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Abstract

Damp and unhealthy environments in older buildings that are not listed can be considered as a globally widespread
problem. This humidity creates an enviroanment that negatively affects the people who live in this environment and also
negatively affects the construction. This preblem is also linked to the deterioration of the properties of the construction,
such as thermal insulation properties and the like. The paper focuses on a case study on which the deployment of
undercutting technology was investigated to reduce the humidity of the construction and its efficiency. Subsequently, it
theoretically describes the possible/@application of active thermal protection (ATP), the implementation of which could
significantly improve the internal climate of the building.
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1. Introduction

The unhealthy environment of constructions, which endangers people living in this environment for a long time, is a
problem that-was-described several decades ago in his publication by Kenwood[1]. It has been a very long time since the
publication of said paper before the problem of humidity in buildings has really started to be solved. Today it is clear that
many older buildings suffer from this problem. The cause of such humidity can be, for example, condensation of water
vaper, transmission, capillary rise and the like. Many of these failures are mainly caused by insufficient building
maintenance. However, with rising humidity, this problem can be caused by corrosion and loss of functionality of the
original waterproofing layer, a change in the groundwater level, and others. This wetting subsequently has a destructive
gffect on the constructions and reduces the functionality and lifespan of the attacked constructions. This humidity also
contributes to an increase in the thermal conductivity of the construction, which leads to a high consumption of energy
used for heating.
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In this contribution, we will focus mainly on rising humidity and the application of remedial measures on a specific
building and its in situ investigation. There are a wide variety of technologies designed to address the problem of riSing
humidity. An example can be the division on the basis of which we also divide the technologies in question within:the
framework of our research. This division was described by Makys in his publication[2]. It could be considered ofie of the
most comprehensible, as it divides the technologies intended for humidity remediation according to the construction-
physical and implementation point of view into seven main groups (Figure 1).

@ Technologies providing ventilation: (5) Technology of heating the structures:
creation of ventilation ducts - installation of concealed heating
provision of ventilation by a contact channel . installation of microwave drying equipment
provision of ventilation through a contact slot . implementation of hot air drying
creation of a pre-wall
creation of hollow floors (6) Additional technologies:

implementation of waterproofing coatings

@ Technology for creating additional impermeable layers: - implementation of waterproofing plasters and sealants
newly lined insulation joint - implementation of remediation plasters
undercutting of the masonry - desalination of masonry
embedding of stainless steel sheets
laying an additional waterproofing layer (7) Related technologies:

) creation of drainage

(3) Technology for creating crystalline curtains: - lowering thergroundwater level

creation of hydrophobicity curtains - creation of vapour-permeable modifications of the surrounding area

creation of sealing and hydrophobicity curtains

@ Technologies using electro-physical principles:
installation of galvanoosmosis devices
installation of passive electro-osmosis devices
installation of active electro-osmosis devices
installation of wireless dehumidification devices

Fig. 1. Division of methods intended for the rehabilitation of constructions, according to Makys, O. [2]

It is clear that there are several divisions, such as the division of these technologies according to the EMERISDA
project [3], which divides these technologies into two main groups, or the division according to the author of Witzany
[4], who also classifies these technologies into certain groups.

In the paper, we will focus exclusively.on the effectiveness of the deployed undercutting technology, the application
of which was investigated in situ on a specific case study. This technology consists in the creation of additional
impermeable layers and is implemented inssuccessive steps. Masonry undercutting is one of the common technologies
used to create a new storage joint for waterproofing in walls [5]. Modern technologies allow the application of
undercutting to different types of masonry (stone, brick, mixed) and to walls of different thicknesses. Previous research
has confirmed positive results after the application of this technology, both within the author's research [6] and other
research carried out outside the.Slovak Republic. An example can be an article describing the deployment of cutting
technology in the building of the University of Pristina [7]. This technology is also described by Schmidt [8], who
describes it on the one hand,as radical and financially expensive, but at the cost of speed and high efficiency. However,
it is also necessary to focus on the correct implementation, as its incorrect implementation can also lead to the non-
functionality of the given technology [9]. Therefore, this technology can be considered globally widespread and
functional. Also, research results can positively influence risk management, which can be considered a key factor [10] in
the optimization and design of suitable procedures.

2. Methodology

The, research"methodology was established before the very beginning of the research and is defined by specific
procedures that were followed throughout the research. The first step was to inspect the building and determine the degree
of wetting in Specific parts of the building. These places were marked in the floor plan and the results of the measurements
were recorded in a table. The measurements took place in several places and at several heights. In order to examine the
moisture In situ, a contact hygrometer BD2 from Dosier Messgeréte, Flssen, was used, but for the objectivity of the
results, other devices were also used to determine the degree of humidity of the construction (GANN hygrometer, TESTO
616.hygrometer). With the help of these devices, a set of measurements was carried out by each device and this was
subsequently evaluated in order to eliminate as much as possible the inaccuracies of the device's measurements and the
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measurement conditions. The degree of humidity was determined according to the technical standard CSN P 73 0610
[11]. Subsequently, a suitable technology was designed to remove rising humidity from the construction. After its
implementation, with the passage of time, further measurements were taken at the same places. Based on these
measurements, the efficiency of the technology used was evaluated and the current humidity status of the construcionwas
determined.

