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The rationality of foundation and plinth construction largely depends on soil moisture, which is influenced by groundwater
levels, precipitation, site grading, the quality of near-wall paving, and the use of hard landscaping. To determine effective
structural solutions that prevent plinth dampness, a retrospective analysis of plinth designs across different historical periods
was conducted. The study covers the mid-19th century to the present — a timeframe marked by major socio-economic changes
and technological progress. The analysis revealed that before 1953, domestic construction lacked mandatory waterproofing
standards due to the absence of mass-produced materials. Since 1956, with the shift to industrial construction, standardized
waterproofing methods using mass-produced materials were introduced. Today, particularly in the context of reconstruction
and restoration, local waterproofing challenges require tailored, site-specific solutions. The study underscores the importance
of adapting historical experience to modern construction needs, ensuring effective moisture protection of wall foundations and
plinths.

Keywords: waterproofing; foundation; plinth; historical buildings

PerpocniekTUBHMI aHAJIi3 KOHCTPYKUIN riapoi30/iAuii CTIH A5l BU3HAYCHHS
OCHOBHUX HANPAMIB BiAIOBIIHUX pecTaBpaliiiHUX POOiT

Cemxko O.B.!, ®inonenxo O.1.2%, FOpin O.1.3, Marac H.M.*, Pyaenxo B.B.5, Libuenko T.M.*

1.2.3.5 6 Hanionanpauit yaisepcuter «IlonTaBepka nosmitexnika iMeni FOpis Konapartioka»

4 Cnosanbkuii TexHiuHuMii yHiBepcuteT B BpaTtucnasi
* Anpeca juis muctyBanss E-mail: olena.filonenko.pfi@gmail.com

PanioHanbHICTh KOHCTPYKTHBHOTO DillleHHs ()yH/IaMEHTIB i IIOKOJIB Oy IiBeNb 3alIeXUTh BiJ KUIBKOCTI BOJIOTH y IpyHTI. Ha
Hel BIUIMBAIOTh: PiBEHb IPYHTOBUX BOJ, aTMOC(EpHi Onajay, sKiCTh BEPTUKAJIBHOTO IUIAHYBaHHS MPUOYIMHKOBOT TepuTopil,
SIKICTh BUKOHAHHS OyZiBeIbHUX POOIT IpH (GOpMyBaHHI BUMOILICHb y NMPUCTIHHIM 4acTUHI OyJMHKIB Ta HAasBHICTH TBEPIUX
MOKPHUTTIB y OIaroycTpoi npuOyIMHKOBOT TepuTopii. J{11s BU3HaUeHHs palliOHATBHUX KOHCTPYKIIHHUX PillleHb, 0 TePEIKo-
JOKAIOTh 3BOJIOKEHHIO [IOKOJBHUX YaCTHH OYAWHKIB OYyJI0 MMPOBEICHO PETPOCIICKTHBHUM aHAai3 BapiaHTIB KOHCTPYKIIiH OKO-
niB OyIUHKIB y Pi3HI 4acoBi mepioau. PosnsHyTo mepion 3 cepenuHn X1X CTONITTS M0 HAIIUX YaciB, ajpke y HeH mepion
BifOynocs y OyIiBHUITBI psiJ] 3MiH, OB’ 3aHUX 3 COIIAIbHO-CKOHOMIYHUMH NIEPETBOPEHHSAMH Y CYCITUTBCTBI Ta 3HAYHHIA Ha-
YKOBO-TEXHIUHHMH Hporpec. BHaciok peTpocHekTHBHOTO aHali3y KOHCTPYKLIH rixpoizosuii npudyHIaMeHTHUX 4YacTHH
CTiH BCTaHOBJICHO, 10 10 1953 poky y BiT4M3HsHII npakTHLi OyaiBHULTBA OyIia BiICyTHs 000B’13K0Ba BUMOT'a BIIAIITYBaHHS
TaKoi ripoi3osLii Yepe3 BiICYTHICTh MacoOBOro BUPOOHHMIITBA BiJMOBIqHUX MaTepiaiiB. 3 1956 poky 3 nepexoaom OyaiBHH-
ITBa Ha IHAyCTpialbHy OCHOBY, OYJIM HAIIpallbOBaHi K THUITOBI BapiaHTH Tipoi30IisLii CTiH 3 BAKOPUCTAHHSM MaTepialliB, 1110
MacoBO BHPOOJsINCs. B cydacHUX yMOBax MpakTHKK Oy IiBHUIITBA, OCOOJIMBO Y TAaKMX HAMPSAMKAX K PEKOHCTPYKIIiS 1 pecTa-
Bpallisi, He0OXiTHO BUKOPHCTOBYBATH 1HIHMBITyIbHUH MIAX1 Ul BUPINICHHS JIOKATBHUX MPOOIeM Tiapoi30siii CTiH Oyan-
HKIB.

