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Abstract: Heat and mass transfer mathematical model is formulated. Solution of the moisture transfer equation 
was obtained by discrete-continuum approach, which gives an opportunity to obtain the new analytical solution. 
Algorithm for calculating the moisture regime according to the proposed mathematical model is given. Enclosing 
structure with aerated concrete base and expanded polystyrene insulation is chosen for moisture regime 
calculation. Moisture behaviour calculation is done in three construction areas (dry, normal, wet) for four 
different moisture regimes of building room (dry, normal, moist, wet). Calculation results were summarized in a 
table which engineers can use in their practical work. 
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1. INTRODUCTION 
 
Modern technology development improves 
some technique directions of our life. There are 
some innovations, which are introduced in 
building industry [1,2]. Although these 
innovations make modern level of live better 
than previously, the demand for calculation 
methods becomes higher because humanity 
works with complicated systems like passive 
and smart houses [3-5]. 

1.1.  The complexity of the research of moisture 
transfer processes 
One of the most complicated directions in 
building is the moisture transfer. This problem 
became crucial 100 years ago, when multilayer 
inclosing structures were included in building 
industry. Earlier there were no problems with 
the moisture transfer of building walls because 
all water vapour which penetrates inside inner 
surfaces of single-layer enclosing structures 
comes out through outer surfaces of enclosing 
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structures. However, if we talk about a 
multilayer inclosing structure, water vapour can 
diffuse through separate layers with different 
speed, so we can observe moisture accumulation 
on the border between the layers [6,7]. 
This problem is complemented by the fact 
that moisture consists of vapor and liquid 
components. Each component can move by 
different private gradients of transfer 
potentials: partial pressure gradient of water 
vapor, capillary pressure gradient of liquid 
moisture, temperature gradient, gradient of 
air filtration, etc. The moisture field 
constantly interacts with temperature 
distribution, which complicates the problem, 
so scientists usually tell about combined heat 
and moisture transfer [7]. 
The moisture transfer research gives 
opportunities to reduce the heat losses by 
building heat shield, increase the energy 
efficiency of the building including houses with 
insulation layers and gives additional comfort 
and safety to human [8]. Moreover, the moisture 
transfer research is investigated in different 
types of the HVAC (Heating, Ventilation, Air 
Conditioning) Systems. 
 
1.2. Separate accounting of moisture transfer 
mechanisms and moisture potential 
The first unsteady-state mathematical model 
was proposed by K.F. Fokin. This model takes 
into account moisture transfer under vapour 
gradient partial pressure only, so the solution of 
the moisture transfer equation exists in sorption 
zone [9]. 
However, this method has fundamental 
weakness. Water vapor partial pressure cannot 
be more than saturated water vapor pressure, so 
this equation has indeterminacy for calculations. 
K.F. Fokin developed another equation to solve 
this problem. The second Fokin's model takes 
into account water vapor and liquid moisture 
movements and they can be calculated in 
sorption zone and ultrasorption zone 
contemporaneously, but this model has another 
complicated problem, which requires working 
with the two separate moisture transfer 

potentials: capillary pressure gradient of liquid 
moisture and partial pressure gradient of water 
vapor [9].  
Another approach to the moisture regime 
calculation is using the moisture potential. 
Instead of calculating the separate transfer 
potentials, the moisture potential allows to solve 
the problem with single transfer potentials [9]. 
 
1.3. Ways of calculating moisture value of 
building materials 
Modern engineers use averaged data of moisture 
value which are included in different standards, 
but it will be possible to improve energy 
efficiency and energy saving if we predict 
exactly the value of building material moisture 
at the moment of maximum moisture 
accumulation. 
There are some approaches to obtain the 
moisture value of building materials. 
One of them is determining moisture value by 
field studies or laboratory experiments [10,11], 
but this way is too difficult and expensive.  
Another path is prediction of moisture value of 
building material by mathematical model, which 
uses computer and numerical method [10,11]. In 
this case, we need to have a lot of experimental 
data and high qualification of engineers. 
We can calculate steady-state moisture transfer 
equation and obtain moisture behaviour. 
Although we will receive required values, the 
accuracy of this approach will be not high. 
 
 
2. THE PROBLEM 
 
The aims of this paper are development of the 
new analytical formula for calculation the 
moisture behaviour using discrete-continuous 
approach. 
 
