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Abstract

Introduction. Heat insulation of multi-story buildings with a reinforced concrete frame on pile foundations under climatic
conditions with extremely low outdoor air temperatures is complicated by high air infiltration. When such buildings are
used in winter, the most characteristic are temperature regime violations on the first floor. Purpose of the study: The
study aimed to evaluate various methods to reduce the influence of thermal bridges in the basement floor of a cast-in-situ
frame building with pile foundations under extreme climatic conditions. Methods: Thermal performance of 3D models of
enclosing structures was determined using the certified HEAT3 program. Options of internal and external heat insulation
of the basement floor with thermal breaks in the structures were considered. Results: As a result of numerical analysis of
standard basement floor designs, it was established that low temperature on the inner surface and significant heat losses
are associated with the presence of through thermal bridges: reinforced concrete raft — basement slab — column —
concrete block masonry. The most effective solution for heat insulation of cast-in-situ frame buildings is external heat
insulation of the basement floor with a thermal break in the raft. Compared to the standard solution, heat losses through
the corner section of the slab with the offset column are reduced by 33.6 %, and the minimum temperature on the inner

surface is higher than the dew point.
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Introduction

Nowadays, the construction of low-energy
buildings has become one of the ways to improve
the world’s environment. Many developed countries
have adopted legislative acts and energy saving
programs that encourage the construction of energy
efficient buildings and introduction of energy saving
technologies. The countries of Europe and the
United States of America were the first in the world
to pay special attention to the issue of energy saving.
According to the global ranking of energy-efficient
countries published at the end of 2018 by the
American Council for an Energy-Efficient Economy
(ACEEE), Western European countries are the most
advanced and developed in terms of development
and application of energy efficiency measures
(Castro-Alvarez et al., 2018; Gushchin et al., 2020).
Looking forward, Germany is focused on only passive
buildings with an energy consumption of less than
15 kW-h/m? or even zero energy consumption.

Energy-efficient buildings are, first of all,
characterized by a high level of heat insulation
of external enclosing structures. The minimum
requirements for heat insulation of external enclosing
structures in the regulatory documents of various
countries are determined by economic criteria with
account for natural and climatic conditions, and,
therefore, have different levels. Buildings of any
design have thermal bridges that increase heat
losses through the enclosing structures. Therefore,

one of the basic rules for designing energy-efficient
buildings is to reduce the influence of thermal bridges
by structural methods and properly take them into
account when determining the thermal performance.
The development of innovative thermal breaks using
advanced heat insulation and structural materials is
paramount to reduce the influence of thermal bridges
(Alhawari and Mukhopadhyaya, 2018).

Numerous works address mathematical modeling
of heat flow through enclosing structures with thermal
bridges under steady and unsteady influence of air
temperature (Frangois et al., 2019; Fuchs, 2022;
Gagarin and Kozlov, 2010; Kang et al., 2021; Kim and
Yeo, 2020; Kim etal., 2022b). It should be noted that the
thermal performance of thermal bridges in operating
buildings may differ from the design performance of
thermal bridges obtained theoretically due to the actual
construction conditions. Currently, there are methods
available to quantify heat losses of enclosing structures
due to thermal bridges inside using IR thermography
(Frangois et al., 2019; Kang et al., 2021; Mayer et al.,
2021). In sections of enclosing structures with thermal
bridges, in addition to increasing heat losses, the
temperature on the inner surface decreases, which
can lead to condensate formation both inside and on
the surface of the structures.

The applicable regulatory documents on heat
insulation of buildings employ engineering methods
for calculating the reduced resistance of external
enclosing structures with account for different
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types of thermal bridges. In European countries,
standards for thermal bridges are established
separately, and in most cases their influence is not
fully taken into account in the design of enclosing
structures (Citterio, 2008; Gagarin and Dmitriev,
2013; Theodosiou et al., 2021). Modern software
suites enable heating and heat insulation analysis of
spatial units of building structures under steady and
unsteady influence of air temperature.

