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Abstract. The article is dedicated to the actual problem of regional
housing development. The authors propose to use the existing Russian
production facilities of large panel construction, which must be
modernized on the basis of modern technologies, as a promising reserve
for increasing the volume of housing construction. Currently, EU countries
pay considerable attention to cluster strategies as an effective tool for the
innovative development of regions and enterprises. Recently, there has
been a significant amount of interest to this problem in Russia. It identified
distinctive parameters of the formation and implementation of regional
cluster construction policies, industrial housing on an innovative basis in
comparison with traditional industrial and construction policies. The need
for an integrated approach to innovative solutions in the field of
technology and construction management has been proved. The need for
improving the spatial organization of construction by creating industrial
housing construction clusters on the territory of large industrial regions has
been justified, which, according to the authors point of view, will help to
find a fast solution of the housing problem in St. Petersburg and in Russia
as a whole.

1. Introduction

Housing development is one of the most important tasks of regional authorities, because it
provides an increase in tax income to the budget and expansion of the taxable base, as well
as helps to meet the needs of the population for high-quality, technologically and
technically modern housing, and most importantly, to improve the quality and standard of
living [1-3]. We can assess the level of regional economic development according to the
rate of provision of the population with adequate quality housing.

The condition of the housing stock, the quality of housing and public utility services, as
well as housing market development have a significant impact on the investment climate of
the territory. Increasing the rate of housing supply, as well as improving its quality will
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contribute to the growth of consumption and provide conditions for attracting labor
resources to the region [4-6]. All this stimulates economic development in order to better
meet the needs of the population, raising its living standard, and, consequently, welfare [7-
9].

The average Russian rate of provision of the population with living space on average per
person (25,2 m?) divides all the subjects of the Russian Federation into two groups equal in
the number of regions — below the average and above the average level. Moreover, each
group includes regions where the level of housing provision considerably differs not only
from the average rate in the country, but from most regions in the group as well.

Region distribution by the level of housing provision of the population in 2017 is
demonstrated in figure 1. Regions are located in the order according to Rosstat (also known
as Russian Federal State Statistics Service) — that is by Federal Districts (from 1 to 18 —
Central Federal District; 19-29 — Northwestern Federal District; 30-37 — Southern Federal
District; 38-44 — North Caucasian Federal District; 45-58 — Volga (Privolzhsky) Federal
District; 59-64 — Ural Federal District; 65-76 — Siberian Federal District; 77-85 — Far
Eastern Federal District).
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Fig.1. Provision of the population with a living space as per 1 person in regions of the Russian
Federation in 2017

The rate value for the provision of population with living space as per 1 person in
regions of the Russian Federation varies from 31.8 m? in the Moscow Region down to 13.9
m? in Tyva. 47 regions show the higher level than the all-Russian one, 37 — the lower and
one corresponds to the all-Russian level [10].

In the country as a whole, the volume of housing construction in recent years has been
at a rather high level, although it is slightly decreasing lately. In 2018, there were 75 min
sg.m of the total area of residential premises supplied (including St. Petersburg — more than
7 min sg.m), in 2017 — 79.2 min sg.m, in 2016 — 80.2 min sg.m, and in 2015 — 85.3 min
sg.m. However, the difference in the rates of construction of residential buildings among
the Russian regions is very large. 13 regions have more than half of the delivered total area
of residential buildings in Russia, and the remaining half accounted for 72 subjects, i.e.
construction volumes there are usually very low.
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It is obvious that the construction of a sufficient number of housing, considering the
supply up to 100 min sq.m by 2020, is possible only due to major innovative changes in the
construction industry [11]. These changes include:

- transition to frame and cast-in-place (and prefabricated frame) housing construction,
the use of stationary form construction (or permanent form technology);

- transition from the construction of houses directly on construction sites to modular
prefabricated construction;

- introduction of various new materials such as porous bricks, composite materials and
plastics. Decrease in material consumption;

- introduction of rapid construction technology using fixed formwork from polystyrene
foam;

- integrated solution of energy saving in residential buildings, introduction of "passive"
and "active" house concepts;

- implementation of "smart™ and "green" house concepts;

- introduction of effective methods of waste disposal and wastewater treatment
(centrifugal and membrane technologies).

Those specified above elements are the main basis for a modern approach to the revival
and further modernization of industrial construction.