 
3. MATERIALS AND METHODS 
 
The moisture potential F was taken as the basis 
of the development of the mathematical model. 
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3.1. The mathematical model which is based on 
the moisture potential F 
Let’s formulate heat and mass transfer 
mathematical model: 
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3.2. Discrete-continuous approach for the 
moisture regime calculating 
Discrete-continuous approach was used to 
solve the moisture transfer equation [12] in 
the system (1). 
The system of equations (1) was presented in 
the form of a matrix equation which has an 
analytical solution. 
As a result, the new analytical expression was 
obtained: 
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3.3. Algorithm for calculating the moisture 
regime according to the proposed mathematical 
model 
The algorithm for calculating the unsteady-state 
moisture regime of enclosing structures using 
the discrete-continuous method is proposed: 
1) The building enclosing structure is divided 
into sections along the  coordinate.  
2) The initial distribution of the moisture 
potential over all sections of the building 

enclosing structure and the initial moment of 
time are specified. 
3) Calculation of the distribution of moisture 
potential at the end of the month for a multilayer 
building enclosing structure is obtained by the 
formula (2). 
4) The moisture regime of the building 
enclosing structure is determined at the end of 
the month using the moisture potential scales of 
the building enclosing structure materials 
according to the obtained moisture potential 
distributions. 
5) The temperature field of the enclosing 
structure changes in accordance with the 
climatic conditions of the next month outside 
the enclosure. 
6) The initial distribution of the moisture 
potential at the beginning of the next month is 
determined using the moisture potential scales 
according to the moisture regime of the building 
enclosing structure at the end of the previous 
month. 
7) The calculation is repeated in clauses 3-6 for 
the required period. 
In previous papers it was shown that formula (2) 
has higher accuracy than the analytical 
expression and this approach simplifies the 
solution of unsteady-state moisture transfer 
equation by the finite difference method using 
an explicit difference scheme [13]. 
 
 
4. RESULTS AND DISCUSSION 
 
Moisture behaviour calculations in different 
construction areas for the enclosing structure 
with aerated concrete base and expanded 
polystyrene insulation are made. 

 
4.1. Research of moisture behaviour in different 
construction areas 
Three construction areas exist in Russia: dry, 
normal, wet.  
We chose 18 cities (six cities in each 
construction area) for the moisture regime 
calculation (Table 1). 
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structures. However, if we talk about a 
multilayer inclosing structure, water vapour can 
diffuse through separate layers with different 
speed, so we can observe moisture accumulation 
on the border between the layers [6,7]. 
This problem is complemented by the fact 
that moisture consists of vapor and liquid 
components. Each component can move by 
different private gradients of transfer 
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but it will be possible to improve energy 
efficiency and energy saving if we predict 
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at the moment of maximum moisture 
accumulation. 
There are some approaches to obtain the 
moisture value of building materials. 
One of them is determining moisture value by 
field studies or laboratory experiments [10,11], 
but this way is too difficult and expensive.  
Another path is prediction of moisture value of 
building material by mathematical model, which 
uses computer and numerical method [10,11]. In 
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data and high qualification of engineers. 
We can calculate steady-state moisture transfer 
equation and obtain moisture behaviour. 
Although we will receive required values, the 
accuracy of this approach will be not high. 
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Discrete-continuous approach was used to 
solve the moisture transfer equation [12] in 
the system (1). 
The system of equations (1) was presented in 
the form of a matrix equation which has an 
analytical solution. 
As a result, the new analytical expression was 
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regime according to the proposed mathematical 
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The algorithm for calculating the unsteady-state 
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the discrete-continuous method is proposed: 
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into sections along the  coordinate.  
2) The initial distribution of the moisture 
potential over all sections of the building 
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time are specified. 
3) Calculation of the distribution of moisture 
potential at the end of the month for a multilayer 
building enclosing structure is obtained by the 
formula (2). 
4) The moisture regime of the building 
enclosing structure is determined at the end of 
the month using the moisture potential scales of 
the building enclosing structure materials 
according to the obtained moisture potential 
distributions. 
5) The temperature field of the enclosing 
structure changes in accordance with the 
climatic conditions of the next month outside 
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6) The initial distribution of the moisture 
potential at the beginning of the next month is 
determined using the moisture potential scales 
according to the moisture regime of the building 
enclosing structure at the end of the previous 
month. 
7) The calculation is repeated in clauses 3-6 for 
the required period. 
In previous papers it was shown that formula (2) 
has higher accuracy than the analytical 
expression and this approach simplifies the 
solution of unsteady-state moisture transfer 
equation by the finite difference method using 
an explicit difference scheme [13]. 
 
