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Abstract. In this paper, spatial variabilities of some transfer and storage properties of a 

concrete wall were assessed. The studied parameters deal with water porosity, water vapor 

permeability (WVP), intrinsic permeability and water vapor sorption isotherms (WVSI). For 

this purpose, a concrete wall was built in the laboratory and specimens were periodically 

taken and tested. The obtained results allow highlighting a statistical estimation of the mean 

value, the standard deviation and the spatial correlation length of the studied fields for each 

parameter. These results were discussed and a statistical analysis was performed in order to 

assess for each of these parameters the appropriate probability density function. 

Keywords: Concrete, transfer and storage properties, spatial variability, statistical function, 

correlation length. 

1. Introduction 

Cementitious materials have a very complex and heterogeneous microstructure leading to 

random mechanical and physical properties. These properties are affected by different 

phenomena that may have chemical sources, for instance, cement hydration, or physical 

sources such as moisture, heat or aggressive species transfers. These latter can vary 

considerably depending on how the concrete is manufactured, cast and conditioned [1]. 
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Previous works have highlighted the effect of the variability of some concrete parameters on 

its behavior. De Larrard [2] studied the influence of this variability on concrete leaching and 

its service life when it is used for manufacturing tunnels for radioactive waste storage. On 

the other hand, parametric studies of the coupled heat, air and moisture transfer models [3-

6] show that the most influencing input parameter is the moisture diffusion coefficient. This 

was confirmed by Defraeye et al. [7]. They showed that the spread of the input parameters 

uncertainty is related to the dominant mode of moisture migration in the material, which 

depends on the state of water (liquid or vapor). Trabelsi et al. [8, 9] studied the statistical 

variability of water vapor desorption isotherms and their effect on drying simulations. They 

showed the impact of this variability on the drying kinetics of concrete, especially for the 

concrete cover. Dominguez-Minoz et al. [10] studied the thermal conductivity of foams and 

noticed an important variability of this property. They also compared other results provided 

by an inter-laboratories study on the hydric properties. They noticed a good reproducibility 

for some properties (porosity and density) when this reproducibility remains very poor for 

other properties, such as the sorption isotherms and the resistance to the water vapor. Feng 

et al. [11] studied the repeatability and the reproducibility of hydric properties of various 

materials. They achieved a good repeatability of their results. Nevertheless, the 

reproducibility was poor, since significant differences were reported for the transport 

properties due to different experimental procedures and analyses monitoring conditions, 

when comparing the results obtained by different laboratories [10, 12-14]. Some studies 

have been devoted to assessing spatial correlation of investigations on concrete structures 

[15-18]. 

The present work focuses on the study of the spatial variability of some transfer and storage 

properties of concrete, mainly porosity, permeability and water vapor sorption isotherm. In 
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addition to the spatial variability study, the repeatability and reproducibility of the intrinsic 

permeability measurement were studied. For these purposes, three tests per sample were 

carried out in order to assess the repeatability and two samples were tested for each cored 

specimen to assess the reproducibility. This part of the study aims to assess if one must 

integrate the repeatability and the reproducibility measurements during the assessment of 

spatial variability of the studied property. Results are aimed to be used in future probabilistic 

approaches for the prediction of hygrothermal behavior, locating potential disorders due to 

moisture (e.g. mold growth) and durability prediction of construction materials and 

structures. 

The present study is carried out on a concrete wall cast in laboratory. This wall was cored at 

different spatial locations. The obtained samples were used for the assessment of the above 

cited properties. Based on the obtained experimental results, statistical distribution density 

functions were suggested for each property and a correlation length is identified. 

2. Experimental program 

2.1. Materials 

The used concrete was made with Portland-cement (CEM I 52.5 N) complying with the 

European Standard EN 197–1, a siliceous alluvial sand (0/4 mm) and crushed diorite gravel 

(10/14 mm). The mix proportions and the main properties are given in Table 1. The used 

superplasticizer (SP) is CHRYSO Fluid Optima 206. It is based on a modified polycarboxylate. 

