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Abstract: Aerated concrete is the basic building material applied in traditional building industry. It is mainly 

caused by its thermal parameters - heat conductivity coefficient � for lighter brands of this material is many times 

lower than other traditional materials like brick etc. Low value of heat conductivity coefficient is mainly caused by 

the material structure which is highly porous. This porosity causes capillary forces which are the reason of so 

called capillary rise phenomenon being the reason of many buildings destruction. This article presents the 

possibility of monitoring and quantitative valuation of moisture increase in building barriers due to capillary rise 

with the application of the TDR surface probes enabling quick and noninvasive moisture determination in porous 

building materials. The analyses conducted using surface TDR probes will be compared with the examinations 

made using other electrical methods and the results will be presented in the form of moisture profiles changing in 

time. 
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Aerated concrete is the one of the most popular building materials in the Polish market 

[1]. It is the artificial material with specific cellular structure which was intentionally 

designed to obtain suitable bearing and thermal parameters. The structure of aerated 

concrete consists of the air gaps called pores which can differ in volume and shape within  

a single sample of the material [2].  

With its porous structure the aerated concrete is a very good building material. 

Especially its thermal properties make it a particularly interesting option from the point of 

view of ecology and Environmental Engineering. Many literature sources [3-5] and 

normatives (PN-EN ISO 6946)  inform that the value of thermal conductivity � of aerated 

concrete varies between 0.1 and 0.25 W/mK depending on apparent density and moisture 

which makes it even 10 times better than the other materials like red ceramic brick or 

stones. 

It should be also underlined that many of its production technologies utilize ashes from 

power plants [6] which satisfies the idea of Sustainable Building [7] in two most important 

fields: 

• building materials production, 

• building exploitation. 

On the other hand, this complicated porous structure of aerated concrete strongly 

influences its water parameters because the empty pores attract water molecules to fill the 

air gaps. This phenomenon called capillary rise is a serious reason of many objects 
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destruction. Porous building materials like aerated concrete absorb water from the ground, 

waterfalls, floodwater or sanitary installations fails in the common phenomenon called 

capillary rise. 

All above-mentioned parameters and problems connected with the aerated concrete are 

the reason to develop a handy method of water presence detection which could enable 

quantitative moisture determination in building barriers. Determination of moisture and its 

changes monitoring in particular periods may enable easier finding of the problem source 

and may give the indications how to remove the problem. 

Traditionally used direct, gravimetric methods, despite their accuracy are not 

perspective in this branch because they are invasive, require sampling and, what is perhaps 

the biggest problem, are significantly time-consuming. That is why, especially for 

monitoring and in-situ measurements, they are successfully being replaced by the indirect 

methods which offer less accuracy, but otherwise provide quick results and in some cases 

give the possibility of constant monitoring of moisture changes phenomena. 

Among the indirect methods two electric ones are presented in this paper. They 

measure one of the the electric parameters of the material which is dependent on water 

content - dielectric permittivity. Dielectric permittivity of the moist material can be 

measured in Frequency Domain (FD) and Time Domain (TD) methods. FD method [8] is  

a capacitance method, which relies on the determination of condenser capacity. This 

method enables quick moisture determination with simple, user friendly mobile devices - 

Figure 1a which are noninvasive and do not require samples preparations. Among the Time 

Domain methods the most popular is the TDR method, which was successfully used for 

moisture determination of the soils [9-11] and building materials [12-17]. Until now, 

application of the TDR method with building materials was problematic due to the 

necessity of probes internal installation which was only possible to apply in laboratory 

conditions and rather for soft building materials [18, 19]. 

Since several years the surface TDR probe is developed which seems to be perspective 

for noninvasive moisture determination in building materials. The idea and parameters of 

the presented surface TDR probe are presented in the following papers [20-23]. Figure 1b 

presents the example of the surface TDR probe manufactured at Lublin University of 

Technology. 

 
a) 

 

b) 

 

Fig. 1. Probes applied in described experiment: a) capacitance moisture probe, b) surface TDR probe 

 

In this article we present the possibility of monitoring of capillary rise phenomenon 

using the capacitance and surface TDR probes in blocks of aerated concrete. 
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Materials and methods 

The experimental setup consisted of: 

• TDR surface probe presented in Figure 1, 

• TDR Soil Multimeter (Easy Test), 

• PC computer controlling the TDR device, 

• LB-796 capacitance moisture meter (Label, Figure 1), 

• aerated concrete sample (SOLBET Lubartow). 

As a sample we used the block of aerated concrete produced by the local manufacturer 

SOLBET Lubartow. The sample dimensions were the following: 240×240×240 mm and its 

density in dry was about 700 kg/m
3
. First the sample was dried in 105°C and put into the 

water container. The bottom of the sample was one centimeter under water level which was 

kept constant by the specially prepared device. The reference points were signed every 5 

centimetres above water level and during the experiment they shown the measuring points 

(5, 10, 15 and 20 cm).  