 
4. RESULTS AND DISCUSSION 
 
Moisture behaviour calculations in different 
construction areas for the enclosing structure 
with aerated concrete base and expanded 
polystyrene insulation are made. 

 
4.1. Research of moisture behaviour in different 
construction areas 
Three construction areas exist in Russia: dry, 
normal, wet.  
We chose 18 cities (six cities in each 
construction area) for the moisture regime 
calculation (Table 1). 
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Table 1. Cities for the moisture regime 
calculation 

No. 
Dry 

construction 
area 

Normal 
construction 

area 

Wet 
construction 

area 
1 2 3 4 

1 Krasnodar Moscow Petropavlovsk-
Kamchatsky 

2 Samara Kaliningrad Ayan 

3 Omsk Nizhny 
Novgorod Vladivostok 

4 Novosibirsk Tomsk Murmansk 
5 Irkutsk Khabarovsk Yuzhno-Kurilsk 
6 Volgograd Perm Arkhangelsk 

 
In each construction area there can be four types 
of moisture regime of building room: dry, 
normal, moist, wet.  
Temperature and relative humidity were chosen 
for each moisture regime of building room for 
the moisture behaviour calculation (Table 2). 
 

Table 2. Temperature and relative humidity for 
each moisture regime of building room 

No. 

Type of 
moisture 
regime of 
building 

room 

Temperature and relative 
humidity inside a room 

1 2 3 
1 Dry 22 ; 50 %in int C

2 Normal 22 ; 60 %in int C

3 Moist 22 ; 75 %in int C

4 Wet 22 ; 90 %in int C

 
4.2. Research of moisture behaviour in different 
construction areas 
Moisture behaviour calculations in different 
construction areas for the enclosing structure 
with aerated concrete base and expanded 
polystyrene insulation are made. 
The moisture regime calculation of enclosing 
structure with aerated concrete base and 
expanded polystyrene insulation is presented for 
cities of dry construction area (Krasnodar, 
Samara, Omsk, Novosibirsk, Irkutsk, 
Volgograd) for different moisture regimes of 
building room (Fig. 1). 

 

 
 

Figure 1. The moisture regime calculation of 
enclosing structure with aerated concrete base 
and expanded polystyrene insulation for cities 
of dry construction area (Krasnodar, Samara, 

Omsk, Novosibirsk, Irkutsk, Volgograd) for 
different moisture regimes of building room: A 

 
 
The moisture regime calculation of enclosing 
structure with aerated concrete base and 
expanded polystyrene insulation is presented for 
cities of normal construction area (Moscow, 
Kaliningrad, Nizhny Novgorod, Tomsk, 
Khabarovsk, Permian) for different moisture 
regimes of building room (Fig. 2). 
 

 
 

Figure 2. The moisture regime calculation of 
enclosing structure with aerated concrete base 
and expanded polystyrene insulation for cities 

of normal construction area (Moscow, 
Kaliningrad, Nizhny Novgorod, Tomsk, 

Khabarovsk, Perm) for different moisture 

C is moist; D is wet 

Kirill P. Zubarev

The moisture regime calculation of enclosing 
structure with aerated concrete base and 
expanded polystyrene insulation is presented for 
cities of wet construction area (Petropavlovsk-
Kamchatsky, Ayan, Vladivostok, Murmansk, 
Yuzhno-Kurilsk, Arkhangelsk) for different 
moisture regimes of building room (Fig. 3). 
 

 
 

Figure 3. The moisture regime calculation of 
enclosing structure with aerated concrete base 
and expanded polystyrene insulation for cities 
of normal construction area (Petropavlovsk-
Kamchatsky, Ayan, Vladivostok, Murmansk, 
Yuzhno-Kurilsk, Arkhangelsk) for different 

is normal; C is moist; D is wet 
 
The results of moisture regime calculation are 
combined in the table. The maximum 
calculation values are presented in each gap 
(Table 3). 
 

