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INTRODUCTION

Externally bonded reinforced composite materials are widely used in civil engineering for structural reinforcement and building repair. Composites generally exhibit better mechanical properties than steel, in addition to having advantages such as light weight, durability, noncorrosive nature, and easy transportation to building sites. Carbon fibres are preferred to other fibres thanks to their high stiffness (Young's modulus of 200 to 750 GPa) and strength (failure stress of 1.5 to 6 GPa) [START_REF] Ferrier | Mechanical behaviour of RC beams reinforced by externally bonded CFRP sheets[END_REF].

The Glass Transition Temperature (Tg), is the temperature range where a thermosetting polymer changes from a hard, rigid or "glassy" state to a more pliable, compliant or "rubbery" state. Tg is not a discrete thermodynamic transition, but a temperature range over which the mobility of the polymer chains increases significantly. The ultimate Tg is determined by several factors: the chemical structure of the epoxy resin, the type of hardener and the degree of cure.

Tg is usually measured using Differential Scanning Calorimetry (DSC): ASTM E1356 [START_REF]Standard Test Method for Assignment of the Glass Transition Temperature by Thermomechanical Analysis[END_REF], "Standard Test Method for Assignment of the Glass Transition Temperature by Differential Scanning Calorimetry".

Since aging is a real concern for civil engineering, many studies have been done to study the effect of temperature and hydrothermal aging on polymer. Many researchers focused on the physical aging of polymers and its influence on Tg. For example, Ferrier [START_REF] Ferrier | Concrete beams reinforced by fibre-reinforced plastics: The effect of temperature on the adhesive layer[END_REF] shown that when temperature increase bond properties of CFRP onto concrete decrease rapidly [START_REF] Ferrier | Concrete beams reinforced by fibre-reinforced plastics: The effect of temperature on the adhesive layer[END_REF]. Blackburn and al. [START_REF] Blackburn | Effects of hygrothermal conditioning on epoxy adhesives used in FRP composites[END_REF] have also study the effect of moisture. Accelerated conditioning of epoxy caused changes in Tg, from the initial value, measured prior to exposure. Even though accelerated conditioning may be conducted at temperatures well below the Tg reported by the manufacturer, it should be confirmed that Tg of exposed samples did not drop below the accelerated conditioning temperature during the conditioning. It was found, in this study, that decrease in Tg due to moisture conditioning can be quite dramatic.

They studied the evolution of mechanical and physical properties under different curing conditions and established a correlation between the stiffness (Young's modulus E) and the resistance (ultimate tensile force Fult) of the epoxy. A kinetic chemical analysis was also performed to determine the degree of curing as a function of time, and thereby the curing rate.

The mechanical properties of composites depend on not only the fibre characteristics but also the matrix properties. The physical and mechanical properties of the thermoset resins such as an epoxy change according to the curing conditions. Benedetti et al. [START_REF] Benedetti | Influence of temperature on the curing of an epoxy adhesive and its influence on bond behaviour of NSM-CFRP systems[END_REF] investigated the evolution of the elastic modulus (E-modulus) and pull-out force of epoxy resin for Near Surface Mounted-carbon fibre-reinforced polymer (CFRP) systems at different curing temperatures (20, 30, and 40 °C). Authors have shown that when temperature rise bond strength decrease. Michels et al. [START_REF] Michels | Glass transition evaluation of commercially available epoxy resins used for civil engineering applications[END_REF] compared the glass transition temperature (Tg)-measured via dynamic mechanical analysis (DMA)-of resin specimens depending on the curing conditions. They divided the specimens into two groups as those cured at room temperature and at an elevated temperature. Tg consistently increased with the curing temperature, owing to the crosslinking. Tg depends on external factors such as product type, maximum curing temperature, specimen age, and heating rate. Although many studies on the influence of a high curing temperature on the evolution of Tg have been performed, few [START_REF] Moussa | Effects of low-temperature curing on physical behaviour of cold-curing epoxy adhesive in bridge construction[END_REF][START_REF] Savvilotidou | Effects of aging in dry environment on physical and mechanical properties of a cold-curing structural epoxy adhesive for bridge[END_REF] have investigated the influence of low temperatures on Tg and consequently on the mechanical properties of the epoxy. These studies considered the properties of the matrix, and not the composite FRP, as a reinforcement for a concrete structure. Michels et al. [START_REF] Michels | Glass transition evaluation of commercially available epoxy resins used for civil engineering applications[END_REF] described an accelerated curing method. DMA is used to determine the value of Tg, which has several definitions. Similar to other studies, the authors investigated the influence of the curing conditions on the physical and mechanical properties of the material.

