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The current state of the building covering structures is thoroughly investigated, in particular, the world experience in the con-
struction and building of various roof and floor structures, made of various materials, including composites, has been studied.
A thorough results analysis of theoretical studies and experimental tests on the constructive solutions effectiveness determina-
tion conducted by domestic and foreign scientists has been carried out. Based on the received information about the features of
the construction and technological solutions, there were determined the advantages and disadvantages of existing construction
structures, the prospective development directions. Based on the result of actual scientific and technical literature analysis, the
main research objectives are formulated.
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JocnimkeHo cygacHuid cTaH Oy/IiBelbHUX KOHCTPYKIiH MOKPUTTS i MEPEKPUTTS, 30KpeMa BUBYEHO CBITOBHIA JOCBIJ MPOEK-
TYBaHHsS, KOHCTPYIOBaHHS Ta OyIIBHHITBA TAKUX KOHCTPYKLiif, Y TOMY 4YHCIi BHUTOTOBICHHX i3 PI3HHX Marepiaiib.
BUKOHaHO IDYHTOBHHMII aHaJIi3 pe3yJbTATIB TEOPETHYHHUX JOCIIJXKEHb Ta KCIEPUMEHTAIPHUX BUIPOOYBaHb LI0J0 BH3HA-
YeHHS €(eKTHBHOCTI KOHCTPYKTHBHHMX PillleHb IIOKPUTTS H NEPEKPHUTTS, BAKOHAHUX BITYN3HAHUMH T2 3apYOKHUMU BUCHUMH.
OCKiNbKU CTaxe3a1i300eTOHHI KOHCTPYKIIT 3a3HAIOTh OyPXJIMBOTO PO3BHUTKY, MOAUDIKYIOTECS H YXOCKOHAIIOIOTHCS, TO BH-
BYEHO IpoOiieMy X e)eKTUBHOCTI Ha BCIX €Tamax >KUTTEBOIO IUKIY Ta MPOEKTHOro pecypcy. [IpoanarnizoBaHo HOBITHI mif-
XOJI JI0 IIPOCKTYBaHHS CTaIe3a1i300€TOHHUX KOHCTPYKLiil MOKPUTTS i nepexpurTs. Ha mizcTaBi oTpuMaHuX BioMocTei po
0cOOJIMBOCTI OyJOBH  TEXHOJIOTIYHHX PIIICHB, IIEPEBArd Ta HEJOJIKH iCHYIOUNX KOHCTPYKIIH MOKPHUTTS ¥ NMEPEKPUTTS BH-
3HA4YEHO MEPCHEKTHBHI HANPSAMH IX PO3BUTKY. Y CTaie3ali300€TOHHUX KOHCTPYKLISIX MOKPUTTS i NEPEeKPHUTTS PaLliOHAIBHO
Ta MOBHOIO MipOI0 BUKOPHCTOBYIOTBCS XapaKTEPUCTHKU MII[HOCTI MarepiaiiB, TOOTO CTaleBi €lIEMEHTH PO3TALIOBYIOTHCS B
30Hi Aii 3yCHIIb PO3TATY, a OSTOH — Y 30Hi il 3ycHiib CTUCKY. Takuil Mo i po3MexyBaHHs PI3HOPIAHUX MaTepialliB BUMarae
3axo[iB i3 3abe3nedeHHs ix cymicHOi po6oTu. ChoroaHi HaiOiIbLI e(heKTUBHUM CIIOCOOOM 00’ €AHAHHS CTAaJeBUX JAeTalei Ta
0eTOHy € 3aCTOCYBAHHS Pi3HOMAHITHUX aHKEPiB: JKOPCTKHUX, THYYKHX i KOMOIHOBaHMX. Y 3arajJbHOMY BHIIAJIKy HEcyda 3/aT-
HICTB CTaJe3a1i300€TOHHUX KOHCTPYKIIH, 32 BUHATKOM TPyOOOETOHHMX Ta CXOXKHX 3a OYZOBOIO €IEMEHTIB, BU3HAYAETHCS
caMe HeCcy4olo 3/1aTHICTIO aHKEepHHX 3ac0o0iB Ha 3pi3 1 3CyB. 3 Oy Ha 3a3HaYE€HE OCTAHHIM YacOM yCe JacTille IIPH Po3po-
OJICHHI HOBMX KOHCTPYKTHBHHX PillIeHb CTae3a1i300eTOHHUX €JIEMEHTIB 3aCTOCOBYETHCS CIOCIO 3a0e3neueHHs CyMicHOT po-
60TH, CYTh SIKOTO IMoJArae B 00 €qHaHHI CTAJICBOrO Kapkaca i3 3a1i300€TOHHHMH eJleMEHTaMU B Ipolieci OeToHyBaHHS 0e3
BUKOPHCTAHHS aHKEpiB, TOOTO CTaieBa KOHCTPYKLis 3a0eToHOBYeThesi. Takuid MmifXiJ A03BOJISIE OTPHUMATH LTICHY, HEmo-
JiTbHY KOHCTPYKIIiIO, HeCyda 3AaTHICTh KOTPOI 3aJIeKHTh BiJl HECYYOT 3[aTHOCTI 3aJ1i300€TOHHUX Ta METaJeBUX CJIEMEHTIB.

