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Abstract 

The aim of this article is investigate the hygric 
performances of bio-based materials. The MBV value 

characterizes the ability of a material or multi-layer 

component to moderate the variation of indoor relative 

humidity (RH). In the literature, the moisture buffer value 

was determined at a constant temperature, normally at 

23°C. However, in reality, the indoor temperature of the 

buildings is variable. Therefore, this study will examine 

the influence of temperature on the moisture buffer value 

(MBV). First, the physical models are presented. Second, 

the numerical models have been implemented in the 

Simulation Problem Analysis and Research Kernel 

(SPARK) suite to the complex problems. Then, the 
simulation tools are validated with the experimental 

results found in the literature. The study will be carried 

out on a building envelope made of palm and sunflower 

concretes (bio-based concretes). The boundary conditions 

of the studied wall are chosen according to the protocol 

proposed in the NordTest to calculate MBV value as 

function of temperature. The results showed that the 

increase in temperature induces an increase in the MBV 

value. Using this numerical model presented in this paper 

can predict and optimize the hygric performance of bio-

based materials designed for building application.  

Key Innovations 
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Practical Implications 

The model allows to assess the hygric performance of bio-

based materials in various conditions of temperature and 

relative humidity. 

1. Introduction 

Energy-efficient, insulated and poorly ventilated 

buildings can have bad indoor air quality due to too high 

or too low relative humidity levels. Uncontrolled relative 

humidity increases the risk of exposure to bacteria, 

viruses and mold. These can have negative consequences 

on the health of occupants and reduce the comfort of 

indoor environment. Air conditioning systems permit to 

maintain optimal relative humidity levels but consume a 

lot of energy and increase the cost of bills. The moisture 

buffer capacity can moderate the relative humidity within 

the building, resulting in naturally improved air quality 
and reduced energy consumption. (Arundel et al., 1986 ; 

Djongyang et al., 2010 ; Bergen, 1911 ; Kent et al., 1911, 

Tran Le, 2010). Historically, the first research on moisture 

buffer capacity was carried at the Institute for Building 

Physics in Fraunhofer (Germany) and Lund University 

(Sweden) in 1960. Characterization of moisture buffer 

value (MBV) was carried out under dynamic conditions 

of relative humidity hence the establishment of the 

standard for moisture buffering for experiments 

(Svennberg and Lengsfeld, 2007). Following this method, 

the Padfield method was developed which defines the 

moisture buffer value as a no-intrinsic property by making 
an analogy with thermal capacity (Padfield and Jensen, 

2010). Others methods have been recently developed by 

researchers such as the Japanese industrial standard (JIS 

A1470, 2002), the NordTest project (Rode et al., 2005) 

and the ISO standard (ISO 24353, 2008). These methods 

consist in varying the relative humidity periodically with 

square or cyclic functions. These methods highlight the 

parameter of sorption of water vapor to characterize the 

moisture buffering value. It is predicting that these studies 

on the characterization of MBV of building materials are 

and will remain a primary interest and need in order to 
refine the design of high energy efficient buildings. 

In the literature various authors have studied the moisture 

buffering in the construction sector. Reviews have 

presented various experimental and numerical methods to 

quantify moisture buffering effects and their impact on 

the building scale. This research has been studied to 
elucidate the physical, chemical and biological 

characteristics of building materials that have particularly 

high moisture buffer values (Tran Le, 2010; Collet, 2013; 

Colinart, 2016; Rahim, 2016; Chennouf et al., 2018; 

