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Mesoscale experimental investigation of thermomechanical behaviour of the carbon textile reinforced refractory concrete under simultaneous mechanical loading and elevated temperature
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In comparison with carbon fiber reinforced polymer material, the carbon textile reinforced concrete (TRC) is usually coted to have a better fire behaviour. The aim of this paper is to analyse the elevated temperature behaviour of TRC. This paper presents the experimental results conducted on carbon TRC at mesoscale in the range of temperature from 25°C to 700°C. The carbon TRC consists of refractory matrix and carbon textile which has been treated with amorphous silica products for a good bond with the cement matrix. As a result, carbon TRC showed the strain-hardening behaviour with different phases and brittle behaviour depending on the temperature. The evolution of carbon TRC properties with elevated temperature (the ultimate stress, the crack stress, the initial stiffness) was experimentally identified. The mechanical property evolution of carbon textile and refractory concrete (the ultimate strength, the Young's modulus) depending on temperature was also presented. The thermal tests on carbon TRC cylinder specimens were also performed to identify the diffusivity coefficient of this composite. All results obtained were analyzed in order to find the contribution of carbon textile and refractory matrix to fire resistance of carbon TRC. Its ultimate strength has been improved about 2 times compared with non-reinforced matrix at elevated temperature ranging from 25 °C to 400 °C.

The efficiency coefficient of carbon textile could be calculated in this study.

INTRODUCTION

Over the past two decades, textile-reinforced concrete (TRC) has been increasingly and widely used for the strengthening or reinforcement of the civil engineering structures [START_REF] Mechtcherine | Novel cement-based composites for the strengthening and repair of concrete structures[END_REF][START_REF] Butler | Application of textile-reinforced concrete (TRC) for structural strengthening and in prefabrication[END_REF][START_REF] Brameshuber | Textile Reinforced Concrete[END_REF]. It's one reasonable combination between textile reinforcement and protective cementitious matrix. The textile reinforcement ensures TRC mechanical strength, to against the weakness and cracking sensitivity of cementitious matrix thanks to its high strength and Young's modulus. On the other hand, cementitious 2 matrix ensures loading retransmission between the textiles and protection from the environment.

Loading capacity of TRC depends strongly on nature and configuration of textile [START_REF] Mechtcherine | Novel cement-based composites for the strengthening and repair of concrete structures[END_REF][START_REF] Butler | Application of textile-reinforced concrete (TRC) for structural strengthening and in prefabrication[END_REF][START_REF] Brameshuber | Textile Reinforced Concrete[END_REF]. In TRC composite, textile plays a very important role in the loading capacity and stiffness. So, it needs to improve the textile properties for TRC application in case of strengthening or reinforcement of civil engineering structures (slab, beam, column, etc.) [START_REF] Awani | Ismail Fabric-reinforced cementitious matrix: A promising strengthening technique for concrete structures[END_REF]. Among textiles used, carbon textile provides better supported load capacities, high strength, and high Young's modulus to traction than other fibre textiles, especially in special load condition as fire condition [START_REF] Acatay | Carbon fibers. Fiber Technology for Fiber-Reinforced Composites[END_REF][START_REF] Newcomb | Processing, structure, and properties of carbon fibers[END_REF].

In case of fire happened in civil engineering structure (building, tunnel, etc), various fumes generated can lead to serious socio-economic consequences for human and environment. Furthermore, high temperature action can lead quickly to the damage of bearing structure [START_REF] Bazant | Concrete at High Temperatures: Material Properties and Mathematical Models[END_REF][START_REF] Hager | Comportement à haute température des bétons à haute performance -évolution des principales propriétés mécaniques[END_REF][START_REF] Fares | Proprietés mécaniques et physico-chimiques de bétons autoplaçants exposés à une température élevée[END_REF]. It's necessary to have proposed model or alternative material for structure design in case of fire. The carbon TRC could be adapted to the mentioned need. Even if civil engineering structure, strengthened by carbon TRC, is subjected to the simultaneous actions of mechanical loading and fire elevated temperatures, the carbon TRC can maintain its resistance thanks to the good capacity at elevated temperature of reinforcement continuous carbon textile [START_REF] Acatay | Carbon fibers. Fiber Technology for Fiber-Reinforced Composites[END_REF][START_REF] Tran | Experimental and analytical analysis of the effect of fibre treatment on the thermomechanical behaviour of continuous carbon textile subjected to simultaneous elevated temperature and uniaxial tensile loadings[END_REF]. The effect of fibre treatment on the thermomechanical behaviour of continuous carbon textile subjected to simultaneous elevated temperature and uniaxial tensile loadings has been experimentally and analytically investigated [START_REF] Tran | Experimental and analytical analysis of the effect of fibre treatment on the thermomechanical behaviour of continuous carbon textile subjected to simultaneous elevated temperature and uniaxial tensile loadings[END_REF]. Following paragraphs present the previous researches that have focused on TRC (reinforced by different fibre types) and cementitious matrix behaviours under fire or elevated temperatures. The objective of this study ends the introduction of this paper.

TRC behaviour under fire or different temperatures

Until now, there were rare studies on the behaviour of TRC material under mechanical loading and temperature actions that have a lot of difficulty to perform for tests. In the literature, there were some fire tests performed on TRC thin-plates with different cementitious materials [START_REF] Xu | The high-temperature resistance performance of TRC thin-plates with different cementitious materials: experimental study[END_REF], on highperformance concrete thin-plates, reinforced with basalt fibre-reinforced polymer mesh [START_REF] Hulin | Influence of basalt FRP mesh reinforcement on high-performance concrete thin plates at high temperatures[END_REF], on carbon fibre-reinforced, fine-grained concrete [START_REF] Ehlig | High temperature tests on textile reinforced concrete (TRC) strain specimens[END_REF], and on I-shaped beams, reinforced with glass-fibre and carbon-fibre mesh grids [START_REF] Büttner | Fire resistance tests of textile reinforced concrete under static loadingresults and future developments[END_REF][START_REF] Reinhardt | Behavior of textile-reinforced concrete in fire[END_REF]. Few research were performed on textile reinforced mortar (TRM) in comparison with fibre reinforced polymer (FRP) as strengthening materials of structure specimen at high temperatures [START_REF] Tetta | TRM vs FRP jacketing in shear strengthening of concrete members subjected to high temperatures[END_REF][START_REF] Raoof | TRM versus FRP in flexural strengthening of RC beams: Behaviour at high temperatures[END_REF][START_REF] Raoof | Bond between TRM versus FRP composites concrete at high temperatures[END_REF]. They were conducted to characterize the elevated temperature behaviour in shear, bond and flexure. All these tests aimed to identify fire resistance under different load types of TRC at structure scale. There were some research performed on TRC specimens (based on different matrix and reinforced by different textile types). The residual behaviour in tension of TRC after exposure to elevated temperature (called residual condition) was characterised in [START_REF] Rambo | Experimental investigation and modelling of the temperature effects on the tensile behavior of textile reinforced refractory concretes[END_REF][START_REF] Colombo | Textile reinforced mortar at high temperatures[END_REF][START_REF] Rambo | Tensile strength of a calciumaluminate cementitious composite reinforced with basalt textile in a high-temperature environment[END_REF]. Rambo et al [START_REF] Rambo | Experimental investigation and modelling of the temperature effects on the tensile behavior of textile reinforced refractory concretes[END_REF] carried out the tensile tests on specimens of basalt TRC in residual condition at temperatures ranging from 20 °C to 1000 °C. The influence of the preheating of specimens to elevated temperatures (temperatures ranging from 20 °C to 1000 °C) on the mechanical performance of basalt TRC was also analysed and highlighted in [START_REF] Rambo | Tensile strength of a calciumaluminate cementitious composite reinforced with basalt textile in a high-temperature environment[END_REF]. Colombo et al [START_REF] Colombo | Textile reinforced mortar at high temperatures[END_REF] carried out tensile tests on the TRC specimens based on the alkali-resistant (AR) glass fibres reinforced Portland cement matrix at elevated temperatures. The results showed a positive effect of preheating at temperature ranging from 75 °C to 200 °C on residual mechanical properties of TRC composite. Few studies have been investigated the thermo-mechanical behaviour of TRC under simultaneous actions of tensile load and elevated temperature [START_REF] Nguyen | Experimental study of the effect of simultaneous mechanical and high-temperature loadings on the behaviour of textile-reinforced concrete (TRC)[END_REF][START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF][START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF]. Nguyen et al [START_REF] Nguyen | Experimental study of the effect of simultaneous mechanical and high-temperature loadings on the behaviour of textile-reinforced concrete (TRC)[END_REF] conducted direct tensile tests at elevated temperatures on the TRC based on the sulfo-aluminous matrix reinforced with AR glass fibres for the characterization of TRC thermomechanical behaviour. Tlaiji et al [START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF] recently studied experimentally and comparatively thermomechanical and residual behaviours of AR glass TRC subjected to elevated temperature loading. The results of thermomechanical tensile tests performed on basalt TRC specimens were also compared with that at residual condition at the same elevated temperature levels in order to find elevated temperature effect on the behaviour of basalt TRC specimen [START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF]. Most of these studies showed the strain-hardening behaviour of TRC composite at elevated temperatures with different numbers of phase. At ambient and low temperature levels, the tensile uniaxial behaviour of TRC shows a stress-strain curve with three distinguishable phases corresponding to the TRC behaviour before the matrix cracking (first phase), during the matrix cracking (second phase), and during the post-cracking of the matrix (third phase) [START_REF] Rambo | Tensile strength of a calciumaluminate cementitious composite reinforced with basalt textile in a high-temperature environment[END_REF][START_REF] Nguyen | Experimental study of the effect of simultaneous mechanical and high-temperature loadings on the behaviour of textile-reinforced concrete (TRC)[END_REF]. At elevated temperature (above 400°C), TRC composite showed a strain-softening and brittle behaviour depending on bearing capacity of constituent materials [START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF]. Based on literature review, thermomechanical behaviour of the TRC composite depends on several factors such as nature of the textile, reinforcement ratio, nature of the matrix, and the pre-impregnation of the textiles by different products. Among the parameters from textile reinforcement, its loading capacity at elevated temperatures affected strongly to the ultimate strength of TRC. So, carbon TRC is better choice for an application in fire compared with other TRC composite. Moreover, thermal properties of cement matrix are important parameters to reduce the temperature effect on textile reinforcement inside TRC. The refractory concrete could be used successfully to manufacture carbon TRC composite for fire application. So, it's necessary to study the thermal properties of the refractory concrete under fire or elevated temperature.

