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Abstract. The study aimed to investigate the role of corrosion damage to corrugated metal pipes in determining
the durability, technical condition and operational reliability of transport structures. The methodology was based on
methods of systematisation, engineering and theoretical analysis, illustrative calculation, and the analysis of practical
examples. The study established that the corrosive degradation of metal corrugated pipes is predominantly of an
electrochemical nature and is determined by the aggressiveness of the soil and water environments. Localised corrosion
poses the greatest danger to such structures, as it reduces the shell’s stiffness, local stability and the structure’s remaining
service life. In underground and water-saturated conditions, corrosion is accelerated by wetting-drying cycles, which
destroy the protective coating and increase the metal’s vulnerability. Stray currents in the vicinity of electrified transport
systems constitute a separate man-made risk factor, causing localised anodic areas and accelerated metal damage.
The study demonstrated that the corrosion resistance of metal corrugated pipes should be assessed not only by the
aggressiveness of the environment, but also by a system of quantitative indicators reflecting the rate of metal loss, local
damage, changes in stiffness and the residual service life of the structure. Quantitative assessment based on Faraday’s
law has shown that even a relatively small loss of wall thickness is of engineering significance, as it affects the durability,
technical condition and operational safety of the transport structure. An engineering approach is proposed for the
assessment of the corrosion degradation of corrugated metal pipes based on a corrosion weakening coefficient, which
characterises the relative loss of thickness of the metal shell and its approach to a critical state. A simplified relationship
linking the initial thickness, critical thickness and corrosion rate is used for the engineering assessment of the remaining
service life. The practical significance lies in the possibility of applying the results by designers, operating organisations
and diagnostic specialists during the design, operation, inspection and rehabilitation of corrugated metal pipes in
transport structures
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Introduction

Corrugated metal pipes are used in transport infrastruc-
ture as culverts, drainage structures and transition struc-
tures; consequently, their technical condition affects the
reliability and safety of transport infrastructure. At the
same time, such structures are operated in conditions of
aggressive soil and water environments, cyclic wetting
and drying, and in some cases are also subject to stray
currents. The combined effect of these factors requires

separate consideration, as this effect determines the in-
tensity of corrosion degradation and must be addressed
in the analysis of the durability, technical condition and
methods of protection for such structures. This topic has
already been extensively explored in academic discourse.
The paper by E.M. Farahani et al. (2024) summarises the
21st-century definition of corrosion in steel pipelines
under cathodic protection when exposed to alternating
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current. The authors emphasised that the influence of
alternating current can cause significant corrosion dam-
age to buried metal structures even in the presence of ca-
thodic protection. This indicates the need to account for
the influence of alternating stray currents when assessing
corrosion risk and the effectiveness of cathodic protection
systems. C. Wang ef al. (2024a) proposed a model for as-
sessing the area of influence of stray currents in the vicini-
ty of a metro depot, which is based on current distribution
and surface potential gradient and has been verified by
modelling and experimentation. The results obtained can
improve accuracy of localisation of areas of increased cor-
rosion risk near electrified transport systems. The study
by Y. Li et al. (2023) established that in stratified soil, the
current corrosion of buried metal is less intense than in a
homogeneous medium, decreases with an increase in the
soil’s specific resistance, and intensifies with a decrease in
the distance to the rail. This contributes to the research on
the role of the soil environment in the development of cor-
rosion ofburied metal under the influence of stray currents.

According to S. Rossi et al. (2022), elevated concentra-
tions of chlorides and sulphates accelerate the degradation
of the zinc coating on hot-dip galvanised steel, and their
combined action has a pronounced synergistic effect. The
authors’ findings clarified the role of soil chemical com-
position in reducing the corrosion resistance of galvanised
steel. In turn, the study by G.A. Gaber et al. (2023) demon-
strates that in an aqueous environment, galvanised steel
may be subject to pitting, galvanic and uniform corrosion,
and the nature of the damage is determined by the con-
centration of active components, in particular sodium hy-
pochlorite. This clarifies the influence of the composition
of the aqueous environment on the corrosion behaviour
of galvanised steel under conditions of wetting and water
saturation. J.E. Torres et al. (2024) found that in simulated
seawater, the corrosion behaviour of galvanised steel de-
pends on the ambient temperature and the thickness of
the zinc coating: as the thickness of the protective layer in-
creases, the corrosion rate decreases, whilst at lower tem-
peratures the kinetics of the process increase slightly. This
approach quantifies the influence of temperature and the
condition of the zinc coating on the corrosion resistance
of galvanised steel. A study by E. Nakhostin et al. (2022)
found that the combination of metal corrosion and ero-
sion cavities in the soil alters the mechanical behaviour
of buried corrugated steel pipes, and that the location
of cavities at or above the spring line increases the risk
of reaching critical conditions. This defines corrosion of
corrugated metal pipes not merely as a materials science
issue, but as a factor in the structural degradation of the
“soil-structure” system, affecting the stiffness, load-bear-
ing capacity and durability of the structure.

In Ukrainian academic discourse, Y.Y. Luchko &
V.V. Kovalchuk (2021) summarised the challenges of en-
suring the reliability and durability of transport structures
made of corrugated metal and emphasised the need to
assess their actual technical condition under operation-
al conditions. This forms the engineering context for
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considering corrugated metal pipes as elements of trans-
port infrastructure, the technical condition of which re-
quires systematic monitoring. M.V. Harkusha (2023) noted
that corrosion damage to road culverts is one of the causes
of their loss of serviceability and the transition of struc-
tures to a defective or emergency condition, and attention
is drawn to the importance of modern 21st-century repair
technologies. The authors’ findings highlight the prac-
tical need for timely diagnosis of corrosion degradation,
assessment of the actual technical condition of the pipes,
and the informed selection of methods for the repair and
restoration of such structures.

At the same time, existing studies lack a comprehen-
sive analysis in which aggressive environments and stray
currents are considered jointly as factors in the corrosion
degradation of corrugated metal pipes, affecting their
technical condition, service life, operational reliability,
remaining service life, and the selection of engineering
measures for protection and rehabilitation. Therefore, the
study aimed to summarise the factors and mechanisms
of corrosion degradation of metal corrugated pipes to
determine their impact on the durability and reliability
of transport structures. To achieve this aim, the following
tasks were set: to characterise the factors and mechanisms
of corrosion degradation of metal corrugated pipes in ag-
gressive environments and under the influence of stray
currents; to systematise approaches to assessing corro-
sion resistance, its quantitative indicators and engineer-
ing significance for transport structures; to summarise the
practical manifestations of corrosion degradation and en-
gineering solutions for reinforcement and rehabilitation
to determine approaches to ensuring the durability of cor-
rugated metal pipes at the design, construction, operation
and repair stages.