Ramos, 2010; Nguyen, 2017; Palumbo, 2016 ; Promis et 

al, 2018). Kreiger and Srubar (2019) carried out a meta-

analytical review of the literature studied on moisture 
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buffer capacity. One of the meta-analytical studies looks 

to see which properties characterized in tandem with 

moisture buffer value and which may be correlated with 

it. These properties are, intrinsic physical properties and 

hygric properties dependent on relative humidity. The 

intrinsic physical properties are thickness, density and 

porosity. The study shows that a simple least-squares 

regression shows no relationship between thickness and 

the MBV. This may explain the fact that the majority of 

tests for the characterization of MBV are based on the 

NordTest method (Rode et al., 2005). This method 
requires a sample thickness that is superior to its 

penetration depth (Maskell et al. 2018). A porous medium 

is characterized by the combination of solid matrix and 

pore space that can be occupied by one or more fluids 

(liquid or gaseous form) (Jean Francois Daian, 2013). The 

structure of porous materials is characterized by bulk 

density and porosity. These porous materials have a 

density which depends on their porosity. High porosity 

leads to a light material (Collet, 2004; Cérezo, 2005; Viel 

et al., 2018). Kreiger and Srubar's (2019) analysis, shows 

that there is a strong correlation between porosity and the 
MBV with an R-2 coefficient of 0.46. This is predictable 

because a porous material has the potential to adsorb or 

desorb moisture through intra/inter pores. Although there 

is a relationship between porosity and density, the latter 

property has no correlation with MBV. An analysis of 

Kreiger and Srubar's (2019) shows a correlation 

coefficient equal to 0.02 between density and MBV. By 

deduction, it is possible to discuss the influence of the 

thickness of material on the MBV, but the density hasn’t 

relationship to the MBV, unlike the porosity, which has a 

very significant relationship. As a result, these scientific 

studies showed that porous materials allow passive and 
effective regulation of indoor relative humidity thanks to 

their moisture buffer capacity.  

Bio-based concretes (such as hemp concrete, flax 

concrete…) are dedicated to natural construction which is 

a mean of achieving sustainable construction over time. 

These materials have very high porosity. They are 
produced by mixing bio-based aggregates, binder 

(cement, lime, etc.) and water. Bio-based concretes are a 

good response to limit the impact of the building on the 

environment, and meet the standards of thermal 

regulations (for example RE, 2020 in France) thanks to 

their thermal inertia and insulation which ensure better 

health of the occupants, thermal comfort, indoor air 

quality in the habitat. (Collet, 2004; Cérezo, 2005; Tran 

Le, 2010). Recently a study of Tran Le et al (2020) 

showed that the dynamic sorption capacity (moisture and 

pollutant buffering capacity) of bio-based materials such 
as hemp lime concrete makes it possible to reduce the 

level of the indoor concentration of pollutants and 

humidity. 

It is to underline that MBV characterizes the ability of a 

multi-layer material or simple-layer to moderate the 

variation of indoor relative humidity in building. In the 
literature, the MBV has been determined at a constant 

temperature (e.g. 23°C). However, in reality, the indoor 

temperature in buildings is under variable dynamic 

conditions. The experimental studies carried out by other 

authors on hygroscopic materials (Cascione et al., 2020; 

Chennouf et al., 2018) have shown that MBV is 

influenced by temperature and the increase in temperature 

induces an increase in the MBV. For example, MBV 

values of palm concrete were measured at 23°C and 10°C 

by Chennouf et al (2018) are 2.96 and 2.03 g.m-2.%RH-1, 

respectively (with a percentage deviation of 31.42%). 

Therefore, it is necessary to carry on an in-depth study on 

the impact of the temperature on the MBV of bio-based 

materials designed for construction fields in order to 
predict and optimize their hygric performance. In this 

study, the impact of the temperature on the MBV of palm 

and sunflower concretes will be investigated and 

classified.  

Firstly, physical model presented and has been 

implemented in Simulation Problem Analysis and 
Research Kernel (SPARK) which is a simulation 

environment allowing to efficiently solve the differential 

equations systems by finite differences method (Sowell 

and Haves, 2001; Mendonça et al., 2002; Wurtz et al., 

2006; Tran Le et al., 2010).  Secondly the numerical 

model is validated with the experimental results of palm 

concrete found in the literature (Chennouf et al., 2018). 

