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Abstract. The effectiveness, reliability, and
durability of structural strengthening interventions
depend not only on the selected materials and design
concepts but also on the quality of their application
throughout the entire rehabilitation process.
Strengthening measures are typically implemented
on existing structures that already contain defects
and damage accumulated during their life cycle,
which significantly influences stress redistribution,
bond behavior, and long-term performance. Under
these conditions, even advanced strengthening
systems may exhibit reduced effectiveness when
design assumptions, technological requirements, or
environmental  influences are  improperly
considered.

This paper analyzes typical cases of improper
application of materials and systems used for
strengthening  building  structures, including
traditional steel-based solutions, fiber-reinforced
polymer (FRP) systems, and connection and
anchorage products. Based on the synthesis of
inspection practice, experimental evidence, and
regulatory approaches consistent with Eurocode and
ISO principles, the study systematizes technical,
technological, and organizational errors arising at
the stages of design, execution, and operation.
Particular attention is given to the interaction
between improper-use factors and the existing
defect and damage context of structures.

A generalized classification of defects and
damage is adopted as structured input for
strengthening assessment, allowing improper
application scenarios to be analyzed in relation to
defect origin, location, development behavior, and
structural impact. A functional-structural risk
model is proposed to formalize the relationship
between improper-use factors, defect and damage
characteristics, and the resulting consequences for
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structural performance. The overall effectiveness of
strengthening is interpreted as an integrated
function of accumulated risks associated with
material selection, execution quality, and existing
structural condition.

The obtained results provide a basis for
improving quality assurance procedures, reducing
technological and operational risks, and supporting
risk-oriented  decision-making in  structural
rehabilitation. The proposed framework contributes
to enhancing the reliability, resilience, and long-
term performance of strengthened structures within
a life-cycle-oriented approach.

Keywords: structural strengthening; improper
application; defects; damage; steel strengthening;
FRP systems; technical errors; risk factors; building
rehabilitation.

INTRODUCTION

Structural strengthening is widely applied in
the rehabilitation of buildings and structures
subjected to aging, increased loads,
environmental degradation, or accidental
impacts. Modern practice employs both
traditional materials, such as structural steel,
and advanced solutions including high-strength
steels, fiber-reinforced polymers
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(FRP), and specialized anchoring and
connection systems. These materials provide
high mechanical performance and adaptability
to diverse operational conditions.However,
experience from construction practice and
technical inspections shows that improper
application of even state-of-the-art materials
often leads to premature degradation, loss of
bearing capacity, or reduced durability. Such
deficiencies are primarily associated with
human factors, insufficient assessment of
environmental conditions, design inaccuracies,
poor surface preparation, violations of
installation technology, and non-compliance
with  regulatory requirements. Therefore,
systematic analysis of typical errors in the
application of strengthening materials is
essential for improving the overall quality and
reliability of rehabilitation projects.

ANALYSIS OF PREVIOUS RESEARCH

The problem of improper use of materials
and strengthening systems in structural
rehabilitation has been actively discussed in
both national and international research over
the last decades. Existing studies can be
conditionally grouped into several main
research directions:

e strengthening technologies and materials,

e execution quality and technological risks,

ebehavior and failure mechanisms of
strengthened elements,

e regulatory and methodological
approaches to strengthening design.

A significant body of research emphasizes
that the effectiveness of strengthening measures
depends not only on the selected material
system, but also on the compatibility between
the strengthening elements and the existing
structure, construction technology, and
operating  conditions.  Analytical  and
experimental studies devoted to the application
of composite  materials in  building
reconstruction highlight the high sensitivity of
externally bonded systems to surface
preparation, adhesive properties, environmental
exposure, and workmanship quality [1,2].
Experimental investigations [3, 4] confirmed
that even minor deviations from recommended
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installation procedures for FRP systems may
lead to premature debonding or loss of
composite efficiency.

Comparative studies between traditional
steel strengthening and FRP-based solutions
indicate that neither approach is universally
optimal [5]. Their effectiveness strongly
depends on boundary conditions, stress
redistribution, and long-term  durability,
especially under cyclic loading and aggressive
environments.  Similar  conclusions  were
reported in international state-of-the-art
reviews on FRP strengthening of steel and
reinforced concrete structures [6,7], where
improper detailing of bonded joints and
insufficient consideration of fatigue behavior
were identified as key sources of structural
vulnerability.

