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Abstract. The park of metal cylindrical tanks in Ukraine is characterized by significant wear
of load-bearing structures, corrosion of elements and metal fatigue of vertical connections. One of
the solutions to the replenishment of the lost load-bearing capacity of their walls is the reinforcement
by external transverse FRP. It is also make it possible to ensure tightness and anti-corrosion protection
of these constructions. At the same time, existing recommendations assessing the effective use of
various types of FRP, differing in strength, deformation and thermal deformation parameters, are
insufficient in relation to the strengthening of metal cylindrical shells.

This work systematizes systematize the method of practical determination of the parameters of
the stressed state of elements of metal cylindrical shells reinforced with external transversely directed
FRP reinforcement and detecting the main factors influencing the effectiveness of the use of FRP
based on fibers of various types in combination with steels of different strengths.

The analysis of the given theoretical dependencies allows to conclude that the mandatory
factors to be taken into account for strengthening of the metal cylindrical shells by external
transversely directed FRP reinforcement that perceives the actions of ring forces are the temperature
deformations of used FRP materials, as well as the longitudinal deformations of the metal components
of complex walls.

The main factors determining the effectiveness of the obtained solutions are the residual
strength of the material of the metal shells and the modulus of elasticity of the used FRP. The
influence of thermal deformations can repeatedly change the required degree of external
reinforcement of structures in the case of the using FRP based on various types of structural fibers in
combination with steel shells that characterized by low material strength, while similar combinations
with high-strength steels can neutralize the influence of temperatures.

The effective use of low-modulus FRP can be achieved for reinforcements of the structures
with high strength characteristics of steel. For the structures characterized by low steel strength
effective external reinforcement is achieved in combination with high-modulus FRP.

The influence of temperature deformations leads to that the FRP reinforcements made on the
basis of aramid fibers demonstrate relative ineffectiveness in combination with shells characterized
by low steel strength.

Key words: metal cylindrical tanks, methods of strengthening the walls of tanks, external
transverse reinforcement, FRP systems of external reinforcement, efficiency of FRP systems.

Introduction. Ukraine has an extensive park of metal cylindrical tanks, characterized by long
service life and significant wear, which reduce the reliability of their operation [1- 3]. The complex
of problems solved when extending the effective operation of metal tank bodies includes the
replenishment of the lost load-bearing capacity of their walls, which turns out to be a reason for the
most dangerous and economically expensive emergency of such constructions. One of the solutions
to the problem can be the reinforcement of the metal shells of these structures by external transverse
FRP [3, 4]. The use of high-modulus materials makes it possible to obtain effective solutions that do

-5-
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not require the use of pre-stressing reinforcing elements. It is also important that such systems make
it possible to solve connected problems associated with ensuring tightness and anti-corrosion
protection.

The relative novelty of the solutions that combine the joint force work of metal and FRP
elements as part of complex cylindrical shells, the theoretical unresolvedness of certain calculation
issues, as well as the lack of an adequate regulatory framework for their use [5-11], significantly
hamper the practical implementation of FRP reinforcement methods for steel tanks [3, 4, 12]. The
problem is considerably complicated by the heterogeneity of elastic modulus of possible FRP, as well
as by the significant differences in their thermal deformation characteristics from the steel, which can
in some cases significantly reduce the degree of effectiveness of the resulting solutions [4, 13, 15-
18]. At the same time, existing recommendations assessing the effective use of various types of FRP,
differing in strength, deformation and thermal deformation parameters, are insufficient in relation to
the strengthening of metal cylindrical shells.

The purpose of the work is to systematize the method of practical determination of the
parameters of the stressed state of elements of metal cylindrical tanks that perceive internal pressure
and are reinforced with continuous external transversely directed FRP reinforcement, taking into
account the differences in temperature deformation of the materials used, as well as detecting the
main factors influencing the effectiveness of the use of FRP based on fibers of various types in
combination with steels of different strengths.

Results of the research. Sequential consideration of the operation of the steel shell of a
cylindrical tank, having a radius » and thickness #; , being under the action of the initial internal
pressure P’and strengthened by transverse prestressed FRP elements with prestress oy and thickness
trcontinuously located along its height, experiencing a subsequent increase in pressure by an amount
AP, made it possible to obtain the values of the maximum hoop stresses, respectively, in the elements
of FRP reinforcement and the steel wall of the tank [4, 13, 15-18]:

m|.Nf(x,z) + tsEs (asAT;2 - afAT}Z )J — P' r tf N (x,2) + thf (afATfl - asAT;l )

O, =0+ ,O —O,0—+ : 7(1)
s t +tm ot 704 t,+t,m

N s

where N, _ =AP-r(l—u/2), N =AP-r|l+mlt,/t, \u/2)| — conditional hoop forces per unit
f(x.2) ( /2) 5(x.2) [ (f/ s)( / )J

section of the FRP and steel layers of the tank wall, arising from a change in internal pressure
by the value AP and determined taking into account the combined action of hoop and
longitudinal stresses in the steel part of the structure; E; , Er — respectively, the moduli of
elasticity of steel and elements of FRP reinforcement; m = E, /E, — the ratio of the elastic

modules of the constituent layers of the wall;  — Poisson's ratio of the material of the steel
component of the tank wall; op — prestressing in the elements of fiber-reinforced plastic; o
and oy — coefficients of linear thermal deformation of steel and a layer of FRP; ATy; and ATy
— the most critical temperature changes of the steel and FRP components of the shell, causing
maximum additional stresses in the steel; A7> and A7y — the most critical changes in the
temperatures of the steel and FRP components of the shell, causing the maximum additional
stresses in the FRP.

The most typical temperature regimes of operation of metal tanks imply a smooth change in
temperatures with the same values A7 in all layers of complex walls.

At present, two approaches have been formed to the practical consideration of the nature of the
operation of metal cylindrical shells reinforced by external transverse reinforcement. Classical works
[19, 20], which analyze the strengthening of metal cylindrical shells by winding high-strength metal
elements, under the influence of considerations of a significant simplification of practical
calculations, state the assumption of the applicability of the statement Ny )= Nyx ) ~(AP)r. But the
distinguishing features of the use of external FRP reinforcement from reinforcing by metal are a much
larger possible range of ratios of the elastic modules of the wall parts, which in the general case is

-6 -
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m=0,3...3,8, as well as the presence of coefficients of linear thermal deformation of FRP are
a,= (— 2,0...+ 5,4)>< 107°°C™", which cause a significant increase in stresses during joint work with

steel, that demonstrates a similar value equal to o, =+10,4x107°°C™".

In the case of abstraction from longitudinal deformations of metal shells (i.e. Npxz=~
Nsi,~(AP)r ) taking into account uniform change in temperatures A7 of materials it is possible to get
the interdependence between stresses in the layers of complex walls

t
o, =y +%(af —O'fO)—O'fOt‘—f—Aa AT-E. | )

where o

o = (P'7r)/t, — stresses in the steel shell before the start of the reinforcement.

In the absence of initial internal pressure (i.e. P’=0) and prestressing forces (op=0), the last
interdependence is
o
=—L-Ac, , 3)
m

where Ao, =Aa-AT - E — the change in stresses under the influence of temperature deformations,

o

)

Aa = a, - a, —the difference between the coefficients of linear thermal deformation of steel

and the layer of FRP;,.

Limiting the stress value of the steel component o; by the yield strength of the material f,4 or
by stress value premised from the fatigue conditions of the joints of steel structure and taking into
account the condition of equilibrium of the acting forces it becomes possible to obtain the required
thickness of an external transverse FRP reinforcement and coefficient of the external FRP
reinforcement

~

NAP(x) _fydts f Ao

O k»,=—'=(—r‘” 4)
4 fyd+AaTm a2 t fyd+AGTm

where N, =AP-r —conditional ring force per unit section of the complex wall, Ac, = Narw _ fod
tS
— excess of stresses over its limiting value in a metal shell in the absence of external
reinforcement.

In the case of accounting for longitudinal deformations of the metal shells and taking into

account the effect of longitudinal stresses in the shell on conditional ring forces N, _, N ., as
well as a uniform change in the temperatures A7, it is possible to get
m , t, At +t.m
O, =—|0,—0yn+0,—F+Aq-AT-E ———— 1+ 0, (5)
| t, t,+1t,m :

where o, =P'-r/t, — stresses in the steel shell before the start of the reinforcement process,
A=+ m(tf /t, X,u/2)J/(1 — 41/2) — auxiliary value.

In the absence of initial pressure at the moment of reinforcement (i.e. o%0x=0) and the
installation of FRP without prestressing (op=0), expression (5) takes the form

At +t,m
[, +t,m

o, = %l:as +Ao;

(6)

In accordance with the allowable stresses in FRP from the condition of ensuring the operability
of the steel part f, and according the condition of equilibrium of ring forces it is possible to obtain

the required thickness of FRP and coefficient of the external FRP reinforcement

-7 -
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.:é. NAP(")_fydlS k. :t_fzﬁ. Ao, (7)
' m At +tm > O . m At +t,m
Ja+ Aoy - ‘ St Ao,
[, +tm [, +1t,m
ly 1
Lm0k
t 2 f(@®) 2 .
where 4= s & — auxiliary value.
1-p/2 1-p/2

The results of the above theoretical studies were confirmed when testing models of metal
cylindrical structures strengthened by external transverse CFRP [21].

A significant difference in the values of the coefficients of linear thermal deformation of FRP
and steels determines the substantial effect of changes in operating temperatures on the stress state of
cylindrical shells strengthened by such type of the external transverse reinforcement.

The results of numerical calculations (Fig. 1) that considered the change in the coefficient of

FRP reinforcement &, , obtained with excess of stresses Ao, =1 over the limiting value f, (yield

strength of the shell material or the limiting stress value that is permissible from the fatigue conditions
of the material of the joints of its non-reinforced structure) in different ranges of operating
temperatures AT=-40...+40 °C, indicate their multiple variability.

The presented calculation results considered the transverse reinforcement of steel shells, which

had indicators of limiting the strength of the material f, =18...42kN/ cm”, by FRP that had different
longitudinal resistances f, , made on the basis of different reinforcing fibers: E-glass fiber (Fig. 1,a:
fa =200kN /cm®, E,=0,7x10*%N/cm*, a,=50x10°°C™"), aramid fiber (Fig. 1,b:
fn= 380kN /cm?, E, =18x 10*AN / em?, a,=-2,0x 107°°C™), high strength — normal modulus
carbon fiber (Fig. 1,c: f, =410kN/cm®, E, =2,4x10°kN /cm®, a, =-0,6x10°°C™") and high
modulus carbon fiber (Fig. 1,d: f, =240kN/cm®, E, =7,6x10°kN /cm®, a, =—-1,45x107°°C™).

The calculation results corresponding to the case of abstraction from the influence of longitudinal
deformations of metal shells are presented in the indicated graphs by solid lines and the results
obtained in cases of taking them into account are represented by broken lines.

An analysis of the dependences of the coefficients of FRP reinforcement for conditional

excesses of permissible stresses &, by operating temperatures AT indicates a general tendency for

the influence these parameters by the elastic moduli of the used FRP, as well as the strength
characteristics of the material of steel parts f, (the yield strength of steel or the limiting stress value

determined by the fatigue condition). The characteristic influence of the temperature factor is
determined by the condition of limiting the strength of metal shells: in the case of the using FRP
based on various types of structural fibers, thermal deformations can repeatedly change the value of
the considered coefficient in combination with steel shells that characterized by low material strength

(Fig. 1, curves for f,, =18kN/ cm®), while similar combinations with high-strength steels (Fig. 1,
curves for f, =42kN/ cm”) practically neutralize the influence of temperatures.

It is also important that when considering the definition of coefficient & the classical

1102
assumption about the possibility of abstracting from the effects of longitudinal deformations of steel
shells (Fig. 1, curves shown with solid lines) turns out to be applicable only in certain cases when
combining high-strength steel shells with predominantly high-modulus FRP external reinforcement
in the temperature range A7=0...+40°C. Otherwise, failure to take into account the longitudinal
deformation of steel shells leads to significant differences from calculations performed taking it into
account (see Fig. 1, curves shown with broken lines).
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It should also be noted that from the point of view of the influence of mutual temperature
deformations the relative inefficiency of using aramid fibers as part of complex structures that involve
combination with low-strength steels of shells. Thus, even in the presence of an elastic modulus of

some aramid FRP E,_,.,, =1,8x10°kN /cm® two and a half times higher than the elastic modulus of
E-fiber GFRP E, .., =0,7x10*kN /cm® , taking into account a possible decrease in temperatures

AT=-40 °C these materials have comparable coefficients of external reinforcement & ,,,, (respectively
Fig. 1,a and Fig. 1,b).
The dependences of the change in the values of the coefficients of external transverse FRP

reinforcement &, by the strength parameter of the material of steel shells f|, with the considered

most unfavorable change in operating temperatures A7=-4(0 °C are presented in Figure 2. The obtained
indicators compared for FRP made on the basis of E-glass and S-glass fiber (Fig. 2,a, respectively:

E- glass fiber f, =200kN/cm®, E, =0,7x10*kN/cm*, a,=50x10"°°C"" and S-glass fiber
fa =480kN/cm*, E,=09x10"kN/cm®, a,=29x10"°°C™"), aramid fiber (Fig. 2,b,
S =380kN/cm®, E, =18x10*kN/cm®, a, =-2,0x10°°C™"), as well as on the basis of high-

strength (normal modulus) and high—modulﬁs carbon fibers (Fig. 2,c, respectively: high strength
(normal modulus) carbon fiber f, = 410kN /cm®, E, = 2,4x10*kN /cm*, a, =—0,6x10"°°C™" and

high modulus carbon fiber f, =240kN /cm*, E, =7,6x10*kN/cm®, a, =—-1,45x107°°C™).

The given graphs (Fig. 2,a-c) emphasize the tendency of the determining influence on the

reinforcement coefficient &, of the modulus of elasticity of FRP £, as well as the strength of the

steel shells under consideration f, : with an increase in these indicators, a decrease in this coefficient

is observed. At the same time, a sharp increase in the required degree of reinforcement is observed
when the strength of the material of the steel bases of the shells is limited by a value of less than

Sra =18kN/ cm” . Not taking into account the influence of the factor of longitudinal deformations of

the reinforced shells is justified only when combining high-modulus carbon FRP with a base material
that has a strength index f,, = 24..42kN / cm® (Fig. 2,c).

A joint consideration of the dependencies obtained for various external reinforcement materials,
taking into account the influence of longitudinal deformations of shells (Fig. 2,d), allows to conclude
the efficiency of use of low-modulus (much cheaper [4, 12]) FRP for reinforcement structures with

high strength characteristics of steel bases f, ~30..42kN/ cm”. At the same time, for structures

characterized by low steel strength limits f, ~ 15...20kN /ecm®, effective external reinforcement is

achieved only when using high-modulus FRP.
To assess the influence of an increase in the level of stresses on the value of the coefficient of

the required transverse FRP reinforcement &, , it can be introduced a coefficient of stress excess in

metal shells in the absence of corresponding reinforcement

Ao
k o(s+ =— > (8)
Ao (s+) f‘yd

where Ao, — conditional excess of stresses over the limiting value [, in the absence of external

reinforcement.

In this case, consideration of the operation of complex structures strengthened with external
transverse FRP reinforcement similar to adopted in Fig. 1, when the operating change of temperatures
is AT=-40C, allows us to obtain the dependencies presented in Figure 3 (E-fiber FRP — Figure 3,a,
aramid FRP — Figure 4,b, high-strength carbon FRP — Figure 4,c and high-modulus carbon FRP —
Figure 4,d; graphs obtained by abstracting from longitudinal deformations of metal shells are shown
by solid lines, and when they are taken into account — by broken lines).
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Analysis of the obtained interdependencies indicates the applicability of abstracting from
longitudinal deformations for metal shells under temperature changes AT=-409C only in cases of
using high-modulus FRP in combination with high-strength steel bases with a range of coefficients
kyosry < 0,1 that determine an insignificant degree of required external reinforcement. Otherwise,

failure to take into account the factor of longitudinal deformations of shells under conditions of a
significant decrease in operating temperatures leads to a substantial distortion of the calculation
results. The greatest discrepancy between indicators &, is achieved by combining high-modulus
FRP, which demonstrate significant differences from steel in the coefficients of longitudinal thermal
deformation, with low-strength bases of reinforced steel shells when it is necessary to endure

significant additional forces, i.e. at k,, ., 20,4 .

Conclusion

1. The mandatory factors to be taken into account for strengthening of the metal cylindrical shells
by external transversely directed FRP reinforcement that perceives the actions of ring forces are
the temperature deformations of the used FRP materials, as well as the longitudinal deformations
of the metal components of complex walls.

2. The main factors determining the effectiveness of the obtained solutions are the residual strength
of the material of the metal shells, as well as the modulus of elasticity of the used FRP.

3. In the case of the using FRP based on various types of structural fibers in combination with steel
shells that characterized by low material strength, thermal deformations can repeatedly change
the required degree of external reinforcement of structures, while similar combinations with high-
strength steels can neutralize the influence of temperatures.

4. Under the influence of temperature deformations the FRP reinforcements made on the basis of
aramid fibers demonstrate relative ineffectiveness in combination with shells characterized by
low steel strength.

5. The effective use of low-modulus FRP can be achieved for reinforcements of the structures with
high strength characteristics of steel bases of the shells  f, ~30...42kN / cm” . At the same time,

for structures characterized by low steel strength limits f,, ~15...20kN / cm’, effective external

reinforcement is achieved in combination with high-modulus FRP.
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E®EKTUBHICTD IIOCHJIEHHSA KOPITYCIB METAJIEBUX HUJITHAPUYHUX
PE3EPBYAPIB ®IGPOIIVIACTUKOBUM APMYBAHHAM HA OCHOBI BOJIOKOH
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Ooecvka depaicasrna akademis 6yoienuymea ma apximexmypu, m. Odeca

AHoOTalis. YKpaiHChbKUI MapK METaleBUX IMIIHAPHUYHUX DPE3EpPBYapiB XapaKTEPU3YETHCS
3HAYHUM 3HOCOM HECYYUX KOHCTPYKIIIH, KOPO31€I0 €JIEMEHTIB 1 BTOMOIO METalTy BEPTHKAIbHUX
3'eqHanb. OJHMM 13 pilIeHb 3 BiJHOBJIEHHS BTPAaYeHOI HECYYOi 3AaTHOCTI KOHCTPYKIM CTIHOK
pe3epByapiB € 30BHIIIHE apMYBaHHS MOMEPEYHO HAMPABJICHUMH (iOPOIIIACTUKOBUMH CHUCTEMAaMHU.
BukopuctaHHs LUX CHUCTEM TaKOX CHpUs€e 3a0€3MEeYeHHI0O HEOOXiTHOI T'epMETHYHICTh 1
AHTUKOPO31MHOMY 3aXHUCTy BIAMOBIIHMX KOHCTPYKIINA. [Ipu 1ipoMy iCHYrOY1 peKOMEHaIlil 11010
OLIIHKU €()eKTUBHOCTI MPAKTHYHOTO BUKOPUCTAHHS PI3HUX THIIB (iOpOMIaCTUKOBUX MaTEpiaiiB, sKi
BIIPI3HAIOTHCS TIApaMEeTpaMU MIIHOCTI, @ TaKOX CHJIOBOTO Ta TEPMIYHOro neopMyBaHHS, €
HEJOCTAaTHIMU CTOCOBHO TIOCHUJICHHSI METANIEBUX HUTIHAPUIHUX O0OIOHOK.

[IpencraBinena po0OoTa cHUCTEMaTH3ye METOAUKY MPAKTHUYHOTO BU3HAYEHHS MapaMeTpiB
HANpYy>KEHOTO CTaHy EJEMEHTIB METaJeBUX LWIIHAPUYHUX OOOJOHOK, MOCWJIEHUX 30BHIIIHIM
nonepeyHuM (hiOpoTIIacCTUKOBUM apMyBaHHSIM, & TAKO>K BU3HAYA€ OCHOBHI (PaKTOPH, 10 BITUBAIOTH
Ha e()eKTUBHICTh BUKOPUCTAHHS (PiOPOIUIACTHKIB HA OCHOBI BOJIOKOH Pi3HUX THIIIB Y MOETHAHHI 31
CTaJISIMU P13HOT MIITHOCTI.

AHani3 HaBeIeHHX TEOPETUYHMX 3AJEKHOCTEH J103BOJISIE 3pOOMTH BUCHOBOK, IO
000B’s3KOBUMH  (paKTOpamMH, HEOOXITHUMHU JUIsi ypaxyBaHHS TIPM TIOCWJICHHI METaJIeBUX
WTIHAPUYHAX 000JIOHOK 30BHIIIHIM MONEPEeYHUM (iOpOIIACTUKOBUM apMyBaHHM, SIKe CIIpUiiMae
Ji10 KiJIBIIEBUX 3YCHIIb, € TEMIIEPATYpHi AedopMaliii BiAnoBigHUX PiOpOIIaCTUKOBUX MaTepiajis, a
TaKOX MO3I0BXKHI ehopMallii METaIeBUX CKJIAI0BUX KOMITJIEKCHUX KOHCTPYKIIIH.

OcHoBHUMH (haKTOpaMH, IO BU3HAYAIOTh €(PEKTUBHICTH OTPUMAHHUX PIIICHb, € 3AJTUIIKOBA
MIIHICTh MaTepialy MeTaJeBUX OOOJOHOK Ta MOAYNb MPYKHOCTI BUKOPHCTAaHUX (iOpOIIACTHKIB.
Brume Tepmiuaux aedopmaiiiii Moke 6araropazoBo 3MiHIOBATH HEOOX1IHUM CTYIiHb 30BHIIITHHOTO
apMyBaHHS KOHCTPYKUIH Yy pa3l BUKOpUCTaHHA (iOpOIJIACTUKIB Ha OCHOBI pI3HHX THIIIB
KOHCTPYKITIMHUX BOJIOKOH Y MO€THAHHI 31 CTAJIEBUMHU 000JIOHKAMH, 110 XapaKTEPHU3YIOThCSI HU3bKOIO
MIIHICTIO MaTepiany, OJHOYACHO AHAJOTIYHI KOMOIHAIil 3 BHCOKOMIIHUMH CTalsIMH MOXYTh
HEUTpali3yBaTy MOAIOHHN BIUTMB TEMIIEpaTyp.

EdexTiBHE BUKOPHCTAaHHS HU3BKOMOIYJIBHHX (DiOpOIIACTUKIB MOXKE OYTH IOCATHYTO IS
apMyBaHHS KOHCTPYKI[IH 3 BUCOKMMH XapaKTEPUCTHUKAMH MIIHOCTI cTami. sl KOHCTpyKIIii, 110
XapaKTepU3yIOTbCd HU3bKOIO MIIHICTIO CTaji, €()EeKTUBHE 30BHILIHE ApPMYyBaHHS JOCSTAETHCS B
MOETHAHH] 3 BUCOKOMOYJILHUM (DiOpoTIIacTHKAMHU.

Crhin 3a3HauMTH, IO BIUIMB TEMIEpPaTypHUX nAedopMmaliii NpU3BOAUTH 1O BiTHOCHOI
Hee(DeKTHUBHICTh 30BHIIIHROTO apMYBaHHS Ha OCHOBI apaMmiJHUX BOJOKOH Y TIO€JHAaHHI 3
000JIOHKaMHU, SIKi XapaKTePU3YIOTHCS HU3HKOIO MIITHICTIO CTaJIi.

Kiro4oBi cjioBa: MeTasneBi HUIIHAPUYHI pe3epByapy, METOIM IOCUIICHHS CTIHOK pe3epByapiB,

30BHINIHE TMOMEpeYHEe apMyBaHHS, (IOPOMIACTUKOBI CHUCTEMH 30BHINIHBOTO apMYBaHHS,
eeKTUBHICTD (i1OPOIIIACTUKOBUX CHUCTEM.
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Abstract. We propose a variant of the space-planning solution of a two-story dome house,
which is related to the structural one, based on a certain number of typical building structures:
columns, floor panels and, of course, the bearing elements of the dome, which allows assembling the
“key ready” building in a few weeks, without the use of heavy construction equipment. A geodesic
grid with a hexagonal cell distributes the stresses evenly over the entire surface of the dome, the
sphere of which has the smallest ratio of the area of the external walls to the internal volume among
all the figures of the same capacity. Thus, with the minimum total area of walls and roof, there is a
minimum of the energy consumption for temperature and humidity control in the room. The house,
with a foundation diameter of 12 m, is designed for a family of 4-5 people. The structural scheme of
the house is mixed and consists of a self-supporting wooden dome frame and interior columns, on
which a flat-slab floor of cross-beam panels supported at the corners rests. The dome framework is
made of standard rectilinear glued wood parts, which are connected by the steel connectors to form
hexagonal cells that allow for window openings anywhere on the surface. The distribution of the
internal hemisphere space provides the opportunities that you do not have in classical design. The
features of the curved wall surface are considered in the design of the designer furniture, which can
emphasize your individuality.

Keywords: domed house made of glued wood, geodesic domed grid.

Introduction. Domed construction has been known globally since the 1970s [1, 2], but the
domed house is still a rather new trend in the residential architecture. A domed building is a one- or
two-story structure that differs from a typical prismatic building by the necessity to consider the
curvature of the exterior walls. This leads to the creation of the specific zones with the limited
usability, which can be considered a disadvantage or an advantage, depending on the proposed
architectural solution. In order to avoid the traditional forms, it is necessary to present the significant
advantages of the dome that will be fundamental for the potential customers. Large-span domed
structures are mainly used in the design of the exhibition centers, stadiums, industrial buildings or
scientific institutions. Those who choose the dome will receive not only an unusual futuristic
appearance, aesthetic pleasure and free interior layout, but also the minimum foundation
requirements, the possibility of the construction in the earthquake endangered zones, the minimal
heat dissipation area and natural convection ventilation. But the modern globalized world requires
another feature from a private house — mobility. More and more people are changing their
accommodation depending on the availability of work, climate, and family circumstances. Therefore,
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designing a mobile domed house is an urgent task. We offer our own version of the space-planning
solution, which 1is related to the structural one, based on a certain number of typical building
structures: columns, floor panels and, of course, the load-bearing elements of the dome, which allows
you to erect “key ready” building in a few weeks without the use of heavy construction equipment.
And if it is necessary, it can be quickly disassembled and transported to a new location.

The purpose of the research is to develop a space-planning solution for a mobile domed house
made of wood.

Analysis of the existing formative and constructive solutions. The domed structures have a
wide variety of space forms, design solutions, and technologies. According to the structure, they are
divided into ribbed, rib-and-ring, reticulated, plated, solid skeletons; according to the shape — spherical,
elliptical, pointed, umbrella; according to the height — high, at the height of 1/2-1/5 of the diameter and
shallow, at the height of up to 1/5 of the diameter. Ribbed domes consist of separate flat ribs built in a
radial direction and adjacent to the curb plate in the top part [9]. The dome is supported by a foundation
or a curb plate in the form of a polygon with rigid or hinged joints at the corners. A flooring rests on the
ribs, which provides the overall stability of the ribs from the plane, reducing the calculated length of the
ribs. The arrangement and introduction of the ring girders into the operation leads to the formation of a
rib-and-ring structure. In this structure, the rings work not only for local bending due to roof loads, but
also transmit the normal forces from the dome ribs, and in the case of a rigid connection of the rings to
the ribs, they also transmit the bending moments. When the additional braces are introduced, rib-and-
ring domes with the braces are formed [5,8]. The domes with the braces in each cell are called reticulated
domes. The well-known Schwedler dome was a statically determined system. The further development
of reticulated domes was based on the development of various means of cutting the surfaces into the
structural elements to form the load-bearing framework. There are two methods of cutting the dome
surface: meridional with the use of regular polygons inscribed in a sphere. They are called geodesic
domes. Their founder was the American architect, designer, engineer and inventor Buckminster Fuller,
who, based on the structure of the ancient Greek icosahedron, created the Dimaxion, or geodesic dome,
designed for the use in the architectural structures [6,10]. The formation of the ribbed and similar domes
is reduced to determining the shape and position of a flattened arch formed from two diametrical ribs.
The formation of reticulated domes is more complicated. The surfaces of the reticulated shells are limited
by the parallel transfer surface and the surface of rotation. In general, the reticulated domes are built on
a sphere. They are often formed on the basis of a meridional-ring cutting system, the idea of which is to
divide the surface by meridional and parallel planes into triangular and trapezoidal elements. There are
many other systems, such as star and rhombic. We are interested in the systems based on polygons
inscribed in a sphere. The sphere is cut along the geodesic lines running through the apexes of the
inscribed polygons. These polygons are usually a dodecahedron with 12 pentagonal sides and an
icosahedron with 20 triangular sides [6].

The advantages of a dome house. The dome can cover large surfaces using a minimum material
quantity. The geodesic grid distributes the stresses evenly over the entire surface, which makes it possible
to change from a triangular to a more economical hexagonal layout. The sphere has the smallest ratio of
the external wall area to the internal volume among all the figures with the same capacity. In other words,
with the minimum total area of the walls and roof, there is a minimum of energy consumption for
controlling the temperature and humidity in the room [6]. Comparing the sphere with a prism building
of the same capacity, we get a surface reduced by a quarter and a correspondingly reduced number of
the structures, which gives double savings both in material and installation speed. Due to the
aerodynamic effect of the dome, the wind has minimal effect on it. The structural basis of the dome is a
strong and stable frame made of the standard elements. The low weight of wooden parts simplifies the
construction work, which does not require complex lifting mechanisms and a large number of the
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erectors. The interior space can be planned in any way and depends only on the customer’s wishes and
the architect’s ideas. It is possible to place the windows and the entrance doors in any part of the house.
The planning solution and the division of the internal space of the hemisphere is a special stage where
we want to focus in detail. There are such opportunities here that you do not have in classical design.
Almost any design fantasy becomes possible, for example, the furniture zones can be separated by
straight partitions, and walk-throughs and openings can be made with any curved shapes [3].

A space planning and constructive solution. The house, with a diameter of 12 m along the
foundation, is designed for a family of 4-5 people. The height of the first floor, considering the thickness
of the floor, is 2.7 m, the second one, in the center of the dome, is 3 m, the column step in the central
part is 4 m, in the part adjacent to the walls — 2.65 m. The perimeter columns, considering the curvature
of the dome wall, are placed at a distance of 1 m from it. The total area of the house is 136.18 M. The
area of the ground floor is 97.85 M, the area of the first floor is 38.33 m?. On the ground floor, the central
part is occupied by a roomy kitchen with a large dining table. In the same space as the kitchen there is a
comfortable living room, where it is convenient to gather with the whole family. The living room has an
area that can be used as a study. The living room is adjoined by a large, bright bedroom with its own
dressing room and bathroom. On this floor there is also a guest bathroom, a utility room — used as a
laundry room, as well as for placing the boilers for heating and hot water. At the entrance, there is a
vestibule and a cold weather clothing store. The roomy hall has a staircase leading to the first floor. The
staircase is L-shaped, which simplifies its erection and reduces the cost of the construction. The first
floor has two bedrooms with a shared bathroom. One of the problems of dome houses is the need to
purchase expensive non-standard furniture due to the horizontal and vertical curvature of the walls.
Therefore, we offer a planning solution for a domed house with a maximum number of parallel and
perpendicular walls, which will significantly reduce the cost of the interior finishing work and the
selection of the standard furniture.

The structural scheme of the house is usually mixed and consists of a self-supporting wooden
dome framework [4] and internal columns supported by a beam-less slab of cross-beam panels supported
at the corners. The absence of the beams along the columns reduces the number of standard sizes of the
building elements and speeds up the installation work. The slabs can be fully assembled at the factory or
delivered to the construction site as the individual elements. In the construction of a two-story house, the
columns for one floor along the perimeter are delivered to the site in finished form. In the proposed
variant of the house with the diameter of 12 m, the central floor slab I11 has the dimensions of 4 x 4 m
in plan. The perimeter slabs of the dome are of two sizes: rectangular with one curved cantilever side I12
and triangular with one curved cantilever side I13. An additional standard size is the 14 slab, which has
an opening for the inter-floor staircases (see Fig. 4). The framework of the dome is made of standard
straight glued wood parts, which are connected by the steel connectors to form the hexagonal cells, which
make it possible to form the window openings in any place on the surface, depending on the architect’s
creative imagination and the customer’s wishes. The roof is made of soft tiles with OSB roofing and
mineral wool insulation. The foundations for the columns can be in the form of a reinforced concrete
monolithic slab, or in the form of a reinforced concrete strip for the dome framework and columnar
reinforced concrete, or from the screw piles for the columns — depending on the terrain conditions and
the composition of the foundation.
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Fig. 1. Floor plans
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Fig. 3. Visualization
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Fig. 4. Floor slab plan

Conclusions
A two-story domed house made of glued wood was designed.
The structural scheme of the house is mixed and consists of a self-supporting wooden dome
framework and internal columns, on which a beam-less floor slab of crossbeam panels
supported at the corners rests.
The dome framework is made of typical rectilinear parts of glued wood, which are connected
by the steel connectors to form the hexagonal cells.
The sphere of the dome house has the smallest ratio of the area of the external walls to the
internal volume among all the figures of the same capacity.
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L00ecvra depacasna akademis 6ydisnuymea ma apximexmypu

AHoTanisi. Mu npomoHyemMo BapiaHT 00 €MHO — TUTAHYBAJIBHOTO PIIIEHHS JBOTIOBEPXOBOTO
KYIOJBHOTO JOMY, SIKMH TIOB SI3aHMI 3 KOHCTPYKTUBHHM, Ha 0a3i MEBHOi KUIBKOCTI THIIOBUX
OyIiBeTbHUX KOHCTPYKIIIH: KOJIOH, TaHeJIeH MEPEKPUTTSI 1 3BUUaHO HECYIHX €JIEMEHTIB KyToJa, 110
J03BOJISIE 310paTu OYIIBIIIO I/ KIFOW» 32 JIEKIJIbKa THXKHIB, 0€3 3aCTOCYBaHHS BaXKKOi Oy/AiBeTIbHOT
TeXHIKH. ['eoie3nyHa penriTka 3 MeCTUKYTHOI KOMIPKOIO PIBHOMIPHO PO3IMOBCIOIKYE HAMPY>KCHHS
M0 BCi MOBepXHI Kymoja, cepa sSKOTO Mae HAWMEHIIE BiJHOIICHHS IUIOMII 30BHINIHIX CTiH JIO
BHYTPIIIHKOTO 00'eMy cepen Bcix (iryp omHakoBoi emHOCTi. TOOTO mpm MiHIMalbHI 3araybHii
IUTOIII CTiH 1 TOKPiBII — MIHIMYM EHEpPrOBUTpPAaT Ha KOHTPOJb TEMIIEPaTypud 1 BOJIOTOCTI B
npuMinieHHi. bynuHok, giamerpom no ¢GyHaameHnty 12 M, po3pobneHuid ans ciM'i KuTbKicTio 4-5
moanHu. KOHCTpYKTHBHA cXeMa J0MY 3MilllaHa 1 CKIaJaeThCs 3 CAMOHECYUOT0 IEPEB THOTO KapKacy
KYIOJ1a 1 BHYTPIIIHIX KOJIOH, Ha SIKI COUPAEThCS Oe30a10uHe MEPEKPUTTS 3 MEPEXPECHO - OATKOBUX
naHenei, oonepTux no kKyrax. Kapkac Kyrnosja BUKOHYETBHCS 3 TUIIOBUX NMPSMOMIHIHHUX JeTanen 3
KJICEHOT JIEPEBHHU, SIKi 3 €THYIOTHCS CTaJCBUMH KOHEKTOPAaMH, 3 YTBOPEHHSM IIECTHKYTHUX
KOMIpOK, 110 HaJal0Th MOKJIMBICTh BUKOHYBATH BIKOHHI IPOPI3H B Oy/Ib - SIKUX MICISIX TTOBEPXHI.
Po3nonin BHYTpIIHROTO MPOCTOPY HamiBchepr HaTae MOKIMBOCTI, SIKUX BH HE MA€TE B KIIACHYHOMY
npoekTyBaHHi. OcOOIUBOCTI KPUBOJIIHINHOI MOBEPXHI CTiH BpaXOBaHi B AU3aliHI aBTOPCHKUX MEOJIIB,
10 MOXYTh ITIKPECIIUTH BaIlly 1HIUBITYAIbHICTb.

Kurouosi cioBa: kynonbHUN OyIMHOK 3 KJIEEHOT I€pEeBUHH, F€0/Ie3UYHa KYIOJIbHA PellliTKa.
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Abstract. Prefabricated volumetric modules with steel frame have recently become a
segmentation trend for real estate, commercial multi-storey housing and office buildings projects.
The obvious benefits of reducing construction time, number of site activities and related overheads
as well as better quality control system compare to on-site production, 3D volumetric construction
still associated with significant risks related to relatively high construction cost, potential logistics
issues and lack of proven point of reference and frameworks (so-called “best practices”).

Despite the fact that prefabricated modular construction known for almost a century, researches
on design problems and limitations of practical implementation of volumetric modules today are still
fragmentary and insufficient.

Numbers of researches focused on the improving of steel frames of three-dimensional
volumetric modules and their performance-based optimization, related either to the design of effective
joints (e.g. self-clamp joints) or study the problems of spatial stability of multi-storey modular
buildings, considering the own weight of load-bearing structures as a criterion for design efficiency.

The case study illustrates that estimation of design efficiency of prefabricated volumetric
modules with steel frames, besides the factors of durability and sustainability of the structure included
required level of fire resistance, and the criteria of the economic efficiency of design also includes
the fire protected surface area of the steel elements.

Keywords: prefabricated volumetric modules, efficiency, fire resistance, steel buildings

Introduction. The global challenges to the European Community related to the COVID
pandemic (demand on temporary, prefabricated efficient medical buildings), the chronic shortage of
affordable housing and, finally, the war in Ukraine with challenges of providing the shelter for
displaced persons - have drawn special attention to three-dimensional volumetric prefinished building
modules.

In the context of the so-called 4th Industrial Revolution, the construction industry has proven
to be one of the most reactionary systems in many aspects compared to other manufacturing and
technological industries, lagging behind in the optimization of production processes and quality
control.

Three-dimensional prefabricated volumetric modules have proven to be a competitive
alternative to traditional construction design solutions and techniques.

Although interest in prefabricated modular construction can be tracked to 1940s, researches on
design problems and limitations of practical implementation of volumetric modules today are
fragmentary and obviously insufficient. Along with reduced design flexibility and lack of real projects
experience, it poses significant challenges for construction industry worldwide [1].

Problems are even in terminology and taxonomy — shall modular construction be referred to
prefabricated construction, or separated as a class of unique building structures (Off-site Modular
Construction) [1]? Shall panel systems be considered as modular ones, or such definition shall be
limited to three-dimensional volumetric modules only?

Currently in Ukraine, modular buildings and structures defined as made of three-dimensional
volumetric modules, primarily with a timber (wooden) and metal frame [2].
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A new strategy framework: "Closing the loop - New circular economy package" [3] launched
by the European Parliament at the end of 2015. According to it, the economic aspects of construction
and the impact of human activity on the environment have led to shift in the emphasis of the
construction industry from the research, development and implementation of new materials and
structures towards the efficient use and reuse of well-known building materials.

Traditionally, timber-framed buildings are highly praised for their potential for contribution to
a circular built environment and many studies focused on volumetric modular timber design [4].

However, steel and other alloys provide a number of benefits that make them equally attractive
for modular building systems in the long run. Steel is a fully recyclable material, and the industrial
joints of the steel framed modules allow them to be reused. Despite the relatively high initial cost, the
durability of steel frame elements, allows a service life of decades for modular buildings and
structures, reducing the maintenance cost.

Literature review. Research on the effectiveness of design solutions of three-dimensional
volumetric modules is currently focused on several different approaches.

Research in the field of architectural design aimed at overcoming the limitations, associated
with the size and shape of modules and, accordingly, space-planning solutions of modular buildings.
Using a ‘Design for Manufacture and Assembly (DfMA)" approach, a design-to-production workflow
that shall be able to offer “mass-customization, responding to changing sites and client needs, with
higher precision, production quality, sustainability, and greater efficiency” [5].

Significant number of researches focused on design of effective joints — either module-to-
module or module-to-base. Effectiveness of Inter-modular connections (IMC) affects in-situ
assembly activities and structural performance of modular buildings. Developing standardized
automated connecting devices, with effective and safe self-locking mechanism that fulfill
requirements for connections to be considered as semi-rigid in lateral stability problem is still one of
the most challenging in the Modular Building Systems (MBS) design [6].

Some researches focused on modular kinematic design and morphology of spatial elements,
studying possibilities of implementation origami-shaped structural elements as replacement of
conventional steel or timber framing [7].

Other explore more traditional approach and study the efficiency of steel frame of three-
dimensional volumetric modules and their performance-based optimization is related either to the
design of joints or study the problems of spatial stability of multi-storey modular buildings [8],
considering the own weight of load-bearing structures as a criterion for design efficiency.

Review Aims and Scope. Among the factors of durability and sustainability of the structure
the required level of fire resistance is one of the most important, and the criteria of the economic
efficiency of design also includes the fire protected surface area of the steel elements.

Research Methodology. For comparison purpose, four type of modules of overall size
3825%x7650%3360 mm were designed by 3D modelling software Autodesk Advance Steel with a
frame made of rolled profiles (IPE i-beam) and square rigid hollow sections (RHS), respectively, with
two options for flooring and ceiling decking:

1. a thin reinforced concrete (RCC) slab on a galvanized corrugated sheet (supported on
reduced joists) and

2. composite panels (supported on regular joists) (see Fig.1, a.,b.).

Overall 4 types of modules were compared by:

1. weight of steel frame elements;

2. structural weight of frame and deck;

3. surface area of steel elements.

Research results. The results of the comparison of structural solutions in factors of the dead
weight of steel structures, the construction weight of the structural elements of the module and the
cost, including fire protection of steel structures by applying intumescent paint for the requirements
of fire resistance class R120, are shown in the following diagrams (the most effective of the solutions
for each comparison category stated as 100%).
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a. b.

Fig 1. Design of steel 3D volumetric module frame.
a. IPE steel frame with regular joists distribution for composite panel deck
b. RHS steel frame with reduced joists for RCC deck

Weight of Steel per Module

154%

200% 124%

128%

150%

100%

50% Composite panel

RCC deck
0%
IPE RHS

Fig. 2 Steel frame own weight/performance ratio

As shown on the diagram (see Fig.2) best own weight/performance ratio provided by using for
module’s frame steel IPE rolled profiles with reduced number of joists for RCC deck.
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Fig. 3 Total weight/performance ratio

IPE rolled profiles frame also is the most effective solution for reducing total structural weight
of the modules, option with regular joists and composite deck (see Fig. 3).

200%

150%

100%

50%

0%

Module's Steel Frames Total Surface Ares

158%

; E 140%

100%

117%

Composite panel

RCC deck

Fig. 4 Total surface/performance ratio

On the contrary, module’s steel frame of RHC with reduced number of joists for RCC deck has
minimal surface area for the fire protection treatment (see Fig.4)
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Structural cost per sq.m. including Fire
Protection (R120)

135% 133%

150% 103% 100%

100%

50% Composite panel

RCC deck
0%
IPE RHS

Fig. 5 Structural cost per sq.m. including Fire Protection (R120)

Comparison of structural cost of steel fabrication, RCC and composite panel decks along with
fire protection material (intumescent paint) demonstrates that modules with RCC deck either with

IPE or RHS frames are more cost effective compare to modules with composite panel deck (see Fig.
5).

Conclusions.

1. The cross-sections of the module frame elements in the form of I-beams are more
economically effective in terms of steel consumption per sq.m. of total area, however, the difference
in steel consumption and higher RHS costs is practically compensated by the smaller surface area of
steel RHS elements for applying intumescent paint (for fire resistance class R120 and more).

2. To ensure the lowest construction weight of the module, it can be recommended to use
composite panels instead of RCC decks, unless this is specified by technological or operational
requirements.
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AnoTtanisi. 36ipHi 00'eMHI MOy 31 CTAJIEBUM KapKacOM OCTAHHIM 4YacOM CTalld TPEHJIOM
rajysi Juis IpOeKTiB HEPYXOMOCTi, KOMEpLIHHOTo 6araTonoBEpXOBOI0 KUTJIA Ta OPICHUX OYIiBEIb.
OdeBuaHI TIEpeBaru - CKOPOUYCHHs 4acy OyIiBHMIITBA, 3MEHIICHHS KiJBKOCTI poOIT Ha 00'ekTi Ta
MOB'S3aHE 3 LUM CKOPOYEHHS HAKJIAQAHUX BHUTPAT, a TAKOXK Kpalla CUCTeMa KOHTPOJIO SKOCTI
MOPIBHSHO 3 BUPOOHUIITBOM Ha OyIiBEJIBHOMY MalJIaHYUKy, TPUBUMIpHE 00'€MHE OYAIBHUIITBO BCE
I1I€ aCOIIIOETHCA 31 3HAUHUMU PU3UKAMHU, TIOB'A3aHUMU 3 BIIHOCHO BUCOKOIO BapTiCTIO OyIIBHUIITBA,
MOTEHIIMHUMHA TIpoOJieMaMH 3 JIOTICTHKOIO Ta BIACYTHICTIO TIEPEBIPEHUX TMPOCKTHUX Ta
TEXHOJIOTIYHUX PIllIEHb.

HesBaxaroun Ha Te, mo 30ipHEe MOAYJIbHE OYIIBHHUIITBO BIJOME BXE MaikKe CTOJITTA,
JOCIHIJKEHHsI TTpo0JIeM MPOEKTYBaHHS 1 OOMEXEHb MPAaKTUYHOI peaiizaiii 00'eMHUX MOIYJiB Ha
CHOTOJHIITHIN J€HB BCE 1€ PparMeHTapH1 1 HEJOCTATHI.

Psin cydacHUX DOCHIKEHb NMPHUCBIYCHUN YIOCKOHAIECHHIO CTAJICBUX KAapKaciB TPUBUMIPHUX
00'eMHHMX MOYJIiB Ta iX onTUMI3aIlii, TOB'I3aHOI0 200 3 MPOEKTYBaHHIM €()EeKTUBHUX 3'€THaHb, 00
3 BHBYCHHAM NpoOJIEM MPOCTOPOBOI CTIHKOCTI 0araTOmoBEpXOBUX MOIYJIbHHUX OyiBeib,
BpPaxOBYIOYH BJIACHY Bary HECYYMX KOHCTPYKIIH SIK KpUTepild e(peKTUBHOCTI TPOCKTYBaHHSI.

Jlana po6oTa Mae METOIO IMOKa3aTH, 110 MPH OLHII KOHCTPYKTUBHOI e(peKTUBHOCTI 301pHUX
00'€eMHHMX MOJTYJIIB 31 CTAJICBUM KapKacoM, cepell (hakTopiB JOBTOBIYHOCTI 1 CTIHKOCTI KOHCTPYKIIIi,
noTpiOHO BpaxoByBaTH HEOOXiMHUI PiBEeHb BOIHECTIMKOCTI, @ KpUTEpii eKOHOMIYHOI e(h)eKTUBHOCTI
MPOEKTYBaHHS BKJIFOYAIOTh TAKOXK IJIONTY BOTHE3aXUCTY MOBEPXHI CTANIEBUX €JICMEHTIB.

KirouoBi ciioBa: 30ipHi TPOCTOPOBI MOy, €PEKTUBHICTh, BOTHE3aXUCT, CTaJIeBi OyiBIIi.
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Abstract. The main methods of mechanical testing of composite materials include:
determination of material strength under tension, bending, torsion, shock loads, compression, etc.
This article presents the preparatory stage of conducting experimental studies on determining the
bending strength of structural elements made of ABS plastic, manufactured with the help of 3D
printing. As a result 2 series of experimental samples are indicated, which differ in the shape of the
cross section (specimens of 1% series have rectangular section, samples of 2" series have T-shaped
section), appropriate dimensions and a test scheme are established in accordance with the
requirements of regulatory documents. The percentage of filling of the internal cavity of the
experimental elements with polymer material was determined, namely 10%, 50% and 100%. The
algorithm of preparation and direct execution of the planned tests under the action of a static short-
term load is described. The predicted schemes and criteria for the destruction of the samples, as well
as the conditions for stopping the tests, are given.

Keywords: polymers, 3D printing, ABS-plastic, strength, bending, short-term loading,
destruction.

Introduction. Polymer materials and plastics used in construction make it possible to save
metal, wood, glass, cement and other traditional materials. The main areas of effective use of plastic
structures in buildings and structures are to reduce their mass, improve the transportation of light
enclosing structures and increase resistance to aggressive external environments. Due to the low
modulus of elasticity of polymeric materials, they are effective in structures where their high-strength
properties and the small influence of their deformability are used to the maximum. Construction
structures using plastics, multi-layer rectilinear or curved enclosing panels, spatial forms of single
and double curvature (domes, shells, etc.), as well as transparent enclosing panels are effective.

Also, one of the fairly new, but progressive areas that actively uses polymer materials, including
for building structures, is additive manufacturing, which ensures the production of three-dimensional
solid products from an automated digital file using 3D printing. Considering the demand and
widespread use of products manufactured by 3D printing as structural elements, studying their
serviceability under load is an important and relevant scientific task.

Analysis of recent researches and publications. Methods of mechanical testing of polymer
composite materials are an important tool for studying their strength, plasticity, stiffness, and other
properties [1]. The main methods of mechanical testing of composite materials include in: determining
the strength of the material in tension, bending, torsion, compression, under shock loads etc. All these
types of tests are carried out before the destruction of the test sample. In addition, there are other methods
of mechanical tests, which include in wear tests, studies on the change in shape and size of composite
materials, fatigue strength tests, etc.

In addition, in contrast to full-scale experiments, numerical experiments are often carried out with
the help of either mathematical [2, 3] or computer modeling with the use of various existing software
complexes [4-7].
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The accumulated experience of creating structures from polymer composite materials indicates an
increased spread of such parameters as stiffness and strength, which is due to the instability of the initial
components, deviations in the execution of technological processes, etc. These factors are taken into
account by the introduction of an additional safety factor when determining the calculated load, the value
of which depends on the coefficient of variation of the mechanical properties of products made of
composite materials. Thus, a high-quality selection of methods of mechanical testing of composite
materials and improvement of testing methods will allow to predict with high reliability the main
mechanisms of destruction and strength of composite materials.

Materials and methods of research. Within the work of the scientific circle of the department
of metal, wooden and plastic structures, the solution to the task of developing a methodology for
conducting a bending strength test, as well as preparing relevant samples made with the help of 3D
printing, was chosen. According to the results of the literature review, 2 series of samples were
formed, which differ in the shape of the cross-section: rectangular (series 1) and T-beams (series 2).

According to the requirements [8, 9], the standard sample should have the following
dimensions:

— length (/) — not less than 80 mm;

—  width (b) — (10.00 + 0.50) mm,;

— thickness (#) — (4.00 £ 0.20) mm.

If it 1s impossible to produce a sample with the specified dimensions, it is allowed to use
samples, the ratio of length and thickness of which should be / > 20h, the width of the sample should
be from 10 to 25 mm, and for materials containing large particles of filler — from 20 to 50 mm.
Samples must have a smooth surface without bulges, chips, cracks, shells and other visible defects.

Taking into account the use of additive technologies for the manufacture of test samples, it is
possible to adjust the degree of filling of the internal cavity of the beams to save materials and
determine the optimal amount of filling to ensure the necessary bending strength. Thus, 3 variations
of the filling percentage of the internal cavity of the experimental sample were chosen: 10%, 50%,
100%. The material of all samples is ABS plastic (acrylonitrile butadiene styrene), which is
characterized by high strength and impact resistance, therefore it is widely used for the manufacture
of structural elements.

The advantages of the material include in an optimal combination of elasticity and strength, and
the disadvantages are some nuances during use like odor and shrinkage.

Research results. Taking into account the given recommendations on the size of the samples
[8, 9], as well as the technical characteristics of the 3D printer used for their production, a 3D model
of the experimental samples of series 1 and series 2 with their dimensions is presented in Fig. 1.

Each series includes 6 samples with the following filling percentages of the internal cavity:
10%, 50% and 100%. For each filling percentage, 2 identical twin specimens were made to establish
the average bending strength between them.

The tests will be carried out on a PROFLINE hydraulic press with load capacity 10 tons. A
device with a loading tip and supports will be placed on the test machine. Their convergence will take
place at a constant speed.

The radius of the tip (r;) and the edges of the supports (72) (Fig. 2) have the following
dimensions in mm:

-r1=(5+£0.1);

—r2=(2.0+0.2).

Before testing, in the middle third of the length of the sample, measure the width of the sample
with an error of +0.1 mm and the thickness — with an error of 0.02 mm.

Before the test, the samples are conditioned according to the requirements [10] for at least 16
hours at a temperature of (23+2)°C and a relative humidity of (50+5)%. The tests will be conducted
under the same conditions.

The distance between the supports is taken as (15...17)h. For samples reinforced with
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unidirectional fiber and having a very large thickness, the distance between the supports is chosen
based on the largest value of Iy / & to avoid failure by shear.

Figure 1. 3D model of the specimens

The sample is placed on supports with the wide side. If the sample was subjected to mechanical
processing on one side, then it is placed on the supports with the side that was not subjected to
mechanical processing. The loading of the sample will be carried out in the middle of the span
between the supports smoothly, without jolts.

P
&

g I
%‘7{ 7 Q\‘W/ %
L 150 _

- 200 N

Figure 2. Scheme of loaded sample

Two cases of sample deformation and destruction are assumed [11]:

1. The sample will destruct at the specified deflection value or before reaching this value. At
the same time, we will determine the load and deflection at failure.

2. The sample does not collapse at the specified deflection value or until this value is reached.
We determine the load at the moment of reaching the given deflection.
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The tests will be continued until the destruction of the sample or until the specified maximum
load is reached. In any of these cases, we determine the load and deflection.

If, during the test of the sample, the maximum value of the load is observed before reaching the
specified amount of deflection, then we determine the maximum load and the corresponding value of
the deflection.

If the sample collapses beyond the middle third of the distance between the supports, the result
obtained will not be counted and the test will be repeated on a new sample.

Conclusions. Based on the results of the given data, the following conclusions can be presented:

1. In order to carry out indicated research, a 3D model of the experimental samples was made
and 2 series of experimental samples with 6 prototypes each, made of ABS plastic using 3D printing,
were prepared for testing.

2. Each series contains 2 twin samples with different percentages of filling the internal cavity
with plastic: 10%, 50% and 100%.

3. A sample loading scheme was prepared, and an algorithm for conducting experimental
studies of the strength of plastic structures in bending under the action of short-term loads was drawn
up.

Among the prospects for further research are the analysis and comparison of the obtained
results, as well as the manufacture and testing of 3 series of samples under the action of repeated
loads of different levels.
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AHoTauig. /[0 OCHOBHMX METOIB MEXaHIYHUX BHUNPOOYBaHb KOMIIO3WIIIMHUX MarepialiB
HaJIe)KaTh: BUSHAYEHHS MIITHOCTI MaTepiaay MPH PO3TATY, 3THHI, KPYUCHH], YIapHUX HABAHTAXKCHHSIX,
CTUCKY Ta iH. B nmaHiil cTarTi mpencTaBieHO MiArOTOBYMMA €Tall MPOBEACHHS EKCIIEPHUMEHTAIbHUX
JOCITIJDKEHB I0/I0 BUSHAUCHHS MIITHOCTI MPHU 3TMHI KOHCTPYKIIMHUX €JIeMEHTIB 3 miactuky ABS,
BUTOTOBJICHHX 32 JIonoMoroio 3D apyky, 3a3HayeHo 2 cepii JOCHIAHUX 3pa3KiB, M0 BiAPI3HIIOTHCS
3a ¢opmoro mornepeuHoro nepepisy (1 cepis — NpsIMOKYTHH Tiepepi3, 2 cepist — TaBpOBHH mepepi3),
BCTaHOBJICHO BIJIMIOBITHI PO3MIPH Ta CX€MY BUIIPOOYBaHHS 3T1JTHO BUMOT HOPMAaTUBHHUX JOKYMEHTIB.
O3HaueHO BapilOBaHHS BIJICOTKA 3allOBHEHHS BHYTPINIHBOI MOPOXHWUHU JOCTITHUX €JIEMEHTIB
noyiMepHUM MatepiaioM, a came 10%, 50% Tta 100%. OmnucaHo anropuT™M MiATOTOBKH Ta
0e3rocepelHbO BUKOHAHHS 3allJTAHOBAHWX BUIPOOYBaHb 3a Mii CTATUYHOTO KOPOTKOYACHOTO
HaBaHTaXeHHA. HaBesieHi porHo30BaHi cxeMH i KpHUTepii pyiiHyBaHHS 3pa3KiB, a TaKOXX YMOBHU
MIPUITMHEHHS BUKOHAHHS BUTIPOOYBaHb.

Karwuosi caoBa: nomimepu, 3D npyk, ABS-mnactuk, MilIHICTB, 3TWH, KOPOTKOYAcHe
HaBaHTAXCHHS, PYHHYBaHHS.
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Abstract. The article analyzes the factors that affect the service life of bridge structures.
Based on the practical recommendations of foreign project institutions, the principles of monitoring
the state of bridges and their maintenance were determined. The expediency of survey strategies for
the expansion of domestic regulatory recommendations for bridge repair and maintenance has been
clarified.

General scientific methods are used, such as analysis, systematization, generalization,
comparison. The article examines the current norms and standards of Ukraine, the materials of
international legislative documents in the field of road infrastructure. Remote analysis of objects:
scientific publications and articles became the empirical basis for conducting scientific work.

The article examines the peculiarities of bridge inspection implementation and maintenance
planning. The main decisions regarding effective management of the network of bridge structures
and control of their operational condition are outlined. A number of Ukrainian and foreign sources
dealing with this problem have been studied. In order to create an idea about the procedure of repair
work, the world experience of the procedure for carrying out bridge inspections, the systematization
of assessing the condition and urgency of repairs, the level of inspection and its periodicity, and also
analyzed the methods aimed at increasing the durability of specific elements of bridges were
studied. It was found that a rational and systematic inspection of the condition of bridge structures
is a cost-effective way to ensure its functionality.

Key words: bridge inspection, maintenance, repair, service life, defect, condition assessment
system, road infrastructure.

Introduction. The network of bridge structures plays a critically important role in the
transport infrastructure and development of the national economy. Physical wear and tear of the
main structures of bridge structures is an inevitable mechanism that mostly occurs under the
influence of significant operating loads.

Bridges are a key element of the road network. They are strategically located over natural or
other obstacles, so any failure of the bridge can restrict road traffic with further losses to the local
community. Although the focus is always on new bridges, it should be determined that the existing
bridge network needs to be managed through technical upgrades and repairs.

Bridges are a valuable asset that needs constant, careful maintenance in the most cost-
effective way.

Bridge replacement is a more expensive option compared to repair and can lead to economic
losses. In addition, it can affect the environment and cause overloading of nearby infrastructure.
These factors make the repair and strengthening of bridge structures a topical issue for all states.
The main fundamental indicators in evaluating the correct inspection and subsequent repair work
are safety, repair time and cost-effectiveness.

In order to preserve the optimal operational characteristics of bridges during their service life,
it is necessary to carry out regular inspections in order to monitor the progress of wear.
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Analysis of previous research. The main documents in the normative base of Ukraine are
DBN V.2.3-22:2009 "Bridges and pipes. Basic design requirements"[1], which establishes the basic
requirements for the design of new, reconstruction and overhaul of existing permanent bridges, and
DSTU 9181:2022 "Instructions for evaluating and forecasting the technical condition of road
bridges" [2], which takes into account the shortcomings of the current model expert assessment and
forecasting of the technical condition of bridge elements, as well as the latest model of expert rating
assessment of the technical condition of the bridge crossing, taking into account the modern
scientific approach to the operation of structures, is proposed.

Methods for evaluating various road bridges in use are covered in "Bridge inspectors
reference manual", Washington, U.S. Department of Transportation [3], which presents improved
bridge inspection methods and includes modern inspection equipment.

The article [4] highlights a study containing a critical comparative analysis of bridge
inspection and maintenance strategies applied in Indonesia, Japan, and the United States of
America. The study demonstrates the inspection categories and the bridge condition assessment
system.

In the course of the research, a number of other sources were studied, in particular, [5], [6]
and [7].

The aim of the research. The purpose of this article is to define practical recommendations
regarding the procedure for carrying out technical inspection and repair of bridges based on the
experience of domestic and international scientific institutions.

Results and discussion. The success of any bridge inspection and maintenance program
depends on the reporting system, as the results of the report are included in the design and estimate
documentation and repair work is carried out. Accurate record keeping allows the bridge inspection
engineer to:

* develop a service plan;

* check the effect of repairs on the intensity of traffic;

« evaluate the bearing capacity of elements of bridge structures;

» monitor changes in the structural integrity of the bridge.

The records of the report on the state of bridges, as a rule, should become an integral part of
the "bridge information system", the purpose of which is to provide the necessary amount of
information about each bridge for effective planning of further monitoring of the state of structures.
It is important that this documentation is kept for reference throughout the life of the bridge.
Therefore, the "information system of bridges" should be developed electronically using VIM
technologies [6].

The manual [5] provides detailed information about the data that can be recorded and entered
into a single system:

» general information about the bridge;

* executive drawings;

* inspection forms, reports, photos and diagrams (condition history);

» records of repair work and history of maintenance costs.

Inspection, testing and monitoring of bridges is an integral part of the management system
and a key factor in achieving the lowest operating cost and ensuring an adequate level of
maintenance. As stated in [6], in order for bridge inspections to be effective, it is important to have:

» relevant terms for various types of inspections;

* appropriate equipment and machinery;

* consistency in the management of data and records;

* appropriately trained personnel,;

» effective quality control processes.

The types of bridge inspections generally fall into three categories: routine inspection, in-
depth inspection, and special inspection.

The structure of data collection during the current inspection includes the recording of defects
that affect the functionality of the bridge and the collection of data on the tested elements of the
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bridge structures. The data collection framework for the in-depth review includes capturing the need
for items that have undergone physical wear and tear and require higher-level monitoring and
inspection. A special inspection is a type of inspection that is carried out on an as-needed basis. For
example, when it is necessary to test the material and evaluate durability, or to collect specific data
that were not obtained during previous reviews due to their unavailability [6].

Visual inspection is a common method of determining the condition of the bridge and its
elements. Table 1 shows indicative criteria by which the state of the bridge can be assessed.

Table 1

Condition
State

Description

Concrete components

e The components have minor fine cracking due to corroding reinforcement but
there should be no shear cracking or spalling of the concrete.

1 e The component shows only minor scaling or efflorescence having no effect on
strength.
¢ The components may have fine flexural and/or shear cracking.
) e Longitudinal cracking along the bottom of the beams due to reinforcement
corrosion may be of fine size with minor spalling
e Construction joints opening.
e Flexural cracking and shear cracking may be medium sized.
¢ Longitudinal cracking may be medium along the bottom of the beams due to
3 reinforcement corrosion and there may be large spalls with delaminated cover
concrete.
e Scaling and efflorescence are prevalent.
e Flexural and shear cracking may be heavy with medium cracking along joints.
4 e Severe spalling or delamination of the of the beams components is occurring,

with heavy corrosion of the reinforcement
¢ The component may be beginning to lose shape due to movement of a footing

Steel components

e The protective coating system is sound with only minor chalking, peeling, or
curling of paint. There are no exposed metal surfaces.

1 ¢ All weld, bolts, or rivets are in good condition, with no signs of weld cracks, or
movement of plates or sections of the component evident.;

¢ Rust spotting of the protective coating system to 5% of the component surface
area is occurring and the protective coating system is no longer effective. No

2 corrosion or section loss has occurred.

¢ All welds or bolts are in good condition with no cracking, corrosion, or loose
bolts.

e Some surface pitting is present and active corrosion is occurring in isolated
areas, but no loss of a whole area is occurring to affect the strength of the
component.

e Protective coating system has broken down with surface rusting to 10% of

3 component area and pitting present in several locations.

e Nuts and bolts may be corroding but are still tight. No cracking of welds has
occurred.

e Impact damage to component is evident and has minor effect on the
component’s stiffness or alignment.

e Corrosion is well advanced

4 e Welds cracks are visible. Nuts or bolts are severely corroded, and possibly no

longer functioning to full capacity.
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Maintenance criteria may trigger either maintenance to correct minor defects or major capital
work such as component replacement.

Current inspection is performed for components that are visible and available for inspection
from the ground. These checks do not require access to bridges to be restricted or closed. Defects
that may be detected during the current inspection include road surface defects, missing bolts,
corrosion, erosion, and erosion of embankments.

According to the structure of the display of defects, the following states of technical
intervention can be distinguished [7]:

» urgent — non-standard maintenance is required in the short term to prevent further
degradation of components;

* high priority — unscheduled maintenance must be completed within 12 months due to severe
wear and tear and necessary to maintain component longevity;

* medium priority — non-standard maintenance should be completed within 2 years due to
structural elements showing progressive wear;

* low priority - non-standard maintenance must be completed within 4 years due to the fact
that structural elements begin to show not so progressive changes in reducing durability;

* monitor — the change in wear rate is minimal and in isolated locations, but has a predictable
effect on durability.

An unscheduled routine inspection should be carried out when, for example, a traffic accident
has occurred that could alter the structural integrity of the bridge. An in-depth inspection is the
inspection that provides the most value from a bridge management perspective. Such checks are
carried out by specially trained personnel on a cyclical basis. An in-depth review includes reporting
on the condition of major bridge elements, photographs of the structure, and requesting detailed
engineering studies of the elements when warranted by accidental damage or apparent rapid
changes in structural condition. The results of the in-depth inspection can be used to track the
condition of bridge components over time to allow for the appropriate timing of maintenance and to
provide recommendations for the next inspection requirements [7].

The advantage of defect mapping is the speed of tracking the deterioration of defects over
time, while the disadvantages are the initial cost of mapping and the need for additional training of
inspectors.

Special inspections are conducted for complex and unique structures that require special
knowledge or equipment to accurately determine the condition of the bridge. This type of inspection
includes:

* detailed technical examination;

 underwater inspections;

« inspections of hard-to-reach places.

The need for specialized equipment is usually required for:

1) safe access to the workplace and reducing the risk of injury during the inspection (any
activity that affects the roadway must have a traffic management plan);

2) work at height (to gain full access to all components of the bridge, as a rule, you can use
ladders, cranes, rigging equipment, scaffolding);

3) work on or under water (a boat or barge may be needed for work on water; underwater
inspections are carried out by divers or remotely controlled underwater vehicles);

4) work in a confined space (use unmanned aerial vehicles or ground vehicles that may
contain robotic equipment).

If the visual inspection is not enough for complete information about the condition of the
bridges, testing is carried out. Testing is one of the main stages of the examination. Testing can be
classified into non-destructive and destructive.

Non-destructive testing can include ultrasonic control. Destructive testing includes intrusive
tests, such as drilling holes, to determine a condition inside a structure that cannot be detected by
normal visual inspection.
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Table 2 lists the most common testing methods for assessing the condition of the bridge.

Table 2

Test Name

Principle

Application

Advantages/
Limitations

Integrity and Structural Performance

Visual
Inspection

Observe, classify,
and document the
appearance of distress
and defects on exposed
surfaces of the
structure. Map distress
and defects.

Surface defects
such as cracking,
spalling, leaching,

erosion, or
construction defects.

Simplest and least
expensive; extensive
information can be
gathered from visual
inspection to give a
preliminary indication of
the condition of the
structure and allow
formulation of a
subsequent testing
program. Does not cover
areas not visible.

Delamination
Survey

Tap the concrete
surface using a light
hammer to identify

delaminated concrete
through a ‘hollow’
impact sound.

Assessment and
location and extent of
discontinuity in the
cover concrete, which
is substantially
separated, but not
completely detached,
from the concrete.

Low cost; quick; no
instrumentation needed;
easy; portable; can
measure large areas; can
identify a variety of
additional information
(hardness, voids, peeling
etc.). Indicative only;
need access to surface;
depths of around 100 mm;
non-specific; inconsistent
results; requires further
tests to confirm results;
not good for thin
components; cannot
define deep voids.

Ground
Penetrating
Radar (GPR)

Radio frequency
waves from radar
transmitter are directed
into the material. The
waves propagate
through the material
until a boundary of
different electrical
characteristic is
encountered. Then part
of the incident energy
is reflected and the
remainder travels
across the boundary at
a new velocity. The
reflected (echo) wave
is picked up by a
receiver. The

It can detect
several parameters
within concrete
structures such as the
location of
reinforcement, the
depth of cover, the
location of voids,
location of cracks, in
situ density and
moisture content
variations.

Good identification
of reinforcing bars,
prestressing strands, cable
ducts, zones of varying
moisture content and
thickness of slabs, and a
fair assessment of
delamination and large
voids in concrete. Quick;
non-disruptive;
nondestructive; good
coverage. Expensive;
cannot see through areas
with heavily congested
steel; does not
differentiate between
defect types: reliant upon
operator judgement;
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transducer is drawn
over a surface and
forms a continuous
profile of the substrate
below

complicated equipment
setup; specialist
experience in data
interpretation. Additional
tests needed to confirm
results

Concrete Properties Affecting Durability and Deterioration

Cement Content

Cement content
by calcium oxide —

Assess concrete

Quick; low cost;
reliable. Reliability is
affected by knowledge of
cement chemistry and
aggregates related to the

and Type analysis for hardened ality. .
P conc};e te quaiity structure. Experience and
correlation with other test
data is needed for
interpretation.
The sample is Assess .
. . o oo Low cost; quick;
dissolved in hot nitric susceptibility of . h
. . direct results, reliable;
. acid to provide a concrete to sulfate .
Chloride and accurate. Interpretation

Sulfate Content

solution from which
aliquots may be tested
for chloride or sulfate
content.

attack. Provide input
data for chloride
induced corrosion
service life modelling.

requires experience. Need
to drill holes or collect
core samples and repair.

Identification of
Presence of
Alkali Silica

Reaction (ASR)

Application of
acidic uranyl acetate
solution forming a
complex with
components of ASR
gel that fluoresces
under UV-C light.

Identification of
likely presence of
ASR.

Quick and
relatively inexpensive.
Requires experience in

interpretation, especially
in structures exposed to
marine or other high
salinity conditions.

Corrosion of Embedded Steel

Assess corrosion
protection value of
concrete with depth
and susceptibility of

steel reinforcement to

Low cost; quick;
direct results, easy;
evaluation; reliable;

accurate. Need trained

Apply . people; need to drill holes
. corrosion due to
phenolphthalein ! or collect core samples
. . carbonation. :
solution uniformly to . . and repair; only freshly
. Carbonation depth is
Carbonation freshly exposed exposed surface can be
used to assess whether
Depth concrete surface and . . tested; powder
the reinforcement is o
measure the depth of . contamination can affect
. likely to have .
carbonation (absence . . the results; one location
depassivated leading to .
of colour). : only; not valid for
corrosion. The results .
concrete with large
can be used to model
. aggregate unless a
concrete carbonation :
. representative area of
rates to estimate
. Y surface can be tested.
remaining service life.
Corrosion Measure the Identify region Quick; easy;
Potential potential difference or regions in a objective data; relatively
(Electrochemical, | (voltage) between the reinforced concrete low cost; large areas can
Half-cell) steel reinforcement and | structure where there is be measured; strong
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a standard reference a high probability that indicator of corrosion
electrode; the corrosion is occurring potential; can result in
measured voltage at the time of the timely intervention; helps
provides an indication measurement. to determine type of
of the likelihood that repair needed; allows
corrosion is occurring quantification of area
in the reinforcement. likely to be corroding.
Need trained people;

specialist interpretation
required; requires
complementary testing to
verify results; calibration
is required before using
the results; can only
measure potentials on
first layer of
reinforcement; needs
connection to
reinforcement, with
subsequent repairs
required; influenced by
humidity in the concrete;
cannot be used when it is
cold, <5°C;

Steel Structures Deterioration

Most sensitive to
planar type defects;
immediate results;
portable; provides
relatively rapid, and cost
effective, defect
detection; detect defects
that are too small, or
incorrectly oriented, for

Ultrasonic flaw
detection methods can
detect voids and
defects within a metal

Very high . detection by radiography;
y g section and are best : y graphys
frequency sound waves . . requires access from one
viewed as being
are passed through the complementar surface only; when
Steel Structures | metal structure under P Y correctly calibrated and
. methods. Identifies .
Deterioration | test. The waves are employed, permits the
. most weld .
reflected by either a discontinuities detection of extremely
defect or from the far small defects. Irregular,

including cracks, slag,
lack of fusion; accurate
metal thickness
measurements
possible.

surface of the member. rough, nonhomogeneous,
very small or thin
components are difficult
to test; surface condition
should be suitable for
coupling of transducer;
requires highly skilled
operators to use the
equipment and to

interpret the results.
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Availability of qualified and experienced inspectors is of paramount importance for bridge
inspections. Determining the condition of the bridge and, in particular, assessing any signs of its
deterioration, rely on the reports of inspectors, who are required to describe in detail any
deficiencies noted in the structure.

To maintain a high level of reporting, a structured and continuous training program for bridge
inspection inspectors is required to learn, maintain and improve fundamental bridge inspection
skills.

The benefits of successfully implementing a training and certification program are that it will
certify inspectors in specific disciplines and will serve to impart the basic knowledge necessary for
accurate reporting.

Also, to improve the work of inspectors, a mandatory vision test is proposed, as well as
psychological tests for fear of heights or fear of traffic.

In many countries, separate units deal with the issue of bridge inspection and maintenance.
So, for example, in Thailand it is the Department of Highways (TDOH), under the Ministry of
Transport; in the USA - the Department of Transportation (DOT), which is in each state, as well as
the Federal Highway Administration (FHWA), which is responsible for the national bridge
inspection plan [9].

In Ukraine, in 2023, the Bridge Inspection Commission was established by the Ministry of
Infrastructure. As a result of their work, it was found that 24% of bridges are in critical condition. In
addition, in its report, the Commission proposed to use the Analytical Expert Bridge Management
System (AESUM) for the formation of strategic and tactical steps for the restoration of bridges and
maintaining their operability through scientifically based recommendations to ensure the maximum
efficiency of repair works and optimize the use of financial resources [10].

After the inspection of the condition of the bridge, a repair plan is drawn up, which varies
from the removal of minor damage to the replacement of worn components [11].

Repair is a complex of works, the main purpose of which is to maintain the load-bearing
capacity and geometric parameters within limits close to the initial state.

In civil construction, depending on the complexity of repair work, current and major repairs
are distinguished.

Mainly, current repairs are carried out by operating organizations. At the same time, the
movement of vehicles may be partially restricted. Current repair consists of preventive and
unforeseen works [12].

Preventive repair work is the basis of normal operation of the bridge structure to ensure
project durability and minimize capital repair costs. For such works, a plan is drawn up in advance
with defined deadlines, scope of work and cost. Examples of preventive works:

* pothole repair of the coating;

* partial repair of deformation seams;

* sparging and injection of cracks;

* protection of reinforcement and concrete from corrosion;

* cleaning of drainage pipes.

Unpredictable works are works that eliminate accidental damages and defects formed during
operation. Such repair consists in the elimination of the consequences of a traffic accident (for
example, repair of railings), elimination of washouts due to an unforeseen flood, etc.

Major repairs are carried out according to projects developed by specialized organizations. At
the same time, the movement of vehicles may be partially limited or completely blocked. Selective
and comprehensive overhaul are distinguished [12].

Selective repair work is work on the replacement of some elements of the bridge structure (for
example, replacement of the guard rail, waterproofing of the carriageway). Complex repairs are
works with simultaneous performance of all types of selective work (for example, replacement of
supporting parts).
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In order to prevent physical wear and tear of the main structures of bridge structures and to
maintain their normative service life defined in [2], it is necessary to regularly carry out preventive
ongoing repairs in the specified terms. The periodicity of their execution is given in the table. 3.

The age of the structure, the state of the environment, and the intensity of traffic of vehicles
are factors that affect the actual repair intervals of bridge elements.

