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In this work, the effect of the partial replacement of cement by alternatives derived from waste glass and silica fume on the hygrothermal behavior of concrete was investigated. For this purpose, concretes containing 20% and 30% of glass powder (GP) have been tested. In addition, two concretes containing the same replacement ratios of GP and 5% of silica fume (SF) were also manufactured. The mixtures were characterized in terms of workability, compressive strength, microstructure and hygrothermal properties. The results show that the use of 20% and 30% of GP improves the consistency of the concrete in the fresh state by 41% and 55%, respectively. In the hardened state, the use of GP engenders an increase in porosity and slightly affects the pore size distribution. However, the SF reduces the critical diameter and creates a range of micropores. Despite the decrease of compressive strength with increasing GP ratio, the concrete exhibits satisfactory performance for structural application at both 28 days (36-41 MPa) and 91 days (40)(41)(42)(43)(44)(45). The cement substitution by 30% of GP and 5% of SF highlights a decrease in thermal conductivity and the specific heat of about 17% and 2.3%, respectively. The water vapor permeabilities of the concrete used ranged from 2.07e-12 to 4.74e-12 kg/m.s.Pa.

Introduction

With about 100 billion cubic meters per year, concrete is the most widely used building material in the world [START_REF] Gencel | Steel slag and its applications in cement and concrete technology: A review[END_REF][START_REF] Miller | Readily implementable techniques can cut annual CO 2 emissions from the production of concrete by over 20%[END_REF] . . It is responsible for 5.2% of global greenhouse gas emissions mainly due to the manufacturing process of cement, which requires a very high firing temperature to form the clinker (WBCSDIEA, 2009). This is in contradiction with the sustainable development requirements, which are becoming more and more stringent. Therefore, on the path to ensuring environmental sustainability, it is crucial to consider ways to further reduce the carbon impact of this material. 2 Among the proposed solutions, the use of mineral additions, such as silica fume, blast furnace slag and fly ash, to replace the cement in concrete is a promising method to minimize the environmental impact of the cement industry [START_REF] Berenguer | Sugar cane bagasse ash as a partial substitute of Portland cement: Effect on mechanical properties and emission of carbon dioxide[END_REF][START_REF] Feldman | Pore Structure Formation during Hydration of Fly Ash and Slag Cement Blends[END_REF][START_REF] Manmohan | Influence of Pozzolanic, Slag and Chemical Admixtures on Pore Size Distribution and Permeability of Hardened Cement Pastes[END_REF][START_REF] Sellevold | Silica Fume Cement Paste-Hydration and Pore Structure[END_REF][START_REF] Shen | Influence of ground granulated blast furnace slag on early-age cracking potential of internally cured high performance concrete[END_REF][START_REF] Zemri | Comparison between physical-mechanical properties of mortar made with Portland cement (CEMI) and slag cement (CEMIII) subjected to elevated temperature[END_REF]. Beyond environmental aspects, in several works [START_REF] Antoni | The Impact of Using Fly Ash, Silica Fume and Calcium Carbonate on the Workability and Compressive Strength of Mortar[END_REF][START_REF] Bani Ardalan | Workability retention and compressive strength of self-compacting concrete incorporating pumice powder and silica fume[END_REF], it has been argued that the use of mineral additions improves the consistency of concrete and its mechanical properties and enhances its durability. Moreover, from a hygrothermal point of view, recent studies underlined that incorporating fly ash [START_REF] Bentz | Thermal properties of high-volume fly ash mortars and concretes[END_REF][START_REF] Demirboǧa | Thermal conductivity and compressive strength of concrete incorporation with mineral admixtures[END_REF] and silica fume [START_REF] Gökçe | Effect of fly ash and silica fume on hardened properties of foam concrete[END_REF] as partial cement replacement in concrete resulted in the reduce of its thermal conductivities and increase of its specific heats and mass transfer parameters such as sorption isotherms and water vapor permeability [START_REF] Issaadi | Moisture characterization of cementitious material properties: Assessment of water vapor sorption isotherm and permeability variation with ages[END_REF]. While recognizing that the use of silica fume constitutes a widespread application, research on other additions resulting from waste recovery as a substitute for cement remains a challenge for construction engineers. More recently, the incorporation of glass waste in concrete has been widely used because of the economic and environmental issues [START_REF] Bouchikhi | Study of the impact of waste glasses types on pozzolanic activity of cementitious matrix[END_REF][START_REF] Paul | A comprehensive review on mechanical and durability properties of cement-based materials containing waste recycled glass[END_REF][START_REF] Du | Thermal conductivity of cement paste containing waste glass powder, metakaolin and limestone filler as supplementary cementitious material[END_REF][START_REF] Mohajerani | Practical recycling applications of crushed waste glass in construction materials: A review[END_REF][START_REF] Oliveira | Reduction of the cement content in rendering mortars with fine glass aggregates[END_REF][START_REF] Xiao | Alkali-activated slag supplemented with waste glass powder: Laboratory characterization, thermodynamic modelling and sustainability analysis[END_REF][START_REF] Yang | Influence of particle size of glass aggregates on the high temperature properties of dry-mix concrete blocks[END_REF]. The motivations are the physical and chemical properties of glass powder, which are relatively similar to those of the additional cement materials [START_REF] Tan | Use of waste glass as sand in mortar: Part i -Fresh, mechanical and durability properties[END_REF].

Although glass powder can be used as an additional cement material, a lack of data in the literature is one of the principal obstacles preventing it from reaching the same commercial success as other mineral additions.

