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ABSTRACT 

A particular advantage of numerical simulation is that the investigation of constructions consisting of different materials
under various climatic loads requires relatively little work in comparison to field experiments. Thus, a hygrothermal assessment
of constructions can be evaluated in a short time. Construction building details and building materials can be optimized using
the numerical simulation, and renovation measures can be planned. Since the quality of simulation results depends on known
hygrothermal material parameters, there is a great need for reliable material functions.

The present paper describes a database of hygrothermal material property functions for numerical simulation tools. The
proposed multimodal physical functions for the thermal properties and the complete moisture storage and transport in the hygro-
scopic and overhygroscopic range are available for more than 70 building materials.

The distinguished phase transport functions are separated into liquid and vapor phases. The chosen functions are able to
smooth and interpolate between scattered measurement data and provide a complete, unbroken, and consistent description of
the material. The verification of each material data set, where the proposed functions are evaluated by independent transport
measurements, is an advantage.

INTRODUCTION

There has been a change in trends in the European build-
ing sector from new constructions to insulation, retrofitting,
and restoration of existing buildings. Thus, building recon-
struction has an outstanding position in the building market in
Europe. This is based on the fact that a comparatively large
number of older buildings exists that are worth preserving.
Taking a closer look at the East European countries that have
recently joined the EU, this aspect of building will become
even more important. Many buildings in the stock have to be
improved considerably by means of additional thermal insu-
lation of the building envelope. Safe wall construction in
connection with an appropriate thermal insulation is generally
done by computational prognosis.

The rapid development of the modern hardware and soft-
ware tools, e.g., CHAMPS, DELPHIN and WUFI, enable the
simulation of the hygric and thermal behavior of building

components under transient climatic boundary conditions.
Meanwhile, building simulation programs are generally used
in research projects and engineering applications as well. The
simulation of building components, e.g., constructive details,
is part of the whole building simulation or integrated building
simulation. Here the hygrothermal behavior of the building
envelope and the microclimate close to the construction
surfaces are the main focus of interest. Despite an adequate
description of the material configuration (layering, dimen-
sions, etc.), the quality of simulation results generally depends
on the material properties and climatic boundary conditions.

Climatic data, such as temperature, relative humidity,
short- and long-wave radiation, precipitation, wind velocity,
and wind direction are generally available from weather
services, but still the problem of local climate is not solved.
The determination of microclimatic data locally at a given
building façade position from weather station general climatic
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data, especially regarding driving rain and surface heat or
mass coefficients, is a difficult task. Other major problems are
the respective hygrothermal properties of building materials.
Published data usually lack an adequate general material
description, and often the data sets are incomplete. Very often
the measured data are not documented and the sets consists of
results coming from different laboratories and do not represent
the same material batch. Another problem arises from the
requirements of the simulation codes themselves. The numer-
ical solution of coupled differential equations uses moisture-
and temperature-dependent transport and storage functions
(Grunewald et al. 2002). Laboratory experiments deliver
material parameters that have to be interpreted in terms of
material functions to be useful for simulation models. 

This paper presents the experimental investigations and
the resultant database on hygrothermal material property
functions for numerical simulation tools. Based on works
proposed by Hoffmann et al. (1995, 1996) and Plagge et al.
(2002), the engineering model approach proposed by
Grunewald et al. (2001) and improved in stages by Grunewald
and Häupl (2002), Häupl et al. (2001), and Plagge et al. (2007)
is consequently applied to a large data set and leads to a
complete set of hygrothermal material functions: moisture
storage, liquid moisture conductivity, water vapor diffusivity,
and thermal conductivity. In addition, the approach delivers
the pore volume distribution function and the moisture diffu-
sivity. The proposed material functions smooth and interpo-
late between scattered measurement data, providing a
complete, unbroken, and consistent material description. An
important property of the database is the calibration of each
single material set, where the proposed functions are evaluated
using independent experiments and inverse simulation. 

METHODS

The hygrothermal material parameters are determined by
laboratory experiments that are already standardized and addi-
tional experiments that were found to be important to charac-
terize a building material according to thermodynamical
requirements (Grunewald 1997; Grunewald et al. 2001;
Plagge 1991; Plagge et al. 2002). Recent research showed
considerable uncertainty of the laboratory results. The
comparison of measurements of internationally renowned
building physical laboratories revealed that the actual level of
standardization is not sufficient to ensure measurements of
high quality (Scheffler et al. 2007a, 2007b; Krus 1995; Roels
et al. 2004a, 2004b).