At the same time, improper application of
traditional strengthening methods based on
steel plates, steel profiles, and bolted or welded
elements has been extensively reported in the
literature. Studies addressing metal-based
strengthening systems indicate that errors in
detailing, insufficient corrosion protection,
poor-quality  welding, and inadequate
consideration of fatigue and temperature effects
can significantly reduce the durability and
reliability of strengthened structures [2,7]. In
many cases, strengthening elements designed to
increase load-bearing capacity introduce
additional stress concentrations or restraint
effects, which may accelerate damage
development in the existing structural
members.

In European practice, the design of
strengthening interventions is generally based
on the fundamental principles of Eurocodes,
including reliability concepts, limit state
design, and load combinations. However,
Eurocodes provide only a framework for
structural safety and do not offer detailed
guidance for externally bonded FRP systems or
specific repair technologies. In this context,
specialized documents play a critical role. The
Italian guideline CNR-DT 202/2005 [9]
provides one of the most application-oriented
sets of requirements, covering material
properties, bond behavior, surface preparation,
installation procedures, and quality control for
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FRP strengthening. The fib Bulletins,
particularly Bulletin 14 [10] and the recent
Bulletin 102 [11], propose a more generalized
engineering  methodology  focused  on
durability, protection, repair strategies, and
lifecycle performance of strengthened concrete
structures. Eurocodes, in contrast, serve as a
regulatory backbone that ensures consistency of
safety requirements and structural verification
but rely on complementary documents for
technological implementation.

This fragmentation of the regulatory and
methodological framework partly explains why
strengthening failures still occur in practice.
Structural calculations may fully comply with
Eurocode principles, while deficiencies in
material selection, installation technology, or
quality control undermine the actual
performance of the strengthening system.
Several authors explicitly note that the weakest
link in rehabilitation projects is often not the
design model itself, but the execution stage and
the interface between new and existing
materials [6,7,10,11].

Recent publications also emphasize the
critical role of connection and anchorage
systems. Anchors, bolts, adhesive joints, and
hybrid connections govern force transfer and
composite action between strengthening
elements and the existing structure. Improper
installation, insufficient surface preparation, or
material incompatibility at this level frequently
control the failure mode of the entire
strengthening system, regardless of the strength
of the primary reinforcing material [3,6,11].

Despite the extensive literature on
strengthening materials and design approaches,
relatively few studies systematically address
improper application scenarios across different
strengthening technologies. Most publications
focus on material behavior, numerical
modeling, or isolated experimental results,
while execution-related errors and their
interaction with the existing technical condition
of structures are often considered only
indirectly.

In practice, strengthening measures are
applied to structures that already contain
defects and damage accumulated during their
life cycle. These initial conditions govern stress
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redistribution, bond behavior, and durability,
and therefore significantly increase the
sensitivity of strengthening systems to
execution errors. From the perspective of
Eurocode- and ISO-based assessment, defect
origin, location, and development potential
should be treated as structured input parameters
for strengthening design. Neglecting these
aspects may lead to solutions that are adequate
in calculation but incompatible with the actual
structural condition and long-term performance
requirements.

The literature review reveals several
unresolved issues that justify further research:

- the absence of a unified classification of
improper application cases for different
strengthening  systems  (steel, FRP,
connection and anchorage products),
explicitly linked to existing defects and
damage;

- insufficient integration of execution quality,
technological risks, and life-cycle priorities
into strengthening decision-making;

- limited use of formalized models that relate
implementation errors to performance loss,
durability reduction, and overall
effectiveness of strengthening;

- weak coupling between material-oriented
research and construction-process-oriented
studies.

Consequently, there is a need for a
comprehensive analytical framework that links
defect and damage characteristics, material
selection, execution quality, and uncertainty
factors within the context of structural
rehabilitation.

PURPOSE AND METHODS

The purpose of the study is to systematize
typical cases of improper use of strengthening
materials and systems (steel-based
strengthening, FRP systems, and
connection/anchorage products) and to propose
a formalized factor—risk representation that
supports structured quality assurance and
decision-making in frame rehabilitation during
reconstruction.

The research combines:
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- Analytical synthesis of inspection practice
and published evidence on typical
implementation errors and failure modes;

- Factor-based structuring of improper-use
causes into three  families:  metal
strengthening FM, FRP strengthening FF,
and connection / anchorage products FZ;

- Formalization of consequences (risks) as a
function of factor sets and the observed
defect/damage context;

- Life-cycle and priority-based framing
through sets of priorities P; and uncertainty
risks F;, to align quality assurance with
reconstruction objectives.