Kawuogi cioBa: rigpoizousiiss; GyHIaMEHT; [OKOJIb; iCTOpHYHI Oy miBIIi
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Introduction

When surveying buildings, special attention should
be paid to the part of the walls that are in the zone of
the greatest influence of moisture and temperature - the
plinths of buildings. After all, it is located in the zone
of active moisture during rains, since part of the liquid
precipitation from the roof of the buildings, even with
organized drainage, overflows beyond the roof and falls
on the pavement near the wall and splashes moistens
the plinth from the outside. The plinth also receives
some of the water that runs off the wall surface during
slanting rains. Another factor of moisture can be
improper planning of the territory where the house is
located. If the ground surface slopes towards the house,
excessive moisture accumulates near the wall, both on
the soil surface and below the surface, which also
contributes to the moistening of the plinth. The above
options for moisturizing can be called surface contact.

Another option for moistening 1is capillary
moistening. The plinth is located directly on the
foundation, which is immersed in the ground to its full
height. The humidity of the foundation depends on the
amount of moisture in the soil, as well as the properties
of the materials of these parts of the house, namely,
porosity, which create conditions for the movement of
moisture towards the basement. The rationality of the
design of foundations and basements depends on the
amount of moisture in the soil. And it is influenced by
the groundwater level, rainfall, the quality of the
vertical layout of the adjacent territory, the quality of
construction work in the formation of blind areas in the
wall part of the buildings and the presence of hard
coatings in the improvement of the adjacent territory.

In buildings that are more than 100 years old, the
foundations and basement are made of brick, so they
are constantly wet. Over time, this has led to frost
damage to the relevant structures.

To determine rational structural solutions that prevent
moisture in the basement of buildings, it is worthwhile
to conduct a retrospective analysis of the options for
building basement structures in different time periods.
The period from the middle of the nineteenth century to
the present day is appropriate, since during this period
a number of changes occurred in construction related to
socio-economic transformations in society and
significant scientific and technological progress.

Review of the research sources and publications

The problem of waterproofing building structures has
been known for a long time [1] and is constantly being
studied. Moisture and water in building structures are
the subject of numerous studies [2-3]. The issue of
waterproofing is important for the preservation of
historic buildings [4-6]. The results obtained in such
studies are used to develop practical recommendations
for waterproofing building structures [7-8].

Definition of unsolved aspects of the problem

The restoration of historic buildings does not pay
attention to the causes of moisture in the brickwork of
the foundations and plinths, which results in frost
damage to the bricks from the outside and mold
formation inside the walls. Therefore, repair measures
include only the replacement of the interior and exterior
finishes of the wetting wall sections. This leads to their
repeated destruction over a larger area.

Problem statement

The purpose of the publication is to investigate the
specifics of the operation of historic buildings through
a retrospective analysis of the design options for
building basements in different time periods and to
identify the main measures to restore waterproofing in
their foundation zone.

