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ABSTRACT
The aim of the paper is to determine the moisture
transport parameters for selected two types of porous
concrete using ash and silica sand porous concrete in
order to carry out the numerical analysis of the
hygrothermal performance of selected building
structures in real conditions. The moisture storage
function and the liquid water transport coefficient is
taken into consideration. Applying those parameters
into modern calculation methods we will be able to
analyse annual hygrothermal performance of two
types of porous concrete wall constructions,
alternative solutions for external thermal insulation
compounds system and its influence on building
materials drying affect.

INTRODUCTION
In order to predict hygrothermal performance of
building components and elements, the computer
simulation (HAM software), requires moisture
storage and transport properties data. The high
quality of the material properties data, especially
Moisture storage function and Liquid transport
coefficient, are the basis for the modelling.
Implementation of moisture storage function
(sorption, suction) and liquid water transport
coefficient allows monitoring not only the water
transport due to water vapour diffusion (Glaser
model) but also receiving water and its redistribution
due to capillarity. Obtaining knowledge of these
properties involves a series of laboratory
measurements and tests. Thus, the current simulation
tools have only few material data files that cannot
satisfy the increasing simulation requirements.
Application of such “similar” material data - as proxy
for the inexistent ones – within the simulation
process is debatable.
We can input specific materials, described by the
material data, into the simulation tool as:


course of the water content) inside a building’s
envelope. Two construction materials characteristic
for the unified construction of panel housing in
Slovakia between 1970-1972 were selected for the
purposes of the present analysis. The result is
compared with a similar type of a autoclaved aerated
concrete 600 (old style) from the stimulation tool
WUFI 4.

BUILDING MATERIALS FOR
ANALYSIS
Selected building materials used for analysing
Two types of porous concrete listed below have been
selected to be studied in the dissertation (Vertaľ,
2009). They were frequently used in constructions of
residential houses, as well as non-residential
buildings and production halls.


porous concrete PB using fly ash

 silica sand porous concrete X
Autoclaved aerated concrete PB is a light concrete
with silica filling – ash and gas silicate or more
frequently gas concrete; mixed with foaming additive
(aluminium powder) macropores are created (Fig. 1).

Figure 1 Porous concrete PB sample ready for
measuring
It was used in single-layer external cladding of panel
constructions systems (T 06 B, T 08 B – Fig. 2) of

A similar material taken from the database of
the simulation programme



Precisely measured values for a concrete
material
The aim of this analysis is a comparison of given
alternatives and their impact on results. We also
monitor water content (water profiles and calculated

Figure 2 Panel block of flats structural system T08B,
row and solo house Košice
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flat blocks, skeletal structural systems (e.g. MS 66,
MS RP, S 1.2, BAUMS) in civic amenities (schools,
shopping centres, etc.) and in type constructions of
single- and double-layer flat roofs of the presented
constructions.
Its use grew significantly in large-scale development
between 1970 and 1992 and it is still ranked among
the most utilized building materials, however, its
properties have been refined. 240 mm thick samples
for the research purposes (6 core drills of 45 mm in
diameter) were obtained from the walls of the panel
structure T 08 B KE in Luník 2 housing residential
area, Košice. The panels were manufactured in the
former Panel Works Plant in Vranov nad Topľou
(Hencovce), Slovakia, using Polish technology
Unipol in 1964. The samples were taken in
November 2006.
Porous concrete X is a light concrete with silica sand
and lime – cement (gas silicate) or less frequently gas
concrete; mixed with foaming additive (aluminium
powder) macropores are created (Fig. 3).

Analyzed building´s envelope
As a load bearing material we used two alternatives
of autoclaved aerated concrete:


aerated concrete X (silica sand)

AC X,



aerated concrete PB (fly ash)

AC PB.

Figure 5 Scheme of the analyzed building's envelope
Cement lime plaster was used as external finish and
as internal was used gypsum plaster (Fig. 5).
Material characteristics - material data
The overview of material parameters is given in
Table 1.
Table 1
Material characteristics of used materials
AC
AC
AC
CL
G
600
X
PB
ex.
int.
old
style
ρ
600
560
627
1900
850
p
72
71
70
24
65
c
850
850
850
850
850
μ
8
8
8
19
8,3
λdry
0.14
0.16
0.14
0.8
0.2
wf
340
399
528
210
400
A
0.083 0.055 0.057 0.03 0.287
AC - aerated concrete, CL - cement lime plaster
G - gypsum plaster

Figure 3 Porous concrete PB sample ready for
measuring
It was used in single-layer external cladding of panel
structural system (P 1.15 – Fig. 4., and PS-82) of flat
blocks between 1980 and 1992. They were
prefabricated wall panels created by connecting
several reinforced panels using steel bars – tensioned
steel tie bars, into one unit. Analysed 300 mm thick
samples were taken from panel construction walls P
1.15 in KVP residential area, Košice. The total of 6
samples were taken in the form of core drills of 45
mm in diameter.

