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A B S T R A C T  

The movement of moisture inside building structures 
can affect them in important ways, causing physical and 
chemical damage. Therefore the study of moisture trans- 
port in porous building materials is highly relevant to a 
better understanding of the durability of building struc- 
tures made of porous materials. The moisture transport can 
be described phenomenologically by a diffusion equation 
using a moisture content dependent moisture transfer 
coefficient. To determine the transfer coefficient in a given 
material, the experimental quantitative measurement of 
the time and space dependent moisture distribution in the 
material is necessary. Neutron radiography provides a 
highly sensitive non-destructive method for the detection 
of the presence of water and provides high spatial resolu- 
tion. A new neutron transmission analysis technique has 
been developed and optimized for the study of moisture in 
building materials to extract the quanftafve information 
from the experimental data. Typically, moisture contents 
down to a few mg/cm 3 can be detected at a spatial resolu- 
tion of 1 mm. As an application example, the determina- 
tion of the time and space dependent moisture distribution 
in a brick sample and the subsequent determination of the 
moisture transfer coefficient are presented. 

R i: S U M 

Les mouvements d'eau au sein de la structure poreuse d'un 
ouvrage peuvent l'affecter sPdeusement, notamment par une d~gra, 
dation physique ou chimique. Aussi est-il n~cessaire de bien com- 
prendre les nffcanismes de transfert d'humidit~ pour une meilleure 
mattrise des problbnes li~s ~ la durabilit~ des constructions en mat~- 
riaux poreux. Les transferts d'humidiff sont souvent dkrits d'une 

fafon ptffnonffnologique, par des e'quations de type diffusion, met- 
tant en jeu un ou plusieurs coefficients de transfert. Une m~thode de 
d~termination des coefficients de transfert hydrique d'un matMau 
consiste ~les extraire de l'information contenue clans les distributions 
spatio-temporeUes de teneur en eau mesur~es. La radiographie 
neutrons s' av?re Etre une technique de mesure non-destructive de tr~s 
grande sensibilit~ pour d~tecter la presence d'eau, avec notamment 
une haute resolution spatiale. Une nouvelle technique d'analyse de 
la transmission neutronique a ~t~ d~velopp~e et optimis& pour 
l'Etude d'analyses hydriques des matMaux poreux, permettant 
d' extraire des informations quantitatives ~ part# des domffes ex~ri- 
mentales. Typiquement, des humidit~s infMeures ~ quelques 
m,g/cm 3 peuvent Etre ~tect&s avec une ffsolution spatiale de 1 ram. 
A titre d'exemple d'application, nous avons d~termin~ les distribu- 
tions spatiales d'humidit~, h di~erents temps de dessiccation, clans 
un khantillon de brique, puis nous avons dkduit le coefficient de 
transfert hydrique du matbiau. 

D 

1. INTRODUCTION 

The penetration of moisture into building structures 
can cause damage by the action of chemical contaminant 
agents transported by the water, by the action of micro- 
organisms growing in the humid environment or by the 
mechanical action of freezing and thawing. On the other 
hand, most of the penetrating water later leaves the 
porous system by drying, which can cause shrinkage ahd 
carbonation in cementitous materials. As many building 

materials are porous, the understanding of moisture 
transport in the porous system represents an important 
issue in building technology. 

Several transport mechanisms of liquid water and 
water vapor contribute to the movement of moisture in 
the porous system. Their action is usually described by a 
diffusion model that combines them into a single mois- 
ture diffusivity described by a non-linear diffusion equa- 
tion governed by a moisture content dependent transfer 
coefficient. For a given material, this coefficient has to 
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be determined from experimental data of moisture dis- 
tributions inside samples of the material under defined 
starting and boundary conditions. 

To effectuate this measurement, a non-destructive 
technique sensitive to the presence of water and providing 
information on the spatial distribution of the moisture is 
required. Several suitable non-destructive-methods exist 
for measuring the moisture distribution inside a sample 
and providing spatial resolution in the range of 1 mm or 
less. They can be subdivided into two groups: N M R  
methods [1] based on electromagnetic interaction with the 
water in the porous system, and radiography methods 
based on weakening of radiation passing through matter, 
using X-rays [2], y-rays [3] or neutrons [4] to visualize the 
contrast between regions containing different amounts of 
moisture. N M R  methods can distinguish between free, 
physically bound and chemically bound water, but inter- 
ference may be caused by the presence of paramagnetic 
ions in most building materials. Radiography methods do 
not differentiate between free and bound water, but are not 
subject to electromagnetic interference and may offer 
higher spatial resolution, depending on the source quality. 
Among the radiography methods, neutron radiography 
offers the highest hydrogen detection sensitivity. 

