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EuxapLotieg

H mapovoa SuTAwUATIKY epyacio ekmovhBnke ota MAaioLo TG OAOKANPWONG TWV OTIOUSWV
pou oto Awatunpatikd Mpoypappa Metamtuylokwy Imoudwv (AMNMI) «Ixedlaopog Kat
Kataokeur Ynoyeiwv Epywv» oto EBvikd MetooBio MoAutexveio (EMM).

Oa nbela va euxaplotiow Bepud tov Kabnyntn k. Kwvotavtivo Aoumaodkn yla tTnv avabeaon
TOU B£HaTOG TO OTolo NTAV MANPWE EVAPLIOVIOUEVO LIE TO TIPOTTUXLAKO HoU UTtORaBpo aAld
KOLL TTOAUTTAEUPO OTIWG KL N BEUATOAOYLO TOU LETATTUXLOKOU.

Oa BeAa va ToV EUXAPLOTAOW YLA TNV TIPOCTIABELA KAL TNV ETLUOVI TOU Lo TV €UPECH TOU
B£partog £neta and oculntnon pall Hou OXETIKA PE Ta evllad£povid Hou yUpw amod To
avtikelpevo omoudwv. H kaBobrynor) Tou yla tnv vAomoinon Twv gpyaciwy unaiBpou al\a
KOl LETETELTA YLo TNV enegepyaoia Twv dedopévwy ATav kataAutikn. Eniong Anrtav napwv ot
OAn TN cuyypadn TNG Epyaciag Hou e EDOTOXEG MOPATNPHOELS OAAA Kal CUMPBOUAEG woTe va
OUUBAAEL oTnV €€EALEN LOU WG TIPOC TN CUYYPADI) EMLOTNUOVIKWY KELUEVWV.

Odeilw kal BéAw va ekdpdow TIG suyaplotieg pou otnv etalpeia «LANDMARK - T.
AOYTPIAHZ» yia tn S1aBeon Twv Sebopévwy Toug amnod tny Tplodldotatn xaptoypadnon tng
InnALdg tou NtafEAn. Oa fBela WLALTEPWE Vo euxaplotnow Bepud tov k. Waltakn Mavvn
TIOU HOU OPLEPWOE TOV TOAUTIUO yla TOV (810 XpOvo ylo va yvwpiow TO AOYLOULKO
enefepyaciog twv 6e6opévwy TOUC.

AN £va peydlo euyaplotw Ba ABeda va ansuBuvw otov K. BaoiAn MepAépo Kal otnv K.
ApakomoUAou EuctaBia kabBwg Atav mapwv 1000 YPuXOAOylKA OCO KOl TIPAKTIKA OTN
ocuyypadn NG epyaciog pou.

ATIO TLG EUXOPLOTIEG pou be Ba pumopouoe va Aeinel n olkoyévela pou. Onwe os OAa ta BApatd
MOV PEXPLTWPA £TOL KOL O£ aAUTH T Stadpopun ATav mapwv Kot SimAa pou yla va he otnpilouv
omnw¢ avtol E€pouv. Exouv Katavonon yla 0Aa Kot GpUOLKE TTAVTA aKoUV TG 0ywVIeS Hou Kall
TO AyXn Hou.

KAelvovtag, £va TEPAOTLO EUXAPLOTW AVAKEL oTOV Kwota pou. Htav mapwv og 0An T SLadpKeLa
TWV OTOUSWV POV, UTTOOTNPLKTLKOC Kol TTAVTA EUmpakta Simha pou.
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NepiAnyn

TO OVTLKEIEVO TNG CUYKEKPLUEVNG EPYAOLOC ElvaL N LEAETN EUCTABDELOG TWV TIPAVWY ELCOSOU
OAAQ KOLTOU ECWTEPLKOU KAPOTLKOU eYKoiAou TG ZmNnALdg tou NtaEAn. H ZrnAd evtomiletal
OTO 0poC NG MeVIEANG KOl CUYKEKPLUEVA OTA VOTLOSUTIKA TnG Kopudng «Mupydply ot
v opeTpo 720m. H meploxn tpaBact ta BAEppATA Ao TNV apxalotnta Kabwg urmootnpiletal
WG amo ekel mponABav ta pdpuoapa tou Mapbevwva péow tng Odou AlBaywyiag n omoia
€ekLvd akpLBwE £Ew amo ) ImnAld.

H peAétn tng meploxng evoladepovtog Eekivnoe amod tnv eupuTtepn epLoxn TG MevtéAng Kat
KOTEANEE OTNV OVAAUGCN TWV CUCTNUATWY TWV AOUVEXELWV TIoU SLatépuvouv thv Bpaxopala.
MeAetnOnke yewAoyLka Kol LopdOAOYLKA GUVOALKA TO MeVTEALKO OPOC HECW TWV XOPTWYV TOU
ITME amd tnv meploxn OAA Kol OCUVOAKA amd OnUOCLEUMEVA ETLOTNUOVIKA apBpa,
SL6OKTOPLKA KOl SUTAWUATIKEG Epyaoieg TG eupUTEPNG TIEPLOXNG TOOO NG MevtéAng 600 Kat
tou Aekavormediou Twv ABnvwv. Q¢ mpog Tn yewAoyia n eploxn yUpw armno tn ImnAtd Sopeitot
oo ta pappopa tg Mevténg, onwe avadEpovtal Kal oto $UAAO xaptn tou IFTME.

Mo tnv MANpEotepn HEALTN TOU XWPOU Ta SU0 Mpavn Kol £MELTO N ZMNALA 0TO E0WTEPLKO TNG
peAetnBnkav Eexwplotd. MpaypotomowBnkay HETPAOELC HE TN XPAON TNG YEWAOYLKNG
nuéidag emi tomou oto Ywpo evlladEpovtog Omou Kateypddnooav n kAlon kat n dopad
MEYLOTNG KAlONG TWV Tpavwv ekatépwBev tng €lod6dou NG ImMnAlag. Ev ouveyeia,
QIOTUNIWONKAV TA XOPOAKTNPLOTIKA TWV LOUVEXELWV WG TIPOG TNV ANOoTaon UETAEY TOUG, TO
Aavolypa toug, tnv Umapén UALKOU TARPWONG, TNV EUHUOVI) TOUC OTO XWPO KaBwg Kal thv
TPaxUTNTA TOUG.

ErunpooBétwe mpaypatonolndnke EUUECOC TPOCGSLOPLOUOG TNG AVIOXNG O HOVOAEOVIKN
OAlPYN péow tnNg odupag Schmidt, evw mpooSloplotnke Kal n ywviog TpaxlTNTAG TWV
ETULPAVELWY TWV ACOUVEXELWVY LE TN Xprion mpodAOpueTpou. Me Tnv oAoKARpwaon TNG epyaciog
umaibpou OAa to Oebopéva ewonxbnoav oto Aoylopikd Dips tng Rocscience kot
TPAYLOTOTIOLONKE TTPOGSLOPLOUOE TWV CUOTNHUATWY TWV EMUMESWY TWV QCUVEXELWV TIOU
Slatpéxouv tn Bpaxopala Kol £YLVE EKTIUNON TWV SUVNTIKWY 0LOTOXLWV.

‘Exovtog TNV TPLoSLdoTatn anotUnworn ToU E0WTEPLKOU TNG ZMNALAG TTOU TPAYLOTOMOLNCE N
etalpeioa LANDMARK — . AOYTPIAHZ katéotn €dikto va peAeTnOel KAl TO €0WTEPLKO TNG
INALAG. Amo ta epyoleia TTou TOPEXEL TO AOYLOMLKO eTefepyacioc Tplodldotatwy vedwv
onpeiwv, CloudCompare, petprBnkav ol yewAoylkol oxnuatiopol wg mpog tnv kAlon Kat tov
T(POCOVATOALOMO TOUG KAl EMELTA LIE TO AoyLopko UnWedge tn¢ Rocscience mpooopolwdnkav
oL SUVNTLKEC KATAMTWOELS Tepoyiwy tng Bpaxoualad.

Ot avaAUoelg UTESELEaV TOUG KIVEUVOUG TIOU UTIAPYOUV OXETIKA UE T aoTo)leg TO0O ota
€€WTEPIKA TPpaVA 000 KOL OTO EC0WTEPLKO TNG IMnAldg. Kplvetal amapaitnto va umdpgel
KAToLa LEPLUVA Ao TOUC appodloug dopeig yia va AndBoulv ta amopaitnta HETPA WOTE O
XWwpog va eivat achaAng yla tnv eniokePn Twv MOATWY AAAA KOL YEVIKA YL TNV TPOCTAsCia
WG LOTOPLKOG XWPOG.



Abstract

The subject of this study is the stability study of the entrance slopes and the inner karstic cave
of the Cave of Davelis. The cave is located on the mountain of Penteli and specifically in the
southwest of the peak "Pyrgari" at an altitude of 720m. The area has attracted attention since
antiquity as it is claimed that the marbles of the Parthenon came from there via the Lithagogia
Road which starts just outside the Cave.

The study of the area of interest started from the wider area of Penteli and ended with the
analysis of the systems of unconformities that cut the rock mass. The geological and
morphological study of the Pentelian mountain was carried out through the maps of the IGME
for the area and also through published scientific articles, doctoral theses and dissertations of
the wider area of Penteli and the Athens basin. As far as geology is concerned, the area around
the Cave is structured by the marbles of Penteli, as mentioned in the map sheet of IGME.

For a more complete study of the site, the two slopes and then the Cave inside were studied
separately. Measurements were taken using the geological compass on site at the site of
interest where the dip and the dip direction of the slopes on either side of the entrance to the
Cave were recorded. Subsequently, the characteristics of the unconformities were recorded
in terms of their spacing, their opening, the presence of fill material, their persistence in the
site and their roughness.

In addition, an indirect determination of the uniaxial compression strength was carried out
using the Schmidt hammer, while the roughness angle of the surfaces of the discontinuities
was determined using a profilometer. Upon completion of the fieldwork, all data was entered
into Rocscience's Dips software and a determination of the plane systems of the
discontinuities running through the rock mass was performed and an assessment of potential
failures was made.

Having the three-dimensional mapping of the interior of the Cave made by the company
LANDMARK - C. LOUTRIDES, it became possible to study the interior of the Cave. Using the
tools provided by the 3D cloud point processing software, CloudCompare, the geological
formations were measured in terms of their inclination and orientation and then with the
UnWedge software of Rocscience the potential precipitation of rock mass fragments was
simulated.

The analyses indicated the risks of failures on both the outer slopes and the interior of the
Cave. It is necessary that the competent bodies must take the necessary measures to ensure
that the site is safe for public visitation and generally for its protection as a historical site.



1. Ewaywyn

To ImnAato MevtéAng R ZrmnAato Apwpwy f IrhAato NtaBEAn evromniletal oto vopuo ATTIKAG,
oT0 PopeloavatoAlkd Tunpa tou Aeskavomediou twv ABnvwv. Bploketal otn votloduTikA
TIAEUPA TOU MevteAkol OpOUC KAl CUYKEKPLUEVA OTN VOTLA TAEUPA TNG Kopudn¢ Mupyadpl o
v opetpo 720m. Je euBeia amootaon améxel anod to Bpaxo tng AKPomoAng mepimou 17km
KoL ard to Aotepookoreio ABnvwy mepinouv 3km. To ouykekpluévo omnAato ¢dnuoloyeitot
TIWG T PE TO OVOUA TOU armod to Anotapyo tou 19% atwva, Xprioto NTtaféAn, KATL TTOU OUWC
uExpL onuepa dev €xel emiPefalwbdel.

MevteAlkod 6pog

To MevteAko 6po¢ pall pe tnv MapvnBa, tov YUNTTO Kal To 0pog AlyadAsw oploBetolv to
Aekavomédlo twv ABnvwv. H Mevtéhn sival to Puolkd PopPeloavatoAlkd OpLO TOU HE
SlevBuvon avamtuéng amd ta PopPeLOSUTIKA TPOC TA VOTLOAVATOALKA. H kopudr Tou
ovopaletal Nupyadpt kat €xeL uPpopeTpo 1.109m. MikpotepoL yvwotoi Addol TpLyUpw amo tnv
kopudn eivat n Nupa, o Aywog MavrteAenuwy, to Kaotpi, n BiyAa, o Koudodg kal to
AwovuooBouUvt. Mpokettatl yla to Seutepo PnAotepo Bouvd otnv ATTIKN.

Ta ¢uowad mpavp Ttou [MevieAlkoU Opoug €xouv NTUEG HMOPPOAOYIKEG KALOELS UE
oTpoyyulepéveg kopudég. Kamoleg Stadopomolnoslg epdavilovral avaloya pe tn B€on Kot
™ $UOoN TWV YEWAOYLKWVY OXNUOTIOUWYV. Ma mapadelypa ta pdpuapa epdoavitouv kAioelg 60-
80% kal oL oxlotoAlBol 40-60%. O mpodmodeg Tou Bouvou eival Amol. Eival awebntn n
mapoucia anod Stadopa KOPOTIKA EYKolha Yewpopdwy, Stadopwv SLactdoewy amnod ta onoia
TO T1Lo SLAonpo elval auto TG ZNALAG Tou NTaBEAn.
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2Ta VOTLOSUTIKA amAWVETaL To Agkavomédio Twv ABnvwy, ota BopeloavatoAlkd evtomieTat
n nediada tov Mapabwva, ota votia Bploketal n kolhada tng Meooyaiag Kol 0Ta AVATOAKA
to MevieAikd 6pog ¢dtavel oxedov péxpt tn BdAacoa kot tov KOAmo twv MetoAwwv. To
MevieAikd Opog apxkd ovopaldtav «Bpllnoodg». Exel ouvdeBel otnv wotopla and to
dnuULopéVo, 0 OLOTNTA KAl TTOoOTNTA, MeVTEAIKO PApUApO UE TO omoio ol ABnvaiol otnv
gnoyn tou MNepikAn olkodouncav tov MNapBevwva.

Ye katakopudo afova epdavifovtal ol GAEPEC HAPUAPOU TIAVW OTOV OPELWVO OYKO TNG
MevtéAng Kal TAvw o€ autov urnpxav ta apxaia Aatopeia. Ot Baoikég peyaheg pAEPeG elval
SUo kal sivat mapaAAnAeg. MNavw og autég Tig pAEREG avémtulav Ta Aatopeio anod ta onola
TO KUPLOTEPO KAl TILO £AKOUOTO elval To AQTOpEl0 TNG IMNALAG, Th YVWOTH «IMhALd TOu
NtaBéAn».

H emiBeBaiwon nwe n ImnAld autn eival cuvdedepévn pe Tty €€0puén Kal Petadopd Tou
popuapou rpbe and tnv 0606 TNG petadpopdg TOU METPWHATOC, TN yvwoTtr «086 AlBaywyiag»
(M. Koppé "Arto tnv MevtéAn otov MapBevwva”, 1994) mou Eekiva akplBwg £€w amod tn InnAld
KoL KataAnyel oto Bpdaxo tng AkpomoAng. H ouykekplpévn 0d0¢ petadopdg onpepa e
Sloowletal ala oUte mpootatelOnKke cav OPXOLOAOYIKOG XWPOC. ZUVAVIATOL ONMwE
avadépBnke Aiyo £€w amo tnv elcodo tou omnAaiov kal n untdéAownn Stadpoun Paoiletal o
£lKaoleg oTNPLlOUEVN O YeWUOPPOAOYIKEG KOl 0pXOLOAOYIKEG Tapatnpnoet. O KadBnyntng
APXLTEKTOVIKAG Tou EMIM K. MavwAng Koppég péoa amno to BLPAio tou «Amo tnv MevtéAn otov
MNapBevwvar», 1993 ATav o MPWTOG Mo Xapate oe XapTi Tn dtadpour tng 0ol ABaywylog

KOLL TTOLPOUCLALETOL OTLG TTOPAKATW ELKOVEG (Etkova 1.2 kal Ewkova 1.3).
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Ewkova 1.2: ZyebSiaypauua mpoodioptauou tne¢ 08500 Atdaywyiac (amo to BiBAio tou M. Koppé (1994) «Ano tnv
MevtéAn otov Mapdevwvay)
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Ewkova 1.3: Syebiaypauua mpoabtoptouou tne 0500 Ntdaywyiac (https://www.ypaithros.gr/odos-lithagogias-
arxaios-dromos-metaforas-marmarou-penteli-parthenona/)

H Stadpoun tng apyxaiag Odou ABaywylag Slatpéxel Toug mapakatw SrRupoug kat 06oug (M.
Koppe "Ano tnv lNevtéAn otov Mapdevwva"”, 1994):
= Nevtéhn (060l Zwkpdrtoug, Aplotodpavouc kat MeplkAéoug),
= MeAioowa (O&ol Aploteibou, Ayiag Mapivag, MaAawwv Aatopeiwv, Aoukioong
MAakevtiog, Kéag), BpiAnoowa (Odot Tpoiag, Mevehdou, Aewdopocg MevtEAng),
= XaAavdpl (amo ynmedo XaAavépiou wg To KEVIpo XaAavdpiou Kal HEOwW TwV 06wV
Avtpéa Namavdpéou Kat EBvikNG Avtiotdoews wg tn Aswdopo Kndioiag),
= ABnva (EBvikOg KAMOG HEow vOTlag KALTUOG tng AKpOmoAng, lepd Nuudng, omou
Slaotaupwvotav pe AAAn 060, n omola KAatd MAKO¢ TG SUTIKAG TAEUPAC TOU
Hpwdelou 0dnyoloe otnv AkpOmoAn).
To 2009 Kkatd T ekokadEC ylo tn OepeAiwon evog ktipiov otn Aewdopo MeviéAng, otov
aplBud 133 amokaAUdBOnke €va koupdtl Tng apyoaiag O6oU ABaywyiag. H pelétn, n
oavayvwplon kat n erpePaiwon Eyve amd tnv apxatoAdyo MéAnw NwAoywwpyn. Méxpl ekeivn
™ Xxpovikn mepiodo n Stadpoun tng 060U AlBaywyiag ywvotav cludwva He apyoloAoyLKA
EUPNUATO KOL YEVIKEG YEWHOPPOAOYIKEG TapaTnPRoels. Mikpd delypata Bpédnkav akoun
KOTA TNV €MLOKEUT 08IKwV SIKTU WV MAnciov oto yedupdkl Aoukioong MAakevtiag (Kapapeg),
otnv meploxn Twv MeAilooiwv (M. Koppé "And tnv MevtéAn otov MapBevwve”, 1993).

loTopLka oTolyeia

H ImnAld Sev Atav mavta Ue Tt onuepwvn popdn tg, dnAhadn avouxtr oto Bouvd €xovrtag
avolyua oav elcodo. OL apyaiot EAAnveG tov 5° awwva 1.X. avakdAuvav tnv unapér TG Katd
™ Oldpkela ekokadwv yla tnv adaipeon tou AsukoU mevieAikol poppdpou. Katd tnv
opyxototnto umnpée Lepd tou Mavoc. Xta Bulaviva xpovio dlhofévnoe povayoug oL omoiot
xpnowiomnoinoav tn IMNALd oav nouxaotnplo, yU outo Kol AEyetal Kol «IMAAALO Twv

Apwvwy». Katd tn vedtepn otopla umapyxel pio mapadoon-ekacia mwe n IMNALA fTav to



Kpnoouyeto tou Anotapyou NToPEAn, amd Tov omolo MrPE KoL TO OVOUA TNG, aAAG PEXPL
onuepa dev £xel emPBeBalwdel pe emotnuovika dedopéva (M. Koppé "Amo tnv MevtéAn atov
MNapFevwva”, 1993).

