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In case of damage or lack of waterproofing, structures will lose their operational properties and collapse. In addition, high
humidity has a negative effect on people who are there. It is appropriate to study the effectiveness of the waterproofing creating
technology by injecting the material outside the structure. To this end, a number of experimental laboratory studies were performed-
The waterproofing properties of the material were tested. Based on the obtained results, practical recommendations were formed for
the use of improved technology of external waterproofing of underground structures.
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Introduction

Ukraine has been subjected to military aggression by the armed forces of the Russian Federation
for more than 11 years, of which military operations have been taking place on the vast majority of the
country's territory for more than three years. During the announcement of numerous air alert, the
people, in order to protect itself from the possible impact of an explosion, shrapnel and the action of an
explosive wave, hides in the nearest underground structures or premises, such as special purpose
structures, underground passages, or basements or parking lots of buildings.

In accordance with Order Ne 579 dated 07/09/2018 On approval of requirements for the use and
accounting of the fund of protective structures of civil protection [1] and Resolution of the Cabinet of
Ministers of Ukraine dated March 10, 2017 Ne 138 on the Procedure for the creation, maintenance of
the fund of protective structures of civil protection and keeping its records [2], certain requirements are
put forward for means of collective protection namely, to protective structures of civil protection
(storage and anti-radiation shelters), dual-purpose structures and the simplest shelters.

These include the following requirements:

- the structures of the fund of protective structures must be protected from flooding by
groundwater;

- the tightness of the storage is achieved by ensuring the integrity of the enclosing protective
structures (coverings, ceilings, walls, partitions, floors, foundations), the places of connections
between them, waterproofing, the serviceability of the protective devices of the openings of entrances
and exits, embedded parts in the places where communications are entered (water supply, heating,
sewage, cables and other equipment), anti-explosive devices of ventilation systems, as well as
compliance of the normal temperature and humidity regime in the premises of the protective structure;

- waterproofing, drainage and paving around the perimeter of the protective structure, as well as
drainage pipes must be kept in good condition and protect the underground structure from the negative
effects of atmospheric precipitation and groundwater;
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- in case of detection of soaking of building structures, or flooding individual parts of the protective
structure, it is necessary to take measures to restore the waterproofing properties of the underground
structure;

- if possible, ongoing repair of the outer waterproofing layer is carried out. Premises that are
exposed to moisture or an aggressive environment require urgent repairs.

Taking into account these recommendations, it is necessary to keep special purpose buildings in
proper condition. However, if the premises or structure is not included in the list of special protective
structures, these requirements are often not fully observed.

In accordance with the goals of sustainable development, the repair of buildings and structures,
including underground ones, for the purpose of creating or restoring a waterproofing layer is a more
sustainable option than the demolition and construction of new structures. To ensure sustainable
development, when choosing repair work, it is necessary to focus on various aspects, such as reducing
the negative impact on the environment, creating comfortable conditions for people, ensuring the
durability of the use of building structures, etc.

Experience in surveys of a large number of construction sites indicates that a large part of
underground premises and structures have damage in the form of impregnation and infiltration of water
inside of the premises. Since such damage is often repaired out of time, this leads to the appearance of
significant areas of wetting of structures; damage and peeling of facing; corrosion of reinforcement,
embedded parts and the body of the structure; biological corrosion — presence of mold, mold, fungi,
etc. (Fig. 1.). Over time, this leads to the loss of operational properties by structures and can cause their
premature destruction. That is, such buildings require immediate repair and restoration works within
the framework of reconstruction, restoration or major repairs. And the long-term stay of people in
rooms with high humidity and existing biological corrosion have a significant negative impact on the
human body. Also, increased humidity in the premises helps to accelerate damage to the technological
equipment located in it.

In general, the absence or damage of waterproofing leads to deterioration of the physical and mechanical
properties of the materials of structural elements, sanitary and hygienic conditions, and the safety and quality of
people's stay indoors. This issue becomes especially relevant during martial law. Therefore, waterproofing of
structures is an important component of the building, which requires timely repair. Thus, the research and
development of effective technologies for creating waterproofing of existing underground structures is an
important direction that will contribute to increasing their operational stability and durability.