The studied concrete was chosen and designed in order to obtain a compressive strength 

around 35 MPa at 28 days. This concrete offers good mechanical performances for a use in 

usual construction fields. Specimens dedicated to the experimental investigation of the 
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spatial variability were cored at 28 days age and stored in a humid chamber at a relative 

humidity “RH” of 95% and a temperature of 20 °C before tests. 

Table 1. Mix proportions (in kg/m3) and properties of the studied concrete 

Cement CEM I 52.5 N (C) 350 

Gravel 10/14 1201 

Sand (S) 0/4 762 

Water (W) 211.8 

W/C (-) 0.6 

SP/C (%) 2 

The mean value, the standard deviation and the spatial correlation of the water porosity, 

water vapor permeability, intrinsic permeability and water vapor sorption isotherms were 

assessed on an experimental concrete wall of 2 m of height, 1.20 m of width and 15 cm of 

thickness. Samples were cored following six vertical lines (Fig. 1): four lines (A, C, D and F) 

are dedicated to water vapor permeability tests (diameter= 80 mm, height=10 mm), two 

lines (B and E) are dedicated to air permeability tests (diameter=65 mm, height=50 mm). 

Specimens cored following the line “A” were characterized on adsorption and desorption at 

a temperature of 20°C and finally the water porosity test is performed on all the specimens 

cored from the wall. 

 

Fig. 1. Cored specimen position in the experimental concrete wall 
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2.2. Tests and protocols 

2.2.1. Preliminary tests 

28 days compressive strengths, hydration degree (using thermogravimetric analysis, TGA) 

and mercury intrusion porosity (MIP) were measured for the assessment of the class of the 

manufactured concrete and some of microstructural properties. 

- Compressive strength 

The studied concrete wall was cast in four times with four successive mixes. In each case, 

compressive strength at 28 days was measured on cylindrical specimens (11x22 cm3) 

according to the European standard NF EN 12390-3. These specimens were stored after 

demolding at 24 hours in a humid chamber at a RH of 95% and a temperature of 20 °C. 

Compressive strengths obtained on two specimens (Fig. 2) highlight a good homogeneity for 

each batch, what confirms a good preparation of the various mixtures by following the same 

mixing procedures. 

 

Fig. 2. Compressive strengths of the studied concrete 
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order to obtain a homogeneous powder (about 90–100 mg). This powder was kept in a 

sealed container before being analyzed by TGA 24 h after grinding. TGA tests were carried 

out under a controlled argon atmosphere with a temperature range of 25–1200 °C and a 

heating rate of 10 °C/min.  Fig. 3 shows the obtained TGA curves. It can be divided on three 

main phases of the material decomposition according to temperature range. From ambient 

temperature to 145°C, the curve gives the loss of the free water. From 145 to 600°C, the 

mass loss relative to the bounded water is given and, from 600 to 800°C the loss corresponds 

to the decarbonation of the material. Beyond 800°C, no mass loss is observed, this mean 

that the remaining material does not decompose at this temperature range. Similar results 

can be found in the literature on cement based materials [20-22]. 

The corresponding hydration degree calculated according to the relationship of eq. 1 is given 

in Fig. 3. This parameter is obtained by calculating the ratio between the mass of the 

bounded water (mel) at the age “t” of the material and the mass of the water required to 

complete the cement hydration (Wel).  

𝛼(𝑡) =  
𝑚𝑒𝑙(𝑡)

𝑊𝑒𝑙(∞).𝑚𝑐
 (1) 

 

Fig. 3. TGA cumulative curves of concrete at 28 days age 
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formula [23]. mel [kg] is the chemically bounded water mass; mc [kg] is the initial anhydrous 

cement mass. It is obtained from the initial mass of the tested material and all the 

compounds of the sample (W/C, S/C, SP/C …). The temperature determining the boundary 

between the release of free evaporable water and chemically bounded water is fixed at 145 

°C according to Mounanga [24]. However, note that literature evokes the destruction of 

ettringite beyond 60-70°C [25-30]. Therefore, if the temperature threshold is lower, the 

hydration degree will be higher. 

Fig. 3 shows that the average hydration degree is about 93.62%. The obtained hydration 

degree shows an optimal and almost complete hydration of the used concrete. 

