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Abstract

The paper discusses the conservation state of selected examples of historical objects preserved in the Silesia Province, hav-
ing a complex structure with the elements of Prussian wall. They can be found mainly in the so-called company towns cre-
ated in the late 19" century. The work presents the structural and architectural details characteristic for such objects, with
the emphasis on different technical condition of the structural and finishing elements. External envelopes were evaluated
in terms of their thermal insulation and humidity condition, depending on their structure, type of material and location,
using theoretical and calculation methods. Due to historical value of the buildings and special character of the facade, the
paper suggests that the material values, thermal conductivity and humidity level of the envelopes should be closely identi-
fied to provide a basis for further analyses.
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1. INTRODUCTION tures, combining new materials with the old ones, tak-
ing into account their interaction and respect for his-
torical substance. It is important to consider appropri-
ate performance of wood as a construction material,
hygrothermal condition of building envelopes (includ-
ing also the adaptations of the objects to newly intro-
duced utility functions) as well as their durability and
quality of the fagade. The performance of historical
objects is significantly affected by the issues related to
building physics: the influence of internal or external
climate, the arrangement of envelope layers in terms of
diffusive, thermal properties or tightness [4, 5, 6, 7, 8].
All plans to undertake repair, modernization or reno-
vation works, also as part of comprehensive revitaliza-
tion projects for areas with historical buildings, should
be proceeded by a detailed examination of the existing
condition, along with the assessment of humidity con-

The requirements involving the maintenance of build-
ings are defined in Poland by the Construction Law [1]
and technical and construction regulations in the form
of regulations [2, 3]. They ensure that the buildings are
used in accordance with their intended purpose and
environmental protection requirements and are main-
tained in a proper technical and esthetic condition.
The above regulations specify the requirements for
buildings and building envelopes, including such
aspects as construction safety, fire safety, protection
against moisture and corrosion as well as the issues of
thermal insulation. With respect to historical objects
with wooden frames, their maintenance is a complex
issue which should allow for the selection of proper
methods of repair and renovation of the existing struc-
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ditions of the envelopes. Planned corrective mea-
sures should be verified on the basis of available com-
puter simulation methods, e.g. in terms of coupled
heat and mass transfer, heat capacity and other
[9, 10, 11, 12], taking into account the presence of
construction salts in brick wall materials [13].

When considering objects which are subjected to ren-
ovation measures, a special attention should be given
to buildings with inhomogeneous wall structures, e.g.
frame structures, mullion-transom walls with clay fill-
ing of the frame and the so-called Prussian walls with
brick filling.

The publication provides examples of historical
buildings made from Prussian wall, found in the
Silesia region, emphasizing diverse structure of their
external envelopes and elements of architectural
detail. Exemplary results of theoretical analyses and
in-situ research involving the determination of
preservation condition of building elements have
been presented in terms of hygrothermal problems.
Methods for their renovation have been proposed in
order to reduce heat loss and the risk of surface con-
densation expressed by the factor fgsi.

2. SILESIAN EXAMPLES OF HISTORI-
CAL BUILDINGS WITH WOODEN
FRAMES

From among the existing examples of half-timbered
houses preserved to date in Silesia, a great number of
them are located in housing estates referred to as
company towns. They mostly date back to the turn of
the 19t and 20™ centuries, and their formation was
related to the development of industry in the region
(e.g. the creation of railway lines, smelters or mines).
The housing estates were developed as living quar-
ters for local workforce, along with other building
complexes and social facilities. The objects with
Prussian walls can be found, e.g. in the districts of
Zabrze, Bytom, Ruda Slqska and Pyskowice
(Fig. 1-5). In the Zandka housing estate in Zabrze, in
the years 1903-1927, about 40 residential buildings
and public utility buildings were erected, including
kindergarten, fire department, casino and depart-
ment store. For workers, multi-family buildings were
created with two or three residential floors, some-
times with apartments on the attic floors. There were
also houses with better standard, intended for civil
servants. Residential multi-family housing can be also
found in the company town of Czerwionka-
Leszczyny. The building complex was erected in the
years 1898-1916 and was connected with the launch
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and dynamic development of the Debienisko mine.
The wooden frame structure filled with ceramic
bricks in company towns of Silesia was applied only in
the upper parts of buildings, e.g. fragments of floors,
tops of risalits, usable and non-usable attics, and also
as an element of staircase enclosures. The structure
of external envelopes and the thickness of walls
depended on their locality. Residential and utility
floors of multi-family buildings and public utility
buildings were made with the thickness of one brick
or one and a half bricks. The walls of attics and stair-
cases were thinner (the thickness of 1/2 brick —
12 cm). The wooden frame, placed on the side of
facade, was filled in with brickwork, sometimes cov-
ered with layered, textured plaster, also with glazed
ceramic cladding (the housing estate with such
cladding is at Czerwionka-Leszczyny). The geometry
of the wooden frame depended on the building's size,
location, the number and shape of window or door
openings. The estates were characteristic of architec-
turally diversified building facades, reflecting differ-
ent shapes of buildings, the coloring of bricks or
cladding, but also wooden decorative elements,
which included carved panels, balusters, cornice
enclosures, gable planking, cantilever profiles and
shutters.

