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3.

3.1

2EIZMIKOI MONQTHPEZ KAI MHXANIKEZ
IAIOTHTEZ TOYZ

MpakTika ZuoThparta Zeiopikng Mévwong

Ta mponyodueva KePAAOO, VITOJEKVOOVY TIC POCIKEC OMAITNGES TOL TPEMEL VO,

TANPOHV T TPAKTIKG CLGTHUOTO GEIGKNG LOvmong. Ot Bacikég amarthoelg etvat :

IIpoocBetn gvkapyia: H avénon me 1610meptddov g HOVOUEVNG KOTOGKELNG
LEWOVEL TNV SEYEPOT TNG AVAOIOUNG KOTA TOV CEIGUO KOl KOTE GUVETELNL HEIDVEL

Vv anoitnon avtoyng omd auTy.

I[Ip6c60etn KoTavarmon evépyerog: H avEnuévn andoPeon evépyelog omatteiton
YL TOV TEPLOPIGHO TOV UETATOMIGEMV TOV GLGTNUOTOS GEIGUIKNG HOVOONG GE
TPOKTIKO EMIMEDO Y10 TOV GYEOIAGUO TOV HOVOTHP®OV KOOMG Kot Yo TNV Heimon
TOV EMATOCE®V €VOG THAVOD GLUVTOVIGUOD TNG LOVOUEVNG KOTACKEVNG UE TNV

€d01KN Kivnon.

Endpkelo yia v avainyn tov petokivioeov: Ot LOVoTipeg Tpénet va eivot
wavol va. avoAdfouv TIg avENUEVES LETOKIVIGELS OTO EMIMEDO TNG GEICUIKNG

Hoévoong ympig actoyia.

Enopxig oxopyio ywo T vwéiowmeg opilovrieg @optioels: To ovotnua
GEICUIKNG HOVOONG TPEMEL VO €lvorl KavO va. ovoAQUPAVEL TIC VTOAOLTES
oplovtieg popticelg OMWG O GVEROG KOl TO WIKPO CEIGHIKG €MEICOO0 YWPIG
vrepPorkég petatomioelg (ovvnBog omotteitar vo unv Swoppeéel M vo pnv

oMoBaivet).
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- Emapkerwo yio TV avainyn ToOV KOToKOPLO®OV QopTimv: e OAEC TIG QPACELS
Aertovpylag 10 cVOTNUO GEIGHIKNG HOVMONG TPEMEL va. €ivol 1KavO va. QEPEL e
ac@drela ta Katakopvea eoptia poli pe tig opllovTies LETAKIVAGELS OTAV QVTEG

GLVLTIAPYOVV.

ApPKETE OOPOPETIKA GLOTNUATO GEICUKNG HOVMONG £xovv avamtuybel to omoia

TapEXOVV TIC Tapomdve amottnoels. H mpdobetn evkapyia propel va viomonOel and :

EMUCTOUETOAMKE EPESPOVAL

- ovotfiuato oAicOnong (Tave og eminedn N GEAPIKT ETLPAVELQ)
- KULAloELS

- peToAMKA EAATPLL

- OLGTNUATO AIKVIGHOV

- OVOPTOUEVA GLGTNUATO HECH KOAMII®V.

H np6cBetn xotavarioon evépyetag pmopet va stooydetl amo:

- VOTEPNTIKN GUUTEPLPOPE (TAAGTIKN TAPAUOPP®OT] LOAVPSOV 1 YGAvPa, piypoto

EAOOTIKOV LYNANG omdGPeonC)
- 1EDOM ovumeprpopd (1EMOELS amosPecTNPES)

- 1ppn oAloOnong

- andcPeom cuVTOVIoUEVOL EKKPEROVS Lalag (tuned mass dampers)

H ocswopkn povoorn dpyoe vo epappoletor ®¢ ML TPOKTIK OTPATNYIKN
OVTIGEIGUIKOD GYedGHOD OTlG apyés TG oekaetiog tov 1970. O mpmteg epappoyEg
aPOpPoVOOV CEIGIKY HOVOON YEPLUPOV OTIG omoieg cvvinBmg vmdpyovv edKAUTTO
ELUGTOUETOAAIKA €QEOPOVO HEGH TMOV OTMOI®V €0PALETOL TO KOTAGTPOUO TOLS OTO
BaOpa. O1 mpdTeg EPOPUOYES GE KTNPLOKE EPYO APYLoAY AT TO TEAOG TNG OEKAETING TOV