Consequently, all the possible variability that can be observed would be independent from 

the hydration process. 

- Mercury Intrusion porosimetry 

The mercury intrusion porosimetry was carried out on 1 cm3 concrete sample. The device 

used is an Autopore form Micromiretics, which can reach injection pressure more than 400 

MPa. The obtained concrete pore size distribution is illustrated in Fig. 4 and the mercury 

porosity value is 14.86 %. 

 

Fig. 4. Pore size distribution of the studied concrete 

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.001 0.01 0.1 1 10 100 1000

d
V

/d
lo

g
D

 (
m

L/
g

)

Pore diameter (μm)

εHg =14.86%



8 

2.2.2. Transfer parameters studied in the spatial variability framework 

Water porosity was performed on 54 cored specimens, water vapor permeability on four 

vertical lines (lines A, C, D and F: 36 specimens), air permeability on two vertical lines (lines B 

and E: 36 specimens) and water vapor sorption isotherms on the line A (9 specimens). 

- Water porosity 

Measurements were performed according to AFPC-AFREM recommendations [31] on 

cylindrical specimens (5 cm diameter, 2 cm height), sawn from the entire cored specimen 

from the concrete wall. The porosity Ф can be determined as follows (Eq. 2). 

Ф =
𝑀𝑎𝑖𝑟−𝑀𝑜𝑣𝑒𝑛

𝑀𝑎𝑖𝑟−𝑀𝑤𝑎𝑡𝑒𝑟
× 100 (%) (2) 

Where, Mair [kg] and Mwater [kg] are the weight mass of the saturated sample weighed in air 

and in water respectively. Moven [kg] is the dry mass of the tested sample. 

- Water vapor permeability (WVP) 

The measurement of the WVP is performed using the cup method based on the EN ISO 

12572 standard [32] in the steady-state regime by using the Gravitest® facility. Samples are 

discs with 8 cm of diameter and 1 cm of thickness. The test consists on creating a partial 

vapor pressure gradient between the two compartments at the upstream and the 

downstream of the sample. This gradient is ensured by two different RH (93% inside the cup 

and 50% outside) at uniform temperature of 23 °C. The 93 % RH inside the cup is ensured by 

a saturated salt-water solution of KN03. At the beginning of the test, the moisture content in 

the sample is uniform because of the prior pre-conditioning at a temperature of 20 °C and 

50% RH suggested by the EN ISO 12572 standard. The test duration is about 20 days, 

depending on the material diffusivity. 
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- Intrinsic permeability 

First, air permeability measurements were performed using a fully automatic device 

composed by a “Thermicar® permeameter” and a data acquisition interface in a transitory 

regime. 

To ensure a radial tightness of the samples and a one-directional flow, the latter were 

laterally surrounded by a resin ring. The measurement procedure is described in Hamami et 

al. [33]. The sample is placed between two pressure chambers. A high pressure PH is applied 

in the upstream chamber and kept constant (equal to one of the values: 130 – 160 – 190 – 

210 and 350 kPa), whereas a low pressure PL, initially equal to 8.5 kPa, is applied in the 

downstream chamber. This low pressure increases according to the air flow through the 

sample. For each high pressure applied, an apparent permeability “KA” is obtained according 

to a modified Darcy’s law (eq. 3). 

Secondly, the intrinsic permeability “KINT” is then calculated according to Klinkenberg 

approach (eq. 4) [34], which is based on the evolution of the apparent permeability “KA” as a 

function of the inverse of mean pressure Pm (Eq. 5). 

dt

dP
V

PP

L
K L

L

LH

A

2

22

2





 (3) 

µ [Pa.s] is the air dynamic viscosity, VL [m3] is the volume of the downstream chamber and L 

[m] is the sample thickness. 

𝐾𝐼𝑁𝑇 =
𝐾𝐴 𝑃𝑚

𝛽+𝑃𝑚
 (4) 

β [Pa] is the Klinkenberg factor, which represents the air slip at the interface of the material 

pores. 
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LHm PPP 


21
 (5) 

As mentioned above, repeatability and reproducibility measurement of the intrinsic 

permeability were carried out. For these purposes, three tests per sample were performed 

in order to assess the repeatability and, as previously indicated; two samples were tested for 

each cored specimen to assess the reproducibility. 

