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NEPIAHWH

H tmapoloa epyacia ava@épetal OTIG IDINTEPOTNTEG TWV YEWAOYIKWV-YEWTEXVIKWY CGUVBNKWY
TTOU XOpPaKTNPiouv TNV TTEPIOXN TNG ONPayYag EKTPOTIAG Tou @paydatog Madoupd (otn P6do) kai
agTov TPOTTO e TOV oTToio agloAoyriBnkav Kal avTINETWTTIOBNKAV KATG TNV KOTAOKEUN TNG TTPOTWPI-
VAG utroaTipiEng. O €éviova TEKTOVIOPEVOG YEWAOYIKOG OXNUaTIoudS Tou GAUCXN, TToU atravrdral
aTtn OTeVH TTEPIOXN KATAOKEUAG TNG Orpayyag, Xapaktnpeietal amo Tnv emKpATnan Twv apyIAIKWY
axIoToAIBwyY évavtl Twv 1AUOAIBwWY OAAG Kal Twv aMwyv BeuTEpEUOUTWY AIBOAOYIKWY PEAMWV TOU
(wappimikoi opifovteg, atropadikoi akoi yuwou kal PIKpEG aoBeTTOMBIKEG TTAPEPPBOAEG), KABWIG KA
ad TNV atmoucia udpoopiag pe TNV Evvoia Tou udpodpou opifovta. H apylAiki auth @dan Tou
@AUOXN TTapouaidlel éviovn oxXIoToOTNTA-QUAAWON (e€aTiag TNG 1IO0XUPIG TEKTOVIKAG QUUTTIECNG TTOU
odrynae otn dnuioupyia TTOAWY ETWTEPIKWY YUAAIOTEPWV ETTIQAVEIWV HIKPOBIOTUACEWY) KAl Xao-
TIkr) Sopr) (o€ BEoeig OTTou BpiokeTal O€ EVAAAQYEG HE WAUHITH Kail INAUOAIBO), HE QTTOTEAECHQ TNV E-
QAvIon KaTappeUoEWY Kal atrokoAAgEwY Katd Tn didvoiEn Tng orpayyag. ZUNQWva PE TO YEWAOYI-
KO-YEWTEXVIKO UOVTEAO TTOU BIATUTTWONKE WETA TIG TTPWTES EKTKAPES O apyIAIKOl OXIOTOAIBOI TOU
@AUoXn atroTeAOUV pia «edagikoU TUTTOoU» Bpaxduala TTou XapakTneileTal atmrd oAU XOUNAES YEW-
TEXVIKEG TrapapéTpoug (GSI=15-20, mi=6, 0.,=5-10 MPa, E;=300+500 MPa, ¢'=150+250 kPa,
@=13°+18° Kal Ocm=0,40+0,60 MPa). Me Blaudppwaon KEKAILEVOU WETWITOU, Eviaxuon amrd IvOTTA-
OpéVo EKTOEEUOUEVO OKUPOBEPa Kal Xprion aykupiwv fiber glass, n aoBeviig Bpaxduala guuTrepl-
QEPONKe TTOAU KaAG aT1o péTWTTO. O «OUTTPEAES» TWV EAAPPILIY DOKWY TTPOTTOPEIAS TTOU EQPAPUO-
obnkav, €TTioNg, Yo TN CUYKPATNON TOU HETWITTOU KAl TOU «TTUPFVA» UTTPOCTA OTTOd TO WETWTTO,
ouvéBaAav atnv euaTdBeia, av kai n ETTAOYA auTr EUPIOKETO GE OUVTNPNTIKA KaTeELBUvan. £T0 UTTO-
Aoiro kéAUQOG (atrd xaAUBdIva TTAIoIO EVOWHATWHEVA O EKTOCEUOUEVO OKUPODEUQ), N EPPAVION
TTAEUPIKWY WBRoEwyV eTERAAE TO APECO KAgioIpO TG dlaToprg oto damedo. MNa Tnv ekTéOvwaon g
TTieong Twyv ToOpwV diavoixBnaav, TOTTIKA, OVAKOUPIOTIKEG OTTEG.

1 EIZArQrH

H orpayya eKTpoTTiig Tou @pdyuaTog Fadoupd atroTeAel TURPG TOU €pyou TnG UDPEUANG TNG TT6-
Ang Tng Pédou kai Twv yUpw KoIvoTATWY atrd 1o @pdypa atov otapd MNadoupd. Mpodkerral yia on-
payya prikoug trepitrou 600 m (amé XO 0+100 éwg XO© 0+696,73), Terahoeidoug diatourig, e G-
volypa ekoka@ng D=4.40 m ko kKaBapd Avolypa, WPETA TnVv TEMIKA €mMEVOUON QTG OTTAICUEVO
okup6depa, 3.50 m. Katagkeudabnke yia va AEITOUPYNOEl aQeVOS HEV WG TUOTNHA EKTPOTTAS AQE-
Té€pou OE WG aUaTNUA UDPOANYIaG-eKKEVWONG, HETA TNV EU@Patn Tou aTopiou eiIgddou.

