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Currently, existing buildings have a very low energy efficiency class. Many foreign countries
are already actively using energy-saving technologies. The best indicators are observed in
Germany. Germany is a recognized world leader in energy and resource saving, even though
the share of alternative energy sources is about 16%, while in Austria this figure reaches 70%
[1].

Reducing material and energy costs both during construction and during the operation of
various buildings, especially for housing and civil purposes, is an important task of the
construction complex. Considering that about half of all energy consumption in the country
falls on buildings and structures, an urgent problem is to increase the energy efficiency of both
newly constructed buildings and the existing significant fund of residential and public
buildings that do not meet modern energy consumption requirements [2].

With all the variety of ways to save energy in buildings, they can be reduced to the following
main groups:

— optimization of architectural, and space-planning solutions;

— optimization of enclosing structures;

— Improvement of engineering systems and equipment;

— widespread use of non-traditional energy sources and, first of all, solar.

Each of these areas contributes to reducing the energy consumption of buildings. Together
with

However, taking into account significant (up to 45%) heat losses through external walls, floors
and roofs (up to 22%), it should be especially noted that their reduction is a task of great
importance [3-7].

It is clear that it is practically impossible to meet modern requirements for building envelopes
In terms of thermal protection only by increasing the thickness of external walls and roofing,
and it Is not advisable at all. So in the case of using traditional structural and thermal insulation
materials without additional thermal insulation, according to the newly introduced building
codes for thermal protection, brick walls will have to have a thickness of more than 1.26 m,
single-layer coatings of structural and thermal insulation cellular and lightweight concrete with
a density of 800-1200 kg/m? - 0.4 -0.94 m, and in the case of using expanded clay backfill in
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the roofs, the thickness of the insulation will be 0.44-0.55 m. And this is only for the second
level of thermal protection of buildings at 2000-3000 degree days of the heating period.

The use of enclosing structures made of such materials is currently not economically and
technically feasible, since this will lead to a significant increase in the consumption of material
and energy resources in construction. In addition, an increase in the thickness of enclosing
structures when using traditional structural and heat-insulating materials can lead to a sharp
increase in the dead weight of buildings and structures and, accordingly, seismic load, which
IS unacceptable. Therefore, today it is-necessary to develop in every possible way research,
production base and the use of effective heat-insulating materials and multilayer enclosing
structures, in particular, using local materials.

Thus, the introduction of increased requirements for the thermal protection of buildings
requires a fundamental revision of issues related to the design and technological solutions of
building envelopes and the physical and mechanical properties of the heat-insulating materials
used. Wall barriers made of traditional materials (brick, structural and heat-insulating
lightweight and cellular concrete with a density of 800-1400 kg/m?, etc.), which
simultaneously perform load-bearing and heat-insulating functions in single-layer structures,
can no longer be used without additional using effective thermal insulation materials.
Following KMK 2.01.04-97, effective heat-insulating materials include materials with a
thermal conductivity coefficient of AO = 0.1 W/(m*°C) and less, and traditional wall materials
have AO = 0.21-0.56 W/(m*°C).

The introduction of fundamentally new approaches to the design of enclosing structures opens
up the possibility of a significant reduction in their own weight through the use of effective
heat-insulating materials and enclosing structures.

One of the more effective and simple ways can be the development of structural and
technological solutions for earthquake-resistant and energy-efficient buildings with the
Integrated use of monolithic foam concrete with a minimum allowable (should be established)
low strength and, accordingly, with a reduced density (within 200-300 kg/mq) as insulation,
arranged in construction conditions, and as a carrier layer of brick (well masonry), monolithic
light or heavily reinforced concrete. it is more efficient to use foam concrete blocks with a
density of 1000-1200 kg/m?® as a carrier layer, which will further increase the heat-shielding
performance of the walls.

For low-rise construction of residential and public buildings (up to 3 floors), it is promising to
develop complex wall structures using foam concrete blocks with a density of up to 600 kg/m?
as load-bearing layers, and monolithic foam concrete with a density of up to 300 kg/m? as a
heat-insulating layer. This will significantly increase the heat-shielding performance and
significantly reduce the dead weight of buildings [8-11].
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Obtaining foam concrete of high mechanical strength is one of the important technological
tasks of our time. An analysis of the factors affecting the mechanical properties of this
composite material shows that the degree of defectiveness of interpore partitions, which
determines the strength of hardened concrete, depends very significantly, other things being
equal, on the properties of the binder used. When using mass-produced Portland cement M400,
for several reasons, foam concrete is characterized by relatively low strength at a certain
density, as well as high rates of shrinkage deformations.

Improving the standards of earthquake-resistant construction, taking into account the
provisions, will also ensure energy efficiency in the production of structural materials
(concrete, cement, steel) by saving them and reducing the seismic load due to the use of
lightweight enclosing structures.

In general, the achieved level of thermal protection of buildings according to the newly
introduced building codes is 1.4-4.0 times higher than the level of regulatory requirements of
the Soviet period. At the same time, this level is on average 2 times lower than in the EU
countries [12-20]. The accepted levels of thermal protection of buildings are due to the current
state of development of the country's economy, and the material and technical base for the
construction and operation of buildings and structures. At the same time, international practice
and experience of a phased reduction in energy consumption by buildings in developed
countries were taken into account. Therefore, it iS necessary to continue research on the
systematic improvement and development of the regulatory and methodological framework
for the design and construction of energy-efficient buildings, taking into account the
development of the country's economy, the need to stimulate the development of the
production base of effective heat-insulating materials,
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