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DETERMINATION OF DYNAMIC LOADS DURING OPERATION OF
TOWER CRANES

Gorbatyuk levgenii, c.t.s., as.prof.gek_gor@i.ua
Kyiv National University of Catruction and Architecture

Loading and unloading works are an integral part of the technological process of
corstruction. Cranes of different types are mainly used to perform these works [1].

Cranes as lifting machines are widely used in construction for the movement of goods and
installation of structures.

The scientific and technological progress taking placalisountries of the world strongly
requires an increase in productivity, load lifting and an increase in the working speeds of lifting
machines, which leads to a reduction in transients, that is, to a decrease in the time of acceleration
and braking of mehines.

All this leads to an increase in the intensity of the {liidg machine, causes additional
forces on all elements of the machine, received in the technique theinarternal dynamic
loads[2].

On the other hand, any machine has structuralifeatof its kinematics,ettiations in the
size of individual parts within the established tolerance, clearance in gear gears and couplings,
deformability of the systenii all this causes vibrational processes in the machine transmission and
refers to phenosmai internal dynanics of the machine

For safe operation of cranes, it is important to take into account the value of all types of
dynamic loads operating when calculating their structures and selectpgpent elements [3, 4].

Therefore, at present,dhactual problem is the development of a technique for determining
dynamic loads in the mechanism of lifting the cargo of cranes in case of lack of movement in order
to simplify complex calculations.

Therefore, to ensure troubleee operation and improvthe reliability of cranes when
calaulating the structures and components of their workingpeagent, it is important to take into
account dynamic loads that are several times higher than static ones.

Elements of dynamic loads of the crane load lifting raegm are its elastic componeiits
ropes and shafts, which are deformed under the influence of loads. The value of thistaefarim
the elements is taken into account by the coefficients of elasticity or compliancenedh dnd
steep or their inversealuei stiffness coefficients. These coefficients depend aisigdy on linear
or angular strains.

Due to the fact that the lifting mechanism consists of a large number of elastic elements, the
assembly and solution of equations for determining thesdficents is difficult. In order to
simplify the equations and these calculations, the given calculation scheme according to which the
remaining elements of the mechanism are brought to its first element (engine) isneEnded.

This allows you to greathsimplify the equation for solving and determine the values of the
elasticity factors or stiffness of the elements of the dynamic loads of the crane liftinghnmmeth

Therefore, it is necessary to develop a methodology for determining dynamic loads in the
mechanism of lifting the crane load in case of-stop movement with the use of the givessign
schemes in order to simplify complex calculations.

Any mechanism or any machine has elements or assemblies of massive or rigid bodies,
which in the course afhe transition process move as a whole. Such elements can be considered
absolutely rigid bodies, and their entire mass can be concentrated at a point coinciding with the
center of weight of this element or node.

Thus, the mechanism or machine consists'paiint masses” which include: transported
cargo, rotating parts of the engine, brake pulley, drum, gear wheels, etc. [5].

These "point masses” are connected by elastic elemesfitafts, ropes and other elements
that determine, mainly, the deformation bétmechanism. These elastic elements have a relatively
small mass, compared to "point masses,"” so they can, in the first approximation, be considered
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massless or absolutely elastiersénts.

The elastic elements of the machine under its load are appebpdeaiormed. The amount
of this deformation of the element is taken into account by the coefficient of elasticity or
complance.

The coefficient of elasticity or compliance is defined as the ratio of the value of linear
deformation or the angle of twisf ¢his element to the value of the force or torque acting on it.

In practice, more often use the value of the inverse coefficient of elasticity, which is called
the stiffness coefficient.

Thus, the design scheme can be represented by a number of "paesaenected by
weightless absolutely elastic bonds.

To illustrate the dynamic action of individual masses, depending on the task, they are led to
some one elastic link located on one elastic link. Due to the fact that each mechanism has both
rotating am progressively moving masses, two design drive schemes are possible.

If the drive is made to some shaft of the mechanism, then the given scheme of rotational
motion is applied.

For such a scheme, external loads (torques), inertial forces (moments @ iert
flywheels), elasticity of kinematic elements (coefficients of torsion stiffness), backlash or
cleaances are specified.

If brought to the translational moving elastic elemembpe, chain, rod, then the given
scheme of translational stroke is apglie

For such a scheme, external loads (starting or moving forces of the engine, brake forces,
supports of motion), inertial properties (masses), elastic kinematic elements (rigidity factors),
badlash (linear gaps) are specified.

It follows from the analysi of data of calculation schemes that if we take into account all the
elements of the machine in the design scheme, then the scheme is very difficult, and the definition
of dynamic loads is an intractable task. Hhare, in order to study dynamic process@a a
mechanism or machine, it is adafle to use the sealled given calculation schemes that reflect the
actual operation of the mechanism or machine and allowdiiboult decisions to obtain and
aralyze dynamic loads.
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FEATURES OF TIRE TREAD WEAR BY ROLLING
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Dmytro Palamarchuk, Assoc. Prof., Cand. Sc. (Engineering),

Dmytro Mishchuk, Assoc. Prof., Cand. Sc. (Engineering),

Kyiv National University of Construction and Architecture

The durdility improvement of the wheeled mover for transport and technological vehicles
is the actual problem, since the tire set cost can reaéh @0the wheeled machine cost, and the
operating cost s%obthe tdtal costsson ther operatiofngadhimesAt the same
time, tire durability is characterized by the ability to maintain performance until the onset of the
limit state during the performance of established maintenance and repairltsrkletermined
either by the lifetime until unaccegiile wear of the tire tread, or before the tire fails [1] due to the
side rupture, delamination of the tread or cord, the appearance of tread cracks, dynamic rupture or
another defect during the operation of wheeled transport and technological vehicles.

Onre of the most important purposes for the tire is to ensure the specified traction forces and
high traffic safety. Moreover, the main functions of the tire to ensure the transfer of traction and
braking forces are performed by the tread, which in ordina#vg tires is made together with the
sidewalls. The tire tread according to its functional purpose must provide the traction coefficient
necessary for driving safety, which is stable during operation. To do this the tire tread must have, on
the one hand, pperties to ensure the conditions of its interaction with the supporting surface of the
movement remain constant, and on the other hand, maintain its working characteristics during the
time specified by the technical standards.

The operation experience pheumatic tires, which are used on gelbpelled scrapers of
various designs and work in extremely difficult and diverse operation conditions on road and
reclamation construction objects, has shown sufficiently high tractidoh and speed properties,
but insufficient actual lifetime [13 ] . I n 65é75 % of cases, unacce
obtained as a result of intensive sliding motion relative to the supporting surface (ground, soil,
snow) on the traction mode of operation. The tread oheumatic tire wears out under the
influence of effort and sliding motion, which occur in the contact band with the road [4].
Mechanical energy is dissipated in the case of sliding motion in contact. Its certain part goes to the
detachment of rubber parted from the tread massif. Sliding motion and loss of mechanical energy,
and therefore the wear intensity, depend significantly both on the operation mode of the wheeled
mover with pneumatic tires and on the properties of the supporting surface.

In its essace, wear is a more complex process than external friction and is the result of the
combined effect of physicochemical and mechanical processes that occur in the surface layer of the
tire in contact with the supporting surface of the movement. The premdagk of premature wear
and tear of tires is complex and involves the ability to determine their types, as well as
unmistakably define the cause of each tire tear.

Tire tread wear can occur by different mechanisms depending on the operation conditions:
abrasive, fatigue, by rolling [5, 6]. At the same time, the total intensity of wear is determined by the
ratio of individual types. Wear indices can change significantly when operating conditions change.

A specific abrasion mechanism for highly elasticeibmaterials was establishiesvear by
rolling, when studying the characteristics of rubber abrasion during friction on relatively smooth
surfaces. This wear mechanism is realized at a relatively high value of the friction coefficient
between the rubbemd the worn surface. Rolling wear occurs at a high friction coefficient but on
relatively smooth surfaces. Bands perpendicular to the direction of sliding motion appear on the
rubber surface with such wear.

