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Buildings account for a large share of the primary energy and materials use in Europe.

Therefore, the EU has set several energy and materials targets for the built environment and other sectors. Novel low-carbon materials can play a major role in the transition towards meeting those targets. Moreover, agriculture produces by-or waste products that could be used as constituent of innovative agro-materials for construction. Recently, beet pulp basedmaterial is being investigated on the material scale and promising results are pointed out regarding its interesting mechanical, hygrothermal and acoustical properties for building insulation use. In this context, the paper aims to study experimentally two types of beet-pulp starch composites: whole bricks and hollowed bricks. The manufacturing of the two types of bricks is detailed. A comparative study is then achieved regarding the drying kinetics, mechanical properties as well as internal structure composition.

Introduction

Over the last century, the extraction of building materials and fossil fuels has been multiplied by 34 and 12, respectively (CREE 2015). Thus, concrete is the second most consumed material in the world after water. The sand, one of concrete constituent, is the second extracted mineral raw material with a shortage announced as the same level as fossil fuels with numerous environmental and socio-economic impacts. On the other hand, according to the last report of the World Meteorological Organization WMO (September 2019), the period between 2015 and 2019 is set to be the warmest five-year period on record, compared to the years 2011 -2015. In the same context, the WMO report on greenhouse gas concentrations shows that 2015 -2019 has seen a continued increase in carbon dioxide (CO2) levels and other key greenhouse gases in the atmosphere to new records, with CO2 growth rates nearly 20 % higher than the previous five years ((WMO) 2019). Therefore, the worries about climate change consequences and the awareness of the mineral resources shortage have pushed several countries to put in place policies encouraging the deployment of a biosourced economy based on the extraction and exploitation of the biomass.

The building sector is one of the fields witnessing a significant transition towards ecofriendly materials. As a matter of fact, the building sector in Europe is responsible for 25 % of the total energy consumption and 11 % of all greenhouse gas emissions, as stated in the report of the European Commission in 2013 (European Commission 2013). In France, it is classified as the first energy consuming (43 %) and second contributor to CO2 emissions (25 %), just behind the transportation sector (ADEME 2013). Consequently, France has engaged through national and European commitments to improve the energy efficiency of its building sector, for instance, the Climate and Energy Package in 2008 (Paquet Climat-Energie 2008), the Grenelle 1 Environment Law in 2010 (Grenelle 1 Enivronnement 2010), the Thermal Regulation RT of 2012 (RT 2012) and the adoption of the Energy Transition for Green Growth Act in 2015 (LTECV 2015). Moreover, recently, France has drawn up the National Low Carbon Strategy (SNBC) introducing the "BBCA" (low carbon buildings) label [START_REF] Bbca | BBCA[END_REF]. The main objective of this new reference is to propose a carbon footprint assessment methodology for existing buildings. It involves also low carbon initiatives, halving CO2 emissions and highlighting best practices and operations to reach this goal. In the same vein, this energy transitions is accompanied by the new Responsible Building Regulation RBR [START_REF] Mnasri | Building Incorporated Bio-Based Materials: Experimental and Numerical Study[END_REF][START_REF] Douzane | Hygrothermal Performance of a Straw Bale Building: In Situ and Laboratory Investigations[END_REF](RBR and RBR 2020[START_REF] Douzane | Hygrothermal Performance of a Straw Bale Building: In Situ and Laboratory Investigations[END_REF]2015), in which sustainable buildings have to respect the requirements of the "BEPOS" label (Positive Energy Building) leading to the concept of "self-sufficient buildings". Therefore, taking energy efficiency measures into account in new and renovated dwellings will result in a higher demand for thermal insulation which is fundamental to improve the housing comfort by reducing thermal losses through the building envelope. In this context, developing innovative materials for construction is one of the most interesting solutions nowadays. The main target is to contribute significantly to the storage of atmospheric carbon and the preservation of natural resources as well as to change in building consumption behavior. In addition, focusing on local renewable resources makes these products affordable in terms of elaboration and transportation fees.