KunrodoBi ciroBa: cranes3anizo0eToHHA KOHCTPYKIis, TIOKPHUTTS, IEPEKPHUTTS, HE3HIMHA onayOka, mepepi3
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Introduction

Steel and concrete structures are designs that have a
long story of development, a wide scope, advantages,
and shortcomings compared to other designs types.
The scope and rate of such designs development are
closely related to the significant amount of their fea-
tures and difficulties caused by them. A part of the chal-
lenges concerns the design, construction, and further
steel and concrete composite structures service, another
part relevant to their structural concept features. All this
demands the detailed and thorough analysis of the ex-
perimental and theoretical studies results, and obtained
data synthesis with the purpose of establishing a shared
understanding of steel and concrete composite struc-
tures stressing features, and further research trends al-
location. Steel and concrete composite structures is a
widespread composite material that is made of a con-
crete mix, and filler, and includes steel elements and
reinforcement. Steel and concrete composite structures
can be strengthened with rods, rigid and external rein-
forcement; also, they can be reinforced with different
steel sections: tubes, plates, corners, steel sheets, etc.

Studying the stress-strained state, the search for effec-
tive ways of achieving steel and concrete members
combined action, optimization, and design improve-
ment taking into account the last achievements in sci-
ence and technology are the main steel and concrete
composite structures research trends.

A combination of positive reinforced and steel struc-
tures' physic-mechanical properties with simultaneous
disposal of their shortcomings is the main advantage of
steel and concrete composite structures.

Refer to the increased rigidity and bearing capacity
unlike other designs to advantages of steel and concrete
composite structures.

The finding of positive characteristics is the criterion
that defines the structure efficiency. Therefore, in the
steel and concrete composite structures, it is possible to
reach a favorable strength indicator combination as
steel during stretching as concrete on compression
thanks to their combined action. The efficiency of such
association is known and the application expediency in
construction is proved and recognized long ago.

Thanks to such connections, steel and concrete com-
posite structures are characterized by reduced sensitiv-
ity to damages and defects compared to reinforced con-
crete or steel. Besides, an established fact that they are
capable of sustaining considerable loadings, even after
achieving the yield point by the reinforcement. Also,
treat steel and concrete composite structures ad-
vantages: high bearing capacity; low construction
height; resistance to dynamic influences; technological
effectiveness.

The steel and concrete composite structures designs
are extremely various therefore they can be classified
by different signs: for example, on kind of structures
behavior, a way of production, or construction.

Also, steel and concrete composite structures can be
classified by structural element type: supports or col-
umns with the side hollows filled with concrete, and
with external and internal rigid reinforcing; beams or
crossbars with the side hollows filled with concrete,

and with external reinforcement with steel flat strip, and
internal rigid reinforcing, including reinforced concrete
structures with a permanent shuttering; the precast and
monolithic steel and concrete composite slabs, includ-
ing slabs with the metal decking or orthotropic plates,
or with a steel frame; the reinforced combined concrete
structures reinforced or strengthened by lattice, rod or
other steel elements; the rafter combined steel struc-
tures with the reinforced concrete elements; elements
of the spatial combined structures; elements of high-
rise buildings and constructions; elements of long-span
constructions, bridges, platforms, etc.; other special and
engineering constructions and elements.