Analysis of scientific and technical literature shows [3-10] that the most common places where
underground parts of a building or structure are blocked are places where structural elements of the
ceiling, walls and floor adjoin each other. At the same time, the main factors of external influence
include the — high level of groundwater and, as a result, their infiltration through the body of the
structure, technological holes or adjacencies, capillary absorption of structures with material, the
absence of a drainage system, the absence of paving, etc. Internal sources of soaking include
condensation of water vapor, hygroscopic moisture intake by wall and floor materials, insufficient
ventilation of premises, etc.

DSTU 9253:2023 [10] regulates the requirements for the installation of waterproofing of
underground structures. At the same time, depending on the level of ensuring the requirements of
durability and reliability of waterproofing, three degrees of waterproofing protection of structures of
buildings and structures have been established:

- first stage — protection of the structure by surface or bulk waterproofing;

- second stage — first stage waterproofing protection and additional arrangement of bulk or floor
waterproofing;

- third stage — waterproofing protection of the second stage and additional installation of a
waterproofing barrier outside the insulated surface of the structure.

It is important to note that during the construction of a new building, waterproofing protection is
arranged on the outer surface of buried structural elements. And if it is necessary to repair the
waterproofing of existing buildings or structures, a number of problems arise related to accessibility to
the outside of the structures.

In general, three main methods are used to restore waterproofing of buried parts of buildings and
structures:
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1) excavation of soil with exposure of the outer surface of structures followed by application of
waterproofing materials using traditional techniques;

2) arranging waterproofing on the inside of the room, by applying waterproofing materials working at
negative pressure on the inside of the building;

3) injecting waterproofing materials into the body of the structure or into the contact zone between
the soil and the structure.

© (d)

Fig. 1. Damage to structural elements of underground structures due to the action of moisture: (a), (b) — infiltration of water
through the seams of structures; (c¢) — mold; (d) — corrosion of reinforcement; (¢) — corrosion of engineering networks; (f) —
damage to equipment and mold

The use of the first method is advisable if there is free space around the building or structure,
because the process of excavating the soil often requires the use of special construction equipment.
However, in the city, in the vast majority of cases, such work will be performed in compacted
conditions. Therefore, it is necessary to take into account their possible impact on the adjacent
buildings and the surrounding area, on the transport infrastructure of the city, the quality and comfort
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of people who will be near the area of operation of repair works. Accordingly, the use of this method
can be long-term, expensive and require significant labor costs. At the same time, such technology
disrupts the sustainable environment and does not allow the use of such structures as shelters at the
stage of repair work.

The use of the 2nd method is appropriate, provided that it is impossible to use the first. The second
method of installing waterproofing includes painting, plastering, pasting, penetrating and other types of
waterproofing. However, this method has a number of significant disadvantages, namely:

- only the inner surface of the structures is protected from the influence of water, and the body of
the structures continues to be under the influence of an aggressive environment and, as a result, is
subject to destruction;

- often the installation of internal waterproofing has a short-term effect, which can be related both
to the external influence (pressure) of the water and to the quality of the work;

- sometimes the arrangement of internal waterproofing helps to reduce the internal space, affects
the aesthetic appearance of the premises, etc.;

- when installing waterproofing, it is necessary to vacate the room for a certain time and limit
people's access to it, etc.

An actively developing direction is the installation of waterproofing by injection. Wherein the
waterproofing material is introduced to the body of the structure or beyond it into the soil contact zone
[11] by means of injectors arranging holes drilled in the design locations.

When performing research in this area, the following scientific works were analyzed [12-15].

Research Methodology

The construction market offers a wide range of injectable materials that can be divided into:
polyureton resins; acrylate gels and microcements.

