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Summary The analysis of the structural form
of the multi-volume dome structure using load-
bearing wooden arches is performed. The com-
plexity of the volumes and their connecting lines,
as well as the requirement to conduct a non-linear
analysis of long-span wooden elements at the re-
quest of Eurocode 5 make the information model
necessary. It is noted that the design using this
technology is developing in the direction of taking
into account all stages of the structure life cycle.
Information modeling of wooden structures in the
world is the most prepared for the use of BIM-
technologies. This is due to the sophisticated digi-
tal technologies for the production of modern
wooden structures elements. An information model
was formed for designing according to the regula-
tions of Ukraine. The Information Model was cre-
ated in the SAPFIR software package for further
possibility of importing the model into the LIRA-
CAD software package. The necessary auxiliary
steps were used to build the model. The loads on
the curved surface were calculated in the PC Espri.
For further development of the nodes, 3D-
modeling was used with the transfer of the infor-
mation model into the PC Tekla Structures as a
specialized environment for the constructive sec-
tion of the project.

The presented analysis of the complex dome
structure using wooden arches summarizes the
approaches to the development of unique forms of
structures using wood. The use of information
models has significantly increased the complexity
of architectural design and structural model taking
into account the nonlinear effects of wood. The
possibility of integrating these tools for further
implementation in BIM-technology is shown.

Keywordsl. BIM-technology; timber bent-
glued structures; arched covering; aquapark;
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Eurocode 5.

INTRODUCTION

Modern building design technologies ena-
ble to create complex structures, and 3D in-
formation technologies assume to form sophis-
ticated object models. The use of BIM tech-
nologies (Building Information Modeling) is
one of the most promising developments in the
field of architecture, technology and construc-
tion in recent years. BIM is both a new tech-
nology and a new way of working that pro-
vides a common environment for all the in-
formation that defines a building at all (or pos-
sible) stages of its life cycle, taking into ac-
count the architectural, structural and techno-
logical parameters of the building [1, 2].

The methods of 3D BIM technologies have
been introduced into the educational process of
the Department of Metal and Wooden struc-
tures of KNUBA since 2016-2017 [3]. When
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Fig. 1. Architectural proposal: plan of the first floor at 0.000
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using them, the possibilities of using the 3D
structure modeling are widely revealed [2, 4].

At the present stage, the wood construction
practice is promising for the use of both solid
(round logs, profiled beams), glued elements,
and plates and beams LVL, OSB.. Their work
and characteristic values of resistance differ
significantly. For the popularization of unique
and environmentally friendly architectural
solutions, glued laminated timber provides the
most cost-effective way to form a structure of
complex shape [4, 5].

At the same time, savings of material and
labor resources are provided, energy efficiency
is increased both at the construction stage and
during operation [6]. However, the scale of the
application of glued wood materials and LVL
is complicated by problems that are due to the
specific properties of wood.

Features of modern complex wooden con-
struction are considered on the example of the
aquapark project (Fig. 1). For specific condi-
tions of the water park, the limited use of steel
structures is due not only to direct corrosion,
but also to the fact that the use of glued beams
reduces the number of auxiliary parts and
nodes that require appropriate protection [7].

ByaniBenbHi KOHCTPYKLii. Teopia i npakTuka ¢ 08/2021

ANALYSIS OF THE RECENT RESEARCH
AND PROBLEM STATEMENT

Based on the generalized data of the experi-
ence of domestic and foreign construction, a
positive opinion is formed that the use of glued
wooden structures in the construction of public
and sports facilities is rational [4, 6].

Taking into account all stages of the life
cycle of timber structures requires the use of
new design technologies. The use of infor-
mation modeling changes the traditional way
of providing information based on text docu-
ments and two-dimensional drawings.

New integrated technologies are introduced
primarily in those countries where the industry
of wood processing and fabrication of building
structures from wood and wood-based materi-
als is developing. With the proliferation and
growing interest in Building Information
Modeling (BIM), level of detail issues are be-
ing addressed more and more successfully.
And interoperability and integration of model-
based application into an overall high produc-
tive workflow has emerged to the forefront of
professional attention [11, 12]. In modeling,
much attention is paid to solving analysis of
related engineering problems, coordination of
2D and 3D models, coordination of infor-



mation and more. When the 3D model is
linked with time (the construction schedule),
the result is a 4D model that can be simulated
to visualize the construction process [13].
However, it is noted that BIM tools, which are
to some extent mature for steel and concrete
structures, are not yet completely satisfactory
for modeling wooden structures, in [9] the
state of BIM tools in the modeling of wooden
structures is considered and the functional re-
quirements to the BIM models regarding the
development of national standards for the co-
ordination of information from all participants
in the process of developing wooden structures
are formulated.

These challenges focus on improving the
standardization of the BIM model for the de-
sign and analysis of wooden structures [10].
Some procedures and relationships in BIM
technologies are becoming the nationally ac-
cepted BIM standard [11].

Research in the direction of BIM-
technologies for wooden structures is interdis-
ciplinary and offers contributions to the fields
of information systems, construction informat-
ics, and construction management. It builds on
and extends the discourse on BIM deployment
in the architecture, engineering, and construc-
tion industry [12].

However, information modeling of modern
timber construction is already more advanced
than other construction methods [13]. This is
due to its high degree of prefabrication and
sophisticated digital processes. For decades
now, 3D models for machine production have
been created in workshop planning. Digitaliza-
tion and automation of prefabrication are con-
stantly developing. It is noted that design using

this technology is developing in the direction
of taking into account all stages of the struc-
ture life cycle. BIM systems open up a number
of possibilities for the wood-based building
industry, such as increasing automation and
prefabrication. Higher levels of automation
will become possible once project teams have
succeeded in collaboratively creating digital
BIM models [13]. The range of problems in
integrated BIM design expands to include the
problem of renovation and environmental re-
use of wooden structures after the liquidation
of the building [14, 15].

Only some of the modeling tasks are con-
sidered in this paper, the possibility of using
existing design tools for implementation in the
BIM-technological design process is analyzed.
BIM-design tools are considered as means in
the design (including variant design) of a spa-
tial building, which is a multi-volume structure
with complex conjugation curves (Fig. 1).

As shown in our early work [27], when de-
signing in accordance with Ukrainian stand-
ards, it becomes more and more common to
create design documentation by using the
SAPFIR PC, LIRA-CAD PC, Revit PC or
Tekla PC. This makes it possible to take into
account the requirements of JIbH B.2.6-198
"Steel structures" and /IbH B.2.6-98 "Concrete
and reinforced concrete structures"”, as well as
use the modern system of parametric 3D mod-
eling SAPFIR PC. Successful experience of
using SAPFIR software enables to build an
informational 3D BIM model of a building.
SAPFIR PC includes a modern system of par-
ametric 3D modeling, tools for creating design
schemes and transferring them to

Fig. 2. The analytical model in PC SAPFIR
Puc. 2. Ananitnuna mogens y [IK CAIIONP
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calculations in LIRA-CAD software package,
for calculation of building elements, obtaining
drawings of structural elements. However, the
designing with J/IBH B.2.6-16 "Wooden struc-
tures", which agreed with Eurocode 5, still
requires certain modifications to the existing
software [27].

The object of study is an indoor aquapark.
The basis of its planning structure is a two-
storey building of complex configuration. The
roof structure consists of two domes, the total
length of the building is 126 m (Fig. 1, Fig. 2).

The building has a frame structure. Rein-
forced concrete walls and wooden arches pro-
vide spatial rigidity and stability of the main
volume. The engineering support of the aqua-
park includes modern equipment with a single
automated control system, air conditioning
system, combined water treatment (chlorina-
tion and ozonation). All engineering chambers
for ventilation, water treatment and air condi-
tioning systems are made in the basement.
Environmental cleanliness control as one of
the building safety factors ensures that the
chlorine content in the air does not exceed 1.0
mg/m3 at the level of medium aggressiveness
of the environment [7].

The creation of a "green" roof is consid-
ered, which helps to improve the aesthetic
properties of the building and increases its
thermal and sound insulation properties.

The aim of the study is to analyze and
evaluate the level of integration of the spatial
model of the building according to Eurocode 5
[16, 17] in the design environment BIM.

Research objectives are the development
of a 3D information model in the PC SAPFIR

and calculation of the structure in the PC LI-
RA-CAD; design of load-bearing structures
and units, development of 3D models of units;
formation of a selection of tools for BIM-
design, analysis and assessment of the integra-
tion of solutions in BIM-systems.

The analytical model used as input for fur-
ther analysis (Fig 1, Fig. 2).

METHODS, RESULTS AND
DISCUSSION

The ribbed, ribbed-annular and mesh types
of the spatial scheme of the dome were con-
sidered [18] and an irregular ribbed-mesh
scheme was chosen, the ribs of which are bent
glued arches (Fig. 1, Fig. 2). Thus, while re-
taining the technological advantages of the
ribbed scheme, our scheme received additional
qualities of a spatial bar structure, which en-
sures high reliability of the structure in diffi-
cult extreme situations. In connection with
catastrophes during the destruction of coatings,
requirements were put forward for the opera-
tion of large-span structures at the stage of
operation [8]. A dome with an excessive num-
ber of links (from the point of view of an op-
timal design) has a significantly greater sur-
vivability resource. In European standards, this
is considered as "prevention of progressive
collapse", that is, as an opportunity to redis-
tribute the load between other elements in the
event of failure of a certain number of ele-
ments.

The volumes of the domes are formed by
arches, the outlines of which were modelled
parametrically. The parametric design process

Fig. 3. The design model in PC LIRA-CAD
Puc. 3. Pospaxynkosa mozens y ITK JIIPA -CATIP
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Fig. 4. Properties of elements: a-c — structural elements in PC SAPFIR; d — auxiliary plates in PC LIRA
Puc. 4 BracTuBOCTI 331aHUX €JIEMEHTIB: d-c — KOHCTPYKTUBHUX eneMeHTiB y IIK Candup;
d — nonomixkuux ruactud y I[TK JIIPA
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consists of defining parameters, defining rela-
tionships between them, constructing.the ex-
pected geometry, creating variations, and test-
ing the final product [19]. Using the concept of
parameterization, the user can enter a numeric
or text value for any parameter, as well as use
a variable or complex expression. This admits
to use the input values of the parameters de-
fined in other programs, calculate them by
formulas and change them externally [20].

The presented calculation of an irregularly
shaped wooden dome summarizes the ap-
proaches to the development of unique forms
of structures using wood. Along the way, a
number of narrower practical issues were
solved, such as uneven load on the structure,
prevention of skewing, development of effec-
tive solutions for pin connections for fixing
arches at different angles, etc.

3D information model development. The
analytical model is designed using finite ele-
ments. In this project, this is a structural dia-
gram, in which the elements of supporting
structures are presented in the form of lines
and surfaces, supplemented by ties and loads.
To build the information model, the material
of the supporting structure was determined
(multilayer glued beams, strength class

KHA2

GL32h), materials and preliminary dimensions
of the main elements and boundary conditions
were adopted (Fig. 3, Fig. 4, a-¢). A 3D sur-
face was also built; it consists of plates, the
stiffness of which is close to the real values of
the coating, to transfer uneven loads to the
structure (Fig. 4, d). Modeling of physical non-
linearity of structural elements was carried out
using finite elements in accordance with the
library of the laws of deformation of materials.
As a result, the calculation made it possible to
estimate the elastic and plastic deformations of
the elements.

The analysis of the design model is carried
out using graphical methods for presenting the
results, such as diagrams of internal forces of
bar elements, stress fields of the plate elements
and deformable schemes. For a detailed analy-
sis and identification of the calculated values
of the forces for each element, tables of calcu-
lated load combinations were created, updated
in accordance with the Eurocode.

When creating an information model, visual
programming is possible [25]. An example of
this is the joint use of SAPFIR-3D and SAP-
FIR-Generator with the subsequent possibility
of importing the model into the LIRA-CAD.

KHA2

28
12

0.622

Fig. 5. The wind load in PC LIRA-CAD in accordance with JIBH B.1.2-2
Puc. 5. Bitpose HaBantaxenns B [IK JIIPA-CAIIP Bignosiguo qo JIBH B.1.2-2

Fig. 6. The snow load in PC LIRA-CAD in accordance with /IbH B.1.2-2
Puc. 6. Cuirose naBanTaxxenHus B [1IK JIIPA-CAIIP sigmosigao mo JIBH B.1.2-2
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During the design process, great attention
was paid to smooth lines along all surfaces and
to minimize deflections and displacements.
For this, the cross-section of each element was
calculated for the corresponding loads. For
example, the ribs under the “green roof” take
greater loads than under the membrane roof,
and the upper radius of the ribs curvature make
it possible to insert OSB without interruption
along the entire rib length without twisting
(Fig. 4). 3D surfaces are described, these are
stiffness plates close to real values for transfer-
ring non-standard fastening to a structure (Fig.
4, d). The tasks of ensuring sufficient and op-
timal cross-sectional dimensions, as well as
limiting the design height according to the
operating and installation conditions, have
become relevant [10, 11]. Another limitation
of the supporting structure height is associated
with the proposal to place technological
equipment in the space between the arches.

The assessment of losses in case of devia-
tion from the optimal values of design parame-
ters was not carried out.

Model load in PC LIRA-CAD. The load is
determined per unit area and applied to the 3D
plate. Load tables for snow and wind loads
were generated using the ESPRI software.

This program enables to quickly find online
all parameters of the collection of loads in

accordance with JIBH B.1.2-2: 2006.

At the output, we obtain tables of distribut-
ed load depending on the angle of inclination
of the covering. To correctly distribute the
load on the structural ribs, plate elements were
created. The description of uneven loads on
the roofing plate elements took place in the
LIRA-CAD software package (Fig. 5, Fig. 6).

Structural elements calculation. Glued
wooden arches are used as load-bearing struc-
tures, the analysis of the stress-strain state of
which is carried out using a nonlinear calcula-
tion under the action of loads corresponding to
real design conditions. To obtain information
about the stress-strain state of the main sup-
porting structures, a numerical simulation of
the spatial structure was carried out.

Formation of an analytical model, which is
a structural scheme, in which the elements of
load-bearing structures are presented in the
form of lines and surfaces, supplemented by
constraints and loads, is performed using finite
elements of the SAPFIR software and the LI-
RA-CAD PC.

When the parameter “Account for nonline-
arity” was activated, the physical nonlinearity
of deformation was set using the diagrams of
deformation of wood during tension and com-
pression along the fibers. When law 14, de-
scribing piecewise-linear dependence, is

33KOHbI HENMHENHOTO AePOPMUPOBAHNA MATEPUANOE X

[ ymroisats apmpyrowwit matepuan
OaHoBHOM MaTepuan I [J yuuroieats nonsyuects 6etora
i -
. Oe . 3aKoH 0 nedopr N Sarmiss [Z 2 | Hosas | <owmposats | Yaamms
14 - Kyco- 1 3aKOH AedhopMmp v
KommeHTapuit | |
3arpysuTb 3aKoH u3 daitna
s, MNapaMeTpbl 3aKoHa #HOro aedx
i O. Teopu NPOYHOCTH
o H. + | HapucosaTs. - (ans K3 nnactun)
-le;u Ou
+
O — /62 Os ]‘
8 03% 1 - €1 €& . i
f b 075 e € €

L] -
it 0-2_
b S (o)

ﬂ}.;- CoXpaHUTb 3aKoH B hain
@ Texywwit aKkoH (O Bce 3aKoHbI npoexTa
omesms | | Crosoa
a b

Fig. 7. Account of the wood properties (@) as a physically nonlinear material in LIRA-CAD (b)

Puc. 7. BpaxyBaHHs BIaCTHBOCTEH MepeBUHU (a) K (izuuHO HemiHiitHoro Marepiany B JIIPA -CAIIP (b)
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chosen as a physical model, the tensile (c-€)
curves of the material are described as shown
in Fig. 7 [26].

Geometric nonlinearity is taken into ac-
count by sequential application of loads in
uniform steps, since the internal forces in the
designed structure are very dependent on the
sequence of their application. In such cases, a
stepwise loading method is applied, and struc-
tures are modeled using elements that take into
account physical nonlinearity (K3200), geo-
metric nonlinearity (K2300), or physical and
geometric nonlinearity simultaneously
(K5400).

For a more detailed analysis of structural
elements, the anisotropy of wood can be taken
into account by modeling the elements using
plates and three-dimensional finite elements
[22]. However, taking into account the rod
type of the main elements, the anisotropy of
the elastic properties of wood was not taken
into account. The mobility of the node can be
taken into account with the optional element
KD55. It is necessary to indicate the stiffness
of the joint, which is determined experimental-
ly in accordance with the standards EN 1075,
EN 1380, EN 1381, EN 26891 and EN 28970.

In the PC SAPFIR the 3D-information
model of the building with application of tools
for creation of settlement schemes and their
transfer for calculation in the PC LIRA-CAD
is constructed.

The process of parametric design consists
of determining the parameters, constructing
relationships between them, determining the
expected geometry, creating variations and

.I].i,‘

testing the result [23]. The design with joint
use of the PC SAPFIR and the PC LIRA-CAD
allowed to consider requirements of JIbH and
other regulatory documents.

Working with the SAPFIR PC revealed a
number of limitations in functionality com-
pared to Revit (Autodesk Revit PC). Revit
integration with Robot PC (Autodesk Robot
Structural Analysis) is a combination of soft-
ware and computing systems designed for the
design and calculation of buildings and struc-
tures in 3D space with the implementation of
the BIM concept.

To create a 3D-information model, struc-
tural elements similar to the connection be-
tween the PC SAPFIR and the PC LIRA-
SAPR are used. Since it was decided to test the
LIRA-CAD PC for the possibility of model-
ling wooden structures using BIM technology,
the use of the SAPFIR PC is most appropriate
for building information and creating calcula-
tion models of complex elements with subse-
quent import of the model into the system.
computer complex PC LIRA-CAD.

To simplify the model production, the fol-
lowing auxiliary steps were performed:

— creation of a 2D template in AutoCad
with reference lines of the axes and the loca-
tion of rigid walls on which the coverage is
based and the import of the drawing into the
SAPFIR PC in the form of a dxf-underlay, an
analytical model is created automatically dur-
ing the formation of the physical model;

L

AT AN

Fig. 8. Informational model from the PC Tekla Structures

Puc. 8. Indopmaniitna mogens 3 1K Tekla Structures
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Fig. 9. Detailed drawings of curved wooden elements: @ — the main beam; b — the dome rib
Puc. 9. JletanizoBaHi KpecIeHHS THYTHX JEPEBSIHUX €JICMEHTIB: ¢ — TOJIOBHOI Oaliku; b — pedpa Kyroiia

— since the construction of elements in
the PC SAPFIR occurs only in the local coor-
dinate system, for each element auxiliary lines
were built for the correct orientation of the
working plane in space. The created system
can be customized.

Nodes designing. For the further develop-
ment of effective nodal connections, 3D mod-
eling was used with the transfer of the infor-
mation model to the Tekla Structures PC,
which is a specialized environment for the
structural part of the project (Fig. 8). The in-
formation is exported to the Tekla PC using an
IFC-file, but due to some differences in mod-
els and gaps that can accompany transitions
between analysis and design diagrams, it is
necessary to recognize the elements after im-
porting the file. With the use of the Tekla in-
formation system, the construction of nodes
and details, the creation of specifications and
the printing of working drawings of the project
were carried out. The main system nodes are
fully designed and built.

12

The node 1 — support of the beam on the
ring (Fig. 10, a). The design of the support
ring and the configuration of the assembly
depend on the size of the thrust plane, The
following assembly details are calculated: the
width of the end plate, the required length of
the upper and lower bend, plate thickness,
shear fillet welds and bolted joints when the
plate is crushed by the roller in the holes.

The node 2 — support unit of the dome rib
with the roller joint (Fig. 10, b). The following
node details are calculated: roller, required
width of the thrust plane during compression,
pins on the side profiles, the thickness of the
head plate when working in bending, thrust
plate.

The node 3 — support of the beam on the
column (Fig. 10, ¢) with the hinged joint. The
following parts of the assembly were checked:
timber during shear in the area of the assem-
bly, stop height with local compression across
the grain, bolts connecting the beam to the
baseplate.

ByniBenbHi kKOHCTPYKUii. Teopis i npakTmka ¢ 08/2021






d

Fig. 10. 3D-model from the PC Tekla Structures: a — support of the beam on the ring; b — support unit
of the dome rib with the roller joint; ¢ — support of the beam on the column; d — connection of

the dome node with the main beam

Puc. 10. 3D-mozeni By3niB 3 Tekla Structures: @ — oOnupanHs 6ainky Ha KiIblle; b — OHNOPHUH By30I
pebpa Kyrmona 3 BaJUKOBHM IIAPHIPOM; ¢ — OOMHpaHHsS OaJIKM Ha KOJIOHY; d — MPUMHUKAHHS

pebpa Kyrouia 10 TOJIOBHOT OaliKu

The node 4 — connection of the dome node
with the main beam (Fig. 10, d). The unit con-
sists of an embedded sheet in the cross-section
of the beam and two plates with stiffening ribs
between them.

Additionally, the fire resistance and subsid-
ence of the foundation were analyzed

The analysis of the structural form and de-
sign models of the dome covering absorbed
mainly the problems of structural strength and
stability. However, there are a number of is-
sues that cannot be addressed in this project.
Such issues, which are not formalized within
the narrow limits of the project, will be con-
sidered in a wide range:

— deformability of structures taking into ac-
count fluctuations in temperature and humidi-
ty;

— It is necessary to solve the problems of
fire protection [12], development of fire sce-
narios to calculate fire resistance [24] and fire
protection measures;

— special processing of connections and
protection of details.

ByaniBenbHi KOHCTPYKLii. Teopia i npakTuka ¢ 08/2021

— design with the involvement of optimiza-
tion procedures taking into account costs.

CONCLUSIONS AND PROSPECTS
FOR FURTHER RECEARCH

1. The presented modeling of a complex
dome structure using timber arches summariz-
es the approaches to the creation of unique
forms of timber structures. Information model-
ing is virtually the only way to design complex
timber structures. This makes it possible, even
at the stages of designing, to resolve the issue
of the accuracy of the calculation, erection and
correct operation of such buildings.

2. An experimental project was completed
using 3D-modeling, which confirmed the pos-
sibility of creating and editing the complex
building model. The integrated use of infor-
mation models has made it possible to reduce
design efforts, simplify work processes and
significantly increase the complexity of both
architectural design and the analytical model,
taking into account the nonlinear effects of
wood.
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3. Further studies on the use of modeling in
the design of wooden structures should be car-
ried out with a detailed account of all the ef-
fects and regulations of the Eurocode related
to operating conditions, technological re-
quirements and fire resistance requirements.

4. The results of the project indicate the
ability to actively integrate information model-
ing of complex structures into the BIM design
environment. [28].
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KoncTpykTHBHUIT aHAJI3 Ta
3D-Moe1r0BaHHS IPOCTOPOBOIL
AepeB’STHOI KOHCTPYKILIl

Temsana byoxo, JIoomuna Jlaspinenxo

Anotanisa [IpoBeneHo aHami3 KOHCTPYKTHBHOT
dhopMu MyIbTHOO'€eMHOI KyHOJBHOI OYIiBII 3 BH-
KOPUCTAaHHSAM HECYyYHX JEPEB'SHUX KOHCTPYKIIii.
CxnanHicTh 00'eMiB Ta iX CIIOIYYHUX JIiHIH, a Ta-
KO>K BUMOTa IPOBECTH HEJIHIMHUI aHami3 Iepes'-
STHAX €JIEMEHTIB BEIUKOTO TPOJIbOTY 32 PEKOMEH-
marisMu - €BpokoAy S, poOiaTh iH(popMariiny
MoJielb HeoOXigHow. Bimmiueno, mo indopma-
UiliHe MOJENIOBaHHS JEPeB'STHUX KOHCTPYKLIH Y
CBIiTiI € HaWOUIBII MiATOTOBICHUM 10 BUKOPUCTaH-
Hsg BIM-TexHonoriif, 10 MOB’SI3aHO 3 BHCOKOIO
(abpHYHOIO TOTOBHICTIO Ta CKIafHUMHU LHU(POBU-
MH TEXHOJIOTISIMH BHUPOOHHIITBA CyYacCHHUX eJIeMe-
HTIB JIepeB’THUX KOHCTPYKIIIA MacOBOTO BUTOTOB-
nenHs. [lpu po3pobui MpoexTy Asi yKpaiHCHKHX
YMOB Ta Y BIATOBIAHOCTI 3 YMHHUMH HOpPMaMH
MpOeKTyBaHHS Oyina chopMyboBaHa iH(poOpMaIriii-
Ha Moaeab B CAIIDIP T1K 3 momanpmiorn MOKIH-
BicTio imMnoptry mogeni B IIK JIIPA-CAIIP. Jlns
moOyI0BH MoJieni Oyim BHKOpHCTaHI HEoOXimHi
JOTIOMDXKHI Kpoku. HaBaHTa)keHHsI HAa KPUBOJiHIN-
Hy noBepxHIo po3paxosani B IIK Espri. [{nsa nmona-
TBII01 po3po0KH BY3ITiB Oyiio BUKOpucCTaHO 3D-
MOJICITIOBAHHS 3 TIepeaadcto iHpopMaIiifHoi Moie-
nmi ma TIK Tekla Structures sk cmemianmizoBaHOTO
cepeloBHIIA Il KOHCTPYKTUBHOT'O PO3JALTY Mpoe-
KTYy.

[IpencraBnenuii aHami3 CKIAIHOI KYIMOJIBHOT
KOHCTPYKI[ii 3 BHUKOPUCTAHHSM JICPEB'SHUX apOK
y3arajgpHIOE TIAXOAW OO0 PO3POOKH YHIKAIBHHX
(dhopM KOHCTPYKITIH 3 BHKOPHUCTAHHSM JcpeBa.
Bukopucranns indopmanidHuX Mojesned 03BO-
A0  peai3yBaTH  CKJIQJHE  apXiTEKTYPHO-
IJIaHYyBAJIbHE pIMIEHHS Ta CYTTEBO 30LIBITUTH
CKJIQJIHICTh KOHCTPYKTHBHOI MOJIENi 3 ypaxyBaH-
HSIM HEJTIHIHHUX e(EeKTiB AePEBUHH.

PesynbpraTti mpoekTy BKa3yIOTh Ha MOXKIIUBICTh
aKTHBHOI iHTerpauii iHdopMamiiHUX MoOZemeH
JICPEB'SHUX KOHCTPYKIIH Y TPOEKTYBAaHHS IIPO-
rpamHoro cepeonuina BIM.

Karouogi cioBa. BIM-texHomOris; THYTOKIEE-

Hi JepeB’siHI KOHCTPYKIIil; KYIIOJI, aKBarapk; €B-
pokon 5
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B3aemo3anexHicTb KOHCTPYKTUBHUX i pO3paxyHKOBUX CXeM OyaiBni

Bonodumup Kpinak?, Bipa Konsikoga?

1.2KuiBCbKUIA HaLiOHaNbHUIA yHiIBepcUTeT OYAIBHULTBA i apXiTEKTYpU
31, npocn. lNMosiTpodnotcekun, Knie, Ykpaina, 03037
" kripak.vd@gmail.com, http://orcid.org/0000-0001-6575-5015
2 vkolyakova@gmail.com, http://orcid.org/0000-0001-6879-8520

DOI: 10.32347/2522-4182.8.2021.17-24

AnoTtanisi. Ha cranii mpoekTyBaHHS TyXe Ba-
JKITUBUM 1S (hOpMYBaHHS HaAIMHOCTI 10001 OyIi-
BJi SBJSIETHCS eTanm (OPMYBaHHS PO3PaXyHKOBOI
Mozeni OymiBi, SKUHA SIBASETHCS OCHOBOIO ISt
KOHCTPYIOBaHHSA 11 HeCydux ejieMeHTiB. OCHOB-
HUM Ha I[bOMY €Talli SBIISETBCS aJCKBATHICTD
OPUHAHATOT PO3paxyHKOBOI MoJeni AilicHIN KoHC-
TPYKTUBHINA cxeMi. [/[y’ke BaKIIMBOIO YMOBOIO IS
OIIIHKA JIMCHOI poOOTH OYAiBIIi, SBISETHCSA BpPaxy-
BaHHsI CMJIbHOT pOOOTH BEPXHBOI YacTUHH OyiBii
(kapkacy) 3 ¢yHIZaMEHTaMH 1 TPYHTOBOIO OCHO-
BOIO.

V crarTi Ha npukiIagl 9-TH moBepxoBoi OymiBIi
napkiary, nodyaoBanoi Ha ouyatky 2000 pokiB Ha
miomi Ilepemorn B M. KueBi po3risHyTO Heski
npobaemMu B poOOTI KOHCTPYKLiH, sIKi MOB’si3aHi 3
BUOOPOM PO3PaXyHKOBUX MOJENEH, BAKOPHUCTAHUX
IIpH 1X MMPOCKTYBaHHI.

YucenbHUMH JIOCTIDKCHHAMH 3 BHKOPHCTaH-
Hsm [1K JIIPA-CAIIP mpoanasizoBaHO BIUIUB CITi-
JIBHOT po0OTH Kapkacy i GyHIaMEHTIB Ha 3yCHIUIS
Ha 1X KOHTAaKTI.

BussaeHno, mo:

- BIUIMB CIUIBHOI pOOOTH Kapkacy i GpyHmame-
HTIB CYTT€BUU 1 TIPOSIBISETHCSA TITBKH B MEXax
JEKUTbKOX HIDKHIX TIOBEPXiB KapKacy;

- BpaxyBaHHS HEJIHIHHOI poOOTH 3aii300e-
TOHHUX KOHCTPYKI[iii B OUIBIIOCTI BHITaJKiB
CYTTEBO 3HIKYE PO3PaXyHKOBI 3yCWIUISA B TIi-
KOBHX TOUYKAaxX — KOHLEHTPATOpax;

- B TIpoIieCci MPOCKTyBaHHS HEOOX1THO PO3-
IJIAAATH 1 aHaJi3yBaTy BapiaHTHI KOHCTPYKTH-
BHI PIllIEHHS CUCTEMH.

Kurouosi cioBa. Haniiinicts; KojoHa; (yH-

JAMEHT; HANpPY>KEHUH CTaH; MOJEIIOBAaHHS;
YHUCeIbHI METOIN.
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Bonogumup Kpinak
npodecop kacenpu
3ani300eTOHHMX Ta Kam’SHUX
KOHCTPYKLLiN

K.T.H., npodecop

Bipa KonsikoBa

OOLEHT Kadbeapu
3anis0beTOHHNX Ta KaM’sTHUX
KOHCTPYKLin

K.T.H., AOLEHT

[TOCTAHOBKA ITPOBJIEMUA

HapniiinicTe KOXHOT Oy/iBii 3a0e3neuyeTh-
¢Sl BIAIOBITHUMH 3aco0aMM Ha BCIX cTamifx il
KHUTTEBOTO LUKy, NMPU TPOSKTYBaHHI, 3Be-
JIEHHI Ta eKCIUTyaTaIlii.

Koxen eram *KHUTTEBOro MUKy OyniBii Ba-
KJITMBUW 1 Ma€ CBOi, perjlaMEeHTOBaHI BiMOBI-
JTHUMH HOPMATUBHUMHU JTIOKYMEHTAMHU, CTaH-
JApTHI BUMOTH, ITpaBuiia i oomexxenHs [1].

Ha crazii mpoekTyBaHHS TyK€ BaKIMBUM
st GOpMYBaHHS HAAIHHOCTI SIBJSETHCS €Tall
CTaTUYHOTO PO3PaXyHKy OYIiBIi, SKUN SBIISA-
€THCSI OCHOBOIO JUISI KOHCTPYIOBAHHS il HECy-
gux eneMeHTiB. OCHOBHMM Ha I[bOMY eTari
SBIIAETHCS aJ€KBATHICTh MPHUIHATOI po3paxy-
HKOBO1 MOJIei, TOOTO HACKITBKA TOYHO PO3-
paxyHKOBa MOJIeJIb ONHUCYE IIHCHY poOOTY
Oynisni [2]. CporosaHi BaXxIJIMBOIO, 1 yXKe Tpak-
THUYHO HEOOX1THOIO, YMOBOIO JJIsi OI[IHKH JIiii-
CHOI poOOTH OyiBIi, SBISETHCS BpaxyBaHHS
CHIbHOT POOOTH BEPXHBOI YACTHHHU OYIIBIII 3
¢dbyHIaMEHTaMH 1 IPYHTOBOIO OCHOBOIO.
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Crnin 3ayBaXWTH, IO IIEH €Tal MPOEKTY-
BaHHS HaliMeHIe (opmMainizoBaHuil i, B 3HAY-
HIi Mipi, 3aJeXKUTh BiJ KBamidikaIi mpoeKTy-
BaJIbHUKA, HOTO PO3YMiHHS 1 OLIHKH poOOTH
OyIiBJIl SIK KOHCTPYKTHMBHOI CHCTEMH: TPYHTO-
Ba OCHOBa — (pyHIAAMEHT — HECYy4YHil Kapkac.
Tomy HamifHICTh CHCTEMH 3aJICKHUTh BiJl Ha-
JIHOCTI KOKHOTO €JIEeMEHTa, [0 YTBOPIOIOTh
BKa3aHy KOHCTPYKTUBHY CHCTEMY.

[Topsix 3 HamIAHUM PO3PaxXyHKOM CHUCTEMHU
HE MEHII Ba)UIMBUM € MPaBUJIbHE KOHCTPYIO-
BaHHS ¢yHaameHTiB. KoHctpykuis ¢yHmame-
HTIB TIOBUHHA 3a0€3MeYuTH HEOOXITHUN pe-
3epB HAIIHHOCTI JIJIsI KOMIEHcAIii 00MeXeHO
TOYHOCTI SIK BHXIJTHUX JaHHUX TaK 1 pO3paxyH-
KOBOT MOJIEITI.

s S S S— — —— ————

OCHOBHE JOCJIJKEHHA

BukonyBanucss mnepeBipouHi Ppo3paxyHKH
OyaiBIi 1O BUSABICHHIO PE3EpBIB MIIHOCTI B
eleMeHTax kapkacy i pynmamenrax. Ha mpuk-
nani 9-Tu moBEpXOBOi OyAiBIII MapKiHTY, IMO-
OynoBanoi Ha movatky 2000 pokiB Ha TUIOINTI
ITepemoru B M. KueBi po3risiHyTo nesiki mpo-
OyieMu B poOOTI KOHCTPYKIIIH, sSIKi TIOB’sI3aHi 3
BUOOPOM pO3PaxyHKOBHX MOJEJeH, BUKOPHC-
TaHUX TPH 1X TPOCKTYBaHHI.

BynnHok yHiBepMary CKJIAQaeThesl 3 TPbOX
00’€MIB — YOTHUPHUIIOBEPXOBOTO OJIOKY 1 3 Tex-
HIYHUM Ta MiABaJIEHUM MOBEPXaMH,

I’ AITUTIOBEPXOBOi MPUOYJOBH 3 ILOKOJBHUM
noBepxoM (00K 2) Ta JeB’STUIIOBEPXOBOIO
Mapkiary - 610k 3 (puc. 1).
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Puc. 1. Cxema 0J10KiB OymiBIII YHIBEpMAry.

Fig. 1. Department store building blocks layout
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bynisns 6moky 1 mobynoBana B 1964 p. mo
MPOEKTY, PO3POOIEHOMY IHCTHUTYTOM ““YKp-
rimporopr”.

BynuHok 3anpoexToBaHuii 1 moOy10BaHUH 3
MMOBHUM KapKacoM i3 30IpHUX 3a11300€ TOHHUX
KoHCTpyKUii cepii MMN-60 mix HOpMaTHBHE
PIBHOMIpHO-pO3MO/IijieHe HaBaHTaxeHHs 500
1 1000 xr/m?. Kondiryparmis Oynisii B 1uiaHi
[T-o6pa3Ha — moBkuHA 10 TOJOBHOMY (hacamy
126 m.. Kapkac OyxiBimi 30ipHHI 3a111300€TOH-
HUM 3 CITKOIO KOJIOH 6x6 M. dyHIIaMEeHTH — 13
3a0MBHHUX 3aj1i300€TOHHHMX Iajlb, JIOBKHHOIO
9-11 M mepepizom 35x35cM Ta MOHOJITHUX
3aJ11300€TOHHUX KYIIIOBUX POCTBEPKIB.

I’ssTunoBepxoBa npudynoBa
3 HOKOJIBHUM MOBEPXOM (0JI0K 2)

KoHcTpykTHBHO MprOyI0Ba 3apoeKTOBaHA
1 moOy/moBaHa B MOHOJIITHOMY 3aJ11300€TOHHO-
My B’SI3¢BOMY KapKaci 3 MOHOJITHUMH 3aJ1130-
OETOHHHMMHU TUTUTAMH NEPEKPHUTTS 10 Oe3pure-
npHIA cxemi. JKOpCTKICTh 1 CTIMKICTh OYIiBIIi
3a0e3meuyoTh poOOTOI0  KOJOH, Adiadparm
KOPCTKOCTI 1 mepekpuTTiB. [IpubynoBa mpu-
MHUKAa€ 10 MepBiCHOTO 00’emy. DyHIaMEHTH 3
OypoHabuBHUX magb d=620 MM. 3 pO3IMIHUPEH-
HSIM B 30HI onupaHHs 10 d=1200 MM., TOBXKHU-
HOIO 18-22 M. 1 3a/1i300€TOHHUX POCTBEPKIB.
[lepexpurtss — Oe3purenbHe MiJ BEpTUKAIbHE

TUMYacOBE PIBHOMIPHO — PpO3MOJIIJIEHE IO
ol HaBaHTakeHHs — S00KT/M2.

JleB’ATHNOBEPXOBUH NaPKIiHT - 0JIOK 3

KoHcTpykTHBHO OyIiBiIsl MApKiHTY 3arpoe-
KTOBaHa 1 MoOy/I0BaHa B MOHOJIITHOMY 3aJ1130-
OETOHHOMY B’SI3¢BOMY Kapkaci 3 MOHOJITHH-
MU 3aJT1300€ TOHHUMH TUTUTaMU TIEPEKPUTTS 110
Oe3purenbHiii cxemi. KOpCTKIiCTh 1 CTIHKICTB
OymiBii 3a0e31meuyeTbcsi POOOTOI0 KOJIOH, Jia-
¢dparm >xopcTKocTi 1 mepekputTiB. Ilepekpur-
T8 — Oe3purenpHe. OCHOBHI KOHCTPYKTHBHI
€JIEMEHTU TMAapKiHTY — (YHIaMEHTH, KOJIOHH,
niadparMu JKOPCTKOCTI, IEPEKPUTTS Ta MOKPI-
BJIS BHUKOHYIOTh AaHAJIOTIYHHUMH, SK 1 B
I’ AITUTIOBEPXOBiil MpuOya0Bi.

Jlnst BU3HAUEHHSI MOKJIMBOCTI BUKOPHCTaH-
HA ICHYHOYHMX KOHCTPYKIIIH OJIOKY 3 s Tie-
pendauyBaHoi PEKOHCTPYKLii 3 Haa0yI0BOIO
kade TpoBeleHI MepeBipHI PO3PaXyHKU Kap-
Kacy o0cTexxyBaHoO1 OyiBIIi MapKiHTa.

Po3paxynku kapkacy OymiBii BHUKOHaHI 3
BUKOPHUCTaHHAM IPOTPAMHOT0 OOUYHUCIIIOBAIIb-
Horo komiuiekcy ,JIIPA-CAIIP 2017 R3”
[2,3]. XKopcTkicTHI mapaMeTpu KOHCTPYKTHUB-
HUX €JIEMEHTIB KapKacy OymiBii mpu3HAYaIv-
Csl B BIANOBITHOCTI 3 YTOYHEHUMHU MPOEKTHH-
MU JTaHUMH.

@ B O

8000|5100 4700 5100 | 8000|4400

3 K4l 2 el k3 K
/-

———— - = -

Puc. 2. Cxemu po3ranryBanHsa GpyHIaMeHTIB OJI0KY (@) Ta eTeMEHTIB Kapkacy (6).
Fig. 2. Block foundations layouts (a) and frame elements ().
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Komonwu 1 mani anmpokCHMOBaHI CTEPKHIIMH,
MPUBECHUMH JI0 OCi €JIEMEHTIB, a POCTBEPK —
IUIACTUHAMHU, MPHUBEICHUMHU [0 CEpPEAMHHOI
IUTOIIMHY 1 3’€IHAaHUMH >KOPCTKUMH BCTaBKa-
Mu (puc.5) BiamoBigHO [6]. AHami3yBamucs
3yCHJUIA B KOJIOHAX MPU PO3PaXyHKOBIH cxemi
3 3allleMJICHHMMH KOJOHAaMU B (yHIaMeHTax
(cxema 1o sIKil MPOEKTYBaBCsl KapKac OyiBiIi)
Ta MpU CHUTBHINA PoOOTI KOJOH 3 (yH/IaMEHT-
HUMU KOHCTPYKITisiMu (puc.3 - 5).

Cnopyna po3paxoByBayiacsi BIAIIOBITHO O
BUMOT JiIOYUX HOPM Ha 4Yac OOCTEKEHHS.
TumuacoBe HaBaHTaxeHHs mnpuitHaro 400
Kr/M%, knac GeTOHy NMpHIHATO 3a pe3yjbTaTa-
mu nociimpkenas C20/25 3amicTh MPOEKTHOTO
B30. IIpu po3paxyHkax NPUHHATO OOMEKEHHS
po3kputTs TpintuH a0 0,3 MM.

Puc.3. Po3paxyHkoBa MOJENb KapKacy.
Fig. 3. Estimated model of frame.

20

Bianmosigao go [1], kmac HacmiakiB (3a Bif-
noBinanbHicTio) mnpuitHato CC2. Kareropis
BI/IMOBITAJILHOCTI €JIEMEHTIB Kapkacy — b.
KoeimieHT HamiitHOCTI 3a BiANOBIAATBHICTIO
st po3paxyHky 3a 1 I'C npuitaaro yn=1,05 ,
s po3paxyHky 3a 2 I'C y,=0,975.

3riIHO YMOB TPOEKTyBaHHS OJOKy 3, sK
BUJIHO 3 pHC. 2, KOJIOHH, SIKI PO3TAaIIOBaHi 1O
oci P/B, He meHTpoBaHi 10 BiIHOIIEHHIO JI0
LIEHTpa Baru nanub (puc. 4), i 3yCusuis BiJg HUX
Ha TIaJIi MepelalThCs 3 CYTTEBUM €KCICHTPH-
cureroM. Ha puc. 5 mokaszana po3paxyHKOBa
MOJIeNIb By3Jla MPUMHUKAHHS KOJIOHH JI0 POCT-
BepKa 1 mepeaadi 3ycuiib Ha Maji.
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Puc.4. 3D Mozeins By3na pocTBEPKY.
Fig. 4. 3D model of a grid knot.

[IpoBeneHnMU po3paxyHKaMH MiATBEpIKE-
Ha 3arajbHa Hecyda 3JaTHICTh Ta CTIHKICTh
copyau kpim 4-x xosoH 1o oci P/B (pwuc.
2,0), B AKUX TPOCKTHE apMyBaHHs He 3a0e3-
MeYyBajO CIPUNUHATTS BUHUKAIOUHMX PO3pPaxy-
HKOBHUX 3ycwib. Ha puc. 6 HaBeeHI 3ruHANBHI
MOMEHTH OJIHI€1 3 TaKUX KOJIOH MPU PI3ZHHUX

448

Puc.5. Po3paxynkoBa Mozenb GYHIAMEHTHOTO BY3Ia.
Fig. 5. Estimated model of the foundation node.

croco0ax MOJICTIOBaHHS B3a€MOJIl KapKacy 3
¢byHIaMEeHTaMH 1 TPYHTOBOIO OCHOBOIO, a Ha
puc. 7 B ycix kosoHax. [IpoBoamBcs aHami3
3MiHHU 3yCWJIb MIPHU BpaxyBaHHI HENiHIIHOI po-
00TH Kapkacy (BUHMKHEHHS TIJIAaCTUYHOTO IIa-
pHIpY B MICIli MpPUETHAHHS KOJOHH JI0 POCT-

BEPKY.

Puc. 6. 3ruHanbpHi MOMEHTH B KOJIOHI Ha nepetuHi oceii P/3-PB:

a- TIpH CIiNBHIN po0OTi Kapkacy 3 GyHIaMEHTOM;

6 — TIpH KOPCTKOMY 3aIlleMJICHHI KOJIOHU B (PyHIIaMEHTI;

6 - TP BUHUKHEHHI TUIACTUYHOTO LIAPHIPY B 3’ €JHAHHI KOJIOHH 3 PYHIaMEHTOM.
Fig. 6. Bending moments in the column at the intersection of the axes P / 3-RV:

a - at joint work of a framework with the base;

b - with rigid clamping of the column in the foundation;
¢ - in the event of a plastic hinge in the connection of the column with the foundation.

ByaniBenbHi KOHCTPYKLUii. Teopia i npakTuka ¢ 08/2021
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Puc.7. 3ruHanbHi MOMEHTH B KOJIOHAX 110 oci P/B:

¥
p—

R, B
e
Ses oy,

a — TIpY TIPY>KHOMY PO3PaxyHKY; 6 — IIPH HENHIHHOMY pO3paxyHKY KapKacy.

Fig. 7. Bending moments in columns on the P / V axis:

a - at elastic calculation; b - for nonlinear calculation of the frame

Pe3ynbpratu cTaTMYHUX PO3paxyHKIB IMOKa-
3aJIM 3HAYHUN TIEPEePO3IOILT 3yCHIb B KapKaci
IpU pI3HUX CIOCO0ax MOJENIOBaHHA poOOTH
Kapkacy.

SIKI0 MO370BXKHI CHIIM B PO3TISHYTINA KO-
JIOHI Maiike He 3MiHII0ThCs, Big N = 3880 kH
1o N = 3470 kH (po36ixHicTs B Mexkax 10%),
TO 3THHAJIbHI MOMEHTH PI3HATHCS JIYKE CYTTE-
BO, Bim M =-20 kHwm 1o M = 565 xHwm (puc.6,
a, 61is).

id P11 <€
#
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& W Be==@ =i
ija AAAA éh

—d b—d
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Puc. 8. Koncrpykuist pyHIaMEeHTHHX pOCTBEPKIB:

BaxuBicTh BpaxyBaHHSI CHUIBHOT poOOTH
KapKacy, pOCTBEPKIB Ta IMajib BKa3aHo B [7].

HeoOxigHO BiAMITHTH, IIO TPU MPOEKTY-
BaHHI PEKOHCTPYKINi Kopmycy 3, po3paxyHKH
KapKacy BUKOHYBaJICsI 0e3 BpaxyBaHHS HOTO
CHiIbHOT po00TH 3 PyHIAMEHTAMH.

3ruHanbHi MOMEHTH B NPOOJIEMHHUX KOJIO-
HaX MOXXHA 3HAYHO 3HU3UTH MPH KOHCTPYKTH-
BHOMY 00’€HaHHI 3a11300€TOHHUMHU CTpidKa-
MU BiAMOBIAHUX (PYHIIAMEHTHHX POCTBEPKIB 3
cycigHiMu (puc.8,0).
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—e —d I
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IS

a — icHyt04a; 6 — PeKOMEHI0BaHa 3TiIHO PO3PaxyHKiB

Fig. 8. Design of foundation grilles:

a - existing; b - recommended according to calculations

Ha puc.9 maBeneni mo3maoBxkHI cuid N Ta
3TUHAJIbLHI MOMEHTH M B KonoHax psangy PB/P3 mns
YAOCKOHAJIEHOI KOHCTPYKTHUBHOI CXEMH PpOCT-
BEpKiB. BBe1IeHHsI HE3HAYHOIO KOPUT'YBAaHHSI KOHC-
TPYKTHBHOTO pILIEHHS 3a PaxyHOK 00 €THaHHS
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OKpEMUX KYIIIB TiJ MpoOJIEMHUMH KOJOHAMH II0
oci PB MOHOJITHIUMH CTpiUuKaMHu 3 CYCITHIMH GyH-
nameHTamu 1o oci P/] mpuseno 1o mepeposnominy
3yCHJIb B KOJIOHAX B IMO3UTHBHOMY HampsMKy. Ko-
HTaKTHI MOMCHTH 3MCHIIIIINCS Maike B 5 pa3iB.

ByniBenbHi kKOHCTPYKUii. Teopis i npakTmka ¢ 08/2021



T3z
- q__‘—_rlj; T30

5

f—,
17 =<
Tss Ti7 724 4

70
=% =193

45 78

e

Bidis 1

Tos 267

STOSF

at
AL
357335 34%

i
-2.071

193

T

-1.58

i
T

10
-t.68
EN TS

'

Tuo

-3.03 -},

-1 .87

Puc. 9. 3ycms B KoloHaX 3MiHEHOT KOHCTPYKTHBHOI CXEMHU:

a —3ycwuisa N; 6 - 3ycuns M

Fig. 9. Efforts in columns of the changed constructive scheme:

a -efforts N; b - efforts M

BHUCHOBKU

3a pe3ynbTaTaMH JOCIHIIKEHb MOXKHA 3pO-

OUTHU BUCHOBKU:

- BIUTUB CIJIBHOI pOOOTH Kapkacy i ¢pyHa-
MEHTIB CYTTEBHUH 1 IPOSBIISIETHCS TITLKH B
MeXax JCKUTHbKOX HUXKHIX MOBEPXiB Kap-

Kacy,

- PO3paxyHKH HECYYHMX KOHCTPYKIIH Kap-
Kacy ClIiJi BUKOHYBaTH SIK CUCTEMH «OC-

HOBa —(DYH/IAMEHT — CIIOpYJay;

- TIpU TIPOEKTYBaHHI KYIIOBUX POCTBEPKIB
Hi,[[ KOJIOHHU AOYK€ BaXJIMBUM MOMCHTOM
SIBIISIETBCS TOCATHEHHS IICHTPYBaHHS OCcei
KOJIOH 3 IICHTPAaMH PO3TalllyBaHH IIaJib B

POCTBEpKax;

- B MPOLIECi MPOEKTYBaHHs HEOOXiTHO po3-
IJISIIaTH 1 aHaJi3yBaTH BapiaHTHI KOHC-
TPYKTHUBHI PIIIICHHS CUCTEMH;

- BpaxyBaHHs HEJIHIHHOI poOOTH 3aii300e-
TOHHUX KOHCTPYKIIM 103BOJISIE 3HAYHO
YTOUHIOBATH [0l 3yCHJUISA B CUCTEMI 1 B
OUTBIIOCTI BUMAJKIB CYTTEBO iX 3MEHIIY-
BaTH 33 PaXyHOK 3HW)KCHHS PO3PaxyHKO-
BUX B [IIKOBUX TOYKAaX — KOHIIEHTPATOPax;

- Mpu aHaJi31 HaAiiHOCTI OyaiBesns, moOy-
JIOBaHUX B MUHYJIOMY YU Ha pyOexi CTO-
JiTh, CIiA TepeadavaTd BIpOTIAHICTH iX
MIPOEKTYBaHHS 32 CIPOLICHUMH PO3paxy-
HKOBUMH CXEMaMHU;
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Interdependence of constructive
and settlement schemes of the building

Volodymyr Kripak, Vira Koliakova

Summary. At the design stage is very im-
portant for the formation of the reliability of any
building is the stage of formation of the design
model of the building, which is the basis for the
construction of its load-bearing elements. The
main at this stage is the adequacy of the adopted
calculation model to the actual design scheme.

A very important condition for assessing the ac-
tual operation of the building is to take into ac-
count the joint work of the upper part of the build-
ing (frame) with the foundations and soil base.

The article examines some problems in the op-
eration of structures, which are related to the
choice of design models used in their design, on
the example of a 9-storey parking lot built in the
early 2000s on Pobeda Square in Kyiv. Chi-rural
studies using PC LIRA-CAD analyzed the impact
of joint work of the framework and foundations on
the efforts at their contact.

It was found that:

- the impact of joint work of the frame and
foundations is significant and is manifested only
within a few lower floors of the frame;

- taking into account the nonlinear operation of
reinforced concrete structures in most cases signif-
icantly reduces the calculated forces at peak points
- concentrators;

- in the design process it is necessary to consid-
er and analyze the variant design solutions of the
system.

Keywords. Reliability; column; foundation;
stress; modeling; numerical methods.
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AHoTtanis. B craTti po3po0neHo yqockoHasie-
Hy (i3UKO-MaTeMaTH4YHy MOJENb 3HOCY IIMHKOBO-
TO0 TIOKPHUTTS CTAJIEBUX ITOPOXKHIX KOHCTPYKINIH B
yMOBax eKCIUTyaTamii MicTa Ha BIIKPUTOMY MOBiT-
pi B ymoBax micta. JlocmimkeHHs 0a3yroTbcs Ha
HATYypHUX €KCIEPUMEHTAIBHNX JaHUX BU3HAYCHHS
3HOCY IIMHKOBOT'O MOKPHUTTSl HATYPHHUX METAIEBUX
MPOCTOPOBUX KOHCTPYKIIH paMHUX JOPOXKHIX
KOHCTPYKIIH /i iHPOpMaLiHHUX CHCTEM Oe3IeKn
Ha nmoporax micisa 10 pokiB ekcruryaTariii B yMoBax
M. KueBa. PamMHa KOHCTpYKLisl CKIagaeThCs 3 Ha-
CKpi3HMX METaJIeBUX KOJIOH 1 purens. Purens €
MIPOCTOPOBHI OJIOK JBOX cTaneBux (epm. biok
¢depM 30HMpaeThcs 3 YHI(DIKOBAaHMX HPOCTOPOBUX
CeKIii, 00’€JHaHUX BEPTUKAILHUMH i TOPU30HTA-
JIEHAMH B’SI35IMH, 1 K1 3’€MHaHI (IaHIICBUMU BY3-
JIaM{ CTICIIaJIbHOI KOHCTPYKINi. Bci ememenTH
KOHCTPYKLii BHI'OTOBJICHI 3 MpOKaTHUX TpyO. 3a
pe3yibpTaTaMy IOCHIKEHb 3alpOTIOHOBAHO ITiIXi
JUIST BU3HA4YeHHS (HI3UWIHOTO 3HOCY ITHHKOBOTO
MOKPUTTS MPOCTOPOBOi KOHCTPYKTUBHOI CHUCTEMHU.
3a ¢dakToM 0COOIMBOCTI PO3TAIIYBaHHS €IEMEHTIB
B paMHIli KOHCTPYKIli Ta BIAMOBIIHO Pi3HAMH
YMOBaMH EKCIUTyaTallii 3ampONOHOBAaHO OILHKY
KOpPO3iHOTO 3HOCY IIUHKOBOTO MOKPHUTTS PO3ILNIs-
TH Ha TPYIH: KOJIOHH, PUTENb paMu 3 OJI0KY (depm,
(hmaHIIEeB] BY3IH.

