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mics penakcaimii HampyXeHb B €JIeMEHTax TSXKIB, sIKe HEOOXiTHO 3I1HCHIOBATH
NepioANYHO Ha MPOTA31 eKcruryararii OymiBmi. Pekomenparii...[3] mpomnoHyOTh
TIJIbKM KOHCTPYKTHUBHE BUPIIICHHS HANpPYKEHUX METAJIEBUX MOACIB 0€3 HaBEICHHS
NpUKJIaAy PO3PAXYHKY 1 ypaxyBaHHS XapakTepy HEPIBHOMIPHUX AepopMyBaHb
OCHOB, CTYyIIGHS TIOIIKO/)KCHb YW pyHHYBaHHS (yHIaMeHTIB 1 CTIH OyaiBimi

Ha Kadenpi OyniBHuITBa 1 IUBUIBHOI 1HXKEeHEpil HallloHaAJIbHOTO YHIBEPCHUTETY
«ITonraBchka momitexHika imeHi Opis Konmpatioka» po3pobieHa MeTonuka, sika
JIOTIOMArae 3arpoeEKTYBAaTH 1 CKOHCTPYIOBATH TSKI W OTIOPHI €JIEMEHTH 3aJIeKHO BiJT
XapaKkTepy PyHWHYBaHHS Ta 00’ €MHO-TIJIAHYBAJIBHOTO 1 KOHCTPYKTHBHOIO BUPIIICHHS
OynmiBii (CrOpyau), sSika BPpaXxOBYE TEXHOJIOTIIO iX yJAINTyBaHHS 1 BUKOPUCTaHHS Ha
npoTsA3l ekcruryaTarii. Tak, HayKOBO-TIEJaroriyHMMHU TMpaliBHUKaMu Kadeapu Ha
MPOTSI3i POKIB 3a JIOMOMOTOI0 PO3POOJICHOT METOJAMKH OYyJIuM BHUKOHAHI MPOEKTH
M1JICWJICHHS HAIIPYKEHUMU T0sSICaMHU HECYUYUX CTIH HACTYITHUX Oy/1BeNb, K1 3a3HAIH
HEPIBHOMIpHUX Je(OpMyBaHb OCHOB: JIIKYBaJIbHOTO Kopnycy caHatopito “TlonTaBa”
Ta Koprycy Ne5 canatopito “Xopoi”  CaHAaTOPHO-KYPOPTHOTO  KOMILIEKCY
“Mupropon’; 6yaisens [TonTaBcbkoi koHaUTEpChKOi padbpuku mo Byi. Crnackkii, 10;
CKJIaJy TOToBOi Mpoaykili [lonTaBchKOro JiKepo-ropiT4aHOro 3aBOJY; TYPTOKUTKY
Ne2  TlontaBchbKOrO  HAIIOHATBHOTO  MENAroriyHOTO  YHIBEPCUTETY  IMEHI
B.I'. Koponenka; 6ynism K3 «llonraBchka 3aranbHo-ocBiTHs mikoia I-III crymenis
Nell TlontaBchKOi MICBKOT pajiny Ta 1HIIUX BUPOOHUYMX OYIiBEJIb 1 COPY/I.

[1] ACTY-H b B.1.2-18:2016 HactanoBa 100 OOCTe)XeHHs OymiBeNlb 1 CHOPYA /s BH3HAYEHHS Ta OIIHKK IX
TexHiYHOro craHy. Haka3 MiHicTepcTBa pErioHaNbHOrO PO3BUTKY, OYAIBHHIITBA Ta JKUTIOBO-KOMYHAJIBHOTO
rocrogapcTa Ykpaiau Big 02.07.2016 p. Ne213, wuani 3 01.04.2017 p.— K., AT “YxpHAHIL”, 2017.— 44 c.

[2] ACTY B B.3.1-2:2016. PeMoOHT i migcHICHHS HECy4HMX i OTOPOKYBAIBHHUX Oy/IiBETbHUX KOHCTPYKIii i OCHOB
OyxiBenb i ciopya.—3aTB. HakazoM MiHperiony Big 24.06.2016 Ne 182, wunnuii 3 01.04.2017. — K.: JIT «YkpHIHL»,
2017.- 68 c.