Steel and concrete composite structures gained the
biggest distribution in bridge construction, and civil en-
gineering. Steel and concrete composite structures in
construction of buildings and structures are effectively
used as a column, slabs, beams, crossbars, etc. Increas-
ingly design features, properties, and resistance to dam-
ages and defects define the scope of steel and concrete
composite structures.

However, it should be noted corrosive environments
limit the steel and concrete composite structures scope.

It is known that corrosion of the steel and concrete
composite structures open and unprotected steel parts
and surfaces is one of the most frequent reasons for
damages, which significantly reduce bearing capacity
and affect the structure service suitability and durabil-

1ty.

Review of the research sources and publications

Quite often steel members carry out the role of per-
manent shuttering. Steel and concrete composite struc-
tures as material are not new and the fact that it has high
technical and economic rates is known for a long time,
therefore, he didn't lose its relevance and presently is
intensively investigated around the world [1-3].

In most cases, steel and concrete composite structures
have the highest technical and economic effects com-
pared to other structures [4].

Analysis of the sources showed that they are devoted
to detailed individual problems research, but there are
reviews devoted to the data generalization [5-8].

Definition of unsolved aspects of the problem

Because steel and concrete composite structures ex-
perience rapid development around the world, are con-
stantly modified and improved there was the obtained
data analysis and synthesis problem. This problem is
urgent as its solution will allow considering in a com-
plex all factors at all life cycle stages in a particular de-
sign, building and service, the feature of behavior under
load, and the stress-strain state.

Problem statement

Study an experience and current issues of steel
and concrete composite structures designing of roof
and floor systems.
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Basic material and results

Steel and concrete composite structures are a special
building structures class that found application in mod-
ern construction. As is known, a balance between the
non-concreted steel members bearing capacities and
concrete steel members belonging to the same structure
is the feature that distinguishes steel and concrete com-
posite structures from other structures.

At the steel and concrete composite structures design
obviously, there is what their intense deformed state de-
pends on physic-mechanical materials properties,
which are their part, namely steel, and concrete. Steel
is a uniform material, therefore, it has constants, within
a class, physical and mechanical properties, as for con-
crete, they are very different in the physical and me-
chanical properties. The physical and mechanical con-
crete properties depend on its structure, which has the
ability to change over time that in total under action ex-
ternal loadings cause the creep concrete deformation.
Also, the concrete structure is affected by changing
stresses and formatting of their concentration owing to
communications between particles of concrete col-
lapse. At compression, there are longitudinal compres-
sion stresses and cross stretching stresses from which
action concrete collapses.

Except for material selection with necessary physical
and mechanical properties, additional complexity at the
design of steel and concrete composite structures, there
is a problem of ensuring the combined action of concrete
and steel. The combined action of these materials is en-
sured by coupling among themselves, only in that case
materials will be deformed and work in common.
The triaxial stress state availability is the most favorable
condition under which it is possible to reach the neces-
sary coupling between concrete and steel elements.
This state is a well-known tube-concrete element charac-
teristic where concrete is in a steel cage. Unlike tube-
concrete elements, the special shear connectors applica-
tion for the steel and concrete composite structures ma-
jority is a typical solution for the steel and concrete com-
bined action problem.

In general, many studies of scientists from different
world countries are addressed to studying this issue.
There are the largest shear connectors species, but the
most typical and modern decisions into known shear
connectors are short steel rods with a cap at the end —
a headed stud shear connector (Fig. 1a) [9].

It should be noted the shear connectors can have var-
ious configurations and are produced practically from
any steel fragment, a detail, or a plate (Fig. 1b).

Except for the typical design, shear connectors can be
as a rigid connector (Fig. lc, d), as loops (Fig. le, f);
made from steel rods (Fig. 1g, h). The way of placement
of shear connectors depends on the service of struc-
tures, and efforts that arise under loading. In order for
the shear connector to be a flexural member, it must be
placed perpendicularly, and if it is placed at an angle of
45° in the direction of the shear force, it will be in ten-
sion.

The type choice and shear connectors shape depends
on the shear connectors' simplicity, also their ability to
be connected to the steel parts and elements by welding,

and service conditions of the structure. As already men-
tioned, the most widespread types of shear connectors
are headed stud shear connectors (Fig. 1a) and shear
connectors made from short steel rods (Fig. 1g, h).
Except for the basic purpose — to combine steel and
concrete, the shear connectors can carry out the role of
transverse reinforcement in designs with external rein-
forcement.

ia) i ib) i
I) i :i) -
f) - f -
f) i ih) i
Figure 1 — Certain types of shear connectors:
a — headed stud shear connector;
b — shear connector made of the perforated plate;
¢ — rigid connector; d — flexible connector;

e — vertical loop; f— inclined loop;
g — vertical bar; h — inclined bar.