E€epevvnon Tou omnAaiou
H «InnAwa tou NtaféAn» peletnBnke amd toug EAAnveg omnAaloAdyoug lwavvn kot Avva
Metpoxelou. H elcodog eival erupAntikn kat ota Se€ld tng umdpyxouv ta dvo vaiidpla, Tou

Aylou Inmupidwva kat tou Ayiou NikoAdou. H ImnAld xapaktnpiletal amd évav TEPACTIO
BaAapo omou yla va GpTAoEL KOVEIG 0TO XapNAGTEPO ONUELD TNG ZMNALAC Ba MEPMATAOEL pla
Katndopa pnkoug 112m. To mAdQTog TG IMNALAG Kupaivetal amd 40-45m. ITo KEVTIPO TNG
InnALag umapxel €va Papabpo katakopudo pAkKoug 15m evw oto TEAOC Tou BoAdpou
evtoniletal éva deltepo Bapabpo pe eAikoeldég mépaopa BaBoug 10m. Eniong oto aplotepo
TUA MO TOU TEAOUG TOU BaAGUOU £XEL EVTOTILOTEL £Va TTEPACLO TTOU KATAANYEL O€ [ia KOAOTNTA
Me vepd Tou eivat yvwotn we «Aipvn twv Nupdwv».

H meploxn yupw amd tn ImnAld tig Sekaetieg 1970 kat 1980 Sextnke MOANEC MapeUPBAOELG
AOyw epyaciwv mou Sle€nyaye To Ymoupyeio AQuvaG Kal oL oTtoleg mpokaAsoav aAAay£G TOGO
OTO E0WTEPLKO TNG IMNALAG 00O KOl OTOV EEWTEPLKO XWPO. AKOUN {NULEG EVIOTILOTNKOY KOl
oToug vaol¢ tou Ayiou Inupibwva kot tou Ayiou NikoAdou (MmaAavog, I. MNépa amd to
aiviyua tne MevtéAng, 2004).

Naoi Aylou Srupidwva kot Ayiou NikoAdou

Yta 8e€ld g eloddou NG IMnAdg anaviwvral dvo vaidpla. Exouv kown €icodo alld n
nAkia toug eivat dtadopetiki. To éva eKKANOAKL TTOU €VTOTIIETAL KUPLOAEKTLKA HECA OTO
Bpaxo kal ivol auto tou Ayiou Inupidwva, gival To mMaAaloTeEPo NALKLAKA, Xpovoloyeital
Kotd to 10° i 11° awva p.X (Yroupyeio MoAtiopot — Edopeia MaAatoavBpwrmoloyiag-
InnAatoloyiag Notiag EAAGSac, 2014). Ot toixol Toug ivat o 810G o Bpaxog KAl TTAVW TOUG
£xouv xapaytel Stadopeg popdg Omwce dyyelol, otaupol Kal astol. O £€Tepog vaog BpilokeTal
TPOC TN UePLA Tou Balduou tnG ImMnAldg kot eival tou Ayiou NikoAdou. HAwLoka sival
vedtepo. Evtog tou mapekkAnoiou tou Aylou NikoAdou umdpyxouv oto Samedo SU0 ULKPES
KPUTITEC KOl pia Tadkr AdpvoKa, To Omoia HapTtupolV MWE 0 XWPOCS ELXE TAPIKO XapaKkThpa
(M. AaZapibng Meoalwvikd Mvnueia ABnvwv kot ATTLKAC, ApxatoAoyikd AsAtio 28 - Xpovika-
(1973), 0. 61-71, Moupikn Nt., Ot Towyoypadieg tng ZMnALag NeviéAng AeAtio XpLOTLAVIKA G Kot
Apyxatoloyikng Etatpeiag 1973-74, 0. 79-115).

Quwroypapia 1-1: Eowteptko Tou vaou tou Ayiou NikoAdou



Quroypapia 1-2: Eowtepikd Tou vaoU tou Ayiou Snupidwva

Qurtoypapia 1-3: H eioobog tng ZntnAtag tou NtaBéAn kot ta Suo vaiidpla

Touyoypadiec Bplokovral akoOun Kal oRpepa Kot otoug SUo vaolg Kot N XpovoAoynaor] Toug
£ylve ano tnv enypadn tou TpolAou tou Ayiou NikoAdou, yOpw oto 1234 f; 1235 p.X. H o
yvwoth tolyoypadia sival plag avdplkng popodng mou £ypades «O AOHNQN MIXAHA» kat
EKTLLATAL TIWE OVATIOPLOTA TO KUNTPOToAitn ABnvwv MixanA Xwvidtn. Bpébnke oto vaod tou
Ayilou Zmupibwva oAha oruepa ¢dlofeveital oto Bulavivo kat Xplotlavikd Mougoeio
ABnvwv. Avtiotola amno to vad tou Aylou NikoAdou otov i6lo xwpo dlofevouvtal Ta eENG:
0 TPOUAOG Mou amelkovilel Tov Mavtokpdtopa Kat n tolyoypadia tng Aylag Awatepivng He
BaoW\ikry otoAn (1. Naloapibng, Meoaitwvika Mvnuegioo AONvWvY kat ATTIKAC, ApYotoAoyiko



Aeltio 28 - Xpovika- (1973), 0. 61-71, Moupikn Nt., Ot Tooypapicc tng InnAwac MevtéAng
AeAtio Xplotiavikng kot Apyatodoyikng Etaipeiac 1973-74, 0. 79-115).

Quroypapio 1-4: Ot ToLyoypapies EVTog Tou vaou tou Ayiou NIKOAGOU YapayUEVveG OTO UAPUAPO



2. TeEWAOYLKA — VEWTEXVIKA XOLPOKTNPLOTLKA

2.1 TewTteKTOVIKA TON0BETNON ATTLKAG

H peAétn yla tn yewAoyla tng ATTKAG Eekivnoe Nén amo ta TéAn tou 18°Y alwva. Itn dldpkela
QUTWV TWV XPOVwV £xouv amotuntwBel dtddopeg anoPelg avadopka e TIC YEWTEKTOVLKES
€VOTNTEG MOV QITAVIWVTAL, TH oTpwpatoypadia Toug aAAA Kal GUVOALKA TN YEWTEKTOVLKNA
£€€ALEN NG Attiknc. O Philipson (1898) Atav o mpwTtog ou e€€dpae pio yVwN Kal EKAVe TNV
TPWTN POOTIABELA YLOL VAL KOTNYOPLOTIOLOEL TA TIETPWHATA TNEG ATTIKAG OTLG YEWTEKTOVLKEC
{wveg tng EAAGSac. Mo ouykekppéva tonoBEtnoe tn Bopeta Attikn otn {wvn TG AVOTOALKAG
EANaSag kot tn votla Attikry otnv AttikokukAadikr {wvn. Ev ouvexeia o Ktenas (1923)
tonoBétnoe to oUVOAO TNG ATTIKAG OTO &evdlApueco oUOoTNUA TNG ATTIKOKUKAOSLKAG
KPUOTOAALKNG palag, evw Alyo petd, to 1930, o idlog Eexwploe Tn {wvn «Bepopl - ZMATL» TOU
TPOC Ta SUTIKA £PXETAL OE TEKTOVLKNA EMadH UE TOUG OXNUATIOUOUG TG MNdpvnBag kot mpog ta
OVOTOALKQA UTIEPKELVTOL TWV CXNMOTWOMWY TNS MevtéAng xwpic BEPata va Stacadnvilel to
£i60¢ NG emadng Toug, TEKTOVIKA N Kavovikr. Apyotepa to 1940, o Renz PEAETWVTAG TOUG
aoBeotorBouc tou Askavomnediou (MapvnBag, ToupkoBouvia, AkpdmoAn, AukapnTtog) Toug
gvetate otn {wvn MNapvaoool — MNkwwvac. Ot Mapivog kat Petrascheck (1956) tormoBétnoav to
OUVOAO TWV OXNMUOTIOUWY TNG ATTIKNAG KoL €8LKA TNG AQUPEWTIKAG 0TNV ATTIKOKUKAQSLKNA
{wvn. To 1966 o Tatapng LeAETNOE TNV TEPLOXN TOU AlydAew Kal KATEANEE Twe eival Eva
TEKTOVLKO KEPAG Kal aviKeL otnv YmomeAayovikn {wvn. O MNamavikoAdou (1986) Staxwpilel
pLa véa, autoxbovn evotnta ylo To Askavomedlo Twv ABnvwy, tThv ovopdlel «Evotnta tng
ATTIKNG» N omola mepAapBAveL KUPLWG TO KEVTPLKO TUAMA Tou Askavorebiou. EmwOnuéveg
TIAVW Ao auTr T véa evotnta Bplokovtal ol evotnteg tng AvatoAikng EAAGdag, tou Aaupiou
KoL Tou AApupormotdpou. Emelta, oav oUuvEXELD Twv O0owv eé€dppace o MNamavikoAdou, o
Katolkdtoog (1977, 1986) tomoBétnoe ta autoxbova PeTapopdwpéva TG evotnTag TNG
ATTIKNG Kal TG evotnTtag AApupormnotdpou otnv EVBola otig evotnteg OAUunou — Oooag Kot
Kpavidg — EAaoodvag. Oswpel dnAadn nwg autég ol U0 eVOTNTEG eMekTelvovTal TPOG VOTO
pExpLTnV Attiki Kaltnv EVBola. AKOun o (6log epsuvntng e€€dpooe TN yVWHN WG OL EVOTNTEG
OAUprmou — Oooag kal Kpaviag — EAacoovag aviikouv otnv evotnta FapfpoBou — Tputdlewc
WG TO HUETOHOPPWHEVO TUAMA TNG. ZAV CUVEXEX TNG UEAETNG TOU aAmMAoXOAnBnke e TO
outoxbovo petapopdwpévo umoBabpo mou cuvavtdtal otn BA ATTIKA TAVW OTO Omoio
enwBeitat o NeoeAnvikd Tektovikdé Kdahuppa. H evotnta Adibvwv — ToupkoBouviwv
UTIEPKELVTOL TOU TeKTOVIKOU KaAUUMATOC Kol cuvovtatal, Yewypadilkd, avapeca otnv
MapvnBa kat otnv MevtéAn. 2tn ouyKekplpévn evotnta emwbolvral ol apetapdpdwroL
oxnuoatwopol tng MapvnBag kot tou Opoug AlydAew, Omou oludwvA LE TO HEAETNTA
Katolwkdtoo avikouv otn {wvn tng Mehayoviknc. Emi tou autdxbovou petapopdwpévou
umoBaBpou otn BA Attikn enmwOeitatl To NeoeAANVIKO Tektovikd KAAuppa mavw oTo omolo
umépkeltatl n Evotnta Addbvwv — ToupkoPouviwv. H teAeutaia evotnta yewypadblkd
gvrtoniletal petafl g eploxng g NapvnOag kot tng NevtéAng. Ent tng evotntag ApLdvwy
— ToupkoBouviwv emwBoulvtal oL un petapopdwpévol oxnuatiopoi tne MNapvndag kat Tou
0poug AlyaAew Tou oUpdwva pe Tov Katolkdtoo (1977, 1986) evtdooovtal otny MeAayovikn
Zwvn. O Nanadéag to 2002 SiadopomolnBnke omd OAeC TIC MPONYOUHEVEG amOPELS Kol
e€edpaoe pio oAALWTLKN ArtoPn cUVOALKA yLa T YyewAoyia tng ATTikAG. H otpwpatoypadiki
otAAN ATav eviaia ya 6An Ty ATtk Kot tepAappave eVOAAQYEC 0OBECTLTIKWY OXNUATIOUWY



(aoBeotoAiBol 1 pappapa) pe oxlotoAiBoug f yveuaoioug. Miotevel mwe To avtikAlvo ABnRvag
— Kamavépitiou eival n évwon tTwv pn HETOUOPPWUEVWY TIETPWHATWY TNG BOPELOSUTIKAG
Attikng (NapvnBa) Kot Twv PETAPOPPWHEVWY TNG VOTLOAVATOALKNG ATTIKNG. Emiong e€attiag
NG AATILKAC TEKTOVIKAG EEEALENG £YLVE N LETAUOPPWON TWV TIETPWUATWY, h omola SlaxwpLoe
TO YN HETAPOPpOWHEVA TIETPWHOTA ATt TNV ATTIKOKUKAaSLKA pnala. ITig ouyxpoveg Bewpleg
TWPO, Ol EPEVVNTEG EKTIUOUV TTWG N MAsloPndia Twv METPWHUATWY TNG ATTIKNG AVAKEL OTNV
ATTIKOKUKASLKA evOTNTA, N omtola avAKeL oTig Eowtepkég EAANVISeC (Jacobshagen et . 1978,
Durr et al. 1978, Mouvtpakng 1985, KiAlag k.aA., 2004, Ring 2007 k.a.). Zta SuTka Kal BopeLa
NG ATUKNAC OouvVavVTWVTOL oL oxnuatiopol tng Ymomelayovikng Zwvng (q oL un
peTapopdwpévol oxnuatiopol tng Mehayovikng Zwvng).
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Ewkova 2.1: [ewTeKTOVIKOG XapTnc (tporormotnuévog ano Jacobshagen et al., 1978, Mountrakis et al., 1983)
(2ravog, 2012)



