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Abstract

Renovation of multi-family residentials, including mainly thermal renovation,
which includes adding thermal insulation, contributes to the improvement
of living conditions. Above all, it reduces the operating costs of renovated
buildings by reducing the consumption of heat energy for central heating.
This article discusses the impact of light wet thermal renovation on the
temperature distribution in the vertical cross-section of the partition wall and
the calculation value of the temperature on the inner surface of the partition
wall, as well as on the reduction of thermal energy consumption in buildings.
The subject of the research was residentials erected in the large-panel, large-
-block, and traditional technology between 1984 and 1994, managed by
tomza Housing Cooperative (ESM).
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1. INTRODUCTION

Following the end of World War II, the situation in the housing economy in
Poland was particularly difficult. In a way, it triggered the need to accelerate the
reconstruction of the country (Konieczny, 1980). Thus, traditional, craft-based
construction methods, which included organizing a significant part of production
at the construction site, were replaced by industrialized construction. This enabled
the dynamic development of the housing sector (Tauszynski, 1997; Wojtkun,
2011). Developed in the first half of the 20th century in Western Europe and
Scandinavia (France, Finland, and Sweden), prefabrication appeared in Poland in
the early 1950s (Wierzbicki, 1999). At its peak of prosperity, the construction of
multi-family residentials by industrialized technology allowed completing a record
number of seven million apartments in Poland (Orchowska, 2020). However,
the two technologies of industrialized construction that are dominant in Poland
often referred to as “the large panel” should be distinguished (Nowak, 1995).

The first is the Plattenbau, or large-panel technology, which according to
Ostanska, accounts for as much as 50% of the total implementation technology
in multi-family housing in the years 1946-1992 (Ostanska, 2014). In this
system, ceilings and walls form large-size elements that usually correspond to
the internal division into rooms or their groups (Ickiewicz, 2018; Wtodarczyk,
2013). On the other hand, 24% of buildings erected in Poland in the years 1946-
1992 were made in a large-block technology. It differs from the Plattenbau in
that the division of partitions constituting walls is not related to the division of
the interior into individual rooms, and the partition wall of one room may consist
of several blocks (Niedostatkiewicz, 2009; Ostanska, 2014; Tauszynski, 1997).

For many years, buildings made in large-panel and large-block technology
have been the object of interest of both science and property managers. The
expected 50-year operation period certainly contributed to this. This view
has been unequivocally undermined by the results of research, e.g., by the
Building Research Institute in Poland, as well as other authors (Ostanska, 2016;
Runkiewicz et al., 2014). Because of the many disadvantages and shortcomings
of the systems, buildings made with these technologies require constant technical
supervision and modernization of, first of all, basic structural elements, e.g.,
external walls (Gronostajska, 2010; Janczarek et al., 2006; Lewicki, 2000). The
characteristic feature of large-panel and large-block objects is their low thermal
insulation (Bajno and Grzybowska, 2017; Taczanowska and Ostanska, 2012).
Seasonal demand for thermal energy to heat prefabricated buildings built in the
peak of industrial construction of the People’s Republic of Poland is usually 50
to 100% higher than the applicable requirements expressed by the E coefficient
(Ostanska, 2010; Radon and Kiinzel, 2006). The crisis in the fuel sector in the
1970s initiated the trend to conserve conventional energy sources. Taking into
account that the construction industry consumes approx. 40% of the total
amount of energy produced, many countries have initiated measures to reduce
the energy consumption of the entire economy, including the housing sector (Szul,
2016). The ever-growing prices of thermal energy brought about an interest in
thermal renovation investments that would optimize its consumption (Obolewicz
and Tomaszewicz, 2016). Their intended effect is to reduce the energy demand,
but also to lower the costs of its production. The key factor here is also the
introduction of far-reaching energy constraints, following Poland’s membership
in the European Union (Szul, 2016; Szul, 2012). They are to be applied already
at the project stage of the building’s construction and include both the buildings
that are only under construction, as well as the existing ones intended for thermal
renovation (Dohojda and Wisniewski, 2019). The constraints also apply to the
requirements for the permissible level of emission of air pollutants generated
during the combustion of fuels in the energy generation process (Ickiewicz, 2018).

The study aimed to compare the impact of thermal renovation on the value of
computational temperature on the inner surface of the wall, on the temperature
distribution in the vertical cross-section of individual layers of partition walls, as
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Fig. 1. Diagram of the OWT-67N large-panel
technology curtain wall of the building before
(a) and after (b) thermal renovation

(own study)

Fig. 2. Diagram of a traditional technology
curtain wall before (a) and after (b) thermal
renovation (own study)

Fig. 3. Diagram of a large-block technology
curtain wall before (a) and after (b) thermal
renovation (own study)

well as on reducing thermal energy consumption with buildings made in large-

panel, large-block, and traditional technologies.