Usage of various glue substances [10] is the less
known way for ensuring combined action of steel and
concrete structure parts.

A different important issue that is closely linked to
the steel and concrete composite structures design is the
assessment and rationing of their technical conditions.
The relevance of the search for the solution to this prob-
lem is especially accurately outlined against the back-
ground of the actual wear and obsolescence of fixed as-
sets of production, economic, educational, and other in-
stitutions. On the other hand, the importance of the so-
lution of this problem predetermines the fact that de-
signs are improved and developed more intensively,
than methods of their calculations, and there are no
standard recommendations and provisions, which reg-
ulate a technique of steel and concrete composite struc-
tures technical condition estimation. A bigger measure
of the technical states concerns objects rationing ques-
tions, which are operated, but also does not lose the
sharpness on the relation and to new construction. For
new construction, definitions of a steel and concrete
composite structures design resource are a current
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problem also. There are recommendations concerning
the definition of a steel and concrete composite struc-
tures design resource according to which at the steel
and concrete composite structures design operational
suitability indicators are set with a stock [11].

The specified technique provides acceptance of the
steel service strategy and concrete composite structures
and the resource coefficient introduction [11].

The service strategy of steel and concrete composite
buildings and constructions or their members provides
two options: 1) without capital repair throughout all
characteristic terms of service; 2) carrying out capital
repairs. The approach described in the paper [11], gives
the chance to consider a time factor and allows optimiz-
ing construction and service structures costs.

Today the international bearing structures experience
of construction from steel and concrete composite
structures incredibly various also contains a significant
amount of different objects, buildings, and structures in
all construction fields. Despite universality and a vari-
ety of steel and concrete composite construction ele-
ments, the most frequent application they found was in
industrial and civil engineering, especially in the floor
structures.

Steel and concrete composite beams, which consist of
areinforced concrete plate, and a steel beam (Figure 2a)
belong to the most widespread steel and concrete com-
posite structures types. Scientists of the Frits laboratory
of Lehigh University conducted thorough such designs
research in the middle of the last century in the USA.
The research results testify to high strength and tech-
nical and economic rates.

In such structures, the combined action of a steel ele-
ment and reinforced concrete plate can be provided
with different shear connectors types, but in terms of
effective action conditions under shear forces, rather
with rod shear connectors and connectors made of sep-
arate corner pieces, shear connectors as inclined loops
are better and ensure combined elements action practi-
cally until the total structure break [12].

Steel beams with a reinforced concrete top belt (Fig-
ure 2b) are a kind of steel and concrete composite
beams. The structures application reduces by 15 % cost
and for 35 % labor of installation and construction [13].

Steel and concrete composite beams that have exter-
nal reinforcing with a sheet (Figure 3) are one more
kind of composite structure made of steel and concrete.
Such structures can have both a rectangular shape of
section (Figure 3a, b) and T-type (Figure 3c), besides,
they can be box-type. The bearing capacity of a steel
and concrete composite box-shaped type beam com-
pared to analogs, depending on the accepted reinforcing
way is 2-6 times more [14].

To increase the rigidity and bearing capacity of the T-
type steel and concrete composite beams, it might also
be reinforced with tubes (Figure 3d) [15,16].

The steel and concrete composite beams usage that
reinforced externally with sheet compared to typical re-
inforced concrete beams assists economy of high-
strength longitudinal armature up to 20 % and 25 % at
single and double reinforcement in construction respec-
tively, and the structures advantage, which made steel

entirely lies in the steel economy of up to 35 % at iden-
tical bearing capacity [17]. The resistance to damages
compared to the beams made of different materials and
the fact that steel and concrete composite beams at sim-
ilar damages have greater durability than reinforced or
entirely steel structures is one more steel and concrete
composite beam advantage. However, the structure's
bearing capacity depends on service conditions and the
mode of loading. Because of an experimental study of
the influence of short-term cyclic and sign-variable
loads on durability and deformability of steel and con-
crete composite beams, it is established that the bearing
capacity decreases up to 20 % compared to the bearing
capacity of beams at single loading. Besides the bearing
capacity depends on the total number of cycles of load-
ing and the level of the previous loading by negative
bending moment [18].

