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Load-bearing capacity and deformability of steel-concrete floors
on profiled steel decking

Abstract. This article aimed to provide a regulatory and analytical justification of the effect of the degree of shear
interaction on compliance with the requirements of the first and second groups of limit states for composite floors with
profiled decking. The research was carried out on the basis of a regulatory and analytical approach and was implemented
with the application of the current Ukrainian normative documents and codified calculation models of steel-concrete floors
as composite flexural members. In the calculation models adopted, either full or partial compatibility of the strains of steel
and concrete elements’ deformations was adopted. The results showed that the load-bearing capacity and deformability of
floors were interdependent properties formed within the framework of a unified stiffness-force mechanism of composite
cross-section behaviour. It has been established that the degree of shear interaction between the steel deck and the concrete
slab was an integrating parameter that simultaneously controlled the achieved design bending resistance and the effective
stiffness of the floor system. With full shear interaction, the maximum realisation of the transformed geometrical and
stiffness characteristics of the cross-section was achieved, which allowed fulfilling both groups of limit states simultaneously.
In the case of partial composite action, a coordinated reduction in design resistance and an increase in deflections were
observed, with deformability indicators showing greater sensitivity to reductions in effective stiffness than load-bearing
capacity indicators. It was shown that, under identical service loads, deflections may reach permissible limit values earlier
than limiting stresses were attained, thereby defining serviceability as the governing constraint in design decisions. The
practical significance of the obtained results lies in the possibility of their application by design and expert organisations in
the practice of regulatory assessment and design of steel-concrete floors with profiled decking
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INTRODUCTION

In modern building structures design practice, steel-con-
crete floors reinforced with a profiled steel decking were
widely used. This was due to the features of their structur-
al scheme, a rational balance between material consump-
tion and the load-bearing capacity, as well as the ability
to cover large spans with a given self-weight. Such floors
were used both in civil and industrial construction as load-
bearing and enclosing structural elements, and as partici-
pants in the spatial work of buildings. Within the current
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regulatory framework, a key task was the assessment of
the load-bearing capacity and deformability of composite
floors with appropriate consideration of the composite ac-
tion of the steel and concrete components, as the nature of
this interaction governs the formation of the stress-strain
state of the element. In the study by Y. Dmytrenko (2021),
it was shown that code-consistent modelling of shear in-
teraction between steel elements and the reinforced con-
crete slab had a direct effect on the determination of the
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effective geometric properties of the composite cross-sec-
tion and the accuracy of its load-bearing capacity assess-
ment. Even in the framework of linear elastic calculation
models, the results were dependent on the accepted hy-
pothesis about the level of composite action. The compre-
hensive approach to taking into account the stage-by-stage
nature of structures’ behaviour was realised in the study
by M. Savytskyi et al. (2021), which stated that the stress-
strain state of the steel-reinforced concrete floors changed
essentially depending on the construction stage. This
finding substantiated the need for a normative distinction
between design situations and for separate verifications
with respect to limit states. The study also demonstrated
the transition from the behaviour of steel elements acting
without participation of the concrete slab to the formation
of full composite action, accompanied by changes in the
distribution of internal forces and deflections. In the study
by A. Hasenko et al. (2022), the influence of effective ge-
ometric parameters of the composite cross-section on the
load-bearing capacity of floors was analysed. It was shown
that a reduction in the effective width of the concrete
slab or a decrease in the efficiency of shear interaction
was accompanied by a reduction in the flexural strength
of steel-reinforced concrete systems. Within that study,
the relationship between the parameters of the compos-
ite cross-section, load-bearing capacity, and deformabili-
ty of floors was examined. The study by L. Storozhenko &
G. Gasii (2020) systematised design aspects of the calcu-
lation of steel-concrete floors, with particular emphasised
on the consideration of deflections, crack resistance, and
the composite action of materials within the national reg-
ulatory framework. It was shown that rational use of com-
posite elements enabled a reduction in material consump-
tion, provided that checks for the first and second groups
of limit states were performed correctly.

In the research by M. Hernich et al. (2021), steel-rein-
forced concrete structural systems were treated as a single
composite cross-section, for which the stress-strain state
and deformability were analysed with due regard to the
mechanical properties of the materials and the conditions
of shear interaction. Using the example of bridge super-
structures, it was substantiated that such a composite
scheme provided increased stiffness and load-bearing ca-
pacity, while simultaneously reducing mass, which was of
particular importance for tasks related to the restoration
of transport infrastructure. A publication by M. Saccone et
al. (2025) summarised the results of experimental and
theoretical investigations of composite floors, which indi-
cated the influence of longitudinal shear behaviour on the
formation of the ultimate load-bearing capacity and the
serviceability deformation capacity for various concretes.
It was noted that the characteristics of the “deck-slab”
interaction affect the actual parameters of the composite
action and the values of the calculated deflections. Similar
results were obtained in the study by P. Ravichandran &
S. Harini (2024), where it was shown that the design span,
the geometrical parameters of the profiled deck and the
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thickness of the concrete layer affected the stiffness of the
composite cross-section, due to the influence on the effec-
tive moment of inertia and the values of deflections. This
fact necessitated their normatively consistent accounting
in the design evaluation of the deformability of steel-con-
crete floors. In the study by L.G.F. Grossi et al. (2020), the
behaviour of composite slabs with profiled steel decking
was analysed through the mechanism of longitudinal
shear at the “deck-concrete” interface as a factor deter-
mining the degree of composite action and the governing
type of limit state. Experimental comparison of specimens
with different shear span lengths and additional reinforce-
ment showed that the introduction of reinforcing bars in-
creased the realised shear load-bearing capacity and shifts
slab behaviour towards a more stable and deformable re-
sponse compared with unreinforced solutions. The results
obtained were interpreted in terms of evaluating longi-
tudinal shear strength as a parameter that determined
the degree of involvement of the steel component in the
work and the limits of applicability of structural solutions
for composite floors. In the research by B.A. Izzuddin &
J. Sio (2021), the floor was recognised as the main element
of frame structures that provided force redistribution and
structural integrity under accidental actions. The authors
argued that the deformative properties of floors should
be taken into account, when analysing robustness, since
horizontal tie forces, which were decisive for excluding the
progressive collapse of structures, were transmitted pre-
cisely through the floor slabs.

