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The constructive-technological decision of the junction design of a block frame window to an uninsulated precast concrete wall
which practically excludes a possibility of condensate formation on a surface of internal window jamb is proved.
The study was performed by constructing two-dimensional temperature fields in nodes of different designs and comparing the
lowest temperature on the internal window jamb surface with the dew point temperature. It is established that thermal reliability
can be ensured by the condensate formation criterion by insulating the exterior window jamb with mineral wool or expanded
polystyrene slabs and local facade insulation in the form of an outside window casing with 50 mm thickness and 200...250
mm width. The block frame window should be installed at a distance of 60... 80 mm from the outer surface of the precast
concrete wall.
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YnockoHaJIeHHA TEXHOJIOrIl 3aMiHH BIKOHHUX 0JIOKIB
B 3QJ1i300€eTOHHUX NMAaHeJbLHHUX CTIHAX

Mamuncekuii B.A.'*, lzxupma C.0.%, MMamuncskuii M.B.%, Hacrosimuii B.A*

1:2,3.4 [ lenTpanbHOYKpaiHCHKUH HALIOHANBHUN TEXHIYHUI yHIBEPCHTET
*Anpeca s muctyBanHs E-mail: pva.kntu@gmail.com

3 MeToI0 MiBUIIEHHS KOM(MOPTHOCTI )XUTIOBUX OYAUHKIB APpYroi mojaoBuHU 20-Tro CTOJITTS 4acTo 3/iHCHIOETHCS 3aMiHa Je-
pEB'sTHUX BIKOHHHX OJIOKIB Ha Cy4acHi METAJIOIUIaCTUKOBI KOHCTPYKLIi. B 3MMOBHIi Hiepiox TemmepaTypa MoBepXHi BHYTPIILI-
HBOTO BiJIKOCY 100JIM3y BIKOHHOI KOPOOKH MOXKE OIyCKaTHCS HHXKYE TOUKH POCH, 11O NMPU3BOIHUTH JIO TEIUIOBOI BiIIMOBH 3a
KpUTEpieM yTBOPEHHS KoHIeHcaty. {1 oOIpyHTyBaHHS HA[IHHOTO KOHCTPYKTHBHO-TEXHOJIOTTYHOTO PillICHHS By3J1a IPUMHU-
KaHHS BIKOHHHUX OJIOKIB JI0 HEYTEIUICHUX CTiH 3 KePaM3UTOOCTOHHHUX MaHeseil moOy1oBaHi Ta MpoaHaIi30BaHi [BOMIpHI TeM-
TepaTypHi 10JIs y By3/ax pizHoI KoHCTpyKuii. HaliMenra remmieparypa Ha moBepxHi BHYTPIIIHBOTO BIKOHHOTO BiJIKOCY HOPi-
BHIOBAJIACS 3 TEMIIEPATYPOIO TOUKH pocH. IToKa3aHo, 110 Ha TeMIIepaTypHHil PeXKUM eKCIUTyaTallii By3Jia HPUMHUKAHHS BIKOH-
HOTO OJIOKY JIO0 CTiHM ICTOTHO BIUIMBA€ KOHCTPYKIIisl By3ja Ta MOJOXKCHHS BIKHA B TOBINI CTIHH. YTEIUICHHS 30BHIIIHBOTO
BIKOHHOT'O BiJIKOCY Ta 3MIlLl[CHHS BiKHa BCepeIUHY NPUMILICHHSI IiIBUIIYE TEMIIEpaTypy KpUTHYHOI 30HH By3na. Ha npuknani
MOIIUPEHUX TTaHeJIbHHUX CTiH 3 KepaM3uTo0eToHy ToBUIMHOK 300 MM MOKa3aHo, 110 Ui 3a0e3MeueHHs HaIeKHOTO TeMIepa-
TYPHOT'O PeXKUMY eKCILTyaTallii By3/ia He0OXiIHO BUKOHATH YTEIICHHsI 30BHILIHBOTO BIKOHHOTO Bi/IKOCY Ta JIoKanbHe (acaane
yTEeIJICHHS Y BUIJISIII 0OpaMIIeHHsI BIKOHHOTO Tpopi3y muprHoo 200 MM a6o 250 mM. BikoHHUiA OI0K CITijt BiAMOBIIHO BCTa-
HOBIIOBAaTH Ha Bixctai 80 MM 4 60 MM BiJ 30BHIIIHBOT MOBEPXHI CTIHOBOI MaHeNi. 3 TEXHOJOTTYHOI TOUYKH 30pY AJIS yTel-
JICHHSI Kpallle BUKOPUCTOBYBATH IUTUTH 3 IHOIMOMICTHPOITY, KPIIJICHHS SIKHX JI0 CTIHOBUX IaHEJNel Ta 30BHIIIHE 03100ICHHS
€ MEHII TPYJOMICTKHIM i JCLICBIIMM MOPIBHSHO 3 BUKOPUCTAHHAM IUTHT 3 MiHEepasibHOI BatH. JIoKasbHe (acajaHe yTerieHHs
HAaBKPYT'H BIKOHHHX TIPOPi3iB 3 TOBLIMHOIO, SIKa 33/I0BOJIbHSAE BUMOTH HOPM JI0 OIOpPY TeIuIonepeaadi CTiH, y MaiOyTHbOMY
MOX€ CTaTH YaCTHHOIO ITOBHOTO (hacaJHOTO yTEIUIEHHS IIPH TePMOMOAEpHi3awii OyaiBmi.