®i3uK0-MaTeMaTHYHy MOAEIb MOOYyIOBaHO Ha
po6odiii TimoTe3i HePiBHOMIPHOTO 3HOCY ITMHKOBO-
TO TIOKPUTTS y 9aci i U1 pi3sHUX KOHCTPYKTHBHUX
eJIeMeHTIB. BcTaHOBNIEHO, IO AN KOXHOI TPyIH
KOHCTPYKTUBHUX CIIEMEHTIB B 3aJIe)KHOCTI BiJ
ra3o0BOrO CEpEeOBHUIA Ta BIUIMBY aTMOC(EPHHX
OMajiB, PO3TAIyBaHHS 1 IIBUAKOCTI BITPY Ta 3Mi-
HU TeMIIepaTypH, 3MEHILICHHS [IMHKOBOTO MTOKPUT-

ByaniBenbHi KOHCTPYKLii. Teopia i npakTuka ¢ 08/2021

Ceprin Binuk

3aBigyBay kadeapu, npodecop
kadbenpn meTaneBux i 4epeB’ssHUX
KOHCTPYKLLiN

O0.T.H., npocbecop.

ApTem Binuk

OOLEHT Kadheapu MeTaneBunx Ta
OEPEB’AHNX KOHCTPYKLN

K.T.H., JOLEHT.

€BreH LlionuH
acCuCTEHT kadhenpv MeTanesumx Ta
OEPEB’AHNX KOHCTPYKLN

OnekcaHap MniTiH

[OLEHT Kadeapu MeTanesux Ta
OepeB’siHNX KOHCTPYKLUIN

K.T.H., AOLEHT

T BinOyBaeThes iHAMBIAyanbHo. OTpUMaHi excre-
pUMEHTAIBHI JaHl 3a CepeaHiMU ITOKa3HHKaMHU
BUKOPHUCTAHI JJIsI BH3HAUCHHS IapaMEeTPHYHMX
KoedilieHTiB (izuko-MaTemMaTuuHoi Mmozeni. Pe-
3yNbTaTd JOCTIIKEHb JOMOMOTJIHM BCTaHOBUTH
YMOBH €KCIUTyaTarlii IMMHKOBOTO IOKPUTTS 1 Kiia-
cu]iKyBaTH KaTeropito arpecUBHOCTI CepelOBHIIA
JUIs1 KOYKHOT TPYIH KOHCTPYKTUBHUX €JIEMEHTIB.

[IpoBeneni MOCTIMTKEHHS TO3BOJSIOTH ITPOTHO-
3yBaTH 3HOC IIMHKOBOTO TOKPUTTS y Yaci y HacTy-
ITHUH MepioJT eKCILTyaTallii.
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Mertoauka yHiBepcaibHa 1 Moke OyTH po3mHo-
BCIOJDKEHA Ha 1HII THUTH METAJIEBUX OLMHKOBAHMX
KOHCTPYKITiH.

KirouoBi cjioBa. 3HOC ITMHKOBOTO ITOKPHUTTS;
METaJIeBI TOKPUTTS; cTajeBi (epMu, HaCKpi3Hi
KOJIOHM; JOPOKHI KOHCTpYKUii A iHdopmamiii-
HUX CHCTEM OE3IEeKH Ha JJOpPoTrax.

I[TOCTAHOBKA ITPOBJIEMA

PiBeHb pO3BHTKY MPOMHUCIOBOCTI KOXKHOT
KpaiHu BH3HA4a€e pPiBEHb BUKOPHCTAHHS METa-
JIEBUX KOHCTPYKIIIM. AJie HIMPOKE BHKOPHC-
TaHHS METaJeBUX KOHCTPYKIIiH /i OymiBHUII-
TBa MOCTIB, MOPCBHKHUX OypoBUX IIIaThOpM,
KapKaciB MPOMHCIOBUX Oy/iBeIb, a TAKOXK JIJIS
KapKaciB XMapo4oCiB Ta IHIIUX KOHCTPYKITIH
BUKJIUKA€ HEOOXIAHICTh 3aXUCTy IUX KOHC-
TPYKIIA Bil KOpO3ii. 3a pI3HUMHU OIIHKAMHU
301TBIICHHS 3arajlbHAX BUTPAT Ha 3aXUCT BiJl
KOpo3ii jocsirae MiTbSpIIB J0JIapiB, ayie i
BTpPAaTU BiJ KOpPO3ii TEX CAraloTh 3HAYHOTO
piBHs. Alle caMUM HeOEe3NMEeUYHUM BIUIMBOM BiJI
Kopo3ii € pyiiHyBaHHS KOHCTpyKuii. Ilimcy-
MOBYIOUM BCl BUTPAaTH Ha 3aXHCT CTaJl Bif
KOpPO3i{HUX BIUIMBIB, MOMEPEIKEHHS KOPO3iii-
HOTO PYWMHYBaHHSI € BOXJIMBOIO 3ajadero. To-
My BTpaTH MeTally BiJl KOpo3ii ciiifi mpupiBHS-
TH J0 BIIMOBITHOTO OOCSTY IUIaBJICHHS CTal 1
BIUIMBY Ha €KOJIOTiI0. 3a pI3HUMH OILIHKaMHU
3/4...5/6 BuTpar ctajii Ha METaJOKOHCTPYKIIii
MOBEPTAETHCSI HA METANypriiiHi KoMOiHaTH
gyepe3 MeperuiaBky MetanoOpyxrty. Takum 4u-
HOM, 0:1136K010%...15% BHUpoOOIEHOTO METaTy
MiCs 3aKiHYEHHS JKUTTEBOTO IUKIY CTaHO-
BUTH 0€3MMOBOPOTHI BTPATH.

OnaHuUM 3 €KOHOMIYHHMX BHJIIB 3aXHUCTy Bij
KOpO3ii € OLMHKYBAaHHS MOBEPXHI METAJIEBHX
KOHCTPYKITIH.

[TpoBeneHi AOCTIIKEHHS! JO3BOJSIOTH BU-
3HAYUTH 3aKOHOMIPHOCTI PO3MOAUICHHS 3HOCY
AHTHKOPO31HHOTO IIUHKOBOTO TOKPHUTTS ISt
pPI3HUX TPyN CTaJeBUX EJIEMEHTIB JOPOXKHIX
KOHCTPYKLIN B yMOBax eKCIUTyaTtalii Micta Ha
OCHOB1 HATYpPHUX €KCHEPHUMEHTAIBHUX JOCII-
mkeHb. CTBOpEHHS YAOCKOHAJEeHO! (i3uKo-
MaTeMaTUYHO1 Mojenl (PiI3MIHOTO 3HOCY ITUH-
KOBOTO TMOKPHUTTS METalIeBUX KOHCTPYKIIIN
J03BOJISIE 'y Yaci MPOTHO3YBAaTHU JKUTTEBHA
[IUKJT QaHTHKOPO31HHOTO MMOKPHUTTSL.
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AHAJII3 ITOITEPEJHIX TOCIIITIKEHD

Cxutaguuit Harnpyx’eHo-1e(hOpMOBaHUI
CTaH KOHCTPYKIIi BUCYyBa€ HEOOXIIHICTh Bpa-
XOBYBAaTH BIUTUB KOPO3IHHOTO 3HOCY OKpPEMO
Ha TIEBHI TPYIU €JIEMEHTIB B OJIHI KOHCTPYK-
tuBHIM cuctemi [1,2,3,4]. Ile crocyerhcs i
JeTKUX e()EeKTUBHUX KOHCTPYKTHBHHX MeTa-
JIEBUX CHUCTEM, 3aXHCT SKHUX BiJ] KOPO3iHHOTO
BIUTMBY TaKOX BKJIMBHW B CHIIy TOHKOCTIH-
HocTi npodiniB [5,6,7]. IIpuHIMITIOBUMHU TOJIO-
BHUMH TEXHOJOTIYHUMH IIAXOJaMH IIIOIIO
MiABUILEHHS OMOpPY KOPO3ii KOHCTPYKTUBHHUX
CHUCTEM PO3IIISAIOTh Ha TaKl TPymH: Jakodap-
OOBI MOKPUTTSI, rapsiye rajbBaHiuHE OLUHKY-
BaHHS MOBEPXHI METAJIEBUX KOHCTPYKIIiH, XO-
JIOJTHE OIMHKYBAHHS CyMIIlIaMH, 3aXHCT TOJi-
MEpPHUMHU TUTIBKAMH, BUKOPUCTAHHS KOPO3ii-
HOCTIMKUX cTajeil. AHami3 BIUTUBY KOpO3ii Ha
MeTajeBl KOHCTPYKIIl NeTaabHO MPHUBEICHUN
30Kpema B poboTax [1,2, 4].

B wmixnapognux crangaprax I[SO 9223
«Kopo3is metainiB i crasiB. KoposiitHa arpe-
cuBHICTh armocepu. Knacudikaris, Bu3Ha-
YeHHsI, OIlIHKAa» BCTAHOBJICHI Kareropii arpe-
cuBHOCTI atMochepu: Cl — myxe cnabka (HU-
3pka); C2 — cnmabka (Hu3bka); C3 — cepenHs,
nomipHa; C4 — Bucoka (cunpHuid BrumB); C5 —
y’)Ke BUCOKa (Iyxe cuibHuUM BIuMB); CX —
eKcTpeMajbHa BHCOKA. Taka Kiacudikais
KaTteropii Koposii po3paxoBaHa Ha OIIHKY
PIBHOMIPHOiI KOpO3ii, a TOYKOBAa KOPO3is MOT-
pedye OKpeMoro BUBYCHHS 1 aHATI3Y BILTUBY.
KoxkHiif Bka3aHili KOpO3iifHiN KaTeropii BiAmo-
BiJIa€ MBUJIKICTh KOPO3ii IMHKOBOTO MTOKPUTTS
abo cTani Ha PiK: Teor [I/(M?piK)] BTpAT 3a TOB-
[IMHOIO TOKPHUTTS a00 Imapy MeTaly — Teor
[MxM/(pik)]. Jliama3oH BTpaT aHTUKOPO3iHHOTO
MOKPHUTTS, 10 BITHOCUTHCS 10 Ti€l a00 1HIION
KaTeropii 10CTaTHHO IIMPOKHUH, 3 iHIIOrO 00-
Ky, CTAHIApT HE PErJIaMeHTY€E BiIHOIICHHS 10
PO3IIJIEHHS KOHCTPYKIIiH MO rpynaM KOHCTpPY-
KTUBHUX EJIEMEHTIB BCi€i cucTeMu. ICHYIOTH
BiJOMi eMHipu4Hi (GOpMyTu Al BU3HAYECHHS
3HOCY IIUHKOBOTO MOKPUTTS. B 1ux dpopmymax
MOIIKO/PKCHHSI [IMHKOBOTO TOKPHUTTS  3aJie-
KUTh BiJl CEPEIHBOI TeMIEepaTypu IMOBITPA,
BITHOCHOI cepelHbOi BOJOTrOCTi MOBITpPs, Oca-
mxerHs SO21Cl7[1,2,3,4].
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Heo0OximHICTh BIOCKOHAICHHS PO3PaXyHKOBUX
MOJIOKEHb TIPOTHO3YBaHHS KOPO31HHOTO 3HOCY
OB s13aHa, SIK 3 ONTUMAILHUM BUOOPOM KOHC-
TPYKTHBHHX PIllIEHh CTAJIEBUX KOHCTPYKIIii,
TaK 1 3 PO3BUTKOM Teopii BUOOPY HaMKpammx
KOHCTPYKTHUBHUX PIIIEHb 3 TIO3UIIi1 )KUTTEBOTO
UKy KOHCTPYKIIiH [8,9,10,11].

OCHOBHE JOCJITJPKEHHA

CtBopeHa ¢i3uKo-MaTeMaTUIHA MOJIEINb
3HOCY OLIMHKOBAaHOTO MOKPUTTS Ha OCHOBI
eKCTIEPUMEHTAIPHUX JTaHUX TPU TEXHIYHOMY
OOCTEeKEHHI Ta MOHITOPHUHTY KOHCTPYKLIN

(puc.1). locnimkeHa HaTypHa MeTajieBa Ipoc-
TOpOBa KOHCTPYKIliSI paMHUX JTOPOKHIX KOHC-
TPYKIIN 11 iHQOpMaIIHHUX CHUCTEM Oe3NeKH
Ha jgoporax micias 10 pokiB ekcruryaramii B
ymoBax M. Kuesi. PamHa KOHCTpyKITis CKiIaaa-
€THCSI 3 HACKPI3HUX JIBOTUIKOBHUX KOJIOH 1 pH-
resisi — MpoCTOpoBUi Oyok nBOX (epM. biok
bepMm 30HpaeTbes 3 yHi(IKOBAaHHX MPOCTOPO-
BHX CEKI[il, 00’€qHAHUX BEPTUKATHHUMHU 1
TOPU30HTAILHUMU B’ SI35IMH, 1 IKi 3’ €HAHI MiXK
co0or0 (IaHIAMH CIeIiaibHOT KOHCTPYKIIIT
[8]. Bci enemMeHTH KOHCTPYKIIil BUTOTOBIIEH] 3
MPOKATHUX TPYO

Puc.1 CraneBa onMHKOBaHa paMHa KOHCTPYKILSI JJIsi aBTOMATHYHUX CUCTEM YIIPABIIiHHS TOPOXKHIM PYXOM.
Fig.1 Galvanized steel frame construction for automatic traffic control systems.

Crnopyna Ui JOpOXKHOTO PyXy Ma€ IpOTiH
34 M 1 mo3Hauky HuU3y purens +6.500. IIporo-
HOBa CIIOpyJa CKJIAA€ThCS 3 MPOCTOPOBOL
penriTyactoi cucreMu (NMMPOCTOPOBUM  OJIOK
MeTajeBUX (epM) 3 rabapuTaMu MONepeyHoro
nepepi3y B ocsx 2x1,3 M Ta CKIIaIa€Thes 1 MO-
HTYETbCA 3 IT'SITH YHI(QIKOBaHUX CEKLIH Tpo-
ap0TaMu 5 1 8 M. 3a TPOEKTHUM pIIICHHSIM
€JIEMEHTH METaJeBUX KOHCTPYKIIH MAaroTh
AHTUKOPO3iiHE TIOKPUTTS, OTPHUMAHE TapsTIuM
OIIMHKYBAaHHSM B TaJIbBaHIYHUX BaHHAX.

BukoHaHO BHMip TOBIIMHHM OLWHKYBAaHHS
TpyO Ta JTUCTOBUX JAETalell METalIeBUX KOHC-
TpykIii apku. ToBHIMHY TpyO BHUMIPSHO 3a
JIOTIOMOT'OI0  YJIBTPa3BYKOBOTO TOBIIMHOMIpPY
nokputTiB «NOVOTEST TII-1», skuit Mmae
nmianazoH BumiptoBaHHS 0-300 MM, Tpunag
KayiOpoBaHUH, TOYHICTh BHUMIPIOBaHHS
+(0,03h+0,001) MM, ymoBH ekcruryaTarii: £0 ~
+45°C. ToBmuHy TpyO BUMIPSHO 3a JOTIOMO-
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rOI0 YIBTPa3BYKOBOTO TOBIIUHOMIPY
«Walcom tm-8812y», HIKHS TpaHUISI PO3MIPY
craneBux Tpyo: OI15x2.0 MM , ©D20x3.0 MM,
npuiaa KaaiOpoBaHUM, TOYHICTH BHUMIPIOBaH-
Hs £0,5%+0,1 MM, ymoBH ekcrutyatartii: -10°C
~+60 -C.

B pesynbraTi AOCHiIKEHb BCTaHOBJIEHO,
110 BCl €JIEMEHTH KOHCTPYKIIIH CIiJl po30UTH
Ha TPYIHU B 3aJISKHOCTI BiJl IMIBUIKOCTI 3HOCY
[IMHKOBAHOTO TIOKPHTTSI HA PIK: PUTENl paMm,
(r1aHIIeB] BY3JH, KOJIOHH.

Bimomo, mo mo4yaTtkoBe 3MEHIICHHS TOB-
IIMHMA OLMHKYBAaHHS JJISl BCIX KaTeropid Kii-
MaTy CTaHOBHUTH 4-5 MKM Ha PiK, a MOTIM 3Me-
HIIyeThCs 1 crabinizyerbed. [puitasaTa ekcro-
HEHIllaJIbHA 3aJICKHICTh MiX BTpaTaMHu ITWH-
KOM (a4, ) TA TIEPIOAOM eKcruryatanii (7, )

JUTSL TIEBHOT TPYIIU €JIEMEHTIB KOHCTPYKTUBHOT
CUCTeMH a00 KOHTPOJIBHOI TOUKH, B 3aJIEKHO-
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CTi B mapaMmeTpa MBHUAKOCTI BTPATH IIUHKY —
3MEHIIEHHS! TOBIIMHU LUHKOBOTO MOKPHUTTS (
@, ) 1 IPOEKTHOTO TepMiHy ekcruryatauii (7))
Ta MPOEKTHOT TOBIIIMHU ITHHKOBOTO MOKPUTTS (

tcorrO )
-o, T, /T,
Aeorrc = tcorrO (1 —e " ) (1)

B 3anexHocTi Big TepMiHy ekcruryaTtartii (
T.xp) 1 IPOEKTHUX BHUXIIHUX 3HAYEHb (/,

corr(Q »
1,) BiIKpUTa MOJIMBICTh BU3HAYEHHS 3MEH-

IICHHSA TOBIIMHU ITMHKOBOI'O HOKpI/ITTH y qaci
Ha OCHOBI €KCIEPUMEHTAIBHUX JTAaHWUX MOHI-

TOPUHTY Ta MPOrHO3YyBaHHS MOAAJIBIIOTO 3Me-
90

HIIIEHHS aHTUKOPO3IHHOTrO TMOKpUTTA. IIIBHI-
KiCTh 3MEHIICHHS TOBIIMHHU ITMHKOBOTO MOK-
PUTTS XapaKTEPU3YEThCS MapaMeTpoM (&, ):

a, = LeorrCi — LeorrCitl TO (2)
! Ti+1 - Tz

corr(

3aJIMIIKOBA TOBIIMHA [IMHKOBOTO MOKPHTTS
METAJIOKOHCTPYKITi Oye:

tcorrC = tcorrC 0~ QeorrC (3)

a f

80 - corrC corrC O

(1 _ e W'l ) E

70 —+

60 -
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a0 |

30 -

20 +
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Puc.2 3H0C TMHKOBOTO TOKPHUTTS CTAJICBUX KOHCTPYKIIIM B 3aJICKHOCTI Bil IIBHAKOCTI KOPO3il 1 TEpMiHY
excrutyaTtanii koHcTpykuii: rpadik 1 — ox=0,5; rpadik 2 — o=0,6; rpadik 3 — w=0,8; rpadix 4 —
a=1,0; rpadik 5 — ox=1,5, ox — mapaMeTp MWBUAKOCTI KOPO3ii.

Fig.2 The thickness of the zinc coating of steel structures depending on the corrosion rate and service life of
structures: graph 1 — w=0,5; graph 2 — o=0,6; graph 3 — w=0,8; graph 4 — ai=1,0; graph 5 — w=1,5,0x

— corrosion rate parameter.

[TpoBeneHi yucnOBI JOCTiIKEHHS (YHKIIT
(1,2) mpu pi3HUX MapaMeTpax MIBUIKOCTI 3HO-
Cy IMHKOBOTO MOKpUTTA ( puc.l,puc.2).

OTpumaHi MOHOTpaMH JI03BOJIAIOTH IS
KO>KHOTO TUIy KOHCTPYKIIi MOOyAyBaTH Takxi
HOMOTPaMH 3MIHU TOBIIMHHU LIMHKOBOI'O MOK-
puTTA 1 Aami, Ha ocHOBI ¢yHkuik (1,2,3) npo-
THO3YBaTH TEPMIH €KCIUTyaTallii KOXKHOI TpyIu
€JIEMEHTIB KOHCTPYKTHBHOI CHCTEMM 10 Ha-
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CTYIHOT'O TIepioly PEMOHTHUX POOIT.

3a  IHCTPYMEHTAJIbHHMH  JIOCIIHKCHHSIMU
BCTaHOBJIEHO, W0 KaTeropis arpecuBHOCTI
CEpelIOBUINA EKCILTyaTarlii cTajJeBuX OJIOKIB
dbepm mokputTs ciif BigHectu 10 C3 — momi-
pHa, cepelHs, ajie Mo MepuMeTpy TpyOdacTux
€JIeMEHTIB (epM € 30HU CUJIIBHOTO BIUIUBY
(ms BepxHBOTO TOSICY (epM Ta EIIEMEHTIB
PEeLIiTKY i B’531B).
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Puc.3 ToBmumHa MMHKOBOTO MOKPUTTS CTAJIEBUX KOHCTPYKITIH B 3aJI€KHOCTI Bl IMBUAKOCTI KOPO3ii 1 TepMi-
Hy eKcIuTyaTanii KoHcTpykuiii: rpadik 1 — au=0,8; rpadix 2 — ou=1,0; rpadik 3 — wx=1,5; rpadik 4 —
a=2,0; rpadik 5 — ox=2,5, ok — mapaMeTp IWBUAKOCTI KOPO3ii.

Fig.3 The thickness of the zinc coating of steel structures depending on the corrosion rate and service life of
structures: graph 1 — w=0,8; graph 2 — w=1,0; graph 3 — w=1,5; graph 4 — a=2,0; graph 5 — =2,5, 0%

— corrosion rate parameter.

Kareropisi arpecuBHOCTI cepeloBHINA €KC-
IJTyaTamii OIMHKOBAHMX CTAJIEBHX KOJIOH 3a
CEpeIHBOI0 MIBUAKICTIO 3MEHIIICHHS OIIMHKO-
BAHOTO MOKPUTTSI CJIiJl BITHECTU JIO KaTEropin
C2, C3 — cepenmi.

BMCHOBKMU I ITEPCITEKTUBU
IMOJAJIBIINX JOCIIIIPKEHD

Po3pobnennii  TeopeTHUHUN MmAXiT IS
OIIHKHU (DI3UYHOTO 3HOCY OLIMHKOBAHOTO IOK-
PUTTS TIPH JOBTOTPHUBAJIIN €KCILTyaTallii MeTa-
JIeBUX KOHCTPYKIIiH 3a IEBHOTO PiBHS arpecu-
BHOCTI CEpEeJIOBHUINA MOXKE OYTH 3aCTOCOBaHUH
Ui pi3HUX KOHCTpyKuii. Ilapamerp mBuako-
CTi BTpPAaTH IIMHKOBOTO TMOKPHUTTS, BCTAHOBJIE-
HUWA Ha OCHOBI EKCIIEPUMEHTAIBHUX JTaHUX
MOHITOPHHTY KOHCTPYKIIIH, JO3BOJISIE 1HTET-
paJIbHO BHW3HAYMTHU 3a TMEBHUU TMEpioJ BIUIUB
arpeCMBHOCTI Ta30BOTO CEPEIOBHINA, 3MiH-
HICTh TEMIIEpPAaTypH, BIUIUB 3MIHHOCTI HIBUJ-
KOCTI BITpY 3a 4ac ekcruryataiiii. Ha miacrasi
IIOPIYHOTO MOHITOPHHTY KOPO3iHHOTrOo 3HOCY
OIIMHKOBAHOTO TOKPHUTTS, B MEBHUX (PiKCcOBa-
HUX 32 PO3TallyBaHHSM TOYKAaX KOHCTPYKIIii,
MOJKHAa CIIPOTHO3YBATH JKUTTEBHU IMKJI E€KC-
TuTyatanii aHTUKOPO3iHHOTO MOKPUTTS 1 Tep-
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MiH /10 KamiTaJbHOTO PEMOHTY Ui DPI3HUX
Tpyn KOHCTPYKTHBHHX €JIEMEHTIB. MeToanka
MO>Ke OYTH 3aCTOCOBaHA 1 JUI 1HIIUX HECYYHX
KOHCTPYKITIHA, SIKI EKCIUTYyaTyIOThCS B TaKHUX
yMOBax 1 MalOTh aHTHKOPO3iiiHE ITUHKOBE I0-
KPUTTSL.

BcranoBieni ymMmoBH eKcrutyarallii po3po0o-
JIEHO  YJIOCKOHAJEHY  (hi3MKO-MaTeMaTHUYHY
MOJIeNIb 3MEHIIEHHS I[MHKOBOTO TOKPHUTTS
METaJOKOHCTPYKIIIM MPH eKCIuTyaTallii B TeB-
HUX aTMOC(EpHUX yMOBaX, a TaKOX pPO3po0-
JIEHO METOIOJIOTIYHMM MiAX1J BHU3HAYEHHSI
3HOCY IIMHKOBOTO MOKPHUTTS CTAJIEBUX JOPOXK-
HIX KOHCTPYKIII B yMOBax €KCIUTyaTarlii Micta
Ha BIIKPUTOMY HOBITPi.
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Modeling of physical wear assessment of
zinc coating of space steel frame road
structures for road safety
information systems

ByaiBenbHi koHCTpyKUii. Teopis i npakTuka ¢ 08/2021

Serhiy Bilyk, Artem Bilyk,
Eugen Tsyupyn, Oleksandr Glitin

Summary. The article developed an improved
physical and mathematical model of the corrosive
wear of zinc coating of steel structures in a city.
The research is based on full-scale experimental
data for determining the wear of a zinc coating of
full-scale metal spatial structures of frame road
structures for informational safety systems on
roads after 10 years of operation in the conditions
of Kyiv. The frame structure consists of metal
columns and a steel crossbar frame. The crossbar
frame is a spatial block of two steel trusses. The
block of trusses is assembled from unified spatial
sections united by vertical and horizontal ties, and
which are connected by flange nodes of a special
design. All structural elements are made of rolled
tubes. Based on the research results, an approach to
assessing the physical wear of the zinc coating of
the spatial structural system is proposed.

1. According to the peculiarities of the ar-
rangement of elements in frame structures, and,
accordingly, to different conditions and operations,
an approach is proposed to assess the corrosive
wear of a zinc coating for various groups of ele-
ments: columns, spatial block of two steel trusses,
flange nodes.

2. The physical and mathematical model is
based on the working hypothesis of uneven wear of
the zinc coating over time. It was found that for
each group of structural elements, the conditions of
the gaseous environment, the effects of atmospher-
ic precipitation, wind speed, temperature changes
individually affect the reduction of the zinc coat-
ing. The obtained experimental data were used to
determine the parameter of the rate of decrease in
the zinc coating of the physical and mathematical
model. The results of the research and the devel-
opment of the methodology helped to establish the
operating conditions of the zinc coating according
to the criterion of the rate of wear of the zinc coat-
ing, to classify the category of aggressiveness of
the environment for each group of structural ele-
ments. Also, studies allow predicting the service
life by reducing the thickness of the zinc coating,
as well as the wear of the zinc coating in time in
the subsequent period of operation.

The methodology is universal and can be extended
to other types of galvanized metal structures.

Keywords. Zinc wear; metal structures; frame;

steel trusses; e columns; road structures for road
safety information systems.
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Anoramis. bByniBenpHa cnamgmuHa YKpaiHu
BKJIFOUAE YUCIICHHI MPUKJIAU 3aCTOCYBaHHS METa-
JIEBUX KOHCTPYKITIHA, OCOOIUBO THX, SKi BHKOPHC-
TOBYIOTBCS B MPOMUCIIOBUX OYJIBISIX Ta Yy BENH-
KOIPOJIBOTHUX CIIOPYAax. 3aCTOCYBaHHS MeTaje-
BHX KOHCTPYKIII B OYIiBHUIITBI 3yMOBIICHE, ITEPITT
3a BCE, iX MeXaHIYHMMH BJIACTHBOCTIMHU. BoHHu
MOPO30CTilKi 1 BUTPUMYIOTh TEMIEpaTypy 10 -65
rpamyciB, )KOPCTKi, CTIHKi, MilTHI 1 HamiiHi. Takox
iX MOJXXHa BHKOPHCTOBYBAaTH B pailoHaxX 3 IIiJBHU-
LICHOI0 CEHCMIYHOIO aKTHBHICTIO. AJie, 5IK 1 y BU-
NajJKy 3 IHIIMMH TUIaMH KOHCTPYKLiH, icHye He-
0OXITHICTH y BITHOBJICHHI a00 MiICHICHHI MeETa-
JICBUX KOHCTPYKIII BHACIiJOK KOHCTPYKTUBHHUX
nedeKTiB, 3HOCY HECYYMX CJIEMEHTIB, a TaKOX 3
METOIO 30UIBIIIEHHS HECYJOi 3aTHOCTI. Y TEBHUX
BHIIAJIKaX, MiJICUICHHA MOJIMEPHUMH KOMITO3UTa-
Mmu, apmoBaHumu BoJjokHOM (FRP), mae kpammit
pe3yibTaT, B MOPIBHAHHI 3 TPagULiHHUMH METO-
JaMH TiICHIICHHS 3 BUKOPUCTaHHIM METaIy.

3Ha4yHy YacTHHY YKPaiHCBKOI apXiTeKTypHOI Ta
ICTOPUYHOI CHAIIIMHUA CKIIAAA0Th OYIiBII 1 CIIOPY-
I 3 BHUKOPUCTAHHSIM METaJeBUX KOHCTPYKIIH.
Bonu 3irpanu ¢yHIaMeHTaIbHY POJb B PO3BUTKY
iHAyCTpiai3alii Ta BHECIM BarOMUN BKJIJ B OCHO-
BY TeOpii CoOpy ¥ JOCIIKSHHS MIITHOCTI MaTepi-
amiB. Ilepmn koHCTpyKITi Oyin 3po0JieH] 3 YaByHY
abo xosaHoro 3aiiza (00po0OyieHoro abo JIyKEeHO-
r0), aje 3roJI0M BOHU IIBUAKO PO3BHBAIUCS Pa3oM
3 €BOJIIOIIEI0 METOIB KOBKH MiHEPAILHOTO 3ajli3a.

OcHOBHa KyJnbTypHa TMpHYUHA BiJHOBJICHHS
CTapuX METaJIEBUX KOHCTPYKIIHA, SIKi TapaHTYIOTh
KOHCTPYKTHUBHY (YHKITIOHAIBHICTH Ta HECydy 37a-
THICTh, 3aCHOBaHA HE TUILKM Ha HEOOXIiITHOCTI 30e-
PEXKEHHS IX ICTOPUYHOTO TIOXO/DKCHHS, a i Ha IiH-
HOCTI nmanamadTy, B SKMX BOHH po3TamoBani. Ca-
Me 3 IepepaxoBaHMX BUINE MPUIHH, TTiICHICHHS
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IpyHa PyaHeBa
OOLUeHT kadeapu
&>

RN, onip maTepianis,
A

K.T.H., JOLEHT
CIi TIPOBOIUTH 3 METOIO 30€peKEHHS TEepBICHOL
3aJlyMKH apXiTeKTOpa.

TpuBana excruryaranist OyaiBenb Ta iX KOHCTpPY-
KTHBHHX €JIEMEHTIB 3 MeTaly 0e3 CBO€YacHOTO
TEXHIYHOTO OOCIYyroByBaHHsS Ta KamiTaIbHUX pe-
MOHTIB, HEJIOCTATHS MIIHICTh MaTepialliB KOHCTPY-
KITif, a TaKOXX 3MiHA TOTOAHWX YMOB Ta IIIOUHX
HOPMAaTHBHUX JTOKYMEHTIB B YKpaiHi, 4acTO TpH3-
BOJUTH 0 HEOOXITHOCTI MepepaxyHKy HeCydux
METaJIeBUX KOHCTPYKIIiH Kapkacy OymiBm Ta iX
MiZICUICHHS! MaKCHUMalbHO €(QEKTHUBHUMH METOJa-
MU, SIK 3 TOYKH 30py HaAIHHOCTI, TaK i1 3 MOTIALY
peHTAa0ENBHOCTI, HA 10 BIUIMBAE TPUBAJIC IMPUITH-
HEHHS pOOOTH MiAMPUEMCTB, 3yIIMHKA BHPOOHHYO-
ro mpouecy ad0 HEMOMIUBICTb KOPHCTYBaTHCA
MPUJICTIIOI0 TEPHUTOPIEI0 Ui BUKOHAHHS DPOOIT 3
PEKOHCTPYKITi.

VY crarTi po3TIANAIOTHCS TEXHOJIOTIYHI 0C00-
JIUBOCTI MIJICUJICHHS METAJICBUX KOHCTPYKIH Me-
TOJOM HAKJICIOBAHHS BUCOKOMIITHUX (ibpoapmo-
BaHUX CHCTEM TPU PEKOHCTPYKINI Cropyn, a Ta-
KOX TPUBEACHI OCHOBHI pPEKOMEHAAIii 00
BCTAHOBJICHHS, MOHITOPHHTY Ta TEXHIYHOTO 00-
CIIyTOBYBAHHSI iICHJICHUX €JICMCHTIB.

|

Kirouosi ciioBa. Komnosutni matepianu; ¢io-
poapMoOBaHi CHUCTEMH; AePEKTH; IOIIKOHKCHHS;
PEKOHCTPYKITiST; TMIACHICHHS METAJICeBHX KOHCTPY-
KIIiif; apMoBaHuii BojgokHOM monimep FRP; obcre-
KCHHSL.

ByaiBenbHi koHCcTpyKUii. Teopis i npakTuka ¢ 08/2021



BCTVYII

byniBenbHa cnamgmmHa YKpaiHM BKIHOYAE
YHUCIIEHH] TPHUKJIAN 3aCTOCYBAHHS METAJICBUX
KOHCTPYKITI, OCOOJMBO THX, SIKI BUKOPHCTO-
BYIOTbCS B IIPOMHCIIOBUX OyNiBIISX, MOCTaxX Ta
y BEJIMKOMPOJIBOTHUX CIOpYyHax. 3acTOCyBaH-
HS METaJeBUX KOHCTPYKIIA B OYIIBHHUIITBI
3yYMOBJIEHE, MEpII 3a BCe, iX MEXaHIYHUMHU
BJIACTUBOCTSAMHU. BOHM MOpO30CTiiiKi 1 BUTpH-
MYIOTh TeMIIepaTypy 10 -65 rpamyciB, *KOpPCT-
Ki, CTifiki, MinHi 1 HamiiHi. Takoxk IX MOXHA
BUKOPUCTOBYBAaTH B paiioHaxX 3 MiJABUIIEHOIO
CeMCMIYHOIO aKTUBHICTIO. AJIe, SIK 1 Y BULIAJIKY
3 IHIIUMH TUIIAMH KOHCTPYKIIIH, iCHy€e HE00-
X1HICTh y BIJTHOBIIEHHI a00 MiJCHICHHI MeTa-
JIEBUX KOHCTPYKIIM BHACIIJOK KOHCTPYKTHB-
HUX Je(]eKTiB, 3HOCY HECyYuX EJEMEHTIB, a
TaKOXX 3 METOIO 30UIBIIICHHS] HECY4Oi 3JJaTHOC-
Ti. Y TIeBHUX BUNAAKaX, IMiICUICHHS TOJIMep-
HUMH KOMITO3UTaMH, apMOBAaHUMHU BOJIOKHOM
(FRP), nae xpamuii pe3yabTar, B MOPiBHSAHHI 3
TPAIUIIHHUMHA METOJaMH IT1ICUJICHHS 3 BUKO-
PUCTAHHSIM METamy.

3HaYHy YacCTHHY YKpaiHChKOI apXiTeKTyp-
HO{ Ta ICTOPUYHOI CHAJIIMHU CKIAJaloTh Oy-
JIBJIl 1 CIIOPYJW 3 BUKOPUCTAHHSM METaJIEBUX
KOHCTpYKLIiN. Bonu 3irpanu ¢pyHnaMeHTanbHy
pOJIb B PO3BUTKY IHIyCTpiai3allii Ta BHECIH
BaroMuil BKJIaJ B OCHOBY Teopii cropyn i 1o-
CJTIJDKEHHSI MIITHOCTI MaTepianiB. [lepmri koHc-
TpyKuii Oynu 3po0iieHi 3 yaByHy a00 KOBaHOT'O
3amiza (0O0poOJIeHOTO abo JIYKEHOTO), aje
3roJJOM BOHHU IIBUAKO PO3BUBAIUCS Pa3oM 3
€BOJTIOIIEI0  METOAIB KOBKH MIHEpPaIbHOTO
3ani3a.

OcHOBHA KyNbTypHa MPUYHUHA BITHOBICHHS
CTapuX METAJIeBUX KOHCTPYKIIINA, SIKI TapaH-
TYIOTb KOHCTPYKTHUBHY (YHKLIOHAJIBHICTh Ta
HeCydy 3/IaTHICTh, 3aCHOBaHA HE TIJIbKH Ha
HEOOXiTHOCTI 30epekeHHs iX ICTOPHYHOIO
MMOXO/KEHHS, a ¥ Ha MIHHOCTI JaHAmadTy, B
SKUX BOHM po3TamoBaHi. Came 3 mepepaxoBa-
HUX BWINE TPHYMH, MiACWICHHS CIiJ TPOBO-
TMTH 3 METOIO 30epeKeHHs TIePBICHOT 3aTyMKH
apxiTeKTopa.

Jly’xe BaXJIMBHUM THUTAHHSIM € TaKOX 30e-
peXEHHS TMEepPBO3/IaHHOI aTMochepu Ta ITic-
HOCTI MaM'sITOK apXiTEKTYpH, 1[0 MAIOTh Iepe-
BaXHO apXITEKTYpHE Ta KYJIbTYpHE 3HAUY€HHS,
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JUTsl BAKOPUCTAHHS MalOyTHIMU TTOKOJIIHHSIMU,
a TaKOXX PEKOHCTPYKIIS 3acTapiiuX TPoMaj-
CBHKHX, IPOMHUCIIOBHX 1 MPU3HAYCHHUX JJIS TIOT-
peb ciTbChbKOro rocrnoaapcTBa OyniBenb i cro-
PYA, MPOIOBKEHHS TPUBAIOCTI iX eKCILTyara-
1ii, 30kpeMa y pa3i 3MiHU (YHKI1OHAJIEHOTO
MPU3HAYCHHS OyAiBIl YM CHOPYAM IJIsi CTBO-
pPEeHHS 00’€KTY HEPYXOMOCTI HEIPOMHUCIOBOTO
NPU3HAYCHHS.

OOPMVYIJIIOBAHH ITPOBJIEMU.

TpuBana excruryartariisi OyaiBenb, 30KpeMa
X KOHCTPYKTUBHHUX €JIEMEHTIB 0€3 CBOEYaCHO-
ro TEXHIYHOTO OOCIIYyTOBYBAaHHsI Ta KalliTallb-
HUX PEMOHTIB, HEJIOCTATHS MIIHICTh MaTepia-
JIB KOHCTPYKIIIA, a TaKOX 3MiHAa TOTOIHHUX
YMOB Ta JIIOYMX HOPMATHUBHUX JOKYMEHTIB B
VYkpaini, 4acTo NMpU3BOAUTH A0 HEOOX1THOCTI
MepepaxyHKy HECy4YuX METAlIeBUX KOHCTPYK-
i OymiBimi Ta iX MIACHICHHS MaKCHUMAaJIbHO
epeKTUBHUMH METOJIaMHU, SK 3 TOYKU 30Dy
HaJIHHOCTI OYyIiBEbHUX KOHCTPYKIIIH, Tak 1
3 MOTJISIy PEHTA0ENBbHOCTI, HAa IO BILTUBAE
TpUBaJIe MPUMMHEHHS pOOOTH MIAMPUEMCTB Ta
3YyNUHKa BUPOOHUYOTO TMPOILECY ISl BHUKO-
HaHHSI pOOIT 3 PEKOHCTPYKIIIi.

META POBOTHU

BuBueHHsS TEXHONOTIYHUX OCOOIMBOCTEN
MIJCUICHHS METaJIeBUX KOHCTPYKIIH KOMIIO-
3UTHUMH MaTepiajlaMd TIPH  PEKOHCTPYKITii
CIOpPYA, 3 METOI 3MEHILIEHHS Baru, marepia-
JIOEMHOCTI, 30€PEKEeHHSI 30BHIIIHBOTO BHUTJIS-
Iy TICIS PEKOHCTPYKIIii, a TaKOX BPaxXyruu
BIUTUB TaKOTO METONY IJICHICHHS Ha BCIX
CTEHKXONIepiB Ta OEPydH 0 yBarm €KOHOMI-
4Hi (hakTopu.

OCHOBHA YACTHUHA

Haii0inpi mommpeHuil TUIT MOLIKOKEHb
METaJIeBUX KOHCTPYKIIM TMOB'S3aHUN 3 Xapak-
TepUCTUKaMH MatepianiB. Hanpuknan:

e [lomkomKkeHHs YaByHY HaldacTimie Bi0y-
BA€ThCA MPH yJapi yepe3 HOoro KpUXKiCTh, a
YTBOPEHHS TPIINIUH BHACIIOK BIUITMBY 3MiH
TEeMIepaTypH, U0 BUKJIUKAE PO3TATYYl Ha-
PY>KESHHSI.
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e Po3TiarHyTI eneMeHTH 3 KOBAaHOTrO 3aji3a
4acTO MaroTh 3MEHIICHHsI IUIOIII Iorepey-
HOTO Tepepi3y depe3 Kopo3ito.

Moctn, moOymoBaHi y Japyriii IOJIOBHHI
XIX cromitrss — moyatky XX CTOJITTS, € OJ-
HUMH 3 HaWCTapilMX 1 HAUTIOIIMPEHIINX Me-
TaJeBUX KOHCTPYKLIH, 30KpeMa, B JaHUH Yac
BCE I1I€ BUKOPHCTOBYIOTHCSI M 3aJII3HUYHI MOC-
TU. BiZICYTHICTh HaJIXKHOTO OOCITyrOBYBaHHS,
KOpPO3isi, a TAKOK BTOMa € OCHOBHUMH NPUYH-
HamMH iX pyHHYBaHHsA a00 HENMPUITYCTUMHX
nedopmariiii. 30UTbIIEHHS IHTCHCUBHOCTI PyXY
9acTO BUMAra€ MiJCHJICHHS iICHYFOUMX MOCTO-
BHX KOHCTPYKITIH.

Tpanuiiitai MeToa MiACKUIICHHS, IO 3apa3
BHUKOPHUCTOBYIOTHCS JIJIsl BITHOBJICHHS a00 301-
TBIIICHHS] HECY4Oi 3/IaTHOCTI METAJIEBUX KOHC-
TPYKIIiH, 3aCHOBaHI Ha 3aCTOCYBaHHI CTAJIEBHX
€JIEMEHTIB HUIAXOM KpilJIeHHd Oonramu abo
3BaprOBaHHs, 0€3yMOBHO, Ny)K€ aKTyaJbHI Ta
eeKTHBHI, aje He 3aBXKIU MOXKYTh 3aCTOCO-
BYBAaTHUCSI B pasi MiJCHJICHHS HECYYHX KOHC-
TPYKUiH iCTOpUYHUX OyAiBeNb, KOJIH HEOOXi-
HO 30eperTu He TIIbKH OYAIBIIIO B IIJIOMY, aje
1 30BHIIIHINA apXITEKTYpHUNA BUIJISA] CHOPYAH.
OTxe, y IHUX METOMIB € KiUIbKa HEIOJIKIB.
CraneBi eneMeHTH 301UIbLIYIOTH HaBaHTAXKEH-
HS Ha KOHCTPYKIIIO 1 CXWJBHI 10 KOPO3ii 1
BTOMH. YacTo OyBae Ba)XKO MPUBAPUTH MiACH-
JIIOI0YY KOHCTPYKIIIO O OCHOBHOI KOHCTPYK-
ii, HampuWKiIan, M0 YaByHHOI. [ligcumeHHs
ICHYIOUMX METaJeBUX KOHCTPYKIIIHA, M0 3a-
3HAIOTh TPAHCIOPTHOTO HABAHTAXKEHHS, CJIiJI
MACUIIIOBAaTH OUIBII JIETKHMU METOJAaMU, Ta-
kuMH, K 3actocyBaHHs FRP-marepiamis. Lle
PI3KO CKOpOUye Tepedoi B TOPOKHBOMY PYCI.

OTxe, BUTpaTH, MOB'S3aHI 3 MIACUICHHIM
ICHYIOUYOi CIIOPYJIX 30BHIIIHIM apMyBaHHSIM
komrnosutHuMu ~ FRP-marepianamu  (Fibre-
reinforced polymer), yacTo mMenIe, HiX Ti, SKi
HEOOXIiHI /Ui IEMOHTaXy a00 PEeKOHCTPYKIIT
CIIOpYAM TpaaUIIHHUMU criocobamu. | 1me He
TUIBKH 3 EKOHOMIYHOI, aje ¥ 3 COILaJIbHOI,
TOYKH 30pYy.

Bukopucranass FRP-marepianiB gomnae ne-
SKI TPYIHOIII, TIOB'SI3aHI 3 BUKOPUCTAHHSIM
TPaAULIHHAX METOJIB 1 MaTepiamiB JIsl MiACH-
nenHs. FRP-marepianu wmaroTh migBUIIECHE
CIIIBBIIHOIIEHHS MIIHOCTI IO Barv, Habarato
Oinmplne, HIXK cTajdb. BoHM Habarato OiabII
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CTIHKI 10 KOPO3ii, MPaKTUIHO HE CXHMJIBHI J0 11
BILTUBY, a TAKOX HAJA3BUYAIHO MPOCTi Y BUKO-
pHUCTaHHI.

Buxopuctanas Takux marepiamiB IS IMil-
CUJICHHS METAJIeBUX KOHCTPYKIINA HE TaK po3-
BHUHEHE, SIK JUIsI OETOHY a00 LETJISTHOI 1 KaM's-
HO1 Kiajaku. JlocmipKkeHHs B CBITI 3apa3 30ce-
peKeHl TIMbKM Ha JESIKUX MOMXJIMBOCTSX,
30KpeMa:

e TIIJCHJIEHHS KJIEMIAHUX €EJIEMEHTIB BIJ
MOIIUPEHHS] BTOMHUX TPIIIUH;

® TIIiJICUJICHHS PO3TATHYTHX €JIEMEHTIB a00
PO3TATHYTOI 30HHM 3TMHAJIBHUX €JIEMEHTIB IS
3HIDKEHHS HApy>KEeHb B YMOBaX €KCIUTyaTarlil
yepe3 30UIbIICHHS HaBaHTa)Xe€Hb ab0 BHACITI-
1ok koposii. ITomepenHe HampyskeHHS TIac-
tuan 3 FRP-marepiany mepem mpukieroBaH-
HSIM 3HWKYE PO3TATYBAJIbHI HANPYKCHHS TPU
eKcIUTyaTallii, He TMOoTpPeOyIoUn TMOoIepeaHe
3aCTOCYBaHHS THMYACOBHX PO3MIPOK 3 TOIe-
peaHIM HATATHEHHSM IS MIATPUMKH 3THHA-
JIbHHUX €JICMCHTIB.

Buxopuctanus FRP 3pydno Takox st mi-
JCUIICHHSI CTaphX METAJIEBUX KOHCTPYKIIIH,
OCKITbKH MexaHi4yHi BiactuBocTi FRP mo0pe
CHIBBITHOCSTHCSI 3 BIIACTUBOCTSIMHU YaBYHY.
Bucoka wmirnnicte Ha po3puB FRP B Hanmpsmky
BOJIOKOH, a TaKOX BHKOPUCTaHHS TEXHIKU TO-
MePeIHbOTO HAIPYKEHHS KOMIIEHCYIOTh HU3b-
KY MEXY MIITHOCT] YaBYyHY.

FRP mo’xHa HaHOCHTH Ha CTajeBl KOHCTPY-
Kiii a0 [UISIXOM TPUKIICIOBAHHS JIUCTIB 3
KOMITO3UTY 3a JOIOMOTOK TepMOpPEaKTUBHOI
cMoiu abo, 1€ MOXKYTh OyTH MyNTPY3iiHI Ja-
MiHHM, HAaNpUKIHI, TOMEPEIHHO HAIPYXKEHI.
Ocob6nuBy yBary ciifi IpuAiTUTH e()eKTUBHO-
CT1 TEXHIKU CKJICIOBAHHS.

[Ilo cTocyerbest BUOOPY BOJOKHA, TO BYT-
JIeNeBEe HaiJacTime € HaWOIbII MPUIATHUM
gyepes Te, 10 BOHO Ma€ BHIIE 3HAYCHHS MOJY-
a5t ipyxHocTi FOura, Hix y crani. Illo He mo-
e OyTH CKazaHO Hi PO CKIIOBOJIOKHA, Hi MPO
apamigHi BOJIOKHA.

3acrocyBannsa FRP nas migcunenns me-
TaJJIEBUX KOHCTPYKIiid.

B €Bpomi Ta Amepuni Hecyda 31aTHICTb
JESKUX ICTOPUYHUX MOCTIB Oyjia BiJHOBJIEHA
came 3aBJsku 3acrocyBaHHio FRP. Haxans, B
VYkpaini Takux TpHUKIaAIB HE BioMO. TexHOo-
Jorii, SKi 3aCTOCOBYIOTHCS Ui 3 €IHAHHS
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KOMITO3UTHUX (H10pOapMOBAHHMX CHUCTEM 3 PO3-
TATHYTOIO 30HOIO €JIEMEHTIB KOHCTPYKIIii, pi3-
Hi. [{e Moxxe OyTH MOKpe yKIagaHHs, Tomepe-
JTHE HAMPYKCHHsI a00 MPHUKICIOBAHHS MTYNTPY-
3iitHUX TIacTuH. [Ipuknagamu € micT XaWT B
Awnrnii [1], mimoxigHuil yaByHHUR apoOyHUA
Mmict Kopona B Iranii [2], axuii OyB migcuie-
HUH TpU 3aCTOCYBaHHI NOJIMEpHUX Marepia-
JIiB, apMOBAaHHWX apaMiJJHUMH BOJOKHaAMHU. Y
CIOA wict Kpicrinn Kpik 1-704 nigcunenuit
mutamu CFRP [3].

OnHONPONBOTHUI  TPAHCHOPTHUH  MiCT
Cnarrokca, mooynoBanuii B 1936 porii dyepes
kanan Poupeiin (BenukoOputanisi), Mpoibo-
ToM 7,6 M, TIATPUMYETHCS ABaHAAISATHMA
JIBOTaBPOBUMU OalKaMH, KOXKHA 3 SIKUX T1ICH-
JieHa TUIaCTUHAMHU 3 BYIJICLIEBOTO BOJIOKHA
CFRP rtoBumHO0O 4 MM B JBa 1IapH, 3arajbHa
rmmOuHa apMyBaHHS 8 MM, 1 mmpuHoo 100
MM, SIKi IPUKJIEEH] 10 PO3TATHYTO! 30HU HUXK-
HbOTO moscy icHytounx Oamok (Puc.1). Ile
30UTBIINIIO HECYUy 3AaTHICTh MocTy 31 170 kH
1o 400 xH [5, 14]. 3acTtocyBanns FRP no3Bo-
mwio 3aomanuta 0mu3bko 40%, MOpiBHSIHO 3
TPAIUIIAHUM METOIOM TiJICUICHHS 3 BUKOPH-
CTaHHSIM MeETaly, SIKHi BUMAaraB BCTAHOBJICH-
HS CBITIIOHOPIB 711 KOHTPOJIIO TIOTOKY TPaHC-
MOPTHUX 3aCO0iB.

Tikdopackiit mict B BenmukoOputanii - 11e
YaByHHa apo4yHa KOHCTPYKIIis, MOOyqoBaHa
T.Binconom B 1810 pomi (Puc.2). Ile enerant-
Ha KOHCTPYKIIisl, IO CKJIAA€ThCS 3 LIECTH Ia-
pajelbHUX YaBYHHUX pedep 3 mpoiaboToM 18
M. Voro ¢yHKIioHaNbHE TIPU3HAYCHHS Hepe-
0adae mpODKIKY YacTUHY noporu. [1eBHI KoM-
OiHaIlli HaBaHTa)XCHHS 1 TeMIIepaTypu BHKJIH-
KaJI PO3TATYIOUI HANpPYXKEHHS B HIDKHIN dac-
TuHI pebdep apku. CMyTH 3 BYTJICLIEBOTO BOJIO-
KHa OyJIM TPUKJICEH] 3 BUKOPUCTAHHAM TEXHO-
yorii «wet-lay-up» (MOKporo ykiagaHHs), 10
HUKHBOI CTOPOHU TIO3/I0BXHIX €JIEMEHTIB 1 B
KUTBIISIX TIEPEMHUYKH IIapaMH, JOCTATHIMH IS
JOCSTHEHHS! HEOOXiTHOI MIIHOCTI Ha PO3PUB.
[IIo6 yHWKHYTH SIBHINAa TajJbBaHIYHOI KOPO3ii,
MK YaBYHOM 1 Byrjerem OyB 3aCTOCOBaHUI
map 3 BOJIOKOH moumiectepy [5, 14]. Beporo
Oyno Ha HeceHO 14 miapiB, MO AOCATAIOTh TO-
BmHu 10 mMm. PecraBparis Oyrna 3aBepiieHa
HAHECEHHSIM KpAacKd TOTO X KOIbOpY, IO i
MICT, III0 3pOOMJIO 11€ BTPyYaHHS HEBUIMMUM.
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Puc.1. [lixcunenns icHyrouMX OaJioK TBOMa
TUTACTHHAMH 3 BYTJICIIEBOTO BOJIOKHA.
TpancnioptHuii Mict CnatTokca, AHTIIIS.

Fig.1. Strengthening of existing beams by two
CFRP-plates. Slattocks Canal Bridge,
England.

e

b

Puc.2. Tikpopackiii YaByHHUH apOUHUI MICT B
BenmukobpuTanii.

Fig.2. Tickford cast iron arch bridge in Great
Britain..