1970.
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A0 Baocikd cvoTipate 6TO. OToio GTNPiXONKAV 01 TPAOTES EPAPUOYEG GEIGUIKNG
uovoong sivat to EAAGTOUETOAMKE EPESPAVA PUOTKOD EANCTIKOD KOl TO GUGTNLOTO.
oAioOnong oe emimedn emedven TPPNc. Ta €AUCTOUETOAMKAE €QEPAVA PLGIKOV
ghaoTikol givor oAV mo gbkaumta oty opldvtia dievbuvon oe oyéon pe TV
KatakOpven devbuvon. Iopovsidlovy o GYETIKA YPOUUK®OG EAACTIKT) CUUTEPLPOPA
pe pikpo PBabud amodcPeong g 1dEng 10 2% pe 3%. AVO OMUOVTIKA HELOVEKTILLOTO
ToVG €ival 1 amovcio emapkoVs amOGRECNG KOl TO YEYOVOS OTL TOPOUEVOVY EVKOLUTTOL
Kol Yoo TG Un oswopikés opilovrieg eoptiocels. Ta epédpava oAicOnomg oe emimedn
empdaven TpPne, av kot epeaviCovy vyniotvg Paburovg amndcPeonsg Ko moapapévovy
EMOPKADOG OVOKOAUTTA PEYPL VO 0pyioeL 1) 0OAloON oM, dev £xovv Kdmola dHvaun 1 omoia vo
To gmavagépel oy apyikn 0éon npeptoc. ‘Etot givar moAd mbavo vo kataAnEovv e
HETATOTIGUEVT BEom HeTd TO TEAOG TOV GEIGUIKOD €MELG0di0V. Ta PHEOVEKTLATO TOV
000 TOPATAVEO GLCTNUATOV 0ONYNCAV GTNV TAPAAANAT XPNION TOVS GE UEPIKES TPMLLESG
EQUPUOYEG GEICUIKNG HOVMOONG. APYOTEPE TO LEIOVEKTNUOTO OUTE EEMEPACTNKOV LLE
TOVG TPELS TOPOKAT® TOTOVG GEICUIKAOV HOVAOTNPWOV Ol 0T0I0l amoTEAOVV GNLEPA TNV

oLV O EMAOYN Y10 TO GUCTHOTO GEIGUIKNG HOVAOGCTC.

3.1.1 EAactopeTtaAAika E@édpava pe MNMupAva MoAuBdou (Lead Rubber
Bearings - LRB)

Ta ghactopetodhkd epédpava pe moprva poivBoov (Lead Rubber Bearing 1 LRB)
epevpétnkav otnv Néa ZnAavdio v oekoetio tov 1970. Amotehovvion amd €va
KEVIPIKO Tupnva LOAVPA0V 0 0Ttol0g EIGAYETAL [E TTEST) OTNV TPOUVOLYUEVT] OTN EVOG
EAMACTOUETAAMKOD £QESPAVOV KVKAKTG 1 opBoymvikng dtatopng (Zxnpa 3-2). Oro to
epéopavo mepPdAreTon amd emkdAvyn eractikoy (cbvvnbeg mayog amd Smm £wg
10mm) 7y Adyoug mepPOALOVTIKNG TPOSTOGIOG. XTIC Gved Kol KAT® EMPAVELEG
KOTOANYEL O TOoyEG METOAMKEG mAdKkeS (mayoc amd 2 €m¢ 3cm) Ol OmOieg
LCOKOTOVELOVY TNV KATAKOPLON TOPOUOPP®GCT) KOl TPOCPEPOLY TNV GUVOEST UE TNV

avodoun| kot tnv BepelMmon).
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Xypa 3-1 Eeédpavo LRB — Ktijpro Movegiov Avtiknig Téxvng (Téxwo, larmvia)

Emwcdioyn Elacticod

Evollaooopeveg Ztpmoels
Elootikod kot Metodkmv
[Mhoxodv Evioyvong

[Muprvag MoAvBoov
[TAdikeg Zovdeong

Tyqpo 3-2 Zxopronpatiki) Top E@edpévov LRB

To kOplo mAeovéktnua Tov €pedpavov LRB elvar 011 mapéyet svkopyio yuo Tig
CEICMIKEG OVOKUKAMKEG LETOKIVIOEL, OKOUWio Yoo TG U1 OEWoUKES optlovTieg
Qopticelg, vynAd Pabud votepnTikng omOGPECNC KOl ETAPKEIL OTNV AVAANYN TOV
KATOKOPLO®V QOPTIOV UE TNV HOPPN €VOG €PedPAVOL GeloUIKNg povoons. Ta
YOPOKTNPIOTIKA QVTE EMTVYXAVOVTOL LE TOV GLVOLOGUO TOL EANGTOUETOAAKOD PEPOLG
Kol Tov VPV HOAVPSoL Kot Kavouv Ta gpédpava LRB éva avtaymviotikd cvotnua

GEICUIKNG LOVOONG Y10 EQAPLOYT O KTNPLOL KOl YEQUPEC.
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To €MOCTOUETOAMKO HEPOG KATOOKELALETOL OO EVOAMAGOOUEVES OTPMOOELS
ELIOTIKOV KOl LETOAAIKADV TAOK®V Ol OTTO1EG CLVEVAOVOVTOL KAT® 0d GLVONKES LYNANG
nieong kot Oeppoxpaciog péoa og éva karovmt. Ot petoAkég TAAKeS (Tumd Tdyog 2
¢ 3mm) epmodilovv 10 €AdOTIKO omd TO VO OOYKAOVETOL TAEVPIKA AOY® TOV
KOTOKOPLOOV POPTION 0ALA dev £x0ovV Kapia enidopacn oTig 0pllOVTIEG TOPALUOPPDGELS
tov ehaoTikod. Oco HEIDVETOL TO TAYOS TOV GTPOCE®V EANCTIKOV TOGO OVEAVEL M
KaTakOpLEN SvoKOUYio Kot 1) ETAPKELN AVAANYNS TOV KOTOKOPLO®V (poptinv. Opmgn
oplovtia akapyio TOv EAUGTOUETOAAMKOD HEPOVS TOPOUUEVEL YOUNAN AOY® TOL
YOUNAOD pETPOL ddTtunong Tov LoD glaotikoy (amd 0.4 fwg 1.0MPa). To
EMUOTOUETOAAIKO HEPOG amd HOVO ToL gpgavilel g oxeddv YPOUUIKOS EANCTIKN