KurouoBi ciioBa: xoHeHcar, MaHelbHi CTIHU, TPUMHUKAHHS BiKOH, TEMIIEPATyPHHUH PEXUM, TEIJIOBA BiIMOBa
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Introduction

A significant part of the Ukrainian cities' housing
stock consists of prefabricated houses built in the sec-
ond half of the 20th century. One of the main disad-
vantages of such buildings is the insufficient resistance
to heat transfer of enclosing structures. This leads to in-
creased heat loss and can cause discomfort when stay-
ing indoors near walls.

An additional problem of prefabricated houses is
wooden casement windows. They not only wear out
during long operation periods but also do not meet
modern requirements for heat loss.

Complete thermal modernization of existing build-
ings with the installation of facade insulation is a very
complex and costly measure. Therefore in practice,
quite often they are limited to a half-measure in the
form of replacing worn-out block frame windows with
modern metal-plastic structures with sufficiently high
thermal characteristics. This reduces heat loss to some
extent but does not exclude the possibility of condensa-
tion on the surface of the internal window jamb.

Review of the research sources and publications

The junction between the window and wall is a zone
of increased thermal conductivity. Requirements for
thermal characteristics of such junctions and walls, in
general, are set in DBN [1], and for European countries
are covered in works [2, 3]. The main requirement for
thermal reliability is the inadmissibility of condensa-
tion due to the temperature drop of the inner wall sur-
face below the dew point temperature.

Studies of the window junctions temperature regime
to the walls in the winter were carried out in [4...9],
where the impact of the window position in a cavity
wall was analyzed. The calculations performed in
[4...6] for brick walls showed that a simple replace-
ment of the window with a better one does not solve the
condensation problem. The temperature of the internal
jamb in the junction area of the block frame window to
a wall may fall below the dew point at real values of
outside air temperature.

In articles [4...9] it is shown that the temperature of
the internal window jamb can be increased due to addi-
tional insulation or by shifting the block frame window
to the inner side of the building. In [7], the example of
several nodes at two positions of block frame window
shows that the design of the window junction to the
wall significantly affects heat loss, the position of the
zero isotherms in the wall, and the possibility of con-
densation on the inner wall surface. There was an in-
crease in the temperature of the inner wall surface as a
result of shifting the block frame window inside the
building.

The influence of the window position of the cavity
wall on the temperature of the inner surface and the
possibility of condensation has been studied in more
detail in the works of the authors [4, 5, 6, 8].