The definition of the service temperature was presented at the end of the article, and the authors introduced the determination of this temperature under different standards to ensure the retention of mechanical properties of the polymer. Lapique et al. [START_REF] Lapique | Curing effect on viscosity and mechanical properties of a commercial epoxy resin adhesive[END_REF] examined the development of the mechanical properties of the polymer, used in construction, under different curing conditions. First, the authors studied the curing procedure and explored the rheology (especially the viscosity) of the polymer under different temperatures. The degree of curing and the minimum duration for ensuring a satisfactory degree of curing were also discussed. Finally, they studied the effects of aging of glue in a humid environment.

Matsui et al. [START_REF] Matsui | Effects of curing conditions and test temperatures on the strength of adhesivebonded joints[END_REF] reported that the shear modulus Ga and the shear stress τb of an adhesive depend on the curing temperature, curing time, test temperature, and resin-hardener ratio.

Bakis and al. [START_REF] Bakis | Epoxy and its role in the long-term performance of bonded FRP material systems[END_REF] shows that during the crosslinking, each hydrogen atom from an amine group opens an epoxide ring. This polymerisation occurs over time, and the molar mass of the polymers increases, increasing the Tg of the epoxy [START_REF] Bakis | Epoxy and its role in the long-term performance of bonded FRP material systems[END_REF].

The Tg of this epoxy-amine mixture is not constant because the crosslinking is not perfect.

When the curing temperature exceeds Tg, the crosslinking starts again, and the remaining amines in the epoxy continue to open the remaining rings in the epoxides. As a result, Tg continues to increase for a period. Undoubtedly, crosslinking plays an important role in the mechanical performance of the material. It ensures mechanical strength, rigidity, and adhesion between the outer surface of the concrete and the reinforcement. Amorphous materials (polymers, glasses, metals) have common characteristics specific to their vitreous state. They undergo changes in their structural state when they are maintained at a temperature below Tg. These changes, which are commonly known as physical aging or structural relaxation, affect the properties of the material (mechanical, dielectric, and thermal behaviour). The first studies related to these phenomena [START_REF] Quison | Components of non-elastic deformation in amorphous glassy polymers[END_REF][START_REF] Struik | Physical aging in amorphous polymers and other materials[END_REF] focussed on the evolution of thermodynamic quantities (specific volume, enthalpy) as a function of time. When the vitreous material is out of equilibrium, these modes of configuration are frozen. However, over time, the properties of the system evolve, and the material passes through intermediate energetic states, approaching the metastable equilibrium situation. Thus, for a temperature below Tg, the enthalpy of the system changes over time to the state corresponding to the supercooled liquid.

The structural units of molecular chains move to the lower energy configurations. This physical phenomenon is called structural relaxation or physical aging. The physical aging is not nonlinear as a function of time, as demonstrated by experiments done on epoxy systems [START_REF] Kovaacs | Isobaric volume and anthalpy recovery of glasses. II. A transparent multi-parameter theory[END_REF].

Kovacs showed that the direct kinetics are slowed down by structural crosslinking (decrease in enthalpy). This is well-explained qualitatively: when the system evolves towards the states of lower energy, its molecular mobility decreases. On the other hand, the inverse kinetics are selfaccelerated because, when the system evolves into the states of higher energy, the molecular mobility increases. This cannot be described by a simple exponential function. The first reason is the distribution of relaxation times that leads to a stretched exponential (exp (-t /τ) n). The second explanation comes from the changes in the state of the material during relaxation. The relaxation times depend on these states. It is not thermo-rheologically simple: the relaxation function describing the kinetics of physical aging at a given temperature follows an extended exponential Fv = exp (-t /τ) n

