0.18
	Matrix M1	Coefficient of variation (%)	10.81	1.27	1.63	2.50	0.16	13.64
		Total average (MPa)			1.40			
		Average (MPa)	1.82	1.87	1.78	1.9	1.95	1.86
		Standar deviation	0.258	0.158	0.244	0.13	0.085	0.086
	Matrix M2	Coefficient of variation (%)	14.18	8.45	13.71	6.84	4.36	4.62
		Total average (MPa)			1.86			
	4.2.TRCMC tensile test						

In order to verify the reliability of the proposed model, a comparison with the experimental results is carried out as shown in Fig. 16-a,b,c,d ande. The latter shows that this proposed model allows the prediction and reproduction of experimental results by comparing them with the logarithmic trends. The load transfer length can be estimated either by the final cracking pattern and the crack spacing of the TRCMC as explained in [START_REF] Saidi | Experimental analysis of the tensile behaviour of textile reinforced cementitious matrix composites using distributed fibre optic sensing (DFOS) technology[END_REF] (Eq. 11), or by the Cuypers model [START_REF] Cuypers | Stochastic matrix-cracking model for textile reinforced cementitious composites under tensile loading[END_REF] (Eq. 12).

Xmax / 2 < δo ≤ Xmin

Eq. 11 12 σc is the stress applied to the composite, 'r' the radius of the cross-section of a reinforcing yarn, Vf is the reinforcement ratio, Em is the Young's modulus of the matrix, Ec1 is the modulus of the composite in tension before cracking which can be calculated by applying the law of mixtures, τo is the interface shear stress which can be taken to be equal to τpo-max.