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The reliability of the functioning of engineering and transportation networks largely
depends on the technical condition of their structural facilities. For example, in many
design solutions for pumping stations in water supply, sewage, and heating networks,
significant attention is paid to the compact use of the internal space of technological
rooms. This is due to the need to accommodate large-sized technological equipment in
these rooms, as well as to install a complex pipeline system in accordance with the
operational scheme of the pumping station. Therefore, the use of columns in such spaces
aligns well with the requirements for the reliable operation of engineering networks
because it: ensures the technological requirements for the operation of the pumping
station; facilitates the relocation, repair, and replacement of large-scale technological
equipment and the installation of complex pipeline systems during modernization,
reconstruction, or restoration after damage, while considering changes to the system's
operational scheme. In this regard, the mechanical properties of concrete made with
ordinary Portland cement, microsilica, and the SP-1 superplasticizer have been studied
for its potential use as a high-strength material in reinforcing the load-bearing concrete
structures, specifically the columns of engineering structures within engineering and
transportation networks. These include pumping stations in water supply, sewage, and
heating networks; district heating plants; bridges; and pedestrian overpasses. The
concrete mix was developed to construct reinforced concrete jackets for strengthening
damaged column structures. This technology has significant advantages for constructing
column structures in terms of their resilience during shelling, particularly in terms of
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execution speed, strength, reliability, and protection from various external impacts during
such events. When performing research, first, mixing water, SP-1 additive, Portland
cement and microsilica (from 0 to 10 %) were sequentially introduced, later they were
combined with a dosed amount of quartz sand and granite crushed stone in an ordinary
concrete mixer. The compressive strength of concrete was determined according to DSTU
B V.2.7-214:2009. Experimental data showed that by varying the selected factors, it is
possible to increase the strength of concrete in the initial period when it is doubled in
compression.

Haoitinicmo ¢ynxyionysanms insceHepHux, mpaHcnopmHux Mepexc 3HaA4HO0 Mipoo
3anexcums 8i0 MeXHIUHO20 Cmawny ix iHoceHnepHux cnopyo. Hanpuxiao, y 6acamvox
NAAHYBANLHUX PIWEHHAX HACOCHUX CMAHYill Mepedc B8000NOCMAYaHHs, Kananizayii,
MenionoCMaiants 3HA4YHA Y8aza 30CepeodCYEmbCs HA KOMNAKMHOMY BUKOPUCHAHHI
SHYMPIWHBLO20 NPOCMOPY MEXHON02IMHUX npuminjens. Ile nos’azano 3 nompeboro
PO3MAULYBAHHA Y MAKUX NPUMIUEHHAX MEXHON02IYH020 0ONAOHAHHS 8EIUKUX 2a0apumis,
a MakKoxc 61AUMY6anHs CKIAOHOI cucmemu mpyoonpoeooié 8i0noeioHo 00 NPUHYUNOBOT
cxemu pobomu Hacochoi cmanyii. Tomy eukopucmawnHs KOJIOH Yy MAKUX NPUMIUYEHHSX
000pe 8I0N0sioae GUMO2aM HAOIUHOI eKCHAYamayii HHCEHePHUX Mepedc, OCKLIbKU:
00360/15€ 3a0e3neyumu MexHoI02IuHI 8uMo2Uu 00 pobOmuU HACOCHOI cmanyii; nio yac
MOoOepHi3ayii, peKOHCMPYKYIi, BIOHOGIEHHA NiCA PYUHYB8AHHA HACOCHOT CMAHYTi cmeopoe
ModHCIUBOCMI Ol nepeMilyeHHs, PeMOHMY, 3AMiHU MEeXHONI02IUHO20 00NAOHAHHS BETUKUX
eabapumie ma MoXfCIUBOCHMI ONIA MOHMAJCY CKAAOHUX cucmem mpybonpoeodis,
8PAX08YI0YU NOMPEOU 3MIHU NPUHYUNOBOT cXeMu cucmemu. Y 36 3Ky 3 YuM, 00CIONCEHO
MexaHiyni enacmueocmi OGemony Ha 36UHAUHOMY NOPMAAHOYEMEeHmi 3 0006a6KOI0
MiKpokpemnesemy ma cynepnaacmugikamopa CII-1 0na modcaueocmi 3acmocysanisi
11020 8 AKOCMI BUCOKOMIYHO20 NPU NIOCUNEHHI 3a1I300EMOHHUX HECYUUX KOHCMPYKYIl, a
came KOJIOH [HICEHEePHUX CROPYO THIICEHEPHUX, MPAHCNOPIMHUX Mepedic (HACOCHT cmaHyii
Mepedic 6000NOCMaianis, Kananizayii, menionocmaianis, paionni KOmensHi, Mocmu ma
Hao3emHi niwoxioni nepexoou). Cknad 6emouy po3poOaaéca 014 61AWMYE8AHHSA
3a1i300eMOHHUX 000UM 018 RNIOCUNEHH KOHCMPYKYIU NOwKoOx ceHux KonoH. Taka
MeXHON02IA Mae BaXCIU6l nepesazu ONi GIAWMYEAHHA KOHCMPYKYIL KONOH U000
Ccmitikocmi KOHCMPYKYiti KOJIOH npu 0OCMpinax, 30Kkpema — 3a WEUOKICMIO GUKOHAHHS,
Miynicmio, HAOIUHICMIO, 3aXUcmy 8i0 pi3Ho20 poody 308HIWHIX GNAUGIE NpU O0OCMPINAX.
IIpu 6ukonanmi 0OCHIONCEHb CROYAMKY NOCTIO06HO 8600ULU 800y 3AMIULYBANHS, 000ABKY
CII-1, nopmaanoyemenm ma mixpokpemmuesem (8io 0 0o 10%), 32000m 8oHu noconysanacs
3 8I000308AHOI0 KINLKICMIO K8APYOB020 MICKY | 2PAHIMHO20 WeOeHi0 8 OpOUHAPHOMY
b6emonosmiutysaui. Miynicme Oemony ma cmuck eusnauanacs sziono [JCTY B B.2.7-
214:2009. ExcnepumeHmanvHi Oaui NOKA3AMY, WO 6apirouU 0OpaHumu Gaxmopamu
MOAHCTIUBO 30INLUUMU MiYHICMb DEMOHY 8 NOYAMKOBUL NePiod HA CIMUCK YOBIYi.