The scientific novelty of the study is determined by
the proposal of an engineering approach to assessing the
corrosion degradation of corrugated metal pipes, based
on the introduction of a corrosion weakening coefficient
and its relationship to changes in the shell stiffness and
the residual service life of the structure. An approach to
assessing corrosion resistance has been developed by
combining the electrochemical parameters of the corro-
sion process with engineering indicators of technical con-
dition - thickness loss, critical thickness and estimated re-
maining service life. Further development has been made
in the engineering interpretation of the impact of metal
loss on the structural behaviour of the “soil-structure”
system, which provides a basis for the quantitative assess-
ment of the technical condition and the justification of de-
cisions regarding the rehabilitation of the structure.

Materials and Methods
The study was theoretical in nature and was based on a
combination of methods, including systematisation, engi-
neering and theoretical analysis, illustrative calculations,
and the analysis of practical examples, with a view to com-
prehensively examining the factors contributing to the
corrosion degradation of corrugated metal pipes and their
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consequences for transport infrastructure. The study’s
source base includes 32 scientific and scientific-practical
sources published between 2015 and 2025, with the major-
ity comprising works from 2021 to 2025. The period 2015-
2025 was chosen to cover both contemporary 21st-century
scientific approaches to assessing the corrosion degra-
dation of corrugated metal pipes and earlier studies con-
taining representative practical examples of their damage,
reinforcement and rehabilitation. Sources were selected
based on criteria of thematic relevance to the problem
of corrosion degradation of metal corrugated pipes and
buried metal structures, the availability of data on the ef-
fects of aggressive environments, stray currents, corrosion
resistance indicators, technical condition, durability and
remaining service life, as well as the engineering suitabil-
ity of the results for assessing the load-bearing capacity,
serviceability, reinforcement, rehabilitation and life-cycle
management of transport structures. The analysis also
includes studies on the corrosion of buried metal pipe-
lines, as these elucidate the mechanisms of stray current
action, the patterns of electrochemical degradation, and
approaches to its quantitative assessment, all of which are
methodologically relevant to corrugated metal pipes. Prac-
tical examples were included based on the representative-
ness of key scenarios for changes in the technical condi-
tion of corrugated metal pipes in transport infrastructure:
corrosion damage and loss of serviceability, structural
reinforcement, trenchless rehabilitation, and extension
of the structure’s safe service life. This interpreted the re-
sults of the applied methods in the context of assessing
the technical condition, durability and remaining service
life of corrugated metal pipes in transport infrastructure.

Using a systematic approach, the factors contributing
to the corrosion degradation of corrugated metal pipes in
aggressive environments — acidic and alkaline environ-
ments (Mundra & Provis, 2021), chlorides, sulphates, hu-
midity and water saturation (Ezzeldin et al., 2024a), and
wetting-drying cycles (Ezzeldin et al., 2024b). The selec-
tion of these specific factors is due to the fact that they are
the most representative of the operating conditions for
metal corrugated pipes in a soil-water environment and
determine the intensity of electrochemical processes, the
stability of the protective coating, and the development of
general and localised corrosion. The generalisation was
conducted according to the following criteria: the nature
of the corrosive effect, the consequences for the metal cor-
rugated pipe, and the significance for the transport struc-
ture. This approach has made it possible to systematise
the main factors of the aggressive environment and form
a basis for further assessment of their impact on the tech-
nical condition, durability, stiffness, remaining service life
and operational reliability of the structure.

Using engineering analysis, this study examines the
specific effects of stray currents on the corrosion degra-
dation of corrugated metal pipes and identifies indicators
for assessing this degradation in transport infrastructure:
the rate of general corrosion (Chen et al., 2025), mm/year,
wall thickness loss, mm, depth and location of localised
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corrosion damage (Zou et al., 2024), condition of the pro-
tective coating and the metal’s ability to passivate, stray
density/presence of anodic zones (Liang et al., 2024), re-
duction in stiffness and load-bearing capacity of the shell,
remaining service life and feasibility of rehabilitation.
These indicators were selected as the most representative,
as they correlate the intensity of the effect with the locali-
sation of corrosion damage, the degree of structural weak-
ening of the shell, and the consequences for the reliability
and serviceability of the transport structure. The analysis
was summarised according to the nature of the impact
and its engineering significance for the transport struc-
ture. An analysis was also conducted to compare changes
in the structural performance of the shell with the service-
ability of the transport structure. This was done to consid-
er stray currents as a separate engineering risk factor and
to establish a basis for assessing the corrosion resistance,
technical condition and serviceability of metal pipes.

Theoretical analysis has been used to derive analyti-
cal relationships describing the corrosion degradation of
corrugated metal pipes. The formulas presented are used
to illustrate, from an engineering perspective, the effect of
metal loss on changes in the stiffness, load-bearing capac-
ity and remaining service life of the structure. Faraday’s
law and its derivatives (ASTM International, 2023) have
been chosen as the theoretical basis for this analysis, ac-
cording to which the mass of metal dissolved as a result of
an electrochemical process is proportional to the electric
charge passing through the system (1):

IxtxM
= nxF ’ (D

where m — lost material mass; I — magnitude of the anodic
or corrosion current; t — current duration; M — molar mass
of the metal; n —number of electrons in the anode process;
F — Faraday’s constant (96,485 C/mol).

For engineering assessment, it is not the mass loss of
metal that is most indicative, but the corresponding re-
duction in wall thickness. The transition to this parameter
is described by equation (2):

m

Ah = p><_A’ (2)

where Ah - loss of thickness; p — metal density; A — area of
affected surface.

Incorporating the expression for mass loss, the rela-
tionship for thickness loss takes the form (3):

IxtxM
Ah = ————,
nxFxpxA

3)
where Ah -loss of metal thickness; I - magnitude of anodic
or corrosion current; t — duration of the current; M — mo-
lar mass of the metal; n — number of electrons involved in
anode process; F — Faraday’s constant (96,485 C/mol); p —
metal density; A — area of the affected surface.

Using current density , the rate of thickness loss can
be expressed as in (4):

ixM

nxFxp’

4
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where v,, — rate of metal thickness loss; i — current densi-
ty; M — molar mass of the metal; n — number of electrons



involved in anode process; F — Faraday’s constant
(96,485 C/mol); p — metal density.