By injection, it is possible to achieve the creation of an external waterproofing layer and the sealing
of junctions and damages in the form of cracks, cavities, etc. However, the effectiveness of injection
technology depends on a number of factors, including: the type of material of the structure, injection
pressure, hydro-geological conditions in which the structure or building is located, etc. In this regard,
the need to investigate the technology of injecting waterproofing materials to improve the efficiency of
their use is relevant. Therefore, a number of experimental studies aimed at improving the existing
technology of injection of polyurethane resins were carried out, taking into account the most common
factors that can affect the quality of work.

The experimental research program consisted of five phases:

- study of the effect of soil moisture on the rate of polymerization of the injectable material;

- study of the spread nature of polyurethane resin in sand with different degrees of humidity (6%,
12%, 20%);

- dependence of the geometric parameters of the formed polymer-sand structure on the volume of
the injected mixture;

- study of the adhesion strength of the formed polymer-sand structure to the structure;

- study of waterproofing properties of the material.

A one-component polyurethane injection resin DE NEEF® HA Flex LV AF (GCP Applied
Technologies [16]) was selected as the test material. The injectable mixture was prepared immediately
prior to injection according to the manufacturer's recommendations.

Results and Discussion

At the first stage of research, the influence of water content in the soil on the rate of polymerization
of the selected material was established. Sand with its preliminary moisture was used as a soil model
(the determination of soil moisture parameters was performed in accordance with DSTU B V.2.1-
17:2009): dry — relative humidity 6 %, wet — 12 % and 20%. The choice of soil type is based on the
analysis of the results of reports the of buildings and structures inspection, which indicates the
emergence of problems in the form of soaking when structures are located in sandy soils.

To perform the study, a small amount of material was added to the sand of the appropriate
humidity, and the start of the reaction with time was observed. The results of the study are given in the
table 1.
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Table 1
Dependence of the duration of material polymerization on soil moisture
Time, | Dry sand (humidity 6%) Wet sand (humidity 12%) Wet sand (humidity 20%)
min —
Description of changes
0 Without structural changes | Without structural changes Without structural changes
) i The beginning of foam i
formation
The beginning of foam
2.2 : - -
formation
The beginning of foam
24 - - :
formation
7 - Completed polymerization -
10 Completed polymerization - -
15 - - Completed polymerization
According to the results of the study, it was established that the moisture
content is one of the key factors that determines the effectiveness of the use of r 1

the investigated polyurethane foam resin when creating waterproofing from it.
At the same time, optimal conditions are achieved with an average level of
moisture in the sand. The results obtained could serve as a basis for the

development of practical recommendations in this area.

To carry out the second experimental study, experimental stands were
made, which were rectangular containers, which were filled with sand of
medium size of the appropriate humidity with layer-by-layer tamping
(Fig. 2). A hole was drilled in the lower part of the stand, imitating a
horizontal structure, through which the injection of waterproofing material
was subsequently performed. After the polymerization of the material, the
excavation of polymer-sand massifs was performed to establish the nature

of the distribution of the material (Fig. 3).

The sample volume measurements were performed and the expansion
coefficient was established (Table 2).

The analysis of the obtained data allows us to state the presence of a
pronounced dependence between the degree of soil moisture and the
nature of the formation of the polymer structure. Thus, in dry sand, the
expansion of the material was the smallest, the percentage of expansion
was 153%, in wet sand (humidity 12 %) the expansion was 320%, and in
wet sand (humidity 20 %) it was 438%. Dependence can be tracked on a

graph (Fig. 4).
The spread pattern of the material in dry (humidity 6%) and wet sand

(humidity 20%) was similar — in the vertical direction, while in wet sand (humidity 12%) the material

spread most horizontally.

