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Abstract. The subject of the study, considered in the article, is the technical condition of the housing stock of the 
Russian Federation, which is a totality of objects with a characteristic variety of structural and space-planning 
decisions and increased values of physical wear. The objective of the study conducted by the authors was to 
develop an optimization criterion for assessing the effectiveness of restoration of housing facilities based on 
determining the ratio of one-time costs for restoration work and current projected costs for operation and 
maintenance of an apartment house. Since an important stage in reproduction of the housing stock is preparation 
of design estimates for reasonable implementation of capital investments by property owners and government 
support measures for restoration of buildings, the topic discussed in this article is relevant. The scientific novelty 
of the study conducted by the authors is to develop a method for assessing the effectiveness of overhaul 
(reconstruction, modernization) of buildings, where the criterion is the choice of innovative design solutions and 
building materials when planning the restoration of housing facilities. 
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Аннотация. Предметом исследования, рассматриваемого в статье, является техническое состояние 
жилого фонда Российской Федерации, представляющего собой совокупность объектов с характерным 
разнообразием конструктивных и планировочных решений и повышенными значениями физического 
износа. Целью исследования, проведенного авторами, была разработка оптимизационного критерия 
оценки эффективности восстановления объектов жилья на основе определения соотношения разовых 
затрат на восстановительные работы и текущих проектных затрат на эксплуатацию и содержание жилого 
дома. Поскольку важным этапом восстановления жилого фонда является подготовка проектно-сметной 
документации для обоснованного осуществления капитальных вложений собственниками и меры 
государственной поддержки для восстановления зданий, тема, обсуждаемая в этой статье, является 
актуальной. Научная новизна исследования, проведенного авторами, заключается в разработке метода 
оценки эффективности капитального ремонта (реконструкции, модернизации) зданий, где критерием 
является выбор инновационных проектных решений и строительных материалов при планировании 
восстановления объектов жилья.
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INTRODUCTION 

Currently, the legislation of the Russian 
Federation defines housing stock as a totality of 
all residential premises located on the territory of 
the Russian Federation [1]. 
In the context of the reform of infrastructure 
sectors of the economy in the Russian 
Federation, one of the most important tasks is 
implementation of socio-economic 
transformations in the Russian Federation, and 
mainly in the housing and communal sector, 
since market and administrative approaches are 
particularly acute in this sector. Therefore, it is 
difficult to find a compromise between economic 
feasibility of restoring residential buildings, the 
ability of owners to provide proper control over 
implementation of work, as well as the ability of 
the state to provide financial support to owners in 
order to create a comfortable urban environment 
[2]. 
However, the growing degradation of the 
housing stock in the Russian Federation, the 
disordered legal relationships in it put society and 
the state in need of making drastic decisions and 
taking measures aimed at improving the current 
situation with the technical condition of 
residential buildings in the country. This problem 
becomes particularly urgent in the context of 
regular amendments to the Housing Code of the 
Russian Federation, within the framework of 
which the powers of participants are expanded 
when managing an apartment house,
responsibility is transferred for their (apartment 
houses) maintenance to the owners of premises, 
and the role of state and municipal authorities is 
changing in the housing and communal services 
market. 
Important is the fact that the housing stock of the 
Russian Federation is characterized by a 
historically developed variety of constructive and 
space-planning decisions (Table 1). The building 
of a significant number of cities on the territory 
of the Russian Federation has a long history and 

is characterized by increased values of 
development of physical wear of building 
structures. 
Thus, the housing stock of the Russian 
Federation totals about 3 billion square meters of 
total area, which makes up more than 30% of all 
reproducible property. At the present stage, 
deterioration of the housing stock of most 
Russian cities is about 70%. Residential 
buildings that have been in operation in disrepair 
for more than 25 years without restoration work 
represent about 300 million square meters [3]. 
Housing facilities subject to demolition due to an 
emergency technical condition make up about 90 
million square meters (3,2% of the total housing 
area), where according to rough estimates about 
5 million citizens of the Russian Federation live 
[3]. 
It will be advisable to consider in more detail the 
technical condition of residential buildings on the 
example of Leningrad region, since building of 
this constituent entity of the Russian Federation 
has been formed for more than 300 years of 
formation of the state in the European part of 
Russia and for 2017 consisted of 18,127 
apartment houses. It is necessary to bring some 
clarity to the concept of “apartment house” (since 
these buildings are a structural component of the 
country’s housing stock) in accordance with the 
explanations of the Ministry of Economic 
Development of the Russian Federation, 
according to which any residential building with 
more than one apartment is an apartment house 
[4]. 
At the present stage, 42% of houses or 64% of 
the total area of apartment houses in Leningrad 
region were built in the period 1971-1995, and 
2% of the total area of apartment houses are 
characterized by the presence of wooden walling 
(Figures 1, 2) [5]. 
The current legislation of Leningrad region 
provides for annual collection of data on the 
technical condition of apartment houses [6]. 
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Table 1. Design schemes of residential buildings of old construction in Saint-Petersburg. 
Design 
scheme 

