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Abstract 
Specification of the thermal properties of masonry constructions is possible in practice using two basic methods: 
by measuring a fragment of the actual construction or by mathematical calculation according to the related 
technical standards. The design stating thermal resistance is more favourable in practice, for example, when 
designing new products or in the case of changing the properties of individual masonry components (while 
keeping the geometry and internal arrangement) for the existing masonry systems.  
The basic material parameter in the respective case is thermal conductivity of brick clinker which is necessary to 
be measured in the laboratory for the respective products. The article addresses the possibilities of determining 
the thermal conductivity of the ceramics clinker on actual samples of ceramic shaped units for ceramics clinker 
using the non-destructive non-stationary hot wire method and the possibilities of applying the results of research 
work into construction practice. 
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1.  Thermal conductivity 
 
The thermal conductivity coefficient λλλλ [W.m-1.K-1] is one of the most important thermal-
technical parameters for construction materials. It characterizes the ability of substances to 
conduct heat. The value of thermal conductivity generally depends on many external and 
internal influences affecting the stated material. The value of thermal conductivity depends on 
the properties of a material. It is possible to express thermal conductivity of a material by the 
following formula: 
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where: Q heat [J], 
 θ0, θ1 temperature between 2 points, in temperature field [°C], 
 d distance [m], 
 S area [m2], 
 τ time [s]. 
 
The real value of thermal conductivity of construction materials is the function of a series of 
internal and external variables: 
 

 λ = f (ρv, wm, θ, P, ϕ(I))   (2) 

 

where:  ρv bulk density [kg.m-3], 
 wm moisture [%], 
 θ temperature of materials [°C], 
 P porosity [-], 
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 ϕ(I) function of internal variables – chemical mineralogical composition, phase 
composition, crystalline modification, … 
 

 

1. 2. 3.  
Figure 1. Scheme of porous system organization (1. – close pores, 2. – one site open pores, 3. 

– open pores) 
 
2.  Methods of determination of thermal conductivity 
 
Determination of thermal conductivity can be performed in practice in several basic ways 
which differ both in the thermal status of the tested sample during measurement and the 
manner of determination and evaluation of thermal conductivity of the tested sample. In 
general, it is possible to divide the methods into [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12]: 

• Stationary methods. Stationary methods for determining the value of thermal 
conductivity are derived from the relation (1). The initial status is stationary, i.e. a steady 
thermal status in measured sample.  
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Due to the fact that a stationary status cannot be practically achieved under normal 
conditions, the stationary status is considered to exist when the change of temperature 
during the stated time period is smaller than the contractually defined thermal change. [1]. 
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For stationary methods it is necessary to ensure a steady thermal flow passing from the 
more heated surface of the measured sample to the cooler surface of the sample. Then, it 
is possible to calculate the value of thermal conductivity λ from the difference of 
temperatures, area of the sample and the thickness of the sample. Stationary methods are 
divided in the following way:  

− Plate method, 

a. Guarded hot plate method, 

b. Heat flow meter method, 

− Cylinder method, 

− Globe method. 
 
• Non-stationary methods. Unlike stationary methods, measurement by the non-stationary 

method is based on the monitoring of the dynamic development of temperatures. 



However, non-stationary methods do not require thermal status, rather the course of 
spreading of temperature wave through the measured sample is monitored. On the basis of 
the various methods of monitoring non-stationary development during the measurement, 
there is a series of variants for determining the value of thermal conductivity λ. 

• Non stationary heat flow method, 

• Thermal impulse methods, 

o Hot wire method, 

o Laser flash method, 

o Other thermal impulse methods. 
 

Non-stationary methods can be divided also from the viewpoint of time dependence of 
the output of the thermal source into (fig. 2.):  

− Methods with an impulse thermal source – thermal energy is delivered by the source in a 
single form at the beginning of the measurement within very short time interval, 

− Methods with continuous thermal source – thermal energy is continuously delivered by 
the thermal source with constant output during the whole period of measurement, 

− Methods with periodical thermal source – thermal energy is delivered by the thermal 
source with constant output periodically within constant intervals. 