Table 3. The obtained moisture values in 
different construction area for different 

moisture regimes of building room 

Moisture 
behavior 

of the 
building 

room 

Material moisture content determined 
according to the unsteady-state moisture 
behavior calculation in various moisture 

areas, mass percent (1 - insulation layer; 2 – 
base layer) 

Dry Normal Wet 
1 2 1 2 1 2 

Dry 2.2 3.8 2.2 3.5 3.6 3.7 
Normal 2.6 4.2 4.3 4.3 4.7 4.8 
Moist 16.1 5.9 39.4 8.7 81.2 11.1 
Wet 88.0 16.0 96.7 17.1 97.9 18.3 

 

Obtained values are possible to use in an 
engineering method to calculate the exact value 
of the thermal conductivity coefficient and these 
values exist in all areas of Russia. 
 
4.3. Comparison of the obtained results with 
results of other authors 
If we take into account moisture values which 
are presented in the regulatory standard Set of 
Rules 50.13330.2012 “Thermal protection of 
buildings”, we will compare proposed results 
with modern view of construction industry. 
For the enclosing structure with aerated 
concrete base and expanded polystyrene 
insulation moisture values, according to the 
standard, can be written as (Table 4). 
 

Table 4. The moisture values in different 
construction areas for different moisture 

regimes of building room determined according 
to the Set of Rules 50.13330.2012 “Thermal 

protection of buildings” 

Moisture 
behavior 

of the 
building 

room 

Material moisture content determined 
according to Set of Rules 50.13330.2012 

«Thermal protection of buildings» in 
various moisture areas, mass percent (1 - 

insulation layer; 2 – base layer) 
Dry Normal Wet 

1 2 1 2 1 2 
Dry 2.0 8.0 2.0 8.0 10.0 12.0 

Normal 2.0 8.0 10.0 12.0 10.0 12.0 
Moist 10.0 12.0 10.0 12.0 10.0 12.0 
Wet 10.0 12.0 10.0 12.0 10.0 12.0 

 
As we can see, the obtained moisture values 
determined according to the unsteady-state 
moisture behavior calculation can differ from 
moisture values determined according to the Set 
of Rules 50.13330.2012 “Thermal protection of 
buildings”. The use of proposed method 
improves the accuracy of moisture calculation 
and can achieve energy saving because in dry 
and normal construction area moisture content 
is less than in regulatory standard. 
 
4.4. Comparison of the obtained results with 
results of other authors 
In current paper we predict moisture content and 
it gives opportunities not to do field studies 
[10,11] in each construction area. 
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Table 1. Cities for the moisture regime 
calculation 

No. 
Dry 

construction 
area 

Normal 
construction 

area 

Wet 
construction 

area 
1 2 3 4 

1 Krasnodar Moscow Petropavlovsk-
Kamchatsky 

2 Samara Kaliningrad Ayan 

3 Omsk Nizhny 
Novgorod Vladivostok 

4 Novosibirsk Tomsk Murmansk 
5 Irkutsk Khabarovsk Yuzhno-Kurilsk 
6 Volgograd Perm Arkhangelsk 

 
In each construction area there can be four types 
of moisture regime of building room: dry, 
normal, moist, wet.  
Temperature and relative humidity were chosen 
for each moisture regime of building room for 
the moisture behaviour calculation (Table 2). 
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humidity inside a room 

1 2 3 
1 Dry 22 ; 50 %in int C

2 Normal 22 ; 60 %in int C
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4.2. Research of moisture behaviour in different 
construction areas 
Moisture behaviour calculations in different 
construction areas for the enclosing structure 
with aerated concrete base and expanded 
polystyrene insulation are made. 
The moisture regime calculation of enclosing 
structure with aerated concrete base and 
expanded polystyrene insulation is presented for 
cities of dry construction area (Krasnodar, 
Samara, Omsk, Novosibirsk, Irkutsk, 
Volgograd) for different moisture regimes of 
building room (Fig. 1). 
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Kamchatsky, Ayan, Vladivostok, Murmansk, 
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moisture regimes of building room (Fig. 3). 
 