type
Design scheme Design scheme 

description

Main 
parameters, m Repeatability,

%
А В

1 2 3 4 5 6

1

Double span with
medium

longitudinal
bearing wall

10 – 18 12– 30 52

2
Multi-span

with transverse
bearing walls

4 – 16 12 –20 8

3

Single span with 
external 

load-bearing 
walls

4 –14 12 –22 13

4
Three-span with 
two longitudinal

inner walls
12 –24 12 –

38 10

5 Mixed scheme 9 – 18 up to
25 17

The authors of the article analyzed the technical 
condition of 12 981 housing facilities. The results 
obtained by the authors allow us to conclude that 

a significant number of buildings in emergency 
condition with increased values of physical wear 
are in operation: 
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Figure 1. Analysis of the housing stock of Leningrad region by year of construction, m2. 

Figure 2. Classification of the housing stock of Leningrad region by the material of walls, m2.

0-20 % – 1660 apartment houses with total area 
of 7626,2 thous. m2; 21-40 % – 3341 apartment 
houses 9603,5 thous. m2; 41-70 % – 3387 
apartment houses 5417,6 thous. m2; over 70% –
988 apartment houses 1091,2 thous. m2. 
The largest number of apartment houses with a 
physical depreciation value of more than 70% are 
in Slantsevsky and Volkhovsky districts (38% 
and 20% of the total, respectively). The analysis 
of the technical condition of structural elements 
of 12981 apartment houses performed by the 
authors shows that 30% of foundations, 31% of 
roofing, 35% of facades require major repairs [6]. 

MATERIALS AND METHODS

In the course of the study, the authors determined
that overhaul should be considered as one of the
ways to preserve and update the housing stock
along with current repair, reconstruction,
modernization and new construction [7, 8, 9]. 
Moreover, in the absence of economic feasibility 
of repairs and reconstruction of buildings, 
preference should be given in favor of new 
construction. However, new construction often 
requires demolition of emergency apartment 
houses, which entails the need for resettlement of 
residents, while during overhaul or 
reconstruction, resettlement of owners is carried 
out only with comprehensive performance of 

Walls of brick; 
11302,06 sq. m; 

38%

Walls of panels; 
13077,92  sq. m; 

44% 

Walls of 
monolite 

reinforced-
concrete; 224,41  

sq. m; 1%

Walls of small 
blocks, artificial 

and natural 
stones; 845,75 

sq. m; 3%

Walls of blocks; 
399,08 sq. m; 12 

%

Walls of wood; 
530,71 sq. m; 2 

%

from 1971 until 1995

from 1946 until 1970

from 1921 until 1945

before 1920

after 2010

from 1995 until 2010
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restoration work. It is advisable to organize
reproduction of the housing stock by 
demolishing old facilities and new construction 
when the high level of physical wear of 
residential buildings does not allow the efficient 
use of capital investments of owners and state 
support funds for reconstruction work. In 
addition, demolition of old buildings, design, 
preparation of the territory and construction itself 
significantly increases commissioning time and 
cost of the future building [10, 11]. Thus, 
overhaul costs are 30-35%, modernization - 50-
55%, reconstruction - 60-70% of the cost of 1 m2

of the total area for new construction according 
to the Russian Academy of Architecture and 
Building Sciences [12]. Therefore, given the 
current state of the housing stock in the Russian 
Federation, the most appropriate is reproduction 
of housing through overhaul, reconstruction and 
modernization, implementation of these 
processes in the framework of this article, the 
authors accept as restoration work to eliminate 
physical wear of an apartment house.
One of the main stages of reconstruction of the 
housing stock by means of overhaul, 
reconstruction and modernization is preparation 
of design estimates for all design decisions on 
redevelopment, functional reassignment of 
premises, replacement of structures, engineering 
systems or their installation again, landscaping 
and other similar work. As part of the study, the 
authors used the analytical method and deduction, 
it was determined that a significant number of 
scientists whose scientific results were analyzed 
and summarized when writing the article were 
involved in the study of the issue of efficiency in 
implementation of investment construction 
projects (including reconstruction and overhaul 
projects [13, 14, 15].

RESEARCH RESULTS AND DISCUSSION

In the framework of the study, the authors 
developed an approach to implementation of 
planning for restoration work based on variant 
design (Figure 3). 

