- 3HaHWE W TIPUMEHEHHEe MeTOoAuK oreHku Oe3omacHoctu ['TC: kputepun 6e30MacHOCTH,
IpaBUja MOHUTOPHHIA COCTOSIHHSA, TPOBEpPKa pabOTOCHOCOOHOCTH M COCTOSIHUS TEXHMYECKHX
CPeACTB KOHTPOJIsi, MPOBEIEHNE KOMHUCCHOHHBIX OOCIIEOBAaHHMA, OINpeaesieHHe 3HAaYeHUN pHUCKa
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- YMEHHUE OCYLIECTBIATh PaObOTy C HACEIEHUEM M NPEANPUITUAMH, HaXOAALMMUCSA B 30HE
BO3MO>KHOI'0 3aTOIUICHUS;

- BeJIeHME TeKyleld M MOocTOsHHOM nokymeHtauuun Ha [I'TC B cooTBercTBUH C
HOPMATHUBHBIMU TPEOOBAHHUSIMH.
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3aBUCMMOCTH OT YycjaoBuii /loroBopa 00 o0pa3oBaHMH, 3aK/JI04YaeMOr0 € 3aKa3YMKOM
o0pa3oBaTe/IbHOM yCJIYIH.

HUCITOJIb30BAHHASA JIUTEPATYPA:

1. Bonansiit kogekc Poccutickoit @enepanuu

2. B.B. KamranoB JleknapupoBanue 0€30MaCHOCTH THAPOTEXHUYECKHX COOPYKEHHI
Mertoaunueckoe nmocodue, Kosomua. ®I'bOY KUIIIIK, 2012 r., 48 c.

3. [Mpuka3z Pocrtexnamzopa ot 20.02.2012 rtoma Ne 117 «OO6 yTBepKaeHUU
AJIMUHUCTPAaTUBHOTO peryiaMenTa denepanbHOl CIIyKObI 10 3KOJOTUYECKOMY, TEXHOJIOTUYECKOMY
U aTOMHOMY HAaJ30py MO TMPEJOCTABICHUID TOCYAapCTBEHHOM YCIYrM IO YTBEPKICHUIO
Aexyapanuii 0€30MacHOCTU TMOJHAJ30PHBIX TUAPOTEXHUYECKHX COOPYXEHMH, COCTAaBISEMBIX Ha
CTaJINN DKCILTyaTalluy, BBIBOAA U3 IKCIUTyaTallui THAPOTEXHUYECKOTO COOPYKEHUS, a TAKXKE IOCIIE
€ro peKOHCTPYKLIUHU, KallMTAIBHOIO PEMOHTA, BOCCTAHOBIIEHUS WJIN KOHCEPBALUN».

4. Metoaudeckue peKOMEHJAMM MO0 OLEHKE PHUCKa aBapuil Ha THIPOTEXHUUYECKHUX
COOPY)KEHMSIX ~ BOAHOTO  xo3siictBa u  mpombinuieHHocTH. OAO  «HUU  BOJI'EO»,
«IAP/BOAI'EO», 3-e uznanue (nepepabotanHoe u gomnoiaHeHHoe). Mocksa, 2014 1. 58 cTp.

S. [TocranoBnenue IlpaBurenscrBa Poccuiickoit denepanun ot 16.10.1997 Ne 1320
«O0 opraHuzalMK = TOCYJApCTBEHHOTO Haa30pa 3a 0E€30MaCHOCTHIO  THAPOTEXHHUYECKUX
COOPYKEHUI».

6. Pexomenmanmu o coAep)KaHUM U TOPSJKE COCTaBICHHS TOJOBOIO OTYETa O

COCTOSIHUU THIPOTEXHHUYECKOTo coopyxenus (YTBepxkiaeHsl [locranoBneHuem ['ocroprexHamnzopa
Poccuu ot 02.06.1998 Ne 6/H).

UDC 641.8

METHOD OF CHARACTERISTICS ASSESSMENT OF SUPPORTIVE BEAMS
OF PROTECTIVE HYDROTECHNICAL STRUCTURE

Vambol Sergij, doctor of technical sciences, professor, head of the Applied Mechanics Department;
Koloskov Volodymyr, candidate of technical sciences, associate professor, associate professor of
the Applied Mechanics Department; Chernobay Gennady, candidate of technical sciences,
associate professor, associate professor of the Applied Mechanics Department; Derkach Yuri,

157



candidate of physico-mathematical sciences, associate professor, associate professor of the Applied
Mechanics Department
National University of Civil Protection of Ukraine

Abstract. In the represented article we have developed the mathematical model of strength
of elements of the carrying structure of supportive hydrotechnical wall. Using the mathematical
model we have created the criterion of safety level assessment for protective hydrotechnical
structure based on requirement of load bearing capacity preservation. On the basis of proposed
mathematical model and safety criterion we have improved the method of characteristics
assessment of supportive beams of protective hydrotechnical structure. It allows to calculate
accurate values of the loading factors in the dynamics of the extreme situation development taking
into account the complexity of the thermal and force loading regime.