MAIN PART

Any strengthening intervention is applied to
an existing structure that already contains
defects and damage accumulated during its life
cycle. Each defect is characterized by its origin,
extent, geometry, and potential for further
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development, while damage reflects the
evolution of these defects under mechanical,

environmental, and  3KCIUTyaTallMOHHBIX
influences. Therefore, the effectiveness of
strengthening systems cannot be

assessedindependently of the initial technical
condition of the structure [2, 5, 14, 18-21, 34].
Based on the analysis of inspection results for
various types of building structures, a
generalized defect typology consistent with the
principles of Eurocode (EN 1990, EN 1991)
[12, 13] and ISO standards for condition
assessment and asset management [14-16] was
adopted. Defects are classified according to
their origin (cause-related classification),
including design deficiencies, manufacturing
and execution errors, and non-compliance with
operational requirements. In addition, defects
are differentiated by their location within the
structure (external or internal) and by their
structural impact, i.e. their influence on load-
bearing capacity, serviceability, and durability
(Fig. 1) [2, 18, 20, 34,35].

Defects [
5 D¥ _External | | | DX - Internal Location |
(surface) defects (subsurface) defects category |
DE -Visible ||| DS - Hidden Detsctabiity | |

defects

| | g -Diffcultto | reparasiy | |

DS - Progressive
defects

repair defects attribute | |
DS - Non-critical | Time-dependent | |
defects

behavior | |

DF - Design-related
deficiencies

D - Deficiencies due to
fabrication and execution
works

D - Deficiencies
caused by improper | |
use and maintenance | |

Origin-based classification :

Fig. 1 General classification of structural defects by origin, category, and characteristic attributes
Puc. 1 3aranpHa knacugikanis 1eQeKTiB B iCHYIOUMX KOHCTPYKIIISIX

Within the proposed framework, defect
categories (DX) describe the physical location
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attributes used for condition evaluation and
decision-making. These characteristics include
detectability, repairability, development over
time, and influence on global structural
performance. In accordance with Eurocode-
based  assessment  philosophy,  defect
characteristics do not form independent classes;
instead, they  provide  supplementary
information required for reliability verification,
risk-based assessment, and the selection of
appropriate strengthening or rehabilitation
measures [12,14].

The proposed defect classification and
characterization framework is consistent with
Eurocode concepts of reliability, limit states,

and deterioration mechanisms, providing
structured input data for the assessment of
existing structures and the selection of
strengthening strategies.

In parallel, damage to structural elements is
classified by the dominant type of external
action, including mechanical, thermal,
chemical, and explosive effects (Fig.2) [2, 11,
18, 20, 35]. Although this classification is
common for both reinforced concrete and steel
structures, the mechanisms of damage
development and their consequences differ
significantly depending on the structural
material and detailing.

Damage P

Mechanical P, Thermal P,

Thermal Py Explosion Py

Fig. 2 General classification of structural damage by type of action
Puc. 2 3aranpHa knacugikailist OIMKOKEHb 3a TUITAMH BIUIMBIB

The presence and combination of specific
defect and damage types form the initial
boundary conditions for the selection and
design of strengthening systems. Ignoring these
conditions may lead to situations where a
strengthening solution is structurally adequate
in design but fails to perform as intended due to
incompatibility with the existing state of the
structure [1,5,14].

In contemporary practice of structural
rehabilitation, both traditional materials
(primarily  steel) and high-performance
engineering solutions are applied, including
high-strength steels, fiber-reinforced polymer
(FRP) systems, and specialized products for
connections and anchorage [1-4, 10, 22, 23, 27,
28]. These materials are widely used due to
their ~ favorable  mechanical  properties,
flexibility of application, and adaptability to
various operational conditions.

However, results of technical inspections
and numerous scientific studies demonstrate
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that the presence of defects and damage in
existing structures — identified according to the
classifications discussed above — significantly
increases the sensitivity of strengthening
systems to implementation errors [29, 36, 37].
Even when advanced materials are employed,
typical shortcomings related to violations of
technological regulations, inadequate surface
preparation, improper detailing of connections,
or neglect of aggressive environmental
influences may substantially reduce the
effectiveness, durability, and overall reliability
of strengthened structures.

