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XIll Poccuiickas HaumoHanbHas KoHdepeHuua

Mo CeNCMOCTONKOMY CTPOUTESNIbCTBY U CEACMUYECKOMY
PanioHNPOBaHMIO (C MEXAYHAaPOAHbIM y4acTnem)
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XlIl Russian National Conference on Earthquake Engineering
and Seismic Zoning (with International Participation)

7
16 MexzayHapoaHas KoHbepeHLms No cenicMon3onaLmm, 16th World Conference on Seismic Isolation, Energy Dissipation
paccenBaHnIo SHEPTUW U PEryNMpOoBaHUNIO ANHAMMNYECKUNX and Regulation of Dynamic Characteristics of Structures
XapaKTEPUCTUK COOPYXKEHWI
PeweHne Decision
Xl Poccninckoli HauMoHanbHom KoHdepeHummn 1 of the XlIl Russian National Conference on Earthquake
No CeNCMOCTONKOMY CTPOUTENbCTBY U CENCMUYECKOMY Engineering and Seismic Zoning (with International
PaioHNPOBaHNMIO (C MEXAYHAPOAHBIM y4acTmem) Participation)
Cencmo3salnTa 1 cemcmomsonauma Seismic Protection and Seismic
3AaHVI 1 COOPYKEHMN Isolation of Buildings and Structures
ApxemsaH A., beHsoHn [l., JlomuenTo . Adzhemyan A., Benzoni G., Lomiento G.
JKCnepuMeHTaNlbHasA MOAENb NOALLNMHUKOB CKONbXeHNA 16 Experimental Model for Double Concave
C ABONHOW KPVIBU3HOW MOBEPXHOCTUN CKONbXEHNA Sliding Bearings
Yuttakep [1. Whittaker D.
MocnepHve pa3paboTku No cencMomn3onALMmM, paccemBaHunio 25 Recent Developments in New Zealand in Seismic Isolation,
SHeprun n BUGPaLoOHHOMY KOHTPOJTIO KOHCTPYKLNI Energy Dissipation and Vibration Control
B Hosoli 3enaHgun (2019) of Structures (2019)
®enr A4, Jlio B., Muama T. 5 5 32 Feng D., Liu W., Miyama T.
CucTema cepTvguKkauny CeAcMousompyloyX ycTpoicTs Certification System of Seismic Isolation Devices in Japan
B ANoHun
Xy6ep M., Bpecnep M. Huber P, Bresler M.
Cucrtema cencmMonsonsaLMOHHON 3awwmnTbl Ana 1081-mecTHoN 40 Seismic Isolation Protection System for the 1081-bed Eskisehir
ropopckou 60nbHMLBbI T. IcKnwexupa B Typunmn City Hospital in Turkey
Cencmmyeckoe panoHnpoBaHme Seismic Zoning
EmaHoB A.®., EmaHoB A.A. Emanov A.F., Emanov A.A.
CecMNYECKNIN MOHUTOPUHT TEXHOFEHHOTO BO3AENCTBUA 48 Seismic Monitoring of Technogenic Impact
Ha TeppuToputo 3anagHon Cnbupun on the Territory of Western Siberia
TeopeTnyeckme 1 sKCnepuMeHTabHble Theoretical and Experimental
nccnenoBaHs Studies
TanuH AT. Tyapin A.G.
«OnacHble HanpaBfieHVA CENCMNYECKOro BO3AeNCTBUA» 54 “Dangerous Directions of Seismic Excitation”
1 CyMMMpPOBaHVEe peakLuuii no 6arskum popmam and Combination of the Close Modal Responses
B JIMHENHO-CMNEKTPanbHbIX pacyeTax in Linear Spectral Analysis
TpaBux C.M. Travin S.M.
YyeT AnHaMMYECKMX CBONCTB FPYHTa Npu pacyeTe CBalHbIX 60 Taking into Account the Dynamic Properties of the Soil when

dyHAaMeHTOB 06BEKTOB MCMOMb30BaHWA aTOMHOW SHEPTUN
npu CencMmnYecKknx BO3aencTBnaAX

Cneuysbinyck no mamepuanam KoHgepeHyuli

Calculating the Pile Foundations of Nuclear Facilities under
Seismic Effects

Special Issue on Conferences Materials
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XpoHuKa KaTacTpodbl

HaBopgHeHune B ropoge TynyHe obepHynocb CTpallHON KaTa-
ctpodoii. OHa yHecna COTHU XMbiX JOMOB 1 MOKa eLle TOYHO
He NMOACYUTAHO, CKOJIbKO YeSTOBEYECKMX XKIM3HEN, B 30He 3aT0-
nneHuA NocTpagana TpaHCNopTHaa uHdpacTpyKTypa, normb
[OMALLHUI CKOT U >KUBOTHbIE, @ TaK>Ke 3petoLLnii yposKan.

27 vioHA B 11 yacoB 07 MUHYT nocTynuia nepsas WH-
dopmauma 0 NpeBbIlEHNN KPUTUYECKON OTMETKM Ha 23
CaHTUMETPa YPOBHA BOAbl B peke /A. YpoBeHb cocTaBumn
723 caHTumeTpa. CHONTHKM UpKyTCKOo obnact NporHo-
3UPYIOT, YUTO YpOBeHb pekn Ma B TynyHCKOM paioHe MOXeT
NOAHATBLCA A0 KpUTUYECKON oTMeTKU. «[1pn nosbiweHnn
YyPOBHA BOAbl CBbie 750 cM B 30HY BO3MOXHOrO NOATO-
NAeHNA MOTyT NONAaCTb XWible JOMA, AOPOTY, MOHWKEHHbIE
Yy4acTK1 MeCTHOCTU B panioHe pekn Wa B TynyHckom paiio-
He», — co0bLWanocb npecc-cny»6oi MaBHOro yrnpasneHns
MYC Poccun no UpkyTckon obnactu. B 15.00 yacos 6bin
06bABNEH pexunM uypesBblualiHOW cuTyauumun. Bopa npu-
6blBana B cpegHem no 10 CaHTUMETPOB KaxAble ABa vaca.
28 vioHA, 14.00. YposeHb Bogbl coctaBun 880 caHTume-
TPOB. 3aTonjieHa 4acTb ynuubl JlIuTeHOW, npowusoLwen
npopbiB 4am6bl. B paioHe JI[JK Boga nogowna K nepebim
3Ta)kaM MHoOrosTaXek. B 17.00 6bi10 NPUHATO pelueHune
06 3Bakyauun xuTenei. Boga npogomnxana npubbisaTb
ele 6bicTpee. K 18 yacam ypoBeHb JOCTUN OTMETKM B 946
CaHTUMETPOB Npu KpuTnyeckoi B 700. Boga npubbiBana
Kakaplil yac Ha 30-40 caHTUMeTpOB, famby npogomKano
pa3mbiBaTb, MOTOK BOAbl CTPEMUTENbHO 3aMONHAN YNULbI.
MNop BOAY ywen yacTHbIN CEKTOP MUKpoparoHa Mmaponus-
HbliA. MPVHATO peLleHne O NepPeKpPbITUM aBTOMOOUIbHOrO
LBVDKEHUA NO MOCTY. 3aTonneHbl 06be3gHaa Jopora, ynu-
ubl KO6buneriHas, panoHsl MacokombuHaTa u JIAK npogon-
Xanu ToHyTb. Boga nogolwuna Kk desnepanbHon Tpacce M-53.
K 20 yacam, no nHpopmauum agmmHmcTpaumun TynyHa, ypo-
BeHb BoAbl cocTaBun 1045 caHTUmeTpos, K 21 vacy — 1125
caHTMeTpoB. OdurumanbHO 06bABNEHO O NepeKpbITUK de-
AepanbHon Tpacchl. [OTOK BoAbl yHOCKN AOMAa, MPOAOXKa-
Nnacb 3BaKyaLusA Xutenemn B OTAENbHbIX PaNoHaXx.

29 wmioHA. o MHbOpMaUMM agMUHMCTPAUUKU ropopda
TynyHa, C 3aTONNEHHbIX TEPPUTOPMIA ObiNO BbIBE3EHO 252
yenoseka. Boga npogonxana npmbbiBaTh, YPOBEHb BOLbI
poctur 1185 caHTumetpos. LleHTp ropoga okasanca B
30He 3aTonsieHnA. B nyHKTax BpemeHHoro npebbiBaHuA
pa3melleHo 72 yenoseka. [pogonxanu noctynaTtb co-
obuleHuns ¢ npocbboi 06 3Bakyauun. Cnacatenn MYC Ha
NOAKax 1 BepToseTe cnacanu Aoaen, CHAMaNM Nx ¢ Kpbi
1 3BaKyMpoBanu c Kpblw natnaTtaxkek. B 02.00 yaca ypo-
BeHb BOAbl cocTaBun 1239 caHtumeTpos, B 04.00 — 1292

caHTMMeTpa, B 06.00 — 1332 caHTumeTpa. Boga npogonxa-
na npubbiBaTb. 3aTOMNEH LEHTP rOpoAa, BKAOYasA PalioH-
HYI0 1 ropofcKyto agmuHucTpaumn. 08.00 YacoB — ypoBeHb
BoAbl 1357 caHTumeTpoB. 12.00 yacoB — ypoBeHb BOAbI
1383 caHTMMeTpa (NpeBbilleHNe KPUTUYECKON OTMETKMU
noutu B ABa pasa). Peka Ma npogonxana npubbiBath, HO
yXe He TakK UHTeHcmBHO. 16.00 yacoB — nocTtynuam nep-
Bble COOOLEHNA O CHWXEHUU YPOBHA BOAbl. B nyHKTax
BpeMeHHoro npebbiBaHMA pa3melyeHo 835 nocTpapas-
wux. 18.00 yacos - ypoBeHb BoAbl 1377 CaHTUMETPOB.
B Houb ¢ 29 Ha 30 umioHA Mpe3npeHT Poccunckon Oepepa-
unn Bnagmumunp MyTtnH npuneten B bpatck, rae nposen coBe-
Ll aHMe, NOCBALLEHHOE Ype3BbluaiHOM CUTYaLUN C HaBOAHe-
Hunem B MpkyTckoi obnacTu. MMaea rocyaapcTa nocTaBun
PAA 3afay No pa3peLLeHunio CMTyaLmm C JOXKAeBbIMM NaBoA-
KaMun B pernoHe. B coselaHun NnpuHANM yyactue noaHo-
MOUYHbIN NpeacTaBuTenb NpesngeHTa Poccuinckon Gepepa-
uum Cepreii MeHANno, NepBbI 3amecTUTeNb NpeacenaTens
npasutenbcTea Poccunckon ®egepauunn AHToH CrnyaHoB,
pyKkoBOAUTENUN KnioueBbiXx defepanbHbiX MUHUCTEPCTB,
rybepHatop MpkyTckoi obnactu Cepreit JleBUEHKO, M3pbI
nocTpagaBLUVX TEPPUTOPUIA.

Takxe npe3ngeHT PO Bnagnmup MyTrH nopyymn JONOXNTb
emy O MOMOLLM NOCTPaAaBWMM OT HaBOAHEHUA B MpKyT-
cKoli obnactu go 3 uiond. Maea rocygapctaa yTBepAwsa no-
pyyeHune 06 onepaTMBHOM OKa3aHWM MOMOLLW FpaXKaaHam,
nocTpafAaBLLIMM OT NaBogKa. NopyyeHuna faHbl rybepHaTopy
WpkyTckoi obnactu Cepreto JleBYeHKo, nonnpenam npe-
3uaeHTa B [lanbHeBOCTOUYHOM 1 CMbBMpcKkom deaepasnbHbIX
okpyrax Oputo TpyTHeBy 1 Cepreio MeHsanno, rmase MYC
EsreHuio 3nHnyeBy 1 npepcefatento npasutenbcrea Poc-
cun Omutpuio Mepsepnesy.

1 niona 6bin coCTaBNEH CMMCOK NOCTPaAABLLINX OT HAaBOAHe-
HuA B TynyHe, B Hero Bownun 1500 yenosek. OduumnanbHan
MHbOPMaLMA 0 XKepTBax NaBoAKa NOCTOAHHO KOPPEKTUPY-
€TCA B CTOPOHY YBeNNYeHuA.
https://tulun.life/navodnenie-v-tulune-hronologiya-katastrofy/

B Mpeunn B Hauane umiona ctoana 40-rpapgycHas »apa, me-
ctamu fo 42 rpagycos. CMHONTUKK paHee npegynpexja-
N1, YTO B pAAE PaNoOHOB NPOMAYT CUIbHbIE AOXKAW, FPO3bl,
LIKBaNMCTble BeTpbl cunon go 10 6annos no wkane bo-
¢dopTa. OgHaKo, Ha NoNyoCcTPoB XanknanKyM MOLHbINA ypa-
raH obpywunca BHe3anHo. OueHb BbICTPO obpasoBancs
CUNbHbIN BeTep. MHOrMe TypucTbl, HaXoAALWMECA Ha NnA-
e, He ycrnenu coobpasnTb, YTO NPOUCXOAUT, CONMHEYHBbI
CBeT BHe3anHo Morac, Ha NsXe CTano TEMHO, N0 B Na-
HUKe yb6eranu c 6epera. Mo cnoBam ouyeBMALUEB, yparaH
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B Mpeunn pnunca 20 muHyT. K yparaHy o6aBunca nuseHb,
B pe3ynbraTe yero obpasoBasnca wropm. CTuxua cpbiBana
KpbilX 30aHWI, NOATanAMBana noMeLeHna n nogHMmana
B BO3AyX aBTomo6unu. LLitopmoBoi BeTep CHOCKN KPbilUK
[OMOB ¥ Banun 6onblune fepesbs. Bo Bpema yparaHa no-
rmbnm WwecTb YenoBek, B TOM Ync/ie ABOe POCCUAH, Npona
6e3 BecTn pbibak, okono 100 YenoBek NONYYMIN PaHEHMA.
B paiioHe 6bina o6baABNeHa Ype3BblualiHaa CUTyaLmA.
https://ria.ru/20190711/1556412332.html2in=t

http://www.pravda-tv.ru/2019/07/12/426892/uragan-v-gretsii-na-
poluostrove-halkidiki-zakonchilsya-chelovecheskimi-zhertvami

Hepaneko ot AduH 19 utona 2019 roga npom3oLusio 3emneTps-
ceHue cunon 5, 3 6anna. 3emneTpaceHvie OLWyTUAN BO MHOTUX
ZIOMaXx: XXUTeNy OTMEeYanu, uto ObINo OLLyLIeHKe, ByATo Noa-
HASICA NON N CTanu ABWraTbCA CTeHbl. Ha noTonkax kayanmcb
TIOCTPbI. INULEHTP 3emneTpAaceHnsa 3adUKCMpoBaH B 23 KM
oT Ad¥H Hepianeko ot Marynbl. Ouar HaxoAWCA Ha ryouHe
12 kKm. Cencmonorn HacumTanu B Lenom 7 nog3emMHbIX Tonu-
KOB, 1 CaMbll CUMbHbIN U3 HUX cocTasun 3.8 6anna. MKutenu
»Kanosanvcb Ha nepebou ceA3W, NPOGIEMbI C SNIEKTPOCHabe-
Hyem. OdrumanbHbIX AaHHbIX O 6ONbLUMX Pa3pyLIEHUAX HET.
Mocne 3emnetpaceHus B lpeumn cpeamn HaceneHua Havanacb
naHuKa.

Buepa, 19 niona 2019 roga, B lpeuymn B AdriHax nocrne 3emneTpa-
CeHVA MEeCTHOe HacenieHve Havano NnaHuKoBaTb. [loa3emHble
TONUKM MPVBENY K TOMY, UTO Hayanmcb Npobembl C SNeKTpu-
YeCTBOM — Yy MHOIVX 3aBefieHnIn nponan ceet. CraymoHapHble
TenedoHbl cnacaTesibHbIX CTy»<6 pPa3pbIBatOTCA — NIIOAW 3BOHAT C
NPoCcb60i O MOMOLLY, NMOTOMY KaK 3aCTpsnv B indTe.
3emneTpsceHue 6bIN0 AeCTBATENBHO OLLYTUMbIM. 1o nHdop-
Mauumun B CMW, He3HaumTenbHble NOBPEXAeHNA NoyyumnIa Ko-
nokonbHA MNaHTaHacca (nn. MoHacTnpaku, AGuHbI).
https://ria.ru/20190711/1556412332.html2in=t

MAatb yenosek normbnu, 12 yenoBek MOAYYMIU paHe-
HUA B pe3ynbrate ABYX 3eMJIETPACEHUN, NPOn30LIeWwnx
27 viona Ha OMANNUHCKNX OCTPOBAX.

Mo faHHbIM MeCTHbIX BnacTen, Ha TEPPUTOPUN MYHU-
uunanuteta NT6anaT B npoBuHUMK baTtaHec npowsowwno
3emneTpaceHne marHuTygom 5,4. Ouar CTUXUN Haxoamunca
Ha rny6nHe npMMepHO 9 KNNOMETPOB.

MpumepHO yepes Tpu Yaca B BOJax B panioHe MyHMLMNa-
nuteta UT6aaT npomsowno eule ofHO 3eMieTpAceHue
MarHuTygon 5,9, oyar KOTOPOro Haxogwnca Ha rnybuHe
10 KunomeTpoB. Yrpos3a uyHamy nocne npou3oLepLumx
3emneTpAceHnii He 06bABNANACD.

https://life.ru/t/Hosocmu/1231926/
iz-za_dvukh_ziemlietriasienii_na_filippinakh_poghiblo_piat_chieloviek

Cepua nofsemMHbix TonukoB 3adumkcupoBaHa B Kemepos-
ckon o6nactu 30 n 31 mons, coobwaet Antae-CastHCKUi
dvnman EarHoin feodursnueckon cnyx6bl PAH.

HoBocTtn
News

Mo paHHbIM onepaTnBHON 06paboTkn Antae-CaaHCKOro
dunmnana snnUeHTP NoA3eMHOro Tonvka MarHuTygom 3,6,
3aduKcmpoBaHHoro B 20:24 mck B cpey (B 01:24 B ueTBepr
Nno MecTHOMY BpeMeHWu), men KoopauHatel 53.07 rpagyca
CceBepHON WMpPOTbl 1 87.72 rpagyca BOCTOYHOWN JONTOTh
1 Haxoamnca B 37 KM K ceBepo-ceBepo-3anagy ot TawrTa-
rona. VIHTEHCMBHOCTb COTPACEHUI B 3NULEHTPE MO LKa-
ne MSK-64 He yka3aHa. Kpome TOro, B 3TOM e paioHe
6b110 3aPUKCUPOBAHO 3eMieTpACeHNe MarHuTygon 2,6
B 20:17 mck B cpepy, marHutygom 2,2 — B 20:13 mcK
1 maruutygom 3,5 - B 13:56 mck.

Kak coobuwanocb, B cpeqy B 3TOM paiioHe 6blio 3aperu-
CTPUPOBAHO elle HeCKOIbKO MOA3EMHbIX TONYKOB, CamMbli
cunbHbIN, Npousoweawnii B 02:07 mck, umen marHutyay 3,6.
Mo paHHbIM AnTtae-CaaHckoro ¢unmana feopusmyeckom
cnyx6bl PAH, celicMmnyHocTb B Ky3bacce MeeT TeXHOreH-
HblIli XapaKTep 1 CBA3aHa C MHTEHCUBHbBIMU FOPHbBIMU pabo-
Tamu, AN ee U3yyeHus HeobXoAMMO PaCLLNPUTb CETb CENC-
MOCTaHUWI B PErNOHe.

http://www.interfax-russia.ru/Siberia/news.
asp?sec=1671&id=1051895&utm_source=yxnews&utm_medium=desktop

Mop3emHble TONYKN MarHUTyaomn 5,6 no wkane Puxtepa 3adpuk-
CupoBaHbl Ha ceBepe ABCTpanuu, coobLiaeT cericMonormye-
CKanA ceTb obcepBaTopum [OHKOHra. 3eMneTpsceHre Npomso-
wno B 09:22 no mectHoMy BpemeHu (04:22 MCK).
Ero sanuueHTp pacnonaranca B 450 KunomeTpax K ceBepy OT ro-
poaa Annc-CnpuHrc ¢ HaceneHnem 6onee 28 TbICAY YesTOBeK.
NHpopmaumm o NocTpagaBLLIMX U pa3pyLLEHMAX He MOCTYMano.
https://tass.ru/proisshestviya/6721485

PeweHune [leBATOro Ap6uTpakHoro aneALMOHHOrO
cypa ropopa Mockebl, 24 niona 2019 roaa.

JeBaTbii ApOUTPaXKHbIA anennALUMOHHbIN cyd ropoaa Mo-
CKBbl, PaCCMOTPEB B OTKPbITOM cyaebHOM 3acefaHum anen-
NAUMOHHYIO Xanoby 3abonoukoi Enenbl HukonaesHbl Ha
peweHne ApbuTtpakHoro cyaa ropoga Mocksbl oT 16 anpe-
na 2019 rona N2 A40-126361/17, nocTaHOBUN:

PeweHue no geny N° A40-126361/17 octaBuTb 6€3 n3-
MeHeHUsA, XKanoby - 6e3 ygoBneTBopeHus.

MonHbin Tekct MOCTAHOBJIEHUA:
http://kad.arbitr.ru/Document/Pdf/6 1abbffb-2108-4524-8073-c4ac38883ecd/

eb0e1c51-2250-4b25-92fd-5b3b35fabe6e/A40-126361-2017_20190724_
Postanovlenie_apelljacionnoj_instancii.pdf?isAddStamp=True
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B panoHe bo3kypT Typeukon npoBuHuun [eHusnm
Npou3oLWno 3emneTpAaceHne marHutygon 6 6annos.
Ha KypopTax cTpaHbl naHuKa, eCcTb nocTpajaBluue.
Ctuxna ygapuna B NpoBuHUMK [leHn3nu Ha loro-3anage
Typuuun. 3emneTpaceHne nNpon3owWwno B NATHULY, BOCb-
moro aBrycta. MectHole CMW coobuwaiot o 27 noctpa-
naslwunx. Kak cooblaet cat YnpasneHua no npeport-
BPALLEHNIO U NUKBUAALMM NOC/eACTBUIA Ype3BblUaHbIX
cuTyaumn npu npasutenbctBe Typuuum (AFAD), noa-
3eMHble TONYKKM 3aduKcupoBaHbl B 14:25 no mecTtHomy
BpeMeHV BOCbMOTO aBrycra.

SNUUEHTP 3eM/IeTPACEHUA HaxoAWNCA Ha PacCTOAHWMU
1,74 knnometpa oT cena ApmyTanaHu. Ouar noasemHbIX
TONYKOB 3aneran Ha rnybuHe cemun KnnomeTpos. MNogzem-
Hble TONTYKM MarHUTygom 4,2 6binn 3adpuKcMpoBaHbl B STOM
paiioHe B 14:19 no mectHoMy BpemeHu. Map ropoga bos-
KypT BrpceH Yenuk otmeTnn, 4To NOA3EMHbIE TONYKN OLLY-
Wanncb No meHblwen mepe 15-20 cekyHA. 3a 310 BpemA
noctpagan pag LOMOB — B HWUX 06BanuANCb KpbliWWy,
Ha cTeHax 06pa3oBanuch rnyboKne TpeLwwrHbl.

https://pronedra.ru/moshhnoe-zemletryasenie-potryaslo-turciyu-9-avgusta-
2019-goda-402938-pid-vu.html|

B MpkyTckon obnact NpoBOAAT paboTbl Ha MHMKEHEPHbIX
3aLUTHBIX U TMAPOTEXHUYECKNX COOPYKEHUAX.

Mo nopyueHutio BuLe-npembepa PO, pykoBogutensa npa-
BUTENbCTBEHHON KoMuccum no nukemaaumm YC Butanus
MyTKO B CBOAHbBIV MNaH MepOnNpuATUIA NO BOCCTaHOBE-
HUIO XWUNbAi, OOBEKTOB MHKEHEePHOW (BKNOYasa KOMMY-
HaslbHYI0), COLMANbHOW, TPAHCMOPTHOW UHPPACTPYKTYpPbI
B parioHax MpkyTckomn obnacTtu, nocTpagaBLUMX B pe3yb-
TaTe naBofkKa BKJOUYeHbl paboTbl Ha 35 rugpoTexHuye-
CKnX coopyxeHnax. Takxe B 2019-2020 rr. npeacTomT no-
CTPOUTb W KanuTanbHO OTPEMOHTUPOBaTb 25 0OBLEKTOB
KOMMYHaJIbHOrO X03ANCTBa, NOCTPajaBLUMX B pe3y/bTaTe
NaBOAKOB B MIOHe-MI0NIe 3TOro ropa. 7o 06beKTbl TeNNo-
CHabXXeHus, BOLOCHABXEHUA 1 BOJOOTBEAEHUS.

Peub npget o cTpouTeNnbCTBE, PEKOHCTPYKLUUN U KanuTasb-
HOM PEMOHTE MH>KEHEPHbIX 3aLLUTHBIX Y TMAPOTEXHNYECKNX
COOpPYKEHUI, @ TaKXKe O NnepBooYepeHbIX aBapUNHO-Cna-
caTesibHbIX M BOCCTAHOBUTENbHbIX MeponpuATUAX rno 6Ge-
peroykpenneHnio n pacunctke pycen pek. Mix Heobxogmmo
NPOBEeCTY B LiefiAX BOCCTaHOBJIeHMA yLlep6a, NPUUYNHEHHOTO
MaBOAKOM, @ TaKkXe AJ1A YCMEeLWHOro NPOXoXAeHNA NpeacTo-
AWWX NONOBOANNA.

B HacToAWee BpemA nNpaKkTnyeckn Bce 06beKTbl XKU3HEOo-
6ecneyeHnn B 30He NaBOAKOB, 3@ NCKJIIOYEHMEM [IBYX KO-
TeNbHbIX, 3anyLleHbl B SKCMyaTaumio B paMKax aBapuinHo-
BOCCTaHOBUTENbHbIX PaboT, oAHAKO ANA KX NMOMHOLEHHOro
bYHKUMOHNPOBaHNA HEOBXOANMO NPOBECTU KOMMNEKCHbIE
BOCCTAaHOBUTESIbHbIE PabOTbI.

B TeueHue 6nmKanwero BpeMeHn NpeacTonT OTPEMOHTU-
poBaTb 1 NOCTPOUTb 9 OOHEKTOB TEMOCHAGXKEHUS, B TOM
yncne NognexnT KanutaibHOMY PEMOHTY 6, a Kanutanb-
HOMY CTpOuTeNbCTBY — 3. Takke NpefCcTOUT BOCCTaHOBUTb

5 06beKTOB BOJOCHAOXEHNSA, NOASIEXAT BOCCTAHOBIEHUIO
11 06bEKTOB BOAOOTBEAEHWSA, B TOM UMC/E KanuTabHbll
pPeMOHT Heobxoanm Ha 3 obbekTax, ewe 8 npegcTout
nocTpouTb. YacTb BOCCTAHOBUTENbHbIX PAabOT, CBA3AHHbIX
C peMOHTOM, Mo nnaHy 3akoHuat B 2019 rogy, cTpouTenb-
CTBO pAfa 0O6BHEKTOB JOJKHO 3aBEPLUMTbCS K CEHTAGPIO-
oKTAbpto 2020 ropa. B uncne o6bEKTOB, KOTOpble HEOO-
XOAMMO MOCTPOUTb U PEKOHCTPYMPOBATb — KOTENbHbIE,
KaHann3auuoHHble HacocHble ctaHuun (KHC), ounctHbie
COOPYXeHKA.

http://www.minstroyrf.ru/press/v-irkutskoy-provodyat-raboty-na-
inzhenernykh-zashchitnykh-i-gidrotekhnicheskikh-sooruzheniyakh

Coum npuxognt B cebsA Nocsie MOLWHOro noTona. 3anutble
JoMa 1 noaBopbA, bypnAwme NOTOKM Ha ynuuax. M3secT-
HO 06 ogHoMm nornbwem. Cnacateny coobWUNN: ypoBeHb
peK ynan HvXe onacHbIX OTMETOK. B Tex panoHax, rae sofa
ColWIa, Havanucb BOCCTaHOBUTENbHbIe paboTbl. MNocTpa-
JaBLue nonyyaTt KoMneHcauumio. YpoBeHb BoAbl JOCTUran
OKOH Xunbix AomoB. K Beyepy Boga u3 Coum ctana nocre-
neHHo yxoautb. Bcero 3a cyTkm Ha ropog obpyLumnocb
[Be MeCAYHbIX HOPMbl 0CaAKOB. TakOro KonmMyecTsa He Bbl-
Jepanu HWU peKkn, HA CTOKK, 1 NO ynuuam nonsbiuio Bcé —
OT TAXKENbIX KOHTeHepoB A0 aBToMobunel. Moka ynuupl
6b111 NoA BOAON, pa3pylueHna 6biim He Tak 3aMeTHbl. [No-
cne cxopa BoAbl MOCNeACTBUA CTUXUN KaxKyTCA eLue y»ac-
Hee. Tonbko B AgnepcKkom paroHe, rae Boga nogHMmanacb
[0 monyTopa MeTpoB, MOATOMNJIEHHbIMY OKa3anncb Nopsag-
Ka 400 nogsopwui. [ocneacTesmnA 3aTonneHna NMKBUANPY-
toT 6onee 1700 cotpygHmkos MYC n gpyrmux Begomcts. Ha
ynuuax nocTpagaBLUnX ropofoB 1 nocenkos paboTtaet 440
eVHVL, TEXHVKW, ANA HYXOAIOLWKXCA pa3BepHyTbl 8 NyH-
KTOB BPEMEHHOro pa3smelleHnsa Ha TbicAYvy yenosek. /3
nocenka JlJarombiC, KOTOPbIN OKa3anca 3aTonseH, CoTpya-
Hukn OMOH Ha BTP BbiBe3nn 25 uenosek. Bogy 3 noctpa-
[aBLINX AOMOB OTKauMBaloT.

311 paboTbl 06ELLAIOT 3aKOHUMTb B TEUEHNE [HSA, OQHOBpPe-
MEHHO BOCCTaHOBUB CHabXxeHne BOAONPOBOAHON BOAON
1 3neKTpuyecTBoM. Bcem noctpapaBLivm BRacTu yxe no-
obelanu efnHOBpeMeHHoe nocobue B pasmepe 10 TbicAY
py6nei. Ecnu nMyLeCcTBO YHUUTOXEHO MOJSIHOCTbIO, Bbl-
nnatbl coctaBAT 100 TbicAY py6nen. YacTMuHoO yTpaTuBLine
nosnyuyat no 50 TbicAY pybnei.

K koHUy AHA 19 aBrycta yganocb CTabunusmMpoBaTb pa-
60Ty asponopta Coun 1 XKenesHOLOPOXKHOrO BOK3ana,
XOTA MOC/NefHNN OCTaeTcA 4YaCTUYHO MOATOMJIEHHbIM.
Maccaknpos oTNpaBnAnM MO BPEMEHHOWN Cxeme Nnpuro-
POAHbIMY 31€KTpOonoe3famm [O rpy30BOro napka craH-
umm Apnep, oTkyaa noesfa yxoauau rno HasHayeHwuio.
Yto KacaeTtcA asponopTa, TO BoAa OTCTynunia oT mMecTa
CTOAHKM CamMoJIeTOB U NeppoHOoB. HecMOTpA Ha CIOXKHO-
CTU, NYCTb C OrPaHNYEHUAMU, HO a3POMNOPT OTNPaBAAN
1 MPUHMMan BO3AYyLWHbIe Cyaa.

Onsa nukemnaaumm nocneactsuin Bnactn Coun ob6bABUIN
o6L1eropoackon cy660THUK.

https://www.Ttv.ru/news/2015-06-26/20037-v_sochi_ustranyayut_
posledstviya_silneyshego_navodneniyd

www.seismic-safety.ru
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Conferences, meetings, symposia -

KaHoudam mexHu4ecKux HayK, YdeHbili cekpemaps, AO «<HUL] «Cmpoumenscmeo»,

Mockea, Pocculickaa Qedepayus

YK 624, 624.042.7

X1l Poccuinckaa HauMoHanbHaa KOHpepeHuna
NO CEeUCMOCTONKOMY CTPOUTENbCTBY

N CeNCMNYECKOMY PalOHNPOBaHUIO

(c mexxgyHapoaHbIM yyacTuem)

16 MexxpyHapoaHasa KoHdpepeHUus

No CemcMon3onaLnun, pacCeEMBaHNIO SHEPTUN
N peryinpoBaHnI0 AMHAMUYECKNX
XapaKTepUCTUK COOpYKeHUn

01-06 utona 2019 200a 8 CITYTEL omene «CaHkm-llemepbype» (2. CaHkm-llemepbype, Poccus), u3 OKOH KOH@epeHY-3a108 KOmopo2o om-
KpblBaemca usymumerneHsili 8UO Ha akamoputo Hegel, npu noddepxke MuHUCMmepcmsea cmpoumensCmaad U KUnUWHO-KOMMYHAIbHO20
xo03Aaticmea Poccutickol ®edepayuu npoxodunu meponpuamus 8 pamkax Xlll Poccutickol HayuoHaneHoU KoH@epeHyuu no ceticMocmod-
KoMy cmpoumersscmay u celicmudyeckomy patioHupogaruio (PHKCC). OpeaHuzamopamu KoHgepeHyuu mpaduyuoHHO 8eicmynusu Poc-
cutickaa Accoyuayus no celicMocmoUKoMy CmpoumesnsCmsy U 3auume om npUpoOHsIX U mexHo2eHHbix 8o30eticmeuti (PACC), Poccut-
cKas akademus apxumekmypel U cmpoumeneHeix Hayk (PAACH), Pocculickas uHxeHepHaa akademus (PUA), UHWNCK um. B.A. KyuepeHko

AO «HUL| «Cmpoumenscmeo».