Neutron radiography can be performed either as scan- 
ning neutron radiography [5] with monochromatic neu- 
trons and a small beam cross-section, or as direct neutron 
radiography [6] using a thermal or cold non-monochro- 
matic neutron beam. In scanning neutron radiography, 
effects due to scattered neutrons are minimized, making a 
fast and good first-order approximation evaluation possi- 
ble, but the experimental procedure is complicated by the 
necessity of scanning along the dimensions of the sample 
which exceed the beam cross-section, while direct neutron 
radiography permits the recording of the total information 
in one measurement. However, in each case a basic under- 
standing of the processes involved in the neutron transmis- 
sion is necessary for a correct formulation of evaluation 
technique and error analysis. Several analytical methods of 
neutron transmission analysis exist, using signal transfer 
functions [7, 8] and Monte Carlo calcuhtions. On the basis 
of some of the existing concepts and additionally incorpo- 
rating aspects particular to the determination of moisture 
profiles in building material samples, it has been under- 
taken to design a transmission analysis technique optimized 
for this type of measurement [9]. 

This paper describes the experimental method, the 
preparation of samples adapted for the neutron radi- 

detector 

o~e~ 

Fig. 1 - Basic experimental neutron-radiography se t -up.  

ographic measurement and the neutron transmission 
analysis technique which has been developed for the deter- 
ruination of moisture profiles from which the hygral diffu- 
sion coefficients are then deduced. The experimental and 
analytic process are illustrated by an application example 
describing the drying of a brick sample. 

2. EXPERIMENTAL TECHNIQUE 

2.1. Neutron radiography 

The principle of radiography in general is the record- 
ing of the radiation passing through an object by a posi- 
tion sensitive detector. The basic experimental set-up is 
displayed in Fig. 1. The radiography detector records an 
image which is a projection of the object on the detector 
plane and which contains spatial information on the 
intensity of the radiation reaching the detector. Because 
the attenuation of the radiation in the object depends on 
material thickness and density, the image contains quali- 
tative and quantitative information on the structure and 
composition of the object. Also, since the image is the 
projection of the three dimensional object in two 
dimensions, the information is averaged over the thick- 
ness of the object along the beam path. 

In the case of neutron radiography, the attenuation of 
the beam is due to the interaction of neutrons with the 

nuclei of the atoms in the object material, which can 
occur either by scattering or absorption. The degree of 
attenuation of a neutron beam by a given chemical ele- 
ment contained in the object material is described on the 
macroscopic level by the macroscopic neutron cross-sec- 
tion E(E) of that element, which is the sum of its macro- 
scopic absorption and scattering cross-sections. The total 
cross-section of a material containing several chemical ele- 
ments is the sum of the partial cross-sections of the N ele- 
ments contained in it weighted by their mass fractions mi: 

N Z(E)=2miZi(E ) (1) 
i 

It follows that the total cross-section of a porous mater- 
ial containing an unknown quantity of moisture is a linear 
function of the moisture content. The macroscopic cross- 
section of water and typical macroscopic cross-sections for 
dry brick and concrete are shown in Fig. 2. The total 
cross-sections of brick and concrete containing moisture as 
functions of the moisture content are displayed in Fig. 3a 
and Fig. 3c. It can be seen that the cross-section of water is 
much larger than those of the building materials and there- 
fore the presence of water can be detected with high senti- 
tivity by neutron radiography. 

The experimental set-up consists of a neutron source, 
a collimator, the object and a detector. The source can be 
a isotopic neutron source, an accelerator, a research reac- 
tor or a spallation source [10, 11]. Isotopic and accelerator 
based sources are mobile but achieve less spatial resolution 
than reactors or spallation sources which provide a higher 
beam intensity. The collimator is a beam-forming assem- 
bly, which defines the geometric properties of the beam 
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[12] and generally also contains filters to influence the 
energy spectrum of the beam and to reduce beam pollu- 
tion by T-rays. Several detector types for neutron radiogra- 
phy are available, the most common being X-ray or nitro- 
cellulose film combined with suitable converter foils [13] 
using a scanner to digitize the recorded information, or 
electronic detectors which directly record digital images, 
consisting either of a scintillator screen and a CCD-cam- 
era [14] or of neutron sensitive imaging plates read out by 
a laser scanner [15]. 

