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AHHOTAUMA

BBepgeHue. Pa3paboTka MeToOOB onpegeneHus 4actot u opMm konebaHui, a Takke OUHAMUYECKUX peakuuid TOHKMX
NAMT C PasnUyHbIMU CUCTEMaMW OMUPaHUsl, B TOM YMCIE OMMUPAaKLLMXCA Ha TOYEYHbIE OMOpbl, SBMSETCS aKTyanbHOW
3ajavent, peLleHmnio KOTOPOK NocBsLeHa HacTosiLwan paboTa. Lienb paboTbl — paspaboTka akcneprMeHTanbHbIX METOL0B
onpeaeneHust 4actoT U opM COBCTBEHHbIX KONeBaHWM TOHKUX TOYEYHO OMepPTbIX KBaApPaTHbLIX CMMOLWHbLIX MAUT U NAUT
C OTBEpPCTUAMMN.

MaTepuansi n metoabl. [puBoaNTCA MeTOAMKA M @aHaNU3 pe3ynbTaToB IKCMEePUMEHTarbHbIX UCCNef0BaHNA ANHAMUYECKMX
XapaKTepUCTUK KBaApPaTHbLIX CNIOLWHbIX MAUT U NIAUT C OTBEPCTUSIMMU.

Pe3ynbTaTtbl. B gaHHOM paboTe onpeneneHbl 4acTOTbl COOCTBEHHbLIX KonebaHwui KBagpaTHbIX MAMT CO CBOOOAHBbIMMU
Kpasimu, onuparoLLMecsl Ha TOYEYHbIE OMopbl; MONyYeHbl 3aBUCUMOCTM YacTOT KonebGaHui NiMT OT KOOPAMHAT TOYEYHbIX
ornop 1 pasMepoB CUMMETPUYHO PACMONOXEHHbLIX OTBEPCTUIA; ONpeaeNieHO PacnonoXeHNe TOYEYHbIX OMnop, NPy KOTOPOM
OCHOBHasi YacToTa CBOGOAHbLIX konebGaHuii NnThl SBMNSETCS MaKCMMarbHOW; SKCNEPUMEHTanbHO onpeerneHbl YacToThl,
POpMbl U AeKpPEMEHTbI KorebaHuin KBagpaTHbIX NIWT, ONepPThIX Ha YeTblpe TOYEYHbIX OMOpbl, @ Takke BIUSHUS HannM4uus
OTBEPCTUM U CTENEHUN 3aLLEMIIEHNS OMOP Ha AVHAMUYECKNE XapaKTEPUCTUKN TUX NINT.

BbiBogbl. CpaBHEHME 3KCNiepUMEHTarbHbIX U TEOPETUYECKUX 3HAYEeHUIA YacTOT COBCTBEHHbIX konebaHui NNuT nokasaro
nX xopoLuee cxoAacTBo. NonyyeHHble B paboTe pe3ynbTaTtbl MOryT ObiTb NPUMEHEHbI MPU AUHAMUYECKUX U CENCMUYECKMX
pacyeTax TOYEYHO OnepTbIX KBaAPaTHbIX MAUT MOKPLITUNA.
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ABSTRACT

Introduction. The development of methods for determining the frequencies and forms of vibrations, as well as dynamic
reactions of thin slabs with different support systems, including those supported on point supports, is an urgent task, the so-
lution of which is the subject of this paper.

The aim of the work is to develop experimental methods for determining the frequencies and forms of natural vibrations
of thin point-supported square solid slabs and slabs with holes.

Materials and methods. The methodology and analysis of experimental results of dynamic characteristics of square solid
slabs and slabs with holes are presented.

Results. In this work, the frequencies of natural vibrations of square slabs with free edges resting on point supports are
determined; the dependences of frequencies of slabs vibrations on coordinates of point supports and sizes of symmetrically
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located holes are obtained; the location of point supports at which the fundamental frequency of slabs free vibrations is
maximum, is determined; frequencies, forms and decrements of vibrations of square slabs resting on four point supports
are experimentally determined, as well as the influence of presence of holes and the degree of pinching of the supports
on the dynamic characteristics of these slabs.