MeponpuATre Nprn3BaHO COAENCTBOBATL YCTAHOBIEHMIO KOH-
TaKTOB, OOMeHy OMbITOM, HayUYHO-TEXHUYECKON 1 KOMMepYe-
Kol uHpopmaumeir. B koHpepeHLUN NPUHANK yyacThe He
TONbKO yuyeHble CTPOUTENIbHOW OTpac/ik, HO U CelCMONory,
WH>KEHEepPbl-NMPOeKTUPOBLYMKN, CTPOUTENN, NPOV3BOAUTENN
crneumanbHbIX aHTUCENCMUYECKUX YCTPONCTB 1 CUCTEM CelC-
MO3aLKnTbl, pa3paboTumKkm NporpammHoOro obecrneyeHus ans
WHXeHePHbIX pacyeToB 3AaHWUI 1 COOPYKEHWUIN 1 NpeacTaBU-
TeNM OpraHoB UCMOMHUTENbHON BNACTU CEACMUYECKUN OMACHbIX
pernoHoB Poccuiickon Oegepaumm.

KoHdepeHuna Bcerga Bbi3biBaeT XMBOW NHTepec y npodeccu-
OHanbHoro coobulectBa. CelicMoonacHble paioHbl 3aHUMalOT

TpeTblo YacTb Tepputopum PO, 1 XOTA 3a NOCNeHIO YeTBepTb
BeKa Ha TeppuTtopumn Poccuiickon Mepgepaumm K cHacTbio He
NPOW30LLUNO HU OJHOrO Pa3pyLNTENIbHOTO 3eMIeTPACeHNS, C
KaX[blM roJoM BEPOATHOCTb €ro BO3HMKHOBEHUA BO3pacTaeT.
06 3TOM CBMAETENbCTBYIOT MPOrHO3bl CNYX6 ceicMopa3BefKm
1 pe3ynbTaTbl MOHUTOPUWHIa 3@ CENCMNYECKON aKTUBHOCTbIO. B
CBA3M C 3TUM BOMPOCHI CENCMOCTOMKOIO CTPOUTENLCTBA YXKe
MHOr1e JecATUNEeTUA BXOAAT B UNC/IO MPUOPUTETHBIX Hanpas-
NEeHWN rocyAapCTBEHHOW AeATeNIbHOCTH.

B Xl PHKCC nprHMmanm yyacTre He TONbKO pOCCUICKUE crneum-
anuctbl. Bcerpa ¢ ynoBonbCTBYEM B )AHHOM MepPONpUATAN npe-
3eHTYIOT CBOV AOCTVIXKEHWA 1 AENATCA OMbITOM YUYeHble U3 CTpaH

CellcmocTOlKOE CTpouUTenbCTBO. BesonacHocTb coopyxeHuin. 2019. N24
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Conferences, meetings, symposia

6nvKHero 3apybexba — KaszaxcTtaHa, Kbiproisckon Pecny6nuku,
Y36eKkncTaHa, rage TakKe BerKa OMacHOCTb BO3HUKHOBEHWA
3eMneTpACEHNI.

B 5T0T pa3 mectom nposepeHusa KoHdpepeHUUU Gbina Bbl-
6paHa ceBepHaa CTONULUA Halel pofuHbl, ropon 6enbix
Houeln — CaHkT-lNeTepbypr. Ho n3MeHeHNA KOCHYNWCb He
TONbKO MecCTa MPOBefeHNA, HO 1 YCTaHOBJIEHHOTO paHee $op-
MaTa MeponpuATAA. 3T 6bIS0 BbI3BAHO TEM, YTO NapannenbHO
¢ Xl PHKCC npoxoanna 16 MexxpyHapoaHasa KoHdepeHUuA
no CericMOM30NALUN, pacCerBaHUIO SHEPTUN U Perynnpo-
BaHUIO ANHAMMNYECKNX XapaKTEPUCTUK COOPYXEHWIA, MPOBO-
anmasa MexagyHapogHoun Accoumnaunen No CeMCMoOn3onaumnn
(Anti-Seismic Systems International Society, ASSISi) coBmecTHO
¢ PACC npu nogaep»ke EBponerickon Accoumanmm no cencmo-
CTOMKOMY CTpouTenbCTBY (European Association of Earthquake
Engineering, EAEE). Bbi6bop Poccun Kak mecta npoBefeHums
KOHpepeHUnn ABNAETCA NPU3HAHMEM MEXAYHAPOAHbIM CO-
06LiecTBOM 3HaUUTENIbHOW PONN POCCUACKON HayKK, a Tak-
XKe NpaKTUUYeCKnX NPUIIOKeHN B 0bnacTu ceicmonsonauum
W ApYrux MeTOLOB PErynvpoBaHUs CeNCMUUYECKOn peakuuu
COOPYXKEeHUN. ITO pelleHue 6bI0 MPUHATO NyTeM roj0CcoBa-
HUA yneHoB MicnonHutenbHoro kommuteta ASSISi.

B neHb OTKPbITVA C NPUBETCTBEHHBIMU CZIOBaMM K YYaCTHMKaM
KOHpepeHuun obpatmnucot npesmaeHT ASSISi - [kaHmapuro
BbeHuoHu (Benzoni Gianmario, USA); npe3ngent PACC, anpek-
Top UHUNCK mm. B.A. Kyueperko AO «HUL, «CtpoutenbctBo» —
MBaH MBaHoBuY Begsakos; npesnaeHT MUA n PUA, pykosoauTtenb
LleHTpa nccnenoBaHumii CeMCMOCTONKOCTY coopyxkeHnin (LNCC)
LUHUWNCK um. B.A. KyuepeHko AO «HUL «CrtpounTenbcTBo» —
lyces Bopwc Bnagumuposuny. OT nnLa YneHoB MexayHapoaHO-
ro Hay4YHOro KOMUTETA YYaCTHUKOB KOHdEepeHUnr nonpreeT-
cteoBanu by6buc A.A. n Koctapes B.B. (Poccusn), beranues Y.T.
(KeiproizcTaH), Xakumos LU.A. (Y36ekuctaH), Kynbbaes bB.b.
(KasaxcTaH) u A. Kannoc (Kappos Andreas, BenvkobpuTaHus).
3a wecTb AHel paboTbl B KOHbEPEHLUN MPUHASIO YYacTre OKOo-
no 250 yenosek — npeacTaBuTenen 35 cTpaH Mmupa.

Hanbonee MHorouncneHHble generaumm cneyuanmcTos u yye-
HbIX B 0651acTy ceicmoumsonauum npubsinm n3 Kutas, AnoHun,
Wtanuun, NHann, TansaHa, n Typunn. NHxeHepbl-cTponTtenu,
reosiorn 1 CeNCMoNOru, re0TEXHNKM, MOJIOAbIE YUYEHbIE 1 OMbIT-
Hble uccnefoBaTenu MNpPeAcTaBUIM HayyHOMY cOObLecTBy
1 ob6cyaunm 6onee 200 HayuHbIX paboT, OTpaxKatoLmx Nporpecc
JOCTUrHYTbIV 33 NOCNeAHME HECKOSbKO feT B 0651acTu ceicmo-
CTOMKOro CTPOUTENbCTBA U OJHOMO U3 ero Hanbonee nepcnek-
TUBHO Pa3BUBAIOLLMXCA HAaNPaBNEHUN — CENCMON30NALNN.
MNneHapHoe 3acefaHve Ha4anocb C MUHYTbl MAMATU POCCUINCKIMX
cneumnanncToB, BHECLUNX OFPOMHbIV BKNAA B pa3BUTHE CENCMO-
nsonsumm B Poccum — AiizeHbepra .M., CmnpHoBa B.WU., bense-
Ba B.C., YepenuHckoro 10.[1., Kyp3aHosa A.M.

B nepsbilt AeHb paboTbl KOHPepeHUMY BegyLWwMUN creumani-
CTamMu B BOMpPOCax CENCMOMN30MALMM U CENCMOCTONKOrO CTPO-
utenbcTBa 66110 caenaHo 15 nneHapHbIX Aoknagos. OTKPbIN
nneHapHoe 3acefaHue ¢ JOKNagoM Ha TeMy «HoBsble noaxoapl
K pelweHuto npobnembl MaTtepranos AnA ceicMon3onaumm
(New Approaches to Solving the Problem of Materials for Seismic
Insulation)» npe3npeHt PUA n MUA, pykosoantens LNCC
LIHWNCK nm. B.A. KyuepeHko lyces b.B.

Btopoii feHb KoHbepeHUUn Takxe npoLlen B opmate nneHap-
Horo 3acefaHusA. Kpome 3Toro, BO BTOPOW NOMOBMHE AHA yYacT-

HUKaM NpeACcTaBUIach YHNKanbHas BO3MOXKHOCTb MPOC/yLIaTh

KIoueBble JIeKUMY CneLmanbHO NPUaLleHHbIX JIEKTOPOB:

« npodeccopa k. beHuoHu (Benzoni Gianmario, CLLUA)
«Progress on Seismic Isolation and Energy Dissipation»
(«Pa3BuUTHE CENCMON3ONALMNN Y CUCTEM PACCEAHWNSA SHEPTUNY);

+  npodeccopa P. Naroca (Lagos Rene, Yusnu) «Seismic
Resilience in Concrete High-rise Building Design: the
Chilean Perspective» («CencmMoCTONKOCTb NPU NPOeKTU-
|POBaHMM BbICOTHbIX 3aHNI 13 XKene3obeToHa: Yunuiickan
nepcrneKkTnBa»);

« npodeccopa A. Bapa (Wada Akira, AinoHus) «Recent
Earthquakes and New Concepts for Earthquake-
resistant Design» (<HepaBHuve 3emneTpAceHUA U HOBble
KOHLIeNuUmn CemcMoCTONKOrO CTPOUTENbCTBAY);

« npodeccopa A. Kannoca (Andreas Kappos, Benukobpuma-
Hus, [peyus) «Performance-based Design of Seismically
Isolated Bridges» («<Oco6eHHOCTV NPOEKTUPOBaHNA Cellc-
MOW30/IMPOBaHHbIX MOCTOBY).

[Hanee, HaunHas ¢ 3 niona 2019 r., paboTa Xl PHKCC npoxogu-

na B paMKax napannesibHO AeCTBYIOWNX CEKLMI MO OCHOBHbIM

HanpaBneHnAM:

+  WHXeHepHaA Cencmonorna, WHXeHepHo-reosiornye-
CKMe MCcCnefoBaHUA U CencMuUYeckoe pamoHMpoBaHue
Tepputopuu;

+  WHxeHepHo-ceicMoMeTpuyeckas cny»kba, BubpogmarHo-
CTWKa, MOHUTOPWIHT;

+  DKCnepuMeHTasibHble Y YNCSIEHHbIE NCCNeAoBaHMA B 06na-
CTV CENCMOCTOMKOCTI COOPYXKEHUN;

« Ceiicmomsonauma U apyrne MHHOBALMOHHbIE TEXHONOMUN
CencMo3allnTbl;

+  PekoHcTpyKUMA, ceicmoycuneHme U BOCCTaHOBNEHUe
3[aHNI N COOPYXKEHUN;

+  TexHuueckoe perynnpoBaHune N HOPMbl MPOEKTUPOBAHMSA.

Joknagpl 16 MexayHapogHoi koHbepeHLuy No ceincMon3ons-

LU, paccemBaHNIO SHEPTMN U PEFYANPOBAHMIO AUHAMUYECKMX

XapaKTEPUCTUK COOPYEHWUA MPOXOAUSIN B PaMKax OTAENbHO

BbIieIEHHOW CeKumm.

Pan npeseHTauwnii Bbi3Ban GypHble AUCKYCCUN, KOTOPblE MPO-

[OJKaNNCh 1 BO BPeMA TEXHUYECKMX NnepepbiBoB. Mpumepom

TaKoro joKnafa ABNAeTCA npe3eHTaumna Ha cekyum «Design and

application of seismic response control technique to buildings,

bridges and other civil structures» Ha Temy «The New Generation

Earthquake Isolation — a Breakthrough in Performance» (go-

Knaguvk — M. Smpu, CnoBeHusA), NOAroTOBIEHHAA HayYHbIM KO-

neKkTMBOM U3 npepcTtasutenen CnoseHnn, Poccun n TansaHA.

Bo BpemAa kode-bpeiikoB y cneymannctoB Takxe Obina BO3-

MOXHOCTb No06LWaTbCA C JOKNAaAYMKaMK, NpeacTaBNABLUINMN

CTeHAOBble foknagbl (poster-session). B TeueHne Bcero fHA

(03.07.2019 r.) npoxoAauno 3acefaHne MeXAyHapoAHOW pa-

6ouein rpynnbl cneyranbHOM CeKuMn Mo Cencmonsonaunm

ISO - SPESIAL SESSION ISO WG-13 meeting.

B KoHLUe TpeTbero pabouero AHA Ana BCeX »KenaloLwmx no NHu-

umnatmee Koctapesa B.B. 6bi1a opraHn3oBaHa TeXHUYecKas KC-

Kypcus Ha ncnbitatenbHbiii cteHg OO0 «LIKTU-Bubpoceiicmy.

YyacTHUKam KoHdepeHUMid, NOCETUBLUUM WCMbITaTeNbHbIN

NOJIUIOH, NPoAeMOHCTpUpoBany 3D (MPOCTpaHCTBEHHYO) CU-

CcTeMy CeMcMON30NALIMMN ANA OTBETCTBEHHbIX COOPYXKEHWIA, pac-

cKaszanu o metofe noabopa ONTUMAsbHbIX NMapameTpPoB 3TOW

CMCTEMbI U METOAUKE NPOBEAEHUA NCNbITAHUIA.

www.seismic-safety.ru



B neHb 3aKpblTAa KOHpepeHUMn Obll NPOoBEeLEH Lenblil pag
HayuYHbIX COBelaHNA N JUCKYCCUI «3a KPYrNbiM CTOJIOM».
B pamKkax ogHOro u3 Takux CoBeLLaHuii 6b1n noaseaeHbl UTorn
BCEX AHel paboTbl KoHdepeHUmKn. B xofe AOCTAaTOUHO 3MOLM-
OHanbHOW AMCKyccum Obin caenaH uenblii pag NPeasioxXeHnin o
nepcrnekTBax PasBUTUS CENCMOCTOMKOrO cTpouTenibctea B PO,
Mo nepecMoTPy HOPMATMBHbIX AOKYMEHTOB, Npobemam, cylie-
CTBYIOLMM B pervioHax 1 3aTparmsaioLyM He TONIbKO BOMPOChI
CeNCMOCTONKOrO CTPOUTENBCTBA, HO U MPafoCTPOUTENbHON Aen-
TENbHOCTW, HU3KNI YPOBEHb NOArOTOBKYM CNELManCTOB U MHOTE
apyrue. MNocne feTanbHOro aHanmsa MHorve 13 BHECEHHbIX Npea-
NoXeHWIN 6bin yuTteHbl Npy nogrotoske petweHna XIIl PHKCC.

B To e BpemA nmapannenbHo nop npeacefaTeNibCTBOM npe-
3mpeHTa ASSISi 1. beHuoHw (Benzoni Gianmatrio, CLUA) npo-
XOAMUNo 3acefaHve MexgyHapogHon Accoumanmm no cemcmo-
nsonaumn. OT Poccnn B HeM NpuHAnK yvactue — benaw T.A.,
CmupHosa J1.H. n Koctapes B.B. UneHamn ASSISi eanHornacHo
6blna ofobpeHa paboTa POCCUNCKMX KOMEr NO opraHM3auunm
1 NPoBeAeHN0 MepPONPUATUI B paMKax 16 MexayHaponHon
KOHdepeHLMM NO CeNCMON30NALNN, PaCCEMBAHUIO SHEPTN 1
perynMpoBaHuio ANHAMUYECKUX XapaKTePUCTUK COOPYKEHWN,

Takke Obls1 3acnyLwaH oT4yeT npe3ugeHTa Accourauun. Ha 3ace-
JaHUM paccmMaTpuBaNMCh YCII0BUA BKIOUYeHNA B Accoumaumio
HOBbIX YIEHOB U BO3MOXXHOCTb U3[aHUA HAYUYHOrO XypHana,
B KOTOPOM Obl Ny65IMKOBannChb CTaTbyM MO BONPOCaM CENCMOU-
3onAumn. PelweHre o mecTe npoBefeHns cneayiolell KoHde-
peHuuMn byaeT onpedensATbCsA NyTem 3NEKTPOHHOrO rofoco-
BaHMA B KOHUe 2019 rofa, a NoKa cTpaHaMm, KoTopble noganu
KOHKYPCHble 3afABKM Ha yyactue — MiHagua, Typuus, MNepy n Ku-
Tall, NpeanoXeHo NoAroToBuTb A0 1 OKTAGPSA Npe3eHTaLuoH-
Hble MaTepuasbl U HaMpaBUTb NX B ceKpeTapmaT Accoumaumm.
Takxe uneHbl Accoumauyun 66 NPOUHGOPMUPOBAHbI 06
yupexneHumn XypHana, KOTOPbIl NnaHupyeT BblMyCKaTb
ASSISi - «Seismic Isolation and Protection Systems (SIAPS)».
HecmoTpsa Ha akTVBHYIO HacbllleHHYy paboTy B TeueHue Bcex
[Hel KoHbepeHLUM YUYaCTHVKU CMOTIIN MO3HAKOMUTBLCA C Kyflb-
TYPHbIM 1 ICTOPUYECKM HaceueM HaLlel POAVHBI, TOCMOTPETb
pa3BefieHie MOCTOB M NPOCTO NPOrynATbca no 6eperam Hesbl.
bonee nogpobHoO ¢ nporpaMMaMm KOHpepeHL i MOXKHO O3Ha-
KOMUTbCA, NPOIAA NO CCblIKaM
http://www.16wcsi.org/?q=node/1.
http://13rncee.ru/?q=node/47

Bubis Alexander A., Vice-prezident RAEE, Moscow, Russian Federation
Smirnova Lyubov’ N., Ph.Doc.,Scientific secretary, JSC Research Center of Construction, Moscow, Russian Federation

Xlll Russian National Conference on Earthquake Engineering and Seismic

Zoning (with International Participation)
16" World Conference on Seismic Isolation, Energy Dissipation and Regulation
of Dynamic Characteristics of Structures

PASMELEHUVE PEKTIAMHO-UHOOPMALVNOHHOIO | “’;'

XKYPHAJIA «CENCMOCTOMKOE CTPOUTE/IbCTBO. BE

Peknama Ha 06noxKe XKypHana CraTbA MHPOPMALIMOHHOrO XapaKTepa

Pa3mep B MM (+ no 5 MM BbineT) CTOMMOCTb (B py6nax)

1 nonoca 210x297 16 000
2-a 06n0XKa 210x297 50 000 25 nonoc 210x297 160 000
3-1 06n0XKKa 210x297 40 000
4-1 06510)KKa 210x297 60 000 PasmelleHvne 6aHHepa Ha caiiTe XKypHana (B Te4yeHue
MepBbii passopoTt 75 000 ABYX MecsLeB)
Bropolii passopoT 68 000

88x31 nukKc. 31x11 4000
Fopu3oHTaNIbHbIe MOAYNbHbIE peK/laMHble 6r1o0Ku 100x100 nukc. 35x35 4500
Ha BHYTPEHHMX NONocax XypHana ;‘68"60 DTG 165x21 " 56000
Moo 210x297 25000 Ce}x(ﬁ;:;m pencteutenbHbl ¢ 1 aHBapa 2019 roga, HAC He obnaraetcs.
1/2 210x145 15000 [nA peknamHbix areHTcTs, uneHos PACC - 15%.
1/3 210x98 8 000 3a KpaTHOCTb: 2 My6arKaLmy — 10%, 3 — 15%, 4 — 20%.

YcnoBusa pasmelueHns

MNpeponnata — 100%. PeknamHbIi MaKeT 1 [OKYMEHT, MOATBEPXKAAIOLLMI OMNaTy, NPeAoCTaBNATCA

He no3gHee 10 pabouux AHen Ao AaTbl cAaYn HOMepa B Meyartb.

WnntocTpaTyBHbIA MaTepran HEOH6XOAMMO NPeAOCTaBUTL B ciedyownx dopmatax: pucyHku — B EPS, Al, CDR;
dotorpadun — B TIF, JPG; TabnuLibl, cxembl, Auarpammbl — B Excel, Corel Draw; pa3pelueHue ¢ainnos — He meHee 300 dpi.
Bonee nogpo6Hyto NHPOPMALIMIO MOXKHO HANTU Ha canTe www.seismic-safety.ru

TenedoH: 8 (499) 174-70-65 e-mail: info@raee.su

[nAa TemaTnyecknx HOMepPOB AeNCTBYIOT CrieumanbHble YCnoBus. [py 3aKase TeMaTMYEeCKOro BbiMycka

Bbl nonyuaete 100 3K3. xypHana B nogapok! JononHuTenbHble 3K3eMniApbl MOXHO Npuobpecty no 1 600 py6/3K3.
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LU A N

Poccninckana nHxeHepHaa akagemusa
06bABNAET KOHKYpPC M. NepBoneyaTtHuKa MiBaHa PepgopoBa
Ha NyyLlyi0 HAyYHO-NCC/Ief0BaTeNIbCKYIO
N Hay4HO-MeToANYeCKYyIo paboTy

MaTepuranbl Ha KOHKYpPC NPeAcTaBAATCA B SNEKTPOHHOM BUfe
ony6nnKoBaHHbIe Ha PyCCKOM A3bike B nepuod ¢ 2014 no 2019 rogp,
B COOTBETCTBUM C OOBABNEHHOW TeMaTUKOMN.

KoHKypc npoBoauTCA NO ceaylowmm HOMUHALUAM:

1. YuebHan nuTepatypa.
2. HayuyHo-npaKTuyeckas nuteparypa.
3. 3paHuna yuebHo-cnpaBoyHble, UHGOPMALMOHHbIE,

B KOHKypce MOryT NpUHATL yyacTue npenogaBaTen POCCUNCKNX U 3apyOeXKHbIX BY30B,
cneyranncTbl U HXeHepbl npeanpuaTnn, opralusauun, HAW, agnaowmeca asTopamm
NN CoaBTOPamMmn MoHorpaduin n yuebHbix nocobuii n T.4.

Cpokun npoBepeHuA KoHKypca: ¢ 10 anpena 2019 roga - 1 oktAbpa 2019 ropa.

TemaTnka KoHKypca:

ABMaKkocmMuyeckoe.
BogHoe x03ANCTBO U rmapoTeXHUKaA.
BoeHHo-TexHMYeCKne Npobnembl.
leonorus, pobblya n nepepaboTka NOE3HbIX ICKOMAEMDbIX.
’KenesHo[OPOXKHbIN TPAHCMOPT.
NHxeHepHaa 6buotexHonorus.
NHXeHepHaa mexaHmKa.

JKkonorus n pecypcocbepexeHue.
NHbopMaumoHHas 6e30mnacHOCTb.
NHdopmaLMOHHble CCTEMBbI, BbIUMCINTENIbHAA N SNIEKTPOHHAA TEXHWKA, CBA3b 1 TENEKOMMYHMUKaLUN.
KoMMyHMKaL MK (TpaHCMOPTHbIE CUCTEMDI U Ap.).
JlecoTexHnyecKre TeXHONOFUN.
MatepuranoBefeHve 1 TeXHONOMUS.
MawwwnHocTpoeHne (aBTOMOOUNbHOE, TPAKTOPHOE, CTPOUTESIbHOE 1 [IOPOXKHOE).
MaLnHOoCTpoeHUe (TAXKENOoe, SHepreTUYeckoe, TPAHCMOPTHOE 1 Ap.).
MepunKo-TexHnYecKune npobsiembl.

MeTannyprus.

HoBble TexHONOrMyeckme yknagbl.

HedTerasosble TexHoNornu.

MpaBoBoe obecneyeHrie UHXEHEPHON AeATENBHOCTH.
Mpobnembl MHXeHepHOro 06pa3oBaHuA.

CrcTembl ynpaBieHns, ANarHOCTUKa, MpMbopocTpoeHue.
CTpounTtenbcTBO.

CypoctpoeHue.

TexHonornA nerkomn NPOMBbILLIEHHOCTN.

TexHonorma NULEBON MPOMbILLIEHHOCTN.
TypbocTpoeHue.

XnMnyeckme TeXHONOTN.

JKOHOMMKa 1 YNpaB/ieHNe B UHXKEHEPHOW AEATENBHOCTM.
DHepreTuKa, B TOM UMciie AgepHas.

OdumumanbHaa nHGopmMaLma KOHKypca nNybnukyeTtca Ha cante http://fedorov-ria.ru

f."



KoHdpepeHUnm, coBelaHma, CUMNO3nyMbl

PeweHne

Conferences, meetings, symposia -

X111 POCCUNCKON HALUMOHANTbHOW
KOH®OEPEHL W MO CENCMOCTOUKOMY
CTPOUTENbCTBY U CEMCMUYECKOMY

PAVOHUPOBAHUIO

(C MEXXOYHAPOAHbIM YYACTUEM)

XlIl Poccuinckaa HaunoHanbHas KoHGepeHUUsa no cencmo-
CTONKOMY CTPOMUTENbCTBY M CENCMUYECKOMY pPalioHU-
poBaHuto (XIlI PHKCC) nposogunace ¢ 01 no 06 wuionsa
2019 ropa B ropoge CaHkT-lMeTepbypre, Poccua (otenb
«CaHKT-MNeTepbypr»)

Lienb KoHdepeHuun:

06MeH HayUYHbIMY JOCTVXKEHUAMM U MPAKTUYECKUM OTbITOM M0
pa3nMUHbIM acrnekTam obecneyeHns cencMmyeckon 6esonacHo-
CTU B CENCMUYECKM aKTUBHbIX 30Hax Poccuinckon QOepepaunn.

OpraHusaTopbl KOHpepeHLUMN:

« Poccunckaa Accoumauma no ceiCMOCTONKOMY CTPOUTENb-
CTBY U 3aWyuTe OT NPUPOAHbIX M TEXHOT€HHbIX BO3AENCTBUN
(PACQ);

«  Poccunckas nHxeHepHana akagemua (PUA);

+  UHWNCK nm. B.A. KyuepeHko AO «HUL| «CTponTenbCcTBo»;

« Poccuinckas akageMua apXnTeKTypbl Y CTPOUTENbHbIX HayK
(PAACH).

KoHdepeHuna npoBogunack npu noggepkke MnHuctepcTea

CTPOUTENBLCTBA U XKUAULLHO-KOMMYHaNbHOro xo3amncrea Poc-

cunckon QepepaLmu.

OduumanbHbIil A3bIK KOHdepeHUIN: pyCcCKuin

Xl PHKCC npoBoannacb napannenbHo 1 COBMeCTHO ¢ 16 Mex-
AYHapoJHOW KOHpepeHLUuen no celicMon3onaunm, paccensa-
HUIO SHEPrun 1 PerynnpoBaHunio AVHAMUYECKNX XapaKTepu-
cTrK coopyxeHnin (16WCSI), nposogrnmon Anti-Seismic Systems
International Society (ASSISi) n Poccuitickoin Accoumaumein no
CEeCMOCTOMKOMY CTPOUTENLCTBY U 3alimMTe OT NPUPOAHbBIX U
TexHoreHHbix Bo3genctaun (PACC). 3To npefoCcTaBuiIo poccui-
CKUM YY€HbIM 1 CreLnanmcTam no ceMcMoCTonKomy CTpouTenb-
CTBY YHVKaJbHYIO BO3MOXXHOCTb O3HAaKOMUTbCA C AOKNagamu
3apyb6exHbIX IKCNePTOB U yUeHbIX B 06n1acTu cencmomnsonauum
N CENCMOCTOMKOrO CTPOUTENbLCTBA.

[na yyactus B MeponpusaTiv 3aperncTprupoBanocs 6onee
300 yyacTHUKOB 13 35 CTpaH M1pa, B TOM Yncie BeayLyme 3apy-
6eXXHble U OTeUeCTBEHHbIE YUYeHble, MOJIOAblE NCCNIeAoBaTeny,
CNeumnanucTbl-NPaKTUKN.

B pab6ote Xlll PHKCC npuHanu yyactve cneumanmctol 13
pa3nnuHbix permoHos Poccuiickon Qegepaumm — ¢ CaxanvHa
n Kamuatkm, Mocksbl, HoBocnbupcka, Mpkytcka, Kemeposo,
Coun, Cumodeponons, CaHkTt-NeTepbypra, Maxaukanbl, gene-
rauum u3s ctpad CHI - Pecny6nukn KbiproidctaH, Pecny6nvkm
KazaxcTtaH, Pecny6nuku Y36ekucraH.

MneHapHble 3acegaHyA 6bIM1 06LWMMIM ANS yY4aCTHUKOB Obe-
X KOHpepeHUniA. Bo Bpems nneHapHbIX 3acegaHuin 6oin obe-
creyeH CUHXPOHHbIN NepeBog. B xoge nneHapHbIX 3acefgaHni
BefyLMMM MUPOBBIMU YYeHbIMU B 0611acTn cerncMonsonaumm
6blIM NPOUUTaHbI KNHOUEBbIE NTEKLMN:

+ Benzoni Gianmario, Lomiento G., Montuori R.: «<Progress on

Seismic Isolation and Energy Dissipation;

+ Lagos Rene: «Seismic Resilience in Concrete High-rise

Building Design: the Chilean Perspective;

« Wada Akira: «Recent Earthquakes and New Concepts for

Earthquake-resistant Design»;
+« Kappos Andreas: «Performance-based Design of

Seismically Isolated Bridges».

TakXe Ha nneHapHbIX 3acefaHnax Obinn NpeacTaBneHbl 28
[OKJ1afoB POCCMINCKIX 1 3apybexHbIX aBTOPOB.

Bo Bpemsa cekuymoHHbIx 3aceganumi Xl PHKCC ¢ noknagamu
BbICTYNUNAKW 34 yyacTHUKa KoHbepeHuun. Bce npeactaBneHHble
[OKNafbl BbI3Banv XXMBOWM OTKNMK ayAUTOpUn, Mo paay npeseH-
Tauuii BOSHWKNWN akTUBHbIE JUCKYCCUN.

B pamkax paboTbl KoHdepeHUMA Obin NPOBEAEH TEXHU-
Yyeckuni Typ ¢ noceweHnem cteHga OO0 «LKTU-Bnbpoceiicm»
no ncnbiTaHuo cnuctem Bubpomsonauum — CVS Inverse Seismic
Isolation Systems Test Facility (SIST).

MNMocne oKOHYaHUA 3acefaHuin KoHdepeHumn 6bin Npo-
BefleH «KPYrblil CTOM», HAa KOTOPOM Oblin 3afiaHbl BOMPOChI
UsleHaM Hay4YyHOro M OPraHM3auMOHHOro KOMUTETOB, 3aciy-

CelicmocToliKoe CTponTenbCTBO. besonacHocTb coopyeHnin. 2019. N2 4
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WaHbl OTYETbl MOZAEPATOPOB U MPEAsIOKEHNA YYACTHMKOB
B PewweHune KoHpepeHLnN.

Bce meponpusTia KoHbepeHUMin NpoLLn B MOSIHOM COOT-
BETCTBUW C 3asABMIEHHbIM pernameHToM. YuactHukm Xl PHKCC
n 16WCSI BbICOKO OLEHWIM HayUHbI YU OpPraHU3auNOHHbIN
YPOBEeHb NpoLUeAWwrX KoHpepeHUnA.

Ha ocHoBaHMM 3acnyWwaHHbIX MAEHAPHbIX Y CEKLMOHHBIX
[OKINafoB, NPefIoKEHNI YYaCTHIKOB, 0OCY>KAEeHWI 1 BbIBOJOB
«KpYroro ctona» NPUHATO

PeweHwne XIll Poccniickoin HaumoHanbHo KOHpepeHuun

Mo CeNCMOCTONKOMY CTPOUTENbCTBY N CEMCMMNYECKOMY

panoHNpoBaHUIO

1. YuecTb B TeKylyel feATeNbHOCTA OpraHn3aTopoB KoHbe-
peHUMM NPeanioKeHNs yYacTHUKOB KOHdepeHLMn.

2. Mpoectn B 2021 rogy XIV PoccmincKyo HaLMOHanbHy0
KOHpepeHLUnio No CENCMOCTOMKOMY CTPOUTENbCTBY
N cericMmyeckomy panoHuposaHuio B . Coun, yum-
TbiBaf, YTO 3a 24 rofa CBOEro CyLeCcTBOBAaHMA JaHHas
KoHdepeHUMA cTana Npu3HaHHOW NiowaaKon no obme-
HY Hay4YHbIMU JOCTUXKEHUAMUN U MPAKTUYECKUM OMbITOM
B Pa3/IMUYHbIX acrnekTax obecrnevyeHnUss cencMmYecKom
6€e30MacHOCTM /15 yUeHbIX 1 CreuranmcToB Kak Poccuuy,
TaK 1 3apybexxHbIX CTpaH.

3. OpraHu3oBaTb pervoHasnbHble CEMUHAPbI NO CENCMOCTON-
KOMY CTPOUTENBCTBY (MO COrNacoBaHMIO C PyKOBOACTBOM
pervoHoB) AnA yrnybneHvs B3aumogencTamns u obmeHa Ho-
BelLLEeN HayYHO-TEXHNYECKON nHbOPMaLMen C permoHarnb-
HbIMM cneuranucTamm. NpoeecTn NnogobHoe MeponpusaTre
Ha 0. CaxanuH.

4. PACC npoponXutb B COOTBETCTBUMN C 3aKOHOAATENbCTBOM
P® un3gaHune xypHana «CelcMOCTOMKOE CTPOUTENbCTBO.

10.

Be3onacHocTb CoOpyKeHWii», KOTOPbIA Ha perynsapHoii
OCHOBEe OCBELUaeT AOCTUXKEHMA HayKu B obecrneyeHuu
6e30MacHOCTY 34aHNI U COOPYXKEHWI NPU CENCMUYECKNX
1 OpYyrix BO3AeNCTBUAX, MyOMKyeT NPOEKTbl HOBbIX HOPMa-
TUBHbIX JOKYMEHTOB MO AaHHbIM BONPOCaM.

MpopomKNTb N aKTUBM3MPOBATL B3aMIMOAENCTBME POCCUI-
CKMX Hay4HbIx LeHTpoB, PACC c BegyLuymm M1MpoBbIMU Op-
raHm3auusiMm B 0611acTh CENCMOCTONKOrO CTPOMTENbCTBA,
a TakXke — B3aMopJeNCcTBMe C pervoHasbHbIMy OpraHm3aum-
AMU 1 CneymanncTamu.