The measurements performed for the development 
and verification of the technique presented in this paper 
have been performed at a reactor-based facility at the 
Atominstitute of the Austrian Universities [16] using the 
direct neutron radiography technique. Two 
detectors have been employed: a system of X- 
ray film with a Gd-converter foil and an elec- 
tronic detector consisting of a scintillator screen 
and a CCD-camera cooled with liquid nitro- 
gen. X-ray film combined with a Gd-foil pre- 
sents the advantages of high spatial resolution 
down to 30 btm and of low cost, but a sophisti- 
cated calibration technique [17] has to be 
employed to achieve good reproducibility of 
the measurement, and the data has to be digi- 
tized after the measurement with a scanner. 
The CCD-camera is limited to a maximum 
resolution on the order of 200 ram, but permits 
direct recording of digital images with a high 
dynamic range of up to 16 bit, and the cooling 
by liquid nitrogen ensures high sensitivity, 
excellent reproducibility and negligible dark 
current. The principles of the two detector sys- 
tems are outlined in Figs. 4a and 4b. 

2.2. Preparation of samples 

The samples are designed for the best possible yidd 
of information by the measurement, taking into account 
the specific properties of the experimental method. 
From the nature of radiography as a method of imaging 
the projection of the sample, it follows that the sample 
should preferably be of constant thickness along the 
beam path. This thickness should be optimized to obtain 
the highest possible contrast between different amounts 
of moisture contained in the porous system. The optimal 
thickness for a given material depends on the chemical 
composition and density of that material and is typically 
in the range of 3 cm for many building materials. 
Geometric boundary conditions which ensure a mois- 
ture distribution that does not depend on the coordinate 
along the beam path should be established. This cab be 
done by insulating all surfaces of the sample which are 
orthogonal to the beam path. The insulation should not 
contain large amounts  of material which interacts 
strongly with neutrons, i.e. an insulation material with 
minimal or no content in hydrogen should be selected. 

Taking into account these conditions, the following 
design has been adopted for the samples used for the 

Fig. 2 - Comparison of the macroscopic neutron cross-section of 
water and of typical cross-sections for dry brick and concrete. 

Fig. 3 - Total macroscopic neutron cross-sections of brick containing humidity 
(a) and concrete containing humidity as functions of  the humidity content. 
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Fig. 4 - Principle of  a neutron radiography detector consisting of 
X-ray fdm and a converter foil (a) and of an electronic neutron 
radiography detector using a cooled CCD-camera (b). 

measurements: a rectangular prismatic shape of dimen- 
sions 3 cm, 9 cm and 12 cm, sealed on all the 9 x 12 cm 2 
and 9 x 3 c m  2 surfaces, and on either none or one of the 
12 x 3 cm 2 surfaces. This way the moisture exchange 
with the outside always results in a moisture distribution 
which does not depend on the coordinate along the 3 
cm thickness of the sample. Self-adhesive aluminum tape 
has been used as insulation material. 
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3. CALCULATION PROCEDURE 

3.1. Determination of moisture distributions 

The intensity of the signal recorded at a given point 
in the detector plane decreases with increasing moisture 
at the corresponding coordinates in the sample. To 
determine the space dependent moisture content, a rela- 
tion between the recorded signal intensity and the mois- 
ture content has to established�9 For this, the contribu- 
tion of the involved mechanisms of neutron transmission 
to the detector signal have to be described adequately. 

Neutrons that penetrate into the sample are either trans- 
mitted without interaction, or absorbed or scattered one or 
several times by nuclei in the sample�9 It follows that two 
neutron flux components reach the detector: an uncollided 
component consisting of neutrons transmitted without 
interaction, and a collided component consisfng of those 
scattered neutrons that reach the detector�9 The uncollided 
component can be described by the law of exponential 
weakening of radiation passing through matter [18], and in 
the case of sample materials with scattering cross-sections 
much smaller than absorption cross-sections, it can be con- 
sidered a good approximation. However, it has been shown 
that it would constitute a poor approximation for materials 
consisting of elements with high scattering cross-sections 
and low absorption cross-sections, which generally is the 
case for building materials and the moisture contained in 
the porous system [191. Therefore a calculation technique 
taking into account a strong collided flux contribution and 
optimized for the determination of moisture distributions 
in building material samples has been developed. 