To identify the features of the wear mechanisyrdiling, it is advisable to consider the
interaction of some protrusion on the rubber surface with the surface of a smooth opposite element,
which is pressed against the protrusion with a normal fbr@d moves parallel to the rubber
surface with speed (Figure 1) [6]. If the friction between the rubber protrusion and the worn
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surface is large enough, then at the first stage, the movement of the opposite element does not lead
to sliding motion in contact but causes a protrusion complex deformationdéMsopment of
protrusion deformations may be the reason for the growth of elastic forces that prevent this
deformation with further movement.

. s e

Figure 1i Serial stagesi IV of the roll formations when rubber friction at the smooth opposite element

Sliding motion begins when the tangential component of elastic forces in contact is equal to
the friction force. But if the rubber does not have the necessary strength, and the frictional force is
large enough, then the destruction in the largest deformaltiand may occur earlier than the
sliding motion begins in the contact band [1, 4]. The probable nature of this destruction can be
imagined, based on the fact that when rubber is under complex stress, the destruction usually begins
where the surface layeo$ the rubber material are more stretched.

It is also known that failure begins with the appearance of a crack perpendicular to the
action of the tensile force. If a crack has already appeared, its further growth occurs under the
influence of a relativelysmall force. The crack direction of growth depends in a complex way on
the nature of the stress state and on factors related to the presence of micro inhomogeneities in the
material structure [7]. The namiform temperature distribution near the contamd also has a
significant impact. The growth of cracks will lead to the immediate separation of rubber particles
from the surface layer. Immediate separation, which is unlikely, rather the rubber gradual tearing, in
which there is a relative movement lretcontact band without sliding motion. Such a movement is
possible if the rubber layer rolls down, separated during tearing (Figure 1, IV). The further
movement of the opposite element takes place already under the conditions of rolling friction,
which is accompanied by continuous tearing of the rubber and the folding of the piece on the
resulting roll surface. The rolled piece is in the tense state. The force that causes its stretching
depends on the resistance provided by the rubber to tearing atdbeopthe piece separation. The
piece stretches in the band, where its stretches is critical, leads to the separation of the ridge formed.
Thus, completes the considered stage of frictional wear.

The rolling wear mechanism can only occur under a certambr@tion of external
conditions and properties of the rubber being worn. Obviously, this abrasion type is most likely for
rubber with low tear resistance. The surface layer heat due to friction in sliding contact can affect
the wear process, since theesigth properties of rubber depend significantly on temperature [1, 2].
Heat leads to the tarnishing of the rubber surface layer and the sticky appearance, which sharply
increases the effective friction.

The rolling wear pattern can be explored in more ideta the basis of an approximate
guantitative analysis for an idealized case. If that, all contacts between the rubber and the opposite
element (solid and smooth) are made through the roll, and wear occurs only by rolling.

Wear resistance will be charagged by an indicatob, which is the ratio of the friction

power Ny, to the abrasion intensity .
We will define the friction power as:
Ng = Near Ny Mo 1)
where N, T power spent on tearing the piece from the rubber surface Idlgri power spent
on stretching the piecé\l,,, 7 power spent on hysteresis losses accompanying the pitch rolling.

Themain condition that determines the formation possibility of slopes and the realization of
the considered wear mechanism can be presented in the form:

Ng ¢ m\Dy , 2)

G 7 7 7
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wherev, T motion speed of the opposite eleren

We write down the expression for determining wear resistance, using the idea of the
characteristic rupture energy and the results of studies on the work evaluation dissipated when tires
roll on the solid support surface [6, 7]:

N 4/3 _ o
b= H Lol @& IX Q) 3)
J a oKy Egr )'Gb
where H T characteristicuptureenergy w i averagevalue of the specificstretchingenergy x 1
rubber elasticity e T relative elongationy,, 1 pitch radius a, b T thickness and width of the

separated piece of rubber

Despite the fact that a number of assumptions were made when deriving dependence (3), it
shows the xstence of a relationship between the wear intensity by rolling and the -e&akation
and strength properties of rubber. The critical conditions for the wear realization in the form of
rolling have been established, using this dependence. Ideas thbotite wear mechanism by
rolling were experimentally confirmed with the device help in which rubber friction was carried out
with smooth plexiglass, and the phenomena occurring in the contact band were observed under a
microscope [7]. The formation ofharacteristic transverse folds and furrows transitioning into
ridges during wear was clearly identified.

Rolling wear is of particular interest, since this mechanism is realized for highly elastic
materials and, in principle, cannot be observed in thednof solid elements or solid rubbers. The
wear mechanism by rolling is the highly intensive type. The pneumatic tire turns out to be short
lived if such a wear mechanism is realized.
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Buildings using brick walls as lodaearing and enclosing structures are quite common in
residential construction. Moreover, the composition of such structures can be quite diverse. For
example, these can be singgger walls made of solid bricks; multilayevalls using natural
materials covered with bricks; walls with cavities filled with thermal insulation. For the efficient
operation of such buildings, it is necessary to develop energy efficiency measures that should
increase the resistance to heat transfehe buildings enclosing structure. When developing such
measures, it is necessary to take into account the existing humidity condition of the buildings
enclosing structure, especially in places where there are cold bridges. One of these places is the
corner of the building. The paper considers how the thickness of the thermal insulation located in
the cavity between the brick layers affects the moisture state of the thermal insulation.

The studies were performed for the climatic conditions of Poltenor air parameters
were taken from [1] for residential buildingn: =20°C | @ =355% . The outdoor air
parameters were taken from [3] for January , . The design scheme of the corner adopted for the
study is shown in Fig. 1. The characteristitshe structural layers are taken from [2] and are given
in Table 1.
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a) b)
a) The cavity between the brick layers is completely filled with thermal insulation, b) The cavity between the
brick layers is partially filled with thermal insulationtiia decrease in the thickness of the thermal insulation and the
formation of a closed air gap
Figure 1i Calculation scheme of the corner of the brick wall

G 7 7 7
2 8 Xx < "o~ ~ N ot oA woog v 2 o " R ogn ¥ v "
L ' n Y N


mailto:volodymyr.semko@put.poznan.pl
mailto:ab.yurin_oi@nupp.edu.ua
mailto:roman.rabenseifer@stuba.sk
mailto:nataliia.mahas@stuba.sk

fil ttsB dBjbdgd o j &) dgse s kO SwOuznyf sSclsdzse s §

Table 1- Characteristics of structural layers of the enclosing structure

Thermal Vapor permeability
i Name conducivity, coel;l:llgent,
Wim K) mhoPa
1 | Lime-sand mortar 0.81 0.12
2 | Brick 0.81 011
kg
i : . 00— ’ ’
3 Mineral wool with a density o? m? 0,048 0,52

The studies were carried out using calculations of flat temperaturkuanidity fields[4].
The temperature field was used to obtain temperature values at the surfachefmtiadinsulation.
These values were used to determine the partial pressure of saturated water vapor (E) on this
surface. The humidity field was useddbtain values of the partial pressure of water vapor (e). The
graphs start at point 1, the direction in which the graph is drawn is clockwise (Fig. 2a).

e :IE

v |

Point 1 | JF The direction in 0 ]
28 which the graphs
! are drawn

; o ne e s 1 b)

a) The beginning of the e and E graphs andiitextion in which the graphs are drawn; Graphs of changes in
the partial pressure of water vapor e and partial pressure of saturated water vapor E at the thickness of the mineral wool
b) 140 mm, ¢) 130 mm d) 120 mm e) 110 mm f) 100 mm.
Figure 2i Graphsof changes in the partial pressure of water vapor e and partial pressure of saturated water vapor E on
the surfaces of mineral wool when it is located near the inner surface of the cavity
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As can be seen from the graphs in Fig. 2
(b- ), the value of the artial pressure of saturated
J water vapor (E) is less than the partial pressure (e)
on some surfaces of the thermal insulation. That is,
- water vapor condensation occurs in this area.
: Using the example of complete filling of the cavity
between the brick lays with thermal insulation
(the calculation scheme is shown in Fig. 1a), let's
‘:,;;gf consider the results of the modeling. Condensation
begins at a distance of 709 mm from point 1. The
Sote! length of the condensation area is 1610 mm. The
R wyeseny location of the condensati@rea is shown in Fig.