Conclusions. Comparison of experimental and theoretical values of natural vibration frequencies of the slabs showed good
similarity. The results obtained in this paper can be appplied to dynamic and seismic calculations of point-supported square
slab coverings.
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BBEJEHUE

N3ydenne pabOThl TOHKUX TUTUT O]l BO3JEHCTBH-
€M JIMHaMUYEeCKOW HArpy3KHu ¢ JaBHUX IIOP HAXOIUTCSA
B LIEHTpEe BHUMaHUs uccienopareneil. ToHkue minThbl
SIBJISIFOTCSL OJTHUM W3 OCHOBHBIX 2JIEMEHTOB KOHCTPYK-
UM 31aHUl U coopyxeHui. [ImuTsl, UMeroLme pa3iny-
HBIC KOHCTPYKTHBHBIC PEIICHUS U OMOPHBIC YCTPOWi-
CTBa, MPUMCHSIOTCS B MOKPBITHAX U MEPEKPBITHIX
JKUJIBIX, OOIIECTBEHHBIX M MPOMBIIUICHHBIX 3TaHUH,
a Tak)ke B MH)KEHEPHBIX COOpYXeHUsIX. B 3aBucumo-
CTU OT HA3HAYCHUS U apXI/ITeKTypHO-HJ'IaHI/IpOBO‘IHO-
o pemeﬂnﬂ 31aHUS IIJIUThI MOFyT HMETh pa3anH1)1e
OUepTaHUsS U CHUCTEMY OMUPAHUS, a TAKKE OTBEPCTHS
paznugHbIx GopMm. Omopamu sl TUIAT OOBIYHO CITY-
JKaT CTCHBI WIIH KOJIOHHBI — TOYCYHBIE OMOPBL. [IMHTHI
OTIHMPAIOTCS HAa KOJIOHHBI B 0€30aI0YHBIX IEPEKPITHSX,
MPUMEHSIOMNXCS B 3JaHUSAX Pa3IUIHOTO HA3HAYCHUS
1 B OTJENIBHBIX COOPY)KCHHUSX.

MHOTro4HCIEHHbBIE TEOPETUUECKUE U IKCIEPHU-
MCHTAJIBHBIC UCCIICAOBAHHUS ITOCBALLICHBI I/I3FI/I6y IIJIAUT.
CpaBHUTENBHO CIOKHBIMU U MaJi0 U3YYEHHBIMH 3a7a-
yaMU SIBJISIOTCS MCCIIeI0OBaHus Kojiebanui miuT. He-
PEeryISIpHOCTH (POPMEI, CIIOXKHASI CUCTEMa OMUPaHIS,
a TarKe HAIMYHE OTBEPCTUH YCIOKHSIOT pacueT IUIHT,
0COOCHHO TPH AMHAMHUYECKUAX BO3ICHCTBHIX.

VYyer auHamuueckux 3 GEKTOB IPU pacueTe KOH-
CTPYKIIUI 0COOCHHO HEOOXOIUM B YCIOBHSIX BBICOKOU
ceicMuuHocTH. Kak mokasanu aHamu3bl MOCIEICTBUN
3eMJIETPSICEHUN, MAaKCUMAIbHOE YCKOPEHHE BEPTUKATIb-
HOM COCTaBIISAIONIEN — MPUMEPHO TOTO ke MOopsIKa,

YTO M YCKOPEHNE TOPU30HTAILHOM COCTABIISIOMEH. DTO
YKa3bIBaeT Ha TO, YTO IPOBEPKY HECYIIEH CIIOCOOHOCTH
TUTAT TIEPEKPBITHN U IPYTUX COOPYKEHHH HEOOXOTUMO
IIPOBECTH C YyYETOM BEPTUKAJIBHON COCTABIISIIOLLECH
cericMuueckoro Bo3zaeicTBusa. CieaoBaTeabHO, IS
JUHAMHUYECKUX U CEHCMHYECKUX PacdyeToB TOUEUHO
OMEPTHIX IJIUT, IPUMEHSIEMBIX B KOHCTPYKIMAX 31aHUN
U COOPYKEHHH, MTPAKTUYECKUI UHTEPEC MPEACTABISIET
OTIpe/ieNIeHne UX JUHAMUYECKHX XapaKTEePUCTHK, da-
CTOT, (hOpM COOCTBEHHBIX KOJICOaHH 1 JEKPEMEHTA 3a-
TyxaHus. TeopeTudeckue ncciaeaoBaHus 3TOHN 3a1auu
0OBIYHO IIPOU3BOAATCA I1O HpI/I6J'II/I)KeHHBIM MECTOAaM
pacuera [1-19].