3. CONDITION OF THE EXISTING
BUILDINGS - SELECTED PROBLEMS

Buildings made of Prussian wall have been the sub-
ject of research studies carried out as part of the
authors’ scientific and research work as well as mas-
ter's or bachelor’s theses in engineering developed
under their supervision. One of the objective of the
research was to determine the condition of the exist-
ing objects as a starting point for further analyses and
repair or renovation projects. The professional expe-
rience of the authors [4, 5] and information obtained
from housing estate managers indicates that in some
buildings modern modifications in the structure of
historical envelopes have been introduced, usually
individually adopted thermal insulation from the
room side. Presently, we can observe cases of
increased humidity of insulated in this way external
building envelopes, e.g. visible fungi development
from the inside of rooms, which, in effect, brings
about the deterioration of technical condition of the
envelopes and lowers the comfort of use of such
apartments. The reasons underlying such a situation
should be attributed to the fact that initial moisture
conditions of the envelopes were not taken into
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Figure 1-2.

Buildings in the housing estates Zandka in Zabrze, WolnoSci Street and Debiensko at Czerwionka-Leszczyny, Stowackiego Steet
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Figure 3-5.
Wooden details in the apartment buildings of the housing estate Zandka in Zabrze, Wolnosci Street

account, the selection of material was incorrect, or
the applied calculation methods were simplified.
Before planning and implementing repairs, renova-
tion or modernization works, it is necessary to exam-
ine, as part of the assessment involving the condition
of the existing object, the actual structure of
envelopes in terms of their geometry and used mate-
rial, and to identify the level of moisture and thermal
performance.

Envelopes made of half-timbered wall make up a spe-
cial group of building envelopes due to their structure.
Such walls are a combination of wooden elements,
masonry, mortar, sometimes plaster and ceramic
cladding. The materials have different thermal con-
ductivity coefficients, thermal expansion and different
diffusion resistance. In addition, it is characteristic for
the envelopes that they have voids between the frame
and the adjacent elements, allowing the penetration
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of rainwater into the wall. The development of such
voids results, among others, from natural degradation
processes of wood and mortar. The said process was
described in the literature [14, 15], where aging
processes and gradual losses in the cross-sections of
wooden elements were addressed. Natural aging
processes of wood, manifested as changes in its exter-
nal appearance and in its technical properties, are
caused by long-term impact of atmospheric factors
(solar radiation, changes in temperature and humidi-
ty). According to the research [15], the changes may
comprise: density, compressive strength along fibers,
shrinkage and swelling of wood. The course and rate
of changes depends, among others, on wood type and
its use class [15]. With strong exposure to atmospher-
ic factors, a gradual degradation of wood surface lay-
ers takes place. There are also changes in its chemical
composition, when wood is subjected to the influence
of strong solar radiation. It happens due to the
absorption of UV radiation by lignin, making up
approx. 20-30% of xylem, which results in its gradual
degradation. This involves the deterioration of cellu-
lose chains and the rise of their susceptibility to the
changes of temperature or humidity. It is estimated
that the cross-section thickness of a wood layer, which
decomposes (disappears) as a result of aging in natur-
al, external conditions, reaches about 6mm in 100
years [14]. The research was conducted for the wood
of external use class, exposed to the impact of exter-
nal environment, without any direct contact with the
ground — use class 3 acc. [16]. The acceleration of
wood degradation may be effected by the conditions
enabling the development of biological corrosion. The
place of wooden elements in the moistened zone, with
no possibility of drying out, can contribute to the
growth of fungi which facilitate the degradation of
wood. Such examples can be observed when a wood-
en frame of a building is covered with a material of
high diffusion resistance, with no ventilation gap
ensured. As a result of moisture (due to the migration
of water vapor from the inside, or the development of
humidity through leaks) and hindered evaporation to
the outside, structural elements may be subjected to
severe damage.