Thus, the performance of a strengthening
system is governed not only by the selected
material or design concept, but also by the
interaction between existing defects, damage
mechanisms, and the quality of technological
execution  throughout the strengthening
process, which fully corresponds to the life-
cycle-oriented and reliability-based approach
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adopted in Eurocode and ISO standards [12,14—
16, 30-32].

Against this background, the effectiveness
of strengthening measures should be considered
not only as a result of structural design, but also
as a function of how strengthening materials
and systems are applied under real conditions
of existing defects and damage. The interaction
between the initial technical condition of the
structure and the technological quality of
strengthening works plays a decisive role in the
achieved performance of rehabilitation
interventions.

Below, the most common cases of improper
application of metal-based strengthening
elements, high-performance flexible materials
(FRP), and connection and anchorage systems
are systematized. The analysis focuses on
typical technical, technological, and execution-
related factors, denoted as FM, FF, and F&,
which govern the technical efficiency,
reliability, and long-term performance of
strengthening systems when applied to existing
structures.

Factor FMcovers the specific features of
using metal elements (steel, aluminum) applied
for structural strengthening. Deficiencies in
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material selection, installation technology,
corrosion protection, fatigue resistance of
connections, as well as insufficient
consideration of mechanical loads and
geometric characteristics directly affect the
reliability and durability of metal-based
strengthening solutions [2,18-21].

The combined technical and technological
causes of errors related to the use of metal-
based strengthening elements can be classified
into generalized categories and expressed
through the following factor groups:

FM — material and consumable quality;

FM — inadequate environmental / corrosion

protection;

FM _ inadequate fire/temperature protec-

tion;

FM — poor installation and joint quality;

FM — incorrect load mechanics and stress

transfer;

FM — geometric and constructive mismatch;

FM — incompatibility of materials;

F} — ignored site/installation constraints.

For each group of influencing factors F™,
corresponding subgroups of technical errors
were identified and systematized (Table 1).

Table 1 Typical technical errors and main consequences for metal-based strengthening systems
Ta6s. 1 TunoBi TeXHIYHI TOMWJIKH Ta HACTIAKK MIPYU BUKOPUCTAHHI MiICHITIOBAILHUX €JIEMEHTIB 3 METaTy

Factor | Factor
group | subgroup

Typical technical error

Main consequence / risk
U

Fl"fl Use of low-quality or non-certified steel

Reduced durability

M
Fl M

Fi,  |Use of poor-quality electrodes or welding consumables

Reduced quality of
connections

Installation in saline or humid environments without
F{‘ﬁ adequate corrosion protection (primers, coatings,

Corrosion damage

elements

FzM metallization)
FM, Insuff|C|_ent sealing of joints Wltho_ut considering moisture Corrosion of hidden zones
' penetration at the concrete—metal interface
M . . . Loss of load-bearing
F37;  |Insufficient or missing fire protection capacity
Lack of compensation for thermal deformations and neglect -
M M . : : L Additional stresses,
F3 F35  |of differences in thermal expansion coefficients of steel and . ;
: debonding, cracking
concrete
FM Neglecting concrete creep in composite action with steel Loss of contact or local

damage
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Table 1 (continued)
Taéa. 1 (mpomoBxKeHH:)

FM Igno_rlng stress concentration in welded joints under high Local fatigue damage
M ’ cyclic loading
4 M Improper welding and lack of quality control resulting in ~ |Formation of fatigue
42 weld defects (lack of fusion, porosity, slag inclusions) cracks, fatigue failure
M . . . Local stress concentration,
Fs5y  |Excessive thickness of steel strengthening plates cracking in the base metal
M FM Rigid fixatio_n of strengthening elements without allowance |Additional operational
5 52 [for deformation stresses
M Insufficient contact quality between steel elements and Reduced or absent
53 |concrete (absence of anchorage or shear connectors) composite action
M M Installation of straight steel strengthening elements on Incomplete contact and
6 6.1 Icurved or complex surfaces without pre-forming insufficient force transfer
FM, Improper placement of strengthening plates on thin-walled Structural failure
: elements
FM  |Incorrect positioning of anchors or dowels Concret_e delamination or
: local failure
FM FM Inadequz_ite surface prepa}ration of concrete (cleaning, Reduced po_nd strength
7 71 Iroughening, use of bonding agents) and durability
M Direct contact of dissimilar metals (e.g., aluminum and Galvanic corrosion
7.2 |steel) without dielectric separation
M Neglect of installation constraints and constructability Increased risk of defects
8 limitations and reduced performance

Factor FF reflects the specific characteristics
of high-strength flexible materials (FRP),
which are associated with relatively high cost,
complexity of installation technology, risks of
debonding, limited fatigue resistance, and
sensitivity to operating conditions such as
temperature, humidity, and aggressive
environments. Experimental studies have
identified several typical debonding zones,
including failures within the FRP material, at
the adhesive-FRP interface, and at the
adhesive-substrate  interface  (Fig.3) [9].
Improper strengthening of beams or slabs
subjected to cyclic loading may lead to
progressive delamination or rupture of FRP
composites under fatigue effects.