Mpepnoxute MMHNCTEPCTBY CTPOUTENBLCTBA U MKUNULL-
HO-KOMMYyHasibHOro xo3ancrea PO aktusHee npuenekatb
PACC pns pa3paboTKy 1 KOHTPOSS BHEAPEHUS HOPMaTMB-
HbIX, CMPABOYHbIX, METOANYECKNX AOKYMEHTOB, METOAMK,
pernameHToB. YUacTHUKN KOHGepeHLMM rOTOBbI BbICTYMUTb
B KayecTBe He3aBMCMMbIX SKCMEePTOB aKTyanusmpyembix
1 BHOBb pa3pabaTbiBaembix HopmaTtusos (CI1, FOCT).

PACC cosmectHO ¢ AO «HUL «CtpontenbctBO» NOAroTO-
BWTb 3aMpoCbl B OpraHbl Hag30pa 1 3KCNepTu3bl C Lenblo
NPOBEpKN N KOHTPONA METOAOB pacuyeta M MOAXOAOB
K NPOEKTUPOBAHWNIO 3aHUN C KNHEMATMYECKOWN CUCTEMON
cencmomsonAuMN BBMAY UX MOTEHLMaNbHOW OMacHOCTU
NPV NPYMEHEHNM B 3[aHNAX CpegHeN 1 NOBbILEHHOMN STax-
HOCTV 6€3 AOMOSTHUTENbHBIX MEPOMNPUATUIA.

PACC npopaboTaTb BONpoC 0 NpoBefeHn obMeHa HopMa-
TUBHbIMW OKYMEHTaMW MexAay OpraHn3aumaMm y4acTHrKa-
M1 KoHbepeHuun 1 yneHamm PACC.

PACC npopa6oTaTb BOMpOC LenecoobpasHOCTU co34aHmA
pernoHanbHbix otaeneHnn PACC.

PekomeHngosaTb PACC npofonuTb paboTy No npeceyeHmio
NPOTMBOMNPaBHOW AEATENbHOCTU B OTHOLEHWUW PYKOBOA-
CTBa, pykosoguTenen n uneHos PACC.
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. Paspabotatb HOBbI foKymeHT CI «TpaHCMOPTHOE Coopyxe-

HUA B CENCMMYECKNX PaioHaxX», yUmTblBas Mpu 3TOM CoBpe-
MeHHble JOCTUMXEHUA HAaYKM U TEXHUKN, a TaKXKe [OCTVKEHNSA
B 006/1aCTV COBEPLUEHCTBOBAHMUSA 1 PEBU3MU HOPMATUBHBIX
OKYMEHTOB, KOTOpble OblN CyLLecTBEHHO nepepaboTaHbl
BO MHOIMX CTPaHax Mo BCceMy M1PY NOC/e aHan13a paspyLm-
TeNbHbIX 3eMNIETPACEHNI, NPOM30LLeLLNX B TOCeHee Bpe-
ms. [py 5TOM cnepyeT NPYHATL BO BHYMaHMWE MyHKT 8 rnasbl 2
«3aKOHa O TEXHNYECKOM PerynmpoBaHnmy: MeXayHapoaHble
CTaHAapTbl U (MNN) HALMOHasbHble CTaHAAPTbLI MOTYT UCMOSb-
30BaTbCA MONIHOCTLIO UM YAaCTUYHO B KauecTBe OCHOBbI ANA
pa3paboTKu NPOEeKTOB TEXHNYECKUX PErNaMEHTOB.

. OTKazatbCA OT MCMONb30BaHWA B KayecTBe OCHOBHOIO

napameTpa KonebaHuii 3HaYeHV MaKCMManbHOIO ycKope-
HUA Ha CpefjHeM rpyHTe (KaTeropus 2) 1 BNpeab UCMonb30-
BaTb B 3TVIX LieNIAX MAKCUMANIbHOE YCKOPEHMWE Ha CKallbHOM
rpyHTe (kateropus 1).

. Mpwr3HaTb ycTapeBLwMM TEPMUH «KO3OOULMEHT AUHAMNYHO-

CTU» 1 UCMOMb30BaTb BMECTO HEr0 TEPMUH «HOPMMUPOBaH-
HbI CMEKTP PeakLuUm» U «CNEKTP OTBETOBY; — OTKA3aTbCA
OT XapaKTePUCTUKMN FPYHTOB Yepes YaCTOTHO-HE3aBNCUMbIi
napameTp «npupaLieHvie 6anibHOCTU» U NePenTn K MPUH-
UMMy CNeKTPanbHOW XapakTePUCTUKI MPYHTOB.

. an/IHI/IMaTb COOTHOLWEHNe BepTVIKaJ'IbHOVI n FOpVI3OHTaJ'IbHOM

CEeNCMUYECKO HAarpy3oK He MOCTOAHHBIM Kak B HblHe aeii-
CTBYIOLLMX HOPMAX, @ NePEMEHHbIM B 3aBMCUMOCTY OT Celic-
MWUYHOCTM PalioHa pasMeLLeHNs: Yem Bbllue CENCMUYHOCTb
pafioHa pa3meLLeHms, TeM Bbllle COOTHOLEHVE BEPTUKaSb-
HOWI 1 FOPU30HTaNbHOM Harpy3ku. CunTaTh LienecoobpasHbiM
npoBeaeHne NCCNeRoBaHMiAi NO BEPOATHOCTU COBMagEeHs
MaKCIMyMOB BEPTUKANbHOW W FOPU3OHTaNbHOW cencmu-
UECKOM HarpysKkm B panoHax ¢ CecMUYHOCTbIO 7-9 6annos.

T
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1-6 July 2019

OnpepennTb CTENEHb CHUKEHWA PacyeTHON CENCMUYHOCTU
nNpu NPUMEHEHNN CUCTEM CENCMON30NALNN.

PacwwnpaTtb CBA3U cencmonoramm

1 NPOEKTUPOBLUMKAMM.

Ycunutb nccnefoBaHnA No UCNONb30BaHMIO SHepreTnye-

CKMX XapaKTepucTuK BO3ZENCTBUI.

Co3pgaTb ob6wue nyTV U APUHUMNbL A8 o6WwmMx Hopm

Mo NPOEKTNPOBaHWIO.

MpoBoanTb 06MEH HOPMaTUBHLIMU AOKYMEHTaMU MeXay

opraHusauuamu.

PekomenpgoBatb MuHMCTEPCTBY CTPOUTENbCTBA W XKUIULL-

HO-KOMMYHasnbHoro xossancrea PO paccMoTpeTb  BO3MOX-

HOCTb 3anoXuTb ¢UHaAHCMpPOBaHUE (BO3MOXHO, B BuAe

rpaHTa), Aawollee BO3MOXHOCTb NPUOBPETEHNA TPEXKOMIO-

HEeHTHoIA celicmonnaTgopmbl. ITO JaCT BO3MOXKHOCTb NPOBECTM

rnyboKue nccnefoBaHUA B YaCTW MPUMEHAEMbIX 1 PpeKoMeHAY-

eMbIX K MPUMEHEHWII0 CEICMOV30NMPYIOLMX CUCTEM U U3AENNIA
¢ dparmeHTamm 3AaHWIA B HaTypasnbHYO BENMUKHY NPU ycKope-

HUAX 1 aMMAUTyfax, NPeBbILALLMX MaKCMMalbHble pacyeT-

Hble. Pe3ynbTaTbl MCCNIeA0BaHNI NO3BOAT NOMYUUTb MYO6OKO

NpoaHanv3MpPoBaHHYI0 HaLMOHabHYI0 HOPMaTUBHYO 6asy

1 peKomeHAaLmm Ansa celicMoonacHbIX panoHoB PO.

Mo pesynbratam o6CyXAeHNA AOKNAA0B, MOCBALEHHbIX

NpUMeHeHuIo cencmonsonauun, pekomeHgosatb PACC,

PAACH, AO «HUL, «CTpounTenbcTBo»:

+ NpOBeCTV TeopeTuyeckme U 3SKCNeprMeHTasbHble
nccnefoBaHUA MPYMEHAEMbIX B HacTosllee Bpems
cUCTeM cericmomnsonaunuy;

+ OpraHU30BaTb B CENCMOOMNACHbIX pernoHax PO MoHuTO-
PVIHT NOBEeAEHMA CYLLEeCTBYIOLWNX 34aHUIA 11 COOPY>KEHUIN
C pa3HbIMU CUCTEMaMV CECMOU30NALMM NP PeanbHbIX
3eMNeTPACEHUAX;

Mexnay

CellcmocCTOlKOE CTPoUTeNbCTBO. BesonacHocTb coopyxeHuin. 2019. N24
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Dipeoms

fhemee)

« npepycmaTpurBaTh B 06s3aTeNIbHOM NOPAAKE B MPOEKTU-
pyeMbIX 34aHMAX U COOPYXKEHUAX C cercMmom3onaunen
CMCTEMY MOHUTOPUWHIa ANA OTC/IeKNBaHMA NOBeAeHNA
34aHWU NPY peanbHbIX 3eMNeTPACEHUAX;

+ MO pe3ynbTaTaMm WCCeAoBaHUN oueHuTb 3¢deKTrB-
HOCTb CEeNCMOM30NMPYIOWNX YCTPONCTB U MOAroTO-
BUTb MeTOAMYECKMe peKoMeHAaLmm no metogam pac-
yeTa N MPOEKTUPOBAHMIO 3[AaHUI C NPUMEHAEMbIMU
B HacTosALllee BpeMA W NepcrnekTUBHbIMK CMcTeMamm
cericMoun3onALmnn.

22. MoAroToBUTH MeToAMYecKne pekoMeHpauumm no pac-
yeTy KOHCTPYKUMI 3gaHuMn ¢ nomouwbio MKS no CIl
14.13330.2018 Ha pacueTHoe (P3) 1 KOHTPONbHOE 3emsie-
TpAceHue (K3) c nprmepamu, B TOM Yyncie 1 C NpUMeHeHnem
cericMomn3onALmK.

Mpwu BbiInonHeHUN pacyéta Ha MP3/K3 B nuHeHoM nocTta-
HOBKe He ACHbI KpUTepum, B COOTBETCTBMMN C KOTOPbIMU Clneay-
€T Ha3HavaTb U NPOrHO3MpPOBaThb YPOBeHb fehOpPMMpPOBaHNA
WY NOBPEXAEHUA 3/1IEMEHTOB, @ COOTBETCTBEHHO U UX XeCT-
KOCTHble XapaKTepuCTUKKN. Kakne paspyLlleHna MOXKHO Jony-
CTUTb Npw 3emneTpaceHnn yposHa MP3(K3).

Mpu pacuyéTte Ha MP3/K3 no Teopun npeaenbHOro paBHo-
Becus, NMMbo ApyruMmn metogamm, TpebyowrmMm cTaTuyecko-
ro NPUIOKeHNA Harpy3ok, He B JOCTaTOYHOWN Mepe OCBeLleH
BOMPOC Nepexofa K CTaTU4eckuM CENCMUYECKUM Harpy3Kam.
Cencmnyeckure Harpysku no nyHKTy 5.5 Cl 14.13330 onpepe-
NATCA Ha OCHOBAHUU KPUBOW CNEKTPaNbHOro KoadpouumneH-
Ta AMHaMMYHocTu. B To ke Bpema pacueT Ha MP3/K3 cnepyet
BbIMOMHATb Ha akceneporpammbl. CyMMrMpoBaHue Makcumy-
MOB CENCMMNYECKIMX Harpy3ok no popmam konebaHwmin B page
C/ly4YaeB MOXET MPUBOAUTb K CTPAHHbIM 1 OWINBOYHBIM pe-

3ynbTatam (K nprmepy, Ana KPyTUIbHO-NOAAT/IMBbLIX B NiaHe

3AaHUN, ANA 34aHUN C HEPerynApHbIM PpacnosioXeHnem mMacc

Mo BbICOTE).

23. PACC, PAACH, AO «HWL «CtponTtenbcTBO» NOATOTOBUTH MO-
Horpaduio ¢ Lenblo pasbACHEHU HOPM MPOEKTUPOBaHNA
no CI 14.13330.2018 c nprmepamum pacyeToB 1 MPOEKTHbIX
peLueHnin, B TOM YMCe 1 C NPUMEHEHMEM CENCMOM30ALUN
(no Tmny, Hanpumep, moHorpadumn 3.H. Koabiwa, H.H. Tpe-
KuHa, V.K. HnkntnHa, K.E. CocepoBa «lpakTnyeckme meTto-
Abl U NPUMepPbI pacyeTa Xene306eTOHHbIX KOHCTPYKLMI 13
Taxenoro 6etoHa no Cl 63.13330»).

24. PacuyéT Ha CencMmnYecKyio Harpysky, COOTBETCTBYIOLLYIO
ypoBsHto MP3/K3, ons geTckmnx cafos U WKoJ Heobxoanmo
YNPOCTUTb B CBA3M C OTCYTCTBMEM B MPOEKTHbIX OPraHu-
3aUMAX CneLnanncToB-pacyéTYNKoB COOTBETCTBYIOLLErO
YPOBHA (FOCKOHTpPaKTamy 3TOT BOMPOC He yperynmpo-
BaH), a TakXe He[OCTaTOYHO NOAPOOHbLIM ONMcaHnem
npoueaypbl pacyéta BO BpeMeHHOWN obnactun ¢ nprume-
HEeHVeM WHCTPYMEHTasIbHbIX WU CUHTE3MPOBAHHbIX
akceneporpamm.

25. Cy4yéTom counanbHOM 3HAYMMOCTM YKa3aHHbIX 00 BEKTOB,
BO 36eXaHe 3aHMKeHNA CeNCMNYeCKNX Harpy3oK, pac-
CMOTpeTb BO3MOXHOCTb YNPOCTUTb pacyéT BBeAeHnEeM
NPOCTbIX Y MNOHATHbIX KO3PPULMEHTOB, AaTb NepeyeHb
06beKTOB, AN1A KOTOPbIX TpebyeTcA BbiNONHEeHNe pacyé-
TOB C UCMOJMIb30BaHMEM MPAMOro AUHAMMNYECKOro MeToAa.

26. Heobxoanma pa3paboTka pyKOBOACTBA MO BbIMOSIHEHWIO
pacyéToB KOHCTPYKLMIA C ON1caHneM NpoLieaypbl pacyéTa
BO BpeMeHHOW 0651acTh C NPUMEHeHNeM MHCTPYMEHTaslb-
HbIX U CUHTE3MPOBAHHbIX akcesieporpamm, B KOTOPOM
TakXe yKa3aTb HeoOxofuMble flaHHble AnAa ¢opmmupoBa-
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HUA KOPPEKTHOro 3afjlaHnA U3bICKaTeNAM C Lesbio nony-
YeHVA AOCTOBEPHbIX Pe3y/bTaToB PacyYETOB. B ykazaHHOM
pyKOBOACTBE HEOOXOAUMO TaKXKe onucaTb (pa3bACHUTD):
UTO Takoe MnacTUyecKkue WapHUpPLI, Kak OHWU BO3HWUKa-
0T, Kakue ycnoBua obneryaloT pa3BUTME B 3NeMeHTax
KOHCTPYKUWIA nnactuyecknx gedopmauunin, npeactaButb
NPUMePHbIA NepeyeHb (M NPUMepPbl) KOHCTPYKTUBHbBIX
peLLeHN, CHUXaLWMX PUCK MporpeccupytoLlero obpyue-
HUA COOPY>KEHNI.

27. Heobxoanmo pa3spaboTtaTb HOPMATUBHbLIA AOKYMEHT, pe-
rynvpyiowWmnin cocTaB OTYETa No pesysbTaTamM BbiNOAHEHNA
Pac4ETOB KOHCTPYKLNIA.

28. MNpepnaraem gononHutb CM 14.13330 KOHCTPYKTUBHbIMU
TpeboBaHUAMY ANA 3AaHWIA, NPOEKTNPOBaHME U CTPOUTENb-
CTBO KOTOPbIX NpeArnonaraeTca B panoHax ¢ CeNCMUYHO-
CTbto 6 6anno. no wkane MSK-64, no aHanornm ¢ Hopmamu
YKpauHbl.

29. Heobxogumma cepbé3Has nepepaboTka 3akoHoAaTeNbCTBa

B M/laHe NpuMeHeHNa 3KoHoMUYeckn 3$deKTUBHOM Npo-

€KTHOW AOKYMEHTaLUm MOBTOPHOIO NCMONb30BaHWA B paii-

OHaX C MOBbIWEHHON CENCMUYHOCTbIO. Bbibop 06beKkTOoB

[NA BK/OYEHUA B NepeyeHb SKOHOMUYECKN 3PeKTUBHOM

MO He pomKeH NMPOWCXOAUTb 6e3 NMPOBEAEHUA aHanm3a

NPOEKTHOWN JOKYMEHTaLMW BefyLWMM UHCTUTYTamm (6a3o-

BbIMU MHCTUTYTaMn MuHcTpoa PO) Ha npeameT BO3MOX-

HOCTU NMOBTOPHOMO MPWMEHEHUA YKa3aHHON MPOEKTHOW

[OKYMeHTauumm.

B HOpMax HeT yka3aHuUW O TOM, Kakume Amarpammbl

nebopmnpoBaHMA maTepuanoB cieayeT MPUMEHATb.

B cTpouTenbHbix HOpMax Ha MPOEKTUPOBaHME Xere-

306eTOHHbIX KOHCTpyKuuin CIM 63.13330 anarpammbl

30.

e o

paboTbl 6ETOHA COOTBETCTBYIOT CTAaTMUYECKOMY MPUSIOXKe-
HUIO Harpy3ok.

31. Cuntaem, yto cnepyeT YETKO Nponucatb TpeboBaHUA Mo
Ha3HaueHWIo rpaHNyHbIX ycnosuin. Ecnn genaem pacyér Ha
»KECTKOM OCHOBaHWUW, YETKO 3TO yKasaTb. Ecnn Ha nopat-
NNBOM, NPONKMCaTb OCOBEHHOCTU ero yuyéTa, Kak B Hopmax
KasaxcrtaHa.

YUacTHVKM KOHdepeHUUn cunTaT HeEOO6XOAUMbIM BbIPa3UTb
6narogapHocTb uneHam HayuyHoro n OpraHu3auMoOHHOro
KOMUWTETOB U JINYHO:

A.A. AnewwHy, [1. BeH3zoHn (G.Benzoni), ¥.T. beranuesy,
T.A. benaw, M. Bpecnepy (M. Bresler), .. Beasikoy, A. Bage
(A. Wada), b.B. Tycesy, W.E. Mukosy, A. Kannocy (A.Kappos),
B.B. Koctapesy, b.b. Kynbbaey, P. llarocy (R. Lagos), T. Canto
(T. Saito), A.l. TanuHy, A.M. Y3auHy, LL.A. XakumoBy 3a obecne-
YeHue BbICOKOrO Hay4YHOrO YPOBHS KOHpepeHUnmM 1 06 beKTUB-
HOCTb ANCKYCCUNA.

YYacTHUKN KOHpepeHUMn cYnTaloT HeobXoaMMbIM Bbl-
pa3uTb 6narogapHocTb Konnektusy cneuymanucto PACC
n UHUNCK um. B.A. KyuepeHko, obecneuymBluMX OpraHu-
3aUMI0 U npoBefeHne KOHPepeHUMn Ha BbICOKOM YpOBHe:
E.®. byako, W.P. Tusatynnuny, U.A. Xapkosy, B.3. Kogbiwy,
N.A. KoHioxoson, H.E. MounHnHon, O.A. DunatoBoii; BONOHTe-
pam (MeTepbyprcknii rocyaapCcTBEHHbIA YHUBEPCUTET NyTein
coobueHma Nmnepatopa AnekcaHgpa I) 1 nepeBogumkam
(®rbOY BO «Poccuincknii rocynapcTBeHHbIN Negarornyeckmi
yHuepcutet nm. A. V. FfepueHay).
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Experimental Model for Double Concave

Sliding Bearings

Abstract: This study deals with the modeling of sliding friction seismic
isolation devices. Recent large-scale experimental tests confirmed the
need for accurate models to account for the friction performance in the
ranges of loads, velocity and displacement expected during a seismic
excitation. An existing experimental model previously validated for
single concave isolators is here extended to double concave sliding

isolators. Full-scale mono-directional tests on a set of double concave
friction bearings in are used to validate and calibrate the model. The
friction model includes three independent functions to account for the
effects of applied vertical load, velocity, and cycling effects associated to
heating. The applicability of the model to the double concaveisolators is
discussed, in comparison with earlier results of single concave isolators.

Keywords: seismic isolation, concave bearings, single double pendulum, friction pendulum, sliding isolation.

ApceH A0xemsH, uHxeHep, Gannett Fleming, Jloc-AH0xenec, CLLIA
JAxaumapuo beHzoHu, npogheccop KanugopHulickozo yHusepcumema, Can-fJuezo, CLUA
Jxxy3enne Jlomuenmo, doyeHm [TonumexHu4yeckozo ynusepcumema wmama KanugopHus, llomoxa, CLUA

JKCcnepymMmeHTanbHaa Mmogenb NOALWUMHUKOB
CKONb>KeHUA C ABOMHOW KPUBNU3HON MOBEPXHOCTU

CKOJIb>KeHWNA

AHHOomayus: [JaHHoe ucciedosaHue noceaweHo MOOeaUPOBAHUIO
celicMou30IUpYIOWUX YCmMPOUCmME C mpeHuem CKOoMbxeHus. HedasHue
KpynHomacwmabHsle SkcnepumMeHmarsisHble Ucc/ie008aHUA noomeep-
OusIu NoMpebHOCMb 8 MOYHbIX MOOE/IAX 0718 803MOKHOCMU y4ema xa-
Ppakmepucmuk mperus 6 QUaNA30HAx Ha2Py30K, ckopocmell U cmeue-

Hud, oxudaemeix npu celicmudeckom go3oeticmauu. Cyujecmayiowas
3KCNEpPUMEeHMAreHAs MOOETe, paHee NPosepeHHAs 0718 U30/IAMOpOs C
NOBEPXHOCMBIO CKObXKEHUA U302HY MOl 8 OOHOM HANpassieHuU, 30ece
pacuiupeHa 0o u3019mopos C 080UHOU KpUBU3HOU NOBepxHOCMU
CKoMbXeHUA. [onHomacuimabHsie 0OHOHANPAsseHHbIe UCNbLIMAHUA
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Habopa NOOWUNHUKOB MpeHUSs ¢ 080UHOU KpUBU3HOU 8HYMpPU UCNOJTb-
308aHbI 0719 anpobayuu u N006OPA ONMUMAsTbHbIX 260MeMPUYEeCKUX
xapakmepucmuk modesnu. Modesie mpeHus 8kiodaem 8 cebs mpu
He3agucuMble GyHKUUU 0718 ydema 8/IUSHUS NPUIoXeHHoU sepmu-

KarbHOU HAgpy3KU, CKOPOCMU U YUKIUYECKUX S(hheKmOo8, C8S3aHHbIX
¢ Hazpesom. O6Cyx0aemca NPUMeHUMOCMb MOOe/U U30IAMOpPO8 C
080UHOU KpUBL3ZHOU NOBEPXHOCMU CKOJIbKEHUS NO CPABHEHUIO C 60s1ee
DAHHUMU MOOEAMU CKOMb3ALYUX NOOWIUNHUKOB.

Kniouessbie cnoea: celicMou3onayus, 802Hymele NOOWUNHUKU, 00UHOYHbIU 080UHOU MAAMHUK, PUKUUOHHbIU MAAMHUK, CKOMb3AWAsA

U3o/1qyuA.

1. Introduction
In recent decades, there has been an increase in the use of base
isolators for seismic protection of critical structures throughout
the world (Kelly 1994; Warn and Ryan 2012; Buckle 2000).
Applications include Stravos Niarchos Foundation Cultural
Center in Athens, the Louvre Museum in Abu Dhabi, Los Angeles
City Hall, and a number of bridges with Japan and China leading
in the number of seismically isolated structures. Succeeding the
original model of a two-story frame structure (Zayas et al. 1987),
a variety of experimental and numerical studies have been
conducted to evaluate the performance of sliding isolators
with a single sliding surface, or single concave isolators (Zayas
et al. 1990; Chang et al. 1990; Mokha et al. 1991a; Tsopelas et al.
1996; Dolce et al. 2005; Matsagar and Jangid 2008). Later studies
primarily focused on analyzing and improving the originally
proposed simplified models (Bondonet and Filiatrault 1997;
Almazén et al. 1998; Deb and Paul 2000; Almazan and De La Llera
2002; Mosqueda et al. 2004; Chang and Spencer 2010). Studies
that analyzed sliders lined with fluoropolymers such as the PTFE
also reported dependency of friction on contact pressure and
sliding velocity (Constantinou et al. 1990; Chang et al. 1990).
Benzoni et at. (2011) presented comparable dependency of
friction coefficient on variations of the vertical loads and peak
velocity when using single concave isolators with hydrocarbon
high-strength polymer sliding surfaces. A model described by
Lomiento et al. (2013) based on a large set of experimental data
was able to evaluate the influence of several main effects on the
coefficient of friction (u). The model includes four main effects:
« “Breakaway effect’, i.e. the sudden increase of u at the
beginning of each motion and at each direction reversal;
+ “Load effect’, i.e. the reduction of u for increasing contact
pressure;
+ “Cycling effect”, i.e. the continued reduction of p with the
fast repetition of cycles due to the increasing temperature
of the sliding interface produced by frictional heating;

HEAT DISSIPATED AT ONE

+ "“Velocity effect’, i.e. the gradual increase of p with the

increasing sliding velocity.

Sliding isolators with two concave sliding surfaces,
or double concave isolators, were later introduced and
investigated by several authors (Fenz and Constantinou 2006;
Tsai et al. 2008; Morgan and Mahin 2010; Lu, Wang, and Hsu
2006). When compared to single concave isolators, the double
concave isolators provide larger displacement capacity for
the same in-plane dimensions. The theoretical lateral force-
displacement loop of a double concave isolator is equivalent to
the one of a single concave sliding system with same coefficient
of friction and an effective radius of curvature equal to the sum
of the effective radii of the top and bottom sliding surfaces.
However, it is important to note that the geometric and
kinematic differences between the single and double sliding
bearings significantly affect the variability of the coefficient
of friction, mostly due to the velocity and cycling effects. As a
consequence, a double concave isolator has a difference friction
performance with respect to a theoretically equivalent single
concave isolator, with the main differences arising from the
following:

1) the sliding motion in a double concave isolator occurs
simultaneously on two surfaces, so the sliding velocity at the
contact interfaces is lower than the one in a single concave
bearing (theoretically, for a same level of displacement and
velocity of the isolators and assuming the exact same sliding
velocity on both sliding surfaces, the sliding velocity of a double
concave isolator is half the sliding velocity of its equivalent
single concave isolator);

2) the sliding motion at each sliding surface of the double
concave isolator generates less heat than the one of a single
concave isolator going through the same lateral deformations.
This is due to the velocity of the slider being lower and the travel
path being shorter in comparison with an equivalent single
concave device with same effective mechanical properties;

SURFACE UNIFCRMLY DISTRIBUTED
HEAT FLUX
HEAT DISSIPATED AT TWO
SURFACES
28 2A7
Figure 1 — Heat flux comparison between single and double concave sliding systems
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Table 1 — Summary of prototype tests

Test # Description Disp (mm) Freq (Hz) Velocity (mm/s) | Vert Load (kN) Cycles
1 Test #1 6 0.004 0.1 5643 1
2 119 0.567 423 6800 3
3 238 0.283 423 6800 3
Test #2
4 356 0.189 423 6800 3
5 460 0.146 423 6800 3
6 119 0.567 423 6800 3
7 238 0.283 423 6800 3
Test #3
8 356 0.189 423 6800 3
9 460 0.146 423 6800 3
10 Test #4 460 0.146 423 5125 1
11 Test #5 460 0.146 423 7356 1
Table 2 — Geometry of tested isolators
Parameter brg16 brg17 brg18 brg19 brg20 brg21 brg22
R (mm) 5000 5000 5000 5000 3400 3400 3400
a (mm) 323.1 4234 3231 4234 518.7 4239 3284
A (mm) 802.4 974.4 802.4 974.4 1020.7 907.6 774.8

where R is an effective radius of curvature of the sliding surface, a is the in-plane radius of the slider,
and A is an in-plane radius of the sliding surface

3) the average temperature rise of the sliding surfaces of
a double concave isolator is higher than the temperature rise
in a single concave isolator going through the same lateral
deformations. This is because the heat is distributed on a smaller
sliding surface, which could be as small as half in radius with
respect to the single concave isolator in order to have the same
displacement capacity.

The model presented in (Lomiento et al. 2013) shows that
the coefficient of friction decreases due to the temperature
rise of the sliding surfaces. This is accounted for by considering
the cumulative heat flux, uniformly distributed over the sliding
surface. The uniformly distributed heat flux for two theoretically
equivalent single and double concave isolator is schematically
shown in Figure 1. If the two isolators undergo the same
deformations, the double concave isolator has a different
uniformly distributed heat flux due to a different sliding
velocity, travel path, and surface area that can cause different
degradation rate of the coefficient of friction.

2. Objective

The purpose of this paper is to investigate the validity of a
friction model originally proposed for single concave isolators
to double concave isolators. Experimental data from large-
scale test on double concave isolators are first used to verify
the applicability of the model. A unified model capturing the

frictional performance of both single and double concave
isolators is then proposed, based on the comparison between
experimental evidence for such devices. The model can be
used to capture the difference in performance of theoretically
equivalent devices, by applying appropriate corrective factors
to account for the effects of the different kinematics on the
coefficient of friction.

3. Data processing and observed behavior
Experimental data from past mono-directional tests of a series
of single concave isolators was available. Seven double concave
isolators utilizing same sliding material as the previously
analyzed single bearings were tested with various levels of
displacement, isolator velocity and vertical load using the
procedures of ASCE 7 (2010). Each double concave isolator
test included two prototype isolators, to ensure consistent
performance, and 10-12 identical test runs were performed
on each prototype. Both single and double concave isolators
utilized same sliding material, Table 1 presents a test summary
of a single bearing with typical values of lateral displacement,
frequency, isolator velocity, vertical load, and the number of
cycles. The geometry of the tested devices is summarized in
Table 2.

The raw data was provided by the experimental equipment.
External sensors recorded the values of time, displacement,
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Figure 3 — Typical plots obtained during the analysis

velocity, vertical and lateral forces in binary format. The data for
each test was then stored on a computer hard drive.

The users were allowed to determine the data storage
location, output frequency, and starting delay. After extracting
the raw output data from the setup equipment, the data was
corrected to account for the shake table forces during the tests.
As a general procedure adopted by the SRMD laboratory, the

main objective of the data reduction process is to remove, from
measured forces the components that are not directly applied to
the test specimen; specifically, the inertial and machine friction
forces. This procedure required a theoretical and experimental
phase of machine characterization and shakedown, mainly
oriented to the assessment of the frictional and inertial
characteristics of the system. Recorded forces are corrected
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Figure 4 — Hysteresis plots for bearing 16 isolator under different vertical loads

based on the idealized horizontal equilibrium equation of the
system:

Force readouts = Shear across specimen +

Inertial forces + Machine friction + Error M

where the Error term considers all the uncertainties related
to the readout and correction process.

Sample experimental displacement, velocity, vertical force,
and lateral force data are presented in Figures 2(a), 2(b), 2(c), 2(d).
It can be seen that for the same levels of longitudinal velocity,
displacement and vertical load, the longitudinal force acting on
the slider decreases with time, which indicates degradation of
frictional properties. In addition, values of lateral (longitudinal)
force were plotted against time and displacement (Figure
2(e), 2(f)). The reduction of area inside the force-displacement
(hysteresis) loops correlates to the reduction of Energy Dissipated
per Cycle (EDC), i.e. the amount of energy the system is able to
dissipate per one cycle of motion. After processing the recorded
data, it was possible to determine the experimental values of
friction coefficient p and plot them against time (Figures 3a, 3b)
and displacement (Figure 3c). The values of friction coefficient
were computed by normalizing longitudinal force to vertical
loading and subtracting a ratio of longitudinal displacement and
the radius of curvature of the sliding surface:

1t = Fi/W — Dia/R )

where F is lateral force, W is vertical load, D, is lateral
displacement, and R is the effective radius of curvature of
the isolator. This allowed to visually verify the behavior of the
double concave isolators. The coefficient of friction drops by
about 50% its original value at the beginning of the test, due to
the temperature rise associated to the cycling effect.

4. Experimental model

The experimental model of the coefficient of friction accounts
for the vertical load, velocity, and cycling effects. The model
expresses the coefficient of friction u as a product of three
independent functions, each one associated with one of the
described effects:

w(P,c,v) = f(P) - fu(c) - fu(v) (3)

wheref,, is a function representing load effect, f,, represents the
cycling effect, and f, captures the velocity effect, respectively.
The model was originally calibrated and verified against
experimental data on single concave isolators.

This study is based on several assumptions first proposed by
Lomiento et al. (2013) during the calibration of a single concave
sliding system’s model:

1) The functions of vertical load effect f,(P), velocity effect
f.(v), and cycling effect f.(c) were derived for single concave
isolators and were never verified for a double concave isolator.

2) All of the aforementioned effects, namely f,(P), f,(v), f.(c)
are independent from each other. While the assumption cannot
be experimentally verified to be correct at this stage, models
based on it have shown agreement with experimental results.

3) The cycling variable assumes that the heat is associated to
the velocity of the device, and is distributed on a single surface.
This is a simplified approach, as more complex systems, such
as double concave isolators, have heat distribution on multiple
surfaces.

In the following, the model is applied to double concave
isolators, to verify its applicability on such devices based on
experimental evidence.

4.1 Vertical Load Effect

Experiments have indicated the degradation of frictional
properties of an isolator with the increase of the applied vertical
load. When the vertical load W is increased, the coefficient of
friction u decreases; however, the friction force

f=pW @)

increases due to the fact that the increase in W has a greater
effect than the decrease in . This overall increase in the friction
force f corresponds to a greater amount of energy dissipated
by the isolator per one cycle of motion (EDC). The increase
in EDC can be represented as the increase in the area inside
the hysteresis diagram with the increase in vertical load W
(Figure 4). To account for the variations in friction coefficient y,
an exponential function characterizing vertical load effect (f,,)

fiw (P) = pgpe "/ Pref (5)
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where y, represents the theoretical slow-motion coefficient
of friction under no vertical load, P is the applied vertical
pressure, and P is a pressure reference value, was proposed.
The exponential format of the load effect function was selected
based on the experimental evidence from the single friction
isolator (Lomiento et al. 2013). After performing the analysis,
the coefficients pg and P were determined to be 0.06 and 2
MPa, respectively.