Keywords: protective hydrotechnical structure, flat overlapping, supportive beam, strength

METOJ OHEHUBAHUA XAPAKTEPUCTHUK OIIOPHbIX BAJIOK
SAIUTHOTI'O T'MAPOTEXHUYECKOI'O COOPYXEHUA

Bambonw Cepeeti Anexcanoposuu, Konockos Braoumup FOpvesuu, Yepnobaii I'ennaoutl
Anexcanoposuu, /lepray IOpuii @edoposuy

AnHoTauus. B npencraBnenHoil pabore pa3padboTaHa MaTeMaTndecKast MOJeNb MPOYHOCTH
JIEMEHTOB HECYLIEW KOHCTPYKLIMM IMOANOPHON TI'MIPOTEXHUYECKOM CTeHbl. C HCIOJIB30BaHUEM
MaTeMaTHYeCKOM MOJeNM TMpeUIoKEeH KPUTEpUH OLIEHWBAaHHUS YpOBHS O€30MacHOCTH IS
3alIUTHOTO TUIPOTEXHUYECKOTO COOPYXKEHHs, OCHOBAaHHBIH Ha TpPeOOBAaHUU COXPAHEHHS €ro
Hecymel cnocoOHoctu. Ha oOcCHOBe MpeIoKEHHBIX MaTeMaTHMYeCKOW MOJINM U KpUTepHUs
0€30I1aCHOCTH YCOBEPILIEHCTBOBAH METOJ OLIEHUBAHUS XapaKTEPUCTUK OMOPHBIX OAJOK 3aLUTHOTO
TUIPOTEXHUYECKOTO coopykeHnsa. OH MO3BOJSIET pPAacCUUTHIBATh TOYHBIE 3HAUYEHHS CHIIOBBIX
(akTOpoB B TUHAMHKE Pa3BUTHUS YPE3BBIYAMHO CUTYAllUHU C YYETOM CIIOKHOCTH TE€PMO-CHUIIOBOTO
pEeXHUMa Harpy>KEeHUs.

KiroueBpie ci10Ba: 3alIMTHOE TUAPOTEXHUYECKOE COOPYKEHHE, IIJIOCKOE HEPEKpBITHE,
oropHas 0ajka, IpOYHOCTh

Introduction: To prevent extreme situationconnected with the raise of water in rivers and
lakes, flooding of settlements and transport communications they use temporarily protective
hydrotechnical structures. They are to block the liquid penetration from one space to another.
Supportive walls stability problem resolution was represented in [1]. Methods of strength
calculation for supportive walls are represented in [2-4]. However, these methods do not take into
account possible deviations of the temperature in different elements of the protective hydrotecnical
structure. The complex stress-strain condition arises in elements of the load-carrying structure of the
wall. Its complexity is amplified with the presence of the temperature irregularities and deviations
in spread of water on the surface of the plate. In the dynamics of the extreme situation development
the thermal conditions may vary depending on multiple factors. Thus, application of simulation
methods for evaluation of the destructive processes in the carrying structure elements is topical. The
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aim of simulation is to find the loading conditions that may prevent destruction of the supportive
wall and provide its carrying ability as a whole.

General approach for creation of simulation models used in investigation is represented in
[5]. Concerning application of the approach for specific tasks of safety provision, previously
achieved are represented in [6-11]. In particular in [9-11] the problems of simulation of the complex
thermal and force loading of the carrying structures are investigated.

The aim of the article is to investigate the impact of the temperature deviation on mechanical
characteristics of the protective hydrotechnical structure elements. To achieve this aim we have
solved the following tasks:

- the mathematical model of the strength of the elements of the carrying structure taking into
account the dependence of their mechanical characteristics on temperature is built;

- criterion of safety level assessment for protective hydrotechnical structure taking into
account the dependence of its elements’ mechanical characteristics on their temperature is created.

Methods of investigation: As a calculation case we have selected flat overlapping
construction with the rectangular contour consisting of the plate and supportive beams. The loading
carried by the plate is transferred to the system of equidistant bars called main direction beams.
These beams are held by the crossbeam which is leaned on the edges as it is shown at the
Figure 1, a. Let’s designate the sizes of the plate in the following way: | — height of the contour,
equal to main direction beam length; |1 — width of the contour, equal to cross-beam length; a —
distance between two neighboring main direction beams.