The causes of errors associated with the
application of FRP-based strengthening
systems can be classified into a set of
generalized categories and expressed through
the following factor groups [1, 3-7,10, 27, 28]:

Ff - low-quality FRP/adhesives;

FF - incorrect substrate preparation or poor

installation condition;

F¥ - mismatch with geometry;
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Ff - insufficient protection in service.

metallic
substrate
melalFRe adhesive layer
L _mbﬂace
adhesive
— adhesiveFRP  FRP FRP 2 |
’ nterface e

delamination — —]

Fig. 3 FRP debonding and failure modes in
structural strengthening [9]

Puc. 3 Tunm BimmapyBaHHS ab0 pyHWHYBaHHS
FRP-maTepiany npu miacuneHHi

For each group of influencing factors FF,
corresponding subgroups of technical errors
were identified and systematized (Table 2).

Factor FBencompasses deficiencies related
to the use of prefabricated connection and
anchorage elements—such as anchors, bolts,
and steel plates—taking into account surface
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preparation, corrosion protection, installation performance of the strengthening system and
procedures, operating conditions, and the may result in loss of composite action or
influence of structural geometry. In many cases, premature failure.

errors at the connection level govern the overall

Table 2 Typical technical errors and main consequences for FRP-based strengthening systems
Tao6. 2 TunoBi TeXHIYHI TOMHJIKH Ta HACTIIKH TIPH BUKOPHUCTAHHI MiICHITIOBAILHUX eleMeHTiB 3 FRP

Factor | Factor . . Main consequence / risk
Typical technical error
group | subgroup U
FF Ff 1 |Use of non-certified FRP materials or low-quality adhesives |Loss of bond effectiveness
1 Ff 5 |Lack of control over adhesive layer thickness Debonding
FF Ff 1 |Bonding on wet or dusty surfaces Debonding
2 F{z Installation at low temperatures or high humidity Reduced adhesion
F F¥,  |Excessive FRP thickness without structural adaptation Stress concentration,
F! . rupture
F?f > |Application of flat FRP systems on curved surfaces Loss of bond
Ff, |Absence of fire protection ]Ic__oss of strength during
4 ire exposure
FF Ffj 5 |Application of FRP on carbonated concrete Iagsﬁaggggzesmn, material
Ffj 3 |Lack of protection in aggressive environments Accelerated deterioration
F& Neglect of fatigue behavior under cyclic loading Progressive debonding
Typical technical errors associated with the FZ — lack of environmental sealing and
use of prefabricated connection and anchorage corrosion protection;
products in structural strengthening can be FZ — ignored geometry and reinforcement
systematized into  several  generalized layout.
categories and represented by the following
groups of factors [9, 11, 22, 24-26]: For each group of influencing factors FZ,,,
o _ _ corresponding subgroups of technical errors
FP — violations of installation procedures; were identified and systematized (Table 3).

Table 3 Typical technical errors and main consequences for anchorage and connection systems
Tab6a. 3 TunoBi TeXHIYHI TOMUIIKH Ta HACTIIKH TIPH BUKOPHUCTAHHI TOTOBUX 3'€IHYIOYMX BHPOOIB

I;z;lgtjopr suFbag;C:c?lZp Typical technical error Main consequence / risk U
F1B,'1 (Ijr;sgtf;;tilr(])g of anchors without surface cleaning or Loss of bond
FB FB, |Installation on wet surfaces tgr?rfgg[igr%or pull-out of
FE3 Use of low-quality or incompatible adhesives Poor adhesion
FlB'4 Bolts without pre-tension or improper tightening Connection loosening

BypiBenbHi koHCTpyKuii. Teopisi | npakTuka * 18/2026 71




ISSN 2522-4182

Table 3 (continued)
TabJ. 3 (mpooBXKEHHS)