(b)

Fig. 2. Scheme of the
experimental stand: 1 —
wooden formwork; 2 —

sand; 3 — injection hole; 4
— cover

(©

Fig. 3. General appearance of polymer-sand massifs: (a) — in dry sand(humidity 6 %);
(b) — in wet sand (humidity 12%); (¢) — in wet sand(humidity 20%)
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Table 2
Change in material volume depending on soil moisture
Relativesand moisture Volume O.f injected V"l“n?ef"rm?d Expansion factor
material (1) material (cm”)
Dry sand (humidity 6 %) 0.4 611 1.53
Wet sand (humidity 12%) 0.4 1281 3.2
Wet sand (humidity 20%) 0.4 1750 4.38
In the third stage, the maximum possible
ﬂé B3 50 horizontal spread of polyurethane foam resin
g 1750 ©) in the soil environment was investigated and
= 1550 the size dependences of the formed polymer-
= . .
_2 - 1281 sand structures on the mass of the injected
Ee @/ material were constructed, namely 400 g,
E 1150 1600 g and 5000 g. For this study, taking into
950 account the obtained data of previous studies,
750 wet sand (humidity 12%) was used. Injection
) @ _ su was performed at low pressure with a special
A 400 pump to distribute the material evenly over the
350 ; 7 horizontal plane. The results of the study are
given in the Table 3.
Fig. 4. Dependence of material volume change on soil moisture: After the study, polymer-sand massifs were

blue line (1)— dry sand (humidity 6%); orange line (2) — wet sand : : : :
(humidity 12%); grey line (3) — wet sand (humidity 20%) cxcavated aI'.ld their visual inspection was
performed (Fig. 5).

Table 3
Dependence of distribution of polyurethane foam resin in wet sand depending on its mass
Resin mass, g | Length, cm Width, cm Square, cm? Height, cm Injection time, s
400 26 23 451 2 60 sec
1600 45 34 986 6 3 min 45 sec
5000 36 36 757 10 11 min 40 sec

It is worth noting that the study was aimed at determining the spreading range of the material
depending on the injected volume, and the increase in volume was not investigated. Therefore, the
analysis of the results indicates the following. In all cases, the material has a uniform horizontal spread
to form smooth, well-defined edges, indicating high fluidity of the material under given conditions.
The formed arrays are homogeneous in appearance, dense, without visible structural defects.

(©
Fig. 5. General appearance of polymer-sand massifs: (a) — 400 g; (b) — 1600 g; (c) — 5000 g

(@

The material was found to spread well during the first two minutes. Thereafter, active foaming and
increasing of the material in volume begins without substantially increasing the spread area. Complete
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hardening of the material is observed 7 min from the start of injection (Fig. 6). That is, the
waterproofing injection material has a spreading limit, which is due to the properties of the material
and the conditions of its injection. This can be clearly traced by superimposing the areas of spreading
of materials one on top of the other (Fig. 7).

g Beginning of foam formation
& 360 -
- —,—f_,—
= 340 '
g !
177] |
E 230 7 i
g |
N I
g |
|
|
|
|
|
|
|
|
i 1 }
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0 | 2 3 3454 5 6 7 8 9 10 11114012

Fig. 6. Dependence of horizontal spread of material on duration of injection

The analysis of the obtained results made it possible to determine the area of overlap of the spreading
boundaries, which forms the area of guaranteed filling of the environment with the injected material. The
diameter of this area is 260 mm, which corresponds
to a radius of guaranteed spread of 130 mm.

In the fourth step, the adhesion of the material to
the structure was tested. To do this, the material was 3
applied to the concrete structure, and then, with the
help of an adhesion meter, the adhesive strength of
the adhesion was determined with the fixation of &
values. It has been established that the type of
connection — is adhesion-cohesion, that is, the
destruction occurs partly in the body of the material
and partly at the border of contact with the concrete
structure. The values of adhesion strength are on
average 0.08 MPa, which is sufficient and ensures
reliable fixation of the material on the structure.

In the last step of the experimental studies, the

Fig. 7. The radius of the guaranteed horizontal distribution
of the material, provided it is injected on a horizontal

WaterprOOﬁng properties of the formed pOIYmer' plane, where: 1 —400 g of material; 2 — 1600 g of material;
sand arrays were tested [17]. For this purpose, a 3 —5000 g of material; 4 — material overlap area (common
special Stand was des]gned COHSlstlng Of a zone for injection ZOl’lCS); 5— 1n] ection point

container of water located at a height of 2.2 m

above the test piece, a rubber tube combined with the container and the test piece. Fixation of the tube
to the sample was performed through a cylindrical metal mold using epoxy glue to avoid water leakage
through the contact zone (Fig. 8).

