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The article presents multi-layered thermal insulation wall blocks designed for the
construction of self-supporting and non-load-bearing walls in frame-type civil buildings.
The technical efficiency of these blocks is reflected in their enhanced thermal insulation
performance, achieved through a strategic distribution of insulation layers. Specifically,
the external and internal surfaces of the primary concrete core are encased in thermal
insulation layers characterized by high thermal inertia. These properties enable the
structure to retain heat during periodic temperature fluctuations or to undergo gradual
temperature transitions, thereby effectively eliminating the risk of condensation (dew
formation). In the context of frame-type civil construction, utilizing these blocks allows
for the simultaneous execution of wall erection and thermal insulation. Furthermore, this
method obviates the necessity for plastering internal and external surfaces, facilitating

the immediate application of finishing materials.
Keywords: wall block, thermal resistance, building, interior, exterior.

In construction, the development of new energy-efficient methods,
technical means, and technologies is carried out in many directions; however,
the energy efficiency of buildings primarily depends on the thermotechnical
characteristics of the materials used for the construction of external walls and
roofing. Rationally designed external building envelope structures must satisfy
the following thermotechnical requirements:

1.They must possess sufficient thermal insulation properties to better
retain heat within the premises during the cold period of the year, or protect the
premises from solar overheating in summer;

2.During operation, the temperature on the internal surface of the wall
must not be excessively low or significantly different from the internal air
temperature, in order to avoid condensation and prevent cooling of the human
body due to radiant heat loss;
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3.They must exhibit air permeability not exceeding the allowable limit,
beyond which air exchange would diminish the thermal protection quality of
the envelope and cool the premises, causing a sensation of a draft for individuals
sitting near the envelope;

4.They must maintain a normal moisture regime, given that the dampening
of the envelope reduces its durability and deteriorates the sanitary-hygienic
conditions of the premises.

The most critical thermotechnical property of a building envelope is its
resistance to heat transfer, or thermal resistance, which is characterized by
the temperature difference between the internal and external surfaces of the
envelope when 1 kcal of heat passes through 1m? of surface area in 1 hour. The
thermal resistance of a homogenous layer of the building envelope is calculated
by the formula:

R - 0 °Cx m*+ hfkcal

A
Where J is the thickness of the envelope in meters, and A is the thermal
conductivity coefficient of the material, representing the amount of heat in
kilocalories conducted over 1 hour through 1m? of an envelope with a thickness
of 1m, given a temperature difference of 1° between the external and internal
surfaces. The higher the thermal resistance value, the better the thermal insulation
property of the envelope. To increase thermal resistance, it is necessary to either
0 increase the thickness of the envelope or decrease the thermal conductivity
A coefficient; for economic efficiency, it is advantageous to use materials with a
low thermal conductivity coefficient, provided that the appropriate structural
strength conditions of the envelope are maintained. The value of the thermal
conductivity coefficient primarily depends on the bulk density, moisture content,
and temperature of the material; the lower the bulk density of the material—and
consequently, the more air-filled pores it contains (air being a poor conductor of
heat)—the lower its thermal conductivity coefficient. However, there is no direct
proportional relationship between bulk density and thermal conductivity, as the
latter is significantly influenced by the nature of the material and the character
of its structure.
The amount of heat that passes through 1m? of the building envelope in 1

hour is called the heat flux and is expressed by the formula:

q= % keal /m?.

where q is the amount of heat in kcal.

1, The temperature of the internal surface of the envelope;
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t, The temperature of the external surface of the envelope;
R - Thermal Resistance

The temperature within the thickness of the building envelope drops as
the heat flux passes through the envelope from its internal surface toward the
external one. This temperature reduction, conditioned by thermal resistance, is
called the temperature drop. It is noteworthy that as the heat flux passes through
the envelope, the temperature decreases not only within the envelope material
itself but also at its surfaces; thus, the internal surface temperature tsi is lower
than the internal air temperature tia, while the external surface temperature te.
is higher than the external air temperature t...