[Timoxigamit mict «Ilamymo» B Benerii (ki-
Herp XIX cromiTTs) moBxkuHOIO - 12,7 Merpa
BHUKOHAaHUW TIOBHICTIO 13 3aimi3za 1 JepeBa
(Puc.3). Ilicns oGctexenns [4] Oyno BusiBie-
HO, 11O MiJICUJICHHS 1 TJI00albHa pecTaBparlis
HeoOXiaHI uepe3 Cepho3HUN 3HOC, arpecHBHI
YMOBH HaBKOJIMIIHBOTO CEpPEOBHINA OyJIU
OCHOBHOIO TPUYMHOIO MiCLEBOi ipKi 1 3HU-
JKCHHS MEXaHIYHUX XapaKTePUCTHK JICPEB'THUX
Oaiok. Ilicig 3arajJibHOrO BiZHOBJIEHHS 3aJIi3-
HO1 KOHCTPYKIIii OyJjia MOKpaiieHa >KOpCTKICTh
HACTIITY Ha 3TMH MUISXOM 3aMiHU MO3J0BXKHIX
JEpeB'THUX O0ajoK MyATPY31HHUMH TPODUIIMH
31 ckioractuky GFRP
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Puc.3. [Mimoxigauit mict «Ilamyno» B Benerrii.
Fig.3. Pedestrian Bridge “Paludo” in Venice.

[e#t mimoOXigHUA MICT € BaXKJIMBOIO CIOIY-
YHOIO JITAHKOIO MK ITKOJIOK 1 )KUTJIIOBUMH OY-
JUHKAMU; JUUTSl 3aMIHU BCIX TTO3I0BXKHIX JIepeB'-
SSHUX Oanok, MICT mpocTosiB ymimie a00y. Lle
OyJ0 MOXIIMBO 4epe3 HEBEIHKY BIIACHY Bary
koMro3uTHoro Marepiany FRP, mo 3po6uio
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MPOCTIIIMM TPAHCIIOPTYBaHHS, CKIAIaHHS Ta

BCTAHOBJICHHS.

Cnoci0 miacujIeHH MeTaJeBHX KOH-
CTPYKIili BKJIIOYAE TIATOTOBKY OCHOBU 30HH
MIJICWIEHHS Ta HaHECEHHS IIICHIIIOI0YNX
mapiB. [ligcuineHHs BUKOHYIOTh HAHECEHHSM
Ha 30HY IIJICHJICHHS METaJIeBOi KOHCTPYKITIT
BUCOKOMIITHMX  (iOpoapMOBaHHX  CHCTEM
(®AC) B oguH, nBa abo OinbIine mapiB (B 3a-
JIKHOCTI BiJA TOro, Ha CKIJIBKH TOTPIOHO
30UTBIIMTH HECydy 3[IaTHICTH) Ha EMOKCHIHO-
My KJIET.

OCHOBHI BUMOI'M 0 IMiACUICHHS.

1. o minel migCUiIEHHS METaleBUX KOHCTPY-
KI[ii KOMIIO3UTHUMHU MaTtepiajaMd BigHO-
CATBCHL:

e 30inbIIEeHHS a00 BIIHOBJIEHHSI MEXI Mill-

HOCTI Ha PO3THIT;

e 30UIBIIEHHS a00 BIJHOBJIEHHS MEXI1 MIill-
HOCTI Ha 3T'UH;

e TIiJBUINEHHS BTOMHOI MII[THOCTI;

e OCTaHHI IOCHIDKEHHS TakKOX BUIBUINA
MOXJIMBICTG 30171bIIeHHST a00 BIJHOB-
JICHHS HECy4oi 3[IJaTHOCTI TOHKHX CTHC-
HyTuX enemeHTiB [14-19]. Ilporte, Kijib-
KOCTI SIK TEOPETUYHHX, TAK 1 EKCIIEPHMeE-
HTQJIBHHUX JOCIIIKEHb, BCe IIIe 3aMalio,
o0 BU3HAYUTH HAAIHHY TPOLEAYPY

MPOEKTYBaHHS.
2. Jlns miICUIICHHS METaJeBHX €JIEMEHTIB 3a-
CTOCOBYIOTh, TIEPEBAXHO, MYIATPY31HHUN

mamiHaTH abo TPOCOYEHi [0 30BHINIHBOT
MOBEPXHI KOHCTPYKTUBHHUX €JIEMEHTIB KOM-
MO3UTHI JIUCTH.

3. Po3paxyHOK TiJiCUJIEHHS TOBHHEH OyTH
CIpSIMOBaHUN Ha 3a0€3MEYCHHs] HampyXke-
HOTO CTaHy MPHU PO3TATYBAaHHI B MEXax ITiJI-
CUWIIOBAHOI 30HM 3 BHKOpucTaHHsIM FRP.
Buxopuctanns FRP B 30H1 cTucky B naHuii
yac He PEeKOMEHAYETbCS depe3 BiICYTHICTh
aJeKBaTHUX MoOJeJledl 1 HOCHiKEHs Ha
SIBUINA BiAIAPYBaHHS KOMIIO3UTY BiJ OCHO-
BU, IPU HASIBHOCT1 CTUCKAIOUUX HAMpPY>KEHb.
4. CXWIbHI 10 IUKJIIYHUX HAaBAaHTaKCHb, B
TOMY YHUCII BiJ] TEIUIOBUX HaBaHTaKEHb, CU-
CTeMH IIiJICHJIICHHS METAJIeBUX KOHCTPYKIIIN
13 3actocyBanHsM FRP, moxyTh 3 yacom
Oytu 3pyiiHoBaHUMU. [1]00 3MEHIIUTH TIEH-
MOTEHIIHHUN PEXUM BiIMOBH, B ITiICUIICHIN
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30HI PEKOMEHAYEThCSI 3aCTOCOBYBATH J0Ma-

TKOB1 MEXaHI4Hi 3'€JHyBaul.

5. FRP-nigcunenns cuig obupatd TakuMm 4Yu-
HOM, 11100 BOHO OyJIO CyMICHMM 3 YMOBaMH
HABKOJIMIIIHBOTO CcepeloBUIa (TeMIepary-
pa, Bosoricte, Y®-BUNPOMIHIOBaHHSA TO-
1110), SIKUX BOHO Oyjie 3a3HaBaTH, YHUKAIOUH
YTBOPEHHS TabBaHIYHUX CTPYMIB.

6. Y pa3i FRP-miacwieHHs: 4yTauBUX A0 BTO-
MU €JIEMEHTIB, a TaK0)X IpPU BHUKOPUCTAHHI
TEXHIKH TIONEPEIHBOTO0 HAMPYXKEHHS CIIiJI
BpPaxOBYBAaTH SIBUIIE IMOB3YYOCTI KJIEHO, Ta
3aCTOCOBYBAaTH JOJATKOBI MeXaHIvHI 3'€l-
HyBadi.

7. SIKmo MeTajieBUM e€JIEMEHT 3HAaXOIUTLCI B
CTaHI KOpo3ii, BOHAa MOBMHHA OyTH TOBHiC-
TIO BWJIydYeHa, OCOOJMBY yBary IOTPiOHO
MOPUAUTITH  BiTHOBJIICHHIO  TIOYaTKOBOTO
npodiro.

8. FRP-mincuiieHHsT  ICHYIOUMX  METaJleBUX
KOHCTPYKITIH MOXe OYyTH BUKOHAHO TUIBKH y
BUIIAJKy, KOJMU BUXiHA KOHCTPYKIisl Bif-
noBizae BumoraM rpanudHux cta”iB (ULS)
3 BpaxXyBaHHSM KBa3ikoMOiHaIlii MOCTIHHUX
HaBaHTaXEeHb (K BU3HAUEHO B HOpMax Mpo-
EKTyBaHHS) 3 BUKOPUCTAHHSIM YaCTHHUX KO-
e(diieHTIB HAAIMHOCTI I HaA3BHUYAMHHUX
YMOB HaBaHTaxkeHHs [6, 7, 8,9, 10, 11, 12].

9. Ilincunmeni MeraneBi KOHCTPYKIlI BUMara-
IOTh OTJISAY 1 MOHITOpUHTY [5]:

I - mig gac 1 BiAgpa3y Micls BCTAaHOBIICHHS
CHUCTEMH IiICHIICHHS;

II - mpoTsirom TepMiHy ciy>kOu depe3 pery-
JSIPHI IPOMIXKKH 4acy, OCKUIbKM HeMae HaJiii-
HO1 1HdOpMaIlii MPO JOBrOCTPOKOBY IMOBEIIH-
Ky cucreM migcuneHHs FRP.

10. Komno3utHi Mmarepiaqun He MOTPeOYIOThH
CHeIiaJbHUX 3aXOMIB 3 TEXHIYHOTO 00CITy-
TOBYBaHHs. SIKIIO Mmap TOBEPXHI CMOJIH
BTpA4YeHO BHACIIJIOK CTHUpaHHSA abo TMorip-
IICHHSI CTAaHY HAaBKOJHUIIIHHOTO CEPEIOBUIIA,
HOT0 MOKHA 3aMIHUTH 32 JIOTIOMOTOI0 CyMi-
CHO1 CMOJIN.

11. Icayroua meTaneBa KOHCTPYKIIiSi TOBUHHA
OyTH mijjaHa 3BUYAfHOMY OTIJISILY Ta TeX-
HIYHOMY OOCIIYTOBYBaHHIO. 30KpeMa, PEKo-
MEHJIy€ThCSl TTOHOBIOBaTH (hapOy 110 11 Bu-
Xony 3 Jamy, o0 YHUKHYTH TICKOCTPY-
MUHHOT 00pOOKHM KOHCTPYKIIii, 1[0 BUMAara-
THME HaJexHOoro 3axucty FRP.
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12. Tlepconai, skuii BiAmoBigae 3a BHUIPOOY-

BaHHS HaNiBAECCTPYKTHUBHOI'O Ta HEPYHHIB-
HOTO KOHTpOJIIO, NOBHHEH MaTH OJIWH i3
TPbOX KBai(iKalifHUX piBHIB, 3TiTHO 3
UNI EN 473 [25] Ta UNI EN 45013 [26].
Crin 3a3HaunTH, 0 B YKpaiHi 1€ 3apa3 He
PETJIaMEHTY€EThCA.

OcHOBHiI pexoMeHJaulii 100 BCTAHOB-

JIEHHSI 30BHIIIHLOr0 apMyBaHHsi ¢iOpoap-
MOBAHHUMHU CHCTEMAMM.
1. TlpaBuibHA yCTaHOBKA CHCTEM IIiJICHUIICHHS

FRP 3anexutp Bii HacTymHHX (DaKkTOpiB:
30epiraHHs MarepiajiiB, MIATOTOBKa CyOCT-
paty, MAroToBKa MiJCHIIOBAILHUX MaTepi-
aJliB, YMOBH HaBKOJIUIIHBOTO CEPEIOBHUIIA
(TemMnepaTypa, BOJIOTICTh),  YIpaBIiHHSA
po6oYMM MiciieM (YUCTOTA, 3aX0/Id 3aXUCTY
BiJI BUIQJIKOBUX IOIIH).

. [Mimcumroroui matepianu (BOJIOKHA, CMOJIH,

KOMIIO3UTH) IOBHHHI 30epiratucs B yMoO-
BaX, BKa3aHUX BUPOOHUKOM.

. IIpu miaroToBI MiACUIIOBATHHOI CUCTEMHU

Tpeba CyBOpO IOTpUMYBATHUCS 1HOpMAIIii,
HajaHoi BUpoOHUKOM. Hampukman, kienki
CMOJIM YacTO OTPHUMYIOTh CYMIIIIIIIO JBOX
YAaCTHH, YHE€ KUIBKICHE CIIiBBIIHOIIEHHS
MMOBUHHO CYBOpPO BIJAMOBIJATH BHUMOTaM,
HaJaHUM BHPOOHUKOM.

. Hobpa anresis «FRP — meraneBux enemen-

Ti» 3aJIeKUTH Bl YMOB TEMIIepaTypH Ta
BOJIOTOCTI.

. 30Kpema, TeMIieparypa sik KOHCTPYKIIii, TaK

1 cepe/loBHINa BIUIMBAE Ha HEOOXiTHUN Yac
JUISE PO3BUTKY 3aJaHOTO BiJICOTKA KiHIEBOT
MIIIHOCTI B KJICHOBOMY 3'emHaH-
Hi. BupoOHukn narote iHdopmariito mpo mi-
ara3oHu TeMIleparyp, MpHu SKUX XiIMi4HI pe-
aKIli po3BUBAIOTHCS MPABUIBHO, IO HEOO-
X1AHO VIS JOCATHEHHS MIIIHOCTI KJIEHOBOI'O
3'eTHAHHS.

. HagmipHa BoJOTICTE MOXE HETaTUBHO

BIUTMHYTH Ha KIHIIEBY MIITHICTh KJIEHOBOTO
3'€IHAHHA Ta HOTO JOBIOBIYHICTS.

. KieiioBe 3'emHaHHS TOBUHHO OyTH 3axu-

HICHE Bi[[ KOHTAaKTy 3 BOAOIO, ITPOTATOM 4a-
Cy, TOTPiOHOTO 1711 HAOOPY MIITHOCTI.

. Jnst 1o6poi SKOCTI MiJCUITIOBANIBHOT CUCTE-

MU CJiJ] TPUAUIATA yBary OYHINCHHIO IO
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BEpXHI OCHOBH, YHMKATH MPUCYTHOCTI Yac-
THHOK, SIKI HETaTHUBHO BIUIMBAIOTH HA SIKICTH
3’cqHadHa «FRP — ocHOBaY.

IlinroroBka nmoBepxHi ocHoBHU. [IpaBuib-

Ha MIJrOTOBKA MOBEPXOHb € BAXKIMBOKO [UIs
rapHOTO aAre3ifHOro 3B’SI3Ky KOMIIO3UTHOI

CHUCTEMU FRP 3

MCTaJICBOIO OCHO-

Boto. [linroToBka mnependayae oOpoOKy IO-
BEpXHI OCHOBH, 3 BHUKOHAHHSM HACTYITHHUX
KPOKIB:
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3HATH TOKPUTTA (Hampukian, (apOyBaH-
Hf), TIUTAK Ta 1HII TPOIYKTH KOpO3ii, 3a
JOTIOMOTOI0 METajeBoi WITKH abo CTpy-
MUHHOTO OYHMIICHHS. B pa3i KpUXKux ene-
MEHTIB (HaIpPHUKIaJl, YaBYyH) MOTpiOHA OCO-
O0imBa OOEPEXHICTh, YHUKATH YAapiB Ta
BUKOPUCTaHHSI epdhopaTopiB.

3HSKUPUTH PO3UMHHHUKOM, aJalTOBAaHHM
JUTsl BUJTAJICHHS KUPY 1 3amoOiraHHs BeJu-
KOl ol 3a0pyIHEHHS CKJICIOBAaHHUX I10-
BEPXOHb.

[nipyBanHs. MoxHa BHUKOPHUCTOBYBATU
CyXy abo0 BOJIOTY MICKOCTPYMHHHY OYHCT-
Ky, 100 OTOJIUTH XIMIYHO aKTHUBHY IOBEp-
XHIO Tepea ckiaeroBaHHsM. CMITTS cri BU-
AIATHA TUIBKHA BOIOXO.

Cymika noBepxHi. SIKIIO OBEpXHS HAMOK-
7Ja B KiHII a0pa3uBHOI 00poOku 1 ¢asu
OYHMINEHHS, TO il CIiJ MPOCYIIUTH, 100
VHUKHYTH IIBUIKOTO YTBOPEHHS OKCHIHUX
mapiB Ha BIAKPUTINA MOBEPXHI.

XiMiyHE TpaBJieHHA. Y pa3l YTBOPEHHS OK-
CUJHHUX IIapiB, y BHUMAJAKY OIMHKOBAaHOT
a00 HepXkaBilO4oi cTaji, HeoOXigHEe TpaB-
JICHHSI KHCIIOTOI0 ¥ ToJanbllla HeWTpaisa-
ISl MPOAYKTIB TpaByieHHS. J[7s yaByHa 11€
HE TIOTPiOHO.

IpynroBka. Ilepmuii map KJI€0UYOi CMOJIH
CJIiJT HAHECTH SIKOMOTa IIBHUJIIIE, MPOTITOM
JIBOX TOJIMH, TICIISI OYUIIICHHS MOBEPXHi OC-
HOBU. Y JIESKHX BHUMAJKaX BUKOPHUCTAHHS
IPYHTOBKH NOTPiOHO, 11100 3poOUTH iCHYIO-
4y METaJeBy MOBEPXHIO CYMICHOIO 3 MaTe-
piatom ®AC.

3anmoOBHUTH HEPIBHOCTI IPYHTOBKOIO, a TIO-
TIM CMOJIOO.

JInisi 3MEHIICHHS HOPMAJbHUX 1 JOTUYHUX
HaTpy>KeHb BiJIIAPOBYBAHHS B aJr€3MBHO-
My miapi noOnu3y KiHIEBUX YacTUH TiJICH-
neaass DPAC ciig BCTAaHOBTH MeXaHIYHI

3'enHyBayl MOOIU3Y KIHIIEBUX YaCTHUH TiJ-
cuwitenuss PAC ua ginaani He Menmre 200
MM Puc.4 (a). Sxmo MexaHiuHi 3'eqHyBadi
HEMOJKJIMBO BCTAHOBHUTHU IO MPUYHHI TOTO,
[0 HaJIaHa JOBKMHA aHKEPHOTO KPITUICHHS
€ HEJOCTATHBOIO, CJI/I 3MEHIIINTH TOBIIUHY
IJIACTUHU TOOIM3Y KIHIEBHX YAaCTHH IiJI-
cuitenuss PAC ua ginaani He Mentre 200
MM Puc.4 (b, c).

[Ipy BUKOpHCTaHHI BYTJICIIEBHX BOJOKOH,
OPSMHUI KOHTAKT 3 METAJCBOI) MOBEPXHEIO
MO)XHa YHUKHYTH 3a JIOIIOMOTY BCTaBKH
mapy 3 130JMiHHOTO MaTepiaiy 3 CKIIOIJIa-
ctuky GFRP, mo0 yHHKHYTH TajgbBaHIYHOI
KOpO3ii.

e B pa3i miacuneHds Oanku, sika Ipairoe Ha

3TUH, KOJIM € KJIeNaHi 4d OONTOBI 3'€qHaH-
Hsl, pIIIEHHS CITiJ MPUHMATH 3T1IHO pUC. 5.

(a) (b) (c)

Puc.4. TumoBa meramizallis KpaiHIX IUISTHOK

FRP-cucTteMu MiACUIICHHS, IO J03BOJISE
3MCHIIIUTH HANpPYKECHHS BiAIIapOBYBaH-
HSL.

Fig.4. Typical end detailing of the FRP stren-

gthening system, allowing for a reduction
of the debonding stresses.

Otsopu y FRP

wap
HanoBHIOBaYa

Puc.5. [lincunenns 6anku, sSka MPaItoe Ha 3THH,

TIPH HAsIBHOCTI 3aKJIETIOK 2060 OOMTIB.

Fig.5. Flexural strengthening of a riveted or

bolted beam.
KoHTpoJib IKOCTi IPU BCTAHOBJIEHHI

e KOHTpOJIb SKOCTI MiJi 4ac BCTAHOBJICHHS

cucremu miacuienHs FRP moxxe BUKOHYBa
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TUCh HAMIBPYWHIBHUMH a00 HEPYHHIBHUMHU
METOJIaMU KOHTPOITIO.

SIKII0 BUKOPUCTOBYETHCS MIJICUJICHHS 3
nonepenapo 3arepainoro ®AC, xkpamidi-
KaliiiHi BUMPOOYBaHHS KOMIIO3UTHHX Ma-
TepiajiB MOBHHHI B)Ke OyTH BHUKOHAHI BU-
poOHUKOM. VY pa3i cucTeM MiACHICHHS
®AC, 3arBepaiaux Ha MicIll, HEOOX1aH] Ja-
O6opaTopHi AOCHIKEHHS. Y Oyab-sSKOMY
BHITQJIKy CJIJ MiATOTYBATH 3pa3Ku ISl OITi-
HKH{ MIITHOCTI TPOTH PO3IIAPyBaHHS.

Jlis mpoBeleHHS MOJYIECTPYKTIBHUX BHU-
npoOyBaHb JOJATKOBI CIHeEIiadbHI BHITPO-
OyBausibH1 30HU miacuieHi FRP noBunHiI Oy-
TH IIACOTOBJIEH]. 3arajpHa IUIOIIA 30H IIO-
BuHHa Oytu He meHue 0,5% Bia peanbHO
MIJICUJICHOIO TUIOMII. 30HW TECTyBaHHS IIO-
BUHHI OyTH pO3/iIeH] Ha MPSIMOKYTHI JiJIs-
HkH po3mipoM 500 mm x 200 mMm. Cucrema
nigcwienHs FRP moBuHHa 3actocoByBatu-
Ci B IUX CIEHIAIbHUX BHUIPOOYBAIBHUX
30HaxX 3 BUKOPHCTAaHHIM THX K€ MaTepialiB
1 TIporienyp, MiIIaBaTUCS THM K€ BIUTMBAM
HABKOJIMIIIHBOTO CEPEeIOBUINA, M0 1 cama
CUCTEMU H1ACUICHHS.

HaniBpyiiniBHi BUnpo0yBanus
HamiBpyiiHiBHI BUIpOOyBaHHS TMOTPIOHO
MPOBOAUTH HA «TECTOBHUX» 30HaX 1 B He-
KPUTUYHHUX MIJICWICHUX MICIX 3 po3paxy-
HKY OJiHa TIpo0a Ha KOXHI 5 M? TACHICHOT
wiomi, amse B Oyab-IKOMY BHIIAJKy HE
MeHIIe 2 7151 KO)KHOTO THUITY TECTY.
BunpoOyBanHs Ha BimpuB. TecT miIxoauTh
JUTSL OI[IHKY TIATOTOBKH MOBEPXHI OCHOBH 1
MEePEBIPKH CYMICHOCTI OOpaHOTO KICH 3
OCHOBOIO 3 MeTaly. 3MIMCHIOETBCS 3a JI0-
IMIOMOTOK) KPYTIJIOI CTaleBOl TIACTUHU TOB-
mwHOo 20 MM 1 giameTpom He MmeHine 40
MM. Enement mincunenns 3 FRP pixerbcs
KOpPOHYAaTHM CBEpJIOM 31 IIBUAKICTIO He
Mmenie 2500 06 / xB. Oco0nuBy yBary ciia
OPUIUIATH TOMY, 1100 YHUKHYTH HarpiBy
cuctemu FRP.

BumnpoOyBanHs Ha po3pHuB mpu 3cyBi. Tect
0COOJIMBO MiIXOAUTH VIS TIEPEBIPKU SIKOCTI
3'eqgagaa MK FRP 1 meraneBuMm enemeH-
ToM. Lle Moke OyTH BUKOHAHO TiJTBKH TOI,
KOJIM € MOJIMBICTh BUTATHYTH YacTUHY
FRP-cucreMu B TUTONIMHI, PO3TalIOBaHOT
mo0JIM3y BiIIPBaHOTO Kparo.
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e BunpoOyBaHHS Ha pO3pUB NpU KPYUEHHI

MIPOBOAMUTHCS 32 JOTIOMOTOI0 CHEIialbHOTIO
IIPUCTPOIO, KU MOXKE CTBOPUTHU KPYTHHM
MOMEHT.

HepyiiHiBHUI KOHTPOJIb

[CHYIOTh pi3HI THIU HEPYHHIBHUX BHIIPO-
OyBaHb, CIPSIMOBAaHUX Ha BUSBIICHHS pi3-
HUX TUMIB AC(PEKTiB Ta Ui BU3HAUCHHS
onHopigHocTti npwisranas FRP (auB. Ta6-
muuto 1) [5]. 3okpema, 1i1si BUSIBIEHHS IO-
pOXKHEU y KJeHoBOMY miapi. Aye, HaKaib,
HE ICHY€ TaKOro THUITy HEpYHHIBHOTO TECTY,
SKAW MOXe i7eHTU(IKyBaTH  ClIaOKui
3B’A30K, SIKHH BUHHUKAE yepe3 ipxy abo >Kup
Ha MeTaJeBil MMOBEPXHI.

BucokodacToTHUN yIbTpa3ByKOBUH KOHT-
ponb. Jledektn 3'eqHaHHS, JOKaJbHE pPO3-
mapyBaHHs ab0 HasBHICTh MYCTOT B ajre-
3MBHOMY WIapi MOXYTb OyTH ieHTU}IKO-
BaHI 3a JOMOMOTOI0 YIbTPa3BYKOBUX BHU-
npoOyBaHb, OCKUIBKM BOHM BIUIMBAIOTH Ha
yac MPOXO/HKEHHS yIbTPa3BYKOBUX XBHJIb.
Jlnsi bOro HEOOXiJHE cIieliaibHe 00J1a-
HaHHS 1 IEpCOHAII.

CtumynboBaHe aKyCTHUHE BUMNPOOYBaHHS
BuUKOpHUCTOBYIOTBCSI IMIYJILCH HU3BKOT Ya-
CTOTH.

AKYCTHKO-eMiCiliHI BHIIPOOYBaHHS I03BO-
JSATh OLIHUTH TOIIKOKEHHS BCEpeIuHI
HaBaHTKEHOI KOHCTPYKIIIi, MUIIXOM TIPO-
CIIyXOBYBaHHS 1 peecTpalii mymy, Cpuyu-
HEHOTO YTBOPEHHSIM TPIIIUH a00 po3Iapy-
BaHHSM, SIK€ MOIIUPIOETHCS, SIK MPYXKHI
xBuii. Ile BuUmpoOyBaHHS 3aCTOCOBYETHCS
70 TIACHBHHX CHCTEM, SIKi aKTHUBYIOTKCS,
SKIIO BUHHUKAIOTh aHOMaJbHI YMOBH, Ta
0COOJIMBO MiIXOUTH I BUSBICHHS Jede-
KTiB mpu 3actocyBaHHi FRP-martepianis, a
TAaKOXX TNPH HAsBHOCTI BiqIIApyBaHHS BiJ
OCHOBH.

BHUCHOBKU

. OCHOBHUMH ILIUIIMHU ITACHIIEHHS MeTaje-

BUX KOHCTPYKLiH (hiOpoapMOBaHHUMHU II0-
JiMepaMu € 30UTbIIeHHS a00 BITHOBJICHHS
MIIHOCTI Ha PO3TAT, 30UIbIIEHHS a00 Bil-
HOBJICHHSI MII[HOCTI Ha 3TUH, IiABHIIEHHS
BTOMHOI MII{HOCTI
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2. BUKOHAHO OIVIA[ TEXHOJIOTIYHHUX OCO0IH-
BOCTEH 1 akTyaJbHHX INpoOsieM B o0jacTi
MIJICUJICHHSI METaJIeBUX KOHCTPYKIIIH KOM-

MO3UTHUMH MaTepiajlaMH, a TaKOX 3aderl-
JIeHa iICTOpUYHA TEPCIEeKTUBA IIbOTO METO-
Ty peHOBaIlii.

Ta6a. 1. MiniManbHi JOMYyCKH 1O TOBIIMHI Ae(eKTy AKi CIiJ BU3HAYaTH HEPYWHIBHUMH METOAAMU KOHTPO-

JIIO.

Table 1. Minimum resolution for defects thickness to be identified with non destructive tests.

HasBHicTh Hampy- Hepyiinis- MinimanbHi 10-
’KEHHB 3CYBY B 30Hi ITpuxnan HUU MYCKH 1O TOBIIIH-
CTHKY KOHTPOJITb Hi neeKTy
. O6ropranHsi, 32 BAHATKOM 00J1aCTi epek- Heo06oB's13-
Biacyrus . . 3,0 MM
PHUTTS B OZHOIIAPOBOMY 3aCTOCYBaHHI KOBHH
EHTpabHA YaCTHHA Jy’>K€ BEIMKOI IO HeoboB's13-
Cnabxka Hewtp . iy B . 3,0 Mmm
i ICUIICHHS KOBUI
. EHTpaJibHa 30Ha, MiJICHJICHa Ha 3THUH B TO- .
[TomipHa Henp > TR baxanamit 0,5 MM

B3JOBXKHBOMY HAIIPAMKY

BOMY €JIEMCHTI

30HM aHKEePYBaHHS, 30HU TEPEKPHUTTS MiXK
apamH, ImiICHICHHS Ha 3CyB, 00J1acTi CITo-
Kputnuna Jy4eHH 31 3'€qHyBauaMu, AUISTHKY 3 Benu- | HeoOxiguuit 0,1 mm
KOIO IIOPCTKICTIO a00 TpilllMHAMH B MeTaJe-

3.V crarTi po3rasHyTI NpoOIeMU METOy Mij-
CWJICHHSI KOHCTPYKIIIH 3 BHUKOPUCTaHHSIM
KOMITIO3UTHHUX Martepiais.

4. B YkpaiHi BiACYyTHS HOPMAaTHBHO-IOCIITHA
0a3a, mpucBsyeHa MpoOIeMi MiACUICHHS
METaJeBUX  OyMIBEIbHUX  KOHCTPYKIIIH
KOMIIO3UTHUMH MatepiajlaMH, TOMY € MOX-
JUBICTh BHUKOPHUCTOBYBAaTH BHKIIIOYHO 3a-
pyODKHMI TOCBIT 1 peKOMEH Iallii mpy mpo-
eKTyBaHHI TaKOTO POy IMiJCHIICHb.

5. OCHOBHUI TPUHIIHUI PO3MIIIEHHS KOMITO3HU-
THUX EJIEMEHTIB MiJCUJICHHS MOJsITae B Ma-
pasieIbHOMY pPO3TalllyBaHHI PO3TATYIOUUM
HaTpPYy>KEHHSIM.

6. He3Baxkaroun Ha BeNMKUN 00csT iHGOpMarii
npo ®AC B cBiTi, TUTaHHS HATIMHOCTI Me-
TONy MiJCHUJICHHS, CaM€ METaJeBHX KOHC-
TPYKLiH KOMIO3UTHUMH Martepiajlamu, Iie
HAJIC)KUTh HAJIC)KHUM YHHOM BUBYHTH.

7. Kpim Toro, B 3araibHOMY 0OCs31 MOBHMHHI
BHKOHYBATHCS BUMOTHU JO JOBTOBIYHOCTI,
TEXHOJIOTIYHOCT1, EKOHOMIYHOI e(eKTHBHO-
CTi, EKOJIOT1YHUX 1 COIIaTbHUX (PaKTOPIB.

8. 3HauyHMil epeKT Bia MiACUICHHS METAIEBUX
KOHCTPYKITIH KOMIIO3UTHUMH MaTepialaMH
MOKe OyTH JOCSTHYTHUH TpH MiJCHICHHI
OaJIOK TOKPUTTS TPOMHCIOBHX OY/lIBEINb
a00 BETUKONPOIHOTHUX KOHCTPYKLIH, SKi
MPU TIJICUJICHHI TPaIUIIHHUMH METOJIaMH
BUMAararoTh  CKJAQJHUX KOHCTPYKTUBHHX
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pillileHb, BETMKUX BUTPAT Tpalli, 3yMHHKH
TEXHOJIOTTYHOTO MPOIECY BUPOOHUIITBA IS
BUKOHAHHSI POOIT 13 MiJCUJICHHS, Bara Imij-
CHJTIOIOYO0i KOHCTPYKITII YaCTO BHUSBIISETHCS
3HAYHOIO.

. 3aCTOCYBaHHS KOMITIO3UTHHX MaTepialliB

JUTSL TACWICHHS METAJIeBUX KOHCTPYKIIIH
BUMarae JIMIme BCTAHOBJICHHSA JICTKUX IIOO-
MoOcCTel (MOXJIMBa poOOTa 3 aBTOIIIHOM-
HUKIB), III0 HE 3aiiMae 0araro yacy.
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Technological features of metal structures
strengthening by gluing of high-strength
FRP-systems during reconstruction

Iryna Rudnieva

Summary. The building heritage of Ukraine
includes numerous examples of metal structures,
especially used in industrial buildings and for
large-span structures. The use of metal structures
in construction is primarily due to their mechanical
properties. They are frost-resistant and can
withstand temperatures down to -65 degrees,
tough, resistant, durable and reliable. They can also
be used in areas with increased seismic activity.
But, in certain situations metal structures need to

ByaiBenbHi koHCTpyKUii. Teopis i npakTuka ¢ 08/2021

restore or strengthen due to structural defects, wear
of load-bearing elements, as well as in order to
increase the bearing capacity. In some -cases,
strengthening  with  fiber-reinforced  polymer
composites (FRP) gives better results than
traditional methods with metal strengthening,.

A significant part of the Ukrainian architectural
and historical heritage is made up of buildings and
structures using metal structures. The first designs
were made of cast iron or wrought iron (machined
or tinned), but they subsequently developed rapidly
along with the evolution of methods for forging
mineral iron.

The main cultural reason for the restoration of
old metal structures that guarantee structural
functionality and load-bearing capacity, based not
only on the need to preserve their historical origin,
but also on the value of the landscape in which
they are located.

Long-term operation of buildings and their
structural elements made of metal without timely
maintenance and major repairs, insufficient
strength of structural materials, as well as changes
in weather conditions and current regulatory
documents in Ukraine, often leads to the need to
recalculate the load-bearing metal structures of the
building frame and strengthen them with the most
effective methods, both from the point of view of
reliability and from the point of view of
profitability, which is influenced by prolonged
shutdown of enterprises, stoppage of the
production process or the inability to use the
adjacent territory to carry out reconstruction work.

The article discusses the technological features
of metal structures strengthening by gluing high-
strength FRP-systems during the reconstruction of
building, and also provides basic recommendations
for the installation, monitoring and maintenance of
strengthened elements.

Keywords. Composite materials; fibre-
reinforced polymer FRP; defects; damage; recon-
struction; strengthening of metal structures; inspec-
tion.
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MopaentoBaHHS1 CYMiCHOI pOoGOTU CTaneBux 6ankoBUX KOHCTPYKLIN i3
3anizo0eTOHHUMU PEOPUCTUMU NNIUTAMM NEPEKPUTTSA

€ezeH [ImumpeHKo

HauioHanbHuMI yHiBepcuTeT GiopecypciB i NPUPOaOKOPUCTYBaHHSA YKpaiHU
15, Byn. lepoiB O6opoHu, KuniB, YkpaiHa, 03041
zdmitrenko26@gmail.com, http://orcid.org/0000-0001-9737-943X

DOI: 10.32347/2522-4182.8.2021.44-57

AHoTtanist. TpamgumiitHi MeTOIH pPO3paxyHKY
0aJKOBUX KOHCTPYKLINM TEPEKPHUTTIB 1 MOKPUTTIB
MIPOMUCIIOBUX OYiBeNb nepeadayaroTh PO 1X
MIPU PO3PAXYHKY OKPEMO Bill KOHCTPYKITIH KapKa-
CY, 30KpeMa, 3a1i300€TOHHUX ILUIUT, HE BPaxoBYIO-
9H X CHIbHY poOOTY, 10 NPU3BOAUTH 10 3HAYHO-
ro 3aracy MIIHOCTI KOHCTpYKIlii. Ha choromHimi-
Hill JeHb B YKpaiHi iCHye 3HaYHa KiNbKICTh IMPO-
MUCIIOBUX OyIiBelb Ta CHOPYA, AKI MOTPeOYIOTH
MIJICHIICHHS Ta PEKOHCTPYKINi. Y 3B’S3KYy 3 ITUM
0COOIMBOTO 3HAYEHHS HAOYBAIOTH JOCIIIKCHHS
JHCHOI Hecydol 3aTHOCTI KapKaciB OJIHOTIOBEp-
XOBUX 1 0araTomoBepXOBUX IMPOMHCIOBUX Oymi-
BEIb, PUUIOMY, SIK TIPH PEKOHCTPYKITii, Tak 1 MpH
HOBOMY OY/IIBHUIITBI, pE3yJIbTATH SKUX JTO3BOJIATH
3HAYHO 3MCHIIUTH BUTPATH Ta OUIBII palliOHATHLHO
MPOCKTYBaTH KOHCTPYyKIii. Ilpu mpomy omauM 3
HaWOIIBII aKTyaJbHUX HAIMPSAMIB € JOCITIIKCHHS
CYMICHOI POOOTH METaJleBUX HECYYHX KOHCTpPYK-
i 13 30ipHUMH 32113006 TOHHUMH KOHCTPYKITISTMH
JKOPCTKHUX IHUCKIB ITOKPHUTTIB Ta MEPEKPUTTIB MPH
ix pospaxyHky. Tum OinbplI, IO Yy BITYM3HSIHHX
HOpMax TPOCKTYBaHHS, SK 1 Yy HaBYAIbHO-
METOAMYHIA JiTepaTypi pO3paxyHKOBI METOIHKH
ypaxyBaHHS CyMiCHOT poOOTH TakMX KOHCTPYKIIiH
BHCBITJICHI HEJIOCTATHHO TIOBHO.

Mertoto maHoi poOOTH € OIiHKA 3HHUKCHHS Me-
TaJIOEMHOCTI METaJIeBO1 OATKOBOI KOHCTPYKITIT IPH
il po3paxyHKy Ha 3TWH, 3 YpaXxyBaHHSM CILIBHOT
pOOOTH 3 JKOPCTKUM JTHCKOM TEPEKPHUTTS 31 30ip-
HOTO 3aJ1i300€TOHY.

B pamkax pocmipkeHHS IPOBEISHHUN PO3paxy-
HOK OaJIKM MEPEeKpUTTS 3a TPAJULIHHOIO PO3paxy-
HKOBOIO CXEMOIO - 0e3 ypaxyBaHHS CYMICHOI PoO-
00TH 3 AUCKOM TEpeKpuTTA, miadip ii mepepisy 3
ypaxyBaHHSM CHUIBHOT POOOTH 3 TUIMTaMU TEPeK-
PHUTTS 1 EKCIIEpUMEHTAIBHE YHCEIIbHE JTOCITIKEH-
HS B CKJIAJII IEPEKPUTTS METOJOM CKIHUCHHHUX
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€BreH IMuTpeHkKo
cTapLumi BuKnagay
kadenpu byaiBHULTBA,
K.T.H.

eneMeHTiB. MojientoBaHHs (parMeHTa NepeKpuTTsI
BHKOHYBAJIOCh ¥ PO3PaXyYHKOBUX KOMILIEKCAX
«SCAD Office» i «JIIPA CAIIP 2019». Uucensue
TOCITIKEHHST CIPSIMOBAaHE Ha TEPEBIPKY JOIITb-
HOCTI BUKOPHCTaHHS PO3PaXyHKOBOI METOJIUKHU
JBbH B.2.6-98-2009 mnst Bu3HaueHHs e(heKTUBHOI
NIMPUHU TIOJHII TIPU PO3PaxyHKY TaBPOBUX Tepe-
pi3iB It 30ipHHUX 3alli300€TOHHHMX IUINT, SKi
BKJIIOYEHI B CyMiCHY po0OTY 3 OalKkaMu NMepeKpuT-
TS

Bukonano mTOpiBHSUIBHHIA aHaN3 OTPUMAHOTO
nepepizy Oanku 3 paHimie migiOpaHuM 3a Tpaau-
MIHHOK METOJMKOI PO3PaxXyHKY IO HANpPYKEH-
HSM B HaHOUIbII HEOE3MEUYHOMY Iepepisi 1 3arajib-
Hil Maci OaJIoK.

3a pe3ynbTaTaMu aHalli3y MiATBEp/PKEHA KOpe-
KTHICTh 3aCTOCYBAaHHSI BUIIIEBKAa3aHOI HOPMATHBHOL
METOJMKH JIJIsl BU3HAUCHHS ¢(PEKTUBHOI IMUPUHH
MOJIUI[i TaBPOBHMX 3TMHAIBHUX CTaJIe3al1i300€TOH-
HUX €JIEMEHTIB.

Kurouogi cioBa. XXopcTkuil Auck mepekpuTTS;
TIePINHK TPaHUYHUH CTaH; peOPHUCTI 3a1i300€TOHHI
IUTUTH; HaNpyXeHO-ehOPMOBaHHUM CTaH, ePeKTH-
BHA IIMPUHA ITOJIUI TUTATH.

[TOCTAHOBKA ITPOBJIEMUA

Ha panuit momenT B YKpaiHi ekcruiyary-
€THCSI BEIIMKA KUIBKICTh OIHOIMOBEPXOBUX Ta
0araTonoBEpPXOBHX IPOMHUCIOBUX OymaiBeb,
BUKOHAaHUX B CTaJIEBOMY KapKaci 3 HACTUJIOM
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13 3aT1300€TOHHUX TUTUT MOKPUTTA. SIK TOKa-
3YIOTh Ppe3yJIbTaTH YHUCIECHHUX OOCTEXEHb,
KOHCTPYKITIi TAKUX Oy/iBelIb MatOTh Me(HEKTH 1
MOIIKOJKEHHS, SKI Habarato INepeBHIYIOTh
HOPMATHBHI BUMOTH 1 TMOTPEOYIOTh PEKOHC-
TPYKIIi1 Ta MiJCUIICHHS.

VY 3B’3Ky 3 IMM OCOOJMBOTO 3HAYEHHS Ha-
OyBaroTh 3ajaui BH3HAUEHHs AiMCHOI Hecydoi
3IaTHOCTI KapKaciB OJHOMOBEPXOBUX 1 Oara-
TOIOBEPXOBUX MPOMHUCIOBUX Oy[iBesb, MpH-
YoMy, SIK TIPH PEKOHCTPYKIIii, TaK 1 P HOBO-
My OyniBHunTBi. [Ipy oMy ypaxyBaHHS Cy-
MICHOi pOoOOTH HECYYHX EJIEMEHTIB 31 cTaji i
O0eToHy Tpu X pO3paxyHKy NPHU3BOAUTH [0
ICTOTHOTO €KOHOMIYHOTO €()eKTy B TOPIBHSH-
Hi 3 pO3paxyHKaMH IO i/1eai30BaHUM po3pa-
XYHKOBHM CXEMaM.

VYpaxyBaHHS CyMICHOI po0OOTH HeCy4yux
KOHCTPYKITIN 31 cTayi 1 OETOHY mpu iX po3pa-
XYHKY CTaJ0 MOXJIMBUM 3aBISIKH peaizamii
Merony ckiHueHHuX enemeHTiB (MCE) B pi3-
HOMAaHITHHX  PO3PaxXyHKOBHUX  KOMILIEKCaxX
(«JIIPA CAIIP», «SCADy, «Nastran» 1 T.11.).

VYpaxyBaHHS CyMiCHOI poOOTH MOHOJITHO-
r'0 3aJ71300€TOHY 13 CTAJICBUMU KOHCTPYKIIISIMHU
(crane3anizo0eTOHHI KOHCTPYKIIi) MpH iX po-
3paxyHKy BX€ JOBEJIO CBOI €(EKTHBHICTH Y
MPAKTUIll OyIIBHUIITBA CHOPYJ TPAHCIOPTHO-
ro TIPU3HAYCHHS Ta CHJIbHOHABaHTAKEHUX
HECY4YHMX KOHCTPYKIiH OyaAiBens Ta CHOpY.H,
4Oro He MOKHA CKa3aTH Mpo 30ipHHUIA 3al1i30-
6eroH. Tum OULIBII, O Y BITYU3HAHUX HOpMaxX
MPOCKTYBAHHS, K 1 Y HaBYAIbHO-METOIUIHIHN
JiTepaTypi pO3paxyHKOBI METOAMKH ypaxy-
BaHHS CYMICHOI pOOOTH TaKMX KOHCTPYKIIIH 13
CTaJIeBUMHU BUCBITJIEHI HEJOCTATHHO IMTOBHO.

AHAJII3 ITOIEPEJHIX JOCJIIIPKEHD

[TpakTruHMii JOCBI MOKa3ye, 0 PO3paxy-
HKH CTaJeBUX OaTKOBUX KOHCTPYKIIH 3a Tpa-
IUIIHHAME PO3PaXYHKOBHM METOJMKAMH OK-
peMo BiJl KOHCTPYKIiM Kapkacy OymiBii, 30K-
peMa TUIAT TIOKPHUTTS 1 TIEPEKPHUTTS TPU3BO-
ISTh 10 OTPUMAaHHS IEpepi3iB eJIeMEHTIB i3
3HAQYHMM 3aIlacoM MIIHOCTI 1 KOPCTKOCTI [1,
2].

JlocmimkeHHIM IIHCHOT poboTtu
KpPOKB’SIHUX ()epM OITHOMOBEPXOBUX MPOMHC-
JOBUX OyAiBeIh MIATBEPKEHO BKIIIOYCHHS Y
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CHUIBHY pOOOTY 3a1i300€TOHHHUX TUIMT TIOK-
PUTTS MPU JTOTPUMAHHI IEBHUX KOHCTPYKTHB-
HuX BUMOT [3]. Lle mpu3BOAUTH A0 3HAYHOTO
3MEHILIEHHS TO3/I0BXKHBOTO 3YCHIIIS Y BEpX-
HBOMY TOSCI 1 K HACTiJOK, 0 3HAYHOI €KO-
HoMii Martepiany ¢epmu [4]. IIpo MoxIMBOCTI
€()EeKTUBHOTO BKJIIOYEHHS B CHUIBHY pPOOOTY
KOHCTPYKIIA TMOKPUTTS 1 3ami300€TOHHUX
IUTUT, 110 JO03BOJISi€E 3MEHIIUTH Macy MOsICiB
dbepM Maiixke BIBIYI TaKOX MPUBOIUTHCA B
poborti [5].

ExonomiuHa e(eKTHBHICTH BiJ 3acTOCy-
BaHHS MOHOJIITHOTO 3ali300€TOHY B CKJaIl
MIPOTOHOBUX METaNIeBUX KOHCTPYKIIH, IO
CKJIQJIAIOTHCSI 13 3BapHUX ab0 JIBOTaBPOBUX
0aJlOK BXK€ NTaBHO MIATBEP/KEHA MPAKTHKOIO
iX 3acCTOCYBaHHS B MOCTOOYyBaHHI 1 3BEJIEHHI
MEPEKPHUTTIB 0araTornoBepXOBUX I'POMAICHKUX
OymiBens [5].

JIMCKM TIOKPUTTIB 1 MEPEKPUTTIB HEPO3PHB-
HO TIOB’513aH]1 13 MPOJITHUMH HECYYHMMH KOHC-
TPYKIISMH 1 IPALIOIOTH CHUIBHO MPH Aii ropH-
30HTAJIbHUX 1 BEPTUKAJIbHUX HABAHTAXEHb.

[Tpu po3paxyHKy €IeMEHTIB AUCKA TOKPUT-
TS 1 MPOJITHUX KOHCTPYKIIIH, IO CKIAAAI0ThCS
31 30ipHOTO 3a/1i300€TOHY HEOOXiIHO Bpaxo-
ByBaTH €(EeKT iX CIUIBHOI pOOOTH, OCKUIBKH
BiH MPOSBISETHCA ONpa3y Micus 00'eqHaHHS
KOHCTPYKTUBHUX OJUHUIIL AUCKA B €UHE II1JIe
3a JONOMOTOI0 3BapIOBAaHHS 3aKIaJHHUX JeTa-
newt 1 3aMoHouiuyBanHsa. CriibHa poboTa erne-
MEHTIB JVCKAa MOKPUTTS 3AIEKUTH Bif nedop-
MAaTHBHOCTI MO3/J0BKHBOTO pedpa IUIUTH TTOK-
PUTTS, 3aKIAIHUX JeTalleil, yMOB 3aKPITUICHHS
IUTUTH TIOKPUTTS y CKJIaAl TUCKA, STKOCTI MIX-
IJTUTHUX ITBIB 3aMOHOJIIYYBaHHS, 3MIHU OChO-
BOI 1 3TMHAIIBHOI KOPCTKOCTI KPOKB’SIHOT KOH-
CTpPYKIIii B miporieci nepopmyBanns [2, 3, 5] .

Tomy B nporieci MOJeNIOBaHHS 3TiIHO 13 [6]
HEOOXIIHO BpaxOBYBaTH IIiJIBHIIECHY aedop-
MaTUBHICTh BY3JIOBHX CIIOJIY4€Hb ILUTUT, IX
(G3UYHY 1 KOHCTPYKTUBHY HENIHIHHICTB, SK1
3MIHIOIOTBCS ~ 3aJIe)KHO  BiJl  HAMpyXeHO-
nehOpMOBAHOTO CTaHY.

BinmoBigHO 110 pe3ynbTaTiB AOCHTIIKEHB
[2,3], moBHE BKJIFOYEHHS 3aJ11300€TOHHUX TUTHT
MOKPUTTSI y CHUIBHY poOOTY i3 KPOKBSHHUMHU
dhepMaMu Hamae HAMOUTBIINK PO3BAHTAKYIHI
eeKT Ha elIeMEHTH BepXHbOro mnoscy (1o 40-
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50%). EdexT Bin CHUTBHOCTI 3HUKYETHCS SK
IpU BIJICYTHOCTI OMOHOJIUYBaHHS IO30BXK-
HIX IIBIB MK ITJIUTAMH, TaK 1 TIPH MOBHIH Bij-
CYTHOCTI NpPHUBApIOBAaHHS IUIUT B MICIIX 00-
nupanHs Ha 60-70%.

[Ipu HasBHOCTI Ne(EKTIB 1 MOIIKOIXKEHb
BKJTFOUEHHS 3aJ11300€TOHHUX TITUT TOKPHUTTS Y
CHUIBHY poOOTY 13 KPOKBSHUMH (epMaMHu He
3aBX/IM MMOJIETTIIYE poOOTY OcTaHHIX. Tak:

- BIICYTHICTh OMOHOJIIUYBaHHS MO3J0BKHIX
IIBIB B CEpenHii 30HI (hepMu, MpU HASTBHOCTI
OMOHOJIIYYBAaHHS 1HIIMX IIBiB, BUKIUKAE ITiJI-
BUIICHHSI TIO3JIOBXKHIX 3yCWJIb B €JEMEHTax
PELIiTKY, L0 HPWIATAIOTh 10 3pYHHOBAaHOTO
mBa, 110 40 ... 60% 10 MPOEKTHUX;

- TIpU HASBHOCTI JE(PEKTHOTO CTEPXKHS,
TUTUTH TIOKPUTTSI PO3BAHTAXYIOTh HOTO, aie
IpU OMY BiIOYBa€ThCS 301IbIICHHS 3yCHIIb
B CYCIJHIX eJleMeHTax (hepMu.

TakuM, YHHOM, BUKOHAHHS KOHCTPYKTHB-
HUX BHUMOT HalpsMy BIUTMBA€E Ha e(eKT BKIO-
YeHHs TUTUT TIOKPUTTS Y CHUIBHY pOOOTY i3
OAJIKOBUMHU KOHCTPYKITISIMH

META I METOAU

MeTtorw naHoi poOOTH € OIliHKAa 3HIKEHHS
METAJIOEMHOCT] 3THHAJIbHOI METaneBOi KOHC-
TpyKuUii mpu ii po3paxyHKy 3 ypaxyBaHHIM
CHIIBHOT POOOTH 3 KOPCTKUM JIUCKOM TIE€pEK-
pUTTSA 31 30ipHOTO 3a7Ti300€TOHY.

JInst TOCATeHHST METH TiJl Yac BUKOHAHHS
TEOPETUYHHX 1 YHCETHHUX JOCITIIKEHb, BUKO-
pHUCTaHi 3arajgbHi METOJIU MEXaHIKH TBEPIOTO
neGOopMOBaHOTO Tijla Ta MPOrpamMHi KOMILIEK-
cu, 30kpema [IK «JIIPA CAIIP» ta «SCAD
Office», B OCHOBI SIKOTO JEKHUTH METOI CKIH-
YEHHHX €JIEMEHTIB.

UwncenpHi JTOCHIIKEHHS Yy Cy4acCHHX TIIpO-
IrpaMHHUX KOMIUJIEKCAaX Ha 0a3l JaHOTO METOIY
IIUPOKO BUKOPHUCTOBYIOTHCS ISl BUPIIICHHS
pPI3HOMAHITHUX 3a7a4 Teopii 3ai300eToHY,
30KpeMa, 3a/1a4i 34eTUIeHHsT apMaTypu 3 0eTo-
HOM [7], a iX pe3yJlbTaTu MaroTh TapHYy 301K-
HICTh 3 pe3yabTaTaMH EKCIEPUMEHTATbHUX
JOCITIKEHB [ 8].

OO6'eKTOM IOCTIIKEHHS € CTaJleBl MPOKATHI
JIBOTABPOB1 OAJIKK B CKJIaJl MEPEKPHUTTS Oara-
TOIIOBEPXOBO IMPOMUCIIOBOI OyHiBIi 3 po3Mi-
pamu B miaHi 18x30M 1 CITKOIO KOJIOH 6X6M
(puc. 1).

3a cnoco0OM CIPUHHATTS TOPU3OHTATBHUX
HAaBaHTA)XCHb KOHCTPYKTHBHA cXeMa KapkKaca
— B’s3€Ba.

[To BepxHIM TOJUIIM 0AJNOK YKIATAIOTHCS
3a11300€TOHHI  PEOPHUCTI TUTUTH TEPEKPUTTS
cepii 11-24-2/70 (puc. 2). Bonu tak camo, siK
1 TUTUTH TIOKPUTTS MPUBAPIOIOTHCS JI0 BEPXHIX
nosiciB 0aJIOK MIHIMYM B TPHOX TOYKAax i IIBU
MI’)K HUIMH OMOHOJIIYYIOTBCSI IP1OHO3EPHUCTUM
6eronom kiacy C12/15.
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Puc.1. Cxema posranryBanHs eneMeHTiB nmepekputtsa. BC-1, BC-2 - BepTukaibHi B'sI31 IO KOJIOHAX.
Fig.1. The layout of the floor elements. VS-1, VS-2 - vertical elms along columns.
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Konctpykitis migyioru nepekputts (puc. 2)
CKJIAJA€ThCS 3 HACTYIHUX IIapiB:

- TUIMTKOBA mmigora ¢ = 15 mm, p = 2000
Kr/M;

- map UEeMEHTHO-MINIAHOTO PO3YHHY
M200, ¢ =20 mmMm, p =2000 Kr/M>;
- TUTUTH [UIaKOOeTOHHI ¢ = 60 MM, p =

1600 xr/m>;

Marepian 6amok - crans C245, marepian
IUTAT TIEpeKpUTTS - 6eToH kiacy C20/25.

B pamkax gocmimxkeHHs o0'ekta OyB mpo-
BEJICHUI pO3paxyHOK HAMO1IbII HABAHTAKECHOT
OaJIKu TepeKpUTTS 0e3 ypaxyBaHHs CIIJIbHOI
po0OTH 3 JUCKOM TEPEKPUTTS 1 3 ypaxyBaH-
HiIM 1i. /[ogaTKOBO BHKOHYBAJOCh YHCEJIbHE

1

E

fpidHozeprucmud demon ka. C12/15

[lpidHo3eprucmul demoH ka. (12/15

JOCITIDKEHHST poOOTH Oallku B CKJIAJl TEpeK-
PUTTS NUISIXOM YHCETHHOTO MOJEITIOBAHHS B
po3paxynkoBux komiuiekcax «SCAD Office» 1
«JIIPA CAIIP». UYwucensHe [OCIIIKEHHS
CIpsIMOBaHE Ha BU3HAYEHHS IOIIJILHOCTI BH-
KOpPUCTaHHsA po3paxyHkoBoi meroguku JIBH
[9] mst po3paxyHKY IMIMPUHU TOJIMII CTATIEBO-
3aJ1i300€TOHHOTO TTepepizy.