SINDOWSKI | MAPINOL & PETRASCHECK " MATTANIKOA AT
LEP SIS (1983] OB (1928) GiSda by | 8, WAFHOETE A4 [ BATZIRATZOE (20031 2004y
Evimm Toeviikng g
Awércgm Prppiirs, wposnioany m'm' =
i - - i Evime Mmpmtpn: | 8 s
(Zygruancpod : n‘.wm"“ — Kt H 1
Thigrug) Mrpoomign - |5 \
Mooy E i
Ty e ociloreeihebumted I !
anflcomoilie T ".m_
Farbisiian § o — mmﬁ L fa— [T P — :'
9 3 # o A s Tk r— fleamihibion (€, H MAMAAEAE (2003}
Auul]rg;gu—ll.;] ) 170w A Kbt N s, I Anfcomadn | Ir Sty Mampinn - TEmNEW
Epands A boupamun i v i :
iaalia A A Ak kALK I.l. " .:.CI:.I " T“me“‘&‘t _§ ;uui::::m| = 1 il — Al
3 o | oofemiiio; S E | cudhoviccheomi | ! B afioeraiilion plppre
unflemiiiabug Apdipssei ApdnTros TR Lo T ———— E
e g Ca PR T z o i v 2E Lo :
Cal A Tpudng (Puingy— | HE Wi v anflcnm e E K . [l N o0 s fgnama km amepites.
v i o (st b . Av. i = urcpflams =t
-l Al et 4 i Py ey
g il Karuimgan L L e ; P S TR AT
SO ) Sogh () aikous 35t 5._- S —
iinh Kommdmd loupacn fug %;— (BA Ypnresg — Alive — Axipu)
SE i i o, Khpomfssh | 3 & b A A & A & & ki Aok A A oAkAa L
anfierikiing Ed npersiiin A Anspansi
Adagvufosesion Ty ekl el AR el A Y0 — Aadjpial)
A Tymesfuds (Fuit) e anfleaniidol Adcroflouron | (=306 ) sl o Ao i, ——
wpamikaon; o fm wm ko o B i [ Arflorniatio, fokngi;, meuapn
Kaziieen ok h kA bk h ok ok oAk k| Ak ok ok ok ok kA ok b A | - - Eg § Migwomfbn — Mmpadkivnz)
anflemmsiue 3 5 aoflemihifion ki E [P e —pr
Paflyin i H SR EUET iy 5 Dhamidrs ‘§% Mg Mpaigos)
nfiaiiong (C,) I oot B (10w E puhalfre; se E = i, popy apd Ko
Wi s ok ok ok ok ko kA Eqeribon i svakharls it
R (Cyl 1 BTG, o = LTS * o~
100 = e K U M, — Buihimed alidplovs 2| epuikesnch Kikupges (pion g Emmgic pe £ il Ee ook - o Tt pE
K gy iod= r B:pm.imr' ) et Ayt 3 BRI evien) pe T FupRmyTS .E T E EAITp T ey o i
o § . ) A Kbl = mperridsons {100,280 iy | 5 ] = pTE e
2 lissdsnsaa acfurniiion 1 E§ . :
# o Tmeducat ] 2 Ao Mdpape Asvson
sipeva; noflenmnd ' I A —
a s (3}, A I & i e g 1. | it win
P e A b b ok A koA A ok & b b ok A Ak k Al - sl ? tg EMUFTVETE) P oo
Myt ¥
At Wi ) . ) . plippnpol > 1 50} = oL I T LITEE LG TEHERS - PERTIEDRO0S
(Mo Diposctipfimes Mipynpa Parsios (Mu & Hontrrepo Mpyopo by Erec vt Mippine BA Aoy | g Tlap- avsadove i E
Towing250s | Kauiugn M) 100 ¢ ) g i momd W | BE | wembmels | )| 3§ | e e
Pt Laiaiaisd BE Emsmmmaass - - il
s} A pvTes . Tporoilot HE K Abrdipakngipa
piin e i it (A - K Dpperkialion opouisus Y pompefannd — muePokrems pueiman
amgurnisaon oyl = My Bnpapdmg <200 |
Kinaispine (61 e fd il Tty nkictoz e i, witiud
s < G ! | Kare - Moo Tpwbmd | B & L - o - o oo - -1 Karirespn Wapynps Mo, -
Kosisecpa M Mipunpa Parcioe (Mu & wat. pipunpo (33050 Mipuopa Nevehng | Asipion
'H"P“ m;‘:]"“"“ ““'N . e fias, winn PREsE Moo Adiino
{Mu} ¥ il wpamurl; ghacke: M, Tsdush _&M
i Ak A AN
e il Anfermidrio e )
i 2 Bhaizes,
mgeriolilos hpagsc Tpmadind Knwdsrpo Mappops e,
“‘:],,m,:f:-ﬁ My (M ‘H...h_""‘"-:..}‘_ iy Kamvosh
L P -
nmﬂ;‘:i‘.ﬂ :W’];'MM';:;':‘“M" (i K e
b g L A
_'_‘zr“"“’"_;:“l‘:ﬁ‘m Tkt - Tpsbis s
Do) 1080 R T T
Dt Devnehod

Ewova 2.2: Mapouaioon 0Awv Twv amoPewv mou Exouv anotunwiel yla tn yewAoyia tng Attikig. (Lepsius 1983, Kober 1929, Sindowski 1949,1951, Mapivog & Petrascheck 1956, Photiades

2001, Katowkaroog 2002, Mantadéag 2002, ManavikoAdaou 2004). Ot cupuBoALouol Twv oxNUATIOUWY ToU Lepsius atnv mpwtn atriAn, xpnoLomoLoUvTaL Kol 0TOUG UTTOAOLITOUG EPEUVNTEC YLa TNV
£UKOAN avayvwaon tou mivaka
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Etkova 2.3: SYNUATIKOG YEWAOYIKOG XaApTNG TNG ATTLKOKUKAQSIKAG evotnTag. MNapouoiaon Twv oUoTNUATWY

anokoAAnanc otig KukAadeg, WCDS - ouotnua amokoAAnong Autikwv KukAadwv; NCDS - Bopeto KukAadiko

ovotnua arnokoAAnonc (Durr et al., 1978, Jolivet et al., 2010, Jacobshagen , 1986, Grasemann et al. (2012),
Scheffer et al., 2016, kat Seman., 2016)

H yewloyia tou Askavonediou tng ATTIKAG gival Slapopdpwpévn amd To KOVOVIKO pryua
MLKpNG KAlong, anokoAAnon - detachment. Eival pla peydAn oe €Ktaon TEKTOVIKN) Sour Tou
0pLoBeTel OTA AVATOALKA TNG TA LETAPOPPWHEVO TIETPWATA TNG ATTIKNG KAl SUTLKA TNG TNV
gvoTNTA TNG YIOTEAQYOVLKNG. H CUYKEKPLUEVN ATOKOAANON £XEL EDEAKUOTLKO XQpaKTApA Kot
€xeL mpokaAéoel Bubon pe dlevBuvon BBA ota metpwpata TNG YMOMEAQYOVIKAG KAl TNG
Evotntag twv ABnvwy, evw £xeL tpokaAéoel avOPwon pe dtevBuvon NNA ota METPpW AT TNG
gvotntag AAemoBouviou kot tou AutoxBovou MetapopdwHEVOU TNC ATTIKAG.

BBA Evomnra NNA
Ahemropouviou

Ymomehayovikn

Ewkova 2.4: H yewAoyikn Sourn tou Aekavomediou tne Attikng (MamavikoAdou et al.2004)



Ol YEWTEKTOVLKEG EVOTNTEC TTOU OMAVIWVTAL 0TNV ATTIKN €lval:

» Evétnta AALUPOTIOTGOU
OL oxnuatiopol NG evotntog emekteivovtal otnv A-BA ATtk Kal amaptilouv ta o0pn
MevtéAng, Yunttou. O MamavikoAdou to 2002 SlaxwpLoe TNV EVOTNTA OTLG NG EMUUEPOUG:
= Evotnta Bapnc. Eival petapopdwpévo Tunpa e Tpladikn nALKIA METPWHATWY OAAG
Oev €xel SleukplvloTel mola eival n YEWTEKTOVLKNA TG TtormoBtnon. Exel ouvbeBel ev
UEPEL HME TOUC «IXLOTOABoug Bapnc» kaBwg kol He Toug «Aolopiteg kat
AoBeotoAlBikoUg ZxlotoAiBoug Mipvapric» Omwe ovopdcOnkav amd tov Lepsius
(1893). Anoteleital and oxloTOABoUC Kol PETARBOCIKA METpWUOTA O0Th BAon TG
oTpwHATOYPAdIKNC OTAANG KOL TIPOG TA AVWTEPA OTPWHOTO eVToTi{ovtol SOAOULTIKA
pappapa. H Sopun tng otnAng eivot moAUTAOKN e LOOKALVELG TITUXEG KL ECWTEPLKEC
edutnevoslc.
s Evotnta Yunttol. Eivol umepKeipevn evotnta. AmoTeAeital amo HETAUOPPWUEVA

TMeETpWHATA Tou Tpladikol — loupactkol aAAd amapTiletal Kal and oXNUATIOHOUG
TIou N NALKia Toug Sev €xel mpoadloplotel akOun. ZUUdWVA e TNV KAThyoplomoinon
Tou Lepsius (1893) tautiletal pe To «Katwtepo Mapuapo», To «Avwtepo Mapuapo»
Kal Toug «IxLotoAiBoug tng Katoaplavigr». Armoteleital ouvolikd amd akoloudia
HOpUApwVY Kot SoAopLtwy ta onoia petaBaivouv oe oxlotoAiBoug. Eival mtuywpéva
UE LOOKALVEIC TITUXEC, oL omoleg SlaTpEXouv apKeTd XALOpeTpa. Ol oxlotoALBol os
Kamoleg eudavicelg meplEéxouv otn HAl0 TOUG UETAPOOCLKA KoL UTIEPBOOCLKA
TETPWHATAL.

o Evotnta MeviéAng. JuykataAéyetal otic EwTteplkeg EAANVISEG He oxnUATIONOUG TTOU

UmopoUV va TapopoLlactolV e autolg Tng evotntag thg TpimoAng. H Bdaon tng
OTPpWUATOYPADLKAC TNG KOAWVACS EEKIVA PE HETA-NDALOTELOINUATOYEVA TIETPWHATA
KoL akoAouBoUv 0pillovTe MAXUOTPWHATWS WV LAPHAPWV.

> Ymomelayovikr evotnta

AnoteAeital Kuplwg amd apetapdopdwta WNUOTOYEVH TIETPWLATA Ta onola evtornilovtal otn
BA ATtk Kall cuyKekpLpéva oto Motkido 6poc, oto 6pog Mapvnba kat 6poc Alydlew (Marinos
& Petracheck 1956, MamavikoAdou 1986). To umoBabpo TG evOTNTAG CUYKPOTEiTAL OO
YVEUOIOUG, HopHapuylakoUus oxlotoAiBoug, apdoPoliteg pe mapepBoAEC HAPUAPWY Kol
ovtloTolyeital pe to umoBaBpo tng Melayovikng evotntag nAkiag kdtw Malotolwiko
(2uplémoulog ka., 1988). Itnv gupuTepn TepLoxn tng Mapvnbag €xouv Ppebel meTpwuaTa
nAkiog avwtepou Malatolwikol, apetapdpdwta. ZUVOAIKA sival acBeotoABol Mepuikng
nAlkiog Kal oxlotohBol £wg Poappiteg meptéxoviag ooPeotoABikolc ¢akolG Tou
ABavBpakodopou (Clement 1971, XplotodouUAou 1982, Aoutoog 2000).

O KopHOG TNG oTpwHaToypadIknG oTtHANG TNG YromeAayovikng Sopeital and acBeotoAiBoug
kal Sohoputikolg acBeotoliBoug mou espdavilovtal Aeukol, teppOAeukol Kal omavio
podoypool. H ¢ddon evamobeong eival vnpuuikr Kot gpdavifovial and AoTpwIol £wG
TAXUOTPWHATWOELG. Tol TETPWHATA ElvOl KEPUOTIOMEVO HE TIUKVEG OLAKAACELC Kol
Seutepoyeveég mopwdeg e€altiag TG KOpoTIKomoinong. To MAX0G TOUC elval O KATOLEG
TEPLOXEG ekaTtovtadeg HéTpa. H PBdong tng koAwvag eival €va ndaloTeloilnUATOYEVES
CUMTAEY O e eVOAAaYEC amd TePPOTPATIVOUG apYIALKOUG OXLOTOALBOUC, Pappites, mnAiteg,



KpokaAomayr, toddous. Avaueod toug evromilovial acBeotoAlBol, apkdleg, YpoOUPBAKES
OAAG KO KOpATLo AdBag mou poptupolv cuvnBwe kamolo xaAallako kepatodupn.

v' AMN\GXBovo Askavomediou ATTKAC i «ZXL0TOALBOL Twv ABNVWV»
AnoteAeital and tnv Evotnta ABnvwv kal tv evotnta AAemoBouviou, ol omoleg sival n
UTLEPKELEVN KOl N UTIOKElEVN avtioTolya TNG evoTNTAG TWV «IXLOTOABWY Twv ABnvwv»
(Marinos et al. 1971, 1974). To 1986 o gpeuvnT¢ KATOLKATOOC OVOLAOE TOUG «ZXLOTOALBOUG
TwvV ABNvwv» NeoeAANVLKO TekToviKO KAAuppa.

o Evotnta ABnvwv. Evtormiletal 0To KEVIPLKO Kal SUTIKO TUNHa Tou Agkavomediou Kal

TOTMOOETEITOL TEKTOVIKA UTEPKElPEVn TG YmomeAayovikng ota SUTIKA evw ot
OVATOALKA TEKTOVIKA UTEPKELUEVN TNG evotntag AlemoBouviou. Oa pmopolos va
uTtootnpléel kaveig mwg n evotnta ABnvwv dlaxwpiletal og U0 EMIUEPOUC TUAATA
KoBw¢ mepAapPavel oxnuatlopols ol omoiol gudavilouv SUo0 SLOPOPETIKEG
MBodadoelc Omwe Kal SLadOopPETIK TEKTOVIKN Mapapdpdwaon. To MPWTO TUAMA TNG
amoteAsital anod cupmnayeic, Aeukoug, avakpuoTalAwpévoug aoBeotoAiBoug nAkiog
Avwtepo Kpntdiko. H daon evamobeong sival vnpntikn Kol ival aotpwtol. To
Seltepo TUAMA TNG evotntag eival éva mélange, SnAadn pla xootikn lwvn
TMETPWHATWY NALKiog Avwtepo Kpntidiko. AmoteAeital amo KAQOTIKOUG OXNUOTIOUOUG
onw¢ apyllol, Yappiteg, mnAiteg, POUUITIKEG HAPYEC OAAA Kol TtEAAYLKOUC
TAaKWOELC aoBecTtoAiBouc tou omavia evtomilovtal Ue KOVOUAOUC TUPLTOAIBWV. ZTIg
B£0elg TwV TMOALWY AQTOUEIWYV OTO KEVTPLKO Kol SUTLKO TUAua Tou Askavormediou
gxouv yaptoypacdnBel oL evaAlayéc twv U0 TUNUATWY Tou avaAuBnkav. O
emipaveleg mou pEpvouv og emadn Ta SUO TUNUATA EVOL TEKTOVIKEC.

= Evotnta AAemofouviou. Epdaviletal oto avatoAlkd TuApo tou Askavomediou kat

TEKTOVIKA epdaviletol cav pio Tektovikn odrvo. Bploketal avapeca otnv
umepkeipevn Evotnta ABnvwv KAl OTOUG UTIOKELUEVOUC UETAUOPDWUEVOUG
OXNMOTOMOUE Tou Yuntrou. AlBoloyikd xwpiletal oe SV0 TUAUOTA OTOU TO €va
UTIEPKELVTOL TEKTOVLKA 0td TO GANO. TO QVWTEPO TEKTOVLKO KAAU A amoTeAeiTal amo
cupmnayeic KpUOTOAALKOUG aoBeoTOALBOUG. TO XpWHA TOUG KUMAIVETAL Ao AEUKO €wG
epuBpoAeuko. H otpwon bev elval cadng alld oe kamoleg epdavicelg eival
TMAXUOTPWHOTWOELC. TO KOTWIEPO TEKTOVIKO  KOAUMMO  QmOTEAEitol  amo
METAMOPPWHEVA £WG  NHL-UETOHOPPWHEVA  OXLOTOMOPYOIKA TETPWHATA KO
¢dUAAiTec. Elval oxlotomonpéva 16lwg akpLBweg KATW oo TNV TEKTOVIKN emadr] mpog
To  umepkeipeva aoPectoAlBikd  meTpwpoTa  tng evotntag  Alemofouviou.
MetpoAoylk@ o€ OAO TO KAAUMMA UTIApYouv ooadr Opla aVAUESH OTOUG
OXNMOTLOMOUC Kol YU autd cuvaviwvtal GUAATEG Kal pHappapuyLlakol oxlotoABol
poli pe makwdelg aoPeotoriBoug aAlG kal xohalitec. ApKeTol £peuvnTEG £XOUV
EKTIUNOEL WG TO KATWTEPO KAAULLLLA OVTLOTOLXEL e T «ZTpwpata Kapd» twv Lepsius
1893, Kober 1929.

2.2 MetoATukol IXnuatiopol



Ot petaAmukol oxnuatiopol xwpilovtal oe Neoyeveic kot Tetaptoyeveic oxnuatiopouc. Ot

Neoyevei¢ oxnuatiopol avaioya pe tn pacn amobeor ¢ Toug aAAd Kal LE TN YEWYPADLKH TOUG

Katavopr Stakpivovtal oTig mapakdtw katnyopies (MamavikoAdou k.a. 2004):

v Oahdoolol (mepléxovtal kupiwg Bahdooleg amobioelg, KaBwE Kol TIOPAKTLEG,

TapAALeg GAOELC — TOUG PPLlOKOULE OTO VOTLO TUHHO Tou Aekavomediou ABnvwv). OL
OXNUATLOMOL TTOU amavTwvTal sivat:

Mapyeg, Yappiteg, poapyaikol Pappiteg, Aatunonayr, acfeotoAbol (MAslokalvikol
BaAdoolol oxnuatiopol)

KAQOTLK) OELPA TIOU CUVOVTWVTAL ApylAoL Kal LAUEG PE Tapouasia GXLOTOALBIKWY
AatUTIWY, OUUOUXEC LApPYEC, AaTuTomnayr og SladopeTLkO MTOo0oTO pdaviong (avw
Melokatvikol oxnuatiopol). H cuykekplévn oslpd ouvnBwe eival uTtokeipevn Twv
avOpOKIKWY Avw MELOKAWVIKWY OXNUATIOpHWY, oL omoiot gudavidovral wg
Aatumonayel¢ oaoPeoctoABol, aocPeoctoappiteg, kopalAloyevelg kal woAlBikol
aoBectoMBol.