MATEPHUAJIBI U METO/bI

Jis mpoBepKH 3HAYEHNH PE3yabTaTOB TEOPETH-
YECKUX HCCIICI0OBAaHUN KoIeOaHWH TOUEUHO OIEPTHIX
IUTUT ¥ YTOYHEHHs OTAEJIBHBIX BOIPOCOB NPOBOAM-
JIMCh 9KCTIEPUMEHTAIIbHBIC HCCIIC0BAHUS HA MOJEIIAX
CIUIOIIHBIX M CKBO3HBIX CTaJIbHBIX ILIUT, OMEPTHIX
Ha YEThIPE TOYECYHBIC OMOPHI C IAPHUPHBIMU U 3aIEM-
JICHHBIMU OTIOPHBIMHU YCTPOICTBAMH, IPH PA3ITMYHBIX
PacHoONI0KEHUAX KOOPAMHAT ToueuHbIX onop [20-30].
[TnuThl OBLIM M3TOTOBJICHBI U3 CTAIBHBIX JINCTOB Pa3-
Mepamu 1200 x 1200 mm u TommmuHOMN 8 MM (puc. 1).
Cromrasle mUTH (puc. 1, @) ¢ KoopaMHATAMA PacIio-
JIOYKEHUS TouedHbIX orop Xc = Ye = 580, 400 u 300 mm
o6o3navanucsk I1-1, I1-2 u I1-3, minTel ¢ KBaJpaTHbI-
MU otBepcTusiMu (puc. 1, b), coorBercTBeHHO, [1-4,
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Puc. 2. Cxema YCTAaHOBKHU Ul CTaTUYCCKUX U JUHAMHUYCCKUX WCIIBITAaHUI

LLPTTT primw e

Puc. 3. Cxema NOAKIIOYEHUS U3MEPUTEIBHBIX IPHOOPOB

I1-5 u I1-6, a mAUTHI ¢ NPSIMOYTOJIBHBIMU OTBEPCTHSIMU
(puc. 1, ¢) —I1-7, [1-8 u I1-9.

WTaK, NCIIBITHIBAIIMCE JEBATH IUINT C PA3IMYHBIMU
KOHCTPYKTHBHBIMH pelIeHUsIMH. BBuay Toro 4ro Bce
TUIIOPa3MEephl UCIBITHIBAINCH B YCIOBHSIX IIapHUP-
HOTO U 3aleMJICHHOTO ONMUPaHUs, B AaJbHEHIIEM H3-
JIO)KEHUH K 0003HAYCHUSIM IUIUT C NIAPHUPHBIMHU OI10-
pamu noGasmsuck OykBel «m» (I1-1or; [1-2m u 1.11.),
a K IUTMTaM C 3aieMiIeHHbIMU onopamMu — «3» (11-13;
[I-23ut.n.).

[TapHupHBIE COEAMHEHNS OCYLIECTBILUTICE CTAlb-
HbIMU TTostycdepamu (d = 30 MM), yCTaHOBJIEHHBIMU
B TOJIOBHBIX YaCTAX OIIOPHBIX CTOEK, a 3aleMJICHUS —
CKUMAIOLIMMUCS TaiiKaM, YCTaHOBJICHHBIMH Ha ITHTHI
B TOJIOBHBIX YacTsIX OIOP.

Jis cTaT4ecKux M IWHAMUYECKUX WCIBITAaHUN
IUIIT ObLIIA CIIPOEKTUPOBAaHA M W3TOTOBJICHA CIIELUAIb-
Hasl yCTaHOBKA, Ubsl YIPOILIEHHAsI CXEMa IpeJCTaBIIe-
Ha Ha pHUC. 2. YCTAHOBKA COCTOUT U3 UCIBITATEILHOTO

crTosia /, ONIOPHBIX CTOCK 3 Uil KPEIUICHUs! UCIIBITYe-
MBIX IUIAT 2, 3JIEKTPOJINHAMUYIECKOTO JINHEHHOTO BH-
Oparopa 4, reHeparopa 5, H3MEpPSIONIEeTro 3HAYCHUS Ya-
CTOT 2JIEKTPUIECKOTO TOKA, YCHIIUTEIIS TOKA 6 M APYTUX
YCTPOWCTB, HEOOXOIMMBIX ISl MCTIbITaHus. McnbIranus
KOJIeOaHMIA TUTUT U 00pa30BaHUE CBOOOIHBIX KOJICOAHHIA
OCYIIECTBISINCH € IOMOIIBI0 Harpy3ku (F' =250 H), mo-
BEILICHHOM B MX IIEHTPE. BBIHYXIeHHbIE KONIEOaH!s TTUT
BO30YXIAJINCh IEKTPOJUHAMUICCKAM BHOPATOPOM,
JUIS TUTAHUSI KOTOPOTO HCIIOIB30BAJICSI HU3KOYACTOT-
HbII TeHepatop Mapku ['6-15. C noMolbio nocieaHero
IJIaBHBIM MOBBLIIICHUEM YaCTOThI TOKA, I€peaaBacMoro
BHUOpaTopy, B UCHIBITYEMBIX IIUTaX BO3HUKAJH Pa3HbIC
YacTOTHI KoJeOaHWid (B TOM YHCIIE M PE30HAHCHBIC),
10 KOTOPBIM U OIIPEACISUINCH ANHAMHUYECKUE XapaKTe-
PHUCTHKH COOCTBEHHBIX KOJICOAHHH TIINT.