In most cases, steel elements play a role in steel and
concrete strengthening composite structures, but there
are also such structures where this role is played by
concrete. Beams that are formed from steel elements
with the hollow (Figure 4) filled with concrete belong
to such structures. The concrete coupling with a beam
can be reached both using different shear connectors
and using adhesives. In general, steel and concrete
composite beams are highly bearing capacity. Experi-
mental studies showed that the bearing capacity of the
beams thanks to concrete in hollow increases compared
to typical steel beams of a similar profile by 30-40 % in
bend and for 40-50 % in shear [19].

b)

Figure 2 — Types of steel and concrete
composite beams:
a — a structure that consists of a reinforced

concrete plate and a steel beam,;

b — a steel combined beam that held
a reinforced concrete top flange;

1 — steel beam; 2 — shear connector;

3 — concrete slab; 4 — reinforcement.
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Figure 3 — Types of the cross-sections
of steel and concrete composite beams:
a — with external horizontal reinforcing;
b — rectangular with external vertical reinforcing;
¢ — T-type; d — type with reinforcing by a steel tube.

a)

Figure 4 — Steel and concrete composite beams
with the hollows filled with concrete:
a -- beam with an open profile;
b -- beam with a closed profile;
1 — rolled steel; 2 — concrete;
3, 4 — crosswise and longitudinal reinforcement;
5 — shear connectors.

Composite structures, which consist of monolithic
plates coupled to steel sheets (Figure 5) are widely
used. Their main advantage is the small height of the
cross-sections that are within limits of2.5...5 % of their
length, however, the bearing capacity of such steel and
concrete composite plates at different consolidation
ways significantly depends on the steel sheet thickness.
It is experimentally established that the bearing capac-
ity increases correspond to the increase in the thickness
of a steel sheet [20].

Such structures were extremely often applied in high-
rise construction as the bearing horizontal systems in
recent years [21]. They were used in large quantities in
the USA in the middle of the last century. Over time
such systems began to be applied in Europe, in particu-
lar in Great Britain, began to consider a steel part of a
structure (the pro-thinned-out flooring) not only as a
permanent shuttering but also as external reinforcement
[22]. In this case, there is a perception problem design

of the horizontal shifting efforts and to the prevention
of separation of concrete from the sheet. At different
times this issue was resolved differently, at first com-
bined steel sheet and concrete action was reached
thanks to the special sheet shape [23] over time began
using the corrugated steel sheet with the drawing on the
side [24]. In recent years the combined systems that can
be formed from the special shape sheet with the applied
relief image, reinforcing grids, and different fibers are
actively investigated [25, 26].

To carry out these experimental studies and establish-
ment of strength characteristics of steel and concrete
composite slabs there were used samples with sizes of
1x1 mand 50 mm high. The steel sheet thickness varied
within 1...3, 5 mm.

Considering good strength characteristics the most ef-
fective way is an application of special shear connect-
ors that join steel elements by means of welding [27],
but there are cases when such a shear connector could
not apply or it is not economically expedient. Then non-
standard structural concepts can serve as their alterna-
tive. An example of such shear connectors are items
that are connected to the beam differently. Such shear
connectors are produced as cold-formed steel Z or C-
sections, which are connected to the beam with bolts or
self-tapping screws.

b)

Figure 5 — Steel and concrete composite floor sys-
tems that consist of reinforced concrete slabs cou-
pled to steel sheets:

a -- orthotropic sheet; b -- steel sheet;

1 — sheet; 2 — shear connector;

3 — concrete; 4 — reinforcing.

The thin-walled composite slim-floor systems are a
kind of such design. Their structural concept is in ap-
plying an innovative composite connection. This con-
nection is reached by making reinforcing bars through
openings in beams. Such technology is economic and
effective as it is possible to use the full concrete ele-
ments potential. Results of experimental studies under
the action of different loadings types, including dy-
namic and vibration, which demonstrate the increased
bearing capacity and rigidity of such designs compared
to analogs for 100 and 150 % [28] are confirmation
to it.
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Other steel and concrete composite structures repre-
sentatives are a beams system with a box-shaped
A-similar cross-section [29]. The beam's feature is
opening with a diameter of 75 mm or 150 mm, which
is regularity distributed in length in a certain opening
quantity \with the edges bent inside. Thanks to the
availability of such openings with curved edges, the
materials combined action are ensured. Such beams can
be applied both with combined thin-walled (Figure 6a)
and with typical reinforced concrete hollow slabs
(Figure 6b) [30].