Hrelpwtikol (meptéxovtal Kuplwg Alpvaieg €wg Alpvoxepoaieg amoBoelg). Tig
aMOBE£0ELG QUTEC TIC CUVAVTALE 0TO BOPELO TUNUA Tou Aekavormediou ABnvwv. Exouv
evtonotel kal amoAlBwpata tng Mikepuikng mavidoag (Mupyog Bacidioong). Ot
OXNMUOTLOPOL TTOU amavTwvTalL ival:

APHOL Kol apyllol TIou €ival UTIEPKELUEVOL TWV AVw MELOKAVIKWY NIMELPWTIKWY
oXNUOTIOPWV (MAELOKALVIKOL NTTELPWTLKOL OXNUOTLOUOL).

Mapyaikol aoBectoAlBoL, appoUXEG LAPYES KAl HApYeS (Aluvaia ddaon) kal epuBpég
apytdol kat Aatumonayn (xepoaia ¢aon) (avw Melokatvikol nmelpwtikol - Alpvaiot
oxnuotwopot).

Y& opKeTEG BEoelg mavw amnod toug Neoyevelg OXNUATIOUOUC cUVAVTWVTAL OL TETAPTOYEVEI(S

oxnuotwopol. Autol Kuplwg eival ta ¢eptd UALKA amd Toug moTapoug Tou Askavornediou, ot

TIAPAKTLEG OIMOOECELG, OL MOTAULEG avaBabuideg, ta MAEUPLIKA Koprpata, Ta putidla Kat ot

KWVOL KOpNUATWV.

2.3 lFewAoyikr) dopr MeviéAng

To 6pog tng NeviéAng amoteAeltal and pecolwikng NAkiag mMeTtpwpata. Mdapupapa Kot

popuapuylakol oXLoTOABOL TOU YEWTEKTOVIKA OVAKOUV OTNV evotnta AAUUPOTTOTAUOU

Attikng. Ol kUplol opilovteg mMou amavtwvtal oto [evieAkd Opo¢ elval oL MOPAKATW
ocUpdwva pe To GUAAO — xaptn Tou ITME “Kndlowd” kAipakag 1:50.000:

Amnoomnaopa YOUVAUATOC

ZXNHATIOUOG Mepypadn
B Mdapuapa BopeloavatoAkng ATTikAg Tou  ¢lhofevolv  Koltdopata
i odnpopetarlevpatog (Fe)
AT IxLotoAlBkol oxnuatiopol fopeloavatoAikng ATTikAg (J.sch) pe evotpwoelg
M. pappdpwy (J.mr) kal ogprevivitwy (o)

Ti.mr

Mdapuapa MevtéAng (Ti.mr)
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Ewova 2.5: QUAAo — yaptn ITME “Knetota” (2002)(éxet mpayuatorotnVel ueyeduvan atnv mepLloxn

evéLapEpovTOg)
OAOKAINO-HOLOCENE n (al) Alluvial dep
AAEIZTOKAINO-PLEISTOCENE s 3 L~ Aemrouepn xai adpopep uhid (PLir)
AMN. MEIOKAIND —— s = — ~__Fine-and coarse-grained material (Pt.tr)
UP MIOCENE o — Mapyes, wappites, kpoxohomayr.
i w —| AN MAIETRIXTIO-NAAAIOKAING Mar_ls_. sandstones, conglomerates.
3Pt MAASTRICHTIAN-PALEOCENE "~ _PAdoxne {fg) Fiysch
Tw Z = [ AN. KPHTIAIKO - UP, CRETACEOUS AoBzoTohbol emrAUOWYEVEIS (K, ki J+( Koka)
Z 5 2 a-e __ Limestones teansgressive { K, k. )+( K kz)
gR™a |0YPAZIKO-JURASSIC -~ AoBeotéhol ahne U (71k) i
IZlw KENDMANIO-NAAAIDKAING - Aohopiteg (J.d) Dolomites
z 2|8 L CENOMANIAN-PALEOCENE = BADGKNS tm{Flrsm
e A i
e E 3 § 2| MEz0 TPIAAIKO-KAT. IOYPAZIKO f B -5 sk e okl
3 a z E & 5| MID. TRIASSIC-L. JURASSIC 4 Mavrinora-Beletsio limestones (T--J.k)
Bul=t g E Evahh 4 pyih wd meTpwpare (C-P-T)
§ 3 z AGANGPAKDSOPO-M. TRIAAIKD \i& EvaTpaoeg aoBeaTokiBuy (C-P-Tk)
2 CARBONIFEROUS-M. TRIASSIC Alternating clayey-arenaceous rocks (C-F=T)
x YT e with i ions (C-P-Tk)
) 7 Ap— ApBeotohBon TouproBoyviwy (Kik)
ENOTHTA ADIANON-TOYPKOBOYNION B e = ~.._ Tourkovounia limestones (Ks.k)
AFIDNA-TOURKOVOUNIA UNIT g= T ﬂﬁxnelﬁglq oxnuatiopol (Ke-Pefl) (K;micsch)
3] e uE evoTpweEs cofeatokifuy (KePok) (K, k)
23 DTT, LA L A Fiyschoid formations (Ke-Pe.fl) (Hs.mk.zch)

NEOEAAHNIKO TEKTONIKO KAAYMMA
NEOHELLENIC TECTONIC NAPPE

MEZOZOIKO-MEZO HOKAING
MESOZOIC-MID. EQCENE

KAT.-MEZO TPIAAIKO
L-MID. TRIASSIC

ALMYROPOTAMOS ATTIKI
AUTOCHTHOMOUS UNIT

AYTOXGONH ENOTHTA

ANMYPONOTAMOY-ATTIKHE

NEOMAAAIOZOIKO(:)- K. M. TPIAAIKD
NEOPALEOZOIC (?)- L.M. TRIASSIC

\_wnn limestone intercalations (KePe.fi) (K. k)

SpotéhiBot (sch) pe EVOTPGOEIS papudpuwy (mrsp)
Schists (sch) with marble intercalations (mr.sp)

F e e
Metaphuogng (m-f) Metaflysch

——————

Méapuapa BAkg ATTikrg (K.mr)
ME/ern Attiki marbles (K.mr)

ExotohBikol oxnpaTiopei BA/KAG ATnians (J.sch)
HE EVOTPOOELS poppdpuv (J.mr)

NE/ern Attiki schist formations (J.sch)

with marble intercalations (J.mr)

Mapuapa Nevtéhng (T.mr) Pendeli marbles

Ewkova 2.6: STpWUATOYPAPLKN — TEKTOVIKN 0THAN amd to euAdo — xaptn IFTME “Knelota”




To KOTWTEPO HAPUOPO, TIOU amoTeAel ToV KaTtwTtepo opilovra. To xpwpa Tou gival eAadpwcg
KITPWWTO. Ze KAmoleg epdavicelg yivetal mpaowo €wg tedppompacivo dLotL Sldomapta
TePLEXEL YAwpitn KaL pooxofitn oxnuatilovrtag dpAepidia  poakoeldng popdEg.

O umepKelevog oXNUATIOUOC lval AUTOC TWV LAPUAPUYLAKWY OXLOTOAIBwV NG Katoaplavng.
AVAUECA TOUC UTIAPXOUV TOWIWTEG €UdAVIOELS HAPUOPOU HE XPWHA KUAvOTEDPO.
OpuktoAoyLka ot oxloToALlBol amoteAouvtal anod pooyopitn, xahalia, emidoto kal acBfeotitn.
To avwTePO PApLOPO, TO omolo cuvavtatal ota VPnNAoTEpa TUAMOTA Tou MNevieAikol 6poug
(Lepsius 1893). Anaptiletal amd AENMTOOTPWHATWON £WC LECOOTPWHATWSEN HAPUOPA, LE
XPWHO TIOU Kupaivetal amd TtePpOAsuko E€wg KuavoAsuko. H Sopn toug elval
AenTOKPUOTAAALKN £WG LEGOKPUOTAAALKNA. To TdX0G Tou oxnuatiopou, ¢pBdavel Ta 650m. e
Sladopa onueia cuvavtatol evaAlayn HapUapwy Le oXLoTOALBouUC Tou €xouv SLadopeTIKO
TAX0G ava epdavion.

e OAn TNV éktaon tng MevtéAng avaloya Kal pe tn popdoloyia umdpyouv epdavicelg
TetopToyevWV amobEcswy, KUPLWE AEMTOKOKKO UALKAL E TTAXOC LKPOTEPO amd 5m. Emiong,
Sladopa UALKG TIoU TIpoEpxovTal amd TNV amocdBpwon Kal tn SLaPpwon TwV UNTPLKWVY
TMETPWHATWY. AKOUN, CUVAVTWVTAL TAEUPLKA KOPMUOTA, KWVOL KOPNUATWY Kot oAAoUBLOKA
putidia.

2.4 Y&poyswAOYIKEG CUVONKEG

To udpoypadko Siktuo tou MNevteAlkol OpouUC lval apald XWPLE CUYKEKPLUEVNG KOTELBUVON
avamntuéng. Ot kKAadol tou eival g TA&ng 3™ kat 4", ITIG MEPLOYEC AVATITUENC TWV LOPUAPWY
n empaveloky omoppon elvat xaunAn (mepimou t0 50-60% QMO T  GUVOALKA
Katakpnuviopata). AvtiBétwg otoug oxlotoAlBoug n emipavelokr amoppon &elval TLo
au&nuévn (mepimou to 70-80% armod Ta GUVOALKA KOTOKpnviopata).

To ubpoypadikd &iktuo eival MUKVO HE XOPOKTINPELOTIKA Sevdpltikol TUMOU £)XOVTag
QUENUEVEG KALOELG OTNV KOLTN PONG KoL EVIovn XELLOPPLKN SpAon. ZTn VOTLOSUTIKA MAEUPA Ta
vdatopépata iowg eival To o oNUAVTIKA KaBwc £xouv Stapopdwosl TapAANAEG, ETUUAKELS
USPOAOYIKEG AekaAveg. H Mo onuavtiky sival n Askdvn Tou pépatog «BabBu» to omoio
XOUNAOTEPQ CUUPBAAAEL pE TO pEpa XaAavdpiou Kal evwvovtal Pe Tov motapo Kndlod mou
Slamepva 6o oxedov To AekavoméSiLo TnG ATTLKAC.

Ye peyaha Badn oto MevteAikd 6poc evromniletal mhouaota untdyela udpodopia, n omoia péow
YVEWTPNOEWV aflomoleital yla apSEUTIKEG KOl USPEUTIKEG OVAYKES. KaTd TOug XELLEPLVOUG
punveg, ocuvnbwg, ot KAmola onuela otnv emadn TwV TEPOTWY HOPUAPWY HE TOUG
adlanépatoug oxlotoAiBoug to vepo avaPAilel Aoyw utiepxeillong Twv umoyeiwv uSATWV.
(MeptZavnc A., Zkotida A., EuBupiou T., ZakuvOwog I., 2004)

ewAoyia ZrinAac NtaBEAn — Mopdoloyia

O BdAapog g 2rmnAdg tou NtoBEAn KaBwe Kal To tpavr TIou UTtdpyouv Sefld Kal apLloTepd
amod tnv £lcodo Bplokovtal eviog Twv popudpwv. Ta SVo mpavh ivol oxedov katakdpuda
EVW TO OpLOTEPO eival mapakatakdpudo. To UPog Toug Pptavel péxpt kot Ta 40m. Eival moAl
omotopa Kal pe peydleg kAloslg. H elcodog tng ImnAdg eival emiBANTIKA HE SLOOTACELG
niepimou 30m mAdtog kat 20m Uoc.






Quwrtoypaplia 2-2: To tédog Tou FaAduou (o), eowteptkd tng 2rnAwdg (6)



3. Asdopéva TpLodLaotatnc AmeELKOVIONG

Ito mapov kepdhailo moapouctdlovial Ta Sedopéva TPLOSLACTOTNG OUITELKOVIONG TIOU
amoktnOnkav amno tnv etaipia LANDMARK — I, AOYTPIAHZ. H ImnAwd €xel amotunwOel e
olokAfjpou He TO Opyavo GeoSlam ZEB-REVO kat n emnefepyacia twv OSedopévwv
nipaypatonowBnke amno to Aoylopko CloudCompare.

3.1 Tpwodidotatol Zapwtég Laser

OLkwntol oapwteég AELlEP ATIOTUTIWVOUV LE LEYAAN akpiBeLa KOl avAAUGN TN YEWUETPLO TWV
OVTLKELUEVWY Kol Tapdyouv Tplodldotota védbn onpeiwv ta omola eivol opKeTA TUKVA Ko
anodidouv pe HeyAAn AEMTOMEPELO TNV KATAVOWUN TOU XWPOU OMOTUMWOoNG. Ta Kvntd
ouotnuata capwong (MLS - Mobile Laser Systems) aglomololv tnv texvoAoyio odpwong Ue
AéwWlep pe dMouc aledntnpeg (mx adpavelakeg povadeg pétpnong — IMU). O dopntog Toug
£€OMALOUOG eMLTpETEL TNV PndLlomoinon os cuvBeta kal SuoBata meptPparlovra. Eivat edikto
VQL TO TOTOOETAGOULE O€ KIVNTA QVTLKEIPEVA ETIAOYAC HAG, OTIWE O€ Eva oxnua n éva UAV kal
KaBw¢ Ba kwvouvtal péca otnv meploxn eviladépovtog Ba okavapouv kat Ba anobnkevouy
TIOAAEG XALadeC onuela To SeutepOAemro.

H texvohoyia SLAM €xel e€aleiel katd peyaro Babuo ta mpoBAnuata Le TNV akpiBela Twv
dopNTWV CAPWTWV OXETLKA TNV TPOXLA TOUC Kal To eninmedo akpiBeiog toug. MNa auto to Adyo
UTIAPXEL LEANOV OG0V adopa TN XPron AUTWV TWV OPYAVWY GE XWPOUG OTou b xpelalstal vo
uTtapyeL oo GNSS f emadn pe Sopudopout. TEToLOL XwpPoL Elval Ta UTIOYELA £pYa, OL OTOE,
ta onnAata, K.4. (Cabo, et al., 2018). Elval yvwoto nwg ta GPS &g unopolv va Aettoupynoouy
O£ €E0WTEPLKOUG XWwpPouc KaBwg n apxn Asttoupyiag toug gival va £xouv OTTIKA emadn UE
Sopudopoug. Apa QUTOPATWG €lval adUvatn n AmMOTUNTWON E0WTEPIKWY XWPWV KTILPLWV,
OpUXELWV, OTOWV, onpayywv, K.d. H AUon ylo tnv eniteuén anotunwong xwpwv xwpic tn
xpnon GPS npBe amnd tn texvohoyia Zebedee tng CSIRO 6mou TN XpnoLYIOMOLEL Kal n eTatpsia
GeoSLAM ota Opyava ZEB1 kat oto ZEB-REVO yxpnoipomolwwvtog toug oAyopiBuoucg
Simultaneous Localisation & Mapping (SLAM). Ot aAyopiBuol SLAM enefepyalovtal ta
Sebopéva Twv HeTposwy Tou laser oe ocuvduacuo pe ta dedopéva BEong tou IMU kot
edapuolouv pouTiveg avayvwpLong XapaKTNPLOTIKWY WoTe va ekteAécouv To cloud-to-cloud
registration, autopata kat pe uPnAo eninedo akpifelag, ota Sedopéva TwV UETPHOEWV.
Onote, to Aoylopikd SLAM tng GeoSLAM kat ol ocuokeugg laser dev amatteltal va eivat
oKivnTeG KatA tn SLAPKELA TNG 0APWONG KAl GUCLKA SV amattolV OmTikn emadn HE ToV
oupavo Kal KAt eMEKTAoN Ue Toug Sopuddpouc tou GPS.

Ta debopéva cUAOYAC amo Ta KwNntd cuothpata ocdpwong (MLS) ektedolv autopatn
enefepyacio dedopévwy péow KatdAAnAou AoylopikoU. Mo kaBe odpwon dnuloupyeital Eva
£eXWPLOTO TPLOSLACTATO OVTEAOD KOL OTN CUVEXELO OV UTIAPXOUV TEPLOCOTEPEG CAPWOELS YLaL
Tov 1610 YWwpo ekteleital n Stadikaoia eUBUYPAUULONG KOL CUVEVWONG TwV Sladopwy vedwv
cdpwong. To amotéeopa amd auth tn dtadikaoia eival n e€oywyn evog Tplodldotatou
TEALKOU HOVTEAOU. AV UTIAPXOUV TTEPLOCOTEPEG Ao Uiot 0dpwon og Eva Xwpo Koo ival va
£xeL mpoPAedBei emapkng emkdAuvPn peta€l Twv capwoewy. Autd MPoUTOBETEL WG TIPLV TN
Sladlkaola tng odpwong o Tpémel va €xouv TomoBetnOel KAMOLOL OTOXOL WOTE va
KotaypadovTal KAl val EMITUYXAVETAL N EMKAAL Y.