Basic material and results

Since the mid-nineteenth century, three types of
objects have been used in urban development on the
territory of Ukraine, which at that time was part of the
Russian Empire: mass housing, "elite" housing, and
public buildings. Poltava was not spared from this
practice of construction. The first two groups of objects
listed above were different in terms of their functional
features and materials used in their construction. Mass
housing was small in size and had compact space-
planning solutions. Such houses were built using a
wooden rack and beam system with the frame filled
with clay-sand mortar or clay concrete. Sometimes
adobe was used. This is evidenced by the large number
of old one-story houses in Poltava with this
construction solution (Fig. 1).

Near such housing, as a rule, there are " lordly"
houses, near which even outbuildings such as carriage
sheds, barns, and cellars have been preserved. The
second type of housing is structurally different from
mass housing. The foundations, plinths, and the outer
layer of the exterior walls are made of brick. The inner
layer of the outer walls is made of wooden beams,
approximately 200x200 mm in size. Attic floors in both
types of houses are wooden (Fig. 2).

The third type of buildings, public buildings, built
from the mid-nineteenth to the early twentieth century,
have brick walls with lime mortar. Brick was then used
in the construction of foundations, basements, and the
bulk of not only the exterior and interior walls, but often
in the construction of floors in the form of vaults and
staircases based on arched structures. A striking
example of such solutions is the Cadet Corps building
in Poltava (Fig. 3).

The bricks made during the period under
consideration differed from those used in modern
construction practice. Thus, its dimensions were as
follows: thickness was 67 mm; width - 134 mm (two
thicknesses without a seam); length - 268 mm (two
widths without a seam) [9].
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Figur 3 - Public building with brick walls and foundation
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The brick-making technology also differed from the
modern one. For example, clay was frozen and soaked
for 3-4 days. This was followed by kneading the clay,
and then forming bricks in wooden molds by hand-
packing [9]. According to N. Fadeev [9], this
technology of brick making using prolonged soaking of
clay and its kneading before molding contributed to a
decrease in the water permeability of bricks. A
tangential proof of this is the practice of preserving
damage to such garden and park objects as retaining
walls, stairs by pouring crushed clay into cracks to
prevent water and debris from entering the damage
sites, as well as well-known recommendations for
creating waterproofing layers near the foundations of
crushed clay. In order to obtain indisputable evidence
of the possibilities of using ancient bricks to protect
walls from capillary moisture, it is necessary to study
in the future the change in brick properties depending
on the peculiarities of its manufacturing technology.

When inspecting the structures of the ground parts of
the walls of all the above types of buildings built before
the 30s of the twentieth century, it was found that there
is no horizontal waterproofing between the foundations
and the basement parts of buildings using special
waterproofing materials. Obviously, there is a
functional need for waterproofing, but there are no
appropriate construction solutions using special
waterproofing materials. Or this problem was partially
solved by using bricks with high resistance to water
penetration.

In professional literature sources of different years of
publication, the theory of wusing horizontal
waterproofing in the ground part of the walls of
buildings is given a different amount of attention. For
example, in the 1930 edition of the manual for technical
schools authored by N. Fadeev [9], in the section on
masonry work, the performance of work in the

Figure 4 — Residential building wi

Since the 30s of the twentieth century, significant
changes in all areas of construction activity have begun.
A system for standardizing the parameters of building
materials was created. Thus, the governing bodies of

construction of brick walls is considered in detail. But
there is no information about the waterproofing device.
The figures showing a section of the outer wall do not
show the location of the waterproofing. One could
conclude that the issue of moisture protection of
building walls is not addressed. However, the section
on building adobe walls focuses on the installation of
waterproofing: "If there is a possibility of soil
dampness, which is especially harmful to adobe, then a
layer of roofing felt, birch bark, or other similar
material is laid on the foundation under the walls
themselves." To protect the adobe wall from rain and
snow water, it is not recommended to use a protruding
plinth. It is recommended to build a wall of adobe so
that its plane coincides with the plane of the foundation
or plinth. From this we can conclude that in the practice
of construction until the 30s of the twentieth century,
the influence of moisture on the wall structure, namely
its basement, was taken into account, but to protect
against it, wall and foundation materials with minimal
hygroscopicity at that time were used.