To take into account the degree of these factors, it is customary to use correction coefficients:
K1 - a coefficient that takes into account the regional location of the bridge structure; K2 is a
coefficient, the value of which depends on the actual service life; K3 is a coefficient that depends on
the category of the road and takes into account the intensity of vehicle traffic.

The value of the estimated repair period is found by the formula:

T=Tn x K1 X K2 X K3
where Th is the normative maintenance period according to the table. 3.

Table 3
The period of repair work on bridges
Repairs Periodicity
Roadway

Repair of irregularities, potholes, cracks in the coating 1
Repair of expansion joints of the compensatory type, repair of

waterproofing in the area of expansion joints, on sidewalks, along the fence 5

on the roadway with a width of 70 cm
Replacement of steel sliding sheets 10
Replacement of the metal barrier fence 20
New surface treatment 2
Replacement of pavements 5
Painting the metal handrail 5
Replacement of asphalt concrete pavement 7

Reinforced concrete span structures
Sparing of cracks, sinks, chips 1
Restoration of the protective layer (in prestressed beams) 10/20
Repair of transverse union 10
Applying a protective coating 8
Supports and supporting parts
Filling of cracks in concrete and stone supports 20
Filling of cracks and chips in reinforced concrete supports 25
Repair of undercarriage 25
Painting and lubrication of supporting parts 3
Cementing and shotcrete 40
Connecting the bridge with the embankment
Replacement of transitional plates 25
2 years after
Backfilling of embankments and cones construction and
every 7 years

Restoration of areas of cones 6
Coastal cleaning and restoration 10
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When planning repair work, it is necessary to take into account their cost. Analyzing the graph
of the dependence of operating costs, which were determined as a percentage of the cost of repair
work to the cost of construction of the structure by years of operation (Fig. 1), we can conclude that
the costs of repair work range from 1% to 27% and cannot be constant annually [11].

The peak of costs falls on the 30th year of the reinforced concrete bridge's existence. This is
explained by the need for significant repair of reinforced concrete beams in these years.

Also, operating costs depend on the length of the runs, i.e. with an increase in the length of
the run, the costs attributed to 1 run. m of the running structure are increasing, but the peak costs
remain the same over the years [11].

A

Cost, %

e P S e of
Fig. 1. Schedule of changes in the cost of repair works Speration

Conclusions. It was found that the planning of repair works of existing bridge structures must
begin with their survey.

An inspection and maintenance program has been found to provide a better understanding of
bridge condition to ensure maximum performance of bridge structures throughout their lifetime.

It should be noted that for a productive inspection of bridges, there is a need to create a single
manual on bridge inspection to standardize and simplify the monitoring procedure, which will be
applied throughout the country.

It is also determined that the key to successful maintenance is a qualified and experienced
inspector, whose reports are used for further planning of repairs.
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AHoTanisi. Y cTarTi npoaHaiizyBaHO YMHHUKH, SIK1 BINTUBAIOTh HA TEPMIH CITY’)KOM MOCTOBHX
copyd. Bu3HaueHO Ha OCHOBI MPAaKTHUYHUX PEKOMEHMAAIi 3apyOiKHHUX MPOEKTHUX YCTAHOB
MPUHIUIIE MOHITOPUHTY CTaHy MOCTIB Ta iX TEXHIYHOTO OOCIyroByBaHHS. 3’CYyBaHO JOLIJIBHICTH
cTpareriii 00CTeXeHHs Ui PO3IMIUPEHHS BITYM3HAHUX HOPMAaTUBHUX PEKOMEHJAIIH 11100 PEMOHTY
Ta yTPUMaHHS MOCTIB.

BukopucraHo 3aralibHO-HAayKOBI METOAM, TaKi SK aHami3, CUCTEMAaTH3allis, y3araJbHCHHS,
MOPIBHSAHHA. Y CTarTi pO3MISHYTO Mil04i HOPMH Ta CTaHIApTH YKpaiHW, Marepiaju CBITOBUX
3aKOHO/ABYMX JOKYMEHTIB y Tally3l JOpPOKHBOI 1HGpacTpykTypu. Emmipuunoro 06a3010 s
MIPOBE/ICHHS HAyKOBOi POOOTH CTaB AWCTAHIIIMHWN aHaji3 00’€KTIB: HAyKOBUX ITyOJIKaIiid Ta
CTaTeu.

B crarti pocnmimkeHO 0COOMMBOCTI BIPOBAPKCHHS 1HCIEKII MOCTIB Ta TUJIaHYyBaHHS
TeXHIYHOro oOciyroByBaHHA. OKpECI€HO OCHOBHI pIIIEHHS MO0 €(QEeKTHBHOIO YIPaBIiHHSA
MEpEeKeI0 MOCTOBUX CHOPYZ Ta KOHTPOJIIO iXHBOTO EKCIUTyaTaliifHoro crany. OnpamnboBaHO HU3KY
YKpaiHCBKUX Ta 3aKOPJOHHUX JDKEPE, 0 pO3MISAA0Th 1aHy Mpobaemy. Jlist CTBOpEHHS ysSBU MPO
MPOLEAYPY PEMOHTHUX pOOIT, OyJ0 BHBUEHO CBITOBHIA TOCBiJ MOPSAKY MPOBEICHHS OOCTEKECHb
MOCTIB, CHCTEMaTu3aulii OI[IHKM CTaHy Ta TEPMIHOBOCTI PEMOHTY, pIBEHb NEpPEBIpKHM Ta ii
NEPIOUYHICTh, A TAaKOX IPOAHATI30BAHO METONHM, CHPSIMOBAaHI Ha 30UIBIICHHS JOBrOBIYHOCTI
KOHKPETHHUX €JIEMEHTIB MOCTiB. BuHsBIEHO, IO pallioOHaIbHUNA Ta CHCTEMAaTHYHUN OIVIAJ CTaHy
MOCTOBHX  KOHCTPYKIIH € eKOHOMIYHO e(QeKTHMBHUM CIocoOOM 3a0e3leyeHHs  HOoro
(YHKIIOHATIBHOCTI.

KurouoBi cjioBa: 00CTeKEHHSI MOCTIB, TEXHIYHE OOCIYrOBYBaHHS, PEMOHT, TEPMiH CIYXOH,
nedeKT, cucTeMa OLiHKU CTaHy, T0pOXKHS 1HPpacTpyKTypa.
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Abstract. The article presents the effect of vehicle impact on the behaviour of the steel structure
of an industrial hall. A portal industrial hall with a span of 18.0 m, a length of 42.0 m and a column
height of 7.0 m was considered. The spacing of the frames - the main transverse systems - was
assumed equal to 6.0 m. The case in which a truck hits a frame column was considered. A scenario
was assumed in which the impact occurs when the vehicle leaves the manoeuvring area located at the
industrial hall. Therefore, according to EN 1991-1-7, the speed of the vehicle is 10 km/h. The weight
of the vehicle was assumed to be 20000 kg. The direction of impact was assumed perpendicular to
the side wall of the hall. The calculations were carried out in two stages. The first - optimization of
cross sections of beams and columns in a permanent design situation. Static analysis was used. The
second - determination of internal forces from impact in an accidental design situation. Dynamic
analysis was used. Hall structural systems made of HEA, HEB and IPE sections were considered.
The pinned and rigid connection of the column to the foundation was considered. The calculations
were performed using Autodesk's Robot Structural Analysis 2024 computer software.

Keywords: industrial hall, stability of portal frame, vehicle impact, accidental design situation,
FEM analysis.

1. Introduction. In a general, typical case, the procedure for designing a building structure can
be divided into the following stages:

- acceptance of the location of the building and determination of climatic load zones: snow load
and wind action;

- determination of the values of permanent loads;

- adoption of the use category of the object and determination of the value of variable loads;

- making combinatorics of loads;

- adoption of the appropriate type of analysis, making static calculations and determining the
values of internal forces, deflections and displacements of elements and nodes of the structure;

- verification of the structure's limit states: ultimate limit state, serviceability limit state and
general stability of the structure.

Verification of the ultimate limit state consists in checking the stability of the most stressed
members and elements of the structure, as well as the load capacity of nodes and connections.
Verification of serviceability limit state consists in checking that the values of permissible deflections
of elements and displacements of nodes are not exceeded. The above analyses are carried out in a
permanent design situation relating to the usual conditions of use of the structure.

In addition, the stability of the structure and the stability of the elements of the structure should
be checked in design situations: transient, incidental and, if required, in a seismic design situation.

The paper presents an analysis of checking the stability of the structure in an accidental design
situation relating to the exceptional load, which is the impact of a vehicle on a structural element - a
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column of the main load-bearing system. The calculations were carried out on the example of a single-
bay industrial hall with a steel structure.

The dimensions of the hall are: width 18.00m, height at the ridge 8.00m, height at the eaves
7.00m, length 42.00m, spacing of the main support systems every 6.00m (Fig. 1).

Fig. 1 Structure of the industrial hall - 3D view

2. Computational analysis

2.1. Loads

In the permanent design situation (ULS check), the following values of loads and actions
(characteristic values) were assumed:

- permanent load: self-weight of the steel structure, weight of purlins and roof sheathing of
0.30kN/m?;

- wind load - 1 wind load zone, base value of base wind speed vi,0=22m/s, base speed pressure
qv=0.30kN/m?;

- snow load - zone 2 ground snow load, sx=0.9kN/m?;

In the accidental design situation, the load from the impact of the vehicle on the column of the
main frame structure was assumed. This is described in detail later in the paper.

Load combinations were adopted in accordance with the standards:

- EN 1990 Eurocode. Fundamentals of design;

- PN-EN 1991-1-1 Eurocode 1. Actions on structures. Part 1-1: General actions. Volumetric
weight, dead weight, imposed loads on buildings.

- EN 1991-1-7 Eurocode 1 Actions on structures. Part 1-1: General actions. Exceptional actions.

2.2. Analysis

For the computational analysis, spatial models of the industrial hall's steel structure were
created. Columns and beams were modelled using beam-type bar elements with 6 degrees of freedom
at the node. The vertical and horizontal bracing rods were given attributes to allow them to carry only
longitudinal forces (compression/tension).

Static calculations were performed using first-order linear analysis.

The computational analysis was carried out on a plane frame isolated from the model. Frames
whose columns and beams are made of HEA, HEB and IPE profiles were considered. Pinned and
rigid fixing of the column in the foundation was considered, this gave a total of 6 computational
models (see Table 1).

The analysis was carried out in two steps:

- checking the stability of structural elements in a permanent design situation,

- checking the stability of structural elements in an accidental design situation.
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Table 1. Types of computational models of the framework adopted for the analysis

Calculation model | The method of connecting | Column — type | Beam — type of
name the column to the of profile profile
foundation
Model 1 - Frame 1 pinned HEA HEA
Model 2 - Frame 2 rigid HEA HEA
Model 3 - Frame 3 pinned HEB HEB
Model 4 - Frame 4 rigid HEB HEB
Model 5 - Frame 5 pinned IPE IPE
Model 6 - Frame 6 rigid IPE IPE

2.2.1. Checking the stability of structural elements in a permanent design situation

In the first stage of calculations, the general stability of the steel frames of the hall structure
was checked. Strength calculations were carried out assuming the following parameter values:

Frame column

- the critical length of the column for buckling in the plane of the frame was determined by
linear buckling analysis as for sway frames, Lcry > Lo, where Lo is the height of the column,

- the critical length of the column in the case of buckling out of the plane of the frame was
determined as for non-sway frames; no exact calculation analysis was carried out, L, = Lo was
assumed,

- the length for calculating the lateral-torsional buckling was assumed equal to half the height
of the column L¢ it = 3.50m, it was assumed that the connection of the transom to the column is
sufficiently rigid and protects the cross-section of the column from rotation at the point of connection
with the wall housing transom.

Frame rafter

- the critical length of the rafter for buckling in the plane of the frame was determined on the
basis of linear buckling analysis, as for sway frames, Ly > Lo, where Lo is the length of the rafter,

- the critical length of the rafter for buckling out of the frame plane was determined on the
assumption that the connections of the rafter flange to the purlins limit the buckling length of the
rafter; no detailed calculation analysis was performed, L, = 0.33*Lo was assumed,

- the length for calculating the lateral-torsional buckling was assumed with the assumption that
the connections of the transom flange with the purlins limit the lateral-torsional length of the transom;
Lerr = 0.33*Lo was assumed.

Optimization of the structure's sections was carried out. As a criterion, the minimum weight of
individual elements while maintaining their stability was used.

The results of the calculations are presented below, see Table 2.

Table 2. Results of calculations in the form of values of size and type of used steel profiles,
frame weight and painting area

Calculation Natural Frame weight |Painting area

model name frequency Column Rafter [kg] [mg]
Frame 1 | f=2,05Hz RAEA %"‘905 R, f’fgg 3239 56,95
Frame?2 | f=4,17Hz RAEA %?;)2 R, %)(,)901 2836 55,25
Frame3 | f=1,89Hz e 3(’)238 e %)?87 3644 54,13
Frame4 | f=3,97Hz aaeB %%’4 RuEB %?% 3308 52,03
Frame5 | f=2,84Hz e :58,%9 RE:E):“S’%S 2676 53,50
Frame 6 | f=6,71Hz e :5828 Rgf):“g’%o 2676 53,50
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2.2.2. Checking the stability of structural elements in an accidental design situation

The analysis of the behavior of the structure due to vehicle impact (the second stage of
calculations) was carried out based on the procedures described in PN-EN 1991-1-7:2006, Eurocode
1, Actions on structures, Partl-7: General actions, Exceptional actions. The value of dynamic force
from impact, and the impact model were adopted according to Appendix C - Dynamic design for
impact.

Impact is an interaction phenomenon between a moving object and a structure, in which the
kinetic energy of the object is suddenly transformed into deformation energy. To find the forces of
dynamic interaction, the mechanical properties of the object and structure are determined.

The engineering design of structures for impact usually uses equivalent static forces.

In advanced structural design, one or more aspects are considered:

- dynamic effects,

- nonlinear material behaviour.

Analysing Calculation procedure, the dynamics of the impact, a distinction is made between:

- hard impact, in which the energy is mainly dissipated by the striking body, the structure is
designed as rigid,

- soft impact, in which the structure is designed as deformable and takes the energy of the
impact.

In the calculations carried out, it was assumed that there is a hard impact. The dynamic effects
of the impact were considered. The nonlinear behaviour of the material was neglected.

2.2.3. Dynamic design for impact - description of the calculation procedure
Assumptions:

- the structure is rigid and stationary,

- the impacting object deforms linearly during impact.

Calculation procedure:

1. The dynamic interaction force was calculated using the formula (C.1 EN 1991-1-7):

FDYN :'UrVk'm

v - velocity of the object at the moment of impact,

k - equivalent elastic stiffness of the object,

m - mass of the impacting object.

2. The force induced by the impact was taken as a rectangular impulse acting on the surface
of the structure, see Figure 2. The duration of the pulse was calculated according to the formula (C.2
EN 1991-1-7):

A= |2
ANk

Fovu M

Fpy=107.6 kN

time, t
Y
~

At=0,26 sec.
Fig. 2 Dynamic impulse from vehicle impact

3. The force caused by the impact of the vehicle is applied at a height of 0.50m for cars or
from 0.50 - 1.50m for trucks.
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The expression of pt. 1 gives the maximum value of the dynamic force on the outer surface of
the structure. Inside the structure, these forces can lead to an increase in dynamic effects. An upper
limit of these effects can be determined if it is assumed that the structure responds elastically and the
load is realized as a step function, that is, a function that increases immediately to its final value and
then remains constant.

Impact scenario.

- it is assumed that a 20000 kg heavy-duty delivery truck strikes a main support system frame
column,

- the event takes place in the manoeuvring area located next to the hall,

- vehicle speed is assumed equal to 10 km/h = 2.78 m/sec,

- the direction of impact is perpendicular to the side wall of the hall,

- the magnitude of the dynamic force and the shape and duration of the pulse from the impact
are shown below.

k =300 kN/m - equivalent elastic stiffness of the object (vehicle stiffness, Table C.1 EN 1991-
1-7),

m = 20000 kg - mass of the impacting object (truck, Table C.1 EN 1991-1-7).

F = v.Vk+-m = 2.78 -v/300000 - 20000 = 107.6 kN

At = \/m/k = /20000/300000 = 0.26 sec
2.3. Results of analysis (see Table 3,4)

Table 3. Values of internal forces and displacements calculated in Ultimate Limit State,
Permanent Design Situation

Calculation Column Rafter dgolr;ignmt:}q ¢
model name M P
y [kNm] N [kN] My [kNm] N [kN] Ux [mm]
Frame 1 338,11 134,94 338,11 61,35 54
Frame 2 296,86 128,66 296,86 83,51 15
Frame 3 350,68 137,22 350,68 63,20 59
Frame 4 300,43 131,32 300,43 84,50 14
Frame 5 339,97 131,77 339,97 61,39 35
Frame 6 304,06 127,62 304,06 86,19 6
Table 4. Values of internal forces and displacements calculated in Accidental Design Situation
Calculation model Column Rafter dgglraluzz(emmtgllt
fame My [kNm] | N[kN] | My [KNm] | N [kN] Ux [mm]
Frame 1 110,19%* 18,96 110,85 14,72 74*
99,77** 47%*
Frame 2 101,76* 3,63 23,70 3,70 5*
94,18** 3**
Frame 3 110,31%* 20,50 109,62 15,05 78*
99,91 ** 49%*
Frame 4 103,40* 4,72 31,50 4,17 5%
94,18** 3**
Frame 5 108,41* 11,77 93,99 13,23 46*
99,86** 20%*
Frame 6 99,90* 2,15 7,39 2,71 2%
94,68** [ **

* dynamic analysis, ** static analysis

The results of the computational analyses are presented in the form of:
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- values of the bending moment My in the frame column and transom,
- values of longitudinal force N in the frame column and transom,

- the value of the horizontal displacement of the frame corner Ux,

- values of the natural frequency of the frame.

2.4. Obtained results

2.4.1 Ultimate Limit State, Permanent Design Situation

Considering the weight of the frame structure (Table 2, Fig. 3):

- The structure in which columns and beams are made of IPE profiles is the most favorable.
Due to the step change in the height/size of IPE profiles, the method of fixing the column in the
foundation did not affect the size of the profiles used (column IPE 500, beam IPE 450). However, the
method of fixing the column in the foundation had an impact on the post-tensioning of individual
sections - ratio= about 0.9 in case of pinned joint and ratio= about 0.80 in case rigid joint.

- The most disadvantageous is the structure in which columns and rafters are made of HEB
profiles, with an articulated connection of the column to the foundation. In the case of a rigid
connection of the column to the foundation, the mass of the frame made of HEB profiles is slightly
lower, but still greater than the mass of frames made of HEA and IPE profiles.

Considering the painting area of the frame structure (Table 2, Fig. 4):

- The most advantageous is the construction in which columns and transoms are made of HEB
profiles, with a rigid connection between the column and the foundation.

- The most unfavorable is the construction in which columns and transoms were made of HEA
profiles, with an articulated connection between the column and the foundation.

1,60 1,12
1,40 1,36 110 — 1,09
1,21 1,24
1,20 108 108 1,06
' 1,00 1,00 1,06
1,00 g 1,04
1,04 1,03—1,03—
0,80
Lo 1,00
0,60 1,00 ’
0,40 0,98
0,20 0,96
0,00 0,94
Framel Frame2 Frame3 Framed4 FrameS Frame6 Framel Frame2 Frame3 Framed4 FrameS Frame6

Fig. 3 Multiplicity of change of weight the frame Fig. 4 Multiplicity of change the area of painting
in relation to the base frame - Frame 6 (Table 1) of the frame in relation to the base frame —
[number 1 is 2676 kg] Frame 4 (Table 1) [number 1 is 52,03 m?]

Considering the horizontal displacement of the frame corner and the natural frequency (Table
2,3):

- The highest stiffness is characterized by a structure in which columns and transoms are made
of IPE profiles, with the column rigidly fixed in the foundation. This frame is characterized by the
lowest value of horizontal displacement of the frame corner and the highest value of natural
frequency.

- The least rigidity is characterized by the structure in which the columns and transoms were
made of HEB profiles, with an articulated fixing of the column in the foundation. This frame is
characterized by the highest value of the horizontal displacement of the frame corner and the lowest
value of the natural frequency of vibration.
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3,55

2,21 2,10
1,50
1,08 1.00 I

Framel Frame2 Frame3 Framed4 FrameS Frame6

Frame1l Frame2 Frame3 Framed4 FrameS Frame6

Fig. 5 Multiplicity of change of horizontal Fig. 6 Multiplicity of change of natural
displacement of the frame corner in relation to frequency of the frame in relation to the base
the base frame - Frame 6 (Table 1) frame - Frame 3 (Table 1)

[number 1 is 6 mm] [number 1 is 1,89 Hz]

2.4.2 Accidental Design Situation

Analysing the values of internal forces in the frame structure generated from the impact of the
vehicle and comparing them with the values of forces at the ultimate limit state, it was found:

- Longitudinal forces reach relatively small values and can be ignored in future analyses.

- For the considered impact scenario, the value of the bending moment in the column caused by
the impact of the vehicle reaches about 1/3 of the value of the bending moment calculated at the
ultimate limit state and does not pose a significant threat to the safety of the structure.

- For the considered impact scenario, the values of the bending moment in the frame transom
caused by the impact of the vehicle on the frame column, changes significantly depending on how
the column is fixed in the foundation:

- in the case of an articulated joint, represents about 1/3 of the bending moment calculated at
the ultimate limit state and does not pose a significant threat to the safety of the structure,

- in the case of a rigid connection is negligibly small.

Table 4 also compares the values of the bending moment in the column and the horizontal
displacement of the frame corner, from the impact of the vehicle on the frame column, calculated
using static and dynamic analysis. The values obtained by dynamic analysis are higher by about 10%
for the bending moment and up to about 50% for the horizontal displacement of the frame corner. It
should be noted, however, that this difference will increase as the vehicle speed increases,
accompanied by an increase in the dynamic force from impact.

115

78

110,19

110,31 —74

110

105

100

95

90

85
Frame1l Frame2 Frame3 Framed4 FrameS Frame6

W Seriel MW Serie2

Frame 1

5.3
-

Frame 2

5-3
-

Frame3 Framed

W Seriel ™ Serie2

2-1—

FrameS Frame6

Fig. 7 Values of the bending moment in the Fig. 8 Values of the horizontal displacement of
column of the frame calculated using dynamic the frame corner calculated using dynamic

analysis (Serie 1) and static analysis (Serie 2) analysis (Serie 1) and static analysis (Serie 2)

Conclisions

In conclusion, it can be said that at low vehicle speeds the impact is not dominant due to the
stability of the structure. In the case of frames made of HEA, HEB and IPE profiles, the internal
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forces in the structure and their distribution in individual bars did not pose a serious threat to the
safety of the hall.

The final part of the paper also compares the values of the bending moment in the column and
the horizontal displacement of the frame corner caused by the impact, obtained using static and
dynamic analysis. It can be noted that static analysis does not take into account dynamic effects,
resulting in the determination of underestimated values of forces and displacements. These
differences increase as the mass and speed of the striking object increases.

In order to use static analysis effectively, it is required to assume equivalent forces from impact
in the calculations - which is described in more detail in EN 1991-1-7.

kNm mm
00 57— i T T I T I O 50 — j i i : ‘
B N O O O N O 0 O P 0 0 s : . ' } }
i i i i i i i i VA | | | X !
el i . ! = e \ e : | static analysis |-
f4d-g : : 30 (— :
100 § ;ﬁ' me [ _ I %mys‘s! . / = : \ | i e e
i i I | 10 {dynamic analysis
| { | |[dynamic analysis -+ - R B . S g 1 -
_____ 5 e A T / - \ : / = ]
00 — - ¥ . i i ] 4 SN L
0 o ) e s o s (L o o ] \/ —] ' :
0,0 ‘ 0.1 l 0,2 0,3 04 ‘ 05 ‘ 06 ‘ 07 ‘ 08 l 09 l “I=O 0,0 l 01 l 0,2 ‘ 03 ‘ 04 ‘ 05 ‘ 06 07 08 09 ‘i‘O
sec. sec.
Bending moment diagram Horizontal displacement diagram

Fig. 9 Comparison of bending moment values in the column and horizontal displacement of
the frame corner determined using static and dynamic analysis (same value of impulse from vehicle
impact) - example diagrams.
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AHoOTamifA. Y CTarTi OpeACTaBICHO pe3ylbTaTH BIUIMBY ABTOTPAHCHOPTY Ha IOBEIIHKY
CTaJIeBOi KOHCTPYKIIIi MPOMHUCIIOBOTO IIEXy MPH 3ITKHEHHI. Po3risiiaBcst mopTaabHUA TPOMHUCIOBUNA
nex 3 npoabotoMm 18,0 M, goxuHOO 42,0 M 1 BEcOTOIO KoJIoHH 7,0 M. BincTans pam - OCHOBHUX
MOTIEPEYHHUX CUCTEM - IPUIHIN piBHUM 6,0 M. Po3risinaBcs BUna ok Hai3ly BaHTaXiBKU Ha KOJIOHY
Kapkacy. byB npunyienuii crienapiii, B IkOMy 31TKHEHHS BiJJOYBa€ThCsI, KOJIM TPAHCIIOPTHUH 3aciO
3aJIMILIAE 30HY MAaHEBPYBAHHS, PO3TAIIOBaHy B MPOMUCIOBOMY 1iexy. OTxe, 3rigHo 3 EN 1991-1-7,
MIBUJIKICTh TpaHCIOPTHOrO 3acol0y crtaHoBuTh 10 km/rox. Bara aBTomoOins mepembauamacs
20000 kr. HampsMoxk ynaapy BBaKaBCS TNEpPHEHIUKYISIpHUM OiuHill cTiHi 1exa. PospaxyHku
MPOBOAWINCH y /Ba eranu. [lepmuii eranm BUKOHYBaBCSl 3a JIOMIOMOTOI0 CTaTHYHOIO aHali3y Ta
nepeadavyaB ONTHUMI3ALIIO MTEPepi3iB OATOK 1 KOJIOH B MOCTIHHOMY MPOEKTHOMY MOJIOXKEHH1. Jpyruit
€Tan CTOCYBABCSl BU3HAUYCHHsS BHYTPIIIHIX CHJI BiI yJapy B aBapiiiHii po3paxyHKOBIM cHTYyallii Ta
MIPOBOJIMBCS 3 BUKOPHUCTaHHSM JMHAMIYHOTO aHamizy. B mpoueci nocmimkeHHs Oynu po3rIsHYTI
KOHCTPYKTHBHI CHUCTEMH 3 TOTNEPEYHHUM TEpPepi3oM, CKIAJICHUM 3 HOPMAaJIbHUX JBOTaBPIB 13
napanenbHuMu Tpansmu nomunb (IPE) Ta 3 gBoraBpiB 3 mmpoxkumu nonuusmu (HEA, HEB).
BpaxoBani BapiaHTH IIapHIPHOTO Ta KOPCTKOTO 3’€HAHHS KOJOHH 3 (pyHIameHTOM. Po3paxyHku
MIPOBOJIMIIMCS 32 JIOTIOMOroi0 Komin totepHoi nporpamu Autodesk Robot Structural Analysis 2024.
Pesynbratu nocnmigkKeHHs TOKa3aiM, [0 HAa HU3bKUX IMIBUJIKOCTSX AaBTOMOOLNIS BIUIUB HE €
JOMIHYIOYMM 3aBJISIKHA CTIMKOCTI KOHCTpyKuii. Y Bunaaky kapkaciB 3 npodinisB HEA, HEB rta IPE
BHYTPIIIHI CHJIM B KOHCTPYKIII Ta 1X pO3MOALT B OKPEMHUX CTPHKHSX HE CTAaHOBUJIM CEPHO3HOT
3arpo3u s O€3MeKu 1exy.

VY cTarTi MOpIBHIOIOTHCS 3HAYEHHSI 3TMHAJIBHOTO MOMEHTY B KOJIOHI Ta TOPHU30HTaJIbHOTO
3MILIIEHHA KyTa paMy, BUKJIMKAHOTO yJIapoM, OTPUMaHi 3a JOIOMOT'0I0 CTAaTHYHOTO Ta TMHAMIYHOTO
aHaiizy. Mo)kHa BII3HAYUTH, 110 CTATUYHUHN aHaJI3 HE BPAaXOBYE IMHAMIYHI BIUIMBH, B PE3YJIbTATI
YOro BH3HAYAIOTHhCA 3aHIDKEHI 3HA4YeHHs cwil 1 mepemimedb. L[i BiAMIHHOCTI 3pocCTaroTh i3
301JIBIIEHHSIM MaCH Ta MIBUIKOCTI 00’ €KTa, 110 3/IHCHIOE yaap.

Jnst eheKTUBHOTO BUKOPUCTAHHS CTAaTHYHOTO aHai3y HEOOXiAHO MPUITYCTUTH €KBIBAJICHTHY
CUIJIy yIapy B pO3paxyHKax, 1110 omrcaHo Oiabi aeraasHo B EN 1991-1-7.

KuarouoBi ciaoBa: mpoMucioBwid 1eX, CTIHKICTh MOPTANBHOI paMH, yAap TPAHCIOPTHOTO
3aco0y, aBapiifHa po3paxyHKOBa CUTYallisl, aHAJIi3 METOJI0OM KiHIIEBUX €JIEMEHTIB.
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Abstract: The article presents the behaviour of a structure subjected to fire - fire design situa-
tion. A portal industrial hall with a span of 18.0 m, a length of 42.0 m and a column height of 7.0 m
was considered. The spacing of frames - the main transverse systems - was assumed equal to 6.0 m.
A case was considered in which the elements of the structure are unprotected from the influence of
high temperature. The load carrying capacity, critical temperature and time required to reach the crit-
ical temperature were analysed for column cross sections. The calculations were performed using
Autodesk's Robot Structural Analysis 2024 computer software.

In the case of HEB-type profiles, the time required to reach the critical temperature at which
the cross-section of the element loses its compressive capacity is significantly greater compared to
that of IPE-type profiles. This is (as above) a recommendation for the use of solid elements, with low
wall slenderness, for structures significantly exposed to fire and high temperatures

Keywords: industrial hall, stability of portal frame, accidental design situation, fire design sit-
uation, FEM analysis

1. Introduction

The presented paper is a continuation of the paper Design of industrial halls with a steel struc-
ture due to an accidental design situation - the impact of a vehicle on a frame column [1]. The paper
presents the issue of checking the load capacity of cross sections and checking the stability of selected
elements of the structure exposed to fire. Calculations were carried out on the example of a steel hall
structure as in the paper [1], Fig. 1.

Fig. 1. Structure of the industrial hall - 3D view

2. Structural Fire design procedure

A structural fire design analysis should take into account the following steps as relevant:
- selection of the relevant design fire scenarios,

- determination of the corresponding design fires,
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- calculation of temperature evolution within the structural members,
- calculation of the mechanical behaviour of the structure exposed to fire.

To identify the accidental design situation, the relevant design fire scenarios and the associated
design fires should be determined. For each design fire scenario, a design fire, in a fire compartment,
should be estimated.

The calculations adopted the Standard temperature-time curve in accordance with the Eurocode
EN 1991-1-2. The temperature of the gas g in the fire compartment after time t, was determined
according to the formula:

04 = 20 + 345log,,(8 -t + 1)

O, — the gas temperature in the fire compartment
t — the time

The critical temperature 0. of carbon steel elements was calculated according to formula:

Ogcr = 39,19 In 1| + 482

0,9674 - 2833

no — degree of utilization

3. Computational analysis

For the computational analysis, spatial models of the steel structure of the industrial hall were
developed. Columns and rafters were modelled using beam-type bar elements with 6 degrees of free-
dom at the node. Vertical and horizontal bracing rods were given attributes to allow them to carry
only longitudinal forces (compression/tension).

Static calculations were performed using first-order linear analysis.

The computational analysis was carried out on a flat frame isolated from the model. Consider-
ation was given to frames whose columns and rafters are made of HEA, HEB and IPE profiles. Frames
restrained in the foundation and articulated in the foundation were considered, giving a total of 6
computational models.

Table 1. Types of computational models of the framework adopted for the analysis

Calculation model | The method of connecting | Column — type | Beam — type of

name the column to the founda- of profile profile

tion

Model 1 - Frame 1 pinned HEA HEA
Model 2 - Frame 2 rigid HEA HEA
Model 3 - Frame 3 pinned HEB HEB
Model 4 - Frame 4 rigid HEB HEB
Model 5 - Frame 5 pinned IPE IPE
Model 6 - Frame 6 rigid IPE IPE

The analysis was carried out in two steps:

1. checking the stability of structural elements in a design situation of permanent,

2. checking the stability of structural elements in an exceptional design situation - action of
fire, in accordance with the recommendations of EN 1993-1-2, the load on structural elements in an
exceptional design situation was reduced by 35%.

3.1. Checking the stability of structural elements in a permanent design situation

In the first stage of calculations, the overall stability of the steel frames of the hall structure was
checked. Optimization of the sections of the structure was carried out. As a criterion, the minimum
mass of individual elements while maintaining their stability was adopted.
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The parameters and coefficients adopted for checking the stability of the bars, as well as the
method of analysis, are presented in the paper [1]. The results of the calculations in the form of the
type and size of the adopted profiles are presented below.

Table 2. Results of calculations in the form of values of size and type of used steel profiles,
frame weight and painting area

Calculation Column Beam Frame Painting area
model name weight [kg] [m?]
pinned | Ratio: 095 | Rarior 088 | 329 | 3699
"N | Ratio: 092 | Rario: 091 | 2836 | 5529
‘pinned | Ratio: 0.88 | Rario: 097 | 304 | 5413
"igid | Ratio:0.84 | Rario-083 | 3308 | 5203
pimned | Rato: 0.89 | Ratior 088 | 2676 | 5330
"gid | Ratio: 078 | Ratio:0.80 | 2076 | 5350

3.2. Checking the stability of structural elements in an accidental design situation — fire
load

The analysis of the load carrying capacity of the structure under fire was carried out using the
Fine Element Method and computer software Autodesk Structural Analysis 2024. Calculations were
performed using the calculation procedures recommended by EN 1993-1-2.

3.2.1. Structural fire design according to EN 1993-1-2

To determine the fire resistance the following design methods are permitted:

- simplified calculation models;

- advanced calculation models;

- testing.

Simple calculation models are simplified design methods for individual members, which are
based on conservative assumptions. The resistance of a steel member under fire conditions is pre-
served after time t if the following condition is met:

Eria < Rfiar

Efq - the design effect of actions for the fire design situation, according to EN 1991-1-2
Rifiqa; - the corresponding design resistance of the steel member, for the fire design situation, at
time t.

The design resistance Rf,q¢ at fire duration t is determined by assuming a normally uniform
temperature distribution in the section and using a modification of the design resistance at normal
temperature according to EN 1993-1-1, which involves assuming the mechanical properties of steel
at elevated temperatures

Resistance - tension members

The resistance Ny, o,rd of a tension member with a uniform temperature 6, should be determined
from:

Nfiora = kyo " Nra - [Ymo/Vaufi

ky, o — the reduction factor for the yield strength of steel at temperature 0, reached at time t,
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Nrd — the design resistance of the cross-section for normal temperature design, according to EN
1993-1-1.

Compression members with Class 1, Class 2 or Class 3 cross-sections
The design buckling resistance Ny, fi,,rd at time t of a compression member with a Class 1, Class
2 or Class 3 cross-section with a uniform temperature 6, should be determined from:

Npfitra = Xri- A kyo fy/VYuri

xfi — the reduction factor for flexural buckling in the fire design situation,

ky, o — the reduction factor for the yield strength of steel at temperature 0. reached at time t,

The buckling length Lg of a column for the fire design situation should generally be determined
as for normal temperature design.

Beams with Class 1 or Class 2 cross-sections

The design moment resistance Mg g,rd 0f a Class 1 or Class 2 cross-section with a uniform tem-
perature 0, should be determined from:

Mriora = kyo - Mra - [Ymo/Vau i

Mrq — the plastic moment resistance of the gross cross-section Mpirda for normal temperature
design, according to EN 1993-1-1 or the reduced moment resistance for normal temperature design,
allowing for the effects of shear if necessary, according to EN 1993-1-1,

ky, o — the reduction factor for the yield strength of steel at temperature 0..

The design lateral torsional buckling resistance moment My fi1rd at time t of a laterally unre-
strained member with a Class 1 or Class 2 cross-section should be determined from:

My fitra = Xir.fi* Woi * kyo.com ™ fy/Yusi

v, — the reduction factor for lateral-torsional buckling in the fire design situation,

kyo.com — the reduction factor from section 3 for the yield strength of steel at the maximum
temperature ill the compression tlange 0acom reached at time t.

Beams with Class 3 cross-sections

The design moment resistance Msrd at time t of a Class 3 cross-section with a uniform tem-
perature should be determined from:

Myicra = kyo - Mga - [Ymo/ Y i

Mgq — the elastic moment resistance of the gross cross-section for normal temperature design,
according to EN 1993-1-1 or the reduced moment resistance allowing for the effects of shear if nec-
essary according to EN 1993-1-1

ky, o — the reduction factor for the yield strength of steel at temperature 0..

The design buckling resistance moment k111.fi.t.Rd at time of a laterally unrestrained beam
with a Class 3 cross-section should be determined from:

Mb,fi,t,Rd = XLt fi " We - ky,B,com ' fy/yM,fi

Members with Class 1, 2 or 3 cross-sections, subject to combined bending and axial com-
pression

The design buckling resistance R ra at time t of a member subject to combined bending and
axial compression should be verified by satisfying expressions:

— member with a Class 1 or Class 2 cross-section,
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Nfigq N ky My figa N kz* M, fiEa <100
Xminfi A- ky,e ’ fy/YM,fi Wpl,y ) ky,G ' fy/VM,fi Wpl,z ) ky,e ’ fy/VM,fi -

Nfiga N kir - My figa N k, M, figa
Xzfi® A- ky,G ' fy/yM,fi XLT fi* Wpl,y ' ky,e 'fy/VM,fi Wpl,z ' ky,e 'fy/yM,fi

< 1,00

— member with a Class 3 cross-section.
Nfiga N ky - My i pq k, M, figa
Xminfi A- ky,e ' fy/yM,fi Wel,y ' ky,G ' fy/VM,fi Wel,z ' ky,e ' fy/VM,fi

< 1,00

Nfi ga N kir My figa N k, M, fiEa
Xz fi® A- ky,G ' fy/YM,fi XLT fi* Wel,y ’ ky,e 'fy/VM,fi Wel,z ) ky,e 'fy/YM,fi

< 1,00

The values of coefficients, parameters and recommendations and requirements for the above
cases are detailed in Chapter 4 of EN 1993-1-2.

3.3. Results of analysis

The results of the computational analyses performed, in the form of:
- the critical temperature value of the element,

- the degree of strain on the cross-section of the element,

- the temperature of the element after time t of fire exposure,

- the time required to reach the critical temperature.

These results relate to:

- elements made of S235 grade steel, yield strength fy =235 N/mm?2,
- the required fire resistance time of the element of 30 minutes (R30),
- calculations were performed with elements unprotected against the effects of temperature,
- standard fire curve, Figure 2.

TEMPERATURE WVARIABILITY CURWE
Temperature
1&:-*
al:l:' f’—’_
G600
Ehii] = — Elemeant tamp.
o — Gas temp.
200 =
Time
4] 25 50 75 100 12

Fig. 2. Example Standard temperature-time curve, marked required fire resistance time of 30
minutes, profile temperature after 30 minutes and fire/gas temperature

Table 3. Values of internal forces and the other parameters calculated in Fire Design Situation

Calculation Column Section Ne,rd Temperature | Temperature Time
model name profile factor Ne,fitRd Qamax, °C Qacr, °C tfi,max, MiN.
Frame 1 HEA340 134 3125 757 635 17
541
Frame 2 HEA300 152 2655 770 560 15
422
Frame 3 HEB320 110 3783 736 603 20
715
Frame 4 HEB280 123 3078 744 575 18
564
Frame 5 IPE500 151 2726 790 350 9
366
Frame 6 IPE5S00 151 2726 790 350 9
366
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Qamax - temperature of the element after time t=30 min (time assumed for calculations corre-
sponding to fire resistance class R30), Qa,cr — critical element temperature, tsmax — fire resistance time
of the cross-section, N¢ rq — resistance of cross-section in normal temperature, N fi,rd — resistance of
cross-section in temperature Qa,max.

2.4. Conclusions

Based on the results of the above calculations, the following conclusions were drawn:

1. The compressive capacity of the cross-section of the column, under fire conditions, is sev-
eral times lower than the capacity at normal temperature. Therefore, it seems mandatory to use pro-
tection of elements against temperature - Contour encasement of uniform thickness or Hollow en-
casement of uniform thickness.

4000 3783

3500 -3125 3078

3000 2655 2726 — 2726 —

2500

2000

1500

1223 w2 S T
0 ] L] L

Framel Frame2 Frame3 Frame4 Frame5 Frame6

W Seriel m Serie2

Fig. 3. Resistance of column cross-section under compression: Seriel — normal temperature, Serie2
— fire conditions, after 30 minutes of high temperature, fire duration R30

2. The critical temperature of a section (the temperature at which it loses its compressive ca-
pacity), decreases as the slenderness of the section increases. This means that solid elements with
thicker walls show greater resistance to temperature. Therefore, for structures exposed to high tem-
peratures, it is recommended to use elements made of HEB profiles. IPE profiles are less favourable
and not recommended.

700 — 635

600

560 603 575
500
400 350 350 —
300
200
100
0

Framel Frame2 Frame3 Frame4 Frame5 Frame6

Fig. 4. The critical temperature value of the profile depending on its type - Frame 1 and 2 - HEA,
Frame 3 and 4 - HEB, Frame 5 and 6 - IPE. Once the critical temperature value is reached, the sec-
tion loses its load bearing capacity
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3. Inthe case of HEB-type profiles, the time required to reach the critical temperature at which
the cross-section of the element loses its compressive capacity is significantly greater compared to
that of IPE-type profiles. This is (as above) a recommendation for the use of solid elements, with low
wall slenderness, for structures significantly exposed to fire and high temperatures.

25

20

20
17 18
15
15
10 I 9 9

Framel Frame2 Frame3 Framed4 Frame5 Frame6

)]

Fig. 5. The time required to reach the critical temperature of the profile depending on its type -
Frame 1 and 2 - HEA, Frame 3 and 4 - HEB, Frame 5 and 6 - IPE. After this time, the section of the
profile loses its load bearing capacity

3. Summary

In conclusion, it can be said that in the case of structures where there is an increased risk of fire,
this fact should be taken into account at the stage of structural design. This is usually done using the
appropriate design procedures contained in standards [2], [3], [4], and various guidelines and recom-
mendations [5]. Thick-walled profiles with walls of low slenderness show greater resistance to high
temperatures compared to slender profiles with high wall slenderness.

However, it should be noted that steel structures exposed to fire should be compulsorily pro-
tected against the effects of high temperatures by using appropriate insulating layers. Only in this way
can the required safety of the structure be ensured during longer periods of fire exposure.
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IMPOEKTYBAHHS IPOMUCJIOBUX IEXIB 31 CTAJIEBUM KAPKACOM HA
BUHUKHEHHS ITOKEXHOI PO3PAXYHKOBOI CUTYAIII

Bo:xunap A., k.T.H.,

awojnar@prz.edu.pl, ORCID: 0000-0002-0537-3864
IleBuuk A., iHX., acIlipaHT

162835@stud.prz.edu.pl, ORCID:0009-0000-6347-2046
Keuryscokutl mexHono2iuHull yHigepcumem

200ecvka depoicasna akademin 6yOieHuymMea ma apximexmypu

AHoTauis. Y cTarTi NpecTaBIeHO MOBEAIHKY KOHCTPYKIIIT 1] BILTMBOM ITOXKEXK1 — TOKEKHA
pPO3paxyHKOBa CUTYyallis. Po3rnsigaBcs mopraibHUM BUPOOHUYHIA 1IeX 3 MposiboToM 18,0 M, TOBKU-
Hoto0 42,0 M 1 BUCOTOIO KOJIoHH 7,0 M. BifgcTanbs M’k paMamMu - OCHOBHHMH TTOTIEPEYHIUMHU CHCTEMaMH
- npuiHAIH piBHUM 6,0 M. PO3rIsIHYyTO BHUIANOK, KOJMM €IEMEHTH KOHCTPYKIi HE3aXMIIeHi BiJ
BILJIUBY BHCOKOI TeMrieparypu. Hecyuy 31aTHICTb, KpUTUYHY TEMIEpATypy Ta 4ac, HEOOX1AHUN ISt
JOCSITHEHHS! KPUTUYHOI TeMIIEpaTypH, aHaTi3yBaJIi JJIs TIONEPEYHHX Tepepi3iB KooH. Po3paxyHku
MIPOBOIMITMCS 32 IONTOMOTO10 KoMIT FoTepHOi rporpamu Autodesk Robot Structural Analysis 2024.

3a pe3ynbTaTaMH HAaBEJICHUX PO3PAXyHKIB 3pOOJICHO HACTYITHI BUCHOBKHU:

1. MimHICTh Ha CTUCK MOMEPEYHOTO MTepPePi3y KOJIOHU B YMOBaX MOXKEX1 B KUIbKA pa3iB HIKYA
3a MILHICTh Ha CTUCK MpH Aii 3BU4aiiHOI TemnepaTypu. ToMy BHIAETbCS 0OOB'SI3KOBUM BUKOPHC-
TaHHSI 3aXKUCTY €JIEMEHTIB BiJI i TMABUIIEHUX TEMIIEPATYP - KOHTYPHOI OOIMBKH 200 MOPOKHUCTOT
OOIIMBKH PIBHOMIPHOI TOBIIKHHU.

2. Kputnuna temneparypa (Temriepatypa, IpH SKiil TomnepeyHuit nepepi3 eJIeMeHTa BTpadae
3JIaTHICTh IO CTUCHEHHS ) 3MEHIIYEThCS 31 301IbIIEHHSIM THYUKOCTI. L{e 03Hauae, 110 MacuBHI eneme-
HTHU 3 OL7IBII TOBCTUMH CTIHKAMHU BUSBIISIIOTH OUIBIIY CTIHKICTBH 0 TeMmIeparypu. TomMy Ijisi KOHC-
TPYKLUIH, 110 MiJIaI0THCS BIUIMBY BUCOKUX TEMIIEpaTyp, PEKOMEHIYEThCSI BUKOPUCTOBYBATHU €JIeMe-
Htu 3 npodimie HEB (mmpoxononuuni nsoraspu). [Ipodini IPE (HopmanbHi 1BOTaBpH) € MEHIIT
CIIPUSATIMBUMHU 1 HE PEKOMEHYIOThCSI.

3.V Bunaaky npodiniB tuny HEB vac, HeoOXiqHuH 17151 TOCATHEHHS KPUTHIHOI TEMIIEPATYPH,
3a K01 MONEePEeYHUH Tiepepi3 eJIeMeHTa BTpayae 3/1aTHICTh JO CTHCKY, 3HAYHO OUTBIINI MOPIBHSIHO 3
npodinsamu Tuny IPE. e (ax 1 BuIe 3a3HaueHe) € peKoOMEHIAITI €0 1010 BUKOPUCTAHHS TaKUX IIPO-
(b1TiB €IeMEHTIB 3 HU3bKOIO THYUYKICTIO CTIHOK JUIs KOHCTPYKIIiH, K1 MiJIal0THCS BIUIMBY BOTHIO Ta
BHUCOKHUX TEMIIEpaTyp.

[TincymoBYyrO4H, MOYKHA CKa3aTH, L0 Y BUMAAKY 3 KOHCTPYKILISIMHU, A€ iICHY€ MiJBUIICHUN pu-
3UK TOXKEXI1, 1IeH (akT CiIi BpaXxOBYBAaTH Ha €TaIll MPOCKTyBaHHS KOHCTPYKIIii. TOBCTOCTIHHI Mpo-
¢bini 31 CTIHKAMU Majoi THYYKOCTI BUSIBIISIIOTH OUTBIITY CTIHKICTB /10 BUCOKHMX TEMIIEpaTyp Y MOpiB-
HSIHHI 3 TOHKUMHU NPOQIISIMHU 3 BUCOKOIO THYYKICTIO CTIHOK.

OpnHak chif 3a3HA4YMTH, 110 CTaJeBi KOHCTPYKIII, 110 MiAJAIOThCS BIUIMBY BOTHIO, MMOBHHHI
OyTu 000B’S3KOBO 3aXHIIEHI BiJl BIUTABY BUCOKHUX TEMIIEPATYp 3a JOMOMOTOIO BIAMOBIIHUX 130715~
HidHUX mapiB. TiAbKK TAKUM YMHOM MOYXKHA 3a0€3MeYUTH HEOOXiaHY Oe3MeKy KOHCTPYKIIT MpoTs-
TOM TPHUBAJIOTO MEPioAY BIUIMBY BOTHIO.

KurouoBi ciioBa: BUpoOHHWYHMH 11€X, CTIHKICTh MMOPTAIBLHOI paMH, aBapiiiHa pO3paxyHKOBA CH-
Tyallisl, TOXKEeXKHa PO3paXyHKOBA CUTYallisl, aHaJli3 METOJIOM KiHIIEBUX €JIIEMEHTIB.
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YUCEJIBHE MOJAEJIIOBAHHSA ITIOCUJIEHHSA CTAJIEBOT'O
NIA3EMHOI'O HUJIIHAPUYHOI'O PESEPBYAPY
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Ycenko M.B., k.T.H., CT. BUKJIa1a4

usenkonick201084@gmail.com, ORCID: 0009-0001-1969-1265

BbakyJaina B.M., cT. BUKIagauka

bakulina88@ukr.net, ORCID: 0000-0003-0849-9697

Hayionanvnuii ynisepcumem biopecypcie i npupoodokopucmysanusn Yxpainu, m. Kuig

Anoranis. [locuTh dYacTo, y peaqpHHX yMOBaX eKCIUTyaTallii, IiJa3eMHI pe3epByapu
npu3HayYeHi Juig 30epiraHHsd pPIIKUX MarepiajiiB, BTpPayalOTh EKCIUTyaTalliiiHy NpUAATHICTh 3a
KOPOTKUU TepMiH ekcruryaTailii. Hailinpma KiTbKicTh Oe(eKTiB MOB’s3aHa 3 BTPATOIO MiCIEBOT
CTiHKiCTIO 0O0JIOHOK pe3epByapy. Y poOOTi MPOBEACHO aHAli3 HAMPYXEHO-AePOPMOBAHOTO CTaHY
THUTIOBOTO pe3epByapy 06’ eMoM 75,0 .4 3 uiHAPHYHOT ABOIIAPOBOT 06010HKH. Bu3HaueHi NpuunHn
BTpaTH MiCIIEBOI CTIIKOCTI 000JIOHOK Ta HaJaH1 BiAMOBIIHI PEKOMEHIAIII1.

MeTtoto po60TH € BU3HAYCHHS HAMPYKEHO-AehOPMAIIHHOTO CTaHy pe3epByapa JIsl BUSIBJICHHS
npuyuH jaedopMarlliii koprnycy Ta HaJaHHS BIANOBITHUX PEKOMEHAALINH MO0 MOTO 3MillHEHHS.
[Mparttoe B pealbHUX yMOBaX €KCIUTyaTallii 3a GaKTHYHOTO HAaBAaHTAKCHHSI.

KuouoBi cjoBa: mij3eMHUN pe3epByap, HIJIIHIPUYHA JBOIIApoBa OOOJOHKA, YHCEIhHE
MO/ICIIIOBAHHS, HANIPY)KEHO-e(OPMOBaHUil cTaH, AePeKTH, CTIMKICTh, eKCIUTyaTallisl, TOCUJICHHS.

IloctanoBka mpoOJjeMu. Y peaJbHHX YMOBax eKcCIUTyaTauii, MiI3eMHI pe3epByapu
MpU3HAuUeHI 1y 30epiraHHs PIAKUX MarepianiB, BTpavyarOTh EKCIUTyaTalllifHy NPUIATHICTh 3a
KOPOTKHH TepMiH ekcruryarariii. HaiibinpIma KimbKicTh Ie(eKTiB MOB’sA3aHa 3 BTPATOIO MICIEBOI
CTIHKICTIO 000JIOHOK pe3epByapy.

VY poboTi mocnipKyBaBcsl MiA3eMHUN pe3epByap, MpU3HAUYEHUI ais 30epiraHHs MaluBHUX
MatepianiB, 06’emom 75,0 a°. PesepByap cknamaeThes 3 LMTIHAPHYHOI JBOIIAPOBOI OOOJOHKH,
3BapeHOi 13 MOB3JOBXKHIX JIUCTIB Ta JABOX OOKOBMH eMNTHYHOI (opMH. 30BHIIIHIA AiaMeTp
pesepByapy ckianae 3,24 y; BHyTpiIHiN giameTp — 3,22 m; ToBXKUHA pe3epByapy — 9,68 am; ToBIIMHA
30BHIIIHBOI CTIHKU — 4 MMm; BHYTPIIHBOT — 5 mm. [T’ STh Kijlelb KOPCTKOCTI CKIAIAI0ThCS 13 KyTHKa
75X75%5 Mm Ta CMYroBOi CTal TOBIIUHOIO 5 MM.

PezepByap BcTaHOBIIEHMH Ha 3arauOiIeHUN 3ali300eTOHHUN (yHOAMEHT Ha SKOMY
BCTAHOBJICHO JIBa JIOXKEMEHTA 3 KyTOM OOXBaTy IWIIHApUYHOI oOomoHku y 120° ta (ikcariero
pe3epByapa craneBuMH noscamu. Hus (aHu1e) pesepByapa 3HaX0UThCS Ha 1o3Haulli — 4,74 m, Bepx
Ha mo3Hauku — 1,50 m Big moBepxHi 3emiti. HanmB manmBa 311HCHIOETBCS Yepe3 JIOK (TOPIIOBUHY)
niamerpom 800 am, MO0 3HAXOAWTHCS Y BEPXHIM LEHTPaTbHIA YacTHHI pe3epByapy. 3 METOIO
3ano0iranHs 3a0pyJHEHHIO OTOYYIOUOTO CEpPEOBUINA MATMBHUMU MaTepialaMH, MO TEPUMETPY
(GbyHIaMEHTy BIIALITOBaHA JpPEHa)KHA CUCTEMa 3 HAKOMUYYBAJIBHOIO €MKICTIO Ta reOMEMOpaHHUM
3aXUCTOM.

AHaJi3 ocTaHHIX Jukepes i myOJikaniii. /[iroua HopMaTuBHA 6a3a y raimy3i NpOEKTYBaHHS
cTaneBux pe3epByapiB [1-3], po3pobiiena Ha e noyatky XXI cTomiTTsA, moTpedye ya0CKOHATIEHHS
3 ypaxyBaHHSM aKTyaJbHHUX pPO3pOOOK MPOBIIHMX HAYKOBUX LKL YKpainu [4—6] Ta iH.

HopmatuBHe 3a0e3neueHHs HaAIHOCTI Ta KOHCTPYKTHUBHOI Oe3neku OyaiBens Ta copyxa [7],
pamnioHabHUH 3aXUCT TepUTOpii 3a0y10BH [8], peanizoBaHi MPOEKTHI PILICHHS TOIIO — HA Kajb He
3aBkAM 3a0e3Mevye HaleXHy eKCIUTyaTalliio Oy/IiBeIbHUX KOHCTPYKIIM OyiBellb Ta 1H)KEHEPHUX
cnopya [9, 10] i crmoHykae iHXKEHEpiB Ta HAyKOBIIB IOCTIHHO MiJBUIIYBAaTH BJIACHUH piBEHb
MIITOTOBKH 13 YpaxXyBaHHSIM Cy4aCHUX JIOCATHEHB y ranysi [4, 11].
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Po3pob6eni kpurepii HaniiHOCTI [5] Ta pu3uKiB [6] mig yac BU3HAYCHHS IIHCHOTO TEXHIYHOTO
cTaHy OyJiBENIbHMX KOHCTPYKIIH 13 ypaxyBaHHsIM HasBHUX nedekTiB [12, 13 Ta iH.], KOpo3iliHO-
MEXaHIYHUX PYiHYBaHb [ 14], HAsIBHOCTI CKJIATHHUX 1HKEHEPHO-TEOJOTIYHNX YMOB 3a0ynoBu [15] (y
TOMY YHCII 13 ypaxyBaHHSAM Jii CEMCMIYHMX HaBaHTaxeHb [16, 17]), HEOOXIAHOCTI MPOBEACHHS
PEKOHCTPYKIIiT Y CKIIAJTHUX YMOBaX IIIbHOT 3a0ym0BH [ 18], MeTOIM BIAIITYBaHHS MIAMIPHUX CTIHOK
[8, 19], — nmameko He BeCh MEPENK BHUKJIWKIB, SKI MOCTAIOTh MiJ] Yac MPOCKTyBaHHS, 3BEICHHS,
MOHTa)XXy Ta 0e31e4YHOi HalliHOI eKCIuTyaTalii 00’ €KTiB OyAiBHUIITBA.

AHani3 OymiBenbHOI HOPMATHUBHOI 0a3W pO3AUISE pe3epByapd Ha JBI OCHOBHI TPYIH:
eéepmuKanbHi TWIHAPUYHI cTaneBi g HadTu Ta HapTOmpoaykTiB [1] Ta craneBi pesepByapu
copuzonmanwvui [2]. Y po6oti [20] HaBemeHI NPUHIUMIIKA KOHCTPYIOBAaHHS Ta OCOOJMBOCTEH
PO3paXyHKy BEPTUKAILHOTO IUIIHAPHYHOTO CTATIEBOTO pe3epByapy (€MHICTIO 5 THc. M) BikpHuTOro
THITY 13 YpaxXyBaHHIM IOsIBH KpalioBoro edekty. Kimacudikariis craieBux pesepByapis, BimoOpaxkeHa
aBTOpamMu y [21] mo3Bommia po3poOHUTH 3araJibHUM allTOPUTM PO3PaXyHKY CTAIIEBUX PE3epPBYyapiB A
30epiraHHs BYTJICBOJ/HIB, a TAKOXK MPEACTABUTH TUIIOJIOTIIO Ta OCHOBHI XapaKTEPUCTUKH ICHYIOUHX
pe3epByapiB. Haykosisimu [16] cucremaT3oBaHi poOIeMHI TUTaHHS OYAIBHUIITBA Ta €KCILTyaTamii
HaTOBHX BEPTHKAJIBHUX CTAJICBUX PE3EPBYapiB y CKIATHUX I1HKEHEPHO-TEOJIOTIYHUX YMOBaX.
OTxe, MpoBeNEeHWH aHaT3 HABOAWTH JIMIIE TOOAMHOKI BUMAJAKH HAYKOBHX PO3POOOK IIOAO
MPOEKTYBaHHS, TEXHOJOTIH BHUTOTOBJIEHHS, O€3MeYHOi eKCIUTyaTalii Ta MOCHJIEHHS CTaJeBUX
pe3epByapiB 3apUTOTO THUILY.

IlocTanoBka 3aBaaHHA. MeTol0 poOOTH € BU3HAUEHHS HANpPY>KEHO-Ie(OPMOBAHOTO CTaHY
pe3epByapy, SKHI MpaIoe y pealbHUX YMOBaX €KCIuTyartaiii BiJ (GakTUYHOTO HaBAHTAKEHHS IS
BUSIBJICHHSI TIPUYMH Jedopmaliii Kopnycy Ta HaJaHHS BiIIMOBITHUX PEKOMEHJAIM IM0J0 HOro
MTOCHJICHHS.

OCHOBHUM HAaBaHTAKCHHSM Ha Mi3e€MHHUI pe3epByap € 30BHIITHIN THCK TPYHTY. AHATI TUIHHUI
PO3PaxXyHOK pe3epByapy BUKOHYETHCS K TOPU3OHTAIBHOT IUIIHAPUIHOT OOOJIOHKH 13 ENINTUIHIMH
OOKOBMHAMH Ha 110 30BHIIIHKOTO THCKY Y BianoBigHocTi 7o COY MIIIT 71.120-217:2009 [22].

OcHoBHUIi MaTepiaJ i pe3yabTaTn. YncenbHe MOACTIOBAaHHS BUKOHYBAJIOCS Y TPUBUMIPHIN
noctanoBIli 3a gormomororo [TK «JIIPA CAIIP» 13 ypaxyBaHHSIM 0COOJIMBOCTEH, HABEIEHUX Y pOOOTI
[23]. 3araneauii Burnsa 3D mozeni pesepByapy (puc. 1) Ta iioro mpocTopoBoi CKIHUEHO-eIEMEHTHOT
MO/IeITi, TPEACTaBICHUH Ha puc. 2.

Puc. 1. TpuBumipHa uncenpHa 3D Monens pesepByapy

Po3rnsiHyTo HacTynmHUIl pO3paxyHKOBHH BHUINAJOK: pe3epByap 0e3 MNPOAYKTY IOBUHEH
BUTPUMYBATHU THUCK TPYHTY. AHAIITUYHI (POPMYJIM HABEACHI IJIs BUMAJAKY Jii 30BHIITHBOTO THUCKY,
MOCTIHOTO SIK 32 JOBXXMHOIO, TaK 1 3a KOJOM 000JOHKH. OCHOBHI XapaKTEPUCTUKU >KOPCTKOCTI
KOHCTPYKTHBHHX €JIEMEHTIB pe3epByapa npeacTaBiieHi y Taoi. 1.

YucenbHe MOJENIOBAHHS IiJ3€MHOTO pe3epByapa IPOBOAWIOCS Ha CIOJXYYEHHS 3yCUIb
CEPEIHhOTO THCKY, SKUU € EKBIBAJICHTHUM TUCKY I'PYHTY, III0 BU3HAYAETHCS 13 ypaxyBaHHsIM [22] 3a
HACTYITHUMH 3aJIEKHOCTSIMHU:

P,=07(P.+P); M
P =y, 7 (H+015D,); )
P =y, 7, (H+05D, )tg2(45° —g), 3)
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pe: B, — cepensiii THCK IpYHTY; F, — IHTCHCHUBHICTb BEPTHKAIbHOIO THCKY IpyHTY, P, -

IHTEHCUBHICTh TOPU3OHTAILHOrO (OIYHOTO THCKY IPYyHTY); ¥, =13 — koediuient HamifiHoCTi 32
HaBaHTAXEHHSAM B1Jl TUCKY IPYHTY; ¥, = 1,73 mc/ M’ —TIMTOMa Bara IpyHTY; H — BHCOTA 3aCUITKH /10
BEpXY pe3epByapa; ¢ — KyT BHYTPIIIHBOIO TePTs IPYHTY; [, — 30BHIIIHIN JiaMeTp pe3epByapa;
k =2,4— xoedimieHT 3amacy CTiKOCTI.

Tabmuns 1
XapaKkTepuCTHKH KOPCTPOCTiI KOHCTPYKTHBHHUX eJIEMEHTIB pe3epByapa
Tunu HaiimenyBanHs [TapameTpu
KOPCTKOCTI €JIEMEHTIB (mepepi3u, KOPCTKICTh, PO3MOJIIJICHE HABAHTAXKEHH)
1 wiactiia H 5 1 E=2.1e+007 mc/m°, V=0.2,
H=0.5¢cm, Ro=7.85 mc/m’

q=0.00579879
EF=15523.5 mc, E1,=8.3 mc*m’

) KyTHK Ei=8.3 mcxm’, Gu=0.0576 mcxm’
TS TS xS Y1=0.976 mm, Y2=2.65 mm,
Z1=0.976 mm, Z»,=2.65 mm,
RU Y=0 pao.x1000, RU Z=0 pao. <1000
3 miactuHa H 4 yvm E=2.1e+007 mc/m?, V=0.2,
H=0.4 cm, Ro=7.85 mc/m’

/\\\\ A

e ===

Puc. 2. 3aranbHuii BUTIISIT CKIHUEHO-EJIEMEHTHOT MOJIENI pe3epByapa

Emopa npupoIHBbOTo THCKY IPYHTY 3MiHIOEThCS Bif 2,25 mc/m® nma mosmauni —1,50 m Bix
ToBepXHi 3emiti 10 9,72 mc/w’ Ha piBHI GpyHIAMEHTY pe3epByapa, puc. 3.

= - I
973 848 123 5.9 EX 35

Gpouerpas
s gloms) saom ost 2(L)
Eniesasinep asm - 102

Puc.3. Mo3aika HaBaHTa)XeHb B TUCKY IPYHTY
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T T T
173 643 515 386 257 -129 00203 0.0203 129 204
JHTEPA
Masaa o(mom) 07 oot Z(L)
I e
W
/ / / / / 7/ [ -
/ / / / / / )
]
/ ] 7 7 7 7 ]
/ / / / / 7/ (I
/ / / / / / \
y y \
/ / / / / \
7 i
XK
N7

Puc. 4. Mo3aika HaBaHTa)K€Hb BiJI IEPLIOrO OCHOBHOTO CITOJyYSHHS 3aBaHTAKEHb
(BacHa Bara, MajmMBoO, IPYHT)

MinimanpHa J0MycTUMa TOBIIMHA CTIHKH pe3epByapa, 0€3 BpaxyBaHHs KiJIelb KOPCTKOCTI,

po3paxoByemo 3a dhopmyiamu [22]:
) 0,4
t = max{1,062 'D.( pL j =

B 107°-E-D

- 0,4

:1,0610 324 759,72 9,768 — 0,095,
2,57 107-2-10"-3,24
ne
0,067 0,4

B =max 1;0,47(5) (Lj =

107 - F D

=max- 1;0,47 %
107-2-10

p — 3HAYEHHS PO3PAXyHKOBOIO TUCKY TIPYHTY (y JaHOMY BHIAAKy — CEpeAHId THUCK IPYHTY

cTaHOBUTH 9,72 mc/m?); L — noBkuHA oOuuaiiku y m; E — MOZyIb IPYKHOCTI cTami y mc/m’.
Pesynbraty uncenbHUX pO3paxyHKIB IMiJI3EMHOTO pe3epByapy, MpU3HAYCHHUH i1 30epiraHHs

NAJIMBHUX MaTepiajiiB JO3BOJIMIM OTPUMATH 130MOJIS MEpeMillleHb B3AOBXK oci (Z Bix mepuioro
OCHOBHOT'O CTIOJTy4€HHsI HaBaHTaXeHb (puc. 5), 1ehopMoBaHy CXeMy CIIOpYIH pe3epByapy (puc. 6),

0,067 0,4
[ 9,68 _257,
3,24

2

223

T =
0445 0801

=T=
0000121

=
0.000121

C

00121
THTEPA

Haomm mepereuessdinoZ(G)

Cpempusi ot
E s oM e 100

|

B
Puc. 5. [3omomns nepeminieHp B310BXK oci ()Z Bij MEepPIIOro OCHOBHOTO CITOJTYYeHHS! HABAaHTA)KECHb
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(dbopMy BTpaTu CTIHKOCTI CTIHKH pe3epByapy i3 ypaxyBaHHsAM Koedimienty 0,25 (puc. 7), HOB310BXHI
3YCUILISL «PO3TATY-CTUCKY» Y CTEPKHEBUX €JIEMEHTaX KiJiellb HOCUJIEHHs (puc. 8), 13010JI TOJIOBHUX
Hanpyxenb N; (puc. 9) Ta N3 (puc. 10) y macTuHax oOM4aiiku pe3epByapa, i30MoJisl eKBIBAICHTHUX
HanpyxeHb po3Tary NE y miacTuHax oonyaiiku pesepByapa (puc. 11).

Puc. 6. lepopmoBana cxema pe3epByapy

Puc. 7. ®opma BTpatu CTiKOCTI cTiHKK pesepByapy. Koedimient 0.25 < 1

T T— T
6.04 .03 -402 -3.02 201 -1.01 00476 0.0476 101 201 302 4.02 476

Puc. 8. I1oB310BKHI 3yCHIIJISI B CTEPKHEBUX €IEMEHTAX KiJIelb IMiICUICHHS

-67 -



Cyuacni 6yodisenvri koncmpykuyii 3 memany ma oepesunu, 2024. — Bun. Ne 28

(ctop. 63-74)

T
241 241 241 21764003 4351003 652003

JHTEPA

1

‘HI50n01% T EX Banp ket N1

Cpemuii cnoii

‘EmpEums e e - Th2

z

131e+004

Puc. 9. [30mo:1s1 ronnoBHUX HanpyxkeHb N; y IIacTUHAX 00MUYaiiku pe3epByapa

zH

$.61€-003 -845¢7003 ~676¢7003 50767003 33867003 -1.69¢7003 36
THTEPA

1

Hsonons rnas s wanp sxesnai N3

Cpemai cro
Exnoms: navepess - 52

1.69¢+003 338003

1.01e+004

Puc. 10. [30mons roJOBHUX HAMpyKeHb N3 y MIACTHHAX OOMYAWKH pe3epByapa

[ T =
555 3.82¢7003 7.08+003 103e+004 1.36e+004

A
Hsonons aKeimane s Kanp ok aaiil NEOH
Cpemai

<o
Exmos msepea - 132

20167004

2y

%x

Puc. 11. [3onons exBiBaJIeHTHUX HarpykeHb NVE (pO3TSr) B IJIaCTUHAX 0OWYalKU pe3epByapa
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OTtpumani pe3yibTaTH MEPEBIPKH KiJIIb )KOPCTKOCT1, BUKOHAHMX 13 KyTHUKa 332 TPAHUYHUMHU
cTaHamu rnepiioi rpynu (puc. 12) 3po6iieHi y BiANOBIAHOCTI A0 NirouuXx OyaiBeabHUX HOpM [1-3 Ta
iH.] 13 BUKOPUCTAHHSM PO3paxyHKOBOTrO crioiay4yeHHs HaBaHTaxeHb y [1IK «JIIPA CAIIP» [23].

BukoHaH1 Tako)K po3paxyHKHU MO0 EPEBIPKU KiJIelb )KOPCTKOCTI 3a TPAHUYHUMU CTaHAMU
apyroi rpynu (puc. 13) Ta nepeBipeHi IXHA CHPOMOXKHICTh Ha MICIIEBY CTIHKICTb (puc. 14).

Le npeeasoe cocrommre. llposepxa. Pacwer mo PCH.

A\l\ /I{'\’\ Af’\l\ Af'\A A/‘\l\ /I/\A I
Y/ VAN 7 VAN 7 N\l
4\ YN i\ Y, \ N
AT 7T/~ 7% 7
\L_// \[_ /] NV \ /] \ I \
NIy [ ] ]
1] 1] 1] ! ] | ] |
yNINIY/I I I
N I | A A | A A
WI \/ | 7/ [ yi / i / Vi vl 7/ /f/
M/V/ N I,/ N /V/ N I/ N ”/ N7 I/ V[V//

Puc. 12. Pe3ynbraTu nepeBipku KiJelb )KOPCTKOCTI 32 TPAaHUYHUMH CTaHAMU TIEPILOi TPYIH

2-¢ mpeaeanioe ocrosmune. Hponepwa. Pacter o PCH.
[ ———

A i -5 A yo y
L YA\ YA YA YA YA Nl
y/ AN L\ 4\ y AN 4\ £\
/% RN /RN /RN R R RN
7, N Al /] A\l /] \ /] \ il \
I [ /] /
| i1 i i I i /| |
NI I /I I
\ \ / 7 1] I / / Ji / |/
A A A | R A 1 R A/
\\\y | // | // / // | // | //
M/ V\|/V V\\/I \l\i/l \l\\/l V\|/l V\/VA/

Puc. 13. Pe3ynbraTu nepeBipku KiJeIb )KOPCTKOCTI 32 TPAaHUYHUMH CTaHAMH JIPYTOi TPyIu

Mecras yeroiransocrs. lposepka. Pacver o PCH.

ALK A/‘\;\ IV/\A /’/‘\I\ /yf'\l\ ”\A /n//
Y0, /A /AN VAN VAN N\
4\ A\ 4\ y/ AN 4\ JAN
/% /AN /RN /AN R RN\
7! 8 A I Y N F Y R J B
NI/ /
/] [ J[Il I I/ | I/ ]
NI/ I I
N\ - -
w“\ ‘v/ // / // / I/ / /I / I/ //

Puc. 14. Pe3ynbpTaTu nepeBipKH KiJlelb )KOPCTKOCTI Ha MICIIEBY CTIHKICTb
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BukoHanuii TMOpIBHSJIBHMK  aHaNi3 peanpHUX Jedopmainid  JBOMIAPOBOiI  0OOIOHKH
IUAJITHIPUYHOTO CTAJIEBOTO pe3epByapy i3 uncenbHo-aHamiTHaHO0 Mozeo y [TK «JIIPA CAIIP»
[23], sxuii moKa3ye CX0Ki MICIIsl yTBOPEHHS Ta pO3MOBCIOKEHHS 1e(PeKTiB i xedopmarriii 000I0HKH,
puc. 15.

a)

Puc. 15. IlopiBHsnbHUMN aHaJi3 peanbHUX aedopmartii
WTIHAPUIHOTO pe3epByapy (a) i3 4ncesbHO-aHAI THYHOI0 MOAEIUTIO (0)

Ile miaTBepmKye MOXKIHMBICTh 3aCTOCYBaHHS YHCEIBLHUX MOJEJCH OyIiBenb Ta iHXKEHEePHHUX
CIIOPYA Y CKJIaJHUX, HEOPAWHAPHUX I1HXKEHEPHUX 3a/la4yax 1 CTBOPIOE JIOJIATKOBI MEPEIyMOBHU 10
MOJIIMIIIEHHS ICHYI0YO0i HOPMAaTHUBHOT 06a3M y rany3i OymaiBHUIITBA.

BucnoBku. Y po0oTi MpoBeAeHO aHaji3 HampyXeHO-Ae(hOPMOBAHOTO CTaHY THIIOBOTO
pesepByapy 06’emom 75,0 4 3 muninapudHOi ABOAPOBOI 060M0HKY. BU3HAYeHI MIPUYMHN BTPATH
MICIIEBOI CTIMKOCTI 000JIOHOK Ta HaJlaH1 B1AMOBIIHI PEKOMEH/IAITii.

Peansni medopmanii cranesoro pesepsyapa 06’emom 75,0 A (puc. 15, a) Ta pesymbratn
pO3paxyHKy YHCeNbHOI MoJIesi pe3epByapa (puc. 15, 6) MaroTh CXOXUM XapaKTep.

Pe3epByap MOXxke BUKOPUCTOBYBATHUCH 13 YMOB 301IbIIIEHHS TOBIIMHH 30BHIIIHHOI OOMYaNKH 10
10,0 mMm Ta yCYHEHHIO BUSBIICHUX Je(EKTiB.
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Abstract. Quite often, underground tanks designed to store liquid materials lose their
operational suitability in a short period of operation in real conditions. The largest number of defects
is associated with the loss of tank shell local resistance. It was carried out the stress-strain state
analysis for a typical tank with a volume of 75.0 m® made of a cylindrical two-layer shell. There are
determined the reasons for the local stability loss of the shells and the corresponding
recommendations are given.

The purpose of the paper is to determine the tank’s stress-deformation state to identify the
causes of deformations of the casing and to provide appropriate recommendations for its
strengthening. It works in real operating conditions by the actual loading.

The main load on the underground tank is the external pressure of the soil. The calculation of
the tank is performed as for a horizontal cylindrical shell with elliptical sidewalls under the action of
external pressure.

The main results. It is considered following calculation case: the tank without product must
withstand the soil pressure. Analytical formulas are given for the case of external pressure, which is
constant both along the length and around the circumference of the shell.

The natural pressure curve of the soil varies from 2.25 ¢f/m’ at the mark -1.50 m from the surface
of the earth to 9.72 #f/m’ at the level of the foundation of the tank. The numerical calculations results
of the underground tank made it possible to obtain: the isofields of movements along the vertical axis:
the deformed scheme of the structure; the form of the loss of stability of the tank wall; the longitudinal
forces of "tension-compression" in the core elements of the strengthened rings; the isofields of the
main and equivalent tensile stresses in the plates of the tank lining.
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The obtained results of the verification of the rigidity rings according to the ultimate and
serviceability limit states in accordance with the current building regulations using the calculated
combination of loads in PC "LIRA FEM". It was verified their capacity for local stability.