Jtnv Ewkova 3.1 Slakpivovtal oL TEPLOXEC 0APWONG KOL OL TIEPLOXEC ETUKAAUYNG ATIO TIG
TUNUOTLKEC COPWOELG.

Ewkova 3.1: Sapwan Ulog mepLoxrc UE TO (opnNTo oapwTl) ToV popnto capwtr laser ZEB-REVO (WLS) (Cabo, et al.,
2018)

TTN YEWTEXVIKN UNXOVIKN N OMOTUNMWonN HE Opyavo TPLoSLAoTATNG 0Apwong CUUBAAAEL oTO
XOPAKTNPOUO NG Ppaxopalog oAA Kol OTov TPOCSIoPIOHE TWV  YEWAOYLKWV
XQPOKTNPLOTIKWY TOU OXNUATWoMoU. Ewg Kal onuepa n xaptoypadnon evog mediou
evbladépovtog yivetal pe tnv Kataypadr TwWV YEWAOYLKWY OXNUOTIOUWY OE XAPTH
nipokaBoplopévng KALHakag, Le tn yewAoykn muéida yla tnv kataypadn dedopévwy, Omwe n
kAlon kot n popad péylotng kAlong. Emiong amotunwon tou nediou pe dwrtoypadikn unxavn
yla avadeln kpiolpwv onuelwv N Wlaitepwy epdavicewv. Mpaypatomnoleital kataypodn
TWV OCUVEXELWV KOl TWV XAPAKTNPLOTIKWY TOoUG (TpayVTnTta, andotacn, Gvolypa, n UUovi
TOUG OTO XWpPOo, UTapEn UALKOU TApwong, K.d) onwg dlakpivovtal kat otnv Etkova 3.2. H
amotUTIWON, HUE Opyavo TPLOSLACTATNG odpwong, Twv Tedlwv mpayuatomnoleltal og oAU
ULKPO XPOVIKO Sldotnua o oxéon e thv mapodoclokn xaptoypadnon. AKOun oo ta
Sebopéva eival apeca dabéowpa kat oe Ynolakn popdn. Emiong amd ta mpwtoyevn
Sebopéva £wG KoL KATIOLO ATOTEAECUA aTtO TNV enefepyacia UTTAPXEL SUVATOTNTA ELCOYWYNS
Toug og Sladopa AoylopLkd, 6mwe to AutoCAD, kat va akolouBnoel pia véa emefepyaacio.
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Ewova 3.2: Mapauetpot xapaktnpiouou Bpayoualog (Hudson, 1989)

Mo ouykekpluéva ol mAnpodopie¢ mou AapBavovial omd T0 VEPOG ONUElWV TOU
SnuloupynBnke eivat:

1. MNAnpodopieg wg mpog T yewpetpla. MNapéxetal n Suvatdtnta eVIomOUOU €VOG
pAYHATOC aAAA Kal n TTANpodopia OXETIKA LLE TA XOPAKTNPLOTIKA Tou, SlebBuvaon Kot
kAlon. Emionc yivetal EVTOTMIOPOGC OIOUVEXELWVY KOl KaTtoypadh TWV XAPOKTNPLOTIKWY
TOUC (TpayUTNnTa, OMOOoTAON, GVOLYUQ, N EUHOVH) TOUC OTO XwpPo, Umapén UALkoU
TANPWONG, K.G). € YEVIKEG YPAUUEG OAEG oL MAnpodopieg eival os Tplodlaotatn
popdr OMOTE AMOTUNMWVOUV TARPWCE TO XWPO.

2. MAnpodopieg wG MPOC TNV OTTIKOTIONGCN TOU XWPOoU eviladpEpovTog KaBwg mapEyeL
EYXPWHEG €LKOVEG KL €LKOVEG £viaong Aéep HECW TwV omoiwv mpoodlopiletal to
€(60¢ Twv oxNUATIOPWV aAAG Kot n UTtapEn mapouciog vepou.

3.2 Aebdopéva tplodiactatng yia tnv IMnAid tou NtaféAn oamd tnv etaupeio
LANDMARK - T. AOYTPIAHZ

H etaipeia LANDMARK — T. AOYTPIAHZ oto mAaiclo tng ekmovnong tng Mapoucog
SUMAWUATIKAC €pyacioc poC mopoxwpnoe to Ssbopéva OXETIKA Ue ThV Tplodldototn
amotuniwon NG ImnAldg tou NtaBEAn. Onwe mapouactdletal otny mopaypado AvaAUuoelg
evotadela¢ Tadduou TO OUYKEKPLUEVO VEDOG OnUElwWV Xpnollomoldnke ylo va
POCSLOPLOTEL N EVOTABELX 0TO E0WTEPLKO TN IMNALAC. H xprion tng yewAoyikng muéidag oto
E0WTEPLKO TNG ZMNALAC elval aveédIKTn KaBwE Ta METPWHATA Elval KAAUUUEVA LLE €va AETTO
£WGE KOL APKETA MOV O€ KAToLa onueia otpwpa amno Bpua. Ta Bpua odeilovtal oTny L0poN)
KoL Klvnon tou vepou n omoia euvoeital AOyw Twv ACUVEXELWV EVTOC TG Bpaxoualag.

H etaipia LANDMARK — . AOYTPIAHZ 16pU8nke to 1968 otnv ABrva. H €8pa tng amd to 2005
elvalt otov Aylo AnuAtplo ATTIKAG ot LOLOKTNTA ypadeia Kal amoaoyoAel mepimou 10
gpyalopevouc. O oKomog TNC elval N eLcoywyn Tomoypadkwy opydvwy LnAng texvoloyiog
OTN XWPO MOG. KOAUTITEL TIG AVAYKEG OXETIKA LLE TOTIOYPAPLIKO EEOTMALOUO OE KOTAOKEU LOTLKES
ETALPELEG, TEXVIKA - UEAETNTIKA ypadeia, TEXVIKEG UTNPEOLEC ANUWYV AKOUO KOL LOLWTES



punxavikouc. Mapéxel SuvatotnTa TO0O0 eVOLKiaoNG eEOMALCUOU 000 Kal MwAnong. H etalpeia
ouveXw BeATLwveTal Kot akoAouBel toug puBuoUG eEEALENG TNG TexvoAoyiag. AuTog AAAwoTE
glval o Adyog ylwa tov omoio KatéXel nyetiky B£€on otnv eAAnvikn ayopd. AlaBgtel
e€elbIKkeUEVOUC TeEXVIKOUG oL omolol mapéxouv service ota Opyava Kal umootnpilouv
OUVOALKA TOUG TEAATEG TNG Talpeiag. Ta opyava mou Stabstouv Sivouv oAOKANPpWUEVES
Aooelc ot edopuoyég Omwe OSopudoplkeég, YeEWSALTIKEG, Plopnyavikeég, odomoliag,
OWTOYPAUUETPLKEC, TTAONYNONG, TomoypadIkEG aAAA Kal oe edbaPUOYEG KTnaTtoloylou.

Ao to 2007 péXPL KOl onpepa £XEL CUVAYEL CUVEPYAOLEG UE TIOAAEG LEYAAEG ETOLPELEG QMO
OAO TOV KOGUO KL LEXPL CNUEPQ TIAPAUEVEL O AVTUTPOOWTOC TOUG otnv EANada. Kamoleg amo
QUTEG elval n etatpeia Topogeo, Sokkia, Javad GNSS, Carlson, Nedo, FOIF, ALTUS, CLAUSS,
PENTAX, GeoSLAM, Senceive, Z+F, RUIDE, k.a. Atilel va onpewwBel nwg €xel PpapPeutel
OPKETEC POoPEC amo SLadopeg eTalpeieg — oUVEPYATEC TNC. L0 CUYKEKPLUEVA ATIO TV €TALPEia
Sokkia £xeL BpaPBeutel 6Uo dopég, To 2007 WG N 3" KAAUTEPN AVTLMPOCWNELN 08 TIWANCELG
otnv Eupwrnn kat to 2008 wg TNV 1o TTaALd aviutpoowreia otnv Eupwnn. Emiong, to 2014
omo tnv etalpeio PENTAX BpaBeUtnke we n KaAUTepn VEQ OVTLTPOCWIELA TNG TNV Eupwrn.
Mia akoun Bpdpeuon éywve to 2019 anod tnv stalpeia RUIDE Aappdvovtog to Bpapeio «Sales
Growth Award 2019».

3.3 GeoSLAM ZEB-REVO

To 2016 n etatpeioc LANDMARK —I'. AOYTPIAHZ mpaypatomnoinoe yla StadpnpLotikoug Adyous
tplodlactatn xoptroypdadnon otn ImMnAld tou NtaBéAn otnv MNeviéAn XpnoLUOMOLWVTAC TO
opyavo GeoSlam ZEB-REVO, 1o sAadpl meplotpedopevo laser-scanner Kal n omotlnwon
£ylve o€ HOALG 20 Aemtd. TO CUYKEKPLUUEVO OPYaVO €XEL TO TTAEOVEKTNUA OTL 8 XpelaleTal va
glval akivnto 60n wpa MPAYLATOMOLETAL N CAPWON TOU XWPOoU o€ avTiBeon pe Ta uTtoAouta
terrestrial laser scanner. Emtiong n anotunwon Sev amattel peyaAo epyatiko Suvaptko, apkel
évag avBpwmo¢ o omoio¢ Ba 1o Kpatdel kot Ba mepmatdsl oto xwpo (Ewkova 3.3) pe
OMOTEAECHA VO OTTOTUTIWVOVTAL OKOUN KoL Ta Tilo amokpuda, SucPata onpeia. Emiong éva
GAAO TAEOVEKTN O TOU OPYAVOU gival mwe Sev amarttel TonoB£Tnon oToXwv Kol To AOYLoULIKO
GeoSLAM Hub Softtware kdvel autopata to cloud registration. Onote n Souleld ypadeiou
oxebo6v pundeviletal yla tnv enefepyacia kal mapaywyn Tou cuvoAlkoU védoug onpeiwv. H
okpiPela Tou opydvou eival TnG TAENG TwWV 2-3 EKATOOTWV Kol N TaxUTNTa odpwong sivat
43.200 onueia/deutepoAernto.

JUpdwva pe TNV TPLOSLACTATN OMELKOVION TIou €Aafe Xwpo oL SLACTACELS TNG IMNALAG
uTtoAoyloThKay pE akpifela ekatootol ot:

Mnkog BaAdpou: 85m

Méyloto mAartog: 40m

Ygog: 20 m



Ewova 3.3: Amotunwaon oto wpo tne ErtnAtag tou NtaBéAn

Ewkova 3.4: Opyavo GeoSlam ZEB-REVO L to omoio mpayuatonotyOnke n amotunwaon

To TEXVNTA XOPAKTNPLOTIKA TOU 0pYyAVOU TIOPOUGCLATOVTAL OTOV TIVAKOL:

Tayutnto cuAloyng Sedopévwv

43.200 onpeia/sec

AkpiBela 3D pétpnong

+0.1% (Tumka)

Méylotn epPérela

‘Ewg 30m (15m ot e€wteplkolg XWPoug)

KAdon Laser

Class 1 (aodalég yia ta partia)

Fwviako omtiko nedio +270x360°
Bapog (kepahng laser) 1 kgr
Alaotdoelg (kepaing laser) 86x 113 x 287 mm

MNnyn: http://geoslam.landmark.com.gr/zeb-revo/



http://geoslam.landmark.com.gr/zeb-revo/

Ewova 3.5: H ZninAtd tou NtaBEAn o€ tplodlaotatn anekovion



TOLUEVTEVLEG
avapBabpuideg

Elocobog

Ewova 3.6: Katoyn tng et.oodou tn¢ EnnAtag tov NTtaBEAN armmo to Tplodldotato UoVTEAD

TOLUEVTEVLEG

ovapBabuideg

Ewova 3.7: Katoyn tng ZnnAwag tou NtaBAn amo to tplodtaotato povtédo




3.4 NAoywouiko CloudCompare

To CloudCompare eival Aoylopko ene€epyaciag tplodldctatwyv vepwv onueiwv ToU
T(POEPXOVTOL ATO 0apWTEG AELlep. EXEL TN SuvATOTNTA VOl EMECEPYAOTEL TPLYWVIKA TIAEYHLOTA
KoL BOOUOVOUNUEVES ELKOVEC.

H dnuioupyla tou Eekivnoe To 2003 e o S18aktoplkd tou Daniel Girardeau-Montaut. Yrirpée
ouvepyoaoia petalu tng Telecom ParisTech kat tou tuipatog E&A tng EDF. O otdxog ntav n
£ykatpn aviyveuon aAAaywv péow TpLoSLaotatwy Vebwv onpeiwv uPnAng MUKvVOTNTAG Ao
oapwTEC AELlep OE BLOUNXAVIKEG EYKATAOTACELG OTIWE EPYOCTACLA | 0TABUOUC Tapaywyng
NAEKTPLKAG evépyelag. ATto to 2009 £wg Kal oipepa KUKAodpopel e eAeUBepPo AOYLOULKO KoL
avoLyTo Kwdika yla Snupoota xprion He adeta GPL. Eival avolytol Kwdika AOYLOULKO Kal oL
XPNoTec eival eAelBepol va eMeKTEIVOUV TIG SuVATOTNTEC TOoUu AoyLlopkoU. To CloudCompare
OVOTNTUCOETAL O YAWOOO MPOYPOUUATIOHOU C++.

‘ExeL oxeblooTel yla va mpaypatonolel dpecn ocUyKpLon TIUKVWY Tplodldotatwy (3D) vedwv
onUeiwv. H ektéleon Twv epyaclwv mou poodEpeL otnpiletal os pia dour dedopévwy mou
Aéyetal octree kol £xet efaipetikég emidooel. To CloudCompare mpoopllotav va
enefepyaotel MOAU peyoha védbn onpeiwv amod emiysloug capwtéC AEWleEp O€ TUTILKOUG
UTIOAOYLOTEG (Tteplocotepa amd 10 ekatoppUplo onueia, amod to 2005 én). Itn ouveéxela
EMEKTAONKE N XPHON TOU OTN GUYKPLON EVOC VEPOUC GNUELOU KOl EVOC TPLYWVIKOU TIAEYUATOC.
Katd tn Sdpkela twv etwv gudaviotnkav apketol alyoplbuol emefepyaociag oclvvedwyv
onueiwv (kataywplon, enefepyacio xpwudtwy, Slavuopdtwy, Staxelplon awoBntripwv,
QUTOMOTN TUNUatomoinon, K.a) oAAd kol epyaleia BeAtiwong 0B6vng (MPooapUOCUEVES
XPWUOTIKEG POUTIEG, XELPLOUOG BaBUOVOUNUEVWY ELKOVWY, K.4).

To CloudCompare avtiuetwrilel OAa ta tplodlactata dedopéva wg olvveda onUeiwy.
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Ewova 3.8: 096vn évapéng tou Aoytouikou CloudCompare

To AOYLOULKO €VEEIKVUTAL VLo TOV EVIOTOMO oAAOYWV OMwG Mopadelypatog xapn HLog
eSadkng kabilnong, plag kadilnong os KAMOLO KIAPLO, K.O. TOPEXEL TN SuvaTOTNTA TNG


https://en.wikipedia.org/wiki/T%C3%A9l%C3%A9com_ParisTech
https://en.wikipedia.org/wiki/%C3%89lectricit%C3%A9_de_France

aneuBeiag olykplong Suo vedwv onpeiwv xwplg tn Snuloupyia evdlapecou MAEypaATOC.

JuvoAlka mpoodépel Paolkd epyadeia yla tn Xewokivntn emnefepyaocio kal amodoon

TPLOSLACTATWY VEPWV KOL TPLYWVIKWY TIAEYUATWY. OL aAyoplBuol enefepyaciog mov mapéxel

npoodEPouV PeBOSOUG YLl APKETEG EKTEAECELG EPYOOLWV OTIWG:

YroAoylopog Slaotdoewy (amootaonc, LeyEBouG EVOC OVTLKELUEVOU, K.Al)
YTOAOYLOUOG OTATIOTIKWY OTOLXELIWV (XWPLKN SOKLUA, K.A)

Tunuatomnoinon (emionuavon ouvdebepévwy efaptNUATWY, PACEL UMPOOTLVAG
Sdtadoong, k.a)

Extipnon YEWUETPLKWV XOPOKTNPLOTIKWY (mukvéTtnTa, KOUTUAOTNTA,
TPpaxLTNTA, TPOCAVATOALOUOC YEWAOYIKOU €mMESOU, UTOAOYLONOG KAlong & dopd
MEyLoTnG KALoNG, K.4)

Anpoupyia KATOPewv, TOUWY, K.A.


https://en.wikipedia.org/wiki/Connected-component_labeling
https://en.wikipedia.org/wiki/Strike_and_dip

4. TEWTEXVIKA XOPOKTNPELOTIKA TwWV Bpaxwdwv OYXNUOTIGUWV TNC TEPLOXNC

svéladEpovtoc

210 MooV KepAAalo apouctalovtal oL €l TOMOU UETPNOELC amo To UMaLBpo e Th Xpron
™¢ opupag Schmidt (Schmidt hammer rebound hardness, SH) ylwa tov mpooSloplopd tng
OKANPOTNTOC TWV TMETPWHUATWY KABWG KAl yla TOV EUPECO TIPOCSLOPLOUO TNG OVTOXNG OF
povoafovikry BAlPn. EmutAéov €ywve Xprion Tou TPOGNOUETPOU HECW TOU OToiou
mpayuatonolndnke o mpoodloplopdg Tou ouviedeotn tpaxutntag (JRC). To teAwko
anmotéAeopa ov PoEkuE lval 0 UTIOAOYLOUOG TNG Ywviag TpayUTNTOC VLo T CUYKEKPLUEVN
Tieploxn evéladEpovtoc.

