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Features of reinforcing and repairing building structures after prolonged exposure
to moisture

Abstract. Inspections of buildings and structures are conducted to obtain objective data on the actual condition of building
structures, taking into account changes over time. The effect of moisture on structures in contact with the ground leads to a
decrease in performance and a loss of strength. At a specific major renovation site, a study was conducted on the condition of brick
structures that were subject to constant wetting due to leaks in water supply networks. The condition of the brick structures in
contact with the ground, as revealed during demolition work, was found to be worse than that determined by visual inspection. The
article presents structural solutions for the restoration of building elements that allow for a reduction in their moisture content

over the long term.
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Introduction.

Publication [1] includes: recommendations for
controlling humidity in residential (heated) basements
in new buildings located above the water table,
recommendations regarding the ground surface around
the building, recommendations regarding external
drainage (drainage outside the basement or foundation
walls), recommendations regarding thermal insulation,
airtightness, moisture insulation, and moisture
protection for walls, floors, and the transition between
them, and recommendations regarding indoor air
ventilation in the basement (as this affects moisture
conditions within the basement enclosure). Publication
[2] presents a methodology for investigating and
monitoring the drying of insulated basement walls.

An assessment of the effectiveness of secondary
waterproofing in historic buildings constructed of
historic brick is provided in [3, 4]. The distribution of
moisture in thermal bridges between walls and floors
and its impact on mold growth is investigated in [5].
Constant wetting and freezing of wall structures leads
to frost-induced damage and, consequently, to a loss of
load-bearing capacity. Therefore, research into the
thermal and moisture characteristics of building
envelopes in contact with the ground is of great
relevance.

Problem statement.

Determining the effect of humidity on the
performance characteristics of structures adjacent to the
ground and developing recommendations for the
continued reliable operation of these structures, using a
specific construction project as an example.

Main material and results.

The university dormitory building, constructed in
1962, is the subject of a major renovation. An
inspection of load-bearing elements and defective areas
was conducted as part of a project to thermally
modernize dormitories and academic buildings. The
building’s total height is 15.7 m; it has five stories,
including the basement. The building’s dimensions are
29.8 x 58.8 m; the height of the living quarters is 2.5 m,
and the height of the basement is 2.6 m. An inspection
of the existing structural condition was conducted in
2024 prior to the development of design and cost
estimate documentation.

The dormitory building is a four-story structure
with a basement, L-shaped in plan, with an attached
two-story dining hall.

Structural system: the building has a partial frame,
with load-bearing and self-supporting exterior and
interior brick walls. The building has two stairwells.

The dormitory’s load-bearing structures are made
of brick masonry, with floors of precast and, in certain
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sections, monolithic reinforced concrete. The thickness
of the exterior walls is 640 mm, and that of the interior
walls is 380 mm.

The brick walls (partitions) in the shower rooms and
restrooms on the first floor are classified as Technical
Category 3—unsuitable for normal use. This is caused
by soil subsidence beneath the foundations of the
partitions, resulting from leaks in the water supply and
sewer lines (Fig. 1).

For the same reason, floor deformation and warping
of door jambs have been noted. It is recommended to
dismantle the partitions, remove the floor and subfloor,
replace the water supply and sewer lines, and restore
the partitions and floor. During the preliminary
technical inspection of the floors (visual), restoration of
the composite floor layers was planned.

Figure 1 — Horizontal cracks on the walls

The building has strip foundations made of
reinforced concrete. The basement walls are
constructed partly from precast reinforced concrete
elements (FBS blocks) and partly from brick. There is
no design documentation for the building’s foundation.

A visual inspection revealed local potholes, chips,
damage to the basement’s plaster layer, and local
damage to the integrity of the paving (this particularly
applies to the courtyard facade). Deformations of the
foundations that interfere with the normal operation of
the building are noted in the area of the facade, where
the showers and utility connections to the building are
located.

Overall, the technical condition of the foundations
can be classified as satisfactory (technical condition
category 2).

The thermal modernization project called for the
removal of the plaster and the insulation of the exterior
walls with mineral wool boards. Provided that the load
from the insulation does not exceed the load from the
removed cladding, the stress-strain state of the “base-
foundation” system will not be adversely affected,
which will allow for thermal modernization without
additional measures to reinforce the building’s bases
and foundations.

The engineering-geological conditions of the
university campus are characterized by the presence of
heaving soils, meaning that when the foundation soils
become saturated, additional deformation may occur.