It was performed the comparative real deformations analysis for two-layer shell of cylindrical
steel tank with a numerical analytical model in PC "LIRA FEM". It shows similar places of formation
and distribution of defects and deformations for shell.

Conclusions. The paper analyzes the typical tank stress-strain state with a volume of 75.0 i’
which is made of cylindrical two-layer shell. There are determined the reasons for local stability loss
for the shells. The corresponding recommendations are given.

The real deformations of steel tank with a volume of 75.0 m® and the calculation results of the
tank’s numerical model have a similar character.

The tank can be used under the conditions of increasing the thickness of the outer layer to 10.0
mm and removing the detected defects.

Key words: underground tank, cylindrical two-layer shell, numerical modelling, stress-strain
state, defects, stability, operation, strengthening.

-74 -



CyuacHi 6ydisenvhi kKoncmpykyii 3 memany ma depesunu, 2024. — Bun. No 28 (cTop. 75-84)

YK 340:007 (623.126, 624) d0i:10.31650/2707-3068-2024-28-75-84

MOPIBHAHHSA METOJJUK MPOHUKHEHHS 1 3ACOBIB MMOBITPSIHOI'O HAITAJTY
IMPOTUBHUKA B 3AJII30BETOHI KOHCTPYKIII CIIOPY/I 3AXHUCTY OB’€EKTIB
KPUTUYHOI IH®PACTPYKTYPU
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Kuiscoxuii nayionanvHutl ynigepcumem 6yoienuymea i apximexkmypu, m. Kuis,

VNPABNiHHA IHHOBAYIUHUX npoekmig Llenmpanvroco éoenno-Haykoso2o ynpaeninusa 'L 3CY

AHoTauis. Ha ocHOBI ormsany jiTepatypu BUSBICHO TEHCHII PO3BUTKY JOCIHIHKEHb CIIOPYA
1HKEHEPHOT'0 3aXUCTy 00’ €KTIB KPUTHUYHOI 1HPpacTpyKTypu. BuzHaueHo 1 y3arajibHeHO MPOBEEH1
eKCIIePUMEHTAJIbHI 1 TEOPETUYHI JOCTIKEHHS 3aT1300€TOHHUX 3aXMCHUX KOHCTPYKIii. OTIsSHYTO
JOCTIPKEHHs KOHCTPYKLINA 13 BUKOPUCTaHHSIM pPI3HUX MartepianiB. BusHaueHo, 1mo oaHuUM 13
MEPCIEKTUBHUX HAPSMKIB € BUKOPUCTAaHHS 0araromapoBiX KOMIO3UTHUX KOHCTPYKIIii. BukonaHo
OTJIsIT OCHOBHUX METOJMK PO3PAaXyHKY MPOHUKHEHHS 00MOBUX YaCTHH 3ac001B MOBITPSHOTO HaMay
NPOTHBHMKA IIiJ] Yac ynapy B 3aXMCHI KOHCTPYKIii. 3po0ieHO y3arajJbHEHHWH BHCHOBOK IIOJ0
Bukopuctanus MonupikoBanoi meroauku NDRC (CHIA) st OLIHKM eKCIIEpUMEHTAIbHUX
JIOCIILKEHb.

KirouoBi cjioBa: 3axucHI CIOPYIHW, 3a1i300€TOHHI KOHCTPYKII, 1HXEHEPHHH 3axuCT,
MPOHUKHEHHS, PaKeTH, 00’ €KTH KpUTHYHOI 1HPpacTpykTypHu, Kpaina-goprens.

Beryn. 30poitna arpecis pd 3yMoBHIIa HAWOUIBIIMKM BHUKIUK JJIS HALIOHAJIBHOI O€3MeKH
VYkpainu 3a Bech yac 3 1991 poky. Buacnizok arak Ha Tepuropii YKpaiHM BkKe ypa)keHO JOCHUThb
BEJIMKY KUTBKICTh 00’ €KTiB KpuTH4uHOi iHgpacTpykTypu (OKI) [1].

B 2022-2023 pokax Oyna po3po0iieHa i moyryuuia po3BUTOK konuenuist «Kpaina-gpopremsi» [1],
peaizailis IKoi CTBOPIOE YMOBH 3aXHUCTY BUPOOHUYHX, BIHCHKOBHUX Ta iHQPACTPYKTYPHUX 00’ €KTIB
VYkpainu. [y BTUIEHHS BKa3aHOi KOHIEMIIT HEOOX1THO pO3BUMBATH Ta BUPILIYBAaTH HOBI HayKOBI
TEOPETHYHI, EKCIIEPUMEHTAJIbHI 1 METOMOJIOTIYHI 3aJadi, SKi BHUHHKAIOTH IIiJl Yac I1HXEHEPHO-
TEXHIYHOTO Ta HAYKOBOT'O CYIPOBOAY NMPOEKTYBaHHsS 1 OyIiBHHULTBA 3aXMCHUX KOHCTPYKTHBHHX
cucteM [1, 2]. BuHUKHEHHS TakuX 3a7a4 00yMOBJIEHI TAKUMHU 00’ €KTUBHUMU (haKTOpPaMU:

1. Ypaxenns arpecopom OKI pakeramu, siki BiICYTHI Ha 030poeHH1 YKpainu. MoaearoBaHHs
3aXMCHUX CIOPYZA Yy pa3l HOpsAMOro BIy4aHHS pakeTaMH 3 HaJ3BYKOBOK MIBUAKICTIO B MOMEHT
KOHTaKTy, 3 MOoJanbIiuM BHOyXoM 0oiioBoi dactuHu (BU) 31 3HaYHOI Macow B TPOTHUIOBOMY
€KBIBaJICHTI — I CKJIQJIHA 3a/1aya, MPUKIAIA PO3PAXyHKY SKOI 3a3BHYai BIJICYTHI Y BIIKPUTOMY
noctymi. bBoioBi XapakTepucTHKHM 3aco0iB ypakeHHS arpecopa 3a3BHYail TakoX HE €
3araJibHOAOCTYIHUMU [ 1, 2].

2. BiacyTHICTh cydyacHHX HOPMATHBHUX IOJIOKEHB 11010 pO3paxyHKy 3axucHux crnopya OKI
Ha YpaKC€HHsI Cy4yaCHMMH 3acobamm arpecopa. BifCyTHICTH y BIIKpUTOMY JOCTYIIl TMEPEBIPEHUX
METOAMK PO3paxyHKiB BIy4aHHs 3aco0iB nosiTpsiHoro Hanaxay (3I[1H) npu mBuakoctsax 800-1100m/c
B MOMEHT KOHTAaKTy 3 LIJUIIO, sIKA MAa€ CKJIAaJHY KOMIO3UTHY CTPYKTYpPY; IEpEBIPEHUX METOIUK
po3paxyskiB BiyuanHs 3I1H, siki matoTs nponukaroui bY.

3. BiACyTHICTh THIIOBHUX TIPOEKTIB 3aXUCHUX CIHOPYA Ta HOPM 13 TPOEKTYBaHHS 13
y3araJbHEHUMH PEKOMEHJALisAMU o0 OyIiBHHULTBA Ta ekciulyaTanii. Hopmu mnpoekTyBaHHS
CHOPYZ LMBUIBHOTO 3aXUCTYy HE MIAXOJATh AJIS IPOEKTYBAHHS CHOpY[ 1HXkeHepHoro 3axucty OKI,
TaKk SIK BOHM MarOTh pi3HEe (YHKLIOHAJIbHE NPU3HAYCHHS, TEXHOJIOTIIO 1 (haKTOpH ypaskeHHS,
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TOJIOBHUMH 3 SIKHX € yJIapH, OCKOJIKH, TpoHUKHEHHs bY 3 moganeimmM BUOYyXxoM BUOYXOBOT peYOBUHU
(BP).

4. MoXJIMBICTh BHMKOPHCTaHHsS CTajieil BHCOKOi MIIIHOCTI 13 peanmi3aimieo poboTH Ha
MaKCUMaJlbHI HaBaHTA)XCHHS 1 BIUIMBH, Ta 13 ypaxyBaHHSM PO3BUTKY OOMEXKEHHMX IUIACTHUYHUX
nedopmartii.

5. HeoOXigHICTh MiABHINEHHS WBYYOCTI, BOTHECTIMKOCTI KOHCTpPYKIid [4, 5] mpm
IMIOYTBCHUX 1 JDUHaAMIYHUX disx [3, 6]. AHami3 Ta YHHUKHEHHS OOBQJICHHS TOBEIIHKH 3aXUCHOI
KOHCTPYKITIi BHACIIJOK MPOTrPEeCyOUoro pyHHYBaHHs, 3a0€3MEUCHHS KUBYYOCTI KOHCTPYKTHBHUX
cucteMm [1, 4].

6. MOXIHBICTh BUKOPUCTAHHSI OC€TOHIB BHCOKHMX KJIACiB MIITHOCTI, KOMIIO3UTHUX CYMIIIIEH,
IIPU 3aXMCTI BiJ yIapHUX HaBaHTaKEHb 3 IPOHUKHEHHSIM BCEPEIUHY 3a11300€TOHHOIT TOBIIII.

7. HeoOXigHICTh YTOUHEHHsSI HABaHTAKCHb Ha OyaiBeIbHI KOHCTPYKIII y pa3i BUOYXY B
CTHCHEHHMX yMOBaX, y TOMY YHCII TOPAJ i BCEpEIHHI 3aXUCHOI CIIOPYAU. Y TOYHEHHS KOe(ili€HTIB
3aTiKaHHS B 3aJI€KHOCTI BiJ] KOHCTPYKTUBHHX OCOOJIMBOCTEH 3aXHMCHOTO KOpUIOpy. BpaxyBaHHS
MOJKITUBOTO MOJAIBIIOTO BJIOCKOHAJICHHS 3aC00iB MOBITPSIHOTO HAMaay arpecopa.

8. HeoOXimHICTh TIPOBEACHHS EKCIEPUMEHTAIBHHUX MOCTIDKEHh HAa MOJEISIX 3 HACTYITHUM
aHaJIi30M, CTBOPEHHSI Ta MIPUCTOCYBaHHA 00JalHAaHH A7 (iKcallil 4acTOT KOJIMBaHb 1 epeMillleHb
OyaiBebHUX KOHCTPYKIiH 3 TouHicTio 10 0,001 ¢, ans dikcarrii yacy BUOyXy 1 aMIuIiTy ] KOJUBaHb
KOHCTPYKLIH A0 1 miciast BUOYyXY.

9. Po3pobOxka 3axucHUX KOHCTPYKIiH Bix Aii BY 6e3minoTHux mitatounx amapatis (briJIA).

AHaJi3 ocHOBHMX /Kepe. [Jo hopTudikamiitnux, iHKeHEpHUX 3aXUCHHUX CIIOPYI, Ta CIIOPYA
[UBUTPHOTO 3aXHCTYy — BHUCYBAIOTHCS PI3HI BHUMOTH, Ta 3aCTOCOBYIOTBHCS PI3HI MAXOAH Y
npoekTyBaHHi. [lociioBHICTD 301IBIIEHHS BHUMOT JO 3aXHCHHX CIIOpYJ TICHO TIOB’si3aHi i3
YAOCKOHAJICHHSIM (DaKTOPiB ypaxkeHHs. Tak 11 3aXUCTy 1HQPACTPYKTYPHUX Ta BINCHKOBHUX 00’ €KTIB,
MOYMHAIOYN 3 MEPILIOi CBITOBOI BiIHM, CTaJM HMIMPOKO BHKOPHCTOBYBATH CTallb Ta 3aJli300€TOH 3
METOIO0 3aXHCTY BiJl YpaKeHHS apTUJIEPIHCRKUMH CHapsmamu. Jlpyra cBiToBa BiliHa aojana o
nepeniky Hebe3neuHux (GaxkTopiB aBiabomOu, a «X0JI01HA» BiifHa — 3arpo3u, OB sA3aHi 13 SAECPHOIO
30poero. [IlupokomacmrabHa BiiiHa pd, sSKa BEIEThCS Hapasi MPOTH YKpaiHH, 3acCBIiIYMIIA TOSBY
HOBUX, PaHillle HE BpaXOBaHUX 3arpo3 Juisl criopya Bin Bucokorounux 3ITH mpoTuBHUKA, 30KpeMa
paketr ta brnJIA. lle nmpu3BOAUTE A0 PO3MIMPEHHs CIICHAPIiB 3arpo3, HaBaHTAXXEHb 1 BIUIUBIB Ha
OyniBni 1 crmopynu. AHami3 JAOCHIPKEHb BKa3ye Ha HEOOXITHICTh Yy3arajJbHEHHs Kiacudikarii
CWJIOBHMX Jii BiJ cydacHUX (DaKTOPIB YpaKEHHS Ui CIIOPYI 3 ypaxyBaHHSM BOEHHOTO CTaHYy 3
PI3HUMH XapaKTEPUCTHUKAMHU 1 HACIAKAMH.

[ToTentiiii aHTpomnoreHH1 (akTOpH ypa)K€HHS BOEHHOTO 4acy, sIKi BIUTMBAIOTh Ha 3aXHUCHI
CTIIOPY/AH, MOXHA PO3IUIUTH 32 OCHOBHUM BIUIMBOM Ha:

1) kiHeTHYHi,

2) BuOyXOBli,

3) TemriepaTypHi,

4) OCKOITIKOBI,

5) KyMyJISITUBHI,

6) ynapHi siipa,

7) xiMiuH1,

8) eNeKTpOMarHiTHi,

9) koMOiHOBaHI,

10) HenpsMi 1 BTOpUHHI €PEKTH.

B OyiBensHux Hopmax (JIBH B.1.2-14) i y moctanoBax (Ne471 mocranoBa KMY) 3akianena
KOHIIEMI[is OAMHUYHOI KUBYUYOCTi, IO B JIAaHOMY BHUMAJAKY TIOB’s3aHa 13 €(EKTUBHICTIO CHUCTEM
npotunoBiTpsiHoro npukputts OKI [1, 4], peMOHTONPUIATHICTIO 3aXMCHUX CIIOPY/, BYACHICTIO Ta
OTIEPATUBHICTIO MPOBEJICHHS PEMOHTHUX POOIT MiCIIs BIYy4aHb.

His pizaux tumiBe 3[1H Ha cmopyny Biapi3HseTbes (I3UKOIO YTBOPEHHSI JTUHAMIYHOTO
HABaHTAXEHHS, YacOM YJapHOTO IMIIYJIbCy, CIEKTPOM HACIHiJKiB MOIIKO/KEHb Il TOIIO.
BaxnuBumu aktopamu, ki XapakTepu3yroTh yaapHi 1 BuOyxosi aii Bix 3[1H € Bara, mBuUaKicTs B
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MOMEHT KOHTakTy, XapakTepuctuku bY, kyr Bmy4danns. Ha omnip mponuksensto 3ITH Bcepenuny
3aXHCHOI KOHCTPYKITIi 800 BUOYXOBOT XBHJII BIUIMBAIOTh TaKi XapaKTEPUCTUKHU 3aXUCHOT CTIOPYIU K
il rycTMHa, KOHCTPYKLIS 1 MILIHICTh MaTepiaiiB, yMOBH OONMHUpaHHS, B3aEMOMAIl 3 I1HIIUMH
KOHCTPYKITISIMH KOMIUIEKCHOT CHCTEMH 3axXHCTy Tomo. 3rigHo kouuemnmii «Kpaina-hopters»
BBeZIeHO TpH piBHA 3axucTy OKI. 3axucHi iHXeHEepHI CIOpyIu Apyroro piBHS MOBUHHI BUTPUMYBATH
npsime BirydanHs briJIA, a TpeTboro piBHsI — IpsiMi BITy4aHHsI paKeT.

Vnapua B3aemonis 3IIH 1 3axucHOi cmopyaum XapakTepu3yeTbCs TJIMOMHOIO 1 YacoM
MMPOHUKHEHHSI, BIAMOBIAHO IMITYJIbCOM JTMHAMIYHOTO HaBaHTaXeHHs, aedopmarisimu camoro 31TH,
nedopmanissMu 1 pyiiHyBaHHSAM 3axUCHOI cropynu. 3anada nponukHeHHs 3IIH akryampHa mis
npoHUKHUX bY 13 3aTpuMKor0 BUOYXY UIsl CIIPUYMHEHHS OUTHIUX PYWHYBAaHb ISl 3aXUIMEHUX
00’€KTiIB.

Vnap 3ITH npu3BoauTh SIK A0 JOKAIHBHOTO MOMIKOKEHHS 3aXUCHOI CIOPY/IU, IPOHUKHEHHS B
cepeHy KOHCTPYKIli Ha MEBHY BEIWYMHY, TaK 1 10 3arajabHOi AMHAMIYHOI peakilii 3aXxMCHOI
copyau. Takox koedimieHT nuHamigHocti camoro 3IIH mocraTHhO 3HA4YHHM, 1 TOMY MOMEHT
BuOyXYy, nponukHeHHs 3[TH Bcepennny 3axucHoi KoHCTpyKIii Ta nedopmarist 3ITH € mos’s3ani Mix
co0oro ol y yaci.

Hns paker 1 brJIA, Ha BinMiHy BiJ apTHJIEPIHCBKUX CHAapsIiB, KJIIOYOBE 3HAUCHHS JUIS
MIPOHUKHEHHSI Y 3aXUCHY TOBINY criopyau, Mae KOoHCTpyKilis bY. Ilponukni tumm BY marote sk
MIPABUJIO TIOTOBIIEHI CTIHKH 13 TBEPMX, CTAJIEBUX 1 THTAHOBUX CIUIABIB, 0)KUBAJIbHY a00 HAOIMKEHY
1o Hei popmy o6osmoHKH. Takox a1 30UTbIIEHHS TIMOMHHA TPOHUKHEHHSI MOXKYTh 3aCTOCOBYBATHCS
crieniaibHi peakTUBHI npuckoproBani pyxy bY 3ITH Bcepenuni ToBmii, Ta opBapaHi KyMYISATUBHI
JOJIaTKOBI 3apsiau 1 ynapHi siapa (aymietni bY) Tomro.

AHani3 pe3ynbTaTiB JOCTIIKEHb PI3HUX aBTOPIB CBITYHUTH MPO Te, MO cepen 20 METoauK
pO3paxyHKy Ha yJiap 3 MPOHUKHEHHSM B 3aJ11300€TOHHY KOHCTPYKITIIO BUAUISIIOTH 3-4 METOJIUKH, SIK1
Jal0Th JOCTOBIPHUIA pe3yibTar.

BaxxnuBum € npoBeneHHs JOCTIIKEHb 3 HOBUMHU XapaKTEPUCTUKAMH KOMITIO3UTHOTO OETOHY
[11-14]. Tak B poGoti [11] HaBeneHO pe3ynbTaTH EKCHEPUMEHTATBHOTO JIOCIIIKEHHS
YAApOCTIMKOCTI OETOHY 3 MEXKEI0 MIIHOCTI Ha cTuck 45-235 MIla npu ymapi 12,6-MM KpyTrioro
CHaps/a 31 MIBUJIKOCTAMHU B niana3oHi Bif ~620 mo 700 m/c. Pe3ynbraT moka3yoTh, 110 INIMOMHA
MIPOHUKHEHHS Ta JiaMeTp BOPOHKHU JEMOHCTPYIOTh 3arajibHeé 3MEHLICHHsI B LUIbOBUX 3pa3zkax 3i
301IBIIEHHAM MIITHOCTI OeTOHY Ha cTucK. OHAK TEHACHISA HE € JiHiiHOI. HasBHICTH KpymHHX
(dpakiiii TpaHITHUX 3alOBHIOBAYIB BUSBISIETHCS KOPHUCHOIO 3 TOYKH 30pYy 3MEHIICHHS TJIMOWHH
MPOHUKHEHHS, JllaMeTpa BOPOHKH Ta MOLIUPEHHS TPILMH, 1110 CIPHUSE MiABUICHHIO YIAPOCTIHKOCTI.
Brenenns craneBux BoJIOKOH ((piOpu) y O€TOH 3MEHIIY€ AiaMeTp BOPOHKH Ta TOIMIMPEHHS TPIIIUH,
aJie He MaJIo iICTOTHOTO BIUIMBY Ha IMTIMOMHY NMPOHUKHEHHs. [1iIBUIEHHS TeMIepaTypH 3aTBEpIiHHS
3 30°C o 250°C He 3MIHMIIO CYTTEBO YIAPOCTIMKICTh OeTOHY. BUXOAs49M 3 MOTOYHMX BUCHOBKIB 1
PO3TIISAy BapTOCTi, BUCOKOMIIHUI (hiOpoOeToH 3 MimHicTIO Ha ctuck ~100 MIla BusBIsIETBCS
HaWO1IbII €)EKTUBHUM IS 3aXHCTY BiJl yIapy CHapSIIiB.

TakoX BaXJIMBHUMHU € JTOCHIPKEHHS Y HANpPSIMKY YJOCKOHAJICHHS KOHCTPYKTHUBHHUX DIllICHb
0araTorapoBUX CUCTEM 3aXHCTY [ 12] 11t TOCSITHEHHS MAKCUMAJILHOTO OTOPY/PO3CIFOBaHHS €HEPTi.
Jocnimkena 6araromapoBa KOHCTPYKIIiSI BKIIIOYAE MIApH 3aTi300€TOHY, BAIYHH, IIap €IacTOMEpYy,
OETOHHY IaHelb 13 HaJABUCOKMMH XapaKTEPUCTHUKAMU Ta IIap CTaJeBOi IJACTUHU. 3arajioM Oyio
PO3IIISIHYTO WIICTh PI3HUX KOH(]Iirypamiid, mo0 oTpumartd HaiOUIbII e(pEeKTHBHY KOHCTPYKLIIO
3axucty. OnTuMizallis 3ampornoHOBaHUX KOHQIrypaii Oyna BHKOHAHA NMUISIXOM BHKOPHCTAHHS
MOHATH TNHUTOMOTO TMOMJIMHAHHS eHeprii Ta ynapHoro omopy. Kpim Toro, Takox BHBYEHI
XapaKTEPUCTUKU MOIIKO/KEHHS Ta pyHHYBaHHsI KOKHOI KoH(Dirypariii. CriocTepiraeTbcs miacTuIHe
PO3LIUPEHHS OTBOPIB Yy IIApi MIIIAaHOTO IPYHTY, (parMeHTalliiiHe pylHYyBaHHS BAJIyHiB, TIEIIOCTKOBE
pyWHYBaHHSI CTaJieBOi IUIACTUHU Ta BIIKOJIOBaHHS OeToHHOro mapy. Ha ocHOBI migxomiB mo
KOHKPETHOTO MOTJIMHAHHS €HEeprii Ta YAapHOIo OMOpYy MPOMOHYETHCS ONTUMAJIbHA MOCHTIIOBHICTH
YKJIaJJaHHsI KOYKHOTO MaTepiany /il 3HWKEHHS 0aTiCTUYHOTO BIUIMBY.

BaxnuBuMu € J0CHIPKEHHS KOMIIO3UTHHMX cyMmimeld OeronHy mnpu ypaxenni 3ITH 3i
mBuakicTio 10 1300 M/c 13 momanbmiuM BuOyxoMm [13]. Takoxx mpoBeneHi DOCTIIKEHHS, sIKI 1aau

=77 -



CyuacHi 6ydisenvhi Koncmpykyii 3 memany ma oepesunu, 2024. — Bun. Ne 28 (cTop. 75-84)

3MOTY TOKa3aTH B3a€EMO3B'S30K MK INIMOMHOIO MPOHUKHEHHS Kyl 1 11 nedpopmaTusnicTio [14] mpu
MIPOHUKHEHHI Y (10pOOETOHHY TITUTY.

OcHoBHUIT MaTepiaj aociailzKeHb. PO3rISHYTO OCHOBHI METOAMKH PO3PaxXyHKY 3aXHCHHUX
3a11300€TOHHUX 3aXWCHUX KOHCTPYKIIW Ha ynapHi HaBaHTaxkeHHs Bin 3I[IH. Psnm mocmimkeHsb
MPUCBAYCHI 3aXUCTY BiJl OCKOJIKIB MarOThb OOMEXEeHE BUKOPHUCTaHHs. Psa METOAMK BiIHOCATHCS
TUIBKA JI0 BU3HAYCHHS TNPOHUKHEHHS CYIUIBHOTO CHapsily, a Ie psJ METOAUK MOXKHA
BUKOPHCTOBYBATH IPH OOMEKEHIH IIBUAKOCTI 1 Baru pakeT abo cHapsy. Bei MeToauku nprusHadeHi
JUTSL TOCHIDKEHHsST 03 ypaxyBaHHS NPYXXKHOI OCHOBHU, II€ 3aXHCHI KOHCTPYKIII CIOpy.H, sKi
3axXHILIAIOTh JIIOJIeH Ta 00naaHaHHsa. ToMy B METOIMKAX MPUBOJAATHCS PEKOMEHAIT IO PO3PaxyHKY
MaKCUMaJIbHOI TIMOWHU MPOHUKHEHHS a00 MPOOHUTTSA, a TaKOXX PEKOMEHAAIlli MO NMPU3HAYCHHIO
PO3paXyHKOBOI MPOEKTHOI TOBIIMHU 3aXHMCHOI 3ali300€TOHHOI KOHCTPYKIIi 3 ypaxyBaHHSIM
B1JIKOJIFOBAHHS (B1JTYIIIEHHS TOBEPXHEBOTO IIapy OETOHY 3 MPOTHIICKHOT BiJT PpOHTATHLHOT TOBEPXHI
— TIOBEPXHS KOHCTPYKLII fIKa CripuiiMae yaap) 3aXUCHOTO 1apy OE€TOHY 3 MPOTUJIKHOTO TOBEPXHI
B1J1 30BHINTHKOT TOBEPXHI, SIKA CIIPUHMA€E KOHTAKT yaapy. Y 1ap cHapsiIy HAaHOCUTBHCS 13 30BHINTHBOT
CTOPOHHU KOHCTPYKIIiH, PU IIbOMY 13 CepeInHI KOHCTPYKIlisS HE Ma€ TOAATKOBOI OCHOBH JIJIsl TACIHHS
JUHAMIYHOT CKJIQ/I0BOi, Ta TIOTAIlIEHHS yJAaMKiB BIIKOJIIOBaHHSA. Tomy B OaraThboX JOCIIHKEHHSX
MIPONOHYETHCSI BIUIMB YJaMKiB BiJIKOJIIOBAHHS NPH yJaapi 3MEHIIYBAaTH 3a PaxyHOK 301IbIICHHS
TOBIIIMHHU 3aXUCHOI KOHCTPYKIIii, 800 BCTAHOBIIIOBATH CIEIIAbLHUN MTPOTHBIIKOIBHUH TIIap.

Orsin [oCiIKeHb MT0Ka3aBs, 110 B OCHOBI (hOpMYII i3 BU3HAUCHHS IPOHUKHEHHS CHApSAY Y T1JI0
3aXMCHOI KOHCTPYKLIi BHUKOPHUCTOBYIOTH EMITIPUYHY MOJENb, MOOYA0BaHY Ha XapaKTePUCTHKAX
aHANIITUYHOI MOJENi Ta EKCIepUMEHTAIbHUX JaHuX. EKcrepuMeHTalnpHI [aHi, SK CBiA4aTh
pe3yiabTaTH JOCIIKEHb, OTPUMAaHI IUIIXOM CTaTUCTUYHOI OOPOOKHM €KCIIEPUMEHTAbHUX JTaHUX 1
aQHAIITUYHO 3B’s3aHI 13 (PI3MYHUMHU 3aKOHAMH, SIKI OMHUCYIOTBCS TEOPIK0 MPYKHOCTi, OMOPY
MarepiaiiB, TEOPI€I0 pyHHYBaHHS, TEOPI€IO MIITHOCTI OyAIBETbHUX KOHCTPYKIIIH.

Jnst cucremaruzanii pisHHX (OpMyJT BBEICHI MO3HAUYEHHS IMapaMeTpiB Ta XapaKTEPUCTHUK
yIapHOTO HaBaHTaXeHHS. /[0 OCHOBHMX XapaKTEpPHCTUK YAApHOTO HABAHTAXKEHHS BIJHOCATH TaKi:

XCc = Z¢ — rnmOuHa NPOHUKHEHHS, € — Mexa nepdopalii, hy — vexa YTBOPEHHS B1IKOJIFOBaHHS,
MaKCHUMaJlbHa MPOEKTHA TOBIIMHA KOHCTpyKUii, m = M — maca paketu, d — giamerp 3I1H, Vo —
mBuakicts 31TH, Hy _ TOBIIMHA I, N,Ny _ koedimient hpopmu Hocoroi wactuaM 3I1TH, Kp_

Koe(iIieHT TPOHUKHEHHS OETOHY, Ap — TUCK Ha CEKIIII0 PaKeTH, fe - pO3paxyHKOBa MaKCHUMaJIbHA

MIIHICTh OETOHY Ha CTHCK, Ji = Jfea — makcumansna MIIHICTh OETOHY Ha PO3THT, Eg MOJZyJIb
npyxHocti Matepiany bY 3ITH, By - Moy npyxurocti cram, G — dynkuis, mo npexcrasmse
yAap.

Metoauku, siki Hapasi 3actocoBytotbes (IID 43, atomui, UFC, ndTi) posrisuyTi panime [1].
Hwxue po3ristHeMo YOTUPU MOLIMPEH1 METOTUKU pPO3paxyHKiB 1uist mpoHukHeHHs 3ITH.

Metoauka 1. @opmyaa npounknenHs Ilerpi (Petri). ®opmyna Iletpi po3podaena y 1910
pori. ®opmyna motim Oyna momudikoBaHa JUIsl Pi3HUX 3aT1300€TOHHMX 3aXHCHHUX KOHCTPYKIIIH,
JIOCTaTHBO TOMYJSpHA JUIA PO3PaxyHKY TJTMOWHU NMPOHUKHEHHS CHApsIy 13 YMOBH, IIO BHCOTa
3aXMCHOI KOHCTPYKIIi 3HAYHAa 1 JOCTAaTHA MJIs BHKOHAHHSA 3axucty [7-9]. HocmimxkeHHsS 3
MoaudikoBanoi popmynu Iletpi 6ynu npexncrasneni B Yukaro, Iminoiic 11-14 xoBtHs 1950 p. Ha
3ycTpidi AMEpUKaHCHKOTO TOBApHUCTBA 1H)KEHEPiB-Oy 1iBEIbHUKIB. BiMOBIIHO 10 METOAMKH, iICHYE
TpHU OCHOBHI YMHHMKH, 110 BU3Ha4atoTh NpoHukHeHHs 3ITH B mine: 1. HIBuakicts 3ITH npu ynapi,
2. ®iznuni BnactuBocTi 3[1H, ta 3. Xapakrepuctuka marepiany 1iii. Li dakTopu Oymu 00’ ennHaHi,
mo6 OTpUMaTH eMIipuyHe BUpaxeHHA Uit npoHukHeHHs 3[IH 3 HaiOunbm XapakTepHUMHU
OaicTHYHUMH XapakTepucTukamu. MoaudikoBana ¢popmyna [leTpi BupaxaeTbes sk:

(1)
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ne D¢ rnu6una (y dyrax) mpoHUKHEHHS, kK — eKCIepUMEHTAIbHO OTPUMAHHUN KOE(IIli€HT
NPOHUKHEHHS Marepiaiy (auB. Tabmuiio 1), Ap — monepeyHuii TUCK, OTPUMaHUN JiJIeHHsSM Bard P
pakeTH Ha ii MaKCHMaJbHYy IUJIOUIy IONEPEYHOro IEpeTuHy (BUpaxeHy K (yHTH Barm Ha
KBagpaTtHuil GpyTt), a V* — koe(ilieHT MBUIKOCTI, IKUH, Y CBOIO Yepry, BUBHAYAETHCSI BUPA30M

2
V' =log(l+—2—
80+ 15000 @)
Ta6mums 1 — 3nauenns koediienta nponukHeHHs (K) muist pisHux matepiaiis [§]
Marepian k — ekcriepuMeHTAJIBHO
oTpuMaHuii koedimieHT
NMPOHMKHEHHS MaTepiany
ft’ 1b! (pynr’/dyr)
Bammsx 5,38 x 1073
Bberon. Maca GeToHy 3 MilIHICTIO Ha po3aaBmoBanHs 2200 7,99 x 107
(GyHTIB Ha KBaJAPATHUN TIONUM
3BUYaliHUN 3a7i300€TOH 3 MIIHICTIO Ha PO3JAaBIIOBAHHS 4,76 x 107
3200 ¢ynTiB Ha KBagpaT
CrenianbHO apMOBaHM 3al1i300€TOH 3 MIIHICTIO Ha 2,82x 103
posnasmtoBanHs 5700 GyHTIB Ha KBajxpaTHUW mwoim 1 1,4 IHOMI BKa3yeThcs 3HAYCHHS
BIJICOTKA apMaTypH. 2,84 x 1073[5]
Kam'stHa kimaaka 11,72 x 10
Llernsna kmaaka 20,48 x 1073
[Timanuii rpyHT 36,7 x 1073
[pYHT 3 POCIMHHICTIO 48,2 x 107
M'sikuii IpyHT 732 x 107

B amepukaHChKUX cHCTEMax OAMHUIIL BUMIPIOBAaHHS BUKOPHUCTOBYIOTh MOJIM(iKOBaHY (pOpMYILy
[7-9]:
V2
2. =12K log(l+—2—)
¢ P 215000 3)
B cucremi oqununp Cl mogudikosana popmyna [lerpi mae 3ammc [7-9]:
2
z M v
—C=Kp—3log(l+—0 )
d, 4>, 19974

Y dopmyni pekoMenoBano npuitmaTu Kp=6.36x10™ — 17151 GeTOHHOT 3aXMCHOT KOHCTPYKIIi,
K;p=3.39x10"* — 114 3BUUaiiHOT 321113006 TOHHOT KOHCTPYKILii, 11 crielianbHoro 6eTony Kp=2.26x10"
4. Jlnga 3aXMCHUX 3aJ1i300eTOHHUX KOHCTPYKIIiH, 6e3 0OMmUpaHHs Ha PO3MOiIbuy IPYHTOBY OCHOBY

ToBIIMHY mnepdopallii pekoMeHI0BaHO MNpuitHATH € = 2ZC, a 3 ypaxyBaHHSM BiJIKOJIOBaHHS

TOBLIMHY 3aXMCHOI KOHCTPYKIIi pPEKOMEHJI0BaHO IpuiiMatu 5 = 2,22 Taki sanexmocti i
npuiiMaloTh 3a MoanikoBany ¢opmyny Petri.

Metoauka 2. ®@opmyJaa jaadopartopii OamictuuHux gociaixxkenb, BRL. HeoOxignicTb
BpaxyBaHHsSl MIITHOCTI 0eTOHY NMpu3Besa 10 NMPOBEACHHA I0JATKOBHX HA0CJiIKeHb [8,9], sAKi
BuKoHana JlaGoparopii Oamictuunux nocuimkens (Ballistic Research Laboratory, CIHA), Oyna
po3po0bieHa 1 po3paxyHKy IITMOMHHU MPOHUKHEHHS B 0ETOH TBEPIOTO CHAPsAY. Y 3aralbHOMY BUJII
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dbopmyiy cIifi BUKOPHCTOBYBAaTH 3 ypaxyBaHHSM YTOYHEHHX BIIACTMBOCTEH OETOHY 1 MaTepiamy

..k . :
cHapsy uepes koedimient — P¢f =0,00133 npu BUMipIoBaHHi y aMepI/IKaHCBKI/IX CcUCTEMax OJMHHUIIb

perf M

Xe=Z¢= \/f_d“(VO
C
4)

BiamoBigHo rmnmbuny mepdopaiii 1 TOBIIMHY 3aXHMCHOI KOHCTPYKII 3 ypaxyBaHHSIM
BIJIKOJTIOBaHHSI PEKOMEHJOBAHO TMpUHAMATH 3a TAKUMHU CIHIBBIIHOUICHHSIMH JUIsI 3aXUCHOI
3aJ11300€TOHHOT KOHCTPYKIIii 0€3 J0/IaTKOBUX PO3MOAUIBYNX IIIaPiB:

fc_13%¢ Ay —2,0%C
d d d d

)1,33

Metoauka 3. @opmyaa in:xxenepiB Kopnycy apmii CIIA (Army Corps of Engineers, ACE).
VY 1946 poni ACE Gyna 3anpornoHoBana ¢opmyina [8, 9]:

1,5
ZC 282 A/éd() 215( VO j +O 5
NI, 1000 )

HocnimxeHHs 0a3yBaauch Ha BUMPOOYBAHHIX 3aJ11300€TOHHUX KOHCTPYKIIN TPH BIIyYaHHI
CTaJIeBUX CHApsAiB miamerpoM 37 mm, 75 mm, 155 mm. BianoBigHo, A 3aXUCHOI 32113006 TOHHOT
KOHCTPYKITi 0€3 MOJaTKOBUX PO3MOIUIBYMX IMIapiB, TMUOWHY mepdopallii 1 TOBIIMHY 3aXHUCHOT
KOHCTPYKIII 3 ypaxyBaHHSM BIJKOJIOBAaHHS PEKOMEHJOBAHO TMpPHIMATH 32 TaKHUMH
CIIIBBITHOILIIEHHIMHU:

ﬂ=2,12+1.36z—c;— 33598)
d d d~
€ _132+1.24%C; 3<C <)
d d’

[Ipote nana ¢popmyna e BpaxoBye ¢popmy Hoca bY 3ITH, BnactuBocTi i nrepopMaTHBHICTS ii
Marepiany, KOMIO3UTHICTh Ta 0araTomapoBiCTh 3aXUCHOT KOHCTpYKIi. Takox mist cygacaux 31TH
XapaKkTepHi BUCOKI MIBUJIKOCTI MIPH 31ITKHEHHI 3 IUJUTIO, SIK1 IEPEBUILYIOTh IIBUAKICTD 3BYKY.

Metoanka 4. MoaugikoBana gopmyiaa NDRC, Modified National Defense Research
Committee Formula. Haii6inbmioro nomupenas Hadyna ¢opmyna, po3pobiena HarioHanbHUM
o6oponanM pociigauiibkuM komiterom (NDRC) CIIA [7] na ocuoBi dopmyn ACE [7, 8]. Ilpu
MOJICJIIOBaHHI POOOTH CHCTEMH «paKeTa-3aXMCHa CHOpYAa» B JTOCITIDKEHHSX BCTAHOBIEHO, IIO
KOHTAaKTHA CHJIa 3POCTa€ JIHIMHO JI0 TOCTIHHOTO MaKCHMAaJbHOTO 3HA4YEHHS, KOJIM TIMOMHA
npoHUKHeHHs Mana. HoBum € BBeaenHs mnapamerpa ¢opmu BY 3IIH, skuit ans mmackoi
nuniaapuaHoi popmu: N = 0,72; nns tynoi popmu N =0,84; nanichepuunoi N =1,0; 1 myxe ais
roctporo Hoca bY pakeru Biamosiguo N =1,14. B merpuunux oguaungx CIIA maemo:

1,8
2JG G=3,8x10—5ﬂ(ﬁ) npu G>1,
- 7o) la
d
G+1, npuG <1;
(6)

Metonuka 5. MoaidikoBana ¢opmyaa NDRC [10]. [ana dopmyna Oyna oTpumaHa Ha
mijicTaBl 0OOpOOKHM EKCIEPUMEHTATbHUX JaHWX MaTEeMaTHYHUMH METOJaMH CTAaTUCTHUKH, OYJIH
BpaxoBaHi po3Mipu Ta MaTepian bY uepe3 monyini FOura BizHocHO Moayis aedopmariii crami. SIkio
B4 i3 crani, s popmyna ineaTuara popmyni NDRC (6):
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1,25 1.8
2\/5,—G=3,8x10_5(£j ﬂ(ﬁj ipu G>1,
E d (fc) d

N

G+1, npuG <1, %Sl

(7
XapaKkTepUCTHKH 3aXUCHUX 3al1i300€TOHHUX IUIMT CJIiJ| NPUHMATH 3 ypaxyBaHHSM BEIWYHH
MPOHUKHEHHS Ta YTBOPEHHS 30HH BiJKOJIFOBAHHS 3BOPOTHOI MOBEPXHI 3aXMCHOT KOHCTPYKIIII:

e —a=1,32d +1,36z. oma 1,35 s%c <13,5

2
e % _319[ 2€ |~0,718] Z€ | onm 1,35<2C€<13,5
d d d d

0,2
(hs—ac)bcz2,12d+l,36zc onst 0,65£%£11,75; b :[EEJ

hy—a,)b ’
w=7,19—5,06(%€j ons %030,65-

(8)

st omuaunb cuctemu CIHIA, 3anuc Bigpi3HIETCS KOediliEHTaMH.

1,25 1,8
WG Go1s0| | MM [ dl ) npu G>1,
E ) J(fo)\1000d

G+1, npuG <1; %Sl.

N

BucHoBku. IIpoananizoBaHo pi3HI METOIMKU PO3paxyHKy rimbuHM nponukHeHHs 3[1H B
3aJ11300€TOHHY TOBIIY 3aXMCHOT KOHCTPYKIIii. B cTaTTi mpencraBieHi METOIUKH, SIKi OUTBII TTOBHO
BiJOOpaxaroTh (Pi3MKO-MEXaHIUHI XapPaKTEPUCTUKH B3a€MOJIIi 3aXMCHUX 3ali300€TOHHUX IUIUT
copya 1 3IIH. Ili merogwmku icTOpuyHO 3B’s3aHI MK CO0OI0 1 BpPaxOBYHOTh BEIUKY 0a3y
eKCIIepUMEHTAIBHUX JOCIi/PkeHb. Ha OCHOBI HHUX, y3araJlbHEHO KpHUTEpii NPOHMKHEHHS MOKHA

3aIIrMcaT TakK:
n m 2
Zc _ K,,N £ %(ﬁj d—;
d ES d d (fC pr )

c_g N(EJHL(EJ"’
a " "E )y (fC,pr) d)

[IpeacraBnenuii miaxiag 103BOJISIE BUKOPHUCTOBYBAaTH EKCIIEPUMEHTAIbHI JaHi Mg d4ac
BUNIPOOYBaHb Ha MPOHUKHEHHS PI3HUX KOMIIO3UTHHX MaTepialliB 3 ypaxyBaHHSIM MIIIHOCTI 5K
3axucHOi KOHCTpyKii Tak 1 BY 3ITH. Takox € MOXJIHMBICTH B MOAAIBIIOMY OIIIHUTH PE3YyIbTaTH
YHCIIOBUX JAOCIHIHKEHb MOJIENEH 3 pi3HUMH (D13UKO-MEXaHIYHUMH XapaKTepucTUKaMu MaTtepianis bY
3ITH 1 3axucHOi criopyau.

©)
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COMPARISON OF THE METHODS OF PENETRATION OF THE ENEMY'S AIR
ATTACK MEANS IN REINFORCED CONCRETE STRUCTURES OF CRITICAL
INFRASTRUCTURE FACILITIES PROTECTION
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Abstract. On the basis of the literature review, trends in the development of studies of
engineering protection of critical infrastructure objects were revealed. The review of scientific works
revealed the direction of improving the physical and mechanical properties of building protective
structures. It is noted that large-scale experimental and theoretical studies of reinforced concrete
structures and reinforced concrete protective plates with the use of fiber were carried out.
Experimental and theoretical studies of reinforced concrete protective structures on the impact of
rockets and the subsequent explosion have been identified and summarized. The study of structures
using different materials is shown. It was determined that one of the promising directions is the use
of multilayer composite structures. The results of experimental studies by various authors were
analyzed and it was concluded that air damage impacts should be classified into 4 categories: an
impact, a soft impact, a hard impact of a projectile with a steel shell; a semi-solid impact is the impact
of a missile whose outer shell is made of a composite material or a thin-walled titanium alloy. The
authors also draw attention to the possibility of studying an all-plastic impact - the impact of a
concrete-piercing warhead of a missile with a 20-22 mm titanium body, the impact is accompanied
by the development of plastic deformations in the shell during penetration into the composite
reinforced concrete layer. An overview of the main methods of calculating the penetration of combat
units during an impact on defensive structures was carried out. The formulas of the main methods are
based on the results of experimental and theoretical studies NDRC. Effects of impact and explosion.
Summary Technical Report Division 2, 1, National Defense Research Committee, Washington, DC,
1946". A generalized conclusion is made regarding the use of the modified NDRC (USA) method for
evaluating experimental studies.

Keywords: defensive structures, reinforced concrete structures, engineering protection,
penetration, missiles, critical infrastructure facilities, Fortress Country.
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Anoranisi. CTaTTs TNPUCBAYEHA [OCIIDKEHHIO JOCBIAY BHKOPHCTaHHS MeETaJEBUX
KOHCTPYKLIN MPH MPOEKTYBaHHI pealimiTaliiHUX LEHTPIB HA MPHUKIAl NpOeKTy KoManau R-240
“PeabimiTalliiHUA TEHTP JUIS BIMCHKOBOCITYXOOBIIIB Ta BETEpaHIB BIMHM B M. JKutomup” mis
koHKypcy “Steel Freedom”. PosrisHyro 3acTocoBaHy KOHCTPYKTHBHY CXEMY Ta PO3PaXxyHKOBY
MOJIeNIb OYTiBIIi, TOETHAHHS MMPUHHATUX KOHCTPYKTHBHUX PIIIEHB 13 apXiTeKTypHUMHU. CTaTTs Mae
Ha METi JIOBECTH IepeBaru BUKOPUCTAHHS METAJIIEBUX KOHCTPYKIIIH B MPOEKTYBaHHI Ta OyIBHUIITBI,
peabimiTaliiHuX T1EeHTpiB. Pe3ymbratm gocnikeHHsT OyayTh KOPUCHHMH IS 1HXKEHEPIB,
apxiTeKkTopiB Ta ctyneHTiB BH3 BianoBigHuX crieniaibHOCTEH.

KurouoBi ciioBa: craneBuii kapkac, CTpyKTypa, By3JId, METOJT CKIHUCHHUX €JIEMEHTIB.

Beryn. Uepes pocilicbke BTOPTHEHHSI B YKpaiHy BelWKa KUIBKICTH JIFOJICH, B TIEPIIY Yepry
BiIICBKOBOCTYK00BIIIB, OTpuMasa (i3u4Hi Ta MCcuxiuHi TpaBMHU. BHacmi 1ok 1boro 3pocia norpeda B
peabimiTaliiHuX I1eHTpaXx. BoHWM mTOBHMHHI OyTH 30yJOBaHUMH B SIKOMOTAa IIBUIII TEPMiHH,
€KOHOMIYHO JOLIJIbHUMH, aje MpH LOMY 3aJUIIATUCS 3pyYHUMH Ta (QyHKIiOHaIbHUMHU. [lepen
IH)KEHEPHOIO Ta apXITEKTYPHOIO CITUIPHOTOIO CTOITh 3aBAAaHHS 3HAWTH CIIOCOOW 3aI0BOJIBHUTH IIi
BUMOTH. [[Jisi 1IbOTO MOTPIOHO PO3MIISIIATH Ta AOCHTIKYBATH HOBI JJIs HAIIOI KpaiHW METOIU B
MMPOEKTYBaHH1 TaKuX 00’ €KTIB. SIK B1ZIOMO, METajIeBl KOHCTPYKIIii 3aBIsIKA CBOTi BUCOKIH HAIHHOCTI,
1HAYCTpiaJIbHOCTI, MOXJIMBOCTI HAQJaHHS apXiTEKTypHOI BHMPa3HOCTI, 130TPOIHOCTI CaMoOro
Marepialy ¥ HEBpPas3JIMBOCTI JO pPI3HOMAHITHUX (HaKTOPIB TOCIMAIOTh YidbHE Mice y cdepi
OyniBHMLITBA. BpaxoByrounm IIi TepeBard, iXHE BUKOPUCTAHHSA MOKe OyTH JOUUIBHUM MpU
CIOPY/KCHH1 peaOumTalliiHuX IEeHTpiB. B3sgBmIM 10 yBarm BHINEHABEJACHE Ta BUMOTH JIO
CTY/IEHTCHKOTO KOHKYPCHOT'O IIPOEKTY, BUKJIZICHI OpraHizaTopoM KoHKypcey “Steel Freedom”, 6ymno
po3pobseHo TpoekT kKoMaHau R-240 “PeaGimiTamidiHuii HEHTp s BiHCHKOBOCITY)KOOBIIIB Ta
BeTepaHiB BiitHH B M. JKutoMup” i3 3aCTOCYBaHHSAM METAJICBUX BEIMKOMPOIITHUX KOHCTPYKIIiH.

AHaJI3 OCTaHHIX JKepes AoCHil:KeHb i myOaikaniii. /s aHamizy nocBiny BUKOPUCTAHHS
METaJIeBOTO Kapkacy mpu OymiBHUITBI Oynu oOpaHi nekinbka OymiBenb. AZ Alma Hospital -
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MEIWYHMN 3aK1a]], po3TamoBanuii y micti Exio, benbris [ 1]. BectuOronem nikapHi BUCTYyIIae aTpiyMm,
aKIICHTOM SIKOTO € CKJIsTHUM nax. Koncrpykiis mae miomry 1400 M2 i 3iliMaeThCs Ha BHCOTY 25 M.
[ToeqHaHHs CTaIeBUX KOHCTPYKIIiH, aTIOMIHIEBUX €JI€MEHTIB, CKJIa, )KOJI001B, TApOoi30sLii poOUTh
el MMPOEKT YHIKAILHUM y cBoeMy perioHi. Uniledo School Veterinary Hospital [2] - BeTepunapHUMit
1eHTp B bpasumii. OCHOBHUM apXiTEKTypHO-KOHCTPYKTUBHHUM DPIIICHHSM IPOEKTY € BEIHUKHUH JaX,
BiIOKpeMJICHUH Big OymiBIi, 110 3a0e3reuye TiHb 1 KoM(POpTHUM MiKpokiaimaT. Lleit nax BUTHYTHH 1
3a0e3neuye BEHTHIAIIIO 33 PaxyHOK BHUXOAY Tapsyoro IOBITps, a JesAKi 30HU oOOJagHaHi
HaIlBOPO30PUMHU TOTIKAPOOHATHUMH JINCTAMH, 00 BUKOPHUCTOBYBATH TE€PEBard MPHPOIHOTO
OCBITJICHHS. LIS MOKPIBIS MIATPUMYETHCS BETUKONPOIOTHUMH KOHCTPYKLIISIMU.

HaykoBumu 10CHiKEHHSMU CTAJIEBUX HECYYHMX KOHCTPYKITINA 3aiMaeThCsl Oarato HayKOBIIIB,
30kpemMa B [3, 4] ommcaHO MigXiJg A0 BUOOPY HAHOLIBII ONTUMANBHOI CTPYKTYPHOI CTajieBoi
KOHCTPYKIlIi Ha OCHOBI OIO€HEPTeTMYHOTO METOAYy, a B [5] momaHo peanbHI OO0’€KTH, SKi
3aMpOEKTOBAHI 13 ypaxyBaHHSM LBOTO MeToay. Y [6] TPOMOHYETHCS HOBUN OOUMCITIOBATHHHIA
MpoIIeC, SIKUM 3MEHIIYE CKJIAJAHICTh KOHCTPYKIIIM MPOCTOPOBUX PaMHUX KOHCTPYKIIH TOBIIBLHOT
(dbopMu 3a paxyHOK MiHIMI3aI1lii BapiaTUBHOCTI iX 3’€AHaHb. Bennka KiUTbKICTh CKJIaIHUX BY3JIiB YaCTO
MPU3BOJIUTH JI0 MOXUOOK y MOHTaXI, III0 B CBOIO YEPry MOXKE CIPUYMHUTH aBapiiiHi cUTyarii Ta
nporpecyroue oOBaJeHHsI KOHCTPYKIIi [7], 0 TyXe BaXJIMBO BPAaXOBYBATH MPHU MPOEKTYBAHHI. Y
0araTtboX JOCIIKEHHSIX aKTUBHO BUBYAIOTHCS MMUTAHHA onTuMi3altii [8, 9] Ta pamionamizartii [ 10-12]
CTaJIeBUX KOHCTPYKLIH.

IlocTanoBka 3aBaaHHs. 3aBHaHHIM poOOTH Oyina po3poOKa MPOEKTY peadiTiTamiiftHOro
LIEHTPY MJIs BIHCHKOBOCTYKOOBIIIB Ta BETepaHiB BitHM B M. JKUTOMHpI, B apXiTEKTypHOMY
cryneaTcbkomy koHKypci “STEEL FREEDOM”. Oco0nuBiCTIO 3aBIaHHS € T€, 10 OYAIBISI Ma€ OyTH
3aMpPOEKTOBAHOIO 13 CTAIEBUX KOHCTPYKIIIH, BpaxOBYIOYH Cy4YacH1 peatii, sKi CKJIaaucs B YKpaiHi.

OcHoBHMI MaTepian i pe3yabratd. BukopuctaHHs MeTaleBUX KOHCTPYKIIIA B
peabumiTalifHUX LEHTpax B YKpaiHi HE € MIMPOKO MOLIMPEHOI0 MPAKTHKOI, HE3BAXKAIOUM Ha BCI
nepeBard Takoro pimeHHs. [lig gac poOOTHM Haa MPOEKTOM peablLTITAIliiHOTO IEHTPY s
BICHKOBOCTYXOOBIIIB Ta BeTepaHiB BiifHU B M. JKutoMup” Oys0 BUKOPUCTAHO METAJIEBHH Kapkac,
MPOBEACHO BIIMOBIIHI PO3PaXyHKH, IO JOBOJATH HOTO €PeKTUBHICTh. OKPIM TOTO, BUKOPUCTAHHS
CTaJIeBUX KOHCTPYKIIH JO3BOJIMJIO CTBOPUTH BIi3HaBaHUHU (acaj i3 KOHCOJIHHOIO KOHCTPYKIIEIO
BWJIBOTOM 9 MeTpiB (puc. 1). BukopucranHs ctajieBUX KOHCTPYKIIIH 3 MOMIJIMBICTIO PO3IIUPEHHS |-
3 moBepXiB 3a PaxyHOK KOHCOJIi J03BOJIWJIO €(PEKTHMBHO BHKOPHCTOBYBATH MPOCTIp 1 30UIBIINTH
KUIBKICTh TajaT Ha ogHoOMy piBHI. lle M03BOMMIO 3MEHIIMTH 3arajibHy BHCOTY OymiBii,
3a0e3MeUnBIIM IPU [IbOMY HEOOX1IHY (YHKIIOHAIBHICTh 1 3py4YHICTH I MAII€HTIB 1 MepCoHAIy.
3MeHIIeHHS 3arajibHOT BUCOTH OYIiBJII BAXKJIMBO JIJIsl IHTETparlii 00'ekTa B JaHAMIA(T 1 HABKOJIHUIITHE
cepenoBuine. KOHCTpYKTHBHI €IeMEHTH BHUPILICHO HE MPUXOBYBATH, a HABIAKH, IHTEIPyBaTH iX B
apXITeKTypy TaKHMM YHHOM, 1100 BOHMU CTaJd HE Juile (yHKIIOHAJTbHUMH, a ¥ €CTETUYHO
NpUBAOIMBUMH €JIEMEHTAMH.

N

Puc. 1 (a,0). Bizyamnizamii ronoBanux acamiB 3 MpOCTOPOBOIO KOHCOJIBHOIO KOHCTPYKIIIE€IO

dopMoTBOpeHHST OymiBai (puc. 2) po3moyanocs 3 po3TallyBaHHS OCHOBHOTO OJIOKY 3
MEIWYHUMU TIPUMIMIEHHSAMH Ta TaJaTaMH B3JOBX JUISHKH, HI0 3a0e3nedye MepuiaibHy
OpI€HTAIIIIO, /TSI MAKCUMAJTBHOT 1HCOJISIIIT )KUTIOBUX MPUMIIICHB. [1es po3nisieHnHs OyaiBii Ha OJI0KH
OyJ1a 3ampoBaKeHa 3 METOI0 ONTUMI3alii GyHKIioHANbHOCTI. Tak, inanbHs Ta CIOPTUBHI 3aIH OyIn
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BiJJOKpEMJICH1 y BIIaCH1 OJIOKH, OCKUIBKHM 1X 00IaIITYBaHHS 11 dKUTIIOBUMHU 30HAMHU HE € €PeKTUBHUM
Yyepe3 BENMKY KUIbKICTh BEPTHKAJIBHUX IH)KEHEPHUX KOMYHIKAIii il OOCIyrOoBYBaHHS IajiaT
[MAI{I€HTIB.

a) 6) B)

Puc. 2. ®opmoTBOopeHHs OyaiBiIi: a) — OCHOBHI MPUMIIICHHS; 0) — ITaJIbHSI; B) - CIIOPTUBHUN OJIOK

OCHOBHUM TPHUHIIMIIOM TIPU MPOEKTYBaHHI peadlLTTAIIHHOTO LEHTPY OYyJI0 3MEHIICHHS
INPOTSDKHOCTI 1 CKJIAJHOCTI LUIAXIB TEepecyBaHHs MamieHTiB. B 1eHTpi OymiBmi po3TanioBaHO
BECTHOIOJIb 3 PEIEIIII€0, HABKOJIO SIKOTO ChOPMOBAHO ACKIJIbKa 010KiB. BecTnO0b 3ampoeKTOBAaHO
TaKUM YHHOM, 00 PpO3AUTUTH TMOTOKM aMOyJaTOpHUX TAalli€HTIB Ta MAIll€HTIB CTallloHapy.
[TocmimoBHICTE BiABIAYBaHHS WIPOLEAYp Ta TPEHYBaHb TAIlIEHTIB 3YMOBIIIOE PO3TAIlyBaHHS
JIKyBaJbHUX Ta CIOPTUBHUX NMPHUMIIIEHb MOpYd. Buj 3 inanbHi po3KpUBAETHCS HA THXY YaCTUHY
ninsHKA. Po3ranryBaHHs TpUMIIIIEHb IEPCOHATY Ta aaMiHICTpallii MiHIMi3ye MOTpedy B mepecyBaHHI
[MALI€HTIB I[IUM OJIOKOM.

Jlibtu y BecTuOrOM 320€3ME4yI0OTh MAaKCUMAJIBHO MIBHJAKUN Ta 3pYYHHUMA JOCTYI TMAIll€HTIB
CTalllOHApY A0 inanbHi Ta pealblmiTauiiHUX NpuMilieHb. TakoX 3aBISKU IIbOMY PO30CEPEIKEHO
MMOTOKHU TAIlEHTIB aMOymnaropii Ta cramionapy. IIporumoxexHy Oe3neky 3a0e3reueHO BETUKOIO
KUIBKICTIO €BaKyalliiHUX BHXOMIB 3 OYIiBIl Ta HAsSBHICTIO HE3aAMMIIIOBAHHMX 30H, 3 €IHAHUX
BEPTUKAIBHIMH KOMYHIKaIlisIMH.

Kutnosi manatu 3HaxonsThes Ha 2, 3 Ta 4 moBepxax. Ha koxHOMY moBepci 3ampoeKTOBaH1
30HM JJIA BIJIMTOYMHKY Ta KOMYHIKAIlli MaIieHTiB, Ha 2 1 3 moBepxax € BIIKPUTI 03€JICHEHH] TepacH.
Oxpim pekpearlliitHoi ¢pyHKIii BOHM BUKOHYIOTh TAKOX 1 €CTETUYHY.

KoHcTpykTHBHA cXeMa MPOEKTOBAHOTO PEaOUTITAllIfHOTO IEHTPY — METAJIeBUH paMHO-
B’s13eBUH KapKac (puc. 3), y SKOMY KOJIOHH Ta pureii (opMyIOTh OCHOBHI IUIOCKI TPUMaJIbHI OJJUHHMIL
CHUCTEMH KapKacy — nornepeuHi pamu (puc. 4).

Ockinbku OyAiBIIsL Mae JOCUTHh BEIHKI po3mipu B miaHi (91,5%68,9 M B ocsx), pi3HY BHUCOTY
OKpEMUX YaCTHH Ta € 6arato(yHKIIIHOIO, TO BiJl TOOOBUX, PIYHUX KOJIMBAHb TEMIIEPATypPH Ta PI3HUX
TEMIIepaTypPHO-BOJIOTICHUX PEXHUMIB €KCIUTyaTalii MpUMIIeHb ICHY€ HMOBIPHICTh BUHUKHEHHS
3HauHMX Jedopmariii  enemeHTiB  Kapkacy. Il[o60 yHHKHYTH TIOSBU HEKOHTPOJIHOBAHUX
HECTIPUATIIMBUX MEPEMILICHb Ta PO3MEXYBATU Pi3HI 3a MPU3HAUYEHHSAM 30HH, OYIIBIIO PO3IiIEHO
nedopmariiitnumu (TemrepaTypaumu) mBamu [13] Ha Tpu 610ku. KoxxeH 010k mpecTaBiise co6010
HE3AJIeKHHUI KapKac, HETMOB I3aHUH 13 MOPyY pO3TAIIOBAHUMHU KOHCTPYKIISIMH.

XKopcTkicTh Ta CTIMKICTP Kapkacy B TONEPEYHOMY HampsAMKy (y TUIOMIMHI paMu)
320e3Meuy€eThCs KOPCTKICTIO CAMHUX €JIEMEHTIB 1 dKOPCTKUMHU 3’ €THAHHSAMHU PUTENTIB 3 KOJIOHAMU; Y
MOB3I0BXXKHBOMY HANpsIMKYy (TIEPIEHIUKYISPHO IO IUIONIMHA PaMH) — TPYNaMH BEPTHKAIBHHX
3B’s13KiB. KpiM 11b0T0, Baromy posib y CTBOPEHHI T€OMETPUYHOT HE3MIHHOCTI BiJirparoTh MOHOJIITHI
mi(TOBI MIAXTU-AApA Ta AUCKU TMEPEKPUTTIB MO MPOGHACTHIY, IO MEPEIIKOIKAIOTh B3aEMHOMY
3CYBY BEPTUKAJIbHHUX €JIEMEHTIB.
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Puc. 3. KoHcTpyKTHBHA MOJIe/b KapKacy:
a) — IepPeIHIN BUTIIS KapKacy; 0) — 3a/IHIi BUTIIST KapKacy
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Puc. 4. Tunopa nomnepevyna pama mpaBoi YaCTHHU OCHOBHOT'O OJIOKY OymiBIIi

Cucremu B’si3ed 3alPOEKTOBAHO OKPEMO I KOXKHOTO TeMrepaTrypHoro 0ioky Oymisimi [13].

3acTOoCOBaHO XpECTOBI B’s131 B IUIOLIMHI (pacajiB Ta MOPTAIbHI — B MICIIIX TIPOXOIIB 75 30€peKeHHS

emy. llomepeunuii mepepiz B’s3eli — Tpyba mpodinpHa

131 3a0e3MevyloTh MpaBUIbHY POOOTY Kapkacy (puc. 5)

b

(YHKIIIOHAJILHOCTI BHYTPIIMIHBOTO 00

KBaJIpaTHOTO Tepepizy. B

, CIIpUKAMAIOTh

b

TOPU3OHTAJIbHI 3yCHJUTS Ta MEPealoTh iX Ha QyHIaMEHTH.
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a) T 6)
Puc. 5. Cxemu po6oTH Kapkacy:
a) — HEKOpEKTHa poboTa Kapkacy (BicyTHi B’s131); 0) — mpaBmJIbHa poOOTa KapKacy

CBO€pITHOIO OCOOIMBICTIO KApKacy € MPOCTOPOBA KOHCOJIbHA KOHCTPYKIIS 3 BUJIBOTOM 9 M.
Bucoke criBBiTHOIIEHHS MIX MIIHICTIO 1 TYCTHHOIO CTali Ta OTPUMAaHi JOIMYCTHMI 3HAa4YECHHS
nporuHiB [14] y po3paxyHKoBi# nporpami (puc. 6) TOBOASTH JOIMUIBHICTE BUKOPUCTAHHS CTAJIECBUX
KOHCTPYKIIIH Ta peajbHICTh peaiizallii 3aaymy.

e ) -3 =

a)
2
.%;
R

0)

Puc. 6. PozpaxyHkoBa cxema Kapkacy: a) — Mo3aika IepeMilieHb eJIeMEHTIB KapKacy B3JI0BX OCi Z;
0) — BuxigHa Ta 1eopMOBaHa CXEMU

[ToxputTsa Gaceiiny Ta imambHI — IPOCTOPOBI CTEPIKHEBI CTPYKTYpPH HA OCHOBI TIEHTAEAPIB 13
Oy/iBETBHOIO BUCOTOIO 1 M, 110 JJO3BOJIMIIM NMEPEKPUTH BEIHMKI MPOJIBOTH Ta HAAATU apXITEKTYPHOT
BHPA3HOCTI TPHUMIMIEHHAM, 30epiraroun iXHI0 BUCOTY (puc. 7). Taka KOHCTPYKIlS AUCKPETHO
PO3MOALIIsE 3yCHIIIIsl BCEpEINHI CUCTEMH # nepenae ix Ha onopu. Cuia, npukiaaeHa 10 0yab-sKoro
BYy3JIa CTPYKTYPH, CIIOYAaTKYy BUKIIMKAE 3yCHIJUIA B €JIEMEHTaX, sKi 0e3MocepeTHhO MPUMHUKAIOTh JI0
IIBOTO BY3JIa, a MOTIM — MPOCTOPOBY PEAKIil0 BCIEl CUCTEMHM, IO HAraJye€ Peakiliio CYIILHOTO
cepenoBumia. [Ipu 3aBaHTa)KEHHI CTPYKTYpH MOKHA 3ayBaXKUTH, 1110 PO3MOIITICHHS MOTSHITIaTbHOT
eHeprii pedopmariii y MiCIIX BUHUKHEHHS HAaWOUIBIIMX PO3TATYBAIBHUX 3YCHIb € OJIM3BKUM 10
PIBHOMIPHOTO, III0 € YEPrOBOIO NIEPEBArOI0 TAKUX KOHCTPYKIiH [3, 5].
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Puc. 7. Intep’ep inanpHi 3 IpOCTOPOBUMHU CTEPKHEBUMH CTPYKTYpaMH Ha OCHOBI ITEHTaeIPiB

Ha »xanb, Hapa3i yKpaiHCBKi MiJIpPHEMCTBA HE MArOTh MOXJIMBOCTI BUTOTOBIISITH BCHOT'O
MepeNTiKy MPOKaTHUX MPo(diTiB, BUPOOHHUIITBO SKUX BEJIOCS HA 3HUIIEHUX POCIEI0 METATypPridiHUX
KoMOiHaTax. 3Ba)Kalo4M Ha I1ei BUKJIMK ChOT'OJICHHS, 0YJI0 3aCTOCOBAHO 3BapHi CKJIAJICHI Iepepi3u Ta
npodiai HasBHI B YKpaiHi, 30kpeMa i iMmopTHi 3 Kpain €Bpomneiickkoro Coro3y. BinmosimHo 1o
BUMOT KOHKYPCHOT'O TIPOEKTY JETAIBHO PO3POOJICHO XapaKTEpHi BY3JIH OyiBIIi:

1. ’XKopcTka 6a3a koJioHM 13 TpaBepcamu (puc. 8).
2. XKopcTtke 3’ €THaHHS 3 TPUBAPEHUMH IO KOJIOHH OMTOPHUMHU YaCTHHAMHU PUTEIIIB | BHHOCHUMU

CTUKAMH Ha BUCOKOMIITHUX 00JITax Ta MapHipHEe 3’ €HAHHS IPYTrOpsSTHUX OaJIOK 3 KOJIOHOIO (puc. 9).
A
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Puc. 9. By3on 3’etHaHHSI pUTeITiB 3 KOJIOHOIO

dizuyHa peamizallis Ta JIETKICTh MOHTaXy KapKacy MiITBEPIKYETbCSI OOpaHUM CIOcOO0OM
KOMITOHOBKH Ha BIJIITpaBHI €JICMEHTH.

BucnoBku. Ilpu cTBOpeHHI MPOEKTY OYyNH PO3TISAHYTI OCOOIMBOCTI METaEBOrO KapKacy B
KOHTEKCTI aKTyaJIbHUX JJIsi YKpaiHu peajiiid yacy, crnocoon HOro BUKOPUCTAHHS IS MAKPECICHHS
0COOIIMBOCTEH apXiTeKTypHOro 00pa3zy. Y CBITII CydyaCHHUX BHKJIHKIB Ta TOTpPeO, CTBOPEHHS
peabuTITalliiHUX IEHTPIB I BIHCHKOBOCIY)KOOBIIIB Ta BETEpaHIB CTa€ HAA3BHYAMHO BaXKITHMBOIO
comianbHOO Miciero. IlpoekTyBaHHS LHX 00'€KTIB BHMarae peTesibHUX OOpaxyHKIB, aJpKe
3a0e3meYeHHs] €KOHOMIYHOI JOIUIBHOCTI MPOEKTYBAHHS € TAKOXK BAKJIMBUM aCMEKTOM B KOHTEKCTI
KpaiHH, 110 PO3BHBAETHCS 1 Mae oOMexeH1 pecypcu. CtasieBi KOHCTPYKUIi € HaJAIHHUMH, BITHOCHO
JENICBUMU Ta BIAKPUBAIOTH HOBI MOMJIMBOCTI JJISI apXiTEKTOPIB Ta KOHCTPYKTOpiB. [lpukian
BUKOPHUCTAHHS iX B MPEJCTABICHOMY MPOEKTI JOBOIWTH, IO BOHH SKHAWKpaIle MiAXOAATH IS
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3BEJICHHS HOBUX Oy/iBeNb Ta CHOPYA, a TaKOXX PEKOHCTPYKII iCHyl0UMX OO'€KTIB Mia dyac
TMICIIIBOEHHOI B1IOY/1I0BU Y KpaiHH.
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Annotation. The article is devoted to the study of the experience of using metal structures in
the design of rehabilitation centres on the example of the project of the R-240 team ‘Rehabilitation
Centre for Military Personnel and War Veterans in Zhytomyr’ for the Steel Freedom competition.
Due to the Russian invasion of Ukraine, a large number of military personnel have suffered physical
and mental injuries. As a result, the need for rehabilitation centres has increased. The engineering and
architectural community is faced with the challenge of finding ways to meet these demands. Metal
structures, due to their high reliability, industrial nature, the ability to provide architectural
expression, the isotropic nature of the material itself and their invulnerability to various factors, are
best suited for this purpose. When working on the project of a rehabilitation centre for military
personnel and war veterans in Zhytomyr, a metal frame was used, and relevant calculations were
carried out to prove its effectiveness. The structural scheme of the projected rehabilitation centre is a
metal frame and ligature frame, in which columns and crossbars form the main flat supporting units
of the frame system - transverse frames. As the building is quite large in plan (91.5%68.9 m in axes),
has different heights of individual parts and is multifunctional, there is a possibility of significant
deformation of the frame elements due to daily and annual temperature fluctuations and different
temperature and humidity conditions of the premises. To avoid uncontrolled adverse movements and
to differentiate between zones with different purposes, the building is divided into three blocks by
expansion joints. Each block is an independent frame that is not connected to adjacent structures. A
distinctive feature of the frame is the spatial cantilever structure with a 9 m overhang. The high ratio
between the strength and density of steel and the permissible deflection values obtained in the
calculation programme prove the feasibility of using steel structures and the reality of the plan. The
study proves that the use of a metal frame is best suited for the construction of new buildings and
structures, as well as the reconstruction of existing facilities during the post-war reconstruction of
Ukraine.

Keywords: steel frame, structure, nodes, finite element method
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AHoTauis. CTaTTs NpUCBSYEHA JOCTIDKEHHIO 3HI)KEHHS PH3HMKIB MOXKJIMBOTO BHHHUKHEHHS
BUPOOHMYMX HEOE3MeK IIiJI Yac JEMOHTAXY METAJIOKOHCTPYKIIA OamToOBOTO KpaHa B YMOBax
00MEKEHOT0 TPOCTOPY OYyIBETFHOTO MaliJaHYMKY, PO3TAIIOBAHOTO B 30H1 MICHKOT arjoMepartii.

[Ipeacrasneni po3poOku 3 aHaAMI3y MPOIECy ACMOHTaXY OamTOBOTO KpaHa B YMOBax
00MEKEHOTO MPOCTOPY OYyIiBETHHOTO MaiilaHYiKa Ta MicbKoi 3a0y10BU. MeTa HayKoBO1 po0OTH —
BUSIBJICHHSI (DAKTOPIB, IO BIUIMBAIOTH HA OE3MEKy TEXHOJOTIYHOTO IMPOIECY JAEMOHTaXYy, aHam3 1
crcTeMaTH3allis JaHUX MPOo Xia podiT B yMOBaxX 00MEXEHOTro MPOCTOpy OyAiBeNTbHOTO MailaHuKKa,
3’sICyBaHHS BapiaHTIB JEMOHTaXy KpaHiB, SKi € HaWOUIbII BUTIHUM JJIs MiJNPHEMCTBA.
3ampornoHoBaHa METOIMKA CIIPSIMOBaHA HA 3HWKEHHS PU3UKIB TEXHOJIOTTYHOTO MPOIIECY JEMOHTAXKY
IMIIKPAaHOBHUX KOHCTPYKIIIH Ta pO3MipiB 30MTKY, 1110 € aKTyaJIbHUM 3aBJIaHHAM Y cdepi OyIiBHHUIITBA.

KarouoBi cjoBa: TtexHomoris poOiT, Oe3neka, OyIIBHUIITBO, PHU3UKH, JIEMOHTAX,
METaJIOKOHCTPYKIIii, OyaiBeapbHI MaWJaHYMKHA, POOOYMU TPOCTip, OAMMTOBUN KpaH, TPAaHCIOPTHI
Mepexi, BUpOOHHUY1 (PaKTOPH.

IHocTanoBka mnpoOaemu. 3abe3nedyeHHs TEXHOJIOTIYHOI Oe3neku B OyaiBeNbHIM Tramysi
€KOHOMIKH, 3ar00iraHHs BAHUKHEHHIO aBapii 1 HAJ3BUUAHHUX CUTYallli TEXHOTEHHOTO XapaKTepy €
OCHOBOIO CTBOPCHHS O€3MEYHHUX yMOB OJKUTTEMISUIBHOCTI Ta HEBII'EMHOI  YaCTUHOIO
(dbyHKIIOHYBaHHS OyAiBENIbHOI TaTy3i B misiomy [1].

HenpumycTuMICTh MOAANBIIOrO 3HUXKEHHS pIiBHA O€3MEKH Ta 3MEHIICHHS HaIiHHOCTI
BOKIMBUX O0'€KTiB OyHIBHMUIITBA I 4Yac eKCIUTyaTallii BaHTKOMIAINMAIbHUX MEXaHI3MIB,
KOHCTPYKIIH, MeXaHi3MiB, HE33aJOBUIbHMM CTaH YyCTAaTKyBaHHA Ta IHXEHEPHHX MEpPEexK, IO
MPAIIOIOTh B YMOBaX 0OMEXKEHOT0 BUPOOHUYOTO MPOCTOPY Ta CTAHOBJIATH MOTCHIINHY HEOE3MeKy
IUISL JKUTTENISIIBHOCTI, BIICYTHICTh CUCTEMHOTO MiXOAY IO PO3B'A3aHHA Li€l 3a7a4l 3yMOBIIOIOTh
HEOOXIIHICTh BUKOPHUCTAHHS CHCTEMHOTO IIIXOMy JO pIMIeHHS NpoOieMu 3a0e3NedeHHs
TEXHOJIOTIYHO1 O€3MeKH Ta 3HWKEHHS PU3HKIB.