Over the past two decades and in order to preserve natural resources, the use of glass waste as fine or coarse aggregate in concrete has been widely studied in the literature [START_REF] Aliabdo | Utilization of waste glass powder in the production of cement and concrete[END_REF][START_REF] Paul | A comprehensive review on mechanical and durability properties of cement-based materials containing waste recycled glass[END_REF][START_REF] Federico | Waste glass as a supplementary cementitious material in concrete -Critical review of treatment methods[END_REF][START_REF] Gerges | Recycled Glass Concrete : Coarse and Fine Aggregates[END_REF][START_REF] Mohajerani | Practical recycling applications of crushed waste glass in construction materials: A review[END_REF][START_REF] Penacho | Physico-mechanical and performance characterization of mortars incorporating fine glass waste aggregate[END_REF][START_REF] Rashad | Recycled cathode ray tube and liquid crystal display glass as fine aggregate replacement in cementitious materials[END_REF][START_REF] Rashad | Recycled waste glass as fine aggregate replacement in cementitious materials based on Portland cement[END_REF]. When the glass is used as an aggregate, its high alkali content generates an alkali-silica reaction (ASR) that causes damaging stresses and cracks in the concrete [START_REF] Shayan | Value-added utilisation of waste glass in concrete[END_REF]. Based on research conducted by [START_REF] Gerges | Recycled Glass Concrete : Coarse and Fine Aggregates[END_REF], it was concluded that the incorporation of fine aggregates at percentages below 30% improves the long-term compressive strength. On the other hand, the addition of these aggregates exhibits a rather negative effect beyond 30%, where it reduces the mechanical properties of the concrete. In fact, the lessening of the mechanical properties for a high amount of glass could be attributed to the angular nature of glass particles [START_REF] Bisht | Sustainable production of concrete containing discarded beverage glass as fine aggregate[END_REF], which affects the quality of the Interfacial Transition Zone "ITZ" between the aggregate and cementitious matrix.

In addition, several researchers highlighted that reducing the glass size as much as possible reduces the ASR reaction and concrete damage and increases the pozzolanic reactions, which enhances the mechanical properties of the concrete [START_REF] Serpa | ASR of mortars containing glass[END_REF][START_REF] Shayan | Value-added utilisation of waste glass in concrete[END_REF][START_REF] Zidol | Effect of Glass Powder on Concrete Sustainability[END_REF].

The use of less than 30% of glass powder as cement replacement in concrete, in particular, glass powder particles below 75 microns, reduces the ASR and concrete expansion [START_REF] Idir | Pozzolanic properties of fine and coarse color-mixed glass cullet[END_REF][START_REF] Idir | Use of fine glass as ASR inhibitor in glass aggregate mortars[END_REF][START_REF] Shao | Studies on concrete containing ground waste glass[END_REF][START_REF] Shayan | Value-added utilisation of waste glass in concrete[END_REF][START_REF] Taha | Properties of concrete contains mixed colour waste recycled glass as sand and cement replacement[END_REF][START_REF] Zidol | Optimisation de la finesse de la poudre de verre dans les systèmes cimentaires binaires[END_REF]. Furthermore, it has been shown that the finer the glass powder obtained from grinding glass bottles further develops the pozzolanic properties, reduce the alkali-silica reaction (ASR) [START_REF] Khmiri | Chemical behaviour of ground waste glass when used as partial cement replacement in mortars[END_REF][START_REF] Samtur | Glass Recycling and Reuse[END_REF][START_REF] Shayan | Performance of glass powder as a pozzolanic material in concrete: A field trial on concrete slabs[END_REF][START_REF] Vaitkevičius | The effect of glass powder on the microstructure of ultra high performance concrete[END_REF], enhances mechanical performance and can be used as a cement substitute for construction [START_REF] Idir | Pozzolanic properties of fine and coarse color-mixed glass cullet[END_REF]Shayan andXu, 2006, 2004;[START_REF] Zidol | Optimisation de la finesse de la poudre de verre dans les systèmes cimentaires binaires[END_REF].

In addition to the advantages offered by the use of fine glass waste with regard to the properties in the hardened state, the partial replacement of cement by glass powder improves the properties in the fresh state, so it can be used to make high-strength concrete without using other superplasticizers [START_REF] Meyer | Concrete with waste glass as aggregate[END_REF]. From a sustainability point of view, De Castro and De Brito (2013) have found that the use of glass powder as a replacement for cement does not significantly alter the durability-related properties of concrete. Besides the mechanical and fresh properties, which have been sufficiently discussed in the literature, recent works [START_REF] Chand | Assessment of the properties of sustainable concrete produced from quaternary blend of portland cement, glass powder, metakaolin and silica fume[END_REF][START_REF] Du | Thermal conductivity of cement paste containing waste glass powder, metakaolin and limestone filler as supplementary cementitious material[END_REF][START_REF] Yang | Influence of particle size of glass aggregates on the high temperature properties of dry-mix concrete blocks[END_REF] has attempted to evaluate the thermal conductivity and durability of concrete containing glass powder.

In spite of the growing attention paid to the valorization of waste glass in concrete, the hygrothermal properties of these materials are rarely studied in the existing literature. Recently, [START_REF] Yang | Influence of particle size of glass aggregates on the high temperature properties of dry-mix concrete blocks[END_REF] studied the effect of waste glass as a total sand replacement on the thermal conductivity and compressive strength of concrete exposed to fire. The thermal conductivity and density of the mortars decreased slightly as the particle size of the glass aggregates decreased. Furthermore, the use of glass improves the compressive strength after fire exposure. [START_REF] Du | Thermal conductivity of cement paste containing waste glass powder, metakaolin and limestone filler as supplementary cementitious material[END_REF] evaluated the thermal conductivity of cement paste containing up to 25% of glass waste fine aggregate. The results highlighted that the greater the amount of glass, the lower the thermal conductivity of the mixtures. At 25% of glass, a diminution of 24% of the thermal conductivity was noticed compared to the reference paste without glass replacement. Experimental investigations showed a good behavior of concrete with glass powder towards the thermal conductivity [START_REF] Guo | New perspectives on recycling waste glass in manufacturing concrete for sustainable civil infrastructure[END_REF] and water permeability [START_REF] Hussain | Corrosion Resistance Performance of Fly Ash Blended Cement Concrete[END_REF][START_REF] Rahman | A Study on Potential of Recycled Glass as Cementitious Material in Concrete[END_REF][START_REF] Zidol | Effect of Glass Powder on Concrete Permeability[END_REF][START_REF] Zidol | Effect of Glass Powder on Concrete Sustainability[END_REF].

A promising way to address the requirements of the RE2020 environmental regulation in terms of greenhouse gas emission reduction and sustainable construction in the building sector is the use of solid waste glass and silica fume as partial replacement of cement. Use of silica fume can be expected to avoid problems associated to the low mechanical strength at short term. To be precise, the glass powder and silica fume incorporated in concrete is both beneficial to environmental protection and economic development while keeping/improving the mechanical and hygrothermal performance of the material. To the best of our knowledge, researches dealing with the partial replacement of cement by glass powder and silica fume have been limited to the mechanical and durability properties.