A review of the literature shows a whole range of plant aggregate based materials [START_REF] Mnasri | Building Incorporated Bio-Based Materials: Experimental and Numerical Study[END_REF]): hemp concrete, cork and straw based products [START_REF] Douzane | Hygrothermal Performance of a Straw Bale Building: In Situ and Laboratory Investigations[END_REF], wood, crop based materials such as typha-Australis [START_REF] Niang | Hygrothermal Performance of Various Typha-Clay Composite[END_REF], date palm fibers and beet-pulp fibers [START_REF] Belakroum | Hygric Buffer and Acoustic Absorption of New Building Insulation Materials Based on Date Palm Fibers[END_REF]) … Recent studies describe the elaboration and characterization of a new agro-composite based on sugar beet pulp and potato starch as a bio-sourced binder [START_REF] Karaky | Hygrothermal and Acoustical Performance of Starch-Beet Pulp Composites for Building Thermal Insulation[END_REF]. Different compositions (ratio of starch/pulp) designed for building thermal insulation are tested. Accordingly, mechanical, acoustical and hygrothermal characterization show that the ratio of 0.4 represents the optimal composition as thermal insulator [START_REF] Karaky | Élaboration et Caractérisation Physique et Hygrothermique d'un Agro-Matériau à Base de Pulpe de Betterave et d'amidon[END_REF]. However, these bio-based products are generally hygroscopic porous materials and continuously subjected to imbibition-drying cycles which seriously affect their durability, in terms of chemical alterations of the structure [START_REF] Shahidzadeh-Bonn | Effect of Wetting Properties on the Kinetics of Drying of Porous Media[END_REF]). As a result, the moisture content within the material depends not only on the water absorbed but also on the amount of water released by evaporation mechanism, which is described by the drying process. Thus, investigating the materials drying kinetics is useful in understanding the effect of environmental conditions on the moist storage of building materials [START_REF] Karoglou | Drying Kinetics of Some Building Materials[END_REF]. Literature provides numerous studies dealing with drying kinetics, as for instance the effects of wetting properties in the drying of porous media [START_REF] Shahidzadeh-Bonn | Effect of Wetting Properties on the Kinetics of Drying of Porous Media[END_REF], the influence of hydraulic contact interface on the drying of masonry walls [START_REF] Delgado | Influence of Hydraulic Contact Interface on Drying Process of Masonry Walls[END_REF], the impact of boundary conditions and water retainers on delaying the drying process within hemp concrete blocks [START_REF] Glouannec | Experimental and Numerical Studies of the Drying of Hemp Concrete[END_REF]) … Based on the above findings, the aim of this paper is to compare two types of starchbeet-pulp (SBP) fiber composite for wall and floor applications: full brick and hollowed brick.

The composition of starch/pulp equal to 40 % is considered in this study. Two types of beetpulp brick specimens were manufactured. The drying kinetics of each type were studied experimentally and analytically. Then, their mechanical properties were measured and compared. The preliminary results show that drying kinetics respect mathematical models provided by the literature. Moreover, Mechanical tests point out interesting properties for hollowed bricks in terms of compressive strength and elastic modulus.

II.

Experimental set-up

II.1 Molds manufacturing

Two types of wood molds were used for bricks manufacturing. The first one (Figure 1) designed for full bricks is of dimensions (L = 23.3 cm, w = 11 cm and h = 7.4 cm) with a fitted wood piston or cover of (L' = 23.3 cm, w' = 11 cm and h' = 1.8 cm) which makes the content volume equivalent to V1 = 1435.28 × 10 -6 m 3 . The second type is shown in Figure 2 for hollowed bricks of same dimensions but with copper tubes of diameter ∅ = 1.8 cm leading to inner content volume of V2 = 1193.02 × 10 -6 m 3 . The wooden piston role is to compact the mixture inside the mold and to contribute to have flat surfaces of the specimens. 

II.2 Specimen preparation

Based on Karaky PhD thesis [START_REF] Karaky | Élaboration et Caractérisation Physique et Hygrothermique d'un Agro-Matériau à Base de Pulpe de Betterave et d'amidon[END_REF]) work which studied four compositions of SBP (10 %, 20 %, 30 % and 40 % starch), the ratio of 40 % of starch with respect to the total pulp mass was considered as the optimal composition from mechanical, acoustical and hygrothermal properties point of view. Consequently, only the starch/pulp ratio of 0.4 was used in specimen manufacturing in this work.