H eupUTtepn Tepioxn BepeAiwang Twv £pywv Tou @pdyuartog Madoupd dopeital yewAoyikd atmd
aATTIKG 1gApaTa, Kupiwg aoBeaToAiBoug (autdxBovoug, aAAG Kal eTwonuévoug TTavw oe AUoxn-
Ixda 1) kar @AUaxn, diagdpwy yewTekTovikwy {wvwv (Mivdou, Mappdpou, loviou), kabBwg kal amréd
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IxAua 1. FewAoyikA Tour TnG EupuTeEPNG TEPIOXNAS TNG Vioou Podou (oe Ydpoépeuva, 1980-Teuxog
YEWAOYIKWV EPEUVWIV QAoNG TTpopeAETNG, amd Safor, 1964).

METAATTIKG JOAQCOIKA, VEOYEVH] KQI TETAPTOYEVH IZAMATA, TTOU OTTOTEAOUVTON KUPIWG OTTd UAPYES,
Yappiteg, kpokahotrayr, TTAEUPIKA Kopripara KAITUOG, UNKG avapaBuidwy kai KaAUTITouv agupgw-
va Toug aATTIKOUG oxnuariopoug (Mutti et al., 1970). Eaitiag Tng B€0ewg Tou atnv améAngn Tou ai-
ylakou T6gou, 0 QAUOXNG EXEI UTTOOTEI PIKPH PETOKIVNON Kol EQIPETIKY) TTAPANOPPWAN, HE ECWTEPI-
ki avadidragn TG Oopng TOUu AGyw TOU EVIOVOU TEKTOVIOWOU, KOI XOapaKTNpifeTal wg
Tapautodxbovog (Mutti et al., 1970). H TmoAutrAokOTNTA TNG YEWAOYIKAG BOMNG €XEl ECQUPETIKA EVI-
OXUBEi aTTd TN ONEAVTIKA VEOTEKTOVIKI SpaaTneidTnTa, KATAKOPUPOU-TTApaKATAKOPUPOU XAPaAKTIpd
(BBA-NNA, ANA-ABA diguBuvang, kabwg kai BA-NA, BA-NA digBuvong guh@wva JE TO OEICHOTE-
KTOVIKO XApTn TG EAAGDOG-ITME, 1989), Trou Baoikd ogelhetal atn yeiTovia tng vijoou Pédou TTpog
10 TEPIBWPIO TNG JWvng KATaRUBIONG TNG APPIKAVIKAG TEKTOVIKAG TTAAKAG KATW aTTd TNV QIYEIOKA
TTAGKQ Kal guvodeleTal ammd uwnAr| oelopikdTnTa. Ta aIroTEAEOHATA TNG VEOTEKTOVIKKG SpaaTnpioTn-
Tag pIopolv va TapatnenBolv OTIG HOPPOTEKTOVIKEG avaBabuideg oTig TTAEUpEG TNG AekAvng Tou
Fadoupd, aAAG Bev eival eugavr) OTo aVTEPEIOUA GTTOU TOTTOBETEITAN N Orjpayya Adyw Tng KGAuywng
atrd Tov eAouBiakd pavdua Tou QAUoXN.

EidikoTEPQ, N TTEPIOXN) TNG ONpPAyyag eKTPOTIAG guvioTatal, ammd TTAEUPdS OTpwHaTOYpAPIag,
atd Tov QAuoxn Adepua, Tng loviou Jwvng, TToU KOAUTITETAI ETTIQAVEIAKA aTTO eAAOUBIOKO pavdua
amoadBpwang kai TTAEUpIKA kopruata KAITUOG, g TTAxXog TepiTou 4-8 m, i amd apyiMikd, Kupiwg,
TPOOXWHATIKA UAIKG. e Béo€ig TAnoiov TNG KoIiTNG TOU TTOTAHOU, ATTAVTWVTOI OTTOBECEIG TTAAIGG
avaBaduidag TTou KAAUTITOUV TO OXNUATIONG ToUu QAUOXN, EVW WE T OEIPd TOUG KOAUTTTOVTAI ATTO
TTAEUPIKG KOPrUaTa, OTTWG TT.X. OTNV TTEPIOXT TOU gTouiou €600V TNG orjpayyac.

O d&ovag Tng onpayyag eKTpoTrig ToTToBETABNKE OTO BECI6 AVTEpEIoNa TOU PpdypaTog, EEw atTd
TO XWPO QOPTIONS TWV AVAXWHATWY (KUPiWg @pdayua, Tpéepaypa — ZXAHA 2) PE PEYIOTO TTAX0S
UTTEPKEINEVWV UNIKWV TTEPITTOU 47 m. ZT0 apIOTEPO QVTEPEITHUA N Hop@oAoyia OTTWG Kal TO YEYOVOG
o1 gixav TapatnenBei pikpég oAioBAaelg BeV TTPOKPIONKE n TOTTOBETNON TNG OPAYYAS EKTPOTTNG.

