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The water transport especially drying process in concrete has a significant influence on its structural durability and stability. However, the inconsistent values of parameters in drying model studies increases the difficulty in predicting the drying process of cementitious materials. In this work, an experimental-numerical-identification coupling approach is developed, based on the non-linear diffusion model, in order to optimize the parameters in drying model, and find out the optimal experiment methodology of concrete drying. Two different geometries of concrete samples are involved, which represent for two drying patterns (prismatic lateral drying and cylindrical radius drying). In the experiment test, both global (mass loss) and local (relative humidity) information are monitored, and the corresponding simulation results are obtained by CAST3M with finite element method. At last, an identification process is performed based on Levenberg-Marquart algorithm, and the optimization combination of parameters are obtained. The analysis of the relative variation of parameters allows to find out the optimization of experiment approach, including test duration and numbers and positions of humidity sensors.

1.

Introduction

Drying process in concrete is a complex phenomenon. It is a combination result of several factors such as porosity, tortuosity of the material, and the permeability of liquid water, diffusivity of water vapor, as well as interface conditions, ambient temperature and humidity.

In addition, the evaporation or condensation of water inside the pore structure add the complexity of the phenomenon. Considered as a porous material, concrete is widely used in constructions in civil engineering, and generally they are subjected to various types of environmental conditions.

During the lifetime of concrete structure, some undesirable pathologies will appear after several years, and eventually resulting in irreversible structure damages [START_REF] Wang | Mechanism of alkali-silica reaction and the significance of calcium hydroxide[END_REF][START_REF] Zhang | Micromechanical modeling on autogenous and drying shrinkages of concrete[END_REF][START_REF] Diamond | Delayed ettringite formation -processes and problems[END_REF][START_REF] Sa | Analysis of microcracking induced by differential drying shrinkage[END_REF][START_REF] Min | Effects of load damage on moisture transport and relative humidity response in concrete[END_REF]. Studies shows the development of these pathologies is closely related to the water distribution in the porous structure, and the loss of free water (non-chemical linked water) from concrete pores, which induces modification on its structural behavior by direct or indirect way [START_REF] Bažant | Drying creep of concrete: constitutive model and new experiments separating its mechanisms[END_REF][START_REF] Kim | Prediction of differential drying shrinkage in concrete[END_REF][START_REF] Liu | Effect of moisture content on static compressive elasticity modulus of concrete[END_REF]. Therefore, to obtain the hydric state of concrete is very important to predict the mechanical behavior and durability potential in concrete structures.

However, the moisture transfer process is very complex and affected by several factors, including saturation degree of the void (or water content), the permeability of the porous media, the tortuosity of the concrete pores, surface and ambient conditions [START_REF] Mualem | A new model for predicting the hydraulic conductivity of unsaturated porous media[END_REF][START_REF] Van Genuchten | Closed-form equation for predicting the hydraulic conductivity of unsaturated soils[END_REF][START_REF] Troeh | Gaseous diffusion equations for porous materials[END_REF][START_REF] Huang | Numerical simulation of moisture transport in concrete based on a pore size distribution model[END_REF]. In the existing literatures, the most widely used approach to characterize the water content of concrete is to follow weight loss in drying process. This method allows having integral results of water loss but it is not sufficient to have the internal hydrate distribution on different positions. Some indirect methods were developed to test internal humidity to acquire the local water content. For example, the electromagnetic method [START_REF] Sbartaï | Using radar direct wave for concrete condition assessment: Correlation with electrical resistivity[END_REF], X-ray tomography [START_REF] Jerjen | Drying of porous asphalt concrete investigated by X-Ray computed tomography[END_REF], ultrasonic methods [START_REF] Sbartaï | Combining NDT techniques for improved evaluation of concrete properties[END_REF] and relative humidity probes [START_REF] Granja | Hygrometric assessment of internal relative humidity in concrete: practical application issues[END_REF][START_REF] Zhang | Simulation of moisture field of concrete with pre-soaked lightweight aggregate addition[END_REF]. In addition to the experimental techniques, drying models and numerical approaches were also developed to simulate the drying phenomena [START_REF] Mualem | A new model for predicting the hydraulic conductivity of unsaturated porous media[END_REF][START_REF] Van Genuchten | Closed-form equation for predicting the hydraulic conductivity of unsaturated soils[END_REF][START_REF] Millington | Permeability of porous solids[END_REF][START_REF] Zhang | Investigation of moisture transport properties of cementitious materials[END_REF]. The resolution of a global nonlinear diffusion equation makes it possible to obtain the water content inside the porous structure of concrete.