Since both starch and beet pulp are very hydrophilic, beet pulp pellets were first soaked separately during two hours with distilled water to reach their saturation degree with a water/pulp mass ratio equal to 2.5. Figure 3, Figure 4 and Figure 5 show the volume of pulp granulates before, after and during water immersion, respectively. The mass of beet pulp mp In the next step, potato starch powder was added to the saturated wet pulps and mixed manually for 10 minutes until an homogeneous admix was obtained. The pulp, initially greenish, became yellowish after adding starch. The obtained mixture was then placed in an autoclave and heated for 30 minutes at 120 °C to jellify starch granules (Figure 6). The produced hot water vapor dissolves the starch, which transforms into a gluey texture. Once the starch dissolves completely, the mixture can finally be poured into the wooden molds (Figure 7). The beet pulp-starch mixture is then compacted under a pressure of 0.044 MPa.

Greaseproof papers were placed in the molds to facilitate the removal of the sample. Figure 8 and Figure 9 show a full and a hollowed brick, respectively. The samples were frozen at -80°C before drying. The drying methods and kinetics are discussed in details in the next section. 

II.3 Drying process

The brick drying process is the last phase of the experimental set-up. Physically, it is a complex phenomenon driven by heat and mass transfers inside and on the surface of the material. In addition, the drying mechanism depends strongly on other nonlinear physical phenomena including stress distribution and cracks emergence in the material [START_REF] Gualtieri | Kinetic Study of the Drying Process of Clay Bricks[END_REF]. The mass transport mechanism during the drying process is triggered by the humidity gradient between the material surface and its wet core. The mechanisms of mass transport are related to various phenomena: internal pure diffusion, surface diffusion, Knudsen diffusion, capillary flow, evaporation, condensation and thermal diffusion [START_REF] Chemkhi | Development of a Darcy-Flow Model Applied to Simulate the Drying of Shrinking Media[END_REF]. Therefore, the drying process described previously results in dimensional changes of the specimen, called shrinkage. In this work, two drying methods are studied:

through pulsed hot air drying tower and freeze drying. The optimal one was chosen based on lower shrinkage volume and the surface quality of the sample (cracks emergence). The drying procedure consisted in monitoring the samples masses using an electronic balance of ± 0.01 g accuracy until stabilization was reached. Initially, the weighting time interval is 10 minutes and increased to 30 minutes at the end to avoid disturbance of the drying process when mass variation was very low. The drying monitoring were stopped when four successive measurements of the brick masses differences were under 0.1 g.

II.3.1. Pulsed hot air drying tower

In this drying method, a hot air drying tower with a temperature of 40 °C was used as shown in Figure 10 and Figure 11. The ambient air entering the oven through the vent was heated up prior to circulating around the samples. This setup allows to heat the enclosure from bottom to top and to dry the brick evenly. [START_REF] Karel | Heat and Mass Transfer in Freeze Drying[END_REF]) [START_REF] Dalgleish | Freeze-Drying for the Food Industries[END_REF]) due to the fact that the absence of air prevents oxidative deterioration as well as the possibility of heat damage. The samples are cooled rapidly to low temperatures reaching -80 °C to obtain small ice crystals (the subsequent sublimation is then facilitated). The pressure is then lowered below the triple point (Figure 13) to allow the sublimation of crystals. Thus, the formation of intermediate liquid water is avoided. Sublimation continues to dry the product as long as a 200 -300 Pa pressure range is maintained.

II.4 Drying Kinetics

II.4.1. Experimental results

The efficiency of the drying procedure was assessed based on the shrinkage percentage of the material and the quality of the sample surfaces after the drying in terms of cracks emergence. The dimensions of the specimen were measured before and after the drying process and the shrinkage percentage was calculated as follows in equation (2) and showed in the In addition, the figures above (Figure 14 and Figure 15) show the quality of the samples surface after the drying process using different methods. The results showed that the freeze-dried bricks show the lowest shrinkage percentage and a more homogeneous surfaces on all brick sides as compared to other drying methods which resulted in more irregular brick shapes on which micro-cracks could be seen.

