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Abstract: The paper reviews existing methods of special seismic protection and discloses the added value of their
application in the case of high-rise frame structures. Dynamic isolation systems are explored with the purposes: (1) to
demonstrate efficiency of rubber isolation bearings and pile foundations with an “intermediate cushion” and (2) to
assess effectiveness in terms of commercial benefits. SCAD-based spectral method is used to collect data in support of
the structural analysis. The research findings are introduced as a numerical real problem solution, i.e. a simplified
model, which can be applied for a 5-storey building. The paper is a tribute to the research contribution of Professor
Andrei Reinhorn in the field of earthquake engineering. It covers all the aspects connected to earthquake engineering
starting from computational methods, hybrid testing and control, resilience and seismic protection which have been the
main research topics in the field of earthquake engineering in the last 30 years. The report provides the most recent
advancements in these four different fields, including contributions coming from six different countries giving an
international outlook to the topics.
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BbBEJIEHHUE

Mma MHOrO BHJOBE CEM3MHYHa 3alIUTa B 00JacTTa Ha TPaKIAHCKOTO CTPOMTEJICTBO:
KMHEMaTU4YHU OCHOBH, ILTB3rall ce nosic ¢ ¢uiyoporiacTMaca 3a yCTOHYMBOCT Ha 3eMETPECEHUs,
3alIUTEH HW3KOIN OKOJIO Crpaja, Crpajad, YCTOMYMBM Ha 3E€METpECeHHs, I'bBKaB MapTep, T'YMEHU
m3onarmonHu jarepu (Cooper, A., & Wilson, A., 2002). CeusMHYHHTE CHJIM Ca TIPSIKO
MPOMOPIIMOHAIHA Ha Macara Ha crpajgara ¥ JOCTUTaT CBOSITa MaKCHMalHa CTOHWHOCT, JOKaTo
pe3oHaHCHHWTE BUOpaluu Ha cuctemara 'crpaga - ¢yHmament". HeTpaaunmoHHWTE METOIU 3a
M30JIUpaHe HA KOHCTPYKLUATA OT HEHHOTO OCHOBaBaHE MO3BOJISIBAT M30JIMPAaHA YacT OT crpajara Jia
BUOpHpA C YECTOTA, pa3IM4yHa OT YeCToTaTa Ha OCHOBHATA (HEU30JIMpaHa) 4yacT Ha crpajara. Torasa
(eHOMEHBT Ha pe30HaHCca Ha cucTeMara "crpaga-QyHIaMeHT" He ce MOABSBA U CEM3MUYHUTE CHUIIH
HE JJOCTHUTAT CBOsITa MakcuMaiiHa ctoiHocT (Boteva, M., 2008).

N3J10KEHUE
N3caenBane HAa aMOPTHCHLOPHUTE JIarepH 4pe3 U3MOJI3BaHe HA OMPOCTEH MO/l

Karo onpocren Monen e usnons3Bad 5-metpoB npbT (Pur. 1). Toil e pazaeneH Ha NeT paBHU
yactu. MarepuanbT uMa KBaJpaTHO HampedHo cedeHue or 400 mm po 400 mm. M3paboteH e ot
6eton (kimac B25). Ha Toukure ca mpuiiokeHM NET KOHIEHTpHpaHH Macu (Touku 2-6). [lecer
M3YHUCIIeHUsl Ofxa HampaBeHHM ¢ nomoinra Ha nporpama SCAD. Bcuuku Te3u jaecer onmpocTeHu
MoJieNia UMaT pasiiMyHa XOpU30HTaJIHa KOopaBMHA Ha amopTtusupanus garep,K (0; 0,6 t/m; 1 t/m; 5t
/m; 10 t/m; 15 t/m; 20 t/m; 30 t/m; 40 t/m; 50 t/m). B pesyarar Ha H3YMUCIABAHETO HA

! JIoKIambT € IPEeNCcTaBeH Ha CTYJEHTCKATa HAydHA CECUS HA ............... 2026 B CEKIMS................ c
OpUrMHAIHO 3ariaBue Ha Obirapcku e3uk: [IPUJIATAHE HA AKTUBHU METOJIU 3A CEU3SMUYHA 3AIUTA.
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XOPU30HTAJTHUTE M3MECTBaHMS (U) Ha JojHATa Touka Ha npbra (Dur. 2), orpbBalIUsAT MOMEHT B
npbTa (M) 1 censmuunute cuian (DPur. 3) ce monyyaBa 3a Touku 2-6 Ha npbTa. M3unciasaBaneTo Ha
CEM3MHYHHUTE CHJIU CE OTpenens oT popMmyriara:

SOik - QkXAXBi XMy X Kq; (1)