2. Materials and Methods

Today, the material and technical base of such construction in the Russian Federation is not
sufficiently and efficiently used. If we set a task to provide the total living space for citizens
of the Russian Federation in the amount of 28-35 m? per 1 person, then it is necessary to
modernize the current industrial housing construction base and develop new facilities on an
innovative basis.

At present, only half of 409 existing house-building factories continue to operate,
producing 10-12 mln m? of houses annually, although their production capacity is 25-35
min m?. At the same time, only 30 of 210 operating factories correspond to modern
production facilities.

By the way, the infrastructure of those facilities that do not operate any more as house-
building factories can be used or redesigned as the production for housing construction. The
majority of house-building factories operating in Russia produce a series of residential
houses, designed in 1970-1990 [12, 13]. The quality of these outdated series, developed 20-
30 years ago, does not meet modern requirements not only from the point of view of the
consumer, but also from the position of the state.

You can’t beat the large-panel housing technology by its construction cost and time
period. But the consumer qualities of panel housing do not fully meet the needs due to
practical impossibility of changing the arrangement and partitions, uniting spaces or its
transformation [14, 15]. At the same time, the presence of room-sized intermediate slabs
and a one hidden seam provide not only good aesthetics of the apartment, but also make it
cheaper. However, the greatest flexibility of architectural and planning solutions will be
appropriate to the panel system with a wide pitch of bearing cross-walls. This requires the
use of hollow core slabs with pre-tensioned reinforcement [16, 17].

To expand the possibilities of prefabricated panel construction using precast reinforced
concrete, it is better to use a frame system, since it is universal and has become very
common in the construction of residential and public buildings. The combination of frame
elements with panel structures allows finding innovative solutions in modern construction.

At present, precast concrete equipment and technology are so universal that allow
producing not only according to an open type designs, but also providing a full range of
precast reinforced concrete for residential and public facilities, including engineering
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structures. At the same or different cooperating enterprises, together with panel structures,
we shall produce hollow-core slabs made on long stands; frame elements (columns, bolts,
beams and bars, pylons) — all of these products fit perfectly in combination with large-panel
internal and external walls into new residential buildings and public facilities.

Thus, we can observe a replacement of large-panel housing construction in its pure form
on panel-frame house construction (PFC). PFC is a new innovative solution of industrial
construction, new opportunities for architects, designers, engineers, managers to meet
consumer demand for modern comfortable houses.

PFC removes all existing restrictions typical to large-panel construction (LPC). The
flexibility of architectural and planning solutions is that they are exactly what the
consumer's family needs with a possible change of the apartment plan. The PFC system
provides capabilities that exceed the monolithic construction due to architectural and
planning solutions. In monolithic buildings you can’t bridge over span of more than 7.2 m
without intermediate supports and a significant cost increase, whereas a panel-frame system
allows spans up to 9 m, 12 m or more when using hollow-core slabs [18].

3. Results and discussion

The revival of industrial construction in Russia should be carried out according to quantity
and quality terms. At the same time, the housing problem in Russia will not be solved at all
in the near future without such a revival. Therefore, it is necessary to activate all idle LPC
plants, provide 100% production capacity and build new plants. The revival of industrial
housing construction should be performed on an innovative basis through modernization
with the transition to flexible technological schemes and a panel-frame construction [19].

The most telling example of such revival on an innovative basis is the "Grad" factory
foundation in Naro-Fominsk, Moscow Region in early 2015 [20]. The company has
become the largest house-building factory (HBF) at the federal level, established in Russia
over the past 30 years. The capacity of new HBF reaches 525 thnd m of products per year,
450 thnd m? of which is an apartment area and 75 thnd m? are buildings of social and
cultural significance. Unlike HBF of the previous generation, the Grad's product range is
not tied to a specific series. Modern equipment allows the plant to produce practically an
unlimited number of houses under any architectural planning project, simultaneously. Its
use will minimize costs:

-reduce by 70% the labor costs allowing the use of new generation wire-welding
machines;

- reduce by 2 times the time of loading and unloading work;

- eliminate the need to operate the crane due to the use of unloading semi-trailers.

