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Diagnostics of load-bearing building structures of construction industry
enterprises operating under the influence of technological fluids

Diagnosing load-bearing structures in construction industry enterprises exposed to technological fluids presents a unique set of
challenges. These fluids, ranging from corrosive chemicals to abrasive slurries, can significantly accelerate the deterioration of
concrete, steel, and other building materials. Effective diagnostics require a multi-faceted approach that considers the specific
fluids involved, their concentration, temperature, and exposure duration. Visual inspections, supplemented by non-destructive
testing (NDT) methods like ultrasonic testing, ground-penetrating radar, and impact-echo, are crucial for identifying hidden
damage such as corrosion, cracking, and delamination. Furthermore, material sampling and laboratory analysis provide a
definitive assessment of the extent of chemical attack and its impact on the structural integrity. Ultimately, a comprehensive
diagnostic program enables informed decisions regarding repair, rehabilitation, or even replacement of affected structures,
ensuring the safety and operational continuity of the enterprise.
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Introduction

Operation of building structures in an industrial
environment, especially at construction industry
enterprises, is often accompanied by the influence of
aggressive technological fluids. These fluids,
depending on their chemical composition, can initiate
corrosion processes of metal elements, destruction of
concrete, and other materials, which leads to a decrease
in the load-bearing capacity and durability of
structures. Therefore, timely and accurate diagnostics
of the technical condition of load-bearing structures
operating in such conditions is extremely important for
ensuring safe and wuninterrupted operation of
enterprises.

Review of the research sources and publications
The results and methods of diagnostics of load-bearing

building structures of construction industry enterprises
operating under the influence of technological fluids
are presented in the works of leading scientists [1-11].

Definition of unsolved aspects of the problem

The problem of diagnostics of load-bearing building
structures operated in aggressive environments remains
relevant and multifaceted, despite significant progress
in this field. One of the key unresolved aspects is the
insufficient accuracy and reliability of existing
diagnostic methods, especially in the early stages of
damage. Traditional methods, such as visual inspection
or measurement of geometric parameters, are often
unable to detect hidden defects or microcracks, which
are precursors of more serious damage. In addition, the
influence of combinations of various aggressive factors
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(chemicals, temperature fluctuations, humidity,
biological corrosion) on the durability of structural
materials has not been sufficiently studied. This makes
it difficult to predict their residual strength and safety.

Another important aspect is the need to develop more
effective and cost-effective methods for monitoring the
condition of structures in real time. Existing methods
are often labor-intensive, require specialized equipment
and qualified personnel, which makes their application
limited. Diagnostics of structures located in hard-to-
reach places or those that are already in a state of
emergency is also a significant challenge. For such
cases, innovative approaches are needed, such as the
use of unmanned aerial vehicles, remote sensing
sensors and intelligent data analysis systems.

Finally, the lack of comprehensive models for
predicting the durability of structures that would take
into account the specifics of aggressive environments
and the behavior of various materials is a significant
problem. It is necessary to develop models that would
be based on a deep understanding of the mechanisms of
destruction and would take into account the uncertainty
and variability of aggressive factors. Only by
addressing these unresolved aspects will it be possible
to ensure reliable and safe operation of building
structures in difficult conditions.

Problem statement

The aim of the work is a comprehensive diagnostics
of load-bearing building structures of construction
industry enterprises operated under conditions of
exposure to technological fluids. This involves the
detection and assessment of defects, damage and
changes in the physical and mechanical properties of
materials caused by an aggressive environment. The
results of the diagnostics will serve as the basis for the
development of substantiated decisions on ensuring the
reliability and durability of buildings and structures, as
well as optimizing strategies for their repair and
strengthening.

Basic material and results

To ensure reliable and safe operation of buildings and
structures, especially those in contact with aggressive
process fluids, it is critically important to have a high-
quality diagnosis of the condition of their load-bearing
structures. The impact of these fluids can cause
corrosion, erosion, cracking and other types of damage,
which over time weaken structures and can lead to
emergency situations. Therefore, there are various
diagnostic methods that allow you to identify potential
problems at an early stage and take the necessary
measures to prevent their development.

These diagnostic methods can be conditionally
divided into several categories, depending on the
principle of their action. The first includes visual
methods, such as inspection of structures, measurement
of cracks, fixation of deformations, which allows to
detect obvious damage. This is followed by non-
destructive inspection methods, which include
ultrasonic inspection, radiography, acoustic emission
and others, which allow to assess the internal structure

of the material and detect hidden defects without
damaging the structure. Finally, destructive methods,
which include the selection of material samples for
laboratory research (analysis of chemical composition,
mechanical tests), allow to obtain detailed information
about the properties of the material and the degree of its
damage.

The combination of various diagnostic methods,
depending on the specific conditions and types of
structures, provides a comprehensive assessment of the
condition of load-bearing elements. The choice of
methods, their sequence and scope of research are
determined individually, taking into account the type of
technological fluid, structural materials, as well as the
requirements of regulatory documents. Regular and
comprehensive diagnostics is a necessary condition for
maintaining the durability and safety of structures
operated under the influence of technological fluids.