In the natural environment, the interface is mostly under conventional drying conditions, the mass loss during the drying of specimen are mainly due to the evaporation on the interface between specimen and the ambient, and therefore the pressure gradient induce the transfer of water inside the porous network in the phase of both liquid and vapor. Therefore, in the drying model, coefficients concerning both the permeability of liquid water and diffusivity of water vapor have to be included. Some researchers work on the way to simplify the model by involving only one water transfer coefficient that is a function of saturation degree [START_REF] Bažant | Drying of concrete as a nonlinear diffusion problem[END_REF] or the specific water content [START_REF] Perrin | Méthodes de détermination de la diffusivité hydrique de pâtes de ciments durcies[END_REF]. Another multi-phasic approach proposed to describe the transfer of the gaseous and liquid phases [START_REF] Baroghel-Bouny | Characterization and identification of equilibrium and transfer moisture properties for ordinary and highperformance cementitious materials[END_REF][START_REF] Thiery | Modélisation du séchage des bétons[END_REF], in which three constituents are distinguished: liquid water, water vapor and dry air. The moisture transfer is governed by diffusion and permeation equations.

To summarize, the experimental method is the reliable and direct way to follow the moisture state inside concrete. However, the main difficulties include that it is quite timeconsuming to follow the slow drying phenomena, and uncertainties and difficulties to trace the inner humidity profile lead to the lack of local hydrate state data (relative humidity). This two main reasons lead to the insufficient database for performing numerical calculation.

The simulation results of mass loss and relative humidity depends highly on the precision of the key parameters in the drying model. However, the suggested parameters in the existing references are not consistent, and it varies for different component ratio of concrete materials, which increases the difficulties in the prediction of drying process in concrete.

Therefore, in this work, we adopted the measurement of both global (mass loss) and local (relative humidity) information to trace the drying process in concrete specimens with two different geometries, to establish a reliable and comprehensive database for the specific concrete material used in this study.

As the experiment process is quite time-consuming, and the monitor for inner humidity is relative difficult, it is necessary to find out the adequate experimental data within the shortest time duration, and to figure out the proper positions and sufficient quantity of sensors to detect relative humidity inside the concrete. In order to achieve this goal, we did calculation on optimization of parameters for different time duration windows and different sensor positions. Taking the experimental results obtained in drying process is considered as reference values, an identification procedure for the parameters involved in the model is performed in this based on finite element modelling updating method using Cast3M and Matlab coupling.

The identification flow chart together with experiment and simulation framework is presented in Fig. 1. As illustrated in Fig. 1, the protocol could be globally divided into three parts, which are indicated in three different background colors. The first is related to the experimental data obtained in this study; a second part presents the finite element simulation process, and the last part is associated to the minimization algorithm.

2.

Experimental protocol

The concrete used in this work is named B11, which has beenstudied by other researchers and properties are mostly known [START_REF] Hilaire | Etude des déformations différées des bétons en compression et en traction, du jeune au long terme : application aux enceintes de confinement[END_REF]. The hydration reactions can be considered completed, and the self-desiccation phenomenon can be neglected [START_REF] Briffaut | Numerical analysis of the thermal active restrained shrinkage ring test to study the early age behavior of massive concrete structures[END_REF][START_REF] Carette | Identifying the mechanisms of concrete drying: an experimentalnumerical approach[END_REF] The samples are placed in humidity chamber, which is shown in Fig. 2a. The ambient condition is at temperature of 38 ± 0.5°C, and relative humidity of 32 ± 1%. Some details of the experimental part can refer to the previous work [START_REF] Ma | Study of drying and Imbibition cycles in concrete: effects of sample shape and boundary condition[END_REF]. Fig. 2a presents the climate chamber with drying specimens inside, and Fig. 2b is the humidity sensor (type FHA646R) used inside the fixed positions in specimen to follow the inner relative humidity value. in order to guarantee the one-dimensional drying. As presented in Fig. 3, the dimension of each geometry and the positions of sensors, A, B or C represents for humidity sensors settled at different positions of the samples. The internal relative humidity data are collected by the probes and mass loss of each sample are regularly recorded manually on weight balance. For the cylinder samples, two sensors are fixed at 1.5cm and 5.5cm to the drying surface, respectively, corresponding to position A and B; and for the prismatic samples, three sensors are fixed at the distance of 1.5cm, 3.0cm, and 6.0cm to the drying surface, corresponding to position A, B and C respectively.