Currently, the technology of frame construction
with the use of cast-in-situ reinforced concrete
structures is the most widely used in the construction
of multi-story buildings. To ensure heat insulation of
such buildings, depending on the climatic region of
construction, two external wall options are usually
used: a two-layer wall made of concrete blocks
with external heat insulation made of mineral wool
boards and a ventilated facade or a single-layer
wall made of aerated concrete or other lightweight
blocks. As for the first type of external wall, numerical
and experimental studies have resulted in the
development of methods for calculating the thermal
performance of ventilated facades, with account for
the thermally conductive elements of the cladding
support, fasteners of heat insulation boards, air gap,
and air filtration (Gagarin et al., 2016; Kornilov and
Ambrosyeyv, 2008; Tusnina et al., 2013).

When using a single-layer external wall, one of
the traditional solutions to reduce the influence of
thermal bridges is the use of perforations in the
reinforced concrete floors around the perimeter
of the external walls. Umnyakova et al. (2012)
presented the results of evaluating heat engineering
homogeneity of external walls in the area of contact
with balcony slabs with perforations depending
on the thickness of the reinforced concrete slab,
dimensions of perforations and the wall. In buildings
with a reinforced concrete frame, when single-layer
external walls are used, thermal bridges occur
at the locations of columns. In this case, partial
heat insulation of columns using aerated concrete
blocks is suggested for cold regions in China.
The results of numerical studies on the effect of
thermal bridges in L-shaped and T-shaped aerated
concrete wall structures were confirmed by a full-
scale experiment (Li et al., 2018b). Additional heat
insulation of the outer surface of columns with an
EPS plate leads to a greater effect in reducing heat
losses (Li et al., 2018a). Unfortunately, these works
did not consider the sections of the external wall
with columns, including reinforced concrete floors,
especially in the corner sections of the building.
It is known that at these sections of external
walls, the reduced resistance and temperature on
the inner surface decrease sharply as the angle
between adjacent walls decreases (Ingeli, 2018a,
2018b). Evola and Gagliano (2024) performed
numerical and experimental studies of the corner
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section of a lightweight block wall with a reinforced
concrete column and established the thermal
bridging effect.

In Russia, longitudinal perforation with a thermal
liner made of polystyrene foam board in a reinforced
concrete slab is most commonly used to reduce the
impact of the balcony slab. In European countries and
South Korea, load-bearing thermal breaks are used.
Umnyakova et al. (2013b) presented the results of
studies on the thermal performance of a section of
a balcony slab and cast-in-situ external wall with
perforations in the slab and installation of a Schéck
(Germany) load-bearing heat insulation element.
Umnyakova et al. (2013a) also demonstrated the
effectiveness of using a load-bearing heat insulation
element in the joints of a cast-in-situ reinforced
concrete slab and balcony slab, external wall.

Numerical studies of a concrete balcony slab—
wall section were conducted in South Korea by
applying two types of thermal breaks using extruded
polystyrene: TB — stainless steel reinforcement
and TB-GFRP — glass fiber reinforcement. It was
shown that the fragments of the balcony slab with the
TB-GFRP thermal break in case of external wall
heat insulation and floor heating system show the
best thermal performance (Zhang et al., 2022). In
other heat engineering studies (Kim et al., 2022a),
a corner balcony with a thermal break along the
long side was considered. In that case, heat
losses of a three-story building were evaluated
and their general reduction upon the application
of thermal breaks in the balcony slabs by 4.5 %
was established. In many other studies, based on
numerical calculations, the thermal performance of
balcony slabs of various designs was determined
and the effectiveness of thermal break application
was demonstrated (Aghasizadeh et al.,, 2022;
Alhawari and Mukhopadhyaya, 2018).

The northern climatic zone of the Russian
Federation is characterized by extreme climatic
conditions with outdoor air temperatures below
—40 °C for 50-60 days and permafrost soils. Under
these conditions, multi-story buildings are mainly
constructed using a cast-in-situ reinforced concrete
frame on pile foundations with a ventilated under-floor
space to preserve permafrost. The piles in a cluster
under the frame column are united by a cast-in-situ
reinforced concrete structure — a raft. Heat insulation
of buildings is complicated by high air infiltration during
the period of extremely low outdoor air temperatures. In
the basement part of cast-in-situ frame buildings, there
are extensive thermal bridges: reinforced concrete
columns, rafts and piles, which significantly increase
heat losses through the basement floor. Several
studies (Kornilov and Vasilyeva, 2022; Kornilov et al.,
2021) showed that particularly in these sections, the
temperature regime of buildings is not observed and
at the design outside air temperature of —-52 °C, the
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temperature on the inner surface of the corner joints
of external walls is lower than the dew point.