ocvpmeplpopd pe pkpod Padud ardcPeons g tdéng tov 2% pe 3%.

H mapovcio tov muprva poAvdov tpomonolel TV cupmeptpopd tov gpedpdvov. O
TUPNVOG EXEL LYNAN EAACTIKT oKapyio 1 omoio TopEYEL EMOPKT] KOOI GTO EPESPAVO
Yo TG Un oswokés oploviieg gopticelc. Otav 10 €0&dpavo vmoPaAileTon oe
OVOKVKMKEG GEIGHIKESG LETOTOTIGELS, O TUPNVOS LOAVPOOV avayKACETOL GE OLOTUNTIKY
TAPOUOPPMOT] OO TIC UETOAAMKEG TAGKES Kot dloppéel e0KoAa o€ yaunAd emimeda
thoewv ™G TaENS Tov 10MPa. Meta v dappor o poAVPoog mapovctdlel oyeddv
télel TAOOTIKY] cvumepipopd. To amotéhecua elval 1o €@Edpavo va eueavilel pa
oYEOOV OIYPUUIKT] VOTEPNTIKY] CLUTEPLPOPE. H evepydc axapyio Tov €pedpdvov KAT®
amd TNV OVOKLKAIKT GEICUIKN QOPTION UEWMVETOL CNUOVIIKO 000 TO €0POg NG
OVOKVKAKNG Topapdpeoons Eemepva v petatomion dtppons tov poivBoov. Ia ta
EMmEdN TOV GEWCUOD GYESOGHOV 1310TEPTIOS0L NG TAENS T®V 2 Sec &ival €VKOAO va
emtevyBohv Yo TV HOVOUEVN] KOTOOKELT. AKOUO EVEPYELD KOTOVOADVETOL LE TNV
popon Bepudtnrag n onoia givar avédioyn pe to gupaddv mov oynuatiovv ot fpdyot
votépnons. O oodvvapog Pabuoc 1E@dovg amdcPeong o omoiog emTvyydveTon ivon

apkeTd vYNAOG, ™G TAENS Tov 15% Emg 30%.

3.1.2 EAaoctopeTaAAikd E@édpava EAaoTikou YynAng AmooBeong (High
Damping Rubber Bearings — HDRB)

To 1982 epevpébnkav ddpopa piypoto cuVOETIKOD 1 PUOIKOD EAAGTIKOV TO, OTTOial

epnpaviCoov vymid Pabud amdcoPeong €1ot @ote va unv  amoutodvion mpoOcHeTor
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unyaviopol amdécfeonsg. H avénon tov Pabuod omdcoPeong emtvyydveron pe tnv
TPOGOHNKN KATAAANA®V CUUTANPOUATIKOV 0VCIOV OTmM¢ GvOpaka kot pntveov. H
amocPeon avth eivar KATL EVOLIIUEGO HETOED TNG VOTEPNTIKNG ATOCPECNS KOl NG
1EDO0VG amdcPeong pe to Kupiopyo KOPUdTt TG va givar o votepntikd. Me Bdon avtd
ta BeAtiopéva PelypaTo EAACTIKOD KOTACKEVALOVTAL TO EAUCTOUETOAMKO EQEOPOVOL
elaotikov vyning andcPeong (High Damping Rubber Bearing 1 HDRB). H pé6odog
kataokevng tov HDRB eivor 1010 pe avti tov EAaGTOUETOAMKOV £QedpAvOV GLGTKOD

£AOOTIKOV.

To ehootikd tv epedpbdveov HDRB mapovotdlel un-ypoppukn copmepipopd yio
STUNTIKES TAPALOPPOGELS LiKpOTEPES TOL 20%. H cvumepipopd avtr| yapaxtnpileton
amd vymid pétpo ddtunong (g taéng twv 2MPa) kot vynAd Bobud ardcPeonc, ta
oTol0l LEWOVOLY TNV OIOKPIoT Y10 TIG U1 GEGHIKES OPLOVTIEG POPTICELG OIS O AVENOC.
INo dwtuntikég mapapopeacels oto ddotnuo 20% £wg 120% 10 pérpo drdtunong
etvan pikpo ko otafepo (tng 1aéng tov 0.5MPa) evd o Babudg amdoPeong kopaiverot
armd 10% £wc 20%. Ia Tipég g dratuntikng mapapdpewong vyniotepes and 120% to
pétpo dwdtunong kot o Pabudg amdcPeong avfdvovv Ady® €VOG  QOVOUEVOL
KPLOTAAAOTOINONG TOV HOKPOHOpiv TOv gAaoTikov. H mapoamdve petafoir] g
oplovtiag dvokopyiog kol e andcsPeong tov epedpavov HDRB sivon yprioun yu
TNV KOTOGKEVT EVOC GUGTNLOTOS GEIGUIKTG LOVMOOTG TO 0moio gival oXeTIKA SVCKOUTTO
YL IKPOU €VPOVG UETOKIVIGELS, €YEL TNV OTOLTOVUEVI] EVKOUWIN YOl TIG GELGHIKEG
LETOKIVIOEL OYXEOOOUOD €VA avEavel moM v dvokapyio wor meplopilel Tig