4.2 Velocity Effect
The increase of the friction coefficient u with increasing
velocity is well-known and discussed extensively in literature
(Constantinou et al. 1990; Mokha et al. 1991; Bondonet
and Filiatrault 1997; Dolce et al. 2005). These experimental
studies, however, rarely extend to high velocity levels and,
more importantly, can be further expanded to include double
concave isolators. Lomiento et al. (2013) presented a model
that included the relationship between the friction coefficient
u and sliding velocity for single concave sliding isolators. Dolce
et al. (2005) reported on variations of friction coefficient with
sliding velocity for cases with different pressure and ambient
temperature. The study indicated that the coefficient of friction
increased rapidly with velocity up to a velocity value of 150
mm/s, and then approached a constant value. This behavior was
consistent regardless of ambient air temperature and bearing
pressure on the slider. Similar dependency was observed during
the testing of double concave sliding isolators. The sudden
increase of friction coefficient at the regions of zero velocity is
due to breakaway effect occurring at each reversal of motion.
In order to describe the relationship between the friction
coefficient u and device velocity, a function

f,(v) =y + (1 = y)e MI/vrer ()

where v is the isolator velocity, vref is a reference velocity that
characterizes the variation rate, and y = 1 is the ratio between
the fast-motion and the slow-motion coefficient of friction,
was used. This function was previously used to describe the
behavior of single sliding isolators and proved a satisfactory
agreement with the experimental data (Lomiento et al. 2013).To
accurately predict the behavior of the double concave isolators,

T(s)

(a) Degradation of f; during a single test run

constant coefficients y and vref had to be determined. The
analysis indicated values of y and vref to be 1.8 and 25 mm/s,
respectively.

4.3 Cycling Effect

Degradation of frictional material properties due to heating
effects is well-known and has been extensively investigated.
Previously proposed models mainly focused on the effects of
ambient temperature on the behavior of sliding friction isolators.
A study by Mokha et al. (1991) reported a decrease in kinetic
coefficient of friction for PTFE-steel devices, but have not further
investigated the phenomenon. According to thermodynamic
principles, the degradation of frictional characteristics occurs
due to reduction in hardness of the thin surface layer due to
frictional heating (Lomiento et al. 2013). Chang et al. (1990)
proposed a model for PTFE sliding isolators that included
temperature variations at the sliding interface. Lomiento et al.
(2013) explained the mechanism and distribution of heat over
the sliding surface and developed a model for a single FPS. The
cycling effect function was based on a single concave isolator
and was presented in the following format:

f.(c) = e~Cc/erer )’ )
where
2
c(t) = mf:o WvZdt (8)

C.f represents the degradation rate of the friction coefficient with
the cycling variable (smaller cref means faster degradation), the
exponent B controls the shape of the function, a is the radius of
the slider projection over the horizontal plane, A - radius of the
projection of the sliding surface over the horizontal plane, W -
vertical load, v - instant sliding velocity, and t, and t represent the
beginning and end of the time interval under consideration. The
function c(t) represents the temperature effects over the sliding
surface and implies the hypothesis of uniform distribution of
the heat flux on the sliding surfaces (Lomiento et al. 2013). This
assumption disregards the existence of higher heat fluxes in the
areas interested by more frequent sliding activity.

To obtain constant coefficients cref and B presented in
the Equation 7 a regression analysis was performed. Figure 5
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0.12 4
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Figure 5 — Bearing 16 run 9 test plots
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represents decrease in f. during the duration of a single test run
to a value less than 35% of the initial. To calibrate the cycling
effect the data for all bearings were combined into one model
and parameters of ¢ and 8 were modified to obtain the lowest
norm of error value as well as a satisfactory agreement between
the experimental data and the proposed model. The obtained
results indicated the coefficient of degradation rate c.s being
a value significantly lower than expected in comparison to
the results obtained from single concave sliding system tests
discussed in Lomiento et al. (2013) (1.9 kN/mms for single
bearings and 8 kN/mms for double). The 8 parameter was set to
be 0.21 comparing to 0.5 value used for a single isolator system.

5. RESULTS AND DISCUSSION
The obtained results indicate that the proposed model is
capable of capturing the behavior of the double concave sliding
isolators influenced by vertical load, velocity and cycling effects
for mono-directional tests. The sudden increase of friction at
each reversal of the direction of motion (i.e. breakaway effect)
is well-depicted on Figures 2(f), 3(b), 4, and 5(b). Capturing this
phenomenon remained outside of the scope of this study due
to bidirectional nature of seismic excitations and the absence
of motion reversals.

The significance of this study is the ability of the model to
closely simulate the experimental force-displacement plots

(Figure 6(a)) — an important parameter in determining energy
dissipation characteristics of a system under cyclic loading. The
proposed model results in R? values of approximately 0.7 when
validated on double concave isolators. The accuracy is improved
when only large displacement tests are considered.
Comparison of the behavior of single and double concave
isolators indicated that influence of vertical load effect is similar
between the two systems, and constant coefficients i, P, y for
a single sliding concave isolator model presented by Lomiento
et al. (2013) are comparable to those discovered by this study
(Table 3). However, a significant difference was noted during
the comparison of velocity and cycling effects between two
systems. Both coefficients c.s and B, responsible for the rate
of degradation of frictional properties of the material and
the shape of the function’s curve respectively, are different
between the single and double concave systems. For instance,
typical value of cref for a single concave isolator is 2-7 kN/mms,
while values for a double concave isolator range between 5
and 20 kN/mms. A possible explanation is the different heat
distribution in the double concave friction isolator with respect
to the one in a single concave isolator (Figure 1). Lower C. in
single concave isolator corresponds to a faster degradation rate
of frictional properties. This can be caused by the distribution
of heat over the two sliding surfaces, top and bottom, instead
of just one surface, resulting in a lower temperature rise and

Table 3 — Comparison of results for large- and small-displacement tests

Parameter D <350 mm D>350 mm Combined
Hso 0.06 0.06 0.06
P.es (MPa) 2 2 2
v 1.8 18 18
Vier (MmM/s) 10 28 25
Cref (KN/mms) 6 10 8
B 0.2 0.24 0.21
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slower degradation of the frictional property at the sliding
surfaces. The presence of the slider between the two surfaces
also affects the heat distribution as some heat can be dissipated
through the slider itself.

Another behavioral aspect that is unique to double concave
isolators and was not present in a single concave isolator is a drop
in the magnitude of the friction coefficient p when the slider
passes over the center of the sliding surface. This phenomenon is
aresult of the isolator’s design: to account for rotation of the slider
during the motion, and to keep the top and bottom surfaces of
the device parallel, the slider has an adjustment mechanism - a
sliding joint that allows a certain degree of rotation of the top
slider’s surface relatively to its bottom surface.

The combined model presented in this paper includes all
three frictional, making it difficult to estimate the contribution
of each single effect separately. An ultimate test for the model
is whether it can estimate the response of an isolator that was
not included in the original calibration. Figures 6(a) and 6(b)
presents model verification plots of the large-displacement
tests for such case.

Furthermore, the difference between large (>350mm) and
small (<350mm) displacement tests for double concave isolators
was investigated. Comparison to a combined model revealed that
constant values for a combined model fall between the values for
large- and small-displacement tests as expected. The values of
Mso, Prery and y remained constant for both levels of displacement,
while V¢, Cer, and B for the combined model fell between the
results of the large- and small-displacement tests (Table 3).

6. CONCLUSIONS

An experimental model addressing the degradation of frictional
properties in single concave isolators developed by Lomiento et
al. (2013) was extended to double concave isolators. According
to the model, the friction coefficient p is represented as the
product of three functions representing the vertical load
effect fy, velocity effect f,, and cycling effect f. addressing the
dependency of the friction coefficient on the applied vertical
load, sliding velocity and temperature rise due to the repetition
of cycles, respectively. Due to the different kinematics of single
and double concave sliding bearings, adjustments to the

model had to be done in order to account for different sliding
conditions on the surfaces and heating effects.

Full-scale mono-directional tests were performed on seven
double sliding bearings in accordance with ASCE 7 (2010)
testing protocols in order to detect variations on the coefficient
of friction. Breakaway was observed during the tests, however,
remained outside of the scope of this study. Experimental
results evidenced a degradation of frictional properties up to
50% of the original value during a single test. The degradation
is less than the one observed on single concave isolators with
similar sliding materials. This can be attributed to (i) a different
heat distribution, since the heat flux in double devices affects
two sliding surfaces rather than only one, and (ii) a difference in
sliding velocity and travel path of the slider, as this is inversely
proportional to the number of contact surfaces, given the
deformation of the isolator. Experimental data also revealed a
drop in the coefficient friction when the slider of the double
concave isolator passes through the resting position. This drop
is generally not observed in single concave isolators.

Each of the three independent functions of the model,
namely vertical load effect, velocity effect, and cycling effect
was calibrated using the test data. Modifications to the original
model include: (i) modification of meaning of velocity (i.e.
focusing on sliding velocity of the slider instead of device
velocity), and (ii) considering different heat distribution
between the single and double bearings. Comparison between
large and small displacement tests for double concave isolators
revealed that the values responsible for the degradation of
frictional properties due to increase in vertical pressure, namely
the theoretical slow-motion coefficient of friction ;o and the
reference pressure P, are unaffected by the displacement
level. Lower ¢ value represents faster degradation of friction
for the small displacement tests, as the slider stays closer to the
center of the sliding surface preventing heat dissipation. the
ratio between the fast-motion and the slow-motion coefficient
of friction, y, also was unaffected by variations in displacement
and remained at 1.8. The value of the reference velocity V. is
significantly lower for small displacement tests (10 vs 28 mm/s)
indicating the greater decrease in friction for displacements
under 350 mm.
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(10%), komdopTHOI ropopackor cpege (10%). [Ana nposepeHuna 100+ Forum Russia BbibpaHa HoBaA nnolagka — KoHrpecc-LeHTp
MBL|, «EkaTtepuHbypr-dKCIMNO». Celtuyac 3aBepLIaeTc CTPOUTENIbCTBO 3TOF0 MHOrOQYHKLIMOHANbHOro KoMIeKca ana nposeaeHus
MacLUTabHbIX MEPOMPUATUIN MEXAYHaPOAHOro ypoBHA. C yueTom 3Toro 6yaeT npeanoeHa HOBasA KOHLIEMLUMA BbICTABOYHOM SKC-
nosuuun popyma. 100+ Forum Russia 2019 npongeT npu nogaep»ke MNpasutenbctea CBepanioBCKon obnactv n AgMrHUCTpaLun
ropoga EkatepuH6ypra.
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Recent Developments in New Zealand in Seismic
Isolation, Energy Dissipation and Vibration Control

of Structures (2019)

Abstract: Recent activity in the implementation of seismic
isolation, energy dissipation and vibration control of structures
in New Zealand is summarised. Recent severely damaging
earthquakes in New Zealand have left many buildings and
infrastructure systems inoperable and not repairable, leading to
their demolition. Owners and engineers are now seeking systems
that will provide more resilient seismic behaviour. Resilient
structures will be able to recover operation and function quickly
after a major earthquake compared with conventional structural
systems. Earthquake protection technologies now being developed
and used to make more seismically resilient structures include
seismic isolation and energy dissipation systems. These systems

can provide better damage control and repairability of structures.
The paper summarises recent projects in New Zealand that have
incorporated seismic isolation and energy dissipation and other
earthquake protection systems such as dissipative brace systems.
A draft New Zealand Guideline for the design of seismic isolation
systems for buildings was recently published. The Guideline makes
recommendations for how engineers should design isolated
buildings to meet performance requirements that will often be well
in excess of the minimum requirements of the national building
code. Details of the design Guideline are summarised and examples
of the design displacement and acceleration demands in various
main centres of New Zealand are also given.

Keywords: New Zealand, recent developments, isolation, energy dissipation.
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MocnegHwne pa3paboTkm No cencMmonsonaumm,
paccenBaHNIO SHEPrn U BUOPaLIMOHHOMY KOHTPOJIIO
KOHCTpYKuuin B HoBon 3enangun (2019)

AHHomauyus: O6o6uieHel pe3ynsmamesl pabom, NnpogedeHHbIX 8
nocnedHue 200bl 8 Hosol 3enaHouu no 8HedpeHuUIo cucmenm celic-
MOU30/14uU, OUCCUNAYUU 3HEp2uU U KOHMPOJIA 3a 8ubpayuamu
coopyxeHud. [locne HedasHUX pazpywumesnsbHbIX 3emaempace-
Hul 8 Hosoli 3enaHouu MHozue 30aHUA U UHXeHEepHble Cemu OKa-
3a71UCk 8 ABAPUUHOM U HEPEMOHMONPU2OOHOM COCMOSHUU, YMO

npugesio K ux CHOCy. B Hacmosujee spems 3aKka3quku U UHXeHepbl
8e0ym NoucK HOBbIX cucmem celCMOo3aujumel, 06ecneyusaoujux
ceticmocmoukocme 30arud. [locne cumbHO20 3emrempaceHuUs
ynpyaue KOHCmpyKmueHsle cucmemel 6eiCmpee No CPABHEHUI0 C
00bIYHBIMU 80CCMAHABAUBAM pabomocnocobHOCMb U yHK-
yuoHuposaHue. [lna cozdaHus 6onee celicMocmoUKux KOHCMpPYK-
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yuli 8 HaCMosuwee 8pema paspabamel8aromMca U UCNo1L3ymca
MexHO/102UU CelicMO3awumel, KOMopble 8KYAm 8 cebs cu-
cmembl celiCMOU30SYuUU U pacceusaHus sHepeuu. OHU cnocob-
Hbl 06ecneyumse MeHbWYI NOBPex0aemMocmse U NOCIe0yowyio
PEMOHMONPU200HOCMb KOHCMPYKUUU. B cmamee o6obujeHel pe-
3y/IlbMamel 86INOJTHEHHBIX 8 NOCe0HUe 2006l NpOekmo8 8 Hogol
3enaHouu, sknYarwue cucmemsi celiCMou30aUUU U pacceusa-
HUSA 3HEepeuU, a makxe opyaue cucmemel celicMo3awumsl, makue
Kak cucmemsl duccunayuu 3Hepauu. HedagHo 6ol onyb1ukosaH

npoekm HOB03e1aHOCKO20 PyKo8OOCMBA NO NPOEKMUPOBAHUIO
celCMOoU30/1UpOBAHHbIX 30aHUU, codepxaujull pekomeHOayuu,
yoossiemgopsaowue 3KCNayamayuoHHuIM mpebo8aHuaM, HO
3a4acmyio 3Ha4YUMENbHO NPesbiuaouiue MUHUMAnbHO 0ony-
cmumsle mpebo8aHua HayuoHaneHo20 cmMpoumesibHo20 Ko-
Oekca. OCHOBHbIe NOOXeHUA pyKo8oOCMBa KPAMmMKO U3J10XKeHbl
8 HacmoAwel cmamee. Takxe 8 Kauecmae npumepa npusedeHsi
3HAYeHUA NpOeKMHbIX nepemewyeHul U yckopeHul, NpUuHAMeble 8
pasHeix cybsekmax Hogol 3enaHouu.

Kniouesble cnosa: Hogas 3enaHous, nocsiedHue cobbimus, U3onayus, Quccunayus sHepeuu.

1. Introduction

This paper summarises recent progress and developments in the
application of seismic isolation, energy dissipation and vibration
control for seismic protection of structures in New Zealand, as at
2019. It follows previous progress reports by the author to ASSISi
conferences since 2007, primarily focussed on seismic isolation
(Whittaker and Robinson 2007 and 2009, Whittaker 2013, 2015,
2017). Although New Zealand engineers were instrumental
in inventing seismic isolation technology, implementation
in New Zealand has been, until recently, predominantly only
for significant public buildings and other special buildings or
bridges. Following severe earthquakes in Christchurchin 2010/11
and Kaikoura in 2016, there has been a significant increase in the
application of isolation and other energy dissipation technologies
for earthquake protection of new and existing buildings, not just
in critical high importance buildings. Recent examples of new
and retrofit structures using isolation and energy dissipation
technologies are summarized. A recently published guideline
for design of isolation systems for buildings is summarized,
including results of a limited parametric study of displacement
and acceleration demands for typical isolation systems.

2. Recent damaging earthquakes in New Zealand

In 2010 and 2011 the city of Christchurch was severely impacted
by a sequence of strong earthquakes. The sequence started
with a M,,7.1 Darfield Earthquake with fault rupture within 20
km from the central business district (CBD) of Christchurch.
Peak ground accelerations (PGA) in the CBD were in the order
of 0.3 g and there was widespread damage to buildings, but no
loss of life in that event. The Christchurch Earthquake aftershock
with magnitude M,,6.2 was centred within 2-3 km of the CBD
and caused very strong ground shaking with peak ground

accelerations in the order of 0.7g. This event caused widespread
damage, collapse of several buildings and the loss of 185 lives.
Several other moderate aftershocks had PGA shaking intensities
of around 0.2g and caused further damage. The direct cost of
damage was in the order of US$40B and around 1500 buildings
in the CBD were demolished. A Royal Commission of Inquiry
was set up by the New Zealand Government to report on the
effects of the earthquakes (Royal Commission report). In the
aftermath of these earthquakes many buildings have been
rebuilt and some owners and engineers have chosen more
earthquake resistant design systems such as base-isolation and
other energy dissipative systems.

In 2016 the M,7.8 Kaikoura earthquake caused strong
and prolonged ground shaking across a substantial area of
the northern part of the South Island. The earthquake caused
extensive land-sliding and disruption to transportation
infrastructure along the Kaikoura Coast. The main highway and
railway infrastructure were severely disrupted and required
major repair work to restore service. Significant damage
was caused to a number of buildings in the Wellington area,
particularly on reclaimed land around the Wellington City
waterfront. Around ten buildings were demolished as a result
of severe damage that was uneconomic to repair. Buildings in
Wellington with seismic isolation or other protective systems
generally performed well with little damage reported.
The earthquake also caused extensive damage to wine silos in
the Marlborough region, although those with protective anchor
systems suffered little damage.

As a result of these recent damaging earthquakes, there is
a heightened interest in developing more earthquake resilient
(ie damage resistant and readily repairable) buildings in New
Zealand.
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Figure 1 — Growth in numbers of structures with seismic isolation in New Zealand
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3. Recent New Zealand projects with seismic isolation

As at 2019 there are around 103 isolated structures in New
Zealand. Figure 1 shows the approximate growth in numbers of
isolated structures over time including the types of structures and

isolation types. Most isolated structures are bridges and there is
asteady increase in the number of isolated structures since 2010.

Table 1 summarises some recent projects New Zealand
incorporating seismic isolation.

Table 1 — Examples of recent seismic isolation projects in New Zealand

Project Name:

Engineer:
Isolation devices:

Project Status:

Project Description:

Wellington Airport Control Tower

7 storey plus upper cab structure, Importance Level 4,
steel concentric braced frames, the building leans at
12.5 degrees from the vertical

Holmes Consulting
Lead Rubber (RSL)

Complete

Project Name:

Engineer:
Isolation devices:

Project Status:

Project Description:

Spark Head Office Building, Christchurch

4 and 5 storey superstructures on common isolation
plane, steel MRF

Holmes Consulting
LRB + Flat sliders (Robinson Seismic)

Under construction at 2019

Project Name:

Engineer:
Isolation devices:

Project Status:

Project Description:

Wellington Town Hall retrofit

Seismic strengthening including seismic isolation of
heritage town hall building

Holmes Consulting
Lead rubber and flat slider. (Robinson Seismic)

Construction started

Project Name:

Engineer:
Isolation devices:

Project Status:

Project Description:

Wellington Children’s Hospital

7,000 m? hospital, 3 storeys, regular plan,
moment resisting steel frame

New Zealand Consulting Engineers Ltd
Triple pendulum (EPS)

Under Construction

Project Name:

Engineer:
Isolation devices:

Project Status:

Project Description:

Morrison Kent House, Wellington

Strengthening of mid-1960s
23-storey reinforced concrete encased structural steel
frame including addition of mid-height isolation

New Zealand Consulting Engineers Ltd
Triple pendulum (EPS)

In design

Project Name:

Engineer:

Isolation devices:

Project Status:

Project Description:

Ryman Healthcare Petone
4 new multi-level residential buildings

Mitchell Vranjes Consulting Engineers and Simpson
Gumpertz and Heger

Lead rubber (DIS)

Completed
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4. Recent New Zealand projects with other supplemental
energy dissipation and damping systems

Many new buildings recently constructed have incorporated
dissipative brace systems such as buckling restrained braces
(BRB). There are also a small number of buildings incorporating
viscous damper braces, rocking frame and wall systemsincluding
post-tensioned cables to ensure re-centreing of the structure,
and some containing additional damping devices such as lead
extrusion or fluid viscous dampers - so-called “plug-and-play”
replaceable devices. Table 2 gives examples of recent building
projects including energy dissipative technologies.

5. NZ guideline for design of seismic isolation systems for
buildings

5.1 Oveview

A Guideline for the design of seismic isolation systems for
buildings in New Zealand has recently been completed
for trial use by the industry (Whittaker and Parker 2019).
This project was funded by government agencies MBIE
and EQC, as well as professional technical societies NZSEE,
SESOC and NZCS. The Guideline was prepared by specialist
practitioners from the major New Zealand science agencies
and engineering consultancies with experience in designing
base-isolated buildings and it was reviewed by several
international experts. The Guideline provides a means of
compliance with the New Zealand Building Code and is
based on NZS 1170.5 (the Structural Loading Standard)
with suitable selection of design parameters, such as

Structural Performance Factor S, and design ductility
factor p (and k,) for isolated buildings. The methodology
recognizes the effects of period elongation and substantial
effective damping available from seismic isolation systems.

5.2 Isolated building types

Four isolated building types are proposed, and designers must
select, within specified criteria limits, which type they will
design for and follow the requirements for that type.

Type 1 Simple - regular and low-rise superstructures.
Equivalent static analysis is permitted, and structural elements
are to be designed to remain elastic.

Type 2 Normal - more general isolated building layouts
not meeting Type 1 requirements. Modal response spectrum
analysis methods and structural design for nominally ductile
behaviour are required as a minimum.

Type 3 Complex - isolated buildings where some inelastic
deformation in the superstructure may be expected, or the
isolation plane does not provide for the full displacement
demand on the system. Numerical Integration (nonlinear) Time
History Analysis and capacity design is required.

Type 4 Brittle —for brittle superstructures including existing
structures. Numerical Integration Time History Analysis and
design for elastic response is required.

The Guideline is intended for bilinear type hysteretic
isolation systems using combinations of elastomeric, lead-
rubber and flat slider isolators, or curved surface slider systems.
Supplementary viscous damper devices may also be included.

Table 2 — Examples of projects with other energy dissipation technologiesz

Project Name:

Engineer:
Technology:

Project Status:

Project Description:

Christchurch Central Library “Turanga”

5 storey rocking concrete walls with vertical
post-tensioning, U-shaped flexural yielding plates
and lead damping devices

Lewis Bradford
Rocking hybrid walls with dissipators

Completed 2019

Project Name:

Engineer:
Technology:

Project Status:

Project Description:

Outpatients Building, Christchurch

New 5-storey hospital with viscous damped
(54 dampers) steel moment frame

WSP-Opus
Viscous Dampers (Taylor Devices)

Completed 2019

Project Name:

Engineer:
Technology:

Project Status:

Project Description:

Forte Health 1 and 2

2 hospital buildings 3 storeys high. post-tensioned
rocking steel frames with additional lead extrusion
damping devices

Engenium
Rocking and energy dissipation devices

Complete
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5.3 Performance-based design and limit states

In addition to NZS 1170 Serviceability (SLS) and Ultimate (ULS)
Limit States, the Guideline recommends that a Damage Control
Limit State (DCLS) and a Collapse Avoidance Limit State (CALS)
are considered for isolated buildings. The building, including
isolation system, should be shown explicitly to be capable of
surviving displacement demands for the rare earthquake event
referred to in NZS 1170.5, without collapse.

The approach recommended in the Guideline is consistent
with “low damage design” philosophies. The expected
performance will generally exceed the minimum required
by the national building code. An important principle is to
communicate and agree the intended performance objectives
with the building owner and to record these objectives in a
Design Features Report.

5.4 Design acceleration and displacement spectra for isolated
buildings
Design displacement spectra are directly provided, allowing
designers to represent seismic demands in acceleration-
displacement response spectra (ADRS) format. This format is
convenient for designing isolated structures using simplified
capacity-demand methods for determining base shear and
displacement response demands on the isolation system.
Design spectra are reduced for isolated structures compared with
conventional building structures because of the increased effective
system damping that that is available from the isolation system.
The Guideline includes changes to the long period
portions of the NZS 1170 spectra, which typically govern the
design of isolated buildings. The corner period TL, at which
the constant displacement part of the spectrum starts, has
been extended from 3 seconds to 5 or 10 seconds for most
of the country. This has the effect of increasing displacement
demands on isolation systems with periods greater than 3
seconds in most areas.

5.5 Analysis and Design of isolated buildings

Flow charts are provided in the Guideline for each isolated
building type that address design of the isolated building
overall including design of the substructure and superstructure,
isolation system, adjacent stability structure, isolation plane and
adjacent “rattle space” clearances. For most isolated structures
the Structural Performance Factor S, is recommended to be
1.0 and the superstructure should be designed to be elastic
or perhaps nominally ductile. Guidance is provided for design
parameters for materials standards for design of foundation,
substructure and superstructure. A minimum level of ductile
detailing and capacity design will generally be required in the
superstructure to allow for possible inelastic demands under
extreme earthquakes.

Preliminary analysis for all isolated building types would
typically start with single degree of freedom analysis of an
assumed rigid building on a flexible isolation layer, followed
by more detailed analysis using equivalent static, modal
response spectrum or numerical integration time history
analysis, depending on the type and complexity of the building.
Consideration of isolator property variability (upper and
lower bound) is required in addition to target isolator system
properties. Generally upper bound properties give maximum

force demands on the structure, and lower bound properties
give maximum displacement demands on the isolators.

5.6 Specifications for procurement of isolators

Guidance is provided for performance-based specification
of the isolation system and isolator devices, based on US and
European standards. A sample technical specification is also
provided for procurement of isolation systems and isolator
devices. Designers are recommended to select the type and
number of isolators required and to prepare a performance-
based specification giving the combinations of design forces
and displacements that isolators are to withstand. It is strongly
recommended that detailed design of the isolators is left to the
supplier in accordance with an approved international standard.
Qualification, prototype and production testing sequences
and acceptance criteria are to be specified. Full-scale testing
of isolators or similar prototypes is generally required, as is
testing of production units. Load testing of 100% of production
units is desirable, together with suitably qualified independent
technical overview.

6. Design Acceleration and Displacement Spectra

6.1 Spectral shape functions

The Guideline recommends acceleration and displacement
spectra for design of isolated structures. The design spectra

Elastic ADRS Spectral Shape
Subsolil type D

Acceleration Spectral Shape Ch(T) {g)

1000 1500 2000 2500 3000 3500 4000
Displacement Spectral Shape Dh(T) (mm)

L1} 500

Figure 2 — Acceleration versus displacement spectral shape
for deep or soft ground conditions (subsoil category D)

1.0

Isglation System Response
Christchurch IL4
Subseil Cat. D

08

System Acceleration Sa (g)

0 100 200 300 400 S00 600 700 800
Isolation System Displacement (mm)

Figure 3 — Sample capacity-demand diagram for a high importance
(IL4) building in Christchurch on deep or soft ground
and 1in 2500 year (MCE) code demand
for a curved surface slider isolator system with f=0.08 and R=4m
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are based on NZS 1170.5 elastic hazard (acceleration) spectra
and derived displacement spectra. The equations for base
shear coefficient and displacements are given in Equations
1and 2.

C(T) = C,(T) ZR N(T, D) B; Q)

A(T) = A (T) ZR N(T,D) B )

where C(T) is the design acceleration (base shear
acceleration) in units of g

C(T) is the spectral shape factor (for acceleration)

A(T) is the elastic site displacement in mm

Ax(T) is the displacement spectral shape factor

B: is the spectrum scaling factor to account for damping
(less than or equal to 1.0)

Z is the hazard factor, R is the return period factor and N(T,
D) is the near-fault factor according to NZS 1170.5.

The acceleration C,(T) versus displacement A,(T) spectral
shape for deep or soft ground (subsoil category D) is plotted
in Figure 1. The effect of the variable corner period T, on the
spectrum can be seen, where the solid red curve changes to
dashed and dotted lines for periods exceeding 3 seconds or 5
seconds. In those cases, for long periods, spectral displacements
increase beyond the normal constant displacement assumed in
the standard NZS 1170.5 spectrum.

The behaviour of the isolation system is assumed to
be a yielding bilinear hysteretic system represented by the
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generalised expression for a curved surface slider system given
in Equation 3.

Vy = fW + A/R 3)

where V, is the base shear force and A is the lateral
displacement if the isolation system

fis the friction coefficient, W is the isolated weight and R is
the radius of curvature for a curved surface slider system.

The isolation system behaviour can be conveniently plotted
on the acceleration versus displacement spectrum (ADRS) for
the purposes of calculating capacity-demand diagrams and
predicting acceleration and displacement response demands
on the isolation system. An example is shown in Figure 2.

6.2 Parametric study of acceleration and displacement demands
A simple parametric study was carried out by the author
to determine the acceleration and displacement spectra in
the four main cities of New Zealand, Auckland, Wellington,
Christchurch and Dunedin, according to the recommendations
in the Guideline, using a limited range of isolation system
parameters. These comparisons are a useful indication of
demands for isolated buildings in each location.

The study considered a limited number of combinations of
importance levels of buildings and ground conditions according
to the New Zealand code, as well as equivalent curved surface
slider isolation system properties, as follows:

« Slider system friction coefficient f = 6%, 8%, 10% and 12%,
or an equivalent yield level
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Figure 4 — Acceleration-displacement demand plots for Wellington for post-disaster functional buildings on:
(left) deep or soft subsoil D and (right) shallow soil ground conditions
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(left) post-disaster functional buildings and (right) normal importance buildings
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Figure 6 — Acceleration-displacement demand plots for post-disaster functional buildings on deep
or soft ground conditions located in: (left) Christchurch and (right) Dunedin

« Slider system radius R = 2000, 4000 and 6000 mm, or
equivalent elastomeric stiffness. (these radii correspond
to second-slope periods of 2.8s, 4.0s and 4.9s).

Some results of the study are shown in Figures 3, 4
and 5. The diagrams showing acceleration and displacement
demandsforvariouscombinationsoflocation, buildingimportance,
ground condition, slider radius and friction coefficient, calculated
using the Guideline. The plotted points were each calculated
using an iterative graphical procedure similar to that depicted
in Figure 6. Lines have been drawn through various groups of
points to show the effect of holding either curved surface slider
yield level or radius constant while varying the other parameter.
For the purposes of initial design, an additional displacement
of up to 20% of these values could be assumed for isolators
in the building corners, to allow for torsional response effects.

7. Conclusions
The rate of application of seismic isolation and other energy
dissipation technologies has increased markedly in New

Zealand following recent severe and damaging earthquakes.
Owners and engineers are increasingly recognising the
significant performance and life-cycle cost benefits that these
technologies bring to earthquake protection and functional
recovery of buildings and their contents. The benefits include
increases in safety, as well as reductions in the frequency and
severity of damage and downtime to repair any damage that
does occur.

A recently published New Zealand guideline for
design of buildings with seismic isolation will help ensure
that design of isolated buildings is carried out
in a consistent manner to meet the requirements of the
national building code. Other energy dissipation and
supplemental device technologies being routinely used
in New Zealand include buckling restrained braces and
increasing use of fluid viscous dampers. Seismic isolation
and other energy dissipation earthquake protection
systems are expected to be used much more frequently in
New Zealand in the future.
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Certification System of Seismic Isolation Devices in Japan

Abstract: In In Japan, the building law has revised to include
the seismic isolation technology into the building code in 2000.
Notification (Kokuji) 2009 and 1446 stand for seismic design code
and certification system of seismic isolation devices, respectively.
All seismic isolation devices must be certified by Ministry of Land,
Infrastructure, Transport and Tourism (MLIT) before using. In 2015,
the factory production control (FPC) certification system to include
inspection at factory was strengthened due to one company’s
falsifying FPC test data. Since there is no independent testing
laboratory in Japan, all the type and FPC tests are usually conducted
by the manufacturer themselves. In 2017, changes of characteristics
of seismic isolation devices due to the long-period and long-
duration ground motions have to be considered in the design in
the determined long period areas. It is stipulated in the other code.
The certification authorities known as notified inspection bodies

are even opened to private companies now. The devices have
been roughly classified into three kinds: isolators, dampers and
restoring bearings. The Japan Society of Seismic Isolation (JSSI) has
published a 750 pages catalog in 2009 to include all manufacturers
for reference. The information about the certification authorities
and certified devices can be checked easily vie web pages.
This paper will focus on the performance properties of seismic
isolation devices required for certification. Both type testing and
FPC tests will be introduced. The details of lead rubber bearings
and viscous fluid dampers are compared with EN15129 for
better understanding. The contents of LRB include following
categories: Materials, Dimensions, Horizontal capacities, Vertical
properties, Horizontal properties, Dependency properties and
Creep. The contents of viscous dampers include Materials,
Dimensions, Horizontal properties and Dependency properties.