 
 

Figure 2. Graphic display of the course of the output of thermal sources for determination of 
thermal conductivity 

 
For determination of thermal conductivity of the ceramic sample, the modified method of hot 
wire was used according to EN 993-14. The measured system consists of two bordered semi-
spaces – test probe and test sample. The test probe consists of hot wire and registration 
thermo-couple (with cross arrangement). Because the properties of the test probe are constant 
during all measurements, it is possible to calibrate the measuring device by two reference 
materials (etalons) with the known value of thermal conductivity λ1 and λ2. 
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The value x represents the immediate speed of regular heating: 
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The value of thermal conductivity λ of the test material is stated by means of calibration 
constants according to the relation: 
 

 xba ⋅+=λ  (7) 
 
3.  Determination of the thermal conductivity of ceramics masonry 
components 
 
Specification of the coefficient of thermal conductivity for thin-wall hollow walling units is a 
relatively problematic matter. For ceramic shaped units it is often problematic to take from 
parts test samples of such materials to determine the coefficient of thermal conductivity by 
means of the plate method. The thickness of walls of ceramic walling shaped units is the 
greatest along edges, i.e. on the faces and then along the sides in the place of the contact 
racking (string and groove). Side parts of shaped units are often lightened with lightening 
holes which practically excludes the preparation of homogenous samples. Partially limiting is 
the height difference of ceramic shaped units which is 238 or 249 mm.  
For the above-mentioned reasons, non-stationary methods of hot/heating wire seem to be 
more suitable for the determination of the coefficient of thermal conductivity of parts of 
ceramic hollow shaped units, in particular, the above-mentioned methods of the hot wire with 
an attached linear probe. 
 

 
 

Figure 3. Photography of sample of masonry brick (sample 3) 
 
From the viewpoint of the measuring process, it is necessary to modify the perimeter of the 
shaped unit by cutting and grinding in such a manner to prepare plain and smooth surfaces 
with sufficient dimensions both from the viewpoint of dimensions of the test probe, as well as 
from the viewpoint of the time of measurements. In the case of using the hot wire method as a 
measuring device for determination of the coefficient of thermal conductivity at Brno 
University of Technology, the time of the measuring interval is stated for 90 s. At the same 
time, it is necessary that the thermal wave from the thermal source during the period of 



measurement must not leave the measured sample. Here, it is necessary to fulfil the following 
conditions: 

T ≥ k 
D ≥ 2 . k + d 
L ≥ 2 . k + l 

           (7) 
where: k – distance of temperature wave during measurement interval (90s) [m], 

T – thickness of wall of masonry brick in test place [m], 
D – width of flat measurement place [m], 
d – width of hot wire [m], 
L – length of flat measurement place [m], 
l – length of hot wire [m]. 

 
The value of the distance which the wave passes during the time of the measuring interval 
(90s), is stated according to the following formula: 
 

c
k

ρ
λτ2=         (8) 

 
If we consider that the specific heat of the brick piece is equal to 840 J.kg-1.K-1, the density of 
the brick piece varies within the range 1450 – 1850 kg.m-3 and thermal conductivity varies 
within the range 0.25 – 0.65 W.m-1.K-1, then the value of the distance k, which the thermal 
wave passes during 90s of the measuring interval, will vary within the range 1.7.10-3 –9.8.10-3 
m. 

 

4. Testing samples 
 

To verify the possibility of using the non-stationary hot wire method to determine thermal 
conductivity for ceramics bricks of work masonry, a comparison measurement was performed 
on 8 types of walling shaped units for peripheral and inside walls from 8 various production 
plants from the Czech Republic. In each brick plant, 5 test samples were produced in the form 
of boards with dimensions 300x300x40 mm, for determination of the coefficient of thermal 
conductivity by means of the stationary plate method. Each test set of samples was produced 
in different brick plant and the following measurements were performed on test samples.  
• determination of thermal conductivity by the stationary plate method on samples 

300x300x40 mm (the test set was based on 5 samples, on each sample 5 measurements 
were performed and 25 measurements were performed on each test set), 

• determination of thermal conductivity by non-stationary hot-wire method on samples 
300x300x40 mm (the test set was based on 5 samples, on each sample 10 measurements 
were performed and 50 measurements were performed on each test set), 

• determination of thermal conductivity by non-stationary hot-wire method on samples of 
authentically shaped units (the test set was based on 5 shaped units, on each sample 5 
measurements were performed and 25 measurements were performed on each test set), 

 

The determination of t thermal conductivity was performed on samples which had been dried 
at a temperature of + 110°C up to a constant weight. For determination of thermal 
conductivity, in the first phase, the Lambda 2300 device from the company Holometrix was 
used, which is based on the stationary plate method, and the Shoterm QTM device from the 



company Shova Denco, which uses non-stationary method of hot wire. All measurements 
were performed at a laboratory temperature of +23±2°C, and measurements by the stationary 
method were performed at the average temperature 23°C and thermal gradient 10K. 
 
The measured values of individual test samples were used for stating average values of 
thermal conductivity λ23,dry,ave, and standard deviation s . The measured and calculated values 
for test samples from individual brick units can be found in the Table below.  