2  TEXNIKOTEQAOTIKH ©EQPHZH TOY ®AYZIXH ME BAZH TIZ EKMONHOEIZEZ
EPEYNEZ KAl MEAETEZ

H yewAoyIKA-YEWTEXVIKT BlEPEUVNON KATA T QAON TWV HEAETWV (YEWAOYIKEG XOAPTOYPOAPrOEIG, YEW-
TPAOEIG, £peUvVNTIKA OTOG prikoug 73 m oTo Be€i6 avrépeiopa oxedov TTapaAAnAn pe Tov dgova Tng
ofjpayyag), £dei€e OTI kaT@ PAKOG TNG ofpayyag ekTpoTg Ba guvavinBoulv Kard KUpIo Adyo ol I-
oxupa diarunuévol apylAikoi oxioToAiBol — 1IAudAiBol Tou @AUOXN. Katd BEoEIg evTog TNG HAdag Twv
dlaTunuévwy apyIAIKWy oxIoToAIBwY ouvavTWwVTal OpifoVTEG WAaPUITWY OTTWG ETTIONG Kail Qakoi yu-
Ywv Kal aoBeaToAiBwy. Adyw TNG ONUAVTIKAG TEKTOVIKAG KATATTOVNONG, Ol apYIAIKOi OXIoTOAIBO!
TTOPOUCIAZoVTal EVTOVa TITUXWHEVOL Kal SlaTunuévol pe QAERidia aoBeoTitn Kal yOwou, PE TTOAAEG
EOWTEPIKEG ETTIPAVEIEG BIATUACEWY TTOIKIAOU HEYEBOUG Kal TTpooavatoAIopoU (TOUAdXIOToV oTnv
KAIJOKQ TOU PETWITOU) TTOU PEPOUV ETTIQAQIWMATO OPUKTWY TTOAU TITWXNAGS MNXAVIKAS CUUTTEPIQPOPAS
(B1oyKoUPEVD APYIAIKE OPUKTA).
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ZTNV TEPIOXN TNG OAPAYYAGS EKTPOTTAG EKTEAECTNKAY, OTN ®GON TNG MEAETNG, EVVEQ (9) YEwTpr-
oeIg BAaBoug PExp! kat 70 m Tepitrou, pia €€ autwv kekAipgévr. Me Bdon Ta amoteAégpara SoKIPWY
udpoTtrepatoTnrag (Lugeon, Maag), mou e@apuécbnkav oe didgopa BAOn KATd PAKOS TWV YEWTPN-
OEWV, 0 CUVTEAEDTAG UDPAUAIKAG aywyIPOTNTAG, K, KUPGIVETOI OE TIPEG 10*-10®° cm/sec, evw o¢ ap-
KETA peydAa Badn (kupiwg katw ammd 40 m) dev TapatnpriBnKe O€ PEPIKEG TTEPITITLITEIG ATTWAEIX
@oprtiou. O1 TIYEG TNG TAENG TOU 10-10° cmisec, e€aAou, xapaktnpifouv Ta avwTepa BABN (MEXP!
20 m Trepitrou 610U 0 BaBPAG amoodBpwaong eival peYaAUTEPOG), ) {WVEG YeITOViag Tou apyIAikou
OXIOTOAIBOU UE KEPUATIOPEVOUS WANMMITIKOUG, a0BECTONIBIKOUG OPICOVTEG, i} AKOUA Kal KEPUATIOUE-
VOUG IAUOAIBIKOUG TTaYKOUG. MevIkd, 0 axnuaTiopég Tou AUGXN XapakTnpidetal amd atmoucia udpo-
popiag (k=10'6 cm/sec) Je TNV €vvoia Tou udpowdpou opifovta, aAAG TO VEPO UTTAPXE! «adIOPATOY,
AOyw TNG HIKPG TTEPATAOTNTAG, UTTORABUIfOVTOG TTEPAITEPW TNV AVTOXI) TOU UAIKOU KaI EyKaBIoTW-
VTOG TAOEIG TTOPWY TToU OEV QTTOTOVWVOVTAl KOAWS, aTTaITOUVTAl CUVETTWG AVOKOUQIOTIKEG OTIEG
atnV TpoowpIv uttooTpIEn. ATTO TIG HETPATEIS OTABUNG TOUu UTTOYEIOU VEPOU OTIG YEWTPHOEIS, O
udpoPopog opifovrag £ AAAOU EUQAVICETaI APKETG WYNAQ, KUPIWG PECO OTOUG OXNHATIOPOUS TWV
KopnuAaTwv-gAAouBiakoU pavdua.