The technique is based on a conceptual model which 
describes the neutron transmission as a signal transfer 
process�9 Two sets of data are considered: the detector 
signal caused by the beam transmitted through the sam- 
ple (A) and the detector signal caused by the unmodified 
beam in the absence of a sample (B). A can be viewed as 
the result of the transformation of B by its transfer 
through the system consisting of the sample, and a rela- 
tion between these two signals is established using signal 
transfer functions. Thereby the signal generation can be 
described adequately without the need of explicitly tak- 
ing into account the complex physical process of neu- 
tron transmission through the sample. 

The transfer is described separately for the signal gen- 
erated by the uncollided and the collided neutrons. Both 
signals are described as functions of the coordinates (x,y) 
in the detector plane. The beam is assumed to be paral- 
lel, which is a good approximation for the selected type 
of experimental facility. The detector signal A is consid- 
ered the sum of a signal SAu(x,y ) caused by the uncol- 
lided flux and a signal SAc(x,y ) caused by the collided 
flux transmitted through the sample: 

SA(x,y)  = sAu (x , y )  + S c(X,y) (2) 
The signal B is also considered a function S/3(x,y ) in 

the detector plane, and both components of A are 
described as the result of the action of signal transfer 
functions on B. 

For the uncollided component, the transfer is a point 
process: the flux penetrating the sample at a given point 
reaches the detector at the coordinates (x,y) of the pro- 
jection of that point in the detector plane, and does not 
contribute to the detector signal at any other point. The 
transfer can be described by an attenuation function 
UNC(x,y) for the uncollided component: 

SAw(x,y ) = UNC(x,y). SAB(x,y ) (3) 

The transfer of the collided component is a neigh- 
borhood process: the flux entering the sample at a given 
point with the coordinates (x ',1' ') contributes not only 
to the detector signal at (x {y ') but also at many other 
points at coordinates (x,y). The appropriate signal trans- 
fer function is a point spread function PSF(x,y,x "y '): 

SAc(x,Y)=IPSF(x,y,x' ,Y')N~(x',y')dx'dy" (4) 

On the basis of this model, the moisture distribution 
can be determined from the detector signal by the fol- 
lowing calculation procedure: 

�9 S t e p  I - determination of the parameters of the 
experimental facility, i.e. the energy spectrum and spatial 
distribution of the beam and energy dependence of the 
detector response. The characteristics of the beam can be 
determined by particle transport calculations, and the 
detector response can be evaluated from the energy 
dependence of the reaction on which the detecting 
process is based. 

�9 Step II - determination of the system transfer func- 
tions UNC and PSF for the given geometry and compo- 
sition of the samples and geometry of relative positions 
of sample and detector: this step can also be performed 
by particle transport calculations. The detector plane is 
discretized into square pixels and UNC and PSF become 
functions of discrete coordinates (xi, y: ). For the given 
characteristics of the sample, UNC and~PSF depend only 
on the moisture h(xi, y: ) in the section of the sample 

�9 . ]  . 

which is projected on the plxel (x.,y:). 
�9 . !  ./  . 

�9 Step III: evaluation of the lndivxdual measurement: 
because the signal transfer functions obtained in step II 
depend only on the moisture, the moisture distribution 
can now be determined by iteration. A first-order estimate 
h1(xi, Yj) of the moisture distribution is derived from the 
observed signal SA(xi, y), then the signal SA1(xi, y.) corre- 

�9 . /  . J 

spondlng to hl(xxi, y: ) is calculated with the help of UNC 
and PSF and is combared to SA(xi, yj). From this a second 
estimation h2(xi,y :) is derived; the process is repeated until 

J . 
SA'(xi, y.) corresponding to h n(xi, y .) equals the measured 

. . . .  J 

SA(xi, y J within the precision of the measurement, and the 
J 

moisture distribution is determined as h(x i, y j) = h'(x i, Y j). 
In general, step I and II will be performed only before 

beginning a series of experiments at a new experimental 
facility or with a new type of sample. For the measure- 
ments performed for the development and verification of 
the technique presented in this paper, the Monte Carlo 
Method [20] has been used for the particle transport calcu- 
htions which have been carried out with the Monte Carlo 
Code MCNP [21]. Once the results of step I and step II 
have been obtained, only step III has to be carried out for 
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the individual measurements. The iteration algorithm of 
step III has been programmed in Visual Basic. 