[3] Pexomenmariii 110,10 MOCHIEHHS KaM'sTHUX KOHCTPYKIik OymiBens Ta cnopy/IITHIIBK im. Kyuepenko, 1984. - 36 c.
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ABOUT DYNAMIC CALCULATION OF CIRCULAR SOLID PLATES ON
AN INHOMOGENEOUS ELASTIC FOUNDATION

Sc.D. (Tech.), Yu.S. Krutii', PhD (Tech), A.O. Perperi’,
Post. grad., D.V. Velychko®,
'Odesa State Academy of Civil Engineering and Architecture (Odesa)

The authors investigated the problem of free symmetric vibrations of circular
solid plates with constant cylindrical stiffness D resting on a heterogeneous elastic
foundation (Fig. 1). The relevance of such studies is emphasized in a significant
number of modern publications, among which [1] is of special note.
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Fig. 1. Annular plate on an inhomogeneous Fig. 2. Circular solid plate on an
elastic foundation inhomogeneous elastic foundation

Winkler hypothesis is adopted for an elastic foundation, wherein the reaction
force of the foundation R(r,t) under the plate and the dynamic deflection W (r,t) are

linked by the equation R(r,t)=-k(r)W(r,t), where k(r)— variable subgrade
modulus.
The corresponding differential equation of the plate vibrations can be expressed

as
10 _0|10( oW o'W

where p— the mass density of the material, h — plate thickness.

The exact solution to this equation was established in [2]. As a result, the closed
form of the calculation formulas for the parameters of plate free vibrations are
presented there. Following the exact solution, the authors of this publication
developed an analytical method for calculating the vibrations of solid circular and
annular plates when the subgrade modulus is defined by any continuous function. The
corresponding program code was created to implement the developed method. Thus,
it is possible to compute the symmetrical vibrations of plates in the program mode.

The authors carried out a series of calculations to determine the natural
frequencies and shapes of symmetric vibrations for solid circular and annular plates
with different variants of boundary conditions and with different variable subgrade
modulus.

Example. The calculation results for a concrete solid plate with a fully fixed
contour. The subgrade modulus varies according to a linear law

k(r):k(O)-(l—g)z.
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Input data for the calculation: p = 2500kg / m*; E = 290GPa; 1 =0,16; a=0,6m;
h=0,2m; k(0) =6-10°kN / m®.

Table 1 shows the calculation results obtained from the authorial method (AM)
and the approximate finite element method (FEM) using LIRA-SAPR software
package. Since the authorial method of calculation is based on the exact solution of
the corresponding differential equation, the obtained numerical results can be
interpreted as accurate. Comparison of the results makes it possible to determine the
relative error of the finite element method calculations for the example in question.

Table 1 — Free vibration frequencies of the plate w, rad/s

Mode Ne AM FEM Relative error, %
1 7220,555667 6879,278320 4,726469
2 28110,283970 26766,589844 4,780080
3 62978,890206 59928,503906 4,843506
4 111804,747592 106336,960938 4,890478
5 174584,377116 165970,890625 4,933710

a) the first mode b) the second mode c) the third mode

a) the fourth mode a) the fifth mode

Fig. 3. The first five symmetric vibration modes

In conclusion it can be stated that a new analytical method for calculating the
vibrations of solid circular and annular plates resting on an inhomogeneous
continuous elastic Winkler foundation exists. In this case the subgrade modulus
which actually describes the nature of the elastic foundation inhomogeneity can be
set by any continuous function.

[1] Foyouzat M. A., Mofid M., Akin J. E. Free vibration of thin circular plates resting on an elastic foundation with a
variable modulus. Journal of Engineering Mechanics. 2016. 142(4). https://doi.org/10.1061/(ASCE)EM.1943-
7889.0001050

[2] Krutii Y., Surianinov M., Osadchiy V., Kolomiichuk V. Development of analytical calculation method for
axisymmetric oscillations of circular and annular plates on variable Winkler elastic foundation. IOP Conference Series:
Materials Science and Engineering. 2021. 1164(1), 012056. https://doi.org/10.1088/1757-899X/1164/1/012056
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