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ABSTRACT 

A simplified procedure is proposed for estimating the actual value of the reduced resistance to the heat transfer of 
a building’s outer enclosing structures using two methods: a contact method and a non-contact method. The first method 
consists in isolating thermally homogeneous levels on the thermogram, measuring the value of the heat flux density, the 
temperatures of the outer and inner surfaces in each level, calculating the resistance to heat transfer. The second method is 
based on monitoring the temperatures of the indoor and outdoor air for the building's facade in question (or for an isolated 
floor), calculating heat transfer resistances of points isolated for analysis from the thermogram array. In both methods, the 
value of the reduced resistance to heat transfer is estimated as a weighted average of the levels (or the array of points) of 
the thermogram. The technique can be successfully used for thermal engineering surveys of buildings. 
 
Keywords: facade of a building, external enclosing structures, heat absorption, thermogram, heat transfer, reduced resistance to heat 
transfer.  
 
INTRODUCTION 

The reduced heat transfer resistance of external 
enclosing structures (EES) of buildings is among the 
major indicators of heat protection. It is determined on the 
basis of laboratory-based tests of samples of materials, 
fragments of building structures in climatic chambers or 
on the basis of instrumental measurements directly in a 
building’s the operating conditions. Laboratory tests of 
samples of materials or fragments of building structures in 
climatic chambers are quite costly and time consuming. At 
the same time, their results may differ significantly from 
the operating conditions due to the presence of heat-
conducting inclusions and their shape in the enclosing 
structures. 

In-place tests most fully reflect the actual thermal 
characteristics of EES, although they are inferior in 
accuracy to laboratory tests. Methods for determining 
EES’ heat transfer resistances in operational winter 
conditions are described in [1]. They are based on the 
creation in the enclosing structure of the conditions of 
steady-state heat exchange and measurement of the 
temperatures of the internal and external air, the inner and 
outer surfaces of the enclosing structure, as well as the 
density of the heat flow passing through it. Using these 
parameters, the required heat transfer resistances in 
various zones and the reduced heat transfer resistance are 
calculated using the formulas given below. However, in 
practice, the creation of normal conditions for conducting 
heat engineering tests for steady-state heat transfer 
presents certain difficulties due to objective factors such as 
lack of access to homogeneous thermal zones, the 
presence of a large number of heat conducting inclusions, 
etc. Due to this, the accuracy of the comparative 
evaluation, as calculated using the described methods is at 
the level of 15% or more.  

Resistance to heat transfer for the i-th thermally 
homogeneous zone of an enclosing structure is determined 
by the known formula: 
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where  

iiR   and uiR  are, respectively, the resistances to heat 

absorption and heat transfer of the inner and outer 
surfaces of the i-th enclosure, (m2 °C)/W;  

hiR   is thermal resistance of the homogeneous zone of 

the i-th enclosure, (m2 °C)/W;  

iit   and uit  are the average temperatures, 

respectively, of indoor and outdoor air during the 
calculation period, for the i-th enclosure, °С;  

iiv   and uiv  are average temperatures, respectively, 

on the inner and outer surfaces of the i-th 
enclosure, °С;  

iq   is the average value of the density of the heat 

flux passing through the characteristic zone of the 
i-th enclosing structure, W/m2.  

 
Given the complexity of monitoring the 

temperature of the outer surface of the enclosing structure 
directly at points corresponding to the places where the 
heat flux density converter is installed on the inner surface 
of the enclosure as per [2], it is recommended in to use the 
formula below to determine heat transfer resistance: 
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The reduced resistance to heat transfer for 
enclosing structures having inhomogeneous sections 
(joints, heat-conducting inclusions, etc.) is found by the 
formula:  
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where  
F  is the area of the tested enclosure, m2;  

iF    is the area of the i-th characteristic isothermal 

zone, m2;  

oiR   is resistance to heat transfer of the i-th 

characteristic isothermal zone, (m2·°C)/W.  
Resistance to heat transfer of characteristic zones 
is allowed to be found as [3]:    
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where  

i   is heat absorption coefficient of ESS’ inner 

surface, W/(m2·°C).  
 