Refractory concrete behaviour at elevated temperatures

In literature, there were several studies on mechanical behaviour of refractory concrete at elevated temperature [START_REF] Xiong | Mechanical behaviour of ultra-high strength concrete at elevated temperatures and fire resistance of ultra-high strength concrete filled steel tubes[END_REF][START_REF] Baradaran-Nasiri | The effect of elevated temperatures on the mechanical properties of concrete with fine recycled refractory brick aggregate and aluminate cement[END_REF][START_REF] Bareiro | The influence of alumina content on the chemical and mechanical behavior of refractory concretes fired at different temperatures[END_REF][START_REF] Abyzov | Lightweight Refractory Concrete Based on Aluminum-Magnesium-Phosphate Binder[END_REF][START_REF] Abyzov | Refractory Cellular Concrete Based on Phosphate Binder from Waste of Production and Recycling of Aluminum[END_REF][START_REF]Eurocode 2: Design of concrete structures -Part 1-2: General rules -Structural fire design[END_REF]. The refractory concrete is normally based on calcium aluminate cement (CAC) [START_REF] Baradaran-Nasiri | The effect of elevated temperatures on the mechanical properties of concrete with fine recycled refractory brick aggregate and aluminate cement[END_REF][START_REF] Bareiro | The influence of alumina content on the chemical and mechanical behavior of refractory concretes fired at different temperatures[END_REF] or other cement with a high alumina content [START_REF] Abyzov | Lightweight Refractory Concrete Based on Aluminum-Magnesium-Phosphate Binder[END_REF][START_REF] Abyzov | Refractory Cellular Concrete Based on Phosphate Binder from Waste of Production and Recycling of Aluminum[END_REF]. The high alumina content in the matrix could make the stability of thermal and mechanical properties of matrix. Bareiro et al [START_REF] Bareiro | The influence of alumina content on the chemical and mechanical behavior of refractory concretes fired at different temperatures[END_REF] have studied the influence of alumina content on the chemical and mechanical behaviour of refractory concretes. Most mechanical results showed a strain -softening behaviour in compression and splitting tensile behaviour of concrete and cement-based composite specimens. In Eurocode 2 [START_REF]Eurocode 2: Design of concrete structures -Part 1-2: General rules -Structural fire design[END_REF], the mechanical properties of the concrete decrease almost linearly up to 600°C, while its thermal property evolution varies highly in the temperatures ranging from 115°C to 200°C and depends on the nature of aggregates.

Some studies aimed to identify experimentally the thermal properties of the lightweight or refractory concrete for the application in fire condition [START_REF] Nguyen | Experimental study on the thermal properties of lightweight aggregate concretes at different moisture contents and ambient temperatures[END_REF][START_REF] Kamseu | Transformation of the geopolymer gels to crystalline bonds in cold-setting refractory concretes: Pore evolution, mechanical strength and microstructure[END_REF][START_REF] Chu | Thermal behavior of siliceous and ferro-siliceous sacrificial concrete subjected to elevated temperatures[END_REF][START_REF] Stonys | Reuse of ultrafine mineral wool production waste in the manufacture of refractory concrete[END_REF][START_REF] Zhao | Thermal properties of coarse RCA concrete at elevated temperatures[END_REF]. The results of thermal properties (as thermal conductivity, thermal diffusivity, etc) of the lightweight or refractory concrete showed a good application capacity of this material for fire loading condition. So, for the application in fire or elevated temperature conditions, it's possible to manufacture a TRC material based on refractory concrete. The refractory concrete has been used successfully to manufacture the basalt TRC composite for elevated temperature application in [START_REF] Rambo | Experimental investigation and modelling of the temperature effects on the tensile behavior of textile reinforced refractory concretes[END_REF][START_REF] Rambo | Tensile strength of a calciumaluminate cementitious composite reinforced with basalt textile in a high-temperature environment[END_REF][START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF]. So, it would be interesting to combine carbon textile with refractory concrete for a good TRC to subject elevated temperature and mechanical loadings.

Objective of this study

To the best of author's knowledge, no results are available concerning thermomechanical behaviour of carbon TRC under different thermomechanical loading conditions. There are also not yet results regarding carbon textile reinforcement combined with refractory cementitious matrix in the carbon TRC capacities at elevated temperature. So, some scientific questions can be asked: What is the thermomechanical behaviour of carbon TRC under mechanical loading action at elevated temperatures? Under the different loading levels, how long can carbon TRC be subjected to elevated temperature and what is the rupture temperature of carbon TRC in case of temperature increasing? What is the contribution of carbon textile and refractory matrix to the thermomechanical behaviour of carbon TRC (evolution of mechanical properties according to temperature, modes of rupture). The aim of this work is to contribute in answering these questions. This work will also provide the scientific community with experimental data concerning the thermomechanical behaviour of carbon TRC at mesoscale. This paper presents a mesoscale experimental study on the carbon TRC specimens subjected to simultaneous action of two thermomechanical loading parts: thermo-mechanical regime at constant temperature (TMCT) and thermo-mechanical regime at constant mechanical conditions (TMCF). The direct tensile tests on carbon textile, cementitious matrix and carbon TRC specimens were carried out in TMCT condition at temperature levels varying from 25 °C to 700 °C in order to identify thermomechanical behaviour of different materials. Carbon TRC specimens were also tested in TMCF condition at four imposed force ratio levels varying from 10% to 75%. The tensile thermomechanical properties of carbon TRC were characterized at different temperatures from the tests in TMCT regime while the rupture temperature and the maximal exposure duration at elevated temperature corresponding with each imposed force ratio were determined from the tests in TMCF regime. The thermal tests were performed on carbon TRC cylinder specimens to identify the diffusivity coefficient of this composite. All results obtained were also analyzed in order to find the contribution of carbon textile on the loading capacity of carbon TRC at elevated temperature, and of refractory cementitious matrix to thermal isolation character of TRC. In the following sections of this paper, experimental work including the equipment used, test specimens and test procedure are presented (section 2). The experimental results will then be presented, analyzed (section 3) and discussed (section 4). This paper ends with a presentation of main conclusions and future works.

EXPERIMENTAL WORK

Equipment used

The equipment used, including the universal traction machine for thermomechanical tests (section 2.1.1) and high temperature diffusivimeter (HTD) apparatus for thermal diffusivity tests (section 2.1.2).