Despite the presence of scientific and applied research
in the scientific and technical literature, there were various
approaches to the theoretical evaluation of the load-bear-
ing capacity and deformability of steel-concrete floors
with profiled steel decking, which have not been system-
atised in the form of a single normatively consistent de-
sign calculation scheme. The publications differed in the
methods for consistently taking into account the effect of
partial shear interaction, determining the actual geomet-
rical parameters of the composite cross-section, as well as
combining the verification of the first and second groups of
limit states without using empirical coefficients. In addi-
tion, there were differences in understanding the content
of the relationship between the loadbearing capacity and
the serviceability-related deformability in the current nor-
mative documents. This study aimed to perform a theoret-
ical estimation of the load-bearing capacity and deforma-
bility of the steel-concrete floors reinforced with profiled
steel decking, taking into account the interrelated require-
ments of the first and second groups of limit states and
the composite action of the steel and concrete elements.
To achieve the stated aim, the study performed a regulato-
ry and analytical estimation of the load-bearing capacity
of the steel-concrete floors reinforced with profiled steel
decking according to the first group of limit states, taking
into account the geometric parameters of the composite
cross-section and the conditions of shear interaction. The
influence of the degree of shear interaction between the



steel and concrete on the composite action of the floor
system and the effective stiffness characteristics of the
cross-section was analysed. A theoretical estimation of the
floor deformability according to the second group of limit
states was also carried out, and an integrated normative in-
terpretation of the relationship between the load-bearing
capacity and serviceability was provided.

MATERIALS AND METHODS

The study was performed as a regulatory and analytical
investigation, focused on a reproducible interpretation
of design verifications for the steel-concrete floors rein-
forced with profiled steel decking within the framework
of the limit state method. The source base consisted of
current regulatory and regulatory-technical documents
of Ukraine, which were applied in accordance with their
functional purpose for the specification of loads and load
combinations, verification of the steel and concrete com-
ponents, consideration of composite action, and servicea-
bility criteria. The permanent and variable loads, as well
as the design load combinations, were established in ac-
cordance with SCN No. V.1.2-2:2006 (2006). Requirements
for the steel elements of the floor system, in particular for
the profiled decking as the steel component of the com-
posite cross-section, were applied in accordance with SCN
No. V.2.6-198:2014 (2022). The design properties of con-
crete and the principles for assessing the resistance of con-
crete and reinforced concrete elements were adopted in ac-
cordance with SCN No. V.2.6-98:2009 (2009). Checks for the
first and second groups of limit states, including criteria for
load-bearing capacity and serviceability, were interpreted
in accordance with SCN No. V.1.2-6:2021 (2022). The con-
sideration of the composite action of the steel and concrete
was implemented through the code-defined concept of the
degree of shear interaction between the profiled decking
and the concrete slab. The general principles for the anal-
ysis and design of steel-reinforced concrete elements, to-
gether with terminological approaches, were adopted in
accordance with SCN No. V.2.6-160:2010 (2010). Provisions
relating to the parameters of composite action, effective
geometric and stiffness characteristics of the composite
cross-section, and conditions of partial shear interaction
were taken from the DSTU No. B V.2.6-215:2016 (2016).

The methodology was based on a sequential analysis,
harmonisation, and systematisation of regulatory require-
ments, followed by the structured presentation of conclu-
sions for the first group of limit states (ultimate limit state,
ULS) and the second group of limit states (serviceability
limit state, SLS). At the first stage, requirements for the
specification of loads and load combinations were organ-
ised, and ULS criteria were generalised in the form of a nor-
mative condition ensuring loadbearing capacity, while SLS
criteria were formulated in terms of deformation (deflec-
tion) limits as a component of serviceability. At the second
stage, provisions concerning the composite action of steel
and concrete were systematised, with explicit distinction
between conditions of full and partial shear interaction
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as prerequisites determining the effective characteristics
of the composite cross-section applied in ULS/SLS verifi-
cations. At the third stage, the factors influencing compli-
ance with the requirements of the first group of limit states
were presented in a reproducible format of “parameter —
normative condition — engineering interpretation of in-
fluence”. Within this framework, the following parameters
were identified: concrete slab thickness, geometry of the
profiled decking, degree of shear interaction, composite
action scheme, and level of design loading. The synthesis
of the results was formulated as a normatively consist-
ent theoretical interpretation of the relationship between
load-bearing capacity and deformability, considered as
interrelated characteristics of the behaviour of steel-con-
crete floors within building load-bearing systems.

RESULTS

Load-bearing capacity of steel-concrete floors
according to the first group of limit states

Analysis of the results of the regulatory and analytical as-
sessment of the load-bearing capacity of steel-concrete
floors according to the first group of limit states showed
that fulfilment of the condition Mg, < My, derived from the
normative criterion for ensuring load-bearing capacity un-
der the first group of limit states in accordance with SCN
No. V.1.2-6:2021 (2022) is governed by a set of interrelat-
ed structural and regulatory factors. This list included: the
design values and combinations of external loads; geomet-
rical parameters of the composite cross-section (the thick-
ness of the concrete slab, the geometrical parameters of
the profiled decking, and the position of the neutral axis);
design parameters of the steel and concrete; conditions
for the implementation of the composite action, which
was the degree of shear interaction between the profiled
decking and the concrete slab. All these factors together
determined the relation between the design effect and the
design resistance of the cross-section. In the framework of
the existing normative approach, the load-bearing capaci-
ty of the floor was considered not as the sum of the resist-
ances of the individual components of the structure, but
as an integral property of the steel-concrete cross-section,
formed according to the principles of the composite action.
The rational choice of the above parameters made it possi-
ble to use the profiled steel decking not only as permanent
formwork, but also to involve it in the process of resisting
bending loads, which increased the effective resistance of
the cross-section and reduces the level of stresses in the
concrete component. Such behaviour of the floor corre-
sponded to the normative concept of steel-concrete systems
as single composite elements (according to SCN No. V.2.6-
160:2010, 2010), in which the distribution of internal forc-
es between the interacting materials was determined not
by their nominal properties, but by their composite action
in the composite cross-section. It was in these conditions
that the fulfilment of the requirements of the first group of
limit states was ensured, without artificially increasing the
cross-sections or introducing additional structural reserves.

Architectural Studies, 12(1) 31 »



L ¢ Load-bearing capacity and deformability of steel-concrete floors...

