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Abstract. Analysis of data on the effect of joints of the aerated concrete 
blocks on the heat transfer uniformity of exterior walls was carried out. It 
was concluded, that the values of the heat transfer performance uniformity 
factor in the literature sources were obtained for the regular fragment of a 
wall construction by approximate addition of thermal conductivities. Heat 
flow patterns for the aerated concrete exterior walls amid different values of 
the thermal conductivity factors and design ambient air temperature of -26 
°С were calculated with the use of “ELCUT” software for modelling of 
thermal patterns by finite element method. There were defined the values for 
the heat transfer performance uniformity factor, reduced total thermal 
resistance and heat-flux density for the exterior walls. The calculated values 
of the heat transfer performance uniformity factors, as a function of the 
coefficient of thermal conductivity of aerated concrete blocks, differ from 
the known data by a more rigorous thermal and physical substantiation. 

1 Introduction 
Wall unreinforced products made of autoclaved aerated concrete have a number of 
advantages that have determined their wide use in Russia [1, 2]: 

- availability of raw components; 
- low fire hazard and high fire resistance; 
- high accuracy of overall dimensions; 
- Technological masonry and high productivity of work; 
- low cost of products. 

It is necessary to take into account the factors that affect the thermal performance of these 
products in order to effectively use them in the construction of buildings meeting the 
requirements of energy efficiency. One of these factors, characterizing the efficiency of 
insulation, is the heat transfer performance uniformity factor for the enclosing structures [3, 
4]: 
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where rR0  is the reduced total thermal resistance of the section of the enclosing structure, 

(m2·°С)/W; resR0  - thermal resistance of a section of a homogeneous enclosing structure, 
(m2·°С)/W. 

For example, consider the thermal imaging survey of an energy-efficient demonstration 
multi-apartment residential building (Building 5, Mebelnaya St., Porkhov, Pskov Region [1, 
2]), which is constructed of aerated concrete blocks of D500 density and 375 mm thick. The 
survey revealed the influence of block joints on the uniformity of the heat flow field on the 
surface of the outer wall (Figure 1). 

 

  
 

 
 

 

 
 

Fig. 1. Heat-conducting inclusions of aerated concrete blockworks in the form of joints 

In [5-13], a significant heat transfer heterogeneity of aerated concrete blockwork is 
indicated. Data on the heat transfer uniformity factors are given for masonry of walls from 
solid-walled unreinforced products made of autoclaved aerated concrete with a blockwork 
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In [5-13], a significant heat transfer heterogeneity of aerated concrete blockwork is 
indicated. Data on the heat transfer uniformity factors are given for masonry of walls from 
solid-walled unreinforced products made of autoclaved aerated concrete with a blockwork 

size of 625х250 mm [6, 9]. Whereas, the calculation of the heat transfer uniformity factor is 
performed for a regular fragment of the wall structure by the addition of thermal conductivity. 

The reduced total thermal resistance to heat transfer of a regular fragment of the enclosing 
structure is defined by the approximate dependence [3]: 
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where A  is the total area of the characteristic part of the enclosing structure, that equals 
to the sum of the areas of individual sections, m2; iA  - the area of the i-th section of the 

characteristic part of the enclosing structure, m2; r
iR ,0  - reduced total thermal resistance to 

the heat transfer of the i-th section of the characteristic part of the enclosing structure, 
(m2·°С)/W. 

Water content of aerated concrete products proves to be higher during the operation of 
buildings than the design one, at which the thermophysical characteristics of the materials in 
[3] are given, and the values of the thermal conductivity factors for the products will be 2-3 
times higher [5, 7, 8]. 

The use of approximate methods to calculate the heat transfer performance uniformity 
factor requires specification of the data. In addition, the maximum value of the thermal 
conductivity of aerated concrete blocks to determine the heat transfer performance uniformity 
factor is limited to 0.208 W/(m·°С). 

2 Materials and Methods 
The heat transfer uniformity factor of the enclosing structure can be defined on the basis of 
calculation of the heat flow field of the structure. Consider the two-dimensional heat flow 
field of structure of the exterior wall, which is made of aerated concrete blocks with the initial 
data according to [1, 2]: 