FE;  |Reuse of bolts

Risk of fatigue failure

FP5  |Welding without quality control

Crack initiation zones

FZBI1 Contact of dissimilar metals without insulation

Galvanic corrosion

F;, |Lack of joint sealing

Moisture penetration and
corrosion

Fglfl Installation on thin elements without structural verification |Local crushing, deformation

Ff Fglfz Installation on curved surfaces without prior shaping

Incomplete contact

F£3 Installation without considering existing reinforcement

Structural weakening

To link improper-use factors  with
consequences in a structured way, the typical

risk/outcome for a strengthened element is
represented as:

Ui=AFM . ROGFE W FEGFE R2LID R:D £.DF; Py (1)

where  U; - typical consequence/risk (debonding, corrosion, fatigue cracking, loss of capacity);
F{ . Ff. FP, - factor subsets describing improper use for metal/FRP/connection

products;

D; - defect group related to origin (design/manufacture/installation/exploitation);

DX - defect category (internal/external);

Df - defect characteristics (visible/hidden; progressive/non-progressive);
P; - damage type category (e.g., mechanical/temperature/chemical/explosive).

The overall effectiveness of strengthening
under accumulated risks may be expressed as:

R= G(Ul, Uo, Un) (2)
where R - denotes the overall
effectiveness,
U, - represents a typical risk or con-
sequence.

This function demonstrates the interaction of
multiple factors affecting the effectiveness of
strengthening materials. Optimization of these
parameters provides a basis for improving the
quality, structural resilience, and long-term
performance of rehabilitated structures.

CONCLUSIONS
1. The study demonstrates that the reduced

effectiveness of strengthening
interventions in structural rehabilitation is
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most often caused by improper application
and execution-related factors rather than by
inherent limitations of modern
strengthening materials or systems.

. Typical causes of improper use were

systematized into three interrelated factor
families:  metal-based  strengthening
systems, FRP strengthening systems, and
connection and anchorage products. Each
family is associated with specific
technological vulnerabilities, characteristic
failure mechanisms, and potential losses in
durability and structural performance.

. A formalized factor—risk representation

was developed to explicitly link improper-
use factors with the existing defect and
damage context of structures and the
resulting performance consequences. This
representation provides a consistent basis
for quality assurance, risk-oriented
assessment, and engineering decision-

ByniBenbHi koHCcTpyKUii. Teopis i npakTuka * 18/2026




making in the design and implementation
of strengthening measures.

. The proposed framework is consistent with
Eurocode- and [SO-based assessment
philosophy and supports a more integrated
consideration of material selection,
execution quality, and existing structural
condition. Its application facilitates the
identification of critical weak points in
strengthening solutions and contributes to
improving the reliability, resilience, and
long-term performance of rehabilitated
structures.
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AHAJII3 HEJOCKOHAJIOTO
3ACTOCYBAHHSI MATEPIAJIIB TA
CHUCTEM MIICWJIEHHSA ITPU
PEKOHCTPYKIIi BYIIBEJb

Ipuna PYJ[HEBA

Anortaunis. EdextuBHicTh, HamifiHiCTE 1
JTIOBTOBIYHICTh 3aXOJIB 3 MiJCHICHHS OyIiBETbHUX
KOHCTPYKITifi 3ajexarh HE JUINE BiJg OOpaHHmx
MartepiajiiB i IPOEKTHHUX pillleHb, a i Bif SKOCTI iX
peaizaiii Ha BCiX eTamax Mmpolecy peKOHCTPYKIIi.
[lincuneHHs, SK NpPaBWIO, BUKOHYEThCS Ha
ICHYIOUHX KOHCTPYKIIISIX, SIKi BJKE MICTAThH TeQEKTH
Ta  MOIIKO/DKCHHS,  HAKOMHMYEHI  IMPOTATOM
KHUTTEBOTO IMKIy, IO ICTOTHO BIUIMBaE Ha
MEPepo3NOiI HANpPYKEeHb, YMOBU 3YCIUICHHS Ta
JIOBTOTPHUBAY €KCIUTyaTalliiiHy NpHIATHICTh. 3a
TaKUX YMOB HaBiTh CyYacHi CHCTEMH ITiJICHIICHHS
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MOXYTh J€MOHCTPYBAaTU 3HWKEHY €(EKTUBHICTD Y
pa3i  HEKOPEKTHOrO  BpaxyBaHHA IPOEKTHUX
NPUIYIIEHb, TEXHOJOTTYHUX BUMOI a00 BIUIUBY
eKCIUTyaTaniiHOTO CepelOBHIIA.

