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ABSTRACT 

The paper deals with possibilities of utilization of the non stationary hot-wire method for 

determination of thermal conductivity of lightweight expanded clay aggregate concrete coefficient 

and with products of this concrete. Determination of the thermal conductivity coefficient at 

lightweight concrete is quite difficult due to high in homogeneousness of the tested material being 

result of high open structure. The paper deals with measurement accuracy and predicative value of 

measured results and further it describes possibilities of the given measurement way in building 

practice. 
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1.  Introduction  

The determination of the thermal conductivity is relatively complicated under real conditions for 

some materials. The main problem is seen, in most cases, in the preparation of test samples whose 

characteristics would be equal to those of real building products. Presently, the thermal conductivity 

is determined most frequently using the stationary plate method in accordance with ISO 8301 and 

ISO 8302. Its measurements are carried out on test samples shaped as a square plate, dimensions 

between 300 x 300 mm to 600 x 600 mm, frequent thickness between 20 to 100 mm. With regard to 

the preparation of test samples and their properties, two basic problems arise: 

The above-mentioned test sample dimensions frequently exceed the dimensions of products 

that are made of lightweight concrete (e.g. masonry blocks according to EN 771-3 or 

prefabricated units according to EN 1520) and that is why it is sometimes difficult to prepare 

test samples directly from products taken from real-time manufacture, but they must be 

prepared in a laboratory. The properties of test samples prepared this way may differ 

significantly from the properties of real products. 
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The requirements concerning the planarity and transparallelism of test sample surfaces. In 

practice, it is very complicated to reach the required planarity and, in most cases, additional 

grinding and surface treatment of test samples are necessary. In cases when a test sample 

shows neither any suitable mechanical properties nor surface cohesion such preparation may 

be viable only with great problems. 

The value of the thermal conductivity can be determined with sufficient precision using alternative 

non-stationary methods two of which are used frequently: the method of hot wire in cross and 

parallel arrays. These methods are primarily intended for the determination of the thermal 

conductivity in fireproof solid ceramics at higher temperatures. The principle of these methods can 

be applied also to non-standard conditions for the determination of thermal conductivity of common 

building materials. As part of a research project at Brno University of Technology, verification was 

done with regard to using the method of hot wire to determine the thermal conductivity of 

lightweight concrete with expanded clay aggregate. 

2. Determination of thermal conductivity with utilization of hot wire method in cross-array 

The process of determination of thermal conductivity using the method of hot wire in cross-array is 

declared in EN 993-14. The principles of the used testing method are based on the standard but the 

testing system consists of a test sample and a probe of defined characteristics that contains a heating 

wire and a recording thermocouple. 

Test samples with minimal dimensions 40 x 100 mm and thickness about 200 mm, are best suited 

for such testing. As it is obvious from these requirements, the test samples can be much smaller than 

in the stationary plate method and it is therefore possible to prepare test samples from real shaped 

products, e.g. from cutouts and bored material from construction structures. 

Test sample surfaces must be treated so that the planarity deviation of two points is not greater than 

0.2 mm. With classical measurement according to EN 993-14 the circuit of the heating wire is 

connected to its power source set so that the heating wire temperature increase reaches max. 100°C 

in 15 min. The temperature of the heating wire is recorded from this moment. The measurement is 

stopped after 10 ~ 15 minutes. 

Sufficient time is provided until the temperature stabilizes and the measurement is repeated twice. 

Three values of the heating wire temperature increase are taken using the procedure under the same 

conditions. The testing device diagram can be seen in the following figure. 

The value of the thermal conductivity  is calculated from the following formula: 
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Explanation: 

I  Heating current [A], 

Um  Voltage loss per a length unit of the heating wire [V m
-1

], 

1, 2  Times from switching the heating circuit on [min.], 

1, 2 The heating wire temperature increase after switching the heating circuit on in 

times 1, 2 [°C]. 
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The modified method of hot wire was used to determine the thermal conductivity factor in solid test 

samples of lightweight concrete. The principles of this method are based on the above-mentioned 

method of heating wire (cross-array) according to EN 993-14. 

There is only one half-space in this method and the half-space represented a test sample replaced by 

a test probe. Because the properties of the test probe are constant in all measurements, these 

instruments can be calibrated using two reference materials of a known value of thermal 

conductivity: 1 and 2.
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Value x represents the immediate rate of regular heating x: 

12

1

2ln

x

 [3] 

The value of the thermal conductivity  of the tested material is determined using calibration 

invariables according to the formula: 
xba  [4] 

3. Test samples 

Five types of test samples, made of various kinds of lightweight concrete with expanded clay aggregate 

Liapor, were used to determination of thermal conductivity. To be able to verify the general use of 

this method for all kinds of lightweight concrete, a selection of test samples was done with regard to 

their bulk weight and also their structure. Samples of solid concrete with expanded clay aggregate 

were chosen as well as samples of open structure concrete with expanded clay aggregate. In all the 

cases, Portland cement, class CEM I 42,5R, was used as binder. In case of the solid concrete 

samples, fine mined gravel aggregate, fraction 0-4 mm, was added. 

Five sample types were used for the study where samples 1 and 2 consisted of solid concrete and 

samples 3 to 5 consisted of lacunar concrete with various fractions of expanded clay aggregate. 

The densities of the test samples ranged, in their dried condition, between 615 – 1337 kg.m
-3

. The 

density for the individual test samples are listed in Table 1. 

Table 1: Review of testing samples density 

Sample 1 2 3 4 5 

Density 

[kg.m
-3

]
988 1337 683 615 657 

The test samples were of a square shape, dimensions 300 x 300 mm and thickness 40 – 50 mm. 