Consequently, in the process of heat transfer through building envelopes,
the temperature decrease is caused by its thermal resistance. This resistance
occurs during the transfer of heat flux from the internal air to the internal surface,
as well as during the heat transfer from the external surface to the external air.
The first resistance is called the internal surface resistance (or thermal absorption
resistance) and is denoted as Rsi, while the second is called the external surface
resistance (or thermal emission resistance) and is denoted as Rz, Both types of
resistance combined are referred to as surface heat transfer resistance, and their
dimension is the same as that of thermal resistance. It expresses the temperature
difference between the air and the envelope surface at which the heat flux
between the air and the surface equals:

When discussing the heat transfer of an envelope, it is assumed that the
heat passing through the envelope is stationary, meaning its magnitude does not
change over time. Such a heat flux can only occur if the internal and external
air temperatures also remain constant over time. In reality, both external and
internal temperatures are not constant; they fluctuate throughout the day and
night and over longer periods. The periodic variation of air temperature leads to
the need for additional thermotechnical requirements for the envelope. These
requirements consist of ensuring minimum temperature fluctuation on the
internal surface of the envelope to maintain comfortable conditions within the
space and, at the same time, prevent condensation on the construction surface.

Temperature fluctuation on the internal surface depends not only on
the fluctuations of internal and external air temperatures but also on the
thermotechnical properties of the envelope itself. Envelopes that ensure less
temperature fluctuation on the internal surface are called heat-stable (or
thermally inert).

Thus, the heat stability of an envelope is defined as its property to ensure
a relative constancy of temperature on the internal surface despite fluctuations
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in the magnitude of the heat flux passing through the envelope. One of the
most important factors affecting the heat stability of an envelope is the thermal
absorption of its surface—that is, the property of this surface to absorb heat to a
greater or lesser degree during periodic fluctuations of the heat flux.

The thermal absorption of a material is characterized by the thermal
absorption coefficient S and is measured in kcal/(m2-h-°C) (Orlovsky 1989).

Currently, in the civil construction projects underway in our country,
concrete blocks are the most prevalent and widely used material for constructing
the external envelope walls of frame-type buildings. Walls built with such
concrete blocks (most often with a thickness of 20 cm) are characterized by low
thermal stability and fail to meet the requirements set for modern civil buildings
in terms of energy efficiency. To enhance the thermotechnical characteristics
of external envelope walls, it becomes necessary to carry out thermal insulation
work on both the external and internal surfaces of the already constructed walls,
which is associated with additional costs and increased labor intensity.

This article presents multi-layered thermal insulation wall blocks (Utility
Model U 2025 2223 Y), the technical result of which is an increase in thermal
insulation indicators. This is achieved by distributing thermal insulation layers
within the block such that the external and internal surfaces of the main concrete
layer are covered with thermal insulation layers. These layers are distinguished
by high thermal inertia characteristics and have the property of retaining heat
during periodic temperature fluctuations or slowly changing the temperature
within the construction, which eliminates the possibility of condensation.
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Fig. 1 Fig.2

The construction of the blocks (Fig. 1 and Fig. 2) consists of main concrete
layers (1) located on the external and internal surfaces of the concrete layer,
as well as thermal insulation material layers (2) placed between them. The
block layers are interconnected by plastic rods (3) featuring threaded surfaces
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and flat heads on both ends. Within the block, the thermal insulation layers are
positioned with an offset, such that small protrusions and corresponding grooves
are formed on the lower bedding side, while concrete protrusions are formed on
the upper bedding surface of the block, intended to fit into the grooves of the
lower bedding surface.

The thickness of the block layers, as well as the diameter and quantity of
the connecting rods, are determined based on the materials of the layers and the
operating conditions.