MATERIALS AND METHODS  

An analysis of existing calculation methods 
reveals that there are two possible ways of calculating 
EES’ reduced resistance to heat transfer. The first method 
is the contact method, which consists in determining the 
value of the density of the heat flux passing through the 
EES, with the heat flux converters being located at least 
twice in the center of thermally homogeneous zones of 
fragments of the enclosing structure which is uniform in 
surface temperature and, accordingly, has the same color 
on the thermogram. Further, enclosing structure’s reduced 
resistance to heat transfer is determined using formulas (2) 
or (3) and the average values of the temperatures and 
density of the heat flow passing through the EES. To 
facilitate the determination of the areas of thermal 
homogeneous zones of EES’ fragments having the same 
color on the thermogram, it is proposed to combine zones 
close in temperature in the form of levels, whose finite 
number reduces the number of measurements of heat 
fluxes. The levels without much difficulty can be created 
by sorting the thermogram array. 

For N levels, EES’ reduced heat transfer 
resistance will be: 
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where 

N  is the number of points in the thermogram (e.g., 
in increments of 1 °С), pcs; 

Roj  is the resistance to heat transfer for the j-th level, 
m2 °C/W 

Kj  is the number of points at the j-th level of the 
thermogram, pcs.  

 
As practice shows, several levels suffice to ensure 

the accuracy of estimate of red
оR . 

The second method is noncontact, based on 
monitoring the temperatures of the indoor (in isolated 
premises) and outdoor air for the facade of the building (or 
an isolated storey) under consideration, sorting the 
temperatures of the internal enclosing structures across the 
facade area. This is followed by calculating heat transfer 
resistance of characteristic zones using the formula (4), 
and then of reduced heat transfer resistances for the 
enclosing structure (the facade of the building, for one 
intermediate floor or the building as a whole). It should be 
borne in mind that the choice of the design area is one of 
the most complex issues arising both in calculating the 
reduced heat transfer resistances at the EES design stage 
and at the stage of in-place evaluation with the use of the 
program of temperature fields analysis. 

In accordance with the requirement [2], the 
reduced resistance to heat transfer of the external walls 
should be calculated for the building facade, for one 
intermediate floor or the building as a whole, taking into 
reveals without factoring in their filling. Thus, the task of 
selecting a design area can be reduced to individual 
particular cases: 
 
 the facades of a building are divided into separate 

fragments; 

 a calculation area of the fragment of the building’s 
enclosing structure is chosen for the calculation of the 
temperature field; 

 a calculation area is chosen for the estimation of the 
temperature regime of individual nodes. 

As regards the formalization of the calculation 
areas, the degree of detail and accounting of structural 
elements (floors, partitions, projecting corners, doors and 
window blocks), as well as the peculiarities of heating 
systems [4-9] should be specified. When addressing this 
issue, the recommendations set forth in [10-12] can be 
used as guidance: 
 
 for enclosing structures containing window and door 

openings, calculations should be carried out taking 
into account the filling of these openings; 

 where it is necessary to assess the heat-shielding 
qualities of translucent structures (window blocks or 
profile systems), Roi should be calculated without 
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taking into account the external walls and coatings 
into which these structures are built; 

 For external walls containing projecting corners, the 
length of the walls must be taken along the symmetry 
axes or at least 5 wall thicknesses in each side from 
the inner surface of the corner. 

Compliance with the above recommendations 
when determining an EES’s heat transfer resistance in 
place allows for drawing up actual and estimated heat 
losses and thereby assess the energy saving potential. 