(1) n depends on the temperature at which the kinetics are performed, and under these conditions, the material is said to be thermo-rheologically simple. The evolution of the system out of equilibrium towards a more stable state depends on the aging temperature and the thermal history, which determines the state of the material at the beginning of the kinetics. The vitreous state cannot be described by a single order parameter. The experiments of Kovacs [START_REF] Kovaacs | Isobaric volume and anthalpy recovery of glasses. II. A transparent multi-parameter theory[END_REF], which involved "memory effects", showed that the evolution of a system having a distribution of relaxation times depends on its entire thermomechanical history. Thus, a vitreous state cannot be characterised by a single parameter (volume or enthalpy), because the effects can only be explained by a wide distribution of relaxation times. These results indicate that the vitreous transition temperature is an important characteristic for an epoxy and that this value strongly depends on the thermal history of the material. It is therefore important to clarify the relationship between the curing conditions of the material and the thermomechanical properties of the material. From now few information's are available on the link between time-temperature and value of Tg. Structural reinforcement by thermosetting polymer matrix composites is more favourable in summer, the period of high temperature. The thermal properties are much better when cured at high temperatures. If the temperature of the surrounding environment is low, reinforcement can be accelerated by employing a heating device. The higher curing temperature reduces the time needed to achieve a higher glass temperature value while guaranteeing a high degree of crosslinking.

For engineer and on a mechanical point of view, glass transition temperature is linked with the ambient temperature to which the strengthening CFRP may be used. This limit of temperature for which the CFRP still efficient is the service temperature of the strengthened structure. In construction, it is important to define the temperature at which the externally bonded CFRP reinforcement lose its efficiency with a decrease in strength and Young modulus of the composite bonded on the strengthened structure.

Different definitions of the service temperature Ts [START_REF] Ferrier | Concrete beams reinforced by fibre-reinforced plastics: The effect of temperature on the adhesive layer[END_REF] exist according to different standards.

For example, according to fib-Bulletin 14 published in 2001 [START_REF]Externally bonded FRP reinforcement for RC structures[END_REF], the Tg value of the epoxy must be higher than 45 °C, or the temperature in the shade (shade temperature) must not exceed (Tg-20) °C. According to the Italian standard CNR-DT 200 R1 / 2013 [START_REF]Guide for the Design and Construction of Externally Bonded FRP Systems for Strengthening Existing Structures Materials, RC and PC structures, masonry structures[END_REF] and the American standard ACI 440 [START_REF]Guide for the Design and Construction of Externally Bonded FRP Systems for Strengthening Concrete Structures[END_REF],

Ts = (Tg-15) °C (2) 
Ferrier et al. [START_REF] Ferrier | Concrete beams reinforced by fibre-reinforced plastics: The effect of temperature on the adhesive layer[END_REF] demonstrated that the Tg of the epoxy must be higher than 55 °C; otherwise, Ts is limited to (Tg-15) °C. However, according to the respective recommendations, the onset temperature (ACI 440, [START_REF]Guide for the Design and Construction of Externally Bonded FRP Systems for Strengthening Concrete Structures[END_REF]) and the inflection temperature (TR 55 [START_REF] Arya | TR 55: Design guidance for behaviour concrete structures using fibre composite materials: a review[END_REF]) must be considered when evaluating Tg. Since several authors [START_REF] Perez | New experimental features and revisiting the a and b mechanical relaxation in glasses and glass-forming liquids[END_REF][START_REF] Moussa | Experimental DSC-based method to determine glass transition temperature during curing of structural adhesives[END_REF][START_REF] Ferrier | Temperature effects on the shear capacity of external bonded fiber reinforced polymer on concrete[END_REF][START_REF] Samir | Effect of thermal exposure on the mechanical properties of polymer adhesives[END_REF][START_REF] Amine Lahouar | Temperature effect on the mechanical 21ehaviour of glued-in rods intended for the connection of timber elements[END_REF][START_REF] João | Durability of an epoxy adhesive used in civil structural applications[END_REF][START_REF] Kotynia | Effect of Accelerated Curing Conditions on Shear Strength and Glass Transition Temperature of Epoxy Adhesives[END_REF] have shown that the Tg values of polymers and their mechanical properties are linked, the main objective is to study the effect of curing conditions on these physical properties of the adhesive.

Based on the literature review it has been shown that the Tg of an epoxy cured at different temperatures may depends on time and curing temperature, since Tg parameter is a key parameter for CFRP strengthening system. Most of the studies concern epoxy that are not cold curing epoxy and others studies that are done on cold curing epoxy focus on the effect of temperature on mechanical properties. In literature there is also a lot of studies concerning Hygrothermal aging of epoxy and physical and mechanical evolution of epoxy. The present study does not consider aging but try to study of Tg properties of cold curing epoxy under different temperature curing conditions. The main issue is to study the evolution of Tg values depending on short-and long-term curing conditions.

