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Abstract. The purpose of the work is to perform an analysis of the world experience of multi-purpose use of under-
ground structures and to provide recommendations on monitoring the technical condition and technology of repair and
restoration works of underground and buried dual-use objects for their operation in the conditions of Ukrainian realities.
The main areas of use of underground structures for additional purposes are considered. In particular, for the equipment
of warehouses, isothermal factories, specialized research laboratories, medical institutions with special conditions, tourist
facilities. Under martial law, underground facilities are also used to shelter civilians, organize the production of defense
products, hold mass cultural events, and create first aid stations for victims. There are two main categories of dual-use
underground structures. The first one includes mining workings in the abandoned areas of mines. The main require-
ments for the workings are a large cross-section, satisfactory natural stability, the absence of harmful gases in the mine
atmosphere, and the absence of the threat of flooding. It is desirable to be able to drive vehicles from the earth's surface
directly to the required object. These requirements are implemented mainly in mines for the extraction of non-metallic
building materials. The second category includes underground hydraulic structures, transport tunnels, basements of
industrial enterprises and residential buildings. The main requirements for the performance of additional functions are the
provision of full operation of the building for its primary purpose and the creation of safe conditions for people without
special knowledge and skills. To assess the possibility of expanding the operational capabilities of underground struc-
tures, a methodology for their survey has been developed. The methodology involves a visual assessment of the state of
rock exposures and fasteners, determination of the strength of rocks and concrete mainly using non-destructive control
methods, detection of cavities behind the shell of an underground structure using the vibroacoustic method. In some
cases, control drilling is performed. The presence of people without personal protective equipment in the dual-use un-
derground structure places higher requirements on the stability of structures. To increase the stability of the mine work-
ings, additional fixing of the roof of the workings with anchors, application of shotcrete on rock outcrops and the surface
of the destroyed support, creation of canopies in areas where people are concentrated are provided. Increasing the sta-
bility of underground structures, which are not related to the extraction of minerals, is achieved by strengthening and
installing additional load-bearing structures. To improve the waterproofing of the underground structure, it is recom-
mended to fill the cavities behind the shell, eliminate filtering fractures, repair the seams between the sections of sup-
port, and apply a penetrating coating.

Keywords: underground structure, dual-use, technical requirements, survey, increasing stability, improving water-
proofing.

1. Introduction

In wartime, our country's priorities are aimed at increasing defense capability and
protecting the population. Various underground structures provide natural secrecy
and protection from direct attacks, bombings and missile strikes. Therefore their use
for the main and additional purpose acquires strategic importance. The main areas of
underground structures application that are relevant for Ukraine are the location of
production facilities, mining, equipment for military and infrastructure facilities,
warehouses, shelters for the protection of the population, etc. It is possible to simul-
taneously use underground space to perform several functions. The preservation and
re-equipment of existing underground structures of the mining complex, transport
tunnels, metro and other infrastructure is the main component of achieving this goal.
It should also be noted that in large cities, the construction of underground infrastruc-
ture facilities solves the problems of efficient use of territory. In addition, projects
such as underground parking lots, transport tunnels and shelter facilities contribute to
the development of seismically safe and ecological construction, protect against ex-
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treme climatic conditions, preserve the natural landscape, solve the problem of
transport.

It should be noted that, firstly, in Ukraine, unfortunately, there is not enough ex-
perience in mass construction and the use of underground structures for dual-use.
Secondly, such objects are subject to increased requirements regarding the safety of
their operation, especially the characteristics of dynamic and long-term stability.
Thirdly, as is known, the effectiveness of measures aimed at improving the opera-
tional reliability of underground structures depends significantly on the timely identi-
fication of factors affecting their stability and the implementation of repair and resto-
ration works.

Therefore, the purpose of this work is to analyze the world experience in the op-
eration of dual-use underground structures and develop recommendations for the or-
ganization of objects monitoring, as well as technological solutions for the implemen-
tation of urgent repair and restoration work to improve the technical condition of the
structure.

