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ABSTRACT 

Impedance spectroscopy (IS) is a non-destructive testing (NDT) method [4,5,7] ranking in the 

electrical engineering measuring method group. It outputs data providing information on material 

electric and dielectric properties. Microscopically inhomogeneous materials are frequently used in 

the building industry. Unfortunately, the impedance spectroscopy results and their characterization 

on the basis of this method are not unambiguous. The frequency spectrum behaviour of Cetris-basic 

specimens was studied by means of the NDT impedance spectroscopy method for various water 

content values. A stress cycle with defined absolute water content values is described. Effects of 

potential dielectric losses and the predominance of the polarization and conductivity components in 

various regions of the impedance spectrum are described for various water content values. So dry 

specimen pre-stress and post-stress liquid nitrogenous cycle tan (f) (loss factor) spectrum variances 

were observed. 

Key words: Non Destructive Testing, Impedance Spectroscopy, Dielectric Losses, Conductivity, 

Civil Engineering, Model and simulation, Concrete 

1. Introduction 

The impedance spectroscopy is providing a good picture of the building material quality 

characteristics. It employs, above all, the behaviour of the impedance Z component versus frequency 

plots and the material characteristic tan (f) values to analyze the specimen under investigation. The 

specimen to be measured was a Cetris-basic cement-wood chipboard of dimensions 40x30x10 mm. 

Brass plates of a surface area of 30x15 mm, which are pressed against the specimen surface by 

means of a screw fixture, are used to interface the specimen. 

The material binder component (cement) is coating the sawdust thus filling all gaps between them. 

Water constitutes a substantial part of the structure. Depending on the way water is bonded in the 

material, several types may be distinguished: 
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Chemically bonded water: It can only be released by the action of higher temperatures (200 to 700 

°C). 

Physically bonded (capillary) water: It is absorbed on fine particles’ surface. Its amount depends on 

the content of the finest particles and on the environment moisture. 

Free water: It is contained in cavities and pores. It is the easiest to evaporate. Its content decreases 

in time. The pores it is leaving behind reduce the material compactness and strength. 

An external electric field gives rise to dielectric losses in the specimen in consequence of three 

different effects: 

Dipole polarization relaxation: It occurs in polar materials. Being accompanied by energy losses in 

a dielectric, it is temperature and frequency dependent. The set-up time: 10
-12

 to 10
-8

 s in low-

molecular compounds, being a great many orders of magnitude higher in macromolecular 

compounds. 

Ion polarization relaxation: It occurs in non-dense ion-packing ion solids (inorganic glasses, 

ceramics). Being accompanied by energy losses in a dielectric, it is temperature and frequency 

dependent. The set-up time: 10
-12

 to 10
-8

 s. 

Electric conductivity: Losses arise in both DC and AC conductivity processes, giving rise to the 

electric field losses and their conversion into Joulean heat. The physical nature of the losses consists 

in free-charge-carrier scattering by oscillating particles constituting the solid structure. 

2. Material to be measured 

Cetris wood-cement chipboards combine favourable properties of cement and wood. They are more 

lightweight than the traditional cement-bonded fibreboards and, thanks to their strength and 

resistance to atmospheric corrosion, frost and mildew, they are outranking the cement-stabilized 

gravel and gypsum plaster boards. The Cetris wood-cement chipboard composition is as follows: 63 

% wood chips, 25 % cement, 10 % water, 2 % hydration agents. The Cetris-basic cement-wood 

chipboard features a smooth, cement-grey surface. Various Cetris boards differ from each other in 

colour, surface relief and mutual anchoring only. 

3. Experimental set-up 

At the Department of Physics, Faculty of Civil Engineering, TU Brno, the IS-based measurements 

have been implemented using following instrumentation: Agilent 33220A generator, Agilent 

54645A double-channel oscilloscope, HP 82350 PCI HP-IB Interface card, and a PC. To operate the 

above mentioned instruments and to process the IS data acquired, a software called IS_alpha has 

been prepared by the first author of this paper. [1,2] 

Fig. 1: Experimental set-up today:  coax. – coaxial cable, GP-IB – device control cable, PC -  

personal computer
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Fig. 2: Experimental software IS_alfa - today 

4. Experiment

The specimen under test was subject to a two stress cycles. First cycle having been completed, the 

specimen impedance characteristics were studied under various water content conditions. To start 

the stress cycle, the specimen was immersed into distilled water. After subsequent drying out, a 

spectral and water content analysis was carried out. The amount of water contained in the material 

was determined by means of a digital balance featuring an accuracy of 10
-4

 g. 

Table 1: Cycle description 

a. Dry condition: 

 Ambient temperature 24.8 °C 

 Air humidity 22 % 

 Mass 16.1959 g 

 Specimen electric resistance at 1000 Hz 63 M

 Specimen capacitance at 1000 Hz 6 pF 

b. Wet condition: the specimen was immersed into distilled water for two days, to be 

subsequently surface-dried-out.  Drying out method: at a normal laboratory temperature of 

about 25 °C and air humidity of about 24 %. 

Surface drying out (1 hour approx.) 