The objective of this paper is to clarify the value of Tg depending on the curing conditions ranging from 5 °C to 40 °C. The objective was to examine not only the influence of the curing conditions on the mechanical and physical properties of the epoxy resin but also to assess if Tg can increase when temperature increases after the initial low-temperature curing conditions.

Experimental measurement of Glass transition temperatures Tg

Measurement Methods TMA and DSC

The determination of Tg is a common method for describing the curing propagation and relating it to the mechanical properties: as curing advances, the molecular network mobility decreases, and Tg increases [START_REF] Ferrier | Temperature effects on the shear capacity of external bonded fiber reinforced polymer on concrete[END_REF]. Tg is defined as the point approximately at the middle of the temperature range in which glass transition occurs.

Glass transition is usually investigated via differential scanning calorimetry (DSC) [START_REF]Standard Test Method for Assignment of the Glass Transition Temperatures by Differential Scanning Calorimetry[END_REF]. In this study, another thermal analysis technique is used: thermomechanical analysis (TMA) [START_REF]Plastics -Thermomechanical analysis (TMA) -Part 2: Determination of coefficient of linear thermal expansion and glass transition temperature[END_REF].

Because they involve different testing methods, DSC and TMA provide slightly different results

for the identical curing conditions [START_REF] Nf En | Products and systems for the protection and repair of concrete structures -Test methods -Determination of glass transition temperatures of polymers[END_REF]. The first stage involves a comparison of both the methods.

A Mettler Toledo TMA/SDTA 1 IC/600 instrument equipped with a quartz glass probe with a ball point of 3 mm was used for TMA. Samples 5 × 5 × 2 mm 3 in size were subjected to a constant force of 0.02 N, under nitrogen purging at a flow rate of 20 mL/min, while the temperature increased from -20 to 150 °C at a heating rate of 3 °C/min.

Tg obtained via thermodilatometry (TMA), TgTMA, is defined as the intersection of the tangents with the length/temperature curve before and after the glass transition phase according to the standards ASTM E 1545-00 [START_REF]Standard Test Method for Assignment of the Glass Transition Temperatures by Differential Scanning Calorimetry[END_REF] and ISO 11359-2 [START_REF]Plastics -Thermomechanical analysis (TMA) -Part 2: Determination of coefficient of linear thermal expansion and glass transition temperature[END_REF].

The experiments were also performed using a Mettler Toledo TGA-DSC3+ differential scanning calorimeter. Epoxy samples of 10-15 mg were placed in an aluminium pan covered with a lid. An empty aluminium pan was used as a reference during every scan. Each DSC experiment was performed under nitrogen purging at a flow rate of 20 ml/min, while the temperature was increased from 25 to 150 °C at a rate of 10 °C/min. Data acquisition was performed using the accompanying software (STARe Evolution). Tg is observed as an endothermic stepwise change in the DSC heat flow. Three values according to the standards ASTM E 1356 [START_REF]Standard Test Method for Assignment of the Glass Transition Temperatures by Differential Scanning Calorimetry[END_REF] and NF EN 12614 [START_REF] Nf En | Products and systems for the protection and repair of concrete structures -Test methods -Determination of glass transition temperatures of polymers[END_REF] were considered for Tg: TgONSET is defined as the temperature corresponding to the intersection of the tangents from the baseline and the initial slope of the step, TgMIDPOINT is the middle of the step measured as half of the step height, and

TgINFLECTIONPOINT is the inflection point of the step.