LETOKIVIOELG OTNV TEPITTMOT OTOV EEMEPVIETOL O GEIGUOG GYEOAUGLOVD.

3.1.3 Zuotnpa Ekkpepoug Tpipng (Friction Pendulum System — FPS)

To ovomua ekkpepovg tppng (Friction Pendulum System v FPS) cuvovaler v
oAioOnon oe empdavelo TPIPNG He [ SOHVOUN ETAVAPOPAS 1| OTTOI0L TPOKVITEL OO TNV
YE®UETPiO TG GPAPIKNG EMEAVELNG OAicONoNG. XT0 ZyMua 1-5 eucovileton 1 Topn €vog
povotypa FPS. AnoteAeital and €va apBpwtd oAicBnpa o omoiog oAlcBaivel mhvo og
cQapkn emeavewn Tping amd yapvPa axtivag kaumvAdtrog R. H emodveia tov
oMcOnpa n omoio EPYETOL GE EMOPY| LLE TNV CQOUPIKT ETIPAVELD EYXEL EMKOAVYN ATO

ovvOeTikd VAKO cuviBwg Teflon ©.
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/_ Yopapwn Emoedaveia Axtivag Kapmoidtrog R

Vo o

o

> \

ApBpwtog OMcOnpag

Xyqpa 3-3 Topn E@edpdvov Xvotipatog Exkpepovg Tprpiig (FPS)

Zyqna 3-4 Eykoteotnpévo E@édpavo FPS

Kabobc 0 olenpag oAicBaivel otnv ocpapikn empdvela n vrootnplopevn pala g
avOOOUNG ovOYOVETOL Kol £Tot gpeavifeTor dOvaun emavapopds n omoio teivel va
EMOVAQEPEL TO €PESPAvVO otV Béom 1ooppomioc. Avt n ddvaun emovaeopds eivar
avdAloyn 1TNG UETATOMIONG TOL HOVAOTAPO KOl OVTICTPOP®MG OVAAOYN NG OKTivog

koapumvAdTTog R. Emutiéov 1 tpin peta&d tov apbBpmtov oMcHnpo kot TnG COOPIKNG
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emeavelag mopdyet v andsfeon tov povotnpov. H evepydc axapyio kot o Baduog
amOGPEoNG TOV HOVAOTHPO EEUPTMVTOL OO TNV OKTIVOL KAUTLAGTNTOGC R TNG GOPOIPIKNG

EMLPAVELDG.

AVO gviLOQEPOVTO YOPAKTNPIOTIKA TOL cvoTipoToc FPS elvar 611 1 diomepiodog g
HOVOUEVIC KaTOoKELNG KoOMOC Katl 0 Pabuodg amdcPeong dev eaptdvion omd v pala
™G KataokeLns. Emiong yuo éva cuomnua celoukng pévoong to omoio amoteheitol omd
oewokovg povotnpes FPS 0w axtivag kapmvrottog R, n evepyog axapyio kéde
povetipa givar avaroyn tov Bapovg mov vrootpilel Kol KAté GLVETEW TO KEVIPO
OKOUYI0G TOV GULOTNAUATOS GEICUIKNG HOvoong tavtiletal pe to kévipo paloc. H

010N TO QLT TEIVEL VO, UNOEVIOEL TIC GTPEMTIKES KIVIIGELS TNG LOVOUEVNG KOTOOKEVTC.

3.2 Zuptrepipopd EAacTopeTaAAIKWV E@edpdvwy og Opi{dvTia

AidTunon

H dvoxapyio og oplloviia d1dTunon evog ELAGTOUETOAAIKOD £PEOPAVOL GUUPMVO,

pe v Bempio ypopukng eAaoTIKOTN TG diveTOl TOAD OTAQ OO TNV oYXEON :

K, == (3-1)

omov G eivau 10 péTpO OATUNOMG TOL €AOOTIKOV, A, &ivor 1 EMPAVED TOV
GLYKOAMUEVOD EANGTIKOV OTIC UETOAAIKES TAGKEG KOl 7 €lvol TO GUVOMKO YOG
elaoTiko To omoio cvvtifetal and n oTPAOGELS EAACTIKOV TTAY0oLG ¢ M kdOe pia (dev
mpooTifetal TO TAYOC TOV UETOAAKAOV TAOKOV Ol OTOIEC OEV GULUUETEXOLV OTINV
Swtuntikn mopopopewon). H opilovtia akapyio evog eAAGTOUETOAAKOD £PESPEVOV
etvar apketd pikpn Adyo tov younAov pérpov dwatuncems G tov €AooTIKOL (amd
0.4MPa éwg 1.2MPa) kot €161 givor KOTAAANAO Yoo €QOPUOYES YEQPLPOTOUNG Kot
GEICUIKNG LOVOONG,.