High air infiltration in winter especially affects
the heat insulation of the basement part of buildings
on pile foundations. For example, for the design
outside air temperature t_, = -52 °C, the difference
in air pressure on the outer and inner surfaces of the
enclosing structures on the first floor of a 9-story and
16-story buildings is Ap = 72.0 Paand Ap = 116.9 Pa,
respectively. Nowadays, mostly 16-story frame cast-
in-situ buildings are being constructed in Yakutsk.
The experience of operating such buildings showed
that high air infiltration of more than 110 Pa in winter
and the presence of defects in the heat insulation of
the basement floor leads to intensive penetration of
cold air (Kornilov and Vasilyeva, 2022).

The studies aimed to evaluate methods to reduce
the influence of thermal bridges in the basement floor
of multi-story buildings with a reinforced concrete
frame and pile foundations under extreme climatic
conditions. In standard buildings, the basement floor
is heat insulated from the inside for ease of installation.
With this solution, there are extensive thermal bridges
in the basement slab sections: reinforced concrete
columns, rafts, and the slab itself, which are load-
bearing structures. In case of 16-story buildings with a
reinforced concrete frame, the columns have a cross-
section of 600600 mm, the size of the raft for clusters
of four piles can reach 25002500 mm in plan and up
to 1200 mm in height. Since the under-floor space of
buildings on pile foundations is ventilated, then the
cold space is located in the middle of the building
on the bottom side, at the edges of the building on
the bottom side and the outer side of the wall, and
in the corner sections of the basement floor on three
sides. All these structural features of cast-in-situ
frame buildings with pile foundations pose difficulties
in ensuring heat insulation of buildings under extreme
climatic conditions. In case of long-lasting outside air
temperatures below —40 °C, a massive reinforced
concrete raft with high thermal conductivity and inertia
essentially represents a cold storage.

Methods

To evaluate the proposed methods of thermal
bridge reduction for the basement floor of buildings
with a reinforced concrete frame, the thermal
performance of structural fragments was determined
using the certified HEAT3 program. This computer
program is designed for 3D modeling of steady and
unsteady heat transfer processes. The software has
been tested for compliance with EN ISO 10211-—
2022. In thermal bridge modeling, the design outside
air temperature of the coldest five-day period with a
probability of 0.92 was assumed to correspond to the
climatic conditions of Yakutsk (Russia): t = -52 °C,
while the indoor air temperature was as follows:
t = +21 °C. Heating and heat insulation analysis was
performed for 3D models of enclosing structures.

Thermal bridge reduction methods are evaluated
based on the following thermal performance:

- minimum temperature on the inner surface of
the enclosing structures (in this case, the minimum
temperature on the floor);

- minimum distance from the floor surface to the
zero temperature line inside the structure;

- heat losses through a fragment of the enclosing
structure.

The dew point on the inner surface of the
enclosing structures of residential buildings at
design parameters of climate in Yakutsk and internal
humidity of 50 % is 10.2 °C. The second characteristic
is very important for comparative evaluation from a
practical point of view. The close proximity of the
zero temperature line to the floor surface leads to
an unfavorable situation in the event of the slightest
installation errors under conditions of increased
air infiltration. Therefore, in climatic conditions
with extremely low outside air temperatures, all
connections of external enclosing structures must
have high operational reliability.

o Standard solutions

At first, standard solutions of basement floor
fragments in the outermost rows with an external
wall, a corner basement floor section with a column
and external wall are considered as models. In the
outermost axes, there may still be structural solutions
of the basement floor with a balcony. This case is not
considered in this research, given that the first floor
of multi-story buildings traditionally houses public
spaces where balconies are not provided. The paper
does not present the results of heat engineering
studies on a basement floor section with a column
in the middle rows, where the temperature regime
is more favorable than at the edges of the building.
For convenience of analysis, let us designate the
row section of the basement floor with a column and
external wall as type A, and the corner section of the
basement floor with a column and two adjacent walls
as type B (Fig. 1).