The results showed that the normatively admissible
level of resistance of the composite crosssection was formed
depending on the geometrical parameters of the floor sys-
tem, in particular, the relation between the height of the
profiled steel decking and the thickness of the concrete
layer, and the position of the neutral axis in the flexural
cross-section. In particular, the reduction of the thickness
of the concrete slab or the efficiency of shear interaction
between the steel decking and the concrete led to a de-
crease in the design resistance of the composite cross-sec-
tion, which was observed in the results of verification of
the conditions of the first group of limit states. Within the
requirements of the SCN No. V.1.2-6:2021 (2022), it mani-
fested itself in a decrease in the design resistance M, and,
consequently, in a narrowing of the range of permissible
design solutions, even in the case of meeting the stand-
ard values of loads and impacts specified in SCN No. V.1.2-
2:2006 (2006). Under these conditions, the reserve of the
load-bearing capacity of the floor was limited, and full
composite action was not realised, which indicated the
fundamental importance of the structural compatibility

of the floor components within the normative calcula-
tion model. The formation of the load-bearing capacity of
steel-concrete floors was directly related to the conditions
of shear interaction between the profiled steel decking
and the concrete slab. In accordance with the provisions
of SCN No. V.2.6-160:2010 (2010) and DSTU No. B V.2.6-
215:2016 (2016), the level of shear interaction was used
to classify the modes of behaviour of the steel-concrete
cross-section with full or partial compatibility of deforma-
tions. A decrease in the efficiency of shear interaction led
to a redistribution of the internal forces in the cross-sec-
tion, an increase in the share of the bending stresses per-
ceived by the concrete component and a decrease in the
reduced design resistance of the steel part. In a normative
sense, this was manifested in a decrease in M, and, as a
consequence, a further narrowing of the range of admissi-
ble design solutions within the first group of limit states. In
order to systematise the effect of the main parameters on
fulfilment of the criteria for the first group of limit states,
the normative dependencies were systematised in the form
“parameter — normative condition — and effect” (Table 1).

Table 1. Systematisation of normative parameters influencing fulfilment of the M, < M, criterion
for the first group of limit states in steel-concrete floors

Structural Normative condition Normative interpretation Conclusion for compliance
parameter (document) of influence on M, with M, € My,
Normative requirements Increasing thickness enhances the potential
Concrete slab for the behaviour for the formation of the compressed zone With rational parameter ratios, the risk
thickness of concrete and the integral resistance of M, approaching M, is reduced
and reinforced concrete of the composite cross-section
Profiled . Determines the structural capacity With geometrically compatible design, the
. Requirements for steel - - . - .
decking and effectiveness of engaging the steel range of permissible solutions is expanded;
elements and profiles R . o . L
geometry component in bending with incompatible geometry, it is limited
.- Reduced interaction lowers the effective
Degree Conditions . . . . . -
A resistance of the composite cross-section Partial interaction increases the likelihood
of shear for considering full/ . e s o A
. - L. . and increases sensitivity of the criterion reaching its limit
interaction partial interaction L
to parameter variations
Establishes the normative framework When composite principles are observed
Composite Principles for the integral cross-section resistance P p p ’

action scheme of composite action

as a result of the composite action
of steel and concrete

the criterion is formulated
within the integral resistance model

Standardisation
and load combinations

Level
of design load

Increasing M, raises the requirements
for the integral cross-section resistance

Compliance with the criterion depends
on the margin of M, relative to M,

Note: M,,, — design bending moment from normative load combinations; M, — design resistance (load-bearing capacity)
of the composite cross-section in bending; criterion M, < My, — fulfilment of the load-bearing capacity requirement

according to the first group of limit states (ULS)

Source: SCN No. V.1.2-2:2006 (2006), SCN No. V.2.698:2009 (2009), SCN No. V.2.6-160:2010 (2010), DSTU No. B V.2.6-

215:2016 (2016), SCN No. V.2.6-198:2014 (2022)

As followed from Table 1, the systematisation in the
form “parameter — normative condition - effect” indi-
cated that the fulfilment of the criterion My, < My, for
the first group of limit states was determined not by
the individual effect of one or another parameter, but
by the normatively determined interconnection of the
geometric parameters of the cross-section and the con-
ditions for implementation of the composite action in
accordance with SCN No. V.1.2-6:2021 (2022). In this as-
pect, the thickness of the concrete slab was related to
the possibility of the formation of the compressed area
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and the level of involvement of the concrete component
in the total resistance of the composite cross-section.
An increase in the slab thickness at structurally justified
ratios of the parameters was normatively perceived as
an increase in M,. The geometry of the profiled deck-
ing influenced the structural capacity and the level of
involvement of the steel component in the resistance
to bending moments in the composite system: at a
geometrically coordinated arrangement, it was nor-
matively perceived as an increase in the calculated re-
sistance of the cross-section, and at a geometrically



uncoordinated arrangement, it was perceived as a re-
striction of the composite efficiency and a reduction of
the permissible design range. The degree of shear in-
teraction was a system-forming factor that determined
the mode of operation of the cross-section (full or par-
tial) and, accordingly, adjusts the normative ideas about
the compatibility of deformations and the distribution
of internal forces. A decrease in the level of shear in-
teraction was normatively perceived as a reduction in
the effective resistance of the composite cross-section
and an increase in the sensitivity of the verification of
the first group of limit states, in accordance with DSTU
No. B V.2.6-215:2016 (2016). The composite action
scheme was used to understand the resistance of the
cross-section as an integrated property, while the design
load value (determined in accordance with the standard
combinations of actions) was the upper boundary of re-
quirements for this integrated property. Therefore, the
loadbearing capacity of the steel-concrete floor in the
existing standard model was understood as a result of
the design action coordination, geometric model of the
composite cross-section and conditions for the imple-
mentation of the composite action as a result of shear
interaction between the steel and concrete.