Keywords: building code, certification system, seismic isolation devices, lead rubber bearing, viscous damper.
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AHHomauyus: B 2000 200y 8 AnoHUU npou3owes nepecMomp Cmpou-
MesTbHbIX HOPM C Uerblo 8KIIOHeHUSA 8 HUX Mpebo8aHul no npumeHe-
Huto mexHosnoauu celicmousonayuu. [Nonoxerus (Kokuji) 2009 u 1446
cooepxam mpebosaHus NO NPOEKMUPOBAHUIO U Npasusna cepmu-
ukayuu ceticmouzonupyrU4UX ycmpoticmes, coomgemcmaeHHo. Bce
npumeHsemble celicmou3onupylowue ycmpolcmaa neped UCNOsIb308a-
Huem 00mxHbI 6bliMb cepmupuyupo8aHsl MuHUCMepCMBoM 3emers-
HbIX PECYpcos, UHgpacmpykmypsl, mparcnopma u mypusma (MLIT).
B pe3ynsmame ganbcugukayuu 00HoU U3 KoMNaHul pesyibmamos
ucnsimarud, NpoB8oOUMbIX NPU CEPMUGUKAUUU HA OCHOBE 3aBOOCKO20
npou3goocmeaeHHo20 koHmpona (31K), exkoyarwe2o UHCNeKmupo-
8aHue Ha 3asode, 8 2015 200y mpebosarus cepmugpukayuu npu 31K
6bIIU YKeCmoYeHsl. B ceasu ¢ mem, Ymo 8 ANoHUU HEM He3asUCUMbIX
ucnsimamereHbix nabopamopud, 8ce munsl ucneimanuti u 3K 0beid-
HO Npogodamca camum npousgooumenem. B 2017 200y, bbi10 NpUHAMO
DpeLLeHUE, YmMOo NpU NPOeKMUPOBAHUU 8 ONTUHHONEPUOOHOU obnacmu
HEobX00UMO y4UmbIBAMb U3MeHEHUS Xapakmepucmuk celicMou3osu-
pytowux ycmpolcme, 0bycriogrneHHble Hauyduem 60/6Lux Nnepuodos
U 0nUMesibHOCMbIo KosiebaHUl OCHOBAHUA NPU 3emiempaceHuU. Smo
npedycMompeHo 8 Opy20mM HOPMAMUBHOM OOKyMeHMe.

OpeaHbl cepmuguKkayuu, U3BeCMHble KAk akKpeoumOoBaHHsle UHCNek-

YUOHHble 0p2aHel, meneps OMKPbIMel 0axe O71a YacmHelX KOMNAHUU.
Yempoticmea bbiiu npubsuaumessHO KaccuguuyuposaHsl No 3 8Uoam:
U30/19Mopel, 0emnepepsl U NOOUIUNHUKU Ka4eHUs. ANOHCKoe 06Lecmeo
no ceticmousonayuu (JSSI) onybnukosarno 8 2009 200y kamaroz obeemom
8 750 cmpaHuU, 8KYaouul 8cex pekoMeHoyeMblx npoussooumered.
VIHGhopmauuo o cepmugUKAUUOHHBIX UeHMPAx U cepmuguuupoBaH-
HelX ycmpoUcmaax MOXHO J1e2ko NposepUIme C NOMOWbIO 8e6-CMPaHUU.
B 0aHHol cmameoe 0cHogHoe 8HUMAaHue bydem yoeneHo 3KCnya-
MAUUOHHbIM CB8OUCMBAM CelCMOU3OIUPYIOWUX yCmMpOoUCma, He-
06x00UMbIX OnA cepmuguKkayuu. bydym npugedeHsl Kak munogeie
ucneimanus, mak u ucnelmanus npu 3[1K. [ina ny4dwe2o noHUManus
Xapakmepucmuku, npedvagriaemele K pe3uHoOMemaniuyeckum
0NopPam U 8A3KOCMHbIM 0eMngepam, CpasHUBAIOMCA ¢ CO0epXa-
wumuca 8 ENT15129. B xapakmepucmuku pe3uHoOMeman/iudeckux
0NOP CO CBUHU08bIM CepOYHUKOM BX00AM CAe0Yioujue Kame2opuu:
Mamepuarbl, pasmepsl, HECyuds CNOCOOHOCMb 8 20pU30HMA/TbHOM
HanpasneHuu, cgolicmea 8 8epMUKA/IbHOM U 20pU3OHMANIbHOM
HanpassieHusAx, 83aumMo3asucumocme c8olCmMa U cKonbxxeHue. B xa-
DAKMEPUCMUKU 8A3KOCMHbIX 0eMNhepos 8KI0YeHbI Mamepuarnsl,
pasmepel, c8olicMea 8 20pU30HMAIbHOM HANPAsIeHUU U 83aUMo-
3agucumocms cgolicms.

Kniouesole cnosa: cmpoume/ibHble HOpMebl, cucmemeol cepmuqbumuuu, ceLJCMousoﬂupyfotuueycmpo&cmea, pesuHomemasiyiuyeckad onopa

CO CBUHY08bIM CEPOEYHUKOM, BA3KOCMH®bIU Oemnapep.

1. Introduction

After the 1994 Northridge earthquake in the USA, the 1995
Hyogoken-Nanbu earthquake in Japan and the 1999 Chi-
Chi earthquake in Taiwan, the number of seismically isolated
buildings has increased rapidly in Japan. The most recent
building code provisions took effect in 2000 to include design
method of seismically isolated buildings (Notification No.
2009) and certification system of seismic isolation devices
(Notification No. 1446, MLIT 2019a, BCJ 2016). This certification
system of seismic isolation devices is limited to be used in
buildings. Unfortunately, the energy dissipation devices were
not covered by this provision. Before 2000, these devices were
usually reviewed at the review process of the building design,
since all these kinds of buildings had to be reviewed at a special
route using time history analysis method. All seismic isolation
devices must be certified by the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT) before using. In 2015, the factory
production control (FPC) certification system to include
inspection at factory was strengthened due to one company’s
falsifying FPC test data.

In the other hand, European Standard EN 15129 “anti-seismic
devices” covered all devices used in the building seismic isolation,
energy dissipation and civil engineering. It was revised in 2018 and
became legally binding in the countries of the European Union.
In China (Ministry of Construction, 2010) and USA (ASCE 2016),
there are some technical standards for seismic isolation devices.
However, there are no certification system for manufacturers.

In table 1, the certification systems are compared together.
FPC inspection and verification of conformity usually are
conducted by the same certification authority or notified
body. There are about ten certification authorities, capable to
review seismic isolation devices, approved by MLIT in Japan.
One can find the information about the authorities in the web
pages (MLIT 2019b, Building Performance Standardization
Association (BPSA) 2019a). The major authorities are Building
Center of Japan (BCJ), Japan Society of Seismic Isolation
(JSS) and General Building Research Corporation of Japan
(GBRC). However, there is no independent laboratory having
enough facilities to conduct tests in Japan. All the type and
FPC tests are conducted by manufacturers themselves.

Table 1 — Certification system comparison of Japan, EU, China and USA

Japan EN15129 China USA
Type testing (notified laboratory) o™ o o o
FPC inspection (notified body) o) o - -
Veriﬁcatiott\ of c.onformi.ty and issuance MLIT . CE Marking i i
of the certification (notified body) Certification

*1:There is no independent laboratory having enough facilities conducting tests in Japan. All the type and FPC tests are

conducted by manufacturers themselves.
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Table 2 — Sample of JSSI catalog (JSSI 2009) for lead rubber bearings

. . . ERIL-H-G4- ERIL-H-G4- ERIL-H-G4-
H =200 mm Series Lead Rubber Bearings (20°C) 900-160 900-180 900-200
G N/mm?
Diameter mm 900 900 900
Diameter of lead plug mm 160 180 200
Thickness of inner rubber mm 6.0 6.0 6.0
Total number of inner rubber sheet 34 34 34
Total thickness of rubber mm 204.0 204.0 204.0
Dimensions S1 375 375 375
S2 4.41 4.41 4.41
Thickness of inner plate mm
Diameter of flange mm 1300 1300 1300
Thickness of flange (middle) mm 43.0 43.0 43.0
Total height mm 438.5 438.5 438.5
Critical strain (Vertical load = 0) % 400 400 400
Critical property Critical strain (Vertical load = o) % 388 388 388
Hysteresis
Critical strength (yo, o) (%, N/mm?) (0.43.7) (0.43.7) (0.43.7)
Critical strength (y;, 01) (%, N/mm?) (99,43.7) (99,43.7) (99,43.7)
Critical strength (y,, 0,) (%, N/mm?) (400,10.7) (400,10.7) (400,10.7)
Vertical property Vertical stiffness (Kv) X10°kN/m 3895 3895 3895
Standart vertical pressure (o) N/mm? 12 12 12
Standart vertical load (V) kN 7634 7634 7634
Critical tensile strength N/mm?
Unloading stiffness (K1 = 13xKd) kN/m 15,926 15,992 16,065
After yielding stiffnes (Kd) kN/m 1,225 1,230 1,236
. Yield load (Qd) kN 160 203 250
Horizontal property : :
Equivalent stiffness (Keq) kN/m 2,011 2,225 2,463
Equivalent damping ratio (Heq) % 23.5 26.5 29.1
Standart shear strain %
Range of Kv %
Variation Range of Kd %
Range of Qv %
. Kd (%) (60 years)/(Initial)
Degradation o
Qd (%) (60 years)/(Initial)
(-10°C)/(20°C)
(0°0)/(20°C)
Kd (%)
(30°C)/(20°C)
(40°C)/(20°C)
Temperature . .
Dependency (-10°C)/(20°C)
property (0°C)/(20°C)
Qd (%)
(30°C)/(20°C)
(40°C)/(20°C)
(50%)/ (100%)
Kd (%)
. (200%)/ (100%)
Shear strain
(50%)/ (100%)
Qd (%)
(200%)/ (100%)
Creep (%) 20°Cx60 years
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ERIL-H-G4- = ERIL-H-G4- = ERIL-H-G4-  ERIL-H-G4- = ERIL-H-G4-  ERIL-H-G4-  ERIL-H-G4- = ERIL-H-G4-  ERIL-H-G4-
950-170 950-190 950-210 1000-180 1000-200 1000-220 1100-200 1100-220 1100-240
0.392
950 950 950 1000 1000 1000 1100 1100 1100
170 190 210 180 200 220 200 220 240
6.4 6.4 6.4 7.0 7.0 7.0 7.0 7.0 7.0
31 31 31 29 29 29 29 29 29
198.4 198.4 198.4 203.0 203.0 203.0 203.0 203.0 203.0
371 371 371 357 357 357 393 393 393
4.79 4.79 4.79 4.93 4.93 4.93 542 542 542
4.5
1350 1350 1350 1400 1400 1400 1500 1500 1500
43.0 43.0 43.0 48.0 48.0 48.0 48.0 48.0 48.0
419.4 419.4 419.4 425.0 425.0 425.0 425.0 425.0 425.0
400 400 400 400 400 400 400 400 400
400 400 400 400 400 400 400 400 400
Q=Kdx&+Qd
(0.47.1) (0.47.1) (0.47.1) (0.47.2) (0.47.2) (0.47.2) (0.55.4) (0.55.4) (0.55.4)
(113,47.1) (113,47.1) (113,47.1) (118,47.2) (118,47.2) (118,47.2) (131,4755.4) = (131,4755.4) : (131,4755.4)
(400,17.2) (400,17.2) (400,17.2) (400,19.1) (400,19.1) (400,19.1) (400,27) (400,27) (400,27)
4429 4429 4429 4660 4660 4660 6042 6042 6042
14 14 14 15 15 15 15 15 15
9924 9924 9924 11781 11781 11781 14255 14255 14255
1.0
18,249 18,321 18,400 19,766 19,840 19,922 23,925 24,006 24,096
1,404 1,409 1,415 1,520 1,526 1,532 1,840 1,847 1,854
181 226 276 203 250 303 250 303 361
2,316 2,549 2,807 2,520 2,760 3,025 3,074 3,339 3,630
237 26.5 29.0 239 26,5 28.9 241 26.5 28.7
100
between + 20%
between * 15%
between + 15%
under + 10%
under + 5%
+8.5% (based on shear strain dependency formulation)
+5.6% (based on shear strain dependency formulation)
-2.7% (based on shear strain dependency formulation)
-5.3% (based on shear strain dependency formulation)
+30.2% (based on shear strain dependency formulation)
+19.2% (based on shear strain dependency formulation)
-84% (based on shear strain dependency formulation)
-16.1% (based on shear strain dependency formulation)
+18.9% (based on shear strain dependency formulation)
-8.0% (based on shear strain dependency formulation)
+0.0% (based on shear strain dependency formulation)
+0.0% (based on shear strain dependency formulation)
under 8%
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Q 3

Keq=Kd+Od'I6!
& H =AW,/ (21 Ky * 8%)
6, : Disp.at 7=100%

a) Fundamental property

[o .,.:Ultimate Strength(y =0%)]

b) Critical vertical strength dependent on shear strain

Figure 1 — Definition of horizontal properties of lead rubber bearing

2, Certification system in Japan
Seismic isolation devices are one of the materials implemented
in Notification No. 1446 issued by MLIT. The main purpose
of Notification No. 1446 can be summarized as follows. In
accordance with the provisions of Article 37 of the Building
Standard Law (Law No. 201 of 1950) technical criteria shall
be established as specified below with respect to building
materials used for the foundation and principal building parts of
buildings and with respect to Japanese Industrial Standards or
Japanese Agricultural Standards, and quality that should apply
to these building materials. If one material is not stipulated in the
Building Code, it should be certified by a certification authority
before using. A certification authority will be approved by MLIT
according the material category. The certification authority
shall submit their certification procedure including review
committee, documents formats etc. to MLIT to be proven.

A manufacturer should submit required documents to an
authority for certification based on the guideline (BCJ 2019).The
authority will hold a review committee to judge the application.
The documents usually include two parts: quality control system
of the factory and test results of the device. From 2015, the
authority shall inspect the factory on site and witness the test
in addition to the document review at the review committee.
If a manufacturer has obtained ISO 9001 Quality Management
System certification, audition of quality control system may
be partially omitted. Since there is no independent laboratory
having enough facilities conducting tests, performance tests
conducted by manufacturers can be accepted by the authority.

There are three kinds of isolation devices popularly used in
Japan: isolator, damper and restoring bearing. In the isolator
devices, there are natural rubber bearing (RB), lead rubber
bearing (LRB), high damping rubber bearing (HDR), flat slider
and friction pendulum system (FPS). In the damper devices,
there are oil damper, viscous damper, steel damper and lead
damper. The restoring bearing, which will not support the
gravity load of a structure and provide only restoring force, is
usually used in the detached houses with flat slider or roller
bearing. A list of certified devices in Japan can be found in a
web page (MLIT 2019¢). There is a search engine operated
by Building Performance Standardization Association (BPSA
2019b). JSSI has published a 750 pages catalog in 2009 to
include all certified devices for reference.

This paper will focus on the performance properties

of seismic isolation devices required for certification. Both
type testing and FPC test will be introduced. In the following
sections, the test contents of lead rubber bearings and velocity-
dependent viscous dampers will be introduced comparing with
EN 15129.

3. Required test contents of lead rubber bearings
The percentage of lead rubber bearings used in Japan is about
30% in the isolator devices. The lead rubber bearing has all three
functions needed for the seismic isolation system: supporting
gravity of building, providing restoring force and damping to
absorb energy. Following items should be stipulated in the
application documents.
¢ Materials: Standard, mechanical properties and chemical
composition etc.
¢ Dimensions: thickness, diameter etc.
¢ Materials: standard, mechanical properties and chemical
composition etc.
# Properties of the products
® Horizontal capacities: max. deformation capacity,
hysteresis loop
e \lertical properties: standard vertical pressure, vertical
stiffness (Kv), critical vertical strength (y, o) shown in
Figure 1b, tension-shear property
® Horizontal properties: after yielding stiffness (Kd), yield
load of lead plug (Qd) shown in Figure 1a
® Dependency properties: shear strain, temperature,
vertical load, ageing
® Creep property
Standard vertical pressure is defined upon the 2" shape
coefficient (S,) of the device, which ranges from 6-15 MPa
corresponding with S,=3-5. The fundamental properties such
Kv, Kd and Qd, max. deformation capacity, hysteresis loop etc.
will be tested upon this value. The tension-shear property is
usually conducted at 100% shear strain to obtain the tension
elastic limit.

The values of dimensions or test results should be converted
to the values at 20°C, if performed at a different environment.
Feng et al. (2004) have reported typical test results listed above
in detail. Sample of JSSI catalog (JSSI 2009) is shown Table 2,
which listed all information needed for structural design.

In Table 3, comparison of testing requirement between
EN15129 and N.1446 is shown. Most of the requirement on
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Table 3 — Comparison of testing requirement between EN15129 and N.1446 for lead rubber bearings

. No defects visible
displacement

EN15129 N. 1446
Test contents
Type Testing FPC Type Testing FPC
Capacity in compression
under zero horizontal Load 1.3NSD,ULS. N/A N/A N/A

Compression stiffness Report value

Within £30% of type
test value. No defects

Within £20%
of design value

Within 20%
of design value

Tension-shear test N/A

Report tension elastic

N/A limit at 100% shear strain

N/A

Report strain

Horizontal characteristics dependence. At design

Values within £20%

Report strain dependence. At 100% shear

(or K, and Qq) on repeated  limits

cycling

. . At 100% shear strain, strain, within
Ko and &, (orK; and Q) displacement, dyg, of requiredvaluesat i 1000 0r 15% of  £10% or 15% of
under cyclic deformation values within £20% design shear strain . ;
. design value design value
of design value.
900

Horizontal stiffness under  Report value at design W|th|.n £20%

. . . of adjusted type test N/A N/A
a one-sided ramp loading displacement, dpy value
Cyclic test to determine Within + 20 %
Kb and & (or K; and of Type Test values
Qq), performed at one N/A yp . N/A N/A

. at shear strain chosen
of the low shear strain
. for test
amplitudes
Variation of horizontal Report variation.
characteristics K, and &, (or | Maximum variation N/A N/A N/A
K, and Qg) with frequency = +20 %
Variation of horizontal L
characteristics K, and Report variation.
b Maximum variation N/A Report variation N/A
&, (or K, and Q) with e
within limits

temperature
Dependence of horizontal
characteristics K, and &, Dependence within N/A (other code) N/A

Horizontal capacity under
maximum and minimum
vertical loads

Force-displacement
curve increasing up to
Yodes. No defects

N/A Constltutlye Iavy test for N/A
o -y relationship

Change of horizontal

characteristics K2 only for Change <20 % N/A Report value N/A
LRB due to ageing
. Total Creep rate < 20%
Creep test under vertical between 10 N/A Creep rate < 8 % N/A
load )
and 10* min

the properties are same in both codes. In type testing, the
frequency dependence test is not required in N.1446. The
repeated cycling test should be conducted at a period of 3-5
second, while total accumulated displacement must be over
50m. It is implemented in the other code in Japan as reported
by Kikuchi, M and K. Ishii (2018). The tension-shear property
is not required in EN 15129. In the factory production control
testing, all the production shall be tested by the manufacturerin

Japan. However, the first production and 20% randomly chosen
production are conducted in EN15129.

4., Required test contents of viscous dampers

Oil dampers and Viscous dampers have been widely used in
Japan.In a severe earthquake, these kind velocity-dependent
dampers can keep good performance and continuously
function well to make sure the structures safe. Fluid type
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Figure 2 — Constitutive law of velocity-dependent dampers

dampers are mainly referred to as viscous dampers that use
viscous force, and oil dampers that mainly use inertial force.
Thus, the fluid viscosity is much different in these two kinds
fluid dampers. Oil dampers, using low viscosity fluid, have
a bi-linear model corresponding with the velocity shown
in Figure 2a, which have been used more widely in Japan.
However, the viscous damper, using high viscosity fluid, is
more common in the world, where the damping force is
designed being proportional to a velocity exponent shown
in Figure 2b.

Following items should be stipulated in the application
documents for the viscous dampers:

¢ Materials: Standard, mechanical properties and chemical
composition etc.
¢ Dimensions: length, diameter etc.
# Properties of the products
® Horizontal properties: constitutive law test, stroke
verification test, buckle test
® Dependency properties: temperature, repeated
cycling test
In the constitutive law test, the applied velocity shall include
several velocity values and the maximum rated velocity. In
the stroke verification test, static loading is permitted to
accommodate the rated stroke. In the buckle test, the damper

Table 4 — Sample of JSSI catalog (JSSI 2009) for viscous dampers

Production model
Contents
VD-500-500 VD-1000-500 VD-500-600 VD-1000-600 VD-1600-600

Diameter of cover (mm) 240 321 240 321 398
Width clevis plate (mm) 80 120 80 120 140
Diam. of pin(mm) 80 110 80 110 160

Dimensions Length(mm) 3300 3400 3800 3900 4300
Max Length(mm) 3800 3900 4400 4500 4900
Min Length(mm) 2800 2900 3200 3300 3700
Stroke (mm) 1000 1000 1200 1200 1200
Max disp.(mm) +500 +500 +600 +600 +600
Constitutive law F=Cve

Capacity
Max vel.(m/s) 1.0 1.0 1.0 1.0 1.0
Max force(kN) 450 900 450 900 1440
Type velocity-dependent

E}‘\’A',‘St't“t"’e Exponent a 03 03 03 03 03
C(kNs/m) 450 900 450 900 1440

Dispersion Cvalue +15%
Temperature during -20°C~+80°C, the variation of C is within+10%

Dependence
Repeated Cycling Variation of damping force within +10%
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Table 5 — Comparison of testing requirement between EN15129 and N.1446 for viscous dampers

EN15129 N. 1446
Test contents

Type Testing FPC Type Testing FPC
Pressure test X X N/A N/A
Low velocity test X X N/A N/A
Constitutive law test X X X X
Damping efficiency test X X N/A N/A
Wind load test X N/A N/A N/A
Seal wear test X N/A N/A N/A
Stroke verification test X N/A N/A N/A

will be confirmed safety at the maximum length with the
maximum damping force, while the damper suffered vertical
acceleration response. Since it is difficult to conduct this
kind of test dynamically, static test is allowed in practice. The
repeated cycling test should be conducted at a period of 3-5
second, while total accumulated displacement must be over
50m. Itis implemented in the other code in Japan. Oil damper
was reported to have few changes in the mechanical property
after suffering such large input energy (BRI 2016). In the
determined long period area, if the change of the property is
large, it should be considered in the structural design.

Feng et al. (2017) have reported typical test results listed
above in detail. Sample of JSSI catalog (JSSI 2009) is shown
Table 4. In Table 5, comparison of testing requirement between
EN15129 and N.1446 is shown. N.1446 required only constitutive
law tests. In the factory production control test, 100% of the

production shall be conducted by the manufacturer in Japan.
However, in EN15129, one unit per production lot shall be
subjected to the following tests: Low Velocity Test, Constitutive
Law Test, Damping Efficiency Test. The Pressure test shall be
performed to 100% of the production units.

5. Conclusions

The certification system of seismic isolation devices based
on Notification No. 1446 in Japan was introduced. All seismic
isolation devices must be certified by the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT) before using.
Since there is no independent laboratory having enough
facilities conducting tests in Japan, all type testing and factory
production control tests are conducted by manufacturers. In
the factory production control test, 100% of the production
shall be conducted for all kind seismic isolation devices.
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Seismic Isolation Protection System for the 1081-bed
Eskisehir City Hospital in Turkey

Abstract: The Eskisehir City Hospital with four building blocks is
located east of Istanbul in a highly seismic zone with up to 0,6
g PGA. To avoid any damages to the structure or fatalities and
enable absolute continued functionality even after the maximum
credible earthquake (MCE) event, it was decided to apply seismic
isolation with pendulum isolators. This paper will show the design
considerations to limit the base shear within the isolated building
blocks for the MCE event down to less than 0,13 W (= seismic
weight = DL + 0,3LL) on isolator top level and max. 0,2 W on the
upper floor building levels and the realization with suitable seismic

pendulum isolators. For these low shear level requirements the
isolator performance was adjusted to 3,5 s effective period and 26 %
damping. With the strict quality supervision during the production
procedure, with third party prototype testing at EU Center in Pavia
and with third party production testing at University Munich,
the reliability and durability of the isolators to resist up to five or
more MCE events without damages was proven. The approach
for this project is unique in a way that absolute no damages to
the structure, to the content and the seismic isolators have been
acceptable for the MCE event .

Keywords: seismic isolation, base shear reduction; no damages; immediate operation.

Mumep Xy6ep, pykosodumens HanpasesieHUA no paseumuio cucmem 3awjumei 30axuti, MionxeH, lepmaHusa
Mapk bpecnep, oupekmop no npodaxcam MAURER SE, MionxeH, lepmanus

Cncrema cencMon3onsaLMOHHON 3aLlnTbl
ana 1081-mecTtHoOM ropogckon
60onbHULbI I. DcKuwexunpa B Typuyun

AHHomayus: 30aHue 20poockoli 60/bHUULI ICKULEXUPd, COCMOA-
ujee u3 yemolpex cmpoumesibHblx G10K08, PACNOIOXEHO K BOCMOKY
om Cmambyna 8 30He 8bIcOKOU CeliCMUYHOCMU C NUKOBbIMU YCKOpe-
Huamu ocHosaHuA (PGA) npessituarouiumu 0,6g. Bo usbexarue nobeix
nospexoeHul KOHCMPYKYUL U 060py008aHUA 30aHUA Uu 2ubesu -
Oel, a makxe 0na obecnedeHUs HeNPepbIBHO20 YYHKUUOHUPOBAHUA

0axe nocne cobelMus, aHan02U4YHO20 C/1y4alo MakCuMasibHoO20 pac-
uemHo2o 3emnempsceHus (MP3), 6bi10 npuHAMO peweHue npume-
HUMb celicMOU30IAUUIO C MAAMHUKOBbIMU U301Amopamu. B 0axHol
cmamee pacCMompeHsl KOHCMPYKMUBHbIE pellieHUs, Npusooawue
K 02pAaHUYeHUI0 COBU2A 8 U30/IUPOBAHHbIX CMPOoUMesbHbiX Gr10KAX
0na cnydas MP3 0o meHee yem 0,13 Bm (=celicmuyeckas Hazpy3ka =
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DL + 0,3 LL) 8 8epxHem yposHe uzonamopa u makcumym 0,2 Bm Ha
BEDXHUX SMAXax 30aHUA NPU UCNO/T6308aHUU 8 Kayecmee celicMo3a-
WUMel MAsMHUKOBLIX CelicMOoU30/1Amopo8. []18 docmuseHus ycma-
Ho8/1eHHbIX mpebosaHuli no cosu2y xapakmepucmuku u3oamopa
6bIsIU CKOpPEKMUPOBAHs! 0718 3¢hekmusHo20 nepuoda KonebaHud,
cocmasuswiezo 3,5 ¢, u 3amyxaHus 26%. Cmpozoe cobntodeHue kade-
CMea npou38o0CMBA 8 COOMBEMCMBUU C MEXHOI02UYECKUM pe2ra-
MEHMOM, ucneimarue Modeau MasmHUKOB020 CelicCMOoU30/IAmMopa

mpemeel CMOpOHOU 8 e8ponelicKoM UCNeIMAamesibHOM UeHmpe 8
2[lasua u e yHusepcumeme 2.MioHxeHa, nodmaeepousIu Ha0exxHOCMb
U 8bIHOC/IUBOCMb U30IAMOPO8 CONPOMUB/IAMBCA 6€3 nospexde-
Huti 0o 5 unu 6osbwe Cry4aes HacmynsaeHus cumyayuu muna MP3.
YHukaneHocme 0aHHO20 Npoekma 3aks4aemcs 8 obecnedyeHuU
NOJIHO20 OMCYMCMBUA KaKux-1ubo nospexoeHuli KOHCMpyKyuU u
060py008aHUA 30aHUA 20CNUMAna U celicMoOU30/IAMOpO8 8 CJ1y4ae
HacmynneHua ciy4as MP3.

Knioueavle cnioea: celicMousonayus, ymeHouieHue c08ued OCHOB8AHUS, OMCYymcmeue NogpexdeHul, SKCMPeHHAs CUmyayus.

1. Introduction

In Turkey several new hospitals have been built during the past
years. One of these is the Eskisehir City Hospital as in Figure 1
with 1081 nos. beds in the Odunpazari District of Eskisehir 250
km south east of Istanbul.

Due to the high seismicity of this region with up to 0.6 g
PGA the published standard by Ministry of Health (MOT; The
Ministry Of Health General Directorate of Health Investments
2014) required to apply seismic isolation for this structure
with 977 nos. devices to reduce the base shear on the upper
floor levels even down to less than 0.2 g (SismoLab 2016). For
seismic isolation it was required to apply friction pendulum
devices, lead rubber bearings or high damping rubber
bearings. Finally the friction pendulum type of isolator was
identified to be the only one fulfilling the requirement of 70
years service life, technically the best with smooth isolation
performance, maintenance-free and even the most economic
solution considering the project requirements. For the isolator
design it was allowed to apply ASCE 7-10, EN15129 or IBC 2012
upon approval by the MOT.

The entire hospital consists of four single main blocks A, B,
Cand D as in Figure 2 with isolators on the second cellar level.

Block A has got 561 nos. isolators, block B has got 216 nos., block
Chas got 100 nos. and block D has got 100 nos. (SismoLab 2016).

2. Design of isolation system
For the isolation system Sliding Isolation Pendulums with
double sliding plate (SIP D), which represent one of the most

[T T 111

Figure 2 — Single blocks of hospital [2]

Figure 1 — Eskisehir City Hospital issued by DOST Construction
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Upper bolted concrete anchors
Upper sliding plate

Intermediate lens with sliding liner
Lower sliding plate

Lower bolted concrete anchors

Figure 3 — Design principle of SIP D device

developed type of friction pendulum systems, were applied as
in Figure 3. For their proper design various input data had to
be considered.

2.1 Seismic hazard analysis

The Odunpazari District of Eskisehir is in 2" degree seismic
zone as in Figure 4 according to the Turkish Earthquake Code
2007 (Ministry of Public Works and Settlement Government of
Republic of Turkey 2007).

The seismic hazard analysis was carried out by SismoLab
Engineering in Ankara. The required horizontal site spectra
for the 475 and 2475 years return periods are shown in
Figure 5.
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Figure 4 — Eskisehir earthquake map according
to Turkish Earthquake Code 2007

2.2 Structural performance demand
To achieve that absolutely no damages within the structure
occur after the MCE earthquake, certain demands (SismoLab
2016) must be considered.
1. Horizontal relative displacement between stores must be
less than 0.5 % of height.
2. Maximum horizontal story acceleration on any floor must
be less than 0.2 g.
3. Maximum vertically acting force onto the isolator will be
obtained from the load case 1.2 Dead Load + Live Load
+ Earthquake Load. The minimum axial force results from
0.9 Dead Load - Earthquake Load.
4. Maximum displacement including reliabilities shall be
less than 500 mm.
5. Stability and integrity of isolators must be granted.

The above requirements must be evaluated and confirmed
within a nonlinear time-history seismic analysis of the structure
with the applied SIP D devices. The suitable testing of the
devices is verifying their stability and integrity even after several
seismic events.

2.3 Seismic analysis of structure

To determine suitable isolator characteristics it was performed
an equivalent linear analysis and a nonlinear time-history
analysis. The property modification factors for the SIP D isolators
representing the lower and upper bound performance levels
were taken according to previous testing and design experience
on similar devices for Isparta City Hospital and Erzurum Medical
Campus as follows:

lmin = 1.0 and lmax = 1.6 (1)

2.3.1 Equivalent linear analysis

Taking into account the response spectra in Figure 5 & 6 and
the property modification factors, the equivalent damping ratio
of the isolation system for the design and partly also for the
maximum credible earthquake level exceeded 30 %. Thus it was
required according to the code to go for the nonlinear time-
history analysis.

2.3.2 Nonlinear time-history analysis

The project specification (SismoLab 2016) requires to apply the
seismic records of the earthquakes of Imperial Valley (1979),
Morgan Hill (1984), Chalfant Valley-02 (1986), Superstition Hill-
02, Landers (1992), Kocaeli (1999) and Joshua Tree (1992) as in
Figure 6 and 7. These had to be scaled to the required levels
shown in Figure 5.
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Figure 5 — Eskisehir earthquake map according
to Turkish Earthquake Code 2007
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Figure 7 — Horizontal pseudo acceleration spectrum (5 % damping) for MCE-level ground motion

Together with the designer’s FE model and the available
soil data a nonlinear time-history analysis was carried out, while
achieving 377 mm maximum displacement for MCE and 177 mm
for DBE load case with Imin = 1.0. The max. MCE-base shear at the
isolator for Imax = 1.6 is 12.7 % of the structural seismic weight,
which was defined to be Dead Load + 0.3 Live Load (The Ministry
Of Health General Directorate of Health Investments 2014).
The DBE-base shear will then be limited to 7.6 % for |., = 1.6.

Within the structural 3D-FE model of the single blocks it
could be shown that the 0.2 g max. lateral acceleration was

not exceeded on the upper floor levels. Therefore it might be
expected with this rather soft isolation system that no structural
damages and no damages to the medical equipment will occur.
The continued functionality was granted from the structural
design point of view.

2.4 Design of isolators

For the required loads between 2,500 kN and 25,100 kN in
combination with 25 % MCE-damping with displacement +/-377
mm and 37 % DBE-damping with displacement +/-177 mm, the
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Figure 8 — Eskisehir City Hospital issued by DOST Construction
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isolation system with lead rubber or even high damping rubber
bearings turned out to be not feasible with respect to buckling
stability and not economic. Therefore the friction pendulum
type with two sliding plates was chosen as in Figure 3 and 8. The
effective period was ultimately between 2.9 s for DBE and 3.5 s for
MCE. These values were requiring 5000 mm effective pendulum
radius within the isolator and a nominal dynamic friction of 5 %
considering Dead Load + 0.3 Live Load (The Ministry Of Health
General Directorate of Health Investments 2014).

The applied sliding liner material is called MSM®, which is
a patented, high-performance sliding material for structural
bearings. It’s an ultra high molecular weight polyethylene
modified with various additives, featuring enhanced sliding
characteristics. Suitable sliding materials shall be able to
guarantee the integrity of the isolators in high performance
situations by means of: higher durability, higher allowable
pressure which will result in smaller isolator dimensions as
well as much greater wear resistance level and load capacity to
withstand extremely high sliding velocities of more than 1m/s
without showing any wearing effects.

Based on the above, the structural designer and owner can
be sure that even after several MCE events none of these SIP
D bearings need maintenance or must be exchanged during
the life time of the Eskisehir City Hospital (MAURER SE 2016;
MAURER SE 2015). The SIP D design and all applied materials
together with the quality management system is conform to
the European Technical Approval (ETA) for spherical structural
bearings of MAURER SE (Deutsches Institut fuer Bautechnik
2013). This ETA certifies to the owner in addition to the relevant
standards that the durability and long term function will be
achieved by all means.

The displacement capability of 377 mm for the lower
bound properties of the isolators was increased on demand
of the designer by 15 % to 430 mm displacement. These 15 %
reliability will cover structural uncertainties like not perfect re-
centring. For dust protection a high efficient dust wiper system
between the upper and the lower concave plate was applied.