Thermomechanical tests

The thermomechanical tests were carried out using an universal traction machine (TM20kN -1200°C) at the LMC2 Laboratory. Figure 1 shows the configuration of the thermomechanical test setup with TM20kN-1200C machine. This equipment (Figure 1) was used in previous studies to characterize elevated temperature behaviours of glass TRC [START_REF] Nguyen | Experimental study of the effect of simultaneous mechanical and high-temperature loadings on the behaviour of textile-reinforced concrete (TRC)[END_REF][START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF][START_REF] Tlaiji | Experimental approach to identify the thermomechanical behaviour of a textile reinforced concrete (TRC) subjected to high temperature and mechanical loading[END_REF] and of CFRP [START_REF] Nguyen | Characterization of pultruded carbon fibre reinforced polymer (P-CFRP) under two elevated temperature-mechanical load cases: Residual and thermo-mechanical regimes[END_REF][START_REF] Nguyen | Elevated temperature behaviour of carbon fibre-reinforced polymer applied by hand lay-up (M-CFRP) under simultaneous thermal and mechanical loadings: Experimental and analytical investigation[END_REF]. This machine has a mechanical capacity of 20kN and is equipped with a cylindrical furnace that can generate elevated temperatures around of specimen potentially up to 1200°C. The maximum heating rate of this furnace is 30°C/minute. The temperatures in the furnace are controlled by integrated thermocouples. The heating method in detail has been presented clearly in [START_REF] Tran | Experimental and analytical analysis of the effect of fibre treatment on the thermomechanical behaviour of continuous carbon textile subjected to simultaneous elevated temperature and uniaxial tensile loadings[END_REF][START_REF] Nguyen | Experimental study of the effect of simultaneous mechanical and high-temperature loadings on the behaviour of textile-reinforced concrete (TRC)[END_REF][START_REF] Nguyen | Characterization of pultruded carbon fibre reinforced polymer (P-CFRP) under two elevated temperature-mechanical load cases: Residual and thermo-mechanical regimes[END_REF]. This experimental device makes it possible to apply Opening area of the furnace simultaneous tensile loading and elevated temperature on specimens. The laser sensor equipped on the machine is used to measure the longitudinal deformation of test specimens at elevated temperature (non-contact measurement method).

Thermal tests

In this study, the thermal tests were performed on carbon TRC specimens by using high temperature diffusivimeter (HTD) apparatus at Influtherm laboratory (France). This apparatus has been designed

and developed to measure apparent thermal diffusivity over the temperatures ranging from 20°C to 1000 °C under vacuum environment. Thermal diffusivity measurement of carbon TRC was based on the flash method. This method, described in detail in [START_REF] Hladik | Métrologie des propriétés thermo-physiques des matériaux[END_REF], consists of depositing an energy Dirac on the front face of the sample, then recording the temperature variations of the back face, as a function of time (see Figure 2). In this thermal analysis, two measurement techniques used for carbon TRC were partial time and moment method. Thermal diffusivity results were the average results of two techniques in order to converge towards each other at 5% for the worst cases. Figure 3 shows the thermal test setup by using HTD apparatus in laboratory. 

TRC material and specimens

This section presents the cementitious matrix and reinforced carbon textile studied and the preparation of carbon TRC composite specimens for thermomechanical tests in this study.

Cementitious matrix

The cementitious matrix used in this experimental study was designed following the compressible packing model (CPM) routine [START_REF] Larrard | Concrete mixture proportioning: a scientific Approach[END_REF][START_REF] Sedran | Rhéologie et rhéométrie des bétons: application aux bétons autonivelants[END_REF] as in [START_REF] Rambo | Experimental investigation and modelling of the temperature effects on the tensile behavior of textile reinforced refractory concretes[END_REF][START_REF] Rambo | Tensile strength of a calciumaluminate cementitious composite reinforced with basalt textile in a high-temperature environment[END_REF][START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF], and then adapted to the laboratory condition to produce carbon TRC specimens. This matrix consists of a silico-aluminous-calcium synthetic aggregates obtained by melting (containing about 40% of alumina) which is characterized by high density and exceptional hardness (see Table 1), and a cement essentially composed of calcium aluminates making a binder for refractory applications. The high content of mono-calcic aluminate of this cement (about 50%) gives concrete good mechanical performance (see Table 1). For a small thickness of application, the maximum aggregate diameter had to be less than 1.25 mm. A granulometric analysis of aggregates used has been done and the granulometric curves of these aggregates are presented in Figure 4. In particular, a small amount of superplasticizer and viscosity modifier agent (see Table 1) was added in the component of the concrete. The water/cement ratio of this concrete was 0.35. Table 2 gives the mixture composition of the cementitious matrix. 

Reinforced textile

Continuous carbon textile used (called GC2 in this study, GC is an abbreviation of Grid of Carbon textile) is an industrial product in factory. The GC2 carbon textile was made of bi-directional, highstrength carbon fibre mesh for low-thickness structural reinforcements. This textile also has advantages such as very high tensile strength, resistance to corrosion, low mass per volume unit, a simple and flexible application (also on the underside of slabs), coating with amorphous silica for good adhesion with concrete aggregates, a high resistance to heat, low reinforcement thickness, etc (in technical sheet). The geometry of the carbon grid in the longitudinal and transverse directions is 17 mm x 17 mm (see Figure 5), the warp and the weft are formed by about 3200 monofilaments (longitudinal direction: 2 x 1600 tex / strand and transverse direction: 1 x 3200 tex /strand). The properties of the GC2 carbon textile are summarized in Table 3. 

Specimen preparation

The test specimens in this study were prepared by hand in the laboratory. This subsection presents the preparation of carbon textile, refractory matrix and TRC composite specimens.

Carbon textile specimens

The GC2 carbon textile specimens were prepared by hand in the laboratory. The carbon textile was firstly unrolled on a plane, and flattened for one day. Afterwards, a longitudinal yarn (the warp) of the textile was cut to obtain carbon textile samples of 750 mm in length. For good transmission of the mechanical force from the thermomechanical machine (see Fig. 1b) to the textile specimen during a tensile test, two aluminium plates with dimension of 60 mm × 140 mm were bonded to each end of the specimens by an epoxy adhesive (Eponal 380). The specimens were stored at room temperature for 7 days for curing of the adhesive. Each carbon textile specimen was then referenced and ready for the tensile tests at different temperatures.

Carbon TRC composite specimens

For carbon TRC composite specimens (called F.GC2 in this study, "F" is an abbreviation of "Fire", GC is an abbreviation of Grid of Carbon textile), rectangular plates measuring 740 mm x 500 mm x 11.5 mm (length x width x thickness) were produced using a hand layup method technique (see Fig. 6b). In this study, a single layer of carbon textile (see Fig. 6a) was used as reinforcement in the TRC composite. The textile reinforcement ratio of the carbon TRC, calculated as ratio between volume of carbon yarns (in tensile longitudinal direction of TRC) and that of TRC, is 0.92%. Firstly, a rectangular mesh of carbon textile, with the size corresponding to F.GC2 composite plate, was cut and 

Refractory matrix specimens

The non-reinforced refractory matrix specimens (called F.M in this study, F.M is an abbreviation of Fire Matrix) were produced in laboratory in the same way with that of the F.GC2 composite. The rectangular plates of F.M material with dimensions of 600 mm x 130 mm x 20 mm (length x width x thickness) were moulded with the hand lay-up technique. After the curing of refractory matrix, the rectangular plates were cut in 2 specimens of 600 mm x 51 mm x 20 mm (length x width x thickness) as composite specimens. The average cross-sectional area of a refractory matrix specimen was determined by three measurements (width and thickness) at three different points along the specimen.

Test procedure

In this section, the test procedure is presented respectively for thermomechanical tests and thermal tests.

Thermomechanical tests

For thermomechanical tests, two regimes were chosen in order to find the effect of simultaneous mechanical load and temperature actions on specimens: thermomechanical regime at constant temperature (TMCT) and thermomechanical regime at constant force (TMCF). The TMCT aims to identify the thermomechanical behaviour of GC2 carbon textile, F.M matrix and F.GC2 composite specimens at elevated temperature, while the rupture temperature and the maximal exposure duration of TRC composite at elevated temperature corresponding to each stress ratio are determined by TMCF. The test procedures of TMCT and TMCF are, respectively, presented below.

Thermomechanical regime at constant temperature (TMCT)

The TMCT test carried out on specimen consists of three phases as described in [START_REF] Nguyen | Experimental study of the effect of simultaneous mechanical and high-temperature loadings on the behaviour of textile-reinforced concrete (TRC)[END_REF][START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF][START_REF] Nguyen | Characterization of pultruded carbon fibre reinforced polymer (P-CFRP) under two elevated temperature-mechanical load cases: Residual and thermo-mechanical regimes[END_REF][START_REF] Nguyen | Elevated temperature behaviour of carbon fibre-reinforced polymer applied by hand lay-up (M-CFRP) under simultaneous thermal and mechanical loadings: Experimental and analytical investigation[END_REF][START_REF] Tlaiji | Experimental approach to identify the thermomechanical behaviour of a textile reinforced concrete (TRC) subjected to high temperature and mechanical loading[END_REF]: The first phase consists of increasing the temperature around sample to the desired temperature level. The rate of temperature increase varies from 2.5 °C/min to 23 °C/min depending on the target temperature (from 75 °C to 700 °C) of the test. The second test phase consists of maintaining the target temperature (T target ) for a period of 1 h in order to homogenize the temperature around specimen. The third test phase consists of applying the quasi-static mechanical load monotonically to specimen until failure, the laser sensor is then activated to measure the axial strain of sample. The stress of specimen corresponding to the failure point is quantified as the ultimate stress (σ UTS ). The axial strain of specimen corresponding to failure point is quantified as the maximum axial thermomechanical deformation (ε TM, UTS ).