Influence of the degree of shear interaction

on composite action of the floor

The degree of shear interaction between the profiled
steel decking and the concrete slab determined the type
of composite action of the steel-concrete floor and in-
fluences the implementation of transformed geometric
and stiffness characteristics of the cross-section. In the
existing standard model, this factor was used as an engi-
neering indicator of the strain compatibility of the steel
and concrete in the composite cross-section. The general
provisions for the composite action and the requirement
for ensuring strain compatibility of deformations were
given in the SCN No. V.2.6-160:2010 (2010). When there
was full shear interaction, the steel-concrete cross-sec-
tion was calculated as a single composite section, with
full implementation of the transformed geometric and
stiffness parameters. In this condition, the internal
forces between the steel and concrete were shared with-
in the coordinated calculation scheme without reduc-
tion of the transformed parameters. The calculation pa-
rameters of the composite crosssection and the rules for
accounting for the shear interaction were determined in
accordance with the DSTU No. B V.2.6-215:2016 (2016),
which formalised the contribution of steel and concrete
to the resistance to bending moments and shear forces
within the standard model. In the case of partial shear
interaction, the design values of the effective geometric
characteristics of the composite cross-section were de-
creased, which was normatively accounted for through
adjustment of the transformed geometric parameters
and design resistance. In this case, in the calculation
formulas, the incomplete deformation compatibility
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between the steel and concrete was taken into account,
which imposed restrictions on the maximum allowable
internal forces in the cross-section, when verified for
the first group of limit states, in accordance with the
SCN No. V.1.2-6:2021 (2022). Reduction of the degree
of shear interaction was also accompanied by a decrease
in the effective flexural stiffness of the steel-concrete
element, which was manifested in an increase in the
calculated values of deflections and an increase in the
sensitivity of the verification results for the second
group of limit states, in accordance with SCN No. V.1.2-
6:2021 (2022). Therefore, the degree of shear interac-
tion was an integral parameter that simultaneously af-
fected the evaluation of both the load-bearing capacity
and the serviceability of the steel-concrete floor in a
unified normative calculation model. To clarify, the di-
agram of the composite action of the floor and the role
of shear interaction between the steel decking and the
concrete slab were presented in Figure 1. Analysis of the
diagram showed that the transition from full to partial
shear interaction between the profiled steel decking
and the concrete slab was accompanied not only by a
decrease in the realised level of the effective geometric
and stiffness characteristics of the composite cross-sec-
tion, but also by a qualitative change in the mechanism
of its operation. In the case of full shear interaction,
a steel-concrete cross-section works as a single beam
with full compatibility of deformations, at the same
time it realised the maximum possible transformed
moment of inertia and the design moment resistance
of the cross-section. Internal forces were redistributed
between the steel and concrete parts of the section in
accordance with their transformed stiffness character-
istics, and the stress state of materials developed within
the normatively acceptable limits without local over-
strain. In the case of partial shear interaction between
the components of the floor, there were longitudinal
displacements, which disturbed the full compatibility of
deformations and led to the redistribution of the bend-
ing moments. Within the framework of the normative
model, the effective moment of inertia of the compos-
ite cross-section decreased, the transformed stiffness of
the section was reduced, and the proportion of forces
perceived by the concrete part of the section increases
in comparison with the full interaction. According to the
norm, this entailed a reduction in the realised moment
resistance of the cross-section and an increase in its
sensitivity to changes in the design parameters, primar-
ily to the geometric parameters of the profiled decking
and the characteristics of the shear connectors. In this
connection, the degree of shear interaction was a deter-
mining factor that simultaneously influenced both the
realisation of the load-bearing capacity of a steel-con-
crete floor and its deformability, which created condi-
tions that may limit the fulfilment of the first and sec-
ond groups of limit states within the current normative
calculation model.

Architectural Studies, 12(1) 33 »



L ¢ Load-bearing capacity and deformability of steel-concrete floors...

; Shear connector kg
Y 4

he| Jomm == -_al':- - = 4 Concrete Shb Cenzroad

T :‘:I'.: T I T Coocrete-Steel Interface
BS| L aimimie i e e e e e o] Steed Beam Ceatroid
a) $

Reinforced conerete floor

‘Thin-walled core boxes

Coacrote Slab Centroid

Concrete-Steed Incerface

Sieel Beam Certroid

b)

Figure 1. Schematic representation of the composite action of a steel-concrete floor, considering shear interaction
between the profiled steel decking and the concrete slab

Note: a — design scheme of the steel-concrete floor showing the geometric configuration of the cross-section and the
positions of the centroids of the steel and concrete components; b — generalised normative model of the composite element
illustrating the mechanism of shear transfer between the profiled steel decking and the concrete slab; c — structural
representation of the steel-concrete floor within the building’s load-bearing system. Symbols: hs — height of the steel
component of the composite cross-section; hc — thickness of the concrete slab; S — design spacing of shear connectors;
V - design transverse force; k, - shear connection stiffness; FEM - finite element numerical model; TALHGs - thin-walled
steel elements/profiles participating in the composite action of the floor

Source: SCN No. V.2.6-160:2010 (2010), DSTU No. B V.2.6-215:2016 (2016)

Deformability of steel-concrete floors

under the second group of limit states

The calculation under the second group of limit states was
a mandatory part of a comprehensive normative estima-
tion of the floor’s performance and was carried out togeth-
er with the calculation of the load-bearing capacity with-
in a single calculation model. In the existing calculation
model, the requirements for deformability were not sec-
ondary or derived; they were formalised as an independent
calculation criterion, the provision of which was necessary
for ensuring the serviceability of steel-concrete structures
throughout their entire design life. In accordance with
the requirements of the SCN No. V.1.2-6:2021 (2022), the
deformability of the floors was classified as a serviceabil-
ity criterion. For which the normative verification in the
framework of the limit state method was obligatory. In the
framework of the normative model, the design values of
the steel-concrete floor deformability are determined by
the effective stiffness of the composite cross-section. This,
in turn, depended on the degree of participation of the pro-
filed steel decking and the concrete slab in the composite
action. The effective stiffness was determined using the

& 34 Architectural Studies, 12(1)

transformed geometric characteristics of the cross-section
and the conditions of shear interaction between its compo-
nents. At full shear interaction, the effective stiffness of the
cross-section was determined based on the full participa-
tion of both the steel and concrete components in resisting
the bending deformations. As a result, the steel-concrete
floor works as a single bending element with a high effi-
ciency of stiffness, and the design deflections do not ex-
ceed the normative limits. In the context of the normative
assessment, the results of the first and second groups of
limit states were interpreted based on the comparison of
the design bending moment and floor deflections. This
provided a comprehensive analysis of the effect of the de-
gree of shear interaction on both the load-bearing capacity
and deformability of the composite cross-section. At the
same service loads, a decrease in the effectiveness of the
composite action results in an increase in the design de-
flections of the floor compared to the case of full materi-
al compatibility. At partial shear interaction, the increase
in the deflections occurred systematically and was caused
by the reduced contribution of the steel component to the
resistance of bending deformations within the composite



cross-section. In this case, the design deflections can at-
tain the maximum permissible values according to the
SCN No. V.1.2-6:2021 (2022). This was irrespective of the
satisfaction of the requirements of the first group of limit
states for the load-bearing capacity, which necessitates a
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separate normative verification of deformability. To stand-
ardise the effect of the degree of shear interaction on the
deformability of steel-concrete floors and the satisfaction
of the second group of limit states, the characteristic regu-
latory dependencies were systematised in Table 2.