_ v ~ 3. Length of the water vapor condensation plane
Condensatfion on the surfaces of mineral wool when it is located
area near the inner surface of the cavity at the different

Figure 3 — Location of the condensation area thickness of the mineral wool are given in Table 2.

Table 2- Length of the watevapor condensation plane on the surfaces of mineral wool when it is located near the inner
surface of the cavity

Length of the water vapor
condensation plane on the thermq
insulation surfaces, m

Thermal insulation

Closed air gap width, mm thickness, mm

1 0 140 1629
2 10 130 1601
3 20 120 1579
4 30 110 1555
5 40 100 1531

As can be seen from Table 2, the length of the condensation plane on the surfaces of mineral
wool, when it is located near the inner surface of the cavity, decreases with dectiei@kness of
the thermal insulation.

The obtained results serve as a basis for further research on the existing moisture state of the
corner of brick walls, which should be taken into account when developing measures to improve the
energy efficiency obuildings enclosing structure

Acknowledgments:Funded by the EU NextGenerationEU through the Recovery and Resilience
Plan for Slovakia under the project No. 0303V01-00036.

References.

1. DBN V.2.6-31: 2021; Thermal Insulation and Energy EfficiencyBofldings. Minregion of Ukraine: Kyiv,
Ukraine, 2022; Valid in Ukraine from 2022 to present.

2. DSTU 9191:2022; Thermal insulation of buildings. Method of choosing thermal insulation material for
building insulation. State Enterprise "Ukrainian Research aathifig Center for Standardization,
Certification and Quality": Kyiv, Ukraine, 2023; Valid in Ukraine from 2023 to present.

3. DSTU-N B V.1.1-27:2010; Protection against dangerous geological processes, harmful operational impacts,
and fire. Building climatolgy. Minregion of Ukraine: Kyiv, Ukraine, 2011; Valid in Ukraine from 2011 to
present.

4. DSTU ISO 102111:2005; Thermal Bridges in Building Constructioi€alculation of Heat Flows and Surface
Temperature$ Part 1: General Methods (ISO 102111995, IDT). Derzhsozhyvstandart of Ukraine: Kyiv,
Ukraine, 2008; Valid in Ukraine from 2008 to present.

30 Xx < "o~ ~ N ot oA woog ’ o " R ogn ¥ v "
L ' n , N



fil ttsB dBjbdgd o j &) dgse s kO SwOuznyf sSclsdzse s §
v $93.977

REPAIR WARDAMAGED LARGE-PANEL BUILDINGS USING WALL
PANELS WITH FRAMES MADE FROM COLD-FORMED STEEL ELEMENTS

Volodymyr Semkaq prof., DSc

Central Ukrainian Mtional Technical University
Olena Hranko, PhD

Rudol f assocopeoh Ing., PhD
Slovak University of TechnologyBratislava

t sBtslsO ftedMmowyj dzO o d o yJ dades f dlsOdzdzy  d3ts ) dzd ¢
BEHddzC "9 L O HBYtd@sess  Ddglf g shils ¢ @tz DM dzd B3] dzly
] jizdC s Odzgj &' dz BEHddSd BLHEZO OddMy! §jt6jo Oyd
hsHtS HOdSES Isdfk BkrnddS' o, fdmowyj ds Isjtcdhsdds

[1-3] . ljdzdSd?2 OdOdz' L. N tsHis  sHOWEYYBCE ® j azd € tsif @iz
BzHddzC " @ o9dCtsdzOdes tesBtsls' Mal azdrewicz S, Ostr
totsL totsB dzj dz Ct dStsdgd dzgH Oy " L 9 ' Hdztso dzj dzdav Is ©

fsdz' d3gj etetsL yd dzOdzde [ 4] o wCdnr dzOW 9 dz' H das p U digiat
0]z S5 Odzj dz' ded? BEHJdS' o, Odzj o' Hipklsdg ]S
fsh CtsHY Jj dgt . ] Is1sd3|z ¥ sy 9 uUutdih Ck BRdAzts tfs
' Hdze dzj dzdz® SO f' HMqdzj dadzt BERH' o) d dzdR Cfsdalstol
gqdzj dz# o j dzd S s Odej dz ded - BEZHJdZEC ' &, Odzf Y BHJC
& € &n ledz &j2. kMt yosk!' Mv wsetslsd §tdme
sHYjdz@ ©® BREHJAS OR, GfikBd Cto Odd3]l ) .y Oy dzfs
fls O dzw & Is 1, d3ji sthycz’ W § §f &dz¥ o' Hdzso dzj dzdz? o j dzd €
T 9 HBOBd QRO GE i GOd 0y Y dafhinls O dzj dz
] weetls' [6] (sO0dOd Lo Ody §hCoHyjdedg? HJ
" d2OBdL B jLOxiHzdzd 7 9 j dzd S s Odzj dz' ded R j dzj o5 dzlst o .
) Bsdkk (o jtem' Bhdd Lek2dss od djnkzy S$sd
Lzdz sOIs' ftetso jHjdetsets Htsfypdz' HYy j dzdzgy BERdzs f tod 2 &
OC i jdzftzC B L odStstedmlsOdzdzy 5 Bsdzsdz' sdgd 7 L Odz' L
fOHEBC, Odj Hdv Hj nvEsidlifilc®dditct 50 todsts 5B H d @9 &
L oSG 1S B(Ddzlsdzlz Blzdzs L telz2detseo Odz" dzj Mzy' C tsdzMmis
uF]
)

O T O

-3 o0aasg+~0nr o8 @+
WO TN I

sOtztzgd g torn OR . JIZHCfdztSQ Bkzdzs o' Hdgso dzj des. e ff s
jMwlssets SO HjoOwWktsets e jten iz, ‘ o f tsHOdz
jMzydr jdzj B3 dgls® ©@ HdzW o j dzd S s Odgj dz' detsets B EZH
Il el [ 8] ftj HMilsODdpdzrdPiiN dzr swmidzy ' MY SOl
dg2dzw Islsw tc* h j dz |, hsHts o' Hdztse dzj dgdzv BEHJdzE ' o
zs Of etsBtso Odats ' HYOMm HEsMdz HY j dedgw Isj R dzg' ydaetsct
Blzo YyOmlsCsoats Ltelz?2 dzsojOgix]?2 kpj@xid totag{dBolzints Is@DL ks
dhstezCy' ' v " Hfpddzj dgdzv (tedfm. 1), hts odCtdzkzo Oc
i Mzudn CsdmsikSy' 2 f6h CEHYjdO MjSy ¥ BEEO HJ
I 2 yj YoM o' Hs®I?2 YsLdlkde dzd? HEsHdHE Lo
tcC 50 ' hts fMmMistcOyHOe o' H odBkzrkz ftBkZltto etk
Hdzgtso dzj dzgdz? Bbdts f jtjHBOY) dets YOMsSsok L Od dakz
dzfnlstQIzQu T, LOB dzz L tckz2detseo Odzedr L B ' toddd &-11¢ ® dzj d
dterd), O IOSCtY (§fMmddz dzdgw ' fpdzlz® ydr f Odzj dzj 2
dzj dzj 2 (t;ao[fr]lzdzisQ 2) .

ol
s
dz

2 q@.;;:_: grTraao=gox

S 0 O 2
ONV V]
(0]

23-¢ 1 ' 2023 " 31



18 tdzed ¢ ROy 0@z dasls | TR b ditsnte ofnts dzW § 16
g tfIfrfRrR JUrWJqM?l&timliﬂlltUllii ?-111

dzy "’

— q_.

