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Abstract. The issues of saving energy resources are of particular
relevance for the regions of Russia with an extremely cold climate. The
increased air pressure difference in winter and the presence of volumetric
cold bridges in the form of pile and column grillages, basement slabs and
concrete block masonry often leads to a violation of the temperature
regime of the first floors of multi-storey buildings with a monolithic
reinforced concrete frame. Thermal analysis of fragments of basement
floors in areas with columns and grillages with additional thermal
insulation from the outside was carried out. The low efficiency of the
external thermal insulation of the basement elements of the operated
frame-monolithic buildings is shown.

1 Introduction

The main global trend in construction is to improve the energy efficiency of buildings and
reduce energy consumption for their operation. The residential sector in Russia ranks
second in terms of final energy consumption: 25% of the current energy consumption in
general and 45% of thermal energy consumption [1]. As a result of the implementation of
state program measures to improve the energy efficiency of the housing sector, Russia has
significantly improved its position in the ranking among countries for the implementation
of energy efficiency policies [2]. For the Republic of Sakha (Yakutia), the issues of saving
energy resources are of particular relevance, since, according to climatic conditions,
Yakutia is the coldest vast territory in the world, where there is a negative average annual
temperature. The duration of the heating period for residential buildings on the territory of
Yakutia is 250 days in the southern regions and more than 300 days in the Arctic regions at
an average annual outside air temperature of -13.6°C ... -25.3°C.

Losses of thermal energy through external enclosing structures are the main ones and
account for more than 50% in the structure of thermal energy consumption of a building for
heating during the heating period [3]. In this regard, in the regulatory documents on thermal
protection of European countries and Russia, the normalized values of the reduced
resistance to heat transfer of enclosing structures have been significantly increased [4,5].
For example, for the climatic conditions of Yakutia, very high values of the reduced
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resistance of the walls of residential multi-storey buildings are regulated, 4.61-5.75
(m2°C)/W and basement ceilings over the ventilated underground 6.77-8.41 (m2°C)/W. For
a qualitative assessment of the thermal protection of enclosing structures, an engineering
method was developed for calculating the reduced resistance to heat transfer, taking into
account heat-conducting inhomogeneities, which is included in SP 230.1325800.2015
Enclosing structures of buildings. Characteristics of heat engineering heterogeneities [6-8].
In the Russian system for standardizing the thermal protection of buildings, the increase in
requirements for the energy efficiency of buildings is carried out not only by increasing the
required values of the reduced resistance to heat transfer of enclosing structures, but also by
standardizing the specific thermal characteristics of a building [4].

In recent decades, on the territory of the Republic of Sakha (Yakutia), intensive
construction of multi-storey residential buildings has been carried out, and in terms of the
area of housing commissioned annually, the republic occupies a leading position in the Far
East. According to the results of the analysis of the sites and project declarations of
developers for October 2020, 37 houses under construction by developers were identified in
the territory of the republic. Of these, 32 houses have a monolithic reinforced concrete
frame, 24 units have 13-17 floors. The increase in the number of storeys in buildings under
construction (13 floors and more) is associated with the possibility of using the technology
of monolithic housing construction in permafrost conditions. In frame-monolithic
buildings, there are a number of problems associated with the presence of cold bridges. In
[9], devices for additional insulation of the junction points of the outer wall with the
interfloor reinforced concrete ceiling are proposed, and as a result of heat engineering
studies, their effectiveness is shown. For protruding elements - balcony slabs of frame-
monolithic buildings, the rationale for the use of load-bearing heat-insulating elements is
given in [10,11]. One of the problematic "cold bridges" is the conjugation of concrete block
masonry with a basement reinforced concrete floor. In [12,13], it is proposed to improve the
thermal protection in these areas by using thermal inserts or beams on supports.