2. Methods

The paper analyzes foreign and domestic information sources. The results of own
research, carried out according to the methodology for assessing the technical condi-
tion of structures developed and implemented in Ukraine at underground facilities of
various purposes are summarize. According to the methodology, the initial stage of
the survey is a visual inspection. In the case of a mine working, it primarily provides
for a preliminary assessment of the roof condition [1]. In the areas without support,
cracks, rock fragments, zones of stratification, moisture and filtration, as well as signs
of geological disturbances are recorded. Photographs are taken and the geometric di-
mensions and position of the detected defects are determined. If there is a metal sup-
port, the degree of its corrosion is visually assessed and signs of deformation are rec-
orded. Next, rock blocks are evaluated on vertical outcrops. During a visual inspec-
tion of reinforced concrete support, record areas of concrete corrosion, exposed rein-
forcement, fractures, areas of moisture and obvious filtration. It is mandatory to de-
termine the position and geometric dimensions of the detected defects. To detect de-
lamination in the roof the vibroacoustic method is use [2]. The maximum depth of
detection of delaminations by this method is about 1 m. Refinement of the structural
structure of the roof is carried out by control drilling with subsequent endoscopy of
the borehole [3]. An approximate assessment concrete of support strength and rock
mass is carried out using non-destructive testing methods [4], in particular, ultrasonic
and elastic rebound methods. For a more accurate assessment, samples of the material
are taken and tested in the laboratory.

A similar determination of the support material strength is carried out in under-
ground structures not associated with mineral extraction. This category of buildings is
often located in the soil layer, where the formation of cavities behind the shell of the
structure is possible. Their preliminary detection is carried out using vibroacoustic
method. The cavity volume is specified by conducting control drilling.
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Results and discussion

Analysis of the world experience of dual use of underground structures.
Based on the analysis results, the following classification of underground dual-use
facilities was developed (table 1).

Table 1 — The classification of dual-use underground structures

Main purpose Additional purpose Using
Special productions Permanent
Health complexes Permanent

Underground workings of

mining enterprises

Warehouses

Permanent and temporary

Unique scientific objects

Permanent

Air alarm shelter

For the period of special condi-
tion

Underground transport com-
munications

Placement of retail outlets

Permanent and temporary

Equipment of assistance
points

For the special condition period

Air alarm shelter

For the special condition period

Hydrotechnical structures not

Air alarm shelter

For the special condition period

filled with water
Basements of industrial en- | Creation of small industries . . .
: . . : s For the special condition period
terprises and  residential | and retail facilities
buildings Air alarm shelter For the special condition period

It is established that in the world practice significant experience has been accumu-
lated in the use of mine workings for the placement of objects not related to the ex-
traction of minerals [5—13]. The most suitable for this purpose are mines for the ex-
traction of building materials. Their advantages are a small depth. Low rock pressure
ensures long-term stability of large section workings after mineral raw material ex-
traction. Particularly effective was the arrangement in the underground workings of
wineries. The main motive for their placement underground is a stable temperature
and humidity. At present, there are several such enterprises in Italy, France, Moldova
and other countries, as well as in Ukraine, in particular the Donbas (Fig. 1).

There is experience in creating defense enterprises in spent mines [14]. The im-
portance of this was realized during the Second world war. For example, in Germany,
Projekt Riese commissioned 143 underground enterprises that produced military
products. Among the most significant were plants for the production of V-2 missiles,
He-162 and ME 262 fighters. Due to the bombing, underground defense production
was established in the UK. So Plessey defense electronics moved production to unfin-
ished subway tunnels. The plant had about 2,000 employees. The Bristol Airplane
Company established the production of aircraft engines in the Drakelow tunnels. The
Longbridge underground plant in Birmingham also produced similar products. It em-
ployed up to 10,000 people. Similar high-tech enterprises were created in other Euro-
pean countries. An example is the underground aircraft factory of the Swedish com-
pany SAAB. It work began in 1944 and continued in the post-war period [15]

(Fig. 2).
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Figure 1 - Champagne wine factory in Figure 2 - Underground aircraft factory of the Swedish
gypsum mine workings (Bakhmut) company SAAB

During the Cold War, underground mining was actively equipped with storage fa-
cilities and shelters for the population. This case was most carefully approached in
the United States, where a targeted program for the mass creation of anti-radiation
shelters was adopted at the state level. In Nevada alone, 67 such structures were pre-
pared. After the end of the Cold War, most of the buildings were converted into
warehouses (Fig. 3).

The arms race stimulated the creation of various levels of protection shelters in
underground workings and in the USSR. A developed transport infrastructure was
envisaged to deliver people to places of shelter. The shelters and additional structures
that necessary for their functioning were constantly maintained in a state of readiness.
After the end of the Cold War and the collapse of the USSR, a significant part of the
structures was dismantled or failed.

