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Abstract. One of the urgent problems today is to increase the energy
efficiency of civil buildings. There is a need at the design stage to choose
structures and design solutions that will compensate for the increasing
consumption of energy resources in civil engineering. This article
compares different building envelopes used in the construction of
residential buildings: a volumetric block and a wall made of aerated
concrete blocks. To determine the most energy efficient design solution
construction is compared in different climatic regions. One of the most
vulnerable places of a wall, from the point of view of energy efficiency, is
a window jamb. In this article, an analysis is carried out to determine the
construction with the lowest heat loss window jambs. Using the ELCUT
software temperature fields and additional heat flux densities are
calculated. According to the calculation, the proportion of heat loss due to
window slope from heat loss according to the surface of the structure was
determined. The heat flux density of the homogeneous section of the wall
of the volume block is 1.28 times higher on average than in the aerated
concrete wall. Regardless of the climatic conditions, the junction of the
window jamb in buildings made of insulated panels of volumetric blocks is
more energy efficient than the same junction in a building with aerated
concrete walls.

1 Introduction

The rapid growth and development of modern cities leads to increased consumption of
energy resources. This makes it necessary to compensate for the overall increase in
resource consumption due to the introduction of modern energy-efficient and energy-saving
technologies at the design stage [1,2].

The object of the study is the window jambs of residential buildings made of volume
unit and aerated concrete walls. According to [3,4,5], the introduction of energy saving
technologies at the design stage should be envisaged to improve the energy efficiency of
civil buildings. Examples are given in [6,7] to demonstrate that solutions will increase the
level of comfort indoors and, in the course of operation, will lead to savings in energy
resources and lower costs of their use.
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Heat loss of walls can reach 30%, but this is mostly due to thermal conductive
inclusions or cold joint. Their peculiarity is the appearance of additional heat flows, which
reduce the overall heat transfer resistance of the enclosing structure and increase heat loss.

Since the share of heat loss from window slopes reaches 15% [1], identifying the least
heat-intensive design solution is a solution to the pressing problem of building energy-
efficient buildings. Due to the use of modern quality thermal insulation materials
(polystyrene foam) [8] and construction materials with lower heat transfer (aerated
concrete, ceramic concrete blocks, porous ceramics) [9,10] it is possible to achieve high
performance of the energy efficiency class of the building.

The aim of the work is to compare the heat loss of window slopes of external walls
made by an industrial method (volume blocks) [11], and constructions of the gas concrete
walls erected directly on a building site are considered. Objective of the study is to compare
the results of calculations of temperature fields, additional heat losses and their share of the
main heat losses. For this purpose, we will define estimate indicator of constructions in
countries with different climatic conditions, where industrial production of volumetric
block buildings is carried out: Voronezh (Russia), Barcelona (Spain).

These indicators will make it possible to compare the energy efficiency of enclosing
structures of volumetric-block buildings and buildings made of small-size elements in
different climatic conditions.

2 Methods

To determine the additional capacity of thermal flows through the cold joint it is necessary
to calculate the temperature fields. This calculation is performed for two variants of
external enclosing structures of an apartment building (Fig.1). The first variant is wall
panels of volumetric blocks, produced by Vybor OBD LLC (Russia, Voronezh) and
CompactHabit (Spain, Barcelona). The second variant - enclosing structures made of
aerated concrete blocks.
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Fig. 1. General view of the investigated constructions: a - mounting of volumetric block; b -
construction of the external wall of the volumetric block; ¢ - construction of the wall from gas
concrete blocks
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Characteristics of climatic regions [12,13] are presented in table 1, characteristics of

compared materials of external enclosing structures [14, 15] are given in table 2.

Table 1. Characteristics of climatic areas

. Indicators in climatic area
. . . Units of
Indicator name Designation dependent
measurement
Barcelona Voronezh

Temperature outside of the o
coldest five days b C 6.6 -23

. . Not
Duration heating season Zon day/year regulated 190
Inside air temperature ty °C 20 21
Inside air humidity [0) % 50 55
Heat-transfer coefficient of or
. as 8.7
internal wall surface
Heat-trans_fer coefficient of oo W/(m>°C) 3.0
internal window surface
Heat-transfer coefficient of or

ag 23

external wall surface

Table 2. Characteristics of comparable materials

Indicator name Material de;lsity P, Heat-transfer 2coefﬁcient
kg/m A, W/(m"°C)
Reinforced concrete 2500 1.7
Mineral wool board from stone fiber 180 0.04
Gas-concrete block 400 0.10
Facade plaster 1800 0.93
PVC (polyvinylchloride ) window profile - 0.08
Glass (5 mm thick) 2500 0.76
Construction polyurethane foam 80 0.05

Fig. 2. shows the facade of the building under study. The facade area (including window
apertures) is 472.01 m” The size of window apertures: 1.84x1.51 m (including balcony
windows) - 30 pieces, 1.38x1.51 m - 10 pieces. The area of the blind part of the facade is
F,=367.82 m’. The total perimeter of all window slopes (1, m) is 258.8 m. The assemblies
of window slopes of the structures under study are shown in Fig. 3.
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Fig. 2. Facade of the building under study
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Fig. 3. Comparable variants of external enclosing structures: a - window jamb in comparable
enclosing structures (Barcelona); b - window jamb in comparable enclosing structures (Voronezh);

To calculate the temperature fields, we will use the ELCUT software [16].

The obtained results of temperature field calculation should be processed and additional
density of heat flow should be determined according to the method given in [17, 18]. Table
3 shows the sequence of calculation of additional heat flux density.