Qi - Macara na crpagara B touka k; A, Bi, Ky, nik — xoeduuuentu ca nmpueru chriacHo
muteparypuaust n3tounuk (Kotler, P., Haider, D. H., & Rein, I., 1993).
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®ur. 3. Bpb3ka MeX1y ceM3MUYHUTE CHITH (ITBPBUAT PEXXUM Ha BuOparmwms) (S11)
U TBbpAOCTTAa Ha amopTtu3upamus jgarep (K)

- B auana3ona ot K = 0.6 t/m go K = 50 t/m (®dur.3) cem3sMUIHUTE CHUJIM Ha JIBETEC TOPHHU
TOYKU Ha npbTa S12 m S16 B ciayyail Ha aMOpPTU3MpAl] Jarep ca Mo-MaJKi OT CEU3MUYHHUTE CHIIN
S12, S16, B ciy4aii Ha TBBPA (PUKCUPAH JIarep.

HN3caenBane Ha meTeTaskHa 0a3oBa crpajaa

3a &1a ce OILEHW MpOMsHATa Ha OTr'bBAIIMTE MOMCHTH € BbBEJCHA HOBAa KOHIEHIMs €. Ts ce
Hapu4ya "1s1 Ha e eKTUBHOCTTA ()"

M —M
S(K) — 0 MOI(:Ko — ﬁ,[l‘: (2)

M, - orbBaIUAT MOMEHT B €JIeMEHTa ¢ TBbpA (ukcupad jgarep; MK - orbBammaT MOMEHT
B €JIEMEHTA ¢ aMopTU3upall Jarep. AM - pa3nnukara MeXy OrbBallUTE MOMEHTH.
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@ur. 4. Bpb3ka MexIy TBBPAOCTTA Ha amopTu3upaius garep (K) u xopu3oHTamTHOTO
M3MECTBaHE Ha J0JTHATa TOYKa Ha crpazara (u)

H3cnenBane Ha meTeTa)kHa crpaja ¢ ""MeXXIMHHA Bb3IVIaBHUIIA"
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Xopuzonrtanunara TBbpAocT (K) nHa "MexauHHaTa Bb3MIaBHULA" ce Ompeness OT HEeWHUs
cbcTaB (MSACHK M YaKbi), IUIBTHOCT, AeOenuHa. Pa3nuyHUAT CbhCTaB, IUTBTHOCT, JAe0eluHa €
BB3MOXKHO J]a C€ MPOMEHST choOpa3Ho enactTuuHusT Moayin (E) u ceotHomenuero (Po) "mexannna
Be3niaBHuIA" (Bachvarov, M., 2006). Tabnuma 1 mokasBa pe3y/iTaTtu OT T€3W U3CICABAHUS.

Tao6umna 1. JIsu1 Ha edexTrBHOCTTA (£) 33 €JIEMEHTHUTE Ha crpajiara

e Bua Ha pyngamenra Js1)1 Ha e(peKTHBHOCTTA Js1)1 Ha e(peKTHBHOCTTA
B (€) 3a rpeauTe (€) 3a KOJIOHUTE

1 ITriionHa ocHOBA 0,209241 0.233306

2 JlenToBa ocHOBa 0,122318 0,145833

3 AMOpTHCHOPHA JalicHa 0.118119 0,142239

HN3caenBane HA e(peKTUBHOCTTA HA NMPUJIOKEHHE HA aMOPTUCHLOPHATA JIaliCHA 3a crpaau
¢ pa3jiu4eH Opoi eTaxku
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®ur. 6. OOXBaT Ha U3MECTBAHE HA TOYKUTE HA TIET, JCCET U NMETHAJACCET €TAXHU Crpaan

U3BOIU

I/I3l"pa)I(I[aH€TO Ha BUCOKM Crpaaid BbB BUCOKOPHCKOBH 3CMCTPCCCHU 30HHU € C I'OJIAMO ThbPCCHC
B CBBpPCMCHHUSA CBAT. Taxka 4c, aMOpPTU3ALIMOHHHUTEC JIarcpu € HHUCKa XOPHU3OHTAJIHa 3ApPaBHHA
MO3BOJISBAT Jila C€ M3OBIHM ToBa M3ucKkBaHe. Ilo To3m Hauwmu IpUjIaraHeTo Ha HETpAAUIMOHHU
MCTOAU 34 CCHU3MHUUYHA 3allMTa B 30HU C BHCOKa CTCIICH HA OIIACHOCT OT 3CMCTPCCCHUC € 0co0eHOo

e(eKTUBHO 3a M3TpaKJaHe HA OOJTHHIIM, KOUTO M3MCKBAT JIBITOCPOYHU OTEPAIUU U IIEHTPOBE 3a
ChbXpaHEeHHE Ha HECTAOWITHU MPEAMETH UM aHTUKH.
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