Thermomechanical regime at constant force (TMCF)

The TMCF test carried out on carbon F.GC2 composite specimens consists of two phases as described in [START_REF] Nguyen | Elevated temperature behaviour of carbon fibre-reinforced polymer applied by hand lay-up (M-CFRP) under simultaneous thermal and mechanical loadings: Experimental and analytical investigation[END_REF][START_REF] Tlaiji | Experimental approach to identify the thermomechanical behaviour of a textile reinforced concrete (TRC) subjected to high temperature and mechanical loading[END_REF]: The first test phase consists of applying the quasi-static mechanical load monotonically to specimen until the imposed target force (F t ), the mechanical loading is applied to carbon TRC specimen by displacement control with rate of 200 µm/min. The second test phase consists of maintaining the imposed force and increasing temperature inside the furnace with the ramp rate at 30°C/min from room temperature until rupture of specimen. The temperature corresponding with the rupture point of specimen is identified as rupture temperature (T r ). After the test, all data, including temperatures, mechanical load, and specimen axial thermomechanical strain or displacement of machine traverse, are recorded at least twice per second and can then be exported in the form of datasheets for result analysis.

Thermal diffusivity test

For thermal diffusivity test carried out on carbon TRC specimen, the procedure is followed for each measurement of temperature: sample is firstly stabilized at a temperature (T cible ) and the acquisition of the thermo-signal is then launched; after 1000 measuring points, a laser flash is deposited on the upper face of sample, and the temperature rise of the underside of sample in function of time is recorded. It could be calculated the thermal diffusivity coefficient of carbon TRC by using two measurement techniques mentioned previously (see 2.1.2).

Summary of specimens and tests

Table 4 shows the list of specimens and tests carried out in this study. There are 64 tests carried out on specimens of GC2 carbon textile, F.M refractory cementitious matrix and F.GC2 composite at different temperature levels varying from 25°C to 700°C in TMCT tests and four imposed force levels in TMCF tests. From Table 4, it can be found the data of specimens as the specimen dimensions, the temperature and the maximal exposure duration for TMCT tests and the imposed force for TMCF tests. 

EXPERIMENTAL RESULTS

This section presents results of experimental tests performed on F.GC2 composite, F.M refractory cementitious matrix and GC2 carbon textile specimens. Total of tests 64

Results of carbon TRC specimens

In this section, thermomechanical and thermal results of tests performed at elevated temperature on F.GC2 specimens are presented. This section firstly presents results of tensile tests at room temperature and notations used. It then presents thermomechanical and thermal results of tests at elevated temperature.

Tensile tests at room temperature and notations used

Figure 7a shows "stress -strain" curves of the unixial tensile behaviour of F.GC2 specimens at room temperature. From Figure 7a, it can be observed that the F.GC2 typically gives a strain-hardening behaviour with three distinguishable phrases up to failure as described in the literature [START_REF] Rambo | Tensile strength of a calciumaluminate cementitious composite reinforced with basalt textile in a high-temperature environment[END_REF][START_REF] Nguyen | Experimental study of the effect of simultaneous mechanical and high-temperature loadings on the behaviour of textile-reinforced concrete (TRC)[END_REF][START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF][START_REF] Santis | Test methods for Textile Reinforced Mortar systems[END_REF][START_REF] Li | Tensile behavior of basalt textile grid reinforced Engineering Cementitious Composite[END_REF][START_REF] Larrinaga | Experimental andnumerical modelingofbasalt textilereinforced mortar behavior under uniaxial tensile stress[END_REF].

In order to refine the analysis of the behaviour of the studied carbon TRC, presented in this subsection (results of tests carried out at 25°C) and the following subsection 3.1.2 (results of tests carried out at different temperatures), an idealization of the axial stress-axial strain curve is made in Figure 7b. The notations used for the exploitation of results, presented in Fig. 7b, Point 0: defines the beginning of the "strain-stress" curve.

Point 1: defines the beginning of the cracking; σ 25,I (or σ T,I in Table 6) : composite macro-cracking stress at 25°C (or at temperature T); ε 25,I (or ε 25,T in Table 6) : composite macro-cracking strain at 25°C (or at temperature T); E 25,I (or E T,I in Table 6) : initial stiffness of the composite before macrocracking (defined as the average slope of the first phase of the "stress-strain" curve).

Point 2: defines the end of the cracking and the beginning of phase 3; σ 25,II (or σ T,II in Table 6) : stress level of the composite corresponding to point 2 at 25°C (or at temperature T); ε 25,II (or ε 25,T in Table 6) : thermomechanical strain of the composite corresponding to point 2 at 25°C at 25°C (or at temperature T).E 25,II (or E T,II in Table 6) : stiffness of the cracking phase (defined as the average slope of the second phase of the "stress-strain" curve).

Point UTS (Ultimate Stress): The point corresponding to the rupture of the specimen (the ultimate stress point); σ 25,UTS (or σ T,UTS in Table 6) : stress level of the composite corresponding to point UTS at 25°C (or at temperature T); ε 25,UTS (or ε T,UTS in Table 6) : thermomechanical strain of the composite corresponding to point UTS at 25°C (or at temperature T); E 25,III (or E T,III in Table 6) : stiffness of the posted-cracked composite phase (defined as the average slope of the last phase of the "stress-strain" curve.

Note that the point 2 and the beginning of the third phase (Figure 7b) were defined in the same way with the work of Santis et al [START_REF] Santis | Test methods for Textile Reinforced Mortar systems[END_REF]. After the cracking phase (the second phase) has completely developed, a stiffer response of the stress-strain curve is observed and the increase of applied axial displacement generates a nearly linear stress growth. This conventionally marks the beginning of the posted-cracked composite phase (the third phase). The intersection between the linear regression line of the second phase (cracking phase) and the response curve of the posted-cracked composite phase identifies the transition point (ε II , σ II ).

Table 5 shows results of the direct tensile tests performed on F.GC2 specimens at room temperature.

As regards to mechanical properties of F.GC2 specimens in the first phase, the average cracking stress (σ 25,I ) is 6.38 MPa that corresponds to a first phase strain (ε 25,I ) of 0.083% (average value), while the stiffness in the first phase is 11.33 GPa (average value). From Figure 6, it can be observed that other crack appearing is characterized by a drop in stress in the "stress-strain" relationships. As results, the stress (σ 25,II ) was 7.51 MPa corresponding to the strain (ε 25,II ) of 0.671%, while the stiffness in second phase is 0.33 GPa on average. The average ultimate tensile stress of F.GC2 specimens at room temperature is 10.30 MPa corresponding with maximum axial thermomechanical strain of 0.813%.

The stiffness of the third phase, E 25,III , is 2.50 GPa on average. 

σ 25,I (kN) 
ε 25,I (%) E 25,I (MPa) 
σ 25,II (GPa) 
ε 25,II (%) E 25,II (MPa) 
P 25,UTS (GPa) 
σ 25,UTS (kN) 
ε 25,UTS (%) E 25,III (MPa) 

Results of TMCT tests

Figure 8 shows "stress -axial thermomechanical strain" relationships for F.GC2 composite in the temperatures ranging from 25°C to 700°C. For each temperature level, at least three TMCT tests have been carried out, one average "stress -axial thermomechanical strain" curve is presented in Figure 8.

One notes that in order to have good visibility for all "stress-strain" curves shown on the same graph (Figure 8), the origin of each stress-strain curve corresponding to each temperature level is displaced to a relative position on the abscissa axis. This means that on Fig. 8, stress-strain curves show absolute values of axial stress versus relative values of axial thermomechanical strain of F.GC2 composite. For each stress-strain curve, absolute axial thermomechanical strain of F.GC2 composite at the curve origin is equal to 0 (%). All absolute values of axial stress and axial thermomechanical strain corresponding to all TMTC tests performed on F.GC2 specimens are synthesized in Table 6.

From Figure 8, it can be observed that F.GC2 specimens typically give a strain-hardening behaviour with three distinguishable phases up to specimen failure (as at room temperature) in the temperatures ranging from 25°C to 200°C. At these temperatures, GC2 textile remained almost its resistance and assured a reinforcement for cement matrix. Furthermore, textile-matrix bond strength had still assured a loading transmission between themselves. That's why it could be seen clearly three phases on stress -strain curve. At 400°C, this carbon TRC provides a strain-hardening behaviour with two phases. In this case, F.GC2 specimens had broken in cracking phase because there was a resistance reduction of GC2 textile at this temperature. At the temperatures above 500°C, it can be observed that thermomechanical behaviour of F.GC2 composite is quasi-linear up to its failure. The temperature effect had reduced greatly the reinforcement role of GC2 textile and leaded the same behaviour with that of cement matrix.