The water column level produced a hydrostatic pressure of 21.6 kPa (0.2 atm). The specified
pressure was maintained for 100 days, during which a constant visual inspection of the surface of the
sample was performed to establish possible leaks and water absorption. The results indicate that the
material is an excellent waterproofing, since no changes in structure, locks, etc. were recorded.

Based on the results of laboratory experimental studies, practical recommendations were formed
for the use of improved technology of external waterproofing of horizontal underground structures (at
the boundary of the structure and the soil), which consisted of the following. At the initial stage, if
necessary, repair structural elements. In the project places, holes are drilled to the entire thickness of
the structure. At the same time, the holes should be arranged in a checkerboard pattern, and their pitch
should be 200 mm (Fig. 9).
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The optimal level of soil moisture is 12%. Provided that the
soil is excessively dry, it must be pre-moistened by water
injection before injection. In this case, it is worth leaving the
holes in the structure open for a few days to allow excess water to
drain.

Install injection nozzles in the cleaned holes and perform material
injection using special equipment. The volume of injection
material should be 1.6-2.0 kg/nozzle. The duration of injection of
one opening is no more than 4 minutes. After injection, the
packers must be dismantled and the surface is finished.

The advantage of this technology is the possibility of its
application in separate areas (occupations) without the need to

Fig. 8. Study of waterproofing completely .free.the? premises .from, for .ex.ample, technological
properties of polymer-sand massif equipment, interior items, or without restricting access for people.

injection nozzle

first stage of injection

floor construction

Fig. 9. Scheme of installation of waterproofing above horizontal structures

Conclusion

In the conditions of military operations taking place almost throughout the territory of Ukraine, the
creation of comfortable and safe conditions in the underground premises of buildings or structures for
the stay of people in them during the threat of shelling by the russian armed forces is an urgent issue.

A frequent problem of such rooms is high humidity and water leakage through seams, joints,
cracks, cavities of structural elements of the building, especially through the celling. These damages
have a negative impact on structures, people and equipment, so there is a need to eliminate them.

One way of arranging waterproofing is to inject polymeric materials outside the structures to create an
outer waterproofing shell. However, such technology requires additional research depending on the
conditions of work, the choice of injection material, etc. In connection with the above, a number of
experimental studies were developed and performed to establish the possibility of using polyurethane
material using injection technology to create a waterproofing layer over horizontal structures of the type
of celling plates. Studies have established that the chosen injection material is most effective for creating
a waterproofing shell, provided it is used in wet soils (sands) (12 %). Provided there is dry or excessively
wet soil, the use of the material is not advisable. Material propagation pattern (at 12 % soil moisture) —
uniform disc-shaped barrier with a propagation radius of up to 130 mm provided 1.6 to 2.0 kg is injected.
The adhesion strength to the base is 0.08 MPa, which is sufficient for the installation of waterproofing.
The material has high waterproofing properties (no leakage at a pressure of 21.6 kPa for 100 days).

The obtained results made it possible to develop practical recommendations for the installation of
injection waterproofing, which will allow the formation of a waterproof barrier and prevent further
moisture and damage to structures, will provide comfortable conditions for people. However, despite
the obtained results, the technology of installing external horizontal waterproofing of reinforced
concrete structures requires further research to improve it and expand the scope of application.
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Monooio O.C., ITnoxyma P.O., Mycisika I.B., Omenvuenxo M.C., Hosak €.B.
NOCJIIKEHHSI TEXHOJOI'TT BJAIITYBAHHS 30BHILIHBOI FIIPOI3OJISILINHOI OBOJIOHKH 3
CEPEJIVHU NIJA3EMHUX CIIOPY ]|