The measured points of moisture storage function
in low moisture range - Sorption curve
The sorption curve covers the sorption moisture
region, i.e. hygroscopic range up to 97% (95) of
relative air humidity (Fig. 6). Measuring procedure of
the sorption curve was carried out by the method of
parallel exposure (Vertaľ et al., 2009).

Figure 4 Panel construction P 1.15, Ťahanovce
residential area
Panels were most likely manufactured in Porous
Concrete Works Šaštín, Slovakia, using Swedish
technology Siporex in 1980. Samples were obtained
in December 2006.
Figure 6 Moisture storage function (sorption curve)
of a porous material
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Moisture storage function for AC X and AC PB
(Vertaľ, 2009) compared to AC 600 (old style)
(WUFI 4) are showed in the Figure 10.
Water content [kg/m3 ]

The measured points of moisture storage function
in high moisture range - Suction curve
Several measuring devices and techniques based on
various physical principles can be used for measuring
suction curve defining water accumulation in
capillary water region Figure. 7. The method in
which the determining measuring medium is water
comprised in the sample was selected for the
purposes of measuring of the analysed materials.
This method is referred to (Krus, 1995) as
sufficiently precise, particularly suitable for the
evaluation of the building materials whose porous
systems have been exposed to external conditions
(weather, pollution, impact of salts etc.). Measuring
was conducted by means of pressure plate extractors
produced by Soilmoisture Equipment Corp. (PPE),
(PME) (Fig. 9).
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Figure 10 Moisture storage functions for AC 600
(WUFI 4) and AC X / AC PB
Liquid transport coefficient
Liquid transport coefficients were approximately
calculated by the equation (1) (Krus et al., 1998).

4 Dwf  Dw0 
A2

w f w f  w80 
D 
K ln  wf 
 Dw0 

K  0.025.10
Liquid transport coefficient [m2 /s]

Figure 7 Moisture storage function (suction curve) of
a porous material
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Figure 8 Pressure extractor - scheme
The concept of measuring lies in observations and
recording of water weight loss in the saturated
sample corresponding to the pressure inducing the
change. Figure 8 shows schematic connection of
pressure plate extractors.

Figure 9 a) pressure plate extractor PPE, b) pressure
membrane extractor PME before setting pressure
level

Figure 11 Liquid transport coefficients for AC 600
(WUFI 4) and AC X / AC PB
Liquid transport coefficients for AC X and AC PB
compared to AC 600 (old style) (WUFI 4) are
showed in the Figure 11.

SIMULATION
Initial and boundary conditions
As boundary conditions in the exterior we used
climatic data for Vien, Vien Hohe Varte
(halfsynthetic long-year climate data set 1976-2005)
(WUFI 4). On the interior side we had values given
by EN 15 026, normal moisture load respectively.
Initial conditions corresponded to values of interior
temperature and relative humidity. The simulation
was done for 3-years period (1.10.2011 – 1.10.2014).
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Mathematical model
The analysis was realized by the simulation tool
WUFI (WUFI 4),- a 1D analysis of heat and water
transport as described by Künzel. In Künzel's model,
moisture and heat balance equations are formulated
as (Künzel, 1994):

dw 
 .(( D    p(. psat ))
d t

(3)

1.10.2014). As the graphs show (Fig. 12-15) the
water content stored within the building construction
differ. In the case of the selection of similar materials
(in this case autoclaved aerated concrete 600 old
style) water profiles as well as water courses differ
significantly. The difference is up to 38%. It is clear
from this analysis, that use of similar materials
instead of concretely measured data can lead to
significant mistakes in calculations.