Restricted water vapor migration due to the applied
external diffusion barrier may bring about such con-
sequences as the damage to facade layers or to brick-
work filling the frame of the wall. With tight, sec-
ondary exterior paintwork, historical plasterwork and
paintwork, originally made on the basis of lime, there
is a risk of gradual delamination of their outer sur-
face.
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The emerging cracks at the place where the wood and
brick surfaces meet as well as around wood studs facil-
itate the penetration of water into the envelope (e.g.
during slanting rain). The gaps are also zones of heat
flux density changes, which may adversely affect the
durability of mortar in such parts of the envelope [7].

4. EXAMPLES OF EXAMINATIONS OF
THE EXISTING STATE - THEORETICAL
ANALYSES AND IN-SITU STUDIES

4.1. Accepted methods and assumptions

As part of the assessment involving the condition of
the existing historical envelopes with Prussian wall
(selected examples of buildings from company
towns), the following works were carried out:

— theoretical studies involving temperature distribu-
tion in the envelopes (the use of 2D models ana-
lyzed in the THERM program, determined on the
basis of the measurements of the actual structure of
the envelopes),

— analyses of moisture transfer in the existing enve-
lope, using the WUFI 2D program, carried out for
the actual structure of the envelopes,

— in situ measurements of the thermal transmittance
coefficient of the external envelope of one of the
buildings with Prussian wall using a measuring setup.

The theoretical analyses concerning the determina-
tion of temperatures in the envelopes were made
using the computer program THERM 7.4, based on
FEM for the calculation of any two-dimensional
model of building element. It allows to determine the
distribution of temperature field in the envelope, to
determine impact areas of heat flux density changes
and to determine the temperatures at the selected
cross-section within the range of the 2D model. The
models were built in accordance with the instructions
contained in [18], based on the actual structure of
Prussian wall, for three buildings with brickwork
risalits, with different solutions of roof peaks. In each
case, the envelope was made of Prussian wall:

— model 1 (M1): 12 cm-thick wall, protruding outside
the facade, supported on wooden cantilevers,

—model 2 (M2): 25 cm-thick wall, located in the
plane of the facade,

— model 3 (M3): 25 cm-thick wall, placed on wooden,
decorative cantilevers.

All facades were faced with glazed ceramic tiles. The

material data accepted for analyses are presented in
Tables 1-4.
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Table 1.

Structural details (models) — location on the facade, dia-
grams of cross-sections accepted for theoretical analyses car-
ried out in the Therm program

]

The uilding is located among the buildings of the
Patronacki Housing Estate in Czerwionka-Leszczyny,
at. Mickiewicza Street no 1.

>

The building is located among the buildings of the
Patronacki Housing Estate in Czerwionka-Leszczyny,

at. Wolnosci Street No 34.
M3 .%
I 1
i
i |
i

The building is located among the buildings of the
Patronacki Housing Estate in Czerwionka-Leszczyny, at.
Mickiewicza Street No 8.

The simulation tests were carried out for the enve-
lope of the total thickness of 25 cm. The Prussian wall
with the 12 cm-thick filling was on the side of facade.
The fagade was covered with ceramic tiles, and the
interior was covered with 2 cm-thick lime plaster.
The material parameters were adopted as presented
in Table 1-4. The initial moisture content of the
materials was accepted as for the equilibrium state.
The parameters of the indoor climate were deter-
mined as for residential premises. The following sinu-
soidal conditions were assumed: (temperature
ti=20 +/- 2°C, humidity ¢; = 50+/-10%). The exter-
nal climate conditions were adopted from the meteo-
rological station in Katowice, including external tem-
peratures, air humidity, atmospheric precipitation
and insulation. A three-year period of hygrothermal
simulations was adopted.