Their surface had been ground according to the above-mentioned requirements. 

The determination of the thermal conductivity was done in the samples that had been dried at 

+110°C prior the measurements until reaching constant weight. To determine the heat conductivity 

factor, an instrument called Lambda 2300, manufactured by Holometrix, was used in the first stage. 
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The principle of the instrument is based on the stationary plate method. In addition, an instrument 

called Shoterm QTM, manufactured by Shova Denco, based on the hot wire method was used. 

In case of both these methods, 3 x 10 measurements were carried out in each sample type to be able 

to record, in particular for the stationary plate method, the error of the whole measuring process, 

including the installation of the test samples and their orientation in the measuring instrument.  

4. Measured values 

Mean values , standard deviations s, were calculated from the measured values. In case of the 

stationary plate method, the total standard deviation was calculated from all the s measured values. 

The mean value of the standard deviation xs  was calculated for the individual measurement series 

with the instrument. They are standard deviations always calculated from one measurement series 

carried out on the instrument after a single inserting of a test sample. 

The measured and the calculated values for the test samples are listed below. 

Table 2: A list of mean values of thermal conductivity of testing samples 

Properties Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Hot-wire method 

[W.m
-1

.K
-1

] 0,2919 0,4298 0,1581 0,1353 0,1479 

s [W.m
-1

.K
-1

] 0,0207 0,0205 0,0108 0,0155 0,0169 

Stationary plate method 

 [W.m
-1

.K
-1

] 0,2989 0,4118 0,1649 0,1376 0,1521 

s [W.m
-1

.K
-1

] 0,0034 0,0027 0,0020 0,0037 0,0018 

xs  [W.m
-1

.K
-1

] 0,0017 0,0011 0,0003 0,0003 0,0002 

As it is obvious from the above-mentioned results, the means values of the standard deviations of 

the values measured by the hot wire method are higher than those of the stationary plate method. 

However, as can be seen in the difference of the standard deviations of all the measurements using 

the stationary method s and mean standard deviations of the individual measurement series xs
, an 

error that more significant than the error of the measurement process itself is the error caused by 

handling the test samples, changing their position in the instrument, and the total lack of 

homogeneity of the test samples. 

Another step consisted of determining the percentage deviation of the measured values (total means) for the 

individual samples obtained using the hot wire and plate methods. 

Table 3: Percentage deviations of the values measured using the hot wire method from the values obtained 

using the stationary plate method 

Sample 1 2 3 4 5 

Percentage deviation -2,36% 4,36% -4,09% -1,66% -2,79% 
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As it is obvious from the above-mentioned values, the values measured using tow various methods 

differed by more than  4.4 % in one test set.  

The set of all the measured values of each test sample underwent a test of goodness of fit with 

normal distribution on significance level 0.05. The resulting value of khi-square was lower than the 

critical value, which verified the assumption of normal distribution. 

Selection sets consisting of 30 to 2 elements were created, by random choice, of the set of measured 

values obtained by the hot wire method. A measurement error (a deviation from the arithmetic 

mean) was determined for the individual selection sets and the probability quantum of 95.0 per cent 

was used in the calculation. These errors contain the measurement error as well as the error caused 

by the variability of the individual test samples. 

Table 4: The list of calculated error of the values obtained using the hot wire method 

Number of measurement 
Sample

5 10 15 20 30 

1 12,5% 6,6% 4,6% 3,5% 2,6% 

2 6,2% 3,1% 2,5% 2,1% 1,8% 

3 9,2% 5,8% 4,3% 3,4% 2,5% 

4 21,6% 9,9% 6,7% 5,5% 4,3% 

5 18,5% 8,6% 6,5% 5,4% 4,3% 

As it is obvious from the above-mentioned results, the measurement error for all the brickworks 

decreases with the increasing number of measurements and it dropped below 5.0 % with 30 

measurements. The measurement error determined for the stationary plate method ranged between 

0.4 % and 1.5 % for all the measurements. 
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Fig. 1: The dependence of measured error values on the number of measurements for the hot wire 

method 
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5. Conclusion 

A set of measurements on test samples was carried out on test samples of various kinds of 

lightweight concrete. The objective of the measurements was a comparison of the measured values 

obtained through the non-stationary hot wire method and the stationary plate method. Based on the 

measured values and calculated statistical values, the following can be stated: 

the non-stationary hot wire method shows relatively lower precision as compared to the 

stationary plate method, 

the standard deviations of the measured values obtained using the hot wire method are 

comparable to the total standard deviation calculated from all the measurements in case of the 

stationary plate method,  

the resulting measured values determined using the hot wire method and the stationary plate 

method do not differ significantly from each other. The highest detected difference between 

the results within one brickworks was 4.36 %,  

the calculated error of the measured values for the hot wire method makes it clear that a 

sufficiently high number of measurements can reduce significantly the total error of the 

measurement that was not greater than 5.0 % with 30 measurements. 

A generally higher error of measurements was recorded for the samples of concrete with open 

structure as compared to the samples of dense concrete. This fact is given by technologically 

more demanding preparation of samples. 

        

Fig. 2: Photography of samples surface: Sample 1 on left site, Sample 4 on right site 

In conclusion, it can be stated that the hot wire method is generally applicable in the building 

industry provided a sufficient number of measurements is carried out. Increasing the number of 

measurements lowers the proportion of the measurement procedure error in the total measurement 

error and when 30 measurements are done, the hot wire method precision is close to that of the plate 

method where the total error for one test set ranged between 0.4 and 1.5 %. 
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