As for the mass housing, it was protected from
moisture in the ground part of the walls by using
"pryzby", which was a thickening of the lower part of
the wall to a height of 500-600 mm (Fig. 4). The
"pryzba" traditionally protruded 400-500 mm from the
wall plane and served as a pavement that diverted rain
and snow water from the adobe walls and as insulation
for the ground part of the wall. This element of the
house is an element of folk national architecture, so the
peculiarities of their design solutions are not discussed
in detail in the professional literature, since the methods
of folk construction are not a component of the
formation of the ideology of construction
industrialization, which had already begun at the time
under consideration.

v

2‘1‘ pryz “i"

the national economy decided to standardize the
dimensions of bricks: length - 250 mm, width - 120
mm, height - 65 mm [9]. New building materials
appeared with their detailed descriptions in the

72 Academic journal. Industrial Machine Building, Civil Engineering. — 2 (61)' 2023



professional literature, especially after 1945. Taking
into account the peculiarities of the historical period, a
large amount of reference literature is published, for
example, reference books [10], [11]. Regulatory
documents are being adopted, such as the "Technical
Specifications for the Performance and Acceptance of
Construction Works" [12] and the like.

In the reference literature of 1950 [10], it is
recommended to use various types of roofing material
for waterproofing. The reference book of 1955 [11] also
lists roofing felt as a waterproofing material with
different markings and recommended purposes. A
common feature of both of these publications is that
neither of them contains recommendations for the use
of rolled waterproofing in walls. Only as a roofing
material for roofs.

Strict requirements for the installation of protection
against soil moisture of foundations and ground parts
of walls appeared simultaneously with the introduction
of technical conditions for the performance and
acceptance of construction work, which were adopted
in 1953 [12]. The section "Works on the Installation of
Waterproofing" in the part "Waterproofing of Walls"
contained a list of mandatory works to protect walls and
pillars from capillary moisture.

Cement-sand mortar (with a ratio of at least 1:2) in
the upper part of the foundation or in the lower part of
the wall; coatings based on black binders; cast asphalt,
rolled materials in one layer or in several layers,
interconnected with bitumen (black) binders "with
significant soil moisture” were recommended as
waterproofing materials.

The technical conditions strictly limited the location
of horizontal waterproofing in exterior walls - not lower
than 10 cm from the level of the pavement or sidewalk.
For interior walls - not lower than the upper level of
preparation for floors [12].

Since 1956, construction in Ukraine has been in a
state of maximum industrialization, meaning that all
types of architectural and construction activities were
clearly regulated. Information and regulatory
professional publications were centralized.
Construction according to standard projects developed
by central research and design and experimental
institutes gained significant momentum. In parallel
with the development of unified and standardized
space-planning solutions, unified options for protecting
the foundations and basements of buildings were
developed, based on two main structural solutions - the
use of coating waterproofing with hot bitumen in 2
times, as well as the use of rolled waterproofing of two
layers of roofing material in various variations. Such
waterproofing options were presented in almost all
textbooks and manuals for the professional training of
architects and builders.

This put an end to the use of ambiguous options for
waterproofing the ground parts of the walls of
buildings, the volume of construction of which, due to
industrialization based on the unification and
typification of design, construction, production of
building materials and structures, reached huge
volumes in the 60s-80s of the last century. An example

is the emergence of such neighborhoods as Almaznyi,
Polovky, Levada, Sady-1, Sady-2, and Ognivka in
Poltava during this period. During this period, Poltava's
development was actually divided into two parts:

1) the old city, created by the buildings of the
nineteenth and first half of the twentieth century.

2) the new city, created by the buildings of the 60s
and 90s of the twentieth century.