These relationships make it possible to establish a di-
rect correlation between the electrochemical parameters
of the process and the rate of degradation of the metal
coating. The equation for determining the corrosion rate
from the corrosion current density, as used in electro-
chemical laboratory studies, is given by (5):

KX icorr X M

CR =—22—, @)

nxp

where K — unit conversion factor; i, — corrosion current
density; M — molar mass of the metal; n — number of elec-
trons in anode process; p — metal density.

This established a theoretical basis for further inter-
pretation of the effect of corrosion on the shell stiffness,
local stability and remaining service life of corrugated
metal pipes. Furthermore, using an illustrative calculation
based on Faraday’s law and the relationship for wall thick-
ness loss, the influence of the electrochemical parame-
ters of the corrosion process on the rate of metal loss in
corrugated metal pipes was quantitatively demonstrated.
Conventional values for current intensity, affected surface
area and duration of current exposure have been selected
as representative examples to illustrate the transition from
theoretical relationships to an engineering interpretation
of wall thickness loss, changes in shell stiffness and reduc-
tion in the remaining service life of the structure (Nation-
al Corrugated Steel Pipe Association, 2018). To transition
from a qualitative assessment of corrosion degradation to
an engineering-quantitative one, it is advisable to intro-
duce the corrosion weakening coefficient , which charac-
terises the relative loss of metal shell thickness (6):

Ko =¢ =", (®)
where t, — initial wall thickness; t — remaining thickness;
At — thickness loss due to corrosion.

This coefficient can be used to interpret corrosion
degradation not merely as a material loss, but as a factor
reducing the stiffness, local stability and load-bearing ca-
pacity of the corrugated pipe. It is appropriate to consid-
er the attainment of a critical thickness t,, at which the
condition of local stability or the load-bearing capacity of
the shell is violated, as a criterion for the risk of corrosion
damage. In equivalent form, this corresponds to condi-
tion (7):

t<teorKo = Koo =1-5, @
0

where t, — critical wall thickness at which the struc-
ture reaches the limit state in terms of local stability or
load-bearing capacity; K, — corrosion reduction factor,
which characterises the relative loss of thickness; K, -
limit value of the corrosion reduction factor correspond-
ing to the attainment of the critical thickness.

Thus, the extent of corrosion degradation can be
characterised not only by the rate of metal loss, but also by
the structure’s proximity to the limit state. The first condi-
tion, t<t,, means that the residual wall thickness has be-
come less than or equal to the critical value. The second
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condition, K,>K, ., is an equivalent form of expressing the
same limit state in terms of the relative corrosion weaken-
ing of the shell. For the engineering assessment of the re-
sidual life of corrugated metal pipes, it is advisable to use
the simplified relationship (8):
t—ter

Trem = mr (8)
where T, - remaining service life of the structure, years;
V., — average corrosion rate, mm/year.

This relationship exceeds the scope of corrosion dam-
age identification to a simplified engineering assessment
of the time remaining before a dangerous technical condi-
tion is reached, and justifies decisions regarding the mon-
itoring, reinforcement or rehabilitation of the structure.
This approach has been used to demonstrate the practi-
cal significance of a quantitative assessment of corrosion
degradation in the context of evaluating the technical
condition, durability and operational reliability of trans-
port infrastructure.

Using a case-study approach, this paper analyses in-
stances of corrosion-induced degradation, rehabilitation
and reinforcement of corrugated metal pipes in transport
infrastructure. The analysis includes examples of struc-
tural failure resulting from a combination of corrosion
and soil degradation (Giresini et al., 2015), and structural
reinforcement of corrosion-damaged pipes using an in-
ternal composite liner (Taha & Murcia, 2021). Trenchless
rehabilitation using GeoSpray geopolymer lining (Liao et
al., 2022) and the restoration of the load-bearing capacity
of damaged structures under conditions of intensive op-
erational loads (Liang er al., 2024) were analysed. These
examples were selected because they represent the main
practical scenarios of changes in the technical condition
of corrugated steel pipes, ranging from loss of serviceabil-
ity to restoration of capacity and extension of service life.
The analysis was conducted based on the following crite-
ria: characteristics of the event, engineering solution and
significance for transport infrastructure. This made it pos-
sible to demonstrate the practical manifestations of corro-
sion degradation, justify approaches to the rehabilitation
and reinforcement of structures, and formulate practical
recommendations for managing the technical condition,
durability and life cycle of corrugated metal pipes as ele-
ments of transport infrastructure.

Results and Discussion

Assessment of the corrosion resistance

of corrugated metal pipes

Corrosion degradation of corrugated metal pipes is pre-
dominantly electrochemical in nature and occurs as a re-
sult of the metal contacting an electrolyte, which, under
operational conditions, is affected by groundwater, moist
soil or saline solutions. The intensity of corrosion is deter-
mined by the chemical composition of the environment,
the pH level, the oxygen content, the concentration of ag-
gressive ions and the condition of the metal surface. In an
alkaline environment, steel can become passivated; how-
ever, in the presence of chlorides, the protective layer is
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disrupted, whereas in an acidic environment, corrosion
activity increases and localised damage intensifies (Mun-
dra & Provis, 2021; Chenghui et al., 2024). For corrugated
metal pipes, localised corrosion is the most dangerous,
as these structures function as thin-walled shells within
the “soil-structure” system. This results in a reduction in
effective wall thickness, leading to a decrease in stiffness,
a loss of local stability, and a redistribution of stresses
within the shell. Even minor local metal loss can cause
the development of local deformations and a reduction
in the structure’s remaining service life (Alam et al., 2021;
Ezzeldin et al., 2024Db).

In underground and water-saturated conditions, cor-
rosion is further accelerated by cycles of wetting and dry-
ing, which degrade the protective coating and increase the
steel’s susceptibility to corrosion (Ezzeldin et al., 2024a).

The most vulnerable areas of corrugated metal pipes are
the lower part of the casing, the side sections and the
crown, where corrosion-induced weakening has the great-
est impact on the stress-strain state and geometric stabil-
ity of the structure (Premasuriya et al., 2025). In the pres-
ence of stray currents, the current entry and exit zones
also become critical, as local anodic areas with acceler-
ated metal degradation form there (Wang et al., 2024b).
From an engineering perspective, such degradation leads
to a reduction in the structure’s load-bearing capacity, an
increased risk of roadbed deformation, and the structure
entering a defective or emergency state. Consequently, the
corrosion resistance of corrugated metal pipes should be
regarded as an integral characteristic reflecting the techni-
cal condition, load-bearing capacity and operational safe-
ty of the transport structure (Table 1).