II.4.2. Experimental drying kinetics

The drying kinetics are presented in Figure 16 and Where m(t) is the sample mass at an instant t, mf represents its final mass at the end of the drying (equilibrium mass) and m0 the initial mass at t=0. The comparison of Figure 16 and Figure 17 shows that for hollowed bricks, mass stabilization is reached by 3500 min (approximately 2 to 3 days) while full bricks need almost 7500 min (approximately 5 to 6 days) to reach their dry mass. This result is correlated with the mass and heat transfer between the air and the brick surface. Hollowed bricks present a much more important interaction surface with the surrounding air, which leads to faster drying. In other words, the shape of hollowed brick with holes gives the water a large number of channels to leave the sample. In addition, the results shown in Figure 16 are very close for the three perforated bricks whilst the results in Figure 17 present a much larger deviation between the curves. This is mainly due to the holes, which allow a better air circulation on the surface and within the samples, while in the whole bricks, the drying begins on the surfaces and does not reach uniformly the core of the specimen.

II.4.3. Simulation of the drying process via ANSYS Fluent

Generally, the evaporation process of a material is invisible and it is difficult to determine how moisture transfer is distributed. However, it is possible to simulate mass transfer process within materials using computational fluid dynamics (CFD). For a better understanding, the drying process of the bricks is simulated using the ANSYS Fluent 19.2 calculation code based on the finite volume method. The Eulerian multiphase model is coupled with an evaporation model so that the liquid phase is evaporated from the brick (modelled as a porous material), simulating the drying process. The Lee model [START_REF] Lee | A Pressure Iteration Scheme for Two-Phase Flow Modeling[END_REF] which is a mechanistic model with a physical basis is used in the simulation. In the evaporation model of Lee, the mass transfer between the liquid and the vapor (evaporation and condensation) is governed by the vapor transport equation:

𝝏 𝝏𝒕 (𝜶 𝒗 𝝆 𝒗 ) + 𝛁 • (𝜶 𝒗 𝝆 𝒗 𝑽 ⃗ ⃗ 𝒗 ) = 𝒎 ̇𝒍𝒗 -𝒎 ̇𝒗𝒍 (4)
Where 𝑣 represents the vapor phase, 𝛼 𝑣 the volume fraction, 𝜌 𝑣 the vapor density, 𝑉 ⃗ 𝑣 the vapor phase velocity and 𝑚̇𝑙 𝑣 , 𝑚̇𝑣 𝑙 are respectively the rates of mass transfer due to evaporation and condensation (kg.m -3 .s -1 ). The water-saturated brick is virtually placed in an oven in which hot air circulates, causing the liquid phase contained in the brick to evaporate.

The oven drying method was chosen for the CFD simulations since it is the most representative for the phenomenon. Figure 18 and Figure 19 show the results of the CFD simulations. It can be noticed that the air flows through the holes of the hollowed brick facilitating the drying process unlike the case of the whole brick where the air passes around the sample, leading to high relative humidity (higher than 82 %) within the brick. 

II.4.4. Mathematical approaches for drying kinetics modelling

Literature provides different analytical models describing the drying process applied on fruits, vegetables, agriculture and crop-based products [START_REF] Onwude | Modeling the Thin-Layer Drying of Fruits and Vegetables: A Review[END_REF]). The main categories can be distinguished: theoretical, semi-theoretical, and empirical models. The theoretical ones are difficult in application in comparison with semi-theoretical and empirical approaches. The semi-theoretical ones are based on a compromise between theory and ease of application [START_REF] Hii | Modeling Using a New Thin Layer Drying Model and Product Quality of Cocoa[END_REF]. They are generally derived from Fick's second law such as

Henderson and Pabis, Logarithmic, Midilli and Kucuk and two terms exponential models or derived from Newton's law of cooling and its modifications such as Newton, Page and Page modified models. Finally, the empirical models establish a direct relationship between the water content of the material and the drying time by means of regression analysis such as parabolic models (Taghian [START_REF] Dinani | Mathematical Modeling of Hot Air/Electrohydrodynamic (EHD) Drying Kinetics of Mushroom Slices[END_REF] . The major limitation of empirical models in the drying is that they do not have a physical interpretation since they are basically derived from experimental data and generally don't follow the theoretical fundamentals of drying processes in the form of a kinetic relationship between the rate constant and the moisture concentration [START_REF] Onwude | Modeling the Thin-Layer Drying of Fruits and Vegetables: A Review[END_REF]. In this work, a comparison between semi-theoretical models is established (Table 2).