The evaluation of EES’ heat transfer resistance is 
known to be dependent on the accuracy of the control of 
thermograms, and on the use of calculating programs. 
Consequently, the accuracy of the estimation of the EES’ 
reduced heat transfer resistance depends essentially on the 
degree of partition of the calculation area into 
experimental sites, in the presented case, down to a single 
point of the surface temperature array. Since this method 
does not require the measurement of the final value of the 
heat fluxes, it is not difficult to determine Rоij for each i-th 
point of the thermogram array for an individual j-th 
fragment of the enclosing structure. In this case, the 
reduced heat transfer resistance of an EES will be 
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where ijK  is the number of i-th points in the 

array of the thermogram for the j-th fragment of the 
enclosing structure (facade, intermediate floor). 

The estimation of the actual value of the heat 
transfer resistance of a building’s EES will be represented 
by the sequence of steps given below: 
 

a) Preparation of the facility to check measurements of 
temperature parameters (breakdown of the facades of 
buildings or an intermediate floor into separate 
fragments, by applying a grid and marking fragments 
on it). 

b) Check measurements of outdoor air temperatures at 
the level of the intermediate floor, indoor air in at 
least three points, conducting television surveys of 
fragments of the inner side of the non-uniformly 
reflecting surface and recording them. 

c) Calculation of the reduced heat transfer resistances of 
fragments of building enclosing structures using 
formula (5). 

d) Calculation of reduced heat transfer resistance of the 
required facade (intermediate floor). 

RESULTS AND DISCUSSIONS 
The algorithm for calculating the actual value of 

the reduced resistance to heat transfer employing contact 
and non-contact methods is implemented using the 
example of a public building (the 3-storey academic 
building no. 23 of the Federal State Budgetary Educational 
institution of Higher Education Mordovia N.P. Ogarev 
State University). 
 
Contact method 

According to this method, the thermal imager 
records the thermogram for the first (7) fragment (Figure-
1). 

 

 
 

Figure-1. Thermogram of the enclosing structure surface (fragment 1). 
 

On the thermogram, three characteristic 
temperature regions are distinguished (16.1 оC). In each 
area the value of the heat flux of 55.0, 55.4 и 59.9 W/m2 is 
found using the ITP-MG4.03/5(I) “Potok” instrument.  

The values of the thermal resistances for each 
area are then calculated at an outside air temperature of -
16.2 ° C according to formula (2). 
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2 о
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2 о
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 =  0.54 (m · С) / W.

59.9
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Further, the actual value of the weighted average 
resistance to heat transfer is found using formula (5):  
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where 7298 is the number of points having the same 
temperature field (level)  
 
Non-contact method 

Resistance to the heat transfer of characteristic 
zones is found by the formula (4) as: 
     

2 о
o

(22.2 - (-16.2))
 =  0.56 (m · С) / W

8.7 (22.2 - 14.09)
R 

. 
 

According to this method, the areas containing 
lights (with temperatures below the limiting temperatures) 
and those near the heating devices (with temperatures 
above the limiting temperatures) are removed from the 
thermogram (Figure-1), the remaining part is processed in 
accordance with the algorithm described above and the 
actual value of the average heat transfer resistance for one 
zone is calculated by formula (5) with Kj=N:  
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The magnitude of the deviation of pr
оR  obtained 

by the non-contact method with respect to the contact 
method:  
 

67.2%100
57.0

56.057.0





%. 
 

The thermogram of the 2nd fragment of the wall 
is given below: 

 

 
 

Figure-2. Thermogram of the surface of the enclosing structure (Fragment 2). 
 
Contact method 

Three characteristic temperature areas (16.1 оC, 
17.8 оC, 16.6 оC) are distinguished on the thermogram 
(Figure-2). In each area, the heat flux value of 60.0, 55.0 
and 56.0 W / m2 is found by the ITP instrument.  

Then, the thermal resistance values for each area 
at an outdoor temperature of -16.2 оС are calculated using 
formula (2)  
 

2 о
o1

(16.1 - (-16,2))
 =  0.54 (m · C) / W
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R 

, 
 

2 о
o2

(17.8 - (-16.2))
=  0.62 (m · C) / W

55.0
R 

, 
 

2 о
o3

(16.6 - (-16.2))
=  0.59 (m · C)/W

56.2
R 

. 
 