The study will be carried out on a single-layer wall of 

palm concrete. The boundary conditions are chosen 

according to the protocol proposed in the NordTest 

project to calculate MBV as a function of temperature. 
Finally, a numerical study at different temperatures is 

carried out at the scale of the single-layer wall. This study 

allows to analyze the influence of temperature on the 

moisture buffer capacity of bio-based concretes and MBV 

classification. 

2. Numerical model 

Mass transfer model in single-layer wall 

In this article, we use model based on the theory of Philip 

and De Vries (1957). The moisture transport within the 

wall can be described by the one-dimensional diffusion 

for using moisture content in material as driving force 

(Philip and De Vries, 1957). The mass balance equation 

is written as: 

𝜕𝜃

𝜕𝑡
=

𝜕

𝜕𝑥
(𝐷𝜃

𝜕𝜃

𝜕𝑥
) 

(1) 

At the material-air interface, we assume instantaneous 

equilibrium between the concentration of water vapor 

(kg/m3) in the air near the surface material (𝜌𝑣𝑒,𝑎) and that 

of the superficial layer (𝜌𝑣𝑒,𝑠), which is determined by 

sorption isotherm curve. The boundary conditions (in x = 

0, outdoor environment and x = L, indoor environment) 

become:   

− 𝜌𝑙 (𝐷𝜃

𝜕𝜃

𝜕𝑥
)|

𝑥=0,𝑒
= ℎ𝑀,𝑒(𝜌𝑣𝑒,𝑎,𝑒 − 𝜌𝑣𝑒,𝑠,𝑒) (2) 

− 𝜌𝑙 (𝐷𝜃

𝜕𝜃

𝜕𝑥
)|

𝑥=𝐿,𝑖
= ℎ𝑀,𝑖(𝜌𝑣𝑒,𝑠,𝑖 − 𝜌𝑣𝑒,𝑎,𝑖) (3) 

Where  𝜌𝑣𝑒,𝑎,𝑖 and 𝜌𝑣𝑒,𝑎,𝑒 are concentrations of water 

vapor in inside and outside air (kg/m3), ℎ𝑀,𝑒  and ℎ𝑀,𝑖 are 
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coefficients of exchange of water vapor by convection 

(m/s) for the external and internal surfaces. 

𝐷𝜃 is the total mass transport coefficient which is the sum 

of the liquid and vapor water phase: 

𝐷𝜃 = 𝐷𝜃,𝑣 + 𝐷𝜃,𝑙 (4) 

In this article, our study focus on the hygroscopic domain 

and the mass transport coefficient due to the liquid phase 

is negligible compared to that of water vapor ( 𝐷𝜃,𝑙  ≪
𝐷𝜃,𝑣) so (Crausse et al., 1996): 

𝐷𝜃 = 𝐷𝜃,𝑣 =
𝜋𝑃𝑣,𝑠(𝑇)

𝜌𝑙

 
𝜕𝐻𝑅

𝜕𝜃
 (5) 

Moisture sorption isotherm curve is a particularly 

important hygric property because it provides a true 

hygro-structural identity card of porous materials. It also 

impacts the thermal behavior of hygroscopic materials. 

Bio-based materials have high porosity and high 

sensitivity to moisture. These materials have the ability to 

adsorb and desorb water vapor allowing to regulate the 
variation of indoor relative humidity level in building. 

When the humidity of the surrounding air increases, it 

results in an increase of mass. This mass gain is due to the 

phenomenon of physical adsorption. It allows water 

molecules to be fixed on surface pores in a reversible way. 

Likewise, a decrease in the humidity of the surrounding 

air results in an apparent loss of mass. This is the 

phenomenon of physical desorption.  