The current state of the old city's buildings is often
more than 100 years old, and therefore requires survey
work and recommendations to overcome the functional
and structural deficiencies identified during the survey.
The specialists of Department of Construction and
Civil Engineering of National University "Yuri
Kondratyuk Poltava Polytechnic" carry out such works.
One of such works was the study of the possibility of a
new material for waterproofing a wall in a nineteenth-
century building. In such cases, the use of traditional
solutions is not appropriate. There is a need to use
individual approaches based on the latest achievements
in the production of building materials, structures, and
technologies.

Individual approaches to solving professional
problems in construction have become especially
relevant in terms of the operation of existing housing
stock, public and industrial buildings, because
buildings built in the early twentieth century have been
under the influence of external and internal factors,
with the active influence of anthropogenic factors, i.e.,
those related to human activity, throughout their
operation.

One of the most common problems in old buildings is
excessive moisture in the ground part of the walls. To
solve this problem, a group of specialists from the
above-mentioned  department investigated the
effectiveness of using the injectable liquid
"AQUAMAT-F" [13] to protect against moisture in the
foundation part of the wall in a nineteenth-century
building. To do this, the wall was perforated in the
foundation part of the wall, and a waterproofing liquid
was injected into the wall under minimal pressure
through the resulting holes, which reduced the wall's
moisture content by half. The absence of waterproofing
in the wall used in the experiment is quite logical, since,
as has already been proven by retrospective analysis, in
the nineteenth and early twentieth centuries there were
no reliable waterproofing materials, but at the
beginning of the twenty-first century there is already a
whole palette of waterproofing materials that have
already become traditional, and new ones are emerging.

The method of hydrophobic injection is not effective
for thick walls (over 1000 mm), for walls with a
heterogeneous structure (voids) and for dense bricks.
Under such conditions, the historical method of drying
the foundations of the central building of National
University "Yuri Kondratyuk Poltava Polytechnic" was
restored, namely the method of installing external
ventilation screens (tunnels). To install a ventilation
screen that drains the underground part of the wall, a
ditch has to be dug along the building, the bottom of
which is 15 cm below the basement floor level. At the
bottom of the ditch, a concrete foundation for the
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retaining wall is arranged. At a distance of 20 cm from
the outer wall of the building, a retaining wall 30 cm
thick is arranged. A channel 15 cm wide and 20 cm
deep is punched in the masonry wall of the building.
The channel starts 10 cm above the floor level. The
channel needs to be insulated. Longitudinal section in
Fig. 5, cross sections of the ventilation duct are shown
in Fig. 6.

It is recommended to plaster the plinth to a height of
80 cm with a system of sanitizing plasters, for example,
Ceresit WTA.

Works on the installation of the "sanitizing plaster
system" shall be performed according to the following
technology:

1) Prepare the substrate (remove old plaster, perform
a depth of approximately 20 mm of masonry joints

(which crumble and crumble) and antifungal treatment,
primer the surface to strengthen the substrate and bind
dust residues;

2) Apply a semi-finishing coat to the surface of the
walls to increase the strength of the plaster bond with
the substrate. The semi-spray should cover
approximately 50% of the surface area of the substrate
in the form of a grid, about 5 mm thick.

3) Apply a layer of plaster, leveling and grouting.
After the plaster has hardened and dried (not earlier
than 28 days), the finishing coating (facade silicate
paint) can be applied.

4) Clean the area 2 m wide from the wall from bio-
contamination, arrange a concrete blind area 1.2 m
wide with a slope of 0.05%.

2 |8 3 i
Figure 5 — Figure 6 - Longitudinal section of the ventilation duct
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Figure 6 — Cross sections of the ventilation duct
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Conclusions

As a result of a retrospective analysis of
waterproofing structures at the foundation parts of
walls, it was found that until 1953, there was no
mandatory requirement for such waterproofing in
domestic construction practice due to the lack of mass
production of appropriate materials. Since 1956, with
the transition of construction to an industrial basis,
waterproofing of walls using mass-produced materials
has been developed as a standard option. In modern
conditions of construction production, covering such
areas as restoration, it is necessary to use an individual

approach to solve local problems of waterproofing the
walls of buildings.
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