3. Characteristics of the object and results of in situ research

The object of the research was a building from 1939, which is not protected as a monument and is used all year round.
The object is rectangular in plan. From a constructional point of view, this object is built from bricks with athickness of
300 and 500 mm. The building is one-story with a carpentry truss and a concrete roof.

As described above, undercutting technology was deployed to eliminate the influence of.rising humidity. The
researched cutting technology was implemented in successive steps and the masonry was.cut in=sections of 25-30 cm.
Subsequently, after each work step, the joint was cleaned and a foil double PE insulation 6f 2.mm thickness was inserted.
Subsequently, the joint was wedged out with plastic wedges and filled with mortar with a low expansion effect. Individual
measurement values before and after the application of the given technology are represented in Table 1.

Height Height
measurements | measurement
30cm 150 cm
Average humidity before remediation [%] 11,12 1,40
Average humidity after remediation [%] 3,9 1,23
% difference before and after rehabilitation [%] 64,92 12,14
Masonry type Brick

Table 1. Table of the state and percentage loss'of.damp in the investigated building

From the data presented in the table, it is clear that the object aceording to the CSN standard [11] showed a high degree
of humidity, which can be defined as wetting at some points because the humidity values exceeded 10%. The table also
shows the degree of effectiveness of the technology used/ 1Fwe focus at least on the measurement height of 30 cm, a
significant decrease in humidity by 64.92% is evident, It should be noted that the measurements took place only a few
months after the application of the technology. It is obvious that the reduction of humidity will continue and the humidity
will reach the level of 3%, which can be considered.as an optimal condition. Regarding measurements at a height of 150
cm, the drop here was low, but the original humidity .of 1.40% represented a dry construction and it is likely that the
technology may not have had an effect on this part. These measures significantly improved the indoor climate of the
facility and also improved the properties of the constructions. It is therefore possible to follow up on this part with the
just-mentioned application of active thermal protection (ATP), which will ensure the optimization of the internal
environment to the required standards and.needs.of this object.

4. The possibility of applying ATP on theConstruction site

After the implementation of renevation interventions on buildings, it is possible to implement active thermal protection
(ATP) on perimeter wall constructions. Active thermal protection (ATP) represents a controlled dynamic process specific
to building constructions with-integrated energy-active components that ensure one or more energy functions in various
operating modes of energy systems and heat sources. This proposal could also be a solution for other countries where
energy consumption in buildings is addressed [12].

For the purposes_of this research, we will for now focus on the theoretical level of the ATP application, as these
researches are still/ongoing.”An example can be a fragment of a solid brick wall, which also defines the constructions
under investigation.:ln'order to meet the requirements of static thermal resistance, this construction is insulated with 210
mm thick thermal insulation. In the given construction, the temperature is 6m (18.04 °C). Previous research shows [13],
[14], [15] that if'we apply the ATP system with a thermal insulation thickness of 50 mm, we will reach a temperature of
13.27 °C in the givenconstruction. In ATP systems, it is possible to change the water temperature. This means that if we
set the watertemperature in the pipeline to 18 °C, this temperature will be equivalent to an insulation thickness of 210
mm. In,this way, we can reduce the thickness of the thermal insulation by 160 mm, as shown in picture 2.
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Fig. 2. Fragment of the wall perimeter_construction: full burnt brick
Om - the temperature in construction (°C), A8 - temperaturé difference (°C), d - construction thickness (mm), e -
exterior, i - interior

5. Conclusion

Previous research applied to previous constructions«and also to the current construction proves that the application of
an additional waterproofing layer can effectively feduce humidity in the construction. After the implementation of the
technology in question, the humidity in the investigated building decreased to an average value of 3.9%, which is a
significant decrease in a short period of several menths. This downward trend is expected to continue and will be the
subject of long-term investigation. This will determine the exact degree of effectiveness of this technology on the building
in question. It is clear that even at current values, the internal environment of this building has deteriorated significantly.
This step created a prerequisite for the application of active thermal protection. As research shows, it can ensure the
optimization of the internal climate evenwith significantly smaller thicknesses of thermal insulation.

It will be necessary to follow up on the.research in question and also focus on its long-term investigation in order to
be able to determine the exact data: These will be acquired at several construction sites. This will provide relevant
information about the possibility of applying rehabilitation technologies and the subsequent possibility of implementing
active thermal protection. Research/determined in this way will provide valuable knowledge about the effectiveness of
the investigated technologies and their impact on improving the quality of building interiors, but also on extending the
life of the construction. Subsequently, it will be possible to apply this knowledge in the field of protection and maintenance
of older buildings.
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