One of the types of construction industry enterprises
operating under the influence of technological fluids is
water treatment buildings in the water supply system.

If we consider the Poltava region, namely the
Kremenchuk district, the source of the water supply
system is the Kremenchuk reservoir on the Dnipro
River. The Vlasivka water intake, which is located in
the village of Vlasivka, takes in Dnipro water from the
reservoir (Fig. 1), which then enters the microfiltration
on drum microfilters. Water is taken from the reservoir
by two siphon pipelines with a diameter of 1200 mm,
which pass through the body of the earthen dam. The
water intake head is placed in the reservoir at a distance
of 320 m from the dam. The head is located at a depth
of 14 m from the water surface.

After passing through the microfilters, the Dnieper
water enters the 1st lifting pumping station, which
supplies it through 3 parallel pipelines to the
distribution chamber on the territory of the water
treatment facilities (WTP). In the distribution chamber,
water is divided into 2 directions. In the first direction,
water is supplied to the water treatment facilities for the
production of drinking water. Then, drinking water is
supplied by the 2nd lifting pumping station to the water
supply network of the city of Kremenchuk. In the
second direction, the Dnieper water is supplied through
separate water mains to the enterprises of the Northern
Industrial Complex as technical water.

If we consider the general characteristics of the
technological process of drinking water preparation, we
can distinguish two technological lines:

The main stages of the first stage of wastewater
treatment.

1. Mixing reagents with water:

- "Amopol" - ammonization;

- liquid chlorine - primary chlorination;

- coagulant - coagulation.

2. Clarification of water in horizontal clarifiers (HV).

3. Filtration of settled water on rapid filters (RF).

4. Secondary chlorination in the clean water tank
(RCV) of the Ist stage.
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Figure 1 — Plan of water supply networks of buildings and structures of the city of Kremenchuk

The main stages of the second stage of wastewater
treatment:

1. Feeding "Amopol" before microfilters.

2. Filtration through microfilters (MF).

3. Mixing reagents with water:

- liquid chlorine - primary chlorination;

- coagulant - coagulation.

4. Contact lighting.

5. Secondary chlorination in the clean water tank
(PWT) of the second stage.

The water treated with reagents is supplied through a
pipeline to the filtration hall of contact clarifiers (CL),
where the water purification process by contact clarifier
method takes place in the intergranular space of the
filter material.

The regeneration of the filtering load is carried out in
accordance with generally accepted requirements. The
supply of washing drinking water is carried out through
a drainage tubular system from bottom to top. The
washing water is discharged into the industrial sewage
system with subsequent discharge into the Sukhyi
Kagamlyk River without preliminary treatment.

The CL filtrate enters the collecting collector, where
a chlorine water solution is supplied (secondary
chlorination), and then into clean water tanks, from
where it is supplied to the city's water supply networks
by pumps of the 2nd lifting pumping station (No. 6 on
the plan).

The authors conducted a technical condition survey
and developed recommendations for further
reconstruction of the building structures of the block of
contact illuminants of the water treatment plant section
of the water supply system of the
Kremenchukvodokanal enterprise of the Kremenchuk
City Council of the Kremenchuk district of the Poltava
region.

The load-bearing and enclosing structures of the
building were subject to inspection.

The building of the contact lighting unit of the water
treatment plant section is a frame structure with overall
dimensions of 36x66.5 m, consisting of two
longitudinal runs and a transverse run. The runs in the
axes G-Zh (1-10) and Zh-K (1-10) are 18 m wide, the
transverse run in the axes 11-13 (G-K) is 12 m wide.

The step of the extreme and middle columns is 6 m.
The general view of the building is shown
in Fig. 2.

In the spans in the axes G-Zh (1-10) and Zh-K (1-10),
contact illuminators are located, in the axes E-Z, a
technological platform was covered at the mark +3.900
for the hall of contact illuminators (Fig. 2), under which
a pipeline gallery is located.

After a thorough analysis of defects and damage to
building structures, the following categories were
separated:

The first is
structures.

The reinforced concrete columns of the middle and
outer rows have longitudinal cracks in the protective
concrete layer, local spalling of the protective concrete
layer, significant areas of destruction of the protective
concrete layer, and corrosion damage to the working
longitudinal reinforcement (Figs. 3 -5), which requires
reinforcement.

The general condition of the reinforced concrete
columns is condition 3 - "unsuitable for normal
operation." The second is metal elements and
structures.

Metal half-timbered columns made of two channels
No. 20 are significantly corroded, in the lower part of
the column in the space between the channels, debris
and remains of corroded metal have accumulated
(Fig. 6), which requires reinforcement, cleaning from

load-bearing reinforced concrete
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traces of corrosion, and restoration of the paint and The general condition of the metal half-timbered
varnish protective coating. columns is condition 3 - "unsuitable for normal
operation."

Figure 2 — General view of the building

Figure 3 — Damage to reinforced concrete columns of the middle row

Figure 4 — Damage to reinforced concrete columns of the outer rows
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Figure 6 — Dam;gé

The third is wall enclosing structures.