In [4] the temperature dependence of the metal-plas-
tic window junction critical zone to the brick wall with
a thickness of 510 mm from its position was obtained.
It is shown that in the conditions of Kirovograd region
window installation close to the outside surface of the

wall the temperature of the internal jamb is about
+8 °C, and the shifting of the block frame window in-
side the building significantly increases the tempera-
ture at the critical jamb point. The obtained graph
makes it possible to establish the position of the block
frame window at which the surface temperature of the
internal jamb exceeds the dew point temperature and
thus avoids the condensate formation.

In the article [8] by a method similar to [4], obtained
a nomogram and analytical expression that allows set-
ting the desired position of the block frame window in
the cavity of the brick wall depending on the allowable
temperature of the inner wall surface in the critical zone
(dew point temperature) and outside air temperature.

A detailed analysis of the window junction tempera-
ture regime to the wall of different designs was carried
out in [5, 6]. In particular, the junctions to the brick and
precast concrete wall are shown in Figures 1 and 2,
which are taken from [5] with minor editorial changes.
The designations of the node elements are given
in table 1.
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Figure 1 — The junction of the metal-plastic
window to the brick wall
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Figure 2 — The junction of the metal-plastic
window to the precast concrete wall

Figures 1, 2 show the junctions at the initial design
position of the block frame window. When shifting the
block frame window inside the brick wall, the space be-
tween the outside casing and the window frame is filled
with an effective thermal insulation material (mineral
wool or polystyrene slabs). The external jamb of the
precast concrete wall is made of cement-sand plaster.

The simulation results of these nodes in [5] showed
that shifting the block frame window in the cavity of
the brick wall inside the room by 150...170 mm from
the outside casing allows raising the temperature of the
critical zone to the dew point equal to 10.7 °C. In this
way, thermal failure by the criterion of condensate for-
mation can be avoided. It is impossible to achieve such
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an effect in a precast concrete wall. Even with the max-
imum possible shift of 150 mm from the outer surface
of the wall, the temperature of the critical zone on the
internal jamb does not rise above 9,2°C. Articles [5, 6]
show that this problem is successfully solved with
proper facade insulation of brick and precast concrete
walls in accordance with the requirements of [1]. With-
out such insulation, condensation can be formed on the
surface of the internal window jamb of the precast con-
crete wall.

In general, works [4...9] showed that the position of
the block frame window in the cavity wall can signifi-
cantly affect the surface temperature of the internal
window jamb and the possibility of condensation in this
area.

The study of the temperature regime of enclosing
structures operation can be performed using the open-
source program THERM [11], which allows to build
two-dimensional temperature fields for fragments of
structures using the finite element method and obtain
temperatures at specified critical points of the nodes.

Definition of unsolved aspects of the problem

The results of previous studies indicate the need for
facade insulation to ensure the thermal reliability of the
block frame window junction to the brick and precast
concrete walls of residential buildings. It is possible to
improve the conditions of the operating units of the in-
sulated brick walls, provided that reinforced-plastic
windows are installed with a shift inside the building.
In the case of precast concrete walls, this solution does
not give a positive result. The analyzed works do not
contain recommendations for ensuring the thermal reli-
ability of the block frame window junction to the pre-
cast concrete wall of residential buildings.

Problem statement

To offer a rational constructive insulation scheme and
technology of the metal-plastic window junction to the
uninsulated walls of prefabricated houses based on the
results of temperature field analysis.

Basic material and results

The subject of the study is the junctions of metal-plas-
tic windows to the uninsulated walls of prefabricated
residential buildings. The five types of junctions are
compared below:

1) the junction according to the scheme of Figure 2 at
different shift values of the window inside the
building;

2) the junction according to the scheme of Figure 3
with insulation of the outer jamb;

3) the junction from Figure 4 with insulation of the ex-
ternal jamb and local insulation of the facade in the
form of an outside window casing with a width of
150 mm;

4) the same with the casing width of 200 mm;

5) the same with the casing width of 250 mm.