ATTO Ta TTpWTA OTAdIa TWY PEAETWV EYIVE AVTIANTITH n SUOKOAIQ TwV CUVBNKWY KOTAOKEUNG TNG
ofpayyag ETIAg Twv TTOAU XAUNAWY YEWHNXAVIKWY XAPAKTNPIOTIKWY ToU QAUOXN. O1 YEWTEXVIKES
TTAPANPETPOI TTOU EARPONCaV aTa TTAQICIO TNG OPICTIKAG HEAETNG YIA TOV UTTOAOYIOUO TNG avTOXAS Kal
TAPAHOPQWAINOTNTAS TNG Bpaxouddag, ye Baon To kpithpio Hoek & Brown (Hoek & Brown, 1997),
yia TIg TPEig KUPIEG KATNYOPIEG TTETPWHATWY TTOU ATTAVTWVTal aTAV TTEPIOXN TNG Orjpayyag, noav ol
€€ng: a) wappitng (fs): m=19, o =19 MPa, GSI=40, B) 1IAubAIBog (fl): mi=9, a=1.5 MPa, GSI=35, y)
METPIO EWG 10XUPG aTTO0ABpWHEVOS apYIAIKOG oXI0TOAMBOG (fa): mi=4, 0,=0.5 MPa, GSI=22. Mt Bd-
an TIg avaAUOEIg EUCTABEING OTOUG TTOPATTAVW TPEIG aXNUATIOHOUG, TTPOTABNKAY yia TNV TTPOCWPI-
vij uTroaTrpIgN aykUpia Bpaxou ot KAvvaBo Kal £KTogeuduevo akupodepa Trayxoug 10cm, evw yia
OUOXEPEIC BETEIS Kal YIa T& OTOMIA EKTOG TWV AVWTEPW METPWY TTPOOTACIAG TTPORAETTOVTO Kai TTAQ-
aia ava 1,0 § 0,75 m kai TTax0G IVOTTAIOPEVOU eKTOEEUOHEVOU OKUPOdEPATOG 15Cm.
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3 TEQAOTIKO-TEQTEXNIKO MONTEAO TOY ®AYZIXIKOY IXHMATIZMOY ME
BAZH TIZ AMTOKAAYMTOMENEZ ZYNOHKEZ

Me tnv évapgn Twv EKOKaQWV oTa oTopia el06dou Kai 600U TG ofpayyag, Kard tn eaaon g
KATAOKEUNG, N Bpaxoudla Tou AUOXN atmokaAleenke amodiopyavwuévn o€ peydAo BaBuo, ue a-
TToTEAEoHa OTa Trpavr dIapdpPwaong Tou oTopiou e€650U va anuEIWBET piKpr) KUKAOEIBHG aoToxia.

O 1oxupd dlatunuévog GAUOXNG Kal EIBIKOTEPO O IOXUPA TUUTTIEOUEVOS OPYIAIKOS OXIOTOAIBOG-
1IAUGAIBOG, pE EvTovn TTapouadia apyIAIKWV OPUKTWVY OTIG YURAIOTEPEG ETTIQAVEIEG BIGTUNONG, dlaxw-
pigeral eUKOAQ O€ QUAAG TTaXOUS Ewg Kal KAIJakag xIAloaTou. Ta @UAAa autd Adyw Tou pIKpoU Toug
TTAXOUS KAl TNG TEKTOVIKAG oupTtrieong Jev opyavwvovTal UTTOXPEWTIKE OE OUYKEKPIUEVO DIakpITd
TTPogavaToAIopd, aAAd axnuaTifouv TEAIKWG pia Bpaxondda TTou PTTOPEl EUKOAA VA TTPOTOMOIWOEI
pe €dagog. H «edagikol Tutrou» auth Bpaxdouala, He TIHEG Tou yewAoyikou deiktn avtoxig (GSI)
™G Ta¢ng Tou 15 — 20 (pe Bdon Tov mrivaka yia TNV ekTiunon Tou GSI oe pAvoxn: Marinos & Hoek,
2001), peroTritrrel TAEOV eKTOG «TTEDioU Bieniawski» (Mapivog, 1994).

O1 YEWTEXVIKEG TTAPAUETPOI EKTIMABNKAV WG TTOAU xapnAés (Mapivog, 2002-adnuogieutn €kBe-
on). Kard Tnv ekTignan €yive amopeiwan Twy oTaBepwv Tou UAIKOU Ogi KOl mM; aTTo TIG EPYACTNPIOKES
OTIG ETMTOTIOU TTPAYHATIKEG TIHEG, AOYW TNG TTiEONG TOU VEPOU TWV TTOPWYV. ZUYKEKPIYEVA, HE Hia Tiun
GSI=15-20, pia Ty mi=6 ka1 pe avroxr povoagovikig BAIWNG 0¢=5-10 MPa, To pérpo Tapauodp-
Qwaong, E, kupaiverar peragu 300 kan 500 MPa, n guvoxr petagu 150 kai 250 kPa, n ywvia TpIBrg
13° éwg 18° kai n avroxr ¢ Bpaxopadag 0,40 éwg 0,60 MPa. H TITwxrg éwg TTOAU TITWXHS, TToI6-
Tag Bpoaxopada Tou eKTIHABNKE 0TI Ba guvaviroel N ofRPAYYa oTo MEYAAUTEPO TURAMO TNS, EEaITiog
TNG TTUKVIAG TTapouoiag YUAAIOTEPWY ETIQAVEIWY BIGTUNONG Kal TNG XaoTIkAg dourg, Ba dnuioup-
youoe katappelaelg (UTrd pop@ry oAigBnang twy QUAAWY Tou apylAikoU oxioToAiBou-IAuoAIBou, Tou
£VOG TTAVW OTO AAAO) TOOO ATTO TO PETWTTO OO0 KAl TNV KOPUQr) Tou oTov B6A0, KaTd TNV KOTACKEUN
™g ofpayyag. Mapd 1o yeyovoeg 6T Ba UTTEpXOUV TUAROTA PE KAAUTEPN TToIGTNTA UAIKOU, OTTWG
oTNV TEPITITWAON TTou 0 QAUOXNG Trapoudidlel evaAAayég diaTunuévou apylAikoU oXIoTOAIBou pe
OXETIKA Uy wappitn kai IAudAIBo, oTo peyaAuTtepo Turpa NG {wvng SiEAeuang n apxikr Bpaxoudla
KataAfyel, Abyw S10QOpPIKAG aKapyiag Tou oxnuaTiopou, o€ pia poper edapouc-edapopalag Adyw
Oidrunang. ‘ETol kaBe dopr) Bpdxou XAVETAI KOl O AGUVEXEIEG XAVOUV ETTIONG TOV OPYAVWHEVO TTPO-
oavartoAiop6 Toug. MpokeiTal TEAIKAE TTepi e8GQOUG PECQ OTO OTTOI0 KETTITTAEOUV» PIKPOTEPA ) PEYO-
AUTEPQ TEPAXN OTTO TOV AKAUTITO, «Wabuprig» GUPTTEPIPOPAS, Wappitn ) aoBeatoAiBo. Kar otnyv Te-
PITTTWAON auTr To UAIKG JETATTITTTEL, TTAAI EKTOG «TTediou Bieniawski».