[TopiBHANBHMIA aHANI3 TIEepepisiB, miaidpa-
HUX 32 JIBOMa METOAMKAMHU PO3PaxXyHKy OyB
MPOBEACHUIN 10 HANMPYXXEHHAX B HAHOUIBII
HeOe3MeYHOMY Tepepisi Mo JOBXKHUHI 1 3aralib-
Hil Maci 6aJok.

1-1

naumkoBa nidaoza t=15mm, p=2000k2/M3;

eMeHMHO-NIuaH020 poayvuny M200, t=20mm, p=2000k2/M3;
umenawbay iz waakodemonHux naum t=60mMM, 0=1600k2/M3;
pedpucma 3anizodemoHHa nauma nepekpumms, h=4 00MM

R
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Puc.2. Bysnose crioiy4eHHs minT 3 6aikamu
Fig.2. Nodal connection of plates with beams

OCHOBHE JOCJIIJDKEHHA

banku crnmparoTbcs Ha KOJIOHH HIAPHIPHO
(B’s13eBa KOHCTPYKTHMBHA cxema Kapkacy). Po-
3paxyHKOBa cxeMa OajKu - mapHipHO-00mepTa
0aJKa Ha ABOX OMOpax.

[Tepepi3 rosoBHOT OaNKH - TPOKATHUH JBO-
TaBp.

HaBaHTa)XeHHsI Ha TOJOBHY OaliKy Iepek-
PUTTS CKIIATAEThCS 3 Bard KOHCTPYKIT MiTO0-
I, peOpPUCTUX TUIMT MEPEKPUTTS, BIACHOI Ba-
I'M TOJIOBHUX OajoK 1 THMYacOBOTO HaBaHTa-
YKEHHS 1 po3paxoBaHo 3rigHo 3 BuMoramu [10].
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[Ticns BW3HAUEHHS BHYTPIMIHIX 3yCHUJIb, 3
KPUTEPiI0 MIITHOCTI 32 MaKCHUMaJIbHUMHU HOp-
MaJbHUMH HampyXeHHsM OyB mimiOpaHuii
nepepi3 6anku [ Ne40III1 3a JICTVY [11], saxuii
TaKOXX BIJIMOBIIa€ BUKOHAHUM BHUMOTaM TIepe-
BIpOK 32 MaKCHUMAaJbHUMHU JOTHYHUM HAIpPy-
YKEHHSM 1 POTHUHY.

Llei#t mepepi3 ronoBHOI Oasiku OyB poO3paxo-
BaHWH 13 MPUITYIIICHHSI HOTO CYMICHOI poOOTH
3 KOPCTKHUM JIMUCKOM TMEPEKPUTTS, SIK cTanede-
TOH, 32 METOJMKOI0, BUKJIaJeHOI0 B [12].

Po3paxyHkoBe 3HaueHHs HaBaHTAKEHHS,
IO Ji€ Ha OJUH NOTOHHHUH MeTp Oanku Oyio
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BHU3HAUEHE paHilie 1 JOpiBHIOE: ¢p = 82,92
kH/Mm.

Haii6inp1n HecIpUsSTIMBHI pO3paxyHKOBHI
nepepis cranedbeToHHol OaTKu 3HAXOAUTHCS Ha
Bizctani 0,75 M BiJl cCepeIMHHU MPOJIBOTY, TOMY
0 Y HBOMY JiIOTh JIOCHTHh BEIMKiI 3HAYEHHS
3TUHAJILHUX MOMEHTIB 1 B poOOTI Oanku 3a1isi-
HUH TUIBKH Tiepepi3 monku (puc. 3, a, mepepis3
I-1).

BinmosigHo mo m. 5.3.2, JIBH [9] po3paxy-
HKOBa IIMPUHA TIOJHUIII TIepepi3y BU3HAYAETHCS
3a popwm. (1):

bef = Zbeﬁ”,z +bW = beﬂl +b€ﬂ2 +
+by, =L2m+12m+03m =2,7m,

)

ne beyyi - IMPUHA 3BUCY TOJUII TUIUTH Y
KO>KHY CTOPOHY BiJl TIepepi3y, M; BU3HAYA€ETh-
cs 3a popM. (2):

beﬁ‘l = beffz = 0,2 . bl,z + 0,1 . IO =
=0,2-3+0,1-6=12mu
by, - mmpuHa pebpa nepepizy, M;
[, - mpomiT 3a11300€TOHHOT PeOPUCTOT TLTH-
TH, M;

)

3HaueHHA befr; Ta bef2 HE TEPEBHINYIOTH
02 0,=12m.
[puitasinu bey = 2,7 M.

Po3paxynkoBuii mepepiz mpeacTaBIeHU Ha
puc. 3, 6.

bge=2700

Batei=1350 » be,=1350
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Puc.3. o po3paxyHKy Ganku 00'e1HaHOTO Tepepi3y: a) BHYTpilIHi 3ycrwuia y nepepisi I-1; 6) cranebeton-

HUI niepepi3 0anku

Fig.3. For calculation of the combined section beam: a) internal forces in section I-I; b) reinforced

concrete section of the beam

[Ticns po3paxyHKy TE€OMETPUYHUX Xapak-
TEPUCTUK Tiepepidy Oynu BUKOHAHI MEpPEBIPKH
MIIHOCT] 10 MaKCHMaJbHUM HOPMAJIBHHUM Ta
JOTHYHUM HAMpPYXeHHSIM 1 1ehOpMaTUBHOCTI
6anku 3a popm. (3)-(9).

CruckanpbHe HANpPYKCHHS B KpailHIX Bepx-
HIX BOJIOKHAX TUTHTH (TOYKa A) TOPIBHIOE:

My 3499.10%
A 64880
Wc,stc ©)

=539Mlla < f,; =14,5Mlla

Oc,A

Aac

48

M}.; — 3ruHanbHUA MOMEHT y mepepisi I-1,
kHw;
chlstc
KpaitHbO1 BEPXHBOI TOUKH A, cM°;
fed - PO3paxyHKOBHUI OIip GETOHY Ha CTHUCK,
3a Ta6. 3.1, JIGH [9].

- MOMEHT OTIOpPY Mepepizy BiTHOCHO

CruckanbHe HaNpy)KEHHS B KpaWHIX HUX-
HIX BOJIOKHaX TuiuTH (Touka E) nopiBHIOE:

My 3499107 _

Oc¢E E -
’ 148500
Wc, stc “4)

=239MIa < f,.,; =145Mlla
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e WE

¢, stc MOMEHT OIIOpYy Tepepizy

BI[HOCHO KpaiHIX HIXHIX BOJOKOH TUIUTH
(touxa E), cm’.
HanpyxenHst B kpailHbOMy BEpXHbOMY BO-

nokHi 6anku (Touka B):

My_; _3499-10% _

Ost,B = B -
’ 18820
Wst,stc ()
=18,59MIla < Ry 7. =264MIla
ne
Wg’ st¢ - MOMCHT O1I0pY nepepizy BigHOC-

HO KpalHIX BEpXHIX BOJIOKOH Oajnku (TOYKa
B), cm>.

R, — po3paxyHkoBuii omip cram 6anku, 240
MlIla, 3a Ta6n. I'.2, JIBH [13];

Ye — KoedimieHT ymoB pobotu crani, 1,1, 3a
tabn. 5.1, IBH [13].

Hamnpyxenns B KpaliHbOMY HUXKHbOMY BO-
J0KH1 6anku (Touka D):

My 3499-10%

Ost,D D -
’ 4823
st,stc (6)
=72,55MIla < Ry "V, =2064Mlla
ne WSIZ stc MOMEHT OIOpy Tepepi3zy

BIJIHOCHO KpaWHIX HWXHIX BOJIOKOH Oaiku
(Touka D), cm>.

TakuM 4YHMHOM, MILHICTh cTaye3anizode-
TOHHOT OaJKH 332 HOPMaJbHUMHU HANpPY>KEHHSI-
MU 3a0e31eyeHa.

CymapHa ermopa HOpMaJIbHHUX HAIPYXECHb B
cTajeBo3ai300eToHHiil Oanmi 300pa)xeHa Ha
puc. 4.

. A -539

e i /|7 % / AAAAJ

g . =
-2,39

3.37,¥3

18,59

194
=’L
w

194
-
In
w

K,

+12,55

Puc.4. Enropu HOpMaJIbHUX HAIIPYKEHb B IIepepisi OaKu.
Fig.4. Plots of normal stresses in the cross-section of the beam.

Haii0inpii AOTHYHI HamnpyXeHHS B CTIHII
cTaneBoi Oanku (i3 yMOBU MOBHOTO TpHIi-
HATTS OAJKOI0 TOMEPEYHOI CHIIM BiJl po3pa-
XYHKOBOTO HABAaHTAXKCHHS ):

Or_1- Sy 622976
-1 = = =

I,-t,  34360-095  (7)

=18,6MIla < RS Ve = 148,8Ml1la
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e

S5 — CTATUYHUNA MOMEHT HaIiBIIepepizy
Ganku, cM>;

I« — MOMEHT iHepIii mepepisy 6anku, cm*;
tw — TOBIIMHA CTIHKH OaJIKu, CM;

Ry — 135,3 MIla - po3paxyHKOBHUH OIIip
crani Oankwu 3pizy Binnosiano JIBH [13].
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YMoOBa BUKOHY€ETHCSI, HECy4a 37aTHICTh Oa-
JIKU TI0 IOTUYHHUM HaTpy>KeHHsIM 3a0e3edeHa.

[Tporun Gamnmi B mepepisi I-1:

P B
fmax_ E ] -
st “stc
5 349,9

6% = (8)

48 206-108.251600-10 8
=2,53mm < fzp =30mm

ne

S - XapakTepucTUKa, SKa 3aleKHTh BiJl
PO3paXyHKOBOI CXEMH 1 BUAY HaBaHTa)KCHHS.
s Ganmku Ha JIBOX OMOpax, 3aBaHTAXKECHOI
PIBHOMIPDHO PpO3MOJICHUM HaBaHTAXCHHSIM
0 BChOMY MPOIILOTY, NOPiBHIOE 5/48;

[f:)] — MakcumanbHE 3HA4YCHHS TPOTHUHY
Oanku, y BinnosigHocti 3 JICTVY[14], 1/200-L;

Ey - monynp nipyknHocti ctani C245, 3 skoi
BUT'OTOBJICHA OaJika.

15

CyMmapHuii mporuH OajKd HE TEpPEBHUILYE
TPaHUYHHH, OTKE, )KOPCTKICTh CTaJIeBO3alIi30-
6eToHHO1 Oanku 3abe3neyueHa.

UrcenbHe MOJEIIOBAHHS 3TiTHO 13 pEKOMe-
HpamisMu [15] Gamok y ckiami TMepeKpuTTS
BUKOHYBAJIOCH ISl TOTO, 00 BU3HAYUTH KO-
PEKTHICTh BHUKOPUCTAHHS PO3PaxyHKOBOI Me-
toguku JIBH[9] s BU3HaueHHS IIMPUHU
MOJIHII CTAIEOETOHHOTO Tepepi3y 1 Il mojia-
JBIIOTO MiA00pY OLIBII €KOHOMIYHUX Iepepi-
3iB.

[Tnuty mepekpuTTs i moiuii O6ajJoKk B po3-
pPaxyHKOBIH MoOJell MOJEIIOBAIKCS YHIBEP-
CATbHUMH TPOCTOPOBHUMHU BOCHMHBY3JIOBUMH
ckinueHHuMH eneMmenTamu tuiry CE 36. CtiH-
ka Oajdku MOJAENoBanacs YOTUPUKYTHUMU
CKIHYEHHO-€JIEeMEHTHUMHU OOOJOHKAMU THITY
CE44, saxi nns 3a0e3neueHHs CriabHoi poOoTH
3 TIOJIUIICIO 3aBOAMIMCS B ii Mexi. J{is mporo
oML OaJKM pO30MBAETHCSI IO TOBINKHI Ha
nBa KiHIeBux enemedTH (Puc. 5, a).
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Puc.5. JIo CKiHYCHHO-EJIEMEHTHOTO MOJETIOBAHHS IUIUTH: ¢ - «AHKEPYBAHHS» CTIHKHA OaaKd B IIOJHII
IUTUTH; O - TIPUBEICHHS (DAKTHYIHOTO TIEpepi3y IUIUTH IO PO3PaXyHKOBOTO MEpepizy

Fig.5. For the finite-element modeling of the plate: a - "anchoring" the wall of the beam in the shelf of the
plate; b - simulating the actual cross-section of the plate to the calculated cross-section

dakTUYHI TEOMETPUYHI PO3MIPH TO30BXK-
HiX, MONEepPeYHuX pedep IUIUT, PO3MIpH TOIe-
pedyHoro mepepizy OajoK MPHUBEIEHI 10 €KBi-
BAJICHTHUX NPSIMOKYTHHX, JJIS CIPOINEHHS
MPOIeCY MOJICITIOBAHHS €JIEMEHTIB MEePEeKPUT-
T4 (puc.5, 0).
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dakTUUHUNA Ki1ac OETOHY IIBa MiX TIIMTA-
mu C12/15 npuiiHATHI Y pO3paxyHKOBii Mo-
Jiel PIBHOMIITHUM OCHOBHOMY OETOHY ILTUT -
kiacy C20/25.

Po30uBKa CKiIHUEHHO-EJIEMEHTHOI CITKHU I10
JIOBKMHI €JIEMEHTIB BUKOHYBAJIacsi 3 YMOBU
3MEHIICHHSI 3araJlbHOTO YHCJIa CKIHYEHHHUX
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€JIEMEHTIB 1 BY3JIiB PO3PaXyHKOBOI CXEeMHU JIJIst
MIPUCKOPEHHS! BUKOHAHHS PO3paxyHKiB. 3 II€I0
METOI0 IOBXWHHM KIHIIEBHUX €JIEMEHTIB IO JI0-
B)KHHI IUIUT 1 0al0K, 110 MiAXOASATh O JOCII-
JOKYBAaHUX TIEPETHUHIB 3MEHIIYIOTHCS, a Ha 1H-
MUX JTUISTHKaX - 30imbmryroTees. Ilicnst cTBo-
pE€HHSA T€OMETPUYHOI YaCTHHU PO3PAXYHKOBOL
CXeMH 3aJaBaliacsi MKOPCTKICTh JUIsl TOJHIlH
0aJioK 1 IJINT — K JJ1a 00'€MHMX €JIEMEHTIB,
[IUITXOM BBEACHHS 3HAYCHHSI MOJYJISI IPYKHO-
cri s crani — Es = 2,06-10° MIla i mogaTko-
BOTO MOJYJISL IPYKHOCTI JJisi OCTOHY IIUT —
E. = 3-10* MIla. Takox 6ynu 1ofaHi 3Ha4YEH-

Hsa koedimientiB Ilyaccona, piBaux 0,2 1 0,3
JUTst OETOHY ILTUT 1 cTaji 0ajJoK BiAMOBITHO.

Omnopu Ganok Oynu 3a7aHi B KpalHIX TOY-
KaxX HIKHIX TIOfCIB, 371iBa - HEPYXOMUH IIap-
HIp, KU 3a00pOHsIE JTHIIHI 3MIIEHHS BY3JIIB
0aJoK 32 TPhOMa OCHOBHHMH HAINpsSIMKaMu X,
Y, Z, a mpaBopyY - JiHIHHO-pyXOMa o1opa, 1o
MEPEIIKOKA€e 3MILIIEHHS 32 IBOMa OCHOBHUMU
HanpsiMKamu Y, Z.

HaBaHnTaxkeHHsIT B pO3PaxXyHKOBIM cxemi
MPUKIIAJIEH] IO BEPXHIX CKIHYCHHUX €JIEMEH-
TiB, IO MOJEIIOITh POOOTY TMOJKH TUIUTH
(puc. 6, a).

L L L L L L L]
L L iy
BRI EEERIIRREE 114

Puc.6. JlocnimkyBaHa grcenbHa MOJENb (PparMeHTy HEpeKpHUTTS: a - CXeMa MPHUKJIAJaHHI HaBaHTAKCHHS
JI0 TUTUT TIOKPUTTS; O - hacaa po3paxyHKOBOI CXeMHU

Fig.6. The investigated numerical model of the fragment of the floor: a- the scheme of application of the
load to the floor slabs; b - the facade of the numerical model

Puc.7. Cxema nepexputts i 6anku micist po3paxyHky B [IK «JIIPA CAIIP»: a - Buz 3 Topis 6aok; 6 - Bua
300Ky Bij 0alok; 6 -neopMoBaHa cxemMa HalOUIbIIT HABAHTAXKEHOT OaJIKH.

Fig.7. The scheme of overlapping and beams after calculation in SP “LIRA CAD”: a - view from the end
face of beams; b - side view of the beams; ¢ - deformed scheme of the most loaded beam.

JedpopmoBaHa cxeMy NEpEeKpPHUTTS Ta cXema
Oayiku Ticis BUKOHaHHS po3paxyHky B IIK
«JITPA CAIIP» npencrasneni Ha puc. 7.
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Jnst Bepudikaiii pe3yibTariB po3paxyHKy
OyB BUKOHaHHMH pO3paxyHOK IIEPEKPUTTS B
nporpamHomy komruiekci «SCAD  Office»

(puc. 8).
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3riIHO OTPUMAHHUX PE3YIbTaTIB PO3paxyH-
Ky OJIOKY TEpEeKpHUTTs] y MPOTpaMHUX KOM-
JIeKcax, neopmMoBaHi CXeMH MOBHICTIO 1/1€H-
TiyH1 ogHa oAHii. [IporuH, a TakoK 3HAYCHHS

HOPMAJIBHUX 1 JOTHYHHUX HANpYXeHb B po3pa-
XYHKOBOMY Tiepepi3i HalOiIbI HaBaHTaKEHOI
OaJIKM TAKOXK OTHAKOBI.

Puc.8. Cxema nepexpurts i 6anku micis pozpaxyHky B [IK «SCAD Officex»: a) Bux 3 Topus 6anok; 6) Buz
300Ky Biz OaJIoK; B) nehopMOBaHa cXxeMa HalOLTBIT HaBaHTAXKEHOT OAJIKH.

Fig.8. The scheme of overlapping and beams after calculation in SP “SCAD Office”: a) view from the end
face of beams; b) side view of the beams; ¢) deformed scheme of the most loaded beam.

Po3paxyHkoBuil mepepi3 B MOJENIbOBaHiH
Oautini mpeacTaBiIeHoO Ha puc. 9

Puc.9. Po3paxyHkoBuii iepepi3 Oanku: a) po3TairyBaHHs 0 JOBXKHUHI; 0) BUTIAA B 3D mpoekii
Fig.9. Calculated cross-section of the beam: a) location along the length; b) view in 3D projection

Posnonin HOpMaabHUX 1 JOTHYHUX HAMPY-
KEHb 110 EJIEMEHTaX PO3PAXyHKOBOTO MEpepizy
npencrapieHuid Ha puc. 10. 3HayeHHs Hanpy-
KEHb B Oalli 1 IIUTI, OTPUMAaHI MUISIXOM aHa-
JITUYHOTO PO3pPaxyHKy 1 YHCEIBHOTO MOJe-
JIOBaHHS B PO3PAaXyHKOBUX KOMILIEKCAX Oynn
MpOaHaIi30BaHi 1 MOPIBHIHI MK cO00t0 (TalJI.
1, puc. 11).
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Amnaniz HJIC 6anku i IUTH B pO3paxyHKO-
BOMY TMepepi3i IMoka3aB, IO PO3PAXyHOK 3a
Meroaukoro JIBH [9] nae nemio 3aBHINeHI 3HA-
YEHHsI HaNpYKEHb y MOPIBHIHHI 3 pe3yJbTa-
TaMH, OTPUMaHUMHU TIPH MOJETIOBaHHI, 1 1Ie,
0€3yMOBHO, MMO3UTHBHO TIO3HAYAETHCS HA PO3-
paxyHKy 3 TOYKH 30pYy MIIIHOCTI MaTepiaiy i
e B 3amac MIIHOCTI.
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Puc.10. ITapamerpu HJIC enemeHTIB po3paxyHKOBOTO Iepepi3y MiCII pO3paxyHKyY: a - HOpMaJbHI HAMpy-
JKEHHSI Y BEpXHill TOYIl monuLi MiIuTH (To4ka A); O- HOpMalbHI HANpYXEHHS B HIKHIM TOYMi TO-
nuni wntH (Touka E); ¢- HopManbHi HampykeHHs B mosicax Oanku (Touku B, D); 2- noTnuni Ha-
MIPY>KEHHS B CTIHII OaKH

Fig.10. Stress-strain state parameters of the elements of the calculated cross-section after the calculation: a-
normal stresses at the upper point of the plate shelf (point A); b) normal stresses at the lower point
of the plate shelf (point E); ¢) normal stresses in the belts of the beam (points B, D); d) shear stress-
es in the wall of the beam

Ta6u. 1. [lopiBHsIIPHA TaOMUIIT pE3yNbTATIB aHAJ3Y CTaNe3a1i0ETOHHOTO Mepepizy
Table 1. Comparative table of results of the analysis of steel of concrete section

oMot XapakTepucTuka AHaNITHYHUHA MoetoBanss T—— Pizanng, n
HAC PO3paxyHOK pas
Ost,B + 18,59MIla +8,44 MIla 120,3 2,203
Bamxa Ost,D +72,55 MIla +67,05 MIla 8,2 1,082
T 18,6 MIla 7,475 MIla 140,8 2,41
Smax 2,53 MM 4,37 mm 42,1 -1,73
OcB -5,393MIla -2,03 MIla 165,7 2,66
[Tnuta OcE -2,386 MIla +0,642 MIla 371,7 4,72
o I i Puc.11. Emopa HOpMaahHUX HANPY>KEHb Y
z // g li’/ ///A ] 1 PO3paxyHKOBOMY Tiepepisi, OTpHMaHa
] T 2,388\ LUISIXOM aHAJII THYHOTO PO3PaxyHKY
o N\ s 0 Ta 3a JIOTIOMOT'OX0 YHCEIBHOTO MOJIe-
2 - ﬂ\ JIFOBAHHS
P & Fig.11. Diagrams of normal stresses in the
g ! 3 = calculated cross-section, obtained by

analytical calculation and by numeri-
cal simulation
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3HavYeHHS MPOTHWHIB B Tepepi3i crane3ai-
300€TOHHOT OaJKH, po3paxoBaHi 3a (OpMyIOI0
(8) MeHIIe, HIXX 3HAYECHHS, OTPUMaHI MPU MO-
JICITIOBaHHI, 110 MOKE CBITYUTU MIPO HEKKOPE-
KTHE 3aCTOCYBaHHS i€l hopMyHu TIpu po3pa-
XYHKY.

Kpurepiem 301KHOCTI pe3ynbTaTiB aHai-
TUYHOTO PO3PAXYHKY 1 YMCEIBHOTO MOJEINIO-
BaHHS € 3HAYEHHS HOPMAIBHUX HAIPYXEHb B
KpailHbOMY pPO3TATHYTOMY BOJIOKHI Oaiku
(Touka D), siki BiApI3HAIOTHCS HE OUIbIIe, HiX
Ha 8,2%, 1O CBIAYUTH MPO KOPEKTHICTH 3a-
CTOCYBaHHS JaHOi METOJIUKH (BHOOpY po3pa-
XYHKOBOI IIMPHHU TOJHII, siKa Oepe yJacTb B
po0OTI TIepepi3y) sl PO3PaxXyHKY CTalie3ali-
300eTOHHUX Oasok 13 30ipHMMHU 3aTi300€TOH-
HUMH TUTATaMU.

koBoro cxemoro (I Ne 40I11) nmpu ypaxyBaHH1
il cinpHOI poOOTH 3 KOPCTKUM JTUCKOM TIepe-
KPUTTSI Ma€ BEJIMKHUH 3amac MIIHOCTI (MaKCH-
MaJIbHI HOpMaJIbHI HampyXeHHS B PO3paxyH-
KOBOMY miepepisi cknamm 72,55 MIla), y 3B's13-
Ky 3 UM OyB BUKOHAaHUH mifdip OuIbII eKo-
HOMIYHOTO Tmepepizy Oamkm, a came I Ne
261112. BpaxoBytouu, 1110 IHUPHUHA MOJIKU M-
OpaHOTO BOTaBpPY HE 3a0e3nedye HEeO0OXiTHOI
JIOBXUHU o0mupanHs mwiutd (mo 150 mMMm 3
KO)KHOTO OOKY Bij Bici cumertpii Oanmku), Oy-
JIEMO 3aCTOCOBYBATH HAKIAAKH 13 CTaleBUX
JIUCTIB, SIKI MPUBAPIOIOTHCA JO BEPXHIX IIO-
TUIH OATTKK B MICISIX OOTMPAHHS TUTHT.

[Ticns po3paxyHKy HamnpykeHb y TiniOpa-
HOMY Tiepepisi Oanku OyB BHKOHAHHUU TMOPIB-
HsuTbHMM aHaui3 napametpiB HIC, pesynpTaTn

PesynpTati po3paxyHKy cBig4aTh, 10 Oaj- SIKOTO IpeCTaBIeHI B TabII. 2.
Ka, po3paxoBaHa 3a TPAAMIIIHHOI pPO3paxyH-
Tao.. 2. [lopiBHsbHA TaONMULS pe3yabTATIB aHAi3y PO3PaxyHKIB 3a IBOMa METOJUKAMH
Table 2. Comparative table of results of the analysis of calculations by two methodics
Pospaxynok 6e3 PospaxyHok 3 ypa-
- XapakTeprucTruka yan}.’.BaHHH CIi- | XyBaHHSAM CHIIBHOL Pistm, % Pizauts, n
HJIC nmeHO1 podoTtH (I poboTtu pas
Ne401111) (I Ne261112)
Ost,B + 18,59MIla +73,63 Mlla 266,3 3,663
Banka Ost,D +72,55 MIla +157,8 MIla 101,2 2,012
L 18,6 MIla 144,2 MIla 93,8 1,938
Jmax 2,53 MM 5,13 MM 123,0 2,230
OcB -5,393MIla -8,5 MIla 45,8 1,458
[TnuTa OcE -2,386 MIla -1,29 MIla -49.,4 0,506

Hanpy>xenns i gegopmariii B xapakTepHUX
TOYKax MiAIOpaHoro mepepizy iCTOTHO 3POCIH
3a paxyHOK 3MEHIIIeHHs Horo po3Mipi. Hemo-
CTaTHE HABaHTAXEHHS 3a HOPMAJbHHUM Ha-
NPYXEHHSM KpalHbOrO HUKHBOTO PO3TATHY-
TOT'O BOJIOKHA OAaJTKW CTAaHOBUTH!

oc—-R_ -y
A, Y "€ 100% =
R, 7, ©)
157,8-264

-100% = —40,23%

HamnpyxeHHs B KpallHbOMY HUKHbOMY CTHC-
HYTOMY BOJIOKHI TUTUTH (Touka E) 3MeHmmm-
Cs 32 PaxXyHOK 3MIIIIEHHsI HEUTpaIbHOI Bici
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Oaky OIMyKYe [0 IUIUTH 1 3MEHIIEHHS CTHC-
HYTOT 30HH Mepepizy.
EdexT exonomii ctam mo maci Bia ypaxy-
BaHHS CyMiCHOI poOOTH OajKu 3 ITUCKOM Iie-
PEKPHUTTS CKIIAB:

My -M,
A =—1 2 q00%=
m M
1 (10)
_376,6=31104 100, _ 46.1%
564
pi(S]

M — maca 6anku iepepizom [ Ne 401111,
JOBKUHOIO 6M, TiAiI0paHoi 3a KIIACUYHOO
P3paxyHKOBOKO METOMKOIO;
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M> — maca OGanku miepepizom [ Ne 261112,
JOBXHHOIO OM, mimiOpaHoi 3 ypaxyBaHHSM
CyMicHOT po0OTH 13 30ipHUMH 3a11300€TOHHU-
MU TUTUTAMHU.

Takum 4MHOM, ypaxyBaHHS CIUIBHOI po0o-
TH CTajeBOi OalKH 1 KOPCTKOTO TUCKA MEpeK-
pUTTA 13 30ipHOTO 3ali300€TOHY JO3BOJISE
3MEHIIUTH BHUTpATy Marepiany Oanku Ha
46,1% B MOpIBHIHHI 3 PO3paxyHKOM 0e3 ypa-
XyBaHHS CIJILHOT POOOTH KOHCTPYKIIIH.

BUCHOBKMU I ITEPCITEKTHBH
IMOJAJIBIINX JOCIIIIPKEHD

YucenbHUM  €KCIIEPUMEHTATBHUM  JIOCITi-
JDKEHHSIM CIITBHOI poOoTH cTaneBoi Oanku 3
pedpuCTMH 3aT11300€TOHHUM TUTUTaMH TIepe-
KPUTTS MiJITBEpHKEHA KOPEKTHICTh 3aCTOCY-
BaHHA po3paxyHkoBoi metoauku JBH [9] mns
BU3HAYECHHS e€(EKTHBHOIT UIMPUHH TOJHII TaB-
POBUX 3THHAJIBHUX CTAJIC3a/11300€TOHHUX €Jle-
MEHTIB. MeToAuKa JOCTaTHbO KOPEKTHO BiJ0-
Opakae JilicHy poOOTY KOHCTPYKITIN - Pi3HHIISA
3HAUeHb HANPYKEHb Yy KPailHbOMY pPO3TSATHY-
TOMY BOJIOKHI CTaJIeBOi OaJIKW B CKJIaJi CTaje-
3ali300€TOHHOTO Tepepidy, OTPUMAaHUM 3a
JTaHOK METOIMKOI 1 IIISIXOM EeKCIIePHMEHTa-
JHHOTO YHCENBHOTO aHai3y ckiana 8,2%.

Po3paxyHok Oanku 3 ypaxyBaHHSM CIijIb-
HO1 POOOTH 3 JUCKOM TEPEKPHUTTS 13 30ipHOTO
3aJ1i300€TOHY MPUBIB JIO 3HAYHOTO 3HIKEHHS
Macu Oanku - Ha 46,1% B TOpIBHSIHHI 3 pO3pa-
XYHKOM Oanku 0e3 ypaxyBaHHs CIIJIBHOI po-
60TH.

[Tpu migbopi ekoHOMIYHOTO TIepepi3y Oai-
KA y CKJIQAl NEPEeKPHUTTA JIIMITYIOUUM (haKTo-
pPOM BUSIBUJINCS JOTHUYHI HANpPYKEHHS, MakK-
CUMAaJIbHI 3HAYeHHS AKuX B cTIHIN | Ne26I112
O0M3bKi 10 po3paxyHKoBHX. J[oTHuHI Hampy-
KCHHSI BU3HAYAIOTHCS 3 MEPEIyMOBH ITOBHOTO
iX CIpUHAHATTS CTIHKOIO Oanku 0e3 ypaxyBaH-
HSl pOOOTH MOJHIN TUIUTH, sIKAa YaCTKOBO PO3-
BaHTAXY€ CTIHKY OaJIKM, SIK IOKa3yIOTh YUCe-
JIbHI €KCTIEPUMEHTAJIbHI JOCIIDKEeHH. BuHu-
Ka€ MOKJIUBICTD I1I€ OLIBIIIOT €KOHOMIT MaTepi-
airy O6anmok. HemoctatHe HaBaHTa)KEHHSI 32 HO-
pMaTbHUMH HAINPYKEHHSM B Tepepisi CKialo
40,23%.
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Ile cBiAUUTH MPO BUCOKY €(DEKTHUBHICTH
criibHOI poOOTH cTaneBoi Oalku 1 AMCKA TIe-
PEKPUTT 13 301pHOTO 3a11300€TOHY.

CroinpHa poboTa AMCKIB MOKPUTTIB 13 30ip-
HOTO 3aJ1i300€TOHY TIPU pPO3paxyHKax cTalie-
BUX 3TMHAILHUX KOHCTPYKIIiH O3BOJISIE 3HAY-
HO GKOHOMHTH Martepiall HeCy4nX KOHCTPYK-
1iif i Mae OyTH OOOB'SI3KOBO BpaxoBaHa MNpHU
MPOEKTYBaHHI HOBHX Oy[iBeNb 1 PEKOHCTPYK-
1ii ICHYFOUHX.

OpmnHak 111 pO3pOOKH TOYHOTO Ta HAIIHHO-
IO pO3paxyHKOBOIO amapary B JJaHHOMY Ha-
MpsIMi BBOKAETHCS 3a HEOOXiTHE MPOJOBKEH-
HSl YMCENBHHUX JTOCIIKCHb IIJISTXOM MOJEIIO-
BaHHS HEJIHIMHOI POOOTH MarepiaiiB, ypaxy-
BaHHS PI3HUX KJIACiB OETOHY IIBA Ta KOHCTPY-
KIIif, 3aKIaHUX JeTaled TUTUT 1 Bepudikaris
pE3yNbTATIB IIISXOM TIPOBEACHHS EKCIIEPH-
MEHTaJbHHUX JIOCIIIKEHb.
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Modeling of joint work of steel beam
constructions with reinforced concrete
ribbed floor slabs

Yevhen Dmytrenko

Summary. Traditional methods of calculation
of beam constructions of floors and coverings of
industrial buildings assume their consideration
when calculating separately from the frame
structures, in particular, reinforced concrete slabs,
without taking into account their joint work, which
leads to a significant margin of safety. Today in
Ukraine there is a significant number of industrial
buildings and structures that need strengthening
and reconstruction.

In this regard, of particular importance are
studies of the actual load-bearing capacity of the
frames of single-storey and multi-storey industrial
buildings, and both in the reconstruction and in
new construction, the results of which will
significantly reduce costs and more rationally
design structures.

At the same time, one of the most relevant areas
is the study of the joint work of metal load-bearing
structures with prefabricated reinforced concrete
structures of rigid disks of coatings and floors in
their calculation.
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Moreover, in the national building codes, as
well as in the educational and methodological
literature, the calculation methods of taking into
account the joint work of such constructions are
not fully covered.

The purpose of this work is to estimate the
reduction of mass of the metal beam structure in its
calculation in bending, taking into account the joint
work with the rigid disk of the floor consist of
precast concrete.

As part of the study, the calculation of the floor
beam according to the traditional calculation
scheme - without taking into account the joint
work with the floor slab, the calculation of its
cross-section taking into account the joint work
with floor slabs and experimental numerical study
of the floor by the finite element method.
Modeling of the floor fragment was performed in
the software packages "SCAD Office" and "LIRA
CAD 2019".

Numerical research is aimed at verifying the
feasibility of using the calculation methodology of
DBN B.2.6-98-2009 to determine the effective
width of the shelf when calculating the T-sections
for prefabricated reinforced concrete slabs, which
are included in the joint work with the floor beams.
A comparative analysis of the obtained cross-
section of the beam with the beam which was
previously calculated by the traditional method of
calculation in stresses in the most dangerous cross
section and the total mass of the beams.

According to the results of the analysis, the
correctness of the application of the above
normative method for determining the effective
width of the shelf of T-bending reinforced concrete
elements was confirmed.

Keywords. Rigid disk of floor; the first limit
state; ribbed reinforced concrete slabs; stress-strain
state, effective width of the plate shelf.
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cnonyk miai peputnsauiero
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AnoTtanist. CTaTTIO TPHUCBIYCHO BHUPIMICHHIO
akTyanbHOi mpobieMu — po3poOKu eeKTUBHUX
METOIB OYHMIIECHHS BOAU BiJ 10HIB BaXXKMX METa-
JIB 13 CTIYHUX BOJ IPOMHCIIOBUX IiIIPHEMCTB.
Huni Ginpie yBaru mpHIUIAETbCS TEXHOJOTISAM,
SIKi JTO3BOJISIFOTH YTUIII3AIlF0 KOIITOBHUX METAJIB,
OpraHizaii0 OOOPOTHOTO BOOIIOCTAYaHHS 1
OTPUMaHHS O€3MEYHUX U1 YTWIi3aIlii OcCaiB.
[IpoBeneHO  eKCHIEpUMEHTANbHI  JOCIIKSHHS
BIJIyYCHHS 10HIB Mifi 3 NMPOMHC-TOBHX CTIYHHX
BOJ TAIBBAHIYHOTO IIEXY METOIOM (epUTH3AIlii.
JocnimpkeHo mpornec yTBOpPEeHHsS (epOoMarHiTHUX
CIIOJIYK Mifi 1 3ami3a. BuB4ueHO BIUIMB Ha Xig TIPO-
necy Qgeputnzariii yMoB ii IpOBEACHHS — KOHIICH-
Tparlii i CIBBIAHOIICHHS 10HIB MiJi 1 3aii3a, TeM-
neparypu, pH cepenoBuiia, BUTpaTH OKHCIIOBaYa
— KHCHIO TIOBITps. Bu3HaueHO omTMMaibHI Tapa-
METpH Tporiecy (epuTh3allii Juisi OYUCTKH CTid-
HUX BOJ B/l Mi/li 3 MOYAaTKOBOK KOHIICHTPAIII€O
1o 10 r/n. Tloka3aHO MOXIIMBICTh YTBOPEHHs (e-
puTy Mini Ge3 aepaumii mpu temmeparypi 20° C.
Buxonano mocmimkeHHs (Pi3uKO-XiMiYHHX BIaC-
THBOCTEH OcCajiB, IO YTBOPIOIOTBCS B TIPOIIECi
dbeputmzamii. JlochHipKeHHSIMH ~ TOBEACHO, IO
3aJIMIIKOBAa KOHUEHTPALis MiZl B PO3YMHI MiCIs
3aCTOCYBaHHS 3allPOIIOHOBAHOI TEXHOJOrIl 3Ha-
xoauThes B Mexkax Big 0,14 mo 0,6 mr/n. Edexru-
BHICTb BHJAJIEHHA Migl cTaHoBUTHE 99,98%.
BcraHoBiieHo, 1110 pU TeMmepaTypi MPOBEACHHS
nporecy B Mexax 50...70° C, crispignomenni Cu
:Fe=1:27, pH = 8.8...10.5 Ta iHTeHCHBHOCTI
aepartii 4...8 JI/XB yTBOPIOIOThCS OCaIH, sKi CKJa-
JAIOThCSl B MEPEBaXKHIH OimbIIOCTi 3 (epuTiB Ta
METaJIeBOT Mii.

KnruoBi ciaoBa. CtTiuHi BOAW; TajJbBaHIYHE

BHPOOHHMITBO;, (epuTu3alis; e(OeKT OYNCTKH;
3aJ1i30; MiJib; pepur.

58

OneHa 3opsa
OOoueHT kadenpu
BOAOMOCTaYaHHs Ta
BOAOBIABEOEHHS,
K.T.H., OOL|EHT.

Onekcin TepHoBLEB

OOLEHT Kadbeapu
BOJOMOCTaYaHHs Ta
BOJOBiBEOEHHS,

KepiBHuk «JlabopaTopii Bogm»
KHYBA

K.T.H., AOLIEHT.

- OmuTtpo 3opsa

= ®lhxeHep | kaTeropii
«JTabopaTopii Bogn» kacdenpu
BOOOMNOCTAYaHHA Ta
BOOOBIOBEAEHHS,
K.T.H.

BCTVII

CyuacHMii HayKOBO-TE€XHIYHHH mporpec
MOB'SI3aHUH 3 TIOCTIMHUM MPUCKOPEHHSM TEM-
MiB CIIOXKMBAHHS BOJHHUX PECYpPCIB 1 pO3BUT-
KOM BUpOOHHLTB. byap ska ramy3p mpommuc-
JIOBOCTI € JDKEPENIOM MOTPAIUISIHHS Y BOJHE
CepeloBHUIlE 3a0pYAHIOIYNX PEYOBHH 13 CTi-
YHUMHU BOJAaMH, SIKI MOTIPIIYIOThH ii SIKICTb.
KinpkicHMII 1 SKICHUH CKJIAX CTIYHAX BOX
PI3HOMAaHITHHH 1 3aJI€KUTD BiJ raiysi mpoMu-
CJIOBOCTI Ta TEXHOJIOTTYHHX TporieciB. 3a0py-
JTHEHHS TPOMMCJIOBUX CTIYHUX BOJ CKJIaja-
IOThCS 3 3IHIIKIB 00OPOOITFOBAHOT CHPOBUHH 1
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peareHTiB, 3aCTOCOBAaHUX B TEXHOJIOTTYHOMY
nporeci. Haiibinpm xapaktepHumu i HeOe3-
MEYHUMHU 3a0pyTHIOIOYUMHU PEYOBHHAMU CTi-
YHUX BOJ] OCHOBHHUX Tally3eil MPOMHUCIOBOCTI
€ ekcrparyroun pedoBuHHu, [IAB, ioHH Bax-
KMX MeTajliB (MiJb, 3aJli30, IHHK, HIKEIb),
pi3Hi opraniuai pedoBuHH.[1,2] OcobimBoro
cneun(iko  BIIPI3HAIOTHCS — TajbBaHIYHI
MPOIECH, SKI IHUPOKO BUKOPUCTOBYIOTHCS Y
BUPOOHMYOMY LHKJII MAaImuHOOYiBEIbHUX,
MPUIAA00yIIBHUX, EIEKTPOTEXHIYHHUX ITiJII-
pueMcTB. 3 0IHOTO OOKY, TaKi MiIIMPUEMCTBA
CIO’KMBAIOTh 3HAYHY KUIBKICTh YUCTOT BOJIH, 3
HIIIOTO — YTBOPIOETHCS BENUKUNA 00°eM pij-
KUX BIIXOMIB (CTIYHHUX BOJ, EJIEKTPOJITIB 1
pisHux KoHIeHTpaTiB). llpu ix mepepoOiri
pEareHTHUMH, EJICKTPOKOATYJISAIIMHIMH, 10-
HOOOMIHHUMHY 1 IHITUMHU METOJaMU yTBOPIO-
OTHCS TOKCUYHI BIIXOMHU - FaJIbBaHIYHI IILIa-
MU, SIKi CKJIAJJAIOThCS 3 BAKKOPO3UMHHUX TiJI-
POKCHIIB, KapOOHATIB, CYIb(DiliB BaXKKUX
MetauiB [3]. HaiiGinbin 1oiibHUM CIOCOOOM
yTHITI3alii TaJbBaHIYHUX MIJIaMIB TMPEICTaB-
TISETHCSI KOMIUIEKCHE MUTy4EHHS 3 HUX KOIITO-
BHHX pEareHTiB, OJHAK BCi po3poOJeHi Tex-
HoJIoTi1 MOoTpeOyIoTh BUKOPHCTAaHHs Oararoc-
TaIIHHUX TIPOIECIB 3 BUKOPUCTAHHSAM Pi3HO-
MaHITHHUX, B TOMY YHCJi TOKCHYHUX( XIMidHI
Meronu) [4] abo 3HAYHUX BHUTpPAT EHEPTii
(emextpoximiyni Mmertomu) [5]. Kpim Toro,
peamizaiisi TakuX MPOIECiB MOTpedye 3HAU-
HUX KamiTalIbHUX BKJIaAeHb. OgHUM 3 mepc-
MEKTUBHUX HAIPSMKIB BUPIIICHHS TTPOOIEMHU
JKBigamii noramMiB - IX XiMigHa cral0lmisaris
MeroaoM (eputmzartii - monudikaiii peareH-
THOTO OYHIIEHHS CTIYHUX BOJ BiJ 10HIB BaX-
KAX METaIIB 3a JOIOMOIOI0 3ai30BMICHUX
peareHTiB [6,7].

OCHOBHE JIOCJIJKEHHS

OcTaHHIM YacOM MPAKTHYHE 3aCTOCYBAHHS
3HaXOAUTh GEepUTHUN MeTOoI (MeToN (hepuTH-
3aiii), sk MoauQiKallisi peareHTHOr0 METOy
OUMIIEHHSA CTIYHUX BOX BiJ 10HIB BaXXKHUX
METaJIiB 3a JIOMOMOTO0 3aJli30BMICHUX peare-
HTiB [8,9,10].

3amizo, sk enemeHT mob6iyHoi VIII miarpy-
MU, TIPOSIBJISIE 3HAYHY XIMIYHY aKTHUBHICTB,
Ma€ BHUCOKY CXWJIBHICTh JI0 AJOTPOMIYHHX
Moaudikaiii i 10 mpocTopoBO-(ha30BUX IIe-
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pPETBOPEHB. 3aJ1i30 YTBOPIOE 037114 CIOJIYK K
CTEXIOMETPUYHOTO CKJIaay, Tak 1 Oepromis-
Horo xapakrtepy. OcTaHHI BimirparoTh Bax-
JUBY POJIb MPH MPOSBI 3al1i30BMICHUMH pea-
TeHTaMHU KOaryJjror4voi Ta aacopOmiiHol mii
[11,12].

OunnieHHsT CTIYHUX BOJ (EPUTHUM METO-
JIOM TIOJISITa€ B COPOITii TOMIMIOK (B T.4. 10HIB
BOKKUX METajiB) MarHiTHUMHU TiIPOKCHUIAMHU
3aji3a, B yTBOpEHHI (pepHTIB 3 MOJAIBIIOO
TOMOXIMIYHOIO PEaKII€r0 3aXOIJICHHS cOpOo-
BaHUX PEYOBUMH KPHUCTATIYHOIO PEIIiTKOIO
dbeputy. OepuTH — 1€ MOXiAHI TIMOTETUIHOT
3amizucToi kucinotu HFeOs, B skiit 10HU BOJI-
HIO 3aMimeHi i1oHaMu MeTaimiB. OCHOBHHUM
peareHToM (epuTHOI OOPOOKU CTIYHUX BOJ
CIIYXUTh TiIpaT CiPYaHOKHCIIOTO 3aKHCHOTO
3amiza FeSO4 - 7H20, 1o € Bigxomom BUpOO-
HUIITBA JIBOOKHCY THTaHy a0o0 TpaBJICHHS
craini. Bnepuie meroa deputuzanii s odnc-
TKJ CTIYHMX BOJ BIJ MiJl Ta IHIINX BaXKKUX
METaJIiB 3alpoINOHYBaJIN SMOHCHKI BYEHI B
1972 pori [13]. Ouuctka BigOyBanachk 3a Ha-
CTYIHOIO CXEMOIO: JUIsl BUJIYYEHHS 13 CTIYHHX
BOJI KaTioHIB AojaBanu 3aiizo (II) B kiIbKoCTI
2....100 r — ioHiB Ha 1 T — i0H 10HY MeTaIy,
110 MICTATBCSA B PO3YWHI 1 JYrd B KUIBKOCTI
MPOMOPIIiHIA KiTbKkocTi kucnoTH. [loTim
CTIYHY PiIMHY MPOIYBAJIM Ta30M, 1110 MICTHTb
KuceHb it okucieHHs 3amiza (II) i meperBo-
penns Fe(OH), B Fe3O4 a60 FeOOH, sixi mo-
TIM BMJIy4Yajd MarHiTHOIO cemapauiero. B
SKOCTI Ta3y OKHCIIOBa4a BHUKOPHCTOBYBAJIU
KuceHb a0o moBiTps. OOpoOKy BOIU IMPOBO-
v ipu Temrepatrypi 60°C.

[Ipomniec mpotikae B 1Bi crazmii [14]:

- peakiiis HeuTpamizarii

xM2 + (3-x)Fe?" +60H" — MxFe M,Fes.
X(OH)6

- OKHUCIIIOBaJIbHA PEAKIIis
MiFes(OH)s + 502 — MyFesx04 + 3H:0

B ocraHHi poku 3HayHa KUIBKICTH POOIT
MIPUCBSYCHA BJIOCKOHAJICHHIO Tpoliecy (epu-
TH3aIli, JOCIIIKEHHSM BIUIMBY Ha peakii
TeMIIepaTypHy, 3HaueHHs pH po3unHy, KOHIE
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Hrpamii com 3amiza (II), kiibkoCTI 1 BUIY
okuciroBaya [15].
st inTeHcudikarii mporecy B peakmiiHy
CUCTEMY JIO/Ial0Th B SIKOCTI 3aTpaBKH KpUCTa-
1 MarHeTuty abo GeputTy MeTaily, SIKHi BU-
ny4atoTh [16]. Po3pobreHo 3HaUHYy KiTbKICTh
TEXHOJIOTIYHUX TPUHOMIB OTPUMAaHHS (epu-
TiB 3 MOKPALICHUMHU COPOLIHHIUMH BIACTUBO-
ctamu [17], a Takox crHemiaJbHUX arapariB
JUTst iX BUKOpHUCTaHHS [ 18]
[lepeBaru (epuTHOrO METOAY MOJSATAIOTH
B HACTYITHOMY:
- MOJKJIMBICTh OJHOYACHOI OYHMCTKH CTI4-
HHUX BOJ Bij 0araTbox Ba)KKHUX METAJIB;
- MOXKJIMBICTh OYHCTKH BOJHM 3 BHCOKOIO
KOHIIEHTPAILII€0 JOMIIIOK;
- MOXKJIUBICTh BWJIyY€HHS 3a0pyAHEHB, 110
3HAXOMATHCS B CTIUHIN PiUHI Y BUTIISAII
TBEPJIMX YACTUHOK B 3aBUCIIOMY CTaHi;

Puc. 1. JIabopaTopHuii CTECHI TSI OTpUMaHHS QEPUTY.

Fig. 1. Laboratory stand for ferrite production.

MonenpHi pO3UMHU TOTYBAIU 3 HACTYITHUX
pearentiB: cymbdary wMigi  CuSOs 5HO
(Copper (II) Sulphate pentany drate), cynbda-
Ty 3amiza FeSO4-7H20O (Ferrous (II) sulphate
heptahydrate), 32% rigpokcuay HaTpito
NaOH (32% Sodium hydroxide solution), 0,1
Monb Tigpokcuay Hatpito NaOH (0,1 mol
sodium hydroxide solution), mucTuiIbOBaHOI
Boau H>O (Distilled water).

JIisi MpUroTYBaHHS PO3YWHIB 1 MPOBEICH-
HSl EKCIIEPUMEHTIB BUKOPUCTOBYBAJIU: KOJIOY
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- BUCOKOSKICHA OYMCTKA CTIYHHUX BOI O€3
BTOPUHHOTO PO3YMHEHHS OCaIYy;

- CIIpOIIIEHA Cenaparis;

- MOXKJIMBICTb BHKOPHCTaHHS (EepuTiB B
SIKOCT1 TIPOMHUCIIOBOI CUPOBUHH, IS ajI-
copOeHTIB 3aTpaBKHU.

OcHOBHUI HEONIK MeTony (GepuTHh3arii —
HEOOXIHICTh BHCOKOTEMIIEpaTypHOi 00po0-
KM, BUKOPHUCTAHHS BEJIMKOI KUTHKOCTI COJeH
3ajiza, BTpara Mifi, ska 3HaXOAUTHCS B OCai
1 € KOIITOBHOI CHPOBHHOIO ISl 0araThox
BUpPOOHUITB [18].

JlocCImipKeHHST TIPOBOJMIIMCH HAa EKCIIePH-
MEHTAJILHUX YCTaHOBKaX y Jlabopatopii ¢i3u-
KO-XIMIYHMX METOIIB OYMCTKHA BOoau KHiBCH-
KOTO HalllOHAJIbHOTO YHIBEPCHUTETY OYIiBHH-
IITBA 1 apXITEKTypH Ta JabopaTopii YHiBepcH-
tery JlroaBira-Makcuminiana B micti MrioH-
xeH, Himeuunna (puc. 1).

1.- xonba 3 TppoMa ropiioBuHamu, Schott; 2.-
BOJsiHA OaHs;

3.- eJCKTPUIHHUN MiAIrpiBad C TEPMOCTATOM;
4.- MarHiTHU NepeMilryBay;

5.- MarHiTHHHA MiIIaJbHUK;

6.- pH metp; 7.- enextpon pH metpa;

8.- xommpecop,

9. -cucteMa po3mnoAiTy HOBITPS;

10.- eeKTpOHHUHN TEPMOMETD;
11.-TepMogaTIHK.

1.- flask with three necks, Schott; 2.- water
bath; 3. - electric heater with thermostat; 4.-
magnetic stirrer; 5.- magnetic stirrer; 6.- pH
meter, 7.- electrode pH meter; &.-
compressor; 9.- system air distribution; 10.-
electronic thermometer; 11. temperature
sensor.

3 TpbOMa TOPJIOBHHAMH, MIpHI MWIHIPH 1
konbu ¢ipmu Erlenmeyer , konbOu CKISHKH 1
JidKM 3 JaboparopHoro obnagHaHHs Schott.
JIJ1s1 KOKHOTO €KCIIEPUMEHTY I'OTYBaIM HOBUI
MOJYJIBHUM PO3UMH CTIYHUX BOJ 32 HOMEPOM
ING. [IIpobu roryBanmmch 3 TOPOIIKIB
CuSO4-5H,0 Tta FeSO4 7H>O B motpiOoHOL
KUIBKOCTI. Bara KO>KHOTO MOPOIIKY BUMIpPIO-
BaJlach Ha JIaOOPAaTOPHUX aHATITHYHHX Barax
Axis AD 100, po3mimianachk B MipHUX KOJI0aX,
SK1 TOTIM 3allOBHIOBAJIM JUCTHILOBAHOIO BO-
1ot . Bei excriepumenTtu 3 geputuzaiieto, 3a
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OJIHUM BHHSTKOM, OyJlM BHUKOHaHI 3 Harpi-
BaHHAM 10 Temmeparypu 70°C. BigmosigHo
00’e€MHa €MHICTH 13 CTIYHUMHU BOJAaMHU Harpi-
Bajlach Ha BOJsHIN Oawi. Ilicns perymtoBanHs
TEeMIepaTypd PO3YWH 3JIMBAIM B PEAKTOp 1
MOCTIHHO TEpeMilllyBajld MarHiTHOIO Milaji-
Kow. B pesymbTari 3MminryBaHHs pPO3YHUHIB
OTPUMAIH PO3YMH TEMHO-3€JIEHOTO KOJIbOPY.
Ha npyromy erami perymoBanmu pH cepeno-
BUIIIA JIO MOTPIOHOTO 3HAYEHHS — MPUOIU3HO
10,5 nuisiXxoM KparmiMHHOTO IO0JaBaHHSA PO3-
YUHY TiIPOKCHUIY HATPiI0 3 BUKOPUCTAHHSAM
minetku LLG. Kpamni NaOH Buknukanu mi-
CIIEBY 3MiHY KOJIbOPY 110 yopHOro. Komip po-
34MHY TEMHIB 3 TiABUIIeHHsM pH 1 B po3unHi
MOYHAIH 3’ SBJIATUCH TUIACTIBIII KOPHUYHEBOTO
KOJIbOpY. 3MiHa KOIbOpY Ha  YOPHO-
KOPUYHEBUN CBIAYUTH MPO JOCATHEHHS HE00-
xigHOTO 3HAaYeHHs pH.