 
 

Figure 3. The moisture regime calculation of 
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combined in the table. The maximum 
calculation values are presented in each gap 
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of the thermal conductivity coefficient and these 
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4.3. Comparison of the obtained results with 
results of other authors 
If we take into account moisture values which 
are presented in the regulatory standard Set of 
Rules 50.13330.2012 “Thermal protection of 
buildings”, we will compare proposed results 
with modern view of construction industry. 
For the enclosing structure with aerated 
concrete base and expanded polystyrene 
insulation moisture values, according to the 
standard, can be written as (Table 4). 
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regimes of building room determined according 
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As we can see, the obtained moisture values 
determined according to the unsteady-state 
moisture behavior calculation can differ from 
moisture values determined according to the Set 
of Rules 50.13330.2012 “Thermal protection of 
buildings”. The use of proposed method 
improves the accuracy of moisture calculation 
and can achieve energy saving because in dry 
and normal construction area moisture content 
is less than in regulatory standard. 
 
4.4. Comparison of the obtained results with 
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In current paper we predict moisture content and 
it gives opportunities not to do field studies 
[10,11] in each construction area. 
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The accuracy of moisture regime calculation by 
proposed method is higher than the accuracy by 
steady-state method [6]. Moreover, we do not 
need to use numerical method, which simplifies 
calculations [12]. 
This article proposes Table. 3, which we can use 
without additional calculation and it is better 
than to determine unsteady-state moisture 
behaviour in each instance. 
 
 
5. CONCLUSIONS 
 
The new effective method for calculating 
unsteady-state moisture regime has been 
developed. Proposed method allows to calculate 
moisture transfer by analytical expression with 
higher accuracy than steady-state method, but 
without using numerical method. 
The moisture behaviour calculations in different 
construction areas for the enclosing structure 
with aerated concrete base and expanded 
polystyrene insulation are given. This approach 
allows to obtain the table with moisture value 
data. Engineers can use obtained data when they 
calculate heat conductivity coefficients of 
building materials of inclosing structures. This 
article allows to clarify the moisture values in 
the regulatory standard. 
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The accuracy of moisture regime calculation by 
proposed method is higher than the accuracy by 
steady-state method [6]. Moreover, we do not 
need to use numerical method, which simplifies 
calculations [12]. 
This article proposes Table. 3, which we can use 
without additional calculation and it is better 
than to determine unsteady-state moisture 
behaviour in each instance. 
 
 
5. CONCLUSIONS 
 
The new effective method for calculating 
unsteady-state moisture regime has been 
developed. Proposed method allows to calculate 
moisture transfer by analytical expression with 
higher accuracy than steady-state method, but 
without using numerical method. 
The moisture behaviour calculations in different 
construction areas for the enclosing structure 
with aerated concrete base and expanded 
polystyrene insulation are given. This approach 
allows to obtain the table with moisture value 
data. Engineers can use obtained data when they 
calculate heat conductivity coefficients of 
building materials of inclosing structures. This 
article allows to clarify the moisture values in 
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Abstract: The paper discusses the main aspects of implementing BIM technologies in the management of multi-
apartment buildings. It highlights the features of implementing the system, including the stages of creating a 
digital model of the building, requirements for personnel, and specific skills. The advantages and opportunities 
that arise in the management process of multi-apartment buildings with information modeling technologies are 
noted. Specifically, it simplifies processes such as document storage and transmission, organization of building 
operations, current repairs of buildings and structures, and more. The prospects for the implementation of 
information technologies in the housing and utilities sector in the Russian Federation are already outlined: by 
2023, developers are required to use these technologies when planning and constructing multi-apartment 
buildings. The government is implementing a series of systemic initiatives and measures aimed at the 
digitalization of multi-apartment building management, supporting the development of the sector towards a 
service model, and ensuring comfortable living conditions for citizens. To support these initiatives, it is 
necessary to unify requirements for services, standards for data collection, transmission, processing, and access, 
and to clarify the rules of interaction among participants, taking into account the active implementation of digital 
technologies in practice. The primary principle of digitalization should be economic feasibility. The 
implementation of digital technologies should provide real value for developers, management organizations, 
owners of residential and non-residential premises, and authorities. To achieve digitalization results, it is 
necessary to create conditions that stimulate the efficiency of interaction between subjects involved in the 
digitalization of multi-apartment building management. In particular, it is required to establish requirements for 
the implementation of information technologies at the legislative level. 
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