In all models, the reinforced concrete columns
are assumed to be 600x600 mm in cross-section,
the reinforced concrete raft connecting the piles is
1800x1800 mm in plan and 1200 mm in height. The
thermal conductivity coefficient of reinforced concrete
structures is A = 1.92 W/(m-°C). The characteristics of
the other materials of the external wall and basement
slab are taken in accordance with Russian standards
for heat insulation of buildings (Table 1). Taking into
account the materials used, the thermal resistance of
the flat part of the external wall is 5.26 (m?-°C)/W, and
that of the basement slab is 7.74 (m?-°C)/W, which is
higher than the standard values for Yakutsk.

Fig. 1 shows that in standard designs of the
basement slab with internal heat insulation, there
are through thermal bridges in reinforced concrete
elements with high thermal conductivity, occurring in
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Fig. 1. Standard basement slab designs

Table 1. Characteristics of materials for standard external wall and basement slab designs

Structure Material legl?l:t;/, Thlcill(;ess, Therms\lﬂ?:"lldc;ctlwty,
External wall Cement-sand mortar plastering 1800 20 0.76
Concrete block masonry 1800 200 0.64
Mineral wool boards 100 200 0.042
Basement slab Cement-sand screed 1800 60 0.76
Foam polystyrene boards 35 300 0.040
Reinforced concrete slab 2500 220 1.92

the following sequence: raft — basement slab — col-
umn and concrete block masonry. In buildings with
a reinforced concrete frame, the use of concrete
blocks as the base of the external wall leads to the
rupture of thermal protection. These thermal bridges
have a particular adverse effect in the corner sec-
tions of the basement floor where two adjacent ex-
ternal walls are connected with the column and cold
space is located on three sides (Fig. 1, type B).

o Energy-efficient solutions

The basic rule for reducing the influence of
thermal bridges is to create thermal breaks using
efficient heat insulation materials. With this in
mind, the authors of the paper developed methods
of constructing a basement floor with a column
over cold and ventilated under-floor spaces and
obtained corresponding patents. The idea is to
install a thermal break made of extruded polystyrene
foam between the reinforced concrete raft and the
basement slab. Such a structural solution of the
frame is quite possible if the load-bearing capacity of
the reinforced concrete basement slab is ensured. In
this case, the column is continuous and rests on the
raft, which combines all the piles into a single cluster.

When a thermal break is made in the raft, there
are two options of basement floor heat insulation:
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internal and external. It should be noted that
labor intensity of installation for internal heat
insulation is much lower than that for external heat
insulation under the basement slab in constraint
environment.

In case of internal heat insulation of the basement
slab, it is suggested to use polystyrene foam boards
as individual layers (Table 2). In case of internal
heat insulation, all that is left to do is to solve the
issue of thermal bridging occurring in areas where
the concrete block masonry rests on the basement
slab. Here, two options are possible to reduce the
influence of this thermal bridge:

1. Types A-1 and B-1. Use of a perforated beam
with a thermal insert made of extruded polystyrene
foam instead of the first row of concrete block
masonry (Patent RU117943U1 (Danilov et al., 2012)
obtained by one of the authors). The perforated
beam can be either cast-in-situ or prefabricated. The
width of the beam should be equal to the width of the
concrete block masonry, i. e., 200 mm. The thermal
insert is made of 200 mm thick extruded polystyrene
foam. The beam supports are spaced at 1500 mm.
At the wall-column junctions, the beam has a
cantilever, which reduces the influence of thermally
conductive elements — beam supports (Fig. 2).
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Table 2. Characteristics of the materials for the proposed solutions for the internal and external

heat insulation of the basement slab

Type of heat Material Density, Thickness, Thermal conductivity,
insulation kg/m? mm W/(m-°C)

Internal Cement-sand screed 1800 60 0.76
Foam polystyrene boards 35 300 0.040

Reinforced concrete slab 2500 220 1.92

External Cement-sand screed 1800 60 0.76
Reinforced concrete slab 2500 220 1.92

Mineral wool boards 125 300 0.042

reinforced concrete
beam

mineral wool & .
boards el

sl 1 extruded polystyrene
i Crmeete ] foam

masonry of cemegt-sand

concrete
blocks

stone ?olyslgrene
supperts;’ " basement slab oam boards

Fig. 2. Thermal break in masonry with the use of a perforated beam

2. Types A-2 and B-2. Use of lightweight blocks,
e. g., polystyrene concrete blocks as the first row of
wall masonry (Patent RU170253U1 (Kornilov et al.,
2017) obtained by one of the authors). Polystyrene
concrete blocks with a density of 500 kg/m® have a
thermal conductivity coefficient of 0.14 W/(m-°C). Itis
recommended to use blocks of 200300 mm cross-
section. This ensures an L-shaped connection; the
joint between the lightweight masonry blocks and
the end of the heat insulation boards is covered by
the top layer (Fig. 3).

mineral wool == ;.
boards &% & thermal break of
fllghtwe|ght blocks
masonry of ceme(r_jnt-sand
concrete # ﬂ .