Yno oplloviio S1dTUNoT T0 EAACTIKO TMOV GTPOCE®V LTOPAAAETOL GE SLOTUNTIKN
TOPOUOPE®OT Vs M omoia cuvogetan pe v opldvtia petatodmon D ocoppova pe v

oyéon :
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D
t

r

Vs = (3-2)

2NV TPAYHOTIKOTNTO 1) GUUTEPLPOPA EVOG EAACTOUETAAAKOD EPEIPAVOL KAT® Omd
avVOKUKMKEG EMPOUAAOIEVES LETOKIVAGELS, OTMC ocvpPaivel Katd tov GEWGUO, &ivor
petalhd votepnTIKNG Kot 1EDO0VE EAAOTIKNG. XT0 Zynua 3-5 ewovifovtan mepapoTicol
Bpoyor votépnong evog EAUCTOUETOAMKOD €QESPAVOL  (QUVOIKOL EAOGTIKOD LTTO
avaKLVKAKN oplovtia dtdTunon. O Pabuog andcPeong mapapével apKeTd YoUNAOS TG
14&ng Tov 2% pe 3% tov Kpioipov Kot ot oynuatiopevor Bpdyot Exovv pkpd £LPOG.
2VVENMOG 1) TPOCOUOIWGCT TV EAACTOUETAAMK®DOV EPEIPAVMOV PLGIKOD EAAGTIKOD LECH

YPOLLK®G EAAGTIKOV GTOLXEIOV £XEL TOAD KOAY| EQOPLOYT.

50

LOW DAMPING RUBBER BEARING
PRESSURE = 6.895 MPa , D=+833cm , f=0.5 Hz

25

SHEAR FORCE (KN)
o

_50 | I 1 "
-10 -5 0 5 10

DISPLACEMENT (cm)

Yympa 3-5 Avakvkikn @option Elactopetariiikod E@edopavov Xapuning Anéopeong

3.3 Zuutrepipopd EAaotopeTaAAikwv E@edpdvwyv pe MNMupRva
MoAUBdou (LRB) og OpilévTtia AldTunon

Ta elaoctopetodhkd eeédpava pe mopnive poAvBdéov (LRB) amotedoldv tov

GLVOLAGCUO TOV EANGTOUETOAAIKOD HEPOLG HE TOV Tupnvae HoALPOoov. O muprvag
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HOAVPOOL €xel opKeTE peYOAN €AOOTIKN okopyio 11 omola mopéyel dvokapyio oTo
epedpavo LRB ywa tic un oeiopkés oploviieg poprioelg (m.y. avepog). Otav ouwmg 1o
€PEOPAVO VTOPBAALETOL OE OVOKVKAIKEG OCEIGHIKEG WETAKWVNGELS, TOTE O TLPNVOG
HOAOBOoL avaykdletor vo TopapopemBel doutunTikd omd TIg HeTAAMKEG TAGKESG Kot
olappéel 6 yapnAd enimeda tdong, e taENg twv 10MPa. Metd v dtappon| o Tuprvag

HoAVBOoV eppavilet pa oxeddV TANP®S TAACTIKT GUUTEPLPOPAL.

O ovvoLAcUOG TG GYEDOV YPOLMKADS EAACTIKNG CUUTEPLPOPAS TOV EANGTOUETAAAIKOD
HEPOVG KO TNG OXEOOV EAUCTIKNG-TANPMG TAUCTIKNG GULUTEPLPOPAS TOV HOADPOOD
oonyel O©TOV  GYNUOTIGHO GYEDOV  OYPOUUIK®OV  Ppoywv voTépnons vy  To
EMUOTOUETOAAIKA €@Edpava pe mopnve poAvBdov (LRB). IMepapatikdg petpnupévol
Bpoyor votépnong evog epedpdvov LRB ewoviCovtar oto Zynqua 3-6. Av 10 €0pog g
eMPAALOUEVNG OVOKVKAKNG petaxkiviong D Eemepvd v HeTaTOMION OlppONG TOV
poAvoov tote 1 op1lovtia dvokapyio Tov epedpdvov LRB gival onupoavtikd peiopévn.
Axoua evEPYELO KOTAVAADVETOL G KAOE KOKAO LE TNV HOPPT] VOTEPNTIKNG OmOSPECNC.
H xotavaAiiokopevn evépyela 1codton pe 10 euPfodov tov oynpatiiopevov Ppoymv
VOTEPNONG KOL OVTIOTOLYEL 0€ apKETA VYNAO 160dVvapo Babud Emoovg andoPeong S,
g Ta&Ns Tov 15% £mg 30% Yo o GuvNON cuoTATE GEIGHIKNG LOVMOOTG EPESPAVMV

LRB.