The structures, which include slabs that consist of the
profiled steel sheets and the spatial framework made of
reinforcing bars as a lattice [31] are one more kind of
steel and concrete composite bearing system.

The systems have many advantages, such as profita-
bility, convenience, and safety that allow them to re-
duce construction terms considerably compared to
other systems. The structure can maintain the consider-
able concrete and construction equipment weight and is
set directly on steel beams without additional support
details [32]. Also, monolithic slabs with the profiled
steel sheet can be mounted on different substructures or
support structures like beams, crossbars, farms, etc.
Besides the substructures can be reinforced concrete,
steel, or steel-concrete. The steel and concrete compo-
site slabs in association with steel farms or steel beams
are an example of such a structure. Moreover, the de-
sign of the top knots can be diverse, most often apply-
ing steel rolled sections and thin-walled steel structures
to the systems top belt production.

In research [33] a similar design is considered by the
length of 44 m which is made of a spatial farm and a
concrete slab. The finite element method is applied to

a)

the theoretical analysis of the composite structure be-
havior. The results show that the concrete slab, when it
is in combined action with the composite space truss, is
compressed curved, and the internal forces in the com-
posite truss elements are distributed evenly, thus, the
materials strength properties are effectively used.

The interesting constructive concept is a system with
usage of the steel tubes filled with concrete. This sys-
tem consists of a monolithic slab that is connected to a
profiled steel sheet, it sets over the truss with parallel
belts where the top belt is filled with concrete [34, 35].
The steel and concrete composite slab can be lying as
in the steel tube plane filled with concrete, (Figure 7)
as on the steel tube top filled with concrete (Figure 8).
In addition, according to the first scheme, the combined
steel and concrete members action between themselves
is implemented due to contact of a tube and concrete,
and for the second, it is due to the shear connectors ap-
plication. Experimentally it is proved that the structures
have an increased bearing capacity.

The dependence between the failure load level (the
load when the connection between concrete and steel
members is lost) and a concrete class durability and
concrete top layer thickness is established. It is estab-
lished that at the increase in a concrete durability class
the failure load for the first scheme increases up to
45 %, and for scheme 2 — up to 33 %. Besides, the shift-
ing effort for the first scheme is almost four times more,
than for scheme 2. Depending on the concrete top layer
thickness, the failure load for the first scheme increases
by up to 21 %, and for the second scheme — up to 26 %
[36].

The opening with the Face of the steel and concrete
edges bent inside ‘\ /7 composite floor structure
T

Reinforcement —

z< |

- Concrete

| >~

Combined
thin-walled slab

b)

W
A-similar cross-section beam

Face of the steel and concrete
composite floor structure

Concrete
r

The opening with the
edges bent inside \
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Reinforcement 7 }f \\ e

Concrete & A-similar cross-section beam
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Figure 6 — Steel and concrete composite systems consist of A-similar beams
and thin-walled (a) or hollow slabs (b) [29, 30].
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Figure 7 — The structure with a monolithic steel and concrete composite slab that
is lying in the plane of the tube filled with concrete [35]:
1 — steel basic deck; 2 — reinforcing grid; 3 — the profiled steel sheet; 4 — concrete;
5 — the steel tube filled with concrete; 6 — the top layer of concrete; 7 — the face of the plate.

Figure 8 — The structure with the monolithic steel and concrete composite slab that
is lying on the tube filled with concrete [35]:
1 — concrete; 2 — the steel tube filled with concrete; 3 — reinforcing grid;
4 — the profiled steel sheet; 5 — shear connector.

Along with the monolithic steel and concrete compo-
site structures research, combined steel and concrete
composite precast systems are studied. The combined
structures use is the perspective direction for improving
structural concepts of the bearing steel and concrete
composite systems.

The slab with a steel frame (Figure 9) is one of the
combined steel and concrete composite structure ele-
ments. It is experimentally established that the bearing
capacity of such slab compared to a reinforced concrete
slab of a similar section is more on 45-50 % [37].
Besides, due to a steel frame, the slab has increased ri-
gidity.