Keywords: reconstruction, structures, column, strengthening, high-strength
concrete, operation, research methodology, engineering and transport networks.

Kniouosi crosa: pexoncmpykyis, cnopyou, KOAOHA, NIOCUNEHHS, SUCOKOMIYHULL
bemoH, ekcnayamayis, Memooon02isi 00CIONCe b, IHICEHePHT | MPAHCNOPMHI Mepedic.
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Problem statement. Modern operating conditions of Ukraine's critical
infrastructure, including engineering structures of utility and transportation
networks, have posed additional challenges for the construction industry. The
destruction of critical infrastructure due to ongoing shelling necessitates urgent
intervention—repairs and reconstruction with reinforcement of the load-bearing
structures of these engineering facilities. Military actions result in damage or
destruction of structures across various categories, including residential
buildings, social infrastructure, industrial facilities, and engineering structures.
Nevertheless, the swift restoration of the functionality of utility and transportation
networks is a top priority, as it critically impact the country’'s economy, defense
capabilities, and the living conditions of its population. Considering the
operational characteristics of utility and transportation networks, most of their
engineering structures are technically difficult or impossible to relocate or
reconstruct promptly. Therefore, one of the most effective construction solutions
in cases where engineering structures are damaged or partially destroyed is to
ensure their rapid restoration. Maintaining the strength and reliability of these
structural components is a critical requirement for the restoration technology.
This challenge is often compounded by adverse weather conditions, such as heat,
frost, or precipitation, which exacerbate the effects of shelling. Damage or
destruction of structures may result from one or several factors of various origins,
including physical-mechanical and chemical impacts, such as blows, explosions,
heat and fire, chemical degradation, and dynamic loads.

Construction structures based on cement, concrete, and reinforced concrete
are the most widespread in construction and at the same time one of the most
resistant, in terms of strength and reliability, to external influences of various
origins. This is also confirmed by the prevalence of their use in various concrete
reinforcements and products. Therefore, despite certain disadvantages, the use of
cement and concrete is one of the best solutions for strengthening reinforced
concrete columns damaged as a result of shelling, as well as for ensuring their
protection during the operation of facilities in engineering and transportation
networks. Such structures of urban critical infrastructure, the structural scheme of
most of which includes reinforced concrete columns, in particular, include:
pumping stations of water supply, sewage, heating networks; district heating
plants; bridges and bridge crossings.

Thus, since the main structures of columns of modern facilities in
engineering and transportation networks are mainly made of concrete and
monolithic reinforced concrete [1], and in connection with the increased
requirements for their stability during shelling, special attention should be paid to
their strengthening after damage or partial destruction using technologies for
strengthening columns based on high-strength concrete. Therefore, the relevant
research task is the development of the composition of such high-strength
concrete. To determine the further possibility and feasibility of reinforcing a
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column, selecting appropriate methods and techniques and performing
engineering calculations, it is necessary to take into account not only the physical-
mechanical, chemical or other features characteristic of a specific method and
process of destruction but also the actual condition of the structure and the
conditions (factors) of external environmental impact during the subsequent
operation of the column structure [2-4].

Analysis of literary data and problem statement. The study of methods
for strengthening reinforced concrete structures, as well as the reasons that led to
the need for reinforcement, has been the subject of numerous works [5-11 et al.].
The installation of a shell with an additional reinforcement layer increases the
thickness of the column, provides a complex combination of strength, rigidity,
and plasticity of the column structures and the framework of the facility, and
creates additional loads on the foundations. In particular, shotcrete reinforcement
during reconstruction with reinforcement allows for maximum preservation of
existing structures and ensures their efficient operation with minimal work
duration. When designing the concrete mix for shotcrete, it is necessary to
consider several factors, such as the ratio of cement to fillers, granulometric
composition, equipment characteristics, preparation method, etc. [12-21].