Material and polymer details

In this study, commercial epoxy adhesives are studied. The system is representative of epoxy resins used as matrix for fiber reinforced composites (FRP) in rehabilitation procedures and it has been already widely employed for restoration of both civil and monumental buildings. Four commercial adhesives were used (Table 1), provided ready-to-use. Samples of the resin were prepared using the mixing ratio suggested by suppliers. The exact amount of each component was weighed with an analytical balance with an accuracy of ±0.1 mg. The hardener was poured into the base resin and they were gently stirred, avoiding the formation of air bubbles, until the mix was perfectly homogeneous. Specimens of standard rectangular form (dimensions: 90 × 10 × 5 mm3) were obtained by pouring the mix into silicon molds of rectangular shape. The specimens' shape and dimensions were chosen on the basis of American Society for Testing and Materials (ASTM) standard for flexural mechanical tests [START_REF] Astm D | Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials[END_REF]. Specimen thickness is higher than the one that can be obtained in an FRP layers applied in the field. But the testing device need a minimal thickness. They were removed carefully from the molds after 26 h and maintained under the same controlled conditions of temperature and humidity. The samples were cured isothermally at different temperatures (5, 10, 20, and 40 °C) for a period of 14 days to reproduce variable environmental conditions such as those in onsite applications in different seasons. The resin and hardener of the epoxy system were mixed at room temperature respecting ratio by weight of the respective constituents. The two components polymer is a Liquid bisphenol-A based epoxy resin with a hardener based on aliphatic polyamines. The Tg given by technical sheet of all polymer range from 40°C to 86 °C. All polymers are cold curing epoxy polymer.

Curing conditions

Right after the preparation, the test samples of the polymers are placed in four climatic chambers, each one having a curing temperature of 5 °C, 10 °C, 20 °C, and 40 °C (Fig. 1). For each curing duration (7 days, 14 days, 21 days, 28 days and 42 days), measurements are made to identify the physical properties (Tg). For all the sets of curing temperatures (5 °C, 10 °C, 20 °C, 40 °C), samples are removed from the curing chamber after 14 days to be placed at 20 °C for post curing (Fig. 1). The DSC samples have an approximate size of a 1 mm edge cube. For 

Results: Influence of curing conditions

For the same curing conditions, the Tg values of different polymers are similar but different.

For all the curing conditions and for every studied targets, the Tg values of different polymers are listed in tables 2 to 5 and Figure 2 represents the DSC heating curves of each polymer after 28 days of curing. In general, all the polymers studied could not be cured at low temperatures and short times (for example, the Tg value is low at 7 days cure at 5 °C) because they do not receive enough energy to trigger the chemical reaction. After 14 days of casting, some polymers (polymer 1 and polymer 2) are not yet cured (Tg < 30 °C) while polymers (polymer 3 and polymer 4) are cured (Tg > 30 °C). This concludes that the minimum curing time required at low temperature (Tcure < 10 °C) for different polymers is different. For all the polymers, 14 days after pouring the polymer, it is observed that Tg changes with the curing temperature (Figure 3).

For some polymers, the experimental measure of Tg values under severe curing conditions (low curing temperature for a limited time, 5 °C for seven days of curing, for example) are missing because the Tg value is lower than 30 °C; the experimental programmed thermal procedure does not allow to assess the Tg values lower than 30 °C. Intuitively, if the Tg value of a polymer does not exceed 30 °C, it is possible that such polymer is not yet well crosslinked; so it is not yet cured. In this case the measure is done in the next curing time.

For some cases, for the 40 °C cure, Tg (midpoint) and Tg (midpoint angle) are missing due to the lack of second baseline heat flow profile depending on the reference temperature.

Results: comparison between Tg values measured by DSC and TMA

The Tg values are determined by two different devices under different principles. One determines the Tg value by observing the profile of the thermal flux during the phase change, while the other identifies it by taking advantage of the coefficient of thermal expansion during the transition. The objective of this part is to find the correlation between several notions of the Tg value determined by DSC and that found by TMA (Figure 3d).

Experimentally, from the Tg value determined by TMA have the closest value to the Tg inflection point, as determined by DSC. This observation was done on all curing time and all obtained results. For example, for polymer 4, the Tg value for 14 days of curing at different cure temperatures is shown in Figure 3d and Table 5.

Theoretically, Tg (inflection point) means the transition temperature where the rate of change with the temperature of the heat flow is maximum, the Tg value measured by TMA is the temperature where the rate of increase of the coefficient of thermal expansion is maximum.

During the transition, the polymer strongly absorbs energy for the endothermic process, which results in a considerable change in mechanical properties, including the coefficient of thermal expansion. This is logical when comparing the experimental results. Two important remarks to draw by comparing the measured results by two different methods are:

It can be deduced that there is a relation between the Tg values measured by two different apparatus, DSC and TMA. This is because the Tg value, determined as the temperature corresponding to the inflection point of the heat flux profile, measured by DSC, is equal to the temperature where there is a large increase in the coefficient of thermal expansion. So we have:

Tg (onset -DSC) > Tg (TMA) (3) 
The rate of rise in temperature with TMA is lower (3 °C/min) than the rate of rise in temperature with DSC (10 °C/min). Therefore, the phenomenon of expansion related to the glass transition appears later with TMA than the onset by DSC and so on it corresponds to the inflection point obtained by DSC.