From Figure 8, a reduction in ultimate tensile stress is clearly observed from the "axial stress -axial thermomechanical strain" curves of all F.GC2 specimens when temperature increases. As results, ultimate tensile stress (σ T,UTS ) obtained reduces from 9.64 MPa corresponding to maximum thermomechanical strain (ε T,UTS ) of 0.694% at 75°C, to 1.60 MPa corresponding to maximum thermomechanical strain (ε T,UTS ) of 0.073% at 700°C. As regards to the cracking stress in the first phase of stress-strain curves (Figure 8), it can be observed a decrease of cracking stress (σ T,I ) when temperature increases. This carbon TRC reaches the cracking stress values of 4.71 MPa, 3.59 MPa and 3.63 MPa, corresponding with cracking strain (ε T,I ) of 0.061%, 0.045% and 0.055%, respectively for temperatures of 75°C, 200°C and 400°C. The F.GC2 stiffness in the first phase also decreases with increasing of the temperature from 9.03 GPa at 75°C to 1.99 GPa at 700°C. 

Results of TMCF tests

Figures 9 and 10 show the results performed on F.GC2 specimens in TMCF tests. Figure 9 demonstrates evolution of absolute values of temperature levels as function of relative values of time for four applied load ratios varying from 9% to 71%. One notes that in order to have good visibility for all temperature-time curves shown on the same graph (Figure 9), the origin of each temperature-time curve corresponding to each applied force ratio is displaced to a relative position on the abscissa axis.

This means that on Fig. 9, for each temperature-time curve, absolute value of time at the curve origin is equal to 0 (min).

From Figure 9, it can be observed that temperature increasing in the furnace of test is similar with temperature heating curve in standard ISO -834 [START_REF]Fire-resistance tests -Elements of building construction -Part 1: General requirements[END_REF] when temperature increases above than 800 °C.

The temperature increase in the test furnace is divided by two phases: the first phase with the temperature rate about 30 °C/min if the temperature is lower than 800°C; the second phase with temperature rate about 4 °C/min if the temperature is above than 800°C. As results, F.GC2 specimens can be subjected to the thermomechanical action up to the temperature of 944°C during 53.4 min (on average) corresponding with the imposed force ratio of 9% (this is a ratio between the imposed force value at maximum temperature and the composite ultimate force at room temperature). With the imposed force of 3.0 kN (corresponding with the imposed force ratio of 47%), F.GC2 specimens can be supported in 23.7 min (on average) and up to the temperature of 679°C. From Figure 9, it can be found that the rupture temperature and exposure duration of F.GC2 specimens reduces gradually when the imposed force increases. Figure 10 shows the evolution of rupture temperature of F.GC2 specimens depending on the imposed load ratio compared with the experimental results on the 3G.AR composite (3 grid of alkali-resistant glass textile reinforced cementitious matrix obtained by Tlaiji et al. [START_REF] Tlaiji | Experimental approach to identify the thermomechanical behaviour of a textile reinforced concrete (TRC) subjected to high temperature and mechanical loading[END_REF] and on the manually fabricated carbon fibre reinforced polymers (H-CFRP) obtained by Nguyen P.L. et al [START_REF] Nguyen | Elevated temperature behaviour of carbon fibre-reinforced polymer applied by hand lay-up (M-CFRP) under simultaneous thermal and mechanical loadings: Experimental and analytical investigation[END_REF]. It can be seen that F.GC2 specimens provided the better capacity than other composite materials to subject simultaneously mechanical loading and elevated temperatures. This better capacity came from a reinforcement by carbon textile (in comparison with glass TRC) and thermal isolation by refractory matrix (in comparison with H-CFRP). The rupture temperature of F.GC2 specimens was higher about 300°C than two referent composites in the same imposed force ratio thanks to thermal protection of refractory cementitious matrix which is again discussed in the section 4.2. From Figure 9, it can be clearly observed an almost linear decrease of the rupture temperature with increase of the imposed load ratio. When the working load ratio increases from 0.24 to 0.71, the rupture temperature decreased about 2 times from 832°C to 472°C and the exposure duration also reduced about 2 times from 31.6 min to 16.9 min. All results of tests performed on F.GC2 specimens under TMCF condition are presented in Table 7 below. 

Results of thermal diffusivity tests

Table 8 presents the results of thermal diffusivity tests performed on F.GC2 cylinder specimens at three temperature levels (20°C, 75°C and 150°C). It can be observed that both calculated methods gave the convergent value of diffusivity coefficient. The average value of diffusivity coefficient was slightly decreased with the temperatures from 20°C to 150°C. The diffusivity coefficient value was 0.46 mm 2 /s on average at room temperature, while it was 0.39 mm 2 /s at 150°C. Figure 11 shows the evolution of thermal diffusivity of F.GC2 specimens as a function of temperature, compared with the experiment results performed on TRC-PPS (aluminous mortar filled with polypropylene fibers) specimens obtained by Tlaiji et al [START_REF] Tlaiji | Influence of different charges in cement-based matrix of textile reinforced concrete (TRC) on its thermomechanical and thermal behaviours at different temperatures[END_REF] and on OS-0 (lightweight aggregate concrete) specimens obtained by Nguyen L.H. et al [START_REF] Nguyen | Experimental study on the thermal properties of lightweight aggregate concretes at different moisture contents and ambient temperatures[END_REF]. 

Results of the non-reinforced refractory matrix specimens

The thermomechanical properties of refractory matrix were characterized from the tests performed on 9. Figure 12 shows the evolution of thermomechanical properties (normalized ultimate stress and normalized Young modulus) of refractory matrix F.M specimens as a function of temperature. From Figure 12, it can be observed that F.M thermomechanical properties progressively decrease with increase of temperature. The refractory matrix F.M remains about 50% its ultimate stress at 700°C, while its Young's modulus decreases about 80% of this value at room temperature. The normalized mechanical properties (normalized ultimate stress and Young's modulus) are defined as the ratio between the mechanical property at a temperature (T) and that at room temperature (σ T,UTS /σ 25,UTS or E T /E 25 ). As results of the ultimate stress evolution, normalized ratio is 71%, 69.7%, 61.9%, 54.7%, 48.0% and 44.6%, respectively for the temperatures of 75°C, 200°C, 400°C, 500°C, 600°C and 700°C.

As regards to the evolution of Young's modulus, the normalized ratio is 78.3%, 52.2%, 36.7%, 27.2%, 19.8% and 17.1% for the temperatures of 75°C, 200°C, 400°C, 500°C, 600°C and 700°C, respectively. 

Results of GC2 carbon textile specimens

Figure 13 shows the "stress -strain" relationships of the thermomechanical behaviour of GC2 specimens in the temperatures ranging from 25°C to 500°C [START_REF] Tran | Experimental and analytical analysis of the effect of fibre treatment on the thermomechanical behaviour of continuous carbon textile subjected to simultaneous elevated temperature and uniaxial tensile loadings[END_REF]. From Figure 13, it can be seen that the GC2 specimens give a quasi-linear behaviour up to the failure. The results obtained on the GC2 specimens show the reduction of the thermomechanical properties (ultimate stress, Young's modulus)

depending on the temperature. The two tests at 600°C did not give data on stress and axial strain because the test specimens were broken during the temperature exposure time (second phase of the test). The thermomechanical properties of GC2 specimens as ultimate stress [σ T,UTS (GC2)] and

Young's modulus [E T (GC2)] at different temperatures are presented in Table 10.

Figure 14 shows the thermomechanical property evolution of GC2 carbon textile specimens as a function of temperature. The normalized mechanical properties (normalized ultimate stress and Young's modulus) of the GC2 carbon textile are defined as the ratio between the thermomechanical property at a temperature (T) and that at room temperature [σ T,UTS (GC2)/σ 25,UTS (GC2) or E T,I (GC2)/E 25,I (GC2) ]. As results, GC2 specimen gives almost linear reduction of the normalized ultimate stress values when the temperature increases from 25 °C to 600 °C. As regards to the stiffness of GC2 carbon textile, it can be found that the influence of temperature on Young's modulus of the GC2 carbon textile could be divided into two temperature intervals. The first interval, from 25 °C to 400 °C, is described by a slight reduction of Young's modulus. In the second interval, from 400 °C to 600 °C, Young's modulus greatly decreases and is almost negligible at 600 °C. As regards to the failure mode of F.GC2 composite specimens, a fragile rupture mode was observed from the specimens after the tests at different temperatures, which was clearly characterized by a significant drop in the stress on the "stress-thermomechanical strain" curve. At temperature lower than 500°C, the carbon textile yarns in TRC composite were not yet burned by temperature action. So, they conserved the group status of carbon monofilaments in carbon TRC specimens. At 500°C and 600°C, the complete break of F.GC2 specimens is caused by two ends of specimens, so it can be observed, in specimens after the tests, carbon monofilaments without connection between themselves and with concrete matrix. From Figure 15b, it can be seen that F.M refractory matrix specimens were broken with the same failure mode at different temperatures. All F.M specimens were completely broken by two ends of specimens.