- Water vapor sorption isotherm (WVSI) 

The sample was dried in an oven at 40 °C for 24 h and then degassed under air vacuum to 

complete the drying. Then, it was weighed to determine the dry mass and then analyzed on 

the Belsorp aqua-3® device. The used device method is manometric [19]. Samples analyzed 

are 40 mm of length, 5 mm of width and 5 mm of thickness. The stabilization time is fixed at 

t=500 s. 

3. Results and discussion 

- Water porosity 

The average porosity values, its standard deviation, coefficient of variation, maximum and 

minimum values over the considered line are summarized in Table 2. It shows that the water 

porosities of the cored samples following the six vertical lines (54 specimens) are fairly close.  

The standard deviation of porosity on 54 tested samples is equal to 0.78%, which is very 

close to the result obtained by Aït-Mokhtar et al. (0.75%) [14] on High Performance Concrete 

dried at 105 °C. The same trend is observed for the coefficient of variation: 5.44 % in our 

case, 6.49 % in [14]. It was found that the water porosity is ranging between 12.64 % and 

16.41%. 
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Table 2. Water porosity: statistical data versus the considered line  

Line A B C D E F All samples 

Average (%) 14.13 14.66 14.35 14.19 14.48 14.24 14.34 

Standard deviation (%) 0.78 1.08 0.46 0.68 0.94 0.72 0.78 

Coefficient of variation (%) 5.55 7.41 3.23 4.80 6.55 5.09 5.44 

Minimum (%) 13.12 12.64 13.55 12.99 12.86 13.21 12.64 

Maximum (%) 15.12 16.41 14.89 15.50 16.36 15.52 16.41 

 

- Water vapor permeability (WVP) 

The average WVP values, its standard deviation, coefficient of variation, maximum and 

minimum values are summarized in Table 3. It shows that the concrete WVP are ranging 

between δpmin=1.37x10-12 kg.m-1.s-1.Pa-1 and δpmax=3.6x10-12 kg.m-1.s-1.Pa-1 with an average 

value equal to 2.08x10-12 kg.m-1.s-1.Pa-1. This result highlights a high dispersion values along 

the line A with a high standard deviation of 0.74x10-12 kg.m-1.s-1.Pa-1. In contrast, a good 

homogeneity is recorded along the line C with a standard deviation of 0.27x10-12 kg.m-1.s-

1.Pa-1, which will lead to a low / high correlation length, respectively. 

Table 3. WVP: statistical data versus the considered line 

Line A C D F All samples 

Average (x10-12) [kg. m-1.s-1.Pa-1] 2.45 1.97 1.87 2.09 2.08 

Standard deviation (x10-12) [kg. m-1.s-1.Pa-1] 0.74 0.27 0.48 0.45 0.54 

Coefficient of variation (%) 20.22 14.00 25.79 21.44 25.94 

Minimum (x10-12) [kg. m-1.s-1.Pa-1] 1.60 1.60 1.51 1.37 1.37 

Maximum (x10-12) [kg. m-1.s-1.Pa-1] 3.60 2.40 3.02 2.89 3.60 

- Intrinsic permeability 

The final results of the spatial variability of the evolution of intrinsic permeability according 

to the sample location on the wall are reported in Table 4. This spatial variability is obtained 

by considering the repeatability and reproducibility measurements (i.e the values are 

obtained by averaging over the measurements points, the average value of the repeatability 

and reproducibility tests). 
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Table 4. Statistical data of the intrinsic permeability for the two vertical lines B and E 

 Average 
x10-17[m2] 

Standard deviation 
x10-17[m2] 

Coefficient of 
variation [%] 

Minimum 
x10-17[m2] 

Maximum 
x10-17[m2] 

Line B 3.95 1.03 26.20 2.39 5.91 
Line E 3.40 0.89 26.50 2.38 5.28 

Both lines 3.66 0.97 26.7 2.38 5.91 

The standard deviation does not exceed 0.67x10–17 m², highlighting good repeatability. 