Bumoru 3abe3nedeHHsT HAAIHHOCTI METATOKOHCTPYKINIM BAHTAXKOIIIHOMHUX MEXaHI3MIB
3YMOBJICHI HEOOXIJHICTIO 3HWKCHHS PiBHS PU3HMKIB HA METOAOJIOTIYHIM OCHOBI 3 BUKOPHUCTaHHAM
MPOIIECHOTO ITiIX0Ty, III0 BU3HAYEHO Ha MKHApoAHOMY piBHI BuMoramu ctanaapty ICO 9001/ MEK
300-1. [Ipu BUKOpUCTAHHI IPUHLUIIB IIPOLECHOTO MiAX01y 3/11HCHIOETHCS IOCTAHOBKH Ta peajizarii
3aBIaHHS YIPABIIHHS €KCIUTyaTal[iiHUM TEPMIHOM CITY>KOH, 3a0€3neYeHHsT HaIHHOCTI BKIIFOYAI0YH
OOI'pYHTYBaHHSA MOCIIOBHOCTI €TaliB AJs OLIHKU XHBYYOCT1 OyIiBEIbHUX METAJOKOHCTPYKIIIH Ha
OCHOBI MPUHIHUIIB POOACTHOTO MPOCKTYBaHHS, BJIOCKOHAJIEHHS Ta KOHTPOJIIO 3aXOJIB TEXHOJOTIi
BUKOHAHHS POOiT [2].
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AHaJ3 ocTaHHIX qocailkeHb i myOaikaniii. JlocmimpkeHHs CrpsIMOBaHI Ha 3a0e3MEYCHHS
MOXJIMBOCTI TIPOJIOBXKEHHS PECYpCy KOHCTPYKIIIA 3a paxyHOK BHUKOPHUCTAHHS METOMIB, IO
OOyMOBIIIOIOTH ~ JIOBTOBIYHICTH  BIANOBIAHMX  MaTepiajiB 3 OJHOYACHUM  pAIliOHATbHUM
KOHCTPYIOBaHHSIM, PO3POOKOI0 Ta BHKOPHCTAHHSIM BHpPa3HUX apXiTeKTypHUX (opMm i1 00'eMHO-
IUTAHYBAJIbHUX Ta TEXHOJOTIYHUX pillleHb. BUKOpUCTaHHS yMOB HaIiHHOCTI Ta KOHCTPYKTHBHOI
parioHadbHOCTI 3 OAHOYACHOI PO3POOKOI0 METOMIB JIEMOHTaXy, TpPAaHCIOPTYBaHHSA 1
JIOBFOCTPOKOBOTO 30€piraHHs JOCATAEThCS MUIIXOM 3a0e3MeueHHs] TEXHOJOTIYHOi Oe3neku 3
ypaxyBaHHSIM METOJI0JIOT1l 3araJIbHOTO YIPABIIIHHS SKICTIO. 3HAYHUI PIBEHb 3HOCY MPHU 301TbIICH]
yacy 3HAaXO/DKEHHS Yy  HECHPHATIMBUX  YMOBAaX €  3arpo3aMd  3HIDKEHHS  SIKOCTI
BaHTAXOMIIHMaIbLHOTO 00 HAHHS, a BIIACHO OY/1BEIb 1 CIOPY/, 10 TATHE 32 COOOO IMiIBUIIICHHS
BUMOT JI0 TTOJIIIIICHHS eKCIUTyaTallifHUX BIACTUBOCTEH KOHCTPYKIIH, 1110 BTpavaroTh AKicTh [3].

Buninennsi He po3B'sAI3aHUX paHille YAaCTHUH 3arajbHoi mpooJjemu. JKUTTEBUI LUK
METAJOKOHCTPYKIII BaHTAXHUX KpaHIB BHU3HAYCHWH 3HAYHUM YacOBUM iHTepBasioM. Jlyis
OTPUMAaHHS JOCTOBIpHOi 1H(oOpMaIlii Ta JAaHMX HAa OCHOBI CTaTUCTUYHOTO aHATI3y YIIKOIKCHbD,
HEJIOJIKIB, HEJOCKOHAIOCTEH HEOOXITHUN YacOBHI MPOMIXKOK, 3a SIKOTO YCKJIAJHEHO 30MpaHHS,
00poOJieHHs, HaKONMUYeHHs Ta 30epiranHs iHpopMarii. [Ipu 1poMy, XapaKTEepUCTHKH HAAIHHOCTI
MOXYTh OyTH BH3HAuU€HI HA OCHOBI BJIACTUBOCTEH KOHCTPYKIIT Ta €KCIUTyaTaIiifHOro cepeloBUIIIa,
0 MalTh MAacOBUU XapakTep 1 OIIHIOITHCSA CTAaTMUYHUMH MeToaamH. Jlo mHuX BIAaCTHBOCTEH
HaJIe)KATh: BJIACTUBOCTI MarepiajiiB KOHCTPYKLIN; BEJMYMHU 30BHIIIHIX BIUIMBIB, $KI YacToO
MMOBTOPIOIOTH 1 PEECTPYIOTH; TEOMETPUYHI TTapaMeTpu OyIiBeNb, CIIOPY/ Ta iIXHIX KOHCTPYKTHBHUX
€JIEMEHTIB; XapaKTePUCTUKHU BY3JIiB, CIIOIIyYEHb 1 3'€lHAHb BaHTAXOMiAIMManbHUX MexaHi3miB. Lli
rmapamMeTpy B TeOpii HaAIHOCTI BU3HAYAIOTh K Oa3ucHI 3MiHHI X1, X2,...X|, Kl HE MOXYTb OyTH
MOJIaHI MaTEMaTUYHO SK BHITAJIKOBI BEIMYMHHM a00 CTOXACTHUYHI MPOIECH 1 3HAIJICHI Ha OCHOBI
HaTypHHX JAOCHiKeHb. [Ipy 1bOMY TpaHUYHUN CTaH KOHCTPYKINi (HasSBHICTh HEHOJIKIB,
HE/I0CKOHAJIOCTE, MOIIKOKEHb) BU3BHAYAETHCS SIK QyHKIisE 0a3ucHUX 3MiHHUX [4]. s po3B'sa3aHHs
OCHOBHOI{ 3a/1a4i Teopii HaAIHHOCTI HECYyuuX OymiBEIbHUX KOHCTPYKIIIH 1 TCOPETUYHOTO BU3HAUCHHS
HMOBIPDHOCTI HACTaHHA CTaHy BIJMOBHM BHUKOPHUCTOBYETHCS BHXiJHa iHQoOpMaLis - OTpUMaHi
CTAaTUCTUYHI JaHi Mpo O6a3ucHi 3MiHHI X;.

JlocimipKeHHsT CTaHy KOHCTPYKLIH, IO JEMOHTYIOTbCSA, 3 YpaxyBaHHSM HalOiUIbII
HECIIPUATIUBOTO TIOEHAHHS TEXHOJIOTIYHMX BIUIMBIB Ta CTaHy €JIIEMEHTIB OylIM pO3IISTHYTI
BIJITIOBITHO METOXMYHOTO MIJXOY 3 OOIPYHTYBAHHA CKJIAy 1 CTPYKTYPH apaMeTpiB TOBrOBIYHOCTI
KOHCTPYKITIH JJIs1 YIPABIIHHS TEXHOJIOTTYHOIO OE3MEeKO0 MUISIXOM 3HMKEHHS pu3uKiB. Lle cBiquuTh
PO MOXJIMBICTh 3a0€3MEUCHHS pecypcy KOHCTPYKIIN 32 paXyHOK KOMOIHOBaHOTO BUKOPUCTAHHS
METOIB aHaJli3y, 0 0O0YMOBIIOETHCS PAIIOHATIEHOIO TEXHOJOTIYHOIO CTPAaTETi€r0, PO3POOKOI0 Ta
BUKOPHUCTaHHAM NEpPeOBUX 3ac00iB IUIAHYBAHHS Ta 3a0e3MeUeHHs palliOHANIBbHOCTI OyAiBeTbHUX
nporiecis [5].

IlocTanoBka mijteid i 3aBaaHb AoCTiIKeHb. MeTOIO POOOTH € BUSBICHHS YHMHHHKIB, IO
BIUIMBAIOTh Ha 0€3MEKY TEXHOJIOTIYHOTO MPOIIECY JEMOHTAXKY HECYYNX KOHCTPYKIIIM Ta MEXaH13MiB
KpaHOBOTO OOJIaHAHHS, aHAITI3 1 CHCTeMaTHU3allisl JaHUX 1010 MPOLIECy BUKOHAHHS POOIT B yMOBaX
00MEKEHOT0 MPOCTOPY OYMIBEIHHOTO KOMIUICKCY MaiJaHUYMKa, BUSBJICHHS BapiaHTIB JIEMOHTAXY
KpaHiB, HaWOUIbII BUTITHUX IS MIAIPUEMCTBA, Ta YypaxXyBaHHA ICHYIOUMX HEIOJIKIB,
HEJOCKOHAIOCTEH, MOWIKOMKEHb. [IpoBeIeHO IOCHIIKEHHS 3 aHaji3y Mpouecy AEMOHTaXy
0amToOBUX KpaHIB B yMOBaX OOMEXEHOIrO MpPOCTOpY OyIiBENbHOrO MaiJaHuYMKa Ta MiChKOI
arjmomMepailii. Meroauka crpsiMoBaHa Ha 3HIMKEHHS PU3UKIB TEXHOJOTTYHOTO MPOLECY AEMOHTAXY
KpPaHOBUX KOHCTPYKIIiH, € aKTyaJIbHUM 3aBJJaHHIM y Taily3i IUBUIBHOTO Oy/iBHULITBA.

OcHoBHMIT MaTepian i pe3yabraTu. Kpanu 3Ha4HOT BaHTaXOIMIAHOMHOCTI 0arato B 4omMy
MOJIETHIYIOTh CydacHe OYyAiBHHMIITBO 1 3a0€3MeUyl0Th CTBOPEHHS OPUTIHAIBHUX (POPM KOHCTPYKLIN
MpU JOTPUMAaHHI SIKOCTi 1 TepMiHIB OymiBHUIITBA. Y poOOTI WIAEThCS MpO eram OyAiBHUIITBA TTiCISA
3aBEpILICHHS «YOPHOBOTO OYAIBHMIITBa» KOMIUIEKCY OyniBenb KHUTIOBOTro paiony. Ilpormec
JEMOHTaXKy OAIITOBOTO KpPaHy Ta MEPEMIIICHHS HOTo 10 MICIS TPUBAJIOTO 30€piraHHs BiIOYBA€ThCs
3riHo 3 TpadikoM poOOTH Ta BUMOTaMH TEXHOJOTIYHUX MpaBui 1 npasun Oesneku (puc. 1). [Ipu
aHai31 TEXHOJIOTIYHOTO TpOorpecy OyMIBHUIITBA 3 BHUKOPUCTAHHSAM TIJHOMHHX IPUCTPOIB
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BUKOPHUCTOBYETHCS METOAMKA «MOJEJNi CHCTEM MacoBOro OOCIYroByBaHHS» [6] /uis BU3HA4YECHHS
HEOOX1THOTO Yacy 3 IEMOHTa)Xy METAIOKOHCTPYKITIA KpaHa Ta HOTO MEXaHi3MiB.

s nemontaxy OamrtoBoro kpany LIEBHERR 125 EC-B6 Gyno BUKOPHUCTaHO AOAATKOBE
nigiiomue obmamgnanas — Teneckoniyaui kpan LIEBHERR LTM 1100-4.2 (puc. 2). Buxogsuu 3
JIOCBIIy TIOMIEPENHBOI omeparllii, el mpoiec € TPaBMOHEOE3MEUHUM 1 TPYAOMICTKHM, BHUMAarae
MPUCYTHOCTI Ta ydacTi KBamidikoBaHUX (axiBIliB, sIKI MAalOTh HEOOXIIHWHA JOCBIJI 1 JIOMYCK 3
npodeciifHoT KOMIETEHTHOCTI.

Puc. 1. Po3TawyBaHHsA 6alITOBOro KpaHa B
KOMMJIeKCi byaiBenbHOro MaiaaHuYnKa MaiaHuMKa ANA AeMOHTaXy KpaHOBUX
KOHCTPYKLLiM

JleMOHTaX KOHCTPYKIIIH MPOBOAMBCS 13 3a0e31eueHHsIM Oe3neKn pOOITHUKIB, SIK1 MTPAIOBAIH
Ha OyniBelIbHOMY MaiiaH4yMKy (03100TI0OBaIbHUX POOOTax) y MOBHIN BiAMOBITHOCTI 0 HOPM 1
MpaBUJl HOPMATUBHHUX JOKYMEHTIB 1 3aKOHOJIAaBUMX akTiB. Po0OOTM BHKOHYBaJla MOHTa)KHa
oprasi3ariisi, sika BiJiIOBi/1aja HACTYITHAM BHMOTaM:

- Ma€ TEXHIYHY KOMIIETEHTHICTb JUIsl MPOBEACHHS JEMOHTa)Xy KPaHOBHUX KOHCTPYKIIHM Ta
MEXaHi13MiB BiJIIIOBITHO 0 HOPM O€3MEKH Ta TEXHIYHUX HOPM;

- OCHAIIICHa HEOOX1THMM 00JIaTHAaHHSIM Ha JICMOHTaX KpaHa, a TaK0X 3aco0aMHu 1 MaTepiajlaMu
BIAITOBIAHOT SIKOCTI;

- Mae kBalli(pikoBaHy Ta aTecToBaHy Opuraay poOITHHKIB 3 JOCTAaTHIM JIOCBIIOM BUKOHAHHS
JTAHOTO BUY POOIT, a TAKOXK BMIHHSM KE€pyBaTH MeXaHi3MaMu KpaHa (puc. 3 a);

- Ma€ CUCTeMY KOHTPOJIIO 32 SIKICTIO BUKOHAHUX POOIT Ta Mpare31aTHICTIO KOHCTPYKIIIH.

[Ipoiec neMOHTaXy € JEMOHTaXEM €JIEMEHTIB KpaHa 1 TOB'S3aHUN 3 MiJBUILEHOIO
HE0E3MeK0I0, OCKUIBKM JIEMOHTOBaHI YaCTHHU OAaITOBOrO KpaHa MalOTh BEIIMKY Bary 1 CKIIaIHY
TEXHOJIOTIYHY KOHCTpyKLito (puc. 3 0). [lpuitHATa TEeXHOIOTiYHA TPOIEAYpa IEMOHTAXKY
METaJOKOHCTPYKIIIH 1 MEXaHIYHOTO 00JIaTHaHHsI OAIITOBOTO KpaHy MPOXOMIa B KiJTbKa €TaITiB:

1. BusznaueHo oprasizauiiiHi eneMeHTd OyiBeIbHOTO BUPOOHHIITBA, sIKI HABEJCHI B MPOEKTI
oprasizariii OyJiBHHIITBA Ta MPOEKTI BUPOOHHUIITBA.

2. BusHaueHO xapakTepHi OCOOJHMBOCTI PO3MIIIEHHS OCHOBHOTO BaHTaXOIiIHOMHOTO
oOnagHaHHA, 3aJITHOTO Yy BHPOOHHMYOMY TMPOIECI — MOHTaXHUX KpaHIB Ha OyAiBEeIbHOMY
MalIaHYUKY.
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3. BusnaueHo MicIis po3TalyBaHHs iH)KEHEPHUX MEPEXK, A0pir OyAIBHUIITBA T IHIIMX IUIAXIB,
y TOMY YHCJTI 30€peKEHUX Ha TEPUTOPIi OyTIBHUIITBA 3€JICHUX HACAKEHb (JIEPEB, KYIIIIB).

4. Kpan po3[iIeHO Ha OKpeMi €NeMEHTH MIJisi 3PYYHOCTI JAEMOHTaXy Ta MEPEHECEHHS 3
TepUTOPii OyAIBEIHLHOTO MaliJaHUYHKA.

a)

Puc. 3. JoTpMMaHHA BUMOT TexHoorii poboTn —
3a/ly4€HHs BUCOKOKBanNipikoBaHUX crewianicTis 3
[O0CTaTHIM A0CBIAOM pob0TH: @) AEMOHTaX
MexaHi3MiB; 6) po3bupaHHA CTpiM 6aWTOBOro KpaHa

5. lonepenus iHcmekiist OyAiBEIBHOrO MaiJaHUMKA CIIEHialliCTaMi MOHTaXXHOI opraHizarii
JUIS OTJIALYy KpaHa, BU3HAYCHHS THITY JCMOHTXXHOTO OOJIQJHAHHS Ta WOTO TEXHOJOTIYHUX
0COOJIMBOCTEH.

6. BHeceH1 TOMOBHEHHS Ta 3MIHU J0 TEXHOJIOTTYHOTO MPOEKTY, SIK1 BIAMOBIAaIM BCIM HOpMaM
0e31eKH MPOBEICHHS IEMOHTAXXHUX POOIT.

7. IloromxeHHs 13 3aMOBHUKOM MPOEKTY, BAPTOCTI POOIT Ta 1HII OpraHi3amiitHuX 3aX0/IiB:

- 103B1JI Ha B'[371 1 BUI3/] Ha Oy/AiBEIbHUI MaiilaHuuK;

- IOTOJKCHHS J03BOITY 3 YIPABIiHHIM JOPOXKHBOTO TOCIIOAAPCTBA HA THMYACOBE OOMEKCHHS
PYyXY (B TOMY YHCIIi TPOMAJICBKOTO TPAHCIIOPTY) 3 METOIO PYXY BYJIMILISMU MiCTa.

BaxnuBicTh ynmpaBiaiHHS IPOILIECOM JIEMOHTaXy KpaHa BUIUIMBAE 3 PU3UKY aBapiil OAITOBUX
KpaHiB, [0 BUKOPUCTOBYIOTbCA B OYJIiBHUITBI. PO3risHyTHI mepemnik pU3MKiB, sIKi BAHUKAIOTH 32
HassBHOCTI (paKkTOPiB a00 MPUYHH, 110 X BUKIUKAIOTh, HABEJCHO Ha cxeMi Ha (puc. 4).

1 - KOHTaKT KpaHa 3 eNeKTpUYHOLo NiHieto (39%);

2 - HenpaBWAbHWIN MOHTAXK | AEMOHTaXK KpaHa
(12%);

3 - pyliHYBaHHA CTPiAM KpaHa (8%);

4 - nepeKknaaHHa KpaHa (7%);

5 - HaBaHTaxeHHsA (4%);

6 - BNAMB BaHTaxXy abo KpaHa Ha MpauiBHWKIB i
noraxi norogHi ymosu (3%);

7 - iHWwi Bnavemn (27%).

Puc. 4. OcHOBHI GaKTOPU BUHUKHEHHS TPYA0BUX PU3MKIB

OcobnuBocTi po30upaHHs Ta JAEMOHTAXy KpaHa BKJIIOYAIM €TalM pO3'€THAHHS BY3JIB 1
JIEMOHTAXXy OKPEMHUX €JIEMEHTIB, MEXaHI3MIB 3TiAHO, 3 MPOCKTOM, MEPEMIIIEHHS Ha BH3HAYCHI
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MalJaHUYUKH JUIS TTOAAJBIIOT0 TPAHCIIOPTYBAHHS 3 MPOCTOPY BUKOHAHHS POOIT, 3aBaHTaKCHHS Ha
maaTdhopMH Ta BUBE3CHHS 3 OymiBeIbHOrO MaijgaH4yuka. [Iporec neMoHTaxky KpaHa BiOyBaBCs B
MOPSIKY, TPOTHUIICKHOMY MOHTaXy KOHCTPYKIIii. [Ipu iboMy BpaxoByBaBcst ()aKTOp PO3TAITyBaHHS
IHITUX MOHTQKHUX MEXaHI3MIB Pi3HOTO THNY Ha OyIIBEIIbBHOMY MaigaH4uKy (puc. 8). 3 MeToro
palioHaJIbHOTO BUKOPUCTaHHSA OYyHiBENbHOI MUISHKH MPOCTIP AEMOHTAXy PO3AUTMIN Ha OJOKH, a
pOOOTH — Ha IUKJIH. Y Cl MUKIM BUKOHYBAJIKCS 33 JOMOMOTOI0 aBTOKPAaHa.

BaxxmuBum acriekTom 0yI10 OJI0XKEHHS MEXaHi13My OBOPOTY cTpiinu. Kpan OyB 7eMOHTOBaHMIA
micis OymiBHUIITBA OyAiBIii, IO 0OYMOBITIOBAJIO OOMEXKEHICTh MICIS JIJIsl TIEPEMIIIEHHS CTPLIN Ta
iHmumx dactuH. Kputepii oOMeXeHOCTI MpOCTOpy [UIs TNPOBEIEHHS poOiT Ha OyaiBelbHOMY
MalJaH4YuKy 3a0yJoBaHOI YaCTMHU MICT BCTAHOBJICHI 3TiJHO 3 [IIOYMMH HOpPMaMH 1
XapaKTepU3yIOThCs HAsIBHICTIO HU3KH CYTTEBUX YHHHUKIB!

- IHTEHCUBHHH PyX MICHKOTO TPAHCIIOPTY Ta MIIIOXOAIB Y O€3MocepeIHiil OIM3bKOCTI BiJT MiCIIS
MPOBEACHHS POOIT, 10 MOTpedye OOMEXKEHOCTI AEMOHTaXy Ta TPAaHCHOPTYBAaHHS MOHTa)KHUX
€JIEMEHTIB;

- po3rajyXeHa MepeXka ICHYIOUYHMX MiJ3eMHHX IHXXEHEPHHUX KOMYHIKaIliil, siki moTpeOyroTh
MiJIBICKA a00 HOBOTO MPOKJIAJaHHs (BKJIIOYAOYH IT1I36MHUN TapKIHT - OOMEXEHHS HaBaHTKCHHS
Ha IJTUTY MEPEKPUTTS B MICIIIX PYXY TATauiB i HAMiBIPUYEIIiB);

- )KUTJIOBA TPOMaJIChKa 3a0y/10Ba, a TAKOXK 30€piraHHs Ta BiTHOBJIEHHS 3€JICHUX HACA)KCHbD;

- 00OMEKEHICTh IPOCTOPY YMOB 30epiraHHs marepianiB abo HEMOXIHMBICTh iX 30epiraHHs Ha
OyIiBeIbHOMY MalaHYHMKY 117151 3a0€31eYeHHS] BUKOHAHHS POOiT;

- HEOOXiJHICTh JOTPUMAaHHS BHUMOI MPaBUJ TEXHIKM Oe3meku (IIPOeKTOM OpraHizamii
OyIiBHHIITBA TIepe10aueHO OOMEXEHHS MOBOPOTY CTPUIK OAIITOBOTO KpaHA).

PoGotu mnpoBoaunmcs B MichKid 3a0ymoBi. BaximBoioo mnpoGnemoro Oymu OyniBiai B
Oe3rocepenHiil 0M3bKOCTI B OYy/IIBEIBHOTO MalIaH4YWKa, SKI MOTPAanId B 30HY JOCSKHOCTI
Kpany. bamty kpana HeoOxinHO Oyi0 po3TalryBaTi Tak, o0 ii CTpiia mpoxoausa MiX ICHYIOUUMHU
KOHCTPYKITISIMH 1 B TOM ke yac OyB 0OMEXEHUN KyT HaxuiIy cTpum. Mexa HeOe3rmeuHo1 30H! KpaHa
BHU3HAYAETHLCS BIIMOBITHO 10 BUMOT HOPM IIOJI0 BiJICTaHi BIITTLOTY BAHTAXKY Y pa3i HOro majiHHS i
yac pyxXy KpaHOM. 3MEHIIEHHS BiJICTaHI MOXJIMBOTO TMAJiHHS JIEMOHTOBAaHUX CJIEMEHTIB KpaHa
3a0e3MeuyeThCsl B OKPEMHUX 30HaX, B MeXax OyliBeJIbHOr0 MailaHYMKa PO3BAHTAKECHHS BaHTAXIB 1
CKJIaayBaHHs MatepiaiiB. Ll 30HM mo3HavYeH1 Ha pobounx cxemax. BiamoBigHO 70 poO0UYOTO MPOCKTY
111 3MEHILIEHHS po3MipiB HEOE3MEYHOT0 MPOCTOPY KpaHa OyJin BXKUTI HACTYIIHI 3aX0/IH:

- BCTAaHOBJICHI OOMEXyBadl TOBOPOTY CTPLIHM KpaHa;

- 3a0e3mneueHo (PYHKIIFOBaHHS KOOPAWHATHOTO 3aXUCTY KPaHa;

- 00MEXEHO 70 MIHIMYMY IIBUAKICTh 00€pTaHHS CTPUIA KpaHa B poOOUiid 30H1 (SIKIO BiJICTaHb
BiJl BAHTAXXY, 10 TPAHCIIOPTYETHCS, 10 MEX1 30HU MEHIIIE 5 M);

- TIEpPEeMIIICHHS BaHTAXIB Ha JIJISHKAX, pPO3TallOBaHUX Ha BIJICTaHI MEHIIE 5 M BiJI MEXi
HeOe3MeYHOi 30HM, 3IIMCHIOBATIOCS 3 BHUKOPUCTAHHSIM 3aMO01KHO-3aXMCHHUX MPHUCTPOIB, IO
3amo0IirarTh MaIIHHIO BAaHTAXY,

BukopucranHs aBTOKpaHa il JEMOHTaXy KOHCTPYKIII OalToBOro KpaHa J03BOJIMIO B
HaWKOPOTIIl TEPMIHM MIATOTYBaTH JIEMOHTOBaHY CTPLIy Ta YaCTUHHM OalITOBOi KOHCTPYKINi Ha
okpemi 610k (puc. 5). JloBxkuHa OJ0KIB Yy TpaHCIIOPTHOMY ITOJIOKEHH1 KosmBanacs Bif 7,5 no 12,0
M. Po3Mipu ormopr MOHTa)KHOTO KpaHa CTAHOBIIIM 6X6X7 M. JI71s mepeMileHHs KpaHa 32 MEX1 MiCIIst
YCTaHOBKM BUKOPUCTOBYBAJUCS IUIATGPOPMHU 31 CHELiaTbHUMH TOBOPOTHHMH KOJIECAMH, SIKi
J03BOJISIFOTh MAaHEBPYBATH 3 HEBEIMKUM paniycoM. Pamiyc po3BopoTy He mepeBuiyBaB S0 MeTpiB.
JIeMOHTOBaHI YacCTMHU KpaHa CKJIaJaJd y BIANOBIIHOMY Miclli — Mpoi3ai Ha OyniBeIbHOMY
Mai/IaH4YMKYy, a TOTIM 32 IOTIOMOT'OI0 aBTOKpaHa BAaHTAXXHIIN YaCTHHAMU Ha IIaTGOpMHU i BUBO3WIIH
3 OyaiBenbHOTO MalgaH4HKa (puc. 6).

ExoHOMIYHA OIliHKa BapTOCTI pOOIT, III0 TPOBOATHCS MIPH IEMOHTAX1 KPAHOBHX KOHCTPYKIIIH,
BPaxoBY€ HACTYIMHHUX (PaKTOPiB:

- MOIeJTb (THIT) KpaHa, 1110 IEMOHTYEThCS, HOTO pO3TallyBaHHS Ha OyaiBEIbHOMY MalJaHINKY,
YMOBH HOT0 poOOTH ISl AEMOHTAXY CTPi/IK, OAIITH Ta MEXaHIYHOTO 00JIalHAHHS KpaHa,
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- TPYAOMICTKICTB pOOIT 3 IEMOHTaXXy Ta TPAHCHIOPTYBAaHH KOHCTPYKIH 0 Miclisl TPHBAJIOTO
30epiraHHs;;

- YMOBHU JIOCTYITy 10 BY3JIiB Ta CHOPYA OAaIITOBOrO KpaHa, YMOBH iCHYIOYOTrO OYAiBEITHHOTO
MaliJJaHYuKa Ta TICHOTY 1CHYIO4YO0i 3a0y0BH;
- HasIBHICTb iHu’{gl' OyniBeNbHOI TEXHIKHU i1 Yac BUKOHAHHS POOIT.

{

Puc. 5. PO3milLeHHA YacTUHM KOHCTPYKL,iT CTpinn Puc. 6. BuseseHHs 3 bygisenbHoro
6aWTOBOrO KPaHy Ha BaHTaXiBLL MaifaHYMKa METaNOKOHCTPYKLN HaluToBOro
KpaHy B 30Hi MiCbKOTO pyxy

MopentoBaHHs B3aeMOALT (pakTOPIB i IapaMeTpiB HABKOJIHIIHBOTO cepeouia [7, 8] (cucrema
BAIITOBUN KPAH - 30HA 3ABYJAOBU — BHYTPIIIHI TA 30BHIIIHI BIIJIMBN)
3MIHCHIOETHCS 32 JOMOMOTOK0 OPIEHTOBAHOTO alMKIigHOro rpada ( puc. 7).

Ba3oBa Moaenb CUCTEMM TeXHiuHoro o6cnyroByBaHHsl KpaHa Ha eTani
[BEMOHTaXKy Ta TpuBanoro 36epiraHHs

HecnpuaTnUBi chakTopu eKcnnyartauii /30BHIiWHI/ \
WAAXu - ~ i
nepemileHHA JCHYyIoUI cucremu "’.fu'."saiﬂff:?"
rpomaacbKoro niasemMHlI 'l:a €eHepreTu4yHoro GyAiBni Ta
TPaHCNOPTY Ta Hap3eMHiI nocradaHHm, Mani
niwoxopnis iHXXeHepHiI 3abesne4yeHHA apXiTeKTypHi
Mepexi 6e3neku pyxy chopmm
KOMYHanbHOro TPaHCNOPTHUX
rocrogapcrea maricrpanen

\

HecnpUuATNMBI (PaKToOpu AeMOHTaXy /BHYTPIWHI/

CTUCHEHICTb YMOB icHyOuI

obmexeHHA pyxy,

MaHEeBpYyBaHHA Ta
36epiraHHA NpUpPOAHOOXOPOHHI Ta iR ey
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Puc. 7. Mogenb cuctemu obcnyrosysaHHa « BALUTOBOIO KPAHY - BY/IBE/IbHUA MANOAHYMK -
BHYTPILLHI TA 30BHILLUHI BNJIMBU»

[Tporetypa OLIHKK PU3HKY MPOIECY AEMOHTAXY KOHCTPYKIi OallITOBOro KpaHa Ta B3aeEMOJI1
BHYTPIIIHIX IMapaMeTpiB 3 (pakTopamMu iCTOTHOT'O 30BHIIIHHOTO BIUTMBY MPEACTaBICHA CTPYKTYPHOIO
CXEMOI0, SIKa BU3HAYA€ CTaH MOJIEII B KOXKEH MOMEHT 4acy t 3HaueHHsIMHU BXiaHi — Fi, BHyTpimHi —
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INi ta Buxinui — OPi xoopauHaTH, Ipy LBOMY BXi/HI Ta BHYTPILIHI — 3MiHHI, @ BUX1IHI — QYHKIIs
[9]. I'padiune 300paxkeHHsT TpOLIECY IaTHOCTUKH TPH BUKOHAHHI MPOIEAYPH MOHITOPHUHTY
PO30upaHHs KOHCTPYKIIT OAIITOBOTO KpaHy MPeICTaBIEHO y BUTIIAAL OIOK-cxeMu (puc. 8).
YmoBuuii moxin mpeamera gociimkenns (CCQO) Ha CkimagoBi TOB'S3aHHN 3 PSIOM
00'eKTHBHHUX yMOB i Cy0'ekTuBHUX mpumyiieHb. Ckiaagosumu Sb BUOUpArOTh KOHCTPYKIIiT, AeTai,
BY3JIM, IO YTBOPIOIOTH OKpPEMi CaMOCTiHHI cucTeMH abo eneMeHTH (BY3JH, €JIeMEHTH, BY3JIH,
MeTajieBl KOHCTpYKLii a00 iH)XKEHEPHO-TEXHOJIOTiYHE 00JajHaHHA, IHCTpyMEHT Tommo). OO’eKT
KEpYBaHHsI sIK JIOT1YHA CUCTeMa MOe OyTH 3aanuii rpadiuHo, aHATITHYHO, (PI3MUIHOI0 MOACILITIO Y1
1HIIIOIO BipTyalbHOIO (POPMOIO, IPUAATHOIO I 00poOKH 0OumncIoBatbHUMHU MeTonamu [10, 11].

I o~ oF1
[ >

m H [ opP..
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Puc. 8. BioK-cxema MOHITOPUHTY CTaHy NapameTpiB NpoLeaypu AeMOHTaXKY KOHCTPYKLIT (MexaHi3mis
6aLlUTOBOro KpaHa) Ta CKAafoBMX GaKTOPIB PU3MKY

Hezanexxno Bix hopmu Sb He0OX11HO BUSHAYUTH BUX1HI YMOBH Ta BHYTPIIIHI CTAHH CHCTEMHU.
CknaiaHHs IpOTrpaMH MepeBipKy BUMarae BUKOHAHHS aHaJIi3y KOHCTPYKIIT JJOCIIKYBaHOTO 00'€KTa
SK B poOOYOMY CTaHi, TaK 1 NPH MOXKJIMBOMY BIJIMOBHOMY CTaHI KOHCTPYKIIM 1 MeXaHI3MiB.
dopmaizalisi Mpoluecy aHamizy HPONOHYE OMHMC MOJIMBHX AE(EKTiB, MOLIKOIKEHb (HasBHICTH
HEJI0JIIKIB, HEJJOCKOHAJIOCTEH, MOIIKOHKEHB) 00’ €KTa, OTPUMAHUX B pe3yJIbTaTi eKCIuTyaTalii abo Ha
eTarnax po30HpaHHs, TPAaHCIIOPTYBAaHHS Ta 30epiraHHs, siKi, B CBOIO Uepry, 3yMOBJICH] IHTEHCUBHICTIO
BIZIMOB KOMIIOHEHTIB.

BBenenHs Ta BU3HAYeHHS BXIIHUX (YHKLIA Ae()EKTHUX €IEMEHTIB 3IHCHIOETHCS MUISIXOM
nepepaxyBaHHS MOXJIMBUX HEIOCKOHATIOCTEeH (Me(EKTIB 1 MOMIKOMKEHb CTaJCBUX KOHCTPYKIIIH
KpaHa, 3MiHM TEXHIYHHMX BJIACTUBOCTEH MAaIIMH, MEXaHI3MiB BHACIIJOK TPUBAIOI EKCILTyaTamii,
BIUIMBY (aKTOPiB cepenoBHINa 30epiraHHs Ha OYyIIBHHUIITBI), YMOB MaiJaHYMKa, BHU3HAYAIbLHUX
napameTpiB  GopMH KOHCTPYKLIi Ta SKOCTI Marepiany ab0 NUIIXOM BHU3HAUYEHHS Je(eKTiB
(medopmariii) KOHCTPYKIIiK TOIIO.

O06'exT onucyeThest ctanoM L kommoHeHTiB. SIKMIo Si — KUIbKICTh MOKIIMBUX 1HAWUBIIyaIbHUX
HEJIOCKOHAJIOCTEH j-r0 KOMIIOHEHTa, TO 3arajbHa KUIbKICTh M — MOXJIMBUX HEIOCKOHAIOCTEH
00’€KTa KOHTPOIIO Oy1e:

- YW € OKpeMIi HeJIOIKH (0HA YaCTHHA Ma€ OJIMH HENIOMIK);

L
M1=)"5
i=l (1)
- y pa3i HeJOCKOHAIOCTI OKPEMHX JIeTaliel 1 MHOKUHHHX JIe(hekTiB 00'ekTa (0auH ab0 KiJTbKa
KOMITOHCHTIB MalOTh OJUH HEIOMIK):

L
M2=]].  a+S8H-1
4+ 8)) 2)
- 71 KpaTHUX HEJOCKOHATIOCTEH KOMIOHEHTIB 1 KPaTHUX HEIOCKOHAIOCTEH 00'€KTiB (OUH
KOMITOHEHT Ma€ OJIHY HEJJOCKOHAIICTH ),

M3=2""1 3)

VY BHIIAAKY BIIOMOTO peali3oBaHOro 00’€KTa eKCIUTyaTallii HOro TeXHOJOTIYHEe MPU3HAYCHHS

(a came MOPSAIOK IEMOHTAXY), MOXKIIUBI HEJTOCKOHAIOCTI 00’ €KTa Ta peaai3oBaHuX (PYHKITIN, a TAKOXK
METOAMKH MPOBEACHHS IIarHOCTUKU CTaHy KOHCTPYKIiM 1 MexaHi3miB. KpiMm TOro, ckiaaeHo
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TabMUII0 PYHKIIH HEJOCKOHAIOCTEH, B AIKi MPUHHATO HACTYIIHI YMOBHI Mo3HaueHHs (Tab. 1).

Tabmuus 1 — Matpuns gyskniii R metanokoHcTpyKIiii kKpaHa Ta iioro MexaHi3MiB

R E

fo fi fm
t1 ro1 Ij1 Imi
tj roj Tij IMj
tm) ro(T) ri(T) I'M(T)

E — Habip ¢yHKUiH, sKi peanizyloTh YCi pale3/iaTHi Ta HeclipaBHi 00’ €KTH;

fo, fi— QyHkuis, mo peanizyeThes Npane31aTHOI Ta HECIIPABHOIO CTPYKTYPOIO;
r M 1— QYHKIIIS, IO pealizyeThest 00’ ekToM 3 M HeCIIpaBHUMHY,

R — KiTBKICTB pe3yabTaTiB OKPEMHUX CTPYKTYPHHUX JTOCIIKECHD;

T — MHOXWHA, Ha SKil BU3HAUeHA (YHKIIis, peali3oBaHa CTPYKTYPOIO CEPBICY;

t j (1) - OKpeMi JOCIIKEHHS (EKCIIEPUMEHTH) Ha CTPYKTYPY;

I ij(R) — PE3YJIbTaTH OKPEMHUX JOCII/IIB.

ITpu po36utTi MHOXMHK E Ha HemepeciuHi 1 HEMOPOXKHI MIIMHOXKHHA MOXHA BUIUINTH TPH
TpyIy O3HAK:

- KUTbKICTh TIAMHOXHUH JOPIBHIOE JBOM, MPHU LOMY OJHA 3 HUX MICTUTH OJHMH C€IIEMEHT —
KOHCTPYKITIIO 3 HEIOCKOHAICTIO, a 1HIIIA MICTUTh YCi i — KOHCTPYKIIi 3 HeAoCcKoHACTO. L5 ymoBa
BIZIIIOBIJIa€ MPOLIEIypi MEPEBIPKH MPOLEAYPH po30UpaHHs 00’ €KTa;

- KUTBKICTh TIIMHOKMH Ha OJMHMINIO OUIbIIA 32 KIJTBKICTh €JIEMEHTIB CTPYKTYPH, TIPH IIbOMY
OJTHA T1IMHOKUHA MICTUTh CTPYKTYPY 3 HEZJOCKOHAJICTIO, a O/IHA 3 IHILIUX M IMHOXHH MiCTUTb JIUIIIE
Ti i - CTPYKTYpH, K1 BIAMOBIJAIOTh OJHOMY €JIEMEHTY 3 HEJIOCKOHAJICTIO, IO BIJIMOBIA€ 3aaHUMN
Habip eJIeMEeHTIB;

- KITBKICTh MIAMHOKHH JOPIBHIOE KUTBKOCT1 €JIEMEHTIB MHOXXHHH E .

BucnoBku. Jlane cTpykTypHE 300pak€HHS MOHITOPHMHTY TMPOIECY NEMOHTAXy KpaHa s
3a0e3meYeHHs] YyMOB IIUTICHOCTI METaJOKOHCTPYKIIM, MeXaHi3MiB 1 Oe3leKd BHUKOHAHHS POOIT
BIJIMOBIZJa€ YMOBaM 3 JIETATHHUM OIKMCOM KOXKHOTO KOHKPETHOTO HEHOJTIKYy a00 HEeBiAMOBIIHOCTI
BUKOHAHHS POOIT TEXHOJIOTI].

MeTtoauka q03BOJIsSi€ BA3HAYUTH Ta OLIHUTH PU3HMKH MPH TUIAHYBAHHI MPOIIETyPH BUBEICHHS 3
eKCIUTyaTalii 6amToBoro kpaHa. ¥ 1[bOMy BUIIAQJKy BUHUKAE MOXKIIUBICTH EKOHOMIYHOI ONTUMI3aIi]
MarepialbHUX BHTpPAT 3 METOI 3HIDKCHHS BapTOCTI OymiBHUIITBA B IuIoMy. [ligBuieHHS
e(EeKTUBHOCTI JAHOTO METOAY 3a0e3neuyeTbcs MpPU BHBEIEHHI 3 eKCIUTyaTallil KiIbKOX KpaHiB,
3a1isTHUX Y OYIiBHHIITBI.
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Abstract. The article analyses unfavorable factors arising during dismantling and moving of
crane structures, mechanical equipment in the conditions the urban transport network, access roads
to the long-term storage warehouse.

Paper is based on the analysis the causes accidents and emergencies and shows that many them
are man-made (technical condition of buildings, structures, equipment and engineering networks,
poor organization work technology).Article presents developments in the analysis process of
dismantling a tower crane in the conditions limited space a construction site, urban development.

Purpose of the research - identify factors affecting the safety dismantling process, analyses and
systematize data e progress work in a cramped construction site and identify options dismantling
cranes that are most beneficial enterprise.

Proposed methodology is aimed at reducing the risks of the technological process dismantling
crane structures, which is an urgent task in the field construction.

Assessing principles the conditions limited space a construction site during construction
depending on the technology work production are presented. Recommendations for dismantling metal
structures tower-type cranes and determining technological safety are given.

Methodology allows identifying and assessing risks when planning the decommissioning
procedure for a tower crane. In this case, it is possible to optimize material costs economically to
reduce the overall cost of construction. The efficiency of this method is increased when
decommissioning several cranes involved in construction.

Study of the state structures, considering the most unfavorable combination influences, was
considered in accordance with the methodological approach to substantiate composition and structure
parameters of structural durability for managing technological safety by reducing risks. The
possibility ensuring service life structures through the combined use of analysis methods has been
established, which is due to the rational design, development and use advanced means planning and
ensuring the technology of construction processes.
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YK 624.072.002.2 d0i:10.31650/2707-3068-2024-28-105-113
PEKOHCTPYKIISI BAPOBHUYOI BYJIIBJII 31 CTAJJEBUM KAPKACOM

T'onoanos O.1., 1.1.H., mpod.,

Hayionanonuu asiayitunuii ynisepcumem, m. Kuis, Ykpaina,
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AHoTanisi. PeKoHCTpyKIIis iCHYI04Oi Oy/iBIII 31 CTaJeBUM KapKacoM BHKOHAHA y 3B'S3KY 3
HEOOXITHICTIO MepeobsajHaHH HeoOIrproBaHUX BUPOOHWYMX NPUMIIIEHB MiJ CKJIAZ 3 METOIo
TT1IBUIIICHHSI TETIO- Ta €HeProe(PeKTUBHOCTI.

Byno npoBeneHo 00CTeKEeHHS HECYUHX CTAIEBUX KOHCTPYKIIIH iCHYI04Y0i BUPOOHNYOT OyIiBi,
BU3HAYCHO iX TEXHIYHUH CTaH, BAKOHAHO KOMIT IOTEPHE MOJICITIOBAHHS, PO3PAXYHKH 1 IPOEKTYBAHHS
KOHCTPYKIIH PEKOHCTPYHOBaHOT OyiBIIi BIIMOBIAHO JO BUMOT YNHHUX HOPMATUBHUX IOKYMEHTIB i
3p00JICHO BUCHOBOK IPO MOJKJIMBICTH MPOBEIACHHS PEKOHCTPYKINT OymiBii. ICHyro4i KOHCTpyKIIil
Oy/i 4aCTKOBO JIEMOHTOBaHi. BUTOTOBIIEHI Ta 3MOHTOBaHI KOHCTPYKIIii MOCHJICHHS Ta 3aMiHH.

KuarouoBi cjoBa: icHyroya OymiBisi, cTajgeBi HECydl KOHCTPYKIli, TEXHIYHHH CTaH,
PEKOHCTPYKIIis, MPOEKTYBAHHS, BUTOTOBJICHHSI, MOHTa)K KOHCTPYKITIH.

Beryn. IlocranoBka mnpodJjemu. HeoOxigHICTh y TpOBeNEHHI OOCTEKEHHS KOHCTPYKITIH
icHyt04oi OyniBIi BHHHUKIA y 3B’SI3KYy 31 3MiHOIO (PYHKIIOHAJIHHOTO MPHU3HAUEHHS, HEOOXIIHICTIO
301IbIIeHHS 00’ €My, 3a0IIA/PKEHHS TEIUla Ta €HEProe(eKTUBHICTIO, a TAKOX 13 3aMIHOI0 OKPEMHX
KOHCTPYKTHUBHHUX €JI€MEHTIB, YTEIJICHHSIM CTIHOBOTO OTOPOJKEHHS 1 ITOKPIBIIL.

Bupo6nuya Oyaisis sBisuia COO0r0 MPSMOKYTHY B TUTaHI OJTHOTIOBEPXOBY CIIOPYY 31 CTAIEBUM
KapKacoM, sIKy 1mooymoBaHo B 70-X pokax MHHYJIOTO CTONITTS. JlokymMeHTallisi mo OymiBili BiJICYTHS.
byniBnas mana posmipu B ocax 46,5x13,1 M, BUcCOTa 10 HU3Y KPOKBSIHHX KOHCTPYKIIIH
craHoBuina 6,2 m (puc. 1, 2).

Puc. 1 — 3aranpuuii Burasg 0yaiBii
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Puc. 2 — 3aranbHuil BUTIS] OCHOBHUX HECYYUX KOHCTPYKIiH OyaiBii

KoncrpyktuBHa cuctema OyaiBii — KapkacHa. KoJoHM HAacKpi3HOro mepepisy BHKOHAHO 3i
craneBux mBesnepiB Ne20. ["abaputHi po3mipu nepepizy kosioH — 200x400 mm. Kononu 3’eqHano 3
OKPEMHUMH 3aJ11300€TOHHUMH (PyHaMEHTaMH 32 TOTIOMOTOI0 aHKEPHHUX OOJTIB.

[TokpiBmto OyaiBiai BHKOHAHO 3 TpOKaTHUX NpoduIiB. Ak Hecydl eleMeHTH TOKpiBIi
BUKOPHCTAHO CTAJEBl apKH, HA BEPXHI MOACU SKUX OOMUPATHCh IPOTOHH.

CTiHOBE OTOPOJKEHHS 1 MOKPUTTS BUKOHAHO 31 CTAJIEBHX JIUCTIB. Y TEIJICHHS KOHCTPYKIIIH
OyJI0 BUKOHAHO LIUIIXOM YCTPOIO BHYTPIIIHIX CTiH 3 miHOOeToHYy ToBIIKHOIO 100 MM. TTokpiBiito He
YTEIUICHO, OyJI0 BUKOHAHO MiBICHY CTEIIO.

ITpocTopoBa XKOPCTKICTh KOHCTPYKIiH Oy/iBii 3a0e3neuyBajach CyMiCHOIO POOOTOIO KOPCTKO
3’€qHAaHUX 3 (PYHIAMEHTaMH KOJIOH, KPOKBSIHUX KOHCTPYKIIIH, CHCTEMOIO BEPTHKAIBHUX B'S31B IO
KOJIOHAaX, TOPU30HTAILHUMHU PO3MIPKaMH IO KOJIOHAX, IIPOTOHAMH Ta CHCTEMOIO TOPU3OHTAIBHUX 1
BEPTUKAIBHUX B'SI31B IO MTOKPUTTIO.

AHaJi3 ocTaHHIX /uKepeJs J0CaizKeHb i myOgikauiii. Pazom 3 HOBUM OyniBHHUIITBOM BCE
YacTille BUHUKAE HEOOX1THICTh B TPOBEACHH] pOOIT 1O BITHOBJICHHIO €KCIUTyaTaI[iiHOT MPUIaTHOCT1
OynmiBeTbHUX KOHCTPYKIIM OydiBenb Ta croopynx, a TakoX JOOyJOBH Yy 3B'SI3KY 31 3MIHOIO
(YHKIIIOHAJILHOTO TIpU3HAYeHHsI 200 HEOOXITHICTIO TOKpAIICHHS CEKCIUTyaTalliiHUX 1 TEIio- Ta
eHeproepeKTUBHUX MOKa3HUKIB OyiBmi. [Ipu boMy HEOOXiTHO BUPIIITYBAaTH MUTAHHS, MOB'SI3aHi 3
BH3HAYECHHSIM HaIPy>KEHO-Ae(POPMOBAHOTO CTaHY 1 BUKOHAHHSIM POOIT 13 MPOJIOBKEHHS TEPMIHY
eKCIUTyaTallii Criopy/.

Bkazani po6oTtu HEOOXiIHO BHUPINIYBAaTH B KOMIUIEKCi, TOOTO MPOTHO3Y MOKJIHUBOTO
MPOJOBKEHHSI TEPMiHY €KCIUTyaTalii KOHCTPYKIiM OyaiBenb Ta CIOpYA HMOBHMHHI TNepenyBaTu
po60TH, TOB'SI3aH1 3 OLIHKOIO IXHHOTO TEXHIYHOTO CTaHy. L{i poOOTH BUKOHYIOTHCS BIJIMOBIIHO /10
BUMOT YNHHUX HOPMATUBHHUX JOKYMEHTIB [1, 2].

dopmyJ/IIOBaHHS METH Ta METOAIB I0CJiI:KeHHsl. MeTa 11i€i poOoTH ToyIsirae B po3pooIri
B3a€MO3B'SI3aHMX 3aXO/IB 11010 BHU3HAYCHHS MapaMeTpiB TEXHIYHOTO CTaHy EKCIUTyaTOBaHHMX
OyIiBeIbHUX KOHCTPYKIIiH 1 OyaiBIl B IJIOMY, OOTPYHTYBaHHI MOXKJIMBOCTI PEKOHCTPYKIIIT ICHYFOUO1
OymiBmi y 3B'S3Ky 31 3MIHOI (PYHKIIIOHATHHOTO MPHU3HAYCHHS Ta HEOOXIJHICTIO TMOKpamlaHHS
eKCIUTyaTaI[iiHUX TTOKA3HKUKIB OYIiBIi.

Metoau A0CIIHKEHB:

- aHaJi3 JaHuX, 0 MICTATHCS B HAJIaHUX 3aMOBHUKOM Marepianax;
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- BUKOHAaHHA OOMIpHHMX poOiT, HaTypHE Bi3yaJbHE Ta IHCTpYMEHTAJbHE OOCTEKEHHS
HECY4YMX KOHCTPYKIIIH OyiBii, BUABJICHHS Ta hoTodikcallis 1e(EKTiB 1 MOMKOKEHb;,

- KOMIIT IOTE€pHE MOJICTIIOBaHHS, BAKOHAHHS HEOOX1THMX PO3PAaXyHKIB KOHCTPYKIIIH;

- OIlIHKAa TEeXHIYHOTO CTaHy Ha OCHOBI MTPOBEACHUX JTOCIIIIKEHb;

- BHCHOBOK IIPO MOXJIMBICTh MOJAJIBLIOI eKCIUTyaTalii 3a yMOBH PEKOHCTPYKLIi 3
MOXIMBICTIO TOOYOBH (32 HEOOXITHOCTI);

- TPOEKTYBaHHS, BUTOTOBJICHHS, TPAHCIOPTYBAHHS 1 MOHT@X KOHCTPYKIIH ITOCHJICHHS
(mobymoBn).

OcHoBHUIT MaTepian i pe3yabTaTH. OOCTEKEHHS, OLIHKY TEXHIYHOT'O CTaHy KOHCTPYKIIiH,
pO3paxyHKH, TIATOTOBKY BHCHOBKY TIpO TEXHIYHMA CTaH 1 OOIPYHTYBaHHS MOJKJIHUBOCTI
PEKOHCTPYKIIii BUPOOHWYOI OymiBIII BHKOHAHO BIAMOBIAHO 10 BUMOT YHHHHX HOPMATHUBHUX
nokymeHTiB [1, 2, 3, 4].

BinmoBigHO 10 OCTaBIeHUX 3a/1a4 OyIlo MPOBEACHO TaKi POOOTH:

- 03HAMOMIIEHHS 3 00’ €KTOM JOCIIIKEHD;

- Bi3yaJlbHE il IHCTpYMEHTaIbHE OOCTEKEHHS KOHCTPYKIIIN;

- 0OMipHI POOOTH 3 PO3POOKOI0 OOMIPHUX KPECIICHb;

- po3poOKa KOMII'IOTEpPHOI MOJENi 1 BUKOHAHHS HEOOXIJHMX PO3paxXyHKIB KOHCTPYKILIH 3
ypaxyBaHHSIM PE3yJIbTaTiB 00CTEKEHHS KOHCTPYKI[IH Oy/iBIIi, OOTpyHTYBaHHS PEKOMEH Al 1010
YTEIUIEHHS CTIHOBOT'O OTOPOJDKEHHS 1 MOKPiBIIi Oy 1iBIi;

- OIlIHKA TEXHIYHOTO CTaHy KOHCTPYKIIIi HAa OCHOBI pe3yJIbTaTiB MPOBEACHUX BI3yalbHOTO i
IHCTPYMEHTAJILHOT'O OOCTEKEHHS;

- TIATOTOBKAa BHCHOBKY MPO TEXHIYHMM CTaH KOHCTPYKIIH, OOTPYHTYBaHHS MOMJIMBOCTI
PEKOHCTPYKIIiT OymiBmi;

- po3poOKa TEXHIYHOI JOKYMEHTAIlii Ha PEKOHCTPYKIIO OY/TiBIIi;

- IGMOHTaK OKPEMHX KOHCTPYKI[i}i, BATOTOBJICHHS 1 MOHTaX KOHCTPYKIIIH.

OOCTeXXeHHS 3 METOI0 BU3HAYCHHS TEXHIYHOTO CTaHY KOHCTPYKITIH OymiBiIl MPOBEACHO MICISA
BWJIYYEHHS CTIHOBOTO OTFOPOJDKEHHS Ta TMOKpIBJII LUIAXOM IPOBEACHHS Bi3yalbHOTO Ta
IHCTPYMEHTAJILHOTO 00CTEeXeHHs 3 ¢oTodikcaliero BUABIECHUX NMe(EKTIB 1 MOMKOKEeHb. B xomi
o0CTexeHHs OyJI0 BUSBIICHO HACTYIHI XapaKTepHi Ae()EeKTH Ta MOIIKOIKCHHS:

- py#lHYBaHHS 3aXHCHOT'O aHTUKOPO31MHOTO MOKPUTTS Ha OKPEMHUX JUITHKAX KOHCTPYKIIIH;

- 3'€eHaHHSA €JIEMEHTIB B'A31B 1 PO3MIpOK 3 KOJIOHAMH BHUKOHAHO 3 BiJCTyHaMH BiJ
THIIOBUX NMPOEKTHHUX PIllICHB;

- BIJICYTHICTb OONTIB B 3'€IHAHHAX, KOHTPraiilok abo IHIIUX 3aXOJiB MPOTH
CaMOpPO3TBHHYYBAHHS TallOK B YaCTHHI OOJITOBHX 3'€THAHb,

- BIJICYTHICTb KpPYTIJIMX IIai0 mij ralilkaMu B 4acTHHI OOJITOBHX 3'€THAHD;

- KOpO310 METHU3IB y OOJITOBUX 3'€ THAHHSX;

- BIJCYTHICTh OKpPEMHUX T'OPU30HTAIBHUX B'SI31B B IOKPUTTI;

- BIJICYTHICTh OKPEMHX BEPTUKAJIBHUX B'A31B B IIOKPUTTI.

[Momanpina HaniliHA eKCIUTyaTallis KOHCTPYKIIH Oy/iBiIl MOXIJIMBA 32 YMOBHU 3aMiHM HECY4HX
KOHCTPYKTHBHHX €JIEMEHTIB y 3B’3KY 31 3MiHOIO (DYHKI[IOHAIBHOTO TPU3HAYCHHS, PEMOHTY OKPEMHUX
KOHCTPYKIIIH 1 3aMiHH CTIHOBOTO OTOPOJDKEHHS 1 MOKPIiBII (YTEIUIEHHS CTIHOBOTO OTOPODKEHHS 1
MOKPIBII y BIAMOBIIHOCTI 3 BUMOTaMH YMHHHX HOpM). Ili 9ac mpoBeAeHHS PEMOHTY ICHYIOUHX
KOHCTPYKIIii OyJI0 3alIpOTIOHOBAHO BUKOHATH HACTYITHI 3aXOJIH:

- B MICISIX pyHHYBaHHS 3aXMCHOTO aHTHKOPO31MHOTO MIOKPHUTTS 3a4MCTUTH TIOBEPXHIO METATTY
BiJl KOpO3ii, BUKOHATH 3aXMCHE AaHTHKOPO3iiiHE MOKPUTTS Y BIANOBIAHOCTI 3 BUMOTaMH YHMHHHUX
HOPMATHBHHUX JIOKYMEHTIB;

- B MICIIfIX, JIe BiJICYTHI OOJTH B OOJTOBUX 3'€THAHHSX, @ TAKOXK B MICIISX, JIe OONTH MiJTaHO
KOpO3ii, BCTAHOBUTH HOB1 OIIMHKOBaHI OOJTH, TAKK Ta IIaiiOu 13 3a0e3MeUeHHsIM 3aXOiB MPOTH
CaMOpPO3TBHHYYBAHHS Y BIJIIOBITHOCTI 3 BAMOI'aMH YHHHUX HOPMATUBHUX JOKYMEHTIB;

- 3'emHaHHS €JEMEHTIB B'A31B 1 PO3MIPOK 3 KOJOHAMH BHKOHATH 0€3 BIJICTYIIB BiJ
TUIOBUX MPOEKTHUX PIIEHb y BIAMOBITHOCTI 3 BAMOTaMH YNHHUX HOPMAaTUBHUX JOKYMEHTIB.

[IpoexTyBaHHS CTaJIEBUX KOHCTPYKIIIA OyJ10 BUKOHAHO Y BIAMOBITHOCTI 3 BUMOTaMH YWHHHX
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HOPMAaTUBHUX eneMeHTiB [1, 2, 3, 4 Ta in.].

OcCHOBHI BUMOTH III0JI0 TPOEKTYBAHHS CTaJEBUX KOHCTPYKIIM BUKIaneHO B po3auti 5 JIBH
B.2.6-198:2014 [3]. IIpu npoekTyBaHHi Oy BpaxoBaHi HACTYIHI BUMOTH [5, 6, 7, 8, 9]:

- 3a0e3MeYnTH HaIIHHICTh KOHCTPYKIIiH 32 paXYHOK BUKOHAHHS BUMOT JI0 BUOOpY MaTepiais,
KOHCTPYIOBAaHHS Ta PO3PaxyHKIB;

- TMPUUWHATH KOHCTPYKTHBHI PIIICHHS, IO 3a0€3MeUyI0Th MIIHICTh, JKOPCTKICTh, CTIHKICTH 1
IIPOCTOPOBY HE3MIHIOBAHICTh KOHCTPYKIIiH 1 OyIiBiIi B IIIIOMY Ta iXHIX OKPEMHUX €JIEMEHTIB MiJ yac
TPAHCIIOPTYBAaHHs, MOHTQXY Ta €KCIUTyaTallli, Mpu IbOMYy Mependadaroyd B's31 3aJIEKHO BiJl
OCHOBHHX IapaMeTpiB OyAiBIIi Ta pexXUMY i1 eKcIuTyaTarii (KOHCTPYKTUBHOI CXEMH, ITPOJIbOTIB, THUITIB
oOJaHaHHS Ta PEKUMIB X poOOTH, TEMITEpaTypHUX BILIUBIB TOIIIO);

- mepeadaYnTH 3aX0u MO0 3a0e3MeUYeHHs JOBrOBIYHOCTI KOHCTPYKIIN Ta 3aXUCTY iX BiX
KOpO3ii, BILTUBY BOTHIO 1 TEIIa, 3HOCY Ta CTApIHHS;

- BpaxyBaTu BUMOTH YNHHUX HOPMATHUBHUX JIOKYMEHTIB CTOCOBHO 3a0€3Me4YeHHsI MIITHOCTI Ta
CTIHKOCTI HECYYHX KOHCTPYKIIIM B YMOBAaxX MOXKEXKI;

- epeA0aYUTH TEXHOJIOTTYHICTh BUTOTOBIICHHS Ta MOHTAXy KOHCTPYKLIH;

- 3a0€3MeYUTH  CKIAJANBHICTh KOHCTPYKIIIA PO3PaXyHKOM TOYHOCTI TE€OMETPUYHUX
nmapamMeTpiB 31 BCTAHOBJIGHHSIM HEOOXIZHOCTI KOHTPOJBHOTO YHM 3arajJbHOr0 CKJaJaHHS abo
BUKOPHUCTAHHSM PETYITIOBAILHUX MPUCTPOIB;

- BpaxyBaTH BIIXWICHHS BiJ] NPOEKTHUX PO3MIPIB 1 TeOMETpUYHOi (OPMH EJIEMEHTIB
KOHCTPYKITIH, K1 JOMYCKAIOTHCS T1i]T YaC BUTOTOBJICHHS Ta 3BE/ICHHSI;

- BCTAHOBUTH METOJIU Ta 00CATH KOHTPOJIIO ITiJ] 4aC BUTOTOBJICHHS Ta 3BEICHHS KOHCTPYKIIii,
a TAKOX y Tpoleci IXHbOI eKCIuTyaTallii, BKJII0Yadu, 3a He0OXITHOCTI, BUKOHAHHS BUIIPOOYBaHb
OKpEeMHX €JIEMEHTIB, BY3JiB, 3'€/lHaHb 1 KOHCTPYKIM y LiJIOMy, a TaKOX, 3a HEOOXITHOCTI,
BCTAHOBJICHHSI KOHTPOJIBHO-CUTHAIBHUX CHCTEM UM IHIIUX 3aC001B MOHITOPUHTY;

- mepeadauuTH MOXKJIMBICTH OISy, OOCTE)KEHHS Ta MIarHOCTHKH, a TaKOXX IMPOBEICHHS
npodiTaKTUYHUX 1 pEMOHTHUX poOIT. J[Js1 HOpMaNbHUX YMOB €KCIuTyaTallii OymiBiil mepemdavyeHi
XOJIOB1 CXOJIU Ta IUIOMIAAKH, CIEIlialbHI TPUCTOCYBAHHS (CTOJIMKH, IPOBYIIUHU, (PIKCATOPH TOIIIO)
JUTsl 3a0€3MeUYeHHST MOYKJIMBOCTI KPITJICHHS MOCTIHHUX 1 TUMYACOBUX IH)KEHEPHUX KOMYHIKAIIiH, a
TaKOXX MPUCTOCYBAaHb JUIsI BCTAHOBJICGHHS 3aCO0IB J1arHOCTUKU TEXHIYHOTO CTaHY KOHCTPYKIIH B
MPOIIeC] eKCILTyaTartii.

Knimatuyni nani paiiony OyaiBHuITBa (17151 M. KreBa) mpuifHATO 3TiHO 3 BUMOTAMU PO3JILITY
11 IBH B.1.2-2:2006 [4]. Po3paxyHKOBI TEXHOJIOT14HI TeMIIEpaTypyd BCTAHOBJICHO 3aBJaHHSAM Ha
po3po0eHHs Oy/1iBEeIbHOI YACTHHH MTPOEKTY.

3rigno 3 po3aiiom 11 JIBH B.1.2-2:2006 [4], TemnepaTypHi KiIiMaTU4HI BIUTUBU SIBJISIFOTH
c0000 3MiHHI BIUIMBH, JUISL SIKMX BCTAHOBIICHO TPU PO3PAXYHKOBI 3HAUCHHS:

- TpaHWYHE PO3PaxXyHKOBE 3HAYCHHS;

- eKCIUTyaTalliifHe po3paxyHKOBE 3HAUEHHS;

- KBa3iMOCTIHE pO3paxyHKOBE 3HAUCHHS.

BusHaueHHs mapaMeTpiB TEMIEpaTypHOTO BIUIMBY BHUKOHAHO Y BIAMOBIZHOCTI 0 BUMOT
posniny 11 IBH B.1.2-2:2006 [4, 5].

Yepe3 Bce BHILEBUKIAACHE MepeadadyeHo, mo WASThCS MPO PO3PAaXYHOK 1 3aCTOCYBAHHS
nocuJieHHs (100y10BM) OyAiBIII 32 IIJTKOM IIEBHOKO CXEMOIO 13 3a3/1aJI€T1/1b 3aITaHUMH ITapaMeTpaMu
1 mpu BigoMux BiiMBax Ha Hei. IligTBepAKeHHAM MPaBOMIPHOCTI IPUUHATOI CXEMU MOCUICHHS
abo nmoOymoBU OyHiBII € pe3yibTaTH MOJICIIOBAHHS KOHCTPYKIIA OymiBII 3 BHKOPUCTAHHSIM
Cy4yaCHHUX TPOTPAMHUX KOMIUIEKCIB METOAY CKIHUCHHHMX €JIEMEHTIB i1 PO3PaXyHKY
KOHCTPYKI[IA 1 MOCTIHHOTO MOHITOPUHTY OynaiBenb y BigmoigHocTi 3 Bumoramu JICTY-H b
B.1.2-17:2016 [6].

J11s1 OLIHKY TEXHIYHOTO CTaHy KOHCTPYKIIi BUKOpUCTaHO |5, 6, 7, 8, 9]:

- KpHTepiil BiINOBITHOCTI KOHCTPYKIIi (CIIOPYAM) TEXHIUHIN TOKYMEHTalli, OTpUMaHiil mpu
0OMipHHX poOOTax (po3MipH, KOHCTPYKTHUBHI OCOOIMBOCTI, 3aCO0M 3aXUCTY BiJI arPECUBHUX BIUIMBIB
OTOYYIOUOTO CEPEeFOBUIIIA, BOTHECTIHKOCTI TOIIO);
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- KpHUTepiil BiIMOBITHOCTI KOHCTPYKIIi (CIOPYAM) BU3HAYAIBHUM IMapaMeTpaM TEXHIYHOTO
CTaHy Ta BOTHECTIMKOCTI (HasgBHICTH a00O BIACYTHICTh HETMPUITYCTUMHUX Ne(EKTIB, BIJIMOBIIHICTH
3aCTOCOBAHMX MaTepiaiiB 1 3ac0o0iB BOTHE3aXUCTY BHMOTaM IPOEKTY Ta YMHHUX HOPMATHBHHX
JOKYMEHTIB YKpaiHu TOIIO) 1 33J10BOJICHHS BUMOTaM PO3paxyHKY 32 TPAaHUYHUMH CTaHAMHU.

OLiHKYy TEeXHIYHOTrO0 CTaHy KOHCTPYKIH (CHOpyAM) NPOBENEHO IIISXOM 3iCTaBICHHS
KOHTPOJIbOBAHMX IMMapaMEeTPiB, SIKI BU3HAUEHO B XOJ1 BUKOHAHHSI OOMiIpHHUX poOiIT, Bi3yalbHOTO Ta
IHCTpYMEHTAJIBbHOTO OOCTEXEHb, 3 BIAMOBITHUMU MPOEKTHUMHU IapaMeTpaMHu, a TaKoX 3a
pe3yiabTaTaMu MEePEBIPOYHUX PO3PAXYHKIB.

Ha ocHOBI mnpoBeneHHMX IOCHIIKEHb OyJIO pO3pOOJIEHO MPOEKTHY JOKYMEHTAIll0 Ha
pekoHcTpykItito Oyaiii. [lman Oyaisni HaBeaeHO HA puc. 3, po3pi3 1-1 — Ha puc. 4.

BinmoBigHO 10 BUMOT HOPMATUBHUX JOKYMEHTIB KOHCTPYKIi OymiBii Oynu 00’emHaHI B
MIPOCTOPOBUI KapKac 31 CTBOPEHHSIM >KOPCTKOTO KOHCTPYKTHUBY.

Ha mizncraBi BUKOHaHUX PO3paxyHKiB OyJO BH3HAUYEHO 3YCHIUIS B €IEMEHTaX KOMII'FOTEPHOI
MO/ICJTi Ta BCTAHOBJICHO HEOOXITHI Mepepi3n eIEMEHTIB KOJIOH, (hepM, IPOTroHiB Toio. Beroro 6yno
3alPOEKTOBAHO O€311iY TUIIOPO3MIpPIB KOHCTPYKLINA (epM, KOJOH, a TAaKOXK IHIIMX EJIEMEHTIB
(mporoHiB, B's31B, pO3MIPOK, €IEMEHTIB MOKPIBJII TOIIIO).

Byno BHUKOHaHO KOHCTpPYIOBaHHA (pepM 1 KOJIOH i3 BHXOJOM Ha IPOEKTHY MO3HAUKY HU3Y
KOHCTpYKITiKA. [1o BepXy iCHYIOUMX KOJIOH BUKOHAHO TOPHU30HTAJIBHY PO3IIPKY MO BCIiH JOBXKHHI
OyniBni. OOnupaHHsS KOHCTPYKIill MOKPiBJII BUKOHAHO HAa BEPXHIO YACTUHY HAPOIIECHHX CTAJECBHX
KOHCTPYKITii. [TOKpiBIIIO BUKOHAHO TBOCKATHOIO, IIIO JIO3BOJIAIIO BIIBOAUTH aTMOC(hEpHI Omaiu 3a MEexi
3a0y/10BH.

KoHcTpyKITito CTiHM MPUIHATO 3 CaH/BIY MaHemnel ToBmuHOoK 140 MM. YTerumoBay — MiHBaTa
ToBIIMHOIO 140 MM. KOHCTpYKIiI0O NOKPUTTS NPUHHATO 3 CaHABIY MaHened TOBHIMHOIO 180 MMm.
ToBuIKMHY yTemIoBa4a NPUMHATO 3 ypaXyBaHHSM BUMOT YMHHUX HOPMATUBHUX JOKYMEHTIB.

Bukonano mnocwieHHs @ynaamentiB. [licns 1poro KOHCTpyKuii OyiaM BHUIOTOBIIEHI,
TPAHCIIOPTOBAHI Ta 3MOHTOBaHi (puc. 5, 6).

3 mouatky pobotu (BHUI3[ Ha MicIle, o3HallOMIIEHHS 3 00'ekTOM, 0OMipHI poOOTH) A0 37adi
00'eKTy B €KCIUTyaTallif0 MPOUIIIo Tpoxu Ounbiie 3a 120 qHiB.

BucHoBk#. 3a pe3yibTaTaMy MPOBEJICHUX JTOCTIIKEHb 3p00JIEHO HACTYITHI BUCHOBKH.

1. Y 10cKOHAJIGHO METOMKY OLIHIOBAHHS TEXHIYHOTO CTaHY KOHCTPYKIIIM BUPOOHUYIO1 OyaiBIi
Ha erami ekcruryaTaunii. Po3po6ieHo MeToau oOCTeXeHHS, PO3paxyHKY KOHCTPYKIIHM, OIIHKH IX
TEXHIYHOTO CTaHy Ta MOKJIMBOCTI PEKOHCTPYKIIii 3 TOCUJICHHSM Ta 3aMIHOKO OKPEMHX KOHCTPYKITIH.
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Puc. 6 — Burnsan Oyaisii miciist peKOHCTPYKITIT

2. Y BIANMOBIZHOCTI 3 BUMOTaMHU YMHHUX HOPMATHUBHUX NOKYMEHTIB [1, 2] TeXHIYHHMI cTaH
ICHYIOUMX KOHCTPYKLIN BU3HAHO SIK HEMPUAATHUI 10 HOPMAJIbHOI eKCIITyaTaii, B T.4. 1 y 3B’ 53Ky 3
HEOOX1THICTIO afanTarlii iCHyr04oro KapKacy J0 YCTPOIO YTEIUICHUX CTiH 1 IOKPUTTS.

3. 3a pe3ynpTaTaMu po3paxyHKIB 3p00JIEHO HACTYITHI BUCHOBKHU:

- MIIHICTb, CTIMKICTB 1 )KOPCTKICTh €JIEMEHTIB PaMH TICJI PEKOHCTPYKIIIT 3a0€3MEUyOThCS;

- TOJaJblIa eKCIUTyaTallisi KOHCTPYKLii OyIiBiIl MOXJIMBA 32 YMOBH PO3POOKU IPOEKTY
PEKOHCTPYKINi OyiBii, B TOMY YMCHI JJIs ajanTaiii KOHCTPYKIH M YCTPOI YTEIUICHHX CTiH 1
MOKPUTTS OYy/iBJIi Ta BAKOHAHHS NMPOEKTHHUX PIllIeHb B HATYPI.

VY 3B’s3KY 3 TUM, IO CTiHHU 1 MOKPUTTS Oy 1Bl MatOTh OYTH yTEIJICH] 3T1THO TeINIOTEXHIYHOTO
PO3paxyHKy, MPUUHATO BapiaHT KOHCTPYKTHUBHOTO DIIIEHHS CTIH 1 MOKPUTTS 3 YTCIUICHHSM 1
BpPaxOBaHO I1¢ HaBAaHTAXXEHHS MPH MOJATBIINX Po3paxyHKax Kapkacy Oyxisii. [Ipu po3paxyHkax
KOHCTPYKIIi BpaXOBaHO MPUNHHATI KOHCTPYKTUBHI PILICHHS 1 HABAaHTAXKCHHSI 3T1JHO BUMOT YHHHHUX
HOPMaTHBHHX JIOKYMEHTIB.

Byno po3po0iieHO TPOEKT PEKOHCTPYKINI OyAiBIi 1 BHKOHAHO POOOTH 3 BUTOTOBIICHHS,
TPAHCIIOPTYBaHHS Ta MOHTAXy KOHCTPYKIIIH B HATYP.
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Annotation.The reconstruction of the existing industrial building with a steel frame was carried
out due to the need to convert the premises into a warehouse in order to increase the volume of the
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building for the storage of medical goods. The current state of the issue is summarized, research tasks
are set, and the methodologyfor assessing the technical condition of the building's structures in use
has been developed.

The normative procedure for assessing the technical condition and load-bearing capacity of the
operated structures during reconstruction and completion in order to increase the volume of the
building and improve operational qualities has been adopted.

A method of obtaining the determining parameters of the technical condition of structures has
been developed. It is assumed that structures and elements during the entire life cycle as a result of
aging, degradation and other actions and influences can consistently be in each of the four technical
states according to the requirements of current regulatory documents.

The results of the performed survey, computer modeling and assessment of the technical
condition of the construction structures of the existing building are presented.

On the basis of the calculations performed using the software complex of the finite element
method, the forces in the elements of the computer model were determined, the necessary cross-
sections of the elements of columns, trusses, spans, and connections were established. Manufacturing,
transportation and installation of structures were also performed.

The building after the reconstruction is a one-story frame structure consisting of column
foundations rigidly connected to reinforced concrete structures, on which the covering structures rest.
The connection of trusses with columns is hinged. The system of connections along the columns and
covering ensures the spatial rigidity of the building. Strengthening of the foundations has been carried
out. The thickness of the insulation of the enclosing structures is adopted in accordance with the
requirements of current regulatory documents.

Keywords: existing building, steel supporting structures, technical condition, reconstruction,
designing, manufacturing, structures installation.
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Hayionanvhuii ynigepcumem 600H020 20Cn00apcmea ma npupoookopucmysamns, Piene

AHoTtaunisi: B 11 poOO0Ti IpeACTaBICHO Cy4acH] METOAM peadimiTallii Ta macuieHHs IUIbHOI,
KJIeeHOT OaJKu un Opyca 3 IepeBUHH, SIKI MOKYTh OyTH BUKOPUCTAaHI ITi]1 9ac eKCIuTyaTarii B Oy IiBIsIX
Ta criopyaax. Po3risHyTo JTIOKambHI Ta TJI00aJIbHI METOIN TTiICUIICHHS.

VY pob6oTi mpeacTaBIeHo Cy4acHI KOMIUIEKCHI METOJAM BiIHOBIICHHS Ta apMyBaHHS KIJICEHUX
nepeB’stHuX 0ajok abo OpyciB, sIKI MOXKYTh OyTH BHKOPHUCTaHI MPH iX eKCIuTyaTallii B OyIiBIsX.
JlokanpHe ab0 ri106agbHEe MOCUIICHHS JIEPEB'SHUX €IEMEHTIB 3 MacHBY ab0 KIIGEHOI I€pPEBHUHH, AKi
MIITAI0TECST  TIOTIEPEYHOMY BHTHUHY, HEOOXITHO BHKOHYBAaTH 3 TIOBHUM a00 YacTKOBHM
PO3BaHTAXEHHSAM KOHCTPYKIIii.