Real experience in creating protective shelters in mine workings has already been
accumulated in Ukraine. At this stage of warfare in Ukraine, the aggressor does not
use means of mass destruction. This makes it possible to create shelters for which the
requirements are significantly reduced compared to anti-radiation shelters. For shelter
equipment, mine workings for the extraction of natural building materials such as
limestone, gypsum, marble, granite, etc, are best suited. It is also possible to use
caves of natural origin after a thorough assessment of their stability [16]. An example
of creating the shelter in a mine workings is illustrated in Fig. 4.

Foreign experience indicates the possibility of shelter equipment for the popula-
tion in transport tunnels too. In this regard, the leading position among European
countries is Switzerland. Here a large number of road tunnels in the highlands
adapted to the tasks of civil defense. One of the most famous is the Sonnenberg road
tunnel [17]. From the very beginning it was considered as a dual-use building. If nec-
essary, the tunnel could accommodate up to 20 thousand people. The project provid-
ed for a hospital, administrative offices and even a police detention center for viola-
tors. Care of these facilities continued until 2006. By that time, more than five thou-
sand structures have already been prepared to replace it for sheltering people, which
meets the needs of the population by 114%.
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Figure 3 - Underground storage in limestone Figure 4 - Shelter in the working of Sokiryansky deposit
mine workings (USA) of sawn limestone (Ukraine)

In Ukraine, from the first days of the war with the Russian Federation, under-
ground objects of urban infrastructure were adapted for the short-term protection of a
large number of the population [18]. The most effective is the use of metro stations.
So the Kyiv metro at its 46 stations is able to protect up to 30,000 people. Regular
shelling of Kharkiv made it necessary to create conditions at each of its 30 stations
for a longer stay of people. There are sanitary units, the issuance of drinking water,
charging gadgets, special services for small children. Metro in Dnipro has 6 stations.
But each of them during an air alarm can protect up to 1000 people. At night, subway
cars are open at stations for a more comfortable stay of people.

The world has accumulated considerable experience in the use of mine workings
in salt mines as medical and sanatorium facilities [19—21]. Sanatoriums, clinics and
hospitals operate successfully in Poland, Romania, Pakistan, Turkey and other coun-
tries. There is also experience in creating similar institutions in Ukraine. Before the
flooding of mine No. 8 in Solotvyno, a unique underground allergy-treatment de-
partment functioned in it. In December 2021, an underground health and tourist com-
plex was opened in Soledar at mine No. 1, horizon 288 m.

Underground workings at great depth are used to accommodate research laborato-
ries sensitive to technogenic influences and natural phenomena characteristic of the
earth's surface [22—24]. Among the most famous are Sanford, Soudan and KURF la-
boratories (USA), SNOLAB (Canada), Large Hadron Collider (Switzerland), Gran
Sasso (Italy), CJPL and JUNO (China), Super-Kasso amiokande (Japan) and others.

As an object of effective protection of personnel during an air alarm, a network of
underground hydrotechnical structures, which is available at a number of industrial
enterprises, can be used. Some of them is used for supplying or draining water, and in
other structures equipment is installed or engineering networks are laid. Such objects
have satisfactory waterproofing and reliable supports.

Recommendations on organization of technical condition of structures
monitoring.

The authors have developed a methodology for a comprehensive survey of under-
ground structures to justify the possibility of their use for an additional purpose [25].
Typical requirements for the structure are to increase their stability and improve wa-
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terproofing. Information on the recommended basic survey methods is given in table
2. Examples of the use of survey methods are illustrated in Fig. 5-8.

Table 2 — Methods of underground structures survey to expand the scope of their use

The direction
of survey

The element of construction

Survey methods

Detection of
elements with
reduced sta-
bility

The roof of mine workings

The visual inspection, vibroacoustic diagnostics,
control drilling, borehole endoscopy, the rock
sampling, laboratory determination of strength
parameters

The support pillar

The visual inspection, control drilling, borehole
endoscopy, the rock sampling, laboratory de-
termination of strength parameters

The anchoring with mesh

The visual inspection, selective determination of
anchors fastening strength

The frame support

The visual inspection, determination the shape
and the actual cross-sectional area

The sprayconcrete support

The visual inspection, determination of delami-
nation areas by the vibroacoustic method

Concrete and reinforced con-
crete supports

The visual inspection, determination of concrete
strength by non-destructive methods

Identification
of increased
water filtra-
tion causes
into the un-
derground
structure

The contour of unsupported
underground workings

The visual inspection, control drilling

A closed shell of an under-
ground structure

The visual inspection, determination of geomet-
ric dimensions of fractures with filtration, de-
termination of cavities behind the shell by the
vibroacoustic method, control drilling

The seam between adjacent
shell sections

The visual inspection, determination of the fil-
tration section geometric dimensions

The soil mass around the non
depth bedding structure

Electrical exploration on the earth's surface

Figure 5 — Visual survey with
determination the size and position
detected defects

Figure 6 — Determination of the concrete shell of
the underground structure strength with a sclerom-
eter
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Figure 7 — Column survey
using the ultrasonic method
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Figure 8 — Determination of cavities behind the shell
by the vibroacoustic method

Information about some established features of non-destructive testing is given in

the table 3 and 4.