Tg (inflection point -DSC) = Tg (TMA)

By comparing the Tg (inflection point -DSC) and Tg (TMA) values for all the polymers studied, it can be deduced that the results are reproducible, i.e. the determination of a physical quantity measured by different devices, with different measurement principles, give identical results to the uncertainties. This phenomenon is explained by the crosslinking of the epoxy resin as a function of ambient temperature. The higher the ambient temperature, the more the chemical reaction between the epoxide group and the amine group in the polymer occurs and is complete. This leads to an evolution of Tg as a function of curing temperature (Figure 4).

Analysis of glass transition temperatures Tg

Effect of Initial curing temperature

For the category "low cure temperature" (Tcure does not exceed 10 °C), there is an increase in Tg over time. For example, by studying the polymer 3 in time (at D + 7 and D + 14), an evolution of Tg during the curing period is observed: at 5 °C, Tg < 30 °C after 7 days of curing while it reaches 34.9 °C after 14 days. Similarly, at 10 °C, Tg is less than 30 °C after 7 days of cure while it reaches 38.1 °C after 14 days.

For the category "high cure temperature" (Tcure from 20 °C), there is the stabilization of Tg as a function of time. For example, by observing the Tg of the polymer 4 for the same curing temperature 20 °C at five temperature terms (D + 7, D + 14, D + 21, D + 28, and D + 42), the evolution of Tg value is found to be as in Figure 5.

It can be deduced that there is a minimum curing time required for each curing temperature.

This time is defined as the time required for the Tg of the material to stabilize. From the results, the minimum curing time required at 5 °C and 10 °C is greater than two weeks, while the minimum curing time required at 20 °C and 40 °C is less than one week. Structural reinforcement by the reinforcement / epoxy composite is unfavourable in winter because the strengthened system will achieve its full properties more than two weeks after its first application.

Tg value depends on the thermal history, particularly the highest temperature that the polymer exhibits. Table 6 compares the Tg values of all the polymers with three different curing conditions: (20 °C to 28 days), (10 °C to 14 days + 20 °C to 14 days) and (40 °C to 14 days + 20 °C to 14 days).

The thermal history at low temperature (10 °C) is erased when a higher temperature (20 °C) is applied, which is good for strengthening the external FRP system applied in cooler seasons.

By comparing the two curing conditions (40 °C to 14 days + 20 °C to 14 days) and (20 °C to 14 days), we can conclude that Tg is an irreversible parameter whose value remains high even if the samples are kept at a lower temperature. The conclusion is linked by the thermal history of a sample by increasing the temperature after a low curing temperature: crosslinking of the epoxy is activated and the Tg value increases until the thermal energy is sufficient enough to get a perfect curing and maintains a constant Tg value. This result was already observed by L.

Banks and al. [START_REF] Banks | The glass transition temperatures of highly crosslinked networks: Cured epoxy resins[END_REF]. Based on Tg measurement authors concluded that the effect of crosslink density on Tg for an epoxy resins are much more mobile than in the polyester. More recently Hardis an al. [START_REF] Hardis | Cure kinetics characterization and monitoring of an epoxy resin using DSC, Raman spectroscopy, and DEA[END_REF] confirm these observations. Hardis and al. [START_REF] Hardis | Cure kinetics characterization and monitoring of an epoxy resin using DSC, Raman spectroscopy, and DEA[END_REF] first characterized epoxy using differential scanning calorimetry (DSC) as a baseline comparison, and the best-fit phenomenological reaction model is determined to describe the cure behavior of the epoxy resin as well as the kinetic parameters. The relationship between Tg and degree of cure is also established by authors. The degree of cure obtained from Raman spectroscopy and DEA under isothermal conditions is compared to that obtained from DSC. A good agreement is observed among the three methods, supporting the potential of these in situ cure monitoring methods during manufacturing.