Dealing with the reproducibility, the results presented in Fig. 5 give a comparison between 

the measured values of the intrinsic permeability for the two tested samples per location. 

Each value corresponds to the average of the three values measured on the same sample. 

Fig. 5 shows (i) a significant variation for the intrinsic permeability measured on two samples 

from the same location (B2) and (ii) permeability remains constant for the two tested 

samples (B5). Globally, this means that the intrinsic permeability depends on the spatial 

location of the sample. The permeability appears to be minimal at the middle of the vertical 

line and maximal at the top of the wall (Fig. 5). 
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Fig. 5. Reproducibility of intrinsic permeability measurements along the vertical lines B & E 

The intrinsic permeability obtained by performing repeatability tests was found between 

1.95x10-17 and 7.3x10-17 m2 with an average value equal to 3.65x10-17 m2. This result is in 

good agreement with those obtained by [14, 35]. Note that the variability is reduced when 

the reproducibility test is carried out (Fig. 5). In this case, intrinsic permeability was found 

between 2.38x10-17 and 5.91x10-17 m2 with an average value of 3.66x10-17 m2. This greatly 

affects the standard deviation of the studied properties. Consequently, the generated 

random fields of intrinsic permeability will be modified. 

To go further these results, the spatial distribution of water porosity, water vapor 

permeability and intrinsic permeability are fitted by an appropriate probability density 

function (Fig. 6). To assess the probability density function that best represents the statistical 

distribution of the experimental data, an approach by the maximum likelihood estimator 
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was used [36, 37]. Using this method, Table 5 summarizes the average and variance of each 

proposed function with its corresponding “Log likelihood”. 

 

  

 

Fig. 6. Distribution of water porosity, water vapor permeability and intrinsic permeability. 
The lines are the fitted probability densities 
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For the water porosity, the Log-logistic distribution seems to be the most appropriate to 

reproduce the experimental values with an expectation μ = 14.35 % and a variance 

σ2 = 0.60 %. This result joins literature ones [14], where Log-normal, Gamma, Birnbaum-

Sanders and Log-logistic probability functions are suggested. For the WVP, the Log-normal 

and Log-logistic density distributions are the most appropriates. In a second position, there 

is a Gamma and Weibull distribution. 

Finally, for the intrinsic permeability, the Log-normal and Weibull density functions seem to 

be the most appropriate to reproduce the statistical distribution of the combined 

repeatability and reproducibility measurements. These two functions present approximately 

the same average (3.65x10–17 m²) and a variance of 0.95x10–34 m4 and 1.04x10–34 m4, 

respectively. As mentioned in the literature [14], from a practical point of view and in the 

perspective of using these results in future probabilistic approaches for the prediction of 

hygrothermal behavior and materials durability, it may be wise to use “classical” probability 

functions with parameters that are easy to estimate, rather than functions that are more 

difficult to use in simulations (e.g. random fields). From this point of view, the log-normal 

distribution seems to be one of the most appropriate distributions [14]. 

Table 5. Water porosity, water vapor permeability and intrinsic permeability: parameters of 
the tested probability density function 

Property Distribution 
density function 

Log-normal Gamma Weibull Log-logistic 

Water 
porosity 

Average (%) 14.34 14.34 14.28 14.34 

Variance  0.61 0.59 0.96 0.60 

Log likelihood -61.39 -61.43 -66.87 -61.06 

Water vapor 
permeability 

Average (x10-12) 2.08 2.08 2.07 2.04 

Variance (x10-25) 2.52 2.49 3.60 2.59 

Log likelihood 970.46 969.34 964.67 970.30 

Distribution density function Normal Log-normal Weibull Gamma Nakagami 

Intrinsic 
permeability 

Average x10-17  3.65 3.66 3.65 3.65 3.66 

Variance x10-34 0.95 0.94 1.04 0.85 0.86 

Log likelihood -23.23 -22.26 -23.60 -22.43 -22.72 
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- Water vapor sorption isotherm 

Fig. 7 illustrates the variability of the WVSI at 20 °C of the samples taken along the line A of 

the concrete wall. The variability increases in adsorption and desorption, according to the 

range of the considered RH. Two envelope curves are observed. They concern that of the 

sample A1 (lower curve) and that of A9 (upper curve). This can be justified by the values of 

the water porosity of these samples (ФA1=13.3% and ФA9=15%), while those of the other 

samples are located inside these limits. In addition, water content disparities of about 1.60 % 

in adsorption and 3.10 % in desorption are registered in the vicinity of 95 % of RH. 