The objective of this work is to investigate the impact of the microstructural properties of concretes with glass powder and silica fume on their intrinsic properties; it concerns the mechanical properties in addition to the thermal and hydric properties. The hydric aspect directly intervenes on the durability of materials, since water, in its various forms, is the main vector of transport of aggressive species such as sulfates and chlorides. It is also the seat of chemical reaction of carbonation phenomenon.

Moreover, in the perspective of an application of its materials in construction and renovation, it is important to know the thermal properties, to reach the regulation requirements. An experimental investigation has been carried out which considers all these aspects. For this purpose, heat and mass transfer parameters such as water vapor permeability, sorption isotherms, thermal conductivity and specific heat were evaluated. In addition, aiming to understand the phenomena that govern hygrothermal transfer, this experimental investigation was complemented by a microstructure characterization of the material by means of water and mercury porosimetry, scanning electron microscopy in environmental mode (E-SEM) and thermogravimetric analysis. The results obtained will be useful when predicting the hygrothermal behavior of building envelopes based on these concretes. This study is part of the environmental transition and sustainable construction. They will also allow the identification of possible risks of disorders related to excessive humidity and help predict the durability of building materials and structures (steel corrosion).

Experimental program

The experimental investigation was undertaken with the aim of concretizing the link between the consistency, mechanical and hygrothermal properties and the substitution of a fraction of cement, which is responsible for significant greenhouse gas emissions, by other non-biodegradable greenhouse alternatives, that is, glass powder, which constitutes large amounts of waste.

In a first step, a characterization of the binder constituents was performed through particle size analysis, scanning electron microscopy (SEM) and reactivity analysis of the powders used. After that, concretes with Portland cement (CEMI), glass powder (GP) and silica fume (SF) were mixed. Several replacement ratios of cement by GP and SF were addressed. A microstructural characterization of the tested concretes was undertaken using water and mercury porosimetry, SEM and thermogravimetry analyses (TGA). In addition to that, the workability and mechanical strength of these concretes were assessed and compared to a control concrete with CEMI (Ref).

Finally, the hygrothermal characterization of the concretes used were performed and analyzed in relation to their microstructural properties. The experimental investigations cover the study of the thermal conductivity, specific heat, vapor permeability and sorption isotherms.

Materials

The cement type used is CEMI 52.5N in compliance with the European standard EN 197-1 (2012).

Silica fume in compliance with the European standard EN 13263-1 (2005) and glass powder were used as mass substituents of the CEMI. The glass powder was recovered from glass waste of different colours, provided by the waste disposal plant of La Rochelle agglomeration (France). The procedure used for preparing the glass powder was first to clean the collected waste glass from any impurities by immersion in water for 7 days. During this period, the water was changed every day. After cleaning, the crushing was repeated until achieving a glass powder diameter < 50 µm as shown in Fig. 1. For this study, five concrete mixtures were proposed as shown in Table 1. All mixtures have a water to binder ratio (W/B) of 0.45, with 350 kg/m 3 of binder. Firstly, a control concrete based only on CEMI was manufactured (called Ref).

Then, four concretes containing glass powder (GP) as a partial mass replacement of CEMI were used:

(i) 20% of glass powder (called 20G-I); (ii) 30% of glass powder (30G-I), these two ratios being based on the literature [START_REF] Zidol | Effect of Glass Powder on Concrete Sustainability[END_REF]. Secondly, two other concretes with partial mass replacement of cement with glass powder and mineral addition of silica fume SF were produced: (iii) 20% of glass powder and 5% of silica fumes (20GSF-I) and (iv) 30% of glass powder and 5% of silica fumes (30GSF-I), where SF was added in order to refine the microstructure which could prove the durability and hygrothermal performances of the concretes. In fact, [START_REF] Perraton | Permeabilities of silica fume concrete[END_REF] suggest that it is preferable to substitute between 5 and 10% of the cement mass with silica fume; beyond 8%, the substitution is useless and the material performance decreases. A SikaCem ® superplasticizer was added to all the mixtures of 2 l/m 3 in order to obtain a better consistency. Finally, sand (0/4 mm) and gravel (4/12.5 mm) were used for all the concrete studied. We noted that the mix design of concretes and mass substitutions used were based on the previous studies in the literature in order to compare it with our results [START_REF] Bouchikhi | Study of the impact of waste glasses types on pozzolanic activity of cementitious matrix[END_REF][START_REF] Islam | Waste glass powder as partial replacement of cement for sustainable concrete practice[END_REF][START_REF] Matos | Durability of mortar using waste glass powder as cement replacement[END_REF][START_REF] Zidol | Effect of Glass Powder on Concrete Sustainability[END_REF]. The formulations of concretes with GP and SF are calculated from the approach previously used by [START_REF] Khokhar | Mix design of concrete with high content of mineral additions: Optimisation to improve early age strength[END_REF] considering the densities of all the raw materials and keeping the same W/B ratio and paste volume for all the concretes used. 

Tests and protocols

Raw material analysis

Particle size analysis of each binder used was carried out using a dry method with the CILAS 1090 particle-size-analyser ® device in compliance with NF EN 933-1 ( 2012), which can detect particle sizes from 0.1 µm to 2 mm. The specific surface measured by BET method based in Brunauer, Emmett et Teller theory and in compliance with standard EN ISO 18757 (2006) of raw materials were performed.

The heat flow was measured using a TAM air-insulated calorimeter ® , containing eight separate measuring cells in compliance with ASTM C1702 (2017). The glass vial was sealed and placed in the calorimeter, and the heat flow was measured for about 25 h. During the test, isothermal conditions of 20°C ± 0.02°C were maintained in the measuring cells. Isothermal calorimetry was performed to investigate the pozzolanic reaction of the GP and SF on cement hydration at an early age.

Workability

The Abrams cone slump test is most commonly used to determine the fresh concrete workability. This test is carried out in compliance with the recommendations in NF EN 12350-2 (2012). In this test, workability is characterized by the slump of a concrete cone under its own weight. The standard NF EN 206 (2016) defines five consistency classes according to the measured slump: firm, plastic, very plastic, fluid and very fluid.