Insulation of the exterior window jamb and local fa-

cade insulation in the form of the outside window cas-
ing is performed by slabs made of expanded polysty-

rene or mineral wool, which according to [13] have suf-
ficiently close thermal conductivity coefficients. From
the technological point of view, it is more profitable to
use expanded polystyrene plates which are much
cheaper and can be pasted to a surface of the expanded
clay precast concrete wall without the performance of
labor-consuming operations on the attachment of a
mineral wool plate by dowels. The use of expanded pol-
ystyrene in the form of local insulation is also permis-
sible from the point of view of fire safety, as such a
scheme of insulation does not allow the fire to spread
on the surface of the facade. Constructions of window
junctions to the walls are performed in accordance with
the requirements of the current standard [12].
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Figure 3 — The junction of a metal-plastic
window to a precast concrete wall
with external jamb insulation
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Figure 4 — The junction of a metal-plastic
window to a precast concrete wall
with additional local insulation of a facade

When modeling temperature fields, the values of den-
sity p and thermal conductivity A of materials are taken
into account, as shown in Table 1. To simulate a metal-
plastic block frame window the reduced value of ther-
mal conductivity, which is shown in table 1 is used in
the program THERM [11].

The outside air temperature according to [14, 15] is
assumed to be equal —24°C. For the Kirovograd region
and most of the central regions of Ukraine, this value
with a certain margin corresponds to the temperature of
the coldest five days with a reliability level of
0.92...0.95, which is used for the design of massive
walls.

At the design indoor air temperature of +20°C and
relative humidity of 55%, as indicated in the standard
[1] for residential premises, the dew point temperature
value of +10,7°C is set according to psychrometric ta-
bles.
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Table 1 — Thermal characteristics of materials

Materials and products kge;n3 W /(3;1’2. K)
1 | Brickwork 1800 0,81
2 | Expanded clay concrete slab| 1000 0,41
3 | Lime plaster 1600 0,81
4 | Cement plaster 1800 0,93
5 | Effective insulation 135 0,039
6 | Construction foam 25 0,03
7 | Block frame window 30 0,037

Simulation of the described junctions is performed in
the environment of the THERM program. Junctions of
types 1 and 2 are calculated at five positions of the
block frame window in the cavity of the wall, which is
given by the distance X from the outer edge of the wall
to the outer surface of the window frame. The smallest
distance X = 25 mm corresponds to the maximum pos-
sible approach of the window to the outer surface of the
wall. The biggest distance X = 125 mm, taking into ac-
count the thickness of a window frame of 70 mm cor-
responds to the position of a window near the middle of
a 300 mm wall. A further shift of the window inside the
building reduces the width of the window sill too much
and worsens the conditions of natural lighting. Junc-
tions of types 3, 4, and 5 are calculated at six positions
of the block frame window in a cavity of the wall.
The position at a distance of X = 0 mm corresponds to
the absence of an external jamb. At the same time, the
joint of the block frame window with a wall is covered
by local front insulation in the form of an outside win-
dow casing.

As a result of the performed calculations, the temper-
ature fields and temperature values in the critical zone
of the nodes were obtained. In all nodes, the critical
zone with the minimum temperature of an internal sur-
face of a wall is placed on a surface of an internal win-
dow jamb near a window frame. Figure 5 shows exam-
ples of temperature fields of types nodes 1, 2, and 4
with a shift of the window frame inside the building by
100 mm. The figure shows that the insulation of the ex-
terior jamb and additional local facade insulation sig-
nificantly changes the position of the isotherms in the
wall thickness and increase the surface temperature of
the internal window jamb. As the insulation improves,
the temperature of the critical point, given in a separate
window on the temperature field figures, also increases.
For junctions of types 1 and 2, it is lower than the dew
point temperature, which indicates the possibility of
condensation. In the type 4 junction, the temperature of
the critical point +11,1°C exceeds the dew point.
This indicates a low probability of condensation on the
surface of the internal window jamb.

The results of critical zone temperature calculations
of all types of junctions at the considered positions of
the block frame window are presented in table 2.
Changes in these temperatures when the window frame
is shifted inside the cavity of the wall are shown in
Figure 6, which is made according to table 2.