The lateral forces induced by the isolators” inner friction and
stiffness were anchored with 4-6 pcs. massive bolted concrete
anchor dowels - up to 65 mm diameter and 390 mm length —
into the concrete as in Figure 8. The styles for three levels of
headings are specified.

2.5 Testing of isolators

For testing ASCE 7-10 or EN15129 or IBC 2012 was required. The
chosen SIP D isolator design is based on the European Technical
Approval (Deutsches Institut fuer Bautechnik 2013) for spherical
bearings and therefore it was most reasonable to perform
the testing to the relevant corresponding European standard
EN15129 for Anti-Seismic Devices (CEN 2009).

The participating Universities from Bochum, Munich and
Pavia with their high commitment made it possible to test 12
nos. prototypes and 293 nos. production bearings within three
months only.

2.5.1 Prototype testing

Two samples of each of the six isolator types - in total 12
nos. — had to be tested. The test matrix of Table 1 was applied.
The EUCENTRE in Pavia, Italy was chosen for these type tests
as in Figure 9 to fulfil the testing requirements of max. 500
mm/s velocity combined with max. 430 mm displacement
amplitude.

Table 1 — Test matrix for prototype testing for one certain bearing type 1

test # test name label main dof A[Tn ';I' n}:)‘(/:]e ! freq[Hz] load shape vel['ltdl\lo]ad cy[<:]e s
0 Pre-test 0 PO long +0,430 0,500 0,185 sine 2493 3
1 Pre-test 1 PT1 vert - - - constant 2493 -
2 Frictional Resistance FR long +0,006 0,0001 0,0042 triangular 2493 1
3 Service S long +0,010 0,005 0,080 sine 2493 20
4 Benchmark P1 long +0,185 0,050 0,043 sine 2493 3
5 Dynamic 1 D1 long +0,108 0,500 0,740 sine 2493 3
6 Dynamic 2 D2 long +0,215 0,500 0,370 sine 2493 3
7 Dynamic 3 D3 long +0,430 0,500 0,185 sine 2493 3
8 Seismic (N_Ed, max) E1 long +0,430 0,500 0,185 sine 7039 3
9 Seismic (N_Ed, min) E2 long +0,430 0,500 0,185 sine 1500 3
10 Property verification P2 long +0,430 0,500 0,185 sine 2493 3
11 Bi-Directional B long +0,430 0,500 0,185 sine 2493 3
12 Load Bearing Capacity BC vert - - - constant 7039 -
13 Post-test PT2 vert - - - constant 2493 -
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Figure 9 — Prototype testing at EUCENTRE in Pavia, Italy

Figure 10 — Opening and integrity check of isolator after testing

After testing the isolators were opened to determine any
degradation or damages to the liner or device itself as in Figure
10. No damages were found. There were no signs of wearing
on surface or thickness decrease of liner material, extrusion or
scratches in the liner and not on the stainless steel.

The simulation of more than three MCE events on the
same SIP D device within the required testing according
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Figure 11 — Hysteretic loop of SIP D isolators under load of 9,712 kN,
430 mm displacement and 500 mm/s velocity

to EN15129 (CEN 2009) showed that the performance
characteristics did not change.

The test results have proven the durability and reliability of
theisolators” damping capability during several simulated MCE
events. The isolators have got constant hysteretic loops as in
Figure 11, while showing very low static friction values of 6.00 %
t0 6.25 %, i.e. these have no influence on locking effects for any
frequently returning operational earthquake levels.

Finally it can be concluded that the isolators will work properly
during the entire life time of the structure, which for this building
typology is 70-120 years. The testing criteria had been fulfilled.

2.5.1 Production testing
In total 292 nos. — corresponding to 30 % out of all 977 nos.
devices - had to be tested within the specified production
test framework. These tests were performed at Universitaet
der Bundeswehr in Munich/Germany and Ruhruniversitaet
Bochum/Germany to get the full amount of 292 nos. devices
tested just in time. Per day 2 to 5 nos. devices, which were
randomly chosen by the construction company, were tested.
The testing was performed with the seismic load Dead Load
+ 0.3 Live Load with 50mm/s and for +/-185 mm displacement.

2.6 Installation of isolators
Each isolator was supplied as one assembled unit as in Figure
12. Finally the concrete anchors had to be assembled on site to

Figure 12 — SIP D isolators with assembled upper
and lower sliding plate ready for dispatch

Figure 13 — Positioning of SIP D isolator on plinth
in the cellar level below
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the isolator upper and lower sliding plate, as for transportation
it was more economic to have these not already connected to
the isolators.

The units with a single mass of 410 kg to 2,020 kg could be
rather easily installed with a lifting crane and two workers as in
Figure 13.

When the isolator is adjusted horizontally in the final
position a high strength grout joint of 30-50mm thickness
provides under the device the full surface contact to the plinth
as in Figure 14.

3. Conclusions

For the Eskisehir City Hospital an isolation system consisting of
Sliding Isolation Pendulums (SIP D) was chosen, as it deemed
to be best in terms of technical performance and economical
savings.

Within a structural time-history analysis the SIP D
performance parameters — like damping and period - were
evaluated to be most suitable to fulfil the challenging demand
of max. 0.2 g acceleration limit on the upper floor levels.

The isolator design according to the European Technical
Approval (Deutsches Institut fuer Bautechnik 2013) and
EN15129 (CEN 2009) is ensuring the highest possible quality
level. The devices were consequently adapted to the rather
great loads of up to 25 MN and the demand for absolute
integrity combined with extreme durability even after several
MCE events.

The third party testing under severe testing conditions
at Universities in Bochum, Munich and Pavia confirmed the
performance stability and reliability together with excellent
durability.

Based on the perfect isolator performance it could be
ensured that maintenance will not be needed. Concluding from
this, the service life time will be identical to the building life time
or even longer.
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Figure 14 — SIP D isolator on plinth with upper structural slab
and grout joint

The SIP D device type is fulfilling together with its selected
rather special performance the no-damage-criteria even for the
MCE earthquake for itself as a structural member. The Eskisehir City
Hospital achieves continued functionality after any seismic event.
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Seismic Monitoring of Technogenic Impact
on the Territory of Western Siberia

Abstract: The use of a network of seismological stations allowed
us to estimate the level of anthropogenic seismic impact on
buildings and structures in Western Siberia. Considered induced

seismicity at mining sites. It is shown that the number of man-
made earthquakes is growing, and the largest energy has reached
a destructive level. An assessment of the level of impact on the
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of industrial explosions. It is shown that for low-seismic areas it
is necessary to carry out the refinement of seismic hazard due
to man-made factors.

region of industrial explosions is given, methods for monitoring
the seismic effect of industrial explosions are developed, and
measures are proposed to ensure the reduction of the seismic effect

Keywords: Western Siberia, seismological monitoring, assessment of seismic effect, industrial explosions, induced seismicity.

3anagHaa Cubrpb ABNAETCA PErMoHOM, rAe MPOMbILLIEHHbIE
B3PbIBbl, TEXHOT€HHasA CECMUYHOCTb Y MPUPOLHbIE 3eMIIETPA-
CeHUA NPUCYTCTBYIOT Ha OHOW 1 TOM »e TeppuTopun. OcobeH-
HO CMNbHBbIM AIBNIAETCA TEXHOTEHHOE BO3[eNCTBME Ha 3EMHYIO
KOpY, BbI3BaHHOE MPOLIeCCOM A06bIUM MONIE3HbIX MCKOMaeMbIX.
Mpu oueHKe ceMcMUYECKOM ONaCcHOCTU pervoHa yunTbiBaeTca
TONbKO NPUPOAHAs CeNCMUYHOCTD [9]. InA 10xKHOM YacTn Keme-
POBCKOI 0611aCTV BbINOMIHEHO AeTaNbHOEe CEICMUYECKOoe pali-
OHUpoBaHMe [2], a ana ceBepHoOI YacT KemepoBcKoit 06nactu
BbINOMHANNCDH TOIbKO YTOUHEHUA NCXOQHOW CENCMUYHOCTY ANA
0C060 OTBETCTBEHHbIX 06EKTOB [5], HO 3a NocneaHWe nonTopa
OecATUNeTUs 3HaUUTENbHO YBeNnyeH o6bem J00bIUM NMoe3HbIX
WCKOMaeMbIX B PervioHe, YTO NPUBESO K Pa3BUTUIO HaBeAEHHON
CEeNCMMNYHOCTU 1 3HAYUTENIBHO YBENIMYMIIOCh KONMYECTBO Mpo-
MbILUNEHHBIX B3pbIBOB [4, 5, 6, 7, 8, 2]. [Npn gobblue yrna B3pbiBbl
KOpOTKO3ameAseHHble, Korga obecneumBaeTca 3HaumTenbHoe
CHUXeHue celicmuuyeckoro 3ddekTta. PakTuueckn cencmmye-

-3
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g
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cKuUn 3bdeKT fomKkeH onpenensaTbCA 3apALOM OAHOMN CTyreHn
KOPOTKO3aMe[NeHHOro B3pbIBa, a KONIMYEeCTBO CTyNeHeln BNus-
€T TONIbKO Ha ANIMTENbHOCTb BO36Y»KAaeMbIx KonebaHumii.
Tonbko 3a 2018 rog B 3anagHoi Cnbrpu cermncmonornyeckmne
CTaHUUM 3apUKCUPOBANM AeCATb TbiCAY NMPOMbILLIEHHbIX B3Pbl-
BOB, 13 KOTOPbIX AeBATb ThicAY oTHOCATCA K Ky3baccy. CoBep-
LWEHHO ACHO, YTO CTOMb HACEeNEHHbIV PafoH Kak KemepoBcKas
06nacTb NCMbITLIBAET CUSTbHENLLIEE TEXHOTEHHOE BO3AENCTBIE.
Celicmonorunyeckas ceTb CTaHLMA C AaHHbIMU O MapameTpax
B3PbIBOB CTasa OCHOBOW KOHTPONA 3a celcMMYeckum sdpdek-
TOM NPOMBbILWAEHHbIX B3PbIBOB. MarHUTyabl MPOMbILLIEHHbIX
B3PbIBOB COCTaBNAT OT 1 f0 4. B nepByto ouepeb KoNMYecTso
1 3Heprua cobbiTuii Ha Tepputoprm. PaHee Bo3aeNcTBuio Npo-
MbILUNIEHHBIX B3PbIBOB B Ky36acce Ha pervmoH 6bina nocssLieHa
paboTa [1], rae B OCHOBY aHanu3a 6epéTca KonmyecTso B30p-
BaHHbIX BB (B3pbiBUaTbiX BewwecTs?) Ha Nnpeanpuatmax Kysbac-
ca. B paHHOI paboTe npofonxaTca ynomaHyTble NCcefoBa-
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PucyHok 1 — KapTbl TpOMbILLNEHHBIX B3PbIBOB Ha TEPPUTOPUN 10XKHOI YacTy 3anagHoin Cnbrpu 3a AHBapb — aBrycT 2018 ropa

Figure 1 — Maps of industrial explosions in the territory of the southern part of Western Siberia for January-August 2018
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PucyHok 2 — KapTa nioTHocTu B3pbiBoB B 2019 1 ¢ marHnTygamm 2.5+3.5

Figure 2 — Map of the density of explosions in 2019 with magnitudes 2.5 + 3.5
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PucyHOK 3 — 3aBMCMMOCTb MarHMTyabl OT Macchl o6Lero 3apaaa 3a 2018 rog 4ns paspesa TanguHCKni

Figure 3 — Dependence of magnitude on the mass of the total charge for 2018 for the Taldinsky section
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PurcyHOK 4 — 3aBUCMMOCTb MarHMTYZbl OT Macchbl obLero 3apsaga 3a 2019 rog ansa paspesa AO «Canek»

Figure 4 — Dependence of magnitude on the mass of the total charge for 2019 for the section of Salek JSC
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PucyHoK 5 — KapTa anvueHTpoB TEXHOreHHbIX 3eMneTpACceHnn
¢ 1.01 no 17.02.2019 roga

Figure 5 — Map of the epicenters of technogenic earthquakes
from 1.01 to 17.02. 2019 year

HVIS C TON Pa3HULIEN, UTO B OCHOBY aHann3a 6epyTcs foKasnbHble
MarHuTyabl, onpeaenéHHble No AaHHbIM CETU CENCMOSIOrnYe-
CKMX CTaHLUIA ANS KaXAOro U3 NPOMbILLIEHHbIX B3PblBOB. Mo-
NOXNTENbHbLIM ABMIAETCA TO, UTO MArHUTYAbl B3PbIBOB TaKOBbI,
UTOo CeTb 06ecneunBaeT perncTpaLmio B3pbiBOB 6e3 Mponyckos
1 BTOpoi $aKTOp CBSi3aH C TEM, UYTO OOJIbLUIMHCTBO TFOPHbIX
NpeanpuAaTMin [aéT NOCTOBEPHY UHOOPMAaLMIO O B3pbiBax
N CXeMax KOPOTKO3aMe[IeHHOTO B3pbIBaHUSA.

Ha puc. 1 gaHa KapTa 3aperucTpupoBaHHbIX MPOMbILLSIEH-
HbIX B3PbIBOB. ICHO, UTO CeMCMUYECKne BO3AeNCTBUA Ha 3aa-
HUA N COOPY>KEHNA B 3HAUMTENIbHON CTeneHn onpeaenatTca
NPOMbILLINEHHbIMW B3PbIBAMMU.

Ha puc. 2 npeacTaBneHa KapTa NIOTHOCTM Hanbonee Cuib-
HbIX MO cencmmnyeckomy 3bodeKkTy B3pbIBOB. [10 Hel ecTb BO3-
MOXHOCTb onpefenATb NpeanpuATvA, KOTOpble OKa3biBaloT
Hanbonbllee ceNcMNYECcKoe BO3AENCTBNE Ha pernoH. Takue
KapTbl CTPOATCA eXeKBapTaslbHO M MO HUM JeNaloTcA 3aKto-
YeHMA O Pa3BUTUN BO BPEMEHW TEXHOTEHHOIO CENCMNYECKOTO
BO3AENCTBUA HA ropofa 1 Nocénkn 3anagHon Cnbrpn.

MockonbKy KOpoTKO3amedsieHHOe B3pblBaHWE OOJIKHO
obecneurBaTb CyLWECTBEHHOE CHUXKEHUE CEeNCMUYECKOro
a¢pdpeKTa B3pPbIBOB, TO AAHHbIE CETU CTAHUUI COBMECTHO
C JaHHbIMK JOObIBalOWMUX NPeanpuATUIA MO3BONAIT Bbl-
ACHATb NMPUYUHbI MOBBILEHHOrO CelicMUYeckoro sedekTta
HEKOTOpPbIX B3PbIBOB.

Ha puc. 3 nocTpoeHHasa 3aBUCMMOCTb MOKa3biBaeT, YTo
B CpefiHeEM C yBeNMYeHreM 3apsaga HabnogaeTca pocT MarHu-
TyZ B3pbIBOB, 1 B TO e Bpems npu 3apagax ao 50T dukcnpy-
I0TCA B3PbIBbI C 60MbWMMU MarHUTygamu. OTMeyeHHble GpaKTbl
BbI3BaHbl HapPYLUEHVAMYN B TEXHONIOMMN KOPOTKO3aMe IeHHOrO
B3PbIBaHNA, KOTOPbIE BMOJIHE YCTPaHNMbI.

Ha puc. 4 npepctaBneHbl faHHble AnA cfyyas, Korga
B CpeflHeM HeT pocTa MarHuUTyfbl C yBenuyeHvem obuien
Maccbl 3apAapa. MNpy Hannuum KOHTPONA 3a CeNCMUYeCKUM
3pPeKTOM NPOMBbILNEHHbIX B3PbIBOB MOXHO 0becneuyntb
CyLLeCTBEHHO MeHbLUlee TEXHOreHHOe cencmmnyeckoe Bo3aen-
CTBME Ha 3JaHNA 1 COOPYXKEHMNA B paioHax BedeHUA FOPHbIX
B3pPbIBOB. BTOpbIM acnekTom B TEXHOrEHHOM CENCMMUYECKOM
BO3[eNCTBUN Ha pervoH AsnaeTca GpopmmpyoLanca Kak oT-
BeT Hefp HaBefEHHaA CenCMUYHOCTL [4, 5,6, 7, 8]. MpupogHon
cencmnuyHocTy B AnTae-CasiHCKoM 061acT XapaKTepHO KOH-
LEHTPUPOBaTbCS B FOPHOM 06pamneHny BnaguH [3].

Ha puc. 5 BUAHO, UTO TEXHOTreHHble 3eM/IeTPACEHNA KOH-
LIeHTPUPYIOTCA OKONO FOPHOA006bLIBAOLWMX NPefnpUATUIA B OCa-
[oYHOM bacceliHe. MpegnpuaTns ¢ Hanbonbluen TEXHOreHHON
CEeCMNYHOCTbIO He COBMafaloT C MecTaMun BeeHNA NPOMbILL-
NEHHbIX B3PbIBOB C MAaKCUManbHbIM CECMUYECKNM 3bPeKToM.

Ha puc. 6 noka3aHo pa3BuUTMe HaBeLEHHOM CEMCMUYHO-
CTu co BpeMeHeM. Hanbonee cunbHoe TexHOreHHoe 3emre-

CellcmocCTOlKOE CTPoUTeNbCTBO. BesonacHocTb coopyxeHuin. 2019. N24
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PucyHok 6 — Pa3BuTre HaBeAEHHOW cencMUYHOCTU B Ky3bacce Bo BpeMeHu

Figure 6 — Development of induced seismicity in Kuzbass in time

TpAceHne — bayatckoe ¢ M = 6.1. PocT HaBefEHHOWM celnc-
MWYHOCTU CBA3aH He C BO3JeNCTBMEM Ha Cpeay B3pPbiBOB, a
C nepemeLleHnemM ropHbIX MacC 1 CO34aHNEM UCKYCCTBEH-
HOro nepecevyéHHoro penbeda. HaBeaéHHas CEMCMUYHOCTb
JOCTUIIa YPOBHA, KOrga oHa peasibHO NPUBOAMUT K paspy-
WeHWIo 3A0aHnin B GNM3KO PacnonoXeHHbIX HaceNEéHHbIX
NyHKTax.

BbiBOAbI

CeTb CEeCMONOrMYeCcKnx CTaHUMIN NO3BONIAET KOHTPON-
pOBaTb NPaBUIbHOCTb TEXHOJNIOTM B3PbIBaHUA Ha pas-
pesax, 1 NMelTCA BO3MOXHOCTU CHUXKEHUA cericmuye-
CKOro BO3[eNCTBYA Ha 3AaHNA N COOPYKEHUS.

Hanbonee BepoATHOW NPUYMHON NOBbILEHHOTO 3ddek-
Ta NPOMBILNIEHHbIX B3PbIBOB ABIAETCA COBMNafeH e Bpe-
MEHV UHULUMMPOBAHWA 3apALO0B B Pa3HbIX pagax KopoT-

KO3amMe[NeHHOro B3pbiBa, a TaKXKe He YU&T nioLwagHoro
paccpenoToyeHus 3apsaa.

OTmeyvaeTca poCT MarHMTYfbl B3pPbIBOB C YBeNMYEHU-
em obulelii Maccbl 3apsiga, XoTA MpPU KopoTKo3amepd-
NEeHHOM B3pbIBaHMM MarHWTyga AOJSIXKHA 3aBMCETb OT
3apaga CTyneHu 1 He 3aBuUceTb OT obLwero 3apsga. ObHa-
py>KunBatoTcs GpaKTbl B3PbIBOB B OLHOM U TOM Xe pa3pese
C MEHbLUUM O6LLMM 3apAAO0M, HO C BonbLIEe MarHUTYAOMN,
YyeM Yy B3PbIBOB C 60SIbLLIMM O6LLMM 3apAAOM.
HaBenéHHaa ceMCMUYHOCTb B MeCTax A06bIun NONe3HbIX
NCKOMaeMbIX KOHLIEHTPUPYETCA OKOJMO pa3pe3oB U LIaxT.
Ona Kysbacca TexHOreHHble 3emMneTpsaceHna JOCTUNN
pa3pyLwmnTesibHOro ypoBHA AA 30aHuI.

TpebyeTca nepecMoTp cENCMNYECKON ONAacHOCTY Teppu-
TOPUMN C yYETOM TEXHOTEHHOWN CENCMUYHOCTM 1N CENCMU-
YecKoro Bo3eNCTBUA NPOMbILLIEHHbIX B3PbIBOB.
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Theoretical and Experimental Studies

A.l. Tanun
00KMop mexHu4ecKux HayK

TEOpETI/I‘-IeCKVIe N 3KCnepmmeHTasbHble nccnegqoBaHuA

AO «<AmomaHepzonpoekm», Mockea, Poccuiickas ®edepayus

YIIK 624.042.7

«OnacHble HarnpaBJ/ieHNA cencMmmyecKkoro BO3p,EI7ICTBI/IFI»
n cyMmmnmpoBaHue peaKu,w‘/'l no 6nn3KNm d)opmaM
B HMHEVIHO-CHEKTpaHbeIX pacyeTax

AHHOomayusa: Cmamea npodosxaem OUCKYCCUIO O JTUHEUHO-
CNeKMpPAsbHbIX pacyemax ¢ 86160pOM «ONACHbLIX HanpasneHut
celicmuyecko2o 8o30elicmaua». [lokazaHo, ymo npu pacyeme
HAa makoe MHO20KOMNOHeHMHoe celicMuyeckoe 8030elicmaue,
Y KOMOpP02o pasHele KOMNOHeHMbI UMetom 00UHAKOBbIE Cnek-
mpsbl, makoUl «HanpasneH4Yeckuti» nooxo0 npu 8ceti caoell Hegu-
3U4YHOCMU 0aem OOUHAKOBbIe pe3yibmamel C NPUHAMBIM 8 MUDE
6osiee pu3uYHbIM NOOXO0OM, 8 KOMOPOM y4umMel8AeMCs, 4mo
KOMNOHeHMbl 8030eliCM8UA NO PA3HbLIM OCAM He KOppenaupo-
8aHHbI Mexdy cobol. Imom 861800, paHee ChopMynupPO8aHH®IU
0714 )OPM C pazHeCeHHbIMU Yyacmomamu, 8 Hacmosuwiet cma-
meoe 0bobwaemca Ha caydal ¢opm, 6U3KUX NO 4ACMOMAM.
Ecnu celicmuyeckoe 8o30elicmaue He makoe, 8 «<HanpagneHye-
CKOM» NOOX00€ 803HUKAOM CUCMeMAmuyYeckue noepeuHocmu.

Asmop makxe 8038pawiaemca K 80NpoOCy O HaNpPasaeHuUU 8ek-
Mopo8 UHEPUUOHHbIX Y3/108bIX HA2PY30K 8 NpOCMpAHcmeae
U nokaswledem, Kakue U3 HUX NOBOPAYUBAIOMCA C U3MEHEHUEM
«HanpasseHua celicMuyeckoeo 8030elicmeus», 3a0asaemozo
pAcyemyuKkoMm, a Kakue He MeHAI0M C80e20 HanpasseHus, a Me-
HAIM MOoJbKO MOOY/b. KpoMe mo2o, asmop ommeyaem 02pa-
HUYeHUH, C8A3aHHbIE C NpuMeHeHUeM npuHyuna [J’Anambepa
0718 K8dzucmamuyeckux pacyemos celicmMuyeckol peakyuu
cucmem ¢ demngpuposaruem. Okazeisaemcs, makoli Nooxoo,
8 KOMOPOM UHEPUUOHHbIE HAzpy3KU paccMampusarmca Kak
Kgasucmamuyeckue, a 0emMnguposaHue 8 1egol Yacmu ypasHe-
HuU pagHosecus He yyumelsaemcs, daem 00CmosepHsie yCusus,
HO He hepemMeujeHus, U MOoJsbKO 019 0OHOPOOHbIX NO 0eMNupo-
8aHuUI0 cucmem, 1ubo 0719 CMAMUYEeCKU 0NpedesuMbIX CUCMEM.

Kntouesble cniosa: celicMuyeckas peakyus, TUHEUHO-CNeKmpassHeIt pacyem, MOOAIbHbIU pacdem 60 8peMeHU, ONdcHbie HanPasIeHus

celicMu4ecKo20 8030eticmaus.

Tyapin Alexander G.

Doctor of Technical Science, JSC “Atomenergoproject’, Moscow, Russian Federation

“Dangerous Directions of Seismic Excitation”
and Combination of the Close Modal Responses

in Linear Spectral Analysis

Abstract: This paper continues the discussion on the linear spectral
analysis using ‘dangerous directions of seismic excitation” concept. It
is shown that in case all components of seismic excitation have similar

response spectra, this “directional” approach, though non-physical,
gives similar results to the conventional more physical approach,
accounting for the statistical independence of different components.
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This statement, previously proved for the modal responses with
separated frequencies, here is extended for the case of close modal
frequencies. If the excitation is different, the “directional” approach
leads to the systematic errors. The author once again considers the
inertial load vectors in the nodes and studies which of them rotate
along with the rotation of the “seismic excitation direction” set up
by the analyst, and which of them keep their direction and change

only module. Besides, the author notes certain limitation of the
implementation ofthe D’Alambert principle to the quasi-static analysis
ofthe damped systems. It turns out, that this approach, treating inertial
loads as quasi-static and neglecting damping in the left-hand parts
of the equation, gives reasonable results only for the internal forces,
but not displacements, and only for systems either with homogeneous
damping, or statically-determined.

Keywords: seismic response, linear spectral method, modal analysis in the time domain, dangerous directions of seismic excitation.

O6cyxaeHve npeablayLen ctatbn asTopa [1] nokasano, uyto
B Kpyrax cneumanmcToB No CeNCMOCTONKOMY CTPOUTENbCTBY
CYLLEeCTBYIOT Pa3HOUTEHUSA 6a30BbIX onpeenieHni 1 NOHATUIA.
losToMy aBTOp cUMTaeT NOoNe3HbIM COrnacoBaTb HEKUN «CNo-
Bapb» TEPMVHOB 1 OonpefesnieHnin, OTHOCALNXCA K pacyeTy
COOpPYXeHU Ha cencmmyeckue Bo3sgenctema. Hekotopble
npeanoXeHna NpuBefeHbl HUXe — OHU ABNATCA NINYHBIM
MHeHneM aBTopa.

TepmuH «nnatdopmeHHas Mogesib» Bpoge Obl He Bbi3blBAeT
pasHornacuin. HanoMHMM, 4To NIAaTGOPMEHHO MOAENDBIO Ha-
3bIBaeTCA MoJesib, YacTb Y3/10B KOTOPOI (cocTaBaswoLwme 3Ty
camyio «nnatdopmy») nonyyaert 3afjaHHOE ABUKEHME BO Bpe-
MeHWU (B YaCTHOM CJlyyae HyNeBOe, T.e. y3/bl MnaTGopMbl 3aKpe-
nneHsbl). Ecnn 3agaHHoe ABuKeHMe y310B NnatGopmMbl HEHy e-
BOE, TO FOBOPAT 0 «MNaTGOPMEHHON MOLENN C KUHEMATAYECKNM
BO36YXAeHMEM» — B 3TOM CJlyyae valle BCero fpyroro Bo36y»«-
[eHVA HEeT, XOTA OHO B MPUHLMME N BO3MOXKHO. ANbTepHaTrBa —
HyneBoe 3aflaHHOe [BVXeHue y3/10B nnatdopmsl (T.e. 3aKpe-
nneHve YacTy y3/10B CUCTEMbI MO YacTy cTeneHel ceobonbl);
3aTO K HEKOTOPbIM APYTM Y3/1aM MPUAOXKEHbI BHELLIHUE CUJTbI —
370 «nnatPopmMeHHaa Mofenb C CUNOBbIM BO36YXAeHNeM>.

HeHyneBoe KuMHemaTuueckoe BO36yxAeHue nnathopmbl
TOXEe MOXeT 6bITb pa3HbiM. PaccMoTpum camblli pacnpocTpa-
HeHHbI cilyyald, Korga Ha nnatpopme HaXOANUTCA He OfVH y3en,
a HECKONbKO Y3/10B, pa3HeCeHHbIX B NPOCTPaHCTBe. Toraa Mox-
HO BbIAENUTD [1Ba MaBHbIX NPU3HaKa AnA KnaccuduKkauum KuHe-
MaTuyeckoro Bo36yxaeHusa. [epBblii NPU3HaK — «KeCcTKoe» Unu
«HeXecTKoe» ABWKeHMe nofaetca Ha niatGopmy, T.e. MOXKHO
JIN CYMTaTb yKa3aHHble TOUKU NNaTdopmMbl MPUHaANEKALLMMN
yCNOBHOMY abCcosoTHO »ecTkomy Teny. CneymanncTbl WKOosb
t0.MN.Ha3apoBa Ha3bIBalOT TaKoe «KeCTKoe» ABUKEHUE «MHTe-
rpanbHbIM», B OTAMYMeE OT «gndpdepeHLmManbHOro» HeXecTKoro
OBVXeHuA. Hnuero He nmeto npoTuB.

BTopoli npusHak — ecnin ABKeHne NnatGopmbl KecTKoe, TO
ABNIAETCA NI OHO YMNCTO MOCTYNATENbHbLIM UM e UMeeT Bpallia-
TeNlbHble KOMMOHEHTbI.

B 3aknioueHme oTMeETMM, YTO MOHATME MNaTGOPMEHHON
MOZENV NPYMEHUMO KaK K pacyeTam COOpyKeHua 6e3 yyeTa
AVHaMMYeCcKoro B3avMOAEeNCTBIA C OCHOBaHMEM, TaK U K pac-
yeTam COOPY>KEHUA C yYeTOM B3aMMOAENCTBMA C OCHOBAHNEM.
B nepBom criyyae y3nbl nofoLLBbl yHAAMEHTa MOMeLLAloTCA Ha
nnat$popmy HenocpeacTBEHHO, BO BTOPOM Cjlyyae MOAENb Co-
Opy>KeHNA NomeLlaeTca Ha NNaTopMy C NCMNONb3OBaHMEM T.H.
«FPYHTOBOrO NnopaBeca» — CreuxanbHoOM nogcuctemsl (Hanpu-
Mep, COCToALEN U3 NPYXMH 1 aeMndepoBs), MogenmpyoLen
370 B3amopeiicTeme. bonee nogpo6Ho aBTOp 06CYxKAan Knac-
cudurKaumio nnatGopmeHHbIX Mofenen B KHure [2].

XopoLLo N3BECTHOE YpaBHEHNWE ABUXKEHWS NIaTGOPMeHHON
MOAENN B OTHOCUTESIbHbIX NMEPEMELLEHUSX MPU CENCMNYECKOM
BO3[eNCTBMM, 3aJaHHOM TPEXKOMMOHEHTHbIM (MoCcTynaTesb-
HbIM 1 XKEeCTKMM) ABUXKeHeM niatGopMbl, 3anumiiem B Buge [3]

[} )+ [+ [T} = v Qu ey o

3pecb [M], [C], [K] = maTpuubl COOTBETCTBEHHO MHEPLUMU,
AeMndrpoBaHUA U XEeCTKOCTU CMCTEMbI pa3Mepa nx n (n — unc-
no cteneHei ceoboapl); [U] - maTprua pasmepa n x 3, NokasbiBa-
I0LLaA CTaTUYeCKUe CMELLEHNA Y3/10B CUCTEMbI NPV €AUHUYHBIX
CTaTUYECKMX CMELLEHUSIX NNAaTGOPMbI MO KaXKAoW U3 0Cell KOop-
auvHar; {X} - ctonbel OTHOCKTENbHBIX NepeMeLLeHnin pa3mepa
n x 1; {A% - BekTop-cTOn6ew yckopeHuin nnatdopmsl pasmepa
3x1.

TouHo Takoe e ypaBHeHe OYAeT ONrCbIBaTb NNaTpOpPMeH-
HYI0 MOZ1EJIb C HEMOABWIKHOW NMIaTGOPMON U CUITIOBbIM BO36Y -
JEeHneM, NPUNOXeHHbIM B y3/1ax, — MPaKTUYEeCKN 3TO ONucaHne
TOW e CUCTEMbI B HeUHepLManbHOM cMcTeMe KooparHar, CBs-
3aHHOW C XecTKol nnaT$opmoit. B Takol TpaKToOBKe B NpaBoi
yactu (1) CTOAT MHEPUVOHHbIE CUJIbl, MPUIIOXKEHHbIE B Yy3nax
cuctemMbl. TakuMm 06pa3om, MHEPLUOHHbBIE Y3/T0BbIE Harpy3Ku
B MpaBoi 4acTy (1) 3aBUCAT TONbKO OT ABUXKEHUA niatdopMbl
1 OT MaTPULbl MAcc, HO He OT MaTpuLbl XecTKocTu. Byaem Ha-
3bIBaTb UX «MEePEHOCHbIMW MHEPLNOHHBIMI Y3110BbIMY Harpy3-
Kamu», cornacHo [4].

A Tenepb nepeHecem B ypaBHeHU (1) NepBbivi cnaraembii
13 IeBON YacTuM B NpaByto YacTb. [lonyunm

[+ [kJx )= flufat+ i) @

B Kpyrnibix cko6Kax B NpaBol YacTu (2) cToAT abconoTHble
YCKOPEHWA Y3/10B CUCTEMbI B MCXOAHOV HEMOABUXKHOWN CUC-
Teme KoopauHat. Takum o6pa3om, B NpaBon 4actu (2) cToAaTt
TOXeE Y3/10Bble 1 TOXEe NHEPLIMOHHbIE HAarpy3Kuy — 3TO HarpysKu,
0 KOTOpbIX roBoput npuHumn ['Anaméepa. OHM UMEIOT TOUHO
TaKylo ke pa3mMepHOCTb 1 popmaT Habopa y3n0BbIX HAarpys3okK,
YTO 1 MEPEHOCHbIE MHEPLIMOHHbIE Harpy3Ku, PacCMOTPEHHbIE
BblLLE, HO OT/INYAIOTCA OT HUX J06aBNEeHEM OTHOCUTENbHbBIX
YCKOPEHUI NpU onpeaeneHnn UHEPLIMOHHDBIX Y3M0BbIX Harpy-
30K. YTO6bI OTANUUTB X OT NPeAbIaYLLMX «NePEeHOCHbIX» MHep-
LIMOHHBIX Y3/10BbIX Harpy3oK, Ha30BEM 3TV Harpy3Ku «MHepLm-
OHHbIMU Y3110BbIMK Harpy3skamu ['Anambepa». OHu, B oTnnumne
OT MepPEeHOCHbIX Harpy3oK, 3aBUCAT OT »KECTKOCTU CUCTEMBI.