As a result of the examination and operation of apartment buildings in Yakutsk, it was
found that on the inner surface of the basement floor of sections with columns, a low
temperature is most often observed that does not meet regulatory requirements [14]. The
main reason for the violation of the thermal protection of the first floor of frame buildings
with pile foundations is the presence of volumetric cold bridges: reinforced concrete
grillage - basement ceiling - columns - walls made of concrete blocks. In these areas, it is
difficult to exclude "cold bridges" from supporting structures by constructive methods. At
the same time, the high height of buildings and the extremely low temperature of the
outside air cause an increased difference in gravitational pressure, which leads to intensive
penetration of cold air through small leaks in the mating of external fences elements. In the
operating conditions of buildings, one of the most possible options for improving the
temperature regime of the first floors of frame-monolithic buildings is partial external
thermal insulation of the basement floor and grillages. This article provides a thermal
analysis of these design measures.

2 Methods

In frame-monolithic buildings under construction in Yakutsk, the construction of external
walls with a masonry base using small concrete blocks with y=1800 kg/m3 in accordance
with all-Union State Standard 6133-99 is most often used, to which mineral wool slabs with
a density of 125 kg/m3 200 mm thick and ventilated facade elements. The basement floor
consists of a monolithic reinforced concrete slab with a thickness of 220 mm, an insulating
layer of expanded polystyrene plates with a density of 35 kg/m3 and a thickness of 300
mm, a cement-sand screed 60 mm thick and a leveling layer 20 mm thick. Columns of the
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first floor in frame-monolithic buildings are accepted according to the project with a section
of 600600 mm or 400x900 mm. Under each column of the first floor of 9-16-storey
buildings in permafrost conditions, 2-4 piles connected by a reinforced concrete grillage are
installed.

Thermal analysis of basement floors fragments in sections with columns was carried out
using the certified "HEAD 3D" software for three-dimensional modeling of stationary and
non-stationary heat transfer processes. The program allows you to model any enclosing
structure consisting of bordering or overlapping rectangles with any combination of
materials. Boundary conditions can be specified by heat flux or temperature with surface
resistance. Temperatures and heat fluxes can change over time.

When conducting a thermal analysis, the design temperatures of the outside and inside
air were taken respectively tr=-52.0°C and tB=+21.0°C. Characteristics of the enclosing
structures materials: thermal conductivity coefficient A=1.92 W/(m°C) for reinforced
concrete basement slabs, columns and grillages; A=0.042 W/(m°C) for polystyrene foam
board PSB-S 35; A=0.76 W/(m°C) for cement-sand screed and leveling layer; A=0.64
W/(m°C) for wall stone masonry on cement-sand mortar; A=0.042 W/(m°C) for mineral
wool boards.

3 Results

Unit 1 of the junction of the outer wall to the basement floor. This unit has a cold
bridge: a reinforced concrete basement ceiling - masonry made of small concrete blocks. To
reduce the effect of the cold bridge, the designers propose additional thermal insulation of
protruding beams and ceilings from the outside using P125 mineral wool plates with a
thickness of 200 mm. The slab thermal insulation is provided in the area along the outer
walls with a width of 1200 mm. The design model of the junction of the outer wall to the
ceiling is shown in Fig. 1, a. The results of the thermal engineering calculation show that
the minimum temperature on the inner surface of the fence after additional thermal
insulation is observed in the corner between the masonry and the cement-sand screed (Fig.
1, b) and is tmin=+13.2 ° C, which is higher than the dew point temperature (tp =+12.9°C).
At the same time, the minimum temperature does not correspond to the standardized
temperature difference between the temperature of the internal air and the temperature of
the internal surface of the enclosing structure (Atn=2.0°C). The minimum temperature on
the inner surface is 2.54°C higher than that of the existing unit. A positive point is some
displacement of the line with zero temperature to the outside, which is located at a distance
of 100 mm from the angle between the screed and the outer wall (Fig. 1, table 1).