The foundations consisting of driven prismatic piles
used in the construction of the dormitory ensure the safe
operation of the building even under conditions of soil
saturation with water, since they penetrate the thickness
of the settlement-prone soils and rest on non-settling
soils. However, during major renovation (thermal
modernization) work, it is necessary to take all
necessary measures to divert atmospheric and
meltwater away from the building and to thoroughly
compact the backfill soil, as soil moisture can lead to
settlement of the foundation.

The destruction of the walls is caused by leaks in
the drainage systems, which are made of cast iron and,
according to the survey results, require immediate
replacement. The leaking pipes contributed to the
process of soil suffusion under the foundations of the
partitions and walls of the sanitary block. Constant soil
saturation around the brick structures caused moisture
accumulation in the walls, leading to frost-induced
destruction of the bricks and loss of adhesion with the
exterior plaster layer.

The major renovation project involved replacing
utility lines, removing partitions, replacing the floor
subfloor, and rebuilding the partitions.

During the demolition of the interior finishes in the
shower rooms in 2025, moisture penetration was
discovered in the brickwork of the exterior load-
bearing brick walls up to the height of the first floor, as
well as in the interior brick partitions.

The exterior brick walls are 640 mm thick. At the
time of the demolition work, the portion of the wall that
is buried in the ground on the interior side—and which
forms a foundation with a ground level of 1.000 m on
the exterior—has through cracks. The exterior finish
layer has lost adhesion to the brickwork, which shows
signs of frost-induced damage, damage extending to a
depth of up to 50 mm, and damage to the mortar (Fig.
2). The measured moisture content of the brick on the
plinth side was 35-40%, and that of the mortar between
the bricks was up to 50%.

Figure 2 — Peeling of the plaster layer on the
foundation and frost damage to the bricks
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The condition of the structures following the
demolition work revealed that it was not possible to
implement the design solution—restoring the floor
directly on the ground (Fig. 3).

Figure 3 — Photographic documentation of water-
saturated soil beneath the shower floor to a depth of
2.5 m from the 0.000 level

It was decided to leave the crawl space open and
install a monolithic floor slab above it. The ventilated
crawl space will allow the water-saturated brick walls
to dry out. However, constructing a monolithic floor
slab supported by structures deemed unfit for normal
operation required their reinforcement and careful
monitoring of their condition at all stages of
construction.

The 120-mm-thick interior partitions collapsed
during the removal of the finish layer due to constant
water saturation.

After excavating the wet soil, it was recommended
to reinforce the brick walls with a vertical monolithic
concrete layer with prior reinforcement (Fig. 4).

Figure 4 — General view of the basement with the
interior brick wall reinforced by a layer of reinforced
concrete using permanent formwork

The primary technical solution adopted to restore
the serviceability of the shower block floor is a
composite steel-reinforced concrete floor using channel
sections, profiled sheet metal, and concrete. This

solution minimizes the structure’s dead weight and
ensures rapid installation within the confined space of
the old building (Fig. 5).

Figure 5 — Stages of floor construction

During the construction and installation work, a
study was conducted to measure the moisture content
of a brick wall under field conditions.

Field measurements of the brick wall’s moisture
content were taken between 2025 and 2026 to track the
drying process. The test areas included the inner and
outer surfaces of the exterior brick wall and the surface
of the interior wall. Measurements were taken using a
Testo material moisture meter. This is a portable
electronic device designed for the rapid and accurate
determination of the moisture content in wood, building
materials (concrete, brick, plaster), and air (Fig. 6).

Figure 6 — Photos of moisture measurements of
mortar and basement bricks

The basic operating principle of the compact testo
606-1 moisture meter is based on the contact resistive
(needle) method: the device’s two needle electrodes are
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inserted into the material being measured (wood or
building material).
The measurement result is shown in Fig. 5.

&, %
60
50
40 =i
30
20

10

\) \o) \o}
Qv v ’1,61’
P F S F O

=@=the exterior wall from the outside
the exterior wall from the inside

interior wall

Figure 4 — Graph showing changes in the moisture
content of a brick wall

Field studies of the moisture content of brick walls
over the course of a calendar year revealed a trend of
decreasing moisture content in the bricks and mortar

when a new floor design—featuring a technical crawl
space—was implemented.

The standard moisture content of bricks in a wall
(service moisture content) depends on operating
conditions and the type of structure. For ceramic bricks
under normal conditions, the following indicators are
generally accepted as standards:

average service moisture content is typically set at
1.5-2.5% by weight for dry rooms and 3-6% for
conditions of elevated humidity

Conclusions.