Edexr mocunenHs OUIBIIMKA TpPH MOBHOMY PO3BAaHTAKEHHI KOHCTPYKIlI B TOPIBHSAHHI 3
YaCTKOBUM PO3BaHTAXEHHAM. MiclieBe 3MIITHEHHS! KOHCTPYKIIT IIJISIXOM 3MiHM (Di3MKO-MeXaHIUHUX
BJIACTUBOCTEH MaTepialy B MPOOJIEMHHX 30HAX YaCTO BKIIFOYAE 1H €KIIIO TPIIIMH 32 JOTIOMOTOI0
KJICIO 3 TOJAJIbIINM 3aCTOCYBAaHHSIM BUOPAaHOI CUCTEMHU 3MIilHEHHS.

KrouoBi cjioBa: KieeHa iepeBrHa, CyLJIbHA JepeBrHa, Oanka, Hecyda 37aTHICTh, apMOBaHa
JIepEBHHA.

Beryn. 3a paxyHOK IPOCTOTH MOHTaXy Ta 0OpOOKHM JIepeBHHA TaBHO 3aiimMae mepeioBl Mo3uIlii
MPU BUTOTOBJIEHHI TMPOCTHX E€JEMEHTIB Ta CKIATHUX KOHCTPYKIIH. 3acTOCyBaHHS X KJIEEHOI
JIePEBUHH, SIKA BUTOTOBIISIETHCS UIAXOM 3’ €JHAHHS OKPEMHUX JOIIOK B MAKET MOLIApOBO, J03BOJISIE
3BECTH JI0 MIHIMYMY BIUTMB IPUPOAHUX Ball. KpiM 11b0T0, 32 OCTaHHI# Yac 3pociia KiIbKICTh BUPOOiB
HE TUIBKHU 3 KJIEE€HOT IepeBUHU (KJIeeHHH OpyC), a TAaKOXK 13 CKOHCTpyHoBaHoro Opyca 3i mmony (LVL)
Ta TONEPEYHO-KIeeHOT ab0 TOoMepeyHO-IaMIHOBAaHOI JEpPeBUHU. AJie BCE X Ha CBOTOJHI €
HEOOXITHMUM Ta AaKTyaJlbHUM 3aJMIIAETHCA TPOBOJUTH 3MILHEHHS ICHYIOUMX JIepeB’STHHX
KOHCTPYKITIA YU TIOJIIMIIIEHHS MEXaHIYHUX BIACTHBOCTEH HOBHX.

IloctanoBka mnpoOJemu. BukopuctanHs y OyIiBeIbHHX KOHCTPYKIISX JEPEBUHH TPHU
MPOEKTYBaHHI Ta OyAIBHULTBI Ja€ MOXKJIMBICTh CTBOPIOBATH PI3HOMAHITTA apXiTEKTypHUX (popm
OyniBenb 1 cropya pi3HOro mpu3HadeHHs. Haifuactime B KamiTaabHOMY OyIIBHUIITBI OyIliBENb
BUKOPUCTOBYIOTh JICPEBUHY Y SKOCTI 3THHAIBHUX €JIEMEHTIB MOKPUTTS Ta MEPEKPUTTS. AJie 4acTo
€JIEMEHTH 3 JIEPEBUHU MAIOTh HEJIOCTATHIO HECYUY 3/IaTHICTh Y JKOPCTKICTh Ha MOYATKOBIM CcTafii iX
BUKOPUCTaHHSA, a00 K BTPAvaroTh i1 MiJ] yac eKCIUTyaTalii i ToMy HoTpeOyIOTh MiICUICHHS JIOKAJIEHO
YH TJ100aJTHOTO B LILJIOMY.

AHalli3 oCTaHHIX Kepea JocailKeHb Ta myoOJaikaniid. HeoOxigHicTh peMOHTY Ta
IJICUJICHHST CTapUX JIEPeB’STHUX KOHCTPYKIIH, IO MPAIIOIOTh HA MPSMHKA MONEPEYHUIN 3TUH, HE
BUKJIMKA€E CyMHIBY. YacTo i KOHCTPYKIIi 3aMiHIOIOTh CTaJICBUMH YH 3aJ1i300€TOHHUMHU. AJie TaKi
pillIEHHS 3aHAATO MOCHIIIHI, 00 AEpeB’sHI CJIEMEHTH 3a TaKUX PIIICHb IEMOHTYIOTHCS, X0Ua BOHU
MICJISA TiJICHJICHHS NMAaCMBHUM apMyBAaHHSM MOTJHM O HaJIeKHO BMKOHYBAaTH CBOI (PYHKIIi Ha Bech
MepioJ1 MOJANBINIOT eKCIUTyaTarlii.

JlocikeHHs, OB’ s13aH1 3 BIIHOBJICHHSIM Ta TOCUJICHHSIM JIEPeB’ THUX OaJIOK JIJIs TOKpAIeHHs
MEXaHIYHUX BJIACTUBOCTEH Ta MIJABUIICHHS HECY4Oi 3aTHOCTI MPOBOAATHCS Oinbine 60 pokiB
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(Wandgaard, 1964). Haii6inp11e qocmikeHb Oynu CpsMOBaHi Ha BUSIBJICHHS BIUIMBY Pi3HUX BHJIIB
MMacCUBHOTO apMyBaHHs OaJOK 3 JIEPEBMHU Ta BIUIMBY mocwieHHs ix momimepamu (FRP). Xoua
MEXaHI4HI BJIACTUBOCTI JCPEBUHH OOMEKEHI MPUPOIO0I0, BUKOPUCTAHHS apMyBaHHS MOJIIMEPHUMHU
Marepianamu FRP Ha nepes’ssHoMy Opyci MiABHIY€E MIIHICTh, SIK JOKAIbHO, TaK 1 IJIO0AIBHO B
uitomy. Lle 1ae MOKIMBICTD BUKOPUCTAHHS IEPEBUHHU HIKYMX KJIACIB 1 1a€ MOXKIIUBICTh MaTepiaily
MaTy OUTBIN TUTACTUYHY TOBEIIHKY B CBOil poOoTi. HuHi migcuieHHs 0aiok 3 HUIBHOI 1 KJIGEHOT
JICPEBUHH B OCHOBHOMY IPOBOJATH Ul TOTO, OO MOKPAIIUTH X poOOTy B PO3TATHYTIH 30HI 3a
CIpUMaHHS MPSMOTO MOTIEPEUYHOTO 3STUHAILHOTO MOMEHTY BiJI [Tii 30BHIITHIX HABAHTAXEHb.

3a mpoBeCHUM aHaNi30M HaIpaIloBaHb JOCITIIHUKIB Pi3HUX KpaiH [1-9] mporec miacuieHHs
MOKHA PO3ILITUTH:

1) nokanpHe MiJCUICHHS KOHCTPYKLIi 3a PaxyHOK 3MiHM ()I3MKO-MEXaHIYHUX BJIIACTHBOCTEH
Marepianay B MpOOJEMHUX MICISX — CYYKiB, YTBOPEHHsI TPIIIMH, HA HEBEIIMKUX 00’ €MaX IMOYaTKOBOT
cramail 3arHUBaHHSL, TOIIO;

2) rnobanpHE MiJICUJICHHS 32 PaXyHOK IMAaCHUBHOTO apMYBaHHS B pe3yibTaTi MOBEPXHEBOTO
KpituieHHs nofliMepHuXx cTpidok FRP B po3TsarHyTiii 30Hi, YM 32 paxyHOK BCTaBJICHHS apMaTypHHUX
CTAJICBUX YM TOJIIMEPHUX CTEPIKHIB UM IJIACTUH BCTABJICHUX B MMa3H B Il )K€ 30HI1 JUIsl JOCSATHEHHS
BIIMOB y pOOOTIi eleMeHTa BHACIIIOK TUIACTUYHOTO PYHHYBaHHS CTUCHYTOI 30HH (puc.l);

a) 6)

| |
¢ I i — — —

Puc.1. IlincunenHs po3TArHyTOi 30HU KJICEHUX 3TMHAIBHUX €JIEMEHTIB: a) 32 PaXyHOK
BKJICEHUX apMaTypHUX CTEP>KHIB; 0) MOJIMEPHUX CTAJIEBUX CTPIYOK

3) rmoOayibHEe MiACHUIICHHS €JIeMEHTa 3 JCPEBHHM 32 PaXyHOK IOJBIMHOTO apMyBaHHS SIKe
BBa)XKAETHCS OB eheKTUBHUM (pHC.2).

a) 0)

> | |

il

%

Puc. 2. [lincuneHHs KI€€HUX 3THHAIHUX €JIEMEHTIB 332 PaXyHOK MO/ABIMHOT0 apMyBaHHS:
a) 3 BUTBHUM JIOCTYIIOM JI0 BEPXHBOTO TOsICY; 0) 6€3 J0CTyIy 10 BEPXHBOTO MOSICY

Y OaraThOX 1HO3€MHHMX KpaiHaX BHKOPHCTAHHS CTaJIEBOI apMaTypyd Ta KOMITO3UTHHX
MaTtepialiB JJIsl apMyBaHHs IepEB’THUX €JIEMEHTIB HE € HOBUM. AJle B YNHHUX HOPMax, Hi B KpaiHax
€pocoro3y [10], Hi B Ykpaini [11] miacuneHHs AepeB’ SsHUX €IEMEHTIB 3a JOIMOMOTOI0 apMyBaHHS
HISIKUM YMHOM HE BiJIOOpaXKCHO 1 HiJie HE periiaMeHTYEThCS. JIOCHIKSHHS MiACHICHHS KJICEHUX
JepeB’ THUX 0AJIOK apMYBaHHSIM i3 3aCTOCYBaHHSIM CTaJICBOi apMaTypy Y¥ KOMITO3UTHHX MOJIMEPHUX
MaTepiasiB Ha 0a3l CKISHUX, 0a3albTOBUX Ta BYIJICHEBUX BOJOKOH IIMPOKO NPEACTABICHE B
pobortax [12-18] Ta iHmuX.
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IlocTanoBka nineil i 3aBaaHb AocadifKeHb. Mera poOOTH — MPOBECTH aHANI3 IOJO
BUKOPHUCTAHHS €(EKTUBHOCTI BIJIHOBJICHHS Ta ITJICHJICHHS €JEMEHTIB 3 IIJIbHOI Ta KIIE€EHOT
JIEPEBUHU, 110 MPAIIOIOTH 33 MPSMOTO MOMEPEYHOT0 3TUHY.

Buxkiaanenns ocHoBHOro marepiaiy. JlokanpHe uu ri00anbHE MiACWICHHS JEPEB’STHUX
3TUHATBHUX EJIEMEHTIB 3 IIUIbHOI YK KIIGEHOI JEPEeBHHH, SKE HEOOXITHO BHKOHATH IIiJ| 4Yac
eKcIuTyaTarlii, MpoBOASATh 3 TMOBHUM a00 YacTKOBHM pPO3BAaHTKEHHSM KOHCTPYKIi. Edekr
MiZICUJICHHS TPH TOBHOMY pPO3BAHTA)XEHHI KOHCTPYKILIi OIbIIMN B TMOPIBHAHHI 3 YaCTKOBHM.
EnemenTn mimcuneHHs TpW TPOBEACHHI pPOOIT HA TOBHICTIO PO3BAHTAXEHIA KOHCTPYKIIIT
BKIIIOYAIOTHCS B POOOTY 3 TOYATKOM HOBOTO 3aBaHTAXKCHHSI Pa30M 3 JICPEBUHOIO.

JloxanpHe TiACHIICHHS KOHCTPYKINT 32 paxyHOK 3MiHM (DI3WKO-MEXaHIYHUX BIIACTUBOCTEH
MaTepiany B MPOOJEMHHX MICHSX YacTo mependadae iH’€KIII0 TPIIUH KICSAMH 3 HACTYIHHM
HaHECEHHSM o0paHoi cucTeMu 3MinHeHHS. L{ikaBo BiI3HAYNTH, 10 HA MTOYATKY 1H'€KI[IHHOT TEXHOIOTIi
3 JICPEBUHOIO (3aII03MYCHE 3 MPAKTUKH PEMOHTY O€TOHY Ta 3aii300eToHy KiHI 1950-x pp.) poduimcs
CIIpoOM BiJHOBUTH IICPCHAIPYKEHI KJIAaCH4YHI KPOKBSHI YH OajOYHi CHCTEMHU ICPEKPUTTI 3a
JIOTIOMOTO0 JIBOKOMITOHEHTHUX ETOKCHJIHMX CMOJI 3 HU3BKOIO B’s3KiCTIO. B momamemomy wmiciese
3MIIIHEHHS 3a JOIMOMOIO0I0 iH'€KI[IHHOT0 aJre3uBY B JUISHKH TPIIIUH HAOPao X0Y i HEBEJIIMKOTIO, aje
PO3IMOBCIOKEHHS 3 BUKOPUCTAHHSAM 1HIIMX KOMIO3UTIB, Hanpukian «Cumop» [19]. Ilpore rycTuit
KJICH JIJIs 3aTIOBHEHHS TPIIIUH, AKUH 11 301IbIICHHS TYCTUHHA Ma€ HAIOBHIOBAYl, BA)KKO MPOHUKAE Y
HEBEJIWKI TyCTOTH, 110 € BCEPEIMHI JACPEB’THOTO €JIeMEHTa, TOMAl K JyXe Piaki Kiei 4 KOMITO3UTH
MPOHUKHYTH Jjerme. ToMy Kpalle MO€IHYyBaTH 3MIIIHEHHS BpPa)XCHUX UISHOK CIIOYATKy PIIKHMH
MOJIIMEPHUMH KOMITIO3UTaMH, a 3T0JIOM 1 TYCTHMH.

Jns 30inpmeHHsT e(PEeKTUBHOCTI JOKAJBLHOTO MiJACWICHHS IMONIKOKEHOT MiJISHKU HANWOIIbII
HANpYXKCHUX PO3TATHYTHX 30H 3TMHAJIBHUX CJIEMCHTIB, JI€BUM € CIOCIO MiJCHICHHS 3a paxyHOK
3MINIHEHHS 1i 3a JOIMOMOI0I0 IPHUKJICIOBAHHS Bifpi3ka METaJCBOI UM IOJIMEPHOI CTPIYOK y 30HAX 3
JIOCTATHBOIO JIOBKHMHOIO KIIEHOBOTO WICIICHHS 3 000X OOKIB BiJ MiCI IONIKOJKEHHS (puc. 3).
JloBXK1HA KJIIEHOBOTO IIEIICHHS ( aHKETYBaHHS) 3 KOXHOTO i3 OOKIB BiJi MOIIKOMKCHHS UM BaId Mae
JIOPIBHIOBATH HE MEHIIIE IECATH PO3MIPiB ITUPHHHA CTPIUKH.

Puc.3. Kpimenns (aHkeTyBaHHS) KpaiB KOMIIO3UTHOI CTPIYKHU Ha JepeB’ siHIM Oamiti

[TigcuieHHs CTHCHYTOI 30HM (JIOKAJbHE YM Ij00allbHE) 3rUHAJbHHX EJIEMCHTIB 3 IIbHOT 4u
KJICEHOI JEPEeBUHU JOIUIBHO MPOBOJUTH 3a PAaXyHOK BKJICIOBAHHS B TONEPEIHBO 3poOJeH] ma3u
craneBy apMarypy. CrayieBa apmMarypa Mae OUIBIINANA MOIYJb TIPY>KHOCTI B TMOPIBHSHHI 3 MOJIMEPHOIO
CKJIOBOJIOKHUCTO0, 023aJIbTOBOIO UM BYTJICLIEBOIO i TOMY CTBOPIOE B CTUCHYTIN 30HI dKOPCTKHUI TUCK 1
TUM CaMUM 3MeHIIye nedopMyBaHHs 1i€i 30HU Oanku. Ajie HEOOXiTHO 3ayBa)KUTH 1 T€, 0 KPUTUUHI
nedopmariii mpu MOB3I0BXHHOMY OCHOBOMY CTHCKY JIE€PEBHHH XBOWHHUX TOPiJ JOCSTAIOTh BEIUKHX
3Ha4eHb y . . =(30-40)-10", TOMY JIs CTBOPEHHS YCIINIHOI CYMIiCHOI POGOTH IepeBHHHM 3
CTaJIEBOI0 apMaTypOr HEOOXiTHO BHOMpATH apMaTypHY CTalb BHCOKHX KJIAaciB, B SIKUX ILIOLIAJIKA

TeKyLIOCTi 3HaXOAUTHCA OMM3BKUX MeEXKax A0 MCXK KPUTHYHUX ILC(I)OpMaLIif/'I JACPCBHHU 3a
MOB3A0BXHBOI'0O CTUCKY. CI(J'IaI[ KJIE€H0BOI0 PO34YHMHY BHUI'OTOBJIAKOTL 3 CHOKCHUAHUX KJIEiB 3
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3allOBHIOBaYaMHU 3 TICKY YW IEMEHTYy, SKHA Ma€ XOpOIle 3YeIICHHS i3 CTaUlio, TOJIMEpOM Ta
J€PEBUHOIO.

I'mo0GanbHe MiACUIICHHS EKCIUTyaTOBAHMX 3TMHAJIbHUX €JIEMEHTIB 3a pPaXyHOK IacCHBHOTO
OJTHOCTOPOHHBOTO apMYyBAaHHS B pe3yJbTaTi MOBEPXHEBOrO KPiIuIeHHs mojiiMepHux cTpidok FRP B
PO3TATHYTIN 30HI UM 3a PaXyHOK BCTaBJICHHS apMaTypHUX CTaJE€BUX YW TOJIMEPHUX CTEPIKHIB
BCTaBJICHUX B T3 B Il K€ 30HI MPOBOJUTHCS MJIsi JAOCATHEHHS BIJIMOB y POOOTI eleMeHTa
BHACIIIJIOK TJIACTUYHOTO PYHHYBaHHSI CTUCHYTOI 30HH 1 MOK€ 30UTBIITUTH HECYUY 3/IaTHICTh JIUIIIE JI0
20%, ane mpu bOMY 3armo0irae mporpecyrvomMy pyiHyBanHto [20].

Haiikpamuii edekt 3a riao0aqbHOTO MACHICHHS OalKOBHX KOHCTPYKIIN Ja€ TOABIHHE
apMyBaHHSI YM CTAJICBUMU apMAaTypPHUMHU CTEPXKHSIMHU BUCOKHX KJaciB (pHcC. 2a) 4d apMyBaHHSIM
PO3TATHYTOI 30HM MOJIMEPHUMHM CTpPIYKaMU OJHOYACHO 3 BIAIITYBaHHSM CTaleBOi apMaTypu B
CTHCHYTY 30HY (puc. 20). HeoOxiaHO KOHCTaTyBaTH, 1110 110 JIOBXXWHI apMyBaHHS JAEpeB’IHUX OaJIOK
MOXJIMBO JIMIIIE HAa BUIbHIN IUISHIN (Bi Kparo OAHIET ormopu 10 Kparo iHmmoi). s 3ano0iranHs x
BIJpUBY Kparo MOJIIMEPHOI CTPIUYKM HEOOXiZHO MPOBOIUTH 3aKpiIUIEHHS (aHKETyBaHHs) 11 10
JepeB’stHOT OaiKu, 3aCTOCOBYIOUM BIMpi3KHM i€l xk crpiuku (puc.3.) KpimneHHs 3piiicHIOeMo 3a
paxyHOK MPUKJICIOBAaHHS MOTEpeK OaJIKK Ha BCIO 1 IIMPUHY 1T’ AThMa BiJpi3KaMHu.

YacTto riobasibHe MMiICUIICHHS CTUCHYTOI Ta PO3TATHYTOI 30H 0aJI0K 3 ICPEBUHU MPUBOIUTH 10
HEIOCTaTHBOI HECY4Oi 3JIaTHOCTI 3CyBY. ToMy, NpH KOMIUJIGKCHOMY MiIXOAI 1O MiJACHUICHHS
JepeB’ sSTHUX 0ajIoK B IIJIOMY, HEOOX1THO BUKOHYBATH TaKOXK I1JICUICHHS CIIPUMHSITTS €JIEMEHTOM Ha
KpasiX 30UIbIIEHUX 3CYBHUX 3yCWib. EdexkTuBHUM y 30i7bIIEHHI CHOPUHHATTS 3CYBHHX 3YCHIIb
JepeB’stHOT Oanku € 1 MIACHJICHHS 3a JIOMOMOTOI0 IOXHJIOro, 3 KyTOM 459 MIPUKJICIOBAaHHS
KOMIIO3UTHOI OJIHi€T a00 NEKUTbKOX CTpidoK. KpirieHHs mpoBOASTH 3a JOMOMOIOI0 MOJIMEpHUX
KJIETB 3 IEBHUM KPOKOM 3 000X CTOPiH OaKu B MICIsIX OJU3BKUX 0 0OMMpaHHs Ha onopu (puc.4).

. B

Puc.4. 30BHiNIHE MiICUICHHS TOXWINX TIEPEPi3iB AepeB’ sTHOT OATKM KOMIIO3UTHOIO CTPIYKOIO

ITuTaHHd miACUIIEHHS AEPEB’SHUX KOHCTPYKIIH, IO €KCIIyaTyIThCS, JOCUTh CKIAJHE 1
norpeOye B KOXXHOMY BHUIAJAKY IHAMBiAyadpHOro minxoxy. KommiekcHi po3poOku cnoco0iB
TIJICUJICHHSI 3THHAJBHUX €JIEMEHTIB 3 JCPECBUHHU HA JTAHOMY €Talll YCKJIaJHEHI THUM, IO HEMae B
VYkpaini HOpMaTHUBHOI 0a3u AJIsi BUPIMICHHS IBOTO NMUTaHHS. Tak SIK 3arajJbHUX HANpAIIOBaHb IO
MIJICUJICHHIO HAa JaHWK 4Yac HeMae, TOMY KOXEH IHXKEHEp po3poO0ssie CBOi METOIU 3MIITHEHHS
3TUHAJIBHUX €JIEMEHTIB 3 JIEPEBUHHU CaMOCTIHHO.

BucHoBku. BcTaHoBIeHO, 1110 4acTO 3rMHANIbHI KOHCTPYKIIT 3 AEPEBUHH, L0 EKCIUTYaTyHThCS,
noTpe0yloTh KOMIUIEKCHOTO MiJCUJICHHS SK JIOKAIbHOTO, Tak 1 riaodanpHOro. IlpoBeneHo anami3
Croco0iB Ta METOJIB JIOKAIHHOTO Ta TJIOOATBHOTO TMiJACHJICHHS KOHCTPYKIIHA 3 JEpPeBUHH, MO
NpaLioI0Th Ha TMONEPEeYHMH 3rMH B YMOBax iX eKcruryaTamii. 3arajJbHUX HalpauioBaHb IO
1JCUICHHIO 3TUHAJIBHUX €JIEMEHTIB 3 JIEPEBUHM Ha JIaHUI yac HeMae.
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Annotation: The work presents modern comprehensive methods for the rehabilitation and
reinforcement of glued wooden beams or timbers that can be utilized during their service in buildings.
The local or global reinforcement of wooden elements made of solid or glued wood, which are
subjected to transverse bending, needs to be performed either with full or partial unloading of the
structure.

The reinforcement effect is greater with complete unloading of the structure compared to partial
unloading. Local reinforcement of the structure, through altering the physical and mechanical
properties of the material in problematic areas, often involves the injection of cracks with adhesives
followed by the application of the chosen reinforcement system.

Global reinforcement of wooden bending elements includes reinforcing both the compressed
and tension zones of the element, as reinforcing only the tension zone provides minimal effect. The
best effect in global reinforcement of beam structures is achieved through double reinforcement,
either with high-grade steel reinforcement bars or by reinforcing the tension zone with polymer tapes
while simultaneously installing steel reinforcement in the compressed zone.

Often, global reinforcement of both the compressed and tension zones of wooden beams results
in insufficient shear bearing capacity. Therefore, a comprehensive approach toreinforcing wooden
beams as a whole necessitates reinforcing the element’s ability to handle increased shear forces at the
edges. An effective method for increasing the shear force capacity of a wooden beam is reinforcing
it by bonding one or more composite strips at a 45-degree angle. The bonding is performed using
polymer adhesives at specific intervals on both sides of the beam in areas close to the supports.

The issue of reinforcing wooden structures in service is quite complex and requires an

individual approach in each case.
The comprehensive development of methods for reinforcing wooden bending elements is currently
hampered by the lack of regulatory framework in Ukraine to address this issue. At the time, there was
no general work on reinforcement. Each engineer developed his own methods for reinforcing timber
bending members.

Keywords: glued wood, solid wood, beam, bearing capacity, reinforced wood.
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CIOCIb IMITYJIbCHOI'O IMIPET'HYBAHHS TEPEBUHU VIS BY IIBEJIbHUX
KOHCTPYKIIHN

I'opron O.0., acucreHr,

oleggoriun@vntu.edu.ua, ORCID: 0000-0001-5678-835X,

Kon I.B., K.T.H., JOIIEHT,

ivan.kots.2014@gmail.com, ORCID: 0000-0003-0870-6385
Binnuyvkuii Hayionanvruti mexuiunuil yHisepcumem, M. Binnuys

AHoTanisi. Y cTtarTi po3rIIHYTO €(EeKTHUBHICTh IMITYJICHOTO CHOCOOY IMIIPErHyBaHHS
JEPEBUHM IS TOKPALICHHS 11 eKCIUTyaTalliiHX BIACTUBOCTEH MPH BUKOPUCTAHHI B OYyAiBETbHUX
KOHCTpyKUisx. IlpexcraBneHo netanbHU aHai3 CydacHHMX METOJIB NPOCOYYBAHHS JICPEBHHH,
30KpeMa TPaIUIlifHOr0 CTaTUYHOTO Ta 3aIpPOIOHOBAHOTO IMITYJIBCHOTO cIoco0iB. BusHaueHo
OCHOBHI TI€pEeBarv IMMyJbCHOI TEXHOJIOTIi IMIPETHYBaHHS, TaKi SK IiIBHIICHHS JTOBTOBIYHOCTI,
BOTHECTIMKOCTI AE€PEBUHH, @ TAKOXK MOJIIMIIECHHS ii (I3UKO-MEXaHIYHUX BIACTUBOCTEH B 3aJI€)KHOCTI
BiJl THIy BHKOPHCTOBYBAHOTO IPOCOYYBAJIBHOTO CKJIALy. Y XOAI IOCTIDKEHHS MPOBEICHO
eKCIIEpUMEHTAIbHE MOPIBHAHHSA 000X METO/IB, pPe3ylbTaTH SKOTO TiATBEPKYIOTh BHUCOKY
e(eKTUBHICTh IMITYJILCHOTO CITOCO0Y mpocouyBaHHsa. OnMcaHO MaTepiaay Ta METOIU, BUKOPUCTAaHI
JUIE  eKCIIEPUMEHTIB, BKJIIOYAIOYM XapaKTEPUCTUKY JIEPEBHMHM Ta MPOIEC IMITYJIbCHOTO
iMriperayBadHs. HaBeneHo neTadpbHUN OMUC  3amPONOHOBAHOI TEXHOJOTII  IMITYJIBCHOTO
IMIperHyBaHHg JE€peBHHU. Pe3ynbTaTH JOCHIDKEHHS MOXYThb OYTH BHUKOPHUCTaHi JJist
BJIOCKOHAJICHHSI METO/IIB 0OpOOKH JACPEBUHU Ta MIIBUILNEHHS il €KCIUTyaTaIllliHUX BIACTHBOCTEH y
Oy/iBeTbHUX KOHCTPYKIISIX, IO cHpuse Oinbll e€(pEeKTUBHOMY Ta IIHPOKOMY BHKOPHUCTAHHIO
JIEPEBUHU SIK Oy/IIBEIBLHOTO MaTepialy.

Kuiro4oBi ciioBa: nepeB’siHI KOHCTPYKILi; OyAiBeNbHI MaTepiaiu; BOTHE3aXUCT; 010JI0TIYHHIHA
3axXHCT; IMIIPErHYBaHHS; POCOYYBAHHS; KallUISIPHO-TIOPHUCTE T1JIO.

Beryn. JlepeBuHa € OIHUM 13 HalWCTapilmIuX 1 HAUTOMMPEHIMUX OyAiBEIbHUX MaTepiaiis,
SIKHI{ BUKOPUCTOBYETHCS Y OYMIBHHUIITBI 3aBISKH CBOIM INPHPOJHUM BIACTUBOCTSM, TAKHM SIK
JIeTKICTh, MIIHICTh, €CTETHYHICTh Ta EKOJOTIYHICTh. BaIUBICTh BUKOPUCTAHHS JEPEBUHU B
OyIIBHUIITBI T1JIKPECTIOETHCSA TEXHOJOTTUHICTIO BUTOTOBJICHHS KOHCTPYKITINA, MATUMU 3HaYECHHSIMH
KOC(QIIIEHTIB TEMIIEPaTypHOTO PO3LIMPEHHS 1 TEIJIONPOBIAHOCTI, CTIMKICTh y HaHOLIbII
MOIIMPEHUX XIMIYHO arpecuBHUX cepemoBumiax [1]. Omnak, mpupojHa IEpeBHHA Ma€ s
HEJOMIKIB, TAKUX SIK CXHJIBHICTh JIO THUTTS, BIUIMBY IIKITHUKIB Ta BTPATH MIIHOCTI MiJ Mi€l0
BOJIOTH, HHU3bKa BOTHECTIMKICTh, HEOTHOPIAHICTh CTPYKTYpH. Lli HEmOIIKM 3HAYHO OOMEXKYIOTH
MOJKJIMBOCTI 1i BUKOPHUCTaHHS y OyIiBENbHUX KOHCTPYKLISX, OCOOJIMBO B YMOBAax ITiJBUIIEHO]
BOJIOTOCTI Ta arpECHBHHUX CEPEIOBHIIL.

AHaJi3 ocTaHHIiX gocaimkens i my6uaikaniii. CydacHi HayKOBi JOCTIIKEHHS Ta MPaKTHYHI
pO3pOOKHM CHpsSIMOBaHI Ha MiABUINEHHS EKCIUTyaTallliHUX BIJIACTUBOCTEW NIEPEBUHM ILIAXOM i
Monudikallii, II0 YacTO pPEeaJi30BYEThCA ILUIAXOM IPOCOYYBAHHS JAEPEBHHU Pi3HOMAaHITHUMHU
XIMIYHUMH pEYOBHMHAMU. ICHYIOTH pi3HI cmocoOu TMMOMHHOT MOoau(iKaIlii TepeBUHH CEPEeIl SIKUX
TePMOMEXaHIvHa, XIMIYHO-MEXaHI4Ha, TePMOXIMivHa, XIMiYHa, paaiamiifHO-XiMiuHA
Moaudikarii [2-4]. OqauM 3 HeIOIIKIB MOAU(DIKAIlli TAKOTO THITY € BEJTUKa TPYJIOMICTKICTh pOOIT
Ta 3aTpar Ha ii 3mailicHeHHs. TpamuIiiiHi METOAM TPOCOYYBAHHS JEPEBHHH, TaKi SIK CTaTUYHE
IMIpernyBaHHs, nepeadavyaioTb TpUBAJe 3aHYPEHHS ACPEBUHU Y POCOUyBaNIbHY piauny [3-6]. o
HUX BITHOCATH TEXHOJIOTIT TPOCOYYBAHHS IT1JT TUCKOM 3 PI3HUMH TEXHOJOTIYHUMH cXxemamu [4, 7-
8], 13 3acTOCYBaHHIM HarpiBaHHs TEXHOJIOTIYHHX PiMH Ta BaKyyMyBaHH: [4, 9], cmoco6oM Terio-
xonmoaaux BaHH [10]. He3Bakaroum Ha TOIMPEHICTh Ta YHWCIEHHI IEpeBaru, Taki CIOCOOu
Moudikallii 1epeBUHU MAIOTh PsJi HEJOJIKIB, 30KpeMa HEPIBHOMIPHICTb MPOHUKHEHHS PIIUH Y
CTPYKTYPY J€PEBHHH, HEAOCTATHIO TNIMOWHY TPOHUKHEHHS Ta 3HAYHUN Yac 00poOku. Jlocmi ke s,
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IPOBEJICHI B LI ramy3i, BKa3yl0Th Ha 0OMEXEHICTh TPAIUIITHUX METO/IB Y TOCATHEHHI TTTHOOKOTO
MIPOHUKHEHHSI Ta PIBHOMIPHOTO PO3MOILTY MPOCOYYBAIbLHUX PEUOBHH.

OnHUM 13 TEpCHEeKTHUBHUX METONIB € IMITyJIbCHE IMIIPETHYBAHHS, SIKE JI03BOJIIE€ 3HAYHO
MMOKPAITUTH BOJOCTIWKICTh, O10CTIMKICTh Ta MiIHICTh AepeBuHH [11]. Lleir meron 6a3yerbcs Ha
BUKOPUCTaHHI IMITYJIbCIB TUCKY JJIS TTIMOOKOTO MMPOHUKHEHHS IPOCOYYBAIBHUX PIIUH Y CTPYKTYPY
JEPEeBUHHU, MO0 3a0e3nedye OUThINY TIMOWHY MPOHWUKHEHHS, CKOPOUYCHHSI TPHBAJIOCTI MPOIECY
00poOKH, a TakoX OUIBII PIBHOMIpHUI Ta e(EeKTUBHHMI PO3MOILIT 3aXUCHUX PEUOBHH BCEpEAMHI
Marepiany.

BunisienHss He PpoO3B'A3aHUX paHille YacTHH 3arajbHOi mpodjemu. Y mporeci
BJIOCKOHAJICHHSI METOMIB MPOCOYYBAaHHS JIEPEBUHU U OyHiBEIbHUX KOHCTPYKIHM IMOCTae psin
HEBHPIIICHUX MUTaHb, SKI MOTPEOYIOTh AOJATKOBOTO MoCiipkeHHs . Cepen HUX MOKHA BUIIIUTH
HEOOXITHICTh PO3POOKU TEXHOJIOTII MPOCOUyBaHHs, siKa O rapaHTyBasa MiBUILEHHS BIACTUBOCTEH
JEPEBUHU 711 OyMiBEIHbHUX KOHCTPYKIIIH, a TaKOXX MPOBEICHHS MOPIBHSILHUX JOCIHIKEHb MK
TPaIULIHUM CTaTUYHUM Ta IMIYJIBCHUM METO/IaMU IMIIPETHYBaHHS.

IlocTanoBka wijnei i 3aBAaHb A0CJiAKeHb. METOIO AaHOTO JOCIHIDKEHHS € po3polKa Ta
OMTHUMI3aIlisl METOAY IMITYJICHOTO IMIIPETHYBAHHSI ICPEBUHHU sl TOKPAIICHHS i1 BTACTHBOCTEH IIPH
BUKOPUCTaHHI Yy OyAiBeNbHUX KOHCTPYKWisX. JlOCHipKeHHS CHpsSMOBaHE Ha BUSBJICHHS
€(EeKTUBHOCTI IMITYJIbCHOTO CIOCO0Y y TOPIBHSAHHI 31 CTaTUYHUM CIOCOOOM IMIpPETHYBaHHS
JepEBUHH.

OcHoBHMI MaTepiaj i pe3yjabTaTH. 3anponoHOBaHUHN crocid Moaudikamii JepeBUHU
HUISXOM IMITYJIbCHOTO IMITIPETHYBaHHS 3/IIHCHIOETHCS. HACTYITHUM YMHOM. [lepiuuii eTan nependavae
MOTNIEPETHE CYIIIHHS JEPEBUHU JJISI 3MEHIICHHS BOJIOTOCTI /10 ONTUMAIbHOTO piBHA. CyIniHHS
MPOBOJATH TPU HOPMAIBHOMY peXHMI 3a Temmepatypu +63...94°C B 3alexHOCTI BiJ MOpOAU
JEPEBUHU 710 TOCATHEHHS BosiorocTi 12...15%. Jlami po3MilTyroTh 3pa3Ku JEPEBUHU y CIICIITbHIN
KaMmepi, e MPOBOJATh BAKyyMyBaHHS JUIsl BUJAICHHS TOBITPS Ta BOJIOTH 3 TIOp JIEPEBHUHH.
BakyymyBaHHS BUKOHYIOTB 31 3HIDKEHHSIM THUCKY 10 BeauduHHU po3pimkerHas 0,060...0,150 atm i3
3amaHor0 TpuBaiicTio. [licns 3aBepleHHS BaKyyMyBaHHS KaMepy 3 JIEPEBHHOIO 3alOBHIOIOTH
MONIEPETHBO IMIAITPITUM TEXHOJIOTIYHMM CKJazoM. Ha maHoMy erari po3MOYMHAETHCS MPOIIEC
MPOHUKHEHHS MPOCOYYBAIBHOTO CKJIAAy B KamUISPHO-TIOPUCTI CTPYKTYpHU JepeBUHU. Tw
TEXHOJIOTIYHOI PEYOBMHH 3QJICKUTH BiJI HEOOXITHUX JJIsi TIOKPAICHHS BIACTUBOCTEH JCPECBUHMU.
Jlyiss 3MEHIICHHST BOJOTOTTIMHAHHS Ta HAJaHHS JEPEBUHI BOJOBIAMITOBXYBAIHHUX BIACTUBOCTEH
BHKOPHUCTOBYIOTHCS Tipod0o0i3aTopy, i MiJABUIICHHS BOTHECTIHKOCTI BHKOPHCTOBYIOTHCS
AQHTHUIIPEHHU, ISl TOJNIMIICHHS O10JOTiYHOI CTIMKOCTI 3aCTOCOBYIOTHCS AHTHUCENTHUKU, a s
MoMNIIeHAs. (I3UKO-MEXaHIYHUX BIJIACTUBOCTEH BHKOPHCTOBYIOTHCS MOHOMEPH Ta IOJIMEpH.
[Ticns 3amoBHEHHsT KamMepu Y Hid CTBOPIOIOTH HAMJIMINIKOBHM THCK 3aJaHOi BEIHYWUHU IS
MOKpAIEHHs TPOHUKHEHHS TEXHOJIOTIYHOTO CKJIaay B JAepeBHUHY. J[ali 3aCTOCOBYIOTh IMITYJIbCHHIA
pEeXUM HaKJIalaHHs TUCKY. JlaHui pexkuM 1HTeHCH(]IKye Tpoliec IMIPETHYBAaHHS JCPEBUHU, 8 TAKOK
3abe3neuye Oinbll TAMOOKE Ta PIBHOMIpPHE NPOCOYYBAHHA PIAMHUA y 1 KamUIIpHO-TIOPHCTY
CTpyKTYypy. Hanuii pexxum mependavae BUKOHAHHS MMOYEPTrOBOI CTPUOKOMOMIOHOI 3MIHU 3adaHOl
BEJIMYMHM TUCKY B KaMmepi 3 JEpeBHHOIO. 3MiHa TUCKY BiJIOYBA€TbCcS 3 IEBHOIO YacCTOTOIO
MMOBTOPEHHS IMITYJIbCIB THCKY. [Iporiec HacCMUeHHsI IEpeBUHU B IMITYJIbCHOMY PEXKHUMI BiOYBa€ThCs
710 TOCATHEHHS HEOOXiTHOI BETMUYMHH MPOHUKHEHHS TEXHOJIOTTYHOTO CKIIa1y Y TOBILY JIEPEBUHHU 1
3aleXHUTh Bl MOPOAM JEPEBUHU, a TAaKOX THUIY TEXHOJIOriyHoro ckiany. [lo 3aBepiueHHIo
IMITYJIbCHOTO PEXHUMY pOOOTH OOJIaHAHHS BUKOHYIOTH CTaOlUIi3allil0 TUCKY 1 37TUB 3aJIMIIKIB
TEXHOJIOTIYHOTO CKJIaMy 31 crmerianbHoi kamepu. [Iporiec iMnperHyBaHHs IEPEBUHU 3aBEPIICHO.
Jlanmi mpoBOIATH JOJATKOBE BAaKyyMyBaHHS JCPEBHUHHM 13 3a/aHOI0 TIMOWHOIO PO3PIIKEHHS
MPOTATOM 33/1aHOT TPUBAJIOCTI JJIsi BUJIAJICHHS MapiB TEXHOJOTIYHOTO CKJIaTy, 10 YTBOPUIIUCS B
mopax JEepeBUHHU y IMpolieci iMrperHyBaHHs. [lo 3aBepiieHHIO JOJATKOBOIO BAaKyyMYyBaHHS Y
cremiagpHii  Kamepli 3  JEpPeBHHOI0  BCTAHOBIIOIOTH aTMOCHEpHUN  THCK, MPOBOJSTH
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pO3repMeTH3aIliI0 Ta BUAANSIOTh TOTOBY MOIM(DIKOBAaHY HMPOAYKIIIO JJIS MOJANBIIOT 00pOOKH UM
BUKOPHCTaHHS.

Y BHUMAagKy BHUKOPHUCTaHHS MOHOMEpIB B pOJII TEXHOJOTIYHOTO CKJaxy, WICHs eTamy
IMIIpeTHYBaHHS, TPOBOJATH 3allOBHEHHS CIICIIaJbHOI KaMepH 3 JEPEBHHOIO TIIILEPUHOM,
nornepeaHbo migirpitum g0 +70...+94°C. TakuM YUHOM IPOTITOM MEBHOTO MEPiOy BiAOYBa€ThCsS
TepMOKAaTaJIITUYHA TOJIMEpH3allisi MOHOMEpa B CEpelMHI JEpPEeBUHU. TeMmIiiepaTypy TIIICPUHY
HOiATPUMYIOTH 32 JIOMOMOro0 HarpiBauiB. [licist 3aBeplIeHHS TepMOKATATITUYHOI MOJIMEpU3aii
MOHOMEpA 3JIMBAIOTh 3AIMIIKH TJIIEPUHY 1 MPOBOIATH JOAATKOBE BaKyyMyBaHHS IMIIPETHOBAHOI
JIEPEBUHH 13 33JaHOI0 TIMOMHOIO PO3PIHKEHHS Ul BUAAJICHHS MapiB MOHOMEPA, 110 YTBOPUIIUCS
ITiJT Yac TepMOKaTAIITHYHOI nomimepu3aitii. [To 3aBepieHHI0 BakyyMyBaHHS Yy CIeIiabHIN KaMepi
3 BCTaHOBJIIOIOTh aTMOC(HEPHUN THUCK, MPOBOJIATH PO3TEPMETH3AII0 Ta MPOBOAATH BUAAJICHHS
roToBOi MOAM(pIKOBAHOT MPOIYKIli. 3ampornoHOBaHUM crmocid Moaudikaiii JEepeBUHH MOXHA
peanizyBaTl 3 BUKOPUCTAHHSAM YCTAaTKyBaHHS ISl LUKJIIYHOTO TiAPOTEPMIYHOIO HACHUYCHHS
OyniBenmbHuX BUPOOIB [12]. TexHomoriuna cxema 3ampoIrOHOBAHOTO crocody Mmoaudikarii
JIepEBUHH TIpEJICTaBlIeHa Ha puc. 1.

, P naymmkosmit > JonaTtkoBe  [€
CYIIIIHHSA e
) THCK BaKyyMYyBaHHS
'L v} ¢ 3a[0BHEHHA [€
IMITyTTBCHII BCTAHOBIICHHA ITIIepHHOM
VYMY )
BaKyyMyBaHH: peXIM aTMoc(epHOTO Jr
THCKY
TepMOKaTall-
Y s 4 h 4 TIUHA
3JIHEB : ;
SEnERCHns — BHIATEHHS OTiMepH3aIis
TeXHOIOTIUHOK TeXHOJIO0I'1IHO!
- i JlepeBHHI S
PLIHHOK piIHHH
L |

Puc. 1. Texnonoriuaa cxema iMITyJIbCHOTO cITOoco0y Moaudikalii 1epeBUuHA

ExcniepumeHTanbHe TOCIIIKEHHS CIIPSIMOBaHE HAa BU3HAYEHHS BIIUBY IMITYJICHOI CKJIAZI0BO1
TucKy [13] Ha rIMOMHY NPOHUKHEHHS PIIUHM Y 3pa3Kd JAEPEBHHU, MOPIBHSAHHS BEITUYUHU
IIPOHUKHEHHS, a TaKOX OJHOPIAHOCTI 3allOBHEHHS KaMUIIPHO-NIOPUCTOI CTPYKTYpPH JAE€PEBHHHU
TEXHOJIOTIYHOIO PIAMHOI0 TpPU PI3HUX crocobax iMmperHyBaHHS. i eKCIEpUMEHTY
BHUKOPHUCTOBYBAJIMCh XBOWHI MOpPOAM JCPEBUHHU, a caMe COCHM ImiuIbHICTIO 700 kr/m3. 3pasku
JepeBUHM OYJIM po3pi3aHi Ta BIAUUTIPOBaHI 10 HEOOXITHUX PO3MIPIB JUIsl BUIPOOYBaHb 1 METOIIB
BH3HAYCHHS XapaKTePUCTHUK. ba3oBuii mepepi3 3paskiB MO MIMPHUHI BUKOHYBIM Y TaHTCHIIAIbHO-
panianbHii omuHi. L{uninapuyni 3pa3ku 1epeBUHU 3 COCHU OYJIM BUTOTOBJICHI AiaMeTpoM 24 MM
Ta JOBKHUHOIO 38 MM. 3pa3Ku MOCTYIOBO NUTI(YyBaIN HAKIAYHUM marnepoM i3 3epaom 120, 150, 240
1 320 mns BupaneHHS OyAb-SKMX 3QJIMIIKIB Ha 3pa3Kax 1 JIOCATHEHHS PIBHOMIPHOI MOCTIHHOI
IIOPCTKOCTI TOBEpXHi. 3pa3ku momimanud B ayxoBKy mnpu +90°C Ha 24 roawHU Tmepen
BUTNIPOOYBaHHIMH, 11100 BUCYIIIUTH 1X, MiHIMi3yBaBIIH BMIiCT BOJIOTH.

3a npocouyBankHy piguHy 6y710 B3sTO ONMKBY 1-20 3 KiHEMAaTHYHOIO B’s3KicTIO 32 MM%/c TIpH
40°C, ryctunoro 890 kr/m°, BMicToM cipku 10 1% Ta 3 BiICYTHICTIO MEXaHIYHUX JTOMIIIOK.

BunpoOyBanpHUI CTEHJ CKJIaJaBCs 3 MPOCOUYYBAJIBHOI KaMepu B SIKIM PO3MIMIYBaIUCs
JOCHITHI 3pa3Ky; PIAMHHOTO HAcoca Uil CTBOPEHHS THUCKY; TiPOIMIYJIbCHOTO KIIANaHa, SKHM
BHUKOPHUCTOBYBABCS JUIsl CTBOPEHHS IMIYJBCIB THCKY MPOCOYYBAIBHOI PIAWMHHU; PiIUHHOTO
ma"ometpa ( [OCT 8625-69, knac ToyHocTi 1,6), 1110 BUKOPUCTOBYBABCS JUIsl KOHTPOJIIO TUCKY B
pobouiit kKamepi Ta BUMIPIOBaHHS aMIUTITYIH THCKY.

ExcniepuMeHT NpoOBOAMBCS JBOMA CIIOCOOAMH: 13 3aCTOCYBaHHSM CTaTHYHOTO THUCKY Ta
TAPOIMITYJIBCHUM CIIOCOOOM.
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VY mepuiomy BHUINAAKY 3pa3KH JEPEBHHU MPOCOYYBaIM ONMBOIO [-20 MeTOIOM 3aHYypeHHS y
Kamepy 3 IMPOCOYYBAIBHOI PIAMHOI. BHKOHYBamyW BUTPUMKY 3pa3KiB y OJMBI I CTAaTHYHUM
HAQ/TUIIKOBUM THCKOM BEIMYUHOIO 3 aT™ npoTsirom 30 XB.

VY apyroMmy BUIAJIKy 3pa3kd PO3MIIIYBAIM B TIPOCOYYBAIBHIM KaMepi, 3alTOBHEHIN OJIMBOIO.
CriouaTKy CTBOPUIIM MOCTIHHUI HAITTMIIKOBUI TUCK BETMYMHOIO 3 aTM, MICJIs 4OTo Ha MPOT3i 4 XB
LUKJIIYHO CTBOPIOBAJIM IMITYJIbCH TUCKY OJHMBH. IMIYyJIbCH THUCKY JOCATaNM MaKCHMalbHOTO THCKY
40 artm, 3 ammuitygor0 B Mexax 15-20 arm Ta wacrororo 2,8 ['i. TpuBamicTh iMITyJIbCHOTO
HAaCHMYEHHs CKJadana 4 XB, a yac BUTPUMKHU IiJ] CTaTUYHUM TUCKOM — 6 XxB. Ekcrepument
MIPOBOJIUBCS NPU HOPMAJIbHUX YMOBaX.

[Ticns 3aBepiieHHsT TPOIECY HACHYCHHS JEpeB’siHI 3pa3ku Oy pospizaHi 1 TimOuHa
HAaCHYCHHsS BUMIpAHA Ui ToJanbmioro axamizy. Ilicis BUKOHAHHS IOMEPEYHOro pO3pi3y
BUKOHYBaJIach (pikcairisi TTMOMHN HACUYCHHS 32 TOTIOMOT010 (hOTO3HIMKIB (puc. 2).

0)

Puc. 2. Po3pizani gociiani 3pa3ku Micist IMIPETHYBaHHS 3 BUKOPUCTAHHSIM:
a) CTaTUYHOTO TUCKY; 0) IUKITIYHUX IMITYJIbCIB TUCKY

3a jgaHuMM 3aMipiB TIMOWHA HACHYCHHS 3 BHUKOPUCTAHHSIM CTaTUYHOTO CIIOCOOY
iMIperayBaHHs ckiana 5-7 MMm. Ha cBITIMHAX BHIHO HEOAHOPIAHICTh MPOHUKHEHHS OJMBH B TIO
TOBIIMHI 3pa3KiB. Y JOCHIAHUX 3pa3Kax JIpyroro eramy eKCIepUMEHTY, SKi IIiIaBaucs
IMIyTECHOMY MIPOCOYYBaHHIO, OJIMBA Maike 3allOBHHIJIO BHYTPIIIHIO CTPYKTYpPY JACpPEBUHU
Hackpi3b. [ MMOMHA MPOHUKHEHHS OJIMBU IPH PO3Pi3l 3pa3KiB I IMIYJIBLCHOTO CIIOCO0Y CKiaia
12 mm (Tabm. 1).

Ta6auus 1. Pe3ynapratu BUnpoOyBaHb CHCTEM MPOTUKOPO31HHUX MOKPHUTTIB

No Croci6 Martepiain Tpnpanicu IpocouyBanbHa |. Tpusamcrs Tuck p [mubuna
" |immpernysanns | 3paskip | CYWIHHA T¢, iMHA IMIperHyBanHs I , " | OpOHUK-
n/ perty P P XBUJINH a™
XBUJIMH HEHHS, MM
1 |[TocTifHMI TUCK | sUIMHA 1440 onmBa [-20 30 3 5...7
IMmynscHui
2 pesz THeky | AMHA 1440 omsa [-20 10 15...20 12
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I{i moka3HMKK € MPUOIM3HO B 2 pa3d OUIBIIMMHU BiJ BEJIWYMHU NPOHUKHEHHS OJIUBU Y
TOBIMHY 3pa3Ka BUTPUMAHOTO ITiJI CTATHYHUM HaJJIMIIKOBUM THCKOM. Ha mizmcraBi pe3ynbrariB
JOCIIIKEHHSI MOYKHA CTBEP/IXKYBATH NP0 30UIbLICHHS MIMOMHU MPOHUKHEHHS OJIUBU B KaIiJIipHO-
HOPHUCTY CTPYKTYPY JAEPEBHUHH, TPH MEHIIH TPHUBAIOCTI IMIPErHYBAHHS 332 BHKOPHUCTAHHSI
UKJIIYHOTO IMITYJIBCHOTO CIIOCOOY IMITPETHYBaHHS.

BucHoBkH. Y TnpoBeneHOMY TOCITIKEHHI OYyJ0 3alpONOHOBAHO Ta BUKOHAHO JETabHHIM
onmuc epEeKTHUBHOTO crocol0y wmoaudikamii AepeBHUHU i OymiBEIbHUX KOHCTPYKIIH, SKHMA
pearizyeThes 3a IOIIOMOT0I0 TEXHOJIOTI] IMITYJIbCHOTO IMIIPETHYBaHHS JEPEBUHH TEXHOJIOTTUHUMHU
ckianamu. J[aHa TeXHOJIOTis J03BOJIIE IHTEHCH(IKYBAaTH MPOIEC 0OPOOKH JEPEBUHU 1 CKOPOTHTH
yac 00poOKH IepEBUHH, L0 MiIBUIILYE €PEKTUBHICTH BUPOOHUYOTO MPOILECY Ta 3HIKY€E BUTPATH Ha
eHepriro 1 marepianu. 30UTBIICHHS TAUOMHU TPOHUKHEHHS MPOCOYYBAIBHOI PIIUHU B TOPH
JICPEeBUHM TIOPIBHSHO 31 CTaTHYHUM METOJOM pa3oM i3 3a0e3nedyeHHsSM OUIbII pPiBHOMIPHOTO
pPO3MOAUTY PIAMHU B CTPYKTYpl JEPEBUHHM € BAKIWBHM JUIS ITJABUIICHHS JOBTOBIYHOCTI Ta
eKCIUTyaTal[ifHUX BIIACTMBOCTEH JEpeB’SHUX KOHCTPYKLIN 3aJ€XKHO BiJ THIY NMPOCOYYBAIBLHOTO
ckJyaay (HarmpuKIIaj, BOTHECTIMKICTh, O10JI0T19HA CTIWKICTh, MIITHICTb, T1iAPO(OOHICTS).

BukoHaHO MOPIBHAHHS CTaTUYHOTO CIIOCOOY Ta IMITYJIBCHOTO CIOCOOIB IMIpPErHyBaHHS
XBOWHHX 3pa3KiB JepeBUHHU. BCTaHOBJICHI €KCIIEPUMEHTANbHI JaH1 JOBOASITH MO3UTHUBHUMA BIUIHB
IMITYJIbCHOT CKJIaJI0BOi TUCKY Ha 301TBIICHHS TJIMOWHU Ta JOCSITHEHHS OJTHOPITHOCTI MPOHUKHECHHS
MPOCOYYBAIBHOI PIAMHE B KaMISPHO-TIOPUCTY CTPYKTYpY JHepeBuHH. OTpUMaHi pe3yiabTaTH
MOXYTb OyTH BUKOPHCTaHI Il BIOCKOHAJICHHS TEXHOJOTIH 0OpOOKU JIEPEBUHHU 1 BCTAHOBIICHHIO
KOHKPETHOTO Jiarna3oHy napameTpiB, 10 CIPUSATHME IiABUILECHHIO SIKOCT1 Oy/iBeIbHUX MaTepialiiB
Ta KOHCTPYKIIIH.
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Abstract. The article discusses the effectiveness of the impulse method of timber impregnation
to improve its operational properties when used in building structures. A detailed analysis of modern
timber impregnation methods is presented, in particular, the traditional static and the proposed
impulse methods. The main advantages of impulse impregnation technology are defined, such as
increasing the durability and fire resistance of wood, as well as improving its physical and
mechanical properties, depending on the type of impregnation composition used. In the course of
the study, an experimental comparison of both methods was carried out, the results of which confirm
the high efficiency of the pulsed infiltration method. The materials and methods used for the
experiments are described, including wood characterization and the pulsed impregnation process. A
detailed description of the proposed technology of impulse impregnation of wood is given. The
results of the research can be used to improve wood processing methods and increase its operational
properties in building structures, which contributes to more efficient and widespread use of timber
as a building material. The purpose of this study is to develop and optimize the method of impulse
impregnation of wood to improve its properties when used in building structures. The research is
aimed at identifying the effectiveness of the impulse method in comparison with the static method
of timber impregnation. In the conducted research, a detailed description of an effective method of
wood modification for building structures, which is implemented using the technology of impulse
impregnation of wood with technological compositions, was proposed and performed. This
technology allows you to intensify the wood processing process, increase the penetration depth of
the impregnating liquid into the pores of the wood and ensure a more even distribution of the liquid
in the wood structure. This is important for increasing the durability and operational properties of
wooden structures depending on the type of impregnation composition (for example, fire resistance,
biological resistance, strength, hydrophobicity). The obtained experimental data prove the positive
effect of the impulse component of pressure on increasing the depth and achieving homogeneity of
penetration of the impregnating liquid into the capillary-porous structure of wood.

Keywords: wooden structures; building materials; fire protection; biological protection;
impregnation; saturation; capillary-porous body.
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AHoTauisgs. BukoHaHuii MOpIBHSJIBHUN PO3paxXyHOK IJIOCKOI CTajeBOi (pepMH MOKPHUTTA 13
MapHUX KYTHUKIB  TMPOCTOPOBOTO  KapKacy OJIHOMOBEPXOBOi MPOMHUCIOBOI  OymiBiai  3a
3arajibHONPUMHATOI0 PO3PAaXyYHKOBOIO CXEMOI, — 0e3 BpaxyBaHHS CYMICHOI poOOTH 3 JHCKOM
MOKPUTTS, & TAaKOX 3 BPaxXyBaHHSAM CIUIBHOI poOOTH Kapkacy i3 3alli300€TOHHUMH PEOPUCTHUMH
wmtamMu. OOrpyHTOBaHO BUKOPHCTAHHS YMCEIHHOTO MOJCTIOBAHHS (pparMeHTa MOKPUTTSI METOJJOM
ckinueHHux eneMeHTiB y [IK «JIIPA CAIIP 2022» mmisxom MOPIBHSJIBHOTO aHai3y BHYTPIIIHIX
3yCHJIb B €JIeMeHTaxX (hepMu Ta ii 3arajbHOI MacH 3a ABOMa pO3paxyHKOBHUMHU MOJICIISIMU.

KurouoBi cjioBa: mpocTOpOBHI CTajleBUM KapKac, YHcCelbHA MOJENb, pPO3paxyHKOBa CXema,
KOPCTKUN AUCK MOKPUTTS, 3a11300€TOHHI peOpPHUCTI IUIUTH, BHYTPIIIHI 3yCHIUIS.

IloctanoBka mnpodaemu. Ha tepuropii VYkpainm mnoOynoBaHa 3HauHa KUIBKICTb
OJTHOTIOBEPXOBHX IPOMHCIIOBUX Oy/iBelb, BUKOHAHUX Yy CTaJIeBOMY Kapkaci 3 HACTHJIOM i3
3aJ11300€TOHHMX IUJIUT MOKPHUTTS. Y BIANOBITHOCTI 10 PE3YJbTATiB YMCEIbHUX 00CTEXKEHb Oy/iBesb
Ta imWKeHepHUX cmopyn [l, 2 Ta iH.], KOHCTPYyKIi Takux OyaiBelb MalwTh JePeKTH Ta
MOIIKO/DKEHHS, SKI HE 33J0BOJBHIIOTH [3] 1 He BIANMOBIAIOTH TNPOEKTHUM PILICHHSAM Y
BIIMOBITHOCTI /0 [MIFOYMX HOPMATHBHHX JOKYMEHTIB 3a [4—6 Ta iH.]. Taki KOHCTpPyKIli He
3a0e3neuyoTh MOAAbII0] HaliiHOT ekcIutyarallii [7] 1 moTpeOytoTh MPOBEACHHS BiTHOBIIOBAIBHUX
pOOIT.

AKTyanbHOCTI HAOyBarOTh 3aJayli BU3HAYCHHS JIACHOT HECYYOi 3JaTHOCTI, CTIHKOCTI Ta
nehopMaTUBHOCTI KapKaciB OJHOMOBEPXOBHX 1 0araTornoBEepXOBUX IPOMHCIOBHUX OyiBeb,
IpUYOMY, SK TP PEKOHCTPYKUii [8], Tak 1 mpu HOBOMY OymiBHMLTBI Takux OyaiBenb [9] i3
BpaxyBaHHSM ckianHoro nedopmysanus [10], HoBux edektiB omopy [11] Ta mpuiHATHX TimoTe3
moOynoBU pO3paxyHKOBUX cxeM [12], 3ueruieHHs apmarypu 3 6eToHOoM [13], iHKEHEPHOTO 3aXUCTY
teputopiid [14] Tomo. Camy TOMy MOIIYK ONTHUMAJIbHHUX [15] 1 HEOPIMHAPHUX KOHCTPYKTUBHUX
pimeHs [16—18] 3 KOMIJIEKCHUM BpaxyBaHHSM CYMICHOI pPOOOTH HECYy4YHX €JIEMEHTIB 13 CTalsli Ta
O0eToHy TpH iXHBOMY po3paxyHKy [17-20] mpu3BOAUTH 1O CYTTEBOTO EKOHOMIYHOTO e(eKTy
MOPIBHSHO 3 PO3paxyHKaMH 3a 17iealli30BaHUMHU PO3PAXYHKOBUMH CXEMaMH.

AHani3 ocTra”HHix xepea i myoOaikamiid. MogenroBaHHS CyMICHOT pOOOTH HECydHx
KOHCTPYKIIiH 31 cTajii Ta GETOHY IiJ] Yac po3paxyHKy CTAJO0 MOXJIMBUM 3aBISKU peaiizalii MeToxy
ckinueHanx eneMmeHTiB (MCE) y pisHux pospaxynkoBux komruiekcax (SCAD, JIIPA CAIIP,
ANSYS, Nastran Tom10), BAKOPUCTaHHS SKUX HAOYIO IIUPOKOTo 3acTocyBaHHA [21-24].

ExoHOMIUHa JONUIBHICTH BiJ BpaxyBaHHS CyMICHOI pOOOTH CTajeBHUX Ta 3alli300€TOHHHX
KOHCTPYKILi# BigmiuaeTrbcss y Oararbox kpainax €spomm, CIIIA, Kanmani Ttomo. 3pemroro, 1e
MPU3BEJIO 10 BUHUKHEHHS 1 moganbinoro BrpoBapkeHHss EuroCODE4 [25] 13 rapMoHizartiiero Horo
Ha TepeHax Ykpainu y ICTY-H b EN 1994-1-1:2010.

BukonanHs po3paxyHKy OajgKOBHUX €JEMEHTIB Ta ¢epM IOKPUTTSA Yy BIAMOBITHOCTI 0
BUIIIEBUKIIQJICHUX TEPEAYMOB, 1 CIPOIICHHs 0e3 BpaxyBaHHs CHUIBHOT poOOTH 3 KOHCTPYKLISMHU
Kapkacy OymiBii (y TOMY YHCIH 1 3a11300€TOHHUMHU TUIMTaMH) OTPUMYIOTh TIEpPEepi3u €IEeMEHTIB 31
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3HAUYHUM 3aI1acOM MIIIHOCTI, 1 SIK HACJIJJOK, — IIEPEBUTPATy MaTepiay, 0 MPU3BOAUTH O 3HAYHOTO
3MOpPOKYAHHS ~ KOHCTPYKIKA  [26]. JlochmimkeHHSIM  JiHCHOI  poOOTH  KPOKBSHUX  (depMm
OHONIOBEPXOBUX IMPOMHCIOBUX OyIiBeNb MIATBEPUKEHO BKIIOYEHHS Yy CHUIBHY pPOOOTY
3a1300€TOHHUX IUIUT MOKPUTTSI MpPHU JOTPUMaHHI NMEBHUX KOHCTPYKTHBHHUX BHMMOTL. lle 3HauHO
3MEHIIIY€ 3HAYE€HHS IO3[0BXHBOTO 3YCHIUISI Y BEPXHbOMY IMOACI 1 K HACHIJIOK, JIO3BOJISE
paIioHaJIbHO 3aPOEKTYBATH EePMY TOKPHUTTSI.

IMocTanoBka 3aBaaHHA. OCHOBHOIO 3aJlaueio NpPU PO3paxyHKy OalIKOBHX KOHCTPYKIIH Ta
30IpHUX IUTUT TEPEKPUTTS 3 BPaxyBaHHSIM IiXHBOI CYMICHOI pOOOTH € KOPEKTHE MpPU3HAYCHHS
PO3paxyHKOBOTO 00'€THAHOTO Mepepi3y Oanku Ta IUIMTH, SKUKA TOCTOBIPHO BioOpaxaTume poOoTy
KOHCTPYKIIIi: TOBIIMHY Ta MIUPUHU TIEpepi3y IUIUTH, sIKa BKIIFOUAEThCs B podoty [10, 11].

[TpobaeMHUM TakoX € MUTAaHHA PO KOPEKTHICTh BpaxyBaHHS CyMiCHOI POOOTH JMCKiB
MOKPUTTS 31 30IpHOrO 3aji300€TOHY MpU PO3paxyHKY CTaJIeBUX KOHCTPYKIIM Ha 3THH SK
MOHOJIITHOTO 3aJ1i300€TOHY Ta MOAAJBIIOTO PO3paxyHKy iX SIK cTaje3ani300eTOHHUX KOHCTPYKLIN
[1]. Po3paxyHOK 3ycHIIb Y CTEPKHSIX KPOKBSIHUX (hepM, K1 MPAIIOIOTh CIIJIBHO 13 TUIMTaMH, TAKOXK
CIIOHYKA€ JI0 BU3HAYECHHSI KOPEKTHOI pO3paxyHKOBOI CXEMHU, sika BpaxyBasia O CHUIbHY pOOOTY IUIUT
MOKPUTTSI Ta BEPXHBOTI'O M0ACA, 1, IK HACJIIJJOK, 3HUKEHHS 33 PaXyHOK 1[bOT0 I0370BXKHBOTO 3yCHILIS
B OCTaHHBOMY.

Takox po3paxyHOK €JEMEHTIB JUCKa TIOKPUTTS Ta WPOTOHOBUX KOHCTPYKIIH, fKI
CKJIaJatoThes 13 30ipHOTO 3ai1i300€TOHY, HEOOXiAHO MPOBOIAMTHU 13 BpaxyBaHHAM €(EKTY CHIIbHOT
poOOTH KOHCTPYKIIM JHCKa OAWH 13 OMHUM. Takuii e]eKT crocTepiraeTbcs BiApasy MiCs
00'eTHaHHS KOHCTPYKTUBHUX OJAMHUIb JUCKA B €MHE LIiJIe 32 IOTIOMOTOI0 3BapIOBaHHS 3aKJIaIHUX
neraneii. CminbHa poOOTa €JIEMEHTIB JUCKa TOKPHUTTS 3alleKuTh BiJ Jae(OopMaTuBHOCTI
MO3/IOBKHBOTO pedpa IUIUTH MOKPUTTS, Ne(OPMaTHBHOCTI 3aKiIagHux Aeraiei [18], mpusHaueHnX
JUTSL 3aKPITUICHHS TUTMT 3 OajkaMd, YMOB 3aKpPITUICHHS TUTUTH TOKPHUTTS Yy CKJIaJi JHUCKA, SIKOCTI
MUKIUTUTHUX IIBIB 3aMOHOJIIYYBaHHS, 3MIHHM OCBOBOI Ta 3THHAIBHOI KOPCTKOCTEH KPOKBSHOL
KOHCTPYKIIi y mporieci aedopmysanss [9, 10].

Tomy y mpoueci MozpeIoBaHHs 13 3aCTOCYBaHHSAM e(ekTy po3BaHTakeHHs [26], HeoOXigHO
BpaxoOBYBaTH IMABUINCHY Je()OPMATUBHICTh BY3JIOBHUX CHOJy4YeHb IUIUT, iXHIO (i3uuHy 1
KOHCTPYKTHBHY HEINIHIHHICTb, SIKI 3MIHIOIOTHCSI 3aJIeKHO BiJ HAINpy>KeHO-1e(h)OpPMOBAHOTO CTaHY
[22, 24]. Memorw oOocnidxcennn € 3HWKEHHS MaTepiaIOMICTKOCTI 3THHAJIBHUX METaJIEBUX
KOHCTPYKIiH (hepM MOKPHUTTS 13 BpaxyBaHHSIM IXHbOI CYMICHOI poOOTH 3 KOPCTKUMH IHCKaMU
MTOKPUTTS, BUKOHAHUMHU 31 301pHOTO 3aJ11300€TOHY.

OcHoBHUIi MaTepiaJ i pe3yabTaTi. MOJEIUTIO TOCTIIKEHHS € IPOCTOPOBHUH OJIOK TOKPUTTS
OJTHOTIOBEPXOBOI MPOMHKCIIOBOT OyiB1 3 po3Mipamu B TuiaHi 2460 m, 10 CKIaay SKOTO BXOASIThH TPH
KPOKBsIHI (pepMHU 3 YXHUIIOM BepxHboro mnosica 1,5 % 3a cepieto 1.460-4 (puc. 1). [Ipomnit dpepm — 24 ,
Kpok — 6 m. Bucora dpepm 3a reomerpuunumu ocssmu — 3000 am.
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Puc. 1. Cxema po3sranryBaHHsS KOHCTPYKIIIM TTOKPUTTIB:
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O®BB — ¢epmu BepTukanbHi B's13eBi, -1, -2 — Mapku KPOKBIHUX PepM

Crnupannst ¢epM Ha KOJOHHM — 3BepXy (mapHipHe). Po3misiHyTHii O10K Mae TOpU30HTAIbHI
B’5131 HUKHBOTO TIOSICA 1 PO3TSKKH JUISl 3MEHIICHHS KOJTMBaHb HWKHBOTO TIOSICA BiJ JUHAMIYHOL i
KpaHOBHMX HaBaHTa)XKeHb. B’s31 MaloTh XpecTOBl rparH, mepepi3u B’s3el 1 pO3TSHKOK BUKOHAHI 13
PIBHOIIOJIOYHUX KYTOYKiB. Y SIKOCTI MOKPIBEIBHOIO HACTUILY 3aCTOCOBYIOThCS 301pHi 3a1i1300€TOHHI
pebpucti UTH 3a cepiero 1.465-7 noBxuHOO 6 M, puHOO 3 M 1 BUcoToro 0,3 m. 3ami300eToHH1
IUINTU TIPUBAPIOIOTHCS O CTal€BUX HAKIAJOK, SKI 3’€IHYIOTBCS JI0 BEPXHBOrO mosica ¢depm
IIOHAaMEHIIIE Yy TpPbOX TOYKAaX M[UIAXOM 3BapioBaHHsA. [lo340BXKHI Ta TMONEpedHl IIBU
3aMOHOJIYYIOThCS JPIOHO3EPHUCTHM BakKUM OertoHoM kiacy C12/15 [5]. Marepian KpOKBSHUX
dbepm — cranp C245 [4], 3113006 TOHHUX TUTAT TOKPUTTS — OeToH kimacy C20/25 [5].

VY mporeci TOCHiPKEHHs TPOBEICHUI pO3paxyHOK BHYTPIIIHIX 3yCHJIb Ta BUKOHAHUH miaOip
mepepi3iB €JIEMEHTIB y KPOKBSIHUX (hepmax, skl BXOJATh Y CKJIaa OJIOKY MOKPUTTS 3a TPATULIIHHOIO
METOIMKOI, po3mIgaroun  (epMy OKpeMo BiJl KOHCTPYKLiM Kapkacy OyaiBii, 30Kpema
3a11300€TOHHUX PEOPUCTUX TUIMT TOKPUTTA. 3AIMCHEHWH Miadip Tepepi3iB €IeMEHTIB B s3eil
JOCTITHOTO OJIOKY MOKPUTTSL.

OtpumaHni 1iepepi3u eIeMEeHTIB OJOKYy MOKPUTTSA OyJau 3aJaHi y MPOCTOPOBY PO3PAXyHKOBY
CXEMY Ta BU3HAYEHI 3yCUJUIA Y CTEPKHAX HAHOUIbII HAaBaHTAXEHOT pepMH OJIOKY 13 BpaXyBaHHSM 11
CYMICHOI poOOTH pa3oM 13 TUIMTAMH TTOKPHUTTS Ta B’A35MHU. 32 3HAYCHHSIMHU OTPUMAHUX 3yCUJIb OyIIn
nigiOpani nepepisu exeMeHTIB (pepMH Ta BUKOHAHWN MOPIBHJIBHHUMA aHalli3 BHYTPIIIHIX 3yCHIIb Ta
eNeMeHTIB epM, 00UnCIeHUX 13 BpaxyBaHHSAM Ta 0€3 BpaxyBaHHs CHIJIbHOT POOOTH KOHCTPYKIIIH
MOKPUTTH.

30ip HaBaHTa)XCHb BHUKOHAHWK 3a [6] Ha BaHTaXHY IUIOIIY, IIUPHHA SKOI IOPIBHIOE KPOKY
depm y OymiBmi — 6 m. 3ycuiuis y CTEpXKHSAX (pepMHM BHU3HAYaIHMCS 32 JONOMOTOIO MPOrPaMHOTO
komruiekcy JIIPA CAIIP [13, 22, 24], npukiiagaioud 30Ce€peKeHI HABaHTAKEHHS 10 BY3JIIB Gepm
(puc. 2). Po3paxyHKOBiI 3yCHJUIA OTPHUMYEMO IUISIXOM MEPEMHOXXEHHS 3HA4YE€Hb 3YCHUJIb BiJ
OIMHUYHMX HaBaHTaXeHb Ta 3HA4Y€Hb, OTPUMaHUX MpU 300pi HaBaHTakeHb. Po3paxyHKOBI
MOEHAHHS 3YCUJIb OTPUMYEMO, IiJICYMOBYIOYH MaKCHMAallbHI 3HAYEHHS 3YCHJIb BiJ] MOCTIMHUX Ta
CHITOBUX HaBaHTaxeHb (puc. 3).
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Puc. 2. Po3paxyHkoBa cxema (hepma Ta cXxema 3aCTOCYBaHHSI HaBaHTaXEHb
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Puc. 3. Enropu BHYTPINTHIX 3yCHIIb Y CTEPXKHAX (DepMU BiJl CyMH HaBaHTaKCHb

- 130 -



CyuacHi 6ydisenvhi koncmpykyii 3 memany ma depesunu, 2024. — Bun. No 28 (cTop. 128-139)

Ilepepi3 crepkHIB NPUHHATHN 13 JBOX PIBHOMOJOYHMX KYTOUYKIB, 3'€JHAHHS — IIApHIpHI.
BpaxyBanHsi CcyMicHOi poOOTHM JUCKa TOKPUTTSA 31 KPOKBSHUMHU (epMamMu 3ala€ThCs depes
MPOCTOPOBY po3paxyHKoBy cxemy Onoky mokputts y IIK «JIIPA CAIIP». Takox MoIemtoeTbes
reoMeTpUYHa cXeMa MPOCTOPOBOTO OJIOKY MOKPHUTTS, sIKa CKIAJAETHCS 3 TPhOX KPOKBSIHUX (epM Ta
BIJITIOBITHUX 3B'A3KIB. Y pe3yibTari Ma€EMO CTEPKHBOBY KOHCTPYKIII€IO, KA MICTUTh YHiBepCaJlbHI
npocTtopoBi ctepkHi Tuiry CE10, sxi MatoTh 6 CTyIMeHiB BUTLHOCTI (pHC. 4).

Ockinbky B’s31 3aKpilUTIOIOTBCA 70 (epM IIApHIPHO, Yy PO3PaxXyHKOBIH CXeMi MO KIHIISX
CTEP>KHIB BBOISTHCS IIAPHIPU MO0 MicIieBUX oceit 0Y, 0Z.

CrniupanHs ¢epM Ha KOJIOHM MPUUHATO HIApHIpHE, TOMY Y KpalHIX TOYKaX HUXKHBOTO IOsica
(dbepM y po3paxyHKOBIH cXeMi 3a1a€EMO IIApHIPHI OTIOPH:

— y JiBilf TOYII 33/1a€MO LIAPHIPHY OIOpY, siKa 3a00pOHs€ JiHIIiHI 3MIlEHHS GepM 3a TpboMa
OCHOBHMMHU Hanpsimkamu — 0X, 0Y, 0Z;

— y TIpaBiii TOUL 337]a€MO JIiHIHO-PYXJIUBY OTIOpY, siKa 3a00pOHs€ NiHiiTHI 3MileHHs Qepm 3a
JIBOMa OCHOBHUMHM Hanpsimkamu — 0Y, 0Z.

BciMm cTepikHsAM 331a€MO KOPCTKOCTI, BU3HAYEHI Y TIOTIEPEIHIX PO3pPAXyHKAX.