By repeating the procedure of step IIl with data from 
measurements recorded at different times on the same 
sample, a set of moisture profiles describing the time 
depended evolution of the moisture distribution can be 
obtained. 

The precision at which h(x,y) can be obtained depends 
on the chemical composition of the sample, on the mois- 
ture content and on the spatial resolution. It decreases with 
increasing spatial resolution, and for this reason it is practi- 
cal to digitize the images at a spatial resolution in the range 
of 1 ram, even though the detector technology could 
achieve a far better resolution. For building materials, the 
detection limit of moisture differences is typically in the 
range of a few mg.cm -3 at a spatial resolution of 1 ram. 

i 0 . 8  
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~ 0 . 4  
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0.2 
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0 0.2 0.4 0.6 0.8 1 

relative humidity 

Fig. 5 - Desorption isotherm curve of a brick at 20 ~ C, after 
Weimann [22]. 

3.2. Determination of the moisture transfer 
coefficient 

3.2.1. General remarks 
Phenomenologically, the transient moisture flow 

through the porous structure of building materials such 
as bricks can be described by the following partial differ- 
ential equation [22-24]: 

Ot 

where w is the moisture content (gas and liquid phases) per 
volume unit of the porous material, and D(w) is the global 
moisture-dependent transfer coefficient describing all the 
different mechanisms of moisture motion in the porous 
structure. In building materials such as bricks, capillary 
pressure and molecular diffusion can be regarded as the 
dominant mechanisms. 

In case of our study, moisture transfer between the 
material and the surrounding atmosphere of relative 
humidity hex t can be described by the following equation 
[22-24]: 

d : A]3(hs(w ) - hex ~ (6) 

whereJ is the moisture flux between the porous material 
and the outside atmosphere through the exposed surface 
A, ]3 is the moisture transfer coefficient at the surface and 
hs(w ) is the humidity concentration at the exposed surface. 
hs(w ) is given by the desorption isotherm of the material, 
which is displayed in Fig. 5 [25]. At high moisture content 
d is constant and given by the evaporation rate. 

In the above description, the temperature influence 
is neglected. 

3.2.2. Numerical analysis 
In the numerical analysis, equation (5) is used in its 

integral formulation [26]. We can spatially integrate 
equation (5) over a conveniently small finite volume V of 
the flow region and write: 

~t I w d  = I di (D(w)gradw)d (7) 

Fig. 6 - Discretization of the drying prismatic sample (sealed 
surfaces are in bold). 

By means of the divergence theorem, the right-hand 
term of equation (7) is converted to a surface integral, and 
assuming an average value ofw over V, equation (7) can be 
written as follows: 

V aw = ID(w)gradw 'dA  (8) 
bt 

F 

In case of a drying prismatic specimen with five sealed 
faces, the flow problem is simplified to an one-dimen- 
sional one. The integrated finite difference method [26] is 
used to solve the problem. The flow domain is discretized 
into n small subdomains as shown in Fig. 6. 

For the i-th element, exchanging moisture with ele- 
ments (i-I) and (i+1), the mass balance (equation (8)) can 
be approximated as follows: 

Aw.__~ _ wi - wi-1 A + Di§ wi - Wi+l A (9) 
Vii A t  - Di - l~  X i - -  X i _  1 ' X i - -  X i +  1 

For the boundary element (n), connected with the 
(n-1)-th element and the surroundings, the approxi- 
mated mass balance (equations (6) and (8)) can be writ- 
ten as: 

(10) 
n At - n-l,i Xn- -Xn-1  

In equations (9) and (10), D t k is the harmonic mean 
transfer coefficient of the adjacent elements land k [26]. 

The set of equations (5) and (10), can then be solved 
numerically by an adequate numerical method for the 
unknown w i. 

3.2.3. Determination of the material parameters 
The parameter [3 of equation (6) is estimated by the 

measured rate of moisture loss (deduced from the mois- 
ture profile after 1 day of exposure to the surrounding 
atmosphere). 
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Fig. 7 - Neutron transmission profiles along the width of the sample at times t = 1, 
2, 7, 14 and 21 days (a) and the corresponding humidity distributions calculated 
by signal transfer analysis (b). 