Crarndeckue UCIBITaHUS TUIUT OCYIIECTBIISINCH
JUISL OTIPEJICNICHHSI X JKECTKOCTEH, C 1eJIbI0 IPOBEPKH
pe3yabTaTOB AUHAMUYECKUX UCIbITaHUH. J(MHaMuue-
CKHE€ HCIIBITAHMS OCYIIECTBISUIMCH JABYMs 3TallaMu.
Ha nepBom sTarie onpenensuiuck 4acToTbl COOCTBEHHBIX
KoJIe0aHUH TUTUT TIO TIepBOi (hopMe B yCIOBUSIX CBOOOI-
HBIX KOJICOaHH, a Ha BTOPOM 3Tarle TO0/[BEeprajlch BbI-
HYKICHHBIM KOﬂe6aHI/IﬂM, 1 B YCJIOBUAX PE30HAHCHBIX

Tabn. 1. 9KCHepI/IMeHTaJ'II>HBIe 3HaAYCHHUA HpOFI/I6OB M 4aCTOT UCIBITAHHBIX IIJIAT

Yacrora YacToTsl 10 hopmam KoieOaHui
ITnutset [Iporu6sr, Mm CBOOOIHBIX
xoneGarmit, T1] I hopma 1T dpopma 1T popma
1 2 3 4 5 6
II-1m 1,75 12 11,1 23,0 64,0
I1-13 1,10 15 15,5 29,3 68,0
I1-21m 0,38 26 26,0 50,0 90,5
11-23 0,25 31 30,0 54,5 94,6
I1-31m 0,21 32 30,5 44,0 86,3
11-33 0,15 37 35,0 48,3 90,0
I1-41m 2,65 10 10,5 23,0 72,0
11-43 1,60 16 15,2 30,0 75,5
T1-5m 0,55 29 28,5 42,0 83,0
I1-53 0,35 35 33,0 46,5 88,0
T1-61 0,30 32 29,0 40,0 80,0
11-63 0,23 34 33,0 453 84,0
I1-71m 2,50 12 11,3 22,5 70,5
11-73 1,54 15 14,5 27,0 74,0
T1-8mr 0,50 32 29,5 45,0 90,0
11-83 0,35 34 33,2 49,5 95,0
T1-9m 0,28 30 30,0 453 78,0
11-93 0,21 35 34,0 50,0 83,0
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Taou. 2. TeopeTnueckue 3Ha4EHUS YaCTOT

3HaueHHUS YaCTOT COOCTBEHHBIX KoJicOaHui, ['1g
IInurer I popma 1IT popma
Teoperuueckas DKcrepUMEeHTaIbHAs Teopernueckast DKcrepuMeHTalbHas

[I-1m 11,0 11,1 63,5 64,0
[1-2m 24,2 26,0 89,8 90,5
[1-3m 274 30,5 91,2 86,3
[1-4m 10,0 11,0 - 72,0
[1-5m 28,0 28,5 - 83,0
[1-6mm 30,9 29,0 - 80,0

KoJIeOaHUH OIpeNeIsUINCh TIEPEMEIEHUST M YaCTOTHI
no I, I u 111 hopmam coOCTBEHHBIX KOIEOAHH.

[lepemerieHust 1 4aCTOTHI CBOOOJHBIX M BBIHYXK-
JICHHBIX KOJICOaHUH IJIUT OIPEAEISIINCh BUOpaTOpamMu
mapku CB-101. Cucrema u3MepuTebHBIX TPUOOPOB
(puc. 3) coctout u3 BuOparopa /, KOpOOKH COIPOTHB-
nenus 2 u ocwniorpada 3 mapku HO-441.

PE3YJIBTATBI HCCIEJOBAHMUA

DKcnepuMeHTalbHbIC 3HAYCHUSI TIPOTHOOB M Ya-
CTOT UCITBITAHHBIX TUIUT MIPUBEJICHBI B Ta0M. 1.

C 1enpio NpoBEepKU Pe3yabTaToOB 3HAYCHUH Teope-
TUYECKUX MCCIEIOBAHUN KOJIEOaHUI TOYEUHO OTIEPTHIX
IUIUT U3 TpadUKOB, IPUBEACHHBIX B pabdore [31], Obuin
OIIPE/IeIICHbI TEOPETHYECKHE 3HAYCHUSI YacTOT KoJieOa-
HUH HCCIeTyeMBIX TUTUT, KOTOPhIE CPABHUBAJIHCH C CO-
OTBECTCTBYIOIIUMHU 3HAYCHUAMHA YaCTOT, OMPCACTICHHBIX
IKCIIEPUMEHTAILHBIM ITyTeM (Tabd. 2).