3. Types A-3 and B-3. External heat insulation of
the basement floor from the bottom side with thermal
breaks in the raft ensures the continuity of thermal
protection (Patent RU2780187C1 (Kornilov et al.,
2022) obtained by the authors). For external heat
insulation of the basement floor, mineral wool boards
with a density of 90-125 kg/m?® and a tensile strength
perpendicular to the front surfaces of not less than
15 kPa should be used. The external heat insulation
layer is recommended to be made of mineral wool
boards with a laminated surface or to be covered

blocks

?olystgrene

‘basement slab oam boards

Fig. 3. Thermal break in masonry with the use of lightweight blocks
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with a non-combustible water- and wind-proofing
membrane. To ensure the integrity of the corner joint
between the external heat insulation of the wall and
the basement slab, galvanized wire mesh should be
fixed in this area (Fig. 4).

Table 2 lists the materials used for the heat
insulation of the basement slab. The fragments of
the basement slab with internal and external heat
insulation analyzed in the paper are summarized in
Table 3. All the considered fragments of the enclosing
structures have a thermal insert between the raft and
the basement slab made of extruded polystyrene
with a density of 30 kg/m® and thermal conductivity
coefficient A = 0.030 W/(m-°C). Extruded polystyrene
is also used in the perforated wall beam.

Results

e Standard solutions

In the middle part of a cast-in-situ frame building,
the heat flow passes through the column to the raft,
which form a through thermal bridge (Fig. 5A). In the
outermost row sections of the basement floor, the
heat flow (in addition to the column with the raft) also
passes through the concrete block masonry, but with
less intensity (Fig. 5B). In this section of the basement
floor, the minimum temperature is observed in the
corner area between the column, wall and floor and
amounts to +5.59 °C, which is lower than the dew
point (Table 4, type A).

reinforced
cencrete column

masonry o

concreté cement-sand

blocks screed

) basement slab
mineral wool , ’
boards §

. thermal break of
“ extruded
* polystyrene foam

- mineral wool boards

The worst situation is observed in the corner
section of the basement slab with the column.
In this section, the minimum floor temperature
occurs in the corner between the column and the
external wall and has a negative value of —1.52 °C,
which is significantly below the dew point. The zero
temperature line is 60 mm from the floor surface,
i. e., underthe cement-sand screed (Table 5, type B).
Such a temperature regime on the inner surface of
the enclosing structures in the corner section of the
basement floor is due to not only the influence of
thermal bridges but also the presence of cold space
on three sides.

To determine the significance of thermal bridges,
the thermal performance of the corner section of the
standard basement slab (Type B) was determined
depending on the size of the column or raft cross-
section. The following variable cross-sections were
assumed for the calculations:

- columns of 0.3x0.3 m, 0.4x0.4 m, 0.6x0.6 m,
and 0.8x0.8 m, with a fixed raft cross-section of
1.8x1.8 m;

- raft of 1.5%x1.5 m, 1.8x1.8 m, 2.2x2.2 m,
and 2.5x2.5 m with a fixed column cross-section
of 0.6x0.6 m;

As aresult of heating and heat insulation analysis,
it was found that the thermal protection of the corner
section of the basement slab is mostly affected by

extruded
Iystyrene foam /

E
i thermal break of
!‘

Fig. 4. External heat insulation of the basement slab with a thermal break in the raft in the section of the slab
with a column of the outermost rows