Qg €k ToUTOU, OUZNTABNKE WG EUAOYWS ouUVTNPENTIKO PETPO MIa UTTOOTHPIEN TTPOTTOPEIaS HE BAN-
TPQ TTPOTTOPEIAG 1] EAAPPIOUG CWANRVEG OXETIKA UIKPAG DIAUETPOU (Kl METWTTIKOU EUPOUG TTERITTOU
120°), agou £5W dEV UTTAPXEl AVAYKN £Ea0QANIONG TNG EUCTABEIAS TOU UETWTTOU (KQI TOU «TTUPHVAY»
MTTPOOTA ATTO TO METWTTO) ATrd UWNAEG TAOEIG (TTou BEV UTTAPXOUV AOYw TOU WIKPOU KOAUMUATOG),
aAAG avTIBETWG ouykpATNang Tou UAIKOU TTou Katappéel Adyw oAioBnong twv «UAAwv» Tou dia-
TUNEVOU OXIOTOAIBOU. To PETWTTO, KATA TN @ACN OO £KOKAPH OE EKOKAQPr, Ba OUYKPATEITO WE
Siatpnon katdAAnAng kAiong oTov KaBpETTn Kal YE EQappoyr] EkToEuouévou okupodéparog. H
xprian aykupiwv fiber glass mpotdBnke povo yia 10IKEG TTEPITTTWOELS (EHQAVIAN £VIOVWY QTTOAE-
TINWOEWY Kal PONG YOIWV ATTO TO HETWTTO, EVIOVWY BpUpHATIOPWY K.a.). H euaTdBeia TG EKOKAQG
Tiow améd To PETWTTO, O€ TETolou TUTTOU Bpaxdpala kai dedopévng Tng piIkpAg SlapéTpou TG on-
payyag, 8a eEao@aAileTo PE KEAUPOG OmTd TTACICIA EVOWUATWUEVT OF EKTOEEUOMEVO OKUPODEUa. Ta
aykupia Bpdyou Bev TUVICTWVTAI GTNV TEPITTTWON auTr). ETTAEoy, n TITwxr ToI6TNTG TOU GAUTXN,
ME TTapouaia Kol dI0YKOUEVWY ApYIAIKWY OpUKTWY, ETTIRAAEI TO KAgioIuo Tng BiaTounAg oTo daTredo.