Concerning the failure modes of carbon textile, GC2 specimens provided a single failure mode at different temperatures. After reaching the maximum value, the stress progressively decreases as a function of the deformation on the "stress-thermomechanical strain" curve (see Figures 13 and14).

The progressive failure of each monofilament in the textile is caused mainly by this failure mode. The damage appeared in a GC2 textile yarn from each group of monofilaments that had less charge capacity than the others.

DISCUSSION

This section presents discussions to explain the influence of carbon textile reinforcement and refractory matrix on the results obtained of F.GC2 composite specimens (thermomechanical property evolution depending on temperature and failure modes), in order to show the contribution of constituent materials in carbon TRC behaviour.

Evolution of the thermomechanical properties of F.GC2 composite as a function of temperature

In this section, the evolution of the F.GC2 thermomechanical properties as a function of temperature is presented, firstly for ultimate stress, then for cracking stress, and finally for Young's modulus in the first phase of the stress-strain curve.

Ultimate stress

From Figure 16, it can be observed the mechanical property evolution of F.GC2 composite as a function of temperature. The normalized ultimate stress is also defined like that for results of F.M refractory matrix. In Figure 16, it can be seen that the normalized ultimate stress values of F.GC2 composite gradually decreased with the increasing of temperature from 25 °C to 700 °C. The ultimate stress evolution of F.GC2 specimens can be divided by two temperature intervals. In the first interval (ranging from 25°C to 400°C), the ultimate stress decreased about 40% compared to the ultimate tensile stress obtained from specimens tested at room temperature (σ 25,UTS ). The decrease in the first interval was 6.4%, 32.6% and 40.7% for temperatures of 75°C, 200°C and 400°C, respectively. In the second interval (ranging from 400°C to 700°C), F.GC2 specimens remained 33.1%, 18.8% and 17.5%

of ultimate stress at room temperature, respectively for temperatures of 500°C, 600°C and 700°C. It can be explained two interval reduction of F.GC2 ultimate stress with increasing of temperature by the causes coming from carbon textile and refractory matrix. Generally, the ultimate stress decrease of TRC composite corresponds with that of reinforced textile. However, there were some phenomenon inside concrete matrix in temperature ranging from 75 °C to 200 °C, which gave bad effect on mechanical resistance of carbon textile. So, at 200°C, carbon TRC gave ultimate stress reduction about 30% although GC2 specimen decreased slightly about 10% in this temperature. It gave a curved decrease of ultimate stress in first interval. In the temperature ranging from 400°C to 500°C, under the temperature action, carbon textile started to burn and to lose a part of cross section which caused directly the decrease of reinforcement ratio and also the weakness of the adherence between carbon textile and refractory matrix. A significant reduction of carbon textile ultimate stress entrained an important decrease of F.GC2 resistance (about 25%) in this range of temperature. It was also caused for a curved decrease of ultimate stress in second interval.

Figure 16 shows the comparison between the ultimate stress evolution of F.GC2 composite as a function of temperature with the experimental results on the basalt TRC obtained by Rambo et al. [START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF],

glass TRC obtained by Tlaiji et al. [START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF], other results presented in Eurocode 2 [START_REF]Eurocode 2: Design of concrete structures -Part 1-2: General rules -Structural fire design[END_REF] and in Eurocode 3 [START_REF]Eurocode 3 -Design of steel structure -Part 1-2: General rules -Structural fire design[END_REF]. 

Evolution of composite cracking stress

Figure 17a presents the evolution of cracking stress of F.GC2 specimens as a function of temperature compared with the results of refractory concrete specimens and the experimental results in the literature [START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF][START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF]. From Figure 17a, it can be observed that the F.GC2 composite specimens provided a better cracking stress than other TRC composites [START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF][START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF] at different temperatures. It could be explained by an important contribution of carbon textile reinforcement and refractory matrix, which is more clearly discussed in the section 4.2. With the increase of temperature, it can be found in Figure 17a a curved decrease of F.GC2 cracking stress like that of F.M refractory matrix. It could be explained by an important contribution of carbon textile reinforcement and refractory concrete matrix, which is more clearly discussed in the section 4.2. As regards to evolution of F.GC2 cracking stress, there was an important reduction about 45% in temperature ranging from 25°C to 200°C while F.GC2 specimens remained the same values of cracking stress in the temperature from 200°C to 400°C. In comparison with that at room temperature, the decrease of F.GC2 cracking stress was 26.2%, 43.6% and 43.0% for temperatures of 75°C, 200°C and 400°C, respectively. The normalized cracking stress values of this carbon TRC at different temperatures are presented in Table 11.

Evolution of composite initial stiffness

Figure 17b shows the evolution of the normalized initial stiffness in the first phase of the stress-strain curve of F.GC2 as a function of temperature compared with the experimental results on the basalt TRC obtained by Rambo et al. [START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF] and glass TRC obtained by Tlaiji et al. [START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF]. From Figure 17b, it can be observed that initial stiffness of F.GC2 composite decreased gradually with the temperature increasing. The evolution of normalized initial stiffness of F.GC2 composite was similar with that of its normalized ultimate stress. It could be explained by the causes of refractory matrix and carbon textile which are again discussed in the next section. The elevated temperature affected in the same way on the ultimate stress and the initial stiffness of F.GC2 composite. With increase of the temperature, the F.GC2 initial stiffness remained 79.7%, 74.9% and 62.9% of that at room temperature, respectively for the temperatures of 75°C, 200°C and 400°C. In the second reduction interval, the initial stiffness decrease of F.GC2 composite was 69.1%, 76.7% and 84.5% for the temperatures of 500°C, 600°C and 700°C, respectively. The normalized initial stiffness values of F.GC2 specimens at different temperatures are also presented in Table 11. and glass TRC obtained by Tlaiji et al. [START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF].

Contribution of constituent material

This subsection respectively presents the contribution of carbon textile reinforcement and refractory cementitious matrix on behaviour of the studied carbon TRC (F.GC2).

Carbon textile reinforcement

From Figure 17a, it can be observed that the F.GC2 specimens provided a better cracking stress than other TRC [START_REF] Tlaiji | Thermomechanical behaviour and residual properties of textile reinforced concrete (TRC) subjected to elevated and high temperature loading: Experimental and comparative study[END_REF][START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF] at elevated temperatures. In F.GC2 composite, a carbon textile layer reinforcement improved the refractory matrix resistance in tension. The ratio between the cracking stress of F.GC2 specimens and ultimate stress of the refractory matrix F.M (of F.GC2 composite) is defined as R 1,T ratio. The ratio between ultimate stresses of F.GC2 and F.M refractory matrix specimens is defined as R 2,T ratio. Figure 18 shows the evolution of the stress ratios R 1,T = σ T,I (F.GC2)/ σ T,UTS (F.M) and R 2,T = σ T,UTS (F.GC)]/ [σ T,UTS (F.M)] as a function of the temperature.

At room temperature, the R 1,T ratio (with T=25°C) was 1.21 times. The R 1,T ratio value varied with elevated temperature, and was respectively 1.25, 1.03 and 1.11 for the temperatures of 75°C, 200°C and 400°C (Figure 18). It could be explained the positive resistance in cracking of F.GC2 specimens by the effects from physical properties of textile reinforcement. Thanks to the fiber treatment by a product of amorphous silica, it gave a good adherence between cementitious matrix and carbon textile.

So, the mechanical load was very well transmitted on GC2 textile reinforcement in F.GC2 specimens.

Furthermore, a small dimension of GC2 textile grid (17mmx17 mm) helped to easily transmit the mechanical load in this carbon TRC.

In regards to the contribution of GC2 carbon textile in F.GC2, it could be found that with a layer of carbon textile as reinforcement, the ultimate stress of F.GC2 specimens was greatly improved in comparison with that of non-reinforced cementitious matrix at different temperatures. GC2 carbon textile ensured a loading capacity of F.GC2 specimens thanks to its good mechanical properties. With increase of the temperatures ranging from 25°C to 400°C, the R 2,T ratio varied from 1.86 to 2.56 times (Figure 18). At temperature above 500°C, GC2 carbon textile was decomposed and burned, so its presence in composite material gave bad effect for the loading capacity of F.GC2 composite. The pores inside F.GC2 specimen, created from a part of burned carbon textile, strongly conducted rupture of specimen at elevated temperatures. In comparison to the ultimate strength of non-reinforced cementitious matrix specimen at the same temperature level, the R 2,T ratio was less than 1 at temperatures of 600°C and 700°C. This value was 0.95 and 0.68, respectively for the temperatures of 600°C and 700°C (Figure 18). 