Table 3 — Approximate assessment of concrete quality by longitudinal ultrasonic wave velocity (V})

and additional visual features

The velocity Vp, m/s Additional visual features Concrete condition

Above 4000 Absence of fractures and inrush Normal
From 3000 to 4000 Absence of fractures and inrush Satisfactory
Less 3000 Surface fractures and single inrush Limited operable

Block structure of concrete Emergency

Table 4 — Evaluation of vibroacoustic control results

Typical defects The nature of the The need for additional
of the protective constructions informative parameter change survey

Hidden delamination in the
rock mass or monolithic con-
crete support

Decrease in the maximum frequency
of the free oscillations spectral densi-

ty

Increase of the amplitude oscillations

Increase of the duration oscillations

Control drilling to de-
termine the delamination
thickness

Presence of a cavity behind the
shell

Sharp increase of the amplitude oscil-
lations within the contour on the shell
surface

Control drilling to de-
termine the depth of the
cavity

Increased load on the support
section

Reduction of the free oscillations
amplitude

Visual survey to detect
deformations of the sec-
tion

Rock chips in the rock mass or
monolithic concrete fastening

Presence of several maxima in the
free oscillation spectrum

Significant change of the oscillations
amplitude in a small area

Thorough visual survey

Hidden defects in monolithic
concrete structures with the
possibility of two-way access

Decrease of the oscillations ampli-
tude on certain profiles

Decrease in the frequency of the
spectral density maximum or the
presence of several maxima

Control drilling
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Conclusions about the possibility of expanding the operational capabilities of the
underground structure are made based on the results of the survey. The main re-
quirements for all structures are: the absence of roof collapse threats (in the case of
mining workings) and water penetration, the absence of harmful gases entering the
structure, minimizing the risk of fire. Additional criteria are listed in table 5.

Table 5 — Specific criteria for assessing the possibility of using the underground structure for the
additional purpose

Main purpose Additional purpose Additional requirements

Organization of isothermal

production Stability of temperature and humidity

Possibility of vehicles entry from the
earth's surface, limitation of humidity
level and temperature range

Creation of underground stor-
age

. Possibility of a significant increase in the
Placement of a special purpose . .
facility safety margin of the support at economi-
Mine working cally reasonable costs

Possibility of additional support of the
roof in the zone of people's stay, provid-

Placement of shelter ing the possibility of their rapid move-

ment
Ensuring the required temperature and
Organization of a medical fa- humidity range, increased requirements
cility for ventilation mode, reinforced roof
support
Transport tunnel Placement of shelter Proximity to the exit to the earth's surface

Placement above the water level of the
Placement of shelter adjacent reservoir, availability of an
emergency exit

Underground hy-
draulic structure

Placement of shelter, organiza-
tion of small-scale production,
creation of retail outlets and
first aid stations

Basement of a
house or industrial
enterprise

Possibility of strengthening columns with
a large basement area, availability of an
emergency exit

Recommendations for repair and restoration works.

In the document [25], the authors also developed a set of standard technical solu-
tions to improve the technical condition of the underground structure in accordance
with its additional purpose. In many cases, the operation of the structure involves the
constant presence of people without special skills of behavior in underground condi-
tions. Therefore, additional security measures should be implemented and conditions
for comfortable work of the staff should be created. Information on the main types of
repair and restoration work when preparing the structure for additional functions is
given in Table 6.