BpaxoByroun 0e3NeKOBY CHTyalil0 B YKpaiHi YacTMHA MiA3EMHUX CIOPYJ Ta MPUMILIEHb BUKOPUCTOBYIOTHCS SIK
HAMMpOCTIlI YKPUTTS AJI8 3aXUCTY HACEJECHHS BiJ BIUNIMBY BUOYXIB Ta OCKOJIKIB. JI0 TaKMX CIIOPY/ BUCYBAIOThCs NIE€BHI BUMOTH
10 iX yTPUMAaHHIO, a caMe: CIOpy/ia MOBUHHA OyTH 3aXHIICHA Bijl BIUIUBY I'PYHTOBHX, IIOBEPXHEBHX Ta TEXHIYHHUX BOJ| IUIAXOM
BJIAIITYBaHHS Tifgpoizoiisuii. Y pa3i MOMIKOMKEHHA YM BIICYTHOCTI TiJpoi30isLil KOHCTPYKLIl BTpayaroTh EKCILTyaTauiiHi
BJIACTUBOCTI Ta PyHHYIOThCS. OKpIM TOro Mi/BUILEHA BOJOTICTh HEraTHBHO BIUIMBA€E Ha JIIOJEH, O TaM nepedyBaioTh. st
peMoHTY a00 BJAINTYBAaHHS TiApoi3oslii, 3a3BMYail MOXHA BHUKOPHCTOBYBATH TpPH CIOCOOM: PO3KOIYBaHHS CHOPYAH Ta
HAHECEHHs TiApoi30Jsiiii 30BHI, BIAIITYBaHHS TiAPOI30JALIl 3 CEepeIvHHU, BIALITYBAaHHSA 30BHIMHBOI Tiapoizousuii MeTozom
iH’exTyBaHHS. [l 3a0€3MeueHHs CTajJoro po3BUTKY 3 METOI0 3MEHIIECHHs BIUIMBY Ha JOBKULIA Ta 3/10pOB’A JIFO/AEH HaWOLIbII
NPUHHATHUM € TpeTi croci® BialUTyBaHHS Tiapoi3oisuii. BpaxoByiouu mmpokuii BuOIp MarepianiB Ta iX BJIACTUBOCTEH
JIOLUTBHUM € JOCHIIKEHHS epEeKTHBHOCTI TEXHOJOTIl BIALITYBAaHHS TiIpOi30JisALii LUIIXOM iH’€KTYBaHHS Martepially 3a Mexi
KOHCTPYKIIT (30BHI). 3 11i€10 METOI0 0YJI0 BUKOHAHO HU3KY EKCIIEPUMEHTAIbHUX Ja0OpaTOPHUX JOCIIIKEHb B PE3YJIbTATI IKUX
BUSIBJICHO BIUIMB BOJIOTOCTI IPYHTY Ha 3JaTHICTh Marepiayly a0 30UIblICHHS B 00’€Mi, PO3TIKaHHS Ta ajaresii A0 KOHCTPYKILIi.
Takox Oyio mepeBipeHo ripoisonsuiini BaacTuBocTi Marepiany. Ha 0CHOBI OTpuMaHUX pe3ysbTaTiB COPMOBAHO NMPAKTHYHI
pekoMeHjanii 1100 BHKOPHCTaHHS YMOCKOHAJICHO! TEXHOJIOTil 30BHIMIHBOT Tifpoi3omsuii MiI3eMHUX KOHCTPYKLIH.
BcTaHOBIIEHO ONTHMAalbHUE PpiBEHb BOJOrOCTI TPYHTY IpU BIALITYBaHHI rifpoisossuii. HamiueHi nonmaneiii Hampsmu
JIOCJIIJKEHb 110J10 BJIAINTYBAHHS 30BHIIMIHBOT FOPU30HTAJIBHOI TiIPOi30IALiT 32113006 TOHHUX KOHCTPYKILiH.