Water and mercury porosimetry

Water porosity tests were carried out in compliance with the recommendations of AFPC-AFREM (2007) The porosity (Ф) can be obtained by Eq. ( 1):
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where Mair and Mwater are the weight mass of the saturated sample weighed in air and in water respectively. Mdry is the dry mass of the tested sample. For each concrete, the average water porosity and its standard deviation from three measurements were measured at 91 days.

In order to study the effect of the glass powder and silica fume on the pore size distribution and the transfer parameters of the concretes tested, mercury intrusion porosimetry was performed on a sample size of 3 cm 3 at 3 months of curing. It was carried out using an Autopore V 9600 from Micromeritics® in compliance with the standard ASTM D4404-84 (1998). Its injection pressure was higher than 400 MPa.

Compressive strength

The compressive strength at 28 and 91 days was measured on three different cylindrical specimens measuring 11 cm in diameter and 22 cm in height in compliance with the European standard EN 12390-3 (2019). The specimens were demoulded after 24 hours of manufacturing and stored in a humid chamber at 50% RH and a temperature of 22°C. These conditions (air-curing), widely used in the literature [START_REF] Younsi | Performance-based design and carbonation of concrete with high fly ash content[END_REF], better simulate the reality than water-curing and avoid the material leaching in water.

Scanning electron microscopy (SEM)

SEM imaging was carried out by using an environmental FEI Quanta 200 ESEM FEG, equipped with a FEG Field Effect GUN electron emitter, and Large Field Detector (LFD) of Secondary Electrons (SE). The device was operated at 20 kV and 1.5 mbar in water vapor pressure. The advantage of this technique is that no sample preparation is required before the test, which can affect its morphology, and to preserve it from damage [START_REF] Cherif | Effects of leaching and chloride migration on the microstructure and pore solution of blended cement pastes during a migration test[END_REF][START_REF] Conforto | An optimized methodology to analyze biopolymer capsules by environmental scanning electron microscopy[END_REF].

Thermogravimetric analysis TGA

Thermogravimetry is an analytical technique that involves measuring the mass variation of a sample as a function of temperature. In our case, this technique was used to monitor the solid phase formations of the concretes and the possible pozzolanic reaction (Ca(OH)2, calcite, etc.). The device used was the SETARAM ® type SETSYS Evolution 16/18. It consists of a sealed chamber to control the atmosphere of the sample by injection of argon gas, an oven to manage the temperature, a weighing module (microbalance), a thermocouple to measure the temperature, and a computer to control and record data. During the test, the temperature should be increased from the ambient to a temperature of 1000°C with a constant velocity of 10°C/min. The latter are widely used in the literature and recommended by (AFPC-AFREM, 2007;[START_REF] Santos | Comparison of mineralogical, mechanical and hygroscopic characteristic of earthen, gypsum and cement-based plasters[END_REF].

Specific heat

The specific heat was measured by using the calorimeter Calvet BT 2.15 ® device in compliance with the standard NF EN 821-3 (2005). The advantage of this device is that the 3D Calvet sensor completely surrounds the sample, such that all the heat emitted is measured.

The calorimeter consists of a reference cell containing a thermally inert product and a measuring cell in which the test sample is placed. Cells are fitted with a socket and a three-dimensional flow meter.

They are specially used for solids or powdered materials with low vapor pressure with an internal pressure of up to 500 kPa. The amount of heat exchanged by the sample is measured by the 3D flow meter, which allows the specific heat to be deduced. The heat change follows three sequences: (i) constant temperature of -10°C for 12 hours, (ii) a ramp from -10°C to 45°C with a velocity of 0.1°C/min, and (iii) constant temperature of 45°C for 3 hours. The samples analyzed followed the same protocol of post-fabrication preservation and pre-conditioning prior to the test: preservation in a wet room for 24 hours after manufacture (RH = 50% and T = 22°C) for 28 days of curing, after which they are dried in an oven at 40°C until equilibrium.

Thermal conductivity

The thermal conductivity was measured, under stationary conditions, for a controlled temperature of the samples at 23°C), using the λ-Meter EP 500e ® device based on the guarded hot plate method in compliance with the European standards (EN 12664, 2001;EN 12667, 2001). The test involves placing a sample of 15x15x5 cm between a cold and hot plate, i.e. the sample is subjected to a given temperature gradient. A guard ring around the measuring area ensures the unidirectional transfer through the sample thickness. Then, the thermal conductivity is calculated from the electrical power supplied using Eq. (2).
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where e (m) is the sample thickness; A (m 2 ) is the area of the sample; ΔT (K) is the temperature gradient between the two plates and Q (W) the electric power.

Sorption isotherm

The sorption-desorption isotherms present the capacity of the material to capture or retain water with relative humidity variation (RH) for a constant temperature in compliance with ISO 12571 (2000).

The method used to determine the sorption-desorption curves is the gravimetric method using the ProUmid ® device. It is based on the regular monitoring of the gain or loss of the sample mass as a function of the RH ranges. For each range, weighing is performed until equilibrium is reached.

Water vapor permeability

The coefficient of water vapor permeability is determined by the Cup method in compliance with the European standard ISO 12572 (2001). The test is carried out using the Gravitest ® device, which is composed of 6 cups in a controlled climatic chamber and a high balance precision (10 -4 g) for the mass monitoring. Indeed, a gradient vapor pressure is applied, under isothermal conditions, between the interior of the cup and the climatic chamber, i.e., between the two faces of the tested sample. The flow ratio was evaluated by regularly weighing each cup including the material. In order to determine the equilibrium water vapor transmission ratio and the water vapor permeability, regular de-weighing of the cup and sample were automatically carried out. The results are given in Fig. 2. The diameters d10, d50 and d90, density and BET specific surface area BET of the powders used are illustrated in Table 2. The silica fume (SF) was also designed with a density of 2180 kg/m 3 and a maximum particle size (dmax) of 36 µm. The glass powder (GP) presents a density of 2710 kg/m 3 and d50 of 19 µm. The particle size distribution of the cement was continuous, being finer than GP and coarser than SF. The SEM images in Fig. 3 show the morphology and size particles of the CEMI, GP and SF.