Jlis cepil AOCHiNIB 3 aepaiielo CHCTEMY
mojadi TMOBITPS BMHKAIM ITCIS JOCITHEHHS
HeoOxigHoro 3HaueHHs pH. Ilicms kopwury-
BaHHS 3Ha4YeHHS pH po3uMH BUTpUMYBaIH B

crokoi 6mu3pko 40 xB. IIporsrom ekcrnepu-
MEHTIB CIiIKyBalu 3a 3HaYyeHHAM pH, 3a3Bu-
yail 3Ha4YeHHs pH Mano TeHIEeHIio 10 3HHU-
KEHHS 1 JIOBOJMJIIOCH HOTO MOBTOPHO pery-
JIOBATH, JOJAI0YM PO3YHMH TIAPOKCHIY Ha-
Tpito.

Po3uuH, orpumanuii B miporeci dheputnsa-
i, micas BWIYYeHHs ocany QuUIbTpaIiiero
MePEBIPSIN Ha 3AIMIIKOBHHA BMICT Mimi. KoH-
LEHTPAII0 MiJli IepeBipUIN METOJOM CIIEKT-
podoTomerpii.

Cepist eKCIIEpUMEHTIB s OUIBII JeTalb-
HOTO BH3HAUEHHS BIUIMBY aeparlii Ha Iporiec
deputHzalii MpPoBOAWIACHE TPU 3MEHIICHHI
KOHIICHTpaIIii Cu®" mo 3 r/ni 1 1/n, a 3HaueH-
Hs pH, Temmeparypa po34yHMHYy Ta CITiBBiJIHO-
mennast Cu®':Fe?" Oynau MOCTIMHMUMH ISl Oi-
mpIIOCTI jgocminmiB.  Jleski 3pa3ku  ocafis,
OTPHMaHUX B Pi3HHX yMOBaxX TIIpoIleCy, Ha-
Benenl B Tabiuii 1. B tabmumi 2 HaBeneHi
3pa3KH OCaJliB, K OTPUMaHI MPHU CHIBBIIHO-
menni Cu?":Fe?* = 1:2 i Temnepartypi peaxuii
70°C.

Tao6.. 1. BubipkoBwuii ornsz 3pa3kiB, OTpUMaHMX B Pi3HUX yMoBax. [lo3HaueHHs 3pa3KiB MiIKPECICHO.
Table 1. Selective review of samples obtained under different conditions. The designation of the samples is

underlined.
[Tapametp npouecy Yac crapinns
Hona+1a nosirps pH Cu?*":Fe* CBIXKHIA In 51
[71/xB]
- 11 1:2 IMu01 IMu02 IMu03
8 10,5 1:2 A02-1 - A02-2
0,4° 10,5 1:2 02-1 02-2 02-3
- 11 1:1 IMu01 IIMu02 11TMu03

Tab.1. 2. 3pasku ocaiiB, OTpUMaHuX npH chiBigHomenni Cu?":Fe*" 1:2.
Table 2. Samples of sediments obtained in a ratio of Cu®*: Fe** 1: 2.

ITapameTp nporuecy UYac crapiHHA
3pa3ok: Hozata Cu™ [pH] Tewn. CBiKUiA
MOBITPs [JI/XB] [r/m] [°C]
A03 8 3 10.4 70 v
A04 8 1 10.2 70 v
A05 4 1 10.1 70 v
A06 4 1 10.5 70 v
A07 4 1 10.4 70 v
Fl1 - 10 25 v
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[Ipu ytBOpeHHi TBepmoi ¢da3um B mpoleci
bepuTHzaliii, 3B'130K MK TemIeparyporo (B
miamazoni 20 - 80° C), KOHIIEHTpAITlI€I0 3alTi3a
(0,1 - 5 r/mm?) i pH (7.5 - 12,5) nposiBsieThes
B TOMY, IIO NpH 30UIBIICHHI BMICTY 3aji3a
3MeHIIyeTbess obsnacts pH, B skili BigOysa-
€ThCcsl (pepuTH3allis, a 30UIBIICHHS TeMIepa-

TYypH BHKJIMKA€ PO3IIUPEHHS IIi€i 00acTi
(puc. 2). IIpucyTHicTh 10HIB Mil B pO34HMHI,
3a paxyHOK ii KaTaJiTHYHUX BJIACTUBOCTEH,
BIJTMBAE HA XapaKkTep MPOXOKEHHS 1 pe3yiib-
Tar peakuii ¢epurmzaii. [lpu migBumeHH]
KOHIIEHTpallii MiJli [O0YaTKOBa IIBUAKICTh
peaxirii 3pocTae.

T.“Ck
H ' Cu:Fe=1:2 !
Cr, S/’ / Cha O,Mmf’/ :
80 f---- i oy =< - ,
T S -
50
40
30
ot I SMEESSCESE Scheesseem., _ _ACSESERICTERERE MR
O3, [NESENUE SRS CASEEN USRS, SRS ST SR
0 7.0 80 9.0 10.0 11.0 12.0

Puc. 2. O6nacte NpOBEACHHS IPOIIECY
Fig. 2. The scope of the process

[Ipu BigCyTHOCTI aeparuii mporec Hpoxo-
IWTH YIOBUIbHEHO. [lJi1 BUBYECHHS BIUIMBY
IHTEHCUBHOCTI aepailii 0yJ0 BUKOHAHO CEPiko
€KCIIEPUMEHTIB 3 TMOYaTKOBOK KOHIIEHTpAIli-
€10 ioniB mimi 0,5 mMr/mM® Ta criBBimHOIICHHI
Cu?":Fe** = 1:2.7, sxe nmepeBuIIye CTEXiOMET-
pHYHE.

E% |
100 -

90

Cepist eKCIIEpUMEHTIB MPOBEACHUX B Jia-
nazoni Temnepatyp Bix 20° 1o 80° C, mokasa-
Ja, 0 YTBOPEHHS (DEpHUTIB MOXKIUBE 1 MpU
temmeparypi 10 20° C, ame edekTuBHIiCTH
IpoIiecy BHIIYUEHHs MiJli € HEBUCOKOIO (pHLC.
3). Ilicnsa 3akiHdeHHs cepii mocmimiB 3 depu-
TH3amii BimOMpamy CBUKUN 3pa3ok ocamy 3
METOX0 HOCIIDKEHHS MOKINBOCTI MO0 BUKO-
pPHUCTaHHS B IPOMHUCIIOBOCTI.

0 20 30 40

Puc. 3. EQexTuBHICTD TPOXOKEHHS TPOIIECY.
Fig. 3. The efficiency of the process.
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Bci orpumani 3pasku BiadinsTpoBYyBaIu 3
po3uuHy 3a gonomororo ¢inbTpiB Schleicher
& Schuell. Ocan BucymyBanm npu KiMHATHIN
TeMIepaTypi MHpOTSIroM  JEKUIbKOX [HIB.
OckUTbKHM 3pa3ku OyJiM OTpUMaHI B JYy)KHOMY
Cepe/IoBUIL, BOHM MICTHJIM 3HAYHY KUJIBKICTh
cynbary Hatpito (NaxSOs). s toro, mob
BUIUINTH Cynb(ar HaTpito, BCl 3pa3KH, KpiM
3pazka F1, mpoMmuBamu IUCTHIBOBAaHOIO BO-
J010. 3pa3Ku CIOYaTKy MOAPiIOHIOBANU B ara-
TOBIM CTYyIIIi, a MOTIM 3JIMBAIM JUCTHIIHOBA-
HOIO BOJIOIO 1 3aJIMIIIANIK Y BOJI MPU MOCTIHHO-

My TepeMilTyBaHHI MPOTATOM TpubauzHOo 10
XBUJIHH.

IToTiM ocaza 3HOBY BindinbTPOBYBaIH 1 Cy-
MM TpY KIMHATHIA Temnepatypi.lyis BusB-
JIEHHS MIHEpAJOTIYHOTO CKJIaAy 3pa3KiB Ta
po3yMiHHS (a30BUX TEPETBOPEHB, IO BUHU-
KaloTh Tl 9aC «CTApiHHI» Ta Yacy eKCIepH-
MEHTY OyB BUKOPUCTaHHUH PEHTI€HOIU(pPAK-
MIMHWA aHalmi3. Y BCIX BHMAAKaX OTPUMaHUUN
Mmatepian OyB ayxe IpiOHO3EPHUCTUM 1 TOMY
imeHTu(diKyBaTH KpUCTaTiyHl (a3u Bi3yaabHO
OyJ10 HEMOKITHBHM.
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Puc.4. Pentrenisebka audpaxkrorpama cepii 3paski IN22-28.
Fig.4. X-ray diffraction pattern of the IN22-28 sample series.

3pa3zox IIN22.

HaiiGinp1n iHTeHCUBHUIM (32 3HAYHUM 3ara-
cCOM) 1 HalrocTpimimii MK PEHTTeHIBCHKOTO
mabJIoHy MOYKHA BUSBUTH Tipu 16,55 © 20 (Bu-
npomintoBaHHS MoKa). Lleit mik moxe O0ytu
iHaexkcoBanuii 10 (111) eTajoHHOTrO MIKYy KyII-
pury (Cuz0), sikuii Mae iHTeHCUBHICTH 100%.
Jam miku nipu 19.11 © ta 27.16 ° MmoxyTh 0y-
TH Takox BigHeceHi 10 ((200), 38%) Ta ((220),
32%) eranoHHUX MIKIB KyNpPUTy Ta HiATBEp-
JTUTH HasBHICTh WX (a3 y 3pasky. [Hmma dasa,
BHSIBJICHA JIOCUTH ITUPOKUMU 1 CJTAOKUMHU BijI-
ourtsmu mipu 9,7 © ta 15,12 © - e rerur (o-
FeOOH). Bepmunu crniBmanawTs 3 pedepeH-
toumu mikamu ((101) - 100%) ta ((111) -
50%). T'etuTH HamarOTh MKW, IMOKa3aHI Ha
pucyHky 4.3. Jly)xe IIHPOKUI MK TpUOIN3HO
16,2 ° 3 cepeHHOIO IHTEHCHUBHICTIO, TTOPIBHS-
HO 3 mikoM (111) kympuTy, BKa3ye Ha yTBO-
penHs dhepuToBoi ¢azu, mo Oyno iaeHTudIKo-
BaHO B HACTYNHHX 3pa3kax. ImeHtudixoBani
da3m 3paska: Kympit, retut, (hepuToyTBO-
PEHHS).
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3pasok IIN23 (micasi BUTPUMKH HpPOTS-
rom 1 rogunn).

PenTreniBchka KapTuHa 3pas3ka, OTPUMaAHO-
T'0 TICIIS TOJUHHOTO CTapiHHS, ICTOTHO 3MIHH-
Jacsl MO0 CBIXKOTO Marepiany. [neHtudiko-
BaHa HAsSBHICTh KyOIUYHOI CTPYKTYpH 3 HaMiH-
TEHCHBHIIIUM mikoM mipu 16,09 °. Ileii nik OyB
iHAexcoBanuit 1o etanonHoro ((311), - 100%)
niky marHetuty (Fe3O4). [lomanbmii miku, BU-
3HaueHi npu 8,37 °, 13,71 °, 16,79 °, 19,45 °,
23,88 ©, 25,35 ° ta 27,63 °, Oynu mpu3HAUEH]
sinnoBigauM ((111), - 8%), ((220), - 30%),
((222), - 8%), ((400), - 20%), ((422), - 10%),
((511), - 30%) 1 ((440), - 40%) pedepeHTHUM
mikaMm MarHeTuTy. [Hmma HoBa ¢asa - Meranena
Migp (Cu), Oyma BH3HAauUeHa 3a JOTIOMOTOO
apyroro HavcunpHimoro ((200), - 46%) miky
mpu 22,6 °. OpieHTOBHE 3Ha4YeHHS 20 Haicu-
neHimoro ((111) - 100%) niky Cu cTaHOBHTH
19,56 ° 1 mepekpUBaETHCS BITHOCHO CHIIBHUM
MOJIOKCHHSM iKYy MarHeTuTy, TOMY HOro He
MOXHa BHKOPHCTOBYBATH ISl 1AeHTU(IKAI]
¢a3. [HTEeHCUBHICTh KOJUIIHIX MiKiB KyIPHUTY
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3Ha4HO 3HM3Wjacs. [liku reTuty Bxke He OyIu
BHU3HauUeHI B ma0moHi. [neHtudikoBani ¢azu
3pa3Ka: MarHeTUT, KylpiT, METaJIeBa MiJib.

3pasok 1IN24 (micsi BUTPUMKHM HpPOTS-
rom 1 106m).

Judpakrorpama 3paszka miciis OJHOJCHHO-
IO CTapiHHA CBIAYUTH MPO 301IBIICHHS MIKOBOT
iHTeHCUBHOCTI Kynputy. Pa3u: MarHeTwr,
KYIIPUT, METAJIEBA MiJIb.

3pasok IIN2S (micasi BUTPUMKHM NpPOTS-
rom 2-x aio).

[Ticns nBogeHHOTO CTapiHHsS IudpaxiiiHa
KapTUHA TIOKa3ye MOBHE 3HUKHEHHS MIKIB Ky-
nputy. YTBopeHHs Tenoputy (CuO) crocrepi-
rajocsi cmabkum mikoM nipu 17,55 ©, iHmekco-
BaHoMy g0 Horo ((111), - 100%) pedepentro-
ro miky. s ((-111), - 100%) eramonHoro
MiKy TEHOPUTY CTaHOBUTH 16,16 ° 1 mepekpu-
BAa€ThCsl B IIbOMY IMA0JIOHI Habarato CUIIbHI-
M (311) mikom marHeTuty. MertaneBa Miahb
Oyna ineHTtudikoBaHa B TOJIOkKEHHI 22,6 °.
da3u: MarHeTUT, TCHOPUT, METAJICBA MiJIb.

3paszok 1IN26 (micjisi BUTPUMKH NPOTSH-
roM 5-m 11i0).

Kaptuna, oTpumana micisi M'SITHASHHOTO
CTapiHHs, AY)XE CXOKa Ha CXeMy uepe3 IBa
nal. OmHaK crocTepirajiocss He3HayHe 3HU-
’KEHHSI IHTECUBHOCTI IIKy TEHOPUTY i3 CyIyT-

HIM 301IbIICHHSIM ITIKOBOI IHTEHCHBHOCTI Me-
taneBoi mini. Pa3u: MarHETUT, TEHOPUT, Me-
TajieBa Milb.

3pasok IIN27 (micsi BUTPUMKH HPOTS-
rom 10-u 1io).

PenTreniBcpka KapTHHA 3pa3Kka IMicis Jecs-
TUJICHHOTO CTAapiHHS TOKa3y€ 3HUKHEHHS Te-
Hoputy. OfHAK, 3HOBY X TaKH, CIOCTEpiraio-
Csl YTBOPEHHSI TE€TUTY Ta KYINPHUTy Ha OCHOBI
IyXe c1a0KUX Ta CepeHbO IHTEHCUBHHX ITiKiB
BiAmoBimHO. Pa3u: MarHeTUT, KYNPHUT, TE€THUT,
MiJb METajieBa.

3paszok IIN28 (micjisi BUTPUMKHM NPOTSH-
rom 20-u 1io6).

[licnsg nBaausTH ACHHOTO CTApiHHS KU
TeTUTY BKE HE BU3HAYCHO B PEHTTECHIBCHKOMY
ma6sioni. [TikoBa IHTEHCUBHICTh KYIIPUTY 3Ha-
9HO 3HM3mWiIacs. Da3u: MarHeTUT, KYMpUT, Me-
TajieBa Milb.

Orasipa 3paskis 1IN22-28.

Ormsan ineHTtudikoBaHuX (a3 13 OIIHKOIO
BiJIHOCHOI TIKOBOI IHTEHCHUBHOCTI MpEICTaB-
neHo B Tabnuill 4. 3HAYCHHS B JYXKKax IMOKa-
3y€ IHTEeHCUBHICTH MKy MarHetury (311), Big-
HIMaHy 3 IMKOBOI 1HTEHCHBHOCTI TEHOPUTY
(111), sixa po3paxoByBasiacsi 3 ypaxyBaHHSIM
HaKJIaga”gHs 000X ITIKiB.
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Puc. 5. PenreniBcbka audpakrorpama «CBiXKUX» 3paskis — cepis IMu01-03.
Fig. 5. X-ray diffraction pattern of "fresh" samples - series IMu01-03.

Ha pucyHky 5 HaBeaeHO pEHTIeHIBCHKY
mudpakTorpamy 3paskiB  cepii  IMu01-03-
«CBIXKI1» 3pa3KH.

IMu01 (cBixuii 3pa3ok).

Hudpakrorpama moKaszye, M0 HAWOLIBIIT
IHTEeHCUBHUI MK crocTepiraerbes npu 16,1°

64

(MoKa; BunipoMiHIOBaHHS) Ta 11EHTH(IKYETh-
cs go (311) pedepeHTHOTO MiKy MAarHeTUTY
(FesO4) mo mokazye 100% i1HTEHCHBHOCTI.
Hami miku npu 8.37°, 13.73°, 16.87°, 19.52°,
23.86°, 25.36° Ta 27.66° MOXHa BigHECTH Bij-
noBigHo 10 ((111), - 8%), ((220), - 30%),
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((222), - 8%), ((400), - 20%), ((422), - 10%),
((511), - 30%) Ta ((440), - 40%) eTamoHHUX
mikiB maraerury. Jlpyra ¢asza, BU3Ha4YeHa B
marepiaii, € kynpurom (Cuz0). Bin mae gyxe
CWIBHUH MK Tipu 16,53 °, sSKui 1HAEKCYEThCS
1o ((111), - 100%) eTamoHHOTO MIKYy KYIPHTY.
Hacrtynni miku npu 19.11 © ta 27.15 © MOXyTh
OyTH Takox mpucBoeHi BianoBigauM ((200), -
38%) Ta ((220), - 32%) omopHUM MiKaM KyII-
PUTY Ta MiATBEPUKYIOTh HASABHICTH 1€l ¢a3u.
B sikocti Tpethoi ¢dazu OyB BH3HAYCHUH ITIK
npu 22,6 ° - meraneBa Mmiap (Cu). Ilik mupo-
KUl 1 Mae cinaOKy 1HTEHCHBHICTb, ajie SIBHO
Bummit, HiX don. Moro MoxHa ineHTH}piKyBa-
TH 10 npyroro HaicunpHimoro ((200), - 46%)
pedepentroro niky Cu. OpieHTOBHE 3HAYCHHS
20 naitinTencusHnimoro (111) miky Cu craHo-
BUTh 19,56 ° 1 mepekpuBaeThCsl BiIHOCHO CH-
JBHUM TIIKOM MarHeTuty. [IpucyTHIiCTh TeTuTy
(a-FeOOH) Oyno BuUSBIEHO 3a JOMOMOTOIO
cna0KuX Ta MHUPOKUX BiAOWUTTIB Tipu 9,7 © Ta
15,12 °. oHu Oynw iHIEKCOBaHI A0 BiAMOBIA-
Hux ((101), - 100%) Ta ((301), - 35%) pede-
peHTHUX mikiB retutiB. [lomanpmi ciaalki Be-
PIINHY, K1 MIATBEPIKYIOTh HASBHICTh TE€TH-

Ty, TMOKa3aHi Ha PUCYHKY 5. Bu3naueno ¢asu:
MarHeTurT, KylpuT, MeTaJaeBa Mijib, TETHUT.

IMu02 (4ac crapinnas 1 100a).

Pentrenorpacgiyna kaptuna 3paska IMu02
(dac «crapiHHs» 1JIeHB) myXe CXO0ka Ha Ty,
0 OTPUMAHO 31 «CBLKOTO» 3pa3ka. Tum He
MEHIII MOJKHa CIIOCTEpiraTH IBI pedi: Tepiia
11e HEe3HAUYHE 3MEHIICHHS PiBHS MIKOBOI 1HTEH-
CUBHOCTI KYINPUTY, Ipyra - 30UIBIICHHS KO-
BOI IHTEHCHBHOCTI MeTajeBoi Mimi mpu 22.6°.
da3u: MarHeTHT, KyIpUT, METaleBa Millb, Te-
THUT.

IMu03 (4ac crapinns 5 1i0).

Hocnimkenns 3pasky IMu03 nemoHcTpye
3HAYHE 3HWKEHHS IHTEHCHUBHOCTI MKy KYIpH-
TIB Ta CWIbHE IIJABUIIEHHS IHTEHCHUBHOCTI
MKy MeTajaeBoi Miai. MarHeTuT IeMOHCTPYE
HaANOLIBII CHIIBHI BEPUIMHU MIHEPAJIOTriyHOTO
cKimany 3paszka. da3u: MarHeTHT, KyIpUT, Me-
TaJieBa MiJb, TCTHUT.

B tabnuiii 5 HaBeneHO OmMHUC pe3yJbTaTiB
XRD ananizy 3paskis cepii IMu01-03.

B Tabnuiii 6 HaBemeHO po3paxyHKOBI JaHi
inenTudikoBanuii ¢a3 GpepuTis.

Taoa. 5. Orman pesynsratiB XRD ananizy 3paskiB cepii IMu01-03. Buspneni ¢a3u Ta ix BiHOCHA miKoBa

IHTEHCHUBHICTH

Table 5. Overview of the results of XRD analysis of samples of the series IMu01-03. The phases and their

relative peak intensity are revealed

3pa3oxk: Yac cTapiHHS: Depur T'etut Kymput Minp Cu
IMu01 CBIKHIA 100 6 80 4
IMu02 In 100 3 78 6
IMu03 S5I 100 4 41 13

Tabu. 6. Koncrantu perritku o pepuroBoi dhasu mis 3paskis cepii IMu01-03
Table 6. Lattice constants o of the ferrite phase for samples of the IMu01-03 series

Yac . .
3pa3ok: cTapinHs: 2 6 dpepuroBoi dazu KoncTanTa pemitku o [HM]
IMu01 CBIKHI 16.10 0.840
IMu02 In 16.12 0.839
IMu03 5 16.12 0.839

3o0pakeHHss 3pasky I[IN28 ckanyrouum
€JIEKTPOHHUM MIKPOCKOIIOM BUCOKOT PO3JIiIb-
Hoi 3natHocTi (HRSEM) mokaszano Ha puc. 6.

OcHoBHa (a3za mpexacrasieHa imioMopd-
HUMH KPUCTAJIaMH 3 BOCBMUTPAHHOIO (POPMOIO
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po3mipom 20 - 80 am. Ha momarok g0 mporo €
3epHUCTI KyOiuHi KpucTaim po3mipom 10 - 20
HM, a TaKOX HE3HAaYHa KiTbKiCTh KCEHOMOP(-
HO1 IIeMEHTONOo110HO1 (ha3u.
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Po3uuH, oTpumanmii B mporeci depuTusa-
Iii, micls BWJIYYEHHs Ocajy aHali3yBajlu Ha
3JIMIIKOBUM BMICT Mimi. Pe3ympratm excrie-
PUMEHTAILHUX JOCTIDKEHb BKA3YyIOTh Ha Te,
10 3aJIMIIKOBA KOHIIEHTpAIlisl MiJli B PO3YHHI,
3a YMOBH MIPOBEICHHS

nporiecy GepuTH3aIii 3riIH0 TEOPETUIHO BH-
3HAUEHUX yMOB, 3HAXOIHUTHCS B MEXKax BiJ
0,04 o 0,06 mr/m. st GibII0CT] MPOBEIEHUX
JnochifiB epeKTUBHICTh OUUIIICHHS BOIHM JOCS-
rae 99,89%.

Puc. 6. HRSEM 306paxenns 3paska [IN28
Fig. 6. HRSEM image sample [IN28

Taba. 7. Ebext ouncTky Boi MeTOIOM (hepUTH3AITIT Bil CITOIYK MifTi
Table 7. The effect of water purification by ferritization from copper compounds

3pasok: ITouaTkoBa KqHueHTpauiﬂ Kinnesa KOH.LIeHTpaLIiﬂ Edexr ounctku,
Cu B po3uuHi, (Mr/1) Cu B po3uwnHi, (Mr/1) (%)
Imu01 10 0,137£2 99,9986
A03 3 0,44813 99,9955
A04 1 0,53343 99,9840
ctiuaux Box / T.I. OOymenko, .M. Actpenin /
BUCHOBKMU I ITEPCIIEKTUBM Bicnux  Hay.mexu.yn-my «XII»: 30. Hayk.
MMOJAJIBIHIMX JOCIIAXEHD np.Temam.eun.: Ximia, ximiuna mexuonocis ma

[Ticns mpoBeneHHs eKCIEPUMEHTATBHUX JTOCITi-
JUKEHb OYMCTKHM BOJM BiJ 10HIB MiJl BHU3HAYE€HO
ONTUMAJIbHI TAPAMETPU TPOBEACHHS TPOIECY
(dhepuTmzamii AT OYUCTKU CTIYHUX BOJ BiA Mifi 3
MMOYaTKOBOKO KOHIIeHTpartiero 10 10 /.
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Wastewater treatment of industrial enterprises
from copper compounds by feritization

Olena Zoria, Oleksiy Ternovtsev,
Dmytro Zoria

Summary. The article is devoted to solving an
urgent problem - the development of effective
methods of water purification from heavy metal
ions from industrial wastewater.
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Today more emphasis on technologies that
allow recycling of precious metals, the
organization of return water supply and receipt
safe disposal of sludge. Experimental studies of
copper ions extraction from industrial wastewater
of galvanic production by ferritization method
have been carried out. The process of formation of
ferromagnetic compounds of copper and iron has
been studied. The results of X-ray diffraction
analysis of the mineralogical composition of the
samples and phase transformations that occur
during aging and during the experiment are
presented. The lattice constant of the a-ferite phase
is calculated. X-ray diffraction analysis confirmed
the presence of ferite compounds and metallic
copper. In this case, in the process of "aging" of
the samples, the amount of the ferrite phase and
metallic copper increases. Electron microscopic
analysis confirmed that in the surface layer
changed due to the formation of new phases,
copper-containing iron oxides, the formation of
cement copper and cuprospinel simultaneously
exist.

The influence on the course of the ferritization
process of its conditions - the concentration and
ratio of copper and iron ions, temperature, pH of
the medium, the consumption of oxidant - oxygen
is studied. The optimal parameters of the
ferritization process for wastewater treatment from
copper with an initial concentration of up to 10 g/
| are determined. The possibility of formation of
copper ferrite without aeration at a temperature of
20° C is shown.

The study of physicochemical properties of
sediments formed during ferritization is performed.

Studies have shown that the residual
concentration of copper in the solution after the
application of the proposed technology is in the
range from 0.14 to 0.6 mg / 1. The efficiency of
copper removal is 99.98%.

It is established that at the process temperature
within 50... 70° C, the ratio
Cu: Fe = 1: 2.7, pH = 8.8... 10.5 and aeration
intensity 4... 8 1 / min precipitates are formed,
which consist in the vast majority of ferrites and
metallic copper.

Keywords. Wastewater; galvanic production;
ferritization; purification effect; iron; copper; fer-
rite.
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AHoTtanis. byniBenbHa ramy3s € OCHOBHUM

CHOXKMBA4YEeM TPUPOJHUX PECypCiB, XapaKTepusy-
€TbCS 3HAYHUM CIIOKMBAaHHSIM HEBiIHOBIIOBAHHUX
pecypciB Ta BIULIMBOM Ha 3a0pyJHEHHS HaBKOJIUIII-
HbOTO cepenoumia. Jlo 50% BHUKHAIB BYTJIEKUCIIO-
ro ra3y npurangae Ha OymiBenpHy iHAyCcTpito. Kpim
TOTO, IIKOJAa HABKOJUIITHHOMY CEPEIIOBUINY Ha
eTari JKBifamii Ta yruiizarii OyaiBii, Moxe OyTH
€KBIBAJIEHTHOI0O MOTO BIUIMBY IPOTATOM BCHOTO
KUTTEBOTO MUKITYy. OKpIM IIhOTO, OCHOBHOIO O3Ha-
KOIO TpaauLiiHOI OyJiBeNbHOI raiy3i € HagMmipHe
BUKOPHCTAaHHS €HEprii, IO BIUIMBAE Ha IIPOIIEC
MIO0ATBHOTO TIOTEIUTIHHA 1 3MiHU KiiMmaTy. Enep-
Tisl BUTPAvyaeThCs MPU BUIOOYTKY CHUPOBUHH, BH-
pPOOHMLITBI Ta TpaHCNOPTYBaHHI MaTepiamiB, B
nporieci OYIiBHHIITBA, €KCIDIyaTallii, peMOHTY Ta
mikBimanii OymiBenb. YCBIIOMIICHHS TJI00abHUX
EKOJIOTIYHUX MPOOJIEM TPHU3BENO A0 TMEPEOCMHUC-
JICHHSI TIPOLIECY NMPOEKTYBAaHHS, 3BEICHHS, EKCILTY-
aTarfii Ta yrwiizamii OymiBelb B KpaiHax €Bporneii-
cekoro Corosy, CIIIA, Kanazi Ta iH. Ta MOsIBi KOH-
IIETIi{ CTaJIoro PO3BUTKY Ta «3EJICHOTO» OyTiBHHU-
nrea. B mpoMy acmekTi OCHOBHHMH KPHUTEPISIMH
MPOEKTYBaHHA OyJiBellb € MiHiMi3alis BIUIMBY Ha
HaBKOJIMIITHE CEPEJOBUINE, a TaKOXK 3HIKCHHS
BHUTpAT CHEPIETUIHHUX PECypCiB, CKOPOUCHHS BiJl-
XO/1B Ta IIKIIJINBUX BUKHUIIB.
Bupinienns BuileHaBeneHUX NpoOiIeM 3 ypaxy-
BaHHSAM HalllOHAJbHOI crienudiku Moke OyTH [10-
CSATHYTE IUIAXOM PO3POOKH THUIIOBHX PECypco- Ta
eHeproe()eKTUBHUX,  C€KOHOMIYHO  JIOCTYITHHX
KOHCTPYKTHUBHHUX DIIIeHh HECYYHX Ta OTOPOIKY-
BAJIbHUX €JICMEHTIB Ta BY3JIB IX CHOIY4YEHBb 3 BU-
KOPHUCTaHHSAM €KOJIOTIYHO OE3MEYHUX MaTrepialiB
MICIIEBOTO MOXOKEHHS (AEPEeBHHU Ta MaTepiaiiB
Ha 1l OCHOBI, TITMHUCTHX MaTepiajliB, COJIOMH, OUe-
peTy ToIIo).
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Mapk bepaHukoB
acnipaHT kadeapw 3anisobeTOHHNX
Ta KaM’'SHUX KOHCTPYKLin

CgsiTnana LLexopkiHa

| OOUeHT kachedpun 3anisobeToHHMX Ta
KaM’SIHUX KOHCTPYKLLINA,

K.T.H., AOLEHT

MapuHa BopayH
acnipaHT kadpeapwu 3anisao6eTOHHUX
Ta KaM’SAHUX KOHCTPYKLIN

Kuro4dosi cioBa. EHeproedekTHBHICTB; «3eme-
Hi» OyAiBIi; MPOEKTHI pillIeHH:; BY3/IM MiX Mepe-
JKEBOI B3a€MO/Ii.

ITOCTAHOBKA ITPOBJIEMH

Kopnyc OyziBii moBuHEH OyTH 3alpOEKTO-
BaHUH i1 3a0e3Me4YeHHs] BHYTPIIIHHOTO MiK-
pokiiMaTy (KOHTPOJK TEIUIOBUX IIOTOKIB,
MIPOHUKHEHHS BOJIOTH, IITYMiB), CIPUHHSTTS Ta
nepeaayl HaBaHTAXKEHI, a TaKOX BHKOHYBAaTH
ecteTudHi ¢GyHKIIi. BiaAmoBigHUM YMHOM 130-
JTHOBAHUIA KOPIYC OTOPO/KYBAIBHUX KOHC-
TPYKIIA € KIIOYOBUM (PAKTOPOM 3HUIKEHHS
€HEeprocroXUBaHHS BCi€l Oy IiBi.

KoHTponb BUTOKY Teruia yepe3 KOHCTPYK-
ito OyiBIi Mae BaXJIMBE 3HAUCHHS JUIS €KO-
HOMIi TeIuTa B MPUMIIICHH] 1 JUIsl 3HUKCHHS
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HABAaHTA)XCHHSI HA CHUCTEMH 3a0e3MeueHHsS Mi-
KpokJiiMary. BuTik moBiTps B OyIiBIAX BiI0y-
BA€ThCA 4Yepe3 CTHKHU 1 3'€lHAHHS B KOpHyci
OymiBJi, a TaKOXX 4Yepe3 BiKHA, TEXHOJIOT1YHI
a00 BEHTWIALIKWHI 0TBOpHU TOIIO. CKOPOYECHHS
BUKOPHUCTAHHS €HEprii HarpiBy MpOCTOPY €
OCHOBHOIO (PyHKIIi€I0 Koprycy OyiBi [1].

MexaHi3M mepenadi Teria 4epe3 marepia-
JIM, €JIeMEHTH Ta KOHCTPYKIIi, Ki CKJIaJaroTh
KOpryc OyJiBJII XapaKTEPU3YETHCS TETLIOMPO-
BiJTHICTIO.

TennoBi MOTOKM Yepe3 OOOJIOHKY MOJKHA
KOHTPOJIOBATH, 00 3HU3UTH 3arajibHE CIO-
YKUBaHHS eHeprii 1 mominmuTta kKoMdopt. Lle
JOCSITAETHCS 38 PAXyHOK CTBOPEHHS TEIUIOi30-
JILOBAHOTO 1 TEPMETHUYHOTO KOPIIyCY, SKHH €
(byHIaMEHTAJILHOIO CTPATETIel0 JUISL  JOCST-
HEHHsI eHeproe(eKTUBHOCTI OYAMHKY Y BiJIO-
BiTHOCTi 3 BAMOT'aMU HOPMaM IPOEKTYBaHHSI.

Buxopucrtanus OymiBeIbHUX KOHCTPYKIIIH
JUIS 3aXHCTYy KOPIIYCY € OCHOBOITIOJIOKHUM
MPUHIIMIIOM apXITEKTYPHOTO TPOEKTYBAHHS.
Jlaxu, HaBich, OamKOHM Ta IHIII BHUCTYIHU
BKPHUBAIOTh CTIHHW, BIKHA Ta JI€Taji HIKYE BiJl
ormagiB. OKpiM IHOTO IIi €JIEMEHTH MOXYTh
3a0e3eYnTy 3aTIHEHHS B1JI COHIIS 1 CTaTH 4ac-
TUHOIO TIACMBHOTO pIIICHHS MPOCKTYBaHHS
JUTSl KOHTPOJIIO TIEPETPIBY BIITKY, 1 BUKOPHC-
TaHHS COHSYHOI €Heprii AJis 3HUKCHHS HaBaH-
Ta)XEHHS Ha OMaJeHHs B 3MMOBHH mepion [2].

OCHOBHUM 3aCO00M KOHTPOJIIO TEIUIOBOTO
MOTOKY 3 30BHINIHIX OY/IBEIbHUX KOHCTPYK-
il € BUKOPUCTAHHS 130JSIIIHIX MaTepialiB.
OCHOBHI TIOJIO’KEHHS, IO CTOCYIOThCSI €HEPIo-
30epexKeHHs, CIIPSIMOBaH1 Ha MiABUILEHHS PiB-
HS TEIUIOBOI 130JIAIi1 B KoOpItycax OyIiBelb,
0 € KIYOBHM 3acO00M JUIsl JTOCSITHEHHS
eHeproeeKTUBHOCTI OymiBenb. B sKkocTi Term-
J01301sii  3a3BUYail BUKOPHUCTOBYETHCS P
MarepiagiB 3 HHU3BKOI TEIUIONPOBIIHICTIO.
Bubip tumy i30s1ii 3acHOBaHWN Ha Oe3miui
(hakTOpiB, BKIIFOYAIOYH BAPTICTh, JOCTYIHICTb,
TEIUIOBI XapaKTEPUCTHUKH, BOJIOTICTh, BOTHE-
TPUBAJIICTH 1 ITyMOi30Js1Iio [3].

KoHcTpykuiiiHi MaTepiany 3 HU3bKOIO Tel-
JIOTIPOBITHICTIO, TaKi SIK IEPEBUHA, CKJIOBOJIO-
KHO Ta IUIACTMACH, TaKOX € BiJIHOCHO IIOTa-
HUMH TIpOBiIHUKaMU Teria. CTPyKTypHI Ma-
TepiajJu 3 BHCOKOI MHUTOMOIO IPOBIIHICTIO,
Takl SIK CTalb, AJIOMiHIM a00 HaBITH OETOH
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TUIOTh SIK TETJIOB1 MICTKU B OymiBisiX. byauH-
KM, TOOY/IOBaHi i3 cTam 1 OETOHY, SIK TIPABHUIIO,
MaroTh OLIBII BHUCOKY CTYIIHb TEIUIOBTpAT,
HDK KOHCTPYKIIII 3 JEpeB'STHUX KapKaciB, IO
poOuTh OyIiBii 3 JEpeB'SHUX KapKaciB OLIbII
eHeproe()eKTHBHUMH.

CoHslyHE BUNIPOMIHIOBAHHS T€HEpYy€E 3HAU-
HUN 00CAT TETUIOBO1 €Heprii Ha MOBEPXHI KOp-
nycy OymniBmi. PamioHanbHe BUKOPHCTAHHS
OT0 €(EeKTy [03BOJISIE 3HHM3WTH HaBaHTa-
JKEHHS HA CHUCTEMH OMAaJieHHS B XOJIOIAHHIA
nepioa. 3 iHIIOro 00Ky, 1€ TAaKOX MOXKE MpH-
BECTH JO TeperpiBy i 10 301IbIIECHHS HaBaH-
Ta)XEHHS Ha OXOJIOJUKeHHs. KOHTpOIbh COHSY-
HOI pajiamii - e 6amaHc MiX IIUMU IepeBara-
MU 1 HeqomiKamu [4].

OCHOBHUMHM JKEpellaMd BOJIOTH JUISL KOp-
nycy OymiBil €: YacToTa Ta IHTEHCHUBHICTh
omaJiiB (IO, CHIT) Ta BOJOTICTh TPYHTY (H7st
KOHCTPYKITIA 1OKoJto abo migBaimy). Hamo-
KaHHS BHYTPILIHIX HIapiB OTOPOKYBATbHUX
KOHCTPYKITI€ € HACTIJAKOM KOHJIEHCAIlli Npu
BHYTPIIIHBOMY TE€PEMIIIEHHS BOJSHOI Mapu B
XOJIOAHY TIOPY POKY (BHHHKHEHHS «TOYKU
pocu»). [IpOHUKHEHHS BOJIOTH MOKE TOCHITIO-
BaTHCS B CHUTYaIlisIX, KO BHKOPHCTOBYETHCS
abcopOyroya 000JIOHKA (HAMPUKIAJ, LETJISHA,
mTyKaTypHa, KaM'sHa, 0eTonHa). Ciin Big3Ha-
YUTH, [0 IHUKTIYHE HAMOUYYBaHHS Ta BHCHU-
XaHHS KOHCTPYKTHBHHX €JIEMEHTIB IPU3BO-
JTUTh J0 3HIDKEHHS MIIHOCTI Ta €KCIUTyaTa-
IHHOT TpUAATHOCTI [5].

Bona B kopmyci Moxe OyTH BUJaJIeHA JEKi-
JbKOMa MEXaH13MaMHU:

1. dpenax: Boma Oyne CTIKaTH i BUXOJIUTH
3 KOHCTPYKIiH Ha rigpodoOHI Mmarepianu, a
TaKOX 3 NepeHacuYeHux matepianiB. Enemen-
TH, TOJIOHI BOJOBIIBEICHHS, BUKOPHUCTOBY-
IOTh T'PaBITaIlil0 U BIABOAY 1 37IMBY BOJH B
Oes3reyny 30HY, 3a3BUYail 1O 30BHINTHBOI Yac-
TUHH KOpITyCY OyaiBIIi.

2. Cymka: BOJOTICTh B TIIPOCKOMIYHUX
marepianax 3 OyiBesbHOI OOIIMBKH, TAKUX 5K
JepeBuHa, Oyle BUCYNIYBAaTHCS HUIIXOM BH-
NapoBYBaHHS TIOBEPXHI J0 THUX TMip, TMOKHU
BMICT BOJIOTH B MaTepiay He Oy/ie B piBHOBa31
31 CBOIM MICIIEBUM CEpEIOBUIIEM [6].

['0JIOBHOIO METOI0 € aHai3 Ta CUCTeMaTH-
3alig ICHYIOYMX JaHuX. Po3paxyHKH INpoBo-
nuucst y mporpamHomy komruiekci ELCUT
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OCHOBHE JOCJIJIKEHHA

Jnst po3poOku Ta OOTpyHTYBaHHS KOH-
CTIOJIy4€Hb

CTPYKTHBHUX pIIIEHb BY3IiB

eHeproeeKTUBHUX «3eJeHUX» OyaiBenb Oyna
MPUAHATA OJKUTJIOBA EKOJIOTIYHA  OymiBiIs-
npeacTaBHUK (puc. 1)

®
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R — r'r‘i“‘l:__ Er 1\\ -
;\@Iu:zcr .2 -r-! /‘ \ ;
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@ o
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®

6780
5260

@ TEII: @
Mnowa goma - (42,0438 0) 80,0 m2

Jaraasna noou gomn - 92.0 u2

o

Puc. 1. XXurinosa «3eneHa» OyIiBIs-NpeACTaBHIK:

a) 3araJIbHHAIA BUTJIA,
0) Tu1aH MoBepXy;
B) XapaKTepHUII niepepi3

Fig. 1. Residential "green" representative building:

a) general view;
b) floor plan;
¢) characteristic cross section

Kutnoa «3eneHa» OyIiBJISI-TIPEICTABHUK
Mae JBa moBepxu. Ha mnepmomy moBepci
po3TalioBaHi: MEPEANoOKii, BiTaIbHS, KyXHS,
caHBy3ols, Trapuepo6. Ha apyromy mnosepci
(MaHCapIHUI TIOBEPX) — XOJ, KaOIHEeT, CIajib-
Hi, cauBy3o0J. [loBepxoBuil 3B'sI30K 3MiiiCHIO-
€THCS TIO BHYTPIMIHIX CXOaX.
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Pozpiz 1-1

-1,050

Bucora mpumilieHs mepiioro i MaHcapIHO-
T'0 MOBEpXiB 2,7 M.

KoncTpykTrBHa cxema Oy/iBii - KapKacHa.
Hecydi cTiHM CcKiIageHOro Tiepepi3y THUITY
«cxXoImM» 3 JepeB'sHOro Opyca mepepizom
89x38 mm 3 kpokom 600 MmM. Hecyui koHCTpY-
KIIii IEPEKPUTTS Ta TOKPUTTS BUKOHAHI y BH-
gl gepMm 3 aepeB'sHoro Opyca mepepizoM
89x38 MM 3 kpokoM 0.6 M.
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[TpocTropoBa xopcTkicTh OyniBii 3abe3me-
Yy€eThCsl PO3MIPKaMH 1 1arOHAJIBHUMHU PO3KO-
CaMH B CTOSIKAaX, a TAaKOX YJAIITyBaHHAM MO-
HOJIITHOI TUITMUTH 3 TPYHTOOETOHY O BEPXHBO-
My mosicy ¢epMm nepekputtsa. DyHIaMeHT -
3a11300€TOHHUN CBaiftHO-MOHOJMITHHHA. [Tokpi-
BJISl IBOCXWIIA, 45 TpaayciB.

B sxocTi yTermmoBaya y BCiX KOHCTPYKITISX
BUKOPHUCTOBYETHCS COJIOMA 37IAKOBHUX KYJBTYD.
CTiHM - 30BHIIIHE 03100JII0OBaHHS TJIMHA, IET-
Ja CUpelb 3 IPYHTOOETOHY, JIepeB’sTHUM Kap-
Kac 3 yTEIUTIoBaueM, TPYHTOOETOHHI1 OJIOKH,
SK1 BUKOHYIOTH POJIb
HakonmuyyBava Teruia. [ToKpuTTs - mamte 3
ouepeTy, YKJIa/ieHi 1o AepeB'ssHii oOpenIiTii
KputHuHrMH 3 TOYKH 30py TEIUIOBTpAT IS
aHaJII30BaHOI OYMIBJII € HACTYIHI BY3IU CIO-
Jy4eHHsI KOHCTPYKIIi# (puc. 2):

1) By30a oOmupaHHS NEPEKPUTTS Ha 30BHIMI-
HIO CTIHY;

2) By30J1 oOmMpaHHS 30BHIIIHBOI CTIHU 1 Te-
pexkputrts Ha BiM.0,000 Ha KOHCTpYKITitO GyH-
JTAMEHTY;

3) KOHBKOBHI BY30J1 Aaxy.

Buxonsun 3 KOHCTPYKTHBHOI CXeMH OyiB-
JIi, BUMOT IIOJ0 3a0e3mnedyeHHs MicIeBOI Mill-
HOCTI HECYYUX €JIEMEHTIB Ta TEPMIUuHOI OJHO-
pimHOCTI 00ONOHKM OyiM  3ampoIOHOBaHI
KOHCTPYKTUBHI PIIIEHHS KOXHOTO BY3J]a, SIKi
npuBefeHi Ha puc. 2-5. XapaKTepHUCTHKH
KOHCTPYKTUBHUX €JIEMEHTIB HEOOXimHi s
MOJAJIBIIIOTO JTOCHIPKEHHS TEIUIOBUTPAT OYyIIO
B3sTO0 3 JIBH B.2.6-31:2016 «TeruoBa i305s-
1ist OymiBesby|7].
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Puc. 2. Kputuuni By3au Coidy4eHHS KOHCTPYKTUB-HUX €IEMEHTIB.

Fig. 2. Critical components of structural elements
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310 260

57
Puc. 3. By3on oOnupaHHs IepeKpUTTs Ha 30BHIIIHIO CTiHY (By301 1):
1 — apmoBanuii rpyHTO0ETOH, 2 — danepa, 3 — nepeB’sHa pepMma i3 6pyca 50x100 MM, BHCOTOFO
400 MM 13 kpokoM 600 MM, 4 — yTeruTioBad (MpecoBaHa coiomMa), 5 — rpyHTOOIOKH,
6 — nepeB’siHa CTiliKa, 7 - 1epeB’siHuid Opyc, 8§ — MIMHIHA IITYKaTypKa 1Mo ApaHIi,
9 — kepaMiyHa IUTUTKA.
Fig. 3. Node supporting the floor on the outer wall (node 1):
1 - reinforced concrete, 2 - plywood, 3 - a wooden truss from a bar of 50x100 mm, 400 mm high
with a step of 600 mm, 4 - insulation (pressed straw), 5 - ground blocks, 6 - wooden rack, 7 -
wooden beam, 8 - clay plaster on shingles, 9 - ceramic tile.

S0, B9, 2 B9 100
vl 0,000
o | pHA
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8 /// % A Tosw
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Puc. 4. OnupanHs 30BHIIIHBOI cTiHM 1 mepekpuTTs Ha BiM.0,000 Ha KOHCTPYKLiIO QyHIAMEHTY (BY301
2): 1. 3/6 pocTBepk, 2.yTemmoBau (MiHepalbHa Bara), 3. MIMHSHA INTYKaTypKa IO JIPaHII,
4.nmepeB’siHI CTIHKM; 5. yTerumoBad (pecoBaHa coioma); 6. TpYHTOONOKH; 7. KepaMiuHa IUTUT-
Ka, 8. apMoBaHUl IpyHTOOETOH, 9. panepa; 10. nepes’siHa depma i3 Opyca 50x100 MM, BHCOTORO
400 mm i3 kpokoM 600 mm; 11. yrermoBayu (mpecoBana cosioma), 12, 13 — oOB’s13yBaHHs

Fig. 4. Supporting the outer wall and floor on vim.0,000 on the structure of the foundation (node 2):

1. steel grille, 2. insulation (mineral wool), 3. clay plaster on shingles, 4. wooden racks; 5.
insulation (pressed straw); 6. ground blocks; 7. ceramic tile, 8. reinforced ground concrete, 9.
plywood; 10. wooden farm from a bar of 50x100 mm, height of 400 mm with a step of 600 mm;
11. insulation (pressed straw), 12, 13 — tying
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Puc. 5. KonbkoBuii By301 gaxy (By3on 3):
1. mOKpiBIIA 3 OYepETSIHUX OJIOKIB,
2. danepa,
3. pemetyBanHs (Opyc 38x89, mar 600mMm),

4. nepeB’siHa pepma i3 Opyca 50x100 mm, BucoToro 400 MM,
5. yremumoBad (Tpec. coioma), 6. mmiammuska (panepa)

Fig. 5. Ridge node of the roof (node 3):
1. Roof of reed blocks,
2. Plywood,
3. Lattice (bar 38x89, step 600mm),

4. Wooden truss from a bar of 50x100 mm, height of 400 mm,

5. Heater (press straw),
6. Binder (plywood).

Jlnst omiHKA €(EKTUBHOCTI KOHCTPYKTHB-
HUX pIlIEHb OTOPO/KYIOYMX KOHCTPYKLIN
€KOJIOTIYHOT OY/iBII JOCHIPKEHO BTPATH TeIl-
Ja yepe3 HaWOUIbII XapaKTepHi BY3JIH CIIOJNY-
YEHHS KOHCTPYKTHBHHUX €JIEMEHTIB OY/iBII, B
SAKHX MOXJIUBO YTBOPEHHS MICTKIB XOJIOZY:
OTMMPAHHS TEPEeKPUTTS Ha 30BHIINIHIO CTIHY
(By30x la i 16); onupaHHs 30BHIIIHBOI CTIHH 1
nepekputTsa Ha BigM. 0,000 Ha KOHCTPYKIIiFO
¢bynnamenty (By3nmu 2a 1 20); KOHBKOBHU
BY30J]1 1axy (By3iu 3a i 30).

MonenroBaHHsI TEIUIOBUX TOJIB BUKOHYBa-
JOCh 3aco0aMu  TPOTPAMHOTO  KOMILIEKCY
Elcut [8].

Jlst MoaentoBaHHs OyJIu MPUUHSTI HACTYTI-
H1 BUXI1JIHI JaHI:

74

e TeMIIepaTypa 30BHIIIHBOTO MOBITps: -5 °C
- cepellHe 3HAYEHHS 3a ciueHb Jis M. [{ainpa
(BapianT 1), mo Bignmosimae 268 K, 1 -24 °C —
HaWOUIBIN XOJIOJHA I’ ITUCHKA, 3a0e3IeucHi-
ctio 0,92(Bapiant II), mo BignmoBimae 249K
3TIIHO;

e TeMIIepaTypa  BHYTPIIIHBOTO
+20°C, mo Bixmosimae 293 K[9];

e Koe(iIIEHTH TEIUIOBIIaui Ha TOBEPXHSIX,
10 MEXYIOTh 13 30BHIIIHIM 1 BHYTPILIHIM IO-
BITpSM TNPUUMAIIMCh 3T1IHO HOPMATHBHOTO
JOKYMEHTY [7].

TOBITPS

3a pe3ynbTraTaMH pO3paxyHKy B Ta0m. 1
MIPEACTABJICH] MPUKIIAIA CXEM PO3MOLTY TEM-
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meparyp i TEIJIOBOTO MOTOKY B PO3TIISTHYTHX BY3JIaX.

Taba. 1. [Ipuxnaa pe3yabTaTiB MOJENIOBaHHS TEIUIOTEXHIYHUX XapaKTEPHCTHK BY3JIIB CIIOMYYEHHS KOHC-
TPYKTHBHHX eJeMeHTiB Oyaisii (By3on la - OnupaHHs nepeKpUTTs Ha 30BHILIHIO CTiHY).

Table. 1. An example of the results of modeling the thermal characteristics of the nodes of the structural
elements of the building (Node 1a - Support of the floor on the outer wall).

Byson 1a - OnmpaHHs TepeKpUTTS Ha 30BHINITHIO CTIHY

(B MiCIIsIX PO3TAITyBaHHSI CTOSIKIB JIEpEeB’ THOTO KapKacy)

Posnoin teMneparyp tsop=—3 C Po3snoin temmeparyp tsom=—24C

Temneparpa
TiK Terrmpatpn

TIK]

2930

2BE.E

=842

2748

2754

2710

2666

2622

2678

2634

249.0

TeMnepaTypa Ha BHYTillHii OBepXHi KOHCTpyKwii: | | SMIEPaTypa Ha BHYTDIIHIH MOBEPXHI KOH-

TBmin= 291,82 K; CprKI.IﬁZ TBmin =290,6K;
TeMmepaTypHHii Tlepena Ha BHYTpilmHiil mopepxmi| | CMIIEPATYPHHI nepenajx Ha BHYTpiluHii 1io0-
KOHCTpyKi: At=0,58 K BepxHi KOHCTPYKIIiT: At=0,9791 K
Temnosuii MOTOK, BT/M?, tsom=-5C TemnoBuii mOTOK, BT/M?, tsop=-24'C
Tennosod NoTok Tennoeod notor
F [Brind) F [Br/ne)

16.95

X564

1453

ax

121

1710

1284

857

43

oo

TemoBuil MOTIK HAa BHYTPINIHIA IMOBEPXHI KOH-

TerioBrii MOTIK HA BHYTPILIHINA OBEPXHI KOH-
cTpykuii: Qg = 10,582 Br/m? yIp p

cTpykii: Qg = 21,45 Br/m?
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3rizno JIBH B.2.6-31:2016 «Temnosa i30-
nsist OymiBenby [7] s 30BHIMIHIX OTOPO-
JDKYBaJIbHUX KOHCTPYKIIN OyiBenb i CHOPYA,
SIK1 OITAJIFOFOTHCSA 1 OXOJIOJIKYIOThCS,
000B’s13KOBE BUKOHAHHS YMOB:

Ran = quin > (1)
Thp < Ter , (2)
TBmin < Tmin . (3)

B SKil: Ry, - IPUBEACHUH OIIp TEIIONEpe-
Ja4di HEMPO30poi OrOPOKYBAIBHOT KOHCTPYK-
mii, m?-K/Br;

Rgmin - MIHIMaIbHO JOIYCTHME 3HAYECHHS
OTIOpY TeIuIoNepeadi HeMmpo30pOoi OropPOIKY-
BaNbHOI KOHCTpYKILii, M- K/BT;

AT,, - TeMIIEpaTypHUii epenaj Mix TeMIIe-
paTyporo BHYTPIIIHBOTO MOBITPsI 1 MpUBEe-
HOI0O TEMIIEPaTypol0 BHYTPILIHBOI IMOBEPXHI
OTOPOIKYBaIbHOT KOHCTPYKIIii, C;

AT, JIOMyCTUMa 33  CaHITapHO-
TITiI€EHIYHUMH BUMOTaMH PI3HHIS MK TEMIIe-
paTypor0 BHYTPIIIHBOTO TOBITPS 1 TpHUBEAE-

HOIO TEMIIEPaTypol0 BHYTPIIIHBOT IMOBEPXHI
OTOPOJIKYBaTBHOT KOHCTPYKIIii, °C;

Temin - MiHIMaJIbHE 3HAYEHHS TeMIIEpaTy-
p¥ BHYTPIIIHBOI MTOBEPXHI B 30HAX TEIUIONPO-
BITHUX BKJIIOYCHb B OTOPO/KYBAJIbHIM KOHC-
Tpykuii, °C;

Trnin - MIHIMQJIBHO TONyCTUME 3HAYCHHS TEM-

repaTypy BHYTPIIIHBOI ITOBEPXHI IIPH po3pa-

XYHKOBUX 3HAYCHHSX TeMIIepaTyp BHYTPIlII-
HBOTO 1 30BHIIIHKOTO MOBITPs, °C.