[Tonky 3ami300€TOHHMX TUIMT Yy PO3pPaxyHKOBIA CXeMl 3aJaEMO  yHIBEpCAIbHUMHU
yotupukytHuMu CE obGononkamu — CE 44, 6e3mocepeqHbo 00'€MHAHMMM 13 BEpXHIM MOSCOM
KPOKBSIHUX (epM, KUl po30MBAaEThCS Ha OKPEMI CTEP)KHI B 3aJIKHOCTI Bijl pO3Mipy CKIHYEHHOTO
€JIEMEHTAa, Ha SIKUI pOo30MBAEThCS MONUIS TUTHTH (puc. 5).
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Puc. 4. Po3paxynkoBa cxema Puc. 5. Po3paxyHkoBa cxema
070Ky MMOKPUTTS 0€3 TUIUT OJIOKY IMOKPUTTS 3 TOJIUICIO TIITUT

XKopcTkicTs mepepi3y MOMHIN MPU3HAYAEMO SK ISl OETOHHOTO IIACTHHYACTOTO E€JIeMEHTA,
BBOISSYM B  PO3PaXyHKOBOMY KOMIUJIEKCI TOYaTKOBUH MOIYIh MPYKHOCTI OeToHy —
E, =3x10" MIla i xoedinient [lyaccona v=0,2.

3HauHUN BIUTMB Ha JOCTOBIPHICTH OTPUMAHHX PE3YJBTATIB PO3pPaxyHKYy 13 BUKOPHCTAHHSIM
MCE mae po3Mip CKiHUEHHOEIEMEHTHOI CiTKH [22]. 3 MeTol0 BH3HAUEHHs piBHS BIUIMBY PO3MIipy
CKIHYEHHUX €JIEMEHTIB Ha pe3ylbTaTH PO3paxyHKy 3yCWJIb B eleMeHTax (epm, a TaKoXK s
OTpPUMaHHS JIOCTOBIPHOTO DPE3YJAbTaTy Ta IMPOBEACHHS MOAAIBIINX PO3paxyHKIB OyiaM BHUKOHAaHI
PO3paxyHKH OJIOKY TOKPHUTTS 3 PI3HUMH PO3MipaMu KOMIPKH TOJHUII TITUTH.

[TocnizoBHO OyaM BUKOHAHI PO3paxyHKH OJIOKY MOKPHUTTS i3 HACTYITHUMHU PO3MipaMu KOMipKH
CKIHYEHHOEJIEMEHTHOI CITKHU TUIUTH:

— ciTka i3 koMmipkoro 500x500, KUTbKICTh BY37iB y cxemi — 1250;

— ciTKa 13 KoMipkoro 250%250, KUTbKICTh BY3iB y cxemi — 4778;

— ciTKa i3 kKoMipkoro 150x150, kinbKicTh By3mTiB y cxemi — 13066;

— ciTka 13 koMipkoro 100x100, KiTbKICT BY3/iB y cxemi — 29186;

— CiTKa 13 KOMipKoto 75X%75, KUIBKICTh BY3JiB y cxeMi — 51706;

KpurepieM m10oCTOBIpHOCTI po3paxyHKy € 3HAUCHHs PI3HUII MK MaKCUMQJIbHUM 3YCHILISIM Y
BEPXHbOMY MOSACI HAMOIIBII HaBaHTaXEHOI (epMHu OJOKY, pO3paxOBaHMM 3a aHATI30BaHOIO Ta
MOTIePEAHBOI0 CXEMaMU PO3paxyHKy. 3HauUeHHS PI3HUII He Mae nepeBuiysatu 3% [22].

I'padik 3a1eKHOCTI MAaKCMMAaJIbHOTO CTHCKAIOUOTO 3YCHIIIS y BEPXHbOMY IMOSACI HaHOIIBII
HaBaHTAKEHOI KPOKBSIHOI (pepMHU Bijl po3Mipy KiHIIEBOI CITKM HaBEICHHI Ha pucC. 6.

3rigHo mpexacraBieHoro rpadiky (puc. 7) pi3HHISA MK 3YCHJUIIM y BEPXHBOMY IOACI
HaWO1IBIIT HABAHTAXKEHOI (pepMH OJIOKY, pO3paxoBaHUM 3a cxeMoto 13 ciTkoro 100x100 ta 75x75 He
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nepesumrye 3%. OTxe, pe3ydabTaTd pO3paxyHKIB BHYTPIMIHIX 3YyCHJIb 3a LHUMH CXEMaMHu
BBO)KAaTUMYThCS JOCTOBIPHUMH.

x
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35 ——————— : :
I [ |
I [ |
s | | |
| 1 I |
| | I |
— | I [ |
| | I |
328 [—— | | I |
— | | | | |
L0
O . 2 e % bUanie
Puc. 6. HapanTaxxeHHs1, IpUKIaAcHE Puc. 7. I'padix 3amexHOCTI 3yCHILIs y
Ha 1’ 610Ky MOKpUTTS BEPXHBOMY HOSICI epMH BiJl pO3OHBKHI

CITKH CKIHYEHHUX €JIEMEHTIB IUIUTH

[Ipuiinara po3paxyHKOBa cxema OJIOKY MOKPHTTS 13 pO3MipaMH CITKH CKIHYEHHUX €JIEMEHTIB
75%75 mm. lepopmoBana cxema OJIOKY MOKPHUTTS MPEICTaBIEHA HA puUC. 8.
Bynu mpoananizoBaHi 3yCHIUIA y HAOUIBIII HABaHTXKEHIM KPOKBsHIM Gepmi (puc. 9).

Puc. 8. JlepopmoBana cxema GJI0KY TOKPUTTS 13 KOMipPKOIO CKIHUEHHO-EJIEMEHTHOT CITKU 75%75mMm
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Puc. 9. 3ycmiis y crepkHsAX (hepMu i3 BpaxyBaHHSAM 11 CIITBHOI POOOTH i3 AMCKOM MOKPUTTS
BiJI CyMH CHITOBOTO Ta IMMOCTIHHOTO HABAaHTAKCHb

3rimHo 3 puC. 9, 3yCWIUIA Y BEPXHHOMY TOSCI PO3MOAUISETHCS JICIIO 1HAKIIE MOPIBHSIHO 31
cxeMolo (epmu, ska Oyina po3paxoBaHa OKPEMO BijJ KOHCTPYKIIiil KapKacy:

— 3YyCWUIS PO3MOAUIIETHCS HEPIBHOMIPHO 110 JIOBXHHI €JIEMEHTIB TMO0sca, JOCITaloun
MaKCHMaJbHHUX 3HAYECHb Ha IOYATKY €JIEMEHTA 1osica Ta 3MEHIIYIOYHCh 10 HOro KiHII,

— 3YCHJUISA Ma€ HalO1IbIIe 3HAYSHHS B €JIEMEHTI, 1[0 MPUMHKAE JIO0 OTIOPHOTO PO3KOCY, TO/I SIK
MaKCHMaJbHE 3HAueHHS 3yCH/UIL y (epMmi, IO PO3PaxOBYETHCS 3a IUIOCKOIO PO3PAaXyHKOBOIO
CXEMOI0, CIIOCTEPITAETHCS B €JIEMEHTAX, PO3TAIIOBAHUX Y CEPEAMHI MPOJIBOTY.

Jlnst aHaiizy BHYTPILIHIX 3yCHJIb y CTEpPXKHAX (pepMu 3aHOCHMO DPE3yJAbTaTH PO3paxyHKiB
BHYTPIIITHIX 3yCHJIb 32 TUIOCKOIO Ta TPOCTOPOBOIO PO3PAXyYHKOBUMHU CXeMaMH y TaoI. 1.
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Tabmmis 1
IHopiBHsIIbHA TA0JIULSA PO3PAXYHKY 3yCHJIb Y CTEP:KHSAX CTAJIeBOI (pepMHU MOKPHUTTSH

Homep Po3zpaxynkoe 3ycuis | Pozpaxynkose 3ycminisi| EQexT Bif crniibHOT
EnemenTtu 0e3 BpaxyBaHHs 13 BpaXyBaHHSAM pobotu (3MiHa
CTEpPXKHS . . . -
criyibHOi poboTH, kH | crinbHOi poOOTH, KH | 3HAYEHHS 3yCHILIIS)
1-2 0 69,1 —
BepxHiit 2-3 -404 0,691
osic 34 -584,71 -150 0,257
4-5 -779,62 -243 0,312
Mkt nosic A-11 341,08 276 0,809
11-12 730,89 620 0,848
A-10
2-10 -482,4 -573 1,189
Po3kocu 1-10 0 -0,309 -
2-11 344,98 389 1,128
4-11 -206,6 -256 1,239
4-12 88,64 99 1,117
.\ 3-11 -97.9 1,005
Criliku 5 10 -97,45 101 1.036

Buxonsuu i3 oTpuMaHuUX pe3yabTariB, MOXKHA 3pOOMTH BHCHOBOK IIPO T€, IO BpaxyBaHHS
CHUIBHOI POOOTH KPOKBSIHOT KOHCTPYKIIIi Ta KOPCTKOTO AMCKA TMOKPUTTS MPU3BOAUTH 10 3HAYHOTO
3MEHIIIEHHS 3yCHIIb y TIosicax (hepMHu.

_ Nywi =N, 100% = 779,62kH — 404xH

o N, 779,62kH

6.n.,1

neN,, | — MakCUMajbHe 3yCHIUIA, AKE JIi€ Y BEPXHbOMY II0SICI MiJ] 4aC pO3paxyHKy 0e3 BpaxyBaHHs

100% = 48,2%, (1)

CIIBHOT POOOTH KOHCTPYKIIN MOKPUTTA, KH; N, , ,— T€ Xk came, JUIIE i3 BpaXyBaHHIM CIILILHOT
pOOOTH KOHCTPYKIIIH.

3 ¢opmynu (1) Ta anamizy [26] BUILIIMBa€, IO PO3PaXyHOK MIATBEPIUKYE pPE3yIbTaTH
nociimkenb JI.C. BacuiabeBoi, sika CTBEpKYE, M0 €()EKT BiJl BKIOYCHHS J0 CITUIBHOI pOOOTH TIITUT
13 KPOKBSIHUMH (pepMaMu 3HaXOOUThCs y Mexkax 40—50%.

OpHax ciij 3ayBaKHTH, 110 TIPH IbOMY 3yCHJUIS B €JIEMEHTAX PEHIITKA (GepMU 301TbITYIOThHCS
HE3HAYHO, 30KpeMa B OIOPHOMY pO3KOCi, B SKOMY CIOCTEpIra€Tbcs HaHOUTBIIMN MHpUpICT
CTHCKaHHS 3yCHIUIA, — 301IbIIyeThest Ha 18,9%.

3a OTpUMaHUMH 3YCHWUIIMA BUKOHAHMM miAOip mepepi3iB eleMeHTiB cTaneBoi (epmu
MTOKPUTTS , pe3yJIbTaTH 3BeIeH] 10 Ta0m. 2.

Pesynbratn mimbopy mepepi3iB 3a 3yCHWIUIAMH, PO3PAaXOBAHMMH 13 BpaxyBaHHSM CITUIBHOI

poOOTH KOHCTPYKIIIH, Y IIOPIBHIHHI 3 pO3paxyHKaMH 3a 1J1€a1i30BaHOI0 CXEMOI0, OTPUMAHO:

— 3MEHIICHH NIepepi3y eeMeHTIB BepXHboro nosica hepmu i3 L 140x12 no L 100x10;

— 3MEHIIECHHS Nepepi3y eNeMeHTIB HIKHBOTO nosicy depmu i3 L 100x8 go L 90%8§;

— 30UIBIIEHHS TTepepizy OMOpHOTO po3kocy gepmu i3 L 100x12 mo L 125%10;

— 301IBILICHHS TIEpepi3iB eEeMEHTIB PELIiTKH, 30KpeMa Tepepi3 enementa 2—11 30u1bImmBes 10
L 75x6 (mopiBHSHO 3 L_75%5), a mepepi3 enementa 4—11 — go L 100x10 (mopiBasiHO 3 L 100%8);

— TIepepi3u IHIIUX eJIEMEHTIB ()epMH HE 3MIHUIIHCS.

Takox cii 3ayBaKUTH, IO MAaKCUMallbHE 3HAYEHHS BEPTUKAJIBHOTO MPOTHHY B CEpenvHi
nponboTy (pepmu cranoBmiio 34,11 mm, y TO# vac sik mpu po3paxyHKy ¢depmu O0e3 BpaxyBaHHS
CHITBHOT pOOOTH TIPOTHH y CEpeArHl MPOIbOTYy CTaHOBUB 61,43 mm. 3Biacu BUILIMBAE, IO 13
PO3paxyHKy CHiIBHOT poOOTH (epM i3 3a/1i300eTOHHUMH IUIMTaMH, MPOTHH (epM 3MEHIIMBCS Ha
44,5%.
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Tabmug 2
Ilepepi3 crep:kHiB pepmu, migidpani 3a 3ycuIAMH,
BH3HAYEHUMH i3 BpaxXyBaHHSIM CyMICHOI p00OTH KOHCTPYKIiil MOKPHUTTHA

Ere- Howmep | Po3paxyH- Tepepis,| A, I/, .zx/ by, Iepepipka
CTEpK- |KOBE 3yCHII- ) | (eral, (i Tady| A/A | [4] ) Ye |3a HAMpyX.,
MCHTHU MM CM 2
HSl ns1, kH yem) | yem) xH/cm
300/ | 2.16/ | 138.9/

b 1-2 69,1 7055 1372 oo | 53 | g0 | 150 - [095.04<216
PX- 193 404 300/ | 3,05/ | 97.4/ | 122 18,57 <19,2
HUL 5y 50| 1001013841 s | 452 | se4 [138.5] 000708 g0 <102
Hose 3.05/ | 97.4/

4-5 243 | 100x10| 38,4 300/255| ' | G, | 145.1/0.5667 [0.8 11,17 <19.2

Hiokaiii| A-11 276 600/ | 2,76/ | 217.4/ 1,0] 9,93 <24
nose | 1112 | 620 | 2O 278 510 | 408 | 125 | 0|~ [Tol 223 <2

A-10 217,5/ | 3,85/ | 56,5/
510 573 | 125%10 48,6 | T | U5 | Tgg | 129.1]0.64390.9]18.31 <216
2175/ | 2,16/ | 100,7/
. 1-10 | 0.309=0 | 70x5 13,72 5 % | 5% | g0n | 180 |~ 0.9 -
i 391,5/ | 2,3/ | 170,2/
xoc | 2-11 389 7556 (1478) oo | 3as | 1073 | 400 - | 1,0] 22,15 <24
391,5/ | 3,05/ | 1284/
4-11 256 | 100x10 384 | Yoo | U5y | g | 199-5] 04127 |0.8]16,15<19.2
391,5/ | 2,16/ | 181,3/
4-12 99 70¢5 1372 S0 | 503 | 1145 | 400 | - [L0)7.22<192
N 3-11 -97,9 283,5/ | 2,16/ [131,25/[154,2 17.85 <19.2
Cridin | 5 15 -101 705 372 678 | 323 | 82,91 [152.41 92777 |98 [18.42 <192

Pesynbratn po3paxyHKy METaJOEMHOCTI €JIEMEHTIB (epM, pO3paxOBaHUX 3 BPaxXyBaHHAM
iXHBOI CIITBHOT POOOTH 13 )KOPCTKUM JUCKOM IOKPUTTS Ta 0€3 HhOTO, 3BOAUMO y Ta0m. 3.
Ta6muus 3
Po3paxyHok BUTpaTu MeTaJly Ha cTaJsieBi ¢pepmMu MOKPUTTH, MiZi0OpaHi 3a ABOMA cxeMaMHu

Howmep [Tepepi3 | Ilepepiz | Ilor. maca | Ilor. Maca i[;; Maca | Maca |Pi3Huns
eI-Ty 3 | €I-Ty 3 | €I-Ty 3 e-Ty 3 eN-Ty 3 | en-Ty 3 3a
EneMeHTH| cTepik- ene-
po3pa- | po3pa- |pO3paxyHKY|pO3paxyHKy po3pa- | po3pa- |Macoro,
w xyHKy | [xynky II| L, ke/m.n. | 11, ke/m.n. MeiTa’ xyHky [ | xynky II | %
Bepxwniit | 1-2 70%5 70%5 10,76 10,76 3,00 | 32,28 | 32,28 —
1osC 2-3
i—‘s‘ 140x12 | 100x10 51 30,2 9 459 271,8 | 40,78
Huxniit | A-11
HosIC 1-2 | 100x8 | 90x8 24,4 21,8 12 292,8 | 261.6 | 10,66
Po3kocu | A—-10 | 100x12 | 125%10 35,8 38,2 4,243 | 151,9 | 162,083 | -6,28
2-10
1-10 | 70x5 70%5 10,76 10,76 2,18 |23,403 | 23,403 —
2-11 | 75%5 75%6 11,6 13,78 4,35 | 50,46 | 59,943 | -15,82
4-11 | 100x8 | 100x10 24,4 30,2 4,35 | 106,14 | 131,37 | -19,2
4-12 | 70x5 70x5 10,76 10,76 4,35 | 46,806 | 46,806 -
Crifikn | 3—11 | 70x5 70x5 10,76 10,76 3,00 | 32.28 | 32,28 -
5-12 | 70%5 70x5 10,76 10,76 3,00 | 32,28 | 32,28 —
PA30OM: 1227,3 | 1053,8 -
Maca Bciei pepmu: | 2454,7 | 2107,69 (14,14%
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Ipumimka:

1. Po3paxyHOK CKJIaZieHO JIJIsl TOJIOBUHH (PepMH.

2. Po3paxyHok | — po3paxyHok 6e3 BpaxyBaHHSI CyMICHOI poOOTH KOHCTPYKLIH, pO3paxyHOK
II — po3paxyHOK 13 BpaxyBaHHSIM CYMiCHO1 POOOTH KOHCTPYKIIiil.

3. Pi3HMIIS 32 Macoro 00YHCIIIOETHCS 32 HACTYITHOIO (hOPMYIIOFO:

A="2.100%, )
m,
1e m, —Maca eJIeMeHTa 13 po3paxyHky I, m, — Te Xk, 3 po3paxyHky IL.
4. 3a NOBXKHUHY €JIEMEHTa MPUUHATO TEOMETPUYHY JIOBKHHY €JIEMEHTA.
ExoHoMmis mo Maci ¢epMu ipu BpaxyBaHHI CIIUTEHOT pOOOTH KOHCTPYKIIiH MOKPUTTSI CKIIaja:
E, =M —M,=24547 ke —2107,69 ke =347,01 k2, (3)
ne M,, M, — ymoBHa Maca eleMeHTIB (epMu 3a po3paxyHkamu I Ta Il
Exonomiunuii edgext (y %) cTaHOBUTE:
_E,,  3470lke
DM, 2454 3Kz

BpaxyBanus cymicHOi poOoTH KpOKBSHOI (epMu Ta peOpUCTHX 3ali300€TOHHHUX ILUTUT
MOKPUTTSA JI03BOJISIE CYTTEBO 3€KOHOMHUTH Marepiai Hecyuux KOHCTpykuiil (14,14%) mopiBHSHO 3
PO3paxyHKOM OKpEMO HaBaHTaXeHOoi (epMu Ta TOBMHEH OyTH OOOB'SI3KOBO BpPAaXOBAHUU IpH
MPOCKTYBaHH1 HOBUX Oy/miBeNbh Ta pEKOHCTPYKIIil ICHYIOUHX.

BucHoBku.

1. Po3paxyHOK KpOKBSIHUX cTajieBUX (epM 13 BpaxyBaHHSM CIUIbHOI pOOOTH 3 JHUCKOM
MOKPUTTS 31 301pHOTO 3a11300€TOHY MOKa3ye 3HAYHE 3HMKEHHS 3yCHIIb Y BEpXHbOMY Tosici — 48,2%,
0 BIANOBIZAa€ HASIBHUM pe3yJibTaTaM eKCIIEPUMEHTAIBHUX JTOCHIPKeHb, [IWCHOI poOOTH
KPOKBSIHMX (pepM, BHKOHAHMX IMiJ Yac aHamuizy pobotu [26]. Takox MO3MOBXKHI 3yCHIUIA JAEUIO0
3HM3WINCA Y HIKHBOMY Tosici (Ha 17,9%) 1 3pociu B onopHoMy po3koci (Ha 18,9%) ta enemenTax
pemritku (10 23,4%).

2. Tlix ywac po3paxyHKy KpOKBSHUX (epM 13 BpaxyBaHHSM CIIUIbHOI POOOTH 3 JHCKOM
MOKPUTTS 31 30ipHOTO 3a1i300€TOHY CHOCTEPIraeTbcs 3MEHIICHHS 3HAUEHHS MPOTHHY HIKHBOTO
nosica B cepeinHi mpoiboTy dhepmu Ha 44,5%.

3. Xapakrep po3MOJily MO3IOBKHBOIO 3YCHJUIA Y BEPXHbOMY MOSACI Y BHIIAJKy CIUIBHOI
poOOTH 13 JUCKOM TIOKPUTTS HE BIJAINOBIJIa€ TaKOMY JUIS IUIOCKOT PO3PaxyHKOBOI CXEMH,
BUPI3HSAIOUUCh HEPIBHOMIPHICTIO PO3MOAUTY 32 JOBXHHOIO €JIEMEHTIB 1 pPO3TallyBaHHAM
MaKCUMAaJIbHOTO 3HaYECHHS.

4. 3MiHa 3Ha4YeHb BHYTPIMIHIX 3yCWJIb y CTEPKHAX CTajeBoi (epMH MiJ Yac pO3paxyHKy 3
BpaxyBaHHSIM CIIUIBHOI POOOTH 3 JIWCKOM TOKPHUTTS HpHU3BENa 10 3HAYHOTO 3HIDKCHHS MAacH
€JIEMEHTIB KPOKBSIHOT KOHCTpYKUii — 14,14% y mMOpiBHAHHI 3 PO3paxyHKOM 3a TpaIuliitHOIO
IUTOCKOIO PO3PaxyHKOBOIO cxeMoro. lle mae 3Mory cyTTeBO 3a0InaKyBaTh MaTepiajl OHOPHHUX
KOHCTPYKILil 1 Mae OyTH OOOB'S3KOBO BpaxOBYBAaTHCS IiJ Yac MPOEKTYBAHHS 1 PEKOHCTPYKIIT
OyziBenb Ta COpY/.

Onnak, po3poOka TOYHOrO Ta HAMIMHOTO PO3PAXYHKOBOTO amapary 3a MpeCTaBICHUM
HaIpsIMKOM TIOTpeOy€e MPOMOBKEHHS YHUCETBbHUX OCHTIDKEHb IUISIXOM MOJCTIOBAHHS HETiHIHHOT
poOOTH MarepiajiB, BpaxyBaHHS pPi3HUX KJIaciB OETOHY IIBa Ta KOHCTPYKIIH, 3aKJIaJHUX AeTalei
IIUT Ta Bepudikamii pe3yabTaTiB IIIIXOM MPOBEJACHHS HATYPHUX EKCIEPUMEHTATbHUX
JIOCHIJKEHD.

100% =~ 14,14%. 4)
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Abstract. Traditional methods of beam’s structures calculation for industrial buildings'
coatings provide their consideration separately from the frame structures, in particular, reinforced
concrete slabs, without taking into account their joint work, which leads to a significant safety
margin of structures. Today, there is a significant number of industrial buildings and structures that
require strengthening and reconstruction in Ukraine. In this regard, studies of the actual load-
bearing capacity of single-storey industrial building frames are particular importance, both during
reconstruction and new construction. Their results will significantly reduce costs and allow for more
rational design of structures. At the same time, one of the most relevant areas is the study of the
joint operation of metal load-bearing structures with precast concrete structures of hard discs
coatings and slabs in their calculation. Moreover, in the Ukrainian national design standards, as well
as in the educational and methodological literature, the calculation methods for taking into account
the joint operation of such structures are not fully covered.

The purpose of study is to assess the reduction of metal consumption for steel truss
structure in its bending calculation, taking into account the joint operation with a rigid precast
concrete slab disc.

Method. As part of the study, It was calculated a flat roof truss from the paired corners of an
one-storey industrial building according to the traditional design scheme — without taking into
account the joint operation with the slab disc and taking into account the joint operation with the
slabs by means of numerical modelling as part of a roof block using the finite element method. The
modelling of the pavement fragment (block) was performed in LIRA FEM 2022 software.

The main results. It is performed a comparative analysis of the internal forces in steel truss
elements and the total mass of the truss based on the selected cross-sections of its elements by two
design models. The practical significance of the obtained results is to determine the economic effect
by reducing the material consumption and the degree of unloading of steel trusses as part of the
roofing block of a one-storey industrial building, taking into account their joint operation with hard
discs of precast concrete slabs.

Key words: spatial steel frame, numerical model, calculation scheme, hard disk cover,
reinforced concrete precast slabs, internal forces.
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PO3POBKA KOHCTPYKIII JIXTAPSA
JJISI CUCTEMU KIIIMAT-KOHTPOJUIIO BYAIBJII

Kaouxo JL.I., marictpant
leoniddzmk@gmail.com ORCID 0009-0009-3478-6076
Vrpaincoxuii depoicasnuil yrisepcumem HAyKu i MexHON02il

AHoTalisgs. PoO3ISIHYTO MOXIMBE KOHCTPYKTHUBHE pIIIEHHS 3aXHCHOTO JIXTaps JJs
30BHIIIHKOI CHCTEMH KJIIMaT-KOHTPOJIIO 0araromnoBepXOBOi JKUTIOBOI Oymiimi. Ha ocHOBI Meromy
CKIHYEHUX €JIEMEHTIB 3 BHMKOPUCTAHHSAM BITYM3HSHOrO mporpamHoro npoxaykry SCAD
MMPOAHATI30BaHO YOTHPHU aPXITEKTYPHO-KOHCTPYKTHUBHI BapiaHTH JIIXTaps: apKOBHUH, MipaMiaabHO
BUTATHYTUH, MipamiaabHUN 1 chepuyHuid. 32 OTPUMAaHUMHU [TOKa3HUKAMHU MacH, PUHKOBOI BapTOCTI
Ta 3 ypaxyBaHHSM 0COOJMMBOCTEH 00’ €MHO-TNIAHYBAJILHOTO PIllIEHHS OYIiBIl OCTaTOYHO BH3HAYCHO
HaAMOIIbII pallioHaNbHUN BapiaHT — 3aXMCHUHM JixTap B ¢Gopmi apku. Takuii BapiaHT Moxe OyTu
PEKOMEH/IOBAaHUM ISl TIPOEKTY BITHOBJICHHS PO3MISAHYTOI 0araromoBepxoBOi OymiBIlI B MICTi
[TaBnorpan.

KuouoBi ciioBa: cucrema KIIiMaT-KOHTPOJIIO, 3aXMCHHUH JIIXTap, 0ararormoBepxoBa KUTJIOBA
OyniBiIs, METO/ CKIHYEHUX €JIeMEHTIB, nporpamuuii mpoaykt SCAD

Beryn. OcranHiM 9acoM BCe 4YacTillle HOBITHI JKUTJIOBI OyHiBII OOJaJHYIOTHCS CHCTEMaMU
KJIIMaT-KOHTPOJTI0. BOHU 703BOJISIFOTE B @BTOMAaTUYHOMY PEXHMI MIATPUMYBATH Ha CTaOUIBHOMY
piBHI OCHOBHI TOKa3HHUKM MOBITPS 1 BOIM B MPHUMILICHHAX, TaKl SIK TeMIIEpaTypa, BOJIOTICTb,
HAaCHYEHICTh 10HAMH Ta XIMIYHUMH PEYOBHHAMH, PIBEHb OCBITIIOBAHOCTI Ta OMPOMIHIOBAHHS TOIIIO.
B 3akopnonHiii npaktuili taki cucremu orpumanu noznadeHHss HVAC, HVACR a6o HACR, mo B
MIPUHITMITI MAa€ HA yBa3i OJIHE 1 T€ caMe — OIAJICHHsI, BEHTHJIAIIIO 1 KOHIUIIIOHYBaHHs. Taki CHCTeMHU
BUKOPHCTOBYIOThCS IEPEBAXKHO JUISI OKPEMUX MTPUBATHUX MAJIOKBAPTUPHHX OyziBesb — puc. 1.

Puc. 1. KniMar-KOHTpOJIb OTHOKBAPTUPHOI KUTIOBOT OyiBII

AHai3 OCTaHHIX [zKepesa AOcCHilzkeHb i myOmikamiii. OcoOMMBO aKTyanbHICTh MHUTAHHS
KOHTPOJIIO KJIIMAaTUYHUX MOKA3HUKIB B OYIIBIISAX, € MEIIKAIOTh JIIOAH, IOB’s3aHa 13 MOCTIMHUMU 1
MOTaHO TPOTHO30BAaHUMHU 3MIHAMH B KIIMaTHYHUX TOKa3HUKaxX. [Ipo 1ie CBig4aTh YHUCICHHI
JIOCITIDKEHHSI Ta Pe3yJbTaTH CIIOCTEPEXEHb SK B YKpaiHi, Tak 1 B cBiti [1-7]. Tak ana YmoB
VkpaiHu B3arajii OfHUM 13 NPOTHO3HUX CIICHApiiB € mepexif i3 KIIMaTU4HOI JICO-CTENOBOI Ta
CTENOBO1 30H B MYyCTEIbHY KJIIMaTUYHY 30HY [8] 3 yciMa BUTIKalOUMMH 3BiAICH Haciigkamu. HaBiTh
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BXKE€ B TETIEPIIIHHUIA Yac CIIOCTEPIraloThCsl TOBOJII 3HAYHI CE30HHI KOJIMBAaHHS TEMIIEPATypH, a T000Bi
mepenagy B3araji 4acTo HE BIJAMOBINAIOTH CE30HY. Takok MPOBOAATHCSA SK EKCIIEPUMEHTAIbHI
pobotu [9], Tak 1 Teopernuni podoru [10, 11] momo BpaxyBaHHS KIIMAaTUYHHX 3MiH B IpOIECi
MPOEKTYBaHHsS OyAiBETbHUX KOHCTPYKIiH. B 3akopmoHHIA mMpakTHill HaBITh CHEIIaTbHO
MEePerIssIaloThCS CTAaHAAPTH Ta TEOPETUYHI MIIXOIW 0 BU3HAYCHHS KIIMATUYHUX HABaHTAKCHb
[12-15].

ToMy HaralHUM NMUTAHHSAM € BpaxyBaHHs LUX KJIIMaTWYHUX 3MiH B Oy/IiBeNbHIN MpPaKTHI B
MepITy Yepry IS TOJIMIIEHHS YMOB MEIIKAHI[IB KUTJIOBUX Oy/liBelb, a TAKOXK MOKPAIIEHHS YMOB
nepeOyBaHHS JTIOEH B TPOMAACHKUX OymiBIsAX. 3BaKAIOUM HA 1€ B YKpaiHi Ha Temep MPUNUHSATO
cnemianbauii 3akoH «[Ipo eHepretnuny edekTuBHicTh OymiBens» [16, 17]. BiamoBigHo 10 HBOTO
pPO3pOOISAIOTECS U Cy4acHiI KOHIIENITyalbHI MiAXOAM, 3[aTHI CTBOPIOBaTH OubIl KoM(OPTHE,
eHeproe()eKTUBHE 1 MPHUPOJHE KUTIO, SKI BKIIOYAIOTH B SKOCTI CBOET OOOB’SI3KOBOI CKJIAIOBOT
CUCTEeMH KIliMaT-KOHTpouto [ 18-23].

Bupinenns He po3’si3aHMX paHille YACTHH 3arajbHoi NMpodJjeMu. (15 MaaonoBepXOBHUX
OymiBenb MOAIOHI CHCTEMH KJIIMaT-KOHTPOJIIO, SIK MPABHIIO, PO3MIIIYIOThCS BeepeanHi Oymienb. 1o
BITHOIICHHIO 10 0araTOKBapTHPHHUX >KUTIOBUX OyniBenb MOAIOHI CHUCTEMH KIIMar-KOHTPOIIO
BUSIBJISIIOTHCS Ha0araro CKIaaHIIMMU. BoHU BKIIIOYalOTh B ce0e HE TUTHKU TPAIUIlIiHI MOKIMBOCTI
KOHTPOJIIO 3a CTaHOM TMOBITPS 1 BOAM, a il mependavyaioTh CTBOPEHHS CHCTEM MOHITOPIHTY 3a
TEXHIYHUMHU TMapaMeTpaMHd KOHCTPYKIIH (piBHEM MIITHOCTI, Ae(OpPMATHUBHOCTI, HAasBHICTIO Ta
aMIUTITYJaMH KOJIMBaHb). TakoX mMoxmiOHI cucTteMu OOJNAAHYIOThCS 3aco0aMH  30BHIIIHBOTO 1
BHYTPIIIIHBOTO 3B’SI3KYy, OINEPATUBHOTO OIOBIMICHHS TIPO 3arpo3y HaJI3BUYAWHUX CHUTYaIlii,
CIeLiaTi30BaHUMHU KOMIUIEKCAMH KEpyBaHHS BUTpaTaMH eJEKTPOEHeprii, manuBa, YTHIIi3amii
BinmxoziB. ToMy BOHHM MOTPEOYIOTH OKPEMOTO PO3MIMIEHHS — 1 HAWOLIBII 3PYYHUM MICIEM IS HUX
9acTO BUSBIISIIOTHCS Jax OymiBii (puc. 2).

e =

=

Puc. 2. Cucremu KaimMar-KOHTPOIIO Ha axy OymiBii

[Ipote cucremu Ha naxy OyiBii BUSBISIOTHCS HE3aXUIIEHUMH BiJ] [ii 30BHIIIHIX MPUPOAHO-
KJIIMaTUYHUX (PaKTOPIB 1 711 CBOET CTaOUTLHOI POOOTH MOTPEOYIOTh CHEIiadbHOTO 3aXUCTy. Takuit
3aXUCT Mae OyTH BOJHOYAC KOMIAKTHUM 1 JOBOJI HAJIHMM, a TaKOXK 3a0e3meuyBaTd HEOOX1THHIMA
3B’SI30K 13 30BHIMHIM mpoctopoM. I[locTaHoBka 3aBaaHHs. 3aBIaHHSAM IIi€l CTAaTTI € OIMC
pO3po0OIeHOT KOHCTPYKINI 3aXHMCTy NS CHUCTEMH KIIMarT-KOHTPOIO, PO3TAIIOBAHOTO HA JIaxy
0araTormoBepxoBOi OY/IiBIIi.
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OcHoBHUIi MaTepiaJj i pe3yabTaTH. B sKOoCTI 00’€KTY, A SKOTO PO3pOOISIOCH MPOEKTHE
pIlIEHHST KOHCTPYKINi 3aXUCHOTO JiXTapss OyB OOpaHU IOEKT BiJHOBIICHHSI 0araTtormoBepXOBOi
TOpriBeJIbHO-0(icHO-TOTENbHOT OyaiBii B MicTi [laBnorpaa. Bynisist siBisie co06010 IBOCEKIIHHMIMA
komruiekc. [lepma cekiiiss Mae BUCOTY 25,2 M 1 MpU3HAUYCHA JIs1 PO3MIIICHHS TOPTiBEIBHUX TLION]
rajnepeifHoro Tumy (mepuri 3 moBepXu) 1 rOTENbHUX HOMEPIB pi3HOro kiacy komdoprtHocTi (4-7
noBepxu). Jpyra cekmist Mae Bucotry 61,2 M 1 mpu3HadYeHa I PO3MIIICHHS OOCITYrOBYIOUMX 1
CKJIAJICBKUX NPUMIIIEHb JUIs TOPTiBeNbHUX IUIOl (mepmri 3 moBepxH), odicHux miony (4-15
MoBepXH) 1 pecTopaHHoro Komruiekcy (16 moBepx). 17-if moBepx OymiBial Mae TeXHIYHE
npu3HadeHHs. B Topii OyaiBii po3MillleHO BY30J1 BEpTHKAJIbHOI KOMYHIKAIlil, sSIKUI 3aBEpIIyEThCS
pO3TalIOBAaHOIO HA Jaxy CHUCTEMOIO0 KiiMmar-koHTpoito. Came s 1iel cucTeMu 1 mepembdadeHo
BJIAIITYBaHHS CHEIIaIbHOTO 3aXUCTY Y BUINISAI JIIXTapsL.

Pacog 4K tacag 1-10
& =
! uEEEEEEEEE | NN
- | HEHEEEEHEEE| |- . |EHHEEES
S DEEEEEEEEE| L |~ I 0EEENO6
« EEEEEEEEE 8 |~ - AEEEES
- HEHHE HEBHA| 8 = :;EEEEEE
v EEEBlEEEA| 8 |~ - AEEEEE
= HEEHE HEBA| e EEEEEEE
w EEEEEEER| 8 (= - AEEEER
a= | ] i) EEO@| 8 (|~ ~ ODEDEEBA
at e
= g | gﬂaﬂaﬂaﬂaﬂm-.—l—.—g
. 4 HEHNEOHEHBA| 4 o :;EEEEEEEEEEEEEEEEEE
o« WEEEAEBEEE A |~ | 6 E E 6 E
o HEHNEBHEEHBA| I & :;EEEEEEEEEEEEEEEEEE
i BBEEAEBEER A |~ ) 6 E
d =
H [« (LB 88| e

@ @ ® ®

Puc. 3. IIpoexT BiAHOBIIEHHS TOPTiBEIbHO-0(ICHO-TOTENbHOI Oy/iBii B MicTi [laBnorpan

3axUCHUH JIXTap Ma€e po3MipH B MiaHi 6,24%6,24 M 1 Bucoty 6u3bko 3,12 M. KoHCTpYKTHBHO
JXTap BUKOHYETHCS 13 OKPEMUX CBITIIONMPO30PHUX TMAHENIEH, PO3TAIlIOBAaHUX HA CTAJICBOMY KapKaci 3
THYTO3BapHUX  KBaJpaTHUX mpodumiB. B apXiTeKTpyHO-KOHCTPYKTHBHOMY  BiJHOIICHHI
MTOPIBHIOBAIKMCH 4 KOHCTPYKTUBHI BapiaHTH:

1) apxoBuii mixrap (Bapiant Ne 1) — puc. 4,a. Lleli BapiaHT sABIsiE cCOOOIO apKy, sika Mae
CErMEHTHHUH KOHTYp 1 po3TaimioBaHa 3 KpokoMm 1,04 M. Apka cCKIama€eThes 3 6-TH PO3KOCIB
JIOBXXUHOIO 1,6 M;

2) mipaminanbHUN BUTATHYTHH jixtap (Bapiant Ne 2) — puc.4,6. Lleit BapianT mae dopmy
mipaMiJid, BUTATHYTOI MO JOBXHWHI (TIOMEpEYHUI TMepepi3 y BHINISAAI TPUKYTHHUKA,
MIOB3/IOBXKHIH — Tparenii);

3) mipamigansHui dixtap (BapianT Ne 3) — puc. 4,B. Lle#t BapianT Mae mipamigaibHy GopMmy.
OcHoBa mipamiaM MigHATa HAa BHUCOTY CTIMKM 1 M, YTBOPIOIOYM BEpPTHKaJIbHI TpaHi
JiXTaps,

4) chepuunuii nixrap (Bapiant Ne 4) — puc. 4,r. Lleii BapianT mae dopmy miBchepu. B
OCHOBI JISKUTh JIBAHAIISATUTPAHHUN OaraTOKyTHUK BITUCAHHUK B KOJIO JliaMeTpoM — 6,24 M.
JloxuHa pureniB ocHoBH — 0,85 M.
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Poskic

Poskic

Criiika

Poskic

r)

Puc. 4. ApXiTeKTypHO-KOHCTPYKTHBHI (DOPMU 3aXHUCHOTO JIIXTapPSL:

a) BapiadT Ne 1, 0) BapianT Ne 2, B) BapianT Ne 3, r) BapianT Ne 4
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HaBanTakeHHS Ha 3aXUCHU JIIXTap NPUUMAIICh BIAMOBITHO IO YNHHUX CTaHAapTiB [24, 25].
[Tpr pOMYy BpaxoBYBaJMCh HABaHTA)KEHHS BiJ BJIACHOI Bard €JIEMEHTIB KOHCTPYKIIl 3aXHCHOTO
JXTaps, CHITOBE HABAaHTA)KEHHS 1 BITPOBE HABAHTAXKECHHSI.

JIisi IpoBEeIeHHST TIOPIBHSJIBHUX PO3PaxXyHKIB BHUKOPHUCTOBYBABCS OJWH 13 HAWUMOTY)KHIIIMX
YHCENbHUX METO/IB Cy4acHOI MEXaHIKM - METOJ CKIHYCHHX eJIeMEHTiB [26, 27]. BukopucroByBaBcs
BITUM3HSHUN TPOEKTHO-oO0uucoBanbHnid komiuiekc SCAD. IloOymoBaHi CKiHUEHHO-EIEMEHTHI
PO3PaxyHKOBI CXeMH HaBE/ICHI Ha pHC. 5.

CrmiBcTaBieHHS PO3MIATYBaHUX KOHCTPYKTHBHHX BapiaHTIB 3M1MCHIOBAJIOCH 32 METOIUKAMH,
BUKJIaJIcHUMH B pobotax [28-30]. B Tabn. 1 npencrasneni miniopani mpodiii eIeMEHTIB CTaJIeBOrO
KapKacy JUIsl pO3TIISIyBaHUX KOHCTPYKTHMBHUX BapiaHTiB. B Tabn. 2 HaBe[eH1 MOKa3HUKA MAacH Ta
PUHKOBOI BapTOCTI IS PO3IISIYBAaHUX KOHCTPYKTHBHUX BapiaHTIB 3 ypaxyBaHHIM IUIOIIH
CBITJIONPO30PHX JIISHOK.

B)

Puc. 5. CkiHueHHO-eIeMEeHTHA CXeMa 3aXHUCHOTO JIIXTapsi:
a) BapianT Ne 1, ©) Bapiant Ne 2, B) BapianT Ne 3, r) BapianT Ne 4

Tabmuns 1 — [Nonepeuni nepepi3u KOHCTPYKTUBHHUX BapiaHTIB 3aXUCHOTO JiXTaps

Enement [Tepepi3 KOHCTPYKTUBHOTO BapiaHTy No
1 2 3 4
Crilika O TH. 60%3,5 orH. 80%4,0 o rH. 45%3,0 -—-
Purens orH. 110%6,0 o rH. 90%5,0 o rH. 80%4,0 o rH. 30%3,0
Po3kic orH. 35%3,0 o rH. 90%5,0 o rH. 90%5,0 O TH. 35%2,5

Tabnuis 2 — IToka3HUKM Macu Ta BAPTOCTI KOHCTPYKTUBHHUX BapiaHTIB 3aXHUCHOTO JIIXTaps

[Tokazauk [Tepepi3 KOHCTPYKTUBHOTO BapiaHTy Ne
1 2 3 4
Maca, xr 1076 1576 1678 486
Baprictb, THC. TpH. 281,5 301,4 312,6 161,5
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BucHoBkH. P03po0ieHO apXiTEeKTYpHO-KOHCTPYKTHUBHE DPILICHHS 3aXMCHOTO JIXTaps IS
CHCTEMH KJIIMaT-KOHTPOJIIO MPOEKTY BITHOBJIECHHS OararomoBepxoBoi Oyaisii B micti [laBiorpan.
PosrnsiHyro 4 KOHCTPYKTHMBHI BapiaHTH 3aXMCHOTO JIIXTaps — apKOBUH, mipaMigaabHUMA
BUTSATHYTUH, MipamianbHuil 1 chepudyHuil. 3a pe3ynbraTaMu OOYHCICHb 1 MiI00PY MONEepeUHUX
nepepi3iB €JIEMEHTIB Ha OCHOBI METOJy CKIHYEHHMX €JIEMEHTIB 3a JOMNOMOTOI0 MPOTPaMHOTO
npoaykty SCAD BcTaHOBIEHO, II0 HAWOULIBII pallioHATBHUM € CPEpUYHUN BapiaHT 3aXHCHOTO
mixtaps. [Ipote Taka apxitekTypHa ¢dopma moTpedye BHECEHHs 3MiH B HECy4l KOHCTPYKTHBHI
CUCTEMU OY/iBIIl, TOMY OCTaTOYHOIO (hOPMOIO JiXTaps OyB MPUUHATHI KOHCTPYKTUBHUM BapiaHT y
BUTJISI IMTIHAPAYHOT apKH.
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DEVELOPMENT OF LANTERN DESIGN
FOR THE CLIMATE CONTROL SYSTEM OF THE BUILDING
Klochko L.I., graduate student
leoniddzmk@gmail.com ORCID 0009-0009-3478-6076
Ukrainian State University of Science and Technology

Annotation. Modern residential buildings are increasingly equipped with specialized climate
control systems. Such systems are constantly becoming more complicated and nowadays allow to
control and, if necessary, maintain at a given level a whole series of parameters in structures -
temperature and humidity of air, its degree of purity and ionization, temperature and quality of
water, level of illumination and irradiation, as well as technical design parameters. Placement of
such climate control systems for low-rise residential buildings is assumed in the building itself, but
for high-rise buildings such systems are placed on the roof. In this case, the practical task of
protecting climate control systems from the dangerous action of aggressive external factors arises.

The paper proposes the development of a special protective lantern capable of performing
such a function. Structurally, the lantern consists of a steel frame made of bent-welded square
profiles and translucent filling. Four architectural and constructive versions of the protective lantern
are considered - arched, pyramidal-elongated, pyramidal and spherical. To select the most rational
constructive option, numerical modeling was performed based on the finite element method using
the domestic software product SCAD. Its results made it possible to choose the necessary cross-
sections of the frame elements in accordance with the construction current standards in Ukraine.
Based on the comparison of mass indicators and the market value of protective lantern materials, it
was finally determined that the spherical lantern has the lowest indicators and is the most rational.
However, for real buildings that have rectilinear load-bearing structural elements, this option may
not be effective and may require reworking of the load-bearing structures. Therefore, for practical
implementation an arched design version of the protective lantern was chosen. This option is
recommended for practical implementation in the reconstruction project of a multi-story
commercial-office-hotel complex in the city of Pavlograd.

Keywords: climate control system, protective lantern, multi-story residential building, finite
element method, SCAD software product
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TOB Moneno

AHoTtanisi. B crarrti nmeranprHO BUCBITIIEHAa TOBHA I1HXKEHEpPHA METOJIMKA TEPEeBIPOYHOTO
PO3paxyHKy KOHCTPYKLIH CTaJeBHX 3€PHOCXOBMI Ha OCHOBI 3arajlbHOE€BPONEHCHKOI CHCTEMHU
HopmyBaHHs Eurocode 3 ypaxyBaHHSM HacTaHOB HAIIOHAJBHOTO MOAATKy. Jlias OIliHKK
Hanpy>KeHO-1e()OPMOBAHOTO CTaHY OKPEMHUX KOHCTPYKTHUBHHMX €JIEMEHTIB CHJIOCY OyJO 3allyueHO
JIBa METOJIU: OE3MOCEePETHhO METOJ KIHIIEBO-€JIEMEHTHOTO aHalizy O0e3 BpaxyBaHHS €(eKTiB
reoMeTpuuHoi Ta (i3MuHOi HENHIKHOCTI Ta TEOPETUUYHUH METOJ, 3aCHOBAaHMW Ha MeMOpaHHIN
Teopii y JHIHHO-TIPYKHIM TOCTAHOBIII B MPUITYIIEHH] JIHIHHO-TIPY)KHUX XapaKTEPUCTUK MaTepiay
1 JiHiHOT Teopil Manux nedopmarliiii. Bukonana nepeBipka MpakTHYHOI peastizaiii METOIUKU Ha
MPUKIIAl peaTbHUX KOHCTPYKIIiH CTAIEBUX CHIIOCHUX EMHOCTEH.

KurouoBi cioBa: craneBuil cmiioc, po3paxyHKOBa cxeMma, Hecyda 3[aTHICTb, HalpyXKeHO-
nedopmoBaHuil cTaH, TOQPOBAHUN JTUCT, TPAHUYHHUI CTaH.

Beryn. ArponpoMuCIOBHE KOMITJIEKC TPAIUIIIAHO € MOTY)KHHM JApaiBEpOM E€KOHOMIYHOTO
3pocTaHHs YKpaiHu, 110 3a0e3neuye He JUIIE MPOJOBONIbYY Oe3leKy KpaiHW, aje H eKCIOpTHHN
noteHuian. Hama kpaiHa € YacTUHOIO TJ00AlIbHOIO 3EPHOBOTO PHUHKY, «EBPOIMEHCHKOIO
JKUTHUIICIO» ISl BCHOTO CBITY 1 0O HETABHBOTO Yacy XapaKTepHu3yBaslacs CTAOUIBHO TMO3UTHBHOIO
TEHJICHIII€I0 MOpiYHOTro 3pocTanHsa. OaHak HeraTtuBHI Hachigku manaemii COVID-19 ta BoeHHE
BTOPTHEHHS B YKpaiHy mopyummim 6anaHc GyHKIIOHYBaHHS CBITOBOI arpoMpo0BOJIbUOI CUCTEMH,
BUKJIMKABIIHA MaclITaOHy MPOJIOBOJBYY KpH3y. BUKIMKOM uacy cTano /Ui yKpaiHChKHX arpapiiB
BUPOCTHUTH, 30eperTu Ta 3a06e3meunT 30yT 3epHOBUX 1 OJMIHHUX KYIbTYpP B yMOBaX BOEHHOTO CTaHY
Ta JIOTICTUYHOT OJI0Kaau KpaiH-cyciaiB (puc. 1).

F {naﬁ
| aanPEUtAETC

Puc. 1. brokaaa myHKTIB IPOITYCKY Ha KOPJIOHAX

«BoenHnMHK minsAMU» KpaiHU-arpecopa CTalOTh 3€PHOCXOBHINA, IIPOJOBOJBYI  CKIAMIM,
TPaHCHOPTHI TepMiHaANHU Ta iH(pacTpyKTypa (puc. 2).
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Puc. 2. KputnuHi NOMKOKEHHS 36pHOBHX €EMHOCTEH BHACHIOK BOEHHUX il y 2023 pori

Came Tomy BiamoBimHO 10 moctanoBu KMY Nel384 Bim 16.12.2023 mo mepeniky 00’€KTiB
KPUTHYHOI 1HQPACTPYKTYpPH AOIYYEHO MiAMPUEMCTBA, C(HEPOIO TiSUIBHOCTI SIKUX € BUPOOHULITBO Ta
nepepodKa ciibchbKOTOCIIoAapchkoi mpoaykiii [1]. 3 ormsamy Ha 1€, 0COOIMBO aKTyabHO MOCTajla
npobiemMa CTBOPEHHSI HAJIMHUX Ta KUBYUYHUX CIIOPY]l €I€BaTOPHUX MiANPHEMCTB, SIKi 3a0€3MeUyI0Th
30epexeHHsT 3€pPHOBOI MPOAYKIII B YMOBax il CE30HHOTO XapaKTepy BUPOOHMIITBA Ta IMOCTIHHOT
BHCOKOI CHOXHMBYOI HE0OXiHOCTI. B mepiry uepry e cTocyeTbcss KOHCTPYKIIIH CHCTEM CTalIeBUX
OIIMHKOBAaHMX CHJIOCIB 3 TO(POBAHOI CTIHKOI, $Ki JO3BOJIAIOTH JIOBFOTPUBAIO 30epiratu
NPOAYKIIIO Ta JAal0Th 3MOTY 3IiMCHIOBATH BHCOKOTEXHOJIOTIUHE TIEpPEeMILICHHS 3€pHa, HOoro
KOH/IUIIIFOBaHHS Ta MEPEpPOOKY 3 MiHIMaILHUM BTPYYaHHIM TIEPCOHATY.

Hapasi nedinut emHocTei 30epiraHHs rocTpo BiUYBA€THCS SIK Y OKPEMHUX arpapiiB, Tak i Jis
[UTAX CLICHKOTOCTIONAPCHKUX XOJIJIMHTIB, a TIOMHUT Ha PO3PAXYHKU CHIOCHUX KOHCTPYKIIH Yy
3aBOJIiB-BUPOOHUKIB TUTEKH 3POCTAE.

Ille ogHuM BaroMuUM aprymMeHTOM [Jsi JIaHOTO JOCTIKEHHS CTajll0 BBEIEHHS HOBOTO
HopMaTuBHOTO A0KyMeHTy JIBH B.2.6-221:2021 «KoHCTpyKIii CHIIOCIB CTaJeBUX 3 TOPPOBAHOIO
CTIHKOIO JUTsl 3epHay» [2], KUl JeKIapye MpaBuiia MPOEKTYBAHHS JaHUX CIIOPYZ B IPABOBOMY TIOJII
€BPOTEUCHKUX CTAaHAAPTIB [3, 4].

AHaJi3 ocTaHHIX HOCaiIxKeHb i myOaikamii. 3agada NMPOEKTyBaHHS METAJIEBUX CHUJIOCIB HE
BTpayae CBOET aKTyaJIbHOCTI Bxke 6arato pokiB. BiqmiTMO Baromi HaykoBi JOpOOKH B I1iii 00sacTi,
B SIKMX JOCIIKYIOTHCSI TUTAHHS KOHCTPYIOBaHHS CTAJICBUX €MHOCTEH ISl CUTIKUX MatepiaiiB [5],
OLIIHKM HAJIMHOCTI CTaJeBUX €MHOCTEH aiisi 30epiraHHs 3epHa [6] Ta psja MUTaHb MIOA0 METOJIB
pO3paxyHKy B aHaNITU4HIHN [7-9] Ta cKiHYEHO-eTIeMeHTHIi moctanoBili [ 10-12].

IHoctanoBka mpoOaemu. HoBi mpoexTHi HOpMH [2] BpaxoBYIOTh BEIMYE3HHMH CBITOBHIA
JIOCBIJT 13 TIPOEKTYBAaHHS, 3BEIICHHS Ta EKCIUIyaTallii CHJIOCIB Ta MalOTh MpsSME W MpaBOYHWHHE
MOCHJIAaHHS Ha HEOOXiHI CTaHIAapPTH CUCTEMH 3arajibHoeBporeiickkoro HopmyBaHHs Eurocode [3].
[IpoTte B HUX BiICYTHI MEXaHI3MH BU3HAYCHHS PIBHSA HAMIMHOCTI, SKOMY BiAmnoBigae cnopyna. Lle
MATAHHS 3aJUIIAETHCS BIAKPUTHM JUIsl 3aMOBHHKIB, SIKI HE MOXYTh OOIPYHTOBAHO 3Ba)KUTH BCl
PU3UKM BHUKOPHUCTaHHS CIOPYX OAHOrO KJacy, OCOONMBO B yMOBax [il0YOro B HamIii KpaiHi
BIMCHKOBOTO cTaHy. JloAaTKOBO aKTyalIbHICTh MOCTIIPKEHHS 3pocTae 1 il Oe3mocepenHix
BUPOOHMKIB KOHCTPYKIIH, SIKI ONHHSIOTHCS B IMOIIYKaX HOBUX KOHCTPYKTHUBHHX pIillIeHb, IO
OyIyTh BIAMOBIJaTH YAHHUM BHMOTaM Ta KOHKYPEHTHHUMH B YMOBax Je(IIUTy CTaji Ta MacOBOTO
JIOPOXKYaHHS BUPOOHUIITBA.

MeTta Ta 3aBaaHHsl. 3arajJbHOI0 METOIO JIOCTIIKCHHsI € HayKOBE OOTPYHTYBaHHS, pO3pOOKa
Ta BIPOBA/KEHHS Yy chepy CLIbChKOTOCIOIAPChKOT0 OYAIBHUIITBA HAYKOBO-TEXHIUHUX PIllIEHb 13
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MPOEKTYBaHHS Ta 3BEJCHHS HAMIMHUX Ta >KUBYYHX 3€PHOCXOBHII, MPAIIOIOYUX B MPOEKTHUX Ta
0COOJIMBUX yMOBaX BOEHHOTO Yacy. 30KpeMa akIeHT poOOTH 3/1HCHEHO Ha BU3HAYEHHI MEXaH13MiB
peryJoBaHHS HaAIHHOCTI KOHCTPYKIIIM 3€pHOCXOBHUII B paMKax 3aCTOCYBaHHs HaIliBIMOBiPHICHOTO
po3paxyHKy B (OopMi METOAy TpaHWYHUX CTaHIB BIJMOBIIHO CHUCTEMH 3arajbHOEBPOIECUCHKOTO
HopMmyBaHHs Eurocode Ta po3pobui 6araToeTanHoi MOBHOI METOJMKH IEPEBIPOYHOTO PO3PAXyHKY
CTAJICBOTO IIIIHAPUYIHOTO 3EPHOCXOBHUINA BiAmoBigHO g0 mosnoxeHb JIBH B.2.6-221:2021 Tta
JCTY-H b EN 19914 [3].

3arajibHi M0JI0KEHHSI PO3PaxXyHKY Ta MeXaHi3M peryJiBaHHsS HaAilHOCTI. Po3paxyHok
CTaJICBOTO CHJIOCY 3/IHCHIOETHhCS Ha MiJCTaBl PO3paxyHKOBOI MO/, IO B MOBHil Mipi BpaxoBye
BCl YMHHUKH, SIKI MAIOTh ICTOTHHI BIUIMB Ha HaIPY>KEHO-AePOpMaIiiiHUN cTaH KOHCTpYyKIii. Bei
PO3paxXyHKOBI TOJOXEHHS (OPMYIIOIOTHCA JUIsI TPAaHMYHHX CTaHIB EJIEMEHTIB CHIIOCY, SIKi
BH3HAYAIOTh MEXY MIXK JOIMYCTUMUMH 1 HEAOMYCTUMUMH (ITO3arpaHUYHIMH ) CTAaHAMH KOHCTPYKIIii.
[lepexin uepe3 rpaHUYHUIN CTAaH BiJIOBia€ OJHOMY 3 BHJIIB BiJIMOBH, a CaMi TpaHWYHI CTaHH IPH
[IbOMY BB)KAIOTHCS JOMYCTUMHUMH. | paHUYHI CTaHU MOXXYTh OyTH BiHECEHI a00 J0 KOHCTPYKIIii
3arajioM, abo 10 OKpeMHuX ii eleMeHTIB, 3’€qHaHb a00 MONepeyHHuxX mepepisiB. be3BiIMOBHICTH
KOHCTPYKIIIi CHJIOCIB, BIAMOBITHO HOPM, 3a0€3IME€Uye€ThCS PO3PaXyHKOM 3a HAMiBIMOBIPHICHHUM
METOJIOM YaCTKOBUX (He3anekHuX) koedimientiB HagiitHocTi BignosiaHo JJCTY-H b EN 1990 [4]

f(Fd’Rd’ad’Alim’Tej"7Ma7/Fa 7sd)20’ (1)
ne F,=F,-yr - pO3paXxyHKOBI 3HAu€HHS HaBaHTAXCHb, BHM3HAUCHI BIAMNOBIAHO [0

XapaKTEepUCTUYHUX 3Ha4eHb [} IpU BCTAaHOBICHOMY KOEQILIEHTI HAMIMHOCTI )y ; Jp - YACTKOBUH

Koe(iIieHT HaAIMHOCTI 3a HaBaHTAXEHHSM, SKUH BPaxoOBYE BIPOTITHICTh HECHPHUSATIMBUX
BiAXuieHb BenmuuuHu F; R; =R, /y;, - pO3paxyHKOBI 3HAQUCHHS XapaKTEPUCTUK MII[HOCTI cTasi

IPECTABIICHI Uepe3 XapaKTepUCTHUHUN omip R 1 KoedillieHT HaAIHOCTI 32 MaTepiaIoM ), ; a,
- PO3paxyHKOBE 3HAYEHHS MEBHOI F€OMETPUYHOI XapaKTEPUCTHKH (TIJIOMIA MOTIEPEYHOro Iepepizy,
MOMEHT OIIOPY, MOMEHT iHepLii); Ay, - OOMeXeHHs Ha ImapaMeTp, 10 KOHTPOJIIOEThCS (HAIIPUKIIa

IPaHUYHO JOMYCTUMUI IPOTUH KOHCTPYKUIi); 7, - HOPMATHBHUH TEPMIH CGKCILIyaTalli CHIOCY;

Vg - KOEOIIIEHT, IKUi BpaXOBYy€e HEBU3HAYEHOCT] PO3PAXyHKOBOT MOJIEIIL.
HepiBhicts (1) omnucye NOPUHIUIOBY CTPYKTYpY MEpeBipoYHOi YMOBH 1 TIOBUHHA
YTOUHIOBATUCS Ul KOHKPETHUX YMOB 3 ypaxyBaHHSM Toro, mo F,, R, Ta a,; - e, K npaBuio,

JIEK1JIbKa BEJTMYHH, a KOXKHA 3 YMOB MOXK€ OyTH MpeJCTaBlieHa y BUTJIA/I JEKUIBKOX HEPIBHOCTEH,
Hanpukiaaa F,; o6’ ennye niauii nepeik OAHOYACHO JIFOUNX HABAHTAXKEHb.

Knacudikamiss cuiocy 3a piBHEM BIANOBINATBLHOCTI 3a [4] BH3HAYAETHCS 3aJCHKHO BIJ
HACIJKIB pyiHYBaHHS a00 HECTIpaBHOI POOOTH HOro KOHCTPYKTUBHUX €JIEMEHTIB. 3 ypaxyBaHH:IM,
0 CHJIOC XapaKTePU3YeTbCS HHU3BKOK IMOBIPHICTIO CKYMYEHHS JIIOACH, NMPUUMAETHCS Kilac
HacmiakiB RC2 i3 koedimienrom HamiitHocTi 1,0. 3HaueHHS YacCTKOBUX KOEQIlli€HTIB HAAIHHOCTI,
SIK1 BIJIMOBIIalOTh 3@ MIHJUBICTH 1HIIUX MapaMeTPiB PO3PaXyHKOBOI CXeMH, 3BeACHI B TabmuIo 1.
[epmia rpyna KoedilieHTiB Biirpae poib peryasTopa HaAIMHOCTI KOHCTPYKILIH Oe31mocepeiHbo Yy
IPaHUYHUX HEPIBHOCTSX METOAY IPAaHUYHMX CTaHiB. J[pyra rpyma BpaxoBye MIHJIMBICTH OKPEMHUX
30BHINIHIX BIUIMBIB, a TPETSA Tpyma BpPaxoBye€ Maly WMOBIPHICT, OJHOYACHOI peamizamil
PO3PaxXyHKOBHX 3HAYECHb IIUX BIUIMBIB. BiAMITHMO, 110 BKa3aHi 3HAYEHHS YaCTKOBUX KOE(]IIIEHTIB
HAJIHHOCTI PETryJIOI0THCS BUKIIOYHO HOPMATHBHUMH BHMOTaMH 1 HAaCTaHOBAMHU HaIllOHAJIBHOTO
J0JaTKY 1 He MOXYTh OyTH CKOPUTOBaH1 TEXHIYHUM 3aBJIaHHSIM Ha POEKTYBAHHS.

[Ile ogHOO CKIIAOBOIO PETYIIOBAHHS HAMIMHICTIO KOHCTPYKITIA CHITOCA, sIKA 3a/IeKIapOBaHa y
[3], € xnacuikaris cuoca MO0 BIUIMBY HAa HBOTO NMPOAYKTY 30epiranns. Kiac BIMBIB BpaxoBye
€MHICTb CUJIOCY W €KCIICHTPUCUTETH HOT0 3aBaHTAXKECHHs. BpaxoByrouu, 110 CHIIOC Ma€ IIEHTPAJIbHE
3aBaHTAXKEHHS, SIKE YHEMOXKIIUBIIIOE MOSBY €KCIICHTPUYHHUX THCKIB Ha HOr0 KOPIYC, KJIac BILJIMBIB
inenTudikyerbes sk AAC3.

Tabmums 1.
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3HaueHHS YaCTKOBUX KOE(IIIEHTIB HAIIHHOCTI

HasBa koedinieHTa | 3HaueHHs

[lepmra rpyma koedirieHTiB HaIIHHOCTI
KoedimienT HamgifiHOCTI mpM BU3HAYEHHI HECY4Oi 3JaTHOCTI JIMCTIB KOpIyca, 1,0
BOPOHKH CHJIOCY Ta €JIEMEHTIB OMIOPHOI YaCTUHHM 32 MIITHICTIO
KoedirieHT HaIlfHOCTI NPH OIiHIII CTIHKOCTI KOpIyca CUIOCY 1,1
KoedimienT HagiitHOCTI MpH OIIHIT CTINKOCTI €JIEMEHTIB MOKPIBII1 1,0
KoedimienT HamiiHOCTI NMpH BHU3HAYEHHI HECY4YOi 3MaTHOCTI E€JIEMEHTIB CHJIOCA, 1,25
1ocabJeHuX OTBOpaMHU i OOITH
KoedimienT HamiiHOCTI TpW BU3HAYEHHI HECYYOi 3JaTHOCTI JIMCTIB KOpmyca 3a 1,0
KPUTEPIEM MAJIOIMKJIOBOI BTOMHU
Koedimient HagiitHOCTI mpu BU3HAYEHHI HECYYO0i 3IaTHOCTI OOJITOBUX 3’ €THAHB 1,25
KoedimienT HagifHOCTI NMpH BHU3HAYEHHI HeCydoi 3AAaTHOCTI JIMCTIB KOpmyca 3a 1,1

KpUTEpieM 0araTonukIOBOi BTOMU

Jpyra rpyna koegilieHTiB HaaiiHHOCTI

Koedimient HagiitHOCTI HECIPUSTINBOI MOCTIHHOT il 0,85
KoedinieHT HaAiiHOCTI 7151 MOCTIHHUX HABaHTAKCHb 1,35
KoedinienT HamiHOCTI 711 HABAHTAXKEHb, SIKI BUKJIMKAHI €10 CUIIKOTO MPOJIYKTY 1,35
KoedimienT HagiitHOCTI 17151 CHITOBOTO 1 BITPOBOT'O HABAaHTAKCHHS 1,5
KoeimieHT HaAIHHOCTI ISl TEMIIEPATYPHUX BIUIMBIB Ta HABAHTAXKEHB 1,5

B1JI Barv TEPMOITiIBICOK

Tpers rpyna koediiieHTiB HagitHOCTI (KOS(IIIEHTH CIIOJIYYeHHS HABAHTAKCHB )

HapanTa)keHHs B1J] 3MIHH TEMIIEPATYPH HABKOJIUIITHBOTO CEPEIOBUIIA 0,6
CHIrose HaBaHTaXEHHS 0,6
BiTpoBe HaBaHTa)KEeHHS 0,6

KoHcTpyKkTHBHEe pilleHHSI CHJIOCY Ta OCHOBHI NPMHIMNM NO0OYI0BH PO3PaXyHKOBOI
Mojesi. 3 KOHCTPYKTUBHOI TOYKH 30PY CTaJ€BUM CHIIOC SIBJISE COOOK €MHICTH i 30epiraHHs
CHUIIKOTO MaTepiaiy, sika CKJIaJaeTbcs 3 KOpIycy Ta MOKpiBimi. Kopmyc BupimyeTbcs y BHUIIIAIL
HAJTIHAPUYHOI OO0OJIOHKM OOepTaHHsS BHKOHAHOI 3 TO(pPOBAHWX OIMHKOBAHMX JIUCTIB, SKi
M AKPIMITIOIOTHCS. BEPTUKATBHUMHU pedpaMu sKOpCTKOCTI (puc. 3 a). 3 BUCOTOIO SIK TOBIIMHU JIMCTIB
KOpITyCy, TaK 1 pedep 3MIHIOIOTHCA.
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Puc. 3. 3aranbHa cxema cujI0Cy i3 OCHOBHUMH T'€OMETPHUYHUMH MapaMeTpaMu:
a) KopIryc; 0) MOKPiBJIs
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[TokpiBns cuiocy KapkacHa Ta Mae KOHiIuHYy ¢opmy (puc. 3 6). Bona yTBopeHa cucremMoro
pagianbHUX 1 KUTBIIEBUX €JIEMEHTIB Ta 3arajioM MOXKe OyTH IPEICTaBlICHA ITUKIIYHO CUMETPUYHO

IPOCTOPOBOIO CHCTEMOIO, SIKa IPH IIOBOPOTI HABKOJO IEHTpPaIbHOI Bici Ha INEBHUH KyT 6

CYyMIIIIA€ThCSI 31 CBOIM TEPBUHHUM TOJOXKEHHSAM. CErMeHT TMOKpIBIl YTBOPEHHH TOJIOBHUMH
pamianpHUMHU OallkaMH Ta KUIBLIEBUMH pedpamMu KOpCTKocTi. PamianbHi Oankd OJHUM KIiHIIEM
CIIUPAIOTBCSI Ha KOPITYC CHJIOCY, a IHIIMM — Ha IEHTpPaJbHE KIJbIle TMOKPIBIi, KUIbLIEBI pedpa
NPUKPIIUTIOIOTEC B OJHOMY PiBHI JI0 TOJIOBHHX Oayok. JlomaTkoBO Ha Kapkaci nependayeHa
OKpemMa cucTemMa OajoK s KpIIIeHHs TepMoIiaBicok. I[IpocTopoBa >KOPCTKICTh IOKPIBII
3a0e3MeuyeThCsl CHCTEMOIO XPECTOBHX B’si3ei. Bci MOHTaXkHI 3’€JHAHHS €JIEMEHTIB BHKOHAaHI Ha
OonTax 6e3 KOHTPOIHLOBAHOTO HATATY.

Jlnsi CTBOpEHHSI pO3PaxyHKOBOI MOJEINi 3aCTOCOBYIOTHCSI NMPOTPaMHI KOMIUIEKCH KiHIIEBO-
€JIEMEHTHOTO aHai3y OyliBEIbHUX KOHCTPYKIIH. B maHOMy MOCTiIKeH1 3aCTOCOBYEThCS CydYaCHUM
BiTum3HsHUNA 1npoaykT Scad Office 21.1 (miuensis Nel6276), B OCHOBY OOUYHCITIOBAJIBHUX
QITOPUTMIB SKOTO TOKJIAICHUH METOJ Tepemimmenb. Mojenb cuiioca (OpMYEThCS Y BHUTIISI
HaOoOpy CTPM)KHIB Ta IUIACTUH 3 BIANOBIJHMMU YMOBAaMH IPHUMHKAHHS €JIEMEHTIB 1O BY3IIiB:
MOCTAaHOBKA B’s3€l y By3Jax UIsi OOMEXKEHHS CTYIEHIB BIJIBHOCTI, BIIAIITyBaHHS KIHIIEBUX
IIAPHIPIB /7151 BU3BOJICHHS B3a€EMHUX JIIHIHHUX Ta KyTOBHX 3MIIlIEHb, BBEJCHHS KOPCTKUX BCTABOK
JUTS BIICYHEHHS TIPYKHUX YaCTUH CTPUKHIB BiJl BY3JIiB IPUMHKAHHS.

Hanpuknan nuctu Kopmyca MOJENIOIOThCA IUIOCKMMHU KIHIICBUMM eJIEeMEHTaMHu Tumy 44
CYOTUPHUKYTHHUH €JIEMEHT 000JIOHKHWY, a JIIHIMHI KOHCTPYKIIIT — CTPH)KHEBUM eJieMeHTOM Tuiry 10 —
«yHIBepCaJIbHUH TPOCTOPOBHM CTPHKHEBHH eJIeMeHT». BpaxoByroum, 110 yacTWHA KOHCTPYKLIN
CUJIOCY BUKOHAHI 13 X0JOAHO()OPMOBAHUX TOHKOCTIHHHX €JIEMEHTIB, PO3paXyHKOBAa MOJIEIh MOXKE
OyTH BHKOHaHAa Yy JABOX BapiaHTax. llepmmii BapiaHT BHKOPUCTOBYETHCS [UIsl BHU3HAUEHHS
BHYTPIIIHIX 3yCHWJIb 1 HACTYIHOI MEPEeBIPKA HECY4YOi 3AaTHOCTI KOHCTPYKIIHM 3a MEpIIOI0 TPYIOI0
TPAaHWYHHUX CTaHIB, IPYTUH — JJIs OIIIHKH >KOPCTKOCTI CHJIOCY B IJIOMY Ta Je(OpMaTHUBHOCTI
OKpeMHUX KOHCTPYKIIii, TOOTO JUIsl APYroi Ipynu rpaHUYHUX CTaHiB. BiIMIHHICTH JBOX BapiaHTIB
MOJIATAE Yy 3HAUEHHAX HABAHTAXKEHb MJIS KOXKHOTO TPAHMYHOTO CTaHy Ta XapaKTepUCTHKaX
KOPCTKOCTI CTPHKHEBHX EJIEMEHTIB: JUIsI MEPIIOrO BapiaHTa 3aCTOCOBYIOTHCS XapaKTEPUCTUKU
MTOBHOTO MTONIEPEYHOTO TIEpepi3y, ISl APYToro — e(heKTUBHI.

JUnist  CHpOIIEeHHS MOJETIOBAaHHS KPHUBOJIHIMHOT MMOBEpXHI Todpa KOPIYCy €MHOCTI
3ampoOIIOHOBAHO 3aCTOCOBYBAaTH 3yOdacTWii mNpodiab 3 CKBIBAJICHTHUMH XapaKTePUCTUKAMHU
KOPCTKOCTI Ha po3Tsr Ta 3TuH (puc. 4) [6, 16]
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Puc. 4. 3amina cunycoigaipbHOTO MPOdUTI0 KOPITYCYy cHUitoca 3y0uacTuM
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CTpmXKHEB1 €JIeMEHTH, SKi MOJENIOIOTh BEPTHKAIBbHI pedpa KOPCTKOCTI, 3 €IHYIOThCS 13
eIleMEHTaMH KOpITyca TiJIbKH y BEpUIMHAX 3y04yacToro mpodins, TooTo Ha Biactanax . 3 oxHOTO
OOKYy, II€ JIO3BOJISI€ CYTTEBO 3MEHIIUTH PO3MIPHICTH MOJEINi, a 3 1HIIOT0 — MAaKCUMAaJIbHO TOYHO
BpaxyBaTH KOHCTPYKTHBHI OCOOJIMBOCTI By3/a CHOJYyYeHHS pebep 13 TodpoBaHUM KOPITYCOM
cunoca. I{o crocyeTbesi eKCLEHTPUCUTETY KpIMJIeHHs pedep 10 KOpIyCy, TO BiH BPaXxOBYETHCS B
MOJICJTI MIJITXOM TTOCTAHOBKH YKOPCTKUX BCTABOK. BCi 1HIIT CTPHKHEBI €IEMEHTH MO 331al0ThCsI
0e3 BUKOPHUCTaHHS )KOPCTKUX BCTABOK. 3araJibHU BUTJISIT MOJIEJI1 HaBeIEHUH Ha puc. 5.
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Puc. 5. 3aranbHuii BUTIIS]T KiHIIEBO-EJIEMEHTHOI MOJIETII CHIIOCY

HaBaHTa:keHHsl i BIVIMBM HA CWJIOCHY €MHicThb. B 3aranbHOMy BHINAJKy Ha CHIIOC JIIOTh
HaBaHTKEHHS Bl IPOIYKTY 30epiranHs, arMoc(hepHi, TEXHOJOT1UHI Ta CEHCMIYHI HABAaHTAKCHHSI.