An 1llustration of some types of repair work in underground structures performed
according to our recommendations [26, 27] is given in Fig. 9—12.
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Table 6 — Main types of repair and restoration works to improve technical

condition of dual-use structures

Direction of improve-
ment

Types of repair works

Increasing the level of
security

Installation of anchors with mesh on unsupported sections of the roof
in mine workings, strengthening of rocks in the near-contour zone,
application of spray concrete on rock outcrops in the sides of the
workings, reinforcement of load-bearing structures and installation of
additional support, creation of canopies in crowded places

Increasing the comfort
for the work of the staff

Tamponage of cavities behind the shell to reduce water leaks, elimi-
nation of filtration fractures, application of shotcrete to areas of con-
crete corrosion, application of penetrating materials to the concrete
shell, repair of damaged seams between sections of reinforced con-
crete support

Aesthetic improvement

Applying a decorative coating to the surface of the protective shell,
painting metal structures

Figure 9 — Reinforcement of the weakened section Figure 10 — Sand blasting
of the structure shell with spray concrete surface of underground structure shell

Figure 11 — Strengthening the floor of underground Figure 12 — Tamponage of cavities behind
structures the shell of an underground structure
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4. Conclusions

Analysis of foreign and domestic experience showed high efficiency of using un-
derground structures for dual uses. The categories of structures most suitable for per-
forming additional functions are allocated. These are mine workings of shallow
mines, transport tunnels, underground hydraulic structures, basements of industrial
enterprises and the residential sector.

It has been established that the most appropriate forms of using underground
structures for additional purposes are: the organization of productions that require
stable temperature and humidity parameters, and productions for the needs of de-
fense, the creation of warehouses, shelters for the population during martial law, and
underground medical complexes.

The need for a special technical survey of underground structures to determine
their suitability for dual use operation is shown. The survey methodology which is
focused on the predominant use of methods and means of non-destructive control is
proposed. The strength of rocks and concrete, the presence of stratification in the roof
of the workings and the presence of cavities behind the shell of the underground
structure are determined in the control process. Control drilling is used to clarify the
results.

Decisions regarding engineering measures to improve the technical condition of
the underground structure are made based on the results of the survey. The following
main direction of repair and restoration work have been identified: additional fixing
with anchors of the mine workings roof, application of sprayed concrete on the rock
mass surface and damaged reinforced concrete support, cementation of the concrete
surface. To improve the waterproofing of the underground structure shell the elimina-
tion of filtering fractures and seams and the application of a penetrating coating on
the concrete surface are provided.

REFERENCES

1. Skipochka, S., Serhiienko, V., Amelin, V. and Sytnichenko, O. (2019), “Organization of geomechanical monitoring for non-
metallic deposits chambers roofs”, E3S Web of Conferences 109, 00090, https://doi.org/10.1051/e3sconf201910900090.

2. Krukovsky, O., Skipochka, S., Serhiienko, V. and Palamarchuk, T. (2023), “Science and practice for assessing the state of
underground structures support by vibroacoustic method”, Key trends of integrated innovation-driven scientific and technological
development of mining regions, UNIVERSITAS Publishing, Petrosani, Romania, pp. 74-96. https://doi.org/10.31713/m1205

3. Shevchenko, V.G. and Zaitsev, M.S. (2014), “Scientific and methodological support safe use of mining on the basis of the
use of funds operations visual control”, Geo-Technical Mechanics, no. 119, pp. 296-306.

4. Malhotra, V.M. and Carino, N.J. (2003), Handbook on nondestructive testing of concrete, CRC Press, London, Great Britain.
https://doi.org/10.1201/9781420040050

5. Chang, C. and Zou, Y. (2014), “A review of domestic and foreign abandoned mine resource development model”, Resour.
Dev. Mark., vol.30, pp. 425-429.

6. Levkin, Yu.M. and Levkin, M.Yu. (2012), “Features of the selection of mine workings for their multi-purpose development”,
Gornyy informatsionno-analiticheskiy byulleten, vol. 12, pp. 253-260.

7. Dmitryk, 1. A. (2016), “Exhausted mine workings as an additional resource”, Journal of Donetsk Mining Institute, no. 2 (39), pp.
166-171. https://doi.org/10.31474/1999-981x-2016-2-166-171

8. Svadkovsky, V.A. (2023), “Economic feasibility of repurposing abandoned coal mines in the interests of sustainable devel-
opment’, Humanities, social-economic and social sciences, no. 8, pp. 230-233.

9. Karnitsky, V.Yu. and Ermolov, D.A. (2017), “Using mining workings as hydro storage power plants”, lzvestiya TulGU.
Tehnicheskie nauki, issue 12, part 1, pp. 220-222.