4.1 Awotpuntikn avtoyxn

O mpoodloplopde NG SLATUNTIKAC OVTOXAG TWV OOUVEXELWV EMITOMOU OTO  XWPO
evbladépovtog eival pla moAU SUokoAn Stadikaoia. ' aUTO UTTAPXOUV KPLTAPLO TIOU
otnpilovtal os BLBALOYpAdLKA KOl EpyOoTNPLAKA SeSoUéva LECW TOV OTIOLWY EMITUYXAVETOL
0 PO SLOPLOPOC TNG SLATUNTLKAC AVTOXNG.
H kaBe Bpayouala amo tn otyur mou epdavilel aouveXeleg Al L vo Bewpeitol CUVEXEC Kall
LoOTPOTO HECO. OL AoUVEXELEC elval aUTEC Ttou kaBopilouv Tnv avtoxn tng Bpaxopalog. OAeg
Ol ACUVEXELEC SuVNTLKA UItopolV va TIPOoKAAEGOUV KATIOLo 160G aotoyiag.
JTNn OUYKEKPLUEVN gpyacaia £€ywve n mapadoxr MwG oL UOVEG SUVAUELS TTIOU ACKOUVTAL OTh
Bpaxouala eival ol BAUTTIKOU TUTIOU Kal €TOL N SlATUNTIKA va gival n kOpLa avtoxn Twv
oouvexelwyv. H epelkuotikr avtoyn Bswpeital undevikn.
2tn dpuon Sev cuvavtwvtal Aeieg emidpaveleg. Ot GUOLKEC AOUVEXELEG TIOU ATTAVTWVTAL OE KAOE
Bpaxouala epdavitouv avtiotaon otnv oAicBnon avaloya e to Babud anocdBpwor|g Toug,
™V MANPWOH TOUG UE AOPBECTITIKO UALKO, TNV TPAXUTNTA TOUG, K.A. ITIC Aleg emipAVELEG N
SlatunTikn avtoxn untoAoyiletal anod tn ypaputki neptBaliovoa twv Mohr — Coulomb pe tn
oxéon:

T = o, * tand, omou ¢ n ywvia tpipAc.

4.1.1 Kpuplo Barton — Bandis (1973)

Ot Barton — Bandis péoa amnoé netpapatikd Ssdopéva KaTEANEaY o €va pn YPAUULKO KPLTAPLO
ooToxiag yla tn SLaTUNTIKN avToxn Twv aouvexslwy piag Bpoxopolag. Ot petaBAntég mou
xpnoluomnolel eivat o ouvteleotng tpaxutntag (JRC), n éupeon avioxn os povoafovikn OALPN
(JCS) aMAa kat n opBr) tdon (on).

JCS
T = g, tan (IRC log,,—+ qah)
o (1)

O napayovrag ¢p avimpoownelel Tn Baoilkn ywvia tpng, n onola eival pio otabepd mou
ekdpaleL Tnv eAdyLotn avtiotoaon TeLBNG avapeoa os U0 Aeieg Kal eminmedeg enidaveleg evog
uyLoug Bpaxwdoug oxnuatiopou. O TIWEG TTou Kupaivetal sival petagy 22° kat 37° Kot



g€aptatal amno To HEyeB0og TWV KOKKWVY, TNV OPUKTOAOYLKI) cUOCTACN TOU TIETPWHATOC OAAA Kot
Ta Moooota uypaciag (Horne & Deere, 1962, Coulson, 1971).

Eneldn otn ¢puon ol emidpAvELEG TWV ALOUVEXELWV OeV elval TTOTE Aeleg kal eminedeg péoa anod
nelpapatika Sedopéva mpoodloploTnke n ywvia TpayUTNTHG. XpNOLLOTOWWVTOC TN BACIKN
ywvia tpBng mpooaufdvovtag pe TN ywvia Tpoxutntag, Lobnuatiky oxeon (1) mpoKUmTeL n
ywvia TpIPAG yla TO OXNUATIONO TN TEPLOXNG eviladEpovTog, Ta pappapa. Ot petaBAnTEQ
and TIG omoieg efaptdtal eival o ouvteleotng tpoxutntag (JRC), n €upeon avroyxn oe
povoagovikr OALPNn (JCS) alhd kat n opB1) téon (on).

Mo ta npavn €€w amd tn InnAld tou NtafEAn n opbr tdon (on) unoloyiletal amoé to UYPog
ToU TMpavoUl¢ €Ml To £161KO BAPOG TOU METPWHATOC.

YmoAoyLopog opBng taonc:

Npavég ‘Yyog tpavoug El81k0 Bdapog OpOn taon
Aplotepo 40m 1.060 kN/m?
P ’p 26,5 kN/m?3 / R

Aetl 40m (1,06 N/m?)

4.1.2 Aokwn okAnpotntoc avanndnong pe tn odpupa Schmidt

H Sokwun okAnpdtntog avamndnong pe t odpvpa Schmidt (Schmidt hammer rebound
hardness, SH), yvwot Kat wg HEBOSOC TOU KPOUGLETPOU avamndnong, EMITUYXAVEL TOV
MPOCSLOPLOUO TNG ETULPAVELAKNG OKANPOTNTOC TOU METPWUNTOG KOL EUUESA TNV TLUA TNG
pEong avtoyng os povoagovikn BAiYN. To kpouaipetpo i odlUpa avanndnong Schmidt eivat
€va 0pyavo ¢opnto Kat ehadpl to omnolo pmopel va xpnotomnotnBel divovrag ta idla akppn
anoteAéopata TO00 OTO £PYACTAPLO 00O Kal oTo UTalBpo. H Sokuur tou opydvou Bewpeitatl
pUn Kataotpodlk Kol evOElkvVUTAL va YIVETAL Of METPWUOTA HETPLOC OKANPOTNTAG. 2TIC
TIEPUTTWOELG TIOU TA TIETPWHATA €lval TIOAU OKANPA 1 TIOAU HaAakd, n Ookilun €xel
TIEPLOPLOUEVN edopUoyr. 2TO TTOAU poAakd MeETpwpoTa dnpoupyel Bpavon evw ota oAU
okAnpa 6ev MPOKUTTEL KAToLO T Kabwe eival ekTdG opiou Tou opydvou. Avaloya e TO
€(60¢ TOU METPWHATOC ETUAEYETAL KOL O TUTIOG TNG 0dUpag Ttou Ba xpnotpomnolnBel. Ydpyxouv
600 tumoL opyavwy, n odupa tumou N kat n tumou L. Katd tnv ISRM (Aydin, 2009) n odupa
tumou N elvat Alyotepo guaiocBntn otig avwpaAieg TNS eMdAVELOC TOU TIETPWHATOC KAl KAAO
elvat va mpotipdral og ermutonou edpappuoyes. H odpupa tumou L Sivel kaAUTepa amoteAEopAT
og aoBevr, mopwdn Kal AMocadpwWHEVA TIETPWHATA.
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Ewkova 4.1: Spupa Schmidt

H odlpa Schmidt amoteleital and éva xoAUPBSwo €uforo kot pia xoAUBSWN TAAKA
Tielopevn amo ehatnpla. To €uBolo kabwg miEletal otnv eMLPAVELD TOU TIETPWHATOC Ta
ghatnplo mou TEIOUV TNV TIAGKO TEVTWVOVTAL Kol wBouv TV MAAKA TPOG TO AKPO TOU
eUPOAOU HEXPL VO OTACEL OE €va ECWTEPLKO Oplo. To XaAuBSvo éupolo miéletal otabepd
TIAVW OTNV ETLPAVELA TOU TIETPWHLATOC, LEXPL VA areAEUBEPWOEL TO EAATIPLO KPOUOCEWC OTIOU
KOL AKOUYETOL O XAPAKTNPLOTIKOG KpOTOC. H xaAUBSLWVN mAdKka TpookpoUel oto £UPolo Kat
avanndd o ULo OpLOHEVN amooTacon e evépyela ton pe 2,207 N/m otn opupa tomou N Kot
pe 0,735 N/m otn odUpa tuTou L. Itnv ewtepikr MAEUPA TNC LOVASAC TOU OpYAVOU UTTAPXEL
pio kKAlpaka n omoia Kataypddel pia T LOALG 0KOUOTEL 0 KpOTOC. MOTWVTOC TO KOUUTL 0To
TAAL TNG Hovadag, to EUPoro aodahiletal otn B€on omoBoxwpnong KoL N TR TIUPAEVEL
otaBepry mMAvw otnv KAlpoka tou opydvou. H T authi eival o Seiktng okAnpotntag
avamnnénong R (rebound hardness) kat pag Seiyvel to UPoc avanndnong to omoio sivat
QVAAOYO HE TN OKANPOTNTA TOU METPWUATOG,.

a) -1} [[-] {dy
Instrument ready Body pushed Hammer is Hamimer
for test toward test releasad rebounds
object
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Hammer
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Ewkéva 4.2: Toun) opupag Schmidt mou amotunwvet 8Aua Ewkéva 4.3: KAipaka opyavou

Brua ™ Asttoupyia tng



To mAeoveKTaTa TG SOKLUNG gival n peydin eukoAia otnv edbappoyn, 0 UKPOC EEOTTALOUOG
KoL n aueon efoywyr QmoTEAEOUATWY. TO HEWOVEKTNUA TNG SOKIUAG elval mwg To
anoteAéoparta eplopilovral otnv eMGAVELN TOU TIETPWHOTOG KAl OXL 0T CUVOALKN £KTOON
TOU METPWHATOC o€ BAboc.

Ye kaBe B£on ota SUo Mpavr MPaAyUATonoLOnKav TOUAGXLOTOV 20 LETPAOELG. ITLC TIEPLOXES
TWV OLOUVEXELWV 1 TOU aoBeOTITIKOU UALKOU TTOU TTPpaYUATOTOLNONKE SOKLUN KAl TTpogKuE
Bpalon Tou TMeTpWHOTOC OL KpoUOoelg amoppimtovrav. Amd Tt 20 UETPAOELC
amoppintovrav ot 10 pIKkpOTEPES KOl EMelta UTtoAoyilovtav o HECOC OpOG TOUG. MeTd TNV
oAokANpwon OAwv TWV LETPAOEWV O€ KABE MPaVEG, UTTOAOYLOTNKE 0 HECOC OPOG OAWV TWV
MECWV OpWV yLa TOV TPOCSLOPLOUO TNG LEONC TLUNG avamndnong.

Xpnolwgomolwwvtag 1o vopoypadpnua twv Deere and Miller, 1996, otnv Eiwkova 4.4
TPAYUATOTIOBNKE 0 MPOOSLOPLOUOG TNG MECNG AVIOXNG o pHovoafovikn BAIYn. Amo
BBAoypadikég avadopeg (ToouBaia, 2009) MPOKUTTEL WG N TIUKVOTNTO TWV LOPUAPWY TNG
MevtéAng oovtal pe 2,7 gr/cm® f 26,5 kN/m3.
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Ewkova 4.4: Nopoypdpnua e KAUITUAES avarmnénong — avToxns LEOW TELPAUATIKWY SESOUEVWY UE OPUPA
Schmidt tumou L yta tov urtoAoytoud tng éupeons avroxrg oe povoaéovikn 9Aiyn (Deere and Miller, 1996)



H tn mou Ba mpokUYPeL and to SLaypappa cuoxETiong Ba TeplypAdel TNV avroyn oe
aveunodiotn povoafoviky BAIYN tng Bpaxoupalog os kABe mpaveg. O deiktng JCS (Joint
Compressive Strength) cuprnintet pe tnv éupeon avioxn o€ povoafovikn BALPN.

H péon tun avamndnong mou MPOKUTTEL Ao TIC £ML TOTIOU SOKLUEC Yl KABe mpaveég Sivetal
otov MMivakac 4-1.

2tov Mivakac 4-1 mapoucldlovtal ol AVOAUTIKEG LETPAOELG TTOU TIpAyHATOonoLOnKayv He TN
odUpa Schmidt ota U0 mpaAvr, OTLG OVOLXTEC ACUVEXELEC QAN KOL OTO AOBECTITIKO UALKO.



Mivakac 4-1: Méon tun avanndnong yla Kade mpaveg

APIZTEPO NPANE2

ACUVEXELEG

27 28 29 29 31 32 32 35 36 36 38 40 40 41 42 44 45 45 46 48 429 42,9

13 20 26 26 28 30 31 34 34 34 35 35 36 37 38 38 41 41 42 42 385 38,5

20 23 24 24 26 30 32 33 35 36 37 38 40 41 41 48 48 49 50 52 444 44,4

13 20 26 26 28 30 31 34 34 34 35 35 36 37 38 38 41 41 42 42 385 38,5

20 23 24 24 26 30 32 33 35 36 37 38 40 41 41 48 48 49 50 52 444 44,4

18 20 23 26 28 30 32 32 33 34 36 37 37 38 39 42 42 43 44 47 405 40,5

30 34 37 38 38 40 40 40 41 42 42 42 43 44 45 46 48 48 49 49 456 45,6

10 15 15 16 18 19 19 20 21 22 22 23 24 28 30 30 31 37 38 42 305 30,5

11 12 13 19 20 20 22 24 25 27 29 31 31 34 35 35 36 36 38 39 344 34,4

32 33 33 34 35 36 37 38 39 39 40 41 42 42 43 43 43 46 47 49 436 43,6

15 16 29 30 30 34 34 37 38 38 38 39 40 42 44 46 47 47 51 52 446 44,6 40,72
AoBeoTiTikd UALKO

8 10 10 11 12 13 14 16 17 18 20 21 22 25 25 26 26 27 28 29 249 24,9

7 11 12 13 14 15 16 17 18 21 22 23 24 25 26 26 27 28 29 251 25,1

8 10 11 12 13 14 16 17 18 19 20 21 22 25 26 27 27 29 30 246 24,6 24,87




AEZI MPANEZ

AGCUVEXELEC
23 24 27 29 30 32 33 34 36 37 38 39 40 41 43 44 45 47 48 49 434 43,4
24 25 26 27 29 30 31 33 34 35 37 38 39 40 41 43 44 45 47 48 422 42,2
26 27 28 29 30 32 33 34 35 37 38 49 40 41 42 44 45 46 47 49 441 44,1
10 15 15 16 18 19 19 20 21 22 22 23 24 28 30 30 40 31 35 36 299 29,9
11 12 13 19 20 20 22 24 25 27 29 31 31 34 35 35 39 36 37 38 345 34,5
9 12 13 14 15 16 18 21 23 24 27 28 29 30 31 32 33 34 35 41 320 32 37,68




To &gl mpavég elval KEPUATIOUEVO KAl 0€ KATIOLEG BE0ELC evtomileTal AVAUESA OO KAELOTEG
OLOUVEXELEG ApPNKTN Halo METPWHATOG. To aplotepd mpaveg sival oxedov appnKto He Alyeg
OLOUVEXELEG OL OToleg €lval (te KAELOTEC elte aVOLXTEG OAAA TIANPWUEVEG UE AOBECTLTIKO
UALKO. H eKTipnon Tng €Upeong avtoxng os povoagoviky BALPN Ba mpaypatonolndet yia Tig
OLOUVEXELEG OAAA KOIL YLOL TO OLOBECTITIKO UALKO.

JUudwva Pe OAa Ta TOPATTAVW KAl TO vouoypadnua Etkova 4.4 TpoKUMTEL W yla To Se€l
TPAVEG N TN Tou Seiktn JCS yla TIC aouvéxeleg LooUTal pe 85 MPa. Avtiotolya n TLUA Tou
Seiktn JCS yla To aplotepd mpaveg LloouTal pe 88 MPa, evw yLa To acBEOTITIKO UALKO LooUTal
ue 40 MPa.