Results and discussion

Raw material characterization

Obviously, the CEMI and SF consist of multi-size and multi-phase powder particles, irregularly shaped for the CEMI, contrary to the SF powder. In addition, the SF contains finer particles of the order of 50 nm stacked on large particles as shown in Fig. 3-b. The particle sizes range from 1 µm to 60 µm for the CEMI and SF as shown in Fig. 2. The GP has multi-size and irregular shaped particles, ranging from 8 µm to 50 µm as shown in Table 2. The elemental analysis by weight percentage of the binders, performed by energy dispersive X-ray micro-analysis (EDX) coupled to SEM at a spot, is shown in Table 3. It allows the chemical elements of the materials used to be identified and quantified.

The results show that the glass powder and silica fume are rich in silica. The latter are responsible for the pozzolanic reaction of both the binders and the formation of more C-S-H, to the detriment of portlandite (Urhan, 1987a(Urhan, , 1987b)), which participates to improve the material durability. The rate of hydration represented in the heat emission curve of the materials studied with 0%, 20%, and 30% GP replacements within the first 25 h after contact between the water and cementitious materials contact, normalized to the total binder weight in the mixture, are shown in Fig. 4. It is clear that the maximum heat flow was reduced as the cement replacement with GP and SF increased. Fig. 4 show that the maximum value of the second exothermic peak of 20G-I, 30G-I, 20GSF-I and 30GSF-I were 14.6%, 22%, 29.2% and 31.7% lower, respectively, compared to REF. The reduction in the rate of heat evolution was due to the dilution of the cement (reduction in overall volume of the cementitious materials) and, consequently, the hydration products. The pozzolanic reaction of GP generates less heat than cement because the reaction is similar to that of C2S. The results of this study are consistent with previous findings [START_REF] Dyer | Chemical Reactions of Glass Cullet Used as Cement Component[END_REF] and allows to better discuss the obtained results for the mechanical and hygrothermal characterization. 

Workability

Fig. 5 shows the slump values for the studied concretes measured at the time of elaborating. The results obtained showed that the slump of the tested concretes varies between 129 and 200 mm.

Moreover, for concretes only with GP (20 G-I) and (30 G-I), the addition of GP led to an improvement of up to 55%, thus changing the concrete's consistency from very plastic (for the control concrete Ref)

to fluid for concretes with GP. The lower fineness of GP led to higher workability because of its smaller specific surface area BET and low water demand for hydration. This result seems to be in good agreement with those found previously by [START_REF] Raju | Partial replacement of Ordinary Portland cement by LCD glass powder in concrete[END_REF], which underlined that the use of glass powder increased the workability of concrete due to the fineness of the GP (BET area of 5.65 m²/g) which is lower than that of CEM I used (of 6.43 m²/g). Therefore, the substitution of cement by GP decreases the water demand for hydration i.e., increases the amount of free water and the workability of the concretes. Furthermore, the workability increases with the amount of GP used (20% GP and 30% GP). For concretes with GP (20% and 30%) and silica fume (5%), workability also decreased compared to the control concrete (Ref), despite the presence of silica fume which is supposed to absorb water and increase water demand in the mix due to its fineness (of 22.07 m²/g and dmax =36µm). This is due to the presence of GP in large quantity (compared to SF) and with a much lower fineness which decreased the water demand for hydration and increased the workability compared to Ref with only CEMI. Finally, the increase in workability of G-I concretes remains lower than that of GSF-I due to the presence of silica fume. This is in agreement with the literature [START_REF] Bueno | A review of ground waste glass as a supplementary cementitious material: A focus on alkali-silica reaction[END_REF][START_REF] Chand | Assessment of the properties of sustainable concrete produced from quaternary blend of portland cement, glass powder, metakaolin and silica fume[END_REF]. That is why we do not insist on the comparison between the slumps of materials to discuss their properties. Further investigation on concretes with the same fineness of the blinder and the same workability could be useful to monitor their feasibility.

Furthermore, the improvements obtained make the workability of the concrete easier while reducing the costs related to the vibration and pouring time and offer the possibility of using these concretes in heavily scrapped elements. The incorporation of glass powder and SF as substitutes for cement has, in addition to the above-mentioned benefits, the advantage of reducing the quantity of the admixture while remaining within the range of fluid concretes. This equates to a reduction in the overall cost per m 3 of concrete.

Fig. 5: Workability of the studied concretes.

Porosity

The results of the water and mercury porosities of concretes at the age of 91 days are shown in Fig. 6.

Firstly, the porosity of the control concrete based on CEMI (Ref) is of about 13%, which is in agreement with literature [START_REF] Issaadi | Experimental assessment of the spatial variability of porosity, permeability and sorption isotherms in an ordinary building concrete[END_REF]. Furthermore, substitutions of 20% and 30% of cement by glass powder (20G-I and 30G-I) slightly affect the porosity of the concrete. A slight increase of 7.9 and 16.7% was noted in the average porosity of 20G-I and 30G-I, respectively compared to Ref, which corroborates well the findings reported in the literature by [START_REF] Bouchikhi | Study of the impact of waste glasses types on pozzolanic activity of cementitious matrix[END_REF]. This could be due to the fineness of glass powder used which is lower than that of CEM I substituted, especially since the water porosity continues to increase, compared to Ref, with the amount of GP used (20% and 30% of GP). In contrast to what was found for concrete containing only glass powder, the porosity of concretes with 5% of SF decreased according to [START_REF] Kuzielová | The correlation between porosity and mechanical properties of multicomponent systems consisting of Portland cement-slag-silica fume-metakaolin[END_REF]. The percentage of diminution was about 19.4 and 20.5% for 20% and 30% of GP, respectively. The decrease is due, on the one hand, to the fineness of SF that is higher than CEMI and GP used, and in the other hand, to the pozzolanic reaction of the mineral addition (SF) with portlandite. In fact, that refines the porosity of [START_REF] Gallé | Effect of drying on cement-based materials pore structure as identified by mercury intrusion porosimetry -A comparative study between oven-, vacuum-, and freeze-drying[END_REF]Urhan, 1987a). Finally, the difference between water and mercury reflects that water porosimetry can detect a wider range of pores compared to the MIP. Fig. 6: Water and mercury porosities of studied concretes. Fig. 7 shows the pore size distribution of concretes obtained by MIP. The pore distributions of Ref, 20G-I and 30G-I are generally monomodal. For 20G-I and 30G-I, we notice the formation of new ranges of micropores (finer than 0.01 µm) and macropores (finer than 100 µm), which confirms the porosity increase for 20G-I and 30G-I compared to the control concrete (Ref). However, the incorporation of 5% of SF highlighted a second range of pores and slowly reduced the critical pore diameter. The decrease confirms the porosity refinement of concretes with glass powder and SF. In general, we note that 30% of glass powder increases the diameter of large pores mainly for 30GSF-I compared to 20GSF-I, with new ranges of pores lower than 0.04 µm and higher than 0.2 µm. These results are in agreement with those for the porosity shown above (Fig. 6). 