Jlis moctpoenust popM kosnedanuii it Ha 170 Tou-
Kax MX MOBEPXHOCTEN U3MEPSUINCH MPSIMOJIMHENHBIE T1e-
pemernierns. [To ocrmiorpaMmam nepeMerieHnii ObITH
noctpoesnst L, I, 11T dopmer komebanwii ot (puc. 4-7).

BBuny He3HauMTENHHOTO BIUSHUSA (GOpPM W pas-
MEpOB OTBEPCTHH HA TUHAMHYECKHE XapaKTEPUCTUKH
TUTAT HIKE TIPUBOISTCS TOJIBKO HEKOTOPBIC PE3YIIbTAThI
WCTIBITAHUN CTUTONTHBIX TUTHT.

SJAKJIIOYEHUE U OBCYXJAEHUE

AHanu3 NaHHBIX, IPUBEICHHBIN B Ta0M1. 1, mMoKa-
3BIBACT, YTO 3aKPEIICHUE OIIOp MPUBOJUT K yBEIHUE-
HUIO KECTKOCTH IUIUT M, COOTBETCTBEHHO, K N3MEHE-
HUIO 9acTOT. CTENeHb YBEINUCHHS )KECTKOCTH 3aBUCHT
OT KOOPJUHAT PACIOJIOKEHUS OIOP: MPU PACIOTIO0XKE-
Huu orop B yrax utsl (I1-1, 1-4, T1-7) xectkocTh
yBeIuuuiach B cpegHeM B 1,62 pasa, IpH yCTaHOBKe
koopnunat onop Xc = Yc =400 mm (I1-2, I1-5 u I1-8) —
B 1,51 pasa u B cinyuae Xc = Yc = 300 mm (I1-3, I1-6,
I1-9) — B 1,34 pa3za. [IponopunoHaIbHO U3MEHEHUIO
JKECTKOCTH YBEITMUMIINCH TaKXKe YaCTOTHI COOCTBEHHBIX
Koje0aHUi TUINT.

CpaBHEHHE pe3yJIbTaTOB TECOPETHUYECKUX U DKC-
MEePUMEHTAIBHBIX 3HAUCHUH 4aCTOT COOCTBEHHBIX KO-
nebanuit muT (Tabi. 2) MOKa3bIBaeT, YTO OHU OYCHD
ONMU3KHM 110 3HAUYEHUIO U MpH KosebaHusx no I ¢popme

66

B CpeIHEM pa3imdaloTcs Ha 6 %, a Ipu KoJeOaHMIX
o 11T popme — Ha 2,5 %.

@®opmbl konebanui cruromrHod mmThl (I1-11m)
U TUTITHI C KOHCOTMBHBIMU "acTsimu (I1-21m) o ee otaemns-
HBIM OCSIM B BHJIC OCEBBIX JMHUI MOKa3aHBI HA pHC. 4.
[Ipu COBMECTHOM PacCMOTPECHUH MMOCTPOCHHBIX OCEBBIX
JIMHUH MOXKHO 3aMETHTh, 9TO | (hopMa KoreOaHus TUTHTHI
MpeACTaBIsieT cO00H IBYCTOPOHHIOI 00O0IIOUKY, OTep-
Tyto Ha geTsIpe Touku. II u III popmer konebanuii T
B [IPOCTPAHCTBE MPEJICTABISAIOT CO00i 000JI0UKH C I10-
JIOKHUTEIBHON U OTPUIATEIIEHON KPUBH3HOM, OMEPTHIC
Ha YeThIpe TOUKH. | popma KomedaHwM ¢ KOHCOITBHBIMU
gacTamu (I1-2m) Taxke mpeacTaBisier co0oi ABYCTO-
POHHIOIO 000JIOUKY.

3HauCHUS JEKPEMCHTOB KOJCOAHMIA ILTUT OIpe-
JEJSAIUCH TI0 OCIUJUIOrpaMMaM 3aTyXaroIluX KoJje-
GaHMil 1 IO pe30HAaHCHBIM KpUBHIM. [lo pesympraram
9KCIICPUMCHTAIBHBIX HCCIACIOBAHUN MOIYYHIOCH, YTO
JICKPEMCHT 3aTyXaHHsI 3aBUCUT OT yCIIOBHI 3aKperuie-
HUS OTIOP TUTUTHI X POPMEI Kostebarnit. Tak, Harpumep,
BENIWYMHA JIEKPEMEHTA IUIUT C IMapHUPHBIM OIHpa-
Huem st konebauuid o I, 11 u 11 popmam nmomyuu-
ek 0,072, 0,047 1 0,038, a 11 IIUT ¢ 3aleMICHHBIM
OTHpaHueM JUT KoJeOaHuil MepBBIX TpeX GopM, COOT-
BercTBenHo, 0,065, 0,043 u 0,036.