 

Fig. 7. WVSI variability of the samples taken according to the line A 

Fig. 8 shows the mass water content dispersion in adsorption and desorption processes at 
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average water content values measured at equilibrium according to the cited range of RH, 

the corresponding standard deviations and coefficients of variation. These results confirm:  

- (i) the high dispersion at the higher RH. Indeed, the standard deviation determined at 5% 

of RH is approximately equal to 0.09%; it is lower than standard deviation obtained at 

95% of RH (0.56%) (Table 6); 

- (ii) it shows a higher dispersion in water content in desorption compared to those 

measured in adsorption. In fact, the standard deviations of water content obtained in 

desorption are higher than those determined in adsorption (Table 6). 

 

Fig. 8. Water content dispersion at RH (%)≈{5; 30; 50; 70 and 95} 
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Table 6. WVSI: average value, standard deviation and coefficient of variation of water 
content in adsorption and desorption according to RH levels 

 RH (%) 5 10 30 50 70 95 

Adsorption Average (%) 0.12 0.21 0.43 0.66 1.05 2.35 
Standard deviation (%) 0.09 0.11 0.12 0.17 0.22 0.56 
Coefficient of variation (%) 75.00 53.83 27.90 25.75 20.95 23.83 

Desorption Average (%) 0.56 0.69 1.02 1.72 2.12 2.89 

Standard deviation (%) 0.19 0.22 0.27 0.44 0.54 0.87 

Coefficient of variation (%) 33.92 31.88 26.47 25.58 25.47 30.10 

- Correlation length identification 

Using probabilistic approaches that take into account spatial variability of the inputs 

parameters requires assessing the spatial correlation of the studied property fields. This is 

defined by the correlation length noted “Lc”, which allows estimating the distance between 

two testing points at which the measured values become independent [15]. It reflects the 

importance of the spatial correlation of random fields used in the probabilistic approach 

implementation. The higher the correlation length, the stronger is the correlation of the 

field. This parameter is identified using a variogram based on the experimental values 

previously presented. The variogram is a practical mean for describing the spatial correlation 

of measurements. On one hand, it is a tool to investigate and quantify the spatial variability 

of the parameter studied. On the other hand, most geostatistical estimation or simulation 

algorithms require an analytical variogram model, which can be obtained from the 

experimental variogram [33, 39]. The variogram at the lag distance “d” is expressed as 

follows (Eq. 6). 

𝛾(𝑑) =
1

2|𝑁(𝑑)|
∑ |𝑌𝑖 − 𝑌𝑗|

2
(𝑖,𝑗) 𝜖 𝑁(𝑑)    (6) 

Where 

𝑁(𝑑) = {(𝑖, 𝑗)\|xi − xj| = d} (7) 



19 

Where γ(d) is the variogram value; Yi is the value of the studied property at the xi position; 

N(d) is the set of pairs of points (i, j) such as the distance between these points is equal to d 

(number of pairs that satisfy this condition). 

The relationship between the covariance (C) and the variogram is defined by Eq. 8. Note that 

the covariance on 0 is the variance. By knowing the variogram value corresponding to each 

distance, one can deduce from Eq. 8 the value of the covariance. Then, it is enough to 

optimize the value of the correlation length “Lc” in the covariance functions which can be 

expressed by Eq. 9 as follows: 

𝛾(𝑑) = 𝐶(0) − 𝐶(𝑑) (8) 

𝐶(𝑥, 𝑦) = 𝜎2 exp (−
‖𝑥𝑖−𝑥𝑗‖

2

𝐿𝑐
2 ) (9) 

Where C(x,y) is the covariance between the two points xi and xj. Each term Cij of the 

covariance matrix “C“ is the value of the covariance function calculated between the nodes i 

and j. The vectors xi and xj give the position of the corresponding nodes. 