2. MATERIAL AND METHODS

The curtain walls of multi-family residentials located in the 4" climate zone,
erected in three different technologies, were analyzed. Their basic parameters
are presented in Table 1, and the diagrams of the partition walls before and after

thermal renovation are presented in Figures 1, 2, and 3.

Table 1. Basic parameters of the analyzed buildings
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The computational temperature of the internal surface of the partition wall
in areas not directly adjacent to the impact zones of linear thermal bridges was
calculated from the formula:

vV, = ti _UC (ti _te)Ri [OC] 1)

where:

U, — heat transfer coefficient, W. m™2. K/;

t, — computational temperature of outdoor air, °C;

t, — computational temperature of indoor air, °C;

R, — computational heat transfer resistance on the inner surface of the partition
wall, with a constant value of 0.167 m?>. K- W, regardless of the direction of
heat flow.

The density of the heat flux through a specific partition wall was determined
from the formula:

q=U,(t,~t,)[w-m>"] )

where:

U, - heat transfer coefficient, a value not taking into account the heterogeneity
of the layers and the impact of thermal bridges, W.m™. K!

t, - indoor air (environment) temperature, °C;

t, - outdoor air (environment) temperature, °C;

e

As aresult of the heat flux at g temperature drops occur on individual layers
of the partition wall as the product of the heat flux density and the value of
thermal resistance. On the inner surface of the partition wall, the temperature
drop will be gR; due to the heat transfer resistance R, hence the temperature of
the inner surface will be expressed by the formula:

v =t _qui =t _UORsi (ti —t, )[OC] 3)
» tocalculate heat loss and for computational partition wall characteristics,
the usual formulais R;=0.13 m*- K- W,
» to verify the possibility of condensation on the surface of the partitions,
the usual formulais R;=0.25 m*- K- W,
At the joint of the first and second layer of the partition wall, the formula is:
v, :ti _Uo (Rsi +R1 )(ti _te )[OC] (4)
At the joint of the second and third layer:

v, :ti _Uo (Rsi +R1 +R2 )(ti _te )[OC] (5)

Finally, the temperature v
formula is:

, at the joints of each successive material layer, the

wu+

Vot :ti _Uo [Rsi +2R;‘ j(t[ _te )[OC] (6)
j=1

where index u is the consecutive number of the partition wall layer in question,
counting from the inside of the wall.
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Fig. 4. Summary of the heat transfer
coefficient values for the curtain wall in the
analyzed buildings, before and after thermal
renovation (own study)

Fig. 5. Anincrease in the computational
temperature on the inner surface of the partition,
resulting from the thermal insulation of curtain
walls in the analyzed buildings (own study)

3. RESULTS

The computational temperature of the inner surface of the partition wall

The presented calculations were made for curtain walls of the analyzed buildings
before and after thermal renovation, for the following data:

» Location: tomza,

» Climate zone: IV,

» Design outdoor temperature: t,= =22 °C,

» Computational indoor air temperature: t,= -20 °C,

» Heat transfer coefficient before and after thermal renovation, based on

own calculations:

0.60
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0.30
0.22

[Wem=2K-1]

0.10

0.00
before thermal renovation after thermal renovation

s |arge-panel technology = traditional technolegy  © 0 large-block technology == technical conditions in 2021

» Computational heat transfer resistance on the inner surface of the
partition wall: R, = 0.167 m*. K. W,

20.00
18.00 it 155 1.20
16.00
14.00
12.00

O 10.00

; 8.00 16.00 1691 .57
6.00
4.00
2.00
0.00
large-panel technology traditional technology large-block technology
1= Increase of temperature on the surface of the partition wall

Temperature before thermal modernization

The calculations show that in all analyzed buildings the computational
temperature on the internal surface of the partition increased as a result of
the thermal renovation. This proves the legitimacy of the renovation measures
and directly impacts the comfort of living and the reduction of heat energy
consumption for central heating. The highest temperature increases on the inner
surface of the partition wall (+2.32 °C), resulting from thermal insulation of the
curtain wall, was registered in a building constructed in the OWT-67N large-panel
technology. It is related to the most significant decrease of the heat transfer
coefficient among the three analyzed objects. As a result of the light wet thermal
renovation, this coefficient decreased from 0.57t0 0.24 W.m™- K7}, i.e., by 57.89%.
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The highesttemperature on the surface of the partition, after thermalinsulation
(+18.67°C), was recorded in a building constructed in large-block technology, the
so-called “Zeran brick”. As the last one put into operation (1994), this building
was characterized by the best thermal insulation properties of the partition walls
before thermal renovation. In this case, the heat transfer coefficient before the
renovation was 0.36 W.m™. K'and after 0.19 W.m™2.K',i.e., there was a decrease
of 47.22%. The increase in the computational temperature on the inner surface
of the curtain wall in this building proved the least significant among all analyzed
objects and amounted to +1.20 °C.