The measurements were conducted manually in period of 16 days with the irregular 

time steps (in most cases three measuring series per day).  

Results 

The experimental results are presented in Figures 2 and 3 in the form of the process 

diagrams at the particular heights. The diagram 2 presents readouts obtained with 

capacitance probe and Figure 3 shows the readouts obtained with TDR device. Water 

content increase at each altitude is expressed by increased value at the ordinate axis. 

 

 
Fig. 2. Moisture changes in aerated concrete determined using capacitance method 

 

The experiment confirms the phenomenon of capillary rise in aerated concrete and 

enables quantitative determination of its progress. In both diagrams the initial value of 

moisture is equal 0 which is the result of drying during sample preparations. Both probes 

show quick moisture increase at 5 cm reference point, the slope of the increase is very steep 

which proves high capillary forces of the material. After one day of the experiment it 
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reaches the maximum water content value. At higher altitudes moisture increase is shifted 

in time but also very quick. At 10 cm the first water presence is noticed after one day of the 

experiment but from that moment it increases quickly and after the next day it reaches the 

maximal value possible for this material. The rate of water content increase at 15 cm is 

slower than before. The first readouts are observed after 3 days of the process and the 

maximal value is noticed about 4 days later. Fourth, the highest reference point, placed at 

the height of 20 cm  shows water presence after the period of 6 days and then it gently rises 

to reach high values after the next 4 days but its maximum value was noticed at the end of 

the whole presented experiment. 

 

 
Fig.  3. Moisture changes in aerated concrete sample determined using surface TDR probe 

 

Both experiments show very similar process progress. The major noticed differences 

are the following: 

• Maximum water content read by the capacitance probe was less than TDR surface 

probe. 

• In high water states moisture readouts by the capacitance probe were less stable than 

TDR readouts. 

• In low water content and intermediate states the process readouts determined with 

capacitance and TDR probe were comparable. 

Conclusions 

• The experiment confirms the potential of TDR technique for moisture processes 

monitoring in building materials. Application of the surface TDR probes enables 

quantitative determination of moisture changes in the material profile without the 

necessity of invasive probes installation which may be successfully used in in situ 

experiments. 

• Comparing with the traditional invasive TDR experiments of capillary rise, surface 

TDR probes show greater results dispersion which is compensated by the simplicity of 

application and no drilling is required. 

• The reasons of this increased dispersion are the smaller resolution of surface probes 

and the increased influence of other factors connected with permanent probe 
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repositioning. In case of traditional TDR measurements the probes are buried inside 

the material. In the described experiment the probes position was permanently moved 

from one to other reference point which could increase the readouts dispersion. 

• Capacitance probe readouts showed underestimated values of maximum water content. 

Also the readouts dispersion was greater than in presented TDR measurements. This 

can be explained by the salinity influence on capacitance measurement - especially in 

high water content states. 
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1 Wydział In�ynierii �rodowiska, Politechnika Lubelska 
2 Wydział In�ynierii Budowlanej, Czeski Uniwersytet Techniczny, Praga, Czechy 

Abstrakt: Beton komórkowy jest podstawowym materiałem budowlanym stosowanym w budownictwie 

tradycyjnym. Wynika to głównie z jego wła�ciwo�ci termoizolacyjnych - współczynnik przewodzenia ciepła � dla 

l�ejszych jego odmian jest wielokrotnie ni�szy od warto�ci tego współczynnika takich materiałów, jak cegła itp. 

Niska warto�� współczynnika przewodzenia ciepła wynika głównie ze struktury materiału, która charakteryzuje 

si� du�	 porowato�ci	. Z wła�ciwo�ci	 t	 wi	�e si� fakt wyst�powania sił kapilarnych, które s	 przyczyn	 
zjawiska podci	gania kapilarnego b�d	cego przyczyn	 destrukcji wielu budynków dotkni�tych nadmiernym 

zawilgoceniem. Artykuł przedstawia mo�liwo�� monitoringu i ilo�ciowej oceny wzrostu wilgotno�ci  

w przegrodach budowlanych wskutek procesu podci	gania kapilarnego przy wykorzystaniu powierzchniowych 

sond TDR umo�liwiaj	cych szybkie i bezinwazyjne wyznaczanie wilgoci w porowatych materiałach 

budowlanych. Analizy wykonane za pomoc	 sond powierzchniowych porównano z wynikami z innych metod 

elektrycznych i przedstawiono w postaci profili wilgotno�ciowych zmieniaj	cych si� w czasie. 

Słowa kluczowe: podci	ganie kapilarne, beton komórkowy, powierzchniowe sondy TDR 