Model Equation References

Newton Midilli Kucuk 𝐌𝐑 = 𝐚 𝐞𝐱𝐩(-𝐊𝐭 𝐧 ) + 𝐛𝐭 [START_REF] Midilli | A New Model for Single-Layer Drying[END_REF] Table 2 : Semi-theoretical models used for drying process

Drying kinetics are evaluated describing the weight loss of the brick sample with time as shown in equation ( 3). The results of the sample_3 drying mechanism (whole and hollowed bricks) are fitted using the models of Table 2 based on least squares method. Calibration constants as well as correlation coefficients and root mean square errors are listed in Table 3 and Table 4 below. Fitted models are shown in Figure 20 and Figure 21 for each brick type. The global observation shows that all the prediction models show satisfactory fits for the experimental drying curves. However, the drying kinetics are predicted with lower deviation from experimental measurements for the case of hollowed bricks since a higher coefficient of correlation R2 and a lower RMSE are obtained. This finding is in good agreement with previous conclusions stating that drying phenomenon for hollowed bricks is more homogeneous and efficient. Moreover, according to [START_REF] Glouannec | Experimental and Numerical Studies of the Drying of Hemp Concrete[END_REF] in their work on the drying of hemp-lime blocs, the impact of water diffusion through a porous material is probably more restrictive on the drying kinetics than the evaporation at the surface. The water diffusion is probably enhanced within the core of hollowed bricks and results in an improved drying in this case.

Models

In addition, Newton, Page and Page modified models show higher deviations with the experimental moisture ratio than the semi-theoretical models based on Fick's law which seems more appropriate than Newton's law of cooling and its modifications to describe the drying process. Moreover, in the literature, it has been proved that Newton exponential model shows some limitations in this field and doesn't provide accurate simulation of drying curves at early and later stages during drying mechanism [START_REF] Sogi | Water Sorption Isotherm and Drying Characteristics of Tomato Seeds[END_REF]) [START_REF] Simal | Use of Exponential, Page's and Diffusional Models to Simulate the Drying Kinetics of Kiwi Fruit[END_REF]. The drying curves are well predicted with Middili Kucuk and two terms exponential for the hollowed brick and with Midilli Kucuk for whole brick case. 

III. Experimental characterization of beet-pulp bricks

III.1 Microstructure analysis

The microstructure analysis of starch, beet pulp, as well as the wet and dry mixture was done using the scanning electron microscope (SEM) method. Three specimens were tested as listed in Table 5. The experimental procedure consists in scanning the specimen surface with a focused beam of electrons, which interact with the atoms of the sample. The latter interaction produces various signals that contain information about the surface topography and composition of the sample. 

Specimens Constituents

III.2 Mechanical compression test

Compression tests were conducted on two specimens from each brick type. These tests respect the international standards organization ISO 527-4 (ISO527-4 1997) under indoor conditions of 23 °C ambient temperature and 50 % relative humidity with a rate of 10 mm/min [START_REF] Khalfallah | Innovative Flax Tapes Reinforced Acrodur Biocomposites: A New Alternative for Automotive Applications[END_REF] Typical cartographies of major engineering strains under compressive test are shown in Figure 29 and Figure 30 for whole and hollowed bricks, respectively. For the case of whole bricks, the first crack was observed from the brick top surface after 10 seconds only. This crack propagates through the brick and with increasing load another crack appears and propagates from the brick's bottom surface. When the deformation reaches 13 % at around 50 s, the brick becomes totally damaged (Figure 29 (c)).