Compressive strength

Fig. 8 shows the compressive strength of the concretes used at the age of 28 and 91 days. The compressive strength for all concretes containing GP is lower than that of the control concrete (Ref), but remains sufficient for structural application (in the range of 36-41 MPa). This is due to a dilution effect which is the immediate consequence of the substitution of a more reactive powder (cement) with a less reactive powder (GP) in the short term [START_REF] Zidol | Effect of Glass Powder on Concrete Sustainability[END_REF]. Furthermore, the low cementing efficiency of the GP could be due to the low fineness of the GP compared to cement CEMI used [START_REF] Guo | New perspectives on recycling waste glass in manufacturing concrete for sustainable civil infrastructure[END_REF]. For Ordinary Portland Cement CEMI, a significant part of the total hydration is done in the short term (28 days) compared to materials with GP. The latter are known for pozzolanic reactions in the long term (more than 91 days).

The control concrete (Ref) reaches its maximal compressive strength of about 57 MPa at 28 days and remains relatively constant with time. However, the compressive strength of the concretes with glass powder continues to increase between 28 and 91 days (+ 5 MPa for 20G-I and 30G-I, and + 10 MPa for 20GSF-I and 30GSF-I). The increase is due to the pozzolanic reaction between portlandite, GP and SF in order to form C-S-H [START_REF] Idir | Pozzolanic properties of fine and coarse color-mixed glass cullet[END_REF]Urhan, 1987aUrhan, , 1987b)). This observation is supported by the decrease of the Ca(OH)2 formed after the addition of GP. Further discussions are given in the following sections.

In general, concretes with GP or GP and SF have a satisfactory compressive strength for the structural application. Therefore, GP can be incorporated up to 20% and 30% as a partial replacement of cement in concrete, with a potential benefit in reducing the carbon footprint of these materials. Fig. 9 summarizes the research in the literature studying the effect of GP incorporation in concrete on its compressive strengths at 28 days. The database on compressive strength comprises 10 experimental investigations in the literature [START_REF] Dyer | Chemical Reactions of Glass Cullet Used as Cement Component[END_REF][START_REF] Idir | Pozzolanic properties of fine and coarse color-mixed glass cullet[END_REF][START_REF] Islam | Waste glass powder as partial replacement of cement for sustainable concrete practice[END_REF][START_REF] Khmiri | Chemical behaviour of ground waste glass when used as partial cement replacement in mortars[END_REF][START_REF] Matos | Durability of mortar using waste glass powder as cement replacement[END_REF][START_REF] Ozkan | Studies on mortars containing waste bottle glass and industrial byproducts[END_REF]Shayan andXu, 2006, 2004;[START_REF] Taha | Utilizing Waste Recycled Glass as Sand/Cement Replacement in Concrete[END_REF][START_REF] Zidol | Effect of Glass Powder on Concrete Sustainability[END_REF], with which, in general, our results are in agreement.

Furthermore, the mechanical behavior of the concrete in the present study showed a declining trend with the GP replacement ratio. Finally, some exceptions may be observed in some studies where the replacement level was 10%, resulting in the highest resistance of the hardened mixtures. 

Scanning electron microscopy images (SEM)

SEM images and the corresponding elemental distributions (EDX spectra) given by EDX from EDAX/Gemini (a semi-conductor lithium-doped silicon detector Si:Li) of 30G-I and 30GSF-I are shown in Fig. 10. These analyses show the formation of C-S-H gel and much more in concretes containing SF. In addition, it can be seen on the same images that 30GSF-I (concrete with GP and SF rich in silica as shown in the EDX spectra) has a small volume of voids in the cement matrix compared to 30G-I. Therefore, the SEM images are in accordance with the porosity and pore size distribution results. The SEM observations and EDX analyses show a shortage of portlandite for the 30G-I and 30GSF-I concrete. This decrease is explained by the formation of C-S-H obtained by the pozzolanic reaction between silica and portlandite as shown above [START_REF] Idir | Pozzolanic properties of fine and coarse color-mixed glass cullet[END_REF]. In fact, this explanation is reinforced by thermogravimetric analyses (TGA) in the section below. In addition, a high formation of C-S-H is observed in 30GS-I concrete compared to 30G-I concrete. This explains the decrease in porosity for concrete containing SF compared to concrete without mineral addition. Fig. 10: SEM images and EDX analyses of 30G-I, and 30GSF-I.

Thermogravimetric analysis (TGA)

TG and derivative TG curves of the concretes studied are presented in Fig. 11. For each dTG curve, the three main phases are mentioned. The first phase at 30°C-145°C corresponds to the free water released from the sample [START_REF] Issaadi | Moisture characterization of cementitious material properties: Assessment of water vapor sorption isotherm and permeability variation with ages[END_REF][START_REF] Loukili | Hydration kinetics, change of relative humidity, and autogenous shrinkage of ultra-high-strength concrete[END_REF]. We note a loss of physically bound water of around 3% for Ref, 20G-I, and 30G-I, and 2% of concretes with SF substitution, which requires more water from the pozzolanic reaction [START_REF] Amar | Study of the pozzolanic activity of a dredged sediment from Dunkirk harbour[END_REF]. The second part reflects the release of the chemically bound water from the portlandite. Water loss of 3% for Ref, 2% for 20G-I and 30G-I and about 1% for the other concretes tested was noted. The later concretes have low portlandite content that is consumed by the pozzolanic reaction of GP and SF [START_REF] Idir | Pozzolanic properties of fine and coarse color-mixed glass cullet[END_REF][START_REF] Shi | Characteristics and pozzolanic reactivity of glass powders[END_REF]. The third phase corresponds to the CaCO3 decarbonation at 750°C, where we note a high 