Reinforcement in winter toward summer season: For all the polymers studied, the Tg values of the polymers are low at low temperature and increase with the curing temperature. The test specimens, studied in this case, are first curing at low temperatures for the first 14 days (5 °C, 10 °C) and then placed in an air-conditioned room at 20 °C. It is observed that the Tg value at low temperature is lower in the first 14 days but begins to increase when the material is set at a higher curing temperature (20 °C). Figure 6 shows the evolution of the Tg value of all polymers while curing at 10 °C and 20 °C over time. These results confirm results obtained by Maljaee and al. [START_REF] Maljaee | Effect of synergistic environmental conditions on thermal properties of a cold curing epoxy resin[END_REF]. These authors study the influence of long-term environmental conditions on the thermal behavior of a typical epoxy resin used for externally bonded reinforcement of masonry structures through moisture in these specimens. They conclude that the increment of Tg was in contrary to the observed changes in the specimens exposed to outdoor conditions, showing that possibly the considered hygrothermal conditions was not the most suitable for predicting the real conditions in this region. The Tg of epoxy resin increased 12% after eleven months of curing in laboratory conditions. This observation is contradictory to the short periods suggested in the technical data sheets for complete curing of epoxy resins.

Two important remarks can be made from the results of the Tg values in tables 2-5 and figures 2-6:

First, if the reinforcement of a structure is carried out in winter by using the epoxy thermosetting resin composite, the thermal property is low because of the lack of energy for the phase transition, resulting in low mechanical properties. The bonded CFRP may not guarantee the required mechanical properties. On the other hand, the following summer, that is the high temperature period, the matrix of the composite continues to crosslink by absorbing the energy from the surrounding environment and the physical properties improve as the polymers crosslink to form a 3D structure.

Second, from the Tg profile of polymer 4 and that of other polymers, it can be deduced that the value of Tg tends to a constant, asymptotic value over time for a given curing temperature. In the case of polymer 4, the Tg value (Tcure = 20 °C) tends to 49 °C. These results is confirmed by the study of Proja and Mathys study [START_REF] Proia | Influence of environmental conditions on the glass transition temperature of epoxy used for strengthening applications[END_REF]. Authors have shown that exposure to warm air tends to quickly cure the epoxy between days 0 and 30 leading to a 30% increase in TgHT/TgLC which remains constant till the 240 th day of exposure. These results were also observed by Chena and al. [START_REF] Chena | Controlled degradation of epoxy networks: analysis of crosslink density and glass transition temperature changes in thermally reworkable thermosets[END_REF]. Authors has exhibited the role of the time and temperature dependent crosslink density of reworkable thermosets and its effect on physical properties via glass transition temperature measurements, thermal-mechanical measurements, and solvent swelling measurements.

It could be possible to predict the Tg value of a polymer if we know the curing temperature history of a polymer, thus simplifying the determination of the Tg value in the field.

Reinforcement in summer period toward winter season: For all the polymers studied, the Tg values increased at higher temperatures, and when the polymer is exposed back to the lower temperature, the Tg value does not change. The specimens studied in this case are first subjected to a high curing temperature (40 °C) for the first 14 days and then placed in an air-conditioned room at 20 °C. It is observed that the Tg value at a high curing temperature is high, and it does not decrease when the material is set at a lower curing temperature (20 °C). Michels and al.

[35] find similar results with higher temperature. Authors performed mechanical tested on a polymer with high curing temperature. They conclude that an initial epoxy exposure to high temperature of 80-90 °C for 25 min accelerates the curing and allows for a much faster strength and stiffness development. However, this accelerated curing also involves a stronger porosity of the herein investigated materials. Values for the porosity ratio in the failure section of around 9.5 and 17% have been observed in this study, depending on the used product. Nominal strength and elastic modulus is therefore lower than the corresponding ones for specimens cured at room temperature with the same age.

Figure 5 shows the evolution of the Tg values of the four studied polymers for curing at 40 °C and 20 °C over time.