It is assumed that the unknown moisture transfer 
coefficient D(w) can be described by a polynome of 
third order (other mathematical functions can be used): 

D(w) = D 1 + D2w + D3w 2 + D4w3 (11) 

where D i (i = 1,4) are constant parameters to be esti- 
mated from the experimental moisture profiles. 

The best parameters D i can be obtained by compar- 
ing the calculated moisture profiles with the experimen- 
tal data, and looking for the best fit. This can be realized 
by minimizing the functional quadratic error [27]: 

S(P)=ZZ(Wc(ti,xjl-We(ti,xj)) 2 (12) 
i j 

P = (D1,..,D4) in equation (12) is the parameter vec- 
tor of the transfer coefficient of equation (11), w (ti, x ) is 
the calculated moisture content at drying time t i ~nd 
depth x. and We(ti, x, ) is the measured moisture content at 

�9 J .  

drying time t i and depth xj. 

4. APPLICATION EXAMPLE 

4.1. Experimental profiles 

The time and space dependent moisture distribution 
in a drying brick sample has been determined�9 The sam- 
ple dimensions are 12 x 9 x 3 cm 3. The porous system of 
the sample was initially saturated with water by storing it 
under water�9 Then the sample was taken out of the water 
and sealed with self-adhesive aluminum tape on all sides 
except on one of the 3 x 12 cm 2 surfaces and was placed 
in an atmosphere of 64% relative moisture. To observe 
different stages of drying, radiographic images of the 
sample were produced at times t = 1, 2, 7, 14 and 21 days, 
using X-ray film and a Gd-converter. The images were 
digitized by a scanner to obtain SA(Xi, Yj) in an orthonor- 
real coordinate system where the x-axxs is parallel to the 
direction defined by the 9 cm edges of the sample, and 
where unity corresponds to 1 ram. Since the geometric 
boundary conditions permit drying only through one 
surface, moisture profiles depending only on x can be 
expected in this coordinate system. Slices of SA(Xi, Yj) 

along a constant value of y are shown in 
Fig 7a Sn(xi, y.) was known from previous 

�9 " D J 

measurements of the signal caused by the 
beam in the absence of a sample�9 By carry- 
ing out the signal transfer analysis, the 
moisture profiles at the times of the mea- 
surements were calculated and are dis- 
played in Fig. 7b. From this data on the 
moisture distribution, the moisture trans- 
fer coefficient of the sample material was 
determined. 

4.2. Numerical analysis 

The best moisture transfer coefficient 
obtained from the experimental profiles 

combined with the numerical procedure outlined in sec- 
tion 3.2. is given in Fig. 8. This transfer coefficient takes 
into account molecular diffusion and capillary pressure 
mechanisms. At high moisture content, the transfer coeffi- 
cient increases rapidly and the moisture motion is predom- 
inantly governed by capillary pressure. At low moisture 
content, molecular diffusion can be considered the main 
transfer mechanism [22]. In Fig. 9 the comparison between 
experimental and calculated moisture profiles is given for t 
= 1, 2, 7, 14 and 21 days of drying time (dashed lines: 
experimental, solid lines: numerical simulation). 

120 

~ - 
Z1oo 

80 19 

0 

~ 60 
kt4 

~ 40 
.iJ 

19 - 

~ 2o 

E 0 
.05 .I0 .15 .20 

moisture potential [g/cm3] 

Fig. 8 - Moisture transfer coefficient as a function of moisture 
potential. 

5. CONCLUSION 

The presented technique constitutes a new experi- 
mental/analytical tool for the determination of moisture 
distributions in porous building materials. By formulat- 
ing the process in terms of system transfer functions it 
provides a simple and efficient procedure for the inter- 
pretation of the complex transmission process�9 It profits 
from the high moisture detection sensitivity which is 
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Fig. 9 - Moisture profiles in the drying specimen after 1, 2, 7, 14 
and 21 days. Comparison between experiments (dashed curves) 
and numerical simulation (solid curves). 

physically inherent in a neutronic method, and also 
offers good spatial resolution. The experimental data can 
be used for validation of transport models and for the 
determination of the parameters of the transfer coeffi- 
cient. Combined with numerical analysis the method 
can be applied to the study of various mechanisms of 
moisture transport in porous building materials and it 
can also be employed as a complementary technique in 
combination with other methods. 
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