' ¢, [8])

tdmMedis OMYE wdBbkrnk fodoHdEes 0OLEZ o "' MisdOHyYywisdyso jton
9dGed"H o' Hdzseodzj dzsets W OMOHE [ 9]

] ek’ [10] B'&@ " HjkOd dts sfdmOods MIj &b
CtdafstezCy' 2. 1td o' Hdzso dzj dzdz L ERED LG PEEMNIEY S
OB LOfsodsjdz ' descOL M COlsded B B dzsS ORJ .
B dzj Odz! dzgd iz Elsjfdzs o Oyjd3 L tSLHBBAz) dadg” &3 IstsdzC tsh
kOC Y d&Octddshsls! &0 ftssdj i Nk e dipt @Oz &
BkHddet " 9, OHYJ dO "7 HE®BCE a'Hfr]Izlsdz.'frjlsJ fslskz
HisL oatsdzdIls! o' Hdzgso dzt 9 Olsd HOdzd?2 Isdf BEZHddAZS 9 L O

wL d@JH 2dedr HYJto] &z dBsy dzO ISISth’dZ,G)ISq' oy teds tezx{ B O
QdefnlsteIzQu‘?, o btdilkz ydmd ‘ EHddzC " @ L 9 jdzd¢
HOdes iz Wislsts ftoj HMIsOo dzj dats tjtstqufr] ' Hdztso dzj dzdav
fr]Od313dZJfr]Izuc[ fMls'" dz2 "L dzjeCtsBjlstsdadad m B dztsCdz ofpls ', ©Od
Odzy o' dz dzj ° "dzH EMiste’ Odz! dzd d3. T dzisd3ts ypddzf{edss] ediJ Hsdzts
o mbesSd efs YshCwHYjdkE  dYeOnmstkzC izl
"o. wO®R] LBz §dlsOddz tetsLtetsBCd @B Mmist
Odz' dgz €' & €' Mls! tetsB'l dzO -teRBze,f so jits
Mlsso by yd dz@2ftesMmis' h' ' H2sdde &j - Ods L &g




il otse dBjldgd o j dz' desE s O kO sehdscs S

Rk ”ﬂml A } :
e TR i THIAE

t dMzdid S HAztso dzj dzdzy B k2

B
HddzS 2 ' L o | dzde® dBY O iz ininviazihidg@ . Lis 9 dzB " dz'
MO2Iskz snadiapi | ne

Il dmdets e ts€ :

1. lzdzs ftesOdzOdz' L so Odes f Oy’ 06w L Od L
BkzHddzC " 9. Il dL dzOy4 dz' z02B " dz' h fsh dtcj dz' sdfd
stsoh dded IO totgy dpgstcc.zL daf i) & todiz'f Riz] tz@eiz] dzjsd dzh B O 9 | tol
cstedL BdzlsOdz' dgdr S tsdefnlstczC y' 2 BERHJAS 2.

2. Il MsOdzso dzj dets, hts o CodhMsteczCIsdodzdr o d @BsE C
sBd3d ¥4 dedzv dzO o S BtedMisOdedzy Mils® detso d = § Odzj dzj 2 L

3.  sme " H 9" H datsh Gjzfladiz dzdor) dzEf € HeB[ HZS “ ® o OMEzY 10t
o' Hads®Olsd BERZHddCd to' Ldddkd d&jlstsH O], 9 Itz Y
COts OMmtsds.

23-¢ 1 ' 2023 " 33



1B toded & KOIy jda®'tc@dz dasls | MR g demnte oSntsdgW j toj dzy '’
gt dafrfrR Juorwlygd urfendel [tvr 1 &3] sswl
JCf:BHWI{d L odh imMCOL Odetsc ts ) f sHOdz " dn H S

l]’teddzucfij O dz' dz' Mo d i3d @ @driz? HudZY fgls @ iz ® digj; dizdatz]
BHJ d&zC "Ipo JstH dfsdH " = o  HYf e ' Hdz MiIs! HB odditse d&j -
ddzitce' ' (bjfdslsjnd ¢d)

Acknowledgements:This research is provided within the projéat o Hodmed light gauge
steel wall sgtems for rapid restoratiaosf ward a maged houses in Ukrainebo
the Visegrad Scholarship Programme.

el d B Cls j Ok ted

1. O. Filonenko, O. Yurin, O. Kodak, Thermal modernization of the panel buildings external walls, Int. J. Eng.
Technol 7 (2018). 10.14419/ijetAi3.2.14386.

2. 1o Ok C-istfisdz' toHsgals@r 56 5o Bic 4l 7 / 20 B G o joHQ doal @ zls,Bhtes o
ot dzd o @@ IsMw ¢ dg] dzizzCeddf Al Hitsdz) ts ¢ j JsW s d § uzt B) dzy jlsCdfiff dz2 OlsOy* &
BlzH ' K dsjBris L tcdzaafidg 5§ i dsylisR s ifdg dagfe'ts s HodSL dizO | f dedizts g 'swdztslz! dzts ¢ 5
tc' o dpvdz] t6G J IsjdWujdesls d o sldisH'IS9 , jvmd® tc © ' o fipleCyd 2ts dzO dzelzdzg R o By B € 56 &5
e sH Ot O] ¢ j |RE24 Bttps://www.minregion.gov.ua/vgontent/uploads/20212/1.2zvit-
zanaukovoyudrozrobkoyuprovedennyaanalizufaktoriv-shhevplyvayutnadosyagnennyainimalnyhvymog
shhodeenergetychnoyefektyvnostipryjnyatyhv-ekspluatacziytbudivel.pdf).

3. Fundamental technical decisions of thermal reconstructidacafies of dwellindhousesof 19601995 building.

T syiv: NDIBK, 2012.7 48 p.

4, 1 4 St5d3j dzH Oydd s o sMmils Odets o dzj dzd d zfmd dzj ded ® i ts dzdz
fvBedd)1 8HCY). ebstets?2da E®G, M1990.

5. I smimsOdztso dzj dzdj d EMmddzj dedj Mistesdlsj dzi dzf = SCtdmistelzs yd?2
Mg d ydtelsixd?2 [/ ¢. R. [ Odz cOdasmdzmCU .: whA1-BERB] oftfos®0 . ¢ . R

6. Malakhova A.N., Balakshin A.S. Emergency destruction of a panel residence building, type sEtl$ 1
Vestnik MGSU. 20147 1 1i p.109117.

7. skdzfwe, d&vEkIgHddesi90Q . t .. 1 Or BBz te d dz, {. t. & uwOdMmt
otsMMmisOdetse dzj dedw Y doebkydmlsd HiMWisd! SOy dzse Qtelztj dzts f O dzj
B Odzdzts dzO. O tzdef) ls 1g( K 192 '353358.

8. Hryhorovskyi P, Osadcha I, Rlionis A, Basanskyi V, Hryhorovskyi A. A BINBased Method for Structural
Stability Assessment and Emergency Repairs of L-8agel Buildings Damaged by Military Actions and
Explosions: Evidence from Ukraine. Buildings. 2022; 12(11):1817. https://doiG8®30/buildings12111817.

9. P. Reznik, M. Almohamad, V. Tenesesku. Analysis of constructive solutions of the existing buildings of the
housing fund of the Kharkiv city on the subject of their performance as a consequence of the influence of combat
actionsy1 B todad & dzOkzSCtsodnhn HftOyY' vCtO deff! CsEts Hjtoy Qo detsed s Iz
vEteruvyuv, 2022.-56]URL: httpR/@idi.org/10.18664/199852.201.2022.267755.

10. I simimlsOdztso dzj dzdj Sty dzestf Odzj dz! detsG 51§ i dadzd § czcdzic0O L T@ B P s © t
Z@zCdzijte, . A. 1 BdYOLjdlts, ¢.48. stBdmMlsOdsddso, 1 .[. )
M stekz2@1 3, 1 4 .z{B%htt@s://urdisc.com.ua/rl/info/2_13.pdf

11 M. Mackiewicz, J.R. Krentowski, P. Knyziak]. Wardach Consequences of excessive deformation of structural
elements in precast buildings, Engineering Failure Analysis, Volume 137, 2022,106261,
https://doi.org/10.1016/j.engfailanal.2022.106261.