Table 2. Effect of the degree of shear interaction on the deformability
of steel-concrete floors according to regulatory documents

Performance characteristic Full shear interaction

Compatibility of deformations

Complete along the entire span

Partial shear interaction Normative reference

Disrupted, with relative

- SCN No. V.2.6-160:2010 (2010)
slips present

DSTU No.B V.2.6-

Effective cross-section stiffness Fully realised Reduced 215:2016 (2016)
Transformed moment of inertia Close to full composite Reduced NormatlYe c.ons1derfa1t10n
of partial interaction
Deflection level Minimal Increased SCN No. V.1.2-6:2021 (2022)
Fulfilment of SLS requirements Ensured with a margin May reach limit Restriction of design solutions

Note: SLS - compliance with normative requirements for serviceability criteria, including deflection/deformation limits

W,

max

$ Wiipn)

Source: developed by the author

From the analysis of the data in Table 2, it followed that
in the regulatory calculations, the deformational behaviour
of a steel-concrete floor was directly dependent on the de-
gree of realised shear interaction between the profiled steel
decking and the concrete slab. With full shear interaction,
the strains of the deformations of the cross-section were
compatible along the entire span, which made it possible to
model the steel-concrete floor in the form of a single com-
posite bending element with a maximally realised effective
stiffness and a transformed moment of inertia, which was
close to the moment of inertia of a fully composite cross-sec-
tion. With partial shear interaction, the compatibility of
deformations of the strains of the steel and concrete was vi-
olated, and relative displacements in the contact zone occur.
In regulatory calculations, this was taken into account by
reducing the effective stiffness of the composite cross-sec-
tion and decreasing the transformed moment of inertia in
accordance with the DSTU No. B V.2.6-215:2016 (2016).
This led to an increase in the calculated deflections and in-
creases the sensitivity of the results of checks for the second
group of limit states to the adopted assumptions about the
degree of composite action. With only partial realisation of
the shear interaction, the fulfilment of the serviceability
requirements can be close to a limiting one, which norma-
tively narrowed the scope of possible design solutions. The
obtained results confirmed the existence of a regulatory re-
lationship between deformability and load-bearing capacity
of steel-concrete floors. A decrease in the effective stiffness
of a composite cross-section in the case of partial shear in-
teraction simultaneously affected the verification according
to both the first and second groups of limit states, which
was reflected in different calculated parameters, such as a
decrease in the design resistance of the cross-section and
an increase in the deflections. In this case, the fulfilment of
the load-bearing capacity requirements without ensuring a
normatively acceptable level of deformability does not give
a complete idea of the behaviour of a steel-concrete floor.

Integrated analysis of the relationship

between load-bearing capacity and deformability

of steel-concrete floors

A combined analysis of the regulatory and analytical eval-
uation of a steel-concrete floor according to both the first
and second groups of the limit states showed that, within
the framework of the current Ukrainian normative calcula-
tion procedure, the load-bearing capacity and deformabil-
ity were related characteristics of a composite cross-sec-
tion, SCN No. V.1.2-6:2021 (2022). In this approach, these
parameters were not considered separately, but rather de-
fined as a part of the stiffness-force combined mechanism
of the steel-concrete floor, as the requirements of first and
second limit state groups were interdependent parts of the
normative assessment of the structure. The degree of shear
interaction between the profiled steel decking and the con-
crete slab was common for determining the design resist-
ance and transformed stiffness properties of the composite
cross-section. A change of this parameter was always ac-
companied by a corresponding change of the design bend-
ing resistance and effective stiffness of the steel-concrete
element, which in turn had a direct influence on the design
deflections and the nature of the deformational behaviour
of the floor in service conditions. When there was full shear
interaction, the steel-concrete cross-section was calculat-
ed as a single bending element, with full implementation
of the transformed geometric and stiffness parameters.
In this case, the internal forces were distributed between
the steel and concrete components in proportion to their
transformed stiffnesses; the deformations of the compo-
nents remained compatible along the span; and the design
deflections remained within the limits established for the
second group of limit states. A partial realisation of the
shear interaction reduced the efficiency of the composite
action of the cross-section, which was taken into account
normatively by changing its transformed stiffness char-
acteristics. From a structural point of view, this reduction
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manifested itself as a decrease in the realised design resist-
ance of the cross-section. From a stiffness point of view,
this reduction led to an increase in the design deflections
under the same service loads. These changes had a direct
effect on the results of the second group of the limit state
checks. An asymmetric sensitivity of the first and second
groups of limit state criteria to a reduction of the degree
of shear interaction was observed: in the case of partial
composite action, the fulfilment of the load-bearing ca-
pacity requirements can still be ensured, while the design
deflections more rapidly approach their maximum allowa-
ble values adopted by normative standards. In these cases,
it was the results of the serviceability checks that dictated
the admissibility of design and construction solutions in
the regulatory framework. The integrated view of the nor-
mative dependence between the load-bearing capacity and
deformability was given in Figure 2.

[ULS - load-bearing capacity] [SLS - deformability]

Meq € Mra : Wmax € Wiim

[Degree of shear interaction]

Integrated normative assessment
(ULS + SLS)

Figure 2. Integrated scheme of the normative interaction
between load-bearing capacity
and deformability indicators of a steel-concrete floor
Source: SCN No. V.2.6-160:2010 (2010), DSTU No. B V.2.6-
215:2016 (2016), SCN No. V.1.2-6:2021 (2022)

From the scheme, it was seen that the degree of shear
interaction between the profiled steel decking and the con-
crete slab acts as an integrating parameter that simulta-
neously controlled the strength and stiffness parameters
of the composite cross-section of the steel-concrete floor.
It directly affected the design deflections of the floor from
the service loads due to changes in the effective stiffness
of the cross-section, and through changes in the trans-
formed geometric characteristics, it affected the achieved
design bending resistance and load-bearing capacity of the
element. A decrease in the effectiveness of the composite
action causes coordinated changes in the indicators of both
the first and second groups of limit states, without their
individual manifestation, which reflected the integration
of the normative constraints on the floor in a single de-
sign model. With partial composite action, the fulfilment
of the load-bearing capacity requirements can be pre-
served due to the availability of some constructive reserve
of the cross-section, while the design deflections more
quickly approached their maximum allowable standard
values, even at a slight decrease in the effective stiffness.
In this case, the second group of limit state requirements
determined the acceptability of design solutions in the
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normative model and actually limits the further applica-
tion of individual structural solutions. Summarising, it can
be argued that the load-bearing capacity and deformability
of steel-concrete floors developed as interrelated charac-
teristics of the composite cross-section in a unified nor-
mative evaluation system. In this system, the degree of
shear interaction provided for the simultaneous fulfilment
of the first and second groups of limit state requirements,
ensured the consistency of the strength and deformation
parameters, and limited the field of admissible design solu-
tions in terms of the safety and serviceability of the floors.