AmHaii3 pe3ynbTaTiB PO3paxyHKIiB Mpen-
CTaBJIeHO B Tabm. 2, SKUH 3acBigdye, IO
HaOLIbIII BTpaTH TEIUIa CIIOCTEPIraloThCs B
30HI CIIOJy4YeHHs 3O0BHINIHBOI CTIHH, Tepe-
KPUTTA 1 (yHAAMEHTHOI KOHCTPYKIii (BY30JI
2), Ie cepelHE 3HAYCHHS TEIUIOBOTO TOTOKY
Ha BHYTPIIIHIA TOBEPXHI KOHCTPYKII

nopisaioe 13,46 Br/M> mpu Temmeparypi
30BHiMHEBOrO MoBiTps -5°C i 27,11 Br/M? mipu
teMriepatypi -24°C; HaliMEHIII BTPAaTH — 4yepe3
KOHBKOBUM By30s Jnaxy (By3on 3), cepemHe
3HAYEHHS TEIJIOBOTO IOTOKY CTaHOBUTH 5,4
Br/M? npu Temmnepartypi

30BHimMHBOro moiTpa -5°C i 10,43 Br/m?
npu Temrneparypi -24°C.

Taba. 2. AHani3 TEIUIOTEXHIYHUX TTOKA3HUKIB BY3JIiB CIIOJIYICHh KOHCTPYKTHBHHX €JIEMEHTIB «3€JICHOT

JKATIOBOI Oy TiBIIi.

Table. 2. Analysis of thermal performance of nodes of structural elements of the "green" residential build-

ing.
. ATy, °C Tmin."C
HaliMeHyBaHHs KOHCTPYKIIii Renp, M;ﬁ?(l/n " | mpn npu | ATer, | mpu mpH | Tmin
m* K/Bt Br t=—5° | =24 C | t=5° | =2 C
C °C C 4°C
Byzon 1a. Onupanns nepe-
KPHTTA Ha SOBHIIIHIO CTIHY 6,8 33 | 0,58 | 098 | 40 | 1882 17,6 | 12
(B MiCIsIX pO3TAlyBaHHS
CTOSIKIB JIEPEB’THOTO KapKacy
Byzon 16. Onmupanns nmepe-
KPHUTTS Ha 30BHILIHIO CTiHY 6.8 33 0.7 154 40 193 18,4 12
(MiX cTOSIKaMHU IepeB’THOTO ’ ’ ’ ’ ’ ’ 6
Kapkacy)
By3zon 2a. Onupanns
30BHIITHBOI CTIHH 1 TIEpe-
xputTs Ha i 0,000 na 6,7 375 | 147 | 298 | 20 | 1853 | 20| 12
KOHCTPYKITito pyHIaMeHTy (B 2
MICIISIX pPO3TaIllyBaHHS CTO-
SIKiB JIEpEB’ THOT'O KapKacy)
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[TponosxenHs Tabdm. 2
Continued Table. 2

Byson  26. Onupanus
30BHINIHBOI CTIHH 1 TIepe-
kputrts Ha Biam.0,000 Ha
KOHCTPYKUil0  (yHOaMEHTY
(MK cTOsIKAMH JepeB’sSTHOTO
KapKacy)

6,7 3,75

0,82 1,83 | 2,0 19,18 18,11 12

Byzon 3a. KonbkoBuii By301
Jaxy (B MiCISIX po3TallyBaH-
HS CTOSIKIB JepEB’STHOTO Kap-
Kacy)

11,1 4,95

0,62 1,18 | 3,0 19,38 18,82 12

Byson 36. KonbkoBuii By3oun
Jaxy (MDK CTOsSKaMu  Jie- 11,1 4,95
peB’STHOTO KapKacy)

0,5 1,3 3,0 19,5 18,7 12

[IpuBenenuii omip TemiIonepeaayi KOHC-
TPYKUiH Ry, BCIX POSMISIHYTHX BY3JiB B 2
pasu nepeBuIlye Rgmin, TOOTO BUKOHYETHCS
repIna yMoBa JiJIsl 30BHIIMIHIX OTOPOKYBaJlb-
HUX KOHCTPYKLiN OyniBenb i cropyn 3TigHO
[7].

CTOCOBHO Ipyroi yMOBH MJisi 30BHIIIHIX
OTOPOKYBAIBHUX KOHCTPYKIIiH OymiBenb 1
cropya Ty < Ter, TO juis By3mis la, 16, 20,
3a i 30 cnoiy4eHHs KOHCTPYKIiH, yMOBa BU-
KOHYETBCS, a B BY3J1l 2a - ONHMPAHHS 30BHIII-
HbOI cTiHM 1 mepekputTs Ha BimM. 0,000 Ha
KOHCTPYKITIIO (yHAAMEHTY (B MICHSAX CITONY-
YEeHHsI JIePEeB’STHOTO KapKacy) MpU 30BHIIIHIN
temreparypit —24°C - ATy =2,98°C, o Ha
0,8 °C nepeBulye HopMaTUBHE 3HAUCHHS AT,
=2,0°C 3rigHno [7].

Crniuparoyuch Ha BHUKIJIAJICHE BUINE, MOXXHA
3pOOUTH BHCHOBOK, IO JIJISI BY3JIIB ONTUPaHHS
30BHIIIHBOI CTIHU 1 IEPEKPUTTS HA
BiM.0,000 Ha KOHCTPYKIlitO QyHIAMEHTY He-
00XiHO mepeadaynTH 3aX0U IIOA0 JTOAATKO-
BOTO TEIUIO3aXHUCTy KOHCTPYKIIii MEPEeKPUTTS
Ha BigM. 0,000 M. TemnepaTypa BHYTpPILIHBOI
MMOBEPXHI B 30HAX TETUIOMPOBIAHUX BKIIOYEHB
B OTOPOKYBAJIBHUX KOHCTPYKIIAX TBmin VIS
BCIX PO3TJISTHYTHX BY3JIiB NIEPEBUIINYE MiHIMa-
JIBHO IOIIyCTUME 3HA4Y€HHS . AT in.
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3 OoTpUMaHUX JaHUX MOXHa 3pOOHTH BH-
CHOBOK, IO 3allpONOHOBAaHI KOHCTPYKTHBHI
pillIeHHS BY3JiB CHOJY4YeHb HECY4YHX Ta Oro-
POKYBAJIBLHUX KOHCTPYKIIIH <«3EIeHUX» Oy/Ii-
BEJIb BIAIIOBIJAIOTH BUMOTaMHU CBITOBHX CTaH-
JapTiB €HEeProeeKTUBHOCTI (CTaHIAPT aKTHUB-
HOTO OyJIMHKY) Ta CTaJIOTO PO3BUTKY 3a paxy-
HOK BUKOPHCTAHHS €KOJIOTIYHO Oe3MeYHHX
BIJIHOBJIIOBAaHUX MaTepialiB POCIWHHOTO TI0-
XOJDKEHHSI.

PosrnsiHeMo eQeKTUBHICTh KOHCTPYKTHB-
HUX pIIICHh OTOPOKYIOUUX THUIIOBUX KOHC-
TPYKIIHA. AHAJIOTTYHUM CIIOCOOOM MU BHUKOHY-
€MO PO3PaxyHOK JUISI LUX BY3iB [7].

AHali3 pe3yibTaTiB PO3PaxyHKIB MpeJCTa-
BJIEHO B Tabi. 3, sKMH 3acBimuye, 110 HanOi-
JBII BTpPATH TEIJIa CIIOCTEPIraloThCsl B 30HI
CHOJYYEHHS! 30BHIIIHBOI CTiHHU, MEPEKPUTTH 1
dbynmameHTHOI KOHCTpYKIi (By3os 1), ne ce-
pelHE 3HAYCHHS TEIUIOBOTO MOTOKY HA BHYT-
pilTHIN TOBEPXHI KOHCTPYKIIii HopiBHIOE 12,17
Br/M? 1Ipu TeMIlepaTypi 30BHIIIHBOIO HOBIiTPS
-5°C i 21,42 Br/m* npu Temneparypi -24°C;
HalMEHIIIl BTpaTH — 4epe3 OMHMPaHHS IepeK-
PUTTS Ha 30BHIMIHIO CTiHY (BY30I 2), CepeaHe
3HAYEHHS TEIIOBOrO MOTOKY CTaHOBUTH 10,76
Br/M? 1Ipu TeMIlepaTypi 30BHIIIHBOIO HOBITPS
-5°C i 18,96 Br/m?> mpu Temmeparypi -24°C
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Tao6.. 3. AHani3 TeMI0TeXHIYHUX TOKA3HUKIB BY3JIiB CIIONyYeHb KOHCTPYKTHBHUX €IEMEHTIB KHUTIOBOI

OymiBIIi.

Table. 3. Analysis of thermal performance of nodes of structural elements of a residential building.

o o Tni >
ATnp ’ C TBmina C még
. Rsupr | Rgmins AT,
HalimeHnyBaHHS KOHCTPYKIIii \2K/Br |v-K/Br | mpu npu oC npu npu
t3:_5 t3:_240 t3:_5 ° t3:_24
°C C C °C
Byzoin 1.
OmnupanHs 30BHINIHBOT CTiHH 1 ]
niepekputTs Ha BigMm. 0,000 Ha 3.8 3,75 1,24 2,19 2 15,2 3,95 2
KOHCTPYKIIIIO QYHITaMEHTY.
Byzon 2. ]
OnupaHHs NePEeKPUTTA Ha 6,06 3,3 1,03 1,81 4 16,69 418 )
30BHIIIHIO CTIiHY. ’
Byson 3. | s44 | 495 | 121 212 | 3 | 1593 ]
KonpkoBuit By3on gaxy. 2,8 2

[IpuBenenuii omip Teronepeaayi KoOHC-
TPYKLiH Ry,, BCIX PO3MIIAHYTUX BY3JIB HEpe-
BHILYE Rgpin, TOOTO BUKOHYETBCS MEPIIA yMO-
Ba JUIsl 30BHIIIHIX OTOPOJKYBaJbHHUX KOHC-
TPYKIiH OymiBeNb 1 ciopyn 3rimHo [7].

CTOCOBHO Ipyroi yMOBH MJisi 30BHIIIHIX
OTOPOKYBAIPHUX KOHCTPYKIIiM Oy/iBeNnb 1
cnopyn AT, < A, TO 118 By31iB 2 1 3 criony-
YEeHHsI KOHCTPYKIIi, yMOBa BUKOHY€ETBCS, a B
BY3Ji | - omupaHHS 30BHIIIHKOI CTIHM 1 TEepe-
kputTa Ha BigMm. 0,000 Ha KOHCTpYyKIitO (yH-
JaMEHTY TIpH 30BHIIIHIN Temrepatypi —24°C
Tanp =2,19°C, mo na 0,19 °C nepesuinye Hop-
MatuBHe 3HadeHHs T, = 2,0°C 3rigHo [7].
Crnuparounch Ha BHUKJIAJIEHE BHINE, MOXKHA
3pOOUTH BHCHOBOK, IO JUIsS BY3JiB ONUPAHHS
30BHINIHKOI CTIHM 1 mepekputTs Ha Biam. 0,000
Ha KOHCTPYKIiO (QyHIaMEHTy HEoOXiIHO Te-
pendavuTH 3aX0H MIOA0 TOJATKOBOTO TEIUIO-
3aXMCTy KOHCTPYKLII NEpeKpUTTs Ha BIIM.
0,000 m. TemnepaTypa BHYTPIIIHKOI TTOBEPXHI
B 30HAaX TEIUIONPOBIAHUX BKJIIOYEHBb B OTOpO-
JOKYBUIBHUX KOHCTPYKIISIX TBmin IS BCIX
PO3IIISIHYTUX BY3JIiB MEpPEBUILYE MiHIMAIbHO
JTOMYCTUME 3HAYEHHS Tmin.

3 OTpUMaHUX JAaHUX MOXKHa 3pOOUTH BH-
CHOBOK, IO 3allpONOHOBAaHI KOHCTPYKTHBHI
pIIIIEHHS BY3JIiB CIIOJyY€Hb HECYYHX Ta OTO
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PODKYBAJIBHUX KOHCTPYKIIH OyziBensb Biamo-
BiJIalOTh BUMOTaM CBITOBUX CTaHIIAPTIB €HEp-
roe()eKTHBHOCTI Ta CTAJOro PO3BUTKY 3a pa-
XYHOK BUKOPHUCTaHHS 3BUYAHHUX OY/iBETbHUX
MarepiajiB

ITOPIBHAHHA TEIIVIOBUTPAT BY3JIIB
CIOJIYYEHb KOHCTPVYKIII
«3EJIEHUX» BY IIBEJIb TA
3BUYAVHUX BYIIBEJIb.

B momnepennix posminax Oyn0o BHU3HAUYEHO,
SKUMHU TEIJIOBUMH XapaKTEPUCTUKAMHU BOJIO-
TUIOTh «3eJieH1» Ta TUIoBi OymiBii. [Tocunaro-
YHCh Ha Il IaHHI, HIDKYE Oyy HaBeJCHO Tal-
JIUII0 TIOPIBHSIHHS, 7€ OCHOBHUM IOKa3HUKOM
e(EeKTUBHOCTI KOHCTPYKTUBHOT'O PILICHHS €
NPHUBEIEHUM omip Teruonepenadi Ry,, (Tabi.
4).

Ax 6aunMo, «3esneHa» OymiBiIsl Ma€e 3HAYHO
BHIIUK TOKA3HUK €QEKTUBHOCTI Ry, AKHIA
MPUBUIILYE TIOKA3HUK THUIIOBOTO  PIllIEHHS
Maiike B 2 pa3H B yCiX y3Jax.

Jlani HaBe/IeHO MOPIBHIHHS TeMIIepaTypHO-
ro nepenany Tp,, Ipu Temmeparypi -5 °C qus
KOHCTPYKTHBHHX DIIlIEHb BY3JiB CIIOJIYYeHBb
KOHCTPYKTUBHUX  €JIeMeHTiB  (Tabm.  5)
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Taba. 4. Tlpusenennii onip Tenenonepenadi Ry,, KOHCTPYKTUBHUX PillIEHb BY3JIiB CIIONTYYEHb KOHCTPYKTH-

BHUX E€JIEMEHTIB

Table. 4. The resistance of heat transfer Ry, of constructive decisions of knots of connections of

constructive elements is resulted.

Tumnose «3enena» | % pI3HUIL MK
. pileHHS, OyniBis, |«3erneHoro» Oymi-
HaiimenyBaHHS KOHCTpYKII]

Rspp, Rspp, BJICIO Ta TUIIOBMM

Mm% K/BT m?-K/Bt pillEHHAM
Byszon 1.
OnwupaHHs 30BHINIHBOT CTIHU 1 IEPEKPUTTS HA BIIM. 3,8 6,7 1,76
0,000 Ha KOHCTPYKIIIIO HYHIAMEHTY.
Byson 2. . . 6,06 6.8 1,12
OnupaHHS IEPEKPUTTS HA 30BHIIIHIO CTiHY.
Bysox 3. 5,44 11,1 2,04
KonbkoBuii By3011 1axy.

Taou. 5. Temneparypuuii nepenan Tap, 1pu 5 °C U1l KOHCTPYKTUBHUX PillICHb BY3JIiB CIIOJIY4€Hb KOHCTPY-

KTUBHHUX €JIEMEHTIB.

Table. 5. Temperature difference Tpqp at 5 © C for constructive decisions of joints of constructive elements.

% pI3HUIISA MiK
TI/IHOBG <%3equa>> 3enenoioy 6y-
HaiiMeHyBaHHS KOHCTPYKIIi pl];;eHHH’ }?IBM’ JIBJIEIO Ta THIIO-
Znp> Znp> BHM PIIIEHHSIM
Mm% K/BT M%-K/BT
Byzon 1.
OnupaHHs 30BHIIIHBOI CTIHH 1 IEPEKPUTTS HA 1,24 1,47 1,19
BimM. 0,000 Ha KOHCTPYKLIiIO PYHIAMEHTY.
Byson 2. . . 1,03 0,58 0,56
OnwupaHHs MEPEKPUTTSI HA 30BHIIITHIO CTIHY.
Byson 3. | 1,21 0,62 0,51
KoHnbkoBuii By3011 Aaxy.

3riHoO 3 I1i€0 TabnuIero, B y3nax 2 1 3 Te-
mreparypuuii  nepenaj Ta,, B «3€JeHIH»
OyniBii B 2 pa3u MEHIIMU 3a TeMIepaTypHUN
nepenan T, B THIIOBiH OyaiBii. 3 OTpUMaHKUX
pe3yibTaTiB pobumo BHCHOBOK, 110
3aIpOMOHOBAHI MIPUPOIHI €KOJIOTTYHO-UUCT1
Marepiany, sKi  Oynmu  migoOpani s
[IPOEKTYBaHHS KOHCTPYKIi «3EJICHOI»
OymiBii, 3HAYHO Kpaml Ta e(eKTHBHINI 3a
3BHYAiiHI Oy/iBeNbHI MaTepiaiy.
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BHUCHOBKMU I ITEPCIIEKTHBU
IOAAJIBIINX JOCIIIKEHD

1. Jnsa

3a0e3eueHHs

eHepro-

e(hEeKTUBHOCTI «3eJIeHnX» OymiBens Oynu 3a-
MIPONIOHOBAHI KOHCTPYKTHUBHI PIICHHS KPUTH-
YHUX 3 TOYKU 30pYy TEIUIOBTPAT BY3JIIB CHONY-
YEeHHSI KOHCTPYKTUBHUX €JIEMEHTIB OY/IiBIIi.

2. llnsxoM MojeatoBaHHS 3aco0aMu Tpo-
rpamHoro komruiekcy Elcut Oymm orpumani
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CXeMH pO3MOALTY TeMIeparyp 1 TeIJIOBOTO
MOTOKY B PO3IISHYTHX BY3JIaX CHOJYYEHHS
KOHCTPYKIIN; a TakoX 3HAUYEHHS TEIIOBOTO
MOTOKY, IO HPOXOAUTH Yepe3 BY3JOBE 3'€l-
HaHHS 1 TeMIEpaTypHUl mepenaj MiX TeMmIle-
paTtyporo BHYTPILIHBOTO TOBITPS 1 IpHBE.e-
HOIO TEMIIepaTypor0 BHYTPIMIHIX MOBEPXOHBb
OTOPOJIKYBAJIbHUX KOHCTPYKIIIM, a TaKOX BH-
3HAYEHO TIPUBEJCHUN OMip Terionepeaadi
Ran

3. IlpuBenenuii omip Teruionepeaadi KOHC-
TPYKUiH Ry BCIX PO3MIISHYTUX BY3JTIB B 2
pasu nepeBuIye Rymin. YMOBA IIOAO TEMIIEPA-
TYpHOT'O Tepenajy MiXK TeMIepaTypol0 BHYT-
PIITHBOTO TOBITPS 1 MPUBEICHOI0 TEMIIEpaTy-
POIO BHYTPIIIHBOT TOBEPXH1 OTOPOHKYBAIBHOT
KOHCTPYKLII BHUKOHYETHCS. 3HAUEHHSI TEMIIE-
patypu BHYTpPIIIHBOI MOBEPXHI B 30HAX Tel-
JIOTIPOBIAHUX BKIJIIOUYEHb B OTOPOKYBaJIbHUX
KOHCTPYKIIAX TBmin A74 BCIX PO3MIITHYTUX
BY3JIIB TIEPEBHINYE MIHIMAJIBLHO JOMYCTHUME
Tiin Takum 4MHOM, 3aPONIOHOBAHI KOHCTPYK-
THUBHI PIIIEHHS BY3JIIB CIIOJYYEHHS IS «3eJIe-
HOT» OyAiBI BiIMOBINAIOTH CyYaCHUM BHMO-
ram eHeproe(eKTUBHOCTI (CTaHAAPT aKTHBHO-
ro OyJMHKY) Ta CTaJIOT0 PO3BUTKY 33 paXyHOK
BUKOPHUCTAHHS €KOJIOTIYHO O€3MeYHUX BigHO-
BJIIIOBAaHMX MaTepiajiB POCIUHHOTIO I0XO-
JOKEHHSL.
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Investigation of heat loss of nodal
connections of structures of energy
-efficient ""green' buildings

Mark Berdnykov, Svetlana Shekhorkina,
Marina Bordun

Summary. The construction industry is the
main consumer of natural resources, characterized
by significant consumption of non-renewable re-
sources and the impact on environmental pollution.
Up to 50% of carbon dioxide emissions are ac-
counted for by the construction industry. In addi-
tion, the main feature of the traditional construc-
tion industry is the overuse of energy, which af-
fects the process of global warming and climate
change. Energy is consumed in the extraction of
raw materials, production and transportation of
materials, in the process of construction, operation,
repair and liquidation of buildings. Awareness of
global environmental problems has led to a re-
thinking of the process of design, construction,
operation and disposal of buildings in the Europe-
an Union, the United States, Canada and others and
the emergence of the concept of sustainable devel-
opment and "green" construction. In this aspect,
the main criteria for designing buildings are to
minimize the impact on the environment, as well
as reduce energy costs, reduce waste and harmful
emissions.

The solution of the above problems, taking into
account national specifics, can be achieved by
developing typical resource- and energy-efficient,
cost-effective design solutions for load-bearing and
enclosing elements and their joints using environ-
mentally friendly materials of local origin (wood
and materials based on it, clay materials, straw,
reeds, etc.

Keywords. Energy efficiency; "green" build-
ings; design solutions; interconnection nodes.
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AnoTtanis. CTaTTd MICTHTh PE3yJIbTaTH Po3pa-
XYHKY Ha BOTHECTIHKICTh 3ai300€TOHHUX KOJIOH
YTOYHEHHMH METOIaMH.

st komoH, sKi BHUIIPOOOBYIOTH O€3 HaBaHTa-
KCHHS, BU3HAYAIOTh PO3IMOJIJICHHS 3HAUYCHb TEM-
repaTypu Io Tepepizy Ta B apMaTrypi. BorrecTiii-
KICTh KOJIOH, 5IKi OyJiu BUIPOOyBaHi O¢3 HaBaHTa-
JKCHHS, BU3HAYAIOTh 33 JaHWMHU BUMIPIOBAHb TEM-
nepaTypy, pO3paxyHKOBUMH METOIAMH, 110 BiImO-
Bigarots Bumoram JIBH B.1.1-7 1 JIBH B.1.2-7.

BiamoBigHO 10 OCHOBHHX IIOJIOXKEHBL TaOJIH4-
HOTO METOJIy BOTHECTIHMKICTh 3a1i300€TOHHHUX KO-
JIOH BU3HAYAETHCA 3aJEKHO BIJl TEOMETPHYHHUX
rmapamMeTpiB (po3Mipu Tepepizy, BIACTaHL A0 OCi
apMaTypu, Koe(illieHT apMyBaHHS, IOBXWHa abo
BHCOTa €JIEMCHTA), PIBHSA HABaHTAXKCHHS IIiJ] Yac
MTO’KEXKi, YMOB HarpiBaHHA I Yac TOXEXKi (KiTb-
KicTh 00IrpiBaHUX CTOPIH).

ABapiiiHe pPO3paxyHKOBE CIIOJIyUYCHHS HaBaH-
TaXEHb TIiJ] 9ac TOXEXI CKIIAIA€ThCS 13 XapakKTe-
PUCTHYHUX 3HAYCHB MOCTIHHUX Ta 3MIHHUX TPHBa-
JUX HaBaHTaXEHb, 13 ypaxXyBaHHSAM KoeQilieHTa
HaJIIHHOCTI 3a BIAMOBITANBHICTIO j, IS KJIacy
HachiakiB (BimmoBimampHOCTI) oO'ekta (CC2) i
THUITYy PO3PaXyHKOBOI cUTyallii (aBapiiiHa).

Tennodiznyanii po3paxyHOK KOJOHH OyJO BHU-
KOHAHO 32 YMOB, [0 MOJIETIOIOTH BOTHEBHI BILTHB
MOKEXKi, sIKa PO3BUBAETHCS 33 CTAHAAPTHUM TEM-
MEePaTypHUM PEKHUMOM. 32 TAKUX YMOB IPUKHSTO,
10 KOJIOHA 3a3Ha€ BOTHEBOTO BIUIUBY 3 YOTHPHOX
cropin mporsarom 120 XB, 0 BiAIOBiTae HOPMO-
BaHOMY KJjiacy Boruectiiikocti R 120.

TertoBuit cTaH KOJOHM OyJI0 BH3HAYCHO i3
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€BreH [IMUTpEeHKO
cTapLumi BUKnagad
Kadhenopwu 6yaiBHMUTBA,
K.T.H.

Tapac [JoHeub

il>xeHep 3-i kaTeropii
CEKTOPY BOTrHECTINKOCTI
OyaiBenbHNX KOHCTPYKLN

KaTtepuHa OgHoniTtok
Marictepka 2-poky HaBYaHHS

Oner ®eceHko

3aBigyBay CEKTOPY BOrHECTIMKOCTI
OyaiBenbHUX KOHCTPYKLN,

K.T.H.

=

3aCTOCYBaHHSIM HECTAI[lOHAPHUX MOJIENIEH, 110
BpPaxoOBYIOTh paialliiHO-KOHBEKTUBHUN  TEILIO-
0OMiH y Ta30BOMY CEpEIOBHII BiJl JUKEpea Ter-
JIOBOTO BIUTMBY JO TTOBEPXHI KOHCTPYKITiH, KOHBE-
KTUBHUH TEINIOOOMIH Yy KOHCTPYKIIii, pamiamiiHo-
KOHBEKTHBHUU TEIJIOOOMIH Bil KOHCTPYKUil Y
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HAaBKOJIMIIHE ~ CEPENOBHUINE.3aJHMIIKOBY  HECydy
3MIATHICTh 3aJ1I300€TOHHOI KOJIOHU TICIsi BOTHEBO-
ro BIUIMBY IOXKEXI OyJ10 004YMCIeHo A 11 mpuBe-
JICHOTO TIepepi3y, SKUH BU3HAYCHO 32 JIOTIOMOTOI0
30HAIBHOTO METOJY 3TiHO 3 MOJIOKCHHSIMHU
JACTY-H b B.2.6-197 1 ICTY-H b EN 1992-1-2.

Mesxy BOTHECTIMKOCTI KOJIOH 3a 03HAKOIO BTpa-
TH Hecy4oi 34aTHOCTI OyJi0 BU3HAUYEHO Ha MiAcTaBi
aHaizy pe3yibTaTiB TerI0()i3HYHOTO
1 CTATUYHOTO PO3PaXyHKY.

Kro4oBi cjioBa: BOrHECTIMKICTB, KOJIOHA;, Te-
I0Qi3MIHUN PO3PAXyHOK; CTATUIHHHA pPO3paxy-
HOK.

BCTVII

3riguo 3 JICTY b B.1.1-14 [1] mns konoH
HOPMOBaHUM TPAaHUYHUM CTaHOM 3 BOTHECTIH-
KOCTI € TPaHWYHHI CTaH 32 O3HAKOK BTPATH
Hecydoi 31aTtHocTi (R).

BusHaueHHs MexX1 BOTHECTIHKOCTI KOJIOH 3a
O3HAKOI BTPATH HECY4YOi 3/IaTHOCTI IIJISXOM
BUNIPOOYBaHHS YacTO € YCKJIIAJHCHHM 4Yepes
TEXHIYHY HEMOKJIMBICTh MPUKJIaIeHHs HAaBaH-
TaKCHHSI.

Jlnist KOJIOH, sIKi BUIIPOOOBYIOTH 0€3 HaBaH-
Ta)KEHHS, HEOOX1THO OTPUMATH PO3MOILICHHS
3HAauUeHb TEMIIEpPATypH 10 Tepepi3y Ta B apMa-
Typi. BorHecTiiikicTh KOJIOH, SIKi OYJIM BUIIPO-
OyBaHi 0e3 HaBaHTa)KEHHS, BU3HAYAIOTH 32
JaHUMHU BUMIPIOBaHb TEMIIEPATypH, PO3paxy-
HKOBUMH METOJIaMH, IO BiIIOBITaIOTh BUMO-

ram JIBH B.1.1-7 i IBH B.1.2-7 [2, 3].
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efefololo

VY pasi 3acTocyBaHHS METOMIB PO3PaXyHKY
Ha BOTHECTIMKICTh HEOOXITHO 3a0e3nmeunuTe
HaJIe)KHY TOYHICTH 1 JOCTOBIPHICTB iX pe3yib-
tatiB [4-13].

VY cydacHHX TpPOTrpaMHUX KOMIUIEKCaX Ha
OCHOBI METO/y CKIHUEHHUX EJIEMEHTIB, TaKUX
sk Ansys Mechanical [14], JIIPA-CAIIP [15],
SCAD Office, Robot Structure Ta iH., pearizo-
BaHI PO3paxyHKOBI METOAM OITIHKM BOTHECTIN-
KOCT1 Oy/iBEIbHUX KOHCTPYKIIIH.

3acTocyBaHHS MPOTPAMHHUX  KOMIUICKCIB
JUTSL OLIIHKU BOTHECTIMKOCTI OyJIO PO3TISHYTO
Ha TPUKIAAl PO3PAXyHKY 3aTi300€TOHHHX
KOJIOH TPOMaJICBKO1 OyIiBIIi.

ByniBns  mecTumoBepxoBa, MPSMOKYTHA
B IJIaHi po3Mipamu B ocax 16,75x32,66 mm.
KonctpykTrBHA cxema OyaiBiIi — MOHOJITHUHN
KapKac i3 sapaMu KOPCTKOCTI Y BUTJISAL CTiH
CXOJIOBOT KJIITKH, Ta JiToBUX maxT. [1o3m0B-
XKHII Kpok KosoH 6,35, 6,0 Ta 7,0 m. [Tonepe-
yauit — 8,0 M Ta 6,15. KomoHu npsiIMOKYTHOTO 1
KBagpaTHOro mepepizy posmipamu 400x600
MM Ta 400x400 mm.

Knac nacninkiB (BiAmoBinanbHOCTI) OymiBii
— CC2 3a JIBH B.1.2-14:2018 [16]. Ctyminb
BorHectiiikocti Oynismi — 1.

Po3paxynkoBa cxema OyniBii Oyna po3-
po6nena y IIK JIIPA-CAIIP. Anpokcuma-
i KOHCTPYKIiW OyniBii Oyjna BHUKOHaHA
CTPMI)KHEBUMU 1 MIACTUHYACTUMH CKIHUYCH-
HUMH €JIeMEHTaMHu, TUB. puc. 1.

Puc. 1. Po3paxynkoBa cxema OyIiBmi
Fig. 1. Design scheme of the building
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META I METOJT JIOCIJDKEHHS

Metoro OOCHIKeHHS € BU3HAYEHHS Me-
XK1 BOTHECTIMKICTh 3aTi300€TOHHUX KOJOH
YU CEIbHUMHU METOJaMH PO3PAXYHKY.

[IpenmeToM HOCHIIKEHHS € BOTHECTIM-
KiCTh 3aJ1iI300€TOHHUX KOJIOH 3a O3HaKOI0
BTpaTH Hecyuoi 3xpaTHOCTI (R).

OO0'eKTOM [HOCIHIIKEHHS € BOTHECTIi-
KiCTh  TIO3aI[EHTPOBO-CTHCHYTHX  3alli30-
OETOHHHUX KOHCTPYKIIIH.

[Tix wac nocnimkeHHs OyJO BUPIMICHO
Takl 3a7ayi:

1) AHani3 po3paxyHKOBHX METOJIIB OIL[IHKU
BOTHECTIHKOCTI OyIiBEIbHUX KOHCTPYKIIiH;

2) BcraHOBIEHHS HOPMAaTUBHUX BHMOT
IIIOJI0 BOTHECTIMKOCTI KOJIOH;

3) BusHadyeHHs1 po3NOALTY TeMIepaTypu B
nepepisi  3ay1i300€TOHHOT KOJIOHM BHACIIIOK
BOTHEBOT'O BIUIMBY 3a CTaHJAAPTHUM TeMIIEpa-
TYPHUM PEXKHUMOM TIOXKEXKi (Tero-
Gbi3UYHUN pO3paxyHOK BOTHECTIHKOCTI);

4) BusHaueHHs 3aJUIIKOBOT HECY4ol 3alli-
300€TOHHOI KOJIOHM, IO 3a3Hajla BOTHEBOTO
BIUTUBY 32 CTaHJApPTHUM TeMIEpaTypHUM pe-
KUMOM TOXKEXKi (CTATUHYHUN PO3PAXYHOK BOT-
HECTIMKOCTI).

Po3paxyHok 3a51i300€TOHHUX KOHCTPYKILIN
Ha BOTHECTINKICTh BUKOHYIOTh TAaKUMH METO-
namu 3a JICTY-H b EN 1992-1-2 [17]:

- TaOJWYHI JaHi;
- CHIpOIIEHI METOIU PO3PAXYHKY;
- YTOYHEHI METOJHU PO3PAXYHKY.

OLIIHKA BOTHECTIMKOCTI KOJIOH
3A TABJIMYHUMU TAHUMU

BiamoBiIHO 4O OCHOBHHUX IIOJIOXKEHL Ta0-
JIUYHOTO METOJIy BOTHECTIUKICTh 3aJ11300€TOH-
HUX KOJIOH BH3HAYAETHCS 3aJICKHO BiJ reoMe-
TPUYHUX TapaMeTpiB (po3Mipu mepepisy, Bijc-
TaHb J0 OCi apMarypu, KOedillieHT apMyBaH-
Hs, JOBXHHA a00 BHCOTAa €JIEMEHTa), PIBHS
HaBaHTAXEHHA IiJ] Yac IMOXKeXi, YMOB Harpi-
BaHHS IT1]1 Yac MOXKeX1 (KiTbKICTh 00IrpiBaHUX
CTODIH).

MinimManbHI 3Ha4YEeHHS PO3MIPIB TOIMeped-
HOTO TIepepi3y Ta BiJCTaHI 0 OCi apMaTypu
KOJIOH, III0 HEeOoOXimHi Jja 3a0e3ledeHHs iX
HOPMOBAHOTO KJIaCy BOTHE-CTIMKOCTi, HaBe/e-
Hi B Tabmumi 1 Bigmosigao mo sumor JJCTY-H
b B.2.6-197 [18].

MiHimManbH1 3HaYEHHS IMAPUHU KOJIOHH Dymin
Ta BIJICTaHI IO OCi MO3/IOBXXHBOI apMaTypH d,
110 HaBeAeHI B Tabmuii 1, 4nHHI, 30KpeMa, 3a
TaKUX yMOB:

- Koe(imieHT 3HMKEHHS PO3pPaxyHKOBOTO
PiBHS HaBaHTaXXEHHS Yy pasi moxexi — 74< 0,7;

- TOBXMHA KOJOHU — o /i = 0,5 < 4 wm;

- CTymiHb apMyBaHHS — As / Ac < 0,04.

Ta6u. 1 MiniManbHI po3MipH Ta BiJICTaHb JI0 OCi apMaTypH KOJIOH
Table 1. Minimum column dimensions and axis distances for columns

N MiHiManbHi po3MipH, MM
HopMmoganwuii kiac . . .
o . IlInprHa KOIOHW/ BiICTaHb 0 OCi po0040i apMaTypH, byi/a
BOTHECTIHKOCTI
#:i=0,2 #i=0,5 #:1=0,7
1 2 3 4
R 120 250/40 350/45%** 350/57**
350/35 450/40%* 450/51%*

** _ MiHIMYM 8 CTPHKHIB
JInst  OLIHKKA BOTHECTIMKOCTI TaOIMYHHM

METOJIOM BH3HAYAJIbHUM KpUTEpieEM € Koedi-
I[IEHT BUKOPUCTAHHS KOJIOH IIiJl Yac IMOXKExXI

i
1i=NEdfi / Nra, (1)

e
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NEafi — pO3paxyHKOBE HaBaHTaXKEHHS (3y-
CHJIIA) TIiJT 9ac moxexi, KH;

Nrq — HECyYa 3[aTHICTh KOJIOHH 32 HOpMa-
JIbHO1 Temmieparypu, KH.

3ycuiis B KOJIOHAX BiJ PO3PaxyHKOBOTO

CTMIONYYEHHS HABAaHTAXKEHb Yy pas3i MOXKexXi,
NEaysi, Oynu BU3HAUEHI 3a pe3yinbTaTaMM CTa-
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TUYHOTO PO3PAXYHKY OYIIBII Y IPOTrPAMHOMY
komruiekci JIupa-CAIIP 2020.

ABapiifHe po3paxyHKOBE CITOJIyYeHHS Ha-
BaHTAQXXCHb I Yac TOXEeXi CKIamanocs i3
XapaKTepUCTUUHUX 3HAUY€Hb MOCTIHHUX Ta
3MIHHUX TpPUBAJIMX HaBaHTaXEHb, 13 ypaxy-
BaHHAM Koe(imieHTa HaJIMHOCTI 3a BIAMOBI-
nanpHicTIO  9,=0,975 nns kmacy HaclikiB
(B1ATTOBITATBHOCT ) 00'ekTa (CC2)
1 Tumy po3paxyHKOBOI cHTyauii (aBapiiiHa).
Cxemu posnoziny 3ycunb N (kH) B enemenTax
KOJIOH OY[IBJII BiJi OCHOBHOTO Ta aBapiifHOTO
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PO3PAaxXyHKOBOTO CIOJyYEHHSI HaBaHTaKE€Hb
HaBeJIeH1 Ha puc. 2.

Ha mixcraBi aHamizy po3paxyHKOBUX 3Y-
CWIb B €lleMeHTaX KOJIOH OyniBii Oylio BcTa-
HOBJICHO 1X MaKCUMaJIbH1 3HaYECHHS:

- s ocaoBHoro PCH — Ng;~=4298.5 kH
(puc. 2a);

- quia aBapiitHoro PCH — Neq;=3132,0 kH
(puc. 20).

3HaueHHs XapaKTEPUCTUK KOJIOH, 110 HE0O0-
X17HI JUIs1 pO3paxyHKy Ha BOTHECTIMKICTb, Ha-
BeJICHI B TaOIuII 2.

-31351 2759.1 -2386.3 20133
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a - OCHOBHE PO3paxyHKOBE CIOJIyIeHHs HaBaHTaxkeHb (PCH);
6 - aBapiliHe pO3pPaxyHKOBE CIIOJYUYCHHS HAaBaHTaXKCHb
Internal forces N (kN) of column elements:

a - the main design load combination;

b - an accidental design load combination

Tabu. 2 XapakTepuCTUKU KOJOHH JIJISl OIIHKYA BOTHECTIMKOCTI

Table 2. Column characteristics for the fire resistance assessment

Fig. 2.

Ilosnauenns| Posmipu |Bucota,| Kiac ApmyBaHHA Bingcrans 1o oci | Boruesuid
KOJOHM  |mepepisy, MM| MM | 6eTony| Ilosnosxue |[lonepeune| apMarypu, MM |BIUIMB, CTOPiH
1 2 3 4 5 6 7 8
Km-2.1 | 400x600 ||3800 |C25/30 @iggg? 161510 A240C 45 4

Po3paxyHok Hecywoi 3maTHOCTI 3ajizo0e-
TOHHHUX KOJIOH 32 HOPMAJIbHOI TeMIIepaTypH,
Nra, Oyio BHKOHAHO AePOpMaIIfHUM METO-
oM BignoBigHo no Bumor JIBH B.2.6-98 [19]
1 JICTY b B.2.6-156 [20], a Takox 3rigHO 3

k+1 k+l
by~ 4, (gc(l)
FR2STos s

cl
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b | L3 64~ N =0

pekoMeHnamismMu nocionmka g0 JBH [21].
Hanpy»xeHo-nedpopMoBanuii cTaH monepevHo-
o nepepizy KOJOH MpH MO3alleHTPOBOMY CTH-
CKy OyJ0 BH3HA4Y€HO AJIS mepuioi (opMu piB-
HoBaru nepepizy 3a JICTY b B.2.6-156 [20]:

)
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3a pe3ynbTaTaMH PO3B’SI3aHHS CUCTEMHU Pi-
BHsAHB (2) 1 (3) Oyno moOynoBaHO niarpamy
«IO3/I0BXXKHE 3yCHILISA-AedopMaIiisi CTUCHYTOL
rpaHi» IS TOMEPEYHOTO Mepepidy 3amizobe-
TOHHUX KOJIOH. Haitbinbiie 3HaueHHs HOpMa-
JBHOI CWJIM Ha rpadiky BiANOBiZa€ HeCydid

6000 -

4710,1

5000

4000

3000

Hecyua 3aatHictb, KH

2000

1000

3aTHOCTI KOJIOHH 1 CTAaHOBHThH Npr41=5445,8
kH, nuB. puc. 3.

KoedimienT BukoprcTaHHs mia 9ac MOXKexi

JUISL KOJIOHU CTAHOBUTb:
1i=NEafi / Nra = 3132,0 / 5445,8 = 0,575.
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=) 00 ) © o <
- © < © I n
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2 2,5 3 35

Dedopmauii*103
Puc. 3. /liarpama «cTHCKanbHA CHIIa-IeGopMallish KOJIOHU 32 HOPMATEHUX TEMIIEPaTyp
Fig. 3. Compressive force-strain relationship of column at normal temperature

KoeditieHT 3HIWKEHHS 75 PO3PAXyHKOBOTO
pPIBHS HAaBaHTAKEHHS Yy pa3i MOXeXi I KO-
JIOHU CTaHOBHTB:

ni = Eag/Ea=3132,0/ 4298,5=0,73 > 0,7.

JIoBXXKMHA KOJIOHH ITiJT Yac IMOMKEKI —
lofi=0,51=0,5-4,05=2,025 <4 wm.

Ta6u. 3. Pe3ynbraT OIliHKKA BOTHECTIMKOCTI KOJIOHH
Table 3. Results for fire resistance assessment

Cryninp apMyBaHHS KOJIOHU —
AJ/A=(1407+2199)/(400-600)=0,015<0,04.

Pe3ynbTaTu OLIHKM BOTHECTIHKOCTI KOJIOHU
3BEIEHO 0 Tadmid 3.

Kosona Josxuna |PiBenb HaBaHTa- | CTymiHb Koedinient Buko- MHqua BigCTaHL JI0
KOJIOHH, M | 5KCHHS 75 apMyBaHHs pPHCTaHHS /4 | Tepepi3y, MM |ocCi, MM
1 2 3 4 5 6 7
Km-2.1 2,025 0,73 0,015 0,575 400 45

3a pe3ynbTaTamM aHami3y TaOJIUYHUX Ja-
HUX OyJI0 BCTaHOBIIEHO, 10 3HauyeHHs Koedi-
1ieHT 3HIKeHHs 17]4=0,73 po3paxyH-KOBOTO
piBHS HAaBaHTa)XEHHS Yy pasi MOXKeXi Ui Ko-
JIOHU TIEPEBUILYE TonmycTUMe 3HaueHHs 0,7.
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Ile He BimmOBiNAa€e yMoOBaM 3aCTOCYBaHHS
TaOJIMYHNUX JAaHUX IS OLIIHKW BOTHECTIMKOCTI
KOJIOH.
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Jlam Oynmo BUKOHAHO TeTuto(i3uyHUH 1 CTa-
TUYHUN PO3PAaXyHOK KOJIOH Ha BOTHECTIMKICTb.

PE3VJIBTATU TEIVIO®I3NUYHOI'O
PO3PAXVHKY

Tennodiznunuii po3paxyHOK KOJOHU OYJI0
BUKOHAHO 332 YMOB, III0 MOJEIIIOIOTH BOTHEBUI
BILJIUB MOXEXI, IKa PO3BUBAETHCS 32 CTaHIAp-
THUM TEMIIEPaTypHUM PEXHMOM. 3a TaKuX
YMOB HPUKUHATO, 1110 KOJIOHA 3a3HA€ BOTHEBOTO
BIUIMBY 3 YOTHPBOX CTOpPiH mpoTsirom 120 xB,
110 BIJIMOBiJIa€ HOPMOBAHOMY KJIacy BOTHEC-
titikocti R 120.

TemnnoBuit cTad KoJoHU OyJIO0 BU3HAYEHO 13
3aCTOCYBaHHSAM HECTalllOHAPHUX MOJEJEH, 110
BpPaxoBYIOTh paaialliiHO-KOHBEKTHBHUN TeII-
J000MiH y Ta30BOMY CEpEIOBHILI BiJl JKepera
TEIJIOBOTO BIIMBY JI0 TTOBEPXHI KOHCTPYKITIH,
KOHBEKTHUBHHH TEIJI000MiH y KOHCTPYKIIIi,
paianiiHO-KOHBEKTUBHUM TEIJIOOOMIH  BiJ
KOHCTPYKLIi y HaBKOJUIIHE CepeloBHIIE [2,
3].

Po3paxyHOK po3mojiny Temreparypu y me-
pepizax KOJOHHU, 110 3a3HAE BOTHEBOT'O BILIUBY
MOXEXi, 0yJI0 BUKOHAHO 3a JOMOMOTOI0 TpO-
rpaMHUX KomIuiekciB Ansys Mechanical 2021
1 Jlipa-CAIIP 2020.

Pospaxynok 3a gomomororo IIK Jlipa-
CAIIP 2020 R3 Oyn0 BHKOHAHO i3 3aCTOCY-

BAaHHSM JIBOX IIJIXOMIB: €KCIIpECc-aHalli3 B pe-
KHUMI Mig00opy apMaTypu Ta IWHAMIYHHUI po3-
PaxyHOK TeTIOMPOBITHOCTI.

CiTka CKIHYCHHHX €JIEMEHTIB Yy Tmepepisi
KOJIOHHW Oyna mpuiiHsaTa po3mipamu 20x20 MM,
SK Taka M0 IMOKa3ala HaWKpamly 301KHICTh
pe3yiIbTaTiB PO3paxyHKY.

CyTT€BOIO BIMIHHICTIO Y pO3paxyHKax
€ te, mo y Ansys Mechanical 2021 R1 Aca-
demic Oynu BUKOpPUCTaHI HENiHINMHI 3aJ€KHO-
CTi TemIO(QI3UYHUX XapaKTEPUCTHK BIJ ITiJI-
BHIIIEHUX TeMIeparyp, HATOMICTb
y Jlipa-CAIIP 2020 R3 BukopucTaHo 3Ha4Y€H-
HSl TEIUIO(I3NYHUX XapPAKTEPUCTUK TPU TEM-
nepatypi B 6etoni 300 °C.

AHani3 pe3yibTaTiB TEMI0(i3UIHOTO PO3-
paxyHKy KOJOHU OyJI0 BUKOHAHO Ha TiJICTaBi
OTPUMAHMX 130TOJIB PO3IMOILTY TeMIEpaTypu
B KOJIOHI, TpadikiB 3MiHM TeMIepaTypu B Tie-
pepi3i KOJIOHM 1 B apMarypi, sSKi HaBEIEHO Ha
puc. 4-10.

[TopiBHANBHMIA aHAJI3 PE3yJbTATIB TEILUIO-
¢i3MyHMX pO3paxyHKiB KojJoHU mpu 120 xB
BOTHEBOTO BIUIMBY 3a CTaHJAPTHUM TeMIIepa-
TYPHUM PEXKUMOM IOKEXKI, 10 OYJIM BUKOHaHI
y Pi3HHX MPOTPaAaMHHUX KOMILUIEKCAX, BUKOHYE-
MO IIOAO 3HAuYeHb pe3yabTaTiB 3a Ansys
Mechanical 2021 R1 Academic, auB. TaOJIHIIO
4ipuc. 11.

L I\nlllll o L T

[

[~

Puc. 4. Po3nozin remmiepatypu B KoioHi miciist 120 XB BOTHEBOTO BHHI/IB.y nokexi (Ansys 2021)
Fig. 4. Thermal distribution in column after 120 min in fire exposure (Ansys 2021)
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ANSYS 2021 R1
Build 21.1

PLOT 1. 1
NODAL SOLUTICN
STEP=1

PowerGraphics
EFACET=1

Puc. 5. Po3nionin temmeparypu B iepepisi Koyionu micist 120 XB BOTHEBOTO BILUTUBY MOXKexki (Ansys)
Fig. 5. Cross-sectional temperature distribution in column after 120 min of fire exposure (Ansys)
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Puc. 6. [3onosst remneparypu B niepepisi kosonu (ITK Jlipa-CAITP 2020, ekcripec anamni3)
Fig. 6. Temperature isofields of column cross-section (SP LIRA-SAPR 2020, express analysis)
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| I I I I [ —]
27 157 287 417 547 677 807 937 1068
3wminu t° B uaci 120 (7.2e+003 cek)
I3onoss Temnepatyp
Omuani BuMipy - °C

Puc. 7 [3omons remneparypu B nepepisi koaonu (11K Jlipa—CHP, JUHAMIYHUN pPO3paxyHOK)
Fig. 7. Thermal isofields for column cross-section (SP LIRA-SAPR, dynamic analysis)

Puc. 8. I'padiku 3miHu TeMiiepaTypu B apMaTypi KojoHU (Ansys)
Fig. 8. The variation of column reinforcement temperature (Ansys)

I ik —1 i

Puc. 9. Temneparypa B apMaTypi KOJIOHH
(ITIK Jlipa-CAIIP 2020, excripec
aHaJi3)

J . Fig. 9. Values of temperature in reinforcemei

of column (SP LIRA-SAPR 2020,

xpress analysis)
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Tao.. 4. PezynpTatu TEIoQi3znuHOr0 po3paxyHKy KOJIOHU
Table 4. Comparison of thermal analysis results for RC column

3HaueHHs MapaMeTpy Ui Pi3sHUX NPOrPaMHUX KOMILUICKCIB
Jlipa-CAIIP 2020 R3
Temrmeparypa, °C Ansys Me- [Toxubka IToxmubxka
> chanical 2021| Excrpec- Junamiunnii | IToxuOka mozo .
R1 Academic| amami3 Hono PO3paxyHOK Ansys, % woro JTipa,
Ansys, % ’ %
1 2 3 4 5 6 7
Minivansha 46,6 43 7.7 27 42.1 37,2
B O€TOHI
Maxcumanbna 1046 1044 0,2 1068 2,1 23
B 0eToHI
MinivansHa 474 496 4.6 509 7.4 2,6
B apMaTypi
Makcumarsna 7268 736 1.3 759 4.4 3.1
B apMaTypi

HaiiGinpIe BiAXWieHHS 3HAY€Hb TeMIIepa-
TypH 3adikcoBaHa IIOJ0 MiHIMAJIbHOI TeMIle-
paTypu B spl mepepi3y KOJIOHHU 1 CTaHOBHUTH
37,2% ta 42,1%. Onunak, 1e 3Ha4He BiOXUIICH-
HS HE € CYTTEBUM, OCKUIBKHM 3HAUEHHS TeMIIe-
patypu He niepeBuiyoTh 100 °C 1 He cipuyu-
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Temneparypa, °C

400.0

200.0

0.0

s Ansys Mechanical 2021 R1 Academic

100

200

HSIOTh 3HDKEHHS MIIIHOCTI OETOHY KOJIOHU. B
LJIOMY, CXOIUMICTh pPE3YyJIbTaTiB y pPI3HUX
nmporpaMHuX Komruiekcax Ansys Mechanical
2021 R1 Academic i Jlipa-CAIIP 2020 R3 €
3aJ0B1JIBHOIO.

300 400 500

LUnpMHa KONOHK, MM

e [lipa-CAMNP 2020

Puc. 10. I'padixu po3noginy TeMrepaTypH o IMAPHHI TIepepizy KOJIOHH
Fig. 10. Thermal distribution diagram for column cross-section

PE3VJIbTATHU CTATUYHOI'O

PO3PAXVYHKY

3anuIIKoBy Hecydy 3[aTHICTh 3alli300e-

TOHHOI KOJIOHM TICIsi BOTHEBOTO BIUIMBY
MOXeXi1 0yi1o o0uncieno i ii mpuBeaeHOro
nepepizy, SKHH BHU3HAYEHO 3a JOMOMOTOIO
30HAJIFHOT'O METOJy 3TiHO 3 TOJO0XKEHHSAMHU
JACTY-H b B.2.6-197 [18] i ICTY-H b EN
1992-1-2 [17].

90

30HANBHUM METOJI pO3paxXyHKY Ha BOTHE-
CTIMKICTh nependavae po3aAisIeHHS OJOBUHU
nepepizy KOJOHM Ha n>3 mapajielbHUX 30H
OJTHAKOBO1 TOBLIMHH, JJIS SIKHX BU3HAYA€THCS
cepenHs Temrmeparypa 6, 1 BiAMOBiAHA cepe-
THSI MILHICTh O€TOHY Ha CTHUCK feq,) [17, 18].

[TomkomKeHnii BHACHIIOK ITOKEXK]I MOIIe-
peuHuil nepepi3z KoJoHU OyJ0 MpPEICTaBICHO
MPUBEICHUM  (3MEHIIIEHUM) TONEPEUYHUM
nepepizoM. 3MEHIIEHHS MONEePevHOro Inepe-
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pi3y KoJoHHM 0a3yeThCs HAa BH3HA4YEHHI TOB-
IIMHU d;; TIOIIKOKEHOI 30HH OO0IrpiBaHUX
MTOBEPXOHb.