The applied standardized laboratory experiments are related
to German/international standards, namely the following:

• Bulk density, matrix density, and porosity (DIN 2001a)

• Thermal conductivity (DIN 2001b)

• Hygric sorption isotherm (DIN 2000)

• Water uptake coefficient, (DIN 2003)

• Water vapor diffusion resistance factor (DIN 2001c)

This set of experiments is generally applied to deliver a
minimum of information for a hygrothermal material charac-
terization, a usual practice in building material characteriza-
tion. These techniques are well known in experimental
practice and defined by international standards, so no further
details are given in the present paper. 

Since the overhygroscopic range is not adequately repre-
sented, additional measurements have to be carried out to
increase the quality of the material data. Experimental param-
eters are as follows:

• Moisture retention at various capillary pressures
• Moisture conductivity at different moisture content
• Water vapor diffusion in terms of a wet cup experiment

Moreover, the calibration of the derived functional mate-
rial characteristics requires two additional experiments:

• Determination of the water uptake course
• Determination of the drying course, especially in the

second drying period

Since the experimental procedures and equipment for the
overhygroscopic range are not common in building physics,
the additional experiments are generally described in the
following section. The moisture retention measurements by
the pressure plate apparatus originated in soil physics and have
been adapted to building materials. The other experimental
setups, measurement techniques, and procedures have been
designed and built at the IBK Lab (Building physical labora-
tory of the Institute of Building Climatology at the Dresden
University of Technology; see Figures 1–5) (Plagge 1991,
2004). So far, more than 70 different building materials have
been analyzed and tested so that the equipment and measure-
ment methods used are optimized and have been intensively
proved and verified.

Moisture Retention Characteristics

The relation between the pore water content and the capil-
lary moisture potential is a fundamental part of the character-
ization of the hygric properties. The function relates a capacity
factor (moisture content) to an intensity factor (the energy
state of pore water called capillary pressure). The moisture
potential can be expressed in unit energy per unit mass,
volume, or weight. Energy per unit volume is dimensionally
equivalent to force per unit area or pressure.

The moisture storage is measured in the hygroscopic and
the overhygroscopic range by means of saturated salt-in-water
solutions in desiccator chambers and pressure plate extractors.
Since pressure plate extractors enable only the drainage of the
specimen, the desorption characteristic can be measured over
the entire range. To prevent the effect of capillary hysteresis on
the results, the desorption characteristics of the hygroscopic
range are also used in this investigation.

(1)θl pc( ) mpc md–( ) ρw V⋅( )⁄=
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and 

(2)

where ,  , and  are the masses of a sample at the
respective capillary pressure,  (Pa), and relative humidity,

 (–), at dry conditions;  and  are the volumetric water
content (m3·m–3) and the density of the water phase (kg·m–3),
respectively; and  is the volume of the respective specimen
(m3).

To determine the water retention characteristics, a pres-
sure plate apparatus is used (DIN 1993). Depending on the
range of capillary potential, mid-range and high-range
systems for measurement between 3 and 1500 kPa pressure
head are used. The components are shown in Figure 1A.

In principle the apparatus consists of the following:

• A set of mid- and high-range pressure chambers
• A set of ceramic plates with different air entry pressures

of 50, 100, 300, 500, and 1500 kPa
• Gas pressure supply and bleed-type regulation systems

capable of pressure regulation between 3 and 1500 kPa

Before measurement, the specimens are disposed on a
ceramic saturation table, which can become capillary saturated.
Subsequently the samples are placed on ceramic plates, where
filtration paper (low pressures) or a special silt/kaolin mixture
provide an optimal contact between the ceramic system and the

material specimen. For measurement, the plate is placed into a
pressure plate extractor where a defined gas pressure can be
applied to the samples in the pressure chambers. The pressure
step leads to water drainage of the material, and the water
content can be measured by weighing the specimen after a static
equilibrium is attained. Then the specimens are replaced in
good contact with the ceramic plates and the next pressure step
is set. In most cases, 11 pressure steps of 0.03, 0.06, 0.1, 0.3, 0.6,
1, 2, 3, 4, 8, and 15 bar pressure were applied.