Table 1. Effect of aggressive environments on the service life of corrugated metal pipes

Environmental
factor

Acidic environment

Nature of corrosive effect

A decrease in pH accelerates anodic
dissolution of steel and hinders the

Consequences for corrugated
metal pipes

Both overall metal loss
and the development of

Significance for a transport
structure
Service life of the pipe
is reduced, its rigidity
decreases, and the risk of the

formation of stable corrosion protection
products; in the presence of chlorides,
the risk of localised damage increases

localised defects in the shell

- structure losing its operational
are accelerating

reliability increases

At high pH values, temporary passivation
of steel may occur; however, this effect

The beneficial effects of an

When th i . .
en the passive state alkaline environment are

on the steel surface and influence the

harsh ingredients s -
composition of corrosion products

Alkali L . . is di , locali i
envii(:nlrlrllin t is disrupted in the presence of chlorides, 18 d;;?s) :/ii(ih (a)ziéls;i te;cdtlve not guaranteed and must
sulphide-containing compounds, corrosion develo be assessed based on actual
moisture and media heterogeneity P operating conditions
They break down protective films Thev cause a disproportionate Increase the risk of localised
Chlorides and cause localised corrosion, particularly lossyo f ricidi inpceﬁain areas damage, which determines
in acidic environments or those o fgthe?lllembrane the remaining service life
with fluctuating pH levels of the structure
Alter the electrochemical conditions Contribute to the long-term Chemical composition of
Sulphates and other groundwater is becoming one

development of corrosion

in the soil environment of the key factors determining a

structure’s durability

Increase the electrical conductivity
of the medium, enhance ion mass transfer
and facilitate the formation of localised
corrosion cells

Moisture content
and water saturation

In areas with unstable
water conditions, the risk
of structural corrosion
significantly increases

Accelerate the deterioration
of the metal and the protective
coating

These cause periodic activation
of the metal surface, changes in salt
concentration and the depletion
of protective corrosion products

Moisturising and
drying cycles

Seasonal fluctuations in
humidity have a direct impact
on the service life and technical
condition of transport
infrastructure

Accelerate the deterioration
of the coating and the
development of localised
corrosion sites

Source: compiled by the author based on S. Alam et al. (2021), S. Mundra & J. Provis (2021), I. Ezzeldin et al. (2024a; 2024b), H. Liang et

al. (2024), Y.1. Chenghui et al. (2024), C. Wang et al. (2024a; 2024b)

A corrosive environment should be regarded not
merely as a set of chemical characteristics of the soil or
water, but as one of the key factors determining the du-
rability of corrugated metal pipes in transport infrastruc-
ture. The greatest danger to thin-walled shells arises from
conditions in which the chemical aggressiveness of the
environment is combined with high humidity, cyclic wet-
ting and damage to the protective coating. Under such
conditions, corrosion progresses from material wear to
structural weakening, as it reduces the rigidity of the shell
and shortens the remaining service life of the structure.
Stray currents are one of the most dangerous man-made
factors contributing to the corrosion of underground
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metal structures. They most commonly occur in the vicin-
ity of electrified railways, underground railways and other
rail transport systems, where part of the return current is
dissipated into the ground and may find a path through
underground steel elements. For corrugated metal pipes,
this risk is particularly relevant within transport corridors,
near electrified tracks and urban rail systems (Liang et
al., 2024). The corrosion hazard arises because the cur-
rent enters the metal in some areas and exits into the soil
in others. Anode areas form at the points where the cur-
rent exits, where intensive electrochemical dissolution of
the metal occurs. In contrast to uniform corrosion, this
process is localised; therefore, even with a small average



metal loss, deep defects and wall breaches can rapidly de-
velop in individual zones (Zou et al., 2024).

For corrugated metal pipes, which act as thin-walled
shells, this is dangerous, as local damage leads to a re-
duction in stiffness, a loss of local stability, and an accel-
erated transition of the structure to a defective or critical
state. In transport infrastructure, this means a reduction
in the structure’s safe service life, even when the initial
condition of the metal and coating is relatively satisfac-
tory (Wang et al., 2024b). Therefore, during the design
and operation of corrugated metal pipes in the vicinity of
electrified lines, stray currents should be considered as a
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separate engineering risk factor alongside soil and water
aggressiveness, providing for the monitoring of poten-
tials, inspection of the coating condition and assessment
of areas of potential current influence (Liang et al., 2024).
In the context of transport infrastructure construction, it
is advisable to assess the corrosion resistance of corru-
gated metal pipes not only in terms of the aggressiveness
of the environment or the presence of stray currents, but
also using a system of quantitative indicators reflecting
the rate of metal loss, the degree of structural weakening
of the casing and the remaining service life of the struc-
ture (Table 2).

Table 2. Indicators for assessing the corrosion resistance of corrugated metal pipes
in aggressive environments and under the influence of stray currents

Indicator Characteristic
Rate of general corrosion, The rate of uniform metal loss
mm/year in a corrosive environment

Engineering significance for a transport structure

Determines the rate at which the design wall thickness
decreases and the projected service life of the pipe

Loss of wall thickness, mm

The cumulative reduction in the effective
thickness of the metal casing during operation

Affects the stiffness of the shell, the load-bearing
capacity and the remaining service life of the structure

Depth and 1 ion .
epth a d ocatio Uneven metal degradation; the development
of localised corrosion . o . .
of localised, pitting or crevice corrosion
damage

Local defects pose a risk to thin-walled corrugated
shells, as they can lead to a loss of local stability
and accelerated structural damage

Condition of the protective
coating and the metal’s
ability to passivate

Effectiveness of corrosion protection in acidic,
alkaline or chloride-containing environments

Damage to the coating or disruption of the passive
state accelerates the onset of degradation
and shortens the safe service life

Stray current density/
presence of anodic zones

Electrochemical intensity

of the current acting on a metal structure

Can be used for the assessment of the risk
of accelerated localised metal loss in the vicinity
of electrified transport systems

Reduction in the stiffness
and load-bearing capacity
of the shell

Transition from material degradation
to structural weakening of the pipe

Describes the impact of corrosion on the behaviour
of the “soil-structure” system, structural deformation
and the operational reliability of transport
infrastructure

Remaining service life and
the feasibility
of refurbishment

The possibility of continued safe operation,
reinforcement or restoration without the need
to completely replace the structure

A basis for decision-making regarding monitoring,
repair, rehabilitation using the pipe-in-pipe method,
and the application of GeoSpray