12 Lignza, W. Budowni ct wo wirané plgedny tremnaneowe. p Budowniatwvoa ic h .
Architektura. 2014, 13(3), pp. 185.
13 Jarosgaw Szul c, Artur Piekarczuk. Di a g-papes residensal a n d

buildings in  Poland, Journal of Building Engineering, Volume 50,022 104144.
https://doi.org/10.1016/j.jobe.2022.104144.

14 Mal azdr ewi cz, S.; Ostrowski, K. A.; SadowsKki , G. Lar
Twentieth Centur§ Literature Review, Recycling Possibilities and Research Gaps. Builddf 22, 1822.
https://doi.org/10.3390/buildings12111822.

3 X Y~ < ~ t ~ ~ . p= R gu 7 g~ "
4 . . R , R



il tsB dBjbgd o j dz' dese s O IstcOuzif selsdsets €6
U [ B24.014.2:692.42

THE INFLUENCE OF STEEL STRIPS COATING COST ON ROOF STEEL
DECKS' CROSSSECTION CHOICE
Volodymyr Semkaq prof., DSc
Central Ukrainian National Technical University
Rudol f afSecopmhhing., PhD
Slovak University of TechnologyBratislava

Iy . §jte' 85H L 2011 5 2021 w©sSd §' ' H Cjt'
fotso jHjdats tWH jSMYjted ) desOdz degdn odftetsBlzeo Odz
Bkdd o WOk ofyd dOEE dlsOo ! S SE5 dzOY' SdzOdz' dzs @ t
St' W stdHKEOs SO kO l]’th’aOLsda]’sthSJQIjs‘éHl]’tem{‘@frWSJ’StG@s
ftod?2 BOdkzd byOMml: C.1Is. d. sjted' 2 uCdwtejdSt, C.Is.
C.l5. dz 1 Oo lylsts] BEELSHEBIE [’ &) &, GOG Mkt T
A Mdz, B0 Miste JItEHOd zjMsty Odzdf dgOC '2MQItd  uedstE t
odftesBlo Odz &OMisddd u57 dr usstzigyESAOY ' dRAS HBGE! ' h
Hsfd HYj dedz? do jddBfiflss] &z’ @t bef dzd o d § 5 dzO d d3twoe d2[® D3 1
BjtojLdd 2013 fs2h dd §g dotft tstoash OOzERY dAQNBGAMD dn v 1
o df Bz dzOflsddd HBOsS v92, vAB®&dksOJeE&E6 df ar"
o lodr h' O rsipkGeakjdkz. | y'2 ctbkf' -L o0& " o,
lstedljhdzq’& MAajd Bkdd odftseke Od dOmMlsddd §' Hid
fitejrndzjmsk dz20 fesd yddrn GfswOr t' L dPt udd s & |
B b dzts dzan[@mLqu fosy' & soOdscE LkdiksddcsdRORT
foj HilsOfliz] e cterHdz 2021 WOl b iz eeds Codfigeasass Is dzd -
ROMIsd dz' & HuozZl] § (iR ©Es dzd YO S ts d3f10ess o | Hojuddzn OHiisfigdz’ & H
L Bsck B' d hipdzdedesSds Bl §osd' d so Oded R dzOf
&OMmsky &z t©sCd ©OLslElL BLEsdtes) @Bbdy s Oddstk

sOB dzd y*' dgj Mkyts’ L HOIdsMs® MlsOdzjodr IStcOENY" ' f
19931-1 . Mmtsls * dztsfedzd Isedd offdtEms to d fiyls O dzd 2 Isj ted3’ dz ctofsL 1o
f s zOdzdz" &3 dzO0 destc BOIsd o dasf,? o teitsCtierdz) dzdzy © O I'tcOa
Cdey j e L o BEBWZE StedIsdz' @ HdzW o dL dzOyj detse s Isdf iz
Cdey Jfl2g ] CIskzo Odzt dzd € f Odsdi] d f of NOES d igdsstica3O Is d 0 dz2' o
SO B’ Hdzze Olsd ' = ‘Hddzd?2 Odzé stedIsd3 2dpd ' tEAtpdets as'C
Oofftsy’ Oy 2 W jMm 2ddr " dyjdjtt' s, "t d&syj o dt
o' Hftso ' Hdz Bk tej L B@d&dls(ijl&nja-l.fr]ls@dzﬁz,jdzq’%‘dzihisfnls‘
ftesoBHWYIS! totsL tcOR k2 9 MlsOdzjodr ftetsW ' dz s Oded A
LHOdSgEL cse ¢z dz

ECtO® dzff! €dn S dgf O
ZOMm) d&zl o Iss?2 34 Yo
fsodzs SO LtetsL 23 dzts s dMOdzd?2 Odzetstedlsds o dBtstelz |
CC ftOoddts fMisBdim B @b dzOff O ydi' &0 Skt
h

9
2 dz
z dzj
dz
WOon eyvwdd HA&Y f oS OldglDC € tdt

(S

On

tzfs @ to ts BVd€ jddds Bldz@B dzd Yy ° dzj Mz yts’
f o dzOo yOdz' dgdr S kZtemMOR IO HT

%Oo Odzls Oy j dedz® H W f jtoh 5° SO IHSHASEOS ' ef@stofdetizes & @ ¢
BkHEls! 028 ' dhj ofddoOld dO jCmdsds ydez M ¢
ety d SoOdsct d&Oflsd dk

stedisjtcof dzdo®s Is! dzO SOtGIS'fr]lSJ MlsOdzj g tgde i O W
ofnj Y silstc' Bdats totsL A totsdidisod Isad Qizls * ISfiPlis'© Bltcdsdgis® L 1§ st
sOCtsy © WwWCBMmis' on' Hdztséts f Ot O3 Is tozdzdsfidsH@) (LD Gsotoy' Hi
tczdzsdZB et o declstcodzv s Is! Bj stHBHR mdZztcHdsSes st C
yd detsds dz0 o RddHIZSiOAR@dz'dsts P dlis  dat2s5,0 2 d3ds Is© 1500 ok
tetsL f so e HY j dg hdted dzd Mis O dzHicdrtetidsddrdrcids) L iz dzdzts @ls) . -
slsted iz’ Is+ Mmw  fdOpis' dddz 3 oCBAEIHR Wizts & d3dy d (e Tztstf tc O o d dzts 2 t
Yy ' dats dzOMmis d dzkz ) Cshilssted M’ &zO BEZH' 9] dz dF tc

23-¢ 1 ' 2023 " 35



18" todzd & ROy O te@dz' dasls | a2 deesnte oSnts daW j o dzy’

gt daJrfrR dJorwlydy utfende? [tvr 41 &[] (sauwl
O jy' ‘'fH' Bd dzOMmisddzd oC &ZzOH O Is: qw L dzOf 2M¢
dzO f) st Hizzdz REOSSSIE @S B, Mthtsh) o toj L Zdz SO’ &O‘Legs h dts
BB. [Stt' B3 o Otellsigl Mdnls B dzjp O’ls* fyls L B dzls s Odzts G-
f OtO®Rj @GS’ Mis! oW ' o 9 Odzdzv, HBR'H (sl dzs sy
NS ZOH o Odzdzy , o OtsRdgdsd HOJHFOEESs H BsdlsOY E Istsh
HsSHOIS o WOCIlststed L Odzjy Ols! ] © 3 DY RAGHPAE L