Drying model and parameters optimizations

The assumption adopted in this drying model is that the moisture transport in the concrete is a combination result of two mechanism: the the permeation of liquid water and diffusion of water vapour. If the concrete porous network is saturated, most of the pore paths (or connected pores) are filled with liquid water, therefore the transport of liquid water will play the predominant role, whereas for a low degree of saturation, the paths for vapour is much more fluent, so the movement of water in the form of vapour diffusion cannot be neglected.

The model deduced from mass conservation of water transferred in porous network is presented as Eq. ( 1).
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In which, ! is the liquid apparent permeability, and ' () On the one hand, the liquid permeation flux is deduced from Darcy's law, where ! represents for the apparent permeability of liquid. It is the product of relative permeability ? and intrinsic permeability of water through the porous structure @ , as presented in Eq. ( 2).
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In order to take into account the relationship between water permeability and the saturation degree, the Mualem relationship is presented as Eq. ( 3) [START_REF] Kim | Prediction of differential drying shrinkage in concrete[END_REF], where Sl is the saturation degree of liquid, * A? is a fitting parameter. Moreover, the relationship between the degree of saturation and relative humidity can be described by the Van Genuchten (VG) equation, Eq. ( 4) [START_REF] Van Genuchten | Closed-form equation for predicting the hydraulic conductivity of unsaturated soils[END_REF], where / B and C B are two parameters that can be obtained by fitting experimental results of the desorption isotherm for the tested material.
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On the other hand, during the drying process, pores are gradually dehydrated, and the flux of water vapour transfer obeys the Fick's law. The effective diffusion coefficient ' ()) can be related to saturation degree by the empirical Millington and Quirk (MQ) relationship [START_REF] Millington | Permeability of porous solids[END_REF], as expressed in Eq. ( 5). In which, is the porosity of material, / MN and C MN are two fitting parameters, and ' @ is diffusion coefficient of water in air, which is dependent on temperature, as expressed in Eq. ( 6), where T0 (273 K) is the reference temperature and T is the air temperature.
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' @ = 2.17 10 4S # # @ .TT [START_REF] Bažant | Drying creep of concrete: constitutive model and new experiments separating its mechanisms[END_REF] In this study, an identification procedure based on experimental data of mass loss and humidity evolution for both the prismatic lateral drying and cylindrical radius drying for seven parameters in the model and equations mentioned above are performed. The identification procedure adopts Finite Element Modelling Updating method (FEMU) [START_REF] Neggers | Time-resolved integrated digital image correlation[END_REF] implemented in CAST3M and Matlab. In the FEMU method, minimisation of an error function is built according to the difference between experimental data and numerical results calculated from CAST3M. As showed previously in Fig. 1, the experimental obtained data is compared with numerical results and finally the minimization algorithm is operated in Matlab.

The methodology applied on both geometries, under the boundary condition of 38°C This inverse modelling method depends on a prior knowledge of the drying model and its accuracy to predict the drying process. The error function is given by Eq. ( 7), which includes experimental data indicated by the e exponent, and simulation data indicated by the s exponent, as well as results from mass loss measurements, which is indicated by the ML index and from relative humidity measurements indicated by the RH index. The same approach was applied and detailed explanation can be found in our previous work [START_REF] Carette | Identifying the mechanisms of concrete drying: an experimentalnumerical approach[END_REF]. This function ensures that several samples or sensors for the same measurement can easily be included independently from one another in the identification process. Finally, the minimization is calculated based on Levenberg-Marquart's optimization method implemented in Matlab.
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The optimized parameters resulting from this procedure are applied in CAST3M as input parameters. The identification process runs until it reaches a criterion based on the average relative increment of the identified parameters increments. If this average variation remains below the limit of 0.3% of the current parameters' values, the identification procedure stops.

Identification procedure runs firstly only for mass loss of each geometry, followed by mass loss plus humidity data provided by one sensor, then another humidity information is added until all the collected data are applied in the optimization program.

4.

Results and analysis

The results are presented in two parts, firstly for the prismatic lateral drying, followed by the results of cylindrical radius drying.