[upuHy MOMKOIKEHOI 30HU a7 TIepepizy
KOJIOHH OyJI0 BH3HA4Y€HO B TaKid IMMOCIiIOB-
HOCTI:

a) TOJIOBUHY TIEpepi3y KOJIOH PO3ALICHO
Ha n=1( mapanenbHUX 30H OJIHAKOBOi TOB-
LIVHY;

0) 3Ha4YeHHS CEpPeIHbOI TeMIepaTypu
0eTony O, I KOKHOI 30HM Tiepepi3y KO-
JoHU OyJl0O OTPUMAHO 3a pe3yibTaTaMU Tell-
70(hi3UYHOTO PO3paxyHKy, TUB. puc. 11;

B) KOeQIIEHTH 3HIKEHHSI MIITHOCTI Oe-
TOHY Ha CTHCK k¢(6;) sl BIIMOBIAHOI TeMIie-
patypu Oyno BuszHaueHo 3rigHo 3 JICTY-H b
B.2.6-197 [18] 3a monomororo rpadika 3HH-
KEHHS XapaKTePUCTUYHOI MIITHOCTI OETOHY
BiJl TeMIepaTypH, AUB. puc. 12.

3HaueHHsI CEepPeHbOI TeMIeparypu Oero-
Hy, °C, 1 BIAMOBIHI KOEDIIEHTH 3HWKEHHS

k(6)

MIITHOCTI O€TOHY Ha CTHUCK k¢ (p) HaBEICHO B
Tabmuii 5.

T) cepenHiil KoeillieHT 3HUKEHHS MIITHO-
cTi OeToHy, II0 BPaxoBYy€ 3MiHYy TeMIepaTy-
pH KOXKHOT 30HHM Tepepizy, Oyln0 BH3HAYEHO
3a popmyoro:

(1-0,2/n)
Fon=0220 3

) = 0,8. 4)
[[IupuHy MOMIKOIXKEHOI 30HH Tepepi3zy
KOJIOH a7 OYyJ10 po3paxoBaHoO 3a GOpPMYJIOH0:

1,3
a=w|1— <k"—m> = 50,36 MM, (5)

c(om)

ne
w=200 MM — MOJIOBUHA IIUPUHH TIEpepizy
KOJIOHH, MM;
ke(@m) = 1,00 — xoedinieHT 3HUKEHHS
MIITHOCTI OETOHY Ha CTHCK y Toulli M Ha oci
CHUMETPIi rmepepi3zy KOJIOHH.
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Puc. 11. KoedimieHT 3HMKEHHS XapaKTEPUCTUIHOI MILTHOCTI OETOHY
Fig. 11. Coefficient k.(8) allowing for decrease of characteristic strength fox of concrete

Taoa. 5. Cepenns Temneparypa B napaieibHUX 30HaX Mepepizy KOJOH
Table 5. Average temperature of column cross-sectional parallel zones

3navenHs tremneparyp, °C, i koedillieHTiB 3HWKEHHS k.(0;) MiTHOCTI OeTOHY
I1
OSHATEHI 1 | 2 [ 3 ] 4] 5 ] 6 7 [ 8 1] 910 M
Kosona B0 | 871,1 | 588,4 | 396,6 | 265,9 | 176,5 | 119,6 | 86,6 | 66,59 | 54,21 | 48,29 | 46,9
Km-2.1 ke 0,1 [0,467] 0,753 10,884 ] 0,962 | 0,99 1,0 1,0 1,0 1,0 1,0
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Po3mipu nmomepeunoro nepepi3zy KoJoH Oy-
JI0 3MEHIIIEHO Ha BEJIMYMHY d:; 13 TUX CTOPIiH,
10 3a3HaJM BOTHEBOTO BIUIMBY BHACHIJIOK
noxexi. Po3paxyHKOBI 3HAYeHHsS IIUPUHU 1
BUCOTH TIepepi3y KOJIOHN CTaHOBJISTH!

bi=b — 2-a;1 =400 — 2-50,4 = 299,2 mm,
htiien = h — 2-a,1 = 600 — 2-50,4 = 499,2 mm.

MinnicTs 6€TOHY Ta apMaTypu KOJOHHU Oy-
JIO TPUMHATO 3 YpaxyBaHHSAM 1X 3HUKEHHS
BHACJIIOK BOTHEBOT'O BILTUBY MOXKEXKI.

Temmeparypa B apMaTypi KOJOHU BH3Haye-
Ha 3a Tero(i3uIHUM PO3paxyHKOM, JIUB. PHUC.
8. 3HaueHHs TemIeparypu, KoeQillieHTH 3HH-
JKEHHS Ta MIIHICTh apMaTypu HaBejeHl1 B Ta0-
i 6; rpadiku 3HMKEHHSI MIIIHOCTI apMmary-
pu HaBeJICHI Ha puc 13

Tao.. 6. 3HaueHHS XapaKTEPUCTHUK apMaTypy KOJIOHH 3a IMiABULICHUX TEMIIEPATYP
Table 6. Values for the parameters of the reinforcing steel at elevated temperatures

Hosnauenms KytoBi crpmxkni | Ctprxdi 0111 KOpoTKOi cTopoHu | CTprKHI 617151 TOBrOi CTOPOHU
XapPaAKTCPUCTUKHU y p P p p ™ A P
1 2 3 4 5
0s, °C 736 511 509 496
ks, 0,093 0,544 0,549 0,575
Sapicom), MITa 46,4 272,1 274.4 287.6
3MeHIIeHy MIIHICTh apMaTypH KOJOHH Oy- 6 — Temmneparypa i-TOro CTPHIKHS;
710 00YHCIIeHO 3a (POopMYIIOLO: ks(0;) — xoeilieHT 3HMKEHHS MILTHOCTI i-TO
CTPYKHS;
fsd ficom) = ksco)%fsa, (6) Jsd — PO3PaxXyHKOBa MILHICTb apMaTypH 3a
HOpPMAJIbHUX TEMITEPATyp.
ne
ks(8)
1
- 1
08 }
06 t\ -~
0.4+ BT\
1 \ \
! \
0,2 N\
04 - P
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Puc. 12. KoedinieHT 3HWKEHHS XapaKTEpPUCTUY-HOTO OIOPY fy« PO3TATHYTOI Ta CTHCHYTOI apMaTypH (3Ha-

yeHHs Kacy N)

Fig. 12. Coefficient allowing for decrease of characteristic strength £ of tension and compression rein-
forcement (Class N)
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3aIMIIKOBY HECYdy 3/IaTHICTh MTPHUBEAECHOTO
nepepiszy KOJIOHH 3a HOPMAJIbHUX TEMIIeparyp
MPU CTUCKY OYyJI0 BU3HAYEHO AehopMaIliitHuM
MetoaoM Juist 1-i ¢popmu piBHOBaru mnepepizy
srigno 3 JICTY b B.2.6-156 [20].

3a pe3yabTaTaMu pO3B’sI3aHHS CUCTEMH pi-
BHsIHB (2) 1 (3) Oymno moOymoBaHo Tpadik «Imo-
3JIOBXKHS cHJa-nedopmallisi CTUCHYTOI TpaHi»
(puc. 14) nns mpuBeAEHOTO TEPepi3y KOJIOHHU.
Haii0inpime 3HaueHHS HOPMajJbHOI CHIIM Ha

4000
3500
3000
2500
2000

1500

Hecyua 3gatHictb, KH

1000

500

rpadiky BIAMOBiZa€ HECYUid 3IaTHOCTI KOJIO-
HU T 4ac MOXKeXKi Ny f.

3HaYCHHS 3QJMIIKOBOI HECydoi 37aTHOCTI
kosonn Km-2.1 cranoButh N, = 3802,8 kH 1
MEePEBUILYE PO3PaXyHKOBE 3YCHILIS B KOJIOHI
Neaysi =3132 xH Bin aBapiitnoro PCH (puc. 4).
Takum 4MHOM, Hecyda 3JaTHICTh KOJIOHH TIiC-
151 120 XB BOrHEBOTO BIUIMBY 3a CTaHJIAPTHUM
TEMIIEPAaTYPHUM PEXKUMOM TOXKEXKi 3ade3re-
YeHa.

3802,8

15

2 2,5 3 35

Dedopmauii*103

Puc. 13. Jliarpama «cTUcKalbHa cuia-gedopMarniss CTHCHYTOi TpaHi» KomoHH micis 120 XB BOTHEBOTO

BIUIUBY TOXKEX1

Fig. 13. Compressive force-strain relationship of column after 120 minutes in fire exposure

Ha mizacraBi ananmizy pe3ynbTaTiB Terodi-
3UYHOTO 1 CTATUYHOTO PO3paxyHKy Oyso BcTa-
HOBJIEHO, II[0 MEXa BOTHECTIMKOCTI KOJIOH 3a
03HaKOK BTpPATH HECy4oi 37aTHOCTI R craHo-
BUTH HIoHaimenIie 120 xB. HopmoBanwmii kiac
BorHectiiikocti R120 mist xosmoH OymiBii 3a-
Oe3IeueHO.

BHUCHOBKU

3a pe3ynabTaTamMH OIIHKH BOTHECTIMKOCTI
3113006 TOHHUX KOJIOH PO3PaXyHKOBHUMH Me-
ToaMHu OYJI0 3p0OJIEHO TaKi BUCHOBKH:

1. KoedirmieHT 3HMKEHHS PO3pPaXxyHKOBOTO
PIBHS HaBaHTa)XEHHS Yy pasi MOKeXi Ui Hail-
OUThIII HABAHTAXXEHOT KOJOHHM OYIiBI CTaHO-
BUTH 7];=0,73, 110 MepeBUIILYE JOMYCTUME 3HA-

ByaniBenbHi KOHCTPYKLii. Teopia i npakTuka o 08/2021

gyernns 0,7. Lle He BiAMOBiIa€ yMOBaM 3aCcTOCY-
BaHHA TAO0JIWMYHUX HAaHWUX UId OLIHKKA BOTHEC-
TIHKOCTI KOJIOH.

2. IlopiBHATBEHUIA aHATI3 pe3yJbTaTIB TEIl-
0(I3MYHUX PO3paxyHKiB KoJoHU mpu 120 XB
BOTHEBOTO BIUIMBY 3a CTaHIAPTHUM TeMIIepa-

TYpPHUM pEXUMOM MOXKEXI,
o Oy BHUKOHAHI MPOTPAMHUX KOMILIEKCAX
Ansys Mechanical 2021 R1 Academic

1 Jlipa-CAIIP 2020 R3, mokasas ix 3a10BUIbHY
301KHICTb.

3. CratuyHuil PO3paxyHOK MPHUBEIECHOIO
nepepizy KOJOHH, MOUIKOKEHOTO BHACIIJIOK
BOTHEBOTO BIUTMBY TpuBajicTio 120 XB 3a cTa-
HIAPTHUM TEMIIEPATYPHUM PEKUMOM ITOKEXKI,
BHKOHaHO nedopmariiinum Meroaom 3a JIBH
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B.2.6-98:2009. Hecywa 3maTHicTh 3aitizo0e-
TOHHOI KOJIOHU 3a0e3IedeHa.

4. Ha mizxcraBi aHami3zy pe3ysbTaTiB Tell-
70(I3UYHOTO 1 CTATUYHOTO PO3PAXYHKY OYII0
BCTAHOBJICHO, 1110 M€XKa BOTHECTIHKOCTI KOJIOH
3a 03HAKOI0 BTpaTH Hecydoi 3maTHocTi R me-
pesunrye 120 xB. HopmoBaHuil Kjac BOTHEC-
titikocti R120 mst xoon Oyxismi 3a0e3mnede-
HO.
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Fire resistance assessment of RC columns
with advanced calculation methods
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Kateryna Odnolitok, Oleg Fesenko

Summary This paper contains the results of
fire resistance calculation of reinforced concrete
columns with advanced calculation methods.

For columns that are tested unloaded, determine
the cross-sectional temperature distribution and
values of temperature in reinforcement. The fire
resistance of columns that have been tested without
load is determined according to temperature meas-
urements, with calculation methods according to
the requirements of DBN B.1.1-7 and
DBN B.1.2-7.

According to the tabulated method, the fire re-
sistance of reinforced concrete columns is deter-
mined by geometric parameters such as cross-
section width, axis distance of the reinforcement,
amount of reinforcement, length or height of the
element, load level during the fire exposure, heat-
ing conditions during the fire exposure (number of
fire exposed sides).

Accidental combination of actions during the
fire situation consists of characteristic values of
permanent and variable long-term actions taking
into account the safety factor for the consequence
class of the object (CC2) and the type of design
situation (accidental).

Thermal analysis of the column was performed
under conditions of the standard fire exposure. In
such conditions it was assumed that the column is
exposed to fire with four sides for 120 minutes that
corresponds to the required fire resistance class
R120.

The thermal state of the column was determined
using transient thermal models that take into ac-
count radiation-convective heat transfer in the am-
bient from the heat source to the structural surface,
convective heat transfer in the structure, radiation-
convective heat exchange from the structure to the
ambient environment.

The residual load-bearing capacity of the rein-
forced concrete column after the fire exposure was
calculated with the reduced cross-section deter-
mined using zone method in accordance with the
requirements of DSTU-N B B.2.6-197 and DSTU-
N B EN 1992-1-2.

The fire resistance period of columns for the
load-bearing criterion was determined on the basis
of the results of of thermal and static analysis.

Keywords. Fire resistance; column; thermal
analysis; static analysis.
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AHoTanisi. B manwmii yac s po3paxyHKy mpoc-
TOPOBHUX KOHCTPYKLiH HaiOIBbII HMIMPOKO 3acTO-
COBYETBhCSI METOJI CKIHUCHUX CJCMCHTIB, 3HAUYHI
YCIIXH B PO3BUTKY, SKOTO ITOB’SI3aHI 3 TpaIsIMU
BITUM3HSIHUX 1 3apyOKHHX BYCHHX. B yKpaiHCh-
KHX MyOJiKalisaxX po3mIsiHyTI MPOOJIEeMH TEOpETHY-
HOTO OOTPYHTYBaHHS METOJAY CKIHYCHUX CJICMCH-
TiB 1 #OTO 3B’S3KYy 3 IHITAMH METOJIaMH, BUBYCHI
KOHKDPETHI THUITM CKiHYEHHX EJIEMEHTIB 1 iX 3acTo-
CYBaHHS JI0 Pi3HUX 3aBIaHb MEXaHIKH CYLiIbHOTO
cepenoBuiia. Benuky yBary NpHIUICHO BHOOPY
BiAMOBIMHOI (DOPMH CKIHUECHOTO €JIeMEHTa, BUAY 1
CTYIIEHSI aPOKCUMYIOUMX (PYHKIIIH, a TAKOXK PO3-
pOOIIi METOIWKH BHBEICHHS MAaTPHUITh KOPCTKOCTI.

JlocmimKeHHS TPU3MaTHIHHUX TiJ 3 MIOCTIHHUMU
B3JIOBXK OJHI€I 3 KOOpIWHAT MEXaHIYHUMH 1 reo-
METPUYHUMH MapaMeTpaMyd HaWOUIbII JOULTBHO
MIPOBOJIUTH HA OCHOBI HAIiBAHAJIITHIHOTO METOIY
CKiHUeHHHX eneMeHTiB. CyTh HOro moisirae B 1o-
€IHaHHI CKIHYCHO €JIEMEHTHOI IUCKpeTh3alii i
pPO3KIIaJlaHHI TIEPEeMINeHb B XapaKTepHOMY Ha-
NPSIMKY TI0 CHCTEMI TPHUTOHOMETPUYHUX KOOpPJIU-
HaTHUX QYHKLIH.

[IpoBenenmit aHami3 TiTepaTypHUX IKEpEn I0-
Ka3ye, M0 TUTAHHS, TOB’A3aHi 13 3aCTOCYBaHHIM
HaIiBaHATITUYHOTO METOAY CKIHYCHHUX CJICMCH-
TiB JI0 PO3PaxyHKy TOHKOCTIHHUX MPU3MAaTHYHUX
TUI, B MPYXHO-TUIACTUYHIN, 2 MACHBHHUX HAaBITh B
MPYXHIM TOCTAaHOBKAaX, HE 3HAWIUIO HAICKHOTO
BigoOpakeHHs. Kpim Toro BiacytHi myOmikawii 3
JAHOTO HAIPSIMKY, TPHUCBAYCHI po3poOIl yHIBEp-
CAJTbHUX MPU3MATUYHUX CKIHYCHHUX €JIIEMEHTIB, 110
JIO3BOJISIIOTH JIOCITIJDKYBAaTH MAaCWBHI, TOHKOCTiHHI
1 komOiHoBaHi KoHCTpyKuii. Hampsim naHoro moc-
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JIHKEHHS TIOJIsATae B CTBOPSHHI Ha OCHOBI HaIliBa-
HAJTITHYHOTO METO/AY CKiHYCHHHX CJIEMEHTIB ede-
KTUBHOT'O amapaTy YHCENIbHOTO aHalli3y Harpyxe-
HO-Ie(hOPMOBAHOTO CTaHy MAaCHBHHX 1 TOHKOCTIH-
HUX JIOBUTHHO HABAaHTKEHUX BJIACTUBOCTEU MaTe-
piasy 1 BUpilIeHHS Ha LI OCHOBI PSIy HOBHX
MPAaKTUYHO BAXKIUBHX 32]1a4.
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Tomy B nmaHili poOOTi Ha OCHOBI MOMEHTHOI
CXeMH CKIHYCHUX EJIEMEHTIB BHBEICHI (hOopMyIH
OOYNCIICHHS BY3JIOBHUX PpEAKIid 1 KOCQIIi€HTIB
MAaTpHIIl KOPCTKOCTI CKIHUYEHOTO eJeMEHTa 3 yce-
pEIHECHUMH MEXaHIYHHUMH 1 TEOMETPUYHUMU TIa-
pameTrpaMu JJist JOCHIJPKEHHS MacUBHHX, TOHKOC-
TIHHUX 1 KOMOIHOBaHUX KOHCTPYKIIii.

KurouoBi cjioBa. MeTon CKiHYEHHX €EMEHTIB
(MCE); namiBaHaAIITHIYHUN METOJl CKIHUCHHX eJIe-
MentiB (HMCE); npusmatuunuii ckiHueHH erne-
MeHT (CE2); MacuBHI; TOHKOCTIHHI TPU3MAaTHIHI
TiJIa; BEKTOP BY3JIOBHX peakiliii; koedirieHTH Mat-
PpHILIi KOPCTKOCT.

[TOCTAHOBKA ITPOBJIEMUA

3HayHa KIUIBKICTh JOCHIIIKEHD, OB’ I3aHUX
3 po3pobkoro 1 3actocyBanHsiM HMCE, sx
MPaBUJI0, BUKOPHUCTOBYIOTHCS CITIBBiHOIIICH-
HS TOHKHX OOOJIOHOK. Po3risiHyTo pi3Hi mH-
TaHHS, TOB’SI3aHI 3 ypaxyBaHHSIM JIOKAJIbHUX
BIUIMBIB, PO3PaXyHKOM PO3TayKEHUX 1 CKJIa-
JIOBUX CHCTEM, BHU3HAUYEHHSIM HaIPYKEHO-
neOpMOBAHOTO CTaHy PEOPHCTUX OOOJOHOK
3MIHHOI TOBIIMHHU MPH TEPMOCHIOBOMY HaBa-
HTa)KEHHI, Opi€EHTAII€I0 HAOOPY KOHCTPYKTHB-
HO-aHI30TPOITHOI 00OJIOHKH.

Y poborax, mo BimoOpaxkarTh 3aCTOCY-
BaHHS HaIMBaHAJIITHYHOTO METOAY CKIHUYEH-
HUX €JIEMEHTIB JI0 pO3paxyHKY TiJl 0OepTaHHS,
BukopucTaHi TpukyTHi CE 3 miHIHHUM 1 KBaJI-
pPaTUYHUM PO3MOALIOM MEPEMIlIeHb, MPSIMO-
KYTHI YOTUPHOXBY3JIOB1 1 YOTUPUKYTHI KPHUBO-
JiHIMHI BOCBMUBY3JIOBI. J[0CTOBIpHICTH OTpH-
MaHHX Ha iX OCHOBI pe3yJbTaTiB MiATBEPIKE-
Ha pO3B’S3aHHAM KOHTPOJIBHUX MPHUKIA/IB.
Po3B’s13aH1 Takok KOHKPETHI 3aBlIaHHS IpU

0
Ci[kl _ Ci[ké _ Ci[kl

11 1111
o =C

3amumeMo Ui OEAKOT KOMIIO-
HEHTH TEH30pa HaIpy>KeHb, HAIIPH-

11
ki1an O , 3akoH ['yka, mpencras-
Jstroun ieopmartii BiipizKoM psiay
Makmnopena BignosigHo [10]:
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1123 1
+2C (523+ £y, X j+

MPY>KHOMY 1 MPY>KHO-TIJIACTUIHOMY AehOopMy-
BaHHI psAy 00’ €KTIB.

Pi3ni acmektu po3poOKHM 1 3aCTOCYBaHHS
MiXOAY, 3aCHOBAHOTO HAa BUKOPHCTAHHS YHi-
BEPCAILHOTO CKIHYEHOTO €eJeMEHTa, L0 JO-
3BOJISIE JTOCTIIPKYBAaTH B NPYXKHIM 1 MpyXHO-
IUIACTUYHIN ITOCTAHOBIII MAacHBHI 1 TOHKOCTIH-
Hi HE BICECUMETPHYHI HAaBAaHTAXXECHI CHJIOBUMHU
1 TeMIlepaTypHUMH BILUTUBAMH Tia 0OepTaHHS.
OCHOBHI MPUHIUIYN y3arajJbHEHHS JaHOT MO-
mudikarii HMCE nHa po3B’si3aHHs 3a1a4 1Ipy-
KHOTO 1 TUTACTHYHOTO Je()OpMyBaHHS ITHKIIIY-
HUX 00’€KTIB 31 3MIHHUMH IO OKPYXKHIH KOOp-
JIUHATI MEXaHIYHUMH 1 TEOMETPHUYHUMU Tapa-
MeTpaMH, TPHUCBSYCHI peaizallii MuX MpUH-
IIUITIB CTOCOBHO 3a3HAYEHOT0 KJIaCy 00’ €KTIB.

[IpucBsiueHe MOCHIKEHHIO TUT 0OEpTaHHS
Ha ocHoBi HMCE, sk cucteMu KOOpAMHATHUX
¢bynkii Bukopuctani psaau Oyp’e. B sxocTi
CHCTEMH KOOPJAMHATHUX (YHKIIH MpH J0CHi-
JDKEHHI MPU3MaTUYHUX TOHKOCTIHHMX KOHC-
TPYKIIH, SK MPaBWIO, 3aCTOCOBYIOTHCS PSIH
®dyp’e 1 6mouni pynkuii [1, 2, 3, 8, 9].

®OPMYJIN JJ19 OBUMCJIEHHS
BVY3JIOBUX PEAKIIII I
KOE®ILIEHTIB MATPHUILII
JKOPCTKOCTI CKIHUEHOI'O
EJIEMEHTA 3 YCEPEJHEHUMU
MEXAHIYHUMU I TEOMETPUYHUMU

[IpuiiMeMo, 110 KOMIIOHEHTH TEH30pa IpY-
KHUX TIOCTIMHUX 1 BUSHAYHMK MATPHIII, CKJIa-
JIeHOT 3 KOMIIOHEHT METPUYHOTO TeH30pa, He-
3HaYHO 3MIHIOIOTBCS B MEXax IOIEePEYHOrO
repepizy CKIHYEHOTO €JIEMEHTa 1 PiBHI iX 3Ha-
YEeHHSX B LIEHTPI MpeAcTaBiIeHi Ha puc. |

(1)
x%=0
0 0 2 10112 0
Ent e, X +2C E,+
01122 0 0 1 10113 0 0 2
+C Ept ey, X |+2C Est e, X7 |+
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0 0 0 0
1133 1 2
+C (533+ 33, X+, X j
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Si=T ¢ Si=1
S2=-1 A Sy=1
Puc.1. Ilonepeunuii nepe-
® pi3 CKiHYEHOTO eJle-
5 MEHTA.
X Fig.1. Cross section of a
A - finite element.
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Taki, 10 HE BUKOHYIOTh 3MIHHM B €HeEprii
nepopMmyBaHHS €JIEMEHTA, ySBIMO
HaIpy>KeHHsI BIPi3KoM psiza MakiopeHa:
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BHUCHOBKU

3apnsaku BukopucranHio MCCE otpumani
B IIiil pOOOTI CHIBBIIHOIIIEHHS YHIBEPCATHLHOTO
ckinueHoro enementa (CE2) 3abe3meuyroTh
MOXUIMBICTh PO3pPaxyHKY HarmiBaHATITHIHUM
METOJIOM CKIHYEHHX EJIEMEHTIB SIK MaCHBHHX,
TaKk 1 TOHKOCTIHHMX IOBUIBHO HABaHTAKEHUX
NPU3MATUYHUX TUT CKIanHOI GOpMH 3 ypaxy-
BaHHSM IUIACTUYHUX BIACTHUBOCTEH MaTepiany

PosrnsHyTO Apyry Monudikanii mpusMaTu-
yHOro ckinyeHoro enementa (CE2), mopis-
HSIHHS B TIOJJAJTBIIIOMY, SIKHX JTO3BOJISIE OOTpY-
HTYBaTH BHUOIp ONTHUMAaJIbHOTO 3 TOUYKU 30pYy
JOCSITHEHHST 33/1aHOi  TOYHOCTI PE3yJIbTaTiB
npu MiHIMalbHOMY 00cs31 0OUMCIIeHb BapiaH-
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Features of derivation of formulas for
calculation of nodal reactions and
coefficients of matrix of rigidity of a finite
element with averaged mechanical and
geometrical parameters

Yurii Maksymiuk, Andrii Kozak,
Ivan Martyniuk, Oleksandr Maksymiuk
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Summary. Currently, the most widely used
finite element method for the calculation of spatial
structures, significant progress in the development
of which is associated with the work of domestic
and foreign scientists. In Ukrainian publications
the problems of theoretical substantiation of the
finite element method and its connection with
other methods are considered, concrete types of
finite elements and their application to various
problems of mechanics of a continuous
environment are studied. Much attention is paid to
the choice of the appropriate shape of the finite
element, the type and degree of approximating
functions, as well as the development of methods
for deriving stiffness matrices.

The study of prismatic bodies with constants
along one of the coordinates of mechanical and
geometric parameters is most appropriate to carry
out on the basis of the semi-analytical method of
finite elements. Its essence is a combination of
finite element sampling and decomposition of
displacements in the characteristic direction by a
system of trigonometric coordinate functions.

The analysis of the literature shows that the
issues related to the application of the semi-
analytical finite element method to the calculation
of thin-walled prismatic bodies in elastic-plastic,
and massive even in elastic formulations, have not
been properly reflected. In addition, there are no
publications in this areca devoted to the
development of universal prismatic finite elements
that allow you to explore massive, thin-walled and
combined structures.

The direction of this study is to create on the
basis of the semi-analytical method of finite
elements of an effective apparatus for numerical
analysis of the stress-strain state of massive and
thin-walled arbitrarily loaded properties of the
material and solve a number of new practically
important problems. Therefore, in this work, based
on the moment diagram of finite elements,
formulas for calculating nodal reactions and
stiffness matrix coefficients of a finite element
with averaged mechanical and geometric
parameters for the study of massive, thin-walled
and combined structures are derived.

Keywords. finite element method (FEM);
semi-analytical finite element method (SAFEM);
prismatic finite element (PFE); massive; thin-
walled prismatic bodies; vector of nodal reactions,
stiffness matrix coefficients.
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Oco6nuBOCTI PEKOHCTPYKLUil 30BHIiLLHIX hacagHUX eNneMeHTIB

laHHa Llinakoea ', AHOpiIl LLInakoe 2
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AHoTanis. B cTarTi po3riAHyTI aKTyanbHi MH-
TaHHs PEKOHCTPYKIiI HAWOUIBII Bpa3IuBUX, 3 TOY-
KM 30py eKCIuTyaTarlii, eJeMEHTIB OyIiBelb Ta
cnopyn — ¢acaHAX HECYYHX €JIeMEHTIB, BHHOCIB
Ta OaJKOHIB. AKTYaJIBHICTh TEMH JOCIHIKCHHS
BH3HAYAETHCS PO3MOBCIOKEHICTIO AEEKTIB TaHO-
ro THITy KOHCTPYKIIH, SIKI BUHUKAIOTh B IPOIIECi
OyIiBHUIITBA, SKCILTyaTallil Ta BiHOBIIOBAIBHOTO
PEMOHTY.

HaBeneHo mpukiiai THUIOBUX  IPOEKTHO-
KOHCTPYKTOPCBHKHX pillleHb OaJIKOHIB Ta MpoaHali-
30BaHO (paKTOpH BIUIMBY Ha NabiibHICTH OyniBe-
JIEHAX KOHCTPYKIIIH TAHOTO THITY B 3aJIEKHOCTI Bif
IpKepen 1X BUHUKHEHHS Ta €Taly >KUTTEBOTO LIMK-
ny OyniBii Ta caMoi KOHCTPYKIII.

OmrcaHi BUAM SKCIUTyaTaIlifHUX HABaHTaXCHb
Ta TUIOBI JAedopMalliiiHi IpoIecu B KOHCTPYKIISAX
0aJIKOHIB Ta MPOEKTHO-KOHCTPYKTOPCHKI pillIeHHS,
SIKi CTIPSIMOBAHI Ha HiBETIOBaHHS HETaTUBHUX Hac-
JIIKIB BIUIMBY Ha KOHCTPYKIi (pakTOpiB 30BHIII-
HBOTO CEPEJIOBUINA, OPraHi3alliiHO-TEXHOIOTTYHUX
MOMUJIOK MPU 3BEJCHHI Ta eKCIUTyaTamii, a TaKoxX
CTIOJIyYEHHS 3a3HA4YeHUX (AKTOPIB, MO MOXKYTh
MPU3BECTH J0 3HIKCHHS CKCILTyaTalliiHIX Xapak-
TEPUCTHK Ta HECYUOi CIIPOMOXKHOCTI KOHCTPYKLIH,
IO PO3TIIAIOTHCA.

BusHaueni HaiiOuIbIn e(QEeKTHBHI, 3 KOHCTPYK-
TUBHOI, €KOHOMIYHOi Ta OprafizalifHOI TOYOK
30py, pillleHHs U1 PEKOHCTPYKLIi Ta BiTHOBICHHS
pI3HUX THIIB 30BHIIIHIX €JIEMEHTIB ¢acamdis, Oa-
KOHIB.

B craTTi HaronomyeThCsl Ha BaXKIMBOCTI 3a0€3-
TICYEHHS BiJMOBITHOCTI XapaKTEPUCTHUK 30BHIIMTHIX
eleMeHTIB (pacagHNX KOHCTPYKITIHA IIITXOM CTBO-
PEHHS perijaMeHTiB 00CIyroByBaHHS KOHCTPYKLIH
Ha OCHOBI JIepKaBHUX HOPMATHUBHUX JOKYMCHTIB
Ta METONHUII PaIioOHATHFHOTO0 BUOOPY BiAIOBITHUX
CHCTEM TEXHOJIOT1H Al PeKOHCTPYKIIi Ta BiJHOB-
JICHHSI TAKOT'O BayKJIMBOTO JJIS1 HOPMaJIbHOT
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eKcIUTyaTarii NHWBUTBHUX OyIiBeTh Ta CIOPYH
KOHCTPYKTHUBHOTO €JIEMEHTa SK OaJKOHHI KOHC-
TPYKUii pi3HUX THIIIB.

KmrouoBi caosa. BigHoBmOBanbHUN pe-
MOHT; €KCIUTyaTallis; MiJICUJIeHHs OaJKOHHOI
TUTUTH; PEKOHCTPYKIIIs, «TITYXUHY aHKeP.

BCTVYII

Bemnukunii o0csr aBapiHO-BITHOBJIIO-
BaJIbHUX POOIT JKUTIOBOTO (OHIY MPUTIATAE
ChOTOJIHI Ha PEMOHT KOHCTPYKIIIH, SKI MalOTh
KOHTAKT 3 arpeCMBHUM 30BHIIIHIM CEepeIOBH-
IeM — TIOKPIBJISI, 30BHIIIHI CTiHU, OAJKOHH.
OcobmmBoi  yBarm  Ta  3aHETOKOEHHS
BUKJIUKAIOTh ~ came  OankoHu.  [lpuumzu
HE3aJ0BUIBHOTO CTaHy OalKOHIB IOB'S3aHi 3
HU3bKOIO SIKICTIO 1X BHUTOTOBJICHHS, MOHTaXy
Ta ekciuryarailii. bamkoHuW 3HaxXoIsAThCS B
yMOBax €KCIUTyaTaiii 3Ha4yHO BaX4YWX, HIXK

1HII KOHCTPYKIIi{ OyIMHKIB. Bonn
T ITAI0ThCS OGararopazoBomMy BIUTUBY
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aTMOC(EpHHUX OMaJiB Ta 3HAYHUX TIEPErajiiB
TEMIIEPATYPH.

OCHOBHUM  HEIOJIIKOM  BUTOTOBJICHHS
3a1i300€TOHHUX OaJTKOHHHX TUIHT € HElIIbHA
ctpykrypa Oerony [1, 2]. Ile 3a3Buyait
BUKIIUKAETHCS ~ HE33aJOBUIBHUM  MiI00pPOM
CKJaay OeTOHHOI CyMmill  MOPYIICHHSIM
TEXHOJIOTii  TEIuIoBOI  OOpoOKHM  BUPOOY
(mepecymyBaHHsI), 10  PI3KO  3HIKYE
MOPO30CTiHKiCTh OeToHY [3].

Kpim 3a3HaueHux BWIE TPHYUH PYHHY-
BaHHS ICHYIOTbH IIIe, K MiHIMYyM, JIBI IPUYHH
st uporo. [lo-mepie, yepe3 TpuBaily HEBpe-
T'YJIbOBaHICTb BUMOI' MICTOOYIIBHHX HOPM
mono (acamiB KUTIOBUX OYAMHKIB 3 acleK-
TaMU TIPUBATHOI BJIACHOCTI BUHUKIIO HECHCTE-
MHE Ta HEKOHTPOJhOBaHE TepeoOIIaHaHHS
OaNKOHIB, M0 MPHU3BEIO 10 MOBHOTO PYHHY-
BaHHS  apXITEKTYpHOTO  aHCaMOJII0  MICT
(puc. 1) [4]. To-mpyre, BUKOHaHHS pPOOIT 3
T JICUJICHHS, PEKOHCTPYKIIIT Ta TIOBHOTO Tepe-
npodinoBaHHA OaJKOHIB BJIacHUKaMu 0e3
HarJsiIy Creriagi3oBaHuX OyliBEJIbHUX Opra-
Hi3amii 3aBJalo HEKOHTPOJILOBAHOI, a TOMY
1HKOJIM 1 HETPOTHO30BaHOi (CKPHUTOi) 3arpo3u,
K OKPEeMHM KOHCTPYKISIM Tak 1 00’€KTy B
oMy [5]. B miit cTaTTi cripoOyemo cuctema-
TU3YBaTW HAMOUIBII MOIIMPEHI TOMUJIKH, JO-
MYIIeH] Mij 9ac eKCIuTyaTallii Ta peMOHTy Oa-
JIKOHIB B )KHUTIOBUX OYIMHKAX.

Puc.1. JobynoBani 6ankonu no ¢acamy
JKATIIOBOTO OyTNHKY

Fig.1. Completed balconies on the facade of a resi-
dential building
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META I METOU

bankon — apxiTeKTypHO-KOHCTPYKTHBHHI
€JIEMEHT, L0 YTBOPIOE€ MalJaHYUK, KU BU-
CTylae Ha JesKii BUCOTI 3a Mexi dacagHoi
CTIHH.

bankoHn B cTapux >KHTIOBUX OyIWHKaX,
TEPMIH eKCIUTyaTallii SKUX CTaHOBUTH IMOHAJ
80 pokiB, MPEICTABISAIOTH COOO00, SIK MPABUIIO,
IBl 3ami3o0eToHHi abo MerajeBl KOHCOII,
KPOHIITEHHY, sIKI 3aBEJICHI B KJIQJKy Ha TJIH-
6uny He menme 380 mM. Buit GankoHiB 3a-
3BHYal 3HaXOJIUTHCSI B Mexkax 1-1,6 M. baiko-
HA HAa KOHCOJBHUX Oajgkax MaloTh HHU3KY
KOHCTPYKTHBHHX pimieHb. KoHCOM BIAIITOBY-
BaJIM 13 CTAJIEBUX UM 3ai300eTOHHUX (puc. 2)
Oamok. Ilo KoHCONBHHMX Oajikax BKJIAIAIN
IUTUTH 13 IPUPOJHOTO KAMEHIO Y 3aJ11300€To-
Hy. Hepinko mpu craneBUxX KOHCOJIBHHX Oall-
Kax 3aMOBHEHHS] MK HUIMH BUKOHYBAJIA y BU-
TSIl HEeTsTHUX a00 OETOHHMX CKIICTIiHG [6, 7].

MertaneBi 0aJku 3aBOAMIM B CTIHY Ha TJIH-
ouny 380-440 mm. SIkmio MeraneBi OalKu HE
00ETOHOBYBAIIUCH, TO /I 3a100IraHHs KOpOo3ii
ix dapbyBanu macisHow (apboro. Haituacri-
e OanKu OLITYKaTypIOBAIM CITKOIO abo 3a-
KpUBIM apxiTeKTypHUMHU neraiasmu. [llo6
KJIa/IKa MiJ] KOHCOJIbHOIO OaJKOI0 HEe BiauyBa-
Jla BEIIMKUX HaINpyr BiJ 3MHUHAHHS, 3HU3Y 1
3BEpXY BKJIAJJAIMCh METAJIEBI ITiIKJIaKH.

Ymennwsay

lidpoizonayidruld
Kunum

Pl ) | \
/
Banka
lMnuma BankoHHa
nepekpummsi nnuma

Puc.2. KoHnctpykuis 0aqkoOHHOI MJIMTH, BIAIITOBA-

HOT 110 3a11300€ TOHHUM OajKaM

Fig.2. The construction of the balcony slab, ar-

ranged on reinforced concrete beams
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3ami300eTOHHI KOHCOJIbHI OaJIKU 3aKIagaan B
CTIHU TaKOXX Ha TIMOWHY IOoHalMeHtIe 1,5 mer-
m. SIkio kapkac Oy/iBiIi BHKOHYBABCS TAKOX 3
MOHOJIITHOTO 3a1i300€TOHY, TO/Ii OaNIKy MOHOJTI-
THO TIOB’SI3yBali 3 OOB’SI3yBAJILHOIO OAJIKOIO
kapkaca. KimpkicTh OalloOk B TaKWX BUIMAIKaX
3aJIEKUTh Bl JOBXMHK OalKOHA. 3a3BHMyail X
CTaBWJIM BifIcTaHb 1-2 M ofHa Bij ool YacTu-
Hy OaJIOK MOTJIM BJIAIITOBYBATH SIK JIEKOPATHUB-
HUM €JIeMEeHT apXiTeKTypHOro O(QOpPMIICHHS

(puc. 3).

Puc.3. bankon, BiamroBanuii 3 INIMTH Ha 3ai300e-

ToHHMX Oankax (M. Oneca)

Fig.3. Balcony made of slabs on reinforced con-

crete beams (Odessa)

[{i ropu3oHTaNBHO PO3TANIOBaHI 3ai300e-
TOHHI €JIEMEHTH 3HaXOJSThCS MiJl JOBIOTPH-
BaJIUM BIUIMBOM aTMOC()EpHUX OIaJliB, TOMY Y
BUIIAJKY BiJCYTHOCTI TiAPOi30JIALlis 30BHIIII-
HiX moBepXxoHb (moHan 90% mociiKeHb aBa-
pifiHUX CHUTYaIliif) MPOCOYYIOTHCS BOJIOTOIO [3,

fal Y !a‘j
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bankonun 3 HeBenMWKUM BUILOTOM (200 iH-
JycTpialibHi 30ipHi 3a71i300€TOHHI TUIUTH) BU-
KOHYIOTBCSI ¥ JI0C1 y BHUTJISIZII HECY40i KOHCO-
npHOT 3ami3o0eTonHol T (puc. 4). Konco-
JTbHE 3aBElEHHsS Ta TOJAJbIIe 3alleMIICHHS
KOHCTPYKIIi € HaWOUIbII BiIMOBIAAIBLHOIO ii
YaCTUHOIO.

€ 3arajbHi IPUYUHU PYHHYBaHHS Ui Oaj-
KOHIB OY/Ib-5IKOi KOHCTPYKTHBHOI CXEMH.

[To-mepre, GankoHHI 3aMi300€TOHHI TUTUTH
0COOIMBO CXWJIBHI 70 KOPO31iiHOI HEOe3MeKn
[6, 8].

lidpoizonsayitiHull
/ Kunum

Ymennwsay
\ | 3nus

/ \w

/ nauma
lMnuma |
nepekpummsi

Puc.4. Konctpykiisi 6ankoHy i3 3ami300€TOHHUX
TUTAT

Fig.4. Reinforced concrete slab balcony construc-
tion

9]. BigHOCHO TOHKI IUTUTH B3UMKY IIBUIKO
MpOMepP3al0Th HACKPi3b, IO 3 YacOM IMPHU3BO-
JUTH JI0 YTBOPEHHsI TPIIIHMH 1 BiAMIapyBaHHS
0ETOHYy — THUIIOBOTO SIBUINA BIUTUBY HETATUB-
HUX Temmepartyp (puc. 5).

Puc.5.PyitnyBanHs ~ OankoHHOI
BHACITiJIOK KOpO3ii

Fig.5. Destruction of the balcony slab due
to corrosion

IIIMTHA
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k1o € rigpoi3osIis, TO BOHa MOXE Bifi-
rpaBaTd HETaTUBHY POJb, TaK K 3a BiACYTHO-
cti 100% rapanTii 3aXHcTy BiJ BOJIOTM BOHA
IIBU/IIIE ITiIBUIIYE, HIXK 3HIKYE BMICT BOAH B
mutax. [Ipyu jgomii Bojga vepes HasiBHI HEIIl-
JBHOCTI B 30BHIIIHIX MOBEPXHSAX MOXE MPO-
HUKHYTHA BCEPEIUHY TUTUTH 1 3aBISKH KaIliJisi-
PHOCTI OETOHY MOIIMPHUTHUCS IO TMepepizy mna-
Heni. [Ipu cyxiit moromi maHesi 3 Tiapoi30Jis-
LI€I0 BUCUXAIOTh HA0araTo IOBLUIBHIIIE, HDK
OCTOHHI eJIeMeHTH 0e3 130411, OCKIJILKH TiJI-
POI3OJISALIS  MEPELIKOKAE BUIIAPOBYBAHHIO
BOJH, III0 MiCTUTBCS B OCTOHI.

CrasneBi CTIMKH MOPYYHiB, pO3TAIIOBaHI O
Kpasx OCTOHHUX IUTUT, TAKOXK CIPHUSIOTH IOIII-
KO/DKCHHSIM maHeneil. [Ipu HasBHINM 1305srii
MIXK CTaJUTIO 1 OETOHOM, fKa JYacoM He 3JaTHa
BUKOHYBATH MPOTATOM TPUBAJIOTO Yacy CBOE
MPU3HAYCHHS, BOJla MOXKE IMPOCOYYBATHUCS B
TPIIIMHM, K1 € B MICIIIX KOHTAKTy. ApMarypa,

[To-TpeTe, ICHYIOTH TAaKOXX €KCIUTyaTalliiH1
MPUYMHU PYHHYBAaHHS — HECBOEYACHE BIJTHOB-
JIEHHS 3pYHHOBAHUX 3JIUBIB 1 3aXMCHOTO MIAPy
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sIKa 3HAXOJUTHCS B T OETOHHOT KOHCTPYKITIi,
MOJKE TIOYaTH KOPOAYBaTU. BHYTpIilIHINA THUCK,
10 BUHUKA€E B PE3YJIbTATI YTBOPEHHS MPOIYK-
TiB KOPO3ii MeTay, BUKIMKAE PO3TPICKYBaHHS
OCTOHY Ha KpasiXx OaJKOHHOI IJIUTH, B MICIIX
3aKJIQJICHHsI CTIMOK mepui B OETOHHY KOHCT-
pykuito [9].

Tenep MoxHa cHOpPMYIIOBaTH YTy 3ara-
JbHY NMPUYMHY PYHHYBaHHS OQJIKOHHHUX TUTUT
— KOHCTPYKTHBHY: BIJCYTHICTb Ha HIDKHIN
MOBEPXHI TUTUTH IO KOHTYPY KparelbHHKA, a
0 BEpXY ILTUTH 3JIMBIB 3 OIIMHKOBAHOI TOKPIi-
BEJIbHOI cTaji a0 IHIIOTO IHHOBAIIHOTO OY-
JIBEIHHOTO MaTepiay, HasBHICTb 3BOPOTHOTO
yXWTy OaJIKOHHOI TUTMTH, BCTAHOBJICHHS €Kpa-
HIB, 110 3aXWINAIOTh BiJl PIBHS MEPHII A0 MiJ-
joru OajkoHa, TOOTO HE MalOTh 3a30piB B HH-
JKHIM YacTHHI OTOpPOXi, IIMM CaMUM IPOBOKY-
I0Yd HAKOMHMYEHHS CHITY B 3WUMOBHUH Tepion

(puc. 6).

Puc.6. PyiinyBanHs 0anKkoHy BHACHTiJOK 30iJb-
IICHHS CHITOBOTO HAaBAHTAXKCHHS
Fig.6. The destruction of the balcony as a result
of the increase in snow th load

3a11300€TOHHOT TIJTUTH, BIAIITYBaHHS €KPaHIB
OTOPOJIKEHHS, SIKI HE BPaXOBYIOTh OCOOJIMBO-
CTel excruTyartarlii OaIKOHHOT TITUTH.

Puc.7. HaBantaxxeHHs1 Ha OaNKOHHY
TUTATY ITiJT 9aC JIbOAIHHS
Fig.7. Anti-icing loading onto the balcony slab
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[IpoTe HAWrOJOBHIIIOW 1 HEMPOTHO30Ba-
HOIO CJIIJT BBaYKaTH PYyWHYBaHHS BiJ NEepeBaH-
Ta)XEHHS KOHCTPYKIIiH, SK BHACIIIOK aKTHB-

Oco0uBOCTI 00cTesKeHHsS. 30BHILIHBOIO
03HAaKOK HE3aJIOBUILHOTO CTaHy OajJKOHHOI
TUTTH € JTYIICHHS MiAJI0TH Ha OaKOHi, BUXIJ
13 Jagy T1Apoi3osIii, Koposis ¢apTyxiB 3 MO-
KpiBEJIbHUX MarepiajiB, MOsBa ip)KaBUX IUIM
Ha HIDKHIN TTOBEPXHI OaKkoHa.

VY HWXKHIA CTUCHYTIHM 30HI IUIMTH BigOyBa-
€THCSI PO3TPICKYBaHHS OETOHY Ta WOTO po3Ia-
pPYBaHHS 3 OTOJICHHSM KOHCTPYKTHUBHOI (y
KOHCOJIBHUX IUTHTax) abo pobouoi (y rumrax,
MOKJIAICHUX HA KOHCOJBHI OaJIKM) apMaTypHu.
Takwuii cTan 0aTKOHHOT TUTUTH € aBapIiHUM.

OOcTexxeHHsT 0AIKOHHHUX IUIMT, IO MAalOTh
30BHINIHI JAeheKTH, TOYNHAOTh 3 BUIAJICHHS
TUISSHKY TAJIOTH, BU3HAYEHHS CTaHy Tiapoi-
30JIA1Iii Ta apMaTypu BEPXHBOTO PSITy TUTATH.
[ToTiM HWXKHIN OIK MIUTH PO3UYULIAETHCS O
IITPHUX mapiB O0eToHy. BUKOHYyeThCS TIpoO-
CTYKYBaHHS IUIUT. AHAJIOTIYHO TeEpeBipSIOTh-
Csl CTaH KOHCOJIBHMX OaJIOK Ta KPOHIITEHHIB.
[Tpu BusBIECHHI KOPO3ii METAJIEBUX E€JIEMEHTIB
KOPO3i10 BUIAJSIOTH 1 3aMIpSIFOTh HEPOKOPO-
JIOBaHMI TIEpepi3 METAIEeBOrO eIeMEHTa, SIKUN
3anumuBcs. OcoOJIMBO BaXKITMBO BH3HAYUTH
CTaH METaJIeBUX KOHCOJIBHUX OANIOK y MiCIIi iX
3aBEJICHHS B CTIHY.
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HUX aTMocdepHux onauis (puc. 6, 7), Tax i aii
ITiJT 9ac eKCIuTyarailii Ta peMoHTy (puc. 1, 8).

Puc.8. ExcrpemanbHi HaBaHTa)XeHHS Ha Oal-
KOHHI TJTUTH TIiJT 9ac eKCIUTyaTartii

Fig.8. Extreme loads on balcony slabs during
operation

PE3YJIbTATHU TA TIOSACHEHHA

[Ipu HenocTaTHIW Hecydwiil 37aTHOCTI ene-
MEHTIB OajkoHa poOyaATh ix miacwieHHs. [le-
pen pobOTOr MO MiACHICHHIO IUTUTH PO3BaH-
TaXYIOTh: BUAAISIOTH MIJIJIOTY, CTSDKKY, TiIpO-
130JISI11110, TTOBEPXHEBUI map OETOHY, IIO PO-
3mapyBaBcs. Lle 103Bosisie mBHIIIE BKITIOYUTH
B pOOOTY KOHCTPYKIIIIO MiJACUICHHS, OCKITBKU
BOHA TIOYHMHAE IMPAIIOBATH Ha HaBaHTAKEHHS,
10 TPUKIIATAIOTBCS TITBKU TICHS 3aKiHUYCHHS
MIICUJIEHHS.

PosrisiHemMo oauH 3 BapiaHTIB MiJACHIICHHS
30ipHUX 3aTi1300€TOHHUX IUIUT KOHCOJBHOTO
Tuny. BukoHatn miAgcuieHHsS OaTKOHHUX
IJTUT, 30epiraroyM iXHIO KOHCOJBHY CXEMY
poboTHu, Ayxe ckiaaHo. Xoda B JiTeparypi
[10, 11] € pexoMeHpmarii IOMO ITiACHICHHS
KOHCOJIBHUX IUIMT HAapOIIyBaHHAM 3ai3o0e-
ToHOM 3BepXy. OJHaK 3aaHKEpyBaTH B CTiHI
JOJJATKOBY apMarypy, sIK 1€ MPOTOHYEThCS B
[7, 10, 12] Ge3 mopyIiieHHs 3aKJIaeHHS TUTUTH
B CTiHi, TEXHOJOTIYHO HAaBPS YH MOXKIHBO

(puc. 9).
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Hiwa 8 cmiHi Ha dinaHkax
bea npodomie

Apmyrodull 6emoH

ApmamypHa cimka

Tomy mMiJICUITIOIOTE KOHCOJIBHI TUTHTH Oaj-
KOHIB 3a3BUYaif 3a JIOTIOMOTOIO JIOJATKOBHX
OTIOp, 3 AKUMH IJTUTH MMOYMHAIOTH MPAItOBaTH
SIK OTIEPTI 1O KOHTYDY.

HaiiGinpmn momupeHuM crocoOoM MiacH-
JICHHS TUTHT € B3ATTS iX MO TPHOX CTOPOHAX
mBesnepamu [10, 12] B o6oiimy. JIj1st KOHCOIB-
HUX OATKOHHUX TUTUT BUKOPUCTOBYIOTH 3a3BU-
yaii mBenepu NeNe 12-16. Homep miBenepa
niaOupaeTbcst 3 YMOBH, IIOO MK HHKHBOIO
MOBEPXHEIO IUIUTH 1 HUKHBOIO MOJUIEIO I1IBE-
Jiepa 3aJvIIaBCs 3a30p HE MEHUIE 5 MM s
3a0e3neyeHHs] HOpMaJbHUX YMOB HOTO 3aKo-

Topkpem-

OnopHa nauma
bemoH

R Tax.
HackpizHul

aHKep

"Tnyxud"”
aHkep

Topkpem-
/ 6emoH

[TocuneHHs TUTAT 3 TTOXUJIUMH TSHKAMU MO-
’KHA BBECTH B POOOTY, 3pOOHBIIH iX MOTEPEI-
HBO HampyxeHumu. l[lomepenHio Hampyry B
MOXWINX TSHKaX MOXKHA CTBOPHUTH 32 JOMOMO-
TOI0 aHKEPIB, M0 KPITUISTH TSXKi 10 CTIHH.
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Puc.9. IlincunenHs OanKOHHOI MJIMTH ILIApOM
apMOBaHOTO OETOHY

Fig.9. Reinforcement of a balcony slab with a
layer of reinforced concrete

HOTaueHHs. BepXHs mowis mBenepa MOBHH-
Ha OyTH Ha PiBHI CTSDKKH M1 T1APOI30JISAIIIO.

[To3moBkHI Ta TOMEpeYHi MIBEJIEpH 3Ba-
PIOIOTH Y MicIsIX iX cnoiydeHHs. Ilonmepeuni
IIBEJICPH 3aKJIAJAI0Th Y CTIHU. BUKOHATH Take
3aKJIQJICHHs IIBEJIEPiB y CTiHY, 100 BOHA 3a-
Oe3nedyBana poOOTY KOHCTPYKIIT TMOCUICHHS
SIK KOHCOJTi, 3a3BUYail HE BIA€ThCS, & y CTIHAX
BEJIMKOIMAHEIbHUX OyAiBenb B3araji 3akia-
JIEHHSI IIBEJIEPiB HEMOXKJIMBE. ToMy 1O CTiH
KPIIUIATh MOXWII TSDK1, IO MiATPUMYIOTH 30B-
HIIIHIA Kpall KOHCTPYKIIT TMOCWJICHHS (pHucC.
10).