odh jsfdmAdsctsy” dz¢d J ¢ sdesdy’ ydats’ dWdClsdo detsmls’
Yy dz2¢sd3 HEfigld Glsabdtasls sfls fn dtfcteste W dzlfs & Aydgw C sl Odz'
histed fifipR.B* dz' M jSCtsdatsds’ ydedd3d (Hj"Jjoddd) ddgbizls!
BlzHJ BOC Md d3Odz! dzd d3. 1 OL 9 j d3ts yJ 9" Hdztsh j dzdgv G
ftosW ' dz So Odzse s dzOMiIsd dzz OB © ¢ B § Qe s Walsdslz 9j . § WHAlzlsi] ¢
fjtehd?2 fedzvH SV’ y ‘dzls JSCtsdesdy ydesfls® BkHj €
B' &z hO odMmtsls® =rodd (OB B d tsWtay] )d3j fodaB ts[WE dB’ AHe O dAlS
J S sdets a3’ ydetsmls * . [ dzw 4t o toCteH 3Q alszY M totc SHNsfizdz' OHlaL
fteccsOdz0Odz' LsoaOdzs 76 Isdf ' o Hitjte'L' © MisOdzjo@r dzC
edmMizdeS 2 1 ftoj HMIsOoadzj dz' (s jtoj yde HJjtejte' L d dzOM
dzdmisd o d¢ sdzOdz "L histed fanoOv ¥ off teed datsts L GLd2Y5H)  diglE Is ofv
Bz Iss HB y' Ctolzfd dBsy O HBHOId (Bl 820 &Ed kiz
(VY sdz2 h O) . ] e L lzdz IsOIs’ BO" d@3s ctelzfz dzOMIsd dz' o
MftesmMistsolz® ftodtf z2h j dedzw ftots wy@etehigte Hish SgHElsY' ©
tedmMedz¢ 2 1 MO’ LictsL 2d3' dzd o3, s C4W " y' " dals J ¢
dzi MEyts®™ L HOILdhis' d&Omisddazkz, OO0 lyj LOdkixdls: MO
CdeS toj Isdzs’ MEC zOHBo 5™ . (oRdz g g teizy o ta@d ozl Mig Q i34
L Yy  dzj?2 HBMmdz Wy jdzdzw ° yd HdlsOdedey BEZHJ odMmo ' Isdz
. [“LT% B ] LMo 61'0' % . B
S!E L <! L 70, & ‘O' S
‘ L edextvera 915 KA i |26 ‘. =30 » B,
L nosHa 950 " T
Q) 228,75x 4 =915 B ) 64 119
P 110 o —~—
2 ‘ 1 %y Y Y 'Y

B, i
‘ t
—~ ! | i\ B Negativ
7N NS N\ e e T
! A Positiv

A A L wM

il

Cover width 915mm

‘ ) 183 ?3 SIDF A ‘
N|
s\ \ /T \L

SIDE B

tdmezded G telj o' L d oW dOmisd dzz Qts; Wi TY?2 ' Pzlsissixz \j ESKEE w s @) ls
Pruszy @ Ki,i 160Rsaa T 8B4 0 ,i SAB8 9 i ,H40Hoffman, 1 APL)

1 s jtelsOs ydm! HB o O0tlstsMmMls’ Mdtetse ddzgd o Otclsts 1 to
Bdzd ylso © MlsOdzj oaodr oW ' dz2 so Odzdr dzOMisddz' 9 o
dlslsw %4m&d$BWBqubb 3. 1 sdz @4&&4 fsCtodlsisw
s9' Hdzs yY' dzO tkdzsdzze L Odzj 3 dlIs! ' H Issoh ddzd
dsls® ftsd BB tedesets fsCtedlslsw. | dzw o dwe dzj dada”

°r&



fil ttsB dBjbdgd o j &) dgse s kO SwOuznyf sSclsdzse s §

Yqdel so 56 ts AL teffdidstdsovj HBj dzts d30Is § BOBd ugek® y Oty j 5P
H' Of OL sdz Istsehddz 0, 5é0, 8 &Rz dz' dzg' 2 dese WhkdzCy' ‘¥
iSMyfjteddsd delsz. 1 jteh dd3 WOQIststslsd3 BEH] Itsoh ddzO Ml
BRB-10, 0,6, BBBEO] +1)0 O 0,8 &3 (+2). [wEzedd !
q’lthschsIsW Z, ht IsOCBY L a3 dEsZ108 {3 T4l uslsgd L8 &rn ( & ]
Z200 (+2). 1 HEXCOR HtjHMisOo dzj dz' 1 {OE jisHHfitslo Gedelz o
f dzOdz | §igdsjztcdsd® tjL zdz' sOIs Hdzv Csydes’™  Oted L o3 dad
v OB dfiyWzOdz Ho sa W OC istedesets j S MY jtod d3j dzlskz
HlsOdzH O A OCIS|AOCIgt jJLEdUHISOdZH O|AOSIStAOCIStt JL E2d
f steW H U Z { f SEGWHB|U Z t

1 -1 -3 253,41 |9 -1 1 264,45

2 0 -3 301,15 |10 0 1 31218

3 1 -3 347,56 |11 1 1 358,89

4 2 -3 394,46 |12 2 1 405,26

5 -1 -1 258,80 |13 -1 2 267,39

6 0 -1 306,74 | 14 0 2 314,98

7 1 -1 353,05 |15 1 2 362,15

8 2 -1 399,76 | 16 2 2 408,20

[fdh it tjLEd IsOIsd J¢ MY jicd dfedidsdets tH 9 lis@O ¢ & @ HiAl
[ P dg 220 L Odzj y dg' Mls o Otolstsmis histedf MO L yddz 59
fsCtedlslsw:

t =311+46 2904, LOWIHE37, 16 L 1)
S9OOHtKOIdyUdzO L Odzj 3 dz' MiIs! o Otclstsmis” histcdf MO L

Glzmlsd dzd ﬁBQth[IsIsW:
t =311, 04654470, IPADyZaL00LZ7L 2
1 ets O dzO dz' LIzaG)ath’,(Z)L OppPlizsRNY' 1 Ojlss HZY ydn
ftcj HNIsOo dzj dz' desy dgOIs JmE 'OQ@Q d'Is)] , s L d&3 dzO SOtGIS'[Sfr]
LOCBdtsds SO BJL off dzd o z ~ fnAdQ tdfiddts 'Is tcH 9 | Do "Wls ) i o3’
tesLecdzvHdIsd off dzd o ydn f OtcOd3j Iste’ o sCtej di3d disd W Lk
yqdzt sotsegts fsStedlslsw k2 fsodz 2 o9O0OlssMmis' dzdmsO d&ts
t =311+47ZLuv+3, 6L ©
| CIs d 0@t ds s d5QtzO g dpieia daqUglshl adn § 15
idadzy * ddzjh jtebmlyaRzvIsie idgfsded IsO L &3
dmls® o' HBEZOO ' Is! Mw FJtwdyy
(9 OGH(E EZfnid@ids B)n. " HMzts H tElisE & dif H ¢
ChHd s ®o dz] dz® OB w2y ' o9 OtelssMis
.

1‘Haq’hlza(DIscf J
zsC Odz! detsets f° HM(
LB dz hjdadg" Istseh d
LB Oz hjdedgw Isseoh
WOClktste yddzl sotsets
o Otclstsmils® 13 h Iste

wd
dzd
dzd
dzd
Pt
dy

1 sH Bdzd2 jWjCl MisMmsjte': ¢0 s v Ek odCttedf
fsCtedlslst h dted BB j S frHf fij lsc@fedsip jdztzd 21 ltchj ts Hs@is Sas{oyd d3 1 % OC Is |
dZzOw o dz' s YsCtedlslsw L f SBEi@&jstdlf. dgO® v alzf s (Ll , W G
0.] wjLEzd 5O BltedBO' Bs ' dz' 2z L Odzj y dz* fls:
MsOdz' , GkfMmisddad Y deROVootdzttsh I s CHtasfds Isdgj tdsdzs e 5 f 5C tod
=311+ PE+AB 9k I3 Z-6,:0 0TIZ#13,51TIPE+0,00005ZPE0,00026TLZIPE  (4)

1 @ HB st ds shisEtisd s 5O W EtdzjtsdsB)H dav O dzj ¥ @B figflsi dzts
h s j L i tsf)j tzPoHClE IssdA] )45 © tc d §f fifos dekj to dzdsd to dBlsdsHj §f dzd © Ols
oL O BHHEYDC skt o " dzdzds@ROW o dfteshighs * o3 j tosfste delddswis 5 ° dzh d o
fztso OB, o Otels' Mls! dz Bjtedetsets fsCtedlslsw L Odzj ¥ 0
ZOdzsfdls: Mw. 1 tedBte@oh d oofCzdipdE ls!, da@ ‘o Qftadsd Sifsis y o
Yy tetsh j dzlz (B).5te Bz czlz

t =311 +BE468994LL 7 +BB,5HTPE (5)