Results of prismatic lateral drying

The experimental and numerical results of mass loss and relative humidity for prismatic lateral drying is showed in Fig. 4. The relative mass loss in Fig. 4a presents the linear diffusion tendency for lateral drying, and favorable fitting of experiment and numerical are obtained. The relative humidity results at three test points on prismatic sample are presented in Fig. 4b, which indicates that the closer to the drying surface, the higher gradient is humidity drop. For those sensors that are further from the drying surface, some data is missing, because the continuous high humidity in the beginning period induced condensation of water vapor on the sensor surface. Therefore, condensed liquid water is probably stick on the test point of the sensors, which makes the sensor invalid.

In order to illustrate the time window method, different window duration are shown with the analysis duration of 16, 40, 80, 120 and 160 days in different color squares. The test runs for each time window, with data of mass loss or both mass loss and relative humidity results. Taking the mass loss window analysis as an example, the optimized parameters for different time durations are listed in Table .1. In this case, the results for 160 days are taken as a reference group, a relative variation of all the other durations with the reference are computed and results are shown in Fig. 5. In order to have a uniform comparison for all the calculation results, 5% of the relative variation is set as a criterion value, as shown in the dashed line in Fig. 5. for a longer time duration, these parameters' relative variation decrease rapidly to the reference value. However, in order to include all the parameters variation within the error of 5%, a test duration of at least 150 days is required. This indicates that in prismatic lateral drying, only mass loss data is not sufficient, the relative humidity value is required to allow variation decrease within the predefined errors of 5%. The results of relative variation of parameters for mass loss together with one or two relative humidity data are given by Fig. 6a and 6b, respectively. The results including mass loss and one humidity data at position A in Fig. 6a show that except one parameter of / B in VG, all the other parameters reach in the criterial of 5% when test duration lasts 80 days. When test duration is about 100 days, all the parameters can be included in the defined criterial line of 5%.

The results including mass loss and two relative humidity at position A and B (corresponding to 1.5 and 3.0 cm to the surface) are presented in Fig. 6b. It presents that except the parameter / B , all the others relative variation decrease to the criterial of 5% at the test duration of 60 days, which is 20 days shorter than that of only one humidity data included.

At the test duration of about 75 days, all parameters are included in the 5% error lines. In addition, if the same test duration of 100 days is performed, the variation error for two sensors will decline to 2%, which is less than half of the pre-defined critical error of 5%.

An overall comparison between Fig. 5 and Fig. 6 indicates that the relative humidity data contribute to determining parameters, which is positive in improving precision of simulating the humidity profile. Specifically, if one humidity sensor is added in addition to mass loss, the duration for relative variation to reach the criteria error of 0.05 will decrease to 100 days, Although there is no unified trend for all the parameters, the relative variation of parameters roughly decreases with the increase of sensor numbers. When taking combination of three sensors ABC as the reference data, the group of two sensors BC, AC or AB has smaller variation than the group one with only sensor. The exception is sensor A and combination of BC, namely, all the parameters obtained with one sensor of A have a smaller relative variation than the two sensors of combination BC. It indicates that if more sensors data included in drying simulation could increase the precision of parameters, but meanwhile the position and combination of humidity data are also important. If there is only one sensor applied, represented by A, B or C, we found that the position A, which is the closest to the drying surface, is better than the positions that are further to the drying surface. This is due to the higher humidity gradient when the position is closer to the interface exposed to external environment. If two sensors are applied, at least one of them should be the closest to the drying surface. Namely, in addition to this sensor A, add any one more sensor will also slightly improve the precision.

Results between zero humidity sensor (which means only mass loss results are included.)

and one sensor represented by C or B, suggested that only one sensor at the far position from drying surface does not contribute to the precision of the parameters, it could also be worse than no humidity sensors. This is because for the position far from the drying surface, the relative humidity changes very slowly and keeps constant high value in the beginning of the drying process. Therefore, parameters go further from the real one to fit with the experimental data. In the meanwhile, another notable reason is that the simulation and identification process is highly dependent on the precision of the tested experimental data. While for the experimental data, the most comprehensive information for humidity is captured in position A, which is the closest to the lateral drying surface, while the farther position B obtained less data and the farthest C recorded the least of the three.

The relative variation criterial value of 5% is also plotted in Fig. 7, and it shows that the data from sensor A and combination of AC or AB is within this line. Namely if two sensors are applied for humidity measurement, the combination of two sensors has to include the one which is most close to the drying surface, otherwise two sensors could be less precise than one. Nevertheless, the distance in practical is also confined by the size of the sensor probe and technique of the fixing the sensors without destroying the concrete surface.