Source: compiled by the author based on S. Alam ef al. (2021), S. Mundra & J. Provis (2021), I. Ezzeldin et al. (2024a; 2024b), H. Zou et

al. (2024), W. Liang et al. (2024), C. Wang et al. (2024a; 2024b)

The proposed system of indicators suggests that the
corrosion resistance of corrugated metal pipes should be
assessed not based on individual environmental factors
but rather based on their impact on the rate of metal loss,
the nature of localised damage, the degree of structur-
al weakening of the pipe wall, and the remaining service
life of the structure. This approach makes it possible to
move from a description of corrosion factors to an engi-
neering assessment of the technical condition and the
justification of decisions regarding the further operation
of the structure. The results of the study showed that the
corrosion degradation of corrugated metal pipes in trans-
port structures should be regarded not merely as an elec-
trochemical process, but as a factor affecting the techni-
cal condition, durability and operational reliability of the
structure, which is determined, in particular, by the pH
of the environment and the chloride and sulphate con-
tent. This is consistent with the findings of N.T. Chung et
al. (2021) established that the combination of pH, chlo-
rides and sulphates influences the corrosion behaviour of
steel in soil, and that chlorides and sulphates are factors
that enhance corrosion activity. The aggressiveness of the

environment should be considered as one of the basic
parameters of the durability of metal corrugated pipes in
transport infrastructure. At the same time, the research re-
sults indicate that the intensity of corrosion degradation
is determined not only by the chemical composition of
the environment but also by underground operating con-
ditions, in particular water saturation, soil condition and
damage to the protective coating. This correlates with the
approach of G.M. Castro et al. (2025), who demonstrated
that the degree of saturation, mineralogy and the content
of the fine-grained fraction significantly influence corro-
sion processes in buried metal elements. In this context,
the current results confirm that the most hazardous con-
ditions for corrugated metal pipes are those in which the
aggressiveness of the environment is combined with high
humidity, an unstable water regime and degradation of
the protective layer.

The study by S. Safari er al. (2024) examined a cor-
rugated metal culvert prior to its rehabilitation using
a geopolymer spray-applied lining. To assess its actu-
al condition, the authors used installed sensors, visual
measurement methods and diagnostic load tests in static
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and dynamic modes, which determined the maximum
deformations, evaluated the actual behaviour of the
structure under load and compared the obtained results
with the calculated ones. This correlates with the results
of the current study, which showed that for metal corru-
gated pipes as thin-walled shells, even insignificant local
metal loss must be assessed not only in terms of metal
loss but also in terms of its impact on the stiffness, local
stability, deformation state and residual life of the trans-
port structure. Stray currents pose a particular threat to
corrugated metal pipes within transport corridors. The
study’s findings established that, in their presence, the
areas where the current enters and exits become particu-
larly hazardous, as local anodic zones form there, leading
to accelerated electrochemical dissolution of the metal.
C. Wang et al. (2024a) identified the influence of dynamic
stray currents caused by underground rail infrastructure
on the corrosion behaviour of buried metal elements. The
authors demonstrated that such current effects intensify
non-uniform and localised corrosion, altering the nature
of the electrochemical damage to the metal. This conclu-
sion is consistent with the findings of the current study;,
according to which stray currents should be regarded as
a distinct man-made risk factor which, when combined
with a corrosive environment, can significantly reduce the
safe service life of a structure.

C. Bryden & A. Valsangkar (2025) examined the long-
term assessment of the design service life of a corrugat-
ed metal pipe following rehabilitation with a geopolymer
lining, focusing on how the rehabilitation solution affects
the structure’s subsequent structural performance. The
proposed study presented rehabilitation not merely as a
means of repairing existing damage, but as an engineering
approach to restoring functional reliability and extending
the service life of the structure in the long term. In this con-
text, the authors’ findings align with the conclusions of the
current study, according to which the corrosion degrada-
tion of metal corrugated pipes in transport infrastructure
should be considered as a basis for decision-making re-
garding monitoring, reinforcement, rehabilitation and the
extension of the structure’s safe service life. Thus, the cor-
rosion degradation of metal corrugated pipes in transport
structures should be regarded not merely as an electro-
chemical process, but as a factor in structural weakening,
arising under the influence of an aggressive environment,
water saturation, damage to the protective coating and
stray currents. In this regard, it is advisable to assess the
corrosion resistance of such pipes in terms of the degree
of structural weakening of the shell and the remaining ser-
vice life of the structure.

Engineering assessment of corrosion damage

to corrugated metal pipes

For thin-walled corrugated pipes, the quantitative assess-
ment of corrosion degradation is critical, as even a slight
loss of wall thickness affects the stiffness of the pipe, its
local stability and the performance of the “soil-structure”
system. The theoretical basis for such an assessment is
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Faraday’s law and its derivatives (equations 1-4), which
link the electrochemical process to mass loss of metal,
reduction in wall thickness and the rate of its further de-
crease. In the case of non-uniform corrosion damage, this
can lead to local deformations, stress concentrations and
a reduction in the structure’s remaining service life. Con-
sequently, these relationships make it possible to interpret
the electrochemical parameters of corrosion in terms of
engineering-relevant indicators of the technical condition
of corrugated metal pipes.

To assess the impact of corrosion processes, it is ad-
visable to move from a qualitative characterisation of the
aggressiveness of the environment and the mechanisms
of stray current action to a quantitative assessment of the
rate of metal degradation. A numerical example based on
Faraday’s law is illustrative in this context. Assuming that
an anode current of I=1 A acts uniformly on an area of
A =1 m2 over the course of one year, the calculated loss of
steel wall thickness will be approximately 1.16 mm/year.
For corrugated metal pipes with a typical wall thickness
of 3-6 mm, such metal loss is of engineering significance,
as even over a relatively short period of operation, it can
lead to a reduction in the shell’s stiffness and a loss of lo-
cal stability. Even at a lower current density, for example,
0.25 A/m?, the calculated thickness loss is approximate-
ly 0.29 mm/year, which is also a significant figure for the
long-term operation of a transport structure (Liang et
al., 2024). Given the possibility of localised current con-
centration in certain surface areas, the actual rate of met-
al loss under real-world conditions may be even higher.
Thus, a quantitative assessment of corrosion losses is an
essential link between the electrochemical description of
the process and the engineering evaluation of the struc-
ture’s technical condition.