3pecb BO3HMKAET 3aC/y>KUBaOLLMI 06CyKaeHUA NobonbIT-
Hbl HI0AHC, CBAA3aHHbIN ¢ AemndrpoBaHNEM B NEBOW YacTy (2).
[JelicTBrTENbHO, €CNN AEMNUPOBaHME B CUCTEME OTCYTCTBYET
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(r.e.[C]=0), ypaBHeHue (2) N03BONAET NCKATb KBa3nCTaTUYeCKoe
peweHne {X} B KaXKabli MOMEHT BPEMEHM MO Y3JI0BbIM Harpys-
kam [1'’Anambepa, KaK 1 npegycmaTpuBas KnacCuyeckuii Bapu-
aHT 3TOro MprHUUNa (NMoKa Mbl 3ecb He 0bCy»KaaeM, OTKyaa
Ham M3BeCTHbI Harpy3ku). Ho B peanbHbix cuctemax gemndu-
poBaHVe NPUCYTCTBYET U UrpaeT BaxkHYo posib. Takum obpasom,
yTBEPXKAaTb, YTO NPU Nepexofe OT CUCTEMbI C HYNIEBbIM AeMr-
bupoBaHMeM K cucteme C HeHyneBbIM geMndrpoBaHUeEM npu
Tex e y3110BbIX Harpyskax ['’Anambepa peleHue {X} octaHeTcA
NPeXHNUM, HeNb31.

OpHako B BaKHOM /1A IPaKTVKW YaCTHOM Cillyyae OgHopoa-
HOro AemMndupoBaHMA B CUCTEME OKa3blBAeTCs, YTO KBa3uUCTa-
TUYECKOe peLleHne, NonyyeHHoe 6e3 yueTa gemndrpoBaHusa B
NeBOW Yactu (2), Bce-Takn AOCTOBEPHO, XOTA U HEe B TePMUHAX
nepemelLeHnii, a B TepMUHaX BHYTPEHHUX ycunuin. lenctsu-
TeNIbHO, AN OAHOPOAHOro AeMndrpPoBaHNA MOXHO 3anucaTb
COOTHOLLEHMEe ANA MAaTPULbl XXECTKOCTN OQHOIO KOHEUHOTO d1e-
MEHTa B YaCTOTHOM Anana3oHe

[K]=[K,](1+in) (3)

3pecb [K] - KomnnekcHaa maTpuLa XeCcTKOCTU Sf1eMeHTa
B YACTOTHOM Anana3oHe; [K,] AencTeuTenbHaa MaTpumua »ecT-
KOCTW 3TOro e 3/ieMeHTa Mpu HyneBoM AemndupoBaHuY;
i — MHUMas eanHULA; N — HEKNIA 3PEKTUBHBIN KOIOOULNEHT
JeMnoupoBaHna (3aBUCALNIA OT YaCTOTbl AJIA BA3KOro AemM-
bupoBaHMA 1 He 3aBUCALLMIA OT YaCTOTbl AN MaTePUANbHOro
nemnduposaHua). Tesnc 06 ogHOPOAHOCTU AeMMNMPOBaAHUS
nogpasymeBaeT, YTo Ko3bPpuLUMeHT aeMnPprpoBaHna N oauH
W TOT >Ke He TONbKO A1 Pa3HbIX YIEHOB MAaTPULLbl XEeCTKOCTU
O[HOrO KOHEYHOTO 3/IEMEHTA, HO 1 AJIA BCEX DNIEMEHTOB CUCTe-
Mmbl. OTclofa crnepyer, 4to nocsie cbopKU rnobanbHoOM MaTpuLibl
MKeCTKOCTW CMCTeMbl COOTHOLLEeHMe (3) ocTaHeTcA B cune. bonee
TOro, aHaNIOrMYHOE COOTHOLUEHME C TEM XKe Ko3pPpuLneHToM
OeMndrpoBaHMA OTHOCUTCA U K MaTpuLie, CBA3bIBAIOLLEN BHY-
TPeHHMe YCUIKA B 3NIEMEHTE C ero Y3/10BbIMY NepemeLleHnAMM.

Ho otciopa cnepyet, UTo B 3TOM YacTHOM Cilyyae OfHO-
pofHoro AemMndrpoBaHus Npu GUKCUPOBaHHbIX Harpy3kax {L}
B NpaBoW YacTu (2) Ta nonpaska B (7+i n) pa3, KoTopasa oTnnya-
eT nepemelyeHna {X} B (2) oT «<Heiemnd1pPOBAHHOIO» pPeLLEHNSA
{Xo}=[K]"{L}, npocTo ncuesHeT (COKPATUTCA) NPU BbIYUCIIEHUN
BHYTPEHHUX YCUNNIA B dieMeHTax. Takum 06pa3om, BHyTpeHHue
YCUINSA B SNIeMeHTaXx B KaXKAblii MOMEHT BPEMEHU MOXKHO onpe-
OenAaTb U3 KBa3NCTaTUUYeCKOro peLeHus (2) 6e3 yueta ogHopoa-
Horo aemnéupoBaHua B cucteme. OroBopmmcs, UTo B CTaTnye-
CKUN onpefenumbIX CUCTEMAX 3TO YTBEPKAEHUE CrpaBeaviBo
1 4na HeogHopoAHOro AeMndrpoBaHUs, HO B CTaTUUECKU He-
onpenenumbix CUCTEMAX C HEOAHOPOAHbIM AemndUpoBaHEM
OHO CrpaBef/IMBO He Bcera.

O3HauvaeT n1 370, UYTo AeMndupoBaHne BoobLle Ppusnye-
CKWN He BNNAET Ha BHYTPEHHMEe ycunus B cucteme? KoHeuHo,
HeTt! [lemndupoBaHve BNMAET Ha OTHOCUTENIbHbIE YCKOPEHN ,
KOTopble B (2) CTOAT y NpaBON YacT! 1 YaCTUUYHO onpenensatoT
y3110Bble MHePLMOHHbIe Harpy3ku [I'Anambepa.

Tenepb BepHeMcs K 06CYyX[eHWIO BOMpoca O NOBOpOTe
B MPOCTPaHCTBE BEKTOPOB ABYX PACCMOTPEHHbBIX Bbllle UHEp-
LIMOHHBIX Harpy3oK B BbIGpaHHOM y3/ie CUCTeMbl (3TOT BOMNPOC
obcyxpanca paHee B [1]). MNycTb BbI6paHO PprKcupoBaHHoe (Ha
BpemA BO3[eNCTBMA) HanpaB/ieHNe BeKTopa YCKOPEHUI Cceinc-
MMWYECKOro BO34eNCTBUA Ha nnatdopme. I3meHM 3To HanpaBs-

I TeopeTnyeckue 1 sKCnepuMeHTasbHble NCCefoBaHUs

NeHue Ha Apyroe, Toxe GpUKCMpoBaHHOE BO BpemeHn. OTMeTuM,
YTO MepeHOCHas MHEPLMOHHAA Harpy3Ka B KaXX4oM 13 Y3508
NMOBOPAYMBAETCSA B MPOCTPAHCTBE COMTACHO 3TOMY U3MEHEHUIO
(no KpanHeln mepe, NPy TPAANLMOHHbIX OfMHAKOBbIX MAaccax no
TpeMm HanpasneHusaMm). [py 3TOM HanpasnieHMe BEKTOPa nepe-
HOCHOWN MHEPLUMOHHOW Harpy3ky B KaKAOM y3/1e OCTaHeTcA
bUKCUMPOBaHHBIM Ha BCe BpeMs BO3AENCTBUA (Mpu Tpaguum-
OHHbIX OAVHAKOBbIX Maccax Mo TPeM HarnpasfieHMsM OHO 6yaeT
BO BCEeX y3/lax COBMajaTb C Harpas/ieHVeM BEKTOpa Bo3geln-
cTBYA Ha Nnatdopme). NoBopaumBaTbCs B NPOCTpaHCTBe 6yayT
1 y3n0Bble MHePLUUOHHbIe Harpysku ['Anambepa, XoTa 1X Ha-
npasfieHne, B OTINYME OT HaMpaBIeHUA NePEHOCHbIX NHEPLM-
OHHbIX Harpy3oK, MOXeT MEHATbCA CO BPEMEHEM.

OpHako B IBHOM BUAe HY Ta, HX Apyras Harpysku npoek-
TUPOBLYMKAM/ B CTaHAAPTHbIX pacyeTax He WMCMONb3YTCA.
Mo3Tomy BepHeMCs K HaleMmy O6CYXAEHWI0 TEPMUHONOIK
1 06cyanM TpagnLMOHHbBIN MOAANbHbIN NOAXOL C PA3/IOKEHU-
€M No CO6CTBEHHbIM GOpMamM HeaeMnUPOBAHHOW CUCTEMDI.
MopanbHoe pasno)KeHne 4acTo NPUMEHAETCA K OTHOCUTESb-
HbIM NepemeLleHnAM

xol=[efro} @

3pecob [@] - maTpurua cobcTBeHHbIX popm, {Y} — cTonbeL mo-
JaNbHbIX KOOPAMHAT (MX YaCTO HA3bIBAKOT eLLe rMaBHbIMU).

Ho MopanbHoe pasnoxeHue MOXHO NPOBECTU TaKXKe U ANl
nepeHOCHbIX NepemeLLeHIil, NCNoMb3ys M3BECTHYIO hopmyny
«y4acTnA» COBCTBEHHBIX GOPM B XKECTKUX NepemeLleHmnsx (oHa
noapo6Ho pasbupaetcs B [5]):

[U]=[®]1[0] (5)

3pecb [Q] - maTpuua K03pdMLUNEHTOB yyacTus COOCTBEH-
HbIX hopMm.

Mpu nogctaHoBke (4, 5) B (1) nonyuynm gna nepeHoOCHoM
VNHEPLIMOHHOW Y3/10BOI Harpy3Ku BblpaxxeHue

Ly )= - TUN2 =~ ][@] ()i @

[na uHepumoHHoON y3noBon Harpy3ku [1’Anambepa Bbipa-
eHuie ByeT HeCKOMbKO APYriMm:

Ly} = M l(uRa f+ it h =
= (]l qolia’ |+ {7}

Kaxpas cobcTBeHHas dpopma {p} npeactaBneHa B npasoii
yactu (7) B NepBOM COMHOXMTeNE B KPYIbIX CKOOKax CTon6-
uom [M] {p}, a BO BTOPOM COMHOXWMTENE B KPYIbiX CKOOKax —
UnCNOBbIM KO3GPULIMEHTOM (j-M n1emeHTOM cTonbLa, KOTOPbIM
ABNAETCA 3TOT BTOPON COMHOXMUTeNb). MNpu 3Tom cTonbew, ot
BPEMEHU He 3aBNCUT, a Ko3pdrLmMeHT — 3aBMcUT. Ecnn 0603Ha-
ynTb j-10 cTpoKy maTpuubl [Q] Kak {g;}, TO MopanbHbie y3noBble
VHePLMOHHbIE Harpy3Ku (nepeHocHas 1 fanambepoBcKas) pas-
Hbl COOTBETCTBEHHO

0..}= -l h da, Hah ®
Ll=—mYe,hda ' l+7) @
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HanpaBneHune B NPOCTPaAHCTBE MOAANIbHOW UHEPLNOHHOMN
Harpysku (4To OfHOI, UTO Apyroi) B BbibpaHHOM y3Je ornpe-
[enseTcs BeKTOPOM, COCTOALMUM M3 TPeX COOTBETCTBYIOLLUX
KomrmoHeHT ctonbua ([M] {p}), nosTomy oHO He 3aBUCUT HK OT
BPEMEHMU, HN OT HanpaBJieHNa BeKTopa Bo3aencTeus {A%. ITum
MoZanbHasA MHEPLUVOHHAsA Y3/10Bas Harpyska OT/M4YaeTcs oT
«NPOCTO» NHEPLMOHHOW Y310BOW Harpy3Ku.

Te ke TepmuHbl 6€3 CyioBa «y3n10BafA» OTHOCATCA KO BTO-
PbIM COMHOXUTENAM B KPYTTblX CKOGKax B NpaBbix YacTax (8,9):
MoZasibHas NnepeHOCHas MHePLUOHHasA Harpy3ka ecTb Npous-
BefeHve cTpokm {g;} Ha cTonbeu {A%, a B MofanbHON Aanam-
6epOBCKON MHEPLMOHHOIM Harpy3Kke K 3TOMy MpPOV3BEeAEHUIO
nobaBndeTca BTopaA Npoun3BogHas no spemenu ot Y;. U B Tom,
1 B APYrom cJiyyae Mbl IMEEM JeN0 He C MaTpuLiamMu, a Co CKa-
NipamMu, 3aBUCALLMU OT BPEMEHM.

Tenepb f06aBMM TEPMUH «CMeKTpasibHasA», O3HavaoWwmii
MaKCVMyM MO BPeMeHU OT abCooTHOW BenuumnHbl. [na nepe-
HOCHOW MOZAnbHOW Harpy3Kn OH OOGbIYHO He KUCMONb3yeTcs, a
BOT A/1A AanamMbepoBCKON MOZANbHOW Harpysku, HaobopoT,
UrpaeT BaXKHY0 pPosb:

S’ =max, | {q, {4’ }+7)) | (10)

B cTaTbe [1] Kak pa3 1 pa3brpanncb pasnnyHblie NoaXoabl
K onpegesnieHno MMEeHHO 3TO MofasnbHOM (He y3noson!) cnek-
TPanbHON Harpy3ku. ABTOp 0603HaUU 3TN NOAXOAbI Kak «Ha-
npaBfeHYeCcKnin» 1 <MHOFOKOMMOHEHTHbIN» (Ha caMoM fene,
«HanpaBneHYeCKNn» NOAXOA TOXKe MOXKHO CUMTaTb MHOTOKOM-
MOHEHTHbIM, HO BCE€ KOMMOHEHTbl OKa3blBalOTCA MOSIHOCTbIO
KOppenmpoBaHHbIMU MeXy CO60I yepes3 HanpaBnswoLwme Ko-
CUHYCbl BEKTOPA «HaMpaBJieHWA CENCMNYECKOTrO BO3LENCTBUAY).

BepHem anuTteT «y3noBasa» U NOAYyYMM «y3/IOBYIO MOAanb-
HYI0 CNeKTpasibHY0 UHEPLUMOHHYI0 Harpy3ky [1’Anambepa»

isz;,}= (MY, ) s’ (1)

Ha camom pene, 310 Ta camas Harpy3ka, Kotopas v UCnosb-
3yeTcs NPOeKTVMPOBLYMKAMY B KaUeCTBE KBa3nCTaTUYECKOMN Ha-
rpy3Ku1 Npuv onpeaesieHMY BHYTPEHHNX YCUUIA B KOHCTPYKLMAX
no ¢opme j 13 pelieHuns ypaBHeHMs

[Kx, =~ Yo, ) s’ (12

MoBTOpPMM Te3KC, paHee 03ByYeHHbIN B [1]: npu noBopoTe
B NMPOCTPAHCTBE BEKTOPa GUKCUPOBAHHOIO «HAaMpaBlieHUs
CeNCcMNYeCcKoro BO3QENCTBUA» Y3/10Bble MOJasibHble Crek-
TpasnbHble Harpy3ku (11), ucnonb3yemble NPOEKTUPOBLLMKaMNU
B CTaHAAPTHOM JIMHEHO-CNEKTPanbHOM pacyeTe, BO BCEX y3/1axX
KOHCTPYKLUM He MOBOPAUMBAIOTCA B MPOCTPAHCTBE, a JINLLb Me-
HAIOTCA MO MOAYJHO.

Mocne onpegeneHna n3 (12) MakCMasnbHbIX BHYTPEHHNX
yCUnMN Mo BCEM paccMaTpriBaemMbiM GopmMam 3Tu YCUANA CyM-
MuUpytoTcA. [OCKoNbKy MakCMyMbl YCUANIA MO pa3HbiM dopmam
busnyecKn fOCTUraloTCA B pasHble MOMEHTbI BPEMEHW, 3TO CYyM-
MUPOBaHWE HOCUT CTaTUCTUYECKMIA XapaKTep 1 He ABnAeTcA
anrebpanyeckum. B npocTeliiwem cnyyae, Korga cob6CTBEHHblE
yacToTbl pasHeceHbl 6onee yem Ha 10% Apyr OT Apyra n He
CJIMLLKOM NPEBbILIAIOT HEeCYLLMe YacTOTbl BO3AeNCTBUA, CyMMU-
posaHuve nponssoautca no npasuny KKCK. Kak nokasaHo B [1],

pe3ynbTaThbl <Hamnpas/ieHYeCKOro» NoAxoaa COBMaayT C pe3yib-
TaTaMn «<MHOTOKOMIMOHEHTHOIO» MOAX0AA B TOM Cjlyyae, Koraa

1) CneKTpbl YCKOPEHNIA BCEX TPEX KOMMOHEHT CENCMUYECKO-
ro BO3/[1eCTBUSA, 3a[laHHble CEICMOJIOraMn, OANHAKOBbI,

2) B «Hanpas/ieHYeCcKoM» MoAxofe ornacHoe HarpaBneHue
dUKCMPOBaAHHOIO BEKTOPA BO3AENCTBUA ANA Kaxaon Gpopmbl
BbIOUPAETCA MO OTAENbHOCTU M3 YCNIOBUSA MaKCMMyMa Moayis
CneKTpanbHOWM MOZaNbHOWN Harpysku,

3) B KauecTBe XapaKTePUCTUKU MOAYNA YCKOPEHUA BO3-
[elCTBUA B «HaMpasiieHYeCKkoM» MOoAXoAe UCMosib3yeTca TOT
CaMblli CMeKTP YCKOPEHWUI, KOTOPbIA B <(MHOrOKOMMOHEHTHOM»
noaxofe UCMosb3yeTcA B KauecTBE XapaKTepUCTUKUN Kaxaom
OTAENbHOW KOMMOHEHTbI BO3ENCTBUSA.

MNMpumeHeHmne npasuna KKCK (unn ero npumepHoro aHano-
ra - npasuna 100-40-40) B 3TOM NpocTeliLem Ciy4yae OCHOBAHO
Ha dUM3NYeCcKoM NPeanosioXKEeHNN O CTaTUCTUUYECKOW He3aBu-
CUMOCTW MOAaNbHbIX peakumin Kak GyHKUMI BpemeHy, T.e. 06
OTCYTCTBUM KOPPENnALMN MOAANbHBIX peakuuii Mexay coboi.

Ho onbITHble pacyeTumKmM XOPOLLO 3HAIOT, YTO C NepPeXoAoM
B BbICOKOYACTOTHbI AMana3oH CrnekTp cCo6CTBEHHbIX YacToT Ans
CNOXHbIX KOHCTPYKLMI CTaHOBUTCA BCe Gonee NioTHbIM, Tak
YTO MpUBEAEHHOE Bbille YCJIOBME Pa3HeCEeHHOCTN COBCTBEH-
HbIX YacTOT nepecTaeT BbINOAHATLCA. MofanbHble peakumn
BO BPEMEHUN CTaHOBATCA KOPPENUPOBaHHbIMK Mexay coboil,
n npaswuno KKCK 6yaeT faBaTb HEKOHCEPBATMBHbIE Pe3ynbTaThl.
Moatomy cymmunposaHue no KKCK 3ameHaeTca Ha cymmnpoBa-
Hue mopynewn. B oTeyecTBeHHbIX rpaxdaHCcKnx HopmMax [6] aTa
CMeHa npaBu nponuncaHa pesko (8o 10% pasHuLbl mexay cob-
CTBEHHbIMM YacTOTamMy OAHO MpaBwuno, nocne 10% — gpyroe);
B 3apy6eXKHbIX HOpMax pacyeTa AgepHbIx 06beKToB [3] nepexon,
6onee nnasHbI. B [1] aBTOp 0beLyan paccmMoTpeTb Ciyyail Cym-
MUPOBaHVA MOAANbHbBIX peaKkLuii No 6IM3KMM (C TOUKM 3peHna
CcoBCTBEHHbIX YacToT) dopmam. PaccMOTpUM NpefenbHbIii Cly-
Yaii, NPOMNUCaHHbIV B OTeYECTBEHHbIX HOPMaXx, — CyMMUPOBaHne
no moaynto.

Wtak, nyctb F/, F', F — ycunua Bbi6paHHOro Tvna B Bbi-
6paHHOM 351IeMeHTe KOHCTPYKLUU no dopme 1 Npy 0OHOKOM-
MOHEHTHbIX BO3LeNCTBUAX MO X,Y,Z F.', F7, F,’ = ycunus no pop-
Me 2 (Homepa popm, pasymeeTcs, ycnoBHbI). [loguepkHeMm, uto
bU3NYECKMIN CMBICH BCEX LWECTW YCUNUIA OAMHAKOB (Hanpumep,
3TO NPOAOJIbHbIE YCUNVA B BbIOPAHHOW KONMOHHE). IMycTb cob-
CTBEHHble YacToTbl GopM 1 1 2 6aK3KKM ApYr K ApYry, Tak 4To
CYMMMPOBaHVe YCUaNiA no pasHbiM Gpopmam LONKHO NPOBO-
AMTbCA MO NpaBuIly CYMMUPOBAHUA MOZyNei.

B «MHOroKOMNOHEHTHOM» NMOAXOAe CHavana onpeaensoT-
CA YCUNINA NPU OQHOKOMIMOHEHTHOM BO3[ENCTBUM MO KaXX[oMy
HanpaBs/ieHNo B OTAENBbHOCTY (NMPU 3TOM YCUMA MO Pa3HbIM
bopmam cymmmpyroTca no MogyJto), a NOTOM OHU CYMMUPYIOTCSA
mex gy cobor no npasuny KKCK. KBagpat cymmapHom peakuumu,
Takum obpa3zom, onvcoiBaeTca Gopmynoi

Fy=(F +F) +(F' +F) +(F +F) 03

B «<HanpaBneHyeckom» NoAXofe CHauana BbIMUCIAIOTCA yCu-
A Mo Kaxkgon popme (Mpy CyMMUPOBaHKM MO TPEM Hanpas-
NEeHUsAM BO3[ENCTBUA ANA ofHON GopMbl AeCcTBYeT NpaBuio
KKCK - Ha 3TOT pas3, 4nd CyMMMpPOBaHUA KOPPENNpPOBaHHbIX
KOMMOHEHT ANA MOAyNA BeKTopa yckopeHuia [1]), a y»ke notom
3TV yCUnvA No pasHbiM Gopmam CymMUpyloTca mexay coboi
no mogynio. Takum obpasom, nonyyaem:
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Fy=[(F) + () + (/)17 + "
+[(F) +(F) +(F)']"”

Bo3senem ycunue (14) B kBagpaT n cpaBHum ¢ (13). Cym-
Mbl KBagpaToB Of4HU U Te e (KaK nokasaHo B [1], oHu npun
cobniofeHNN NepeUncsieHHbIX Bbille TPex yCnoBui coBnaga-
toT). MosTomy

Fd2 _an —
2
=[(F") +(F) +(F)']"
[(FZX)Z+(F2y)2+(F22)2]]/2_
~RF -FF -FF

MpaBas yacTb (15) Bceraa HeoTpuuaTenbHa. [lokasaTtenb-
CTBO 3TOr0 YTBEPXAEHNA Takoe Xe, Kak B [1], 1 ocHoBaHO Ha
aHanuTM4Yeckoln reomeTpun. MocnegHue Tpu cnaraembix ecTb
CKansapHoe npowusBefieHre AByX BEKTOPOB, COCTaBEHHbIX U3
KOMMOHeHT F, P, F. [lo 3Toro cTounT npov3BefeHne Moaynen
Tex e [IBYyX BeKTOpOB. [ocKonbKy cKansapHoe npoussefeHme
paBHO NPOV3BeAeHI0 MOAYNEN Ha KOCKHYC yria MeXay HAMMU,
a KOCMHYC He MpeBbIlWaeT egumHuUly, npaBas yacTtb (15) byaert
BCerfa HeoTpuruaTenbHOMN.

Oun3nyecKkn 3To O3HAYaeT, YTO «HaMpaBeHYEeCKNn» nog-
XO[ NMPW OMMCaHHbIX OrpaHNYeHNAX BCerga AaeT pesynbrathl
He MeHblUNE, YeM «<MHOTOKOMMOHEHTHbIN» NOAXOA. ITOT KOH-
CcepBaTh3M, BO3MOXHO, ABMSETCA N3ObITOUHBIM, HO €ro CTeneHb
HYy><[aeTca B JOMOIHUTENbHON OLEHKeE.

MNepeligem K BbIBOAAM.

Kak n3BecTHO, AN CENCMUYECKNX PacYeTOB BO3ENCTBME MO-
XKeT ObITb NPefCTaBNeHO B OAHOM 13 Tpex popMaToB (OT CIIOXK-
HOrO K MPOCTOMY): 3TO akCesieporpamMmmbl, CNeKTpbl OTBETA UK
(BNA cTaTyecknx pacyeToB) NUKOBble ycKopeHua. MNoaxog ¢
BbIOOPOM OMACHOro HanpaBfieHua siBRseTca obobuweHnem
TONbKO TpeTbero popmarta. Ecnv uHepUUOHHbIE Harpysku co-
BMajaloT C NepeHOCHbIMU (TaK GbiBaeT ANA OUYeHb NIerkmux u
MKeCTKUX KOHCTPYKLNIA), TO Npu M3BECTHOM NUKOBOM (No Bpe-
MEHM) 3HaYEHUN MOAYNA YCKOPEHWA OeNCTBUTENIbHO MOXHO
onpepaenaTb «onacHoe» Hamnpas/ieHne BEKTopa NepeHOCHOro
yCKOpeHuA (C MakcmanbHbiM Mogynem). Ho 3To oTHocmTCA
K CTaTUYeCKOMY pacueTy, — NpoCTelilueMy pacyeTy, He yuYnTbiBa-
foLemMy 0cobeHHOCTU AMHaMUYecKon peakuun. lencTeutenb-
HO, CTaTUYeCcKan Harpyska B KaaoM y3Jie Npu Takom pacyeTte
6yneT NoBopaynBaTbCcA B NPOCTPAHCTBE NPU CMEHe Hanpas-
NeHnA BO3eNcTBuA.

Ho y»xe B nnHelHO-CneKTpanbHOM pacyeTe, B KOTOPOM pe-
akuma onpepenseTca pasfgenibHO No cobcTBeHHbIM dopmam,
AanambepoBbl MOAaNbHble Harpy3KM B y3nax GrKCMpoBaHbl Mo
CBOEMy HanpaBfieHMI0 B NpocTpaHcTBe. Mo3Tomy 3anoxeHHoe
B HOPMaTVBHbIX GOpMynax BapbypoBaHWe HanpasieHns cenc-
MUYECKOro BO3feCTBMA (AnA BbIbopa ONacHOro HanpasnieHus),
B OTAIMYME OT CTAaTUUYECKOro pacyeTa, He NMPUBOAUT K MOBOPOTY
MOZanbHbIX Y3MOBbIX HAarpy30K B CTaTUYECKOM pacueTe, Npo-
BOAVMOM B pamKax JIMHeMHO-CneKTpanbHoro noaxoga. Me-
HAIOTCA HEe HampaBeHVA MOJANbHbIX Y3/I0BbIX Harpy3oK, a ux

I TeopeTnyeckue 1 sKCnepuMeHTasbHble NCCefoBaHUs

mMozynu. HanpaBneHue MeHsAIOT TOJIbKO MHEPLUMOHHbIE nepe-
HOCHbIE Harpy3Ku B y3/1ax — He MOAAJIbHbIE Y He CMEKTPAJIbHbIE.

Mbl nokasanu B HacToAWen cTtatbe U B cTaTbe [1], uTO
noaxof C BbIGOPOM «OMAaCHOTO Hamnpas/ieHUs CeNCMUYECKO-
ro BO3[eNCTBUA» ANA KaKao popMbl MOXKET AaBaTb BMOJSHe
KOHCepBaTUBHbIe pe3yNbTaThl (faXke HECKONbKO bosiee KOHcep-
BaTUBHbIE, YeEM «MHOTOKOMMOHEHTHbIN» noaxoa). OaHako ana
3TOro HeO6X0AMMO BbIMOJIHEHUE TPEX YCI0BUIA, chopMynnpo-
BaHHbIX BblLLE:

1) CneKTpbl YCKOPEHNIA BCEX TPEX KOMMOHEHT CENCMUYECKO-
ro BO3JeNCTBUSA, 3a[laHHble CEeICMOJIOraMmn, OANHAKOBbI,

2) B «<HanpaBiieHYeCKOM» MOAXO0fe «ONacHOe» HarnpaBneHne
BEKTOpa BO3AENCTBUA ANA KaxKao Gpopmbl BbibpaeTca no oT-
AEenNbHOCTY 13 YCJIOBUA MaKCUMyMa MOAYNSA CMEKTPaibHOM Mo-
JanbHOWM Harpysku,

3) B KauecTBe XapaKTepUCTUKN MOAYNA YCKOPEHUA BO3-
[ecTBMA B «HanpaBieHYeCKOM» MOAXOAe UCNOoSb3yeTca TOT
CaMbli CNEKTP YCKOPEHUI, KOTOPbIA B <XMHOTOKOMMOHEHTHOM»
nogxofe UCMob3yeTca B KayecTBE XapakTepuUCTUKIN Kaxaomn
KOMMOHEHTbI BO3AeicTBUA, a He moayns. Boobue noHsatue
CcnekTpa oTBeTa NMPUMEHUTENIbHO K MOZY/I0 BEKTopa YCKO-
peHWnii Bbi3biIBa€T MHOFO BOMPOCOB: MOXHO, pa3ymeeTcs, no-
CTPOWTb 3aBUCMMOCTb MOAYNA YCKOPEHUA OT BPEMEHU MO 13-
BECTHbIM TPEM KOMMOHEHTaM akcefieporpammbl, HO 3To bygeT
KpVBas, COBCEM He MOX0Xan Ha NPUBbIYHbIE aKceeporpam-
Mbl: OHa 6GygeT Bciogy nonoutenbHon. MoxHo ¢opmanbHo
paccmaTpuBaTh 3Ty KPMBYIO Kak aHaslor akceneporpamMmmsl, HO
CneKTpbl 0TBETa, GOPMaNbHO NOCTPOEHHbIE MO TaKoW «aKcerne-
porpamme», 6ynyT MMeTb HEMOHATHBIV CMbICH.

BepHemcs K Tpem nepeuncineHHbIM Bbille ycnosuam. MNep-
BOE YCJIOBME MOXHO CMArYNTb, 3aMEHMB PaBEHCTBO CMeKTPOB
Ha 1x nogobue (B YaCTHOCTU, ANA BEPTUKANIbHON KOMMOHEHTDI
CeNCMnYeCcKoro Bo3aecTBNA, B OTINUMNE OT iBYX FOPU30HTab-
HbIX KOMMOHeHT). Ho Torga npw Bbibope onacHbIX HanpaBneHui,
NPOBOAMMOM, Kak onucaHo B [1], Hago byaeT macwTabupoBaTtb
K03 duLmeHTb yyacTusa dopm.

B TpeTbem ycnoBMM MOXHO OTKa3aTbCA OT OAHOKOMMO-
HEHTHOro CMeKTpa W UCMOoMb3oBaTb (MO KpanHen mepe, AnA
XapaKTepUCTUKN MAaKCUMaNnbHOrO YCKOpeHKA) ormbaioLmnin no
KOMMOHEHTaM CneKTp ceNcMmyeckoro yckopeHus. Ho 31o, Bo-
nepBblX, BHECET HEHYKHbI OMONHUTENbHBIV KOHCEPBaTU3M, a
BO-BTOPbIX, BbI30OBET fOMOSTHUTESIbHbIE CIIOXKHOCTY C NONyYeHu-
€M NCXOAHOW MHPOPMaLMM OT CENCMONOroB.

Kpome ToOro, ycnoxHsaetca npobnema Bbibopa orpaHnyeH-
HOro uncna cobcTBEeHHbIX GOPM ANA CNeKTPanbHOro pacyeta.
MpryrHa B TOM, YTO pa3Hble KOMMOHEHTbI BO3AENCTBNA 0ObIYHO
BO36YXX[aloT peakumio No pasHomMy Habopy dopm. B «Hanpas-
NeHYeCcKoM» NOAXOAe, rae Bce TP KOMMOHEHTbI BO3AeNCTBUA
yuyacTBYIOT OJHOBPEMEHHO, NPUAETCA OCTaBNATb BCe GOPMbI
CO 3HAYMMbIMU KO3PPULMEHTaMK yHacTUA XOTA Obl B OAHOM U3
Tpex HanpaefeHUn. Bnpouem, 3TOT BONPOC He TaK BaXXeH AnsA
KOMMbIOTEPHbIX PacyYeToB.

O6paTimM BHMaHVe Ha OTMEYEHHYIO B CTaTbe 0COBEHHOCTb
npvmMmeHeHna npuHumna ['/Anambepa B cecmMmnyecknx pacye-
Tax: AnA OQHOPOAHbIX MO AemMndrUpoBaHU0 CUCTEM onpeaene-
HUe BHYTPEHHNX YCUSIMIA MOXKHO NPOBOANTL KBAa3UCTaTUYECKNM
ob6pa3om, npeHebperas Hanuumem aemndrpoBaHnA B NEBON
YacTu ypaBHEHWI paBHoBecuA. XOTA B MepemelleHnaM 3TO
OTHOCUTbCA He byaeT.
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MNopsenem utor. lNocnegoBatenibHOE NPYIMEHEHWE KOHLen-
LMK «ONacHOro HanpaefeHNs CENCMUYECKOro BO3AeNCTBUAY
NPVIBOAUT K XOPOLUMM pe3yribTaTam B TOM Cilyyae, Korga CnekTp
YCKOPEHWI BEPTUKANIbHOM KOMMOHEHTbI BO3eNCTBMA COBNaga-
€T CO CNeKTPOM ropr30HTaNbHbIX KOMMOHEHT. Eciin ypoBeHb 13-
ObITOYHOIO KOHCEPBATU3Ma NPU STOM CYMNTATb NPUEMIEMbIM, TO
Te )Ke camble pe3ynbTaTbl MOXHO NONyuYnTb 6e3 BCAKUX PacCy-
LleHnI 0 BbI6ope OnacHbIX HaNpaBIeHUN — a UMEHHO, NCMOJIb30-
BaB popmyny (14) u3 [1], gatowlyto cpasy TOUHbIN pe3ynbTaT Ta-
Koro Bblbopa. Mpy 3Tom coxpaHaeTcs rmaBHOe NPerMyLLeCTBO
KOHLENUUY — COKpaLleHrie obbema pacyeToB 3a CUeT OfHOBpe-
MEHHOFO pacyeTa peakuun Ha BCe TPU KOMMOHEHTbI BO34en-
cTBus. Ho pacueTunk n3baenaercs ot Heo6XoaMMoCTL Bbibopa
OMacHOro HanpasneHus — Tem 6osiee YTO 3TO HanpaBs/ieHue B

YacTYHO MOXKHO U36aBUTbCA OT N3NLLHErO KOHCEepPBaTU3-
Ma TaKoro noaxofa, BBefA AONYyLIEHME O NPONOPLMOHANIbHO-
CTV CNeKTPa BEPTMKANbHOWM KOMIMOHEHTbI CMEKTPaM FrOpPU30H-
TaslbHbIX KOMMOHEHT (Hanpumep, ¢ KoabduumeHTom 2/3).