Refractory cementitious matrix

In F.GC2 specimens, refractory cementitious matrix had an important role to transmit mechanical load between the yarns of carbon textile reinforcement. Good properties at elevated temperature of the refractory concrete allowed it to contribute a significant part in the resistance and stiffness of F.GC2 composite specimens. In particular, its resistance at elevated temperature assured the loading capacity of F.GC2 composite when GC2 textile resistance decreased until a negligible value when temperature increased to 500°C. A temperature above 500°C, ultimate strength of F.GC2 composite strongly depended on that of refractory matrix. As regards to effect of refractory cementitious matrix on F.GC2 influences on the ultimate force of carbon TRC composite. So, the efficiency coefficient of carbon textile, in this case, can be calculated by the ratio between the ultimate force of TRC and that of carbon textile. At room temperature, the efficiency coefficient value of carbon textile is 0.87, whereas this value is 0.68 at 200°C. At temperature above 400°C, F.GC2 composite specimens are broken when there is a damage of carbon textile and concrete matrix at the same time. So, the efficiency coefficient of carbon textile can be calculated by the Eq. ( 1) below:

T . . . . 1 (1) 
Where:

T is ultimate strength of TRC at temperature T; , are the efficiency coefficients of carbon textile and concrete matrix at temperature T; , are the tensile stresses of carbon textile and concrete matrix; is the reinforcement ratio in TRC (in the tensile loading direction, 0.92%).

At elevated temperature, it can be supposed that the efficiency coefficients of carbon textile and concrete matrix are equal. So, the efficiency coefficient of both constituent materials can be calculated by the following Eq (2):

T . . (2) 
At the temperature above 600°C, the carbon textile specimens failed in 2 nd phase of test procedure (see section 3.3), so carbon textile contribution in mechanical resistance of F.GC2 can be considered as negligible. All values of efficiency coefficient of carbon textile are presented in Table 12. Figure 20 shows the influence of the temperature on efficiency coefficient of carbon textile used in carbon TRC.

From Figure 20, it could be found that the mentioned coefficient progressively decreases when the temperature increases from 25°C to 700°C. 

CONCLUSIONS

The objective of this work is to identify the thermomechanical behaviour of carbon TRC composite and constituent materials subjected to two conditions of mechanical and thermal loads. GC2, F.M and F.GC2 specimens were tested in the TMCT regime at seven temperature levels (25 °C, 75 °C, 200 °C, 400 °C, 500 °C, 600 °C and 700 °C) to identify all thermomechanical properties and "stressthermomechanical strain" curves. The F.GC2 specimens were also tested in the TMCF regime at four imposed force levels (9%, 25%, 50% and 71%) to determine the failure temperature and the exposure duration under elevated temperature corresponding with mechanical load. As results obtained, some conclusions could be draw for this work:

-F.GC2 specimens provided a strain-hardening behaviour with two or three distinguishable phases at temperature lower 400 °C and brittle behaviour at temperature above 500 °C. F.M matrix specimens showed a brittle behaviour at all temperature levels while GC2 carbon textile provided almost linear behaviour up to the failure. All specimens gave a brittle failure mode, excluding GC2 specimens at high temperatures (500 °C and 600 °C) which had a progressive damage.

-Regarding the mechanical properties evolution of F.GC2 specimens as a function of temperature, a non-linear reduction with two intervals of temperature was found for ultimate strength and stiffness in the first phase of thermomechanical behaviour, while cracking stress evaluated by a curved way.

-The carbon TRC has good resistance at elevated temperature. It can be subjected into a temperature of 944°C and exhibited about one hour under elevated temperature corresponding with loading level of 600 N (force ratio of 10%). The failure temperature and exposure duration reduced progressively with increasing of loading level.

-This composite have a small value in thermal diffusion thanks to the good thermal characteristics of refractory cementitious matrix. It's better to use carbon TRC composite to strengthen/reinforce the structure in case of fire or at elevated temperature, in comparison to other composite.

-The textile reinforcement made a better value in ultimate stress and cracking stress of thermomechanical behaviour of carbon TRC than ultimate strength of F.M specimen at different temperatures. The cracking stress ratio (R 1,T ) varied from 1.03 to 1.25 depending on the temperature while the ultimate strength ratio (R 2,T ratio) was increased from 1.86 to 2.56 times at the same temperature.

-The efficiency coefficient of carbon textile in TRC at elevated temperatures progressively reduced from 0.86 at room temperature to 0.6 at 500°C. This value is negligible at 600°C and 700°C because of the decomposition and burning of carbon textile part in TRC composite.

For future works, it will be interesting to do the pull-out tests at different temperatures in order to know the thermomechanical behaviour of textile/matrix interface. Finally, it is possible to have a numerical model in order to predict the thermomechanical behaviour of carbon textile reinforced concrete composite thanks to that of carbon textile, cementitious matrix and interface textile/matrix at elevated temperature.
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 1 Fig. 1. Thermomechanical test setup (TM20kN-1200C); (a): Overview of the test setup; (b) Setup of the furnace around the test specimen
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 23 Fig. 2: Principle of the flash method for material thermal diffusivity measurement
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 4 Fig. 4: Granulometric curves of silico-aluminous-calcium synthetic aggregates
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 5 Fig. 5: Images of carbon textile (GC2) used in the experimental study
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 6 Fig. 6. Preparation procedure of the F.GC2 composite specimen
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 7 Fig. 7: Tensile behaviour of the F.GC2 composite at room temperature: (a) axial stress in function of axial strain; (b) Idealized stress/strain curves of the tensile behaviour of TRC: definition of notations used.
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 8 Fig. 8. Thermomechanical behaviour of the F.GC2 composite at different temperatures ranging from 25°C to 700°C: absolute values of axial stress versus relative values of axial thermomechanical strain [for each stressstrain curve, absolute value of strain at the curve origin is equal to 0 (%)].
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 910 Fig. 9: Results of TMCF tests carried on F.GC2 composite: evolution of absolute values of temperature levels as function of relative values of time for four applied force ratios varying from 9% to 71% [for each temperaturetime curve, absolute value of time at the curve origin is equal to 0 (min)].
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 11 Fig.11: Thermal diffusivity evolution of F.GC2 composite as a function of temperature, compared with the experimental results performed on TRC reinforced by polypropylene fibres specimens obtained by Tlaiji et al[START_REF] Tlaiji | Influence of different charges in cement-based matrix of textile reinforced concrete (TRC) on its thermomechanical and thermal behaviours at different temperatures[END_REF], and on lightweight concrete specimens obtained by Nguyen L.H. et al[START_REF] Nguyen | Experimental study on the thermal properties of lightweight aggregate concretes at different moisture contents and ambient temperatures[END_REF].
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  .M specimens in TMCT condition. As results, F.M specimens provided almost the tensile behaviour at different temperatures, which were noticed by an abrupt way in the specimen rupture. The thermomechanical properties of F.M refractory matrix as tensile ultimate stress [σ T,UTS (F.M) ] and Young's modulus [ Ε T (F.M) ] at different temperatures are presented in Table

Fig. 12 :

 12 Fig. 12: Evolution of normalized ultimate stress (a) and normalized Young's modulus (b) obtained for refractory matrix (F.M) specimens in comparison with the available experimental results related to ultra-high strength concretes (UHSC) in Xiong et al 2016[START_REF] Xiong | Mechanical behaviour of ultra-high strength concrete at elevated temperatures and fire resistance of ultra-high strength concrete filled steel tubes[END_REF] and in Eurocode 2[START_REF]Eurocode 2: Design of concrete structures -Part 1-2: General rules -Structural fire design[END_REF] 
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 1315 Fig. 13. Thermomechanical behaviour of the GC2 carbon textile: stress -strain relationship at different temperature (25°C, 200°C, 400°C, 500°C)

  a) Cracking stress b) Young's modulus.
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 17 Fig.17: Evolution of thermomechanical properties in the first phase of the stress-strain curve obtained for F.GC2 composite by comparing with the experimental results on the basalt TRC obtained by Rambo et al.[START_REF] Rambo | Effect of elevated temperatures on the mechanical behavior of basalt textile reinforced refractory concrete[END_REF] 
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 18 Fig. 18: Evolution of the cracking stress ratio R 1,T = σ T,I (F.GC2)/ σ T,UTS (F.M) and the ultimate stress ratio R 2,T = σ T,UTS (F.GC)]/ [σ T,UTS (F.M)] as a function of the temperature
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 1920 Fig. 19: Evolution of ultimate force of the F.GC2 (having 3 warps of GC2) as function of the temperature by comparing with that of one and three warps of GC2 textile, and F.M specimen

Table 1 .

 1 Chemical composition of the cement used and of the synthetic calcium aluminate aggregate used.

Table 2 .

 2 Mixture composition of the matrix of the

	carbon TRC.

Table 3 .