An interpretation of the relationship (equation 5)
shows that the corrosion rate is directly related to the
corrosion current density, i,; consequently, as the elec-
trochemical activity of the medium increases, the rate of
metal degradation increases. For corrugated metal pipes,
this means that in acidic environments, where i, val-
ues are generally higher, the corrosive weakening of the
casing occurs more intensively, whereas in an alkaline
environment, the corrosion process may slow down. At
the same time, the engineering significance of this rela-
tionship lies not only in determining the corrosion rate,
but also in the ability to assess the degree of structural
weakening via the corrosion weakening coefficient K,
(equation 6), to establish the time at which a dangerous
state is reached according to the criterion (equation 7),
and to perform a simplified assessment of the remaining
service life based on the relationship (equation 8). Thus,
as i, increases, not only does the loss of wall thickness
accelerate, but the metal shell also approaches the crit-
ical thickness t_, at which the conditions for local stabil-
ity or load-bearing capacity are violated. This ensures a
transition from an electrochemical description of the
process to a quantitative assessment of the remaining
service life and the justification of decisions regarding the



strengthening or rehabilitation of the structure. In prac-
tical terms, this approach links laboratory-determined
electrochemical parameters with the assessment of the
rate of metal loss, the degree of structural weakening of
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the shell, and the remaining service life of the structure.
The practical significance of corrosion-induced degrada-
tion of corrugated metal pipes in transport infrastructure
is illustrated by the examples given in Table 3.

Table 3. Examples of corrosion damage, rehabilitation and reinforcement of corrugated metal pipes

Event description

Damage to the corrugated pipe during heavy
rainfall; corrosion of the invert, combined with
soil erosion and softening

Subject of analysis / engineering
solution

Analysis of the causes of the building’s
collapse

Engineering value for transport
infrastructure

Localised corrosion, combined with
soil degradation, can lead to structural
failure and the collapse of the structure

A metal pipe damaged by corrosion that
required repair without being completely
replaced

Reinforcement by installing an internal
fibreglass composite liner, followed
by load-bearing tests; the technology
was regarded as a way of extending the
service life by 50-100 years

Confirms that the service life of the pipe
can be extended through structural
reinforcement

Corrosion-damaged corrugated metal culverts,
for which traditional replacement was too
expensive or would have had a significant

The rehabilitation was conducted by
applying GeoSpray geopolymer coating
to the actual transport infrastructure

The effectiveness of trenchless solutions
for restoring a structure’s functionality
without significantly impacting the

impact on traffic

operation of the infrastructure

Damaged metal corrugated culverts on
sections of heavy-haul railways exhibiting
structural damage, reduced load-bearing

capacity and durability under heavy axial loads

Technology for reinforcing corrugated
plates has been proposed and
investigated

The issue of damaged pipes is viewed
as a matter of service life, load-bearing
capacity and the safety of transport
infrastructure

Source: compiled by the author based on L. Giresini et al. (2015), M.R. Taha & D.H. Murcia (2021), H. Liao et al. (2022), M.V. Harkusha (2023)

The presented examples have shown that the corro-
sion-induced degradation of corrugated metal pipes is not
merely a process of material wear and tear, but also a fac-
tor contributing to the loss of serviceability and a reduc-
tion in the structural reliability of the structure. In particu-
lar, the collapse of a corrugated pipe due to a combination
of localised pitting corrosion and degradation of the soil
environment demonstrated that such damage could lead
to a complete loss of serviceability and the need for im-
mediate engineering intervention (Giresini et al., 2015).
At the same time, the use of an internal composite liner
confirmed the possibility of restoring the pipe’s structural
integrity without its complete replacement and extending
its service life (Taha & Murcia, 2021). Rehabilitation using
GeoSpray geopolymer coating has demonstrated the ef-
fectiveness of trenchless restoration in situations where
traditional replacement would be prohibitively expensive
or would entail significant operational restrictions (Liao et
al., 2022). The necessity of reinforcing damaged corru-
gated structures, especially under intensive operational
loads, highlights that corrosion-induced weakening must
be considered in the context of restoring load-bearing ca-
pacity and ensuring the overall safety of transport infra-
structure (Luchko & Kovalchuk, 2021; Harkusha, 2023).
Thus, the analysed cases confirm that corrosion damage
to metal corrugated pipes provides grounds for decisions
regarding the reinforcement, rehabilitation or restriction
of a structure’s operation. As an example of practical ap-
plication, a field project is presented involving the reha-
bilitation of a corrosion-damaged corrugated metal pipe
using GeoSpray geopolymer coating (Fig. 1).

Figure 1. A practical example of the restoration
of a corrosion-damaged corrugated metal pipe
using GeoSpray geopolymer coating
Source: H. Liao et al. (2022)

The durability of corrugated metal pipes is deter-
mined throughout the entire life cycle of the structure and
must be ensured as early as the design stage. At this stage,
itis necessary to assess the aggressiveness of soils and wa-
ter, based on pH, chloride and sulphate content, degree
of water saturation, moisture regime and the environ-
ment’s capacity to support electrochemical processes. For
structures located within the influence zone of electrified
transport systems, this assessment should additionally
include the risk of stray currents. The selection of materi-
al, protective coating and design allowance for metal loss
must be conducted based on the expected aggressiveness
of the environment, the service life and the reliability re-
quirements of the structure (Ezzeldin et al., 2024b).
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During the construction phase, the quality of the im-
plementation of design solutions, monitoring of the con-
dition of the protective coating and adherence to instal-
lation procedures are crucial. For thin-walled corrugated
pipes, even localised damage to the casing or the anti-cor-
rosion layer during transport, assembly, backfilling or soil
compaction can become the starting point for subsequent
accelerated degradation. Therefore, construction supervi-
sion must focus not only on checking geometry and joints,
but also on preventing initial defects, on which the actual
service life of the structure depends (Ezzeldin et al., 2024a;
Rahmaninezhad et al., 2025). During operation, the main
task is the timely detection of signs of degradation and the
assessment of remaining service life. This requires period-
ic inspections, instrumental diagnostics of thickness loss
and shell deformations, and, for structures near electrified
lines, monitoring of potentials and areas of possible cur-
rent influence. Under these conditions, corrosion damage
should be viewed not merely as a loss of material, but as
a source of operational risks that may manifest as ballast
settlement, deformations of the track bed or track area,
and a reduction in the intervals between repairs. This ap-
proach makes it possible to move from simply recording
damage to predicting the technical condition and justify-
ing decisions regarding repair or rehabilitation.