Fig. 9 shows a comparison between the covariance values measured on the experimental 

concrete wall and those obtained using the corresponding covariance functions. The 

normalized covariance relative to the variance is presented on the y-axis. We note that the 

correlation length value is ranging from 0.36 to 1.88 m for the water porosity, from 0.28 to 

0.61 m for the water vapor permeability and from 0.62 to 0.68 m for the intrinsic 

permeability. Regarding the correlation length of WVSI, identification was undertaken 

according to the RH levels in adsorption and desorption process (RH≈5 ; 10 ; 30 ; 50 ; 70 and 

95 %) of the line A (Fig. 10). The adsorption correlation length reaches its maximum in RH 

around 5%. In this region the dispersion of water content is very low (Fig. 8). This is not the 
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case in desorption phase. Low correlation lengths are recorded for higher RH. This result 

means that there are a high dispersion and a low dependency of the spatial water contents 

in the capillary condensation zone, where the transfer is mainly governed by the liquid 

transport. In conclusion, the characteristics of the WVSI random fields depend on the 

considered RH. They are generally highly correlated in the low RH region and less correlated 

in the vicinity of the saturation zone. 

 

 

Fig. 9. Identification of the correlation lengths of the water porosity (a & b), WVP (c) and 
intrinsic permeability (d) 
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Fig. 10. Correlations lengths histograms in adsorption and desorption according to the line 
“A” as a function of RH 

Impact of spatial variability of water vapor permeability of concrete on their hygrothermal 

behavior is assessed. This is performed on a concrete wall with initial condition of T0=20°C 

and RH0=50% subjected to a boundary conditions of (T1=20°C, RH1=65%) and (T2=40°C, 

RH2=80%) (Fig. 11-a). The study is performed to assess the evolution of the relative humidity 

at 9 points of the concrete wall located at the same depth (18 cm), as shown in (Fig. 11-b).  

The obtained results are presented in Fig. 12. The deterministic simulation is performed by 

considering an average value of water vapor permeability 𝛿𝑝 = 2,086 × 10−12 𝑘𝑔/𝑚. 𝑠. 𝑃𝑎. 

This result highlights the impact of the spatial variability of the water vapor permeability on the 

relative humidity distribution that can reach 10% of RH. In contrast with deterministic simulation that 

gives a homogeneous distribution along the wall, taking into account the particular spatial variability 

of some influential transfer parameters of the studied material shows a difference in their 

hygrothermal behavior. 
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Fig. 11. Boundary conditions (a) and location of the studied points in the wall for the water 
content assessment (b) 

 

Fig. 12. Relative humidity distribution at the located studied points (point 1 to 9) 

This work focuses on highlighting the spatial variability of some transfer properties of 

concrete, which is widely used in building construction. Our objective is to bring attention to 

the particular variability of this material, which makes deterministic approaches irrelevant in 

studies of transport in porous media. 

4. Conclusions 

Spatial variability of water porosity, water vapor permeability, intrinsic permeability and 

water vapor sorption isotherms were assessed. These latter are mainly involved in 

hygrothermal behavior and durability assessment for cement-based materials in building 

envelops and concrete structures. The coefficient of variation obtained for water porosity is 
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intrinsic permeability measurements on each tested sample is observed. An increase of the 

water contents variability in adsorption and desorption, according to the range of the 

relative humidity is noted. These results constitute a database that can be used as input data 

for probabilistic approaches. It can be used by considering the fitting probabilistic density 

functions or as input parameters for generating random fields by using for example 

Karhunen-Loeve expansion. This would be the subject of a future work. In addition, 

variability of other transfer parameters of cement-based materials could also be studied 

using this approach, such as microstructure linked to permeability variability [40-41] or in 

the determination of chloride diffusion coefficients [42-43] to improve some literature 

deterministic approaches in studying durability of cementitious structures. 
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