"Grad" HBF is a high-tech, design and production complex using the most modern
world technologies and innovative developments of RUSNANO. Due to the large
production volume, energy saving equipment and automation system, the cost per square
meter of a residential building does not differ much from old HBF’s products [21]. And the
more innovative house-building factories of this type are established in our country, the
better quality of houses we get, the faster we solve the housing problem. The experience of
modernization of house-building factories in a number of cities of the Russian Federation,
the existing foreign experience allows us to conclude that it is necessary to closely link
innovative solutions in the field of technology with innovative management solutions.
These solutions include the following:

1. The authors revealed that presently there are two conventional technological systems
for industrial housing construction — rigid (inflexible) and flexible technological systems.
During the USSR period, all LPC factories were built using the inflexible technological
system. The main feature of this technology is that each precast concrete product needs its
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own metallic form with a rigid non-removable (permanent) board and pallet layout. This
allowed those factories to produce a large number of residential buildings in the absence of
their diversity and the impossibility of switching over to new, advanced, more cost-
effective series. This scheme is based on a compact cassette equipment [22]. According to
the flexible technological scheme there are new LPC factories with a complete set of
imported equipment. These are, as a rule, conveyor lines with inventory pallets, which are
equipped with universal onboard elements, elements forming openings and clamps for
installation of fittings and fixings with fastening to pallets on quick-release magnets [23].
Modernization of LPC factories, in our opinion, should consist in transition to flexible
technological methods with minimization of costs due to the advanced planning of
residential houses of a new type with the subsequent selection of technological equipment
for factory production of elements of designed projects.

2. In the course of further modernization on an innovation basis, it is necessary to
transform house-building factories to a panel-frame construction.

3. In those regions of Russia where industrial construction is completely absent (eight
republics, districts, regions) or it produces insignificant volumes, it is necessary to create a
base for such construction using a panel-frame technological scheme.

4. In the regions where the proportion of industrial housing is large enough (first of all,
the Central and North-West federal districts) and there is a sufficient number of house-
building factories and enterprises producing precast concrete, to our opinion, a modern
cluster approach is needed. The main distinctive parameters of the formation and
implementation of regional cluster policy compared with traditional industrial and
construction policies include a territory development strategy, government and business
relationships; production and technology; economic efficiency criteria; labor market;
institutional environment; type of dominant communications between enterprises [24, 25].
By aggregating the most essential features of these approaches, table 1 presents the results
of its comparative analysis with an emphasis on the important differences of the cluster
approach.

Table 1. Main distinctive features of the cluster approach to management compared with the
industrial one

Features Cluster approach Industrial approach
Formation Horizontal and vertical integration, | By technology
principle optimization of inter-industry
impacts
Economic growth | Synergy effects due to the Production (industrial)
potential interaction of diverse elements. intensification

The presence of a key participant
(large enterprise, research center)

The possibility of | High level of innovation activity | Limited due to the inertia of the

enhancing due to the possibility of system of innovation,
innovation concentration of resources in communication problems
potential separate elements of the cluster,
defining its innovative potential
Competitiveness | Increased due to the territorial Poorly expressed due to the
of regional concentration of cluster elements, | territorial dispersion of
products which leads to a decrease in enterprises implementing
transport and transaction costs production processes within the

same industry
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Features

Cluster approach

Industrial approach

Stable regional
system

Possible adaptation to changing
environmental conditions due to
higher diversification of activities

Higher specialization leading to
a decrease in the adaptive
capacity of the regional socio-
economic system

Investment

Investment effect is determined

Determined by the possibility of
integrated use of investment
resources

potential
(attractiveness)

Communication
level

by the capabilities of the
investee

Long-term communication
between cluster members based on
mutually beneficial relationships

Rigid hierarchical structure
defined by technological and
administrative and managerial
relations

Forced use of environmental
and resource-saving
technologies for a particular
enterprise without taking into
account the complex impact on
the environment

Eco-friendly and
energy-efficient
production

Voluntary use of integrated
energy-saving technologies,
increased attention to the eco-
friendly production, utilization and
recycling

4. Conclusions

The basis for the implementation of cluster policy is the creation of conditions for
synergistic effect for companies within the cluster network, as well as the identification and
application of factors that influence the increase in the competitiveness of individual
elements and the cluster as a whole. Since the products of the panel-frame construction
system are formed on the basis of the participation of a large number of factories - from
project bureau, manufacturers of structural elements (panel, frame) to construction
departments for installation and finishing works [26, 27], then it is better to form the
industrial housing cluster on the territory of St. Petersburg and the Leningrad Region,
covering all or most of the profile enterprises.

Thus, the creation of such cluster, first in St. Petersburg and the Leningrad Region, and
then in other regions of Russia, will ensure regional interest in the production of high-
quality, cost-effective house-building products improving an architectural appearance of
residential buildings, and generally developing an affordable housing market that will speed
up the solution of the housing problem in the country.
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