23-¢ 1 ' 2023 " 37



1B toded & KOIy jda®'tc@dz dasls | MR g demnte oSntsdgW j toj dzy '’
gt faJrfrR duorwlyd Putfendel Jtovr 1L &LV sewl

Pareto plot

Sign of coefficient

Negative

. Puositive

o
m
h L

Effect
~N

TZ:PE

0 20 40 60 20
Magnitude of effect

{ qMEdisS OXLORO ofdzdok ktsoh ddd MlsOdj o ts¢ s 2)dzd®G Ok e dzts fig k'
fsdz d5) tcdzs ¢ BE) § ©ADG hIOE® ' (s § &GS ™ ds

[ stod 3O dzO0 L B dzjsxPdz'H ) ¢ tc(O2RAE oz 8 tdsdf fr) EEL 1 dzOydzlz  H
1 B "Istediffpk ftsd Bjtecdesecs fsCtedlslsw. s @ ztagzlz o Ot
fsdz i3gjteded sz fsCtcdlslsw BEHj o HBRZoOIsdhW sEd yoOB)' &
LB dz' hjdedegw o OtelssfMmis® N"Nistedyfmk "L ydditsedd §s¢td
MlsOdzj e ts™ yYOMmlisddzd .
v OB d2iyMtsdzv o OtelstsMis’® Yl GeSzd-gyf ds S ey s tcdlslsw [
1 d3tf iz dzts dzlz

v o h ] Z100 | Z140 | Z180 | Z200 | Z100+PE| Z140+PE| Z180+PE| Z200+PE

6 bz dzisoigiz
0,45 6,4% | 9,0% | 11,5%]| 12,9%| 34,9% | 37,5% | 40,0% | 41,4%
0,48 6,0% | 8,4% | 10,8%]| 12,1%| 34,4% | 36,8% | 39,2% | 40,4%
0,5 58% | 8,1% | 10,5%]| 11,7%| 34,4% | 36,7% | 39,0% | 40,3%
0,55 55% | 7,7% | 9,9% | 11,1%| 34,0% | 36,2% | 38,3% | 39,5%
0,6 4,8% | 6,8% | 8,7% | 9,6% | 33,4% | 353% | 37,2% | 38,2%
0,65 4,6% | 6,5% | 8,3% | 9,2% | 32,9% | 34,7% | 36,5% | 37,5%
0,7 4,4% | 6,0% | 7,8% | 8,8% | 32,9% | 345% | 36,3% | 37,2%
0,8 3,6% | 50% | 6,4% | 7,2% | 32,3% | 33,7% | 351% | 35,9%
12 2,9% | 41% | 53% | 58% | 325% | 33,7% | 34,9% | 354%

v O¢Cdd3 yd dzts o3, BgNMdBo sisB B HBdZY 9 OtclstsMis f 56 te
odetslsso dzj dzgdz? ftetsW ' dzt so Odzse 5 dzOMIsd dzz MisOdzetso d Is
Z1002200 W@ %3 H dzv Yoot oyt s f sCtedlslsw. 1 wd odBBte
dzZlsd iz toj S sd3j dzgH 2z’ Is' MW fHtesotsHdIsd sy Sk o Otlstsf
Acknowledgements: This research is provided within the projdinfluence of geometrical
parametersonloade ar i ng capacity of s twhiehwad funddobg theo i d a l
National Scholarship Programme of the Slovak Republic for the Support of Mobility of Students,
PhD Students, University Teachers, Researchers and Artists.

sfdms¢ dz' Isj tcOlskzted

1. djBCts 1. [. uwlsOdzjo' RtsdztsH AW Stedstso dz' / Islts dz sl fpdsarighEls &€ s
v {1 fAo¢uf wid3 2 5ht@hf/dk.doi.org/10.13140/RG.2.2.30217.77928

7 > G 7
~ NN v A " 1 s ° " R ogn ¥ v

38 xT T


http://dx.doi.org/10.13140/RG.2.2.30217.77928

fil ttsB dBjbdgd o j &) dgse s kO SwOuznyf sSclsdzse s §

U $24.04:627.11

DECISION SUPPORT IN THE SELECTION OF MATERIAL SOLUTIONS FOR
BUILDING PARTITIONS

Karol Skiba, MEng, Faculty of Civil Engineering and Resource Manageneent
mail:kskiba@student.agh.edu.pl
Roman Ki nasz, professor (Full), PhD. D.Sc. Eng., professor of the Department Geomechanics,
Civil Engineering and Geotechnics, Faculty of CBailgineering and Resource Management
e-mail:rkinash@agh.edu.pl
AGH University of Science and Technology in Krakow, Rblan

The decisiommaking problems at the building design stage are some of the most significant
challenges faced by the designers. Alomith the growing importance of energy efficiency in
buildings, there are decisianaking issues in the selection of building material solutions. To
improve energy efficiency in the construction sector, the legislature tightens the requirements for
building insulation. Many solutions in the building materials market can actually meet these
technical requirements. The idea of sustainable development in construction comes down to
increasing the efficiency of the entire project in economic, environmentakama aspects. The
presented paper discusses which solutions are optimal from the point of view of sustainable
development.

The work aims to create a ranking of material solutions for the external wall partition in
sustainable development aspects. Theult@swere also subjected to comparative analysis
concerning the technical requirements in Poland.

The most common material solutions for the external wall in sifaghely housing were
analyzed. The choice of external wall components is one of the fegjnddecisions for a new
building. According to the technical requirements of the Polish legislator, the minimum required
heat transfer coefficient for an external wall is 0.2 [W&A{]. Many material solutions on the
marketcan meet the requirements inrappate configurations with a layer of insulation. The work
includes an environmental, economic, and social analysis of various configurations of the
construction element and the thermal insulation layer. The most common building materials for
constructio elements used in traditional masonry technology are ceramic blocks, cellular concrete
blocks, and silicate blocks. To carry out calculations of possible connections with the insulation
layer, the insulation material was selected: expanded polystyremewiih a thermal conductivity
coefficient of 0.033 [W/rBK] and all thicknesses found in the manufacturer's catalogues ranging
from 8 [cm] to 20 [cm]. Approximately 160 different configurations of the external wall partition
were created and analyzed imtsrof sustainability aspects.

The economic analysis of the studied variants was based on the calculation of the price of
building materials needed to make 17[nof the external wall. The price of the construction
component also includes the cost of mogaitable for a given variant. Then, depending on the
specific thickness of thermal insulation, the cost of #][of expandedpolystyrene foam was
included. The analysis was based on price lists and catalogues of construction materials provided by
manufactrrers.

The analysis of the social aspects was based on the heat transfer coefficient of the external
wall. This parameter affects the thermal comfort of the building user. The coefficient is also related
to the energy efficiency of the building. Its valdetermines the operating costs of heating the
building, which affects the costs of the entire life cycle of the building. The value of the coefficient
is related to the costs of building materials. The greater the economic costs incurred at the
constructio stage of the facility in the form of the purchase of building materials with a diminished
thermal coefficient, the lower were the operating costs at the stage of using the facility. Better
insulation of the building has an impact on lower consumptiopriohary energy carriers. The
value of the coefficient was calculated by substituting equation (1):
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u:Z% (1)

Ui heat transfer coefficient of the external wall [VWK],
d;i thickness of the'ielement of the external wall [m],
Aii thermal conductivity coefficient dfelement of the external wall [WEK].

Environmental aspects were based on the calculation of the Ecopoint india@br The
assessment of the environmental impact of building materials was based on the calculation of the
impact from the first phase of the construction product life, covering the production stage (raw
material supply, transport, manufacturing of praducThe assessment is based on the calculation

of eleven characteristic environmental indicatéu$e) [1], e.g. global warming potential (GWP) or
depletion potential of the stratospheric ozone layer (ODP) determined based on environmental
productdeclarations (EPD). These values were normalized by referring them to reference values

reflecting the annual environmental impact per 1 European citfz#d (and the weights of each
indicator #12) [2]. The Ecopoint indicator was calctega based on equation (2):

g

By =) (2= wo) @)

=1

Ste 1 characteristic indicator describintj eategory of environmental impact per F[m
R. i reference value forecategory of environmental impacts,
we | weight of &environmental impaaategory.