In accordance with the algorithm developed by 
the authors, preparation of projects for 
restoration of an apartment house should be 
preceded by a survey of the apartment house in 
order to determine the category of technical 
condition based on [16, 17]. 
The effectiveness of planning the reconstruction 
of the housing stock can be achieved by 
evaluating the restoration projects (overhaul,
reconstruction or modernization) of the housing 
stock. It is advisable to accomplish this task by 
comparing variation of one-time and current 
costs when implementing a project for 
restoration of an apartment house on the basis of 
the following: increasing one-time costs of 
restoring a building to a certain level leads to a 
decrease in subsequent current costs for 
operation and maintenance (Figure 4) [ 11, 12]. 
So, overhaul of the facade of an apartment house 
can be carried out according to the standard 
option, i.e. sealing the external joints of a closely 
located urban area, repairing plaster and painting 
the facade, and an external insulation system 
using hinged ventilated facades can be used [18, 
19]. 
The advantages of the latter option are reduction 
of heat losses, increase in the service life of load-
bearing enclosing structures by eliminating 
condensation of water vapor in the load-bearing 
wall, possibility of reconstructing a house 
without resettling residents, and reducing the cost 
of repairing building envelopes, since the system 
in question plays the role of corrosion protection 
[20]. The key factor that determines the use of the 
system of ventilated facades is to increase 
durability and service life in relation to the 
standard overhaul period of operation of the 
facade in traditional stucco finishing. 
In order to compare projects for restoration of an 
apartment house proposed for implementation, it 
is necessary to introduce a number of 
designations. 
We will take Ki as one-time costs of restoration 
of a building in accordance with the i-th project 
for restoration of an apartment house.
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Figure 3. Algorithm of planning of restoration works based on variant design. 

Figure 4. Graph of dependence between current and one-time costs  
(K – one-time costs, Z – current costs). 

We will consider Svi as operating costs for 
maintenance of an apartment house for the v-th 
year of operation (v= 1,2,3,…,g) during 
implementation of the i-th project of restoration 
of a house, and Cvi − costs of ongoing repairs, if 
necessary, for the v-year year of operation of the 
house during implementation of the i-th project. 
Then the effectiveness of the building restoration 

project can be determined by the ratio of the sum 
of the costs of operation and maintenance to the 
number of one-time costs of the project: 

(1)
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At the same time, planning of current repairs and 
distribution of costs for operation of an apartment 
house are carried out for a certain period of time 
after restoration of the housing stock, which sets 
the task of taking into account annual inflation in 
assessing the effectiveness of restoration projects 
for an apartment house. Then the costs of the 
current repair and maintenance of the apartment 
house will be set in the form: 

Svi (1+p)v-1    (2) 

and

Cvi (1+p)v-1     (3) 

where p- inflation in fractions of a unit, taken for 
the v-th year of operation of the housing stock 
after its restoration.
Then the criterion for effectiveness of the 
projects under consideration for the accepted 
horizon of calculation (in years) should be 
determined by the following mathematical 
expression: 

  (4) 

Thus, the decision to restore apartment houses on 
the basis of variant design allows the selection of 
projects for restoration of housing facilities with 
the highest PI values. The next stage of work 
planning in accordance with the algorithm 
developed by the authors (Figure 3) is to 
determine the share of owners in implementation 
of the corresponding project and the amount of 
state support in restoration of an apartment 
house. The key point of the considered stage is 
selection of the contractor in accordance with the 
lowest price criterion [21, 22] during the auction, 
and at the same time, the quality of contractor 
work to comply with the interests of the owners 
(in the form of ensuring a quality standard of 
living for citizens) and the interests of the state 
(with formation of the comfortable urban 
environment). The ultimate goal of the process in 
question is to implement the project and reduce 
the level of physical wear of the housing facility. 

CONCLUSIONS 

As a result of the study, it was determined that an 
increase to a certain level of one-time costs for 
restoration of an apartment house allows to 
increase the overhaul periods of operation, which 
allows to reduce the amount of costs for the 
current repair of the building. In addition, the 
choice of innovative design solutions and 
building materials when planning restoration of 
housing facilities can reduce the costs of current 
operation of an apartment house, since in the long 
run, taking into account inflation, the cost of 
operating an apartment house requires a 
significant amount of investment. Since the 
owner will continue to bear the costs of current 
maintenance of an apartment house, he is 
interested in optimizing the consumption of fuel 
and energy resources as a result of restoration 
(major repairs, reconstruction or modernization) 
and minimizing the loss of heat and other energy, 
as well as reducing operational housing facility 
expenses. The results of the scientific research of 
the authors are especially relevant in view of the 
fact that the current stage of the need to improve 
the energy efficiency of buildings is one of the 
key tasks facing the world scientific community 
in a number of countries. 
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