Table 1. Thermal characteristics of units

Unit The minimum Distance from inner corner Heat loss
o Type temperature on the inner to zero temperature line through the unit

B surface [°C] [mm] [W/m]

Existing +10,66 80 64,98

I | After thermal +13.2°C 100 53,44
insulation

Existing +6,1 50 169,78

2 | After thermal 8,0 90 150,06
insulation

Existing +6,22 70 408,84

3 | Afterthermal +6,73 80 329,7
insulation
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Fig. 1. The results of the heat engineering calculation of unit 1: a - design model; b - temperature field in
vertical section
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Fig. 2. Results of heat engineering calculation of unit 2: a - design model; b - temperature field in a
vertical section along the column wall; ¢ - in a horizontal section along the smooth surface of the
floor; d - in a horizontal section along the smooth surface of the basement slab
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Fig. 3. Results of heat engineering calculation of unit 3: a - design model; b - temperature field in a
vertical section along the inner surface of the left wall; ¢ - in a vertical section along the surface of the
column from the side of the left wall; d - in a horizontal section along the smooth surface of the
basement

Unit 2 of the junction of the outer wall to the basement ceiling with a column. In
this section of the basement floor, there is a reinforced concrete column with a cross section
of 600x600 mm with a grillage between piles with dimensions in plan 19001900 mm and
a height of 1280 mm. The accepted constructive solution of the basement floor section has
volumetric "cold bridges": reinforced concrete grillage - column - floor slab - masonry of
small concrete stones. Consider a possible option for external thermal insulation using P125
mineral wool slabs with a thickness of 200 mm on the surface of a reinforced concrete
grillage along the perimeter and on top. Additional thermal insulation of beams and floors
is the same as in the previous unit.

The design model of the basement section with the column and the results of the heat
engineering calculation are shown in Fig. 2. The minimum temperature on the floor surface
occurs in the corner between the column and the outer wall and is tmin=+8.0°C, which is
significantly lower than the dew point temperature (Fig. 2, c). Compared to the existing
unit, the minimum temperature on the inner surface of the enclosing structure increases by
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1.9°C. In this case, the line with zero temperature in the considered joint is practically
under the cement-sand screed at a distance of 90 mm from the corner (Fig. 2, Table 1).

Unit 3 walls with a column in the corner of the building. The considered section of a
monolithic frame building is limited by three cold spaces and, as a rule, is the coldest. In
the area under consideration, one outer wall is located on the cantilever part of the
basement floor and is slightly offset from the column. Here, to the above-mentioned cold
bridges, a protrusion of the basement ceiling is added - a balcony slab, although there is a
perforation between the balcony slab and the main ceiling. The computational model of a
fragment of a basement floor with a corner column is shown in Fig. 3, a.

The minimum temperature is observed in 2 areas along the floor surface: in the corner
between two perpendicular outer walls and the corner between the right outer wall and the
column. At the same time, the minimum temperature on the inner surface increases by only
0.51°C compared to the existing one and is tmin=+6.73°C (Fig. 3), which is significantly
lower than the dew point temperature (tp=+12.9°C). Also, no displacement of the line with
zero temperature in the unit under consideration after additional thermal insulation is
observed and this isotherm is practically located in the corner under the cement-sand screed
(Fig. 3, b, c). From Fig. 3 d, e, the location of the isothermal lines clearly shows the
influence of cold bridges: a balcony slab and a column with a grillage.

4 Conclusion

As a result of the thermal analysis of problem areas of the basement floor of frame-
monolithic buildings after additional thermal insulation in extreme operating conditions
(ta=-52°C), the following conclusions were made:

In an ordinary junction of the outer wall with the basement floor, the use of external
thermal insulation of the beams and the floor area is very effective. The temperature on the
inner surface of the floor rises to + 13.2°C, heat losses decrease by 17.7%, the line with
zero temperature shifts outward from the inner corner to 100 mm.

In the areas of the basement floor with columns, additional thermal insulation of the
surface of the reinforced concrete grillage does not lead to a significant increase in the
thermal protection of the enclosing structures fragments. The minimum temperature on the
inner surface of the considered fragments of the basement floor with columns is
significantly lower than the dew point temperature. A massive reinforced concrete grillage
has an extremely negative effect on the temperature distribution inside the structure and
causes the line with zero temperature to be located in the corner zones close to the floor
surface. In these sections with columns, a new constructive solution is required with a cut
of the grillage from the basement with a thermal insert.
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