Table 3. Calculation of additional heat flux density

Ne | Indicator name Formula and basic alphabetical symbols

Roym:[u ég}r

@ TA @) [teCywW,

r - heat transfer performance uniformity factor,
accepted for the construction of a ventilated facade
0.75; for masonry of aerated concrete blocks 0.85
according to p.4.4.2. [19]

1 Contingent resistance heat
interchange of outer wall

6

Tsn =T@ _(Ts _TH)

. & oy,
2 Temperature at internal wall R, — resistance to heat convection at internal
surfaces B |
R =—
surfaces, < (m*-°C)/W]
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Temperature at internal wall Ten [°C] is dgtermlngd by the results of temperaj[ure
. field calculation. This is the area where there is a
3 surfaces in affected zone of .
window iamb change in temperature compared to the temperature
J on the surface of the wall [m]
Width of affected zone of | Determined by comparing the temperature on the
4 window jamb on the | inner surface of the wall in the area of the window
temperature at internal wall | jamb 7} with 7,
surfaces (section a) a [m]
Heat flow capacity over a | o _, (; —pm
5 | section a for 1 m window | (o=e) [W/m]
perimeter
6 Heat flow capacity over a 0 :(’s_tu)a
wall surface of section a R [W/m]
Variation of the capacity of
7 | the heat flow through the | A2, =Q. Q. [W/m]
section a
0, =a,(t,—1,")b [W/m]
Additional heat loss through | 7ot< _ ayerage temperature of the inner window jamb
8 | the mnner window jamb surface [°C] according to the calculation of
(section b) temperature fields;
b — width of the window jamb, M
Additional heat flux density
through the window jamb at —AO +
 I'im perimeter of the window Qoon =AGu +©) [W/m]
aperture
L=
Total number of running » [m/m’]
10 | meters of calculated sections | | — total length of the calculated sections - the sum of
of window jambs perimeters of all window jambs [m];
F, — calculated area - the area of the blind facade
(fig.2) [m’]
Additional heat flux density, -0 I )
] caused by a window jamb Goon = Do [W/m’]
Heat flux density of a (¢,-1,)
12 | homogeneous section of the :}QT 5
wall ¢ [W/m]
Percentage of heat loss due
13 to window jamb from heat %&.100%
loss on the surface of the | ¢
wall

3 Results and Discussion

The results of calculation of temperature fields of window jamb for Voronezh and
Barcelona are summarized in Table 4. Temperature fields of the window jambs and the
temperature distribution are shown in the Fig. 4. The isotherms of the temperature fields are
located in steps of 3 °C. The method of calculation was performed according to [17]. The
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results of the calculations are compared with the results of studies conducted earlier in [7].
The distribution of heat flows in concrete materials is similar to those in the articles.

According to the data presented in the table, we will make a graph of dependence of
additional heat losses on the outside air temperature and the design solution (Fig. 5).

Table 4. Results of calculation of additional heat flux density

Indicator name

Indicator

Barcelona

Voronezh

volumetric
block

the wall
from

aerated

concrete

volumetric
block

the wall
from

aerated

concrete

Contingent resistance heat
interchange of outer wall,
RY*"[(m2-°C)/W]

1.659

2.975

2.975

3.553

Temperature at internal wall
surfaces, 7, [°C]

19.07

19.30

19.30

19.58

Temperature at internal wall
surfaces in affected zone of
window jamb, 7, [°C]

20.00

20.73

20.73

19.03

Width of affected zone of
window jamb on the
temperature at internal wall
surfaces (section a) [m]

0.120

0.014

0.014

0.140

Heat flow capacity over a
section a for 1 m window
perimeter, Q,[W/m]

0.033

0.033

2.399

Heat flow capacity over a wall
surface of section a, Qyc,
[W/m]

0.969

0.212

0.212

1.773

Variation of the capacity of
the heat flow through the
section a, AQ,[W/m]

-0.969

-0.179

-0.179

0.626

Additional heat loss through
the inner window jamb
(section b), Q,[W/m]

0.063

0.063

3.291

Additional heat flux density
through the window jamb at 1
m perimeter of the window
aperture, @ on[W/m]

-0.969

-0.116

-0.116

3.917

10

Total number of running
meters of calculated sections
of window jambs, L [m/m?]

0.704

11

Additional heat flux density,
caused by a window jamb,
Qron [W/mz]

-0.682

-0.082

-0.082

2.758

12

Heat flux density of a
homogeneous section of the
wall g [W/m?]

8.08

14.79

14.79

12.38

13

Percentage of heat loss due to
window jamb from heat loss
on the surface of the wall [%]

8.44

0.55

0.55

22.28
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1464

1331
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9.29
195
6.61

b)
Fig. 4. Temperature fields of window jamb: a — for Voronezh; b — for Barcelona

The graph below (Fig. 5) shows the dependence of the share of heat loss of window
jamb depending on the design solution and climatic conditions.
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Fig. 5. Dependence of the share of heat loss on climatic conditions and structural design of
the external enclosing structure



E3S Web of Conferences 263, 03017 (2021) https://doi.org/10.1051/e3sconf/202126303017
FORM-2021

4 Conclusion

1.Conducted research showed that the industrial construction method is the most energy
efficient. The share of heat loss from the window jamb of volumetric block is 0.55% -
Voronezh, 8.44% - Barcelona, which is 40.5 and 1.7 times less than the share of heat loss
from the envelope made of the gas concrete block in these cities, respectively. The heat flux
density of the homogeneous section of the wall of the volume block is 1.28 times higher on
average than in the aerated concrete wall.

2.Having analysed the results, it can be concluded that regardless of the climatic
conditions, the junction of the window jamb in buildings made of insulated panels of
volumetric blocks is more energy efficient than the same junction in a building with aerated
concrete walls.

3.The results presented in the article can be useful when submitting project
documentation for examination.
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