For the measurement of thermal transmittance coef-
ficient U, the GreenTEG U-value measurement
setup was used. It contained a heat flux plate meter
and two temperature sensors: for the indoor temper-
ature of the room and for the outside temperature.
The setup was equipped with a stabilizing electronic
system. The plate was placed on the surface of the
brick wall of the thickness of 25 cm. The measure-
ment time, according to the guidelines of the stan-
dard [17], should not be lower than 72 hours. In the
investigated case, the total measurement time was
188 hours.

4.2. Design status — thermo-modernization methods
for selected wall systems

In the course of insulation variants analysis, the
choice of material thickness has been made with the
adoption of two possibilities. In one case, the wood is
7 cm thick (variant II), which is half the size of the
existing Prussian wall construction, while in the other,
the wood is 14 cm thick. Having performed all the
necessary calculations of the heat resistance R and
the heat transfer coefficient U for variants with wood
(presented in Table 2), the thickness of insulation
boards based on light aerated concrete was estab-
lished so that the thermal insulation value for variant
three could be comparable to variant one and two.

Table 2.
Choice of thickness of insulation material for variant No. I,
II and III

Selection of insulation materials thicknesses

Lp.‘ Material ‘d [m]‘}\ [VV/mK]‘R [mzK/W]‘U[W/(mZK)]
VARIANT II

1‘Larch boards‘0.07‘ 0.128 ‘ 0.547 ‘ 1.83
VARIANT III

1‘ Larch logs ‘0.14‘ 0.128 ‘ 1.094 ‘ 0.91
VARIANT I

I‘Light concrete‘ 0.05‘ 0.042 ‘ 1.16 ‘ 0.86

According to the calculations, the material thickness
for variant I is 5 cm (the smallest offered by the man-
ufacturer). The selected thickness of mineral plates
gives the most similar value of heat resistance R and
heat transfer coefficient U as for variant No. II and III.

Variant 1

In variant one, where the partition walls are made of
half-timber, mineral insulation boards were prepared
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Details of modification of buildings subject to analysis — Variant I (crosssection)

with the use of a light variety of aerated concrete.
Details for individual objects are provided in the
Figure 6.

Variants II and III

Variants 11 and III include insulation from the inter-
nal side of the analyzed partitions from the Prussian
wall with the use of wood in two types of thickness. In
variant two, 7 cm thick boards were used and in vari-
ant three — wooden logs 14 cm in diameter. The
details are presented below, for variant II (Fig. 7).

4.3. Material parameters and adopted climatic con-
ditions

The analyzed sections of partitions for individual
buildings were modeled in the THERM 7.4 program
assuming the values of thermal conductivity coeffi-
cient A applicable for particular materials and emis-
sivity values €, which are presented in the following
tables 3 and 4 referring to the condition of existing
objects.

The material parameters applied for calculations
above are presented in Tables 3, 4 and were taken
from the technical data sheets of the materials used,
standards, scientific articles and book publications
included in item [10] of the bibliography.
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Table 3.
Physical parameters of the analyzed partition in the existing
state
. d A Emissivity
No Material [m] [W/mK] .
1 White glazed ceramic tile 0.01 0.68 0.90
2 Lime morta 0.01] 0.7 0.91
3 | Old brickwork wall 1810 kg/m3 0.12| 0.705 0.88
4 Pine wood, 550 kg/m? 0.12| 0.16 0.86
5 | Cement-lime internal plaste 0.02] 0.88 0.91
Table 4.
Material data for variant I ,II, III
. d A Emissivity
No Material [m] [W/mK] .
1 Light concrete 0005 0.2 0.91
2 Mineral plates 0.05/ 0.042 0.90
3 Larch boards 400 kg/m®>  0.07 0.128 0.86
4 Larch logs 400 kg/m? 0.14| 0.128 0.86

In order to obtain the results of the temperature dis-
tribution and heat transfer coefficient U, concerning
the analyzed details, in the THERM program, the
parameters related to the climate as well as values
related to the heat transfer issues have been adopted
and are presented in Table 5.