The hollowed brick shows higher compression resistance. The first cracks were only observed on the bottom surface and bottom right corner after 45 s (Figure 30 (a)). Figure 30 shows that the crack on the bottom right corner propagates and reaches the top surface when the brick is totally damaged reaching a deformation of 17 % after 130 s of testing (Figure 30 (c)). These findings are in compliance with the curves in Figure 31 and Figure 32 showing the compression load versus displacement for whole and hollowed bricks, respectively. The maximum observed compression load was 3.75±0.75 kN for the whole brick, but it reached 13.0±1.0 kN for the hollowed one. The results are in agreement with [START_REF] Schellbach | The Influence of Perforation on the Load-Bearing Capacity of Hollow Brick Masonry Structures[END_REF] findings showing that much stronger walls are given by bricks with vertical perforations and when these cavities do not exceed 35% of the cross-section, the bricks behave as if solid. However, such increase in the loadbearing is not only due to structure of the brick, but can be linked to the efficiency of the drying process in the hollowed bricks, while whole bricks would generate mold in the core of the structure, directly affecting its mechanical behavior. In addition, considering the elasticity zone, an average value of the Elastic modulus was calculated for each brick type. The obtained values are 2.15±0.20 MPa and 8.14±0.8 MPa for whole and hollowed bricks, respectively, showing that hollowed bricks can be used as a rigid material for building application. These values are comparable with previous studies: effectively, Karaky et al. [START_REF] Karaky | Characterization of Beet-Pulp Fiber Reinforced Potato Starch Biopolymer Composites for Building Applications[END_REF] found an average elasticity modulus of Starch-Beet Pulp composite ranging between 2.06 MPa and 3.17

MPa depending on the starch to Beet-pulp ratio. Moreover, in their study on starch-hemp material, Bourdot et al. [START_REF] Bourdot | Characterization of a Hemp-Based Agro-Material: Influence of Starch Ratio and Hemp Shive Size on Physical, Mechanical, and Hygrothermal Properties[END_REF] obtained an elastic modulus between 2.14 MPa and 2.47 MPa based on starch-hemp ratio. Therefore, the compressive test results highlight the competitive mechanical properties of hollowed bricks for construction use.

IV. Conclusions

This work deals with the experimental characterization of a new bio-sourced building insulation material based on starch and beet pulp. Two types of bricks were manufactured and tested: full bricks and hollowed bricks. The investigations were conducted on the drying kinetics of each type and their mechanical behaviour regarding compressive tests comparison.

The results show that the drying process using a lyophilizer provide a more effective drying regarding the shrinkage percentage and the sample surface quality after the drying. In addition, it has been proved that the hollowed bricks drying is faster and more homogeneous thanks to air tube channels within the core of the specimen. The drying kinetics for both types were mathematically investigated and succeeded to be modelled via semi-theoretical models especially Middili Kucuk and two terms exponential models. Moreover, the microstructure analysis of the beet-pulp composite shows a homogeneous mixture and a good compatibility between the polymeric constituents starch and beet-pulp. On the other hand, mechanical compressive tests were conducted on each brick type. Results show that the hollowed bricks present a better resistance to compression load resulting in a higher elasticity modulus which give them interesting mechanical properties in building applications. The number and the shapes of the perforations can be optimised to obtain optimal overall performances by increasing mechanical properties (Hollow Brick [START_REF] Masonry | TECHNICAL NOTES on Brick Construction[END_REF] in order to define the compatible applications in building, such as roof or walls (non load bearing structures). Further investigations using starch/beet-pulp hollowed bricks are also ongoing at wall scale to study the hygrothermal behaviour of this material.

V.