Effect of time

Figure 6 allows to compare the effect of time as a function of Tg ratio. When the curing temperature is low (10 °C), the Tg value increases slowly as a function of time. For the four polymers, the curing duration allows to increase the Tg value from 60-70% after 14 days of curing to 80-90% after 42 days of curing. These results are similar to a previous study obtained on an epoxy paste used in civil engineering by Moussa and al. [START_REF] Moussa | Effects of low-temperature curing on physical 23ehaviour of cold-curing epoxy adhesives in bridge construction[END_REF]. The effect of low-temperature curing on the physical characteristics of a commercial cold-curing epoxy adhesive was experimentally and analytically investigated with a view to a potential application in bridge construction during winter by authors. The following conclusions were drawn by Moussa and al. [Moussa]. Curing did take place at low temperatures of 5-10 °C but the curing process significantly decelerated. Several days of curing were required before high curing degrees of >80% were reached. The glass transition temperature developed even more slowly due to initiation of vitrification when the low curing temperature was reached.

When the initial curing temperature is 20 °C, the effect of time is not significant: the maximal glass temperature is obtained very rapidly from 70% to 85%. For the two polymers 2 and 4 (Tg lower than 60 °C), the duration of curing does not affect the Tg value and the maximal value is obtained after seven or less days of curing. For polymers 1 and 3, for which the Tg value is higher than 65 °C, 42 days are needed to get 85% of the maximum Tg value. These two polymers need some energy to satisfy all the curing conditions: time allows to get some additional energy and allows an increase in the Tg value. For other polymers, this energy needed is lower and the maximum Tg value can be obtained more rapidly at a lower curing temperature.

These results are confirmed by Corcione and al. [START_REF] Esposito | Fabrizio Freuli And Mariaenrica Frigione Structural Epoxy Resins: Analysis Of The Curing Reaction As A Function Of Curing Time And Thickness[END_REF]. Authors have done an experimental investigation on data obtained on a commercial cold-cured epoxy, already employed as matrix for FRP strengthening systems. Authors show that a time of about seven days is enough to almost complete the curing reaction at ambient temperature. A maximum extent of reaction of about 0.9 was, in fact, obtained in 5 mm thickness-samples after seven days of curing, remaining the extent of reaction almost unchanged up to 60 days.

In all these cases, it is important to outline that the maximum Tg value obtained at a curing temperature of 40 °C is never obtained when the curing temperature is 20 °C (Figure 5).

Conclusion

The present study clarifies the link between time -curing-temperatures on four epoxy polymer used in the field.

Mains conclusions of this study are:

-Reinforcement during summer season: For all the polymers studied, the Tg values increased at higher temperatures, and when the polymer is exposed back to the lower temperature, the Tg value does not change.

by increasing the temperature after a low curing temperature: crosslinking of the epoxy is activated and the Tg value increases until the thermal energy is sufficient enough to get a perfect curing and maintains a constant Tg value.

the minimum curing time required at 5 °C and 10 °C is greater than two weeks, while the minimum curing time required at 20 °C and 40 °C is less than one week. Structural reinforcement by the reinforcement / epoxy composite is unfavourable in winter because the strengthened system will achieve its full properties more than two weeks after its first application.

The crosslinking of epoxy polymer is an irreversible process. Tg of polymer 4 is stabilized at 60 °C for a cure at 40 °C even if it is kept at a lower temperature (20 °C) in the following days.

If the polymer is exposed to a much higher temperature in its thermal history, its Tg no longer depends on the ambient temperature.

Further investigation with other curing conditions including shorter duration and different temperature would allow to compare the experimental results with the existing models of Tg. 

  each polymer, Tg is determined at four different curing temperatures (5 °C, 10 °C, 20 °C, and 40 °C) and five different time periods (7 days, 14 days, 21 days, 28 days and 42 days). The number of tests using the DSC device for the determination of Tg is 80 for the four polymers with four curing temperatures and five time periods. Because of the long duration of the thermal analysis, and to meet deadlines, only one specimen is used per series. To guarantee the repeatability of the tests, for polymer 1, another series of samples was made and stored under the same conditions, then the thermal analysis carried out at certain deadlines showed the repeatability of the tests.
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Table 4 :

 4 Value of glass transition temperature for polymer 3

	Tcuring

Table 6 :

 6 Values after 28 days of the inflection point of glass transition temperature

	Tg (inflection pt) °C	Polymer 1	Polymer 2	Polymer 3	Polymer 4
	10 °C for 14 days + 20 °C for 14 days	50, 0	48, 3	54, 1	53, 6
	20 °C for 28 days	52, 9	49, 9	53, 9	52, 6
	40 °C for 14 days + 20 °C for 14 days	65, 7	61, 2	68, 8	64, 2