W3 naHHBIX, MPUBEACHHBIX B CcTOJOIAX 3 u 4
Tabm. 1, BUTHO, YTO 3HAYCHHUS TTOTyYCHHBIX YACTOT CBO-
OOIHBIX M BBIHYKICHHBIX (PE30HAHCHBIX) KOJMCOaHHNA
MOYTH OTMHAKOBHI U OTIIMYAIOTCS IPYT OT APYTa B CPE-
HeMm Ha 4,5 %. DT0 00CTOSATENbCTBO MOATBEPKIAET
JIOCTOBEPHOCTH YacTOT, OIPE/ICICHHBIX PE30HAHCHBIMHU
KOJICOQHMSIMU.

W3 naHHBIX, TPUBEAECHHBIX B Ta0J. 1, O4EBUIHO
TaK)Ke, YTO HAJMYNC OTBEPCTUN U MX BHUI HE OKa3bl-
BAaIOT CYIICCTBEHHOTO BO3JCHCTBYSI HA YaCTOTHI KOJIC-
OaHUil, HECMOTPS HA TO, YTO JKECTKOCTPH ITOCICTHIX
CYIIECTBEHHO M3MEHSETCS (IS IUTUT C KBaAPAaTHBIMU
orBepctusimMu B 1,43—1,51 paza, a ans miauT ¢ npsmo-
yronbHbeIMH oTBepcTusiM U B 1,33—1,43 paza). Hecyue-
CTBEHHOC M3MEHEHHE YaCTOT MOYKHO OOBSICHUTH TEM,
YTO HAJMYUE OTBEPCTUI OHOBPEMEHHO C YMEHBIIICHHU-
€M JKECTKOCTH TUIUTHI YMCHBIIIACT €€ MAacCy.

Bru30CcTh TEOPETHUCCKUX M IKCIICPUMCHTAIBHBIX
3HAUCHHI 4acTOT KoieOaHui (Tadil. 2) CBHICTEIBCTRY-
€T O IOCTOBEPHOCTH PEIICHHUS TEOPETHUESCKOH 3a/1auH.
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Puc. 4. ®opmbl KoseOaHUH IUTHI € IAPHUPHBIM ONKUPAHUEM I10 YIVIaM U IUIMTHI ¢ KOHCOSIMU: @ — CXeMa ¢ HyMepalusMu

TOYeK 1 (pOpMbI KosebaHuit o guaronanu; b — Gpopmbl KoebaHui 110 0003HAUYCHHBIM 0CSM

JlexpeMeHT KoJicOaHuii IPpH IMIAPHUPHOM OTIHpa-
HUH TUIUTHI IO CPABHEHUIO C 3aIIEMJIEHHBIM OIMpPaHH-
eM moydmics mpuoau3uTensHo Ha 10 % Gonblie.

UYro kacaeTcst 3aBUCMOCTH JI€KpPEMEHTa Kojieda-
HUSA OT POPMBI KoJIeOaHUH, TO OH YMEHBIIIACTCS COOT-
BETCTBCHHO YBEJIIMYEHHIO CTETICHN KOJIeOaHNH.
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INTRODUCTION

The study of the performance of thin slabs under
dynamic loading has long been in the centre of attention
of researchers. Thin slabs are one of the main structural
elements of buildings and structures. Slabs with
various structural solutions and supporting devices
are used in coverings and slabs of residential, public
and industrial buildings, as well as in engineering
structures. Depending on the purpose and architectural
and planning solution of the building, slabs can have
different outlines and support system, as well as holes
of various shapes. The slabs are usually supported by
walls or columns — point supports. Slabs are supported
on columns in beamless slabs used in buildings
of various purposes and in separate structures.

Numerous theoretical and experimental studies are
devoted to slab bending. Slab vibrations are relatively
complex and poorly studied problems. The irregularity
of the shape, the complex bearing system and
the presence of holes complicate the calculation
of slabs, especially under dynamic loads.

Consideration of dynamic effects in the design
of structures is especially necessary in conditions
of high seismicity. As analyses of the consequences
of earthquakes have shown, the maximum acceleration
of the vertical component is of approximately the same
order as the acceleration of the horizontal component.
This indicates that the load-bearing capacity of floor
slabs and other structures should be checked taking into
account the vertical component of the seismic effect.
Consequently, for dynamic and seismic calculations
of point-supported slabs used in the structures
of buildings and structures, it is of practical interest to
determine their dynamic characteristics, frequencies,
forms of natural vibrations and damping decrement.
Theoretical studies of this problem are usually carried
out using approximate methods of calculation [1-19].