4.1.3 JuvteAeotnc tpayvtntac JRC

O npoaodloplopog Tou auvteheotn Tpaxvtntag (JRC) mpayuatomnoleital HEcw TG GUYKPLONG
™¢ emupAvelOg TNG EKAOTOTE OOUVEXELAC ME TOV TIVOKO TWV TUTILKWV TPpOodiA Tou
SnutoupynBnke anod toug Barton and Choubey to 1977. To dpyavo mou xpnoLyomnoleital yia
TNV amoTUNWOonN TNG EMLPAVELOG TNG AOUVEXELOC AEyeTal TIPOPIAOUETPO. H cUyKpLon yivetal
OTITLIKA HETAEY TNC AMOTUTMIWONC TOU OPYAVOU KOl lUTOU TIOU TALPLALEL A0 TOV TVOKO TWV
Barton and Choubey to 1977 kat tpocSiopiletat n tipn tou JRC. O tpég tou JRC eivat and 0
£wc¢ 20, 6mou avtlotolyolV o€ Asleg Kol eminmedeg £w¢ aveminedeg Kal TPAXeleg, avtioTolya.
Jtnv neploxn evéladEpovtog xpnotpomnolnonke to mpodpAoUeTpo tOco ota Suo mpavr) 600
KoL 0TV TP AveLa TOU aoBeotitikol UAKoU (0mou Atav edLkto). AkodoUuBwg e tn Bonbela
TOU TIOPOKATW TIVaKa TWV TUTIKWV TPodik mou dnuloupynbnke amd toug Barton and
Choubey 10 1977 otnv Ewkova 4.6 amodoBnke tiun oe kABe éva amd ta mpodil mou
anoturiwlnkav and to UTadpo.

Ewkova 4.5: Mpo@AOUETpO



TYPICAL ROUGHNESS PROFILES for JRC range:
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Ewova 4.6: MpopiA tpayutntag kat avtiotoiyes Tiueg JRC (Barton and Choubey, 1977)

Aplotepd POVEC

Yuvteleotng | NMpodih
TpaxUuTNTAG

JRC=4 : S

JRC=9 g

JRC=4 s

JRC=10 i

JRC=9 —_—

JRC=8

JRC=15 e e

JRC=17 e

Mo Adyoug acdaleiog n emdeyeioa TLUN YL To ouvteheotr| TpaxuTntag JRC yLa TIC ACUVEXELEC
elvat n pkpotepn, dnAadn JRC = 4.



Aeéi mpavég

ZUVTEAEDTNG MpodiA
TpaxUuTNTAG

JRC=18

JRC=17

JRC=8

Mna Adyoug acdaleiog n emleyeioa TIun yia to ouvteheoth tpoxutnTag JRC yLa TIC 0OUVEXELEG
glval n pkpotepn, dnAadn JRC = 8.

AoBeotitikd UAKO (aploTtepo mpavec)

JUVTEAEOTNG MNpodiA
TpaxUuTNTAG

JRC=10

MnaAdyoug acdaleiag n emAeyeioa TLURA yLa To cuvteAeotr) tpaxvtntac JRC ival n uikpotepn,
énhadn JRC = 4.

Xpnotpornolwvtag oAa ta dedopéva umoloyiotnke n ywvia tpaxltntog i cUpHPWvVA PE TNV
ormola mpaypatonotiOnkav OAeg ol avalloel oto Aoylwopiko Dips. Xtov [livakac 4-2
napoucLalovtal oL UTIOAOYLOUOL TToU EyLvav.

H Baotkn ywvia TptBng ¢s yLa ta pdppapa eivat 32°.



Mivakac 4-2: YroAoytouol yia tov mpoodLoplopo TNG ywviag TpaxUTnTaG i Kot TNG ywviac E0WTEPLKNG TPLBIG

ApLOTEPO MPAVES

AGUVEXELEG
0p61 taon (on) ®b tand, | JRC | JCS JCS/o, log(JCS/on) i=JRC*log(JCS/a,) 0=y +JRC*log(JCS/on)
1,06 32 0,7559 | 4 88 83,01887 1,919 7,677 39,68
AoBECTITIKO UALKO
0p61 tdon (on) O tand, | JRC | JCS JCS/o, log(JCS/o) i=JRC*log(JCS/a,) 0=y +JRC*log(JCS/on)
1,06 32 0,7559 | 4 40 37,73585 1,577 6,307 38,31
Aeéi mpaveg
AGUVEYXELEG
0p01 tdion (on) Ob tand, | JRC | JCS JCS/o, log(JCS/on) i=JRC*log(JCS/ao,) 0=y +JRC*log(JCS/on)
1,06 32 0,7559 | 8 85 80,18868 1,904 15,233 47,23




H ywvia tppng yia to aplotepd mpaveg sival 39° yLa TIG AOUVEXELEG EVW YL TO ACBECTLTLKO UALKO
LooUTaL e 38°. AvtioTolya yLo TIG acUVEXELEG TOu Se§loU Ttpavoug n ywvia TpNng eival 47°.
Mapatnpeitol mwe n ywvia TpaxlTnTog i 0TO ApLoTEPO MPAVECG TOOO YLA TIG OLOUVEXELEG OO0 Kall
yla TO aoPBeoTITiKO UALKO Sev €xel oAU peyaAn Stadopd. Opwg n avtiotolyn ywvio oto Setl
Tpaveg elval oAU peyaAUtepn. Ano TG Tipeg JRC elxe amotunwBel mwg n tpoxvutnta oto Sefi
TPAVEG Elval LeYaAUTEPN O€ OXECN UE TO APLOTEPO TIPAVEC.

'OAeg ol avaAUOELG TTOU TipayUaTomnoliOnkav oto AoyLlopko Dips éAaBav umon auTEG TLG TLUEC
™G ywviag tePng yla to kabe mpavég. Aappavovtag umodn tnv achaAeLa, n TR yLa Tn ywvia
T™PPBNAG Tou xpnolpomnolibnke eival MOAU WKpOTEPN amd TNV aviiotolxn ywvia Tplpng mou
TMPOEKUYPE o TOUC UTTOAOYLOUOUC.



5. MKPOTEKTOVIKEC AVOAUGELC

210 mapov kepalalo MapoucLalovtal oL LETPIOELG TTOU TpaypoTomolionkav ota U0 mpovh wg
TMPOG TNV KAlon toug kot tn ¢dopd UEYLOTNG KAlong toug. Mpayuotomolndnke n oTATLOTIKN
enefepyacioc OAWV Twv HETPAOEWY, XwWPLOTA ot KABe mpavég kal akoAouBnoav ot
oTEPEOYPAPLKEG TIPOBOAEG 0TO SikTuo Schmidt. MNa To TEAKO ATIOTEAECHO OXETIKA [LE TNV UTTAPEN
1 un actoyiog oAAd Kot To el6o¢ NG aoctoxiag epapuootnkav n avaluon Markland kaBwg kat n
BeAtiwon Hocking.

5.1 Epyaocieg nediov kat pebodoloyia drayeipiong twv dedopévwv

Mo Tov €Aeyxo TnG MBavoTNTOC avantuéng SuvnTikwy anoodnvwoewv oAAA Kal TG euoTAabeLag
TWV PavVwV TPV TV €loodo otn InmnAwd tou NtoféAn, mpaypatromolndnkav UETPHOEL OF
emheypéveg B£oelg ota npavn. Neploocotepeg and 100 PUETPAOELS, HE TN XPAON TNG YEWAOYLKAC
nuéldag, acuveXELWV TipaypatomnolBnkav oe KABe PAVEG Kal otn cuveXela mpoPARdnkav ot
TIOAOL QUTWV OE TEKTOVIKO Siktuo Schmidt.

S

~.x:;
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Quwroypapia 5-1: Enti Tomou UETPHOELG UE TN YewAoyikr muéiba 0To apLoTEPO TPAVES

Me tn Xprion Tou AoyLlopikoU Dips €yLve n oTaTIOTIKA eMefepyacio Twv MOAWV Kat xapaxbnkav ot
TLEPLOXEC (ONC MUKVOTNTOC OUTWV. ATIO TN CUYKEVIPWON TwV MOAWV Tpoékuav oL TTOAOL TwV
KUPLWV CUOTNUATWY 0LOUVEXELWY KaL Ta EMIMESA TOUG. ATO TV enefepyaoia Twv EMUMESWV TWV
aouvexelwy Ba eheyxBel n mBavotnta avantuéng SuvnTKWY amoopnVWoEwWY oTa PAVH TTPLV TV
€loodo tng ZmnAlag tou NtaBéAn. Mo KABe MPAVEG N UIKPOTEKTOVLKI) AVAAUGN OKOTIO €XEL TNV
g€étaon ekGNAWONG HLOG KLVNUOTIKNAG SuvnTikNg ekdnAwaong emninedng oAioBnong, odpnvoeldng
oAioBnong n ekdnAwon avatponwv.



H emdoyn tng otepeoypadkng mpoBoAng mou emAEXBNKe va XpnoLomoLnBel oTn CUYKEKPLUEVN
epyoaoia eival oto Siktuo Schmidt (Equal Area).

H ouvoAikn pelétn adopd tov EAeyxo Twv SuvnTiKwV oALoBoewv o evoExeTal va ekGnAwBouv
KOTA PLNKOG TWV EMUTESWY AOUVEXELWVY, I KATA LNKOG TNG TOUNG SU0 eMUMTESWV OLOUVEXELWY UTIO
popdn apnvoeldwyv amokKoAANCEWV 1 KoL EKSAAWGCNC AVATPOTIWY KAl KATATTTWOEWV.

Mo Tov £Aeyxo Twv SuvnTKWY oALoBAoewY XpnoLomoLOnkav:
< Ta emnimeda TwWV KUPLOTEPWV OCUCTNUATWY OOUVEXELWV TNG PBpaxopolag Onwg
npocdlopillovtal e TN OTOTLOTIKNA enefepyacia oto Siktuo Schmidt.

< Ta YEWUETPIKA XAPAKTNPLOTIKA TWV EMMESWY TwV MPavwv Alyo mpv tnv €icodo tng
InnAdg tou NtaPEAn. Me tn xprnon tng yewAoylkng nuéidog petpndnke n kAlon kot n
dopa peylotng kAlong (Dip/Dip direction) ota KupPLOTEPA GUGTHMOTA ACUVEXELWV TNG
Bpaxoualag. Emiong petpnOnkav kol Tt otoeio Twv SUO Tpavwv T oMol
npocdlopllouv TIC SUVNTIKEG aoToXlEC. 2Tal cuvnupéva Slaypappata, Ta enineda Twy
TPAVWV €ival TomoBetnuéva KATw amod ta Kupla enineda nou Sivovtal oTov Tivaka oTo
UTIOUVN A HE KOKKLVO Xpwua. Emiong og kaBe avaluon mou epapuootnke n PeAtiwon
Hocking, £metta amno to test Markland mou umédel€e tig Suvntikég aotoxieg, Ta emnineda
TWV CUVEXELWYV TIOU PEAETWVTOL TIAPOUGCLALOVTOL LLE UTTAE XPpWHAL.

< To eninmeda Twv KATOAKOPUPWY 0LOUVEXELWY TIOU €XOUV KaTaypadel OTO ApLOTEPO TIPAVEC
(6mwg koLtape TNV €l0060 TNG ITNALAC) KOl UITOPEL VAL EMINPEACOUV TNV EEWTEPLKNA TIEPLOXN
NG IMNALAC O€ KATOLO HEAAOVTLKO XpOVO.

% Hywvia tptBAg katd pAkog tng mbavng eridpavelag actoxiag.

H miBavotnta ) oxt ekdnAwong oAloBrnoswv pe Baon Thv avwtépw avaluon Sev eival Kal tkovn
ouvlnkn vywa S&nuoupyia oAloBnong. Amalteitol KoL N CUVEKTIMNGN TWV TPAYHUOTIKWV
SLOTUNTIKWY TIOPOUETPWY OVTOXAG TNG emidavelag oAioBnong kot n mbavotnta UmopEng
ETUMESWV HE TA WE AVW YEWUETPLKA XAPAKTNPLOTIKA TO OTIOLOL TIPETIEL VOL £XOUV EMAPKWG LEYAAQ
MNKN WOTE Vo cUVLOTOUV eMLPAVELEG ATTOCHNVWOEWV. ITOXOG TNG CUYKEKPLUEVNG epyaciag elval
KUPLWG O EVIOTIOUOG ETUMESWY AOUVEXELWVY KATA UAKOG TWV OMolwv pmopouv val  urtdpéouv
ouvlnkeg oAioBnong.

H ywvia eowtepkng TPPAC TIOU XPNOLLOTOBNKE yla Tov €AeyX0 Twv SUVNTIKWY OALOBoEWY
TIPOKUTITEL amod TIC avaAUCEL TIOU £ylvav otV mapaypapo 4, otov [livakas 4-2 pe TOoug
UTIOAOYLOMOUG TNG Ywviag tpaxutntag oAAd kot and BiBAloypadikd dedopéva (ToouBaia, 2009)
Yl QVTLiOTOLXOUG OXNUATLOMOUG 0TNV EVPUTEPN TIEPLOXING TOU OPOUG TNG NevTEANnG. EMAEXBNKeE va
xpnotpomnotnBet ywvia tppig ¢ mou kupaivetol and 36° €wg 42°. AnAadn evidg TG EPLOXNG
aoddalelag. Mpaypatonoibnkav SoKUEG O KAOe MPAVEG yla TOV €AEyXOo TNG €UdAvIoNG
aotoxlwy N TNV e€dAeldn actoxwwy. Napakdtw nmapouaotdlovtal oL avaAUoelc. H katwtepn TN
NG YyWVIOC ECWTEPLKAC TPLRNAC TIOU XpnoLuomolnBnke elvat 36° kat £€tol éAafe umoPn Kot TG
Suopevéatepeg ouvbnkeg tNg Ppaxopalag, onwe uMESelEe n ywvia tpaxltntag. Eival TiuEég
cadwG CUVTNPNTIKEG TPOG TNV KATeLBUVON TNG eVoTABELaC.

Mapouotalovtal T CUVEXELQ TA ATIOTEAECUOTA TWV ULKPOTEKTOVIKWY AVOAUCEWY YL TO Tipavh
mou TepBAaAAouV TNV €icodo tng ZMNALAG tou NTaBEAn.



5.2 Avaluon Markland

H avdAluon Markland (1972) eivat pla Kivnpatikn uEBodog avaAuong e otoxo tnv afloAdynaon
™¢ mubavotntag aoctoxiag tng odnvag. H kwnuotik péBodog avaluong, n omola eivat
VEWUETPLKN, €€eTAlEL TOLEG TEPUTTWOEL aoToXlag Tou Tmpavoug eival mbavég os pla
Keppatiopévn Bpaxwdn pala. H mbavotnta kol o tUmog tng aoctoxiog kabopilovral amo
YWVLOKEG OXEOELG LETOED TWV ACUVEXELWV KL TOU TIPAVOUC.

H avaAuon auth Omwe Kal oL IEPLOCOTEPEC aVAAUOELC TteplopilovTal yla Bpoywdn mpavr).

Av n erudavela Tou Tpavoug €xeL cuvexn KAlon, Tote n MPoBoAN TNG TOUAG Elval TILO CNUOVTLKA
amnod tn yewpetpia g katoPnc. MapoAa autd, ToAAd Bpoxwdn mpavh arnoteAolvtat ormd TIOAAEG
emudaveleg pe Stadopetikeg KAloelg. Av Sev AndBouv untoPy ol avwtepes eSadpLkEG LAleC, TOTE
Ta mpavh povig emudavelag (single-faced slopes (SFS)) pmopouv va mpoodloplotolv cav mpavh)
TIOU €XOUV WA povn erupdavela e ouvexn KAlon kol ta moAvemipavelakd npavr (multi-faced
slopes (MFS)) nmpoadlopilovtal wg mpavn pe U0 1 MEPLOCOTEPEC EMIPAVELEC PE SLAPOPETIKEG
kAloeLc.

H avaAuon Markland XpnolUOTOLEL TNV €0WTEPLKA ywvio TPLBAC TOU OXNUOTIOUOU ylo va
koBoplosl Tt actoyio Ba umtapel, av uTapEet. nUavtiko polo dtadpapartilel n kAion kat n popa
MEyLoTnc KAlong tou mpavouc. Méoa otnv enidadvela ou Ba oploBetnBel avaueoa oto PEYLOTO
KUKAO TNC €TLPAVELOG TOU TIPAVOUG KAl TNG TEPLPEPELAG TOU ECWTEPLKOU KUKAOU, KWVOU, TIOU
ovtiotolyel otnv eowrteplky ywvia tePAg Ba davepwbel mola emineda acuvexewwv BOa
aotoxnoouv. Mo cuykekplpéva n avaluon Markland avad£pel mola i TOLEC TOUEC TWV EMUMES WV
TWV OOUVEXELWV LKOVOTIOLOUV TG oUVONKEG yla va ekdnAwoouv pia aotoyia. Napd tavta ¢
OUYKeKpLUevomoLel To el6o¢ TnG oAloBnong mou mpokettat va ekdnAwOeL.

0°

270°

Rock face

Slip surface 1
————— Slip surface 2 180°

Ewova 5.1: AvaAuon Markland otn otepeoypapikn mpoBoArn
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Note: The convention adopted in this '(((

analysis is that the flatter plane is always
referred to as Plane A.