In the event of corrosion-induced degradation, engi-
neering measures should combine structural repair with
the restoration of anti-corrosion protection. In the case of
localised damage, it may be advisable to reinforce specific
areas of the casing, whereas for more advanced degrada-
tion, internal lining and rehabilitation using the liner pipe
method are effective, as they can restore the structure’s
functionality without complete dismantling. For struc-
tures within the vicinity of electrified transport systems,
rehabilitation must also include measures to counteract
stray currents. Consequently, ensuring the longevity of
metal corrugated pipes requires systematic risk man-
agement during the design, construction, operation and
repair phases. For the designer, this means the need to
account for the aggressiveness of the environment and
the risk of stray currents when selecting materials, protec-
tive coatings and design allowances for metal loss (Zou et
al., 2024). For the operating organisation, this means the
need for risk-oriented monitoring of the structure’s tech-
nical condition, including checks on wall thickness loss,
shell deformations, the condition of the invert and, in the
event of potential current influence, potentials and areas
ofanodic corrosion (Ezzeldin et al., 2024b). When selecting
a repair method, a differentiated approach is advisable —
ranging from local reinforcement to the use of trenchless
rehabilitation technologies, depending on the degree of
degradation and the remaining service life of the structure.

The results of the study showed that the invert and
the lower section of the casing are among the most vul-
nerable areas of corrugated steel pipes in terms of cor-
rosion degradation, and damage in these specific areas
can significantly affect the casing’s stiffness, remaining
service life and the operational safety of the transport
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structure. This is consistent with the approach of B. Lassy
& A. Hain (2025), who investigated methods for installing
invert linings made of ultra-high-strength concrete in cor-
rugated metal pipes and focused on the rehabilitation of
the lower part of the structure as the area most vulnerable
to moisture accumulation, corrosion products and local-
ised damage. In this context, the authors’ results confirm
the conclusions of the present study regarding the advis-
ability of considering local repair of the invert as one of
the practical engineering solutions in the rehabilitation of
corrugated metal pipes.

K. Zakowski et al. (2025) summarised methods for as-
sessing the risk of corrosion caused by constant stray cur-
rents in underground pipelines, particularly in the vicinity
of rail transport systems. The authors demonstrated that
theidentification of current-affected zones, the assessment
of anodic areas, and the organisation of a system for mon-
itoring electrochemical parameters are of key importance.
This is consistent with the results of the presented study,
where stray currents are considered one of the most dan-
gerous man-made factors in the corrosive degradation of
corrugated metal pipes, and the monitoring of potentials,
coating condition and areas of possible current influence is
identified as an essential component of operational super-
vision. Consequently, for structures located near electri-
fied transport systems, the corrosion risk must be assessed
not only based on the characteristics of the soil environ-
ment, but also incorporating external current influence.

The results of the current study have shown that in-
ternal lining and rehabilitation using the liner pipe meth-
od are effective approaches to the restoration of corro-
sion-damaged corrugated metal pipes. Their application
makes it possible to restore the structure’s functionality
and extend its safe service life without the need for com-
plete replacement. This is confirmed by Z.K. Kouches-
fehani et al. (2021), who, based on field data, examined
the rehabilitation of culverts using cement-geopolymer
sprayed lining and assessed the actual condition of the
structure following the rehabilitation. The authors ana-
lysed the field characteristics of the structure, the specifics
of the lining installation, and the results of the post-repair
inspection, which addressed the suitability of this tech-
nology for the practical rehabilitation of the culvert with-
out significantly disrupting the structure’s operation. The
results showed that cement-geopolymer sprayed lining
can perform not only a repair function but also a struc-
tural restoration function, ensuring an extension of the
pipeline structure’s service life. It is advisable to transition
from the identification of corrosion damage to the justifi-
cation of decisions regarding the reinforcement, rehabili-
tation and extension of the structure’s service life.

In a study by S. Raut et al. (2024), three-dimensional
finite-element modelling was conducted on corrugated
metal pipes repaired using sprayed linings, with an analy-
sis of their performance under shallow burial conditions.
The authors concluded that the use of sprayed pipe lin-
ings can alter the pipe’s deformation behaviour, reduce
deformations and improve the structural performance of



the system following damage. This is consistent with the
results of the present study, in which rehabilitation with-
out complete pipe replacement is considered substantial
for the engineering management of residual life. In cases
of significant corrosion degradation, it is advisable to as-
sess not only the extent of metal loss but also the effect of
the rehabilitation solution on reducing deformations and
extending the structure’s safe service life.

The study found that the greatest risk to metal corru-
gated pipes stems from a combination of a corrosive envi-
ronment, high humidity, damage to the protective coating
and the effects of stray currents; under such conditions,
corrosion degradation becomes localised and escalates
from material wear to a structural issue. This correlates
with the findings of W. Lan et al. (2025), who analysed
the mechanisms of pipeline corrosion in the presence of
coating defects under alternating current conditions and
examined in detail the interphase processes developing
in the zone of the damaged protective layer. The authors
established that the combination of a coating defect and
electrical influence creates conditions for the intensifica-
tion of local electrochemical damage to the metal, alter-
ing the nature of the corrosion process and increasing the
risk of its accelerated development. Coating degradation
should be regarded not as a secondary defect, but as one
of the key factors in the reduction of corrosion resistance
and operational reliability of corrugated metal pipes.

Thus, the impact of aggressive environments and
stray currents should be regarded not only as a cause of
corrosive wear of metal, but also as a factor contributing
to the structural weakening of transport infrastructure.
For corrugated metal pipes, this manifests itself in accel-
erated metal loss, the development of localised defects, a
reduction in the shell’s stiffness, and a shortening of the
structure’s remaining service life. In practical terms, this
can deform the carriageway or track structure, result in
a reduction in the intervals between repairs, and neces-
sitate operational restrictions. For this reason, the corro-
sion resistance of such pipes should be assessed in terms
of the degree of structural weakening of the shell and the
remaining service life of the structure.

Yudin 97

casings, localised metal loss is the most dangerous, as it
leads to a disproportionate reduction in stiffness, a loss of
local stability and a reduction in the structure’s remaining
service life. The most vulnerable areas are the lower zone
of the casing, the invert, the side sections and the crown,
where corrosion-induced weakening has the greatest
impact on the structural performance of the “soil-struc-
ture” system. The assessment of the corrosion resistance
of corrugated metal pipes should be conducted not only
based on environmental characteristics, but also using a
system of engineering-relevant indicators, which include
the rate of metal loss, loss of wall thickness, localisation
of damage, condition of the coating, presence of anod-
ic zones, change in stiffness and remaining service life.