MATERIALS AND METHODS

In order to verify the values of the results of theo-
retical studies of point-supported slab vibrations and to
clarify certain issues, experimental studies were car-
ried out on models of solid and through steel slabs sup-

™ Xc Xc 4 Xc Xc 5 4 Xc Xc 5
ve > <> 2 2 <
N o = o
3 1 g .18
xe | | g ‘ 4
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< < < < < O
5 1,200 ; A 1,200 ) 5 1,200 )
a b c

Fig. 1. Models of slabs
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Fig. 2. Diagram of installation for static and dynamic tests

ported on four point supports with hinged and pinched
support devices at different locations of the coordinates
of the point supports [20-30]. The slabs were made
of steel slabs with dimensions 1,200 x 1,200 mm and
thickness of 8 mm (Fig. 1). The solid slabs (Fig. 1, a)
with point support coordinates Xc = Yc = 580, 400 and
300 mm were labelled P-1, P-2 and P-3, slabs with square
holes (Fig. 1, b) respectively P-4, P-5 and P-6 and slabs
with rectangular holes (Fig. 1, ¢) P-7, P-8 and P-9.

Thus, nine slabs with different design solutions were
tested. Due to the fact that all sizes were tested under hinged
and pinned bearing conditions, in the following description
the letters “sh” (P-1sh; P-2sh, etc.) were added to the desig-
nations of slabs with hinged supports, and “z” was added to
slabs with pinned supports (P-1z; P-2z, etc.).

The hinge joints were made by steel hemispheres
d =30 mm, installed in the head parts of the support
legs, and the pinches were made by compression nuts,
installed on the slabs in the head parts of the supports.

For static and dynamic tests of slabs, a special in-
stallation was designed and manufactured, whose sim-
plified scheme is shown in (Fig. 2). The installation con-
sists of a test table /, support legs 3 for fixing the tested
slabs 2, an electrodynamic linear vibrator 4, a generator
5 measuring the values of electric current frequencies,
a current amplifier 6 and other devices necessary for test-

N
200

TIT 1] e

Fig. 3. Connection diagram for measuring instruments

HO-441

ing. Testing the oscillations of the slabs and the forma-
tion of free oscillations were carried out with the help
of aload F' =250 N hung in their centre. Forced oscilla-
tions of the slabs were excited by electrodynamic vibra-
tors, for power supply of which a low-frequency genera-
tor of G6-15 brand was used. With the help of the latter,
by smoothly increasing the frequency of current trans-
mitted to the vibrator, different frequencies of oscilla-
tions (including resonance frequencies) were generated
in the tested slabs, which were used to determine the dy-
namic characteristics of natural oscillations of the slabs.

Static tests of the slabs were carried out to de-
termine their stiffnesses in order to verify the results
of the dynamic tests. Dynamic tests were carried out in
two stages. At the first stage the frequencies of natural
vibrations of the slabs were determined according to
the first form under conditions of free vibrations, and
at the second stage they were subjected to forced vi-
brations, and displacements and frequencies were de-

Table 1. Experimental values of deflections and oscillations of tested slabs

_ Deflections, mm Freq}ler@y of free Frequencies of vibration modes
oscillations, Hz I form 1I form IIT form
1 2 3 4 5 6

P-1sh 1.75 12 11.1 23.0 64.0
P-1z 1.10 15 15.5 29.3 68.0
P-2sh 0.38 26 26.0 50.0 90.5
P-2z 0.25 31 30.0 54.5 94.6
P-3sh 0.21 32 30.5 44.0 86.3
P-3z 0.15 37 35.0 48.3 90.0
P-4sh 2.65 10 10.5 23.0 72.0
P-4z 1.60 16 15.2 30.0 75.5
P-5sh 0.55 29 28.5 42.0 83.0
P-5z 0.35 35 33.0 46.5 88.0
P-6sh 0.30 32 29.0 40.0 80.0
P-6z 0.23 34 33.0 453 84.0
P-7sh 2.50 12 11.3 22.5 70.5
P-7z 1.54 15 14.5 27.0 74.0
P-8sh 0.50 32 29.5 45.0 90.0
P-8z 0.35 34 332 49.5 95.0
P-9sh 0.28 30 30.0 453 78.0
P-9z 0.21 35 34.0 50.0 83.0
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Table 2. Theoretical values of frequencies

Slabs Values of frequencies of natural oscillation, Hz
I form IIT form
Theoretical Experimental Theoretical Experimental

P-1sh 11.0 11.1 63.5 64.0
P-2sh 242 26.0 89.8 90.5
P-3sh 27.4 30.5 91.2 86.3
P-4sh 10.0 11.0 - 72.0
P-5sh 28.0 28.5 - 83.0
P-6sh 309 29.0 - 80.0

termined according to the I, II and III forms of natural
vibrations under conditions of resonant vibrations.