Me Bdon 10 avaBewpnUEVO YEWAOYIKO-YEWTEXVIKO POVTEAO YIO TO QAUCXN, CUVTAXONKE PEAETN
gpappoyng (otmd Tov peAeTnTr Tou avadoxou: EAAGOMHXANIKH ATE-METQN A.E., 2002) otnv
oTroia eMAEXBNKAV TPEIG XAPAKTNPIOTIKEG DlaTopES EAEyXou, A1, A2, A3 (wg o1 o BUCHEVEDTEPES
600V apopd 0T0 UWOG TWV UTTEPKEIUEVWY KOl OTO YEWUNXAVIKO XAPOKTAPO Twv UAIKWY - Hoek &
Marinos, 2000), TTou avTioTOIXOUV OF TPEIG TEXVIKOYEWAOYIKEG EVOTNTEG TOU OpYIANIKOU axIoTOAIBOU:
A1: pérpia ammooaBp. apy. axiotéAiBog-fa,mw, A2: ioxupd arrooabp. apy. axioToAiBog-fa,hw, A3:
apy. oxI0TOAIBOG pe PEYAAN atrodlopydvwaon-sz. Ze avTiTapaBoAr, n oploTikr HEAETN EAaBe uTTownN
TUTTIKO QAUTXN ME TPEIG KUPIEG KATNYOPIES TTETPWHATWY: apy. oXIaToAMBo, IAudAIBO kal wauuitn. Ol
YEWTEXVIKEG TTAPAMETPOI TTOU EAPONnOav yia Tov UTTOAOYIOHO TNG QVTOXKG KOl TTApaPOPPWOINOTN-
T0G TNG Bpaxdpalag, atn PEAETN eQappoyg, eival: a) yia famw: GSI=25, 0,=0.7 MPa, mi=8, B) yia
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fa,hw: GSI=20, 0,=0.5 MPa, m=6, y) via sz: GSI=10, 05=0.25 MPa, m=4. H Tiur} Tng avTtoxng oe
povooagovikr) BAiWn Tou dpPNKTOU TTETPWHATOS, Oci, EANPBNKE TTOAU xaunAr, oe axéon HeE TNV TTpo-
TEIVOUEVN OTO QVABEWPNUEVO YEWTEXVIKO HOVTEAO yia TO QAUCXN, KAl AVTIOTOIXEI O EpyacTnPIoKd
aroTeAECUATA DOKINWY Ot OeiylaTa EVOEXONEVWG UN QVTITTIROCWTTEUTIKA TOU APPNKTOU OXNMOTI-
gpoU (Adyw Tng TTOAU TEpIopIopévng duvaToTnTag dIaudPPWONG aVTITTPOCWTTEUTIKOU OgiypaTog
atméd v 1daiTeEpa aoBevn Bpaxouala), Tou TeplEAdPBavay Kal acuvéxeles. To yewaTtaTikd edio
QVTIMETWTTIOBNKE pE dUO TIPEG TuvTEAEDTH opifovTiwy wBrocwyv (ko=0,8 kal ko=1,2), eviy 0 pdAog
TOU UTTOYEIOU VEPOU TTEPIOPIaTNKE OTNV EKTIMNGN Tou GSI. H xprion eAa@piwv oKWV TTPOTTOPEIag
prkoug 9 m (oe T6€o 120°), EKTOS TWV GANWY HETPWY TTPOCWPIVAS UTTOaTAPIENS (TTAaicia avd 1,0 R
0,75 m, IVOTTAIOHEVO EKTOEEUOHEVO OKUPODEUA, TTABNTIKEG NAWOEIG TTAPEIAG - ZXAUA 4), eQapuod-
0o6nKe Kal oTIG TPEIG DIATOUEG.

H péyiotn avapevopevn Tiug cOyKAIoNg (arréAutn HETATOTTION) yia TIC TPEIG Dlatouég A1, A2, A3,
META TNV TOTTOBETNON TNS TTPOTWPIVAG UTTOCTAPIENG, EKTIUABNKE (AauBdvovTtag utréywn Kai e TTAéov
KATTOIEG KATOOKEUOOTIKEG avoxEg) o€ 5, 7, 9 cm, avrioToixa. O1 TIHéG auTég BEWPOUVTaI OTTODEKTEG.

(@)

: : : ®)
Zxnua 3. Emavw (a): ATrokoAAnan kai oAioBnaon Tepdyoug IAVOAIBOU TTdvw OE YUQNIOTEPK] ETIQAVEIX OTO KEVTPO
ToU diavolypévou PETWTTOU. KaTtw (B): EKOKa@r PETWTTOU O€ apyIAIKG axioTOMBo Tou AUOXN, KE Dlapdopewan
KaBpéETrTn. Alakpivetal n évrovn oxioToTNTA-QUAAWGAN, KABWG Kal N €UKOAIO EKOKAQNG PE TA TUPRATIKG PEOQ

(BApa ekokaeng = 1 m).
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4 ZIYMMNEPI®OPA TOY ®AYZXH KATA TH AIANOI=H THZ ZHPAITAZ

Katd mn didvoin g afpayyag (HE ekokagr 6Aou Tou TUAPATOG TNG BIATOHNG) ouvavTrBnke