Puc.10. KoHCTpykTHBHa cXeMa TiJACHICHHS
0aKOHHOI TUIUTH METAJICBOI O0OM-
MOIO Ta MOXUITUMH
TSOHKAMHA

Fig.10. Structural diagram of strengthening the
balcony slab with a metal frame and
inclined straps

[Ipu HEMOXIJIMBOCTI 3aKJIQJCHHS IIBEJIEPiB
y CTiHy IX HpUBapIOIOTh 10 BEPTUKAIBHHX
€JIEMEHTIB TOCHUJICHHS, IO BHUTOTOBJIAIOTHCS
3a3BHYal 3 KyTOYKa, MPUKPIIIEHOTO HACKPi3-
HUMH a00 «IJIyXUMH» aHKepaMH 10 CTiHH

(puc. 11).
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BepmukanbHuli

HackpizHut
Kymuk

aHkep
“Tnyxud"
aHkep

Topkpem-

Pebpo xopcmkocmi 3

b6emoH

Jiucmoegoeo Memairty

Obolima 3 weenepy

Hackpi3ni ankepu HeOakaHi, OCKIIBKHA BO-
HU CTAIOTh «MIiCTKAMH XOJOMY». IX peKkoMeH-
JYE€TbCSI CTAaBUTHU TUIBKH 33 HEMOXKJIHUBOCTI
BUKOPUCTOBYBATH «TJyXi» aHKepH (HAmpu-
KJIaJl, IPU HU3bKIH MIIHOCTI OETOHY CTIHOBOI
nanem). OmHa 3 MOXIUBUX KOHCTPYKIIIN
«TJIyXOTO» aHKepa — II€ aHKep 3 TOPIIEBOIO
KOHIYHOIO TOJIIBKOIO, JiaMeTp sikoi B 1,5 pa3u
OunbIIIe MiamMeTpa CTHII00ATHOI YaCTUHHM aHKe-
pa.

[Timcunut KOHCOJNBHY OaJKOHHY IUIUTY
MO’KHAa TaKOXX OOpaMJICHHSAM ii IIBeIepamMu 3
OTMMPAHHIM OCTAHHIX Ha TOXWJI MIIKOCH Ta
BEPTUKAJIbHI CTIHKU, MPUKPIIUICH] «TITyXUMI»
aHKepaMH JI0 CTiHH.

Ha Bci BigkpuTi cTaneBi KOHCTPYKIii TOCH-
JIEHHS HAHOCATH AHTUKOPO31MHE TOKPUTTS
[13]. [Ipu cuibHIN KOpO3ii BEpXHBOI apMaTypH
KOHCOJIBHUX TUTUT 1 33JI0BIJILHOMY CTaHI HUXK-
HBOI MOBEPXHI IJIUTU B 30H] 11 IPUMHUKAHHSA J10
CTIHM MOJKHA TOCTAaBUTH JOJATKOBY 3aro0ik-
HO HampyXeHy apmarypy. SIkmo OaikoHHI
IJTUTH CIIMPAIOTHCS] HAa KOHCOJIBHI Oaliku, 3a-
BEJICHI B CTiHY, TO OJHOYACHO 3 BU3HAUEHHSIM
CTaHy TUIUT BCTAHOBIIOETHCS CTaH KOHCOJIb-
HHUX 0aJI0K.

BUCHOBKM TA PEKOMEHIAIII{

Po3rnsiHyTi MOMIKOMKEHHST OaIKOHIB, 00Y-
MOBJIEHI KOPO3i€I0 Ta €po3i€ro OyaiBeTbHUX
MartepialiB, J1€l0 KOHCTPYKTUBHUX MPOpPaxyH-
KiB, @ TaKOX HEMPABWJIHHOIO EKCILTyaTaIli€lo.
BignosinanbHicTh 3a pylHHYBaHHA OyiBeb-
HUX KOHCTPYKIH, SK pe3yiabTaT IMOMMIOK,
JOMYUICHUX MPH MPOEKTYBaHHI Ta OyIiBHUIIT-
Bl MalOTh HeCTH OyAiBEIbHI Ta MMPOEKTHI Opra-
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Puc.11. KoHCTpykTHBHA cXema ITiICHICHHSI
OaIKOHHOI TTUTH METaJIEBOI0 000IMOI0
Ta MigKocamu

Fig.11. Structural diagram of strengthening the
balcony slab with a metal frame and
struts

Hi3amii, aje OCOOJMBY BIAMOBIJANBHICTh 3a
MpaBUJIbHY EKCIUTyaTallilo Ta MTpodeciifHICTh
PEMOHTY (TUM Haue PeKOHCTPYKIii) Ma€e HECTH
BJIACHUK HEPYXOMOCTI.

Crnix mam’ataTH, 110 NpPU 3HAYHUX HABaH-
TaXEHHSX 1 0e3 Toro ocinabiieHuX nedexraMmu
0aJIKOHIB, BOHM CTAalOTh HEOE3MEUYHHMH HE
JIUIIE JUISl TUX, XTO MPOXKUBAE B OyAMHKAX, aje
1 I THX, XTO MPOXOJUTH TPOTYyapOM B3JIOBXK
(dacamy Oynaieni. Tomy npu BUPIMICHH] Y€pro-
BOCTI PEMOHTY KOHCTPYKIIiii OyIUHKIB Ha Tie-
pIie Miciie moTpiOHO CTaBUTH BIIOPSIAKYBaHHS
OaJIKOHIB.

Jlume mnpu HOTpUMaHHI BCIX JEpyKaBHUX
Oy/iBETbHIX HOPM MOXKHA PO3PaxOBYBAaTH Ha
HEOOXI1JIHY JTOBTOBIYHICTH OY/IBEIIBHMX KOHC-
TPYKLIH Ta iX JOCTaTHIO HeCcydy 3JaTHICTb
MIPU 30BHINTHIX BIUIMBaX. AJie IPaKTHUKa MOKa-
3y€, M0 BIUTMB HABKOJHIIHBOTO CEPEIOBUINA
MOCTIHHO 3MiHIOEThCs [14], cTae arpecuBHI-
IIMMH, TOMY TEpMiHH CIYyKOM OymiBeITbHUX
KOHCTPYKIIIH Ta CHOCOOM iXHBOTO 3aXHCTY
TaK0X MOBUHHI 3MiHIOBATHCh.
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Features of reconstruction of external
facade elements

Hanna Shpakova, Andrew Shpakov

Summary. In the materials of the article, the
topical issues of reconstruction of the most vulner-
able, from the point of view of operation, elements
of buildings and structures - load-bearing facade
elements, extensions and balconies are considered.
The relevance of the research topic is determined
by the prevalence of defects of this type of struc-
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tures arising in the process of construction, opera-
tion and refurbishment.

Examples of typical design solutions for balco-
nies are given and factors of influence on the labil-
ity of building structures of this type are analyzed,
depending on the sources of their occurrence and
the stage of the life cycle of the building and struc-
ture.

The types of operational loads and typical de-
formation processes in the structures of balconies
and design solutions aimed at leveling the negative
consequences of the impact on structures of envi-
ronmental factors, organizational and technological
errors during construction and operation, as well as
a combination of these factors that can lead to a
decrease in operational characteristics and bearing
capacity of the structures under consideration. The
most effective from a constructive, economic and
organizational point of view, solutions for the re-
construction and restoration of various types of
external elements of facades and balconies have
been determined.

The article notes the importance of ensuring the
compliance of the characteristics of the external
elements of facade structures by creating regula-
tions for the maintenance of structures based on
state regulatory documents and the methodology
for the rational choice of appropriate technology
systems for the reconstruction and restoration of a
structural element so important for the normal
operation of civil buildings and structures as bal-
cony structures of various types.

Keywords. Refurbishment repair; exploitation;

strengthening the balcony slab; reconstruction,
«blind» anchor.
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AHoTanisi. Po3rnsgaerbcs: BUMOTH 10 BEpTO-
JITHUX MaWJaHYMKIB, THATHX HAJ PiBHEM 3EMIIi;
KOHCTPYKTHBHI PIIICHHS BEPTOJITHUX MaiTaHdn-
KiB; KOHCTPYKISl TUTUTH TOKPHUTTS BEPTOJITHOTO
MaiilaH4WKa, pPO3TALIOBAaHOIO Ha Jaxy OyniBii;
KOHCTPYKTHBHI PIMICHHS TPUHHATI TIPH TIPOSKTY-
BaHHI BEPTOJIITHOTO MaWIaHIMKa, MOJIEITIOBAHHSI
BepToiiTHOro maiinanumka B [IK JIMPA CAIIP;
PO3paxyHOK OaraToroBepxoBoi OyIiBii 3 BEpTOIi-
THAM MalIaHYUKOM Ha Jaxy; HepeBipka Ha Mill-
HICTh Ta >KOPCTKICTH; XapaKTEPUCTHKH BEPTOJNIT-
HOTO MaiaH4YMKy Ha naxy OyaiBii. Po3paxyHkoBa
MOJIEJTb IIPOCTOPOBOI CXEMHU KOHCTPYKITIHM Kap Kacy
BHCOTHOTO JKHTJIOBOTO OyIMHKY BHKOHAaHA B IIi[I-
cucremi (IIC) «KOMIIOHOBKA» mnporpamHoro
komruiekcy (I1K) «Monomax-CAIIP» i excmopTo-
BaHa B mnporpamHmii Komiuiekc IIK «JIMPA-
CAIIP».

Kio4oBi cj10Ba: KOHCTPYKTHBHI PIlICHHS Be-
PTOJIITHAX MaHIaHYMKIB; MOICITIOBAHHS BEPTOJIIT-
Horo Mamnpanuuka B IIK JIMPA CAIIP; po3spaxy-
HOK OaraTomoBepxoBoi OymiBII 3 BEPTOIITHHAM
MalIaHIuKOM Ha J1axy OyIiBIIi.

I[TOCTAHOBKA ITPOBJIEMA

Po3paxyHkoBa MoJienb MPOCTOPOBOI CXe-
MU KOHCTPYKIIH KapKacy BHUCOTHOTO >KHTJIO-
Boro OynuHky BukoHaHa B mincuctemi (I1C)
«KOMITIOHOBKA» nporpaMHOro KOMILIEKCY
(ITK) «Monomax-CAIIP» i1 ekcmoproBaHa B
nporpamuuid komiiekc [IK «JIMPA-CAITIPy.
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Bumoru 10 BepTOJIiTHUX MaliJaHYHNKIB.

B 3amexHOCTI BiJ THUIY pO3PaxyHKOBOTO
BEpPTOJILOTY Ta CTYMEHS KamiTaabHOCTI BEPTO-
JPOMY PI3HATBCS 1 MaTepiand, 3 SKUX BUKOHY-
€THCSI cCaMe IOKPUTTS MaliJaHUMKA.

Hanpukman, nns maiiiaH4uKiB, PO3TaIIO-
BaHMX Ha pIBHI Aaxy OYIiBII BUKOPHCTOBY-
€TbCA TpaAAMLINAHA KOHCTPYKIIS MOKPHUTTS.
Ane nist pi3HOPIBHEBHX AaxiB OyaiBeIh BUKO-
PUCTOBYIOTh TOCQJIOYHI MalIaHYWKH, SKi
CIIUPAIOTHCSI HA HEeCydl KOJIOHW Ta CTIHU OYIi-
Bmi [1].
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Buxonsun 3 KOHCTPYKTHUBHUX OCOOJIH-
BOCTEW WPHUIIIHATAX MAalJaHYUKIB MOXKHA
chopmyIIOBaTH OCHOBHI BUMOTH 110 HUX [1]:
JOCTAaTHS KOPCTKICTh Ta MIIHICTh KOHCTPYK-
IIii; HeBeJIMKa Bara; sKkomora OilbIIa MeXaHi-
3airist poOirT.

B samexHocTi Bil MakCHMAaJIIBHOI 3JIITHOI
Barl BEPTOJILOTY MOXKE BHKOPHUCTOBYBATHUCS
pI3HUI MaTepianl IS 3BEJCHHS BEPTOJIITHOTO
Maiganuuka. s Ierkux Ta cepeiHix BepTO-
JBOTIB 32 KOPJOHOM YacTO BHKOPHUCTOBYIOTh-
Csl TOTOB1 OJIOKH, 3 SIKHX Ha MICI[i MOHTY€ETHCS
caMa KOHCTPYKIliS Oe3mocepeaHh0 Ha MicCIli
OymiBHMLITBA. AJle MIIHICTb Ta MXOPCTKICTh
TaKuX TOKPUTTIB HE3aJ0BUIbHA ISl BaKKHUX
BepToNbOTIB (Hanpukiaa Mi-8). Tomy moctae
nmotpeda B po3poOIll Ta pO3paxyHKy KOHCTPY-
KII1 TOKPUTTS, sika 0 Mana 3aJ0BUIbHY Mill-
HICTb, KOPCTKICTh Ta, pa3oM 3 IIUM, HEBEIUKY
Bary [4].

OCHOBHE JOCJKEHHS

KoHcTpykuisi IJIMTH NOKPUTTHA BEPTOJIi-
THOTO MalilaHYUKa po3TAlIO-BAHOI0 Ha
aaxy OyaiBJi.

O3HavyeHMM BHMOTaM BIAMOBIJAE 1HXKEHEP-
HE pilIeHHs Y BUIJILAI OaJO4YHOI KITITI i3 He-
3MOMHOI0 ONaTyOKOI0 Ta PEOPHCTO0 TIITUTOIO
NOKpUTTS. BapiaHT i3 HeCyuuMH eneMeHTaMu
y BUTJISII1 0aJI09HOT KIIITUHA

 PRpPp———— =
APMOMYPHUU KGDKOL

ApHamypHa Cimka

HaWOIIBII MPUIATHUNA JIS  YJIAIITyBaHHS
BEPTOJITHUX MalJIaHYNKIB HA Jaxax Oy/iBenb
(0co6MBO GaraTOpiBHEBUX) 3 JNEKIJIBKOX MPH-
YHH:

- MeTaJieBl OajKd KIITI 3[aTHI CpUAMATH
3HAYHI HABAHTAXXEHHS MPHU BITHOCHO HEBEIIH-
KUX TepeTuHax (MOPIBHSHO 13 IHIIMMH Mate-
pianamu);

- MeTajJ € OJHOPITHUM Ta 130TPOIMHUM Ma-
TepiayioM, MOBEAIHKA SKOTO IiJi HaBaHTaXCH-
HSIM JIOOpEe ONMHMCYEThCS MaTeMaTHYHUMH 3a-
TIEKHOCTSIMU;

- Take KOHCTPYKTHMBHE PIIlIEHHSI MiHIMI3y€e
poboTy 6e3mocepeHbO Ha Miclli OyIiBHUIITBA
OCKIJTbKM KOHCTPYKTHBHI €JIEMEHTH BUTOTOB-
JSIOTHCS Ha 3aBO/II, 2 HA 00’ €KTi OyIIBHUIITBA
BHKOHYETBHCS JIUIIE 1X 301pKa.

CaMa TuUIMTa TIOKPHUTTS B I[LOMY BHUIIAIKY
Ma€ BHUIIISAI PeOpUCTOi IiuTH. J{JIs1 3MEeHIIeH-
HSl CTPOKiB OYHIBHHMIITBA BHUKOPHUCTOBYETHCS
HE3MOMHOI0 omnaiay0Oka y BHIJISAI MpodHACTH-
ny. BpaxoByroun BiANOBIZaNbHICTh CHOPYAH 1
TOW (hakT, MO PO3PaXyHOK BEAETHCS HA BUTIA-
JOK SKOPCTKOTO TPU3EMJICHHS BEPTOJBOTY,
BHKOPHUCTOBYETHCS MPOGHACTUI 13 HAKOUIb-
mmM roppom — H114, ToBmuHA CcTaneBOro
JHMCTa TIPU IIbOMY CKJIamae 1 M.

[lepepis NAUTH TOKPUTTS HAaBEACHO Ha
puc.1

_bemoy 830

Puc. 1. I[Torrepednnii repepi3 IIMTH MTOKPUTTS BEPTOIITHOTO MaTaHINKa Ha Jaxy OymiBIi
Fig. 1. Cross section of the helipad plate covering on the building roof
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[TinGip aBOTaBpiB HEOOXITHO BUKOHATHU B
PYYHOMY pEXuMi Ha eTani NpuBEACHHS HaBe-
JICHOTO Tepepidy M0 eKBiBaJeHTHOTo. BTim
MOXKITUBE BUKOPHCTAHHS TPAIUIIAHOTO Tij-
X0y, IIOTIpaB/ia 1e MpU3BeAe 10 ACSKOro 301-
JIbIIEHHS TOBIIMHU IUIUTH MOKPUTTS. B poboTi
[11] xoHCTpYKIis axy A030JMjia BUKOPHCTA-
TH [IEMEHTOOETOH B SIKOCTI OCHOBHOT'O Matepi-
anmy i OymiBHUIITBA IUTUTH BEPTOJIITHOTO
MaiilaHYMKa.

OCHOBHOIO TMPUYMHOIO TaKOTO PILIEHHS €
Te, O JAax OyniBii Iutackuid, ToOTO BiACYTHI

Puc. 2. Burmsag BepToIiTHOTO MaiiaHIuKa B TIaH1
Fig. 2. Helipad plan view

Ha puc. 2 naBeneHo pe3ynbTaT MOJEIIO-
BaHHs KoHCTpykuii B MOHOMAX CAIIP.
CxeMaTnyHO 300paK€HO PO3TAIIyBaHHS KO-
JIOH Ta JOIOMDKHHUX eJleMeHTIB. MIIHICTE Ta

Puc. 3. Pezynbrar po3paxyHky BeptoiiTHoro Maiiganunka B [TK JINPA CAHP

apXITEKTypHI €JIEeMEHTH, sKi O TePemKoKaIN
PO3MIIIIEHHIO MaliJTaHYMKa 0€3MocepeIHbO HaJl
IUIOUIMHOK  Jaxy. Posrngnanucst BapiaHTH
yIIAIITyBaHHS TUJIUTH BEPTOJITHOTO MaijaH-
yuKa sIK 30ipHOI (B IIbOMY BHMAJAKY Ha MiAro-
TOBJIEHY OCHOBY Yykinazaiauch mumrtu [IAT),
TaK 1 MOHOJIITHOI.

Jlnst ynamrtyBaHHS MOHOJITHOI TUIMTH He-
0OXITHO CHOpYMKEeHHS onanyOku. B tumani
BepToNiTHUN Maiinanunk [10] Bursimae HacTym-
HUM YHHOM, pHC. 2.

.-:‘J A
53
i
7
il
. 7]
%5
)

YKOPCTKICTh TaKOi KOHCTPYKIIii € JIOCTaTHHOIO
JUIL CIPUMHATTS HaBaHTaXKEHHs BiJl po3paxy-
HKOBOTO BEPTOJLOTY (puc.3).

Fig. 3. The result of the helipad calculation in LIRA CAD SP

Posrasimatoun cymicHy poOoTy Oararoro-
BEPXOBOi CHOPYIH Ta BEPTOJITHOTO MaiijaH-
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YUKa, il BpaXOBYBaTH OJHOYACHY JIIFO TAKUX
¢bakTopiB SK BITpOBE HAaBAaHTAKEHHs, BJIAacHA
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Bara CIOpyIy Ta JMHAMIYHA [OCAIKa BEPTO-
apoty. KyT, min skum 371iCHIOETBCS TTOCaIKa
MOXXHA TPUUHATH NpuOIM3HO piBHUM 90°.

13 ypaxyBaHHSIM BITPOBOTO 3aBaHTaKEHHS, pHC. 4.
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JKopcTka mocanka BEpTOJILOTY Ha Jlax Manke
HE BIUIMBA€ Ha BIIXHWIEHHS OCI CHOPYIU Bif
BEepTHUKaIT

Puc. 4. Pezynbrar po3paxyHKy BEpTOJIITHOTO MaiJaHUMKa Ha BIUTUB BITPY
Fig. 4. The result of the helipad calculation for the wind impact

[lepen mocaaxor HMIBUIKICTH BEPTOIHOTY B
TOPU30HTAILHOMY  HANpsIMKy  3HUKY€ETHCS
npaktuyHo 70 0 km/roa. Yepes 1e mocaaka He
3aBJa€ 3HAYHOTO BIUIMBY Ha BiIXHWJIEHHS Oara-
TOTIOBEPXiBKHU BiJl BEPTHUKAJII.

KoHCTPpYKTHBHI pillleHHs] TPUHHATI NPHU
NPOEKTYBAHHI BEPTOJITHOr0 MaiilaH4YHKA.
Po3paxyHKOBUM BEpTONBOTOM [UJIsl BEPTOJIT-
HOTO MaiJjaHuMKa Ha Jaxy OymiBii oOpaHO
Mi-8 sk HaWOLIBII TOIIUPEHUN BEPTOIIT B
Mexax Ykpaiau. OKpiM mbOro, 3a reOMeTpHY-
HUMH Ta BaroBUMH XapaKTepucTukamu Mi-8
MOJKHA TOPIBHATH 13 OUIBINICTIO BEPTOJHOTIB
Oi3HeC-KJIacy 3aKOPJAOHHOTO BHPOOHMIITBA.
ToMy BepTONTHHI MaliJaHUUK, PO3paxoBa-
Hui g Mi-8 Oyne mpuaaTHuil s 311HCHEH-
HS 3JITHO-TIOCAJOYHUX ONepaliii nepeBakHOi
OUTHIIIOCTI BEPTONHOTIB (32 BHUKIIOUCHHSIM
KaTeropii Ba)KKUX MAaIIuH).

CTOCOBHO pO3MIpiB CaMOT0O MaiijaHYMKa Ta
HOro ejeMeHTIB CIiJl BIJI3HAYUTHU HACTYIIHE
[5,7]:

- pO3MipHY 30HH KIHIIEBOTO 3aXO/Ay Ha Mmoca-
nky (FATO) moBuHHI TOpIBHIOBATH SIK MiHI-
MyM 1D romoBHOTO I'BHHTa pPO3pPaxyHKOBOTO
BEPTOJIBOTY;

- 3oHa mpusemseHHs Ta BigpuBy (TLOF)
JUIsL BEPTOJILOTHUX MAaWIaHUYWKIB, ITIHATHX
HaJ| 3eMJICIO CITIBIIAJa€ i3 po3MipaMu Ta xapa-
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krepuctukamu 3oau FATO. Bumoru mo mir-
HOCTI TIOKPHUTTSI BHCYBAIOThCS aHAJIOTIYHI /0
nokputts 30U FATO;

- HaBkoJio 30HU FATO posramoByeThcs
30Ha Oe3MeKH, PO3MIpH SKOT TEX 3aJIeKaATh BiJl
PO3MipiB TOJIOBHOTO T'BHHTa BEPTOJBOTY. 3Ti-
JHO 13 [12] ockiIbKU 30Ha O€3IEKH Ma€ YOTH-
PUKYTHY (OpMY, TO 3 KOKHOI CTOPOHH ii PO3-
Mipu noBuHHI Ha 0,25 D mepeBuiyBatu pos-
Mmipu ginsiakn FATO ta TLOF.

- 10 TepUMeTpy 30HU Oe3meKku mnependa-
YeHO YJaIlTyBaHHS METalieBOi OropojpKyBa-
JBHOI CITKH, sIKa BCTaHOBIIEHA MiJ KyToM 45°
Ta NEPUIIbHE OTOPOJIKEHHSI.

Oxpim 3axucHOi (yYHKIIi MeTaieBa CiTKa
MEePelKo)Kae MPOHUKHEHHIO BHUCXIJHHUX TO-
BITPSIHUX TOTOKIB Ha BEPTOJITHHHA MaiigaH-
YHK.

BpaxoByroun Te, 1110 BEpTOJIITHUNA MaiiaH-
YUK OKpIM MacaXKUPCHKUX IEPEBE3CHb MOXKeE
BUKOPHUCTOBYBATHCH 1 JUIS €BaKyallii Jitojaei y
BUIAJKY MOXEXK1, OKPEMO PO3IJIAJAIOCh IH-
TaHHSI BOTHECTIHKOCTI KOHCTPYKIII BEPTOIIT-
HOI'0 MalJaH4YuKa.

OCHOBHOIO BHMOTOI0 JI0 KOHCTPYKIIii Bep-
TOJIITHOTO MaiilaHYMKa MOKHA Ha3BaTH Te, 10
BiH HE MOBHMHEH CIPHUITH PO3MOBCIOKEHHIO
MOXKEXi. A CTYIIHb BOTHECTIHKOCTI €JIEMEHTIB
KOHCTPYKIIi{
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MMOBUHEH OyTH HE MEHIIIE HIXX CTYIIHb BOT-
HECTIMKOCTI CTIOPYJIU B LILJIOMY.

BepromiTHuit MaiilaHYuK TIOBUHEH OyTH
obOnamHaHuil 3acob0amu A7l TaciHHS TOMXKEXKi
(aBTOMaTH30BaHMMH a00 POOOTU30BAHWUMHU).
BuxopucTtanas BOau ISl TaCiHHS MOXEX aB-
TOMAaTH30BaHUMH Ta POOOTHM30BAaHUMH YCTa-
HOBKaMH HeOaxkaHe OcCKiIpkM nesaxi [IMM
MO)KHa 3aracUTH JIMIIE MICKOM abo MIiHOIO.
Binbmicte MoMiOHUX YCTaHOBOK BHKOPHCTO-
BYIOTh IiHY HHU3BKOTO Ta CEPEIHHOTO PO3IIHU-
PEHHS IS TaCiHHS MOXEX. 3TiTHO i3 TeCTaMu
MepeoBl YCTaHOBKHU 3/1aTHI 3a 3-4 CeKyHIu
BKPUTH BEpTOJIT cepefHix po3mipiB 10-
CAaHTUMETPOBUM MIapoM TiHM. [l rTaciHHs
MOKEX HE MOB’si3aHUX 13 3aiimanHsM [IMM
MO’XHa BUKOPHCTOBYBAaTH BOay. Tomy HEoOXi-
JTHO 3a0€3MeYNTH OKPEMHUI TTOKENKHUN TPYyOO-
MpoBiJ Ha gax OyauHKy. B3uMky moTpiOHO
3abe3neuuTH oro obirpis [§].

OCKUTbKM BEPTOJITHUN MaiJIaHUYMK pO3Ta-
IIIOBAaHO Ha JlaXy BUCOTHOI OyaiBii, TOOTO
BIUTMB BITPY CYTTEBUH, HEOOX1THO BpaxoByBa-
TH TIEPEBAKHUN HANIPSIMOK BITPY MPHU yCTaHO-
BIIl MPOTUIIOKEKHOT cUCTeMU. MOXIIMBE BU-
KOPHUCTAHHS 2-X CHCTEM, BCTAHOBIIEHUX 3 MPO-
TIWIEKHNX OOKIB MalllaHYMKa.

Marepianu, siKi 3aCTOCOBYIOTBCS IOOIU3Y
BiJI BEPTOJIITHOTO MalJIaHYMKa, 30KpeMa Tell-
JOI30JSILIMHI MaTepianu Ta Aax Oe3mocepen-
HBO T MaWJaHYMKOM ITOBUHHI BiIHOCHUTHUCS
no kmacy HI' (tobro Heroproumx). Oxpemi
BUMOTH BHCYBAIOThCS [0 CUCTEMH BOJOBIJIBE-
JICHHS BEPTOJIITHOTO MaiJaHYHKa.

OCKUIBKH BOJIOBIJIBE/ICHHS BUKOHYETHCS 32
JOTIOMOTOI0  YXWJIIB TIOBEPXHI BEPTOJIITHOTO
MalJaHuYMKa, TO Yy BUMAAKy PO3JMBY Ta 3a-
WMaHHS TlaJuBa HEOOXITHO YHEMOXJIMBUTH
PO3MOBCIOKEHHS MTOKEX1 Ha caM OYJAMHOK.

Bonosinsenenns 3abe3mnedyroTh 2 CTOKH B
MeXaX BEpPTOJITHOTO MalIaH4YMKa, TOMY JIJIs
3a0e3eueHHs i€l BUMOTH HeoOXimHo o0ian-
HaTH iX 3aciiHKaMH. 3aBISKHU [[bOMY HaBiTh y
BHIAJIKy PO3JIMBY Ta 3aiimaHHs [IMM Ge3mo-
CepeHhO HAa MaMaHYHMKy TOXEXKY Oyme Jo-
KaJIi30BaHO.

OCKiNbKM Ha BEpPTOJITHOMY MaiJIaHUYHUKY
HE TependavyacTbCsi JOBTOCTPOKOBE 0a3yBaHHS
BEPTOJILOTIB, TO BiH HE 00JaTHYETHCS SKIPHH-
MU KpimuieHHsIMHU. OTHaK Yepe3 YXUI MOBEpXHIi
MOKPHUTTS Ta BIUIUB BITPY MOXKJIMBE BUKOYY-
BaHHS BEPTOJILOTY 3a MeX1 ManmaHdyuka. J[is
YHEMOXKIIUBIIEHHS I[LOTO IO MEPUMETPY Maii-
JaHYMKa BJAIITOBYETHCS HEBEIUKHHA (BUCO-
toto 30 cm) Goptuk (kominre). [lns 3abesme-
YeHHs1 O€3MEeKH MacaXupiB Ta TEXHIYHUX IMpa-
L[IBHUKIB 110 NIEPUMETPY MaiiJaHYMKa BCTAHO-
BIIIOETHCS 3aXMCHA CITKA.

Takosx 11t 3amo0iraHHs BUKOYYBAaHHIO Be-
PTOJBOTY 3a MEXI MalJlaHYMKa PEKOMEH]Y-
€ThCSI BUKOPUCTOBYBATH OallIMakW, SKi MiIK-
JAJar0ThCS i KoJieca BEPTOJIbOTY Ha CTOSHITI
[5].

Moae/iloBaHHSI BePTOJITHOIO0 MalIaH-
yuka B [IK JIUPA CAIIP.

Jlnst  Toro, mo0 3momentoBaTH oOpaHy
KOHCTPYKIIi}O BEpTONITHOTrO MakigaHunka B [1K
JINPA CAIIP, HeoOXiTHO TPUBECTH KOHCTPY-
KIIII0 10 €KBIBAJIGHTHOTO repepi3y. Yepes ao-
BOJII CKJIaAHY KOHCTPYKIIIIO, MPUBEACHHS 10
€KBIBAJIGHTHOTO TIEpepi3y BHKOHYBAJIOCh B
JEK1JIbKA €TalliB.

Ha mepmomy etami 10 NpSMOKYTHOTO Tie-
pepi3y NMPUBOIUBCS OCTOH, 3aJTUTHI B OMMaTyo-
Ky 3 mpodHaCTUIy, pHC. 5.

ST

i A

Puc. 5. [IpuBenenns: 6eTOHHOTO MOKPUTTS (pUC.1) 10 TPSAMOKYTHOTO IPUBECHOTO MEpepizy
Fig. 5. Bringing the concrete covering (Fig. 1) to a rectangular reduced section
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MOJICNIIOE OaJIKW HACTHIYy B pealbHI KOHC-
[Ticns uboro HEOOXITHO BU3HAYUTH Tapa- TPYKIIIT).
METPHU PeOPUCTOT TUTUTH VIS TOJANBIIOTO PO-
3paxyHKy. CIO4aTKy pO3IJISJAETbCs CyMiCHA
poboTa MIUTH TOKPHUTTS Ta pedpa, puc. 6 (sKe
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Puc. 6. Cxema 10 BU3Ha4YeHHS PO3MipiB pedpa, 110 MOJEIIOE OallKi HACTHITY:
a- BUXiJTHa KOHCTPYKIIis;
0 - IpUBEICHUI TTepepi3
Fig .6. Scheme for determining the rib size, modeling the floor beams:
a- original structure;
b - reduced cross section
[Ipy npoMy BpaxoByBajoCh T€, IO CIHOJIY-

Ha ocrannpomy erari 0yino o04HCIEHO PO- YCHHsI TOJIOBHUX OAJIOK Ta OallOK HACTHUITYy BU-
3Mipu pebpa, SIKe MOJICITIOE TOJIOBHI OaIKH. KOHYBaJIOCh Ha OJTHOMY PiBHi, puc. 7.
yh
1 g
4
% — v Sy X
| VAZr o
) - X
2
A o
a o

Puc. 7. Cxema 710 BU3HAYCHHS PO3MIpiB peOpa, sike MOJCIIIOE TOIOBHI OaJIKu:
@ - BUXiIHA KOHCTPYKIIIs;
0 - IpUBEACHUH TTepepi3
Fig. 7. Scheme for determining the rib size, modeling the main beams:
a - original structure;
b - reduced cross section.
[Ticnsa Bcix mepeTBOPeHb KOHCTPYKIIIO BEp- puc. 1, MOXHa IPEJCTaBUTH y BUIIISLII peOpH-
TOJITHOTO Mai/laHYnKa, SKa 300pakeHa Ha croi muTH, puc. 8. lle mae MOXIHMBICTH 3a-
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MIPOEKTYBATH JOBOJI CKJIAIHY BUXIJIHY KOHCT-
pykuito B IIK JIMPA CAIIP Ta BUKOHATH He-

-7

00XiTHI PO3PaXyHKH.

1

F2 53 177 cocvion

l"-'.l_r":!"'lrt"“i )

Puc. 8. Po3mipu ekBiBaJleHTHOTO TIepepi3y BEPTOTITHOTO MaiiTaHInKa
Fig. 8. Dimensions of the helipad equivalent cross section

[TapameTpu enemMeHTIB HaBeIeHOI KOHCTPY-
KIIi1:

1. Jnsa mmactuau: ToBmuHA he = 18,0
cM; MoayaIb mpysxkHocTi Ee = 2,01-10° kre/em?;
koedirmient ITyaccona ve = 0,23.

2. Jlna pebep, sIKi MOJEIIOIOTH APYIo-
pSAIHI Ta TOJIOBHI OallkK B pealibHIil KOHCTPY-
KUii: Momyns mpyXHOCTI Ee 2,03-10°
krc/cm?; koedirient Iyaccona ve = 0,22.

[TpuBeneHHs peanbHOT KOHCTPYKILIi 10 €K-
BIBAJIEHTHOI Ja€ MOJKJIMBICTH 3MOJIEIIOBATH 11
B [IK JIMPA CAIIP. Ockinbku yBara Oyna
MpHUiIeHa caM€ PO3PaXyHKY BEPTOJIITHOTO
MaiiiaH4uka, To npH ioro mojentoBanHi B [1K
JINPA CAIIP xonoHHN BBaXXajlucCh aOCOITIOTHO
KOpCTKUMU Tinamu. Ilicis MonentoBaHHs Bep-
ToxitHoro Manpanuynka B IIK JIMPA CAIIP
KOHCTPYKIiSl BUTJIS,IATUME HACTYITHUM YHUHOM,
puc. 9

Puc. 9. Cxema Bepromitaoro Maiimanurka B [1IK JINPA CAIIP

Fig. 9. The helipad scheme in the LIRA CAD SP

[Ipu po3paxyHKy HEOOXiZHO YCTaHOBUTH
SIK€ TIOJIOXKEHHS BEPTOJIBOTY € HAaWO1IbIT HeOe-
3neyHuM. ToOTO mpu siIkoMy HOro posrairy-
BaHHI B €JIEMEHTaX KOHCTPYKIli BHHUKAIOTh
HaNOIbIIT BHYTPILIHI 3yCHILIS.
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Posrmsimanock nekinbka BapiaHTIB 3aBaH-
Ta)K€HHS KOHCTPYKIIIi:

— CHUMETPUYHE PO3TallyBaHHS OIOp BEP-
TONKOTY Mi-8;
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—  PO3MIIIEHHS BEPTONHOTY 13 3MillICH-
HSIM, TOJIOBHA OIOpPa PO3TAIIOBYETHCS TOYHO
M0 IEHTPY MK KOJIOHAMH PO3MIIIEHHS TOJI0-

BHUX OIOp BEPTOJILOTY O€3MOCEepeNHbO Hall
HEPO3PI3HUMH TOJIOBHUMH OaJIKaMU;

— HaiiGinpm HeOe3nevyHy cXeMmy 3aBaHTa-
JKeHHS 3 TOYKHU 30py MIIHOCTI HaBeAeHO Ha puc 1.

. ~
©) @
(s _

Puc. 10. HeGe3neune po3TantyBaHHs BEPTOIHOTY Ha BEPTOIITHOMY MalJJaHUHKY
Fig. 10. Dangerous location of the helicopter on the helipad

B sikoCTi OCHOBHHMIX KPHUTEPIiB IMOIIYKYy He-
0€3MeYHOro 3aBaHTAXEHHS BUCTYNAIU: Mill-
HICTh TOJIOBHUX Ta JAPYTOPSIHUX Oanok, MiIl-
HICTh OETOHHOTrO HIapy Ta KOPCTKICTh KOHC-
TPyKIii (MakCUMaJIbHUN TTPOTHH).

[Ipu 3aBaHTa)X€HHI BEPTOJITHOTO MaiiaH-
YHKa BpaxOBYBaJacs TaK 3BaHA <OKOPCTKA»
nocajKa BepTOIbOTY.

3rigHo 13 [7] npu 11bOMY MakCUMasbHa 3J1i-
THa Bara 30iuIbIIyeThCcs B 1,5 pasu. Makcuma-
JBHUN 3rUHATBHUN MOMEHT JJIs IbOTO BapiaH-
Ty 3aBaHTaxeHHs ctaHoBUTH 181,3 xH'M, puc.
11

p— ey

1) (2) (»)

tn: ‘;ﬂ\;’: e U ey

Puc. 11. Pesynbratn po3paxyHKy BepToniTHoro Mainanunka B [TK JINPA
Fig. 11. The results of the helipad calculation in the LIRA CAD SP
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B xoHCTpyKILIii BEpTONITHOrO MaiilaHUYMKa B
SIKOCT1 TOJIOBHMX O0ajlOK BUKOPHUCTOBYBABCS
nBoTaBp Ne36 (MOMEHT omopy CTaHOBUTH 743
cm’). TonoBHi GankM BUTOTOBIEHI i3 cTami
C46/33 nns sixoi R cranoButh 290 MIla

Emtopy 3ruHambHUX MOMEHTIB B TOJIOBHIM
Oamii Ne3 (muB. puc. 11) HaBeneHo Ha puc. 12.

M oxite i
1802
Bao+—

a0+

wog

&40 1

ErTOER FELE LY FOErrTTG
1200 Habedewa dna 2on0bnoi
daaxey W3

B pesynpraTi aBapiitHoi (200 KOPCTKOT)
IOCAAKU BEPTOJBOTY MaKCHMalabHE HaIpy-
JKEHHS B OajIli HE IEPEBUIILYE

_ 18131077 244,01 MII < 290 MII
9= a3-10-6 ™ &

wmrree

Puc. 12. Emopa 3ruHaIbHIX MOMEHTIB JJIsI TOJIOBHOI OaTKu

Fig. 12.Bending moment diagram for the main beam

Hageneni emopu BigoOpaxaroTh epeKT Bij
JVUHAMIYHOI MOCaIKu BepToaboTy. Ilpu cratu-
YHOMY HaBaHTa)XCHHI 3HA4YEHHI NPOTUHIB Ta
BHYTPILIHIX 3yCHJIb 3HIKY€EThCs Ha 40 — 50%.

Po3paxyHok 6araronosepxoBoi OyaiBui i3
BEPTOJITHUM MAaWJAHYMKOM Ha  Jaxy.

Po3paxyHnkoBa Mozelb IPOCTOPOBOI
CXEMH KOHCTPYKLIH KapKacy BUCOTHOIO XHT-
noBoro O0yauHKy BukoHaHa B miacucremi (I1C)

Ta6u. 1. XapakTepuCTHKH 0araTornoBepXoBoi OyIiBi

Table. 1. Characteristics of a multi-storey building

«KOMITOHOBKA)» nporpamMHOro KOMIUIEKCY
(ITK) «Monomax-CAIIP» 1 excmopToBaHa B
nporpamHuii komiuiekc [1K «JIMPA-CAIIP».

PospaxyHnok Bukonanuii mo MKE Ha cyma-
PHI MOCTIilHI, TpUBai, KOPOTKOYACHI 1 BITPOBI1
HaBaHTaxxeHHs1 no [IK «JIMPA-CAIIP» mnpu
KoeQillieHTI HAAIMHOCTI MO BiAMOBIIATBHOCTI
1.1. Xapakrtepuctuku OyIiBIII HaBEICHO B
Tabm.1

Ne 3/m Marepian, KOHCTPYKTHBHI pO3MipH beron kiacy:
1 2 3
1 @dyHIaMEeHTHI IIUTH, POCTBEPKH, MOCUIICHHS (PyHIaMEHTIB, maii ,»B30”
niametp 62 cMm ,,B30”
,»,B30”,
2 [Tnutu nepekpuTTs (MMOKPUTTS), CTIHH, MIJIOHU, KOJOHH, OaTKH ,,B30”
3 ApmMmaTypa KJ1aciB: A-500C, A240C
4 TormuHa GpyHIaMeHT-HUX AT 1 Ta 2 cekil 1,5M;
5 [Mamni: giametp 62 cm, JOBXKHA 22 M Ppaca=2101¢;
Puax=250TC
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Mponos:kennst Tada. 1
Continuation of the table. 1

1 2 3
6 ToBUIMHA MITUT NEPEK-PUTTS MiABaTBHUX MOBEPXiB 0,2 m;
7 ToBIMHA IUIAT TiACU-TICHHS TIEPEKPUTTSI T IBAITY 0,2 m;
8 ToBIIKHA IUTUT MEPEK-PUTTS TUTIOBHUX MOBEPXiB Ta TOKPUTTS 0,2 m;
9 ToBmuHA MIATH TTOKPUTTSI 0,4 ™M, 0,3m,0,2 Mm,
0,3m
10 ToBuHa CTiH, AiadparM NOBepxiB 0,4 m
11 ToBmuHa niadparm migCUICHHS 0,5m
12 Hecy4i miionn TUIOBHX MOBEPXiB 0,8 m
13 Hecydi xomonu nigBary, 1 Ta 2 moBepxu 4,6 M
14 Bucora migzeMHIX TTOBEPXiB 4,6 M
15 BucoTa Hag3eMHuX MOBEpXiB 33Mm

[Tpu po3paxyHKy BUKOPHCTOBYBAIUCH TaKi
pPO3paxyHKOBI BEPTHKAJIbHI HABAaHTAKCHHS:

1. Brnacma Bara HeCcyuyuX KOHCTPYKIIiH
30Mpa€EThCS 1 BPAXOBYETHCS aBTOMATHYHO BH-
XOIsuM 3 00'€eMHOrO Baru 3aliz00eTOHy -
2.50x1.1 = 2.75 Tc/™M® (Momyms IOmra -
3.0x106 Tc/™m?).

2. PospaxyHkoBe HaBaHTakeHHs Ha (yH-
JamMeHTHy Uty Ha - 3,0 M (mocriiiHe
100kr/™M>  + JIOBFTOCTPOKOBE HABaHTaKCHHS
100xr/M> + KOpOTKOYACHE HABAHTAKEHHS
100kr/M>.

3. Po3paxyHkoBe HaBaHTa)XE€HHS Ha IUIHU-
Ty HaJ IJBAJIOM, MEPIIOTO 1 APYroro MmoBep-
xiB: (BigM. 0,000 M, + 4,2m, + 7,20M): mOCTIi-
He 200 kr/m> + JIOBFTOCTPOKOBE HABaHTAKCHHS
200 kxr/M*> + KOpOTKOYAacHE HABAHTAXKEHHS Ha
nepekputTs 350 kr/m? — 0,750 Tc/Mm>.

4. Po3paxyHKOBE HaBaHTa)XEHHS BiJ] KOH-
CTPYKIIIH MiJIOTH, TIEPErOPOIOK 1 KOPUCHOTO
HABaHTA)XCHHSI HA TUIUTH TUIIOBOTO MEPEKPHT-
TS - Bara KOHCTpYKIid miamoru 200 Kr/M> +
JIOBrOCTPOKOBE HaBaHTaxeHHs S50 Kr/M> (mo-
IATKOBE HaBaHTaXeHH: mramir — 100 KF/M2) +
KOPOTKOYACHE HABAHTAXXEHHS HA MEPEKPUTTS
150 xr/m? (momatkoBe B JI(PTOBHX MIaXTax =
100 kr/m?) — 0,40 Tc/M2.

5. Po3paxyHKOBe HaBaHTa)KCHHs BiJl 30B-
HIIIHIX CTiH Ha MUTH 1-2-ro moBepxiB - 0,7
TC/TI.M.; BiJ 30BHIIIHIX CTiH HAa IJIATH THIIO-
BUX TOBEPXiB - 1,2 T¢/m.M;

6. PospaxyHkoBe HaBaHTaXEHHS BIJ 3a-
CKJICHUX OaJKOHIB Ha IJIUTH THIIOBUX TOBEP-
xiB - 0,4 Tc/m.M; BiJ BIAKPUTHX OAJIKOHIB Ha
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IUIUTH TIEPEKPUTTS THUIOBUX MOBepxiB - 0,2
TC/TL.M;

7. Po3paxyHKOBE HaBaHTAKECHHS HA IUIU-
Ty moKpuTTs: cHirose 0.05-1.4-3 = 0.2 + koHc-
Tpykuis aaxy 0,2 -0,4 Tc/m>.

8. KopucHi KOpOTKOYAaCHI HaBaHTAXKEHHS
B Ti()TOBUX maxTax - 250 kr/m%;

XapakTepuCcTHKH BePTOJITHOIO Maiijga-
HYMKY Ha Aaxy OynisJi. BepronitHuii maiina-
HYMK MTPU3HAYAETHCS /IS 3a0€31eUeHHS 3/1bOTY 1
MOCAJIKU BEPTOJILOTY (0€3 BUKOPUCTAHHS TIOBIT-
PSHOT MOJYIIKM) 3 METOI0 JOCTaBKM B paiioH
Hag3BuyaiiHoi curyanii (HC) psaTyBanbHUKIB i
¢axiBiiB 3arony. Takox BIH MOYK€ BUKOPHUCTO-
BYBaTUCh K MPOMDKHHUM ITyHKT NPH 3IHCHEHHI
eKCKYpCIHHHUX TIOJIBOTIB.

[TonpoTH BUKOHYIOTHCA 111J101000BO, €I1i30-
JUYHO B MPOCTHX 1 CKIAQAHUX METEOYMOBAaX.
YMOBHU MOJNBOTIB - 32 MpaBUJIaMH Bi3yaJIbHUX
noyboTiB. Ha MailinaHuuky He mependadaeThCst
noctiiiHe 0a3yBaHHS BEpTOJIBLOTY. TexHiuHe
00CITyTOBYBaHHSI BUKOHYETHCS B 00CS31 THM-
YacOBOi CTOSTHKH 1 MiATOTOBKH 10 IOBTOPHOTO
BUJIBOTY.

CrarioHapHi CUCTEMH 3aIyCKy JBHUT'YHIB Ta
€JICKTPOIOCTavYaHHsI OOpPTOBOI Mepexi He
BCTAHOBJIIOIOTHCS. 3ampaBKa BEPTOJIBOTY Ta-
auBoM Ta [IMM Ha BepTOJITHOMY MaiigaH4H-
Ky He BUKOHYeThcs. He nmepenOavaeTbest HasB-
HICTh CHEIaJIbHOI TEXHIKH, IO 3a0e3mnedye
YCYHEHHS 0OMep3aHHs BEPTOJIbOTY 1 MiTIrpiBy
OCHOBHHX arperaTiB B 3MMOBUH 4ac.

B sixocTi po3paxyHKOBOTO BEpTOJIHOTY Oy-
70 o6paHo Mi-8, HOro XapakTepUCTUKH: MaK-
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cuMasbHa 3iiTHa Bara — 12,0 T; Bara mycToro
BepTosibOTY — 7,0 T; AiaMeTp HeCy4oro rBUHTA
— 21,3 M; TOJIOBHA OTOpa — OJTHOKOJIBOCHA.

KoHcTpyKLlis BepTONIITHOTO MaiilaHYuKa
BHKOHAaHA 3 MOHOJITHOTO OE€TOHY Ta 3aji300e-
TOHHUX OaJOK, IO CIUPAIOTHCS HA BUITYCKH
KOJIOH Kapkaca 1 CTiH miagparmMu OymiBii Haf
JIaxoM Ha Bucoti 3 M. [t BumaneHus (po3to-
IJIEHHS) CHITY Ta 3amoOiraHHs 3JeACHIHHS
MOBEPXHI TMOKPHUTTA HEOOXiAHO IMependavynTu
3aKJIaAKy B KOHCTPYKIIi MOKPUTTS BEPTOJIT-
HOTO MailaHYMKa CHUCTEMHU EJEKTPOIIIirpiBy
(8, 9].

BonoBiaBin atMochepHux omnaiiB 3 MOBep-
XHI TIOKPUTTSI BEPTOJITHOTO MalJaHYMKa Op-

raHi3yBaTH B BOJIOBIJIBIIHY CUCTEMY, NIPUHAHS-
Ty B OyAiBeNbHOI YaCTUHH MPOEKTY OYIiBIL.

BeproniTHuii MalijaHYMK pO3TalIOBaHO Ha
Jaxy KUTIOBOr0 BUCOTHOrO OyauHKy. [Torpa-
IUTH Ha MaliJaHYNK MOXKHA 4epe3 CXOAH, HHU-
MU 00JIaIITOBaHI 2 CTOPOHU MalJaHuuKa (pHcC.
13).

VYci OyniBenbHI KOHCTPYKIIT Ha J1axy, B TO-
MY YHCJI CXOJO0B1 MapIili Ta OropoXxi, BUKOHA-
Hi 3 Heroproouux marepianiB. Bei Bucrynaroui
HaJl TIOBEPXHEIO MMOKPUTTS BEPTONITHOTO Maid-
JAHYUKA CHOPYAM HE BHUXOJATH 32 IUIOIIUHH
OOMEXEeHHS  BHCOTHHMX  mepemkon  [7].

Puc. 13. ®parMeHT KiHIIEBO-€IEMEHTHOI CXeMH KapKacy (300pa)KeHO BEpTONITHUH MaJaHUUK Ta TUTUTA

TTOKPHTTS)

Fig. 13. Fragment of the finite-element frame schem e (helipad and covering slab are shown).

[Ipu po3paxyHKy OMOpPH BEPTOIBOTY PO3-
MIITYBAJUCh MO IIEHTPY IUIUTH BEPTOIITHOTO
MaiiiaHuuka. Pe3ynbTaTé po3paxyHKy [10BO-

A8 - 8 (50 seTy)
oot nepesememd no 200)
¥ oy wissepeR - W

20Te-00%

207007

«2.07e-007

0000186

JISATh, 1110 YKOPCTKICTh Ta MIITHICTh BEPTOIITHO-
ro Maiijanurka 3abesmneueHo, puc. 14.

Puc. 14. [3omous nepeMirnieHs 1o oci Z (KOpOTKOYaCHE HABAHTXKEHHSI HA TOJIOBHY OMNOPY 1 Ha KOXHE KO-
JiecO HOCOBOI OIIOPH 3 ypaxyBaHHSIM AMHAMIYHOTO BIUIUBY Cial0uOTr0 BEPTOIBOTY)

Fig. 14. Isofields of movements along the Z axis (short-term loading on the main landing gear and each

nose gear wheel with the landing helicopter dynamic impact taken into account)
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Enropu BHYTpIlIHIX 3yCWiIb B CTiifikax Ha-

BEJIEHO Ha puc. 15

Mmoniateeoe yermme +328.517; Mafioinamnoe yowme 20,2262
Puc.15. [To3nosxus cuna N, kH B KooHaX BEpTONITHOrO MaiaHuuka (MOCTiliHe, TOBrOTpHUBae HAaBaH-
Ta)K€HHS 1 KOPOTKOYACHE HABAaHTAXKCHHS HAa TOJIOBHY OIOPY 1 Ha KOJKHE KOJIECO HOCOBOI OTIOpH

3 ypaxyBaHHSIM THHAMIYHOTO BIUIUBY CiJJal04OTO BEPTOIHOTY)
Fig. 15. N longitudinal force, kN in the helipad columns (constant long-term loading and short-term load-
ing on the main landing gear and each nose gear wheel, with the landing helicopter dynamic
impact taken into account)

3a pe3ynbpTaTaMH PO3paxyHKY BUSBJIEHO, 110
MaKCUMaJIbHE OCIIaHHS CTHIOPYIH 13 ypaxyBaH-
HSIM BJAcHOi Baru He nepesuinye 6,8 cm. Ilpu
I[bOMY MaKCHMaJbHUI MPOTHH BEPTOJITHOTO
MalJaHYMKa TpU TMOCA/ALI BEPTOIBOTY JOpPiB-
HIOE

0,18 cm. MakcumainbHe 3yCHIIIS B CTIHKI JTOpi-
BHIOE 329 kH. IlpuiiHATI po3MipH eleMEeHTIB
MalJaHurMKa 3a0e3MevYyroTh HEOOXIAHY Mill-
HICTh Ta KOPCTKICTh KOHCTPYKIIIi.

BUCHOBKWU I [TEPCITEKTUBH
TTOTAJIBIIINX JTOCIIJIKEHD

1. 3amponoHOBaHO KOHCTPYKLIIO BEpTOIi-
THOTO MaWJIaHYHMKYy 13 BHKOPHUCTAHHSIM MPOd-
HACTWIIy B SIKOCTI HE3HOMHOIO omanyOKu yist
MOCAJIKK BEPTOILOTY Ha nax Oymisii. Koedimi-
€HT 3aracy MilHOCTI TOJIOBHOI OaJK# CTaHO-
BUTH 1,20.

2. BcranoBneHo, 1o mnpu cymicHiit po6oTi
BEPTOJITHOIO MaiaHUYMKa Ta 0araromnoBepXxo-
Boi OyIiBII BEpPTONIT HE 3aBJAa€ 3HAYHOTO
BIUIMBY Ha HampyxkeHo aehopMoBaHMl CTaH
criopyau. AHalli3 HampyKeHO-Ie(opMoBaHOTO
CTaHy CIOPYIH IIiJ] BJIAaCHOIO Barorw Ta i3 ypa-
XYBaHHSIM BIUIMBY BEPTOJIITHOIO HABaHTa)KEH-
HS TOKa3ye, M0 MaKCUMallbHE MepeMIIIeHHS
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CHOPY/H ITiJT BILTABOM BJIACHOI BarW CTAHOBUTH
6,87 cM, a TPOrWH caMoi TUIMTH BEPTOJITHOTO
MailaH9YMKa — ITi]1 BJTACHOIO Baroro Ta BILTHBOM
BepTOJIbOTY — juie 0,18 cm.
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Helipad on the building roof
design features

Valerii Pershakov, Andrii Bieliatynskyi,
Oleksandra Akmaldinova,

Summary. The following items are consid-
ered: requirements, constructive decisions for
helipads; covering plate design of the helipad
located on the building roof; helipad modeling
in LIRA CAD SP; calculation of a multi-
storey building with a helipad on the roof,
check for strength and rigidity; characteristics
of the helipad on the building roof.

Keywords. Constructive decisions for
helipads; helipad modeling in the “LIRA
CAD”SP; calculation of a multi-storey
building with a helipad on the building roof.
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