Some building materials are characterized by large pores
or cracks. To measure the effect of those large pores on the
moisture retention, the hanging water column method is used.
The setup, as shown in Figures 1b and 1c), consists of a
ceramic plate funnel, which is connected to a graduated
pipette by a flexible PVC capillary tube. Ceramic funnel,
capillary, and pipette are completely filled by deairated water,
where the water level in the pipette is adjusted to the surface
of the ceramic plate in the funnel. A special flushing system
provides an air bubble-free water content. 

For measurement, a saturated material specimen is
placed in contact with the ceramic plate, and the water
meniscus in the pipette is lowered below the ceramic plate.
The difference in the vertical distance in the cm water
column corresponds to the suction applied to the material
specimen and is shown by the arrow in Figure 1c; the 1 cm
water column equals 0.981 hPa. This small pressure head
difference may cause an outflow of water, which corresponds

θl ϕ( ) mϕ md–( ) ρw V⋅( )⁄=

mpc mϕ md
pc

ϕ θl ρw

V

Figure 1 Pressure plate apparatus with a working range of 3 to 1500 kPa (a) and hanging water column apparatus with a
working range of 0.1 to 2 kPa (b and c) to determine the water retention characteristic in the overhygroscopic range.
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to the suction induced drainage and delivers the moisture
retention close saturation at low capillary pressures.

Liquid Moisture Conductivity

The liquid moisture conductivity is a measure of the abil-
ity of porous materials to transmit water through the pores and
has the dimensions of a velocity (ms–1). Depending on the
degree of saturation, the parameter is called saturated or unsat-
urated moisture conductivity. 

To determine the saturated moisture conductivity, , a
head permeameter is used (Figure 2). For preparation, the spec-
imens are laterally sealed to provide one-dimensional vertical
percolation and then saturated in a water bath (Figure 2a). After
conditioning, each sample is fixed in a permeameter head
(Figures 2b and 2c) and then put into a temperature controlled
water bath at 23°C (Figure 2d). In total, six sample heads can

be measured parallel. Each permeameter is connected to a
special flask by a capillary polytetrafluroethylene (PTFE) tube,
where a two-level vacuum controlling system is used to adjust
a respective constant partial vacuum. This suction causes a
water flow through the specimen via the PTFE capillary toward
the bottle. After establishing steady-state conditions, the total
flow rate is measured by sequential weighing of the sampling
flask. To prove the linear flow conditions defined by the
proportions between flux and gradient, the experiment is
repeated at different hydraulic gradients. 

The determination of the unsaturated moisture conductiv-
ity is based on the same steady-state principles as described
above. The apparatus shown in Figure 3 uses a two-level
vacuum controlling system to adjust desired constant partial
vacuum connected to a suction-controlled ceramic plate and a
tension infiltrometer (Figure 3a). The so-called steady-state

Figure 2 Lateral sealed material specimen (a), head permeameter with fixed sample (b and c), temperature-controlled water
bath with evaporation protection (d), and conductivity measurement system (e) with a two-level vacuum controller
and a balance for measurement of the water flux.

Figure 3 Tension infiltrometer and suction-controlled ceramic plate (a), infiltration tube with capillary hole of defined
diameter (b), specimen in capillary contact with the ceramic plate (c), and tension infiltrometer at work with
different water levels in the graduated tube (d and e).
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tension infiltrometer method consists of a graduated water-
filled tube with high porous ceramic at the bottom. A capillary
hole of defined diameter connects the inner tube to atmosphere
pressure and defines a threshold pressure. If suction is applied
at the porous infiltrometer ceramic, which is bigger than the
threshold pressure, air bubbles will enter the capillary hole
(the arrow in Figure 3b). As a consequence, a volume of water
corresponding to the air bubble can leak through the bottom
ceramic plate. In this manner, the negative pressure in the
tension infiltrometer is kept constant, while the infiltration rate
can be measured by the graduated tube.