QAUOXNG «£BQ@IKOU TUTTOU» PE XAOTIKA AAAG «o@ixTri» Oopr, TTOU EYPAVIOE Uypaacia HOVO TOTTIKG
KaIl QUOIKG XWpIig por]. XapakTnpeIoTIKr fTav n EMKPATNON TOU EVIOVA TITUXWHEVOU Kal SIaTUnpévou
apyIAikoU oxioToAiBou, 0 0TToI0G EHPAVIOTNKE HETPIO KOl KaTd BECEIG 1I0XUPd aTTooaBpwuévog (Ku-
piwg otnv Teploxn €§6dou kal €106dou). ZTn uwada Tou Traparnerienkav @AeRidia aoBeoTitn Kal
omopadikoi Qakoi yuwou, kaBwg etriong ko oykoAiBol aoBeoToAiBou. Ze ToANEG BETEIC KaTd PrKOg
NG diavoigng TapoucidoOnke 1ID1IAITEPA ATTOBIOPYAVWHEVOG, KUPIWG OF TTEPITITWOEIS OTTOU BPIoKO-
TaV 0€ EVOANQYEG ME WANPITN Kol IAUOAIBO. H BIagopIkry GUUTTEPIPOPA TWV OXNUATIOPWY OTNV Tra-
pauépewon kal To avigdTpoTro Tedio TwV TITUXoYOVWY TAoEwyY £Xouv dnuioupyroel BIOTUACEIS pE-
oa ot pala Tou ouaTApaTog atrodlopyavwvovtag TARpwS Tn doun. ZTIC Bfoeig auTég
TTapatnEoUVTAl TEPAXN OTTO BpauoBEvTa aTPWHATA WYaUMITH A UYIoUG IAUOAIBOU va «TTAEoUV» PETa
oe mePIBAAOV QUUTTIEGREVOU TTAGOTIHOU apyIAIkoU axIoToAiBou 1} BlaTunBévrog aobevéaTepou I-
AuoAiBou (xaoTikry Sour}). ZTa onueia yupw amé Ta TEPAxn autd o apylAikodg ox1oToAIBog eival IoXU-
p& CUTTIEGPEVOG, HE QUAAWDN dopn.
Eaitiag Tng évrovng TTUXWaONG, n axiotétnTa fj @UAwGOn Tou apylAikoU axioToAiBou dev diaTnpei
OUYKEKPIUEVO TTPOCAVATOAMITHO, aKOPG Kol 0 TTOAU KOVTIVEG atrooTdoelg. O aipvidieg aAhayég Tou
TPOCAVATOAICHOU TNG OXIOTOTNTAG-QUAAWONG KATG TNV TTpoXwpenon, Kabwg £Tmiong Kal oI CUXVES
EMQAvEIEG UIKpodIaTURoEWY, 0drlynoav cuxva ot amokOAAAOEIS Kai ONOBAOEIS TEPaXWy amd 1O
pETWTTO (ZxAMa 3a) Kal 08 PEPIKEG TTEPITTTWOEIG aTTd TNV 0po@r| (UTTEPEKTKAPEG OTO DIGOTNUA PE
Tagl Twv dokwyv). H aobevig auth Bpaxouala, pe diapdp@waon KEKAIMEVOU PETWTTOU (ZXAua 3B),
evioxuan amd ivoTTAIouEVO EKTOSEUOUEVO aKupGdepa Kkat xprion aykupiwv fiber glass, guutrepipép-
Bnke TTOAU KOAG 01O PETWTTO. O1 OUTTPEAES TWV DoKWV TTpoTTopEiag (ZXrua 4) ouvéBalav aTnv eu-
OTABEIO TOU YETWTTOU KAI TOU TTUPFVO» PTTPOCTA OTTd TO METWTTO, OV KAI KOTA TNV aTToWr| pog N €-
TIAOYK] QUTH EUPIOKETO OE CUVTNPENTIKI] KATEUBUVAN QVTIUETWITIONG TNS EVOTABEIAG.

‘Ooov agopd atnv TepIoXr Triow aTréd To PETWTTO, EQApUOCONKaV Ta PETPA TTpOaTATiag Trou fdn
ava@épbnkav OTo TTponyoUpEVo KEQAAaio (TTAaioia avd 1,0 | 0,75 m, IVOTTAIONEVO EKTOGEUOUEVO
okupOdepa, TaBnTIkEG NAWOEIG TTaPEIAg). H eppdvion TTAEUpIKWY wBroewv,oTnV BAon Twv TTAEU-
PWV TOU KEAUPOUG TTOU OE PEPIKEG BETEIC TTPOKAAECQAV PIKPOMETAKIVIOEIG TWV TTAQITIWY TTEpaV TwV
avapevopevwy, eERAAE To dueco kAeigipo Tng Biatoprg oto ddmedo pe akupdBepa Tdxoug 25 cm
OTTAIGEVO PE METAAAIKO TTAEYHa (ZXAHa 4). Ta TNV ekTOVWON TnG Trieong Twv Topwyv diavoixbnaav,
TOTTIKA, QVOKOUQIOTIKEG OTTEG.

Katd tn didpkeia Tng ouvexoug TrapakoAouBnong g didvoigng eKTEAOUVTAY YEWAOYIKEG XapTO-
YPOQATEIG HETWTTOU TTOPEIWV KAl OPOPNG, YIVOTAV KaTaypagr] BE0ewv ENQAVIONS uypaoiag, KTiun-
an Tou GSI kal péTpnon Twy ouykAioewv o€ Tpia onpeia (oTig 0o TTapelég kal TRV opo@r)). Yypaaia
(xwpig por}) epgavioTnke oe BEoEIG 6TTOU TTAPATNPOUVTO evaAAaYEG TOU apyIAikoU OXIOTOAIBou pe
KEPMOATIOMEVA WaBupd UAIKG, o aoBECTOANIBIKOUG OYKOAIBOUG, OE £VTOVO TEKTOVIOUEVES KO QTTO0A-
Bpwpéveg Zwveg kal atnv £€0do 61ToU cuvavTriBnke n TaAid avaBabuida. O deiktng GSI TTou ekTI-
HABNKE yia Tov apyIAiKG oxiaTéABo, Katd Tn didvoién, kupdvenke oe TIpES 10 £wg 22. Me To kAgigipo
NG diatopng ato dATmedo, ol GUYKAICEIG BEV EETTEPAOCAV TIG AVAUEVOUEVEG.