Figure 5 — Temperature fields of type
1, 2, and 4 junctions
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Figure 6 — Temperatures in the critical zone
of the window junctions to the precast concrete
wall with different schemes of additional insulation
and different positions of the window frame

Table 2 — Temperatures at critical points
of the junctions

X, | Temperatures in junctions of different types

mm 1 2 3 4 5
0 9,3 10 10,6
25 7,8 8,3 9,4 10 10,4
50 8,1 8.9 9,6 10,1 10,5
75 8,7 9,7 10,2 10,7 11,0
100 93 | 104 | 108 | 11,1 | 114
125 9,3 10,5 10,8 11,00 11,2
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Analysis of table 2 and figure 6 showed that the type
of junction and the position of the block frame window
in the wall cavity significantly affect the temperature of
the internal window jamb. The conclusion about the
possibility of condensation can be made by comparison
with the temperature of the dew point, which is equal
to +10,7°C and is shown in Figure 6 by a horizontal
line.

Conclusions

1. Replacement of block frame windows with modern
metal-plastic structures is often implemented in the
practice of residential buildings renovation that was
built in the second half of the 20th century. It does not
solve the problem of energy efficiency, but to some ex-
tent increases the comfort of living in these houses.

2. The critical area with the lowest temperature of
block frame windows junctions to the expanded clay
precast concrete walls is the surface of the internal jamb
near the window frame. When the temperature drops
below the dew point temperature in this zone, thermal
failure can be realized in the form of condensate formed
on the jamb surface.

3. The operation temperature mode of the block frame
window junction to the wall is influenced by the design
of the junction and the position of the window in the
cavity wall. Insulation of the external window jamb and
shift of the window into the room increases the temper-
ature of the critical area of the node.

4. In block frame window junctions to expanded clay
precast concrete walls with a thickness of 300 mm
without insulation of an external jamb the temperature
of a critical zone does not rise above +9,3°C regardless
of the window frame position. The temperature, less
than the dew point +10,7°C causes the possibility of
condensation.

5. In units with external jamb insulation the tempera-
ture of the critical zone can reach +10,5°C, i.e. also
does not exceed the dew point and can cause condensa-
tion on the surface of the internal window jamb.

The figure shows that the junctions of types 1 and 2
do not have a sufficient level of thermal reliability at
any position of the window frame. Additional local in-
sulation of the facade in the form of a window casing
significantly increases the level of unit thermal reliabil-
ity. The formation of condensate on the surface of the
internal jamb becomes unlikely when shifting the win-
dow frame by about 90 mm for node type 5 and by
60 mm for node type 3.

6. To ensure the proper temperature of the unit, it is
necessary to perform insulation of the exterior window
jamb and local insulation of the facade in the form of
an outside window casing. When the width of such a
frame is 150...250 mm, the corresponding shift of the
block frame window inside the room by 90...60 mm
increases the temperature of the inner surface of the
window jamb above the dew point temperature.

7. For practical use in precast concrete walls with a
thickness of 300 mm, we can recommend the design of
the unit with insulation of the exterior window jamb
and local insulation of the facade in the form of outside
window casing with a width of 200 mm or 250 mm.
The window frame should be installed at a distance of
80 mm or 60 mm from the outer surface of the wall (ac-
cording to the selected width of the frame). It is better
to use plates from expanded polystyrene as insulation.
Attaching them to the wall and exterior decoration is
less time-consuming and cheaper compared to the use
of mineral wool slabs.

8. Local insulation of the facade around the outside
window casing should be arranged with a thickness that
meets the requirements of thermal insulation on the re-
sistance to heat transfer of external walls according to
DBN B.2.6-31: 2006. In this case, the executed local
insulation will become a part of the front insulation of
the building in the course of full thermal modernization
in the future.

9. Further research is focused on the probabilistic as-
sessment of thermal reliability of the block frame win-
dow junctions to the walls and other problematic units
of buildings, taking into account the random nature of
the influencing factors.
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