The concrete layers of the building block can be constructed using both
heavy and lightweight concretes made with various aggregates. In the presented
blocks, the main layers are made of lightweight concrete, where the aggregate
material used is a mass obtained from processed plastic waste (crushing, grinding,
milling). This material is characterized by its lightness and good thermotechnical
properties; when hardened with a water-cement mixture, it acquires adequate
strength and fully satisfies the technical requirements for the production of self-
supporting and non-load-bearing wall and partition blocks.

Compared to analogues with identical thermotechnical characteristics, the
width of the presented blocks is significantly smaller, while the mass—based on
standard block dimensions—can vary from 10 to 16 kg depending on the concrete
aggregate used.

Wall blocks are known to have a thermal insulation layer placed in their
middle section (GE U 2006 1271 Y; LLC Bedegi - “Izoblock”). The thermotechnical
indicators of such blocks depend solely on the characteristics of a single thermal
insulation layer placed only in the center of the block. Meanwhile, the external
and internal concrete layers, which are in direct contact with the air, lack thermal
stability. Despite adjusting the thickness of the insulation layer, the possibility
of condensation still arises between the thermal insulation and concrete layers
during periodic air temperature fluctuations, which reduces the thermotechnical
quality of the wall.

In the case of the multi-layered block, the total heat transfer resistance Roof
the envelope is calculated by the sum of the thermal resistances of each individual
layer, along with the internal and external surface resistances; specifically:

61 8, %= &
RO=R6+R1+R.2+R3+...RH+RB=R6 +f'~_1i+l_; e A_:+RB

°C* m?+ h/kecal

Where B+ Ro+ Ra, .+ Rare the thermal resistances of the envelope layers,
the values of which depend on the thickness § of the envelope and the thermal
conductivity coefficient A of the material.
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If the layer thicknesses of the presented 5-layer block (Fig. 1) are: external
insulation layer of expanded polystyrene 8 = 0,05m, thermal conductivity
coefficient A, = 0,05m, external concrete layer of lightweight concrete 6, =
0,085m, thermal conductivity coefficient 7‘2 = 1,1m; middle insulation layer of
expanded polystyrene 8, = 0,03m, thermal conductivity coefficient A, = 0,05m,
internal concrete layer of lightweight concrete 6, = 0,085 m, thermal conductivity
coefficient A,=1,1m; and internal insulation layer of expanded polystyrene &, =
0,03m, thermal conductivity coefficient 7»5 =0,05m.

According to construction norms for practical thermotechnical calculations
of building envelopes for heated spaces, the internal surface resistance is taken
as Rg; = 0.133°C +m*® « h/kcal , while the external surface resistance for walls
is taken as Rye; = 0.05 °C+ m?® » h/keal(Construction Norms and Rules SNiP
II-A7-62).

The total heat transfer resistance of the presented 5-layer block is:

, 0,03 0,03
R,= 0,05+ 285 + ko A8 + DT P 0,133 =

g0s L1 005 T

=0,05+1+0,077+0,6+ 0,077+0,6+0,133 =2,5°C * m?*+ h/keal

If we compare the total heat transfer resistance of the discussed 0.27 m
thick multi-layered wall block, which equals 2.5°C # m?+ h/kecal , to the heat
transfer resistance of a 0.64 m thick brick wall plastered on the inside with a 2 cm
thick lime mortar, which is approximately 1.13 °C + m?* + h/kcal, the progress
is evident.

In frame-type civil buildings, while constructing walls using the
presented blocks, wall assembly and thermal insulation works are carried out
simultaneously. This eliminates the necessity for plastering external and internal
surfaces, allowing for direct finishing works. The positioning of concrete
protrusions within the grooves simplifies wall construction operations. Both
sand-cement mortar and adhesive-cement solutions can be used to bond the
blocks, while the connection of expanded polystyrene layers and the filling of
joints are achieved using polymer foam. The foam, applied under high pressure,
fills voids to the maximum extent, thereby precluding the formation of thermal
bridges within the wall. Furthermore, these blocks are characterized by superior
sound insulation properties, which is an essential condition for the comfort of
apartments in residential buildings.
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