Wall enclosing structures — wall panels and window
partitions made of aerated concrete masonry — were
exposed to moisture both from the outside and from the
inside of the building due to waterlogging from
overflows through the parapet of precipitation due to
freezing of pipes and drains of the drainage system and
due to moisture condensation inside the room. The
result is the destruction and delamination of the plaster
layer on the masonry and on the panels, frost damage
to the aerated concrete masonry, destruction of the
protective layer of concrete on the panels with exposed
reinforcement, corrosion of the reinforcement up to 2
mm, the formation of through holes in the panels,
masonry and, especially, at their edges (Fig. 7). It is
recommended to restore the protective plastering of the
building's enclosing wall structures (internal and
external), to restore the protective paint coating.

The general condition of the wall enclosing structures
is condition 3 - "unsuitable for normal operation."

to half-timbered columns and metal embedded parts

Conclusions

There are several effective methods for strengthening
reinforced concrete columns, each with its own
advantages and used depending on the specific
situation. Among the most common are a metal angle
and strip cage, increasing the cross-section with
concrete with additional reinforcement, and the use of
composite materials such as carbon fiber.

The choice of a specific strengthening method
depends on many factors, including the degree of
damage to the column, the amount of required increase
in load-bearing capacity, space constraints, and
economic feasibility.

Reinforcement of steel columns is an important
process in ensuring the durability and reliability of
building structures. Over time, steel columns can lose
their load-bearing capacity due to corrosion,
mechanical damage, or increased loads on the building.
Reinforcement allows you to restore or even exceed the
original characteristics of the column, extending its
service life and preventing emergency situations.
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There are several methods for strengthening steel
columns, each of which is selected depending on the
specific conditions and requirements of the project. The
most common are the addition of ste

verlays (plates

or angles), the use of composite materials (for example,
carbon fiber), and increasing the column cross-section
by welding or bolting.

Figure 7 — Damage to wall panels

Effective reinforcement of wall structures not only
ensures the safety and durability of the building, but can
also significantly extend its service life, avoiding the
costly dismantling and construction of new walls.

In general, the choice of the optimal method depends
on the existing condition of both the structural elements
and the building as a whole, the required degree of
reinforcement, economic feasibility and impact on the
functioning of the building during the work.

An important condition for successful reinforcement
is a thorough diagnosis of the existing condition,
identification of the causes of damage and correct
calculation of the necessary reinforcement parameters.

Also, it is critical to adhere to the technology of work
execution and use of quality materials to ensure the
durability and reliability of the reinforced structure.
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JliarHoCTHKA HeCcy4YHuX OyaiBeJbHUX KOHCTPYKUIN MiANPUEMCTB
OyaiBeJIbHOI iHAYCTPIl, [0 NPALIOIOTH Mil BIVIMBOM TEXHOJIOTIYHUX PiAMH

JiarHoCTyBaHHS HECy4nX KOHCTPYKIIiH Ha MAIPAEMCTBaX OyAiBEIbHOI Tary3i, sIKi i IIal0ThCS BIUTHBY TEXHOJIOTIYHUX PiTUH,
IpeCTaBIIse YHIKAIbHUI KOMIUTEKC 3aBaHb. L{i pianHu, Bix KOPO3iiiHUX XiMiKaTiB 10 abpa3uBHUX CYCIEH31i, MOXKYTh 3HAYHO

NPUCKOPUTH pyHHYBaHHA O€TOHY, cTami Ta IHIIMX OyXiBEeNBHUX Marepiaiib.

EdexTuBHa MdiarHOCTHKA BHMarae

6araToCTOPOHHBOTO MiJXOMy, SIKMl BpaXxOBY€ KOHKPETHI PiIWHH, TX KOHIEHTpALilo, TeMIlepaTypy Ta TPUBAIICTb BILIHBY.
BisyanbHi nepeBipKkH, JOMOBHEHI TAKIMH METOAaMH HEPYHHIBHOTO KOHTPOJIIO, SIK YJIbTPa3ByKOBHUI KOHTPOIIb, reopaap i exo-
CHTHAJ, MalOTh BHUpILIaNbHE 3HAYEHHS /Ul BHUSBJICHHS NPUXOBAHHMX IMOLIKO/DKEHb, TAKHX SIK KOPO3is, PO3TPICKYBaHHS Ta
posmapyBanHa. KpiMm Toro, BinOip mpo0 marepianxy Ta JabopaTOpHHUI aHaii3 3a0e3MeuyroTh OCTATOYHY OI[IHKY CTYICHS
XIMI9HOTO BIUIMBY Ta HOTO BIUIMBY Ha IUTICHICTH KOHCTPYKIii. 3pemToro, KOMIUIEKCHA IPOTpaMa JiarHOCTHKA JO3BOJISIE
NpUAMaTH OOTPYHTOBaHI pIMIEHHS IIOJO PEMOHTY, BIIHOBICHHS a00 HaBITh 3aMiHU IIOIIKO/DKEHHX KOHCTPYKIIIH,
3abe3neuyodn O6e3neKy Ta Oe3mepepBHiCTh POOOTH MiANPHEMCTBA.

KirouoBi ciioBa: OyziBenbHi KOHCTPYKIIi, TEXHIYHUHA CTaH, MiICUICHHS.
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