Results of cylindrical radius drying

The experimental and simulation results for cylinder geometry test of mass loss and relative humidity at two positions are presented in Fig. 8. The same calculation method with prismatic case is applied to analyze the cylinder radius drying.

It displays in Fig. 8 that unlike the prismatic case, the mass loss evolution is not linear to square root of time any more, but a higher drying rate at the beginning and slow down subsequently, for the curvature effect that the surface area is not constant along the moisture transport direction for the cylindrical radius drying. The drying direction is radial therefore the drying surface which is perpendicular to it is decreasing over time. For the parameter C MN , which is the parameter in MQ equation, the tendency is not so regular, but for all the value, the relative change is below 1%, which is almost negligible in variations.

Therefore, it could be considered already reach the relative real value with the reference value.

Results of relative variation for mass loss and one humidity sensor data at position B are shown in Fig. 10. It is indicated that all the parameters tend to the reference value, which shows similar tendency with test only on mass loss. The gradient is high until almost 80 days, then the rate decrease. This indicates that 90 days can be considered as a criteria that all the parameters relative variation included within a criterial error of 0.05. This is deduced around 50 days in comparison with the results of only mass loss test, meaning that to reach the same level of relative error, 35% of test time is saved if one humidity information is added to mass loss test.

Except the two parameters in MQ equation / MN and C MN , which shows some oscillation phenomena. Nevertheless, for these two parameters, the relative variations is much lower than the others for all the time durations, and both of them are below 1% when time duration is more than 50 days.

Comparing with the test results with only mass loss, we can conclude that if one sensor is added to the test of mass loss, the time duration of criteria relative variation of 0.05 to reference value will decrease from more than140 days to 90 days. To express in another way, if the same time duration of 120 days is applied for the two cases, the relative variation will decrease from 5% to 1%. Therefore, that inner humidity data is necessary to supply for precision prediction of drying modelling and it helps to save considerable time for the experimental duration.

The set of parameters, which is deduced from of mass loss and all the relative humidity of Taking the results of both sensors as reference value, we can see from the results that all the parameters except the intrinsic permeation k0 shows a decreasing tendency of relative variations with the increase of sensor test numbers. If there is no value of relative humidity, the relative error could be as large as 50% for some high sensitivity parameters, as parameter used in relative permeation pkrl and parameter in van Genuchten equation avg. It also indicates that for the position at 1.5cm to the drying surface is better than the position at 5.5 cm, since almost all the parameters show less difference to the reference value. This is reasonable that the position, which is closer to the drying surface, is more necessary because the higher gradient of humidity difference appears closer to the drying interface. This is consistent with the conclusion of prismatic case.

Summary and conclusions

In this work, the drying process of concrete with two different drying pattern is monitored by both global and local measurement. An experimental-numerical-identification coupling approach to identify parameters in the drying mechanism of concrete is applied based on a non-linear diffusion model concerning two mechanism: permeation of liquid water and diffusion of water vapor. The relative variation of optimized parameters for different time duration and different sensor positions are analyzed to acquire the adequate experimental data and best positions of humidity sensors within the shortest time duration.

To be specific, for prismatic lateral drying, results of relative variation of parameters shows that it is necessary to have at least one senor for inner relative humidity profile. The test duration time will decrease with the increase of humidity sensor numbers. A second sensor data will contribute to saving 30 % of experimental test time to reach the same level of relative error, and more than 50 of time in comparison to test with only mass loss. If two sensors are applied for the humidity data, one of them has to be at the position that is close to the drying surface, in order to capture the faster variation under the high gradient of humidity.

For the cylinder radius drying, the relative variation of parameters follows roughly an exponential evolution of continuously decreasing to the reference value with the increase of test duration time, and the precision increases with the additional numbers of humidity sensor.

There is around 50 test days shortening when there is one sensor information added in comparison with the results of only mass loss test. Two sensors are recommended for a higher precision of the calculation, and one of them has to be as close as possible to the drying surface. The position of closer to the drying position is better than the center positions, since almost all the parameters gives less difference to the reference value.

In short, to follow and predict the humidity profile inside concrete, the test of only mass loss is not sufficient to get precise parameters to apply in the drying model, at least one sensor information is necessary to predict the desorption profile. If only one sensor is applied in detecting the inner relative humidity evolution, the position, which is closer to the drying surface, is better than further ones. Nevertheless, in reality, it is also confined by the fixing technique of the sensors.
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 1 Figure 1. Identification algorithm flow chart

Figure 2 .Figure 3 .