Specific heat

Figs. 12 and 13 show the specific heat of the concretes obtained by the Calvet ® calorimeter. In general, the difference between Ref (highest specific heat obtained) and 30G-I (lowest specific heat) is about 2.3%. The cement mass substitution with 20% and 30% GP decreases the specific heat by about 1.4%

for 20GP-I and 2.3% for 30GP-I compared to the control concrete Ref with only CEMI. Despite the porosity changes due to the incorporation of 5% of SF, 20GSF-I and 30GSF-I present a very low increase in the specific heat compared to 20G-I and 30G-I, respectively. For a higher amount of SF (15%), previous studies showed more effect of SF on the specific heat of concretes [START_REF] Fu | Effects of silica fume, latex, methylcellulose, and carbon fibers on the thermal conductivity and specific heat of cement paste[END_REF][START_REF] Xu | Cement of high specific heat and high thermal conductivity, obtained by using silane and silica fume as admixtures[END_REF]. Finally, for all the concretes used, an increase of 13.7% in the specific heat was noted between -5°C and 40°C (Fig. 11).

Fig. 12: Specific heat of the studied concretes. 

Thermal conductivity

Fig. 14 shows the thermal conductivity versus porosity of the tested concretes. Firstly, the cement replacement by 20% and 30% of GP decreases the thermal conductivity of the concretes by 3.7% and 8.9%, respectively. The thermal conductivity reduction is due to the porosity increase for concretes Reference with GP as shown in Fig. 6. However, the incorporation of SF in concretes decreased their thermal conductivities of about 10% for 20GSF-I and 17% of 30GSF-I, as have been already highlighted by [START_REF] Fu | Effects of silica fume, latex, methylcellulose, and carbon fibers on the thermal conductivity and specific heat of cement paste[END_REF][START_REF] Xu | Cement of high specific heat and high thermal conductivity, obtained by using silane and silica fume as admixtures[END_REF]. This is due to the finer particles of SF compared to CEMI and GP whose decrease the total porosities of concrete with SF and changed their pore-size distribution, showing a second range of pore diameters and the appearance of micro and macro pores (see Fig. 7). Also, it shows the database in the literature of the thermal conductivities of porous material and the fitting presented by [START_REF] Asadi | Thermal conductivity of concrete -A review Reference[END_REF]. The experimental database of the thermal conductivities and densities corresponds to 185 experimental measurements [START_REF] Bouguerra | Effect of microstructure on the mechanical and thermal properties of lightweight concrete prepared from clay, cement, and wood aggregates[END_REF][START_REF] Ching | Thermal conductivity of newspaper sandwiched aerated lightweight concrete panel[END_REF][START_REF] Demirboğa | Thermal conductivity and compressive strength of concrete incorporation with mineral admixtures[END_REF][START_REF] Demirboǧa | Influence of mineral admixtures on thermal conductivity and compressive strength of mortar[END_REF][START_REF] Demirboǧa | Thermal conductivity and compressive strength of expanded perlite aggregate concrete with mineral admixtures[END_REF][START_REF] Gomes | The influence of moisture content on the thermal conductivity of external thermal mortars[END_REF][START_REF] Johnson Alengaram | A comparison of the thermal conductivity of oil palm shell foamed concrete with conventional materials[END_REF][START_REF] Liu | Evaluation of thermal conductivity, mechanical and transport properties of lightweight aggregate foamed geopolymer concrete[END_REF][START_REF] Nguyen | Experimental study on the thermal properties of lightweight aggregate concretes at different moisture contents and ambient temperatures[END_REF][START_REF] Real | Thermal conductivity of structural lightweight aggregate concrete[END_REF][START_REF] Sayadi | Effects of expanded polystyrene ( EPS ) particles on fire resistance , thermal conductivity and compressive strength of foamed concrete[END_REF][START_REF] Xu | Cement of high specific heat and high thermal conductivity, obtained by using silane and silica fume as admixtures[END_REF]. Furthermore, it shows the fitting of the thermal conductivity as a function of the density proposed by the ACI Committee [START_REF] Demirboga | Thermal conductivity and shrinkage properties of modified waste polystyrene aggregate concretes[END_REF]. The corresponding empirical functions of the fittings are presented. The results of this study are in accordance with those of the literature performed on different concretes. 

Sorption isotherm

Fig. 16 shows the average sorption isotherms of the concretes used and the standard deviation for three measurements at the age of 91 days. It highlights the effect of the GP and SF on the water vapor diffusion and the sorption isotherms. Firstly, we observed an increase of the hysteresis area with the replacement of cement by GP and SF. The latter changes the concrete microstructure and the poresize distribution. We note that the sorption capacity of all the studied concretes is almost the same in the super-hygroscopic zone. The sorption isotherms exhibit hysteresis between the sorption phase and the desorption phase over the entire moisture range. The effect of hysteresis is not fully understood, but it is generally assumed that the moisture content at the top equilibrium for desorption is due to the entrapment of water within large pores surrounded by small pores, known as the "ink bottle effect" [START_REF] Ishida | Enhanced modeling of moisture equilibrium and transport in cementitious materials under arbitrary temperature and relative humidity history[END_REF]. In fact, the hysteresis is due to the changes in the contact angle between the adsorbed water and the internal surface of the material. During the drying cycle, the water coating that exists on the surface of the internal capillary micro-pores is in contact with an already fully moist surface, while during the humidification cycle the water film formed is in contact with a dry and not yet wet surface (C.M. [START_REF] Chen | Wettability and the hysteresis effect in the sorption of water vapor by wood[END_REF]. In order to study the effect of the incorporation of GP and SF in concretes on the moisture storage capacity, the latter was deduced from the sorption isotherms for each concrete. This represents the ability of the material to adsorb and release moisture. The moisture storage capacity (called Cm) is often used for hydric transfer modeling. The Cm curves are shown in Fig. 1. For high humidity (>80%), the incorporation of GP in concretes increases their moisture storage capacity compared to the control concrete (Ref). This is attributed to the effect of porosity on this intrinsic mass transfer parameter. On the one hand, because the GP is less permeable, it slows down the diffusivity and storage of moisture. On the other hand, given the angular shape of the glass powder, it introduces small ITZ, in which the pozzolanic reaction between the glass rich in SiO2 and the portlandite Ca(OH)2 takes a long time to form the C-S-H that clogs the porosity [START_REF] Bouchikhi | Study of the impact of waste glasses types on pozzolanic activity of cementitious matrix[END_REF][START_REF] Idir | Pozzolanic properties of fine and coarse color-mixed glass cullet[END_REF]. In general, the storage capacity of humidity varies according to the relative humidity (RH). For RH ranging from 10% to 80%, the Cm value is low and remains constant. Then, it significantly decreases for the hygroscopic zones (RH > 80%). This variation is due to the type of sorption-desorption isotherm (type II according to the IUPAC classification [START_REF] Sing | Reporting Physisorption data for gas/solid systems Pure and Applied Chemistry[END_REF]). 