During the major renovation, significant damage
was discovered in the building structures and utility
systems, requiring immediate replacement and
reinforcement.

Following the demolition work, all water-carrying
utility systems were replaced in accordance with
current standards.

The proposed design consists of a monolithic
reinforced concrete floor slab, a 100 mm layer of
expanded polystyrene insulation, and a leveling cement
screed. The floor covering is designed to be made of
porcelain stoneware over a layer of waterproofing
membrane. It is also recommended to install openings
in the exterior wall at the level of the crawl space for
ventilation and further drying of the dampened
structures.

The technical measures taken have reduced the risk
of further damage to the dormitory building’s
structures.
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HauioHanbHui1 yHiBepcuTeT «lMonTaBcbka noniTexHika iMeHi FOpist KonppaTioka»
https://orcid.org/0009-0001-0387-0349

OcobnmMBoCTi NiacuneHHs Ta peMoHTy ByaiBeNbHUX KOHCTPYKLM
nicns TpMBanoro Aji Bosioru

AnHoTaujs. O6cTexkeHHs 6ymiBenb Ta Criopyd, NPOBOGMTLCS 3 METOH) OTPUMaHHS O6'EKTMBHMX [AHWMX NPO (PaKTUYHUIA CTaH
6yniBenbHUX KOHCTPYKLM 3 ypaxyBaHHAM 3MiHW y yaci. Bnve BonorocTi Ha KOHCTPYKLT, sIKi MeXytoTb 3 MPYHTOM, MPU3BOAUTL [0
3MEHLLEHHSI eKCMJTyaTaliHMX MOKa3HWKIB Ta BTPaTM MiLHOCTI. Ha KOHKpeTHOMy OBEKTi KariTanbHOro PeMOHTY NpoBefAeHo
LOCTiMKEHHs CTaHy LerNsHUX KOHCTPYKLi, SKi Mi/isirany nocTiiiHoMy 3aMoKaHHIo, BHACTiAoK MPOTiKaHHs BOJOHECYUYMX Mepex.
CTaH LernsiHMX KOHCTPYKLM, L0 MEeXYHOTb 3 FPYHTOM, MPU AEMOHTaXKHUX po60oTax BUSIBUBCS TipLLMAM 33 BU3HAYeHWUH 3a BisyarbHUM
ornsipoM. B cTaTTi NnpepcTaBneHo KOHCTPYKTUBHI PilLeHHS! 3aX0[iB 3 BiHOBNEHHS! eNleMeHTiB ByiBni, siki JO3BONSOTb 3MEHLLUTM X
BOJIOriCTb MPOTAroM TPUBAIIOro Yacy. B yMoBax KaniTanbHOro peMoHTy BUSIBNIEHO 3HaYHi MOLLKOAKEHHS! By miBenbHUX KOHCTPYKLIM
Ta iXKeHepHUX MepeX, Lo NoTpebyroTb HeraMHol 3aMiHM Ta MigCUIeHHS.

lMicns peMoHTaXkHUX pobiT NpoBeAeHa 3aMiHa BCiX BOJOHECYUMX iHXKEHEPHUX MePeX 3rifHO CyYacHWUX BUMOT.

3anporioHoBaHa KOHCTPYKL|Si CKNaOaETbCa 3 CTanesanisobeToHHOro MOHOMITHOrO MepeKpUTTs, TersoisonauiiHoro wapy -
niHononictupony, 100 MM Ta BUPIBHIOKOUOI LIEMEHTHOI CTSOKKWU. [OKpPUTTS Nipjiory 3anpoekTOBaHO 3 KepaMOrpaHiTy Mo Lapy
npoMa3yBanbHoi riapoi3onsLyi. TaKoX peKOMeHE,0BaHO BIIaLLTYBaTV OTBOPM Y 30BHILLHIM CTiHi B piBHI Texnigninns Ans BeHTUnaWi Ta
MoJaNbLLOro BUCUXaHHS 3MOUYEHUX KOHCTPYKLIM.

MpUAHSATI TeXHIYHI 3aX0AM [O3BOMMIN 3MEHLLUTU PU3MUKU NMOJAMbLLUX PYAHYBaHb KOHCTPYKLA BymiBNi rypTOXUTKY.

Kno4osi crioBa: LiernsiHa CTiHa, rPyHT, 3aMOKaHHS, BOSIOroMip
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