H orpayya ekokd@Onke ato aUvoAd Tng He €10IKO EKOKAQEQ Kal aTa anueia Tou n Bpaxduala
EMPAVIOE UWPNAOTEPA UNXAVIKA XAPAKTNPIOTIKG HE PnXavikr udpaulikry o@upa. Ze AIyOoOTEC TrEpI-
TITWOEIG, OTTOU oUVAVTABNKAV PIKPEG 0OBETTOMBIKES TTAPEUBOAES, £yIvav EAEYXOUEVES QVATIVAEEIS.
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Zxnua 4. EpapuocBeioa Tumikr diatopn NG arfpayyac. Katw: «OB6V w» amo S1ad0xIKr) EQappoyr) GoKwV
TTpoTropEiag.

5 ZIYMNEPAIMATA

O1 diarpnuévor apyiAikoi ox10TéAiBoI, TTOU ETTIKpaToUV oTo YAUOXN AdEpHa, vioou Podou (loviou
YEWTEKTOVIKI|G GUvNnG), €vavTi Tou IAUOAIBoU fi wappith (Kal TNG OTTopadIKAg EPPAVIONS PAKIV yu-
Wou Kkal oykOMBwy aoBeaToAiBou), amoteAolv pia 1SiciTepa aoBevh Bpaxduala TToU Katd Béoeig
MTTOpEi va TTpocopoIwBEi e £dapog.

Or 1B1a1TePOTNTEG TTOU XAPAKTNPIZOUV T yEWAOYIKK Gour Tou GAUTXN artn 8éon NG onRpayyag
EKTPOTTAG, Tou ppdypatog Madoupd Podou, 6Twg: a) n £vrovn TTuxwan, B) ol TTOANEG ECWTEPIKEG
YUQAIOTEQEG ETTIPAVEIEG HIKPODIATUAGEWY TTOU TUXVE TTPoadiBouv «@UAAWLSBN» Sourj aTn Bpaxoudla
€€aITiag TNG ITXUPAS TEKTOVIKNG CUPTTIEGNG Kall TNG XOOTIKAG BOUAS QAVTIKATOTTTPICOVTaI OTa XAUNAG
YEWHNXAVIKG XOPOKTNEIOTIKG Tou, Trou utroBabuifovTal Tepaimépw aTmé Tnv TTapoudia ETTIPACIWMAE-
TWV BI0YKOUHEVWY apYIAIKWY OPUKTWV.

Z1a mAgioia Tng diadikagiag eMAOYAG TWV TTAPAUETPWY OXEDIAOUOU OE TETOIO aoBevr| Bpaxoua-
Ca, amd v otroia dev eival EUKOAO va AnYBOUV avTITTPOCWTTEUTIKG JeiyparTa yla epyaoTnpiakég do-
KIpEg, divovral paouaTa TIuwY TTou EAEXBNaav UE TNV ETTIAOYH Twv PETPWY utTooTpIENG.
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ABSTRACT

SHEARD CLAYEY SHALES OF FLYSCH. THEIR BEHAVIOR DURING THE
EXCAVATION OF THE DIVERSION TUNNEL OF GADOURA DAM IN
RHODES (GREECE)

Marinos P.", Christodoulopoulou T.2, and Perleros B.?
" Professor of National Technical University of Athens, Department of Civil Engineers,
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2 Dr. Engineering Geologist Y.PE.XO.DE./G.G.D.E., Fanarioton Str. 9, 10178, Athens,
tasoulac@yahoo.com

3 Geologist, Dionisou Str. 56, 15234, Chalandri, Athens, perleros@internet.gr

This paper deals with the particular geological-geotechnical conditions that predominate in the con-
struction area of the diversion tunnel of Gadoura dam (in Rhodes) and the way these conditions
were taken under consideration during the construction of the temporary support system. The in-
tensely sheared geological formation of flysch that is encountered in the construction area of the
tunnel, is characterised by the predomination of clayey shales against siltstones and other lithologi-
cal members (sandstone horizons, occasional gypsum lenses and limited limestone intercalations)
and by the absence of a groundwater table. The main features of this argillaceous facies of flysch
are: the schistosity-foliation due to tectonic compression and the chaotic structure, in places where
it occurs in alternations with sandstone and siltstone, due to differential deformation of the strata.
As a result, squeezing phenomena occured during the tunnel advance. According to the engineer-
ing geology model, which was proposed after the first excavation works, sheared clayey shales
compose a “soil type” rockmass specified by very low geotechnical parameters (GSI=15-20, mi=6,
0¢=5-10 MPa, E;=300+500 MPa, ¢'=150+250 kPa, ¢=13°+18° kai 0.n=0,40+0,60 MPa). Perform-
ing a declined surface on the tunnel face, shotcrete and fiber glass anchoring, this weak rockmass
was behaved well on the face. The applying of a light forpoling system has contributed to the stabi-
lization of the face and of the cylindrical “core” of rock immediately ahead of the advancing face, al-
though it was a conservative measure. Steel ribs incorporated into shotcrete were used for the sup-
port of the tunnel behind the face. Lateral forces were further stabilized by the closure of the invert
using reinforced concrete. Weep holes were locally opened for the pore pressure relief.
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