Displacements and frequencies of free and forced
vibrations of the slabs were determined by vibrators
of CB-10c brand. The instrumentation system (Fig. 3)
consists of a vibrator /, a resistance box 2 and a HO-441
oscilloscope 3.

RESEARCH RESULTS

Experimental values of deflections and frequencies
of tested slabs are given in Table 1.

In order to verify the results of the values of theo-
retical investigations of the vibrations of point-support-
ed slabs, the theoretical values of the frequencies of vi-
brations of the investigated slabs were determined from
the graphs given in [31] and compared with the corre-

I vibration 11 vibration
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6 7 8 6 7 8
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1 3 1 3
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1 5 ) S 1
I N N
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3 —
~__ i 3 ~—rr= 8

sponding values of the frequencies determined experi-
mentally (Table 2).

To construct the forms of slab oscillations, rectilinear
displacements were measured at 170 points of their sur-
faces. I, II, III forms of slab oscillations were constructed
from the oscillograms of displacements (Fig. 4-7).

Due to the insignificant influence of the shapes and
sizes of the holes on the dynamic behaviour of the slabs,
only some results of the tests on solid slabs are given below.

CONCLUSION AND DISCUSSION

The analysis of the data given in Table 1 shows that
fixing the supports leads to an increase in the stiffness
of the slabs and, accordingly, to a change in frequencies.
The degree of stiffness increase depends on the coordi-
nates of supports location: in case of supports location

I vibration 1 vibration (cantilevers)

1 2 3 I 2 3

4 5 4 5
6 7 8 6 7 8
1 3 I 13

4m5 4“¢LLL_UJJJ 5
6 8 6T 1187
N o ol
1 6
\L_LL[/‘/ ]D%jjéﬂti:

Fig. 4. Vibration patterns of the slab with articulated support at the corners and the slab with cantilevers: ¢ — diagram with
point numbering and vibration patterns along the diagonal; » — vibration patterns along the marked axes
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in the corners of the slab (P-1, P-4, P-7) the stiffness
increased in average in 1.62 times, in case of supports
coordinates Xc = Yc = 400 mm (P-2, P-5 and P-8) in
1.51 times and in case of Xc = Yc = 300 mm (P-3, P-6,
P-9) in 1.34 times. The frequencies of natural vibrations
of the slabs also increased in proportion to the change
in stiffness.

Comparison of results of theoretical and experimen-
tal values of frequencies of natural vibrations of slabs
(Table 2) shows that they are very close in value and at
vibrations according to I form on average differ by 6 %,
and at vibrations according to III form — by 2.5 %.

Forms of vibrations of a solid slab (P-1sh) and a slab
with cantilevered parts (P-2sh) along its individual axes in
the form of centrelines are shown in Fig. 4. When the con-
structed centrelines are considered together, it can be seen
that the I form of plate vibration is a bilateral shell sup-
ported on four points. IT and III forms of plate oscillation in
space are shells with positive and negative curvature sup-
ported on four points. I form of oscillations with cantilever
parts (P-2sh) also represents a double-sided shell.

The values of decrement of slab vibrations were
determined from oscillograms of damped vibrations
and from resonance curves. According to the results
of experimental studies, it turned out that the decrement
of damping depends on the conditions of fixing the slab
supports and the form of oscillations. So, for example,
the value of decrement of slabs with hinged support for

vibrations on I, II and III forms turned out 0.072, 0.047
and 0.038, and for slabs with pinched support for vibra-
tions of the first three forms respectively 0.065, 0.043
and 0.036.

From the data given in columns 3 and 4 of Table 1,
we can see that the values of the obtained frequencies
of free and forced (resonant) oscillations are almost
identical and differ from each other by 4.5 % on average.
This fact confirms the reliability of frequencies
determined by resonant oscillations.

It is also evident from the data given in Table 1
that the presence of holes and their type do not have
a significant effect on the frequencies of vibrations,
despite the fact that the stiffness of the latter changes
significantly (for slabs with square holes 1.43-1.51
times, and for slabs with rectangular holes 1.33—1.43
times). Tshe insignificant change of frequencies can
be explained by the fact that the presence of holes
simultaneously with the reduction of stiffness of the slab
reduces its mass.

The closeness of theoretical and experimental
values of vibration frequencies (Table 2) indicates
the reliability of the solution of the theoretical problem.

The vibration decrement of the hinged slab compared
to the pinned slab is approximately 10 % greater.

As for the dependence of the oscillation decrement
on the oscillation form, it decreases accordingly to
the increase of the degree of oscillation.
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