Table 3. Energy-efficient solutions for the basement slab with a column in the outermost axes

in the row (A) and corner (B) sections

Heat insulation Th|cknes_s of th.e basement floor heat Thickness Thickness
Type | of the basement insulation layer, mm of the thermal break of the thermal break
slab Polystyrene foam | Mineral wool board | in the masonry wall, mm in the raft, mm
A-1 Internal 300 200 100
B-1 (perforated beam)
A-2 Internal 300 200 100
B-2 (lightweight block)
A-3 External - 300 - 300
B-3
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Fig. 5. Heat flow diagrams for the standard rafts and basement slab with a column
of the middle (A) and outermost (B) rows

Table 4. Results of heat transfer modeling in the basement slab row section

Temperature distribution in the vertical section along the inner surface of the wall

Type A, standard: t = +5.59 °C; L = 100 mm

Type A-1:t . =+6.82°C; L =150 mm

---i‘
i E R hEEL@
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Type A-2:t =+6.00 °C; L =155 mm

Type A-3:t , = +11.88 °C; L = 340 mm

e e

" ——— —
R
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L — the distance from the inner corner of the structure to the zero temperature line

the size of the column cross-section. When the
column cross-section is changed from 0.3x0.3 m
to 0.8x0.8 m, the minimum floor temperature
decreases from +0.2 °C to —2.88 °C, and heat losses
increase by 37.0 % (Fig. 6A).

In standard designs, the reinforced concrete raft
is completely in the cold zone and freezes through

the entire volume, therefore, an increase in the cross-
section results in a slight increase in the minimum
floor temperature within 1 °C and a decrease in heat
losses by only 3.9 % (Fig. 6B).

Thus, in standard basement floor designs, in all
areas under consideration, the temperature regime
does not meet the regulatory requirements and the
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Table 5. Results of heat transfer modeling in the basement slab corner section

Temperature distribution in the vertical section along the inner surface of the wall

Type B, standard: t , =-1,52 °C; L =60 mm

Type B-1:t . =+0.13°C; L =100 mm
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L — the distance from the inner corner of the structure to the zero temperature line
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Fig. 6. Graphs of the minimum floor temperature and heat losses through the corner section of the slab
as a function of the cross-section of the column (A) and raft (B)

70



Terentii Afanasevich Kornilov, Petr Anatolevich Fedotov, Alexey Terentevich Kornilov — Pages 63-74
REDUCING THE INFLUENCE OF THERMAL BRIDGES IN THE BASEMENT SLAB
OF CAST-IN-SITU FRAME BUILDINGS IN EXTREMELY COLD REGIONS

minimum temperature on the inner surface of the
enclosing structures is below the dew point.

¢ Energy-efficient solutions with internal heat
insulation of the basement slab

In the proposed designs of the basement slab
with internal heat insulation, the total heat flow
passes through the column and raft. The heat flow
through the concrete block masonry is interrupted by
a perforated beam (Type A-1) or lightweight block
(Type A-2) thermal insert.

In the row section of the basement slab with
a column of the outermost rows, the minimum
floor temperature increases by only 1.23-0.41 °C
compared to the standard solution. The minimum
floortemperaturet =+6.82°Candt =+6.00 °C
when creating a thermal break in the masonry
using a perforated beam and lightweight blocks,
respectively, is significantly lower than the dew
point. The zero temperature lines are 150 mm
apart (Table 4, Types A-1 and A-2).

In the corner section of the basement slab
with a column, the minimum floor temperature
is observed in the corner between the column
and the external wall and amounts only to +0.13 °C
with the use of a perforated beam and +0.25 °C with
the use of a lightweight concrete thermal insert,
which is significantly below the dew point (Table 5,
Types B-1 and B-2).

Particularly in these sections with the column,
the thermal bridge in the form of the column has
a significant influence on the temperature regime
inside the structure. At a distance of 0.6 m from
the column at the junction of the external wall to
the basement slab, the minimum floor surface
temperature is +12.5 °C when a perforated beam
outside the support is used and +12.2 °C in case of
a thermal insert made of lightweight concrete.

o Energy-efficient solutions with external
heat insulation of the basement slab

The external heat insulation of the basement slab,
along with the thermal break between the raft and the
slab, significantly improves the thermal protection of
all structural fragments under consideration. In the
outermost sections of the basement slab with the
column and the external wall, the thermal break
between the raft and the slab completely excludes the
concrete block masonry from the thermal bridge, which
is confirmed by the heat flow distribution. The thermal
protection of the building in these sections has no
breaks, which has a positive effect on the temperature
distribution inside the enclosing structures.