The aim of the article: to study high-strength concrete designed for
strengthening reinforced concrete columns of engineering structures damaged
during shelling, based on the reconstruction conditions required for the
operational restoration of the functionality of engineering and transportation
networks. The main objectives: to investigate the composition and mechanical
characteristics of high-strength concrete based on ordinary Portland cement,
intended for shotcreting reinforced concrete columns of engineering structures
damaged during shelling, considering the reconstruction conditions necessary for
the operational restoration of the functionality of engineering and transportation
networks.

Materials and Methods. Portland cement was prepared by grinding clinker
with gypsum stone to specific surface areas of 300, 400, and 500 m*kg.
Microsilica (from 0 to 10 %) from the Nikopol Ferroalloy Plant was used as an
active additive in the studies. The SP-1 plasticizer, in the amount of 1%
(calculated on a dry matter basis) of the binder mass, was used to plasticize the
concrete mixture. Quartz sand with M = 2.2 and granite crushed stone were used
as aggregates. Initially, water for mixing, SP-1 additive, Portland cement, and
microsilica were sequentially introduced, and then these were mixed with a dosed
amount of quartz sand and granite crushed stone in a conventional concrete mixer.
Concrete compressive strength was determined according to [22].
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Results. The accepted composition and strength of high-strength concrete
based on ordinary Portland cement were experimentally studied for its suitability
for shotcreting reinforced concrete columns of engineering structures damaged
during shelling. To obtain high-strength concrete, the binder was modified with
an organo-mineral additive. The following factors were used in the experiment:
X1 — the microsilica (MS) content in Portland cement (by weight) — 5+5 %; X2 —
the binder content in concrete — 450+100 kg/m?; x3 — the specific surface area (Ss)
of Portland cement — 400+£100 m*kg. The amount of SP-1 superplasticizer was
set at 1 %. The results of the research on the mechanical properties of concrete at
the ages of 3, 7, and 28 days are presented in Table 1. Achievement of concrete
strength (up to 40 MPa) at 3 days of age with 10% microsilica content and the
presence of SP-1, makes it suitable for repair, including strengthening load-
bearing structures. As shown in table 1, by the 7th day, the concrete strength
increases almost twice, and by the 28th day, it reaches a value of
f ck.cube =88.4 MPa.

Table 1
Mechanical characteristics of concrete aged 3, 7 and 28 days

Levels | < | Binder |Spec.surf.area| Compressive strength

No | ofvar. | o lconsumpt.,| of cement indicators, f ck.cube, MPa

x1|x2|xs| = kg/m? Ss, m?/kg 3 days | 7 days | 28 days
1]-{-(-]0 350 300 18.6 | 295 43.6
2 |+|-]-]10 350 300 238 | 421 52.3
3 |- -1 0 550 300 269 | 451 53.9
4 |+ - | 10 550 300 295 | 543 69.5
51-|-]+|0 350 500 248 | 3438 52.7
6 |+|-[+]10 350 500 276 | 40.8 64,3
7 -]+[+] 0 550 500 29.1 | 60.9 72.8
8 |+|+|+]10 550 500 374 | 69.6 88.4
9 1|-/0{0]| O 450 400 286 | 47.3 64.9
10|+|0]|0| 10 450 400 36.2 | 60.1 81.4
1110(-]0| 5 350 400 269 | 525 61.6
12|0|+|0]| 5 550 400 329 | 623 75.2
13|0(0|-| 5 450 300 269 | 40.7 53.9
1410(0|+| 5 450 500 30.0 | 482 58.1
1510(0|0| 5 450 400 322 | 56.6 73.4
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Conclusions. In the current conditions of constant threats of shelling of
critical infrastructure objects, significant attention is paid to the rapid restoration
of engineering and transportation networks. In particular, the rapid restoration of
reinforced concrete columns of engineering structures (pumping stations of water
supply, sewage, and heating networks; district boiler houses; bridges and overpass
pedestrian crossings) damaged during shelling can be carried out by strengthening
their structures with shotcreting high-strength concrete. This also promotes the
rapid restoration of equipment and pipelines located in damaged rooms of
engineering structures in engineering networks. In this regard, the experiments
have established that the main conditions for obtaining high-strength concrete are
the use of highly active binders, large and fine aggregates of appropriate quality,
with the use of plasticizers and micro-fillers. The addition of microsilica and SP-
1 superplasticizer allows the production of heavy concrete classes
C32/40...C70/85 with a binder consumption ranging from 350 to 550 kg/m?.

Further research will focus on the specifics of the shotcreting technology of
reinforced concrete columns of engineering structures damaged during shelling
using the concrete of the investigated composition.
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