For measurement, a moistened material specimen is
placed on the ceramic plate and brought to equilibrium with the
applied partial vacuum at the ceramic (Figure 3c). The intro-
duction of a defined suction leads to corresponding drainage of
water and results in a defined degree of saturation. Afterward,
the tension infiltrometer is placed on top of the specimen where
a ring prevents lateral evaporation of the sample. Since the
applied suction at the ceramic plate is bigger than the threshold
pressure of the tension infiltrometer, air bubbles enter the capil-
lary hole and water leaks into the specimen and is transported
further to the ceramic plate. The constant partial vacuum at the
bottom ceramic plate and the infiltrometer ceramic plate define
the potential gradient, and the flux rate is given by the change
in water level in the graduated infiltrometer tube (Figures 3d
and 3e, visualized by the arrows).

The whole experimental apparatus consists of ten single
sets, where optional degrees of moisture saturation are
received by various suctions at the ceramic plates. Different
infiltration rates can be obtained by various capillary holes of
distinct diameters of the inner tube of the tension infiltrometer.

The moisture conductivity can be calculated using
Equation 3:

(3)

where  is the Darcy velocity or apparent velocity at an
effective degree of saturation, i.e., the volume of liquid phase
passing through the unit cross-sectional area of the material in
a unit time, t (s); q is called volume flux density (ms–1) and h
is the pressure head difference (m) causing the water flow; l
and A correspond to the length of the material specimen (m)
and the sample cross-sectional area (m2); and Vf and F are total
sample volume (calculated using over all geometric data) and
the sample missing volume (material failures effecting the
volume of sample) (m3). The effective saturation is given by
the volumetric water content of the sample and can be calcu-
lated using the following:

, (4)

where Ww and Wd are the wet and dry weight of the specimen,
ρw is the density of water, and Vs is the sample volume.

Water Vapor Diffusion Coefficient

The hygric material parameter, µ (dimensionless), is
defined as the quotient between the water vapor diffusion
coefficient of air and the material tested. Thus, µ is a measure
of the water vapor resistance of the material in comparison to
an air layer of the same thickness at the same temperature.
Based on Fick’s law and the general concept of state variables
for ideal gasses, the water vapor flux density, j [kg·h–1], can be
described as follows:

(5)

where D is the water vapor diffusion coefficient (m2·h–1) and RD
is the universal gas constant of water vapor (N·m·kg–1·K–1) at the
actual temperature, T (K). The water vapor concentration gradi-
ent is given by the difference in the water vapor partial pressure

 (Pa) and the distance x (m).
To determine the water vapor diffusion coefficient, the

material samples are fixed in PVC sampler lids and laterally
sealed by a water vapor dense-type of paraffin (ocozerite) to
provide one-dimensional flow through the sample during
measurement. Afterward, the specimens are preconditioned in
desiccators at defined relative humidities until a static mass is
reached. The chosen humidity depends on the moisture range
of interest and the applied water vapor concentration gradient.
For the actual measurements, the chosen relative humidities
for the precondition are given in Table 1. 

After equilibration, the PVC sampler lids with the speci-
men are tightly fixed on a complementary cup containing the
corresponding salt-in-water solution (see Table 1). For meas-
urement, the cup is placed into a climate chamber where
temperature and relative humidity are controlled. For the dura-
tion of the experiment, the total mass of the cup is recorded
periodically. Steady-state conditions are reached when the
weight change of the cup is constant in time. These mass
changes can be used for the calculations of µ using the follow-
ing:

(6)

where s is the sample thickness (m),  is the water vapor
permeability of air (kg·m–1·h–1·Pa–1) and A is the cross section
of the sample (m2); sa corresponds to the mean thickness of the
air layer between the bottom of the material and the salt-in-
water solution in the cup;  are the water vapor partial
pressures at the top and the bottom of the material specimen
(Pa). To determine , the water vapor permeability of air has
to be known and can be calculated by the following:

(7)

Here, RD is the universal gas constant of water vapor with
a value of 462 (N·m·kg–1·K–1), while  and T correspond to
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the atmospheric pressure at standard condition of 1013.25
(hPa) and the absolute temperature (K).

Calibration Experiments

To calibrate the material functions derived from the appli-
cation of the engineering model approach, two experiments
are used. These are the measurement of the water uptake
course and the moisture drying course. For this purpose, an
automatic water uptake apparatus and wind channel drying
apparatus have been designed and built at the IBK lab (see
Figures 4 and 5).