Many theories analyze shape of the curves of 

experimental sorption isotherms. Langmuir's model 

describes a monomolecular adsorption. The first 

adsorption layer for porous middle is only verified at low 

humidity (Langmuir, 1918). The Brünauer-Emmett-

Teller model (Brünauer, 1938) is an extension of 

Langmuir theory, it is developed to analyze multilayer 

adsorption. And then there is the Guggenheim Anderson-

De Boer model (Timmermann, 2003; Merouani, 1987) 

which is developed from two other models and used in 
this article to describe the sorption isotherms curves. The 

Guggenheim, Anderson and De Boer (GAB) model is 

established independently of other model, it takes into 

account the heat of adsorption for all molecular layers and 

describes the dependence of the adsorption isotherm on 

temperature. Using the GAB model has many advantages 

such as having a viable theoretical basis and giving a good 

description of the sorption behavior of bio-based 

concretes such as hemp lime concrete  (Colinart et al., 

2017; Andrade et al., 2010; Collet et al., 2008). The GAB 

model can be written as follow: 

𝑤 =  
𝑤𝑚 𝐶𝐾𝜑

(1 − 𝐾𝜑)(1 + 𝐾𝐶𝜑 − 𝐾𝜑)
 

(6) 

With wm is value of the single-layer water content (kg/kg). 

The parameters C and K are energy constants (J/mol) of 

the GAB model (Timmermann 2003). 

Equations (1) to (6) have been implemented in the 

SPARK to perform the simulations of the single-layer 

wall. 

3. Model validation 

3.1. Material properties used for model validation 

Hygrothermal properties of palm and sunflower concretes 

have been found in the literature and are grouped in Figure 

1 (Chennouf et al., 2018; Lagouis et al., 2019). The 

adsorption isotherm curves were measured at a constant 
temperature of 23°C for two bio-based concretes and are 

presented in Figure 1. The Guggenheim-Anderson-de 

Boer (GAB) model is applied to describe experimental 

sorption curves of two concretes (Timmermann 2003). 

The fitting GAB parameters (wm, C and K) of two 

concretes are grouped together in  

Table 1 and used to carry out the simulations in SPARK.  

 

Table 1: Fitting parameters of GAB model. 

Materials PC SC 

wm (kg/kg) 0.019 0.0171 

C 1 27 

K 0.86 0.76 

R-2 0.98 0.99 

 

 

Figure 1: Sorption isotherm curves of the studied 

concretes. 

Table 2: Hygrothermal properties, measured MBV of 

studied bio-based concretes.  

 

3.2. Model validation 

In order to validate the numerical model presented above, 

the numerical results obtained have been compared with 

Hygrothermal properties 

PC 

(Chennouf 

et al., 2018) 

SC 

(Lagouis et 

al., 2019) 

Density ρ (kg/m3) 954 539.64 

Total porosity 64% 70% 

Open porosity 58% 68.6% 

Thermal conductivity  

(W/ (m.K)) 
0.185 0.127 

Specific heat capacity Cp 

(J/ (kg.K)) 
1500 - 

Water vapor diffusion 

resistance factor  
5.57 2.62 

MBV measured at 23°C 

(g.m-2. %HR-1) 
2.96 2.26 

MBV measured at 10°C 

(g.m-2. %HR-1) 
2.03 - 
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experimental ones found in the literature (Chennouf et al., 

2018). It's a single-layer wall of palm concrete with a 

thickness 9.5 cm. The experimental studies have been 

carried out by Chennouf et al (2018) to determine the 

values of MBV at different temperatures, 10°C and 23°C. 

During the tests, the samples were conditioned 

beforehand at a relative humidity of 50% and were 

exposed to a constant temperature while the RH was 

varied according to a square wave signal RH (t) having an 

adsorption phase for 8 hours at 75% RH, followed by a 

desorption phase of 16 hours at 33% RH. More details 
about the tests and experimental setup can be found in 

Chennouf et al. (2018). The experimental values of 

moisture buffering capacity were obtained according to 

the experimental protocol recommended in NordTest 

(Rode et al., 2005) and are grouped in Table 2. 