In the row section of the basement floor, the
minimum floor temperature is +11.88 °C, which is
higher than the dew point. The zero temperature line
is in the external heat insulation layer of the basement
floor (Table 4, Types A-3). When external basement
floor heat insulation is used, the zero temperature
line is shifted outwards and is far away from the

inner surface at a distance of 320-340 mm. This is
facilitated by the presence of a thermally conductive
element in the form of a reinforced concrete slab on
the inner side, which can be clearly seen in the heat
flow distribution pattern within the structure (Table 4,
Type A-3 and Table 5, Type B-3).

In the problematic corner section of the basement
floor with the column and adjacent external walls, the
minimum floor temperature rises to +4.80 °C, which
is significantly higher compared to the temperature on
the inner surface of the standard design. However,
this temperature value is below the dew point. In the
corner section of the basement floor, the presence
of a through thermal bridge in the form of a reinforced
concrete column with a cross-section of 600x600 mm
has a negative impact on the temperature regime.
The zero temperature line is at a significant distance
from the floor — 320 mm (Table 5, Type B-3).

Discussion

The results of heat transfer modeling in different
designs of basement slab sections showed that the
use of a thermal break between the raft and the
basement slab is crucial for reducing heat losses
through the basement floor. In case of internal heat
insulation of the basement slab, the formation of
thermal breaks in the raft and wall masonry does
not lead to a significant improvement in thermal
protection. Compared to the standard design, heat
losses through the row section of the basement floor
with the column and the external wall are reduced
by only 5.1-14.3 %, through the corner section —
by 4.1-13.9 % (Fig. 7).

The use of external heat insulation of the
basement slab together with the thermal break in
the raft significantly reduces heat losses through
all the sections considered. Compared to standard
solutions, heat losses are reduced (Fig. 7):

- through the row section of the slab with the
column of the outermost rows and the external
wall — by 20.9 %;

- through the corner section of the slab with the
column of the outermost rows and two adjacent
walls — by 33.6 %.

At the design outside air temperature of
-52.0 °C, the minimum temperature in the corner
section with the use of external heat insulation
of the basement floor and a thermal break in
the raft is significantly lower than the dew point,
which results in condensate formation (Table 5,
Type B-3). To improve the situation, the option of
shifting the column from the edge of the basement
slab inward was considered. In this case, the
thermal bridge in the form of a reinforced concrete
column is completely eliminated in the corner
area. When the column is displaced by 600 mm,
the temperature on the floor in the corner between
the adjacent external walls is t, . = +13.6 °C, the
temperature in the corner between the column
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Table 6. Results of heat transfer modeling in the corner section of the basement
slab with the column displacement from the edge of the basement slab

Temperature distribution in the vertical section along the inner surface of the wall

Displacement of 600 mm: t, . =+13.6 °C
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and the wallis t, . = +9.5 °C, and when displaced
by 1200 mm: t, ~=+14.8°Candt, =+9.6°C
(Table 6).

Conclusion

The specifics of constructing multi-story cast-in-
situ frame buildings in permafrost soils is related to
massive thermal bridges in the basement part and
cold ventilated under-floor space. In the period of
especially low outside air temperatures of —45 °C
and below, a significant difference of air pressure
on the inner and outer surface of the enclosing
structures on the lower floors of more than 100 Pa
leads to intensive infiltration processes. As a result
of heat engineering analysis of standard design of
the basement part of cast-in-situ frame buildings,
it was shown that the main cause of low temperature
on the inner surface of the enclosing structures is
the presence of extensive through thermal bridges:
reinforced concrete raft — basement slab —
column — concrete block masonry. In this case, the
cross-section of the reinforced concrete column has
a greater negative effect. There is also a rupture of
thermal protection in the connections between the
external wall and the basement slab.
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To reduce the influence of thermal bridges in the
basement part of buildings, several options of structural
solutions with internal and external heat insulation
of the basement slab were proposed. The results
of heat engineering analysis showed that external
heat insulation of the basement floor with a thermal
break between the raft and the basement slab is the
most efficient for thermal protection of cast-in-situ
frame buildings on pile foundations. Compared to the
standard solutions, heat losses through the row section
of the floor with the column of the outermost rows
and external wall were reduced by 20.9 %, through
the corner section of the floor with the column of the
outermost rows and two adjacent walls — by 33.6 %.
To improve the temperature regime in the corner
section of the basement floor, it is recommended to
locate the columns at the ends of the building with the
inward displacement from the edge of the slab.
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CHWXEHUE BNUAHUA TEPMUYECKUX MOCTOB LIOKOJIbHOW NNUTbI
KAPKACHO-MOHONUTHbIX 30AHUNA B 9KCTPEMANBHO XONOAHbIX
PAUOHAX