Hydrostatic pressure perceived by the plate is assumed to be evenly spread between the
main direction beams. The diagram of the hydrostatic pressure for estimated case is shown at the
Figure 1, b.

If we designate the depth of sinking of the top side of contour as h then the components of
the hydrostatic pressure are to be calculated with the following formulas:

{ql==pgh;
q2 = +pgl,
where p — density of the liquid; g — acceleration of gravity.
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Figure 1 — Flat overlapping construction with supportive beams under the impact of
hydrostatic pressure
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Results of investigation: Let’s designate the force applied for main direction beam as (,

and reaction of the cross-beam AB in the point of their contact as Rj. Then main direction beam
deflection at the point of its contact with the crossbeam may be calculated with formula
Yi=vi-a-Bi-Rj, i=L..n, ®)
where ¥ and B are coefficients, defined by the I main direction beam characteristics, g
force distribution law and cross-beam location. If ( force distribution law is linear
(see Figure 1, b), then

_@t%
| 2

In general, the temperature of each beam may be different thus changing their mechanical

a. 3)

characteristics. Let’s designate the temperature of the cross-beam as Tq and temperature of I main

direction beamas Tj, i =1...n.
If cross-beam is located over the mid-points of main direction beams then

p

_ 5 13

" " sea [E) ) “
|3

b= e Em) om)

Here [E(T;)-J(T;)] and [Eq(Tp)- 31(Tg)] - bending stiffness dependences on the
temperature for main direction beams and crossbeam correspondingly.
Cross-beam is bent with the reaction forces R; (i =1,...1n), where n is a number of main

direction beams. Thus, the represented calculation scheme is n times statistically indeterminate. To
disclose the statistical uncertainty we use the force method with the following canonical system of
equations

(611 + al)Rl + 512R2 +...+ 61n RI‘I =f;

821R1 + (822 + al)Rz +...+ 82n Rn = f ; )

6n1R1 + 6n2R2 +...+ (Snn + al)Rn =f,
where d; j = d ji —symmetrical coefficients of cross-beam influence, equal to its deflection at
the point of its contact with | main direction beam when the unitary force is applied at the point of

its contact with I main direction beam; @, — deflection of main direction beam in its mid-point

when the unitary force is also applied in its mid-point

3

48-[Ey(T)- 3y(T)]
f — deflection of the main direction beam in its mid-point under impact of the hydrostatical

d (6)

pressure
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384

[Ex(T)- 31(T)]

System of equations (5) defines all unknown forces Ry(T1),Ro(To),...Rn(Ty)

determining interaction of the main direction beams with crossbeam in the points of their contact in
their dependence of the temperature. Using obtained data the strength and stiffness calculation for
each beam may be accomplished independently with the structural mechanics methods.

Analysis of obtained results allows creating criterion of safety level assessment for
protective hydrotechnical structure based on requirement of load bearing capacity preservation in
following formal representation

% ca-14. 7)

R <[Ri] i=1..n, 8)
where [Ri] — maximum permissible force to be applied for the corresponding beam.

Let us notice that in the case of equalized temperature provision for the whole protective
hydrotechnical structure the solution of system of equation (5) will become simpler because of the
following simplification

To=T;, i=1...n. 9)

The next simplification we may obtain choosing the similar main direction beams and locate

them symmetrically. Then the number of unknown values is decreased:

ifn is even then N'=—, (10)
(n+1)
;-

Such decrease provides substantial simplification of the system (5) evaluation. Further
simplification we may obtain if main direction beams and crossbeams have same cross-section and
are made of same material. Then their bending stiffness is also the same

+ NS

ifn isodd then N'= (11)

[E(T)-3(T)]=[Ex(To)- I(To)]. i=1...n (12)

and may be fully excluded from all equations of system (5).

It has to be specially mentioned that if number of main-direction beams n is odd the result
of evaluation of canonical system of equations (5) may include negative value of force of
interaction between the central main direction beam and crossbeam. Such case shows that
crossbeam of the selected design has lower bending stiffness applying additional loading to the
central beam instead of strengthening. Then we have to increase bending stiffness of central main
direction beam until the mentioned interaction force will reach its positive value.

Conclusions: In the represented article we have developed the mathematical model of
strength of elements of the carrying structure of supportive hydrotechnical wall. The canonical
system of equation for contact loading forces between main direction beams and crossbeam is built
using the force method. On the basis of the obtained results we have created the criterion of safety
level assessment for protective hydrotechnical structure based on requirement of load bearing
capacity preservation.
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On the basis of proposed mathematical model and safety criterion we have improved the
method of characteristics assessment of supportive beams of protective hydrotechnical structure.
The proposed improvement allows to calculate accurate values of the loading factors in the
dynamics of the extreme situation development taking into account the complexity of the thermal
and force loading regime.
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