This numerical study aims to determine moisture buffer 
capacity of a palm concrete at two different temperatures, 

10°C and 23°C and then to compare with the experimental 

results. The boundary conditions of the simulation are 

defined by a single face of the wall which is permeable to 

water vapor and the other faces are considered 

impermeable, as presented in Figure 2. Note that these 

simulation conditions are similar to experimental ones 

carried out by Chennouf et al. (2018). The interior 

convective mass transfer coefficient hm,i is 0.002 m. s-1. 

Interior RH variation is chosen according to the NordTest 

protocol (Rode et al., 2005), however the temperatures for 
the two tests are fixed at the 10°C and 23°C, respectively 

to study the impact of T on MBV values. The MBV is 

calculated at equilibrium state using the following 

equation: 

MBV =
∆𝑚

𝐴(𝑅𝐻𝑚𝑎𝑥 − 𝑅𝐻𝑚𝑖𝑛)
 (7) 

Where: Δm is the change in mass of sample at equilibrium 

state (kg), RHmax and RHmin: minimum and maximum 

relative humidity (% RH) respectively, A: exposed surface 

(m²).  

The simulation time step is set at 240 seconds and wall 

thickness is discretized into 50 nodes. The hygrothermal 

properties used for the simulation are presented in Figure 

1 and table 2.  

 

Figure 2 : Simulation conditions. 

 

 

Figure 3 : Sample mass variation at 10°C for PC case: 

model validation. 

 

Figure 4 : Sample mass variation at 23°C for PC case: 

model validation. 

Numerical results obtained are the mass variation curves 

at the equilibrium state of palm concrete at different 

temperatures, 10°C and 23°C. These numerical results are 

compared to the ones obtained experimentally by 

Chennouf et al. (2018) which are shown in Figure 3 and 

4. We remark that the change in mass follows the change 
in indoor relative humidity due to the sorption 

phenomenon. Using these results and equation (7), the 

values MBV of palm concrete at various temperatures, 

10°C and 23°C, are calculated and grouped in table 3. 

Note that, in addition to PC case, the model has been used 

to calculate the MBV of SC at 23°C and the results are 

presented in table 3. The comparison between numerical 

results obtained and the experimental values found in 

literature shows a very good agreement. Note that MBV 

values of palm concrete at 10°C and 23°C are classified 

as excellent according to the NordTest classification 
(Rode et al., 2005). We also observe that there is a 

significant difference between the two values obtained for 

PC, in which MBV obtained at 23°C (MBV=2.96) is 

greater than the one obtained 10°C (MBV=2.03). The 

difference observed between the MBV values at different 

temperature can be explained by the fact that temperature 

influences the adsorption and desorption equilibrium 

between the material and the surrounding environment 

due to the different levels of water vapor pressure. In 

Table 4, we can see that the saturation pressure of water 

vapor at 10°C is 1241.2 Pa compared to 2842.1 Pa at 

23°C, for the same relative humidity, the water vapor 
pressure (Pv) should be different which depends on 

temperature. At 10°C, when RH varies from 33% to 75%, 

Pv increases from 409.6 Pa to 930 Pa ( Pv= 521.3 Pa) 
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compared to a variation from 937.9 Pa to 2131.6 Pa (
Pv= 1193.7 Pa) when T=23°C, respectively.  

As shown in Figure 3 and Figure 4, the comparison shows 

a good agreement between the numerical results and 
experimental ones, the numerical model is satisfying to 

investigate the hygric behavior of bio-based building 

materials.  

4. Influence of temperature on the moisture 

buffering capacity of bio-based materials 

The experimental studies carried out on palm concrete 

(PC) showed that the temperature has a significant impact 

on MBV values. Therefore, a study focusing on the 

influence of temperature on the moisture buffering 

capacity is necessary in order to evaluate, analyze and 

optimize the hygric performance of bio-based materials. 

In this section, the physical model and the boundary 

conditions are the same as the ones used in the section 

dedicated to the validation of physical model.  The wall 

thickness of 10.0 cm is considered for both bio-based 

concretes. The simulations are performed on a 

temperature range which varies from 10°C to 35°C with a 

step of 5°C. Hygrothermal properties used are the ones 

obtained experimentally and are presented in Figure 1 and 
Table 2. The results of the simulation are variation of the 

mass of samples according to the variation of indoor 

relative humidity and MBV at different temperatures. The 

numerical values MBV of two materials are calculated 

and presented in Figure 5.  