VY crarti npoaHalli3oBaHO THITOBI BHUIAJKH
HEJIOCKOHAJIOT0 3aCTOCYBaHHS MaTepiajiB i cucTeM
MiACWICHHS] OyIiBENTbHUX KOHCTPYKINH, 30KpeMa
TpagULiHHUX CTaJeBUX pillleHb, CUCTEM Ha OCHOBI
¢dibpoapmoBanmx momiMmepiB (FRP), a Takox
3’€IHyBaJbHUX Ta aHKEpHUX BUpoOiB. Ha ocHOBI
y3arajJbHeHHA NPAKTUKH TEXHIYHUX OOCTEKEHb,
eKCTIIEPUMEHTAJIbHUX JOCTIKEHb 1 HOpPMAaTHBHO-
METOJWYHUX TMIIXOMiB, Y3TO/DKEHUX 13 TIPHH-
munamu €BpokofiB Ta cTaHAaptiB ISO, cuctema-
THU30BAaHO TEXHIYHI, TEXHOJIOTIYHI Ta OpraHi3awiiiui
NOMWIKM, IO BHHUKAIOTh HA eTamax MpOEKTY-
BaHHS, BHWKOHAHHSA Ta ekciuryaraiii. OcoOmuBy
yBary IpUOIIEHO  B3a€EMO3B’SI3KY  YMHHUKIB
HEJIOCKOHAJIOTO  3aCTOCYBaHHSA 3  HasSBHUMHU
nedeKkTaMu Ta MOLIKOUKEHHSIMH KOHCTPYKIIH.

3amponoHOBaHO y3aralbHeHy KiacH(ikarito
nedeKTiB 1 MOMIKOIKEHD K CTPYKTYPOBaHY BXiTHY
iHhopMaIlito A7 OI[HIOBAaHHS IiJICHJICHHS, IO
JTO3BOJISIE aHANI3YBaTH CIICHApii HEZOCKOHA-JIOTO
3aCTOCYBaHHS 3  YpaxyBaHHSAM  ITOXOJDKEHHS
nedexTiB, 1X Jokaimizallii, XapakTepy pO3BUTKY Ta
BIUIMBY Ha HeCcydy 3IaTHicTb. Po3poGieHo
(YHKIIIOHATBHO-CTPYKTYPHY MOJENb PU3UKIB, Ka
(dopManizye B3a€MO3B’S30K MiXK UYHHHHKAMH
TEXHIYHUX TTOMHJIOK, XapaKTePUCTHKaMHU Je(eKTiB
1 THOIKOIKEHb Ta HACHIAKAMH Ui eKCIUTyaTa-
MIAHUX ~ TOKA3HUKIB  KOHCTPYKIH. 3aranbHa
e(eKTUBHICTh TIJICHJICHHS IHTEPIIPETYETHCA 5K
iHTerpasibHa  (YHKIiS HAaKONMYCHUX PH3HKIB,
MOB’A3aHUX 13 BHOOpPOM MaTepiamiB, SKIiCTHO
BUKOHaHHS pOOIT Ta (aKTUYHUM TEXHIYHUM
CTaHOM ICHYIOYHMX KOHCTPYKIIiH.

OtpumaHi  pe3yJbTaTH MOXYTb OyTH
BUKOPUCTAHI Ul BIOCKOHAJIEHHS IPOLERYp
KOHTPOJIO SIKOCTi, 3HW)KEHHS TEXHOJIOTIYHUX Ta
eKCILTyaTalifHIX PU3HUKIB, @ TAKOX IS M ATPUMKH
PHU3HK-OPIEHTOBAaHOTO  NPUHHATTS  pIilIeHb Y
MpoIieci peKOHCTPYKITii. 3armpormo-HOBaHMH ITiIXi
CIpuUs€e TWiJBHUINCHHIO HAJIAHOCTI, CTIMKOCTI Ta
JIOBTOTPUBAIOT e(eKTHBHOCTI T ICHIICHUX
KOHCTPYKLIH y  MeXax  IKUTTE€BO-LUKIOBOI
KOHIIEIIIIl.

KarouoBi ciaoBa: mijncuieHHs OyiBeNbHHUX

KOHCTPYKIiH; Je()eKTH; TMOIIKOMKCHHS; CTaleBe
migcunenns; FRP-cucremu.
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