Figure 9 — The slab with a steel frame for the sys-
tem of the precast flat slab construction [37]:
1 — concrete; 2 — reinforcing grid; 3 — steel frame.
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It should be noted that the slab framed with steel
members, except the key qualitative physic-mechanical
parameters, has technological advantages, it is the low
labor of production that is reached due to the frame use
as a permanent shuttering. Experimentally confirmed
advantages of such plates give the chance to apply them
in the flat slab construction.

Other examples of the complex roof systems type are
structures that consist of typical ridge reinforced con-
crete slabs and steel trusses. While the application of
that structure the materials economy is reached if the
combined action between slabs and trusses is provided.
If trusses by the length of 30 and 36 m and slabs
of 6 and 12 m are used, the steel economy reaches up
to 18 %, concrete — up to 10 % [38], and in case of ap-
plication of the long-span light grid steel and concrete
composite slabs, the steel economy increases up to
25 % [39]. Among rod steel and concrete composite
rafter designs, some consist of reinforced concrete
beams and steel farms.

In general, the inclusion of typical reinforced con-
crete elements in combined action as the top belt with
typical steel farms is an economically justified design.
Even though these structures are effective, they have
also essential shortcomings: firstly, it is the design
complexity and the need for typical elements adapta-
tion under new service conditions.

In general in industrial and civil engineering the tech-
nical and economic effect promotes the steel economy
up to 33 % rather than entirely metal and up to 11 %
compared to traditional reinforced concrete structures
that have steel and concrete composite elements appli-
cations. Besides the given expenses decrease up to
30 % rather with steel and up to 50 % compared to re-
inforced concrete structures [40].

It is possible to claim efficiency and expediency of
steel and concrete composite structures usage in the
roof or floor systems construction, leaning on analysis
results of current researches, as well as based on the
different structural concepts review of the steel and
concrete composite bearing elements, and widely used
connections between steel and concrete details. How-
ever, for this purpose, it is necessary to execute thor-
ough theoretical research of the spatial bearing systems
and construction ways for most effective spatial sys-
tems allocation, which will be possible to be applied to
shaping the roofs.

Conclusions

For achieving the goal, the existing bearing systems
and ways their shaping complex review was executed.
As the result is the allocation of an among all bearing
systems variety of the most effective in spatial behavior
terms, low weight, material consumption, and architec-
tural expressiveness, etc. Based on the steel and con-
crete composite structures review and the theoretical
and experimental studies results, it is possible to notice
that such structures are effective.

In such structures, materials strength characteristics
are rationally and fully used, in general through the
steel members are located in stretching elements, and
concrete — in compression. Such an entirely different
materials combination requires measures for ensuring
their combined action.

Today in the most effective steel details and concrete
members connection way is applications of different
shear connectors: rigid, flexible, and combined. Gener-
ally, the steel and concrete composite structures bearing
capacity, except for concrete-filled steel tubular struc-
tures and similar structures, is defined by the bearing
capacity of the shear connectors in shearing or shifting.

Considering specified, for developing new steel and
concrete composite systems structural concepts, the
way of ensuring combined action between steel and
concrete members the essence of which is the combina-
tion of a steel frame and reinforced concrete elements
together during the concreting without the shear con-
nectors usage is becoming increasingly applied, it
means the steel structure is put in concrete solid. Such
an approach allows creating integrity and indivisible
structure in which bearing capacity depends on the
bearing capacity of reinforced concrete or steel ele-
ments.

Steel and concrete composite structures have signifi-
cant advantages and positive properties that allow ap-
plying them successfully in the different industrial and
public buildings construction. In such structures the ef-
ficient materials use concept, and functions distribution
is implemented, therefore the structure components are
in the stresses that are inherent for them only, which
means steel members are in tension, and concrete mem-
bers are in compression. However, it is necessary to no-
tice that the steel and concrete composite systems also
have structural concepts imperfections. First of all, it is
the complexity and massiveness of nodal connections.
In certain cases, there is a need for shear connectors.
It is possible to carry to shortcomings as well that such
structures are monolithic, and it considerably limits a
scope. In the case of the precast structures industry or
on the building site, the span is limited and if concreting
is carried out in design position — the construction pro-
cess technology complexity due to concreting or weld-
ing overhead works, the need of timbering installation
of, etc is increased.
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