50 i 1 Ll
LEAD CORE RUBBER BEARING
" PRESSURE = 6.895 MPa .
25 D=+6.68 cm , f=0.5 Hz

SHEAR FORCE (KN)
(=]

DISPLACEMENT (cm)

Yypa 3-6 Avaxvkikn ®option Elactoperarikov E@edpavov pe Mupiva Morvpdov (LRB)
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3.3.1 MNpooopoiwon péow AlypappikoU YotTepnTikoUu MovtéAou

O wpaypatikol Bpodyot votépnong tav epedpdvav LRB oe avakvikkn petatomion
gbpoug D dev eivar gviehdg Srypappuxol. H amdxion ond tov drypoppuxd Ppdyo
votépnong  elvol  yevikd peyohdtepn OG0 AYOTEPO  AMOTEAECUATIKOS €ivowl O
eYKIPOTIGUOC TOL VPNV HOADPBOOL amd TiG peTaAMKES mAdKeS. T Tov okomd g
avdAvoNG Kol TOL OYEOOGHOL TV £9edpdveov LRB 1 mpocopoioon péowm evog

1600VVOLOV SIYPOUUIKOD DOTEPTTIKOV HOVTELOL givar emapkng (Zynua 3-7).

Avvapn Avdvapun

B / - _ |
// / Q Ke/ g | ,
/ Merar. D Metatomion

|

I
% | y v
_/

/ - \

Yynpa 3-7 Ilpocopoioon Yotepntikils Xvpmeprpopds E@edpavov LRB péocw Avypoppikov

Yotepntikov Movtérlov

Ot otafepég mOcOHTNTEG TOV OSLYPOUUIKOD VOTEPNTIKOL HOVTEAOL elval 1 akopyio
petd v dwppon K, n elaotiky oxkopyio (N akopyio amroeoptiong) K., n dvvoun
dwapponc F, N petakivnon dwappong Dy, ko 1 xapaktnpiotikny dvvoun O (onpeio 6mov
0 Bpoyog votépnong TéRvel Tov aova tng dvvaung). Movo 3 and Tic 5 mponyodueveg
TOGOTNTEG OMOLTOVVTOL Y10 VO, TTEPLYPAYOLV TANPWS TOV SLYPAUUIKO vOTEPNTIKO Ppoyo.

O1 600 €£10MGELS 01 0TOlEC GLVOEOVV TIG EMTAEOV TOGOTNTEG £tV OL NG :
D, =F,/K, xa F,=0+K,D, (3-3)
H oxopyio petd v dwppony K, kot n yapaxtnpiotikny dOvapn Q ot omoieg pali

opilovv 1oV PETEAAOGTIKO KAGOO TOL OlYPOapKoy Bpdyov pmopovv va extiundovv pe

wovoromtikr] akpifea. H axopyio petd myv dwppon K, etvar ion pe v oplovria
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aKOUYio TOL EAUGTOUETAAAIKOD UEPOVG TOV £PEOPAVOL UOVO, TPocOLENUEVN He Eval

mopayovta f1

K,=f— (3-4)

Omov A, elval 1 EMPAVEID TOV GUYKOAANUEVOL EAOGTIKOV OTIG UETAAMKES TAGKEC, I
glval To GVVOAKO Thy0g TOV EANOTIKOD Kot G glval To PETPO SLATUNONG TOV EANGTIKOD
10 omoio wkvpaivetar omd 0.40MPa éwg 1.20MPa. To pétpo didtunong tov GLGIKOD
elaoTikoD 10 omoio ypnoponoteital yio to epédpava LRB givatl mpaktikd aveEdptnto
amd ™V e@oppolopevn doTUNTIKN Taom Kot gpeavilel pkpn povo e&aptmon ond 1o
KaTakOpLEo optio. O mapdyovrtag /1 etvar peyaAdTEPOS amd TNV Hovada Kot AapPavet
vIoOyYn TV adéNomn G UETEAACTIKNG akopyiog Tov HoAVBoov Adym un télelng
TAOOTIKNG ovumeplpopds. Tvmikny Tunq tov mopdyovto f; elvar to 1.15 m omoia
emPefordveTon omd ta mepopaTikd dedopuéva. O Tapdyovtag f1 Bo umopovce vo Anedel

VIOYN HE KATOAANAQ TPOoSavENUEVO HETPO dtdTunong G.

H yapoxtpiotikny dvvaun Q icovtor pe v ddvaun dappong tov poAvfdov kot

ekQpdleton ¢ :
Q = Apbfypb (3_5)

omov A,y elvar 1 em@dvele kdtoyng tov mopnve pHoAVPOov Kot f,s efvar m tdon
dlappong tov poAvBdov n omoia £xel Bewpntikny Ty 10.5MPa. T'a tovg okomovg tov
OYEOWICHOY KOl TNG OavaAvong Bewpelton pior HIKPOTEPT) QOIVOUEVY TIUN 1 Omoio
e€aptdtar and 10 mWOGO emopkNg elvar M mEPicEIEN TOL TLPNVA HOAVPOOL amd TIg
petardkég mAdakes. Tomkn Ty yioo covnon eeédpava LRB eivarl ta 7.5MPa 1 omoia

emPBePardveTon amd TO TEPOUUATIKA dESOUEVOL.