B obLem xe cnyyae, Korga BepTrKanbHas KOMNOHEHTa Me-
€T CNeKTpP, OT/INYHBIN OT CNEKTPa FOPU30HTaNIbHON KOMMOHEH-
Tbl, TpebyeTCA NPUMEHATb GU3NYHBIA «<MHOFOKOMMOHEHTHbI»
NOAXOA, YUNTbIBAKOLWNIA CTAaTUCTUYECKYO HE3aBUCUMOCTb KOM-
MOHEHT NyTeM NPUMEHeHNA crneuranbHbIX NPaBua CyMMUPO-
BaHUA MaKCMYMOB CTaTUCTUYECKUN HE3aBMCUMBIX NMPOLIECCOB.
B HOBOW pepakuum HOpM aBTOP NpepsiaraeT 3aMeHUTb COOT-
BETCTBYIOLUNIA pa3fen, 0CTaBUB OOLENPUHATbIE MONOXeHUA
NINHeNHO-CNEeKTPaNbHOro MeToAa pacyeta. Takoe U3MeHeHne
NOBbLICUT TOYHOCTb PACYeTOB U CAeNlaeT POCCMINCKNE HOPMbI

npuHUMNe HepusndHo.

6nvKe K MexayHapoaHbIM.
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TEOpETI/I‘-IeCKVIe N 3KCnepmmeHTasbHble nccnegqoBaHuA
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YyeT AHaAMN4YeCcKnx CBOWCTB FPYHTa Npu pacyeTe
CBAMHDbIX (I)pr,aMEHTOB 006BbEeKTOB NCNOJIb30BaHNA
aTOMHON Heprunm npun cencMmnyecKmnx BO3,D,€I7ICTBI/IFIX

AHHOmMauyusa: KoHcmpykyuu cg8aliHeix yHOameHmos a8/1aom-
€A 00HUMU U3 Haubosiee HAOeXHbIX U anpobUPOBAHHbLIX MUNO8
yHOamerHmos. OHU ucnone3ylomcsa 8 A0epHoOU 3HepeemuKe npu
8030elicmeuAx pa3/IUuYHO20 Xapakmepd, 8KIIHaWUX celicmMuye-
ckue. lpu 3mom 00HUM U3 HauboJslee CII0XHbIX 80ONPOCO8 OCMA-
emcA ouyeHKa NpoYHocmu ceall Npu 3emempaceHuu ¢ y4emom
OuHamMuyeckux ceolcme OCHOB8AHUA. B Hacmosauwee apemsa cy-

wecmayiom pasnuyHele No0xo0sbl K 3Mol oUueHKe, pe3ysbmamsl
KOMOpbIX MO2ym CyuwecmaeHHO No8AUAMb Ha 06beKMUBHOE CO-
cmosaHue Hecyujel cnocobHocmu cead. B amodi cea3u 803HUKaem
HEobXx00UMOCMb PACCMOMPEHUA CMeneHu 8IUSHUA PA3/TUYHbIX
cnocobos y4ema QuHamu4eckux caolcme OCHOBAHUA HA pe3y ib-
mamel pacdema npoyHoCcMu ceadl 80 8pems 3emMiempsaceHus. Vic-
C71e008AHUIO IMUX BONPOCOB NOCBALEHA HACMOAWAA CMAMbA.

Knrouesbie cnoea: 06vekmol 50epHOU SHEP2EMUKU, QUHAMUYECKUe CBOUCMBA OCHOBAHUS, CBAU, 3eMIeMPSACEHUS.
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Taking into Account the Dynamic Properties of the
Soil when Calculating the Pile Foundations of Nuclear
Facilities under Seismic Effects

Abstract: Pile foundations are among the most reliable and proven
types of foundations. They used in nuclear power engineering for a
variety of impacts, including seismic. At the same time, one of the
most difficult issues is the evaluation of the strength of piles during
an earthquake, taking into account the dynamic properties of the
base. Currently, there are various approaches to this assessment,

the results of which can significantly affect the objective condition
of the bearing capacity of the piles. In this regard, it is necessary to
consider the degree of influence of various ways of taking into account
the dynamic properties of the base on the results of calculating the
strength of piles during an earthquake. The study of these issues is
devoted to this article.

Keywords: nuclear power facilities, dynamic properties of the base, piles, earthquakes.
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O6beKTbl NCNONb30BaHNA aToMHoOW 3Heprumn (OMAD), Kak
npaBuWo, CTapaloTcsA pasMeLlaTb Ha NoLWagKax, CIOXKeHHbIX
MPOYHbIMW FPYHTaMK, OfHAKO 3TO He BCerga npeacTaBnseTca
BO3MOXHbIM, TaK KaK, C SKOHOMUYECKOWN TOUYKM 3peHus, Le-
necoobpasHee pa3mecTUTb OOBEKT TaMm, rae yxke cylecTsyeT
pa3BuTaA UHOPaACTPyKTypa U, B cnyyae HebnaronpuaTHbIX
rPYHTOBbIX YCNOBUI, 3aNPOEKTUPOBaTb CBalHbIN GyHAAMEHT.

Mpwn pacyeTe Ha cencmmyeckme so3genctama OUAI, npo-
eKTMpPYEeMbIX Ha eCTeCTBEHHOM OCHOBaHWW, ANA yyeTa AUHa-
MMWYECKNX CBOWCTB FPyHTa MCNONb3ylTCA 06LWEenpuHaTbIe
N OfHO3HAYHO TpaKTyemMble MeTOAUKWN, perfnameHTmpyemMble
oTpacneBbiMu fJoKymeHTamu [1, 3]. B To xe Bpems, B HOpMa-
TUBHOW 6a3e OTCYTCTBYET YETKO U3NOXKEHHaA MeToAuKa, pe-
rmaMmeHTUpyloLWan yyeT AMHAMUYECKUX CBONCTB FPyHTa npu
pacueTe cUCTEMbI FPYHT — CBAiHOE NoJie — MAINTHbIN POCTBEPK.

PacueT n npoeKkTnpoBaHuMe CBalHbIX OCHOBAHWUIN 34aHWN
OWA3 nponsBopAT Ha 0OCHOBaHWK HOpM [2]. CornacHo faHHo-
My [OKYMEHTY, NpU pacyeTe cBav N0 MPOYHOCTM MaTepurana ee
cnleflyeT pacCMaTprBaTh Kak CTePeHb, }KeCTKO 3alleMNIeHHbI
B rPYHTE B CEUEHMM, PACNOJSIOXKEHHOM OT MOAOLLBbI POCTBEPKA
Ha paccTosaHuM |, onpegensaemblii no popmyrne:

l=— )
e

roe a€ - koaoonumeHT gedbopmaunn, onpeaensembiii No
dopmyne:

s |[Kbp

vcEl

3

)

B npusegeHHol dopmyne K - koadduumneHT nponopuu-
OHaJIbHOCTU, MPVHMUMAEMbIi B 3aBUCUMOCTU OT TWMa FPYHTa,
OKpy»KatoLLell caio no Tabnuue 7.8 [2]; E - moaynb ynpyroctu
MaTepwuana cBau; | — MOMEHT MHepUUM NOMepPeYHOro ceveHus
CBau B MOCKOCTU N3rmb6a OTHOCUTENIbHO MaBHOW LeHTpasb-
HoI ocun ceveHus; b, — ycnoBHasa WUpuHa cBau; y. — Koabou-
LMeHT ycnoBuid paboTbl; d — HapyXHbI AraMeTp Kpyrnoro
UM CTOPOHA NPSAMOYTrOfIbHOTO CeYeHUs CBaun B MIIOCKOCTH,
neprneHanKyNApPHON AeNCTBUIO BHELLIHUX YCUNA.

B 10 >Xe Bpems B [2], MeToAMKa, NpW KOTOPOW onpeaensaeT-
€A pacyeTHas rny6uHa, 1o KOTOPOW YUUTbIBAETCA CONPOTUBIIE-
HMe rpyHTa Ha MOBEPXHOCTUN CBaw (3aBUCALLAs OT BHELUHWX Chf,
[EeNCTBYIOLMX Ha CBato), MPUBOAUTCA TONbKO NPUMEHUTENIBHO
K onpeneneHunio Hecylel CnocobHOCTM CBall MO rpyHTY. TakxKe
cnepyet OTMETUTb, YTO PAacCMOTPEHHbIN CNOcob pacyeTa cBauv
no maTepuany HYKak He OCBeLIaeT BOMNPOC yyeTa rpyHTOBOro
OCHOBaHWA Ha KOHTAKTHOW MOBEPXHOCTM NAUTbI MPY pacyeTte
CBall, 06beANHEHHDbIX OOLUM POCTBEPKOM.

B naHHbI/i BONPOC HEKOTOPYHO ACHOCTb BHOCUT 06LecTpo-
UTeNbHbI HOPMATUBHbIN AOKYMEHT [4], cornacHo KoTopomy
ANA onpeaeneHns peakuuin B rofiose cBai, 06beaNHEHHbIX
o6lWKMM poCTBEpPKOM, cnefyeT NPOBOAUTb CneuunanbHble
pacueTbl. [lpn NpoBefeHNM TakKUX pacyeToB Kaxfas cBas
mMopfenupyeTca Kak 6anka, B3anmMoaeincTeyowasa ¢ ynpyrum
OCHOBaHMeM, a rofioBbl CBall 06BEANHAIOTCA dNeMeHTamu,
mogenupyowrmy GyHAaMeHTHble KOHCTPYKUMK. B faHHOM
Crlyyae BHOBb OCTaeTCA He B MOJIHOWN Mepe ACHO, Heobxoau-
MO JI1 YUUTbIBATb XKECTKOCTb FPYHTa Ha KOHTAKTHOW MoBepX-
HOCTU NoJOLWBbI pocTBepKa. Ecnm npu pacyete KOM6UHUPO-

BaHHbIX CBAVHO-NMANTHbIX GYHAAMEHTOB 1 GyHLAMEHTOB, CBaun
KOTOPbIX OMMPAIOTCA HA CKaJibHblE 1 MONYCKasNibHble TPYHTbI,
3TOT BOMPOC B AOCTaTOYHOW Mepe AceH (B NepBOM ciyyae
MeCTKOCTb FPyHTa Ha KOHTAaKTHOW MNOBEPXHOCTM NOLOLLBbI PO-
CTBEpPKa OAHO3HAYHO HEOOXOAMMO YUMUTbIBATb, @ BO BTOPOM
HeT), To ANA pacyeTa YMCTo CBaliHOro pyHAaMeHTa C BUCAUNMM
CBasAMU, B HOPMaTVBHbIX AOKYMEHTaX OTCYTCTBYIOT YETKO 1 MO-
CnefoBaTeNlbHO M3NIOXKEHHbIE pEKOMEHAALUN.

C oHOW CTOPOHbI, COrNacHo [4], pacueTHas moaenb 60nb-
LIepa3mMepHbIX KyCTOB U Nofiel CBall JOMKHA CTPOUTHLCA TaKUM
o6pa3om, UTobbl cofepkaTb NOrPeLHOCTb B CTOPOHY 3anaca
HaZeXHOCTUN NPOEKTMPYeMbIX GYHAAMEHTHbIX U Haf3E€MHbIX
KOHCTPYKLUIA, 13 Yero cieayeT, YTo pacyeT JonycKaeTcsa npo-
N3BOANTb KOHCEPBATMBHO. [103TOMY CyLLeCTBYIOT CTOPOHHU-
KW MHEHWA, YTO KOHTAKT FPyHTa 1 nofowsbl dyHAAMEHTHOMN
NANTbI (POCTBEPKa) MOXKHO He yunTbiBaTb. O4eBNAHO, YTO B
[JaHHOM Cllyyae ropr3oHTaNbHas celicMuyeckas Harpyska oy-
[eT BOCMPUHMMATbCA HEMOCPEACTBEHHO TeNIOM CBall, U FPyH-
TOM, PACMONOXEHHbIM MO UX 6OKOBOW MOBEPXHOCTM (eCnn ero
yyecTb). [lnA CHATUA ropu3oHTaNbHbIX Harpy3oK co CBal B
JOKyMeHTe [4] peKoMeHAYI0T NCMOMb30BaTb MPOMEXYTOUHYIO
NoAyLKy 13 CbiNy4yrx MaTepunanos.

C ppyrow cTopoHbl, B HopMax [4] yka3aHo, uto 6onbLiepas-
MepHble KyCTbl U NONsA CBaii cnefyeT NPoeKTUPOoBaTh C yYeToM
BO3MOXHOCTV Nepefayun Harpy3Kku Ha rpyHT HenocpeaCcTBeH-
HO Yepes NoJoLBY NANTLI POCTBEPKA, B CBA3U C YeM B POEKTe
LONXHbI 6bITb NPefyCcMOTPEHbl MEPONPUATAA MO COOTBETCTBY-
loLLe NoAroToBKe OCHOBaHMA. Ecnn yuecTb, 4To Npm ceiicMu-
Yeckom BO3[eNCTBUN FPYHTOBOE OCHOBaHWe BKIYaeTcA B
paboTy, TO ropmM3oHTanbHble Harpy3kn 6yayT nepefaBaTbcA
He TONbKO Ha CBaW, HO U Ha FPYHT, KOHTAKTUPYIOLW NI C NINTON
pocTBepKa. B aTom cnyuyae, ycunus B Tene cBaii JOSKHbI OT-
NNYaTbCA OT MOJSYYEHHbIX NPY OMMCAaHHOM Bbllle KOHCepBa-
TUBHOM nogxoge.

Bonee opHO3HauYHO MeTOAMKA, MO3BONAIOLAA BbINOAHATbL
pacyeTbl cBaliHbIX GyHAAMEHTOB NpY 0COObIX ANHAMUNYECKIMX
BO3[eNCTBUAX, onncaHa B MoHorpadum A.E. CaprcaHa «[uHa-
MMKa 1 CENCMOCTOMKOCTb COOPYKEHUIM aTOMHbIX CTaHLmi» [5].

Opyrum pakTopom, cnocobHbIM OKa3aTb BAMAHME Ha CEC-
MOCTONKOCTb CBaii ABNAeTCA 3arnybneHne coopyxeHus. Co-
rNacHO AOKYMeHTY [2], npu oTHOWeEHUN FyO6UHbI 3anoXeHUA
COOPYXXEHNA B FPYHT K SKBMBANEHTHOMY pafnycCy NOAOLBbI

Hazar

dyHaameHTa T, =93 ponyckaetca He yuuTbiBaTb BAMsHME
3arnybneHus COOpPY>KeHWs B OCHOBaHMe Ha 3bPeKT ux B3au-
MonencTeuA. [leNcTBUTENbHO, HECYLeCTBEHHOE 3arnybneHue
COOPYKEHUS MOXET He OKa3aTb CYLIeCTBEHHOrO BAUAHUA Ha
CeNCcMMYEeCKNn OTKNUK BepxHero ctpoeHua. OfHako, yyer
3arny6neHus nyteM BBEAEHUA WHTErpasbHbIX XeCTKOCTei
rpyHTa (NPY>KMH) Ha HApPY>KHbIX CTeHax 3arnybneHHon YacTn
30aHVA, OMKEH NPUBECTU K CHUXKEHUIO 3HaUYEHWIA nonepey-
HbIX CM/ 1 U3rnbaloLwmx MOMEHTOB, BO3HMKAIOLWMX B CBAasiX OT
ropuU3oHTasIbHbIX KOMMOHEHT CEICMUYECKOrO BO3AENCTBIUA MO
CpaBHEeHWIO CO CllyyaeMm, Koraa 3arnybneHue He yunTbiBaeTcs.
TakvMm 06pa3om, laHHbIN BOMPOC ABNAETCA BaXKHbIM, aKTyaslb-
HbIM 1 TpebyeT NpoBeAeHNs aHanusa.

OTMeTVM, UYTO CyllecTBYeT MeToAuKa, NnpennoxeHHas
A.E. CaprcaHom B MoHorpadum «JuHamuka u cemcmocTom-
KOCTb COOPY>KEHU aTOMHbIX CTaHUunny» [5]. [laHHaa meToaunka
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Ta6nuua 1 — MonyyeHHble MO PacyeTy YacTOTbl OCHOBHbIX GOPM COOCTBEHHbIX KONebaHi

NPV PasnnyHbIX PacYeTHbIX ClyYanx

. . OCHOBHOW TOH OCHOBHOW TOH
PacueTHblin cnyyan
B ropn3oHTa/ibHOM HanpasneHum, Ny B BepTUKanbHOM HanpasneHuu, Ny
1 (MP 6e3 rpyHTa) 2,13 9,7
2 (MP c rpyHTOM) 2,71 9,7
3 (CaprcsaH) 1,75 4,74
4 (CaprcaH, cyyeTom 3arny6neHus) 1,96 4,74

6yneT cpean NPoUYUX PaccCMOTPeHa HUKe MPU BbINMOHEHNN
pacueTos.

B HacToAwen paboTe npuBefeHbl pe3ynbTaThl pacyeTa
CBali MO NPOYHOCTU MaTepmrana C y4eTom CeCMUYECKOro BO3-
ndencteuA. ConoctaBneHbl pe3ynbraTbl, NOlyYeHHblE NPY Ye-
TbIpeX Pas3fMYHbIX PacYeTHbIX CUTYyaLNAX:

1. pacyet no metogmke MP 1.5.2.05.999.0026-2011 (cTepkeHb,
3alLeMnIeHHbIN B onpeaenieHHOM no gpopmyre 2 ceueHnn) 6e3
yueTa XKeCTKOCTW MPYHTa Ha KOHTAKTHOW MOBEPXHOCTW po-
CTBePKa ¥ 3arny6neHHoOM YacTyi GOKOBbIX CTEH COOPYXKEHWS;

2. pacyeT no metogmke MP 1.5.2.05.999.0026-2011 (cTep-
eHb, 3alleMsIeHHbIN B onpeAenieHHoM no popmyne 2
CeYEHMMN) C YYeTOM >KeCTKOCTM FPyHTa Ha KOHTaKTHOM
NOBEPXHOCTW POCTBEPKa, HO 6e3 yyeTa NpPyXuH Ha 3a-
rny6neHHol YacT 6OKOBbIX CTEH COOPYKEHNSA;

3. pacueT no metopuke, msnoxeHHon A.E. CaprcAHom
B paboTe [5], 6€3 yueTa Npy>KUH Ha 3arnybneHHON YyacTu
6OKOBbIX CTEH COOPYXKEHUS;

4. pacyeTHbIN CiyyYaii 3 C y4eTOM NPYXKUH Ha 3arybneHHoN
YacTy GOKOBBIX CTEH COOPYXKEHNA.

PucyHok 1 — PacueTHaa mogenb

PaccmoTpeHo xecTkoe, MaCCMBHOE MOHOJIMTHOE COOpY»Ke-
Hue pa3mMepom B nnaHe 40x40m v BbicoTol 40 M, 3arnybneHHoe
B rPYHT Ha 6 M 1 co3fatoLiee faBieHre nog NojoLwson pyHaa-
MEHTHOW NnTbl (pocTBepKa) 40 T/m? (nopgobHble NapameTpbl
MOryT 6bITb XapakTepHbl agna OWAD, Hanpumep, ANA Takux,
KaK XpaH/nLLa PaAnoaKTUBHbIX OTXOAOB). [IPUHATBI Kpyrible
6ypoHabuBHble cBav anvHOM 10 M, auameTpom 0,6 M, yCTaHOB-
NeHHble ¢ warom 2x2 m (Bcero 441 cBas). B pacuet 3anoxeH
OAHOPOAHbBIN TPYHT C AMHAMUYECKUM MOAynem ynpyroctu
300 MIMa (auHamunyeckmin mogynb casura 125 Mrla).

Pacuet BbinonHeH ¢ nomouwbio nporpammbl SCAD no nu-
HelHO-CNeKTPanbHON TEOPUN CENCMOCTONKOCTY Ha CTaHAapT-
Hble CNeKTPbl YCKOPEHWI, NpUBEeAeHHbIe B JOKymeHTe [6]; [7].
Cencmunyeckan Harpyska npuknagbiBanacb B OGHOM M3 ropu-
30HTasIbHbIX 11 B BEPTMKANIbHOM HanpaeneHunn. MakcumanbHoe
YCKOPeHNe rpyHTa B ropn3oHTanbHOM HanpaBAeHUN NPUHATO
paBHbIM 1 M/C?, YTO COOTBETCTBYET 3eMJSIETPACEHUIO NHTEH-
CMBHOCTbIO 7 6annoB no wkane MSK-64. [nkoBoe yckopeHue
B BEPTUKANbHOM HamnpaBs/ieHUN Ha3HauyeHO paBHbIM 2/3 oT
rOPU30OHTaNbHOrO.

Mpw BbINOAHEHNN PAaCcYETOB MPYHT Ha KOHTaKTHOW 60Ko-
BOW MOBEPXHOCTN BEPXHEN YacTu CBal He yunTbiBancaA. Takum
06pa3om, 6bi10 NPUHATO BO BHUMaHWUE, UTO BEPXHAA YacTb
CBail Npy CENCMUYECKOM BO3LENCTBMM MOXET paboTaTb He3a-
BMICMMO OT FPYHTA, «pa3fBuras» cebe BOPOHKy [8].

XoTenocb 6bl OTMETUTb, YTO ANA CBAWHbIX NONENn, UMeto-
LMX 3HAYWTENbHbIe pa3mepbl B NlaHe, ONMUCaHHbIA Bbilwe 3¢-
beKT He ABNAGTCA CTONb OYEBMAHBIM (YUUTbIBAA BOSMOXHOCTb
«MPUAVNaHNA» KOHTaKTHON NMOBEPXHOCTW POCTBEPKA K FPYH-
Ty), KaK AnA NIEHTOUYHbIX UK CToN6YaTbiX GyHAAMEHTOB.

Ha pucyHke 1 nprBegeH obwuii Bug paspaboTaHHON pac-
yeTHOWM Mmogenu.

B Tabnuue 1 v Ha pucyHKax 2, 3 npuBeAeHbl NONyYeHHble
no pacyeTy OCHOBHble pOPMbl COBCTBEHHbIX KonebaHui B ro-
PU30HTaNIbHOM U BEPTUKaNbHOM HanpaBieHn, COOTBETCTBY-
owme 0603HaYeHHbIM Bbllle PacyYeTHbIM CIyYanaMm.

AHanun3 ¢opm 1 YacToT cOBCTBEHHbIX KonebaHuii coopy-
XKeHnA nokasaJs, 4To GopMbl, BHOCALLME HaNBONbLWINIA BKNaA
Nno MOAaNibHbIM Maccam, BO BCEX PACCMOTPEHHbIX Cllyyanax
COOTBETCTBYIOT KonebaHuo COOPYXeHWNA Ha OCHOBAHUWN Kak
XecTkoro, manofedopmrpyemoro Tena. Kpome Toro, npu pac-
yeTe MO TPETbEMY M HETBEPTOMY PaCHETHOMY CJTyUato 4acToTbl
KonebaHWn HMXe, YeM Mo NepBOMYy U BTOPOMY. YueT rpyHTa
Ha KOHTaKTHOW MOBEPXHOCTM POCTBEPKa, a TakKe yuyeT 3a-
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PurcyHok 2 — OcHOBHble pOPMbl COOCTBEHHBIX KONlebaHUii B FOPU3OHTaNIbHOM M BEPTHKaJIbHOM HarpaBneHUAX Af1A pacyeTHbIX ciyyaes 1 v 2

L
1l L1

MMM

]
i |I |

| | .'{"I'i.
i

PMCyHOK 3 — OcHoOBHble d)OprI COBCTBEHHDBIX KONebaHuii B rOpn30oHTaJIbHOM U BEPTUKASIbHOM HanpasneHUAX AnA pacyeTHbIX cyYvyaes 3n4

rnybneHna coopy>KeHna nyTem BBeE€HNA FPYHTOBbIX MPYXUH
no 60KOBOI MOBEPXHOCTMW 3arny6ieHHON YacTu, NOBbILLAT
YacTOTy COGCTBEHHbIX KONebaHUn B roprM3oHTaIbHOM Ha-
npaBfieHNN, YTO CBUAETENbCTBYET O TOM, YTO FPYHT CHUMaeT
4YaCTb rOPU30HTANIbHON CECMMYECKO Harpy3Kum co ceai. 1o
NOATBePKAAETCA MOMYYEHHbIMU MO pacyeTy pesynbTaTamu,
npviBefieHHbIMK B Tabnuue 2.

PaccmaTpuBas pacueTHble cniyyan 1 1 2, MOXHO caenatb
BbIBOJ, UTO YYeT »KeCTKOCTM FPYHTa Ha KOHTaKTHOM NoBepx-
HOCTV NOAOLWBbI POCTBEPKA NPVBES K YMEHbLUEHWUIO FOPU30H-
TanbHOro NepemeLleHnsa OrosIoBKOB CBal, N CHUXKEHWIO U3rn-
6aloLyX MOMEHTOB U NMOMepeyYHbIX CKN B CBasix bonee uem B 2
pasa. [py 3ToM NpoAonbHasA cuia B MaKCMManbHO Harpy»eH-
HOW CBae CHM3MIACh He TaK CyLeCTBEHHO, @ UMeHHO, Ha 11,1%.

Ta6nuua 2 — MaKcManbHble NepemMeLLeHrs 1 YCUWA B CBaAX OT CENCMMYECKOI Harpy3Ku

PacueTHbII MakcumanbHoe MakcumanbHas MakcumanbHbIN MakcumanbHas
cnyyaii nepemeuieHne npoponbHasa cuna n3rn6aowmin MOMeHT nonepevyHas cuna
Y OrosioBKa cBavi, Mm BCBae, T BCBae, TXM BCBae, T
1 10,4 196,6 85,4 349
2 51 174,8 42,2 17,2
3 8,6 145,1 25,9 8,3
4 47 129,0 13,0 4,2
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Mpwn pacuete no 3 cnyyaro, MakCcMmManbHasa NPOAONbHaA
C1na B CBasAX yMeHbLumnacb Ha 17% no cpaBHEHUIO CO Cilyyaem
2, UTo 06BACHAETCA BKIIIOUEHMEM B PaboTy rpyHTa Ha 6OKOBOW
NMoBepPXHOCTU CBall. Kpome Toro, 6narogaps yueTy noaaTineo-
CTV rpyHTa (CBas He 3aLlemsieHa B onpefesieHHOM CeYeHMM Kak
B cnyyaax 11 2), uncneHHble 3Ha4YeHNA NepemeLLeHNIA OronoB-
KOB CBall B FPyHTE YBENMUYUINCH, @ MaKCMalbHbIX U3rnbato-
LLMX MOMEHTOB U MOMepeYHbIX CUM — YMEHbLUWNUCD.

Yuet 3arny6neHvs COOPYKEHUs B FIPYHT MPUBEST K CHUXEHUIO
MaKCMMasbHOMO NepemelLeHna OrosoBKoB CBal Ha 45,3%, Mak-
CMMasIbHbIX 3HAYEHWU NPOAONBLHON 1 NMOMNePEeYHON CU, a TaKKe
n3rnbaoLero MomeHTa - Ha 11, 49,8 n 49,4 % COOTBETCTBEHHO.

B uenom, nprmeHeHne pasnnyHbIx METOAOB pacyeTa npuee-
J10 K pa3bpocy 3HaueHuii MoNepeyHbIX CKf B CBasiX - bonee yem
B 8 pas, n3rnbaLLX MOMEHTOB - 6osee UeMm B 6 pa3, nepemelle-
HUI — 6onee yem B 2 pas3a U NPoAosbHbIX cu - B 1,5 pasa. K npu-
Mepy, nonepeyHoe ceyeHne cean gruametpom 600 MM, B KOTOPYIO
ycTaHoBneHo 10 apmaTypHbIx cTepxkHernt A500 grameTpom 25 Mm
npwv npoponbHor cune 200 T, BOCMPYHUMAET NOMepeyHyio cuny
8 T 1 nsrmnbaowmin MomeHT 15 T*M. To ecTb, MpPW NPUMEHEHWUN
PasnNNYHbIX METOAMK MOXKHO CAeNaTb pasfinyHble BblBOAbI OTHO-
CUTENbHO MPOYHOCTU CBail. ITO O3HAYAET, UTO BbIOOP METOAUKN
pacuyeTa MOXeT NO3BONNTb OTKa3aTbCA OT AOMONHUTENbHbIX Me-
PONPUATAI, HaNPUMep, TaKMX, Kak YCTPONCTBO NPOMEXKYTOUHOM
necyaHowm NoAyLWKM N CHA3UTb CTOUMOCTb CTPOUTESNIbCTBA.

Taknum o6pa3om, No pesynbraTaM nponenaHHon paboTbl
MOXHO cienaTtb c/iegyoLune BbiBOabI:

1) Kak B oTpacneBblX, Tak U B 06LWECTPOUTENBbHBIX HOpPMa-
TUBHbIX JOKYMEHTaxX OTCYTCTBYET YETKO 1 NOC/Ief0BaTeNIbHO 13-

I TeopeTnyeckue 1 sKCnepuMeHTasbHble NCCefoBaHUs

NoXeHHas MeToAuKa yyeTa AUHaMUYECKUX CBOWCTB rpyHTa npu
pacyeTe NPOYHOCTM CBaW NPU CENCMUYECKOM BO34EeNCTBUMN.

2) PaccmoTpeHHble METOAMKM AAI0T CyLLeCTBEHHbIN pa3bpoc
pe3ynbTaToB U MOTYT NPUBECTM K Pa3fiIMYHbIM BbIBOAAM OTHOCU-
TeNbHO HecyLel cnocobHocTM cBali. [pu paccMoTpeHuUn cBal,
KaK CTepKHeW, >KeCTKO 3alleMJIEHHbIX B FPYHTE Ha PacCTOAHNM
l; oT nogowBbl POCTBEPKA, MOMYYAOTCA YPE3IMEPHO KOHCEp-
BaTVBHble 3HaueHus ycunuid. laHHaa meTogMKa npremiema
npwy pacyeTe NPOYHOCTM MO MaTepurasy CBali Ha BepTuKasbHble
HarpysKu, OgHaKO Npu pacyeTe NPOYHOCTU CBall Ha FOPU3OH-
TanbHble (B TOM umnciie ceicMMyeckre) Harpysku, 6onee Kop-
PEKTHO KX paccMmaTpuBaTb Kak 6anku, B3aumopencTeyolmne
C yNpyrMm OCHOBaHMEM.

3) YueT AnHaMNYeCKOI »KeCTKOCTIN FPYHTOBOrO OCHOBaHMA Ha
KOHTaKTHOW NMOBEPXHOCTN POCTBEPKA MOXKET YMEHbLUUTb MOJTy-
Yaemble NO pacyeTy 3HaYeHNA nepemMeLLeHnli OroIoBKOB CBawl
1 BO3HMKAKOLWMX B HUX YCUANIA NPY 3emieTpaceHUn. Takum o6-
pa3om, JaHHbI MOMEHT AIBAAETCA OYEHb BaXKHbIM 11 OTBETCTBEH-
HbIM, @ KpUTEPUM yyeTa ANHAMNYECKON XKeCTKOCTU FPyHTa Mnpu
pacueTe cBaHbiX dyHOaMeHTOB TpebytoT 6onee nogpobHoro,
YETKOrO 1 MOHATHOIO U3MIOXKEHNA.

4) Yuet 3arny6neHus COOpyeHUs TakKe MOXeT MNO3BOSIUTb
CyLeCTBeHHO CHU3WTb 3HAYEHNA NepeMeLLEHUNIA 1 YCUNNIA B y3ne
COMPSPKEHNA CBal C POCTBEPKOM, MOJTyyaeMble NpU pacyeTe Ha
cericMUYeckne BO3[enCTBMA. Tak Kak BOMPOC yyeTa BAMAHMWA
3arnybneHnn coopy»keHnsa B OCHOBaHMe Ha 3PpdEeKT 1x B3aumo-
[encTBuA oceelleH B HOPMaTUBHOWN JOKyMeHTaummn B Gonbluei
cTeneHn NPUMEHNUTENBHO K BEPXHEMY CTPOEHUIO, TO laHHasA Tema
MOXeT 6bITb MePCMNEKTUBHOM U TPebyeT AaNbHeNLWero n3yyeHus.
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Toward Resilient Society

The conference will cover a wide variety of subjects on earthquake engineering including
the following topics:

Sendai Framework for Disaster Risk Reduction

Post Disaster Recovery and Reconstruction

Safety of infrastructures

Disaster Mitigation through Trans-disciplinary and International Cooperation

Nuclear Power Plants and Their Safety against Earthquakes and Tsunamis

New Directions of Earthquake Engineering Technology through Huge-scale Numerical
Simulations

Effects of Long-lasting and Long-period Ground Motions on Structural Performance

» Smart Cities and Urban Disaster Mitigation
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Important Dates

Call for Abstract : April 11,2019
Exhibition Apply Start : June 3,2019
Sponsorship Apply Start : June 3,2019
Registration Open : August 1,2019
Abstract Deadline : August 30,2019
Abstract Acceptance Notification : October 30,2019
Full Paper Deadline : January 31, 2020
Exhibition / Sponsorship Apply Deadline : March 31,2020
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