 Mass 18.4801 g 

Absolute water content in the specimen 

=m/V, where m is the mass increment, V,

the volume of specimen 

190 kg.m
-3

 Specimen electric resistance at 1000 Hz 3 k

 Specimen capacitance at 1000 Hz 12 nF 
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Table 2: Samples parameters during drying 

Specimen 

mass m

[g] 

Absolute water 

content

[ kg.m 
-3

]

Specimen electric 

resistance at 1000 Hz R

[M ]

Specimen 

capacitance at 

1000 Hz C 

[pF] 

1st drying day 16.4210 18.76 5 34

2nd drying day 16.2922 8.03 9 23

3rd drying day 16.2305 2.88 18 15

4th drying day 16.2070 0.93 27 12

7th drying day 16.1961 0.02 59 8

The parameter under study is, primarily, the loss factor, tan , which is independent of the specimen 

geometry and is a genuine material index for given conditions and status. Among other parameters, 

which are worth mentioning, is also the impedance, Z, its real and imaginary part. These quantities’ 

frequency dependences give rise to the impedance spectra, which are describing the material and 

signalling its water content, loss of elasticity, grain size distribution and structure deterioration. [3] 

Fig. 3: Dielectricity loss spectra for 7 days of specimen drying.  

The loss factor versus frequency plot spectra for various absolute water contents or mass increments 

are shown in Fig. 3. It is evident that the material dry-out process affects not only the curve shape 

but also the predominating loss mechanism in the material. The maximum loss factor appears at a 

frequency of about 2 kHz after the first drying day. The peak frequency shifts to lower frequencies 

with the drying progress. In accordance with our assumptions, the conductivity losses increase with 
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the growing water content at frequencies from about 10 kHz upwards. At lower frequencies, other 

dielectric loss mechanisms take effect, to which the model should be applied. 

It is clearly seen that the shape of the 7-drying-day curve is nearing the original one (dry condition). 

Slight variances are due to the residual water content in the specimen and, possibly, cycle-induced 

structure deterioration. The frequency is plotted on a logarithmic scale to make the diagram more 

lucid. 

The material under second test was intentionally degraded by freeze-thaw cycles intended to change 

its physical properties and, consequently, its impedance versus frequency behaviour. Four freeze-

thaw cycles were applied to make the structure change more evident. 

Table 3: Complete stress cycle description 

1. Dry condition:

 Ambient temperature 24.7 °C 

 Air humidity 29 % 

 Mass 15.8422 g 

 Specimen electric resistance at 1000 Hz 63 M

 Specimen capacitance at 1000 Hz 6 pF 

2. Wet condition: the specimen was immersed into distilled water for two days, to be 

subsequently surface-dried-out for one hour 

 Mass 18.6501 g 

 Mass increment (absolute water content in 

the specimen =m/V, where m is the mass 

increment, V, the specimen volume) 

234 kg.m
-3

 Specimen electric resistance at 1000 Hz 3 k

 Specimen capacitance at 1000 Hz 12 nF 

3. Frozen condition: two-day freezing in a freezing box at -15 °C 

 Specimen electric resistance at 1000 Hz 11 k

 Specimen capacitance at 1000 Hz 3 nF 

4. Re-established dry condition: three-day drying at normal laboratory temperature 

 Ambient temperature 25.2 °C 

 Air humidity 30 % 

 Specimen electric resistance at 1000 Hz 51 M

 Specimen capacitance at 1000 Hz 10 pF 

The drying and measurements took place in a laboratory environment with low air humidity. 

The material was air-dried, without any elevated room temperature acting on it. It is seen that it is 

essential for the impedance spectroscopy measurements of wood-cement chipboards to meet the 

model assumptions, the material water content must be very low, corresponding to the environment 

humidity (~30 %). Otherwise the characteristics obtained do not correspond to the model 

assumptions. 

The measurement was carried out after the pre-cycle and post-cycle absolute air humidity and 

specimen water content had been equalized. Our measurements focused, first of all, on the loss 

factor (tan ) versus frequency (f) plot tracking. 

Fig. 4 shows the loss factor versus frequency plots for a single specimen and four different 

measurement conditions. The frequency is plotted on a logarithmic scale to make the diagram more 
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lucid. It is evident from Fig. 3 that the freeze-thaw cycles result in deteriorating the loss factor 

behaviour throughout the frequency range measured. The descending behaviour of the curves 

throughout the frequency range measured indicates the conductivity-related loss predominance over 

the polarization ones. 

Fig. 4 Loss factor versus frequency plot for a dry specimen prior to and after the freeze-thaw cycle 

stressing 
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Fig. 5 Imaginary part of impedance versus real part of specimen impedance for two testing cases. 

The specimens to be measured were also subject to impedance spectroscopy characterization 

reproducibility tests, namely, for a single specimen in different periods of time and for several 

specimens of the same material in different periods of time. Thus obtained curves proved to almost 

duplicate each other with minimum variances, thus giving evidence of a good reproducibility of the 

method. 

At the Fig. 5, there is describes imaginary part of  impedance versus the real part of impedance, the 

shape is similar to half circle or its part. The specimen after nitrogenous cycles has the lowest values 

of specific capacitance and resistance. The frequency values growth from the right to the left points. 

After repeated nitrogenous stress cycles was visual observed damage of specimens structure. One of 

samples has been broken on two flat half parts and there we could observe inside structure, which 

the Fig. 6 shows. 

Fig. 6 Detailed picture of inside structure of one damaged sample after repeated nitrogenous stress 

cycle 

5.     Conclusions 

In this paper, various impedance spectrum shapes have been compared for different water contents 

in the material. Different loss types and predominant roles have been described. The impedance 

characteristics post-cycle reproducibility and the specimen original-state-return tendencies have 

been verified. 
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The impedance spectroscopy method was employed to characterize the Cetris-basic wood-cement 

chipboards prior to and after the freeze-thaw cycle stressing. The resulting change in the frequency 

characteristics fits the assumption that physical property changes are reflected in the impedance loss 

factor. 

Impedance spectroscopy is a technique for NDT analysis which is possible to use for analyse in civil 

engineering (e.g. analysis of rail sleeper [6]). 
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