Water vapor permeability

The water vapor permeability of the concretes used is shown in Fig. 18, using the wet cup method.

The results highlight a significant increase in water vapor permeability with the replacement of cement by GP and SF. This is explained by the changes of the concrete microstructure as shown above (porosity, pore size distribution and possible tortuosity and constrictivity) due to the tion of the binder (cement + GP) and the pozzolanic reaction of the GP. However, the use of SF in concretes increased the water vapor permeability, although it is assumed to reduce the concrete porosity. In fact, SF reduces the total porosity and the pore diameter of the concrete and increases its tortuosity [START_REF] Omran | Performance of glass-powder concrete in field applications[END_REF]. The latter could affect the water vapor permeability of concretes with GP and SF compared to Ref. 

Conclusion

An experimental study was carried out on the effect of the partial mass replacement of cement by glass powder and silica fume in concretes. The objective was to assess the hygrothermal properties of the concrete and the impact of its microstructure. The results obtained for the concrete tested are satisfactory, making it a good material for building and construction. The following conclusions can be drawn:

• Due to its fineness, the GP used increases the concrete's consistency up to 55% and the porosity up to 20%.

• Despite the use of 5% of SF, the incorporation of the used GP in concrete decreases its compressive strength at 28 and 91 days compared to the control concrete with CEMI, but remains sufficient for structural applications.

• The incorporation of 20% and 30% of GP in concrete reduces it heat capacity by 1.4% and 2.3%, respectively compared to control concrete. However, the addition of 5% SF shows slightly effects on heat capacity.

• Cement replacement by 20 or 30% GP and 5% SF significantly decreases the thermal conductivity of the concrete due to the microstructure changes.

• Finally, the replacement of cement by GP (20% and 30%) and SF (5%) in concrete increases its moisture storage capacity (Cm) for the super-hygrothermal zones as well as its water vapor permeability (up to 5 times for 30GSF-I compared to the control concrete).

The experimental characterization campaign reported in this work has not only enriched the database of concrete properties but has also supplied the numerical simulation model with reliable input data to predict their hygrothermal behavior. Therefore, further numerical investigation will be achieved to With SF Without SF Reference highlight the advantages of using these materials in terms of energy performance, durability and the environmental impacts.
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 2 Fig. 2: Particle-size distribution of cement, glass powder and silica fume.
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 3 Fig. 3: SEM images of CEMI (a), silica fume (b) and glass powder (c).
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 4 Fig. 4: Hydration process of binders used.
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 7 Fig. 7: Pore-size distribution of concretes studied.

Fig. 8 :

 8 Fig. 8: Compressive strength of the concretes used.

  Fig.9: Effect of GP replacement ratio on the 28day compressive strength of mortar and concrete.
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 11 Fig. 11: TG and dTG curves of the studied concretes (solid line: TG; dash line: dTG).
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 13 Fig. 13: Specific heat of the concretes used at 23°C.
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 14 Fig.14: Thermal conductivity of studied concrete.
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 16 Fig. 16: Sorption isotherms of the studied concretes.
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 17 Fig. 17: Moisture storage capacity of the concretes studied.
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 18 Fig. 18: Water vapor permeability of the used concretes in [kg/m.s.Pa].

Table 1 :

 1 Mix design of concretes studied (kg/m 3 ).

	Formulations	Density (kg/m 3 )	Ref	20G-I	30G-I	20GSF-I	30GSF-I
	Sand 0/3.15	2490	639	639	639	639	639
	Gravel 3.15/12.5	2310	1070	1070	1070	1070	1070
	Cement	3170	350	282.9	258.2	271.2	248.4
	Glass powder	2180	0	56.6	77.5	54.2	74.5
	Silica fume	2710	0	0	0	13.6	12.4
	Water	1000	157.5	152.8	151.0	152.6	150.9
	W/B	-	0.45	0.45	0.45	0.45	0.45
	Clinker ratio (%)	-	95	77	70	74	67

Table 2 :

 2 Physical properties of cement, silica fume and glass powder used.

		CEMI 52.5 N	Silica fume	Glass powder
	d10 (µm)	3.2	2	11
	d50 (µm)	12	8.5	19
	d90 (µm)	28	18	34
	dmax (µm)	60	36	50
	Density (kg/m 3 )	3170	2180	2710
	BET specific surface area (m²/g)	6.43	22.07	5.65

Table 3 :

 3 Elemental composition of the binders used (% wt).

		C	O	Na	Mg	Al	Si	S	K	Ca	Fe
	CEMI	47.06	20.55 0	0.31	3.06	5.01	0.4	0.41	22.42 0.78
	Silica fume	32.74	43.92 0	0	1	22.34 0	0	0	0
	Glass powder	8.67	43.36 7.7	1.19	4.17	28.83 0	0.53	5.55	0

Shayan et al., 2004 Zidol et al.,2017 (w/b=0.4) Idir et al., 2011 Taha et al., 2009 Shayan et al., 2006 Khmiri et al., 2013 Ozkan et al., 2008 Matos et al., 2012 Dyer et al., 2001 Islam et al., 2017 Present study (without SF)
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