Yaldiz 

Figure 1 :

 1 Figure 1 : Mold used for full bricks manufacturing Figure 2 : Mold used for hollowed bricks manufacturing

Figure 5 :

 5 Figure 3 : Beet pulp pellets before water immersion

Figure 6 :

 6 Figure 6 : Mixture heating in an autoclave Figure 7 : Mixture poured in wooden molds

Figure 10 :

 10 Figure 10 : Hot air drying tower Figure 11 : Brick sample in the drying tower

Figure 14 :

 14 Figure 14 : Brick sample dried with the ventilated oven

  Figure 17 as mass loss of the samples as a function of time. The evolution of moisture ratio for 3 full bricks and 3 hollowed bricks are presented in Figure16and Figure17. The moisture ratio shown is calculated using equation

Figure 16 :

 16 Figure 16 : Drying kinetics (moisture ratio vs time) for 3 hollowed bricks Figure 17 Drying kinetics (moisture ratio vs time) for 3 full bricks

Figure 18 :

 18 Figure 18 : Streamlines colored by velocity of the flow inside the drying oven for the hollowed and full brick.

  𝐌𝐑 = 𝐚 𝐞𝐱𝐩(-𝐊𝐭) (Akpinar et al. 2003) Logarithmic 𝐌𝐑 = 𝐚 𝐞𝐱𝐩(-𝐊𝐭) + 𝐜 (Yaldiz et al. 2001)

Figure 19 :

 19 Figure 19 : Relative humidity (%) in the horizontal center plane of the whole and hollowed brick at t=12 hours after the start of the drying process.

Figure 20 :

 20 Figure 20 : Fitting model for the drying curve of a whole brick

Figure 22 :

 22 Figure 22: Dry native starch granules with a x200 zoom

  Figure22and Figure23show native potato starch granules with 10-300 µm size. Figure24and Figure25show the structure of dried rehydrated beet pulps with a spongy appearance. This structure corresponds to the remains of the plant cell structure, destructured during the

  Figure27show the prepared SBP composite homogeneously mixed and autoclaved. The starch granules cannot be seen any longer and the beet pulp spongy structure seems to have been replaced by a more rugged and open structure. This indicates a good compatibility between the two polymeric constituents.

  . A Digital Image Correlation (DIC) measurement tool is set with an Instron 33R 4204 testing machine equipped with 50 kN loading cell. Two Charge-Coupled Device (CCD) cameras permit to take images recording the deformation during the tests. The ARAMIS sensor is a stereo camera system providing precise 3D coordinates based on triangulation (Aramis 2009) (Figure 28 (a)). Digital gray scale pictures of the surface were taken every second during compression test. These images were used as input to calculate the displacement field using the DIC method. Compression tests were always performed in the compacting pressure direction, as shown in Figure 28 (b) and (c).

Figure 28 :

 28 Figure 28 : Experimental set-up of the compression test: (a) ARAMIS sensor, (b) Brick before compression, (c) Brick after compression.

Figure 29 :Figure 30 :

 2930 Figure 29 : Cartographies of engineering strains (in %) under compressive load obtained by ARAMIS method for whole bricks at 10 s, 29 s and 50 s

  

Table 1 :

 1 S =Where Vi and Vf are initial (before drying) and final (after drying) specimen volumes, respectively.

	𝑽 𝒊 -𝑽 𝒇 𝑽 𝒊	× 100	(2)
	Drying method	Shrinkage percentage (%)	
	Hot air drying tower	28,7	
	Liophilizer	2,5	

Table 1 :

 1 Shrinkage percentage per drying method

Table 4 :

 4 Fitting parameters of the calibration models for the hollowed brick

Table 6 :

 6 Specimens tested using the scanning electron microscope

	Spec. 1	Native starch granules
	Spec. 2	Beet-pulp
	Spec. 3	Mixture of starch/beet-pulp

  , Osman, Can Ertekin, and H. Ibrahim Uzun. 2001. "Mathematical Modeling of Thin Layer Solar Drying of Sultana Grapes." Energy 26 (5): 457-65. https://doi.org/10.1016/S0360-5442(01)00018-4.

	VII.	List of symbols
		Symbol	Definition
		L, L'	Length (m)
		w, w'	Width (m)
		h, h'	Height (m)
		V	Volume (m 3 )
		∅	Diameter (m)
		ρ	Density (kg.m -3 )
		m	Mass (kg)
		S	Shrinkage percentage (%)
		MR	Mass ratio (-)
		ṁ	Mass transfer rate (kg.m -3 .s -1 )
		𝛼 𝑣	Volume fraction (-)
		𝑉 ⃗	Velocity (m.s -1 )
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