ENVIRONMENT 4/2019
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Details of modification of buildings subject to analysis — Variant II (cross-section)

Table 5.
Climatic data and parameters related to heat transfer

No Climatic data
1 The outside temperature ¢, 2.4°C
2 The internal temperature ¢ 20.0°C
3 Relative humidity ¢ 50%
Heat transfer
4 Coefficients of heat transfer &, 25 W/(mzK)
5 Coefficients of heat transfer 4; 7.69 W/(mzK)
Coefficients of heat transfer
6 (condensation of water vapour) 40 W/(mZK)

The above values related to the issues of heat trans-
fer were adopted on the basis of PN-EN 6946
Standard Building components and elements of the
building. Thermal resistance and heat transfer coeffi-
cient. Calculation method [19].

As for the value of the outside temperature, it was
obtained on the basis of climatic data referring to the
average temperature of the coldest month for the
meteorological station in Katowice. The internal
temperature values, however, were adopted in accor-
dance with the applicable Technical Conditions [2].

4.4. Temperature values on the surface of details

In studies using the THERM 7.4 program, the analy-
sis of temperature in characteristic points as well as
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on the surface of the analyzed details in the existing
state and after the performed modifications was also
taken into account. The selected characteristic points
of measurement are presented in Figs. §, 9.
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Figure 8.

Places of temperature measurement, for the existing state
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L1

Places of temperature measurement, for the state after

modifications

Table 6.
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The selected temperature reading locations marked
on the drawings above refer to the following charac-
teristic points:

* Details of the existing state

t1— temperature on the inside surface of the barrier,

t, — temperature inside the baffle layers at the half-
timbered beam,

t3— temperature on the inner surface of the ceramic
brick wall.

¢ Details of the state after modifications

t1— temperature on the inside surface of the barrier,

to — temperature inside the baffle layers at the half-
timbered beam,

t3— temperature at the interface between the insula-
tion layer and the existing partition structure,

t4— temperature on the inner surface of the ceramic
brick wall.

5. THE RESULTS AND THEIR ANALYSIS
5.1. Existing state

The calculation results in the Therm program are
presented in the form of temperature distribution in
the envelopes, with the indication of temperature val-
ues in selected places: on the inner surface of the
external wall at the junction with the ceiling (for the
wall 12 cm-thick) and at the contact place between

Analysis results in Therm — Distribution of isotherms for particular models, temperature values in selected places

Color Legend
-2

05 3F 5 86 !1.3‘I WF 16T 194° C

Color Legend
198 07" 33 607 B

L
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|

[ Color Legend

22 03 3> gt 87t
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[
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T
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Table 7.
Temperature at selected points — existing condition
Temperature results for the state of existing objects
Building 1 Building 2 Building 3
1 Mickiewicza 34 Wolnosci 8 Mickiewicza
Street Street Street
Cross-sections
t 13.2°C 12.4°C 15.5°C
© No data 7.6°C 10.9°C
tq 14.5 14.1 16.8
Longitudinal section

tr 16.5°C 15.8°C 15.9°C
© No data 10.7°C 10.4°C
3 12.4°C 15.1°C 15.2°C

the brick layer and the timber stud (for the 25 cm-
thick wall). The obtained temperature values (Tab. 6)
demonstrate that there is an impact of the construc-
tion method of Prussian wall on its thermal perfor-
mance. If the wall is placed on wooden cantilevers, by
supporting foundations on them, the impact of exter-
nal winter conditions on the internal surfaces of the
rooms is smaller. In this solution the temperatures
for the 12 cm-thick wall are similar to the tempera-
tures of the 25 cm-thick wall placed directly on the

Water content [kg/m?3]

wall of the lower floor. For one-brick-thick walls, the
temperature in the preset cross-section, at the con-
tact place between the ceramics and the timber stud
of the wall supported on wooden cantilevers, is 3.0°C
higher as compared to the wall supported on the wall
of the lower floor.

The modeling tests were carried out on the basis of
hygrothermal simulations for transient boundary
conditions, using the software WUFI 2D. From the
described physical principles of heat and moisture
transport a closed differential equation system can be
developed with which the moisture behaviour of
multi-layered building components can be calculated
under natural climatic boundary conditions. They
present the changes in the distribution of water con-
tent [kg/m?], in the analyzed building envelope, in its
particular layers (Figs. 10-13).