The aspects of sustainable development are important criteria in the dec#iomg
process regarding the choice of material solutions for external walls in-gangly housing. In the
analyzed case, all values are destimulants and thedd gblutions tend to be a minimum. All
aspects were normalized to rank them using the Technique for Order of Preference by Similarity to
Ideal Solution(TOPSIS) [3]. The distance method consists in determining the distance of considered
variants to idealdutions and their opposites. The best variant is expressed by the smallest distance
from the ideal variant and at the same time the greatest distance from tiaeansolution.
Determination of the ranking value is described by the formula (3):
_ de

((d): +d: )
d:” i distance of thé'variant fromthe ideal solution,
d: i distance of thé'tvariant from the antideal solution.

d;

3)

Based on the results of the TOPSIS analysis, a ranking list of all possible configurations of
the components of tHauilding partition of the external wall was created. Carrying out the analysis
provides a method to support decisimaking in the construction process. It could be a primary
tool to support the designer at the stage of the building design.
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Constructions of buildings and structures must be reliable under all loads and actions and transfer
them to the soil. Reliability and durability ofrsctures, which is ensured in the process of construction by
using highquality materials and observing the technology of work, may decrease during operation under the
influence of various factors. Since most factors are random, the reliability andlitu@bstructures are
determined by the laws of probability theory.

The influence of operating conditions (the time factor, different loading regimes, the development of
nortuniform deformations of the foundation) on the sti&tsain state (STS) of strures and buildings as a
whole is related to the problems of reconstruction. In this case, it is necessary to establish the technical
condition of the structures, to justify the possibility of extending their service life, and to make a decision on
the posibility of their further operation or the need to perform strengthening works.

Complex studies of concrete, reinforced concrete and composite steel and concrete have been
conducted on the basis of the research institute "Agroproekt” LLC in recent yieadefbrmation diagrams
under uniform and nenniform loading were investigated, the influence on the parameters of the concrete
compression diagram and STS of reinforced concrete (RCC) structures of repeatédrshartd sign
changing load regimes wastablished.

Based on the results of the research, methods of calculating SRG€ureshave been
developed, based on the use of real material deformation diagrams. These methods make it possible
to take into account the change in cresstion stiffnessdith when calculating individual structures
and buildings and structures as a whole.

Despite the adoption of DBN V. 21850: 2010 [1], practical methods of calculattwmposite steel

and concretestructures (CSCS) under different types of loads (dlkomt or longterm) and regimes (one

time, repeated, sigochanging) require further development. recent years, buildings with a monolithic
reinforced concrete frame or with a steel frame and monolithic reinforced concrete floors have been widely
used. The daulation of such structures should be performed using the finite element method (FEM). An
adequate design model of the FEM must take into account all the properties of the structural elements that
make up the structure.

Since it is necessary to perforralculations for two groups of limit states when choosing design
solutions, it is necessary to create two calculation models:

A Simplified model for calculating reinforced concrete slabs when designing new structures or
checking the amount of existing reinfement (model 1);
A Full model, that is practically same as the existing structure, for determining deflections and

movements (model 2).

When calculating model 1, the limit values of the loads are obtained in accordance with the
requirements [B]. As a resli of the calculation, we get the reinforcement parameters (when using the
SCAD complex).
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Model 2 is used with characteristic values of load. As a result of the calculation, we get the
numerical values of the structural deformations.

Let's analyze some allation results of the composite steel and concrete floor of the "Foxtrot"
shopping center in Kropyvnytskyi. The building is a thséary, rectangular in plan mupan frame
structure in both directions. The span of the columns in the longitudinataarsyerse directions is 9 m, the
height of the floor is 5.25 m.

The frame is a spatial frame system consisting of rigidly interconnected steel columns and crossbars.
The crossbars are located in two directions (Fig. 1, 2). Columns are rigidly conneateshadithic
reinforced concrete foundations.

Fig. 1. View of a steeleinforced concrete floor fragment Fig. 2. The joint of the steel beams on the columr

Spatial rigidity of the frame is provided by the joint work of rigidly interconnected elements
(columns and crossbars), horizontal disks of floors and roofing.

The fragment of the ceiling is calculated taking into account the joint work of steel crossbars,
auxiliary beams and a continuous reinforced concrete slab with a thickness of 160 mm.

Model 1and Model 2 were developed to determine 1€ slab reinforcement and stress in steel
beams. The calculation results of Model 1 made it possible to determine the slab reinforcement. As a result of
the model 2 calculation, isofields of vertical movemaearitsrossbars and beams were obtained.

The practical use of the method was determined by the need to conduct an inspection of the floor
structures above the first floor in the biitnonresidential premises of a residential building at the address
of the street. Vokzalna, 66 in the Fortechnyi district of the city of Kropyvnytskyi in axe2b24A-B that
arose due to the need to arrange openings for the installation of elevators and placement of commercial
equipment on the floor.

The building consists ofao, complex in plan, twatory parts, separated by a deformation seam
along axis 21. The building is a complex structural system made of monolithic reinforced concrete. Columns
and diaphragms are the vertical supporting elements, which are connecteld tdheadn a single spatial
system by slabs of the ceiling and roofing.

The spatial rigidity and stability of the building is ensured by the joint work of the columns,
diaphragms, horizontal discs of the floor and the walls embedded in the foundations.

It is planned to place a cafe and a flower shop in the building with a characteristic value of the load
of 5...8 kPa (500...800 kgfn Due to the fact that the project did not initially provide for the placement of
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freight elevators, in order to justify thpossibility of arranging the openings, an inspection of the structures
was performed with an opening to determine the compliance of the actual reinforcement with the design, as
well as the necessary calculations of the structures taking into accountathgearent of the openings. On

the basis of the performed work, assessment of the technical condition and substantiation of the possibility of
arranging the holes, the working documentation for the arrangement of the holes in the ceiling above the first
floor was developed.

According to the results of the performed examination, it was established that the structures of the
floor, columns and diaphragms at the level of the first floor have no defects and damage that would indicate
the beginning of destruction

Determination of the reinforcement parameters was carried out by a destructive method by cutting
out fragments of slabs in the places where the holes are arranged. It was established that the applied
reinforcing meshes mainly correspond to the projelse @iameter of the working rods corresponds to the
project, the location of the nets in plan and additional reinforcement at the points of contact with the columns
as a whole also corresponded to the project. The location of the grids within the héighslab turned out
to be inconsistent with the project (the height offset of the grids was observed). The obtained data were taken
into account when performing verification calculations of the floor above the first floor, taking into account
the arrangenm of the openings.

The calculation scheme was modeled taking into account reinforcement by metal elements, the
connecting pins for the elements in axes224 / - ¢ ¢ 24 mm a 58 with stiffness tor sed
09124, since t he pndshear (Fig. B)cie ioadein thet calalatiorhscherge ware set
according to the design data (from the weight of the structures) and in accordance with the customer's task.

Fig. 3. Fragment of the calculation scheme in axe22(3d image)

According to the results of thexamination and FEM calculations, a project was developed to
strengthen the structures in the places where the holes were arranged. The nature of the deformation of the
floor slab in the place of the intended location of the holes is determined takiragomiont the presence of
supporting steel structures. The results of the calculations show that the deformations of the floor structures
do not exceed the values determined by the current regulatory documents.
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pyHT pobouoro wapy

Mpumitka 1. Mapky GiTymy N0TPIGHO yTOUHIOBATH BIANOBIAHO RO KNIMATHUHMX YMOB POBOTH achansTobeTomny
MpuMiTKa 2. Ha 3aMiky GiTyMy, MOAWDIKOBAHOFO NONIMEPOM, MOXHA BUKOPHCTOBYBATH BiTyM, MORMMIKOBAHMIA KOMIREKCOM A0BABOK, 3

TAKAMM XK BIMKO-TEXHIUNMMM NOKATHHKAMM.
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