KuarouoBi ciioBa: rinpoizonsiis, mia3eMHi Criopyau, iH €KTyBaHHs, MOJIiypeTaHOBUI MaTepiai, JOCHIUKEHHS TEeXHOJIOTIT,
PEKOHCTPYKILisl, pecTaBpallis, BiJHOBJICHHS.

Molodid O.S., Plokhuta R.O., Musiiaka 1.V., Omelchenko M.S., Novak .Y.V.
RESEARCH ON THE TECHNOLOGY OF INSTALLING AN EXTERNAL WATERPROOFING SHELL FROM THE
INSIDE OF UNDERGROUND STRUCTURES

Given the security situation in Ukraine, some underground structures and premises are used as simple shelters to protect the
population from explosions and shrapnel. Certain requirements are imposed on the maintenance of such structures, namely: the
structure must be protected from the effects of ground, surface and technical water by means of waterproofing. If the
waterproofing is damaged or missing, the structures lose their operational properties and collapse. In addition, high humidity has
a negative impact on the people inside. There are three common methods for repairing or installing waterproofing: excavating
the structure and applying waterproofing from the outside, installing waterproofing from the inside, or installing external
waterproofing using the injection method. To ensure sustainable development with the aim of reducing the impact on the
environment and human health, the third method of waterproofing is the most acceptable. Given the wide choice of materials
and their properties, it is advisable to study the effectiveness of the technology of waterproofing by injecting material outside the
structure (externally). To this end, a series of experimental laboratory studies were carried out, which revealed the influence of
soil moisture on the material's ability to increase in volume, spread and adhere to the structure. The waterproofing properties of
the material were also tested. Based on the results obtained, practical recommendations were formulated for the use of improved
technology for external waterproofing of underground structures. The optimal level of soil moisture for waterproofing was
established. Further research directions were outlined for the installation of external horizontal waterproofing of reinforced
concrete structures.

Keywords: waterproofing, underground structures, injection, polyurethane material, technology research, reconstruction,
restoration, renovation.
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Monooio O.C., Ilnoxyma P.O., Mycisxa 1.B., Omenvuenko M.C., Hoeax €.B. JlocJifzKkeHHs] TEXHOJIOTil BJIAIITYBAHHS
30BHIIIHBOI TiAPoi30JsLiiiHOT 000JI0HKHM 3 cepeuHHN Mix3eMHHUX cropya / Omip MmarepiaiiB i TeOpis CHOPYI: HayK.-TeX.
36ipH. — Kuis: KHYBA, 2026. — Bumn. 116. — C. 109-119.

Locnioxceno mexnonocii enauimyeanua 308HIUHbOI 2I0pOI3oNAYitiHOT 000I0HKU 3 cepeduHu niozemHux cnopyo. Ha ocnogi
pesyrbmamie  1a00pAMOPHUX — eKCHEPUMEHMATbHUX — OO0CHIONHCeHb  OYI0  CPOPMOBAHO NPAKMUYHI  peKoOMeHOayii wo0o
BUKOPUCIAHHA YOOCKOHANEHOT MEXHONO2Il 308HIWHbOI 2i0pOi30aAYil 20pUBOHMATLHUX NIO3eMHUX KOHCMPYKYIU (Ha Medxci
KOHCMPYKYIi ma 1pyHmy).

Tabm. 3. In. 9. bibniorpa. 18 Ha3B.

UDC 691.32/34:67.02

Molodid O.S., Plokhuta R.O., Musiiaka 1.V., Omelchenko M.S., Novak Y.V. Research of technology for creating external
waterproofing by injection of underground structure // Strength of Materials and Theory of Structures: Scientific and
Technical Collection. — Kyiv: KNUBA, 2026. — Issue 116.—P. 109-119.

The technology of installing an external waterproofing shell from the inside of underground structures has been studied. Based
on the results of laboratory experimental studies, practical recommendations were formulated for the use of improved
technology for external waterproofing of horizontal underground structures (at the boundary between the structure and the soil).
Table 3. Fig. 9. Refs. 18.
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