In the layer of inner plaster (Fig. 10), slight changes
in water amount in annual cycles are noticeable. In
winter, the level of water content increases from
25 kg/m3 to 35 kg/m?. This is due to the fact that the
rooms are inhabited. The brickwork on the room side
shows stability in terms of water increment, at the
level of 18-19 kg/m? (Fig. 11). With the preset condi-
tions, slight cyclical fluctuations in water content are
noticeable, but in the analyzed calculation period this

35 +

]
o}
|

01.09.2015
08.10.2015
15.11.2015
23.12.2015
30.01.2016
08.03.2016
15.04.2016
23.05.2016
30.06.2016
07.08.2016
13.09.2016
21.10.2016
28.11.2016
05.01.2017

Figure 10.
Changes in water content in the internal plaster over 3 years

Water content [ka/m?3]
22

12.02.2017
21.03.2017
28.04.2017
05.06.2017

13.07.2017
20.08.2017
26.09.2017
03.11.2017
11122017
18.01.2018
25.02.2018
03.04.2018
11.05.2018
18.06.2018
26.07.2018

21

A
20 D

|

l

18

17
16

01.09.2015
03.10.2015
04.11.2015
06.12.2015
07.01.2016
09.02.2016
13.03.2016
14.04.2016
16.05.2016
17.06.2016
20.07.2016
21.08.2016
22.09.2016
24.10.2016
25.11.2016
28.12.2016
29.01.2017

02.03.2017

Figure 11.

03.04.2017
05.05.2017
07.06.2017
09.07.2017
10.08.2017
11.09.2017
14.10.2017
15.11.2017
17.12.2017
18.01.2018
19.02.2018
24,03.2018
25.04.2018
27.05.2018
28.06.2018
30.07.2018

Changes in water content in ceramic brick — the layer from the room side
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Figure 12.
Changes in water content under the ceramic tile

level decreases as compared to the initial values.
Small differences in the annual cycles occur in the
plaster layer under the ceramic tile (Fig. 12). The
content of water increases in the autumn and winter
period from 35 kg/m? to 45 kg/m3. With respect to
wooden studs, the level of water content in the three-
year cycle decreases as compared to the initial preset
value. Slight impact of weather conditions in annual
cycles on the total humidity of wood can be seen.

Table 8.
Thermal insulation of bulkheads in existing state
Building 1 Building 2 Building 3
1 Mickiewicza 34 Wolnosci 8 Mickiewicza
Street Street Street

U = 23278 W/m?K U = 1.5961 W/m?K U =1.5603 W/m>’K

Table 10.

14.02.2017

18.03.2017
18.04.2017
19.05.2017
20.06.2017
21.07.2017
21.08.2017
22.09.2017
23.10.2017
23.11.2017
24.12.2017
25.01.2018
25.02.2018
28.03.2018
29.04.2018
30.05.2018
30.06.2018
31.07.2018

The measurements of thermal transmittance of the
external envelope in the brickwork field were made
using a measuring setup (Fig. 14). The averaged value
U = 1.53W/(m?K) (Fig. 14) (for building No 2). This
value differs significantly from the obtained values
yielded from the theoretical calculations, based on
the tabular values (varied for bricks) of thermal con-
ductivity coefficient of ceramic material [7, 19].

5.2. Design status

In the second stage of the research using the THERM
7.4 program, selected details of the modifications in
individual variants of insulation from the inside were
modelled. The analysis of the calculation results began
by determining the state of thermal insulation after the
modifications were made (Fig. 15).

Analysis results in Therm — Distribution of isotherms for particular models, temperature values in selected places for building 3:

Mickiewicza 8 (example of calculations for a variant no 1)

Variant no I: Mineral panels based on light cellular concrete gr. 5 cm
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Figure 13.

Changes in water content in the timber stud
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Figure 14.

temperature (in the room, yellow line — outside air temperature, green line — U)

red line

Measurement results: blue line — heat flux,
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Figure 15.