H evepyog axapyio K.r opiCetor og n kAlon g evbeiag petad tov Kopuve®v Tov
Bpoyov votépnong Yo TS akpaies petatonicels kot eSaptatot and v petotomon. [a

0€d0UEVO EVPOC OVOKVKAIKNG petatodmiong D 1 evepyog axapyio divetat amd tnv oyéon:

K, =K, +% yw. D>D, (3-6)
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[N gbpog avaxviAikig petatomiong D ukpotepo and v petatdmon dappong D, m
evepydc akapyio K toodton pe v ehootikn oxopyio K. I'o peyaddtepo gdpog
avoKVKAKNG petatomiong D n Kep petdveton Ko Teivel oty axapyio petd v dappon

K, 6tav n D yivetor mold peydin.
H petatémon oSwppong D, pmopel va ek@pactel GLVOPTAGEL TV  KOPLOV
TOPOUETPOV OOG EENG :

__ 0 _ 0 ]
=k "k K, (K, /K, 1) G7)

e P

H 1pitn mapdperpog n omoia opilel TApmg TOV Stypopikd votepnTiko Ppoyo ivat o
AOYO0G NG EAUGTIKNG aKopyiog Tpog TNV petedactikr akopyio K/K,. ovi0mg opiletot
EUTEPIKA £TOL DOTE TO EUPASOV TOL drypappkod Bpdyov va 16ovTal pe To EUPaddV TV
TEPOUATIKE peTpnuévev Bpoxwv votépnong. Exel tomkég tpég amd 6 €wg 25 pe
ocvvnOn Ty yuo ta pédpava LRB 1o 10. H napdpetpog K./K, dev éxet kapia enidpacn
omv evepyod axapyio Kep aAAG €xel onpovtikn emidpacmn otov 16odvvapo Pabuod
amocPeong f.

H emoedvein votépnong Tov  OSypoppitkod HOVIEAOL  OVTITPOCMTEVEL TNV

KaTavoAlokopevn evépyelo ED og ka0g KOKAO POPTIONG Kol 1IGOVTOL UE :

ED=40(D-D,) (3-8)

H votepnticn xatavdimon evépyelog e€aptdror amd v petatoémon. o tov okonod
g avdivong mpémel va petatpanel oe 16000vapo Pabud amdcPeong evog Kabapov
E®OoVg amocPectnpa 6mov 1 dvvaun amocPeong eivar avdioyn g toyvtnroc. O
10odvvopog Pabuog amdoPeong f opiletan o¢ o Pabuog amdoPeong evdg 1EDSOVG
EMUGTIKOV GTOYEIOV TO OTOT0 KAT® OTO OVOKVKALKY] LETATOTIOT) E0POVS D KATAVOADVEL
{010 TOGOTNTO EVEPYEWNG LE OLTH TOL KOTOVOADVETOL OO TOV VOTEPNTIKO Ppoyo.

Aivetan amo v oyéon :

ED  40(D-D,)

= 2 2
27tKeﬁD 27K eﬁ.D

B

(3-9)

omov M petatdmon dappong D, extipdrar omd v e&icwon (3-7). Toéco 0

100d0vapog Badudg amdcsBeong f 6co kar N evepydg akopyia Ky eEoptdvior évrova
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amd 10 €0POG NG AVOKVKAIKNG Topoapopewons D. O eodvvopog Babuog andsPfeonc f
egaptaton eniong évrova and tov Aoyo axoapyidv K/K, tov dtypapptkod voTepnTiKon

Bpoyov.

3.4 Zuuptrepipopd 2uothparog Ekkpepoug TpifRg (FPS) oe
Opi1lovTia AldTunon

H cvunepipopd evoc suothpatog FPS ovolactikd edéyyeton omd pio mapdperpo, v
aktiva KopmoAdttag R ¢ Koidng empdvelng oAioBnong kdtt 1o omoio KAveEL TNV
TPOCOUOI®ON TNG CLUTEPLPOPES TOV apketd amAr. H dvvaun emavoaeopdg evog

ovotiuatog FPS divetat amd v oyxéon:

F=""D+ uwsign(D) (3-10)

R
omov W egivar to katokdpvpo @optio oto epédpavo FPS, D sivor n opldvtia
petatomon, D eivar m oplovtia toydtTa, R eivar 1M okTive KopmoldtTag g
dlemdvelog oAicOnong kot i gival o cuvtehesTtng TPIPNS TG dempdvelag ohicOnong.
O mpmdTog Opo¢ €lvar 1 dSvvaun emavapopdc Adym g avoywong g ualag 1 omoia

mapéxet po optlovio oKkopyio:

K, = (3-11)

w
R

H ovumeprpopd tov ocvotuatog FPS upmopel va mpocopowwBel péow evog
Srypappukod povtélov pe undevikn petoatdmion owappons (Zynupo 3-8). H evepydg
akopyio K opiCetar g n «Aiion tng evbelog petad tov kopvemdv tov Ppdyov
VOTEPNONG YO TIG OKpoieg peTatomioelg Kot e&optdtal amd v petatomon. [a

0€d0pEVO EVPOC OVOKVKAIKNG petatdmong D 1 evepyog axapyio divetol amd tnv oyéon:

WL H
R D

K (3-12)

eff

1 omoio avTIGTOlKEL € 1010MEPI000 TNG CEICUIKNG LOVOONG:
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T=2x i:zn\/& (3-13)

off gD+ ugR

H 1dromepiodog T eivan aveEdptntn TG vrootplopevng palog.