10. Du, K., Xie, J., Khandelwal, M. and Zhou, J. (2022), “Utilization methods and practice of abandoned mines and related rock
mechanics under the ecological and double carbon strategy in China - a comprehensive review’, Minerals, no. 12, 1065.
https://doi.org/10.3390/min12091065



https://doi.org/10.1051/e3sconf/201910900090
https://doi.org/10.31713/m1205
https://doi.org/10.1201/9781420040050
https://doi.org/10.31474/1999-981x-2016-2-166-171
https://doi.org/10.3390/min12091065

84  ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 169

11. Lysikov, B.A. (2002), “Prospects for the reuse of mined-out space in Ukrainian deposits”, Fiziko-tehnicheskie problemyi
gornogo proizvodstva, vol. 5, pp. 104-111.

12. Morklyanyk, B., Shapoval, V, Khalymendyk, O., Ivaskevych, O. and Lavreniuk, V. (2019), "Prospects for the use of under-
ground structures as a source of thermal energy”, Mining and Underground Construction, vol. 57, pp. 98-112.
https://doi.org/10.33271/crpnmu/57.098

13. Manca, P.P., Desogus, P. and Orrru, G. (2014), "The reuse of abandoned acquires mine voids for storage of the masua flo-
tation tailings", International Journal of Coal Science and Technology, vol.1, pp. 213-220. https://doi.org/10.1007/s40789-014-0030-5

14. Eastler, T.E. (2004), "Military use of underground terrain" in: Caldwell, D.R., Ehlen, J. and Harmon, R.S. (eds.), Stud-ies in
military geography and geology, Springer, Dordrecht, Germany, pp. 21-37. https://doi.org/10.1007/978-1-4020-3105-2_3

15. Underground factories - evidence of light everyday life, available at: https://www.pollawlife.com.ua/2022/03/blog-
post_17.htmI?m=1 (Accessed 5 May 2024).

16. Naryshkin, V.G. and Pchelkin, V.I. (2013), “The problem of selecting mine workings and caves for their use as protective
structures for a special period”, Tehnologii grazhdanskoy bezopasnosti, no 2, pp. 57-61.

17. Gysel, M. (1975), "In-situ stress measurements of the primary stress state in the Sonnenberg tunnel in Lucerne, Swit-
zerland", Recent Crustal Movements, Tectonophysics, vol. 29, pp. 301-314. https://doi.org/10.1016/B978-0-444-41420-5.50036-8

18. Yurchenko, V. and Sokolovsky, 1. (2023), "Ways of improving engineering and technical measures of civil protection of criti-
cal infrastructure objects under the conditions of a special period", Naukovyi visnyk: Derzhavne upravlinnia, no 1, pp. 292-312.

19. Mohammadi, H., Noroozi, M. and Eftekhari, M. (2013), "Techno-economic review on storage of petroleum products in
abandoned underground salt mines: A case study on underground salt mines of Sardareh region, Garmsar, Iran", International Jour-
nal of Mining Science and Technology, vol. 23, issue 6, pp. 931-936. https://doi.org/10.1016/.iimst.2013.11.009

20. Goldan, T., Danciu, C. and Nistor, C. (2010), "Touristic and medical facilities in Romanian salt mine cavities", Re-search
Journal of Agricultural Science, no 3, pp. 579-586.

21. Ozbakir, 0., Ocal, M. and Alma, M.H. (2021), "Post mining application: Tuzluca rock salt mine therapy center for health
tourism", Natural Resources and Conservation, vol. 9(1), pp. 1-7. https://doi.org/10.13189/nrc.2021.090101

22. Bezrukov, L., Virkajavi, A. and Enqvist, T. (2018), "New low-background laboratory in the Pyhasalmi mine, Finland", Phys-
ics of Particles and Nuclei, no 4, pp. 769-773. https://doi.org/10.1134/S1063779618040147

23. Coccia, E. (2010), "Underground laboratories: cosmic silence, loud science", Journal of Physics: Conference Series, vol.
P.203, 012023. https://doi.org/10.1088/1742-6596/203/1/012023

24. Jordan, D, Tain, J.L. and Algora, A. (2013), "Measurement of the neutron background at the Canfranc Underground La-
boratory LSC", Astroparticle Physics, vol. 42, pp. 1-6. https://doi.org/10.1016/].astropartphys.2012.11.007

25. Krukovskyii, O., Skipochka, S. and Serhiienko, V. (2024), Methodological manual on assessment of the technical condition
of underground dual-purpose structures and complex engineering measures for its improvement, IGTM NAS of Ukraine, Dnipro,
Ukraine.

26. Musienko, S.P. (2007), “Increase of watertightness of mine, underground and deepenings concrete and combined objects”,
Geo-Technical Mechanics, no. 73, pp. 164-170.