The automatic water uptake measurement is based on the
standard water uptake test. While the standard procedure deliv-
ers the water uptake coefficient, the automated apparatus
allows the measurement water uptake course as a function of
time. A picture of the experimental set up is shown in Figure 4
and it consists of the following:

• An insulated chamber with a vertically adjustable water
basin, where the temperature is held stable and the rela-
tive humidity is kept above 95%

• A material sample with a special fixture and holder to
locate the sample in a defined way upon the free water
plane (see Figure 4B)

• A balance (±0.01 g) where the material sample includ-
ing holder can be measured while hanging below the
balance. A computer is used to record the balance read-
ings automatically

The automatic water uptake measurement delivers the
continuous increase of water content versus time. The water
uptake coefficient as well as the water content as a capillary
saturation can be derived from the data. The water uptake
experiment can be separated into two parts. The first part
describes the capillary-dominated part and can be approxi-
mated by a straight line. The second part reflects the influence
of the dispersion of the waterfront when reaching the top of the
sample and the contribution of, for example, dissolution of
entrapped air into water. The break point is often called capil-
lary moisture content (kg·m2) and is equal to the mean mois-
ture content of the specimen,  cap/h. The automated

measurement delivers much important information; for exam-
ple, it allows one to obtain divergences from a linear mass
increase over the square root of time, effect of layers, or
cracks. More information on the experiment and the data inter-
pretation is given by Plagge et al. (2005). 

The drying apparatus is designed to measure the drying
behavior of building materials under defined boundary condi-
tions. The drying process is not only influenced by the material
properties but also by the boundary temperature, the relative
humidity, and the airflow conditions. To evaluate the experi-
ment properly, it is important to know all those conditions
listed. As an additional result, the experiment delivers the
surface exchange coefficient of the respective material. More
informations on the experiment and the data interpretation is
given in Scheffler and Plagge (2005). 

DATA PROCESSING AND MANAGEMENT

The hygric material data are available for discrete points
only, but simulation models require complete material func-
tions, for example, over the whole moisture range. Thus, it
becomes important to interpolate between the data points.
Common interpolation procedures as linear and polynomial
spline interpolation in combination with scattered data
coming from different methods may lead to unsteady oscilla-
tions and can cause dramatic errors, especially when deriva-
tives of the material functions have to be used. Alternatively,
the functional relationships can be derived on the basis of
complex physical pore models, where the moisture retention
and sorption isotherm are used to derive a pore size distribu-
tion in combination with a transport law Grunewald and Häupl
(2002). These models offer the possibility of describing the
complex storage and transport of liquid water and water vapor
in capillary porous media by means of a physical-based model.
These functional relationships represent the material charac-
teristics as a common model. 

Early studies by Grunewald et al. (2001), Hoffman et al.
(1995), Plagge (1991), and Plagge et al. (2002) use a van
Genuchten-type description and inverse modelling to deduce
the transport parameters from simple transport measurements.
A new and advanced approach is the so-called engineering
model from Grunewald et al. (2001), Grunewald and Häupl

Table 1.  Saturated Salt-in-Water Solutions and Drying Agents Used for Preconditioning of Samples and for the
Realization of Different Constant Boundary Conditions During the Measurements

Precondition Measurement

Saturated Salt Solutions
Relative Humidity,

%
Saturated Salt Solutions

Relative Humidity of 
Used Salt, %

Relative Humidity in 
the Climatic Chamber,

%
Potassium acetate 22.8 Silica gel 5–8 35

Magnesium chloride 32.9 Silica gel 5–8 50
Potassium carbonate 43.2 Magnesium chloride 32.9 50

Sodium bromide 58.2 Sodium chloride 75.4 50

Sodium chloride 75.4
Ammonium-dihydrogen-

phosphate
93 50

Potassium chloride 84.6 Potassium sulphate 97.4 75

θ
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(2002), Scheffler et al. (2004), and Scheffler et al. (2007a,
2007b). Here the material modelling and the interpretation of
the laboratory measurement is the essential task to generate
material functions that describe the material behavior
adequately. The material model contains a set of material func-
tions, including the material and modelling parameters and an
instruction to their determination. A rough picture of the basic
methodology of the material modeling is given as follows:

1. Adjustment of the moisture storage function to the
measured data and derivation of the pore volume distri-
bution

2. Derivation of the transport functions from the pore
volume distribution using a physical transport model and
adaptation of the conductivity functions for liquid water
and water vapor 

3. Calibration of the overhygroscopic moisture range by
simulating the water uptake experiment and comparison
of measured and calculated data

4. Calibration of the transition range between hygroscopic
and overhygroscopic ranges by simulating the drying
experiment and comparison of measured and calculated
data; with the exact knowledge of the boundary and
exchange conditions and with the possibility of radial
symmetric three-dimensional simulation, the influence of

initial and climatic conditions and also of the temperature
on the drying process can be taken into account.