A theoretical analysis based on Faraday’s law has
shown that even a relatively small reduction in wall thick-
ness is significant for pipes with a metal thickness of 3-6
mm and must be considered when assessing the technical
condition of the structure. This paper proposes an engi-
neering approach to assessing the corrosion degradation
of corrugated metal pipes based on the corrosion weak-
ening coefficient and critical wall thickness as criteria for
transition to a hazardous technical condition. This ap-
proach makes it possible to link the electrochemical char-
acteristics of corrosion with the parameters of stiffness,
local stability and the remaining service life of the struc-
ture. The practical significance of the proposed approach
lies in the ability to assess the technical condition, predict
the remaining service life and justify decisions regarding
the monitoring, reinforcement and rehabilitation of metal
corrugated pipes. A limitation of the study is its theoretical
nature, without experimental, field or numerical verifica-
tion of the influence of corrosive factors on the condition
of metal corrugated pipes. Future research should focus
on developing predictive models of service life, risk-ori-
ented monitoring systems, and criteria for selecting ef-
fective methods of strengthening and trenchless rehabil-
itation of corrugated metal pipes in real-world transport
infrastructure conditions.
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BnauB arpecuBHUX cepeaoBuUll Ta 61yKalounx CTpyMmiB
HA KOPO3iiHY CTIMKICTb MeTaneBux roppoBAHUX TPYO

BikTop lOAiH
AcnipaHT
XapkiBChbKUH HaIliOHAIBHUN aBTOMOOIJIBHO- JOPOXKHIN YHIBEpCUTET
61002, Bys1. fIpocsiaBa Mynporo, 25, M. XapkiB, Ykpaina
https://orcid.org/0009-0008-3522-3059

AHoTauifA. MeToio focimxeHHs 6yJ10 3'siCyBaHHS POJIi KOPO3iHHOTO MOIIKOIKEHHS METAJIEBUX TODPOBAHUX TPYO
y dopMyBaHHi JOBTOBIYHOCTI, TEXHIYHOT0 CTaHy ¥ eKCIIJTyaTaIiliHOI HaAifHOCTi TPaHCIIOPTHUX CIOPYA. MeTomoJioris
0a3yBaJsiach Ha METO/IAX CUCTEMATHU3allil, iH}KeHEPHOT0, TEOPETHYHOTO aHAJTI3Y, UTFOCTPATUBHOTO PO3PAXYHKY, aHAJTi3Y
MPaKTUYHUX IMPUKJIALiB. BcTaHOBIIEHO, [0 KOPO3iifHa Aerpafalia MeraneBUX ropoBaHUX TPYO Mae IepeBa*kKHO
eJIEKTPOXiMiYHy TPUPOAY ¥ BU3HAYAETHCS arpPeCUBHICTI0O I'PYHTOBOrO Ta BOAHOrO cepefoBuina. HaiOimbmry
HeOe3IeKy M TaKUX KOHCTPYKILiM CTAaHOBUTH JIOKaJbHA KOPO3is, OCKiTbKKM BOHA Oe3mocepeqHBO 3HIKYE
SKOPCTKICTh 000JIOHKH, MiCIIeBY CTiHKiCTh i 3a/IHIITKOBUI pecypc criopyau. ¥ Mig3eMHUX i BOJOHACHYEHUX YMOBAx
KOPO3isl IPUCKOPIOETHCS Yepes UK 3BOJIOKeHH-BUCYIITYBAHHSA, AIKi pyHHYIOTh 3aXUCHe TOKPUTTS Ta MiIBUIIYIOTh
Bpa3uBicTh MeTasy. Biykaroui cTpyMu B 30HI esleKTpH(dikoBaHMX TPAHCIIOPTHUX CUCTEM € OKPEMUM TeXHOTeHHUM
YUHHUKOM PU3UKY, 110 BUKJIWKAE JIOKAJIbHI aHOAHI AIMSHKU Ta NMPUCKOpeHe ypaskeHHA MmeTany. IlokasaHo, 110
KOpPO3ifiHy CTIlKiCTh MeTa/IeBUX ro()pOBAHUX TPYO CJIi/I OLIHIOBATH He JIUIIE 33 arPECUBHICTIO CepeIOBUINa, a 1 3a
CHUCTEMOIO KiJTbKiCHMX MMOKAa3HUKIB, IO BiZ0OpaskaioTh MIBUIKICTh METAJIOBTPATH, JOKAIbHI MOMTKOIKEHHsI, 3MiHYy
SKOPCTKOCTI Ta 3aJUIIKOBUI pecypc criopyau. KinbkicHe omiHIOBaHHS Ha OCHOBi 3akoHy Papajesi okasajo, 110
HaBiTh BiJHOCHO HeBeJIMKA BTpara TOBIIUHU CTiHKU € iH)KEHepHO 3HA4YII010, OCKIJIbKU BIIJIMBA€E HA JOBIrOBIYHICTbD,
TexHIYHUH cTaH i 6e3NeKy eKcIIyaTallii TpaHCIIOPTHOI cIOPYAU. 3aIlIpOIIOHOBAHO iHKeHepHUH Mifxifg 10 oLiHIOBaHHSA
KOpO3ifiHOi nIerpanarii MeraneBux ropoBaHux Tpyd Ha OCHOBI KoedillieHTa KOpPO3iHHOTO OcabJieHHs, SKAN
XapaKTepU3ye BiJHOCHY BTPATy TOBIIUHU MeTaseBoi 00OJOHKU Ta 1l HAOJIMKEHHS [0 KPUTHUYHOTO craHy. s
iH)KeHepHOTro OLHIOBAaHHS 3aJ/IUIIKOBOTO PECYpPCy BUKOPUCTAHO CIIPOIEHY 3aJIesKHICTh, 1110 MOB’SI3y€ IOYATKOBY
TOBIINHY, KPUTUYHY TOBIIMHY Ta MIBUIKICTH KOPO3ii. [[pakTHYHA 3HAYUMICTD HOJIATAE Y MOSKJIUBOCTI 3aCTOCYBaHHS
pe3ysbraTiB MPOEKTYBaJIbHUKAMY, EKCILIyaTylOUMMHU oOpraHisamiaMu Ta ¢axiBIgMU 3 AiarHOCTUKU MiJ dYac
NIPOEKTYBAHHA, eKCILTyarallii, 06cTeskeHHs Ta peabisiTallil MeTaneBux roppoBaHUX TPyO V¥ TPAHCIIOPTHUX CIIOPYAAX

KnioyoBi cnosa: nerpajaris; 3ajJUIIKOBUN pecypc; CTIHKiCTh; eKcITyaTalis; cnopyau
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