- design ambient air temperature - minus 26 °С; 
- design internal air temperature - plus 20 °С; 
- the exterior wall is made of aerated concrete blocks of D500 density and 375 mm thick; 
- the thickness of the horizontal and vertical blockwork joints is 10 mm. 
A sand-cement mortar with a density of 1800 kg/m3 (thermal conductivity factor under 

operating conditions of the fencing B [3] - λm=0.93 W/(m·°С)) is used for brickwork. 
The factor of thermal conductivity for the blocks (λb, W/(m·°С)) is assumed for the 

operating conditions B according to [8]. 
Calculation of the temperature field and heat fluxes of the external wall structure is carried 

out in the "ELCUT" software, where two-dimensional thermal fields are modelled. 
The reduced total thermal resistance of a regular fragment of the enclosing structure is 

determined from the dependence: 

q
ttR extr 

 int
0 , ·(m2·°С)/W,                                        (3) 

where intt  is the internal air temperature, °С; extt  is the ambient air temperature, °С; q  is 
the heat flux density for a regular fragment of the enclosing structure, W/m2. 
Design thermal resistance to heat transfer of a homogeneous enclosing structure [3] is: 
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where 7.8int   W/(m2·°С) is the heat transfer coefficient of the inner surface of the 

enclosing structure [3]; 23ext  W/(m2·°С) is the heat transfer coefficient of the outer 

surface of the enclosing structure [3]; i  is thickness of the i-th layer of the enclosing 

structure, m; i  is the thermal conductivity factor of the i-th layer of the enclosing structure, 
W/(m·°C). 

3 Results 
The heat flow fields of the exterior wall were calculated with the use of "ELCUT" software 
in the range of the thermal conductivity factor for aerated concrete blocks from 0.088 (block 
D300 - [1]) to 0.6 W/(m·°С). Example of calculation results is presented in Figure 2 in the 
form of heat flow fields and heat flux densities under design conditions. 

 
a) heat flow field 

 

b) heat flux density 

 
Fig. 2. Calculation example of the heat flow field and the heat flux density of the exterior wall made 
of aerated concrete blocks of D300 density 

 
According to the calculations, the heat flux density through the enclosing structure and its 
thermal resistance are determined depending on the thermal conductivity factor of the aerated 
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Fig. 2. Calculation example of the heat flow field and the heat flux density of the exterior wall made 
of aerated concrete blocks of D300 density 

 
According to the calculations, the heat flux density through the enclosing structure and its 
thermal resistance are determined depending on the thermal conductivity factor of the aerated 

concrete blocks (Table 1). For comparison, data for a homogeneous structure are given 
(without taking into account the blockwork joints). 

 

Table 1. Heat flux density through the aerated concrete blockworks and thermal resistance to heat 
transfer of the structure 

Thermal 
conductivity factor 

of the block, i , 
W/(m·°С) 

Heat flux density, iq , W/m2 Thermal resistance, (m2·°С)/W 

homogeneous 
structure blockwork 

homogeneous 

structure, resR0  reduced, rR0  

0.088 10.408 14.302 4.420 3.216 
0.117 13.676 17.581 3.364 2.616 
0.147 16.978 20.870 2.709 2.204 
0.183 20.837 24.700 2.208 1.862 
0.208 23.454 27.291 1.961 1.686 
0.3 32.661 36.391 1.408 1.264 
0.4 41.974 45.590 1.096 1.009 
0.5 50.637 54.153 0.908 0.849 
0.6 58.717 62.150 0.783 0.740 

4 Discussion 
According to the calculation given in Table 1, the values of the heat transfer performance 
uniformity factors of the enclosing structure are determined depending on the thermal 
conductivity factor of the aerated concrete blocks (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Dependence of the heat transfer performance uniformity factor on the thermal conductivity 
factor of aerated concrete blocks: 1 – calculation results; 2 – data [9]; 3 – data [6] 

 
As it follows from the performed calculations, an increase in the thermal 

conductivity factor (density) of aerated concrete blocks leads to an increase in the factor of 
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heat transfer performance uniformity. The calculation results differ (up to 10%) from the 
values that are indicated in the literature [6, 9]. 

The relationship between the thermal conductivity factor of the joints material and aerated 
concrete blocks has a determining effect on the values of the heat transfer uniformity factor 
of the blockwork for a given thickness of the joints (Figure 4). 

 
Fig. 4. Dependence of the heat transfer performance uniformity factor on the ratio of the thermal 
conductivity factors of the joints material and aerated concrete blocks 

 
It is necessary to develop clamping compounds that are characterized by low values of the 
thermal conductivity factors in order to further improve the aerated concrete blockworks, 
when ensuring the required adhesion between the blocks and not impairing the performance 
of the enclosing structures in strength, stability, crack resistance, fire resistance, etc. 

5 Conclusions 
1. Design values of the heat transfer performance uniformity factor of the exterior walls of 
buildings made of aerated concrete can be determined using the "ELCUT" finite element 
modelling software, which is especially important at the stage of simulating various design 
solutions. 
2. The calculation of the thermal state of the exterior enclosing structures out of aerated 
concrete and the calculated values of the heat transfer performance uniformity factor, 
depending on the thermal conductivity factor of the aerated concrete blocks, differ from the 
known data by a more rigorous thermophysical substantiation. 
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