Thermal insulation of insulation baffles from the inside
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The above-presented values of heat transfer coeffi-
cient U for buildings in three variants of thermal
insulation indicate a significant improvement in ther-
mal insulation. Thermal insulation after insulation on
the internal side using light weight concrete 5 cm
thick gives the best results of U heat transfer coeffi-
cient at the level of 0.59 W/m?K (25 cm thick brick
wall) and 0.52 W/(m?K), (12 cm thick brick wall).
Nevertheless, it is worth noting that variant three in
the form of thermal insulation using a log 14 cm in
diameter gives comparable results as for option one.

After the calculations of thermal insulation of the
insulated partitions from the internal side (Tab.10),
the temperature was analyzed in the characteristic
points and on the surface of the partition along with
the determination of the fry temperature factor.
The results for individual details of buildings in
three variants of insulation are presented in the fol-
lowing Table 11.

Table 11.
Temperature and values of the temperature factor frs in

selected points of the partition for state after modifications
from the inside - cross section

Results for variants after insulating from the inside
Variant No 1/Variant No 2Variant No 3
Building M1
t 10.9°C 11.7°C 13.1°C
Temperaftulre factor 059 0.63 0.69
Rsi
t2 - - .
ts 4.7°C 6.5°C 4.7°C
Temperaftulre factor 032 0.40 0.32
Rsi
Building M2
t 9.4°C 10.4°C 14.5°C
Temperaftu.re factor 053 0.57 0.75
Rsi
t 3.4°C 4.3°C 3.4°C
Tempera%tu.re factor 026 0.30 0.26
Rsi
t3 6.2°C 7.4°C 6.2°C
Temperaftulre factor 038 0.44 0.38
Rsi
Building M3
t 13.0°C 14.1°C 16.8°C
Temperaftu.re factor 0.69 0.74 0.86
Rsi
t2 4.3°C 6.0°C 5.9°C
T f:
empere}tu.re actor 0.30 0.38 0.37
Rsi
t 6.7°C 9.1°C 8.6°C
Tempera;tu.re factor 041 051 0.49
Rsi
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The above temperature results together with the cal-
culated temperature factor frs indicate unambigu-
ously that in the case of a partition corner inside the
analyzed building No. 1 for all three cases of thermal
insulation there is a risk of moisture condensation, as
indicated by the value of gy less than frs, max = 0.72
according to the applicable Technical Conditions. In
the case of building no. 2, the risk of condensation
does not occur only for variant three of insulation,
while calculations for details of the building at
Mickiewicz 8 Street indicate a risk of condensation in
the corner only in variant one insulation. The pre-
sented calculations, for the characteristic points
selected above, proved to be the places most exposed
to the occurrence of surface condensation, which is
confirmed by the above results. The temperature at
the interface between the insulation layers and the
existing partition structure as well as inside the layers
of the existing structure in all considered cases
remains positive, without revealing a dangerous shift
of negative isothermal temperatures into the existing
masonry structure. In addition, it is also worth noting
that on the surface of the horizontal cross-sections
the temperature on the inner surface of the partition
is at least 14.9°C for building No. 1 in Variant two
insulation and 15.7°C for buildings No. 2 and 3 in the
second option of insulation, without showing the risk
of surface condensation.

6. SUMMARY

The carried out simulations and analyses confirmed
the humidity stability of the existing walls with a
wooden frame and brickwork filling. The existing
layer system of the envelope does not bring about the
accumulation of water content in the envelope.

The investigated objects have low (as compared to
the applicable requirements) thermal insulation. The
thermal performance of the envelope depends on the
applied solutions of architectural details and on the
type of material filling the frame.

A significant part of the preserved, half-timbered
buildings may be subjected to repairs, renovation or
thermo-modernization works in the near future.
When designing new solutions, differences in techni-
cal and architectural solutions should be taken into
account (including the way architectural details are
made). Buildings must be subject to individual assess-
ment in terms of the existing state. The planned solu-
tions should take into account the actual value of
thermal insulation or humidity of the envelopes
(which are the initial, baseline values for analyses). It

ENVIRONMENT 4/2019
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is also advisable to determine the actual conditions of
the indoor climate, consistent with the current or
planned functional use of the premises, and to adopt
a calculation period longer than 3 years.
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