The material model introduced attains a good level of
agreement between measured and calculated material behavior
for relatively homogeneous and isotropic porous materials and
is used to generate physically based material functions from the
measured data. The model may certainly be limited due to the
treatment of water uptake and drying processes by one set of
material functions. More information on the engineering
model, its application, and the physical data interpretation is
given by Scheffler et al. (2004, 2007b) and Scheffler and
Plagge (2005). It is expected that the model will not be able to
characterize all materials in the same quality. Its applicability
will probably be limited in terms of materials that cannot be
referred to as capillary porous media (e.g., foils, foams, mineral
wool) or which change their properties under the influence of
moisture (e.g., swelling, shrinking, chemical reactions).

The model may certainly be limited due to the treatment of
water uptake and drying processes by one set of material func-
tions. Accounting for the anisotropy of building materials is the
exception. Modeling the process dependencies of material
functions, hysteresis and the consideration of transport prop-
erties in multiphase systems are current topics of research.

Figure 4 Automated water uptake apparatus (a) designed at the IBK lab, with the water bath and the specimen in the sample
holder for continuous registration of water absorption (b).

Figure 5 Automated wind channel drying apparatus (a) designed at the IBK lab for 12 samples. The air velocity is controlled
by fans, and different types of sensors are used: anemometers, relative humidity and temperature sensors, and
surface temperature sensors for each material sample (b).
Buildings X 7



The engineering model of hygrothermal material charac-
teristics supports the knowledge transfer from research to
application in the engineering practice where a compromise
between effort and precision must often be found. The model
requires a minimum number of performed experiments, as
presented above. Raising the measurement expenditure, for
example, with a higher amount of measuring points at the
moisture storage function, allows for the precision of the mate-
rial characterization to be improved. The introduced material
model complies in the whole range with the physical princi-
ples, i.e., it describes the relevant transport processes accord-
ing to their thermodynamic correct driving potentials. This
provides a basis for further research in direction of durability
of material as, for example, the modeling of salt transport, salt
crystallization, and the coupling of hygrothermal and mechan-
ical issues. The material functions are able to smooth and
interpolate between scattered measurement data, providing a

complete, unbroken, and consistent material description
(Scheffler et al. 2007a). 

The example for the Indian Humayun Tomb sandstone is
exemplarily presented in Figure 6, where the functions of the
hygric sorption isotherm, the moisture storage, the pore
volume distribution, the liquid moisture conductivity, the
water vapor diffusivity, and the moisture diffusivity are also
given. Since moisture diffusivity is a product of the moisture
conductivity and the reciprocal slope of the moisture retention
characteristics, the function shows oscillations, where the
slope of the moisture retention curve becomes very small. An
important property of this hygrothermal material property
database is the calibration of each single material set, where
the proposed functions are evaluated using the experiments
described in the previous chapter: water uptake course and
moisture drying course. 

Figure 6 Characteristic material functions for Humayun sandstone derived from material data. The application of the
engineering model delivers the functions of the hygric sorption isotherm, the moisture storage, the pore volume
distribution, the liquid moisture conductivity, the water vapor diffusivity, and the moisture diffusivity in terms of data
vectors.
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The good agreement between measured and simulated
courses make clear that the material model is suitable to
deliver confident material functions for simulation codes. 

Hygrothermal Material Property Database

The material characterization comprises several steps of
data generation, from the measurement of original data in the
laboratory to the representation of material parameters/func-
tions in dialogs of materials database software.