 23 Figure 2. Experiment devices for drying concrete: a) climatic chamber with specimens; b) humidity sensor

  represents the effective diffusivity of water vapour. These two parameters are the key coefficient controlling the water transfer in the drying model, both of which are variables versus the saturation degree, or the relative humidity. Parameters ( -• 4 and ( -• 4 are the density of liquid water and water vapour, respectively. is the saturation degree of liquid, is the porosity of the concrete materials, ℎ represents for the relative humidity, $ ( -• 45 • 6 45 is dynamic viscosity of water, * + (7/ is the saturation vapor pressure, % ( -• 89 45 is the molecular mass of water vapour, " (8.314 = • 89 45 • > 45 is the gas constant. The right-hand side of the model indicates the moisture distribution on the domain, and the term for equivalent diffusion coefficient contains two mechanisms: the liquid water permeation along the capillaries and the water vapour diffusion through the void..
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 4 Figure 4. Experimental and optimized simulation results of a) mass loss, and b) relative humidity. The squares in different colors indicate the varied time duration of 16, 40, 80, 120 and 160 days.
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 5 Figure 5. Relative variation of parameters versus test time duration based on mass loss test result for prismatic lateral dryingFig. 5 shows the tendency of all the parameters in test containing only mass loss. It is indicated that three of those parameters (intrinsic permeability @ , fitting parameters in MQ (/ MN ) and VG (/ B keep a relative high level (more than 20%) until 90 days, and afterwards,
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 6 Figure 6. Relative variation of parameters versus time duration based on a) ML with one RH sensor at position A; and b) ML with two RH points at A and B for prismatic drying
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 7 Figure 7. Effect of sensor positions and combinations of relative variation of parameters for prismatic drying
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 8 Figure 8. Experimental and optimized simulation results of a) mass loss, and b) relative humidity, for cylinder radius drying processTaking the parameters resulted from longest test time duration of 160 days as the reference value, relative variation of parameters for the test of only mass loss is plotted in Fig.9It presents that for all the parameters, with increasing the tested time duration windows, tendency of relative variation is decreasing and getting closer to the reference value. It also indicated that the time duration of at least 140 days is necessary to reach a criterial error within 0.05, on condition that the test data is performed only on mass loss.
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 9 Figure 9. Relative variation of parameters versus time duration based on mass loss results
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 10 Figure 10. Relative variation of parameters versus time duration based on ML with RH points at position A for cylinder case

Figure 11 .

 11 Figure 11. Effect of sensor numbers and positions on relative variation of parameters for cylinder case

  temperature, 32% relative humidity, for the test time duration of 16, 40, 80, 120 and 160 days respectively. Iterations of comparison between numerical and experimental data leads to a set of optimized parameters for the corresponding duration of the test. The most comprehensive results of each test group (the longest time duration or the most quantity of humidity sensors)

are taken as a reference, in order to have the variation profile parameters over different test time durations. By this approach, it is practical to figure out the shortest possible test time and the minimal number of humidity sensor that is sufficient for modelling of drying process precisely.

Table 1 .

 1 Optimized parameters value for prismatic with mass loss data

	Test durations Parameters	16 days		40 days	80 days	120 days	160 days (Referen ce )
	* A?	0.87019	0.87199		0.8687	0.85738	0.84892
	@ ( 10 -21 ) / MN C MN / B C B	8.07 2.5935 0.740 0.24907 0.22387	8.04 2.6047 0.740 0.24842 0.21819	7.97 2.5566 0.739 0.24643 0.22052	7.24 2.3899 0.734 0.21337 0.23016	6.20 2.1137 0.722 0.17161 0.2331
								pkrl
			0.4					k0 amq
								bmq
		Relative variation [-]	0.0 0.2			y = + 5 %		avg bvg
		-0.2				
			0	30	60	90	120	150	180
					Test duration (day)

  instead of 150 days, namely 33% of test time is shortened. Besides, a second sensor data will contribute to reducing the test duration to 75 days, which is 25% less of experimental test time in comparison to test with 1 humidity sensor, and 50% less in comparison with test duration of only mass loss. It is convinced that for prismatic lateral drying test, the inner humidity data is necessary to supply for precision prediction of drying modelling and it contributes to save considerable time for the experimental test.