Water content [kg/m 3 ]

250

dH T
 .(T )  hv.( p(. psat ))
dT t

(4)

The liquid water transport coefficient is defined as:

D ( w)  Dw ( w).

dw
d
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Figures 12 and 14 show water profiles for aerated
concrete 600 (old style) from the WUFI database and
aerated concrete AC X/AC PB (measured) at two
moments (18.04.2012 and 26.4.2014).
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Figure 14 Water profiles for AC 600 and AC PB

0
0.00

0.10

0.20

0.30
Water content [kg/m3]

Distance [m]

Water content [kg/m 3 ]

250
AC 600 old style (WUFI database)

AC X measured values

26.4.2014

200
150
100

180
160
140
120
100
80
60
40
20
0
1.10.11

50

18.4.12

4.11.12

23.5.13

9.12.13

27.6.14

13.1.15

Time [days]

0
0.00

0.10

0.20

AC 600 old style (WUFI database)

0.30

Distance [m]

AC 600 old style (WUFI database)

Figure 15 Courses of water content for AC 600 and
AC PB
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Figure 12 Water profiles for AC 600 and AC X
180
160
140
120
100
80
60
40
20
0
1.10.11

18.4.12

4.11.12

23.5.13

9.12.13

27.6.14

13.1.15

Time [days]

AC 600 old style (WUFI database)

AC PB measured values

AC X measured values

Figure 13 Courses of water content for AC 600 and
AC X
Figure 13 and 15 show courses of water content
within the simulation interval (1.10.2011 –

Water within a material changes properties of the
material. From the point of view of building physics
changes in thermal conductivity are the most
significant. In building envelopes without External
Thermal Insulation Composite Systems (ETICS) this
change can lead to an increase of the heat transfer
coeficient (U value) up to 42% in comparison with
projected values. After application of ETICS, the
main thermoinsulating function is taken up by the
thermal insulation. Figures 17 to 20 show water
profiles of analysed building envelopes after
application of ETICS – EPS (Fig. 17, 19) and MW
(Fig. 18, 20). The water profile calculated for
1.10.2014 is used as the initial condition (of water
content) for hygrothermal perfomance after ETICS
application. The simulation was done for a 3-year
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period (1.10.2014 – 1.10.2017). Material data for
ETICS are in the Table 2.

ρ
c
μ
λdry

Water content [kg/m 3 ]

Table 2
Material characteristics of used materials
EPS
MW
Plaster
expanded
mineral
Baumit
polystyrene
wool
ext.
30
60
1360
1500
850
850
50
1.3
8.1
0.04
0.04
0.9
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Figure 19 Water profiles for AC PB with ETICS EPS
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Figure 16. Scheme of the analyzed building's
envelope after application ETICS

1.10.14

Figure 18 and 20 shows that better and faster process
of drying occurs in case of MW based ETICS.
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Figure 17 Water profiles for AC X with ETICS EPS
Thanks to diffuse opening of this type of ETICS
(lower μ values) a more symetric and balanced
drying is possible than in the case of EPS based
ETICS.
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Figure 20 Water profiles for AC PB with ETICS MW

CONCLUSION
Constant improvement of simulation tools is a natural
expression of developments of the human society.
Today, moisture inside of building envelopes is
evaluated according to approximate models of
calculations. These are based on so-called Glaser’s,
normally staticionary, principles. This simplified
procedure is not capable of recognising real
processes happening with a building material, or to
evaluate its behaviour during the analysed period.
On the other hand, there exist modern, normally nonstaticionary and very precise simulation tools. As the
present numerical analysis showed, sensitivity of
these methods to quality of input data is very high.
Where relevant input data exist, application of
simulation models is very broad. They offer a broad
range of outputs that allow analysis of little used
building materials directly in their natural built-in
climactic conditions.
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analysis of influence of ETICS on hygrothermal
performance in any analysed building,



analysis of influence of new surface material
layers (exterior and interior) on drying capability
of a building,



analysis of influence of immediate amount of
water in a material on levels of its thermal
conductivity, within the context of a nonstationary U value, and on the related
transmittion heat loss coefficient connecte,
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Figure 18 Water profiles for AC X with ETICS MW
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analysis and optimalisation of details of building
constructions with a help of 2D hygrothermal
analysis,



analysis and prediction of creation of mould
growth with using the WUFI Bio tool,



analysis of influence of salts and contamination
of the cavity system in a material on water
transport,



etc.
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NOMENCLATURE
ρ
p
c
μ
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[%]
[J/(kg K)]
[-]

λdry

[W/(m.K)]

wf
A

[kg/m3]
[kg/(m2.s0,5)]

dH/dT

[J/(m3 K)]

dw/dφ

[kg/m3]

φ
δ
psat

[-]
[kg/(m s
Pa)]
[Pa]

hv

[J/kg]

λ
T
Dw
Dw0

[W/(m.K)]
[°C]
[m2/s]
[m2/s]

Dwf

[m2/s]

bulk density
porosity
specific heat capacity
water vapour diffusion
resistance factor
thermal conductivity in
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free water saturation
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material
moisture storage capacity
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the relative humidity
the
water
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permeability
the partial pressure of
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