Further, the actual value of the weighted average 
resistance to heat transfer is found using formula (4):  
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Non-contact method 
Resistance to the heat transfer of characteristic 

zones, we find by formula (4), as:  
 

2 о
o

(22.2 - (-16.2))
 =  0.55 (m · C) / W

8.7 (22.2 - 14.02)
R 

. 
 

The actual value of the average resistance to heat 
transfer is calculated using formula (5):   
 

 / WC) ·(m55.07679955.0
76799
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The magnitude of the deviation of red
оR  obtained 

by the non-contact method with respect to the contact 
method:  
 

03.2%100
56.0

55.056.0



 % 

 
The thermogram of the 3rd fragment of the wall 

is given below (Figure-3). 
 

 
 

Figure-3. Thermogram of the surface of the enclosing structure (Fragment 3). 
 
Contact method 

Three characteristic temperature areas (17.6 оС, 
17.8 оС, 17.0 оС) are identified on the thermogram in each 
area, the heat flux value of 52.0, 53.0 and 61.0 W/m2 is 
added up by the ITP instrument.  

Then, the thermal resistance values for each area 
at an outdoor temperature of -16.2 оС are calculated using 
formula (4).  
 

2 о
o

(17.6 - (-16.2))
 =  0.65 (m · C) / W

52.0
R 

, 
 

2 о
o

(17.8 - (-16.2))
 =  0.64 (m · С) / W

53.0
R 

, 
 

2 о
o

(17.0 - (-16.2))
 =  0.54 (m · C) / W

61.0
R 

. 
 

Further, the actual value of the weighted average 
resistance to heat transfer is found by formula (5):  
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Non-contact method 

Resistance to the heat transfer of characteristic 
zones is found by the formula (4) as:  
     

2 о
o

(22.2 - (-16.2))
=  0.60 (m · C) / W.

8.7 (22.2 - 14.67)
R 

 
 

The actual value of the weighted average 
resistance to heat transfer is calculated using formula (5):  
 

 / W.C) ·(m60.07679960.0
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The magnitude of the deviation of the weighted 

average resistance to heat transfer obtained by the non-
contact method with respect to the contact method:  
 

06.3%100
62.0

60.062.0



 %. 

 
The reduced resistance to heat transfer of the 

outer enclosing structure of the educational building No. 
23 (for three fragments) is calculated as the weighted 
average of three fragments using the formula (5):  
- for the contact method 
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- for the non-contact method 
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The magnitude of the deviation of red

оR  obtained 

by the non-contact method with respect to the contact 
method: 
 

34.1%100
58.0

57.058.0



 %.  

 
CONCLUSIONS 

A. Due to objective factors such as lack of access 
to homogeneous thermal zones, as well as the presence of 
a large number of heat-conducting inclusions in the 
enclosing structures of buildings, the creation of normal 
conditions for conducting heat engineering tests in case of 
stationary heat exchange involves certain difficulties. 

B. A simplified methodology for estimating the 
actual value of the reduced resistance to heat transfer of 
the outer enclosing structures of the building is proposed 
to be implemented employing two methods:  a contact 
method and a non-contact method. The first method 
consists in isolating thermally homogeneous levels on the 
thermogram, measuring the value of the heat flux density, 
the temperatures of the outer and inner surfaces in each 
level, calculating the resistance to heat transfer. The 
second method is based on monitoring the temperatures of 
the indoor and outdoor air for the building's facade in 
question (or for an isolated floor), calculating heat transfer 
resistances of points isolated for analysis from the 
thermogram array. In both methods, the value of the 
reduced resistance to heat transfer is estimated as a 
weighted average of the levels (or the array of points) of 
the thermogram.  

C. A comparative analysis of the calculated 
values of the reduced resistance to heat transfer showed 
that the convergence of the proposed methods is within 
2%. The developed technique allows for a significant 
acceleration of the process of processing the obtained data 
and can be effectively used for thermal engineering 
surveys of buildings for various purposes.  
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