DISCUSSION

The regulatory and analytical assessment of the load-bear-
ing capacity and deformability of steel-concrete floors with
profiled decking presented in this research demonstrated
the key importance of the degree of shear interaction for
the adopted normative model of the behaviour of compos-
ite cross-sections. It has been shown that the efficiency of
the transfer of longitudinal shear forces between the steel
decking and the concrete slab was directly related to the
strength and stiffness characteristics of the floor, since the
contact interaction defined the deformation compatibili-
ty of the components and, therefore, the redistribution of
the internal forces in the composite cross-section. In this
sense, the composite cross-section was understood as an
integral system, in which the contact interaction of the
components determined the realised transformed section
characteristics, the position of the neutral axis and the pro-
portion of the contribution of each component to the re-
sistance to bending. This understanding was in agreement
with the survey conclusions presented in K. Mohammed et
al. (2017), in which steel-concrete floors were understood
as a structural system, which was primarily sensitive to the
actual composite action, rather than to the physico-me-
chanical characteristics of the individual component ma-
terials taken separately. This agreement followed from
a common understanding of composite action as a stiff-
ness-force mechanism, within which local contact effects
cumulatively determined the integral performance charac-
teristics of the floor. From the point of view of the service-
ability of structures, this conclusion can be further refined
as a result of long-term effects occurring in the concrete
component, in particular, the specific influence of drying
and shrinkage of composite slabs with profiled decking.

The mechanism of reduced efficiency of composite
action and its influence on the realised resistance of the
composite element was in agreement with the conclusions
presented in study by N.A. Hedaoo et al. (2012), in which it
was demonstrated by experimental and analytical compar-
ison that a decrease in the efficiency of bonding or interac-
tion between the components of the composite cross-sec-
tion led to incomplete utilisation of the steel component,
when resisting bending forces. From the design point of
view, the latter effect results in a change in the effec-
tive degree of compositeness represented by the value
of the design bending resistance M, and the shift in the



neutral axis of the section in the current model. The con-
vergence of the two approaches can be explained by the
same root cause: a reduction in the degree of shear con-
nection changes the deformation compatibility of the
component layers, the position of the neutral axis and the
internal force distribution between the concrete and steel
elements and, as a result, changes the effective strength
and stiffness properties of the system. Concerning service-
ability, it was crucial to keep in mind that the deformation
capacity of a composite floor was not only affected by the
current properties of the component materials but also de-
pendent on time and environmental conditions. This was
in line with the results by Y. Wei et al. (2020), who showed
that the relative humidity affects the creep of concrete
and, thus, the time-dependent accumulation of deforma-
tion. In the framework of SLS, this meant that for the same
geometrical and loading conditions, a change in the envi-
ronmental conditions results in a change in the evolution
of deflection and, consequently, in the effective stiffness
during the service life for the same loading conditions.

The sensitivity of deformation parameters and trans-
formed cross-section properties to the degree of partial
composite action was also in agreement with the exper-
imental results by A. Siva et al. (2016), who pointed out
that, when the slab was partially composite, a change in
the deformation behaviour of the slab was observed be-
fore the ultimate limit state was reached, i.e., before the
deformative signs of insufficient compositeness in terms of
strength. In the design framework adopted herein, the lat-
ter was reflected by the fact that a reduction in the degree
of shear interaction results in a reduction of the effective
stiffness of the composite cross-section and, hence, in an
increased rate of deflection in comparison to the change
in the remaining strength capacity. The inclusion of long-
term deformability in SLS verification was in line with
the findings by Y. Wang et al. (2016) about the cumulative
long-term deflection of the composite slab due to creep
and shrinkage of concrete. In the context of the present
regulatory and analytical formulation, this was related to
the dominant role played by SLS verifications in the case of
partial compositeness, even when the verifications of the
first group of limit states were already fulfilled, as a result of
the longterm processes in the concrete component, which
reduced effective stiffness over time and increase deflec-
tions. The consideration of shear interaction was related
to the geometrical features of the contact surface, name-
ly, the profile shape of the profiled decking. Such depend-
ence has been addressed by J.H.L.M. Mello et al. (2024),
who concluded that the embossment geometry influences
the longitudinal shear force transmission and, therefore,
the verification of the longitudinal shear capacity. In the
present context, this dependence meant that the geomet-
rical features of the decking influence the achieved level of
composite action and, therefore, the resulting transformed
cross-section features.

The dependence on geometrical proportions and the
load level was also extended to the combined response of
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strength and deformability. An experimental analysis car-
ried out by S. Sirimontree et al. (2021) concluded that var-
iations of the shear span-to-depth ratio influence not only
the ultimate values but also the deformation capacity of
composite slabs. In normative terms, this translated into a
reduction of the effective flexural stiffness that was mostly
accounted for by an increase in the deflection (reduction of
the partial composite action degree), whereas the variation
of the load-bearing capacity may be less significant for the
same conditions, thus leading to a nonsimultaneous var-
iation of the sensitivity of the ULS and SLS verifications.
Analogous conclusions concerning the role of the contact
surface have been reported by J. Song et al. (2021) based
on an experimental campaign that concluded that an in-
crease in deflection was obtained, when the stiffness of the
contact surface between the steel sheets and the concrete
was decreased. The contribution of contact deformation to
the total deformative response of the floor was therefore
concluded. Simultaneously, the parameters of the concrete
component were significant with respect to the deforma-
bility of composite slabs: variations in the effective modu-
lus of elasticity and long-term deformation parameters af-
fected deflection magnitudes and determined the stiffness
response of the system under service loads. In the case of
partial composite action, the sensitivity of deflections to
concrete parameters was higher due to a reduced reserve
of structural stiffness.