HaBantaxeHHs Big NpPOAYKTY 30epiraHHs po3paxoBYIOTbCS Ha OCHOBI Horo (¢izuko-
MEXaHIYHUX XapaKTEPHUCTHK, K BPaXOBYIOTh MOKJIMBY MIHJWBICTh TPAHYJIOMETPUYHOTO CKIIANy,
METOAY BUPOOHHUIITBA, BMICT BOJIOTH, TEMIIEPATYpPY, CTAPIHHS Ta HASIBHICTH €JIEKTPUUHOTO 3apsIy B
MpoIIeci MepeMIleHHs. Ix xijgpKicHA oOmiHKa BukonyeThes BianoBigHo no0 JACTY-H b EN 1991-4
[3]. lo OCHOBHHX XapaKTEPUCTHK CUIIKOTO MaTepialy BIIHOCHTBCS: IIATOMA Bara marepialy y,,

KyT HPUPOJHOTO YKOCY ¢., KyT BHYTDIIIHBOTO TepTs ¢, KoedimieHT OokoBoro Tucky K i

KoeQillieHT TepTs MaTepiany 00 cTiHKH cuiocy u . [Ipu mboMy JUTs BCiX XapaKTepUCTHK, OKpIM 4. ,

NpUiiMaeTbCs JIBa XapaKTEepUCTUUYHMX 3HAYCHHS (HI)KHE Ta BEpXHE), SKI BpPaxOBYIOTh
CTAaTHUCTUYHUI PO3KUJ HOTO BIACTHBOCTEH. 3HAYCHHS KOEPIIIEHTa TEPTS CUIIKOTO MPOAYKTY 00
JIUCTH KOpITyca MTOBUHHO BPaxOBYBAaTH THI MOBEPXHI, MO sIKii BiIOYBA€ThCS KOB3aHHS MPOAYKTY.
Jlnst roppoBaHMX JIUCTIB KOPITyCY NpuitMaeThes kareropis D4 [3].

BusHaueHHs HaBaHTa)K€Hb Ha KOHCTPYKIIi CHJIOCY BiJ MPOAYKTY 30epiraHHs 3a HOro

XapaKTepUCTHKAaMM, ITOBUHHO CIIBBITHOCUTUCS 13 BHCOTOIO /i, BEpPTHKAIBHOTO CTOBOYpa

Marepiany, sKa BUMIPIOETHCS BiJI OCHOBH CHJIOCY JO PIBHS HOro €KBIBaJCHTHOI MOBEPXHI a—a

(puc. 6)
h.=h,+hy, h,=H,-Ah,, )

ne h, - BifcTaHb BiJ IUIOCKOTO THMINA CHJIOCA O HIDKHBOI TOYKM HACHITHOTO KOHYyca (HMXKHBOI

TOYKHM CTIHKM CHJIOCA, sKa HE KOHTAaKTye 13 TNpPOAYKTOM 30epiraHHs); /, - BiACTaHb MiX
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CKBIBaJICHTHOIO MOBEPXHEI0 CHUIIKOTO MaTrepially 1 HI)KHBOIO TOYKOI0 HACUITHOTO KOHyCy; H, -

BHCOTa KOPITyCy CHJOCy; A/, - BiICTaHb BiJl BEpXHBHOI TOUKH KOPIYCY CHIIOCY O HHKHBOI TOYKU

HACUITHOTO KOHYCY.
Tun cuitocy BU3HaYa€eThCs 3a TApaMEeTPOM HOTr0 THYYKOCTI
A.=h.ld.. (3)
[TepeBarkHa O1IBIIICTH CHIIOCIB Jisi 30epiraHHs arporpoayKIlii, BIAMOBIIHO T€OMETPHUYHUX
XapaKTepUCTHK, MOXHA 1IEHTH(]IKYBaTH SK «CHWJIOC NPOMDKHOI THydYkocTi». Ilpu npomy
HaWyacTIle 3alMOBHEHHS CUJIOCY CHUIIKMM MaTepiajioM Ta MOro BHUBAHTAKEHHS BIIOYBAE€THCS 3
MQJIMMH EKCLEHTPUCUTETAaMH dYepe3 BXIiJHI Ta BHXIiJHI OTBOpPH, $KI PO3TAIIOBaHI B3JIOBX
IEHTPaIbHOI BEPTUKAIBHOI Bicl cmiiocy. IIpu HEoOXimHOCTI eKcIuTyaTallii CHUIOCYy MPH BEIUKUX
eKCIICHTPUCUTETaX HAIlOBHEHHS YM BUBAHTAXKEHHS MTOBUHHI BCTAHOBIIIOBATHUCS CIICIiaJIbHI BUIIAIKU
3aBaHTAXKEHHS, Ha sIKI 000B’I3KOBO BUKOHYETHCS TOAATKOBHM po3paxyHOK. Takoxk BBaXae€TbCs, L0
31e0UTBIIOT0 TPOAYKT 30epiraHHs HE MOXKE 3HAXOJUTHUCS B CHUJIOCHIA €MHOCTI Y MOBHICTIO a0o
YaCTKOBO TIIJIBIIICHOMY CTaHI BHACIIJIOK HACHYCHHS TMOBITPSM, TOMY B pO3paxyHKax He
BPaxOBYEThCA JOAATKOBUH THUCK BiJl IICEBJOPO3PIIKEHHS.

/, [ ] N
= S oS
1
i
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Puc. 6. Cxema 3aBaHTa)XEHHS CHJIOCY B IPUMHATIN CUCTEMI KOOPAUHAT

Jlo aTMocepHHUX HaBaHTaKEHb BIIHOCATHCS Bara CHIrOBOTO IMOKPHUBY Ha MOKPIBIIO CHIIOCY,
THCK BITPY Ha HOT0 KOPITYC Ta PI3HMIISI TEMIIEPATYP MIXK MaTepiaioM 1 KOHCTPYKITISIMU CHIIOCY.

Jlo TEeXHOJNOTIYHUX HABAaHTAXKEHb MOXKYTh BIJIHOCHTHCS HaBaHTA)KEHHS Ha MOKPIBIIIO BiJl Baru
TEPMOITIJIBICOK Ta KOHCTPYKINI HAJICWUIOCHOI rayjepei, 3a OMOMOTOI0 SIKOi BiTOYBa€ThCS
3aBaHTAXXEHHS CHIIOCY MPOAYKTOM 30epiranus (puc. 7). Lli HaBaHTa)KeHHS NPUKIIAJal0ThCsl CTATUYHO,
0e3 ypaxyBaHHS JUHAMIYHUX €(DEKTIB.

Po3paxyHOK CHIIOCIB Ha CEHCMIUHI BILUTUBH peryiaMeHTyeThcss HopMmamu [13, 14]. Bumaakosa
MPUPOIA CEHCMIYHHMX TTOMINA 1 BUXIHI aHI TIPH PO3PaxXyHKY iX HACTIJAKIB MiIal0ThCSl BU3HAYCHHIO
TIIBKU B IMOBIPHICHIN MOCTAHOBI. BiAMOBIAHO M0 IIOTO 3aX0IW MO0 3a0e3MeYeHHs HaiiHOCTI
OKPEMOTO CHJIOCY TIpH i1 CeCMIYHUX BIUTUBIB TTOBMHHI OIIIHIOBATHUCH Ye€pe3 KPUTEPI KOHOMIYHOT
JOLUTBHOCTI. BUTBII TeTanbHO 11i MUTaHHs OyiH JOCTIKeHi B poboTi [15].
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Puc. 7. Cxema HaBaHTa)XEHHS BiJl HaJICUJIOCHO]T ranepei

Hanpy:keno-n1epopmoBannii cran cumjoca. Ha OCHOBI KiHIIEBO-€JIEMEHTHOI MOJEI
BUKOHYETbCS PO3PAaXyHOK Ha CYMICHY Mi0 (KOMOIHAIil0) OKpeMuX HaBaHTaXeHb. IIpaBuia
KOMOiHaIli#l BIUTUBIB 3ajekinapoBaHi y [3, 4]. Koxkaa komOiHallis BKITIOYAE TOCTIMHUAN 1 JOMIHYIOUYHI
BIUIMB 31 CBOIMH TOBHHUMH pPO3PaXyHKOBHMMHU 3HAYCHHSMHU, a 3HAYCHHS CYIYTHIX BIUIMBIB
3MEHIIYETbCA Ha KOMOIHAIMHMNA KOe(IIieHT (KOoeDIIIEHT CIIONYYEeHHS) JUIsl BpaXyBaHHS 3HIKEHOT
HMOBIPHOCTI OJTHOYACHOI pealti3alii po3paXyHKOBUX 3HaueHb. Po3paxyHKOBI cuTyalii Ta KoMOiHamii
BIUTUBIB 3TITHO HOPM Ui TPAaHUYHUX CTaHIB 3a HECY4YOK 3JaTHICTIO Ta EKCIUTyaTalliiiHOIO
MIPUATHICTIO BiATIOBIIHO

76 G + 701 Ok +27Q,i Woi Ok 4)
i>1
Gy + 0k, +Z'//0,i Opi- (5)
i>1
ne G, — XapakTepUCTHMYHE 3HAYEHHS BIUIMBY BiJ BIACHOI Bard KOHCTPYKUiH; O,
XapaKTePUCTUYHE 3HAYCHHS MPOBIAHOIO BIUIMBY; (), ; — XapaKTEPUCTHYHI 3HAYEHHS CYIYTHIX

BILJIMBIB; Yous Yo — 9acTKOB1 KOe(iIiEHTH HATIHOCTI.

Bemmunau Gta Q (opmMyloTh OKpemi 3aBaHT@KEHHS Ha CHJIOC B Tporpami KiHIIEBO-
eneMeHTHOTro po3paxyHKy SCAD. Moxna BuaiuTu 12 OKpeMux 3aBaHTaKeHb Ui (OPMYBaHHS
KOMOIHAIlI#l BIUINBIB:

A — BrnacHa Bara KOHCTpPYKLIH cuiIoCcy (BpaXxOBYETbCS B KOMIUIEKCI KiHIIEBO-EIEMEHTHOTO
ananmizy SCAD aBTOMaTu4HO);

B — I'opu3oHTambHUN THCK CHIIKOTO Marepiany (3amoBHEHHs a00 BMBAHTAXXEHHsS) Ha JIUCTH
KOpITyca CHJIOCa;

C — JloTuuHMI THCK CHIIKOTO Marepiaiy (3amoBHEHHS a00 BUBAHTA)KEHHS) HA JIMCTU KOpITyca
CHJIOCa;

D — I'opu3oHTanbHUI THCK Ha JIMCTH KOPITyca CHIIOCA BHACIOK PI3HUII TEMIIEpaTyp;

E — JlonaTkoBe TeXHOJIOTIYHE HABAHTAXKEHHS HA IMOKPIBJIIO CHJIOCY BiJl Bar'W TEPMOITIIBICOK;

F — JlonaTkoBe HaBaHTa)KEHHS Ha MOKPIBIIIO Ta BEPXHIO YACTHHY KOHCTPYKIIiH KopItyca cusioca
(BepTHKaIIbHI peOpa dKOPCTKOCTI) BiJl HAJICUIIOCHO]T rajiepet;

G — CHiroBe HaBaHTaXeHHS Ha NOKpiBii cuiocy (Gl — piBHOmipHa cxema, G2 ... G5 — no
HEPIBHOMIPHI CXEMH);
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H — BitpoBwuii THCK Ha KOpITyC CHJIOCA.
Jlna mpukiany copmoBaHi KOMOIHAITNT JJIs1 TIEPEBIPKH KOHCTPYKIIIHA 32 TPaHUYHUMH CTaHAMU
HeCcyuoi 3/JaTHOCTI Ta eKCIUTyaTaliiHoi MPUIATHOCTI YaCTKOBO HaBeeHI B Tao. 2.

Tabmums 2.
KomMmOGiHariii BIUTHBIB Ha CUJIOC 332 BUJIJAMU KOHCTPYKTUBHUX €JICMCHTIB
KomGinaris 3aBaHTaXEHHS
A|B|C|DJ|E]J|F |Gl |G| G| G4|[G5] H
KombiHartii a7 nepeBipky rpaHMYHUX CTaHIB 33 €KCIUTyaTal[lifHOI0 IPUAATHICTIO
E-W1 1,0 - - - - - - - - - - 1,0
F-WST-1 1,0 | 1,0 | 1,0 | 1,0 | 0,6 | 1,0 | 0,6 - - - - 1,0
KowmOinamii ajis nepeBipky rpaHUYHUX CTaHIB 3a Hecydoro 3aaTHicTio (EQU)
F-STW-1 | 135|1,35]135| 1,8 | 09 | 1,35]| 1,5 - - - - 0,9
F-TSW-1 | 135|135 |135| 1,5 | 1,5 | 1,35| 0,9 - - - - 0,9

Hanpuknan kom6inanis BrummBiB E-W1 Biamosigae 1ii BITpoBOro THCKY Ha MOPOXKHIO CUIIOCHY
€MHICTh 1 BAKOPHUCTOBYETRCS TSI TIEPEBIPKH )KOPCTKOCTI Ta 3aralibHii CTIMKOCTI Kopryca cuiioca. F-
WST Biamnosigae fii Ha TOBHICTIO 3aIIOBHEHHUI CHJIOC BITPOBOTO THCKY, CHITOBOTO HaBaHTAXXEHHS (32
PIBHOMIPHOIO Ta HEPIBHOMIPHUMHU CXEMaMH) Ta HaBAaHTAXKEHBb BiJl BarW TepMoIiiBicok. [Ipu mpomy
BITPOBHUI TUCK PO3TIISIAETHCS SIK MIPOBIAHA JIisl, a HABAHTAKEHHS BiJl BarMl TEPMOIIIIBICOK Ta CHITY —
sk cymyTHs. KomOinaris BrumsiB F-STW BinmoBigae aii Ha MOBHICTIO 3alIOBHEHHUI CHIIOC CHITOBOT'O
HABaHTXCHHs (32 pPIBHOMIPHOIO Ta HEPIBHOMIPDHMMH CXE€MaMH) Ta HaBaHTaXEHb BIJl Baru
TEPMOITIJIBICOK 1 BITPOBOTO THUCKY. [Ipu IbOMYy CHITOBE HaBaHTaXEHHS PO3TJISAAETHCS SK MPOBIIHA
Tisl, a HAaBaHTQKEHHS BiJl BarM TEPMOMI/BICOK Ta BITpY — K cymyTHsA. KombOinarist BrummBiB F-TSW
BIJIMIOBiIa€ il HAa TOBHICTIO 3alTOBHEHWH CHUJIOC HABAaHTA)XCHb BiJl BarW TEPMOIIIIBICOK, CHITOBOTO
HABAHTAKEHHS (32 PIBHOMIPHOIO Ta HEPIBHOMIPHUMH CXe€MaMu) Ta BITpoBOro THCKy. [Ipu mpomy
HaBaHTAXCHHsI BiJ] Bark TEPMOITIABICOK PO3TIISAAETHCS K MPOBITHA [Tisl, @ HABAHTAKECHHS BiJl CHITY
Ta BITPY — AK CYILYTHSL.

3a pe3ynbTaTamMu pPO3PaxyHKY OTPHUMYEThCs iH(OpMaIls Tpo HaMpyKeHO-AehOpPMOBaHHUI
CTaH CHJIOCA Ta HOTO OKPEMUX KOHCTPYKIIH MpH Pi3HUX BIUIMBAX Ta iX KoMmOiHaisx. st mpukiagy
YaCTKOBO HaBEJCHI KIJTBKICHI JaHi JUIsl CTAJIEBOTO CHUJIOCY HOMIHAIBHUM JiameTpoM 27500 mm, 110
CKJIaaeThes 3 22 sapyciB BUcoToro 1152 MM Ta MictuTh 90 BepTUKaNbHUX pedep KOPCTKOCTI (TadI.
3-4, puc. 8-9). Kapkac nmokpisii cusiocy yrBopeHuit i3 30 oHakoBUX cerMeHTiB. HoMiHambHUN KyT
HaxuIy KOHIYHOT TTOKPiBJi CTaHOBUTH 30°.

Ta0mms 3.
[TepeminieHHs BYy3J1iB KOPITyca CUIIOCHOI €EMHOCTI TIPH JIii KOMOiHAITii BIUTUBIB
Tove KowmoOinaris
Py E-WL | WST-1 | [ STW-1 |
MakcumanbH1 paiialibHI IePEMIIEHHS BY3JIIB KOPITyCa, MM

1 0,9 14,5 14,1

2 1,0 14,7 14,3
22 | 9,0 | 10,2 | | 12,3

MakcumanbH1 BEpTUKAIIbHI IIEPEMIIICHHSI BY3JIIB KOPITyca, MM

1 0,2 2,5 2,5

2 0,3 3.9 3,8
22 | 0,9 | 19,7 | | 19,7
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Puc. 9. JlepopmoBana cxema MOKpiBJIi CHIIOCY MpH 3aBaHTaKeHHAX G: a) CHITOBe
HaBaHTAXXEHHA 32 piBHOMIpHOIO cxemoio G1; 6) 3a HepiBHOMIpHOIO cxeMoro G5

Tabnuus 4.
3ycuiuid B €JIEMEHTAaX MOKPIBII MpH A1l KOMOiHALli BIUIMBIB
KomoOinarmis ‘ -Nmax, KH | Miimm, KkHeMm | +Nmax, KH ‘ Meimn, KHem | Niimn, KH ‘ Miax, KHeMm
3ycusuist B paaialibHii Oaiii MOKpiBIi MPH KOMOIHAIISAX BITUBIB
E-W1 -52 0 29 292 -24 772
F-WST-1 -124 1114 11 0 -124 2216
max | -143 | 2723 | 33 | 823 | -137 | 3062
3ycuyuIs B 3aTSDKIN MOKPIBJII MPY KOMOIHAIISX BIUIMBIB
max | 59 | 14 | 100 | 14 | 43 ] 14
3ycuiuisi B KUTbIIEBOMY peOpi 1-ro sipycy mOKpiBiIi Ipu KOMOITHAITISIX BIUIMBIB
max | -16 | 7 | 63 | 263 | 4 | 468
3ycuiuis B KUTbIIEBOMY peOpi 2-ro sipycy MOKpiBIi NPH KOMOIHALISX BILIMBIB
max | 63 | 324 | 1 \ 6 | 58 | 324
3ycuiuisg B 6aiili TepMOMiABICKH MOKPIBJIi MPU KOMOIHAIIISIX BIUIMBIB
max | -8 | 534 | 5 | 535 | -1 | 882
3ycuiuid B miAKocax Oajky TepMOITiIBICKU MOKPiBJIi TP KOMOIHAI[ISIX BIUIMBIB
max | -9 | 2 | 8 \ 2 | 1 \ 2
3ycHIuIs B XpEeCTOBUX B SI351X MOKPIBJI MPY KOMOIHAIIISIX BIUIUBIB
max | 29 | 4 | 63 \ 5 | -1 \ 5
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3ycuiisl B €JIeMeHTax MOKPIBIII MPH PI3HUX KOMOIHAIIISX HaBaHTaKEHb, K1 HaBEJICH1 y TaOJI.
4, chopMoBaHi JUIsI TPHOX TPYIN 3YCHJIb: MaKCUMallbHE 3YCHIUIA CTUCKY -Nmax 1 BIATIOBIAHHUN
MOMEHT Miiyn; MAaKCUMAIIbHE 3YCHIUIA PO3TATY +Nmax 1 BITOBITHUNH MOMEHT Miixn; MaKCUMaIbHUI
3TUHAIBHUA MOMEHT Maizn Ta BIIIOBITHE 3YCHIUISL CTHCKY a00 po3TAry (0OMpaeTbcs MakCHUMalbHA
3a MOJTyJIEM BEJIMYHHA).

BucnoBok. B mpaBoBOMy Mol BKa3iBOK UYWHHUX HOPMAaTUBHHX JOKYMEHTIB, IIIO
pErIaMeHTYIOTh PpO3PaxyHOK Ta OI[HKY HalpyXeHO-I1e(OPMOBAHOTO CTaHy, BCTaHOBIIOIOTH
BUMOTH J0 aTMOChEpHUX HaBaHTaXCHb, TEXHOJIOTIYHUX I[apaMeTpiB Ta IHIIMX BIUIWBIB,
BU3HAYaIOTh CTYIIHb KaliTaJIbHOCTI, piBeHb BIAMOBIJAILHOCTI CIIOPYIH Ta iH. BUSBIEHO OCHOBHI
MEXaHI3MHU PETYITIOBaHHS HAIIMHOCTI KOHCTPYKIIM CTaJeBUX 3€pHOCXOBHIN. BCTaHOBIEHO, M0
3MiHa PiBHS HaIHHOCTI KOHCTPYKIIN CTAJIEBUX 3€PHOCXOBHII B paMKaX METOJy PaHUYHUX CTaHIB
BUKOHYETHCS Y€pe3 CUCTEMY YaCTKOBHX KOCQIIIE€HTIB, SIKI BPaXOBYIOTh CTOXACTHYHI BIACTHBOCTI
30BHIIIHIX BIUIMBIB, MIHJHUBICTh XapaKTEPUCTUK Marepialy, THIH PO3PaXyHKIB, CTYIiHb
BOKJIMBOCTI KOHCTPYKTUBHUX E€JIEMEHTIB B CIIOPYAl Ta CTYMIHB BiJIMOBIIaTLHOCTI CHIIOCY Y CKJIai
nianpueMcTBa. BkazaHi 3HaYCHHS YaCTKOBUX KOE(ILI€HTIB HATIMHOCTI PEryIOIOTHCS BHKIIOUHO
HOPMAaTUBHUMH BUMOTaMH 1 HACTAaHOBAMH HaIllOHAJIBHOTO JIOJATKY 1 HE MOXKYTh OyTH CKOPHUTOBaHi
TEeXHIYHUM 3aBIaHHAM Ha TPOEKTyBaHHA. HaBereHi 3HaueHHS KoOeQIli€HTIB OOMEXYIOThCS
MepeBipKkaMu TPAaHUYHUX CTaHIB 32 HECYYOI 3IaTHICTI0O Ta EKCIUIyaTalliifHOK TMPUIATHICTIO
KOHCTPYKIIN MpH [ii CTATUYHOTO HABAHTAXXCHHS, BKIIOYHO 3 BHITAJIKAMHU, JI€ JTUHAMIYHUN BIUIHB
OIIHIOETHCS 3 BHUKOPHUCTAHHSM EKBIBAJIGHTHUX KBa3iCTATUYHUX HABAHTA)KEHb 13 BiJMOBIIHUMH
Koe(ili€eHTaMU TiICUIICHHSL.
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Abstract. The article describes in detail the complete engineering methodology for the
verification calculation of steel grain storage structures based on the pan-European Eurocode
standardisation system in accordance with the provisions of DBN B.2.6-221:2021 and DSTU-N B
EN 1991-4. The emphasis of the work is on determining the mechanisms for regulating the
reliability of grain storage structures within the framework of the application of semi-probabilistic
calculation in the form of the limit state method. To assess the stress-strain state of individual
structural elements of the silo, two methods were used: the direct method of finite element analysis
without taking into account the effects of geometric and physical nonlinearity and the theoretical
method based on the membrane theory in a linear-elastic formulation assuming linear-elastic
material characteristics and the linear theory of small deformations. The practical implementation of
the methodology was tested on the example of real steel silo structures. It is established that the
change in the level of reliability of steel grain storage structures within the framework of the limit
state method is carried out through a system of partial coefficients that take into account the
stochastic properties of external influences, variability of material characteristics, types of
calculations, the degree of importance of structural elements in the structure and the degree of
responsibility of the silo as part of the enterprise. The specified values of the partial reliability
factors are governed exclusively by the regulatory requirements and guidelines of the national
annex and cannot be adjusted by the design specification. The given values of the coefficients are
limited to limit state checks on the bearing capacity and serviceability of structures under static
load, including cases where the dynamic impact is assessed using equivalent quasi-static loads with
appropriate amplification factors.

Keywords. Steel silo, design scheme, bearing capacity, stress-strain state, corrugated sheet,
limit state.
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E®PEKTUBHA KOHCTPYKIIA CTAJIEBOI'O KAPKACY
BATATOIIOBEPXOBOI BYJIIBJII

Micropa €.A., maricTpant
udgine200933@gmail.com ORCID 0009-0003-1909-4588
Yxpainucokuii oeporcasnuil ynieepcumem nayKku i mexHono2iu

AHoTtanisi. B po0oTi BUKOHAHWUN CTaTUYHUN 1 TUHAMIYHMKA aHa3 KOHCTPYKIIl CTaJeBOTO
Kapkacy 0ararornoBepxoBOi TOpriBelIbHO-O(icHO-TOTeNbHOT OymiBni B wmicti  [laBnorpan,
3aMpPOEKTOBAHOI B MEXax poOIT MO BIAHOBICHHIO 3PYHHOBAHOTO >XHUTIOBOTO (GOHAY YKpaiHH.
CraTnuHuil aHami3 BUSBUB BIJMOBINHICTh 3aKIQJICHUX IPOEKTHUX pIlIEHh BUMOTaM YHHHHX
CTaHJApTIB YKpaiHU B Tally3l MPOEKTYBAHHS CTAICBUX KOHCTPYKIIiK. B sikoCTI pexomeHaarii Oymo
3aMpoIOHOBAHO BiMOBA BiJI MPOKATHUX MPOQLIIB 1 iX 3aMiHa HA aHAJIOTIYHI 3BapHi, IO MiIBUIIUTH
3arajJlbHUA piBEHb HAIIHHOCTI BY3JIOBUX 3 3’€qHaHb Kapkacy. JluHaMIuyHUN aHali3 J03BOJIMB
OTpUMaTH HIKHI BIAcHI ()OPMM 1 YaCTOTH KOJIMBAHb Kapkacy, IO € MIATPYHTSAM JO OILIHKH B
MOJANTBIIOMY PO3PaXyHKY Ha TUHAMIYHE MTPOTPECYIOUe PYHYBaHHS.

KirouoBi cyioBa: craneBuii kapkac, 0aratornoBepxoBa rpoMazchbka OyiBisl, METO CKIHUEHUX
€JIEMEHTIB, TPOEKTHO-00unCIIOBaIbHIN KomIiekc SCAD

Beryn. Pa3oM i3 mocTiiiHUM pyWHYBaHHSM JKUTIOBUX (POHIIIB IO BCiM TepUTOpii YKpaiHu Ta
HE3BKAIOUM Ha JyXe CKIaJHI OOCTAaBMHU, B SKHUX Hapas3i MEIIKAE HACEJICHHS, MPOJOBKYETHCS
po3po0OKa TMPOEKTIB i1 MaHOyTHHROTO BITHOBICHHS KpaiHu. OAHUM 3 TaKUX TMPOEKTIB €
OararormoBepxoBa Trpomajcbka OymiBns B Micti [laBmorpan. 3a cBoiM  (yHKIIOHANIBHUM
MPU3HAYCHHSM OymiBJIsI € TOPTiBeIbHO-0(ICHO-TOTEbHA, TOMY IO BOHA CKJIAJAETHCS 3 TPHOX
(YHKIIOHATTBHUX YaCTHH, BIATOBIIHO.

3aranpHuil Buja OymiBiai HaBeAeHWM Ha puc. 1. BiamoBigHO 0 MPOEKTY BiTHOBJICHHS
po3po0iieHO JeKinbKa BapiaHTIB apXiTEKTypHOro BupimeHHs Qacamay OyaiBiai. OgHUM 3 HHX €
BUKOPUCTaHHS 3aTEMHEHOI KOJIbOPOBOI raMH, sIKa JI0JIaTKOBO 3a0e3MeUnTh HE TIIbKU IMiJBULICHUMA
piBEHb TEIUIOCTIPUHHATTS MOBEPXOHb (acajy, a e i BUKOHYE CBOEPIIHY MACKyBaJIbHY BICHKOBY
GbyHKITIFO.

B apxitekTypHO-OyiBeIbHOMY BiTHOLICHHI OYIiBIs CKiIagaeThesi 3 Tpbox cekuiid. Ilepmra
HHU3bKa CEKIlis Ma€ BUCOTY 25,2 M, Ipyra BUCOKA CEKIisi Ma€ BUCOTY 61,2 M 1 TpeTs TOpIieBa BUCOKa
CeKI[il Mae BUCOTY TakoX 61,2 m. DyHKIIOHANBHO MOBepXW 1-3 mpHu3HAYeHI AN PO3MILICHHS
TOPTIBEJILHHUX ILIOI, MTOBEPXH 4-7 MEpIIOi CeKIlii MICTATh TOTEIbHI HOMEPH, a moBepxu 4-15 napyroi
BHUCOKOi CeKIlii MICTITh TepeBaxxHO odicHI Twiom. B Tperiii cekmii po3MIMIEHO CUCTEMY
BEPTUKAJILHUX KOMYHIKaIii OymiBii. B mmani OynmiBis mae Gpopmy NMpSIMOKYTHHKA 13 TaOapUTHUMH
po3mipamu 37,44 m x 56,16 M — puc. 2.

B KOHCTpYKTHMBHOMY BiTHOIIEHHI OY/IIBJIS Ma€ PIilICHHS 13 BHYTPIIITHIM CTaJe€BUM KapKacOM.
BiH ckmagaeTbcsi 13 CUCTEMM BEPTHKAJIBHUM KOJIOH, PO3TAIIOBAHUX DPIBHOMIPHOIO CITKOIO IO
BCbOMY IIJIaHy OYiBJII — KPOK B IO3JOBKHHOMY 1 B IIONEPEYHOMY HAIpPSMKAX MPUHAHATHI
OJTHAKOBUH 1 CTAaHOBUTH 6,24 M. J[0 KOJIOH B MO3IOBKHBOMY 1 B MOMEPEIYHOMY HAMPSMKAX KOPCTKO
MIPUEAHYIOTHCS] TOPU30HTAIBHI PUTEII, SIKI CTBOPIOIOTH CBOEPIAHI TOPU3OHTAIBHI KOPCTKI IUCKH TIO
BCiil BHCOTI OyaiBii. Kpok Takux AMCKIB TOPIBHIOE BHCOTI MMOBEPXY 1 CTAHOBUTH 3,6 M.

Bci momepeuni mepepism HeCydMX €JIEMEHTIB CTalleBOro Kapkacy OymiBil BHKOHaHI 13
npokatHuX ABoTaBpiB cepii b. J{ns xomon Oynieni BukopucTani nepepizu — Big 10062 B HukHIN
gacTuHi 1 10 60b2 B BepxHiii yacTuHi OyIiBJi BIAMOBIZHO N0 BITYM3HSAHOTO cTaHmapty [1]. Taki
nepepisu Oyau 3akiafieHi B nepBicHUNA mpoekT Oynisii. Hamani Oyna mocraBieHa 3agaya BUKOHATH
MEePEBIPKY NPHU3HAYCHUX KOHCTPYKTHMBHUX €JIEMEHTIB BIJIMOBITHO /10 BUMOI YMHHHUX B YKpaiHi
cTa”mapris [2-5].
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AHaJIi3 ocTaHHIX JKkepeJ AocjaigxkeHb i mybJikauii. B Ykpaini Ha Tenep € nosomi 6araro
SIK TIOOIMHOKHX, TaK 1 KOJICKTUBHUX JTOCTIIKEHb POOOTH KapKaCHUX CHCTEM OymiBelb PI3HUX THUITIB
[6-10], mounHarO4M i3 BHYTPILIHBOTO KapKacy 1 3aKiHUYIOYH BapiaHTaMU 30BHIIIHBOTO Kapkacy [11-
15]. OkpemuM HanpsIMKOM IIPH LIbOMY € PO3pPaxyHOK Ha mporpecyroue pyriHyBanHs [16-19], IIporte
Nepesl TUM, SIK PO3POOIISTH CXEMY TAKOTO PO3PAXyHKY Ul OararornoBepxoBoi Oy/IiBii Ta MPOBOAUTH
caM pO3paxyHOK MOTPiIOHO CIOYATKY JOCKOHAJIO0 BHBUMUTH POOOTY camoi OyiBIl 3a TPaaUIIHUX
HABaHTAXCHb, BUSBUTU «CJIA0Ki» MICI KOHCTPYKIIi, a TAKOK OLIIHUTH PiBEHb 3amacy B OCHOBHHUX
KOHCTPYKTHBaX. B po0oTax mMpoBiIHMX HAYKOBIIIB MUTAHHS MPOTPECYIOYOro PyWHYBaHHS HaBIiTh
MOB’SI3YIOThCA 13 piBHEM HanilHOCTI OyaiBesnbHUX KOHCTpykmii [20-21]. Ognak Ha (oHi momii
OCTaHHIX POKIB B YKpaiHi 0COOJIMBOI aKTyaJhbHOCTI HaOyBae OIlIHKA JWHAMIYHOTO PYWHYBaHHS
KOHCTPYKIIi# BiJl yTapHO-BUOYXOBUX HaBaHTa)KEHb, & TAKOXK OLIHKA IX AUHAMIYHOI HATIMHOCTI.

Buninennsi He po3’si3aHUX paHille YacTHH 3arajbHol NpoOjeMu. 3BaKalOud Ha
BUIIIEBUKJIAJICHHE MTPOOIeMa BU3HAYCHHS TMHAMIYHUX XapaKTEPUCTHK OararornoBepXxoBUX Oy/iBesb
MPAaKTUYHO HE BUCBITIEHA y BITYM3HAHIN (axoBiid JiTeparypi, a MUTAaHHS AUHAMIYHOTO PYWHYBaHHS
Ta TUHAMIYHOI CTIMKOCTI B3araji MaloTh OyTH MEpEerissHyTI B CBITI HOBITHIX JJaHUX PO B3AEMOJIIIO
KOHCTPYKIIi# 13 BUOyXOBUMHU HaBaHTaXxeHHsIMU. [locTaHOBKA 3aBaaHHsI. 3aBIaHHIM IlI€i CTATTI €
BU3HAUYEHHS TMHAMIYHUX XapaKTEPUCTUK 0ArarornoBepXxoBOi TOPTiBEIbHO-0(ICHO-TOTENBHOT OymiBIi
31 cTajneBUM KapkacoM B Micti [laBmorpaz, 3ampoekTOoBaHOi B MeXax pPOOIT MO BiIHOBICHHIO
3pYHHOBAHOTO )KUTJIOBOTO (POHAY YKpaiHH.

OcHoBHuII Marepiaa i pe3yabraru. J[Jisi HOCSITHEHHS MOCTABJICHOIO 3aBAaHHS CIOYATKY
TpeOy Oy/no OLIHUTH CTAaTUYHI IMOKa3HUKHU 3alpoeKToBaHOi OymiBii. [ 1boro OyB BUKOpPHUCTAHHMA
YUCEeTbHUN MEeTOJ OymiBEIbHOT MEXaHIKH — METOJ] CKIHUEHUX EJIEMEHTIB [22-26]. Horo MpaKkTUYHA
peanizanis 31idCHIOBaJIaCh Ha 0a3l BITYM3HAHOTO MPOEKTHO-00UMCIIIOBaIbHOrO Komruiekcy SCAD
[27].

[ToOynoBaHa CKiHYEHHO-€JIEMEHTHA MOJEIb CTaJeBOr0 KapKacy TOpriBelbHO-0(]icHO-
roTenpHOI OymiBIII TIpencTaBiieHa Ha puc. 3. Mojenb sBisie cOO0I0 CTEPKHEBY CHUCTEMY, sKa
ckimagaerbest 611b Hik 3 2000 eneMeHTiB, 0 MOJENIOIOTh KOJOHHU Ta pureni kapkacy. Ilonepeuni
Mepepi3u HeCYYrM €JIEMEHTaM 3aJ1aBaJIUCh BIAMOBIAHO 10 po3pobieHoro mpoekty. HaBaHnTakeHHS
NpUEMANIKCh 32 CTaHIapTOM [28] — BIacHa Bara eJIeMEHTIB KOHCTPYKIIii, KOpUCHE HAaBaHTAXCHHS
Ha TIePEKPUTTS, CHITOBE 1 BITPOBE HABAaHTAKEHHS 3a PI3HUMHU HaIIPSIMKaMH.

Puc. 3. Po3paxyHkoBa Moziellb CTaJI€BOI0 KapKacy
TOpPTriBeJIbHO-0(iCHO-TOTENbHOT OyaiBmi B MicTi [TaBnorpan
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[Tonepenniii craruyHui aHami3 pPoOOOTH KapKacy MiATBEPAUB KOPEKTHICTh MPUHHATHX
MONEPEYHUX Tepepi3iB. MakcuMmanbHl mornepedni aedopmariii Bijg KOMOiHAIll HaBaHTa)KCHb HE
nepeBumryiorb 20 MM, a BepTuKaibHi naedopmanii — 30 MM. MakcuManbHI HamNpyXeHHS
CIIOCTEPITalOThCS B KpaHIX KOJOHAaX OymiBII 1 HE MEPEBUILYIOTh PO3PAaXyHKOBOTO OMOPY CTayll —
puc. 4. B sAxocti pexkomeHnaliii Oyna BHCyHyTa HpOIMO3UIliS BUKOPUCTAHHS 3aMiCTh MPOKAaTHUX
mepepi3iB HeCyYnX €JEMEHTIB 3BapHHUX Iepepis3iB, SKI BHUTOTOBJISIOTHCS Ha OCHOBI JIMCTOBOTO
copramenty [29]. Lle 0OyMOBJIEHO CHpPOIIEHHSM B I[bOMY pa3i KOHCTPYKIII CTHKIB OKpEMHX
HECYYHMX €JIEMEHTIB — 3aMICTh 3BapHHMX BCTABOK B BHUXIJTHOMY IPOEKTI TependadaeTbcs OLTbIT
CHPOIICHUN BapiaHT CTUKY 0€3 TakuX BCTaBOK — puc. 5. Ha Ham momisn e miABUINITH PiBEHBb
HaJIHHOCTI KapKacy, aJke By3JIOBE 3’ €IaHHS € OHUM 3 HaOUIbII MPOOIEMHUX MICIb OyTiBEIbHUX
KoHCTpyKiit [30].
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TOpPTriBeJIbHO-0(iCHO-TOTENbHOT OyiBmi B MicTi [1aBnorpan
[Ilomo OCHOBHOTO 3aBJIaHHS POOOTH, TO OTpUMaHi HDKHI (GOPMH BIACHUX KOJHBaHb

KOHCTPYKIIil CTaJleBOrO KapKacy TOpriBenbHO-0¢icHO-ToTenbHOI OyniBai B Micti IlaBnorpan

HaBelleHI Ha puc. 6. SIK BHIHO, MPH IIOMY BiIOYBAa€ThCS BKIIOYCHHS B pOOOTY BCHOTO KapKacy

OyniBIi, 10 CIPUATHME 3MEHILICHHIO AMIUTITY/l KOJMBAHb.
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Puc. 6. HuxHi hopmu KomuBaHHA
TOPTiBeIbHO-0(icCHO-TOTENBHOT OyiBmi B MicTi [1aBiorpan:

a) nepma opma; 0) npyra hopma
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B Ta6n. 1 mpuBeneHi oTpuMaHi 3HaY€HHsI BIACHUX YaCTOT KOJIMBAaHb OY/IiBIII AT HUKHIX 16
3HaueHb. SIK BUJIHO, YACTOTHUHN CIIEKTP B LIJIOMY BHSBISETHCS JOBOJI IIIIBHUM, a HH)KHI YaCTOTH
JIeXKaTh B miana3oHi 1o S ', 1mo € HeOakaHuM JJIsT JTFOIUHMU.

Tabmuns 1 — BrnacHuii 4aCTOTHHM CTIEKTP KOJIMBaHb
TOpPTriBeJIbHO-0(iCHO-TOTENBbHOT OyiBmi B MicTi [1aBnorpan

Yactora | 3HaueHHs, [ Yacrora 3HaueHH, ['11
1 0,69 9 1,90
2 0,86 10 2,04
3 1,22 11 2,12
4 1,46 12 2,37
5 1,60 13 2,51
6 1,62 14 2,54
7 1,77 15 2,79
8 1,80 16 2,91

BucnoBku. B po60Ti npoaHanizoBaHO KOHCTPYKTUBHE PIIICHHS CTAJICBOTO KapKacy MPOEKTY
OyniBii BIJHOBJIEHHS TOPTiBeNbHO-0¢icHO-roTenbHOI OyniBmi B Mmicti IlaBnorpax. s anamizy
BHUKOPHCTOBYBABCSI METOJI CKIHUEHUX €JIEMEHTIB Ha 0a31 BITYUM3HSIHOTO MPOESKTHO-00YMCITIOBATTLHOTO
xomiuiekcy SCAD. BcraHoBieHo, 110 IpUKAHATI MEPBICHI Mepepi3u A KOJIOH 1 pUreniB OymiBii 3
MPOKaTHUX NTPO(UTB BIAMOBIAAIOTE BHMOTaM HECYYOi 3[aTHOCTI 3TiHO YHHHHX CTaHIapTiB
Vkpainu. HaiiOinpil HaBaHTa)KEHUMM BUSBIIIOTBCS KpaiiHI KOJIOHM Kapkacy, s SKHX
PEKOMEH/IOBaHO 3OUIBIIUTH TONEpPeYHU Tmepepi3. Takok PEKOMEHIOBAaHO 3aMIHTH IPOKATHI
Ipepi3u Ha 3BapHi 3 JIMCTOBOI rapsyeKaTraHoi cTaji, 110 MiABUIIEHb 3arajbHy HaAiIiHICTh BY3JIOBHX
3’€/IHaHb 1 BOIHOYAC CIPOCTUTH X KOHCTPYKTHBHE PillICHHS.

OTpumaHMii CHIEKTP BJIACHUX YAacCTOT KOJIMBaHb CTaJEBOIO KapKacy € JOBOJI HIUIBHUM, a
HIDKHI YaCTOTH 3HAXOAAThCSA B Alana3oHi 1o 5 ', mo € nebaxanum i moauad. HixHl dopmu
KOJIMBAaHb KapKacy BKJIIOYAIOTh B poOOTY IMOBHICTIO BCi HECYYl €JIEMEHTH, 10 JIEIIO0 3HUXKYE PIBEHb
aMIUTITY!l KOJIUBAaHb.
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EFFICIENT STEEL FRAME STRUCTURE
OF MULTI-STOREY BUILDING
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Annotation. Currently, many buildings in Ukraine are affected by significant dynamic loads
associated with military operations on the territory of the country. In practice, this can lead to the
so-called progressive destruction, however, unlike static loads, shock-explosive loads require an
assessment of not only the mechanical characteristics of the building, but also an assessment of its
own dynamic characteristics. Such characteristics traditionally include the spectrum of natural
frequencies and the forms of oscillations corresponding to them. However, the assessment of
dynamic characteristics must be preceded by an assessment of the static performance of the
building.

Unfortunately, the specialized professional and reference literature lacks data on the dynamic
operation of most types of buildings, including multi-story buildings with a steel frame. Therefore,
such a task will be formulated and solved in the course of research. The obtained results of the static
analysis confirmed the correctness of the accepted cross-sections of the main load-bearing elements
of the steel frame of the building. The outermost columns of the frame were the most loaded, the
cross-sections of which were recommended to be increased. As additional recommendations, it was
proposed to replace rolled profiles with universal welded ones made of hot-rolled sheet steel. This
will simplify the construction of nodal connections of the frame, which, in turn, will increase the
level of its overall reliability. The dynamic analysis made it possible to reveal a rather dense
spectrum of the lower natural frequencies of the frame, which lie in the range of up to 5 Hz. The
corresponding lower forms of self-oscillations include the entire steel frame of the building in the
work, which helps to reduce the amplitudes of its oscillations.

Keywords: steel frame, multi-story public building, finite element method, design and
calculation complex SCAD
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OIIHIOBAHHA HAQIMHOCTI METAJIEBUX CHIPAJIbHO-®AJIBIIEBUX CUJIOCIB

IMiuyrin C.®., 1.1.H., mpodecop,

pichugin.sf@gmail.com ORCID 0000-0001-8505-2130,

Oxkcenenko K.O., acmipanTka,
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Hayionanvnuii ynisepcumem «Ilonmascvka nonimexuixa imeni FOpis Konopamioxay

AHoTanisi. Y cTarTi ONMrMcaHo po3poOSieHy METOAMKY OIIHIOBAaHHS HAIIHHOCTI 1HHOBAIlIMHUX
METalleBUX CHipajgbHO-(QaIbIEBUX CHJIOCIB Ha OCHOBI aHaji3y pe3epBY MII[HOCTI 3 BpaxyBaHHSIM
CKJIQJTHOTO HAIPYXeHO-Ie(POPMOBAaHOTO CTaHy. 3a I[i€0 METOAWKOK MPOBEICHO OIlIHIOBAHHS
HafiitHocTi cunocy emmictio 1020 M°. CuilocHa KOHCTPYKILis 3aBaHTaXyBaaach Pi3HUMH CHITy4HMU
MaTepiaJlaMH, CTAaTUCTUYHI XapaKTEPUCTUKU SKUX Oyno 3i0paHo 1 y3araabHeHO. Pesynmbraru
BU3HAYCHHS OCHOBHHMX 3HA4YCHb MapaMeTpiB OI[IHIOBAHHS HAAIMHOCTI CHUJIOCY MPENCTaBICHO Y
TabnuuHii Gopmi. Ha oCHOBI oTpuMaHux AaHUX MOOyIoBaHO rpadiku 3MIHM HalpyXeHb Ta
XapaKTepUCTUKA O€3MeKH B 3aJEKHOCTI BiJl PO3KHUIY XapaKkTEPUCTUK CHITy4yOro Marepiany.
OOrpyHTOBaHO BHCHOBOK TIPO JOCTAaTHIO HAQMIMHICTh KOHCTPYKIIM METAJIEBUX CIIpalibHO-
(anpLeBUX CUIIOCIB, pO3paXOBaHUX 32 AIFOYMMH HOPMaMHU.

KurouoBi ciaoBa: meraneBuil Cuioc, cripaabHO-(DaNbIIEBUN CHIIOC, CHITyYWH Marepiad,
OLIIHIOBAaHHS HAJIMHOCTI, XapaKTepUCTUKA OE3MEKH.

Beryn. OqHUM 3 BaXIJIMBUX TEXHIKO-€KOHOMIUHUX HapaMeTpiB OyaiBelIbHUX KOHCTPYKIIH €
ixHsa HagiiHICcTh. BignosigHo mo OymiBenbHux HOpM JIBH [1], HamiliHicTh 00’ €KTa BUBHAYAETHCS K
BJIACTUBICTh BUKOHYBAaTH 3a/aHi (YHKLIi MPOTIroM pO3paxyHKOBOTO CTPOKY €KCILTyarallii, BOHa
BKJIIOYa€ OCHOBHI KOMIIOHEHTH — O€3BIJIMOBHICTh, JIOBIOBIYHICTh, PEMOHTOINPHUIATHICTS,
KHUBYUICTh. 7l CTajneBUX CHJIOCIB HaWOUIbIIe 3HAYCHHA Mae Oe3BIIMOBHICTh — BIIACTHBICTD
00’exkTa BUKOHYBAaTH MOTPIOHI (YHKIII B MEBHUX YMOBaxX MPOTITOM 3aJaHOTO 1HTEPBAY 4Yacy Yd
HapoOITKy. 3arajioMm yci MigXOOu 0 BU3HAYCHHS HAMIMHOCTI OymiBeNbHUX KOHCTPYKIIIN MOXKHA
YMOBHO TOIUIMTH Ha ABI rpynu [2]: 1) MeTon 4acTKOBHX KOE(DIIIEHTIB HAIIHHOCTI (TPaHUYHUX
ctaniB) [3]; 2) iMOBIpHICHUIT MeTO (METOl HAa OCHOBI TEOPil HAMIHHOCTI).

CydacHi HOPMH TIPOEKTYBaHHS OyIiBEJIBHUX KOHCTPYKII BPaxoBYIOTh 1MOBIPHICHHI
XapakTep HAaBaHTAXXEHb Ta HECYYOi 37]aTHOCTI KOHCTPYKLIW TUTBKM B 4aCTHUHI OOpPOOKH BUXITHUX
naHuX. MeToJ TpaHWYHUX CTaHIB, SKUH 3aKJIaJICHUH B HOpPMax MPOCKTYBaHHSI, € HalliB-
HMOBIpHICHMM, TpU IbOMY HAAIHHICTh KOHCTPYKLIA MpH MPOEKTYyBaHHI 3abe3neuyerbcs 3a
JIOTIOMOTOI0 BHKOPUCTAHHS BIAMOBIIHUX KOE(IIIEHTIB 3amacy: Koe(illieHTIB HaAIMHOCTI 3a
HAaBaHTAXCHHSAM Ta 3a MarepiajoMm, Koe(dimieHTy ymoB poOoTH, KoediumieHTy HamiiHOCTI 3a
npusHadeHHsM. Jleski 3 1uX KoOe(]iIlieHTIB HE MaloTh JOCTaTHBOTO TEOPETUYHOTO Ta
eKCIIEPUMEHTAIBHOTO OO PYHTYBaHHS.

Po3paxyHok OyaiBeNbHMX KOHCTPYKIIH, SKH BimoOpaxkae iX peanbHy TMOBEIIHKY IpHU
eKCIlUTyarTalii, MoBUHEeH Oa3zyBaTHCs Ha Teopii HaAiHHOCTI, 3aCHOBaHIi Ha IMOBIPHICHHX METOJaX.
Ile mo3BosMTH JaTu OLIBIT OO’€KTUBHY OIIHKY KOHCTPYKIIH CTOCOBHO iX MPUIATHOCTI 10
ekcrutyaranii. Meroau teopii HaAIHHOCTI JalOTh TEOPETUYHY OCHOBY JJISi IPAaBUIIBHOI OpraHizarii
30upaHHs Ta OOpPOOKM CTAaTUCTUYHUX JaHWUX, SKI BIJIHOCATBHCS JO BIUIMBIB Ha CIIOPYNY,
XapaKTepUCTUK MarepiajiiB Ta KOHCTPYKLINA Ta IHIIMX pPO3paxyHKOBUX mapamerpiB. Lli mertonu
HaWOIIBIIT TOYHO B1IOOPaXKalOTh IMOBIPHICHY MPUPOIY OCHOBHUX PO3PAXyHKOBHX BEJIIMYMH Ta
B3a€MO3B’S[30K MI’K 30BHIIITHIMH BIUTUBAMHU Ta MIIHICTIO KOHCTPYKIii. Lle 00ymoBieHO TuM, 110 BCi
MIIHICHI, TeOMETpHUYHI Ta AehOpMaIliiiHI XapaKTePUCTUKH KOHCTPYKIIIH, a TakoX BCl BIUIMBU Ha
HUX € BUTIQJKOBUMHU BEeIMUYMHAMU 200 BUTIAJKOBUMHU IPOIIECAMH.

AHAJI3 oCTaHHIX JuKepesI A0CaiKeHb i myOsikaniii. OiHIOBaHHSIM HaJIHHOCTI CHIIOCHUX
KOHCTPYKIiH 3aiiMaeTbes pan HaykoBLiB [2-7]. ¥V poOGoti JitieBcena O. Ta iH. [4] faeTbes mpo
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BUKOPHUCTAHHS JIaHUX OO TUCKY, SIKI OylIM OTpUMaHi B €KCIIEPUMEHTaX, /Ui OLIHKH MapaMeTpiB
eMITIpUYHOT CTOXACTHUYHOI MOJeNi HaBaHTaXeHHsA cuiocy. OTpuMaHa MOJIENb HAaBaHTAKCHHS
CHJIOCY JOCHIJKYEThCA 3 TOUKM 30pYy Il BIUIMBY Ha HaAiiHICTh KOHCTpPYKIii. T'omora M. Ta iH. [5]
3aliMalOThCSI TEOMETPUYHUMH HEJTOCKOHAJOCTSIMHU, ajieé 3 OMIAy Ha iX BIUIMB NIPH BITPOBOMY
HaBaHTAXXCHHI HAa CHJIOCHY KOHCTpyKUito. Jlanmko A. y nociimxkeHHi [6] BHUB4Yae TemriepaTypHUN
BIUIMB Ha CHJIOCHY KOHCTPYKIIit0. BHCHOBKaMu #ioro poOoTH € Te, IO TEIUIOBI il MOXYTh MaTH
3HAUHUI BIUIMB Ha HAAIWHICTh KOHCTPYKLII CHUJIOCY, @ B JESIKUX BHIAJKaX MOXYTh IMPU3BECTU J0O
CEpPHO3HUX TIOMIKO/PKEHb KOHCTPYKIIl, SKIIO PO3MOMAIT TEMIEparypu B CHCTEMI OIIHCHHH
HenpaBuwibHO. Tpeba Bim3HaunTu mpaui Maxineko A.B., Maxineko H.O., nmpucBsueHi HaaiitHOCTI
CTaJIeBUX JIMCTOBUX KOHCTpyKmiii  [7-8]. 3okpema, y poOoTi [7] po3paxyHOK HaIiHHOCTI
6araro0ONTOBUX 3’€HAHb METAJEBHX CUJIOCIB IOKa3aB, IO IMPH HE3HA4YHIM KIIBKOCTI OONTIB
«3aMiHM» caMe BOHH BHCTYNAOTh OCHOBHOIO IPHUYMHOIO BiJIMOBH 3’€IHAHHS, IIPOTE IIPH 3pOCTaHHI
KUTBKOCTI HETPOEKTHUX OONTIB MeXaHi3M pyiHyBaHHA Oyde 3ajexard BiJg 1MOBIPHICHOTO
OOTpYHTYBaHHS HaBaHTAXCHHS 1 MIITHOCTI.

Buninennsi He po3’si3aHMX paHille YaCTHH 3arajibHoOi nmpoodgemu. He nuBisiuncy Ha
HAsBHICTh JIOCHI/DKEHb HAMIMHOCTI METalleBUX CHJIOCIB, HAMIHHICTh caMe CIipaibHO-()aTbIeBUX
CHUJIOCIB HE JIOCIIKEHA.

IlocTanoBka 3aBAaHHs. 3aBIaHHSAM Ili€i CTATTI € pPO3POOJEHHS 1 3aCTOCYBAaHHS METOIUKH
OILIIHIOBaHHS HAJIIHHOCTI METaNIEBUX CIipaibHO-(aTbIIeBUX CHUIIOCIB.

OcHoBHuii MaTepiaJ i pe3yabTaTu. KOHCTPYKTHBHI pillIeHHS 0OO0JIOHKH CHIIOCIB CIipaIbHO-
(hanpIIeBOTO THUITY CYTTEBO BIJIPI3HSIOTHCSA Bijl 30ipHUX METAJIEBUX CHJIOCIB 13 TOPOBAHUX MaHEIEH
Ha OONTOBUX 3’€IHAHHSIX Ta 3BAPHUX JINCTOBUX EMHOCTEH.

KoncTpykmist crmipanbHO-(aneiieBoro cuiocy Oyma po3pobnera y 1968 porii HiMebKUM
BueHUM KcaBepom Jlinmom, sikuif BUKOPHUCTOBYBaB CcCreliajbHEe OONagHAaHHSA A 0OpoOKH
JIUCTOBOTO METajy 1 3aCTOCYBaB HOTO ISl 3BENCHHs CIipajdbHO-HaBUBHUX cuiiociB [9]. Kopmyc
CHJIOCY SIBJII€E COOOI0 CHUCTEMY CIIpaJbHOTO 3'€THAHHS CTaJECBOI CTPIYKH IIJISIXOM MOABIHHOTO
BQJIBIIOBAaHHS 3 OJHOYACHUM (opMyBaHHIM (anbleBoro pedpa 3amkHyToro Tuiy. DanpueBuii
3aMOK PO3TAIIOBaHMUN 330BHI CTIHKU CHJIOCY MiJ HE3HAYHUM KYTOM JIO TOPU30HTAIBHOI IJIOUIMHU U
YTBOPIOE KIJIBIIEB1 pedpa.

Po3BUTOK 3acTOCyBaHHS cCHipaibHO-()albLIEBUX CHIIOCIB CTPUMYETHCS 4Ye€pe3 BiJICYTHICTb
eKCIIEPUMEHTAIBHUX JOCHI/PKCHb €JIEMEHTIB IUX CTaJeBUX JIMCTOBUX KOHCTpyKHid. Tomy B
naboparopii Hamionanshnoro yniBepcurety «llontaBchka momitexHika imeni HOpis Konppariokay
Oynu MpoBeCHI eKCIEpUMEHTaIbHI JTOCTIHKEHHS €JIEMEHTIB KOHCTPYKIIT CHipaJbHO-()aTbIIEeBUX
cunociB [9,10]. ExcriepuMeHTanbHI AOCHIJUKEHHS MIATBEPIMIM BUCOKY MILHICTh Ta HaJIiiHY
poOOTy CTIHKM CHipalbHO-(aIbIEBOTO CUJIOCY TPU  EKCIUTyaTalliiHUX Ta  ITiABUIICHHUX
HABaHTAXCHHSX.

OcHOBHE HaBaHTaKCHHS HA CHJIOCHY €MHICTh — II€ BHIIQJIKOBHH THCK CHITy4OTO MaTepiaiy.
ImMoBipHiCHa Tpupona THCKY OOyMOBIIEHA CTAaTHCTUYHHUM PO3KHUIOM XapaKTEPUCTHK CHITY4OTrO
Marepiaiy, o BHUSBISETHCS JTa0OPaTOPHUMH BHIPOOYBaHHSIMHU. Jlo 4HCIa TaKMX XapaKTEPHUCTHK

BiHOCATH: NMUTOMY Bary J , KyT BHYTPIIIHBOro TepTd A, koedillieHT GOKOBOro THCKY @ i
koediuienT Teprs 00 criny . Ilpoueaypa KiIbKiCHOI OIIIHKM CTaTMCTUYHUX XapaKTEPUCTHK
cunmyqoro wmarepiany HaeaeHa B JICTY-H B EN 1991-4:2012 [11]. ¥V Tabn. 1 HaBeneHi

CTAaTUCTUYHI XapaKTEPUCTHKH ACAKUX CLIbCHKOTOCIONAPChKUX KynbTyp. BepxHi 7,, Ap, L4, Ta HUXKHI

7, M M Mexi, MaTemarnuni ouikysawHs 7, A , @ Ta koediuientn Bapiauii V), Vv, V, pizuanx

CHITY4HX MaTepialliB po3paxoByBaJHCh BiANnoBiHO 10 [11].
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Tabnuist 1 — CrarucTHyHi XapaKTEPUCTHKHU CUITYYUX MarepiajiiB

KoediuieHT 6i4HOrO Koediuienr repts 06
. ITuroma Bara y xkH/™? Pin ¢ ) P
Haii-nst THCKY A CTIHY 4

| 7t | T Vil | M|\ T\ Vol | | 7|V
[Mmenwns | 7,5 | 9,0 | 8,25] 0,071 | 0,49 | 0,6 | 0,54 | 0,08 | 0,33 | 0,44 | 0,39 | 0,11
Kykypymza | 7,0 | 8,0 | 7,5 {0,052 046 | 0,6 [0,54| 0,1 | 0,29 |0,45|0,37 (0,17
Suminb 70 | 80 | 7,5 | 0,052 0,53 |0,65|0,59|0,08]0,28 | 0,38 |0,34 | 0,11
Cos 70 | 80 | 7,5 | 0,052|0,57| 0,7 | 0,63 |0,08]0,33 0,44 0,39 | 0,11
IpumiTku: kKoedimieHT TepTsa 00 CTIHY BUSHAYABCS TSl TUITY CTiHA D2

HaBeneHnX CTaTHCTHYHHMX XapaKTEPHCTHK JOCTATHBO UIS OJACPKaHHS OIIHKHM HaIiHHOCTI
KOHCTPYKIIi cTaneBoro cmipanbHo-(anbieBoro cuiocy. OLiHIOBaHHS HaAIMHOCTI METaleBOTrO

~

cripanbHO-(hablIeBOro CUiiocy OyaeMO NMPOBOAMTH HAa OCHOBI aHAJi3y pe3epBy MIIHOCTI YV Yy
TeXHIilll BUMAJKOBUX BEIUYMH 3 YpaxyBaHHSIM HampyX eHO-I1e(OPMOBAHOTO CTaHy HACTYIHHM
yrHOM [12]:

Y=R-S=& -5 >0. (1)

y

BumagkoBuMu  BeNMWYMHAMH Y  TIOCTaBJICHIM  3ajadi  OLIHIOBaHHS  HAJIMHOCTI €
5y — BUNQJIKOBA BENUYMHA MEXI TEKy4OCTi CTai, 51. — BHWIIAJKOBa BenWuuHA (PiOPOBUX

Hanpy>KeHb B CTIHII CUJIOCY.
®i6poBi HaMPyYKEHHS BU3HAYAIOTHCS 32 POPMYIIOHO:

& =./52(&)-5,(6)5 (&) + 51 (&), )

ne 514 (&), 5,{ (&) - BinnoeizHo BHmanKoBi BenMuUMHM (iGPOBHX MO3JOBKHIX Ta KilbIEBHX

HaNpy>KeHb B CEPeINHI 00NYalKH, SKi BU3HAYAIOTHCS 32 popMyIaMu:

. 6M@& N _ . E N
Gl,(f)—i—t2 ) ,Gk(ﬁ)—w(i)r v 3)

ne @(&), M(E) — BIANMOBIAHO BWIAIAKOBI BEJIMYWHH MPOTMHY Ta TMO3J0BXHBOTO 3THHAIOYOTO

~

MOMEHTY B cepeluHi oOwuaiiku, /N, - BHUIAIKOBa BEIMYMHA TMO3JOBXKHIX 3yCHIIb, £ —MOIynb

1
MPY>KHOCTI MaTepiany 0007g0HKH, V —KoeditieHT [lyaccona, f —ToOBIIMHA CTIHKH.

BumankoBi BeNMYMHU TPOTUHY Ta TMO3IOBXKHBOTO 3THHAIOUOTO MOMEHTY B CEpeauHi
oOMYaliKy BU3HAYAIOTHCS 32 popMynamu:

ol ir—e B )
-2t o ) iy @
L@+ n@
A 2
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i 6g)z_(P + W, Ir—e,R) — (5/)3 | -
2h L@+ L)
A 2

e A — Tiomia MomepeyHoro nepepizy mmaHroyrta (¢anbieBoro pedpa), e, - BiJICTaHb Big JiHIT

MPUKIIQAaHHS TOTHYHHUX 3yCHIIb JIO CEPEIHBOT MMOBEPXHI 0O0JIOHKH, ¥ — palliyc CHUIIOCY.
BumankoBa BenwuMHA TO3MOBXKHIX 3yCHIb BHU3HAYAETHCS 3a (OPMYIOK BIAMOBIAHO 0

~

JIBH B2.2-8-98 [13]: N, =p-7-z—§-Ph +N,.

I'opu3oHTanbHUN Ta BEPTUKAJIBHUNM THUCK 3€pHA BUZHAYAIOTHCS BUPA3aMHu:
P=%F =P (+a +K,), B =P =uf

0 -AE3 : ) . N . .
—(-e %) ) — PIBHOMIpHO PO3MOAUICHUH 0 IEPUMETPY BUIIAIKOBUI TOPU30HTAIBHUI
U

THCK CHITyYMX MaTepialliB Ha CTiHM CHJIOCIB HA IIMOUHI Z (M) BiJ BepXy 3acuny, d, — KoeQillieHT

ne b, =

MICIICBOTO TIJBUIINEHHS THCKY, IO MPUHAMAEThCA 3rigHO 3 BuMoramu 4.11. B 3aleXHOCTI Bif
BigHomEeHHs //d, K, - KoedilieHT, 10 BpaxoBye MaTepial CTIHKH Ta MPUAMAEThCS 3TiaHOo 3 4.18.

[13].
Ockinbkn BHpa3 e, P BpaxoBye IOYaTKOBI HEPIBHOCTI OOOJOHKH, BBaXaeMO HOro

HE3HAYHUM Ta HE BPAXOBYEMO B PO3PAXYHKAX.
Hesinowmi n,n,,n,,n,,n,, [ BU3HAUAIOTHCS 32 HOPMYTIAMH:

n (&) =V,(&) V(&) =V, (&) -V, (),
n, (&) =V, (&) +4V, (&),
ny(&) =V (E) -V, (E) +4V,(£) -V, (&),
n,(&) =V, (E)ny (&) = V(E)n (&) =V (Emy (£),

1
ns(S) = (EW;(8) =y (S, (&) = 2 IAGE

ne V,(£),V,(E),V,(E),V, (&) —dynnamenranshi ¢ynknii Kpunosa O.M.
OckiIBbKHY BHpa3 ep]~’ BpPaxoBY€ MMOYATKOB1 HEPIBHOCTI 00OJIOHKH, BBAXKAEMO HOT0 HE3HAYHUM

Ta HE BPAXOBYEMO B PO3PaXyHKax.
@DyHK1is pe3epBy MILHOCTI JJIs1 CTAJIEBOTO CUIIOCY MA€ BUTJISIL:

[%N_} _[i%_&“mzﬁ&} (6)
-5 - t r t > 0.
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BBakatoun QyHKIII0 pe3epBY MILIHOCTI JIIHIHHOIO, OJEPKYEMO BUpa3 ISl i MaTeMaTUYHOIO

OYiKyBaHHSI:

Y=R-8§=5
v
AT N} _[iéz\qf)_MHw@E_vm} @
t r t
R 2 0.
() ey }

CTaH)IapT PE3CPBY MiI_[HOCTi BHU3HA4YA€THCA BIAIIOBITHO SAK

V=4 + A7+ LR+ AR

®)

dY dY dY dy
nie A1=d— » A= = = :
o _ _
Vo, =5, Ply=7 Hlu=n A=2
OT1pumyemo:
dY
Al=d— =1, ©9)
GyO' =0
y y
dY 1
A2=— =
d77/:77 2-\/0' o, +0;
i B
B _P
1 V(pz‘pA) T
2.5, | -—|3 B-(1+a +K,) F,
pt r t
B B
_ V(PZ—’%) 1 V(Pz‘pﬁ)
Gu' _fﬁ‘; B(1+a1+Kt1)+f 'I”'Fl
(10)
- +
yo))
e ) ] o=
#o, | ——5|3 B-(1+a,+K,) F, |-
Pt r t
B B
A=) -,
+2-Ek +-| B (1+a +Kt1)+— r-F,
t t r
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dy 1
A3:— =
dul , _ 2.\/52 -5,5, + o2
1
2.5, |- — 3(C-(1+al+K,1)—£j-1~“2 Lo
Pt Ar At
_ voC 1 vpoC
(0 tran)- 2] a

2.0y, -{—%{3(D-(l+al +Ktl)+ﬁ)-Fz}—p—E}—
ft r t

o vE 1 vE
|:Gu-(—7+;(D-(l+al+Kﬂ)+7j-r-Flﬂ (12)

+
1 E E
J{O'k'(—_z{{l)'(l‘”ﬁ+K[1)+V_j'5}—p_ﬂ
St r t
_ vE 1 vE
+2-ak- —T+; D-(1+a1+Kﬂ)+7 rF,
£ =)
2 n et
eh=te PO MOy B e pe T
£n2(§)+£n3(§) inz(f)+én3(§) Wiy=7 |# “
A 2 A 2
[—7~/7~z -2 /72] _
dul—z | H iz Iz dil, _ 7
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7 7-p-e(‘“';)
(i ()
dN, H H 7 AN
= — 7_ 5 —_
ddl; -7 A A

(cTop. 172-182)

E

XapaxkTepucTrKa O€3IE€KU CHIIOCY JTOPIBHIOE:
F, Y R-S
VoA 7 A+ AR

4

(13)

Ha ocHoBi oxpepxaHux ¢opmyn OynM INpOBEAEHI PO3PAXyHKH HAAIMHOCTI CHIpajgbHO-
danbueBoro cwiocy. Jlis po3paxyHKiB Oyna HpuiiHATa peajbHAa CHIJIOCHA KOHCTPYKLIS 3
HACTYITHUMHU BUXIJHUMHU JaHUMU: s — BucoTa Koprnycy 20M, d — aiametp cuiocy 8M, ¢ — TOBILKMHA
cTinku HWkHIX spyciB 0,004M, crans kimacy DXS51D+Z140 — maTtemMaTHyHE OYIKYBaHHS MEXi
Tekydocti R =352,5MIla, xoediuient papiaumii ¥ =0,083. B Tabnuui 2 HaBeneHi pe3yabTaTH
PO3paxyHKy OLIHIOBaHHS HAAIMHOCTI CHIJIOCY HAa OCHOBI aHAJI3y pe3epBY MIIIHOCTI 3 ypaxyBaHHIM
CKJIaJJHOTO HanpykeHo-aedopmoBaHoro crany. CuilocHa KOHCTPYKIIS 3aBaHTa)KyBajach PI3HUMHU
CHUITYYMMH MaTepiajaMH, XapaKTepUCTUKH MaTepialiB B34Ti 3 Tabm. 1.

Tabnuus 2 — Pe3ynpTaTi po3paxyHKy HaJilfHOCTI METAJIEBOT0O CIipalbHO-(PalbleBOr0 CHIIOCY
3 ypaxyBaHHIM HAIMPYyXeHO-IehOPMOBAHOTO CTAHY

[Tapamerpu
pPO3paxyHKy Kykypynsa Con ITmenuns Saminp

HaJ1MHOCTI
o,, Mlla 352,0 352,0 352,0 352,0
c, , Mlla 67,47 67,41 71,35 73,78
o,,Mlla -121,00 -126,76 -131,74 -127,03
0., MIla 165,4 170,75 178,45 175,94
Y , MIla 186,6 181,25 173,54 176,06
A1, MIla 1 1 1 1
Axm 17 973,36 18 270,3 17 470,04 19 387,00
Az Mlla -150,6 -169,88 -155,72 -186,4
A4 MIla -92,02 -68,15 -100,33 -717,69
Al2 -6}, MIla 853 574,66 853 574,66 853 574,66 853 574,66
A22 -7*, MIla 49 134,66 50 771,43 104 715,83 57 170,32
A; -, MIla 89 728,86 53 111,57 44 629,13 48 601,82
A: - A*, MIla 24 693,54 11 797,84 18 784,29 13 445,70
Y, MIla 31,9 31,13 31,96 31,19
B 5,85 5,82 5,43 5,64
PB) 2,57x10” 3,02x10” 2,9x108 8,82x10”

-178 -




Cyuachi 6ydisenvhi KOHCmpPYKYil 3 memany ma oepegunu, 2024. — Bun. Ne 28 (cTop. 172-182)

BinmosigHo no JIBH B.1.2-14:2018, Ttabn. b.2 pexoMeHIoBaHA BEIWYMHA XapaKTEPUCTUKU
Oe3rneku (MambHOCTI BiAMOBHM) f Juisi po3paxoBaHoro cuiocy (kimac HachigkiB CC2, kareropis
BIJINOBIJAILHOCTI KOHCTPYKIIi A, yCTajJeHa pO3paXyHKOBa CHTYallisl) MOBHHHA BiNOBigaTH
3HAUeHHIO [=4,27, TakUM YHHOM, 3a pe3yJIbTaTaMHd IIPOBEACHUX PO3PAaXyHKIB MOXKHA
CTBEP/KYBATH, 1110 HAAIWHICTh PO3TISIHYTOI CHIIOCHOT EMHOCTI 3a0€e31eyeHa.

Ha pucynky 1 mMoxHa cnocrepiratu rpadiki 3aJIe)KHOCTeH HaNpyXeHb Ta XapaKTEPUCTHKU
0e3meKkn B 3aJEXKHOCTI Bl PO3KUIY XapaKTEPHCTUK CHITY4OTO, B SKOCTI SKOTO JUISl MPUKIALY
BUKOPHCTAHO 3€pHO MIICHUII].

. 200 65
jani E c
g 190 62 =
>'I 2 5
£ 180 5§ E
sE 23
B =
T g 170 554
>
[aia]
2 160 45
=) 75 775 8 825 . 875 9
== [pHBeIcHI Hanpyme%rr(ljﬂMa Bﬂa—&apa%epucmfca Oesnexku
. 190 575
© =
=
Z 185 36 2
% 5458
: 480 $
% 53 E
= S
g 175 5.15 £
= &
9 170 5 =
é 033 035 037 039 041 043 045 5*

KoedimmeHnT TepTs 06 CTIHH |
——[IpuBesieHi HaNIpyKeHHI  —*— XapaKTepPHUCTHKA Oe3MeKH

185 5,752
© i85 z
5 182 :
E 180 5.5 8
> 177.5 2
) =
E S 175 3258
£ 1725 2
=4 i
g 170 5 £
E 048 05 052 054 056 058 06 9

KoedimmeHT 60KOBOTO THCKY A

—&—[IpuBesieHi HanIpykKeHHs —@— XapaKTepUCTHKa Ge3MeKH

Puc. 1. TI'padiku HampyxeHb Ta XapaKTEPUCTUK OC3MEKH B 3aJIS)KHOCTI BiJl PO3KUIY XapaKTEPUCTHK
CUTTY4OTrO (TIIIICHUIT] )
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I'padiku (puc.l) mMoka3yroTh, IO HAMPYKEHHS Yy CTiHI CHJIOCY 3pOCTAIOTh NpU 301IbIICHH]
MATOMOI Barm Ta KoedilieHTYy OOKOBOTO THCKY Ta 3MEHIIEHHS HAmNpy)KeHb NpHU 301IbIICHHI
koedimienta Teprs o6 crinu. Ha rpadikax cmocrepiraeTbcs JiHIHHA TEHICHINSI 3MEHIICHHS
XapaKTEPUCTUKHU OE3IMEKH MpU 301IbIIIEHH]I HAIIPYXEHb B CTIHIII CHUJIOCY.

BucHoBku. Onucano po3po0iieHy METOIMKY OLIHIOBaHHS HaJiHHOCTI METAJIEBUX CITIpaIbHO-
(danplIeBUX CHJIOCIB HA OCHOBI aHaJi3y pe3epBY MIIHOCTI 3 BpaxyBaHHSM CKJIQJHOTO HANpYyKEHO-
negopmoBaHoro crany. [IpoBeneHO OLIHIOBaHHS HAIIMHOCTI CHIIOCY 32 PO3POOIEHOI0 METOAUKOIO.
3a pesyapraraM po3paxyHKiB: MPEICTABICHO Y TaONH4YHIK (OpMi 3HAYCHHSI OCHOBHHX MapaMeTpiB
pO3paxyHKy HaAiHHOCTi; NOOymoBaHO Trpadiky HampyKeHb Ta XapaKTEPUCTHK O€3MEeKd B
3aJICKHOCTI BiJl PO3KUAY XapaKTEPUCTHK CHUIYYOro Marepiaily; OIEp)KaHO YHCENbHI OLIHKH
HAIHHOCTI CHipajbHO-(PATBIEBOr0 CHIIOCY MPHU 3aBAHTAXEHHI PI3HUMHU CUITyYHMMH MarepiajaMH.
OOuucieHi pe3ynbTaTd MIATBEPAWIN BHUCOKY HAIIHHICTP METaJEBUX CIHipaJbHO-(abIIEeBUX
CHJIOCIB.
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Annotation. The term «object reliability» is given in accordance with the current standards.
The two main methods for determining the reliability of building structures are presented. Specific
design features of spiral-fold silos and a brief history of their development are described. The
results of experimental studies of spiral- fold silo structures are presented. The statistical
characteristics of bulk materials are presented. A methodology for reliability analysis of metal
spiral-fold silos based on the analysis of the strength reserve with consideration of the complex
stress-strain state has been developed. This methodology was used to analyze the reliability of a silo
with a capacity of 1020 m>. The silo structure was loaded with various bulk materials, the statistical
characteristics of which were analyzed. The results of determining the main values of the
parameters for the reliability analysis of the silo are presented in tabular form. In accordance with
DBN B.1.2-14:2018, Table B.2, the recommended value of the safety characteristic (failure rate) 3
for the calculated silo (consequence class CC2, structural responsibility category A) should
correspond to the value =4,27, thus, the results of the calculations confirmed that the reliability of
the considered silo is ensured. Based on the results, the plots of stress and safety characteristics
depending on the variation of characteristics of wheat were constructed. The graphs showed that the
stresses in the silo wall increase with an increase in the density and lateral pressure coefficient and
decrease with an increase in the coefficient of friction against the walls. The graphs show a linear
tendency to decrease the safety characteristic with increasing stresses in the silo wall. The general
conclusion about the sufficient reliability of the structures of metal spiral-fold silos that were
calculated according to current standards is proved.