Table 1. Summary of resulting average values of thermal conductivity and standard deviations 
for test samples 300x300x40 mm during the determination of thermal conductivity by means 

of stationary plate method 

Set of testing sample n. 1 2 3 4 5 6 7 8 
Average value of thermal 
conductivity λλλλ23,dry,aver [W.m-1.K-1] 

0,4275 0,5583 0,4510 0,5264 0,2706 0,4121 0,3580 0,3529 

Standard deviation s [W.m-1.K-1] 0,0057 0,0067 0,0069 0,0087 0,0072 0,0051 0,0064 0,0060 

 
Table 2. Summary of resulting average values of thermal conductivity and standard deviations 
for test samples 300x300x40 mm during the determination of thermal conductivity by means 

of hot-wire method 
Set of testing sample n 1 2 3 4 5 6 7 8 
Average value of thermal 
conductivity λλλλ23,dry,aver [W.m-1.K-1] 

0,4252 0,5422 0,4618 0,5129 0,2823 0,4175 0,3733 0,3644 

Standard deviation s [W.m-1.K-1] 0,0159 0,0211 0,0116 0,0183 0,0140 0,0137 0,0121 0,0144 

 
Table 3. Summary of resulting average values of thermal conductivity and standard deviations 

for ceramics bricks 300x300x40 mm during the determination of thermal conductivity by 
means of hot-wire method 

Set of testing sample n 1 2 3 4 5 6 7 8 
Average value of thermal 
conductivity λλλλ23,dry,aver [W.m-1.K-1] 

0,4338 0,5515 0,4589 0,5260 0,2839 0,4281 0,3618 0,3659 

Standard deviation s [W.m-1.K-1] 0,0126 0,0190 0,0143 0,0121 0,0112 0,0136 0,0160 0,0133 

 
As is evident from the above-mentioned results, the average values of root mean square 
deviations measured by the hot wire method are higher than those by the stationary plate 
methods. In the next step, the percentage deviation of measured values was stated by hot wire 
method (on test plates and shaped units) and the plate method. 
 

Table 4. Summary of calculated percentage deviations in measured values by means of hot 
wire method compared with values measured by the plate method 

Set of testing sample n 1 2 3 4 5 6 7 8 
Plates 300x300x40 mm [%] -0,5% -2,9% 2,4% -2,6% 4,4% 1,3% 4,3% 3,2% 
Ceramics bricks 1,5% -1,2% 1,8% -0,1% 4,9% 3,9% 1,1% 3,7% 

 
As is evident from the above-mentioned results, the values measured by two different 
methods and types of test samples do not differ within one brick plant (test set) by more than 
± 4.9 %. 
From the set of measured values by hot-wire method for individual brick plants (for samples 
300x300x40 mm), sets of 50, 40, 30, 20, 10 and 5 elements were randomly selected. 
Measurement error was stated from individual selected sets (error from arithmetic average), 
and during calculation, a 95% probability quantity was used. These errors include errors of 
measurement and also errors caused by the variability of test samples.  



 
Table 5. Overview calculated errors of measured values by means of hot-wire method 

 
N. measurement/ Set of 

testing samples n. 
1 2 3 4 5 6 7 8 

5 4,0% 6,3% 4,5% 4,2% 5,5% 4,0% 5,4% 3,8% 
10 3,2% 3,2% 1,9% 3,0% 3,4% 1,8% 2,3% 2,7% 
20 2,1% 2,1% 1,3% 1,9% 2,2% 1,2% 1,5% 1,8% 
30 1,6% 1,7% 1,1% 1,3% 2,1% 1,0% 1,3% 1,5% 
40 1,3% 1,4% 0,8% 1,2% 1,7% 1,0% 1,0% 1,3% 
50 1,1% 1,1% 0,7% 1,0% 1,4% 0,9% 0,9% 1,1% 

 
As is evident from the mentioned results, the error of measurement for all brick plants, 
together with the increasing number of measurements, decreases and after 20 measurements, 
it decreased in total by less than 3%, and after the full 50 measurements by just over 1.5%.  
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Figure 4. Dependence of the error of measured values on the number of measurements for 
hot-wire method 

 

4. Conclusion 
 
As results from the measurements, for the determination of the coefficient of thermal 
conductivity of ceramic pieces, the hot wire method is effective in practice, and the difference 
between measured values by means of hot wire method and the stationary plate method is up 
to 5% (when comparing measurements performed on the same samples). The resulting values 
can be then used for the calculation of the thermal resistance of the wall according to EN 
1745. During testing, a very good correlation of measurement results was ascertained on 
ceramic shaped units and samples in the form of plates produced from the same raw material 
with the same technology of drying and burning.  
In addition, it was ascertained that the overall precision of the measurements can be 
influenced by the number of performed measurements, and to decrease the value of error to 



below 3%, it is necessary to perform more than 20 measurements. In the case of 50 
measurements, it is possible to decrease this error to less than 1.5%. 
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