The review provided by M.M. Rahman & G. Ran-
zi (2022), which systematised the behaviour of steel-con-
crete slabs with respect to shrinkage deformations, showed
that non-uniform drying or shrinkage in the presence of
steel decking changes the deformation pattern over time.
In the context of the present interpretation, this confirmed
the conclusion that SLS criteria were of particular rele-
vance in the conditions of partial composite action, where
the reduction in effective stiffness made the floor more
sensitive to long-term deformations of the concrete com-
ponent. The analytical models of longterm behaviour, used
in the regulatory and analytical approach, showed that the
deformability of the floor can be the factor determining
the acceptability of a design solution, even when the re-
quirements of the first group of limit states were satisfied.
Similar conclusions were reported by Q. Wang et al. (2022),
where the increase in deflections was attributed to con-
crete creep and the gradual loss of effective stiffness in
composite slabs over time. From the methodological point
of view, this raised the question of the correspondence be-
tween code-based procedures and the real in-service per-
formance of the structure, as well as the interpretation of
the results of an assessment.

In the study of L.A.M. Oliveira et al. (2021) devoted to
the analysis of design codes in relation to the in-service per-
formance of steel-concrete composite slabs, an approach
was justified, in which SLS and ULS verifications should be
considered as independent with respect to the criteria and
consequences, without a direct transfer of conclusions be-
tween groups of limit states. Within the framework of the
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present study, this meant that, under conditions of partial
composite action, deflections may increase in a dispropor-
tionate way with respect to variations in the strength re-
serve, and therefore, serviceability can impose constraints
on a design solution independently of the results of the ULS
assessment. The difference in approaches was possible re-
garding the evaluation of reliability and reserves: D. Gino et
al. (2019), when applying the partial factor approach of fib
Bulletin 80 to an existing object, showed the need for the
explicit consideration of uncertainties and the formal res-
ervation within the verification procedure. In the frame-
work of the considered problem, this was manifested in
the difference in sensitivity of deflections and the design
bending resistance to a change in the degree of shear in-
teraction, due to the different physical essence of stiffness
and strength characteristics of the composite cross-section.

The data on the long-term behaviour of the floor were
in line with the conclusions of the studies of H. Zhang et
al. (2022), which mentioned the accumulation of deforma-
tions in composite slabs under long-term loading. In the
regulatory and analytical perception, this can be explained
by an increase in deflections with time at a constant ser-
vice load due to a gradual decrease in the effective stiff-
ness of the composite cross-section. At partial composite
action, the effect of long-term behaviour is connected with
a smaller reserve of stiffness and greater sensitivity of the
total deformation reaction to the contact interaction. The
decrease in stiffness of separate elements of the composite
should be perceived as influencing the stress-strain state
of the system as a whole, rather than as a local phenome-
non. In the research of D. Baranetska et al. (2025), the re-
sults of calculations were presented, which characterised
the systemic change in the reaction of the structure, when
changing the stiffness parameters of its components. In the
normative perception, this can be treated as evidence of the
composite action as a unified stiffness-force mechanism,
where the degree of shear interaction affected both the re-
alised resistance and the deformability of the system. In the
framework of the carried-out analysis, the revealed regular-
ities can be commented as a complexity of the composite
action in steel-concrete floors and an interdependence of
force and stiffness parameters within a unified mechanism.

In the article of V. Popov et al. (2011), the load-bear-
ing capacity and deformability of steel-concrete floors were
considered as interconnected characteristics, which were
formed as a result of the composite action of the steel and
concrete components. These provisions of the normative
document can be used to explain the systematic behaviour
of composite floors and the relationship between the force
and stiffness reactions. In the study of V. Sirobaba (2018),
it was revealed that in the conditions of partial composite
action, it was the deformability characteristics that deter-
mined the boundaries of the admissible design solutions
of steel-concrete floors. The same picture was observed
in this research, where the limiting state was the achieve-
ment of maximum deflections at earlier stages of loading
than the realisation of ultimate stresses. This was due to the

& 38 Architectural Studies, 12(1)

high sensitivity of the effective stiffness of the composite
cross-section to a decrease in the degree of shear interaction
between the profiled steel deck and the concrete slab. The
general regulatory and analytical conclusion about the de-
termining role of the effective stiffness and the parameters
of composite action, which simultaneously controlled the
load-bearing capacity and the deformational behaviour of
the floors, fully agreed with the experimental and computa-
tional data, in which these same processes were directly reg-
istered by the load-deflection curve and the realised bend-
ing behaviour of the composite slabs. Bending behaviour of
composite slabs with profiled steel decking was also studied
by G. Zhu et al. (2025), where by experiment and computa-
tional simulation it was found that the parameters of the
structure affected the load-deflection curve and the failure
mode, and the analytical calculation based on the effective
stiffness was suitable for use in design calculations to deter-
mine the deflection and load-bearing capacity of slabs. In
the study of K.T. Huong et al. (2025), it was experimentally
confirmed that the parameters of composite action between
the profiled steel deck and the concrete slab determined the
achieved load-bearing capacity and the deformation behav-
iour of the elements due to a change in the effective stiff-
ness of the composite cross-section. Similar reductions of
shear interaction efficiency were identified in the present
study as a factor responsible for the premature growth of
deflection, and consequently for the prevailing effect of SLS
in cases, where the requirement M, < M,, was still satisfied.
The combined results of the regulatory and analyti-
cal assessment showed that the degree of shear interac-
tion between the profiled steel decking and the concrete
slab determined a unique stiffnessforce response of the
steel-concrete floor, where designed bending resistance
and service deformability were both simultaneously de-
fined. These relationships appeared to be consistent with
the evidence of experimental and numerical investiga-
tions on partial composite action, where the efficiency of
longitudinal shear forces determined the stress distribu-
tion, the position of the neutral axis and the magnitude of
the equivalent stiffness parameters of the cross-section.
For partial composite action, deflections were observed to
increase at a faster rate than reductions in load-bearing
capacity, in line with analytical and engineering-norma-
tive perceptions of the uneven sensitivity of the first and
second limit state verifications. The overall set of com-
parisons offered a consistent normative description of
the response of steel-concrete floors, where serviceability
and load-bearing capacity were not perceived as separate
entities but rather as correlated outcomes of composite
action, in line with contemporary trends in research and
engineering practice on steel-concrete systems.