 3 Properties of the studied carbon textile

	Properties	GC2
	Density (g/cm 3 )	1.79
	Grid geometry (longitudinal spacing x transverse spacing)	17x17 (mm)
	Type of coating	Amorphous silica
	Individual strand cross-sectional area	1.795 mm 2

Table 4

 4 

. List of thermomechanical tests carried on the specimens of GC2 carbon textile, F.M refractory cementitious matrix and F.GC2 composite; a, b, c: names of tests carried out in the same condition; (*) at high temperature levels (T= 600 °C and T= 700 °C), only two tests (a,b) were carried out

Table 5

 5 

(results of tests carried out at 25°C) and Table 6 (results of tests carried out at different temperatures), are detailed in the following:

Table 5 :

 5 Results of the direct tensile tests performed on F.GC2 specimens at room temperature

		First crack values	Post crack values
	Results	P 25,I

Table 6 :

 6 Results of the direct tensile tests performed on F.GC2 specimens at different temperatures (the standard deviation values are written in parallel, notations used are mentioned in the subsection 3.1.1)

				First crack values				Post crack values		
	Results	T°C	P T,I	σ T,I	ε T,I	E T,I	σ T,II	ε T,II	E T,II	P T,UTS	σ T,UTS	ε T,UTS	E T,III
			(kN)	(MPa)	(%)	(GPa)	(MPa)	(MPa)	(GPa)	(kN)	(MPa)	(%)	(GPa)
	F.GC2 -75°C	75	2.80 (0.40)	4.71 (0.78)	0.061 (0.007)	9.03 (1.08)	6.67 (0.37)	0.372 (0.061)	1.07 (0.39)	5.76 (0.18)	9.64 (0.11)	0.694 (0.128)	1.76 (0.26)
	F.GC2 -200°C	200	2.24 (0.27)	3.79 (0.37)	0.045 (0.008)	8.48 (0.37)	4.93 (0.54)	0.304 (0.007)	0.85 (0.10)	4.35 (0.17)	6.95 (0.35)	0.497 (0.059)	2.13 (0.08)
			2.23	3.63	0.055	7.13				3.75	6.11	0.359	1.15
	F.GC2 -400°C	400											
			(0.43)	(0.53)	(0.006)	(0.73)				(0.40)	(0.41)	(0.045)	(0.30)
			1.98	3.39	0.139	3.75							
	F.GC2 -500°C	500											
			(0.24)	(0.43)	(0.026)	(0.34)							
			1.42	2.40	0.148	2.14							
	F.GC2 -600°C	600											
			(0.31)	(0.39)	(0.012)	(0.02)							
			0.93	1.60	0.073	1.99							
	F.GC2 -700°C	700											
			(0.09)	(0.22)	(0.003)	(0.23)							

Table 7 :

 7 Results of the test performed on F.GC2 specimens in TMCF condition (the standard deviation value in

	parallel)

Table 8 :

 8 Results of thermal diffusivity of F.GC2 specimens at different temperatures

					Thermal diffusivity (mm 2 /s)
	Sample	Diameter (mm)	Thickness (mm)	Temperature (°C)	Partial time	Moment	Average
					method	method	value
	F.GC2-20-a	24	7.94	21.2	0.450	0.473	
	F.GC2-20-b	24	7.94	21.2	0.450	0.473	
	F.GC2-20-c	24	7.94	21.2	0.454	0.479	
	F.GC2-20-d	24	7.94	21.2	0.451	0.475	
		F.GC2 -20		0.45	0.48	0.46
	F.GC2-75-a	24	7.94	75.0	0.405	0.428	
	F.GC2-75-b	24	7.94	75.0	0.371	0.389	
	F.GC2-75-c	24	7.94	75.1	0.381	0.401	
	F.GC2-75-d	24	7.94	75.1	0.383	0.405	
		F.GC2 -75		0.39	0.41	0.40
	F.GC2-150-a	24	7.94	150.7	0.365	0.387	
	F.GC2-150-b	24	7.94	151.3	0.395	0.400	
	F.GC2-150-c	24	7.94	149.7	0.409	0.406	
		F.GC2 -150		0.39	0.40	0.39

Table 9 :

 9 Results of the tests performed on refractory matrix F.M specimens in TMCT condition (standard

				deviation value in parallel)		
	Tests	T (°C)	Temperature rate (°C/min)	Average maximal stress (MPa)	Normalized ultimate stress σ T,UTS (F.M) /σ 25,UTS (F.M) (%)	Average Young's modulus (GPa)	Normalized Young's modulus Ε T,I (F.M) / Ε 25,I (F.M) (%)
	F.M-25-a,b,c	25	0	5.29 (0.11)	100	8.41 (1.14)	100
	F.M-75-a,b,c	75	2.68 (0.24)	3.76 (0.04)	71.0	6.58 (0.26)	78.3
	F.M-200-a,b,c 200	7.09 (0.64)	3.69 (0.33)	69.7	4.39 (0.60)	52.2
	F.M-400-a,b,c 400 13.63 (1.81)	3.28 (0.60)	61.9	3.09 (0.23)	36.7
	F.M-500-a,b,c 500 17.33 (0.14)	2.90 (0.48)	54.7	2.29 (0.22)	27.2
	F.M-600-a,b	600 19.79 (1.61)	2.54 (0.29)	48.0	1.67 (0.27)	19.8
	F.M-700-a,b	700 22.70 (0.39)	2.36 (0.21)	44.6	1.44 (0.42)	17.1

Table 11 :

 11 Evolution of the normalized thermomechanical properties of studied materials as a function of Fig. 16: Evolution of normalized ultimate stress obtained for F.GC2 composite compared with the experimental results on the basalt TRC obtained by Rambo et al. [24], glass TRC obtained by Tlaiji et al. [23], Eurocode 2 [30], Eurocode 3 [47].

	temperature

Table 12 :

 12 Efficiency coefficient of carbon textile used in TRC composite at different temperature [V = 0.92%: reinforcement carbon textile ratio in the F.GC2 composite (in the tensile loading direction)]

	Temperature	25°C	75°C	200°C	400°C	500°C	600°C	700°C
	T	10.30	9.64	6.95	6.11	3.39	2.40	1.60
		1311.5	1244.7	1152.5	708.8	308.1	-	-
		0	0	0	3.28	2.90	2.54	2.36
	T	0.86	0.84	0.67	0.63	0.59	0	0
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composite thermomechanical properties, the many physico-chemical phenomena in the matrix influenced greatly on the ultimate strength or Young's modulus of F.GC2 composite specimens as presented in section 4.1. There were two important intervals of temperature that the physico-chemical transformations in carbon TRC influenced on its thermomechanical properties. These physicochemical transformations were happened within cementitious matrix and reduced the loading capacity and stiffness of the studied carbon TRC (F.GC2 composite). So, it could be observed two important reductions in the thermomechanical property evolutions of F.GC2 composite specimens in the temperatures ranging from 75°C to 200°C and from 400°C to 600°C. When F.GC2 composite was subjected to elevated temperature, refractory cementitious matrix (F.M) also had a role as thermal isolation of GC2 textile to against the temperature action. As results of the tests performed on F.GC2 composite under TMCF condition, thanks to the thermal protection of refractory matrix, F.GC2 composite could be simultaneously subjected to the mechanical load of 1500N (corresponding with force ratio of 24%) and temperature increasing into 832°C (corresponding with the exposure duration of 32 min). With the imposed force of 4500N (corresponding with force ratio of 71%), there were many cracks on tested F.GC2 composite specimens which gave the faster thermal transition inside the specimen, the temperature was quickly homogenized than the tests in lower force ratio levels. It gave the less temperature and exposure duration of results. In comparison to the results of tests performed on F.GC2 composite specimens under TMCT condition, the rupture temperature in TMCF condition was higher about 300°C than test temperature in the same force ratio. It means that the specimen temperature was homogenized after about 10 min of temperature exposure, because the temperature rate around the F.GC2 composite specimen was about 30°C/min. The results of thermal tests performed on F.GC2 composite cylinder specimens showed the interesting values of diffusivity coefficient which is an important thermal property to identify the isolated capacity of material. As results, the diffusivity coefficient of F.GC2 was smaller than 0.46 (mm 2 /s) at temperature above 150°C (see Figure 11). Thanks to small diffusivity coefficient values of F.GC2 composite, the thermal transition was slowly happened inside specimen, so the rupture temperature and exposure duration of F.GC2 composite were higher than other materials (see Figure 10).

Efficiency coefficient of carbon textile in TRC at elevated temperatures

The efficiency coefficient of reinforcement textile in TRC is normally defined by the ratio between TRC ultimate force and that of reinforcement textile. However, under elevated temperature action, this coefficient can be determined by several ways depending on the temperature. In this work, for the carbon TRC (F.GC2) (having 3 warps of GC2 textile), the efficiency coefficient of carbon textile varies with temperature level. Figure 19 shows the evolution of the ultimate force of the carbon TRC (F.GC2) as function of the temperature by comparing with that of one and three warps of carbon textile, and that of F.M specimen. From Figure 19, it can be observed that, at temperature below 400°C, the contribution of carbon textile is important on the loading capacity of TRC. It also strongly