27. Musienko, S.P., Kucherenko, S.A. and Grebenyuk, S.D. (2009), “Some aspects of application of plug-back at erection of
geocomposit guard systems mountain making”, Geo-Technical Mechanics, no. 83, pp. 122-130.

About authors

Skipochka Serhii, Doctor of Technical Sciences (D.Sc.), Professor, Leading Researcher in Rock Mechanics Department, M.S.
Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine (IGTM of the NAS of Ukraine), Dnipro,
Ukraine, skipochka@ukr.net, ORCID 0000-0002-3996-5972.

Serhiienko Viktor, Candidate of Technical Sciences (Ph.D.), Senior Researcher, Senior Researcher in Rock Mechanics De-
partment, M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine (IGTM of the NAS of
Ukraine), Dnipro, Ukraine, viictorms@ukr.net, ORCID 0000-0002-7374-0654.

Musienko Serhii, Candidate of Technical Sciences (Ph.D.), Senior Researcher, Senior Researcher in Rock Mechanics De-
partment, M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine (IGTM of the NAS of
Ukraine), Dnipro, Ukraine, mspdop@i.ua, ORCID 0000-0003-2594-8554.

Prokhorets Liliia, Candidate of Technical Sciences (Ph.D.), Senior Researcher in Rock Mechanics Department, M.S. Poliakov
Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine (IGTM of the NAS of Ukraine), Dnipro, Ukraine,
prohoreclv@gmail.com, ORCID 0000-0002-3968-9873.

PEKOMEHOALII 3 BUKOPUCTAHHA MIA3EMHUX CNOPYQ NoaBIKHOIO
MPU3HAYEHHA B YKPAIHCBKUX PEANIAX
Ckinoyka C., CepeieHko B., Mycierko C., Npoxopeup J1.

AHoTauis. MeTa gaHoi poboTh — BUKOHATL aHani3 CBITOBOro A0CBiAy 6araTouinboBOr0 BUKOPUCTAHHS MiZ3EMHUX
CropyA i HagaTth pekomeHaaLii WoAo MOHITOPUHTY TEXHIYHOTO CTaHy Ta TEXHONOri PEMOHTHO-BIAHOBIOBaNbHUX POBIT
nia3eMHuMX i 3arnnbnexnx 06'ekTiB NOABINHOIO NPU3HAYEHHS ANS iX eKcnyaTallii B yMOBaX yKpaiHCbKUX peaniit. Poarns-
HYTO OCHOBHi Cthepy BUKOPWUCTaHHS NIA3EMHMX CMOPYA 3a [OAATKOBUM Mpu3HayeHHsM. 3okpema, ans obnagHaqHs


https://doi.org/10.33271/crpnmu/57.098
https://doi.org/10.1007/s40789-014-0030-5
https://doi.org/10.1007/978-1-4020-3105-2_3
https://www.pollawlife.com.ua/2022/03/blog-post_17.html?m=1
https://www.pollawlife.com.ua/2022/03/blog-post_17.html?m=1
https://doi.org/10.1016/B978-0-444-41420-5.50036-8
https://doi.org/10.1016/j.ijmst.2013.11.009
https://doi.org/10.13189/nrc.2021.090101
https://doi.org/10.1134/S1063779618040147
https://doi.org/10.1088/1742-6596/203/1/012023
https://doi.org/10.1016/j.astropartphys.2012.11.007
mailto:skipochka@ukr.net
mailto:viictorms@ukr.net
mailto:mspdop@i.ua

ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 169 85

CKMNaACbKMX MPUMILLEHDb, i30TEPMIMHMX BUPOBHULTB, crewiani3oBaHUX HaykoBO-AOCHIAHMX nabopaTopii, MeguyHux 3a-
Knagie 3 0cOBNMBMMM YMOBaMM, TYPUCTUYHUX 06'€KTIB. B yMOBaX BOEHHOTO CTaHy MiA3EMHi CNOpYAM BUKOPUCTOBYIOTLCS
TaKOX A1 YKPUTTS LMBINIEHOTO HACEMNeHHs!, opraHisalii BMpoObHMLTBA NPOAYKLiT 0GOPOHHOrO NMpU3HAYEHHS!, MPOBEAEHHS
MacoBWX KyNbTypHUX 3aXOiB, CTBOPEHHS NYHKTIB NS HafaHHs NepLuoi ONOMOrk NoTepninuM. BuaineHo ABi OCHOBHI
KaTeropii Mmig3eMHUX CropyA NOABIMHOMO Mpu3HayeHHs. [1o neplioi Hanexatb ripHudi BMPOBKM Ha BignpaLbOBaHKX
JinsHkax waxt. OCHOBHUMM BUMOramu 40 BUPOBOK € BENUKWIA MONEpeYHuii Nepepis, 3aA0BiNbHa NPUPOaHa CTINKICT,
BiOCYTHICTb LUKIANMBMX ra3iB B LWaXTHiM aTMocdepi, BiACYTHICTb 3arpo3un 3aTomneHHs. baxaHow € MOXNIMBICTb 3ai3ay
TpaHCNOPTHMX 3acobiB 3 3eMHOI NOBEPXHI 6e3nocepeaHbO A0 HeobXxigHOro ob'ekTa. BkasaHi BUMOrM peaniyloTbest ne-
PEBAXHO B LaxTax 3 BUOoBbyTKy HepyaHoi ByaisenbHOI cupoBuHW. [1o Apyroi kaTeropii Hanexatb Mig3eMHi FigpOTEXHiYHi
CMOPYAW, TPAHCMOPTHI TyHeNi, niaBanbHi NPUMILLEHHS MPOMMCIIOBMX MIANPUEMCTB Ta XKUTNOBKUX OyanHKIB. [ONOBHMMM
BMMOramu Mpu BUKOHAHHI Mig3eMHOI0 Cropyaoto JoAaTKOBUX (PYHKLiN € 3abesneyeHHs Ti NOBHOLHHOI ekcnnyaTauji 3a
OCHOBHUM NpKU3HAYEHHSM Ta CTBOPeHHs Ge3neyHnx yMoB Ans niogen 6es3 cnewjanbHX 3HaHb Ta HaBwkiB. [ns Bu3Ha-
YEHHSI MOXIMBOCTI PO3LIMPEHHS eKkcnnyaTayiiHnX MOXIMBOCTEN NiA3EMHMX COpya po3pobrieHo MeToauky ix obcte-
XeHHs. BoHa nepepnbavae BisyanbHy OLHKY CTaHy MOPOQHUX OrONEHb Ta KPINMEHHs!, BU3HAYEHHS MILHOCTI TPCHbKMX
nopig i 6eTOHY NepeBaXHO 3 BUKOPUCTAHHSIM HEPYWHIBHUX METOZIB KOHTPOIMO, BUSIBMEHHSI MOPOXHMH 3@ ODONOHKOH
nig3eMHOI Cropyau 3 BUKOPUCTaHHSAM BibpOaKyCTUYHOrO MeToay. B okpemux BUNaaKax BUKOHYIOTb KOHTPOSbHE BypiHHS.
MpucyTHICTL B NiA3eMHi Cnopyai NOABIMHOTO Npu3HaYeHHs Moaern 6e3 3acobiB iHAMBIAYaNbHOTO 3axWUCTy CTaBUTb
OinbLu BMCOKI BUMOTM O CTIMKOCTI cnopyad. [ns nOCUneHHs CTIMKOCTI ripHMymx BUpobok nepenbaveHo foaaTkose 3a-
KpinneHHs nokpieni BUPOBOK aHKepamu, HAaHECEHHS TOPKPETOETOHY Ha MOPOAHI OroMeHHs i MOBEPXHIO 3PYMHOBAHOMO
KpINMeHHs, CTBOPEHHS HaBICIB B MiCLISIX CKyNYeHHs ntogeit. MNiaBuLLeHHs CTIMKOCTI Nig3EMHMX CnopyA, Lo He NoB’s3aHi 3
BMAOOYTKOM KOPUCHWX KOMArmuH, OCAraeTbCs LWMSXOM MiLCUNEHHS Ta BCTAHOBINEHHS AOAATKOBUX HECYUMX KOHCTPYKLLA.
[Ansa noninwwexHs rigpoisonsyii nig3eMHoi cnopyan pekoMeHAOBAHO TaMMOHaX MOPOXHMH 3a 0BOMOHKO, NikBiaaLliio
DINbTPYHOUMX TPILLYMH, PEMOHT LUBIB MiX CEKLiSIMW KPINMEHHS Ta HAHECEHHS! NEHETPYIOHOTO NOKPUTTS.

KnioyoBi cnoBa: nig3emMHa cnopyga, noggiiHe NpU3HAYEHHS!, TEXHIYHI BUMOTW, OBCTEXEHHS, MiABMLLEHHS CTiil-
KOCTi, NOKpaLLeHHA rigpoionsuii