CONCLUSIONS
The regulatory and analytical assessment offered a unified
description of the development of loadbearing capacity
and deformability of steel-concrete floors reinforced with
profiled steel decking in the context of the current design



framework for the first and second groups of limit states,
with a distinction between the ULS and the SLS require-
ments. In the normative model adopted for the study, these
characteristics were not separate entities but rather were
both ruled by a unified stiffness-force mechanism of the
composite cross-section, where the outcomes of load-bear-
ing capacity and serviceability verifications were correlat-
ed counterparts of the safety and performance evaluation
of the structure. A degree of shear interaction between the
profiled steel decking and the concrete slab guarantees an
involvement of the floor’s strength and stiffness properties
in a combined design model, and influenced the realised
design bending resistance and the effective stiffness ele-
ment. The complete shear interaction realised a monolithic
behaviour of a steel-concrete cross-section in a standard
design model, the highest possible involvement of geomet-
rical, stiffness properties of the transformed section, and
the lowest possible deflection values. All of this guarantees
the fulfilment of the requirements of the first and second
groups of limit states in terms of standard admissible val-
ues of the design load combinations. The partial realisa-
tion of composite action was accompanied by the corre-
sponding decrease of the design resistance and increase of
deflectionvalues, i.e., the effective stiffness of a cross-section
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is reduced under the same loading conditions. It was also
observed that, under partial shear interaction, deformabil-
ity indicators (deflections) reach the SLS limit values more
quickly than a reduction of the load-bearing capacity re-
serve takes place, was also found. The obtained result pre-
determined an asymmetric sensitivity of ULS and SLS cri-
teria and thus the acceptability of design solutions. The use
of normatively generalised design models without verifica-
tion for specific types of structural solutions and contact
zone configurations was a limitation of the study. In the
future, a numerical and experimental refinement of the in-
fluence of local contact zone parameters, long-term action
of concrete properties (shrinkage, creep) and an optimisa-
tion of standard procedures for an account of the partial
composite action in steel-concrete floors are foreseen.
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JIbBIBCHKII HAL[IOHAIbHMIT YHIBEPCUTET BeTePUMHAPHOI MeIMIHM Ta 6ioTexHosorii iMeni Crenana BKULIBKOTO
79010, Bys1. ITekapcbka, 50, M. JIbBiB, YkpaiHa
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Hecyua 3paTHicTb Ta edPopMaTUBHICTb CTaNne6eTOHHUX NEePEeKPUTTIB
no npo¢inboBaHOMY CTafiIeBOMY HaCcTUNY

AHoTauia. Merolo cTarti 6yJ0 HOPMATMBHO-aHATITMUHE OGIPYHTYBaHHSI BIUIMBY CTYIIE€HS 3CYBHOI B3aeMoOpil
Ha BUKOHAHHS BMMOT IepINOi Ta APyroi rpyn rpaHUYHMX CTAHIB KOMITO3UTHMX IE€PEKPUTTIB i3 MpodisboBaHUM
HACTUIOM. MeTOm0/IOoTis HOCTimKeHHS IPYHTYBaIacs Ha HOPMaTUBHO-aHTITUUHOMY ITiIXO/i 3 BUKOPUCTAaHHSIM UYMHHO1
HallioHaJbHOI HOpMaTMBHOI 6a3yu VYKpaiHM Ta HOPMATMBHO BU3HAUEHMX PO3PAXyHKOBUX MOZeJNei CTamebeTOHHUX
MEepeKpPUTTIB SIK KOMIIO3UTHMUX 3TMHAJIbHUX €JIeMEeHTIB, IJI SIKMX y Mekax HOPMaTMBHOI pO3PaxyHKOBOI Mofei
rpuiiMasacs MoBHa abo YacTKOBa CyMiCHiCTh AedopMalliii ctaseBoi Ta 6eTOHHOI CKJIaloBUX. Pe3yabTaTyt JOCTiIsKeHHS
ToKasanu, 1o Hecyya 34aTHICTh i 1eopMaTUBHICTh TIEPeKPUTTIB GOPMYyBaTMCS SIK B3a€EMOIIOB’SI3aHi XapaKTepUCTUKA
B MeXax €IMHOTO >KOPCTKiCHO-CUJIOBOTO MeXaHi3My po60TM KOMIIO3UTHOTO Iepepisy. By/io BCTaHOBI/IEHO, IO CTYIIiHb
3CYBHOI B3a€MOZii MiX CTajeBMM HACTWJIOM i GeTOHHOI0 IUIMTOI0 € iHTEerpyoyuMM IapameTpoM, SIKMii OZHOYACHO
BM3HAuUaB peasli30BaHMii PO3PAXYHKOBMIL OMip 3rMHY Ta edeKTUBHY KOPCTKICTh ePeKPUTTS. 32 YMOB MOBHOI 3CYBHOI
B3aeMoOfii 3abe3mevyBasacs MaKCHMMasabHA peasisallisi MpUBEIeHUX TeOMEeTPUUYHMX i SKOPCTKICHMX XapaKTepUCTUK
nepepizy Ta BUKOHAHHS BMMOT 000X I'PYN rPAHMYHUX CTAHiB. 32 YaCTKOBOi KOMIIO3MUTHOI poboTu 6yno 3adikcoBaHO
y3rofpKeHe 3HMKEeHHST pO3paxyHKOBOIO OTIOPY Ta 3pOCTAaHHSI MPOTUHIB, TpUUYoMy fedOpMaTHUBHI TTOKA3HMKM BUSIBIISIU
BUIIY UYYTIMBICTb 10 3MeHIIeHHS e(eKTMBHOI >KOPCTKOCTi, Hik MOKa3HMKM Hecyuyoi 3pmaTHOcCTi. [lokasaHo, IO 3a
OIHAKOBMX eKCIUTyaTallilfHMX HaBaHTa’keHb IMPOTMHU MOTIIM AOCITaT IPAHUYHO NOIMYCTMMMUX 3HAUeHb paHilile, HiX
peanizoByBa/MCs TPAaHMYHI HANPYsKeHHs, 10 BM3HAUYANO eKCIUTyaTallifiHy MPUOATHICTh SIK OOMEXYBAJIbHMI UMHHUK
MPOEKTHUX pillleHb. [IpakTMyHa 3HAUYMMICTb OTPUMMAHMUX pe3yAbTaTiB TMOJSITajia B MOXKIMBOCTI iX BUKOPUCTAHHS
MMPOEKTHUMM Ta €KCIIEPTHMMM OpraHi3allisiMy y IPaKTUIli HOPMaTUBHOIO OI[iHIOBAHHS i ITPOEKTYBAHHS CTaIe0eTOHHUX
TepeKpPUTTIB i3 MpodinbOBaHNM HACTUIOM

KniouoBi cnoBa: xomMosuTHa po6oTa; 3CyBHA B3a€MOJisl; eKCILTyaTalliiiHa MpPUAATHICTh; eeKTUMBHA KOPCTKICTh;
MPOTMHU; TPAaHUYHI CTaHU
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