Temperature distribution in the vertical section of the partition wall

The calculations were made for curtain walls of the analyzed buildings in
December, before and after thermal renovation. Data on the values of outdoor
temperatures (average monthly dry-bulb temperatures) were obtained from
the meteorological station located in the 4" climate zone (Biatystok), using the
Purmo OZC Basic 6.7 software. For the month under consideration, the data
were as follows:

» Indoor air temperature: t,= -20.0°C,

» Outdoor air temperature: t, = -1.3°C
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Among all analyzed objects, no disturbing phenomena in the temperature
distribution in the vertical cross-section of the partition wall were found only in
the building made in the large-panel technology. No objections were recorded
both before and after the thermal renovation.

Fig. 6. Temperature distribution in the
vertical section of the OWT-67N large-panel
technology curtain wall in December, before
and after thermal renovation (own study)

Fig. 7. Temperature distribution in the vertical
section of the traditional technology curtain
wall in December, before and after thermal
renovation (own study)

Fig. 8. Temperature distribution in the vertical
section of the large-block technology curtain
wall in December, before and after thermal
renovation (own study)
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In the case of a building constructed with traditional and large-block
technologies, before the thermal renovation, the temperature distribution graph
in the vertical cross-section of the curtain wall revealed the zero isotherm, i.e.
the frost line in the outer layers of the partition walls. Please note that the long-
term impact of such a phenomenon on the construction material of the wall
leads to its corrosion and loss of insulating properties.

In the first case, before the renovation, the curtain wall was made of
a sandwich wall consisting of 24 cm aerated concrete, 5 cm of polystyrene,
and 12 cm full ceramic brick. As observed from the temperature distribution
presented in Fig. 7, freezing occurred in the full ceramic brick layer.

However, in the large-block technology building, the curtain wall before the
renovation was made of a partition wall consisting of 24 cm aerated concrete,
6 cm polystyrene, and another layer of 12 cm aerated concrete. Freezing was
observed in the last of the above-mentioned layers (Fig. 8).

In both above-mentioned cases, the phenomenon of freezing of external
layers of partition walls has been effectively eliminated thanks to the thermal
renovation using the seamless thermal insulation method. Adding a 12 cm layer
of polystyrene shifted the frost line to the thermal insulation layer.

120.00 109.67
100.71 og.77
100.00
= 80.00 69.38 7,9 70.00
E
= 60.00
E
=
40.00
20.00
0.00

Fig. 9. Average consumption of thermal
energy for central heating in the analyzed
buildings in the years 2001-2019, before and m large-panel technology ~ m traditional technology ~ m large-block technology
after thermal renovation (own study)

before thermal renovation after thermal renovation

One of the most important criteria for assessing the validity and correctness of
the insulation works is the analysis of thermal energy consumption in modernized
buildings, taking into consideration the period before and after renovation.
Please note that a significant decrease in energy consumption was recorded in all
objects when the thermal renovation was completed. In a large-panel building,
the average consumption of thermal energy for heating before the thermal
renovation was 109.67 kWh - m> !}, and after — 69.38 kWh - m?~!, which proves
the consumption reduction by 37.65%. This is the largest reduction in energy
consumption among the analyzed objects. On the other hand, with a building
made in traditional technology, the average consumption of thermal energy
decreased from 100.71 to 67.20 kWh - m>~!, which is a reduction by 33.27%, and
in a large-block building from 98.77 to 70.00 kWh - m*~!, which is a reduction by
29.13%. Such a significant reduction in the consumption of thermal energy in the
analyzed objects proves the legitimacy of the completed thermal renovation.

4. CONCLUSION

The analysis demonstrated that regardless of the technology in which the objects
were constructed, the thermal renovation of buildings including, e.g., thermal
insulation of external walls, not only reduces the thermal energy consumption
for central heating but also improves the thermal protection of the buildings. It
also plays a fundamental role in the elimination of undesirable phenomena such
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as freezing of external layers of partition walls, and thus reduces the risk of their
degradation in unfavorable weather conditions. Please note that the calculations
to verify the temperature value on the internal surface of the partition wall and
the temperature distribution in its vertical cross-section were made for the set
internal thermal conditions, assuming the temperature ¢, in the rooms at 20°C.
The daily experiences of property managers, including the tomza Housing
Cooperative, whose buildings were the subject of study, clearly indicate that
mold growth is very frequent on the internal surfaces of the walls. This problem
results from improper use of the premises during their operation phase. This
phenomenon is related to the statutory obligation to settle heat consumption for
central heating individually for each apartment, which requires installing central
heating cost allocators in apartments. Exaggerated search for savings by the
users of the premises leads to excessive cooling of partition walls. Combined
with the lack of inflow of fresh air and blocking the outflow of used air by blocking
the ventilation grilles creates perfect humidity and thermal conditions for the
development of mold. This is confirmed by the annual inspections verifying the
technical condition of, e.g., chimney ducts (smoke, exhaust, and ventilation), as
stipulated by art. 62 sec. 1, point 1c of the Construction Law Act.
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