Keywords: metal silo, spiral-fold silo, bulk material, reliability analysis, safety characteristic.
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AHoTauisg. Ha cyuacHOMy erami po3BUTKY TipHHYO-I00YBHOI MPOMHUCIOBOCTI YKpaiHU Ta
3aKOPIOHOM IIHPOKOTO PO3MOBCIOJUKCHHS HAOyslo OyAiBHHITBO TPOMHUCIOBUX HaMHUBHHUX
TIIPOTEXHIYHUX CTIOPYJ — XBOCTOCXOBHII, MPU3HAYCHUX JJIsl CKIaJyBaHHS MiHEpaJbHUX BiIXOIiB
30aradeHHs1 (XBOCTIB) Ta JUIsl OCBITJIEHHS BOAM. ABapli Ha TaKuX CHOpPyAaX MOXYTh MaTH
KaracTpo(iuHi HACHIOKKA MJIS JKUTTS UUBUILHOTO HACEICHHS, HABKOJIHUIIHBOTO MPUPOTHOTO
CEpelIOBUINlA Ta CEPHO3HI €KOHOMIuHI 30MTKU. J[aHOI0 poOOTOI0 y3arajJbHEHO CTAaTHUCTHYHI JIaHi
aBapii 373 nmam0 xBocTtocxoBuil B mepion 1915-2024 pp. BcraHOBIEHO OCHOBHI HPUYHHU
BUHUKHEHHSI aBapiii Ha XBOCTOCXOBHUIIAX Ta BHUSABJICHO KOPEJAIINHI 3B’S3KH MK 00’€MOM BHIIMBY
XBOCTIB Ta 00’ €MOM 3aCKJIaJJOBAHUX XBOCTIB B XBOCTOCXOBHIIII.

KurouoBi cjioBa: XBOCTOCXOBHWINE, aBapis, CTaTUCTUYHUN aHaTI3, KOPEIALIHHUN 3B 30K,
perpeciiinuii anamis.

Beryn. Oropo/pkyBaiibHI CIIOPYIU XBOCTOCXOBHUIIA € HAMO1IBII BiAMOBIIATBHUMU CIIOPYIaMH
KOMIIJIEKCY XBOCTOBHX TOCIIOJAPCTB TIpHUUO-30aradyBaibHUX KOMOiHaTiB. OOMEKeHa MOKIIUBICTh
BHOOPY TUIOIII TTiJ] XBOCTOCXOBHIIIA, TIOB’ SI3aHA 3 HEOOX1THICTIO 3MEHIIICHHS 3aiiMaHIX HUMH 3€Meb,
a 'y 3B’SI3KY 3 ITUM 301JIbIIICHHS] EMHOCTEH XBOCTOCXOBHII B1IOYBAETHCS 3a paXyHOK BUCOTH T PHUX
CTOpYyA, IO MiABHILYE HMOBIpHICTh BHHMKHEHHS aBapiil. Ilix aBapiero namOM XBOCTOCXOBHINA
MaeTbCcs Ha YyBa3l i pyiHyBaHHS (YacTKOBE a0O TOBHE) 3 THUX YW IHIIMX TMPUYMH, IO
CYIIPOBOKYETHCSI BUTIKAHHSM 3aCKJIaJIOBAHUX XBOCTIB.

3a manumu [1] y cBiti Hamiuyerbes mpuOimsHo 18000 xBoctocxoBuml, 3 skux 3500 €
akTUBHUMH. 3a octanHi 100 pokiB yacToTa pyiiHyBaHb 1aM0 XBOCTOCXOBHIL CTAHOBUTH MPUOIU3HO
1,2% [2].

PiBenp aBapiitHOCTI 1aMO XBOCTOCXOBHII] 3HAYHO BUIIUHN, HIX Y TPAAULIHHAX BOJAOHAIIPHUX
rpebens 3 rpyHToBux Marepiani (0,01%) [3]. IpyHTOBi BogoHamipHi rpe6iii 3a3Buuail GyIyroThCs
BiJJpa3y Ha MOBHY BHCOTY 1 HaJlaJli eKCIUIyaTyIOThCS y BIIHOCHO CTaOIIbHUX MPOEKTHUX PEKHUMAX.
ByniBHHIITBO OTOPOKYBAIBHUX CIIOPY] XBOCTOCXOBHII BUKOHYETHCS, SIK TIPABUIIO, MOETAITHO, TIO
Mipi 3allOBHEHHS €MHOCTI XBOCTOCXOBHUINA. TOOTO 3AIMCHIOETHCS OJHOYACHE OYIIBHHITBO 1
eKcIuTyaTarlisi xsoctocxoBuia. [Ipu 1iboMy B mporieci OyIIBHUIITBA 1 €KCILTyaTallii XBOCTOCXOBHIIA
(bi3UKO-MeXaHiIuH1 XapaKTEepPUCTHKH Tijia JaMOU 1 OCHOBHU 3a3HAIOTh CYTTE€BUX 3MiH, IO YCKIIAJHIOE
3a0e3meYeHHs] BUCOKUX CTaHAAPTIB SIKOCTI TaKUX TIAPOTEXHIYHUX criopya. KpiM Toro mMaroTh micie
3Ha4YHI BiAMIHHOCTI B KOHCTPYKTHUBHHX pillIeHHSX, BUOOPY MaTepianiB mpu OyIIBHUITBI 1aM0 Ta
MPOIIECiB, IO TMPOTIKAIOTh B TUIl Ta OCHOBI TPYHTOBUX BOJOHAMIpPHHX Tpedenb Ta gam0
XBOCTOCXOBHIIL.

AHaJi3 ocTaHHIX JA0CaiTKeHb Ta myOJikauiii. Y panime BUKOHAHUX TOCTIKEHHAX [4-10]
310paHo iH(opMaIlito Mpo BUHUKHEHHS aBapiii Ha XBOCTOCXOBHUIIAX 10 BCbOMY CBITY.

VY3aranbHEeHHsI CTATUCTUYHHX JIaHUX aBapiii XBOoCcTOCXOBHII 3a mepioa 1915-2001 BukonaHo
MixHapoaHo!0 KoMiciero 3 Benukux rpedens [COLD (221 Bunamok aBapiit jam6 xBocTocxoBuI) [3]
Ha ocHOBI nonepeaaboi 6a3u ganux Kowmicii CILIA 3 Benukux rpedens (USCOLD) [11], sika 3i6pana
BEJIMKY KUIbKicTh iH(opMmarii npo Bunagku B CHIA, mo cranucs B nepiog 1917-1989 pp. Ls 6a3za
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nanux Oyna gonosHeHa [Iporpamoro OOH 3 HaBkoIMIIHBOTO cepenoBuina [12], o BKiIroyae B cede
OCHOBHI aBapii Ha XBOCTOCXOBHIIAxX B mepioa 1980-1996.

B 6a3i nanux ICOLD HaBeneHo HacTymHy iH(pOpMAIlilo O KOKHOMY aBapiiHOMY BHIAJKY:
MICII€3HAXO/DKEHHS, J1aTa, THI PYId, TUI AaMOH, BUCOTa JaMOu, THUIT MaTepiaiy, 00’ eM maTepiany,
3aCKJIaIOBAHOTO B XBOCTOCXOBHILI, 00’€M BHIJIMBY MaTepialy i3 XBOCTOCXOBHINA Ha IMPHIIETIY
TEPUTOPIIO, JIOBKHUHA UISIXY PYXy BUJIUBY MaTepiaiy.

[HI1010 BaskiIMBOIO 0a3010 aHUX, 110 30Mpae iH(OopMaIlilo PO OCTaHHI BUMAIKU PYHHYBaHHS
nam0 xBoctocxoBwil, € BeecBiths iHbopmariitHa ciyx6a 3 enepretuku (WISE) [13]. baza manux
MICTHTb iH(pOpMaILIiI0 PO OCHOBHI aBapii Ha JaMOax XBOCTOCXOBHIL, MounHaouu 3 1960 poky, Ta
MOCTIHO OHOBJIIOETHCS.

JloAaTKoOBI CTATUCTUYHI JaHi MpO MOIIKO/HKEHHS, pyHHYBaHHs Ta aBapii Oropo/KyBaJbHUX
CIIOPY XBOCTOCXOBHII HaBeaeHO y [14]. Inpopmaris B nanHiit 6a3i 6a3yeTbest Ha TOCHIHKEHHSX [7].
Lleit xaTanmor BkIOYae iH(popMallito, mpeacTaBieny B [3], Ta MicTUTh iH(OpMaIlilo Mpo aBapii Ha
XBOCTOCXOBHIIAX, K1 He BBivLIM B [ 13]. [Hdpopmaris mo 6a3i nanux Oymna onosieHa a0 2019 poky.

IHoctanoBka 3aBaaHHsA. [lpu 3BedeHHI Ta eKCIUTyartalii XBOCTOCXOBHMII TipHHYO-
30aradyBaJIbHUX KOMOIHATIB HAWOUIbIIE yBaru NPHUAUIAETHCS 3a0€3MEUYCHHIO 1X HAMIMHOCTI Ta
Oe3mneKu, Tak SK PyHHYBaHHs JaHUX 00 €KTIB MPU3BOIUTH O 3HAYHUX HACTIAKIB. BimHOBIEHHS
Mpare3/1aTHOCTI JaMOM XBOCTOCXOBHINA, HA SIKOMY BiOyJacst aBapis, moTpeOye 3HAYHOTO Yacy Ta
BUTpPAT ISl MPOBEACHHS PEMOHTHO-BIJHOBIIOBAILHUX pPOOIT mo mikBimanii asapii. OcoOauBy
po0GsieMy MPeACTaBIAI0Th IPOPUBH OTOPOKYBAIIBHUX CIIOPYI XBOCTOCXOBHII 3 BUJIMBOM IOTOKY
BOJIM 1 PO3PIIHKEHOr0 IPYHTY 13 XBOCTOCXOBHMIIA HA MPUIIETITy TEPUTOPIiIO 3 HemepeadauyBaHUMU
KaTacTpo(IYHUMH HACIIIKAMH JIJIs1 HACEJICHHS Ta JOBKIJUIS.

Taxkum uyHOM, METOI0 poOOTH OYJI0O BUKOHAHHS OISy Ta CTATUCTUYHOTO aHalli3y pyHHYBaHb
Ta MOUIKO/KEHb JaMO XBOCTOCXOBHIIL JJIsl BUSIBJICHHSI iX IPUUYMH Ta BPA3JIMBUX 1 HAIMEHII HaIIHHUX
eneMeHTiB. KpiM TOro, mpoBeneHO KOpeNALiiHUN Ta perpeciiHuil aHami3 JUIsi BHU3HAYCHHS
(YHKITIOHAJILHOTO 3B’ 3Ky MK 00’ €MOM BHJIMBY MaTepiany Mpu aBapii Ha XBOCTOCXOBHIIII Ta TAKUMH
napamMeTpami, ik 00’ €M 3aCKJIaJIOBaHOTO MaTepialy Ta BUCOTa AaMOH.

[Tix vac mociimpKkeHb aBTOpaMH BUKOPUCTAHO CTAaTUCTUYHI Ta aHAMITHYHI MeToau. OO0poOka i
NPEJCTaBICHHS OTPUMAHUX PE3yJAbTATIB JOCTI/KCHHS BHUKOHAaHI 13 3aCTOCYBAaHHSIM Cy4acHHX
KOMIT FOTEPHHX MTPOTrpaMHUX 3ac00iB.

OcHoBHMii MaTepian i pe3yabTaTH. B pamkax maHoro AOCHiPKEHHS Yy3aralbHEHO
CTAaTUCTUYHY 1H(OpMAIIifO O aBapii, MOIMIKOHKEHHS 1 pyiHYBaHHS 373 1aM0 XBOCTOCXOBHII] PI3HUX
KpaiHax cBiTy B mepion 1915-2024 pp. 3rinzHo 3 OHOBIEHOIO 0a3010 JaHUX, YacTOTa aBapiiHUX
CUTYyaIliil Ha XBOCTOCXOBHIIAX 3a 3BITHUM Tepioj ckianae ~3,42 apapiit Ha piK.

XpoHoJoriuHa iHpopmalis npo aBapii Ha gamMbax XBOCTOCXOBHII HaBeneHa Ha puc. 1. [ani
CBITYaTh, IO KUTBKICTh aBapiii Ha JaMOax XBOCTOCXOBHIIA 3aJIUINIAIACS BIJHOCHO HU3bKOIO 110 1960-
X pokiB. 30kpeMa, y iepion 3 1915 mo 1960 pik Tpanuocs 25 aBapiii 3 uactoToro B cepegabomy 0,55
Ha pik. JlOCHIPKEHHSIMH BIAMIYAa€ThCs 3HAYHI CIUIECKW 30UTbIICHHsM aBapiii 3 1960 poky, 1o
MOB’s13aHO 31 30UIBIIEHHSM CBITOBOTO BHUAYOYTKY pyAM B JApyrid momoBuHi XX CTONITTS, 1
BIJIMOB1THO 00’ €MIB 1 Ta IHTEHCHBHOCTI CKJIaIyBaHHs XBOCTIB B XBOCTOCX0BHIIIA. Tak B mepion 3 1960
no 2000 pik 3aramom cranocsi 230 NOMIKOKEHb 1 pyiHyBaHb aMO XBOCTOCXOBHIIL, 1[0 CTAHOBHUTH
npubauzHo 62% Bl 3aradbHOi KuUTbKOCTI aBapidt (5,75 amapiii Ha pik). Y 2000-x poxax
CIIOCTEPIraeThCs SMEHIICHHS KIIBKOCTI BUIAKIB MOPIBHSAHO 3 MUHYJIMMU JECATHIITTSIMH, B TOH 4ac
sk micist 2010 poky crocTepiraeThCsl TEHIASHITIS 10 3pOCTaHHs KUTBKOCTI IHIMIEHTIB (5,9 aBapiit Ha
piK).

Sk nmpukiTany qyKe BEIMKUX aBapiil Ha JamM0ax XBOCTOCXOBHIIL, SIK1 CTAIMCS OCTAaHHIM YacoM,
CIIJ] HAaraJaTu:

1) xatactpodiune pyiHyBaHHs namOu Ha pynHuky Corrego de Feijao B bpymaniasio (mrat
Minac-Xeiipac, bpaszunis) 25 ciunsg 2019 poxky (puc. 2). [1ig gac aBapii 3arunyso 259 moaeid. O6’em
BUJIMBY MaTepiany ckiaB 9,7 MiH. M>. YHIKaJIbHICTh JAHOTO MPOPUBY JaMOM MOJNSTae B TOMY, IO
MOMEHT HOT0 1nmovaTky OyB 3HATUH HA BiJeOKaMEepH, pO3TAIIOBaHI Ha MPHJIETIii 10 XBOCTOCXOBHUINA
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teputopii. EkcriepTHa KoMicisi BCTaHOBHJIA, L0 POPUB JAaMOM 1 HACTYNHUN TPsA3€BUl MOTIK OyJ0
BHUKJIMKAHO PO3PIKEHHSIM XBOCTIB B 1aMOi;

2) pyiinyBanus n1am6u Mount Polley (bpuranceka Konym6is, Kanana) 4 cepniasa 2014 poky,
110 TIPHU3BENO 0 BUIMBY MPUONH3HO 25 MIH. M° XBOCTIiB Ta BOAM y BOJ03abipHuii GaceifH piyku
Quesnel.

3) pyiiHyBaHHS AaMOHM XBOCTOCXOBHWINA Ha amtoMiHieBomy 3aBomai Ajkai Timfoldgyar Zrt B
paiioni micta Aiika B 160 kM Big bynanemry (Yropiuna) 4 xoBtHs 2010 poky (puc. 3). B pesynbrari
npopuBy nam6u i BMTOKY 1,1 MuIH. M’ 4epBOHOTO IIaMy BHSBMIIACA 3aTOILUIEHOK TEPUTOPis
npu6ausHo 440 Tuc. M2, 3arunyno 7 nojeH, me 6:1u3pko 150 oTpEManu OTpyEHHS Ta XiMidHi OIMIKH.

PoznuB 3a6pyanenoi Boau 3pyiiHyBaB 300 qomiBoK, Oyio eBakyioBaHO 0Jn3bk0 800 KUTEINIB MicTa
Alika.
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Puc. 3. PyitnyBanns qam6u xBocrocxouin Ajkai Timfoldgyar Zrt 4 sxotas 2010 poky

['eorpadis aBapiii Ha XBocTOCXOBHUIIAX (pUc. 4 Ta puc. 5) MOKa3ye, 110 HAUOLIbIIE aBapIiHUX
curyauiii BinOynocs B IliBHiuHiit Amepuni (41%), ne kpaiHaMu 3 HaOLIBIIOW KUIBKICTIO aBapiil €
CHLIA (33%) ta Kanana (8%). ¥V IliBmeHHiii AMepHIll KUIbKICTh aBapii Ha XBOCTOCXOBHUIAX €
Bucokoro B Yuni (11%), bpaszunii (5%) ta B Ilepy (5%). B Asii Kuraii (6%) Ta @ininniau (5%) €
TaKOX KpaiHaMu 3 YacTUMHU aBapisMu Ha gambax xBoctocxoBuul (5%). B €Bpomi KiJIbKICTbH
MOIIIKOJKEHB 1 aBapiil 1aMO XBOCTOCXOBHII € HalBHIIOK0 y Benukiii bputanii (5%).
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Puc. 5. Po3niozin aBapiii Ha XBOCTOCXOBHIIAX TI0 KOHTUHEHTAM

AHaui3 CTaTUCTUYHUX AaHuX B nepiog 1915-2024 pp. cBiAUUTH, 1110 OCHOBHUMH IPUYMHAMHI
pyHHYBaHb 1 MOUIKO/JKEHb JaMO XBOCTOCXOBHIL € MEpenuB BOAU depe3 rpedinb namb6u (21%),
nopyiieHHs cridkocti gambu (16%) Ta ceiicmiuni BrmuBH (15%). JloBoii 4acTo mpuunHAMU aBapiid
Oynu cTpykTypHi Hepomiku (9%), dbinpTpaniiini BrunBHa (8%) Ta mopyuieHHs ocHOBU (7%). Hdns
JIOCUTH BEJIMKOI KIJIBKOCTI aBapiii xBocTocxoBull (mpubmuzHo 20%) He BCTAHOBJIECHO IX MPUYUHH
pyiiHyBaHHs (pHC. 6).

HeBcranosieHi [opymenns
baxTn CTiiiKOCTI TaMOu

20% 16%
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rpebOiHb AaMou
21%

Puc. 6. BincoTkoBuii po3mofii OCHOBHUX PUYMH aBapiil XBOCTOCXOBHIIL

Bucora mamOn XBOCTOCXOBHIA € I OJHUM BXIMBUM (akTopoM. B posrmsHyTHx maHux
CTaTUCTMYHHUX aBapiii XBOCTOCXOBHII JOCTYIHA iH(popMalis mpo BUCOTY AaM0 it 195 Bumajxis.
[Tpubmm3no 90% aBapiii moB’s3aH0 3 AamMOaMu BUCOTOIO 70 50 M, B TOM 4ac SIK MPU BHCOTI JaMO
nonaz 100 m —2%. Haii0ii1p11 Bpa3mMBUMU L1010 BiIMOB y poOOTi BUSIBHIIUCS AaMOH XBOCTOCXOBHIIL
3aBBUIIKH 10-20 M — npubnuzno 28%, 0-10 m —21% Tta 20-30 m — 20% (puc. 7).
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Puc. 7. KinbkicTb aBapiii 1aMO XBOCTOCXOBHIIT 3JICKHO Bil iX BUCOTH

BrumB pyiiHyBaHHS AamMOM XBOCTOCXOBHWINA TIOB’SI3aHMM 31 3HAYHUM 00 €MOM BOIU 1
PO3PIIKEHUX XBOCTIB, SIKi MOXKYTh IMOTPANUTH B HABKOJMUIIHE CEpPEeNOBUINE. TakKuM YUHOM, JaHHMA
napameTp Moke OyTH BHUKOPHCTaHHWH ISl OIIHKYA HACIHIJIKIB pYHHYBaHHS JaMOM XBOCTOCXOBHIIA.
3riJHO OHOBJIEHOI 0a3M CTATUCTUYHUX JAHWX HasBHA 1HQOpMaLis npo 73 BUMAAKH LI0J0 00’ €MiB
XBOCTIB, IO 3aCKJIaJIOBAHO B XBOCTOCXOBHIIA, Ta 00’€MIB BWJIMBY XBOCTIB B HAaBKOJIMIIIHE
cepeioBHILE Ticis aBapii. BusiBieHo cepenHiit KopensuiiHUM 3B’ 130K MIXK TaHUMH MapaMeTpaMu
(puc. 8). 3rigHO 3 perpeciiHUM aHajai3oM, 31 30UIbIICHHS O00’€My CKJIaayBaHHS XBOCTIB B
XBOCTOCXOBHIII Ha 1% 00’eM BumUBY 30imbmryetses Ha 0,25%. 3rigno 3i 3sHavenHsMm R? mogeri,
54,5% 3B’sI3Ky MOSICHIOETHCSI BUKOPUCTAHHSM 00’ €My BUJIMBY XBOCTIB SIK 3MIHHOI BIITYKY Ta 00’ €My
CKJIaJIyBaHHS XBOCTIB sIK perpecopa.
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Puc. 8. Koperstiiiiiauii 38’ 130K Mi>K 00’€MOM BHJIUBY Ta 00’ €MOM 3aCKJIaIOBAHUX XBOCTIB B

XBOCTOCXOBHIL
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SIk BUIHO 3 puc. 9 crocTepiraeTbes cnabKuii KOpeNsiiHuA 3B’5130K MK 00’€MOM BHIIUBY
XBOCTIB Ta BUCOTOIO JaMOU XBOCTOCXOBMUIIIA.
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Puc. 9. Kopernstiitauii 38’430k Mi>k 00’€MOM BIIIMBY Ta BUCOTOIO 1TaMOW XBOCTOCXOBHIIIA

BucnoBku. PerpocniekTuBHUI OIS Ta CTaTUCTUYHUN aHaTI3 aBapii HA XBOCTOCXOBHIIIAX
M0Ka3aB HACTYITHE!

1. ITik aBapiiiHuX cUTYyaIliii Ha XBocTocXoBHIIax npumas Ha 1960-2000pp., Koiu IXHS KITBKICTh
nocsirana 6m3bko 58 moaiii 3a gecatumitTsa. Y 2000-X pokax crioctepiranocsi 3SMEHIIEHHS KUTbKOCTI
BHUMAJKIB, ipote 3 2010 poky BimOyBa€eThCs TEHASHIIIS JI0 1X 3pOCTaHHS.

2. IliBHiuHAa AMepUKa € KOHTUHEHTOM 3 HAaHOUIBIIOI0 KUIBKICTIO aBapiii Ha XBOCTOCXOBUINAX
(41%). KinmbkicTs aBapiii, mo ctanmcs, € Bucokor B CIIIA, Ywm, Kanaxi, Kurai, [1epy, ®@ininmninax,
Bpasuii Ta BenukoOpuraHnii.

3. Anami3 npuYMH BUHUKHEHHS aBapiii Ha XBOCTOCXOBHIIAX ITOKa3aB, II0 OCHOBHHMH
(akTopamu pylHYBaHb € MEPEIUB BOIU yepe3 rpedinb nambu (21%), mopyieHHs CTIHKOCTi 1amou
(16%) Ta ceiticmiuni BrmuBH (15%).

4. ABapii mepeBaxxHO TPAIUIAIOTHCS Ha JAaMmOax XBOCTOcXoBwIl BucoTor 10 30 M. Ha erami
MPOCKTYBaHHs, OyAIBHUIITBA Ta EKCIUTyaTaIlli XBOCTOCXOBHIIl HEOOX1JHO OCOOIMBY yBary MpUIiITUTH
came HU3BKUM Ta CEPEIHIM M0 BUCOTI JambaM.

5. O0’eM 3acKiIaIOBaHUX XBOCTIB B XBOCTOCXOBHIIIl € BAXJIMBUM (DaKTOPOM, SIKHI BIUTMBAE Ha
MacmTabu MpH MPOPUBAX OTOPOKYBATBHHUX CHOPYA. BusiBieHO (QyHKIIOHATBHI 3B S3KH MIX
00’€MOM XBOCTIB, 3aCKJIaJIOBaHMX B XBOCTOCXOBHIIl, 1 00’€MOM BWJIMBY XBOCTIB MIpPH PYHHYBaHHI
IaMOH.

6. OmpaIlrroBaHHsl CTAaTUCTHYHOI 1H(GOpPMAIIil PO OCHOBHI MOIIKOKEHHS 1 pyHHYBaHHS AamM0
XBOCTOCXOBHIII JJO3BOJIWJIO BUSIBUTH HAMOIbII Bpa3iuBi i HAWMEHII HAiiH1 eJIeMEHTH KOHCTPYKLIN
OTOpPO/IKYBAJIBHUX CIOPYJl XBOCTOCXOBHMIL, IO JIO3BOJMTH 3aCTOCYBaTH iX MpPH BHUKOHAHHI
PO3paxyHKiB 111010 BU3HAYCHHS IMOBIpHOCTEH BUHUKHEHHS aBapiil Ha JaHUX CHOpyAax.
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Minerals processing produces two main products: a commercial product (concentrate, pellets)
and tailings (waste from ore processing). The tailings are stored in a tailings storage facility (TSF), a
special hydraulic structure for receiving and storing solid and liquid mineral processing waste. The
focus is primarily on ensuring the reliability and safety of these facilities during their design,
construction, and operation, as a failure of such structures can have catastrophic consequences. This
paper computes the statistics of tailings dam failures using an up-to-date database on failures. The
retrospective review covers the period from 1915 to 2024. During this time, about 373 cases of tailings
dam failures were recorded. The historical trend regarding the number of failures has an average of
3.42 failures per year. The majority of failures occurred between 1960 and 2000 (230 failures),
accounting for approximately 62% of the total number of accidents. In the 2000s, a decrease in the
number of incidents compared to previous decades was observed, while after 2010, there is a tendency
for an increase in the number of incidents (5.9 failures per year). The accidents in tailings dam
breakages occur mostly in North America (41%). Statistical data analysis shows that the main causes
of failures are overtopping (21%), slope instability (16%) and seismic instability (15%). The analyses
of the distribution of the world’s tailings dam failures with regard to dam height show that 90% of
the cases occurred in dams less than 50m in height and only 2% of incidents in dams higher than 100
m. The correlations between stored and released volumes have been verified using a database. Based
on the relationship found from the regression analysis, as the tailings volume increases by 1%, the
release volume increases by 0.25%. Statistical data analysis of tailings dam failures allowed for the
identification of the most vulnerable and least reliable elements of the structures of TSF, which will
allow them to be used in the probability analysis of accidents at these structures.

Keywords: tailing storage facility, failure, statistical analysis, correlation, regression.
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AHoTamigs. B cTarTi TmpUBOISATBCS PE3YNbTATH EKCIEPUMEHTAIBHOTO IMPOCKTYBAHHS
010MO3UTHBHOT OyMiBII Ha TPHKIAAl MPOEKTY-MPOTOTUITY KUTIOBOTO OJIOKY pealdiuTiTamiifHOro
KOMIUIEKCY. P0O3p00IeHO KOHCTPYKTHBHE PIIlICHHS 3 MOJIYJIbHUX €JIEMEHTIB (CTIHOBUX IaHEJCH,
TaHeJel IEPEKPUTTS Ta MOKPUTTS ), HABEJIEH1 KOHIECTITYaIbH1 KPECICHHS OyaiBEIbHUX KOHCTPYKIIIi
Ta OCHOBHUX BY3IIB CHONy4YeHHs. Jljis OOTpyHTYyBaHHSI 3alpONOHOBAHOTO KOHCTPYKTHUBHOTO
pimeHHsT 010MO3UTHBHOI OY/IIBJII MPOBEACHO MOCTIHKCHHS HAMpyXeHO-Ie(hOpPMOBAHOTO CTaHy 3
BUKOpUCTaHHAM Tporpamuoro komiiekcy JIIPA-CAIIP. ChopmynboBaHi T€OPETHYHI MOJIOKEHHS
Ta BHKOHAHO OI[IHKY CTYIICHS BHKOPUCTAHHS HECYYOi 3JaTHOCTI KOHCTPYKTHBHHX EJIEMEHTIB,
MPOBEAICHO aHajli3 TMPOTUHIB Ta IMepeMilleHb. Pe3ynbTaTéd mMoKa3amu, 00 BCl KOHCTPYKIIi
3a2JI0BOJIBHSIIOTH YMOBH HECYYOi 3JaTHOCTI Ta €KCIUTyaTaIliiHOT TPUIATHOCTI.

KurouoBi cioBa: Gionmo3utuBHA OY/IBIIA, MPOEKT-IPOTOTHII, TEPEXPECHO-KIICEHA TEPEBUHA,
KJICEHA JIEPEBHHA, HECYUa 3aTHICTh, IEPEMIIICHHS.

BBenenns. ['iOpuana BiifHa pocii mpotn Ykpainy, mo tpusana 3 2014 p., B motomy 2022 p.
nepepocia y BIAKPUTHN IMIMPOKOMACIITAOHUN BOEHHHWH Hamaj, sIKHA MPOJIOBXKYETHCS 1 JOTErep.
Hacnigkamu 11i€i arpecii € He JuIie pydHyBaHHS XKUTJIA Ta iHQPACTPYKTYpH, ajie i mosiBa Gi3uuHO
Ta TICUXOJOTIYHO TPaBMOBAHUX JIOACH SK cepell BIMCHKOBHX, Tak 1 cepei IuBuUIbHHX. [lopsia 3
TpaAULIHHUMU MEIMYHUMH IT1IX0JJaMH, ChOTOIHI OKPEMOi yBaru morpedye po3podka iHHOBAIIHHUX
pillieHh B CYMDKHHUX Tally3sX, SIKi 32 PaXyHOK CHHEPTeTHYHOTO €(EeKTy 03BOJIATH €(PEKTHBHO
peabuniTyBaTu mocTpakaanux. byiBis sk MITy4HEe CepeIOBUILE € HEBII'€MHOIO YACTUHOIO TOTO, SIK
JIOIMHA TIEPEKUBAE TPaBMYy, 1 3/1aTHA 3aCIOKOITH PEAKIII0 OPTaHi3My Ha CIPUUHSTI CTPECOPH,
MOJTYJTIOIOYH Ta HiBETIOIOYH HABKOJUINHI MTOIPa3HUKH. PO3po0Ka MPOEKTHHUX PillieHb 332 KOHIIETIIII€I0
OIOMO3UTUBHOTO AW3aliHy TMependadyae BpaxyBaHHS KpUTEpiiB  O10QiabHOI  apXiTEKTYpH,
BUKOPUCTAHHS «3EJICHUX) €KOJOTIYHO 0€3MEeYHNX MaTepialliB Ta pecypcoePeKTUBHUX KOHCTPYKIIIH.
Ile m03BOMUTH CTBOPUTH OymiBIIO, 1O Oyne (YHKIIOHYBATH SK «IEpIIa JIiHIs MATPUMKH
TepareBTUYHUX MMiIXOAIB B CUCTEMI MEUKO-COLIaIbHOI peadimiTanii, i3MYHOT0 Ta NCUXOJIOTTYHOTO
BITHOBJICHHS.

AHaJ3 ocTaHHIX Aocail:keHb Ta myOJikamii. [HHOBAIIHHUM HAMPSIMKOM JIOCIHIKEHb Ta
MMPOEKTHUX MPAKTUK € CTBOPEHHS OYIIBEb SK CEpelOBUIIA IS MIATPUMKH TICUXIYHOTO 3I0POB'S.
bararo poOiT copsMoBaHO Ha pPO3pPOOKY METOIOJOTIUYHUX IMIAXOMAIB TpaBMa-iHPOPMOBAHOTO
MIPOCKTYBAHHS JUIA TIOM SKIIEHHS (PiI3MYHUX, TICUXOJIOTIYHUX Ta €MOIIIHHUX HACITIJIKIB TPaBMHU Ta
MOB’sI3aHUX 3 HEI0 MAaTOJIOTiH, TaKUX SK MOCTTpaBMaTtudHuii crpecoBuid posnax ([ITCP) [1]. Ha
CHOTOIHIIIHIA JIeHb TIOJIOKEHHS TPOEKTYBAHHS 3a KPUTEPIAMH TpaBMa-iH(HOPMOBAHOCTI,
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6io(dinmpHOTO qU3aliHy 30CcepeKeH Ha To10JIaHH1 HaciaKiB manaeMii Covid-19, mokparieHss ctany
OHKOXBOpHUX TomIo [2, 3]. Uepe3 cBoro crnenudiky, OKPEeMUM HAMPSIMKOM JIOCTIKEHb € CTBOPEHHS
peabumiTaniftHux OyniBedb /Ui MALi€HTIB 13 MCUXOJOTTYHUMHU Ta (Hi3MYHUMHU TPaBMaMH BHACIIJIOK
oAl BoeHHOTO Xapaktepy [4, 5, 6]. HaBeneni mociimkeHHS MIATBEPIKYIOTh MEPCICKTUBHICTh
3aCTOCYBaHHS €KO-OPIEHTOBAHUX <«3EJCHMX» MaTepialliB A HECY4YHX Ta OropOKyBabHUX
KOHCTPYKITI, a TakoX B 037100JieHHI Ta iHTep epi. Opi€HTOBaHICTh HA TPAAMIIINHY MICIIEBY
CHpPOBHMHY Ta ayTEHTHYHI OCOOJMBOCTI OyIiBHHUIITBA CIPHUSE CTBOPEHHIO BIAYYTTS KOMQOPTY Y
MAIi€HTIB, PUCKOPIOE MPOIEC OAYKaHHS Ta TOBEPHEHHS 10 HOPMAaJIbHOTO JKUTTSL.

3a paxyHOK pO3pOOKH Ta BIPOBAIKEHHS PECypCcOePEKTHBHUX KOHCTPYKTHUBHHX PIillleHb 3i
3MEHIICHUM BYTJICIIEBUM MOXIIUBE TOCATHEHHS JIOJJATKOBHX IEpeBar, a caMe 3MEHIIICHHS BUKH/IIB
Ta EHEProcloXMBaHHSA B OyzdiBenbHOMY cekTopi. OCHOBHMMH HampsIMKaMH € MiHiMi3alis
BUKOPHUCTAHHS HEBIJHOBIIOBAHUX Ta IIKIJIMBHUX I TMPUPOIU Ta JIOJUHU MaTepialliB, cTpaTerii
MOBTOPHOT'O BUKOPUCTAHHS Ta PELMKIIHTY [7]. B 11bOMy acmekTi qepeBrHa Ta iHKeHepH1 BUpoOu Ha
il OCHOBI PO3IIISIAETHCS SIK €KOJIOTIYHO YHCTa ajbTepHATHBA OCTOHY Ta ctai [§].

3a KOpPJOHOM BXKE€ peani3oBaHO psia OyAiBeNb MEIUYHHUX YCTAaHOB Ui JIIKYBaHHS Ta
peabimiTalii BAXKKOXBOPHUX JITeH, OHKOXBOPHUX Ta JIIOJICH 3 BaJlaMH CIIyXY Ta 30Dy 13 3aCTOCYBaHHSIM
JIEpeB’THUX HeCyuyuX KOHCTpyKIii [9-11]. Ilpore kokHa 3 OyIiBenb € YHIKAIBHOIO 32 CBOIM
apXITEeKTypHO-KOHCTPYKTHUBHUM DimIeHHsIM. JlJi1 yMOB Hamoi KpaiHM akTyaJbHOIO € po3poOka
TUTNIOBUX pillleHb, 10 OyIyTh BIAMOBIAATH KPUTEPiAM O10IMO3UTUBHOCTI Ta 3a0€3MeUyBaTH LIBUIKE
OyIIBHHIITBO pealimiTalliiHIX KOMIUIEKCIB B pI3HUX perioHax. ToMy MeTo10 po6oTH € po3poOka Ta
OOTpYHTYBaHHSI KOHCTPYKTHBHOTO PillIeHHs O10MMO3UTUBHOT OYTiBIIi pealimiTaiitHOTo MpU3HaAYCHHS
31 30ipHUX MOJYJBbHHUX €JIEMEHTIB 3 BUKOPUCTAHHSIM €KOJIOTIYHHUX MaTepialliB.

APpXiTeKTYPHO-KOHCTPYKTHBHe pimleHHs. /{19 eKCHepuMEHTaIbHOIO MPOEKTYBAaHHS
010MO3UTHUBHOT OymiBII OYyJ0 MPUHHATO apXITEKTypHE PIIICHHS MPOEKTY-IPOTOTHUITY KHUTJIOBOTO
610Ky peabiniTaniifHoro komiuiekey (puc. 1).

420

+8.200

+1900 |

+0000 |

9 000
Puc. 1. ImtocTpariii mpoeKTY-IPOTOTHUITY KUTIOBOTO OJIOKY peadimiTaiitHOro KOMIUICKCY
OCoOMUBICTIO apXITEeKTYPHO-IUIAHYBAJILHOTO PIIIEHHS KHUTIOBUX OJOKIB € mpocTta dopma y

IJIaH1 Ta monepeyHomy mnepepisi. KoxeH XUTIIOBU OJI0K € TBOMOBEPXOBOIO OYyIIBJICIO HA YOTUPH
KIMHATH 3 yCiMa 3pyYHOCTSIMH Ta 1HIUBIAYaIbHUMH TepacaMu. 3arajibHi pO3MipH )KUTIOBOTO OJIIOKY
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B IUIaHI cKiIagaroTh 9 X 9.3 M. PiBeHb uMCTOl mijuIoru Apyroro noBepxy Biamosigae Biam. +4,200.
Bucora ctinm npyroro moBepxy A0 Mmiciisg oOnupanHs mokpisii (BiaM. +8.000) cranoButh 3,6 M.
BucotHa BiiMiTKa BepXy KOHbKa MOKPiBIIi BianoBigae 3HaueHH:o +11,420. KoHcTpyKTHBHA cucTeMa
MIPOCKTY-NPOTOTHIIA MPUHHSATA CTIHOBOIO 3 TO3JOBXHIMHU HecyunMmu cTiHamu. CribHa pobota
HECYYHX CTiH 3a0€3MeuyeThCs HUIAXOM iX 00’ €THAHHS B €MHY CHCTEMY MEPEKPUTTAM, HOKPUTTIM
Ta BIATIOBITHUMH KOHCTPYKIIISIMU BY3JIiB CIIOJTYyYEHHS BCIX €JIEMEHTIB MK COOO¥0.

IIpu po3poOIi KOHCTPYKTHBHHUX pillIeHb OCHOBHHMH KpUTEpiAMU Oylo HPHHHATO
BIIMOBIIHICTh BUMOTAM HECYYOi 37aTHOCTI Ta EKCIUTyaTalliiHOi NPUAATHOCTI, 3aCTOCYBaHHS
MaTepianiB 3 MiHIMaJIbHUM OOCSTOM MIKiJUIMBUX BUKHIIB MPOTATOM BCHOTO >KUTTEBOTO IUKITY,
MpUAATHUX 710 IEPEPOOKH Y BTOPUHHY CUPOBHUHY a00 /10 TOBTOPHOTO BUKOPHUCTAHHS Ta BIMOBITHUX
nigxonam OiodinpHOTrO Au3aiiny. Cepen OyniBeTbHUX KOHCTPYKIIMHUX MaTepiaiiB BCIM HABEACHUM
BHMOTaM BIJMOBIa€ JIepeBUHA Ta 1HXKEHEPHI BUpoOM Ha ii ocHOBI. ToMy BCl HeCydi KOHCTPYKIIii
MPOTIOHYETHCS. BUTOTOBIISATA 3 KJIEEHOT Ta mnepexpecHo-kiaeeHoi nepeBuHu (CLT). 3aBasiku
pEeryJsipHUM pO3MipaMy KOOPAMHAIIIHHOT CITKM OCEH 3alpONOHOBAHE KOHCTPYKTHBHE DIIICHHS
CKJIQIA€ThCSI 3 OKPEMHX MOJYJIBHUX EIIEMEHTIB — CTIHOBUX ITaHEJCH, MaHenel MEepeKpUTTS Ta
MTOKPUTTSL.

CriHoBi maHeni mnependayarOTbcs BHCOTOIO Ha oauH moBepx. lllupumHa KoXXHOI maHeni
npuiiMaetbes 3.1 M, Bucota — 3.6 M. KoHCTpyKIlis CTIHOBOI maHem — TpuIapoBa i3 e(peKTUBHUM
yrerunoBaueM (puc. 2): 1 map — BHyTpilHii, Hecyuuil 13 Ta nepexpecHo-kineenoi aepesunu (CLT);
2 map — IpOMIKHHH, TETIJI0- Ta 3BYKO130JIA1II1s 3 €EKTUBHOTO €KOJIOTIYHO O€3MeUYHOro MaTepiany; 3
I1ap — 30BHIIIHIHN, MMiJ 03100JIEHHS Ta IS 3aXHUCTY 130JII0I0Y0T0 IIapy Bij BIUIMBIB HABKOJIUIIHBOTO
CepeIOBHILIA.

[TokpiBnsl BUKOHYETHCA 3 PIBHOIO BHYTPILIHBOIO Ta 30BHILIHBOIO MOBEPXHIMHU, TOMY AJS ii
BHUTOTOBJICHHS JOIUIBHO 3aCTOCYBATH TPHUIIIAPOBI MMaHEI 13 €()eKTUBHUM YTEILIIOBAa4YEeM 3 CUPOBHHHU
OPraHivHOTO MOXO/HKCHHS 32 aHAJIOTIEI0 13 CTIHOBUMH MaHEIISIMH.

VY BHyTpilIHIN YacTUHI OydiBII HE MepeadadeHo HeCydnuX CTiH a00 KoJIoH. ToMy BaKIIMBOIO
3aaueto OyB BHOIp KOHCTPYKINI MEPEKPUTTS, SKa J03BOJUTH 3a0€3MEUUTH HECydy 3[aTHICTh Ta
eKCIUTyaTalliiny npuaaTHiCTh. [ eheKTHBHOTO BHUKOPUCTAHHS KOHCTPYKIIIHHOTO MaTepially B
NEPEKPHUTTI MIPU PO3MIpi MPOIBOTY B OCSIX 9 M OyJI0 3aIIPOIIOHOBAHO PILICHHS Y BUIIIAI PEOPUCTHX
MaHeJiel TaBpOBOTO TMepepi3y, AK1 CKIATAI0ThCs 3 TAKUX eleMeHTiB (puc. 3): 1 - miuuTa, mo Gopmye
IUTOIIMHY TiAnorH 1 BUKoHyeThes i3 CLT-nepeBunu; 2 — pedpa, 10 BUKOHAHI 3 KJIICEHHX JIepPeB’ THUX
Oasiok. 3’eqHAHHS TUTUTH Ta pedep — aare3iitHe 3a JOTTOMOTO0 BUCOKOMIITHOTO HE(OPMAJIBIET1THOTO
KJIero Ha OioyiorivyHiii ocHoBi. JloBkuHa maHeni nepekpurts ckiaxae 9,0 m, mmpuna 3.1 m. Kpok
pebep - 750 mm.
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Puc. 2. KoHCTpyKTHBHE pillIeHHs CTIHOBOI MaHeli: a) BUA crepeny; 0) BUA 3BepXy; B) BUA 300Ky;
1 — BHYTpIIIHIH 1Iap 3 IepeXpeCHO-KICEHOT IEPEBUHM; 2 — 30BHINTHIN 11ap 13 3a11300€TOHY;
3 — Terutoi3oMsLiiiHe 3aMIOBHEHHS; 4 — apMaTypHa CiTKa; 5 — THY4KI 3B’SI3KH; 6 — MOHTaXHI MeTJi
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Puc. 3. KoncTpykTHBHE PillICHHS TaHENTI IEPEKPUTTS: a) BUJI 3BEPXY; 0) BUI 300KY;
1 — mnuTa 3 nepexpecHO-KICEHOT IePEBUHN; 2 — OajKa 3 KIEE€HOI JIepeBUHH

Ha ocHOBI apXiTeKTypHO-IIJIaHYBaJIbHUX PIllICHb Ta 3aIIPOIMIOHOBAHUX KOHCTPYKTUBHUX PIllIEHb
Oynu po3poO0sIeH] KOHIENTyaJIbHI KpEecieHHs OyIiBebHMX KOHCTPYKIIM Ta OCHOBHHMX BY3IIIB
criony4eHs (puc. 4, 5).

100 . 3100 Y 3100 0B-2
150 2950 3100 950 150 “‘
() o
I i\ e EEE BIEEEEEEE BRI
\ T T Tt e gy e
\ | I\ TR R T
: ) T T T A TR I |
\ | [\ T AT T AT |
! - nn WL L g e o } \ o
111 TR N IR
B | | ‘ ! g IS S S R /
& \ I I I IR A
‘ | [ RIER BRI RIREE R
‘ : P TR IO VO T AT T I )
\ | |\ ! (IO TR TR ION TN OTARTANTL T
: . G T e e e CLTnanens
J 3100 ¥ 3100 L 3100 |, ‘ \ ’ TN T T T \
150}, 2950 3100 2950 150 . K,l\‘ L (| A A O A | A A A } i
@ | 7 g'_|r| I |r Il Lu o HLH i -
< £n £n - 00 750|750 800 xmiﬁdjsn 800 xoqusu 7501500‘ OB4
9000 3000 . A 9000 A 3000 "
M 12000 LSy _i 12000 -
% a\ g - 2
N T & () 6 NIk D (5 @
a) Q &/ 6) N &
+11,420
1
Xlll(j 3100 3100
150 2950 3100 2950
@ — - +7.780
1K1 ‘
Ny L ey 5
|
‘ +4,180
g
).LQ;
‘ 7'\_%
11K2 +3,600|
2
3100 3100 3100 -
150 2950 3100 2950 4 0.000
O+t =
9000 3000

9 © T ® ® @y O ®
Puc. 4. KonnentyanbHi KpeciaeHHs OyaiBeIbHUX KOHCTPYKIIH MPOEKTY-IIPOTOTHIIA
YKUTIOBOTO OJIOKY peabiIiTariiHOro KOMILIEKCY
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8) 2)
Puc. 5. By3nu crionyueHHsI KOHCTPYKTUBHHX €JIEMEHTIB: @) 3’ €JHAHHS MiX CTIHOBUMH TTaHEIISIMH;

0) oOmupaHHs TaHEeNl MEPEeKPUTTSI Ha CTIHOBY TaHE b; B) OOMHMpPaHHs MaHEeli TOKPUTTS Ha CTIHOBY
MaHelb; T) YJIaTyBaHHS KOHbKA CKaTHOT MOKPIBJII 13 TaHeNeH MOKPUTTS

A1

TeopernyHi nepeAyMoBH Ta pe3yJIbTATH aHAJI3Y HANIPYKeHO-1e(OpMOBaHOrO cTany. [
OOTpYHTYBaHHSI 3alpPONOHOBAHOTO KOHCTPYKTHBHOTO PIlICHHS O101MO3UTHBHOI OymiBiai Oyso
MIPOBEICHO JOCIIKCHHS HalpyXeHO-1e()OPMOBAHOTO CTaHy HECYUMX KOHCTPYKIIH, 110 (POpMYIOThH
KOHCTPYKTUBHY CHCTeMYy. XapaKTEpUCTHKH HAINPYXEHO-Ie(POPMOBAHOTO CTaHy KOHCTPYKTHBHUX
€JIEMEHTIB BHM3HAUAIMCS MUIIXOM CTaTUYHOTO pO3pPaxyHKy IomepeuHoi pamu OyniBiai B
nporpamuomy komruiekci JIIPA-CATIP. pu cknaganHi po3paxyHKOBOI CXEMH 710 €JIEMEHTIB Oy IiBTi
Oynu MPUKJIaICHI HAaBaHTAXXCHHS, BiIMOBIAHO JO BUMOT YHHHHUX HOpM [12]:

1 — BnacHa Bara €JIeMEHTIB; 2 — KOpUCHE HAaBaHTAXXCHHS Ha IEPEKPHUTTS; 3 — CHITOBE HABAaHTAXCHHS;
4 — BiTpOBe HaBaHTa)XeHH. Perion OyniBHuIITBa — [IHIIpONIETPOBCHKA 00I.

Jlnst mpu3HAuUEHHSI XapaKTEPUCTHK J>KOPCTKOCTI €JIEMEHTIB CXEMH TONEPEIHbO MPHHHATO
TOBILMHY CTIHOBUX NaHeJel Ta manenei mokpurts 100 MM (I’ sTuiapoBa naHemb 3 MUJIoMaTepialiB
ToBIMHOIO 20 MM), po3Mipu pebpa maneni mepekputtss — 120x300 mm (bxh), TOBHIMHA TUIATH
nepekpuTTa — 60 MM (TpuUIIapoBa MaHeNb 3 MUIoMaTepialiB TOBIIMHOIO 20 MM).

B sikocTi Matepiany 6aiok maHene NepeKpuTTs MPUHHATO KICEHY AEPEBUHY KJIacy MIITHOCTI
GL24h, cTiHOBUX MaHesel Ta maHesel MOKPUTTS - IEPEXPECHO-KIICEHY JIEPEBUHY 3 TUIIOMATEpiaiB
kiacy mirHocTi C24. XapakTepucTuyHi 3Ha4YCHHS (PI3MKO-MEXaHIYHUX BIACTHBOCTEH MPUBENCHI B
tabm. 1.

Tabmums 1
XapaKkTepuCcTUUHI 3HAaYCHHS (13MKO-MEXaHIYHUX BJIACTUBOCTEH AepeBUHU [13]

Knac Ilo3HaueHHs Ta BeIM4UHA (Bi3UKO-MEXaHIYHUX BIACTUBOCTEH nepeuHu, H/Mm?
MIIHOCTI ke frok fio0k Jfeok Je.00.k fok Eomean  |E90,mean
C24 24.0 14.0 0.4 21.0 2.5 2.0 11000 370
GL24h 24.0 16.5 0.4 24.0 2.7 2.7 11600 390
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OcCKinbKkH B KJIACHYHOMY KJI€EHOMY Opyci BCl IIapu pO3TAIIOBaHi B OJHOMY HAIPSMKY 1,
BIJIMTOB1/THO, TTO3/TOBXH1 BOJIOKHA JIEPEBUHU TaK CaMO OPIEHTOBAH1 B OJTHOMY HAMPSMKY, TO JIJIsl OITUCY
MaTepially I0CTaTHhO 3aCTOCYBATHU XapaKTEPUCTHKH, 110 npuBeneHi B Hopmax [13]. IlepexpecHo-
KJIe€HA JIepEBUHA BIJPI3HAETHCS TUM, IO B IMaHEJ KOXKEH IIap PO3TALIOBYETHCS NEPIIEHIUKYISIPHO
nornepeaHboMy. Lle 1ae MOXKIIMBICTD OTPUMATH O1IBII OJHOPIAHUI 32 XapaKTEPUCTUKAMH MaTepial,
MpOTE YCKJIAAHIOE KWOr0 MOJETIOBaHHS. [[7s CHpolleHHsS CTBOPEHHS PO3paxXyHKOBUX MOJEJeH
MEPEXPECHO-KICEHOI AEPEBUHA MOXHA CKOPUCTATUCS NMPHUBEIACHUMH I'€OMETPUUYHUMH Ta (Pi3UKO-
MeXaHIYHUMU Xxapaktepuctukamu [14]. [lpuBenmenuii Momynb TPYKHOCTI B3IOBXK TaHENl
BHU3HAYAETHCS 32 HOPMYIIOIO:

Eocr=0.096(8.25 Eomeant2.17 E90,mean). (1)

[Tanens mMepeKpUTTS Mae€ KOMIIO3UTHHN TMOMEPEYHHH Mepepi3 TaBpoBOi GopmH, epeKTUBHA
3TUHAJIbHA KOPCTKICTh SKOTO BU3HAYAETHCSA 32 (POPMYIIOIO:

Ely = EL + El, (2)

ne El;, EI; — BIAMOBITHO, 3THHATBHA XKOPCTKICTh 1-TO eneMeHTa (miuTa) Ta 2-ro eneMenTa (pedpo).

3ruHaNIbHA JKOPCTKICTh OKPEMUX €JIEMEHTIB TTAHENl MEPEKPUTTSL:
3

Eli:EiM+Ei-Ai-zi2, 3)
12

ne b; — mupuHa I-ro eJIEMEHTa; t; — TOBIIMHA [-T0 eJieMeHTa; £; — MOJIyJIb MPYXKHOCTI i-T'O €JIEMEHTA;
A; — TIoIa i-T0 eJIeMEeHTAa; z; — BIICTaHb BiJI IICHTPY Bard BiJIOBIJHOTO €JIEMEHTA JI0 LIEHTPY Baru
nepepisy.

Jlns 3a0e3medeHHs MIIIHOCTI €JIEMEHTIB IMaHei NEPeKpUTTs 3riqHo BUMOr [15] moBuHHI
BUKOHYBATHCSI HACTYITHI YMOBH:

O f,c,d,max < fm,d,i 5 4)
O f.t,d,max < fm,d,i > (5)
0f7c’d’i S fC’O’d7i ’ (6)
Ofudi <Jt0,d,is (7)
Tdi < Jv,0.d,i 0 (8)

1€ Ofcmaxds Oftmaxd - PO3PAXyHKOBE HAMPYKEHHS CTHCKY Ta PO3TITY KpaHBROTO BOJIOKHA,
BIJIIIOBIJTHO; O%c.d,i, OF1d,i - CEPEIHE PO3PAXYHKOBE HANIPY)KEHHS CTUCKY Ta PO3TATY B i-MY €JIEMEHTIB,
BIJIMOBIAHO; T4 — PO3PAaXYHKOBE HAIMPYKEHHS CKOJFOBAHHS B i-MY €JIEMEHTI; fm di, fe.0,d,is [10,d,is [v,0.di
— pO3paxyHKOBA MIITHICTb IIPH 3THHI, CTUCKY Ta PO3TATY B3JI0BXK BOJIOKOH, CKOJIIOBaHHI, BIATIOBIIHO.

Po3paxyHKOBi HarpyXeHHs B Iiepepi3i maHeli NepeKpUTT MOKHA BUZHAYUTH 32 PopMyIaMu:

_El"Z
oi(z)= ] Mpgq, 9)
eff
E:-S
Ti(Z):l—y(Z)'VEda (10)
Eleff'beff

Ne 0(z) - HOpMaJbHI HANPYXEHHS B TOYIl 3 KOOPIAMHATOIO z IO BUCOTI mepepidy; E; — MOIYJb
NPY)KHOCTI MaTepiany B TOYLi 3 KOOPIAMHATOIO z MO BUCOTI nepepisdy; MEed, Ves - pO3paXyHKOBUI
3TUHAJIBHUI MOMEHT Ta TONIEpPEeYHa CHJIA, BIMOBIIHO; Z — KOOPJMHATA 110 BHCOTI mepepisy; Elyy -
e(eKTUBHA 3THHAIBHA JKOPCTKICTh, b — ehEKTHBHA MIMPHUHA MEePEPi3y, MO JOPIBHIOE KPOKY pedep;
Sy(z) — cTaTUYHUN MOMEHT Iepepizy B TOUIIl 3 KOOPAUHATOIO Z TI0 BUCOTI Mepepizy.

[TporuH nanesi NepeKpUTTS BUSHAYAETHCS 3 YpaxyBaHHAM JAedopmariiii moB3ydocCTi:

4
we2 4L
384 Elgy

7ie ¢ — pIBHOMIPHO pO3MO/IiJIeHE HAaBAaHTAKECHHSI HA MTaHEeNb NEPEKPHUTTS; L — pO3paxyHKOBHH MPOJIT;
kaer — kOG(DIiLIEHT AedopMalliil TOB3YYOCTI, 1110 BU3HAYAETHCA 32 (DOPMYIIOIO:
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kaef =2\kder 1 Kaef 2 » (12)

kaer 1, kaer2 — xoedimienTn medopmariii MOB3Y4OCTI MEPEXPECHO-KICEHOI Ta KICEHOI IEPEBHHH,
BIJIITOBIHO.

YMoBa MIIHOCTI Ui CTIHOBHX IIaHENEeW Ta MaHeled NOKPUTTA 3 HECydyuM IapoM 3
MepeXpeCcHO-KIICEHOT IepeBUHH 3TiIHO [15]:

Oc.x,d + O-m,y,d

<1, (13)
kC’y ) fc,(),xlay,d fm,xlay,d

1€ Ocxd, Omyd — PO3PAXyHKOBI HAIpPYKEHHS CTUCKY Ta 3TUMHY, BIANOBIIHO; feoxiayds fmxiayd —

PO3paxyHKOBA MIIHICTh ITPH CTUKY B3/I0BXK BOJIOKOH Ta IIPU 3THHI OKPEMOTO Iapy, BiAMOBIAHO; Ac,y

— Koe(DIIiEHT MO3/I0B)KHBOTO 3TUHY.
Po3paxyHKOBi Harpy>KeHHS:

Ocx,d = Nd/Ax,net s (14)
Om,y,d :Md/Wx,net ) (15)

ne Axnet, Wyner — TIOIIA Ta MOMEHT OTIOPY MEpepizy «HETTO», IO JUIsl 1 SATUIIApOBOI MaHeN 3
MEePEeXPECHO-KIICEHOT JCPEeBHHHA BU3ZHAYAIOTHCS 33 OPMYIIaMHU:

Ax,net =by-3-1, (16)
3
Wx’netzhi-bx- 3-%+3-t1-a12 . (17)
p

KoedimienT mo3qoBxHKOT0 3runy 3rigHo [15]:
1
ke,y = > 5 (18)
ky +1/ky + Arel,y

ne ky — KoepiieHT CTINKOCTI; Arely — BIIHOCHA THYYKICTD:

Ky =050+ 0.1(Aep, —03)+ 22,1, ). (19)
A
lrel,y _y fc,O,xlay,k , 20)
7\ Eox05
Eox,05 — 5-% Moaynb NPYKHOCTI B3/10BXK BOJIOKOH JEPEBUHHU OKPEMOTO LIapy:
0.328
EO,x,OS = EO,x,mean 1= > (21)

(2b,/0.15)-1

bx — po3paxyHKOBa IUPUHA TTAHEJI.

B pe3ynbprari CTaTUYHOrO PO3paxyHKy OyiM OTpHMaHi JaHi MpO MPOTUHH Ta MEPEMIilCHHS
KOHCTPYKTUBHHUX €JIEMEHTIB, a TAKOX PO3paxXyHKOBI 3yCHJUISA, [0 BUHUKAIOTh Y HUX MPH HAOUIbII
HEBUTITHUX KOMOIHAIIISX MPUKIAJACHUX HaBaHTaXeHb. CTYNiHb BUKOPUCTAHHS HECYYOi 3aTHOCTI
MaHesNi NepeKPUTTS 3a HOpMaJIbHUMU HANPYKEHHSIMU B1J1 [11i 3TMHAILHOTO MOMEHTY cTaHoBuia 45%,
3a HaNpyXKeHHIMH CKOtoBaHHS — 18%. J[11st CTIHOBUX MaHese Ta maHene NOKPUTTS 3a OJHOYACHOT
nii HampyKeHb CTHUCKY Ta 3TUHY CTYIiHb BHUKOPHCTAHHA HeCydoi 34aTHOCTI ckianae 58%.
Po3paxyHKOBUI TPOTHH MEPEKPUTTS 3 ypaxyBaHHAM AedopMalliii moB3y4doCTi CTAHOBUTH 25,8 MM,
10 HE NEPEBUIIYE TPAHUYHO JIOMyCTUMY BenuuuHy 1/250 Bix po3paxyHKoBOro npoiboty L=9.0 m.
MakcumanbHi TOPU30HTAIBHI MEPEMINEHHsT y BEPXHIH TOYIl TMOKPIBIl CKiIanawTh 44 MM 1 HE
nepeBuilytoTh 1/250 Big 3aranbHoi BucoTH Oyaisni H=11.4 m.

BucnoBku. 3actocyBaHHS [I€peBHMHHM SIK BIJHOBIIOBAHOIO MaTepialy HIPHUPOIHOTO
MOXO/KEHHS 3 MiHIMAJIbHUM OOCSTOM IIKIIJTMBUX BUKHIIIB MPOTSATOM BCHOTO KUTTEBOTO IHKIY Ta
MPUAATHUM J0 MepepoOKH y BTOPUHHY CUPOBUHY a00 /10 OBTOPHOI'O BHUKOPHCTAHHS, J03BOJIMIIO
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pO3pOOMTH KOHCTPYKTHMBHI pIlIeHHS Juisi OyniBenb peaOimiTauifHOrO NpPU3HAYEHHS, IO
BIJIMOB11af0Th BUMOTaM 010(p1IBHOTO Ta G10MTO3UTUBHOTO MTPOCKTYBAHHS.

3anpornoHoBaHe KOHCTPYKTHUBHE pPillIeHHs 010M03UTUBHOI Oy IiBIi-IPOTOTHIIA, 110 CKIIAIAETHCS
3 MOJIYJIbHHMX 301pHUX €JIEMEHTIB:

- TPUILIAPOBUX IMaHENEH AJIs CTiH Ta HOKPUTTS, IO CKIAJAI0THCS 3 ABOX IIAPIB 3 IEPEXPECHO-
KJICEHOT JIEPEBHMHU, 3’€THAHUX MK COOOI0 THYYKMMH 3B’SI3KaMH, Ta BIAIITOBAHOI MK IIapaMu
TEIUIO- Ta 3BYKO130JIALIs 3 €PEKTUBHOTO €KOJIOTIYHO O€3MEeYHOro MaTepiaiy;

- peOpUCTHX TIaHEeJIeH MePEKPUTTSI, IO CKJIAAA0THCS 3 0alIOK 3 KIEEHOI JIEPEBUHU Ta TUIUTH 3
MEPEXPECHO-KICEHOT JEpEeBHHH, 3’€THAHMX MDK €000 3a JOIMOMOTOK) BHCOKOMIITHOTO
HedopMaIbAETIIHOTO KJIeI0 Ha 010J10T1YHIA OCHOBI.

BukoHaHe aOCHipKEHHS HamNpy>XeHO-1e()OpPMOBAHOTO CTaHy HECYYMX KOHCTPYKIIH, o
($hOpMYIOTh KOHCTPYKTHBHY CHCTEMY OYAIBJII TMOKAa3aJio BIAMOBIIHICTH IMOCTABIECHUM KpPUTEPISIM
1010 HECYUOi 3/1aTHOCTI Ta eKCIUTyaTaliifHOT IPUAATHOCTI.

3a paxyHOK MOAYJBHOCTI pO3pO0JICHI PillICHHS MOXKYTh OYTH BiITBOPEHI B PI3HUX YMOBAX, 1110
JIOB3BOJIMTH B CTHCII TEPMIHHM CTBOPHUTH DO3TalyXKEHY CHUCTEMY peaOuliTaliifHUX LEHTPIB Ui
BIIHOBJICHHS (DI3UWYHOTO Ta TCHXOJIOTIYHOTO 370POB’S BETEPaHIB Ta IUBUIBHHX, MOCTPAXKIAIUX
BHACJIIJIOK BIFHH.

[ToganpmuM HAMPSIMKOM POOOTH € JOCHIJDKEHHS XapaKTePUCTUK EHeproeeKkTUBHOCTI Ta
3BYKOI30JISIIITHUX BJIACTHBOCTEH 3aIIPOMIOHOBAHUX KOHCTPYKIIiH Ta BY3IiB.
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Abstract. In the conditions of military aggression against Ukraine, a special attention should
be payed to the development of innovative solutions in various fields, which will allow effective
rehabilitation of veterans and civilians. The building as an artificial environment is an integral part of
how a person experiences trauma and has the potential to calm the body's response to perceived
stressors by modulating and leveling the surrounding triggers. The development of project based on
the concept of biopositive design involves taking into account the criteria of biophilic design, the use
of "green" environmentally safe materials and resource-efficient structural solutions.

The article presents the results of the experimental design of a biopositive rehabilitation
building using the example of a prototype project of a residential block. The proposed structural
solution of a biopositive building-prototype consisting of modular prefabricated elements: three-layer
panels for walls and roof, consisting of two layers of cross-glued wood, connected with each other
by flexible ties, and heat and sound insulation arranged between the layers made of an effective
environmentally friendly material; ribbed floor panels consisting of glulam beams and cross-glued
wood slabs, joined together with high-strength bio-based non-formaldehyde glue.

To substantiate the proposed structural solution of the biopositive building, a study of the stress-
strain state was carried out using the LIRA-CAD software complex. Theoretical provisions were
formulated and an assessment of the degree of utilization of the load-bearing capacity of structural
elements made of cross-laminated and glued laminated timber as well as an analysis of deflections
and displacements was carried out. The degree of utilization of the load-bearing capacity of the floor
panel in terms of normal stresses from the action of the bending moment is 45%, in terms of shear
stresses is 18%. For wall and roof panels under the simultaneous action of compressive and bending
stresses, the degree of utilization of the load-bearing capacity is 58%. The calculated floor deflection
considering creep deformations and the maximum horizontal displacements from the wind load do
not exceed the maximum allowable values.

Keywords: biopositive building, prototype project, cross-laminated timber, glued laminated
timber, bearing capacity, displacement.

-201 -



Cyuacni 6yoisenvri koncmpykyii 3 memany ma oepesunu, 2024. — Bun. Ne 28

3MICT

/3roba C.B., Kopooko O.0., becnanosa A.B.,

E®EKTUBHICTH ITOCUJIEHHS KOPITYCIB METAJIEBUX HUJIITHAPUYHUX
PE3EPBYAPIB ®IGPOITNIACTUKOBUM APMYBAHHSIM HA OCHOBI BOJIOKOH
PI3BHOI'O TUITY

Koemyn B.11., Apcipiit O.1., I'inooo O.10., Apcipii A.M.
OCOBJIMBOCTI OB'€MHO - INTAHYBAJIBHOT'O PIIIEHHA MOBIJIBHOI'O
KVIIOJIBHOT'O BYAUHKY 3 JEPEBMHU

Macnanenxo €.B., Kopwmak 0. M.

[TOPIBHAHHA 3ATAJIBHUX TEXHIYHUX [TAPAMETPIB, TEXHOJIOTTYHOCTI
TA BOTHE3AXUCTY 3D-OB'€MHUX MOJYJIIB 31 CTAJIEBUX ITPOKATHUX
[TPOOUIIB 3 THYTUMU 3BAPEHUMU ITPAMOKYTHUMMU ITPOOIIAMU

Cvomina 10.A., I'opobeus O.C.
METOJJUKA BUITPOBYBAHHS BUPOBIB 3 IINIACTUKY, BUTOTOBJIEHNX 3A
JOITOMOTI'OIO 3D APYKY, HA MILHICTb ITPU 3T'MHI

Tanagipa I''M., Bizip A.C., Tanagipa O.I.

AHAJIITUYHUI OTJI11 METO/IIB OBCTEXXEHHS TA TIJIAHYBAHHS PEMOHTY

3AJII3OBETOHHUX TA METAJIEBUX MOCTIB

Boowcnap A., Yepnesa 0., Cnenuka JI.

[MTPOEKTYBAHHS CTAJIEBOI'O KAPKACY ITIPOMUCJIOBOT'O LIEXY HA
BUHUKHEHHS ABAPIMHOI PO3PAXYHKOBOI CUTVYALILI - 3ITKHEHHS
TPAHCIIOPTHOT'O 3ACOBY 3 KOJIOHOIO KAPKACY

Boacnap A., Hlesuux A.
[TPOEKTYBAHHS [TPOMUCJIOBUX LHEXIB 31 CTAJIEBUM KAPKACOM HA
BUHUKHEHHS MTOXEXHOI PO3PAXYHKOBOI CUTYAIIII

bakynin €.A., Ycenko M.B., baxynina B.M.
YUCEJIbBHE MOJIEJTFOBAHHA ITIOCUJIEHHA CTAJIEBOI'O IHNIA3EMHOI'O
HWJIHAPUYHOI'O PE3EPBYAPY

binuk C.1., Binuk A.C.,

[IOPIBHAHHS METOJUK ITPOHUKHEHHS [If 3ACOBIB IIOBITPSIHOT'O
HATIAZY IPOTUBHUKA B 3AJI30BETOHI KOHCTPYKLII CIIOPY ]I 3AXUCTY
OB’€KTIB KPUTUYHOI IHOPACTPYKTYPU

Bosnuiwx JILL, bao’ak B.1., Ma3yp /I.B., Jleitouu C.P., Kiuxo C.1O., Isacwvkie A.4.,
Muuux O.C.
[IPOEKT PEABUIITALUIHOI'O [EHTPY JUUIS BIMCHKOBOCJIVKEOBIIIB TA

-202 -

16

24

30

35

46

55

63

75

85



Cyuacni 6yoisenvri koncmpykyii 3 memany ma oepesunu, 2024. — Bun. Ne 28

BETEPAHIB BII{HU B M. )XUTOMMP, IKMI 3AMHSAB IEPLIE MICLIE B
APXITEKTYPHOMY KOHKVPCI «STEEL FREEDOM»

T'ibanenko O.M., l'ibanenko B.A., Tepewenko C.A., Tkauenxo €.10.
TEXHOJIOI'TYHI PU3UKHW HA ETAIII JEMOHTAXY KPAHOBUX
METAJIOKOHCTPYKIIIA 95

TI'onoonoe O.1., Tkauyk I.A.
PEKOHCTPYKIIII BUPOBHWUYOI BYIIBJII 31 CTAJIEBUM KAPKACOM 105

I'omon C.C., I'omon Cs.Ce., Ilyzau IO.B.,
JIOKAJIBHE TA TJIOBAJIBHE ITIACUJIEHHS BAJIOK 13 IEPEBUHMU ITIJ] YAC
EKCIIJIYATAIII 114

TI'opwon 0.0., Koy 1.B.
CITOCIB IMITYJIbCHOT'O IMIIPETHYBAHHS JIEPEBMHU JIJ1S1 BY IIBEJIbHUX
KOHCTPYKLIN 121

Jmumpenko €.A., Andpicecoka M.A., Axosenxo I.A.
BPAXYBAHHS CYMICHOI POBOTU JIMCKIB ITOKPUTTIB 31 35IPHOTO
3AJII3OBETOHY VY CKJIAAI TPOJITHUX 3Tr'MHAJIBHUX METAJIEBUX

KOHCTPYKIIII 128
Knouko JLL,

PO3POBKA KOHCTPYKIII JIIXTAPS IJ11 CUCTEMU KJIIMAT-KOHTPOJIIO

BYIIBJII 140

Maxinvko A.B., Maxinvko H.O., Cknapenxo C.O.
CTBOPEHHS HAJIIMHUX TA XXUBYYUX 3EPHOCXOBHUII] B YMOBAX BIMHU

TA CBITOBOI ITPOJIOBOJILUOI KPU3U 149
Micropa €.A.

E®EKTUBHA KOHCTPYKIIA CTAJIEBOI'O KAPKACY BATATOIIOBEPXOBOI
BYAIBJII 162

Hiyyzin C.®@., Okcenenxo K.O.,
OLIHIOBAHHS HAIIMHOCTI METAJIEBUX CITIPAJIBHO-DAJIBLIEBUX
CHUJIOCIB 172

Paouyx 0./1., Maxinvko A.B.
ABAPII HA OTOPOJI)XYBAJIbHUX CIIOPYJIAX XBOCTOCXOBMILL: AHAJII3
CTATUCTUYHUX JAHUX 183

Hlexopkina C.€., Mepunosa 1.0., Hixi¢poposa T./1., Kocauescvka C.M., Koemyn K.A.,
TI'onyéesa-Cyoaxina B.A.
BIOIIO3UTHUBHA BYIBJIS PEABIIITALIIMHOI'O TTIPU3HAYEHH S 192

-203 -



Cyuacni 6yoisenvri koHcmpykyii 3 memany ma oepesunu, 2024. — Bun. Ne 28

CONTENTS

Dziuba S.V., Korobko, O.0., Bespalova, A.V.,
EFFECTIVENESS OF STRENGTHENING CASES OF METALLIC CYLINDRICAL
TANKS BY FRP REINFORCEMENT BASED ON FIBERS OF DIFFERENT TYPES

Kovtun V., Arsiriy O., Gilodo O., Arsiriy A.
SPECIAL FEATURES OF THE SPACE PLANNING SOLUTION OF A MOBILE
DOME HOUSE MADE OF WOOD

Maslyanenko Y.V., Korshak O. M.

COMPARISON OF GENERAL TECHNICAL PARAMETERS, WORKABILITY
AND FIRE PROTECTION OF ROLLED PROFILES VS. RHS STEEL FRAMES OF
3D-VOLUMETRIC MODULES

Somina Yu.A., Gorobets O.S.
METHOD OF TESTING PLASTIC PRODUCTS MANUFACTURED USING 3D
PRINTING FOR STRENGTH IN BENDING

Talavira G.M., Vizir A.S., Talavira O.G.
ANALYTICAL REVIEW OF THE METHODS OF INSPECTION AND PLANNING
THE REPAIR OF REINFORCED CONCRETE AND METAL BRIDGES

Wojnar A., Chernieva O., Sleczka L.

DESIGN OF INDUSTRIAL HALLS WITH A STEEL STRUCTURE DUE TO AN
ACCIDENTIAL DESIGN SITUATION - THE IMPACT OF A VEHICLE ON A
FRAME COLUMN

Wojnar A., Szewczyk A.
DESIGN OF INDUSTRIAL HALLS WITH A STEEL STRUCTURE DUE TO A
FIRE DESIGN SITUATION

Bakulin Ye.A., Usenko M.V., Bakulina V.M.
NUMERICAL MODELLING OF STEEL STRENGTHENING UNDERGROUND
CYLINDRICAL TANK

Bilyk S.1. Bilyk A.S.

COMPARISON OF THE METHODS OF PENETRATION OF THE ENEMY'S AIR
ATTACK MEANS IN REINFORCED CONCRETE STRUCTURES OF CRITICAL
INFRASTRUCTURE FACILITIES PROTECTION

Mazur D.V., Leibych S.R., Kiiko S., Ivaskiv Y., Mytsyk O.S.

PROJECT OF A REHABILITATION CENTRE FOR MILITARY PERSONNEL
AND WAR VETERANS IN ZHYTOMYR, WHICH WON FIRST PLACE IN THE
«STEEL FREEDOM» ARCHITECTURAL COMPETITION

- 204 -

5

16

24

30

35

46

55

63

75

85



Cyuacni 6yoisenvri koHcmpykyii 3 memany ma oepesunu, 2024. — Bun. Ne 28

Gibalenko O.M., Gibalenko V.A., Tereschenko S.A., Tkachenko E.Y.
TECHNOLOGICAL RISKS IN THE DISMANTLING OF CRANE STEEL
STRUCTURES 95

HolodnovO., Tkachuk I.
RECONSTRUCTION OF FACTORY BUILDING WITH A STEEL FRAME 105

Gomon S., Homon S., Puhash Y.,
LOCAD AND GLOBAL STRENGTHENING OF WOOD BEAMS DURING
OPERATION 114

Horiun 0.0., Kots 1.V,
METHOD OF IMPULSE IMPREGNATION OF TIMBER FOR BUILDING
STRUCTURES 121

Dmytrenko Ye.A., Andrievska M.A., Yakovenko I.A.,
TAKING INTO ACCOUNT THE JOINT OPERATION OF PRECAST CONCRETE

COATING DISKS AS PART OF SPAN BENDING METAL STRUCTURES 128
Klochko L.1.,

DEVELOPMENT OF LANTERN DESIGN FOR THE CLIMATE CONTROL

SYSTEM OF THE BUILDING 140

Makhinko A.V., Makhinko N.O., Skliarenko S.0O., Birko O.O.
CREATING RELIABLE AND RESILIENT GRAIN STORAGE FACILITIES IN

THE FACE OF WAR AND THE GLOBAL FOOD CRISIS 149
Misiura Ye.A.
EFFICIENT STEEL FRAME STRUCTURE OF MULTI-STOREY BUILDING 162

Pichugin S., Oksenenko K.
THE RELIABILITY ANALYSIS OF METAL SPIRAL-FOLD SILOS 172

Radchuk O.D., Makhinko A.V.
TAILINGS DAM FAILURES: A STATISTICAL DATA ANALYSIS 183

Shekhorkina S.Y., Merylova I.0., Nikiforova T.D., Kosiachevska S.M., Kovtun K.A.,
Holubieva-Sudakina V. A.,

INVESTIGATION OF THE CREEP EFFECT ON THE STRESS-STRAIN STATE

ON TIMBER-REINFORCED CONCRETE MULTISTOREY BUILDINGS 192

- 205 -