Table 3 : Experimental and numerical MBV of PC and 
SC concretes. 

 

Figure 5: Influence of temperature on the MBV of the 

studied bio-based materials (PC and SC) and their 

classification. 

It can be observed that increasing temperature results in 

increasing moisture buffer value. As explained above, it 

is due to the fact that increasing interior temperature will 

influence the vapor pressure gradient of surrounding 

environment. Table 4 and Figure 6 show the dependence 

of saturation pressure of water vapor on a range of 

temperature from 10°C to 35°C and vapor pressure as a 

function of temperatures and relative humidity. When the 

surrounding relative humidity varies from 33% to 75%, 

water vapor pressure Pv varies from 409.6 to 930.9 Pa 

(Pv= 521.3 Pa) for a temperature of 10°C and from 1879 

to 4270.4 Pa (Pv= 2391.4 Pa) for a temperature of 35°C, 
respectively. This significant difference of the vapor 

pressure gradient influence significantly on MBV 

obtained and classification as shown in Figure 5. 

Table 4:Influence de la température sur la pression 

vapeur et rho vapeur. 

T 

(°C) 

Pv, sat 

(Pa) 

v,e 

(g/m3) 

at 33% 

Pv (Pa) 

at 33% 

v,e 

(g/m3) 

at 75% 

Pv (Pa) 

at 75% 

10 1241.2 3.13 409.6 7.1 930.9 

15 1724.2 4.3 569 9.7 1293.1 

20 2364.9 5.8 780.4 13.1 1773.7 

23 2842.1 6.9 937.9 15.6 2131.6 

25 3205.2 7.7 1057.7 17.5 2403.9 

30 4295 10.1 1417.7 23 3221.3 

35 5693.8 13.2 1879 30 4270.4 

 

 

Figure 6: Vapor pressure and density of water vapor as 

function of temperature. 

Most bio-based concretes are excellent regulators of 

indoor relative humidity. This is due to the microstructure 

of vegetal particles (see Figure 7 and Figure 8) that are 

incorporated in bio-based concretes. These vegetal 

particles have a tubular structure with interconnected 

pores very permeable to water vapor. The MBV values 

vary from 1.44 to 3.33 and from 2.01 to 4.33 g.m-2. %HR-

1 for SC and PC when temperature varies from 10°C to 

35°C, respectively. According to the classification of 

moisture buffer values of building materials suggested in 

NordTest project (Rode et al., 2005), it can be seen that 
sunflower concrete is classified as good for the studied 

temperature ranging from 10°C to 15°C, and is classified 

excellent beyond this temperature range. While for palm 

concrete case, it is classified as excellent for all 

temperatures as shown in Figure 5. The difference 

between the moisture buffering capacity of two bio-based 

materials can be explained by sorption curves as shown in 

Materials 

MBV 

expérimentales 

(g.m-2. %HR-1) 

MBV 

numériques 

(g.m-2. %HR-1) 

PC (Chennouf et 

al., 2018) 

2.03 at 10°C  

and 2.96 at 23°C 

2.01 at 10°C  

and 2.99 at 23°C 

SC (Lagouis et 

al., 2019) 
2.26 at 23°C 2.29 at 23°C 
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Figure 1. It can be seen that there are similarities when 

the RH is lower than 50% RH but after that the palm 

concrete has higher adsorption capacity compared to SC. 

This reflects a very high hygroscopic property of palm 

concrete which is very interesting to regulate the 

surrounding relative humidity thanks to its sorption 

capacity of vapor water. 

 

Figure 7: SEM microstructure view of date palm fiber. 

(Haba, 2017). 

 

 

Figure 8: SEM longitudinal cross section of Sunflower 

pith. (Brouard, 2019). 