Iypo 3-8 Ipocopoion Yotepntikig Zopmeprpopds Xvotnpdtov FPS péoco Avypappikod

Yotepntikov Movtéiov

H emopdveio votépnong tov  Sypappikod  HOVTIEAOD  OVIUTPOCOTEVEL TNV

KaTavoAlokopevn evépyeto ED o€ ka0g KOKAO QOPTIONG Kol 1IGOVTOL LUE :
ED=4uWD (3-14)

H votepnrtikn katavirlmon evépystog e&optdtor and v petotonion. o tov okomd
g avdivong mpémel va. petatpanel oe 16000vapo Pabud amdcPeong evog Kabapov
1E®O0VG amocPestnpa OTOL M dVvaun amdcPeong eivor avdioyn g Tayvroc. O
160dvvopog Pabuog andoPeong f opiletan @¢ o Pabuog andoPeong evog 1EDSOVG
€MoTIKOD GTOLXEIOL TO 0010 KAT® O AVOKVKAMKY LETATOTION £0POVG D KOTOVOADVEL
{010 TOGOTNTOL EVEPYEWNG LE OLTH TOL KOTOVOAMVETOL OO TOV VOTEPNTIKO Ppoyo.

Atvetan amd v oyéon :

5= ED 4uWD 2 u
27K, D*  2a(W/R+uW/D)D> © D/R+p

(3-15)

Toc0 0 1wodvvapog Pabpdc andsPeong f 060 kar n evepyds axapyio KreEoptdvron

éviovo amd TO €0POC TNG AVOKLKMKNG mapapdpemonsg D. O 16oddvopog Paduog
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andcPeong f oev efaptdton amd v vrootnpopevn pudlo. O 1codvvapog Paduog
andcPeong pewwveral and 2/m yio moAd pkpég petotomicelc oe 0 yioo TOAD peydheg

HLETOTOTIGELG.

O ovvteheotg Tp1Pnc i oty dempdveln Teflon-ydAvPa yevikd e&optdror amd TV
tayvTo oAicnong kot and v mieon. H enidpaon avty 6o mpémer va Aapfdverol
VIOYN KOTA TNV UN-YPOUIKT OVOALGN TNG CEoUIKE povouévng katackeuns. O
ovvteheoTG TPIPNG 1 petdvetor 660 avcavel M mieon Kot avEdvel 660 avédver m
tayvto oAicOnone. Mo apketd peydin taydmrta olicOnong o cuvtedeotng TPPNg

yivetan TpaKTikd aveEapTnTog TG TOYVTNTOC.

O ovvteleotg TPIPNG 1 Yoo por dedopévn mieon pmopet vo tpocopotmdel pécm g

napakdto eEicmong n onoia Tpotddnke and tov Constantinou, 1990.
1= frne = (Fow — frnJexpl-alU])
Omov fiuax €tvar 1 péytot i tov cuviehestn TPPg (yux‘l] ‘ =00) KO frnin €VOL M

EMIOTN TIUN TOL CULVTEAESTN TPPNG (yta‘U ‘ =0). EmmAéov, a eivar cuvieAeotig o

omoiog eAéyyel v petaforr] Tov cvvtedeotn TPIPNG pe Vv taxdmra. Otav fruwm= fuin

TOTE TO HOVTELD aVTO eKPLAILETON 6TO poVTELD TPIP1g Tov Coulomb.

Ot ToPQUETPOL fruax, frnin, O EEQPTOVTOL OO TNV Tieon oto £pédpovo oricOnong. O
Constantinou, 1990 ka1 1993 mepiéypaye v €£0pTNomM TOV TOPAUETPOV OVTOV omd TV
mieon. Tevikd v mo onuavtikny e&dptnon eueovilel 0 GUVTEAESTNS fuar. 1100 TNV

emidopacn avtn Tpotddnke N akdAovdn oyéon
fmax = fmax,O - (fmax,O - fmax,p )tanh(gp)

Omnov p eivor n mieon, fuarp vl 0 p€y1otog cuvtereotr|c TPIPNG Yo VYNALG TECEL,
fmaxo €lval 0 pPEYIOTOC GLVTEAESTNG TPPNG Yo pndevikn mieon kot & givar €vag
OGULVTEAEGTIG O OTTO10G EAEYYEL TNV UETAPOCT) TOV frngr LETAED T®V TOAD YOUNADV KOl TOV
oAV VYNAOV TEcemv. [lelpapatikd petpnuéves TIHEG TOV TOPOTAVED TOPOUETPOV Yo
mv mepintmon evog epedpdvov FPS eivar ot €€NG: finar,070.12, finaxp=0.05, fnin=0.04,
¢=0.012 MPa™', 0=0.0429 sec/mm.
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