TepeHTun AdpaHacbeBuy KopHunos*, lNetp AHatonbeBny ®enotos, Anekcen TepeHTbeBMY KopHmnos
CeBepo-BocTouHbii hepepanbHbii yHuBepeuTeT umeHn M. K. AmmocoBa, Poccuiickaa degepaums
*E-mail: kornt@mail.ru

AHHOTaUuA

BBepeHune. ObecnedeHne Tenno3awutbl MHOFO3TAXHBLIX 30aHUA C  Kene3oOeTOHHbIM KapKacoM Ha CBaWiHbIX
dyHOameHTax B KNUMATUYECKUX YCIOBUSIX C 3KCTPEMArnbHO HU3KOW TEMMEpaTypon HapYyXXHOTO BO34yXa YCIOXHSETCS
BbICOKOW WHuneTpaumen Bosayxa. lNpu akcnnyatauun Takux 30aHWn B 3MMHWUIA nepuop Haubornee xapakTepHbIMu
SIBMSOTCA HapyLIeHWs TeMNepaTypHOro pexuma Ha nepBom ataxe. Llenb: oueHka pasnuyHbiX METOAOB CHWXKEHUSI
BMUSHUS TEPMUYECKNX MOCTOB B LIOKONbHOM MEPEKPBITUM KAaPKAaCHO-MOHOMUTHOIO 3[jaHNs CO CBalHbIMKU DyHOAAMEHTamu
B 9KCTpeMarbHbIX KnumaTtunyeckmx ycrosusix. Metoabl: TennotexHudeckne xapakrepuctukm 3D Mogenen orpaxaaroLmx
KOHCTPYKUMIA onpefeneHbl C UCMonb3oBaHWeM cepTudunumpoBaHHon nporpammbl HEAT3. PaccmoTpeHbl BapuaHTbl
BHYTPEHHEN W HAapY>XHOW TEnnou3onsiumMen LOKONIbHOrO MEepeKpbITUS C TEPMUYECKUMW paspbiBaMu B KOHCTPYKLMSX.
PesynbraThl: B pesynsrate YMCNEHHOrO aHanmaa TUNoBbIX PELLEHMI LIOKOMbHbIX MEPEKPLITUN 34aHWUIA YCTAHOBIEHO, YTO
HM3Kas TemnepaTtypa Ha BHYTPEHHEN NOBEPXHOCTM W 3HAYUTESNbHbIE TEMMOBbLIE NMOTEPU CBSI3aHbl C HANMMYMEM CKBO3HbIX
TEPMUYECKNX MOCTOB: )XeNe300eTOHHbI POCTBEPK — LIOKONbHast NMTa — KONIOHHA — Knaaka u3 6eToHHbIx 6riokoB. Hanbonee
3(PhEKTUBHBLIM AN TEMNNOBONW 3aLUUThl KAPKACHO-MOHOMUTHBIX 3AaHWUIA ABMSETCS HapyXXHas Tenmnon3onsaums LOKOMbHOIo
NepeKpbITUS C TEPMUYECKUM pa3pbiBOM B pocTBepkax. [1o cpaBHEHUIO C TUMOBbLIM PELLEHMEM TEMMOBbLIE NOTEPU YEpe3
YrMOBOW Y4acCTOK MEPEKPbITUS CO CMELLEHHON KOMOHHOW cHwxkatoTcs Ha 33,6 %, a MuHMManbHasi TemnepaTtypa Ha
BHYTPEHHEN NOBEPXHOCTY BbilLe TeMMepaTypbl TOYKU POCHI.

KnioyeBble cnoBa: TeEpMUYECKMI MOCT, LIOKOSTbHOE NEPEKPLITUE, TEPMOPA3pPbIB, KOSTOHHA, POCTBEPK.
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