This study shows that temperature influences the MBV of 

bio-based concretes and, the classification of moisture 

buffer capacity. Note that the MBV increases quite 

linearly as a function of temperature due to the increasing 

of water vapor pressure as well as density of water vapor 

(v, e) with increasing temperature. The numerical results 
permit to establish a relationship between MBV and 

temperature. Two linear models are proposed and 

presented in Figure 9, 𝑀𝐵𝑉𝑃𝐶(𝑇) and 𝑀𝐵𝑉𝑆𝐶(𝑇) for PC 
and SC concretes, respectively: 

          𝑀𝐵𝑉𝑃𝐶(𝑇) = 0.0928 𝑇 + 0.9848       (8) 

𝑀𝐵𝑉𝑆𝐶(𝑇) = 0.0759 𝑇 + 0.5959 (9) 

Based on the obtained results, we could define a 

regression coefficient (slope) of 0.0844 for other bio-
based materials; further experimental studies need to be 

done to verify this assumption.  

 

Figure 9: Variation of the MBV as function of 

temperature. 

5. Conclusion  

This study contributes to show that the moisture buffer 

capacity of very hygroscopic material can be influenced 

by different parameters and especially the temperature. 

According to NordTest protocol (Rode et al., 2005), 
characterization of moisture buffer capacity is carried out 

at 23°C. The difference between the values of MBV of 

palm concrete, measured by Chennouf et al. (2018) at two 

temperatures (10°C and 23°C), showed that a study 

focusing on the impact of temperature on the MBV is 

necessary. Numerical study was carried out on a single-

layer concrete wall of palm and sunflower. To perform 

simulations, indoor conditions T and RH were chosen 

according NordTest protocol (Rode et al., 2005), with a 

constant temperature ranging from 10°C to 35°C. 

Numerical results showed that moisture buffer value is 
influenced significantly by the temperature for two 

studied bio-based materials. The higher the temperature, 

the higher the value of MBV due to the impact of 

temperature on the water vapor pressure and the water 

vapor density (v,e). Palm and sunflower concretes are 
highly hygroscopic porous materials and therefore there 

is an increase in the phenomenon vapor diffusion within 

the single-layer wall when the temperature increases. In 

addition, these numerical results obtained showed that the 

temperature has a significant impact on the classification 

of the moisture buffer value, especially for the SC case. 

This study confirmed that, in order to well define the 

moisture buffer capacity of hygroscopic materials, it is 
necessary to take into account some factors including the 

temperature. Finally, in this paper, two models which 

express the moisture buffer value (MBV) as a function of 

temperature (MBV=f (T)) and the classification of MBV 

depending on temperature for PC and SC were proposed 

for application in buildings. 
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Nomenclature  

C Energy constant of GAB model  

Cp 
Specific heat at constant 
pressure 

J.kg-1.K-1 

Dθ 
Mass (vapor and liquid) 
transport coefficient associated 
to a moisture content gradient 

m2.s-1 

Dθ, l 
Liquid transport coefficient 
associated to a moisture content 
gradient 

m2.s-1 

Dθ, v 
Vapor transport coefficient 
associated to a moisture content 
gradient 

m2.s-1 

hM 
Convective mass transfer 
coefficient 

m .s-1 

K Energy constant of GAB model  

MBV Moisture Buffer Value g.m-2. %HR-1 

Pv,s 
Saturation pressure of water 
vapor 

Pa 

R Ideal gas constant J.mol-1.K-1 

T Temperature K 

t Time s 

w Moisture content kg.kg-1 

wm Monolayer moisture content kg.kg-1 

x Abscissa m 

 Relative humidity % 

  Water vapor permeability kg.m-1.s-1 Pa-1 

θ Moisture volumetric content m3 .m-3 

λ Thermal conductivity W.m-1.K-1 

ρl Mass density of water kg.m-3 

ρv,e Mass density of water vapor kg.m-3 

µ 
Water vapour diffusion 
resistance factor 

- 
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