Original Data. Single numbers and data columns are deter-
mined by hand or automatically collected at the measuring
device. The data are processed in laboratory-internal formats
and stored together with information on specimen ID and
measuring method used. 
Raw Data. Copies of relevant parts of original data are
collected on data sheets specific to the measuring method.
They comprise values from sets of specimens prepared for
statistical analysis.
Summary Data. This is extracted from raw data representing
material properties of a single material by a bandwidth of
values (mean, minimum, maximum). It also contains general
information on the material, for example, picture, producer,
sampling method, and a graphical representation of the cali-
bration results are given (see Figure 8). 
Engineering Model Data. Material functions are represented
by basic material parameters, model parameters, and data
vectors in software specific format. Simulation data result
from the evaluation of summary data after the application of
the material model involving mathematical approximation
algorithms and adjustment of model parameters by numerical
simulation of laboratory experiments (see Figures 6 and 7).

Thus, the hygrotherm material property database consist
of the following: 

• Directly measurable material parameters
• Engineering model parameters
• Generated data vectors

The material information is given in terms of the summary

page data as shown in Figure 8 and engineering model data as
visualized in Figures 6 and 7. 

The data sets are collected in specific categories for easy
selection. Up to three possible categories for any material can
be selected, providing a proper selection from the database.
Thus, an insulation plaster is associated with both plaster and
mortar categories as well as insulation material. Possible cate-
gories according to Fitz et al. (2007) and Plagge et al. (2007)
and general information on possible material assignments are
listed as follows:

• Coating. Coating for inner and outer wall, bituminous
coatings, etc.

• Plaster and mortar. Gypsum, cement lime, lime, loam,
screeds, etc.

• Building brick. Lime sand brick, aerated concrete, pum-
ice, concrete block, etc.

• Natural stones. Limestone, granite, pumice, marble, silt,
tuff, etc.

• Cement containing building materials. Concrete, aer-
ated concrete, screeds, lightweight concrete, cement
lime plaster, etc.

• Insulating materials. Thermal insulation plaster, natural
insulating materials, foamed plastic, fibre materials, in-
situ foams, etc.

• Building boards. Gypsum plaster board, derived timber
products, OSB, fiber boards, loam building board, etc.

• Timber. Derived timber products, timber, fiber boards,
latticed framework, etc.

• Natural materials. Loam, reed, hemp, flax, cellulose,
straw, turf, etc.

• Soil. Sand, loam, humus, soil, gravel, peat, etc.
• Cladding panels and ceramic tile. Facing shells, tile,

cleaving clinker, etc.
• Foils and waterproofing products. In-situ foams, bitu-

men felt, PTFE, vapor barrier, etc.
• Miscellaneous. Metal, glass, roof tile, air film, etc.

Figure 7 Comparison between measured and calculated water uptake (a) and measured and calculated drying behavior (b)
of the Indian Humayun tomb sandstone. Differences in the absolute water mass of the wetting and drying courses
are due to different sample sizes.
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So far, more than 70 different building materials have
been measured using the proposed laboratory experiments
and interpreted in terms of the engineering model. These data
are collected in the hygrothermal material property database
and can be used by CHAMPS, DELPHIN, and WUFI simu-
lation software. 

CONCLUSIONS

The actual paper presents a number of additional experi-
ments, which were found to be important for characterizing
building materials. The experiments are able to provide
numerical simulation tools with reliable and secure/safe mate-
rial information. Classical methods and extended experimen-

tal procedures are meanwhile applied to a large number of
building materials. In total, more than 70 different materials
have been tested by the proposed experiments and procedures.

The proposed material data in combination with the engi-
neering model approach deliver functional relationships on the
basis of complex physical pore models. The moisture retention
and sorption isotherm are used to derive a pore size distribu-
tion. In combination with a transport law and measured trans-
port data, all required information can be received. The
proposed material functions are suited to smooth and interpo-
late between scattered measurement data, providing a
complete, unbroken, and consistent material description. An

Figure 8 Data summary output. The extract consists of raw data representing material properties of a single material by a
bandwidth of values (mean, minimum, maximum). Additional general information regarding the material testing and
the material are also presented.
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important property is the calibration of each single material set,
where the proposed functions are evaluated.

The experimental summary data and the physical material
functions are collected in the hygrothermal material property
database for advanced simulation software. This provides a
basis for further research in the direction of durability of mate-
rial as, for example, the modeling of salt transport. The model-
ling of process dependencies of material functions, hysteresis,
and the consideration of transport properties in multiphase
systems are in preparation and will support and enhance the
database. Moreover, future laboratory activities will help
enable the material property database to grow.
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