Ewkova 5.2: Stepeoypapikn amotunwan tou test Markland (1972) orou Staaivetal n aotoyia tne Bpayoopnvag

5.3 BeAtiwon Hocking

Mua BeAtiwon tng avaluong Markland sivat n BeAtiwon Hocking (1976). Awadopormnoinoe tnv
KUALon oe éva eninedo (single plane sliding) mou oxnuatilel tn Baon tng odrvag, and tnv KUALoN
KOTA UAKOG TNG YPOUUNG TG TOUNRCS SUo acuvexewwv (double plane sliding).

Kata tn BeAtiwon tou Hocking, 6tav n 8tevBuvon kAiong tou agova evog ek Twv SV emUMESWY
TWV eMLPAVELWY TWV 0LOUVEXELWVY TIOU opilouv T Bpaxoodriva evtomiletal eviog Tng ywviag mou
opiletat amno tn SlevBuvon kAiong tou afova tng Bpaxoodrvag kat tn dtevBuvon KAiong tou
npavoulg, Tote n oAioBnon mou Ba ekdnAwBel Ba eival eminedn kat Ba ekdNAwOel katd TN
SlevBuvon kAiong Tou emunédou mou o a€ovag Tou Bpioketal evtog Tne mpoavadepbeioag ywviag
(Ewcova 5.3). Av n 8levBuvon kKAlong Tou dfova Kaplag ek Twv SU0 EMUMESWV TWV ETILPAVELWY TWV
o.ouvexeLwy mou opilouv t Bpaxoodnva Se Pploketal evtog Tng mpoavadepOUeVNS Ywviag, Tote
n oAloBnon ekdnAwvetal Katd UAKog Tou datova TN Ppaxoodnvag.
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Ewkova 5.3: Zuupwva ue t Bedtiwon Hocking ta diktua (a) kat (b) mapouvoialouv oAioOnon kata unkog tou aéova tng
Bpayxoopnvag. Evw oto biktuo (c) n Bpayoopnva o 0Alodrioet Kata Unkog Tou eNMUTESOU TNC EMLPAVELAC TNG
aoUVExELac A.



5.4 Rocscience

H Rocscience eival pia etalpeia mou dpubnke to 1996. Eival nyétda etalpeia otnv avamntuén
Stoblactatwy Kal tplodidotatwy (2D & 3D) AoylOoPLIKWY Kol €LOLKEVETAL OE AOYLOUIKA TIOU
adopolv KUplwg MOALTIKOUG HNXOVIKOUG, LETAAAELOAOYOUC KOl YEWTEXVIKOUG UNXAVIKOUC. ETNV
mapovoa SUTAWUATIKN xpnotuomnowfnkav ta Aoylopikad Dips kat UnWedge.

5.4.1 Dips

To Dips elval éva AOYLOWULKO TTOU XPNOLUOTIOLELTAL LA TNV avAAUGH YEWAOYLKWVY SESOUEVWY PLECW
otepeoypadkng mpoPoAng. Mapexel Tn duvatotnta avAAuong Kal Tapouciaons YEWTEXVIKWY
S6ebopévwv clpdpwva Pe TOUug AEOVEG TIPOCAVATOALOUOU TOUG, SLOYPOUHATWY TIUKVOTNTAG,
TOMWV, K.A. Emiong pmopouv va mpaypatonotnBouv KWnpaTkEG avaAUOELS YLO TOV TIPOCSLOPLOKO
KploWwv {wvwv, afovwv KoL Topwv os Siktuo Schmidt og cuvSuaouo e TNV KLVNUOTLKA avaAuon
TWV TPOTWV MLBaVAG acTtoxiag opnvwv Kal eTMESWV.

H kwnuatiky avaluon mou mapexel to Dips emitpémnel Tov MpoodSloplopd Kpiowwwyv {wvwy,
Slavuopdtwy Kol Staotavpwaoswy. MNpayuatomnoleital o Tpoodloplopdg TG SUVNTIKAG aoTtoxiag,
av elvat eminedn A odnvoeldng oAlodnon, AUeon 1 KOUITTLKY OVOTPOTH.

5.4.2 UnWedge

To UnWedge eival éva Tplodldotato AOYLOUIKO avAAUONG EUCTABELOC VIO UTIOYELEG AVAOKOPES
og Bpaxwdelg oXNUOTIOMOUG Le TTOAAQ CUCTAATA ACUVEXELWV. MapéXeL avAAUGh O TEUVOUEVQ
enineda acuvexewwv kat divel tn Suvatotnta povieAomnoinong os Tplodidotatn popdn (3D). To
UnWedge npoaSlopilel Ti¢ odpriveg mou Ba aoToXoouV oTNV MEPLUETPO TNC UTIOYELOG EKOKOPNG
OoAAQ Kol KaTd pnkog tne. Emiong umdpyel Suvatotnta va uTtoAoylotolV PETpa UTtooTPLENG YL
va emuteuxBel o emBupuntog Pabuog aocddhelag. Akoun Sivel tn Suvatotnta MmO avoAoyLKNG
QVAAUONG HE TN XPron HOVIEAWV OPLOKAG LOOPPOTIAC YLA TOV UTIOAOYLOUO TG mibavotntog
actoyiac.



5.5 AVOAUOELG TEXVIKOYEWAOYIKWV oUVONKWV guotaBelag oto el mpaveg

(B)

Quwroypaplia 5-2: Mavopautkn ewtoypapia tng ZrnAtds touv NtaBeAn ue ta Svo ripavn (a), Mavopautkn ewtoypapio
tou Seélou mpavouc (8)

Onwc Selyvel kot n ¢wrtoypadio TO CUYKEKPLUEVO TIPAVEG €lval KEPUOTIOMEVO, TO TIETPWHA
eudavilel TOAEG AOUVEXELEG KOL TO XPWLA TOU €lval okoUPo yKpL. ETiong o £vtovog KEPUATLOMOG
TOU SLapOoPPWVEL KAL TO XOUNAOTEPO TN O TOU TIPAVOUG TTOU artoTeAE(TaL amo MOAAG ULKPA £WG
TOAU peydha Kopudtia tng Bpaxopolag mou £xouv amokoAAnBei kot méoel oto £6adoc. Ot
OLOUVEXELEG KATA ouVTPLTTIKA MAsloPndia eivat KAELOTEG Kol elval Tpaxeieg. Kamoleg Alyeg sival
QVOLYTEG TIOU OHWG O Eemepvolv kamola Alya XIALlooTa.



Quroypapio 5-3: Aouvéxeta ato Se€l Tpaves

Quroypapia 5-4: Mapuapa Seélov mpavoug

H kAlon kat n ¢opd péylotng kAlong tou mpavoug Sev €XeL TTOAU PEYAAEG SLAKUMAVOELG KATA TO
MNKOG ToU amd TNV €l0080 TNG ZMNALAG KEXPL KOL TNV dKpn Tou. Ot TYEC TG KALoNnG Kupaivovtal
anod 67° éwg 71° kal 226 €wg 244 n dopd HEYLOTNG KAlong Tou. EMElTa amod TN OTATLOTIKA
gneepyacio n T Tou TpavoUG e TNV omoia gytvav oL avaAUoelg eivatl 70/239.

ATO BLBAloypadLkeg avadopEG N ywvia ECWTEPLKNG TPLRNG EXEL TILEC amo 36° £wg 42°. MNa TNy
aoddAela TNG HEAETNG TOU XWPOU OL aVOAUCELG TIOU TPAyHATOmoLOnKay Eyvav yla OAEG TLG
eVOLAUEDEG TLUEG TNG ywviag eoWTEPLKNG TPPNAC avd Suo TéS, dnAadn 36°, 38°, 40° kat 42°.



Mapotl umoAoyiotnke yla to mpaveg (Mivakag 4-2) n ywvia TpoxVuTnTOg €MAEXBNKE va N
TIOPOUCLAOTEL, LEAETONKE LOVO TIELPAUATIKA, KABWCE lval oTnV TEPLOXN EKTOG aodAAELlag. Amo
Ta anoteAéopata Twv avaAloewv Sev umnpée kamola dadopd ot SUVNTIKEG aoTo)lEG TToU
gvtomni{ovtol GUVOALKA oTNV €KTaon Tou 6£€loU mpavoUg yia KABEe pia T TNG Ywviog E0WTEPLKAG
TPBAG.

Jtov mivako Tiou akoAouBel avadépovtol TA  KUPLOL OCUCTAUATO OOUVEXELWV OMWG
Slopopdwbnkav amd T OTOTIOTIK  emMefepyacia  TwWV TEKTOVIKWV UETPAOEWV TIOU
npayuatonolndnkav. AkohouBoUv ota oxnuata (Exnuo 5-1 kot Syfiuo 5—2) ol otepeoypadIKES
nipoPoAég oto Siktuo Schmidt pe TIG TUKVOTNTEG KAl PE TG LECEG ETULPAVELEG TWV OLOUVEXELWY
OVTLOTOXWG.

KUpLo ouoTNLOL QLOUVEXELWV KAion/®opa péyiotng kAiong

(Dip/Dip direction)

J1 77/028

J2 63/276

3 78/297

14 60/234

Pranes 70/239
[cosr| oo [ owoweten [ e
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Zxnua 5-1: Aiktuo Schmidt e TI¢ TUKVOTNTEG KA TIG UETEC ETILPAVELEG TWV OUCTNUATWY TWV XOUVEXELWV
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Zxnuoa 5-3: Aiktvo Schmidt pe ta anoteAéouarta test Markland



210 Synua 5-3 amo TNV AmelKOVIon TwV KUPLWV EMUTESWY OOUVEXELWV OE OUVOUAOUO LE TN
SlevBuvon kal kAlon Tou MPAVOUC TIPOKUTITOUV OL €€NG YEWUETPIKA SUVNTIKEG TEPLTTWOELG
aotoxiag.

Avatpony: To eninedo 77/028 mou avadépetal os clotnua SlakAdoswv Slvel oplakd TN
Suvatotnta ekdNAWONG AVOTPOTIWY.

OAloBnon: Napouctaletal n mBavotnta Snuoupyiag oAloBroewv OTNV TOUN TWV KOTWTEPW
{EUYWV ETUITES WV OCUVEXELWV:

J2-14:63/276 —60/234

13-14:78/297 —60/234

12-13:63/276 - 78/297

ITa EMOWPEVA OXNMOTA TTAPOUCLALETAL N aVAAUGCH TIOU TPAYHOTONOWONKE cUUbWvA PE TN
BeAtiwon tou Hocking yla kaBe {elyog aouUVEXELWV WOTE va Tpoodloplotel av n oAicbnon mou
duvntika 6a cupPet Oa sival enimedn i opnvoeldnc.

MNa tnv mAnpéotepn Olepelivnon TWV OCUVEXELWV OTO TIPAVEC TNG TEPLOXNAC MEAETNG OMWG
npoavadEpOnKe MPayUOTONOONKAV TIAPAUETPIKEG AVAAUOELG He pila peTtapAnT, T ywvia
E0WTEPLKAG TPLBAG. ATIO Ta AMOTEAECUATA TWV AVOAUCEWY TIPOEKUYPE WG SEV UTIAPXEL KOO
Sladopomoinon oxetikd pe to {elyn Twv eMUMESWV TWV QCUVEXELWV TIOU Tapouclalouv
oAioBnon.
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EruAéxOnke va yivel avaAuon Twv {euywyv TWV OLOUVEXELWVY YLa T ywVia ECWTEPIKAG TPLBAG Twv
36° kaL OAa Ta cupnepdcpata Ba ival ulép TG acdAAELaG.

Zguyog aouvexelwv J2 — J4: 63/276 — 60/234

210 Synua 5—4 nopouoidlovtal n StevBuveon KAlong Tou MPAVOUG, TWV ETITESWV TWV OLOUVEXELWY
J2 kal J4 kot tou aova tng Bpaxoodnvag. Mapatnpeital otL petall tng SlevBuvong kKAlong Tou
npavoUG Kal Tou agova tng Bpayoodnvag de Ppioketal kapio amno tig Suo SleuBuvoelg kKAiong Twy

EMLPAVELWY TWV ACUVEXELWV J2 Kal J4 Tng Bpaxoodnvag. Emopévweg n oAioBnon mou avopévetal
Ba elvat odpnvoeldnc.
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Zxnua 5-4: Stepeoypacpikn npoBoAn Schmidt yia tnv toun tou {evyoug acuvexelwv J2 —J4

Zeuyog aouvexelwv J3 — J4: 78/297 — 60/234

Y10 SyHua 5-5 moapoucialovtal n StevBuvaen KAlong Tou MPaAvoUc, TWV EMMESWV TWV 0LOUVEXELWY
13 ka J4 kat tou Gfova tng Bpaxoodnvag. Napatnpeital mwg petafl tng SteuBuvong kAlong Tou
npavoUlg kot Tou afova tng Bpaxoodnvag Ppioketal o dfovag tng acuvéxelag J4. EMopévwe n
oAioBnon mou avopévetal eivat eminedn kal Oa ekdnAwOel otn SievBuvon tou emumédou J4.
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Sxnua 5-5: Stepeoypapikn mpoBoAn Schmidt yia tnv toun tou {eUyoug aouvexelwv J3 —J4

ZeLyog aouvexewwv J2 —J3: 63/276 — 78/297

Y10 Synua 5—6 mapoucialovtal n StebBuvaen KAlong Tou MPAVoUC, TWV EMTTESWV TWV 0LOUVEXELWY
J2 kat J3 kat Tou agova tng Bpaxoodrvag. Daivetal nwg avaueca otn dteuBuvon KAlong tou
TipavoU¢ Kal Tou afova tng Bpaxoodnvag de BpiokeTal kapia amo Tig SUo SleubUvoEeLg KALoNG Twy
aouvexewwy J2 kat J3 mou opilouv tn Bpaxoodrva. Ondte n oAicBnon mou avauévetal Ba sival
odnvoeldng.
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Sxnua 5—6: Stepeoypacpikn mpoBoAn Schmidt yia tnv tour tou {eVyouc aouvexelwv J2 —J3

i o A

katdAAnAec ouvdrkeg Sa ekbnAwaoel eninedn oAiodnaon

Quwroypapia 5-5: Akpo tou Se€lov mpavouc ato omoio Stapaivetal Eva TedyLo Bpaxoa@nvag To onoio UE TLG




5.6 AVOAUOELG TEXVIKOYEWAOYIKWV OUVONKWV EVCTAOELACG OTO APLOTEPO MPOVES

SO(B)
Qurtoypapia 5-6: Mavopautkn pwtoypapio tne ZrnAiac tou NtaBAn ue ta Suo mpavr (o), Mavopotkn ewtoypapio
TOU apLoTepoU mpavouc (8)

Onwg dalvetal kat otig dwroypaodies (Pwroypapia 5-7 kal Qwtoypapia 5-8) To CUYKEKPLUEVO
TIPAVEG €XEL KATIOLEC QLOUVEXELEC TIOU TO TEUVOUV KATAKOpUdA aANA KAl KATIOLEG TTOU TEUVOUV
QUTEG TG aouvexeleg (Qwrtoypagia 5-10). OL KATAKOPUPEC QCUVEXELEC elval KAELOTEG Kall
TIANPWHEVEG HE AOBECTITIKO UAKO Omwce Kot n mMAsloPndio Twv acuvexewwv. To Avolypd Toug
KUpaivetal and 0 — 6cm Katl HeTpABnke otnv emidAVELD TOU TIPOVOUC SLOTL Hovo ekel Sev eixav
00PBEOTLTIKO UALKO. To mpaveg e avVIZEL TUALATO TOU TIETPWLOTOC AVAESA OTIO TG KATOKOPUDEG
OlOUVEXELEG, KUPLWGE, 0T omola Umopel va xopaktnplotel dppnkto (Qwroypapia 5-10).



Qurtoypapia 5-7: KATAKOPUPES ACUVEXELEG OTO APLOTEPOD TTPAVES



Quwrtoypapia 5-8: KATAKOPUPES AOUVEXELEG OTO APLOTEPO TTPAVES



T oA

Qurtoypapia 5-10: KHtakOpu®n aoUVEXELX TTOU TEUVETAL ATTO ULKPOTEPEG AOUVEXELEC KOL AVAUECO XPPNKTO TETPWUNL

H kAlon kat n popd péylotng kKAlong Tou mpavoug Sev XL LEYAAEG SLOKUUAVOELG KATA TO KOG
Tou amod tnVv (0060 NG IMNALAG LEXPL KAL TNV AKpn Tou. OL TLHEC TTOU HETPRONKav Kupaivovtal
anod 67° — 88° n kAlon tou kat 119 — 122 kat 299 — 308 n popad péylotng kAlong Tou. Amo Tig



OUYKEKPLUEVEG TLUEG TNG POPAG HEYLOTNG KALONG eMIBEBALWVETAL TTWC TO APLOTEPO TIPAVEG £lval
TOPAKATAKOPUGO, YEYOVOC TIOU Ao TNV €L TOTIOU TIAPATHPNOCN TOU XWPOU €ixe onuelwOsL.
Emewta amd Tt otatiotikn emefepyooia to Tpavég 6 Ba €xel pla TR kabwg eival éva
TAPAKATOKOPU DO TIPAVEG KaL SeV elval oad£Eg EK TwV TPOTEPWVY TTWE Ba AOTOXNOEL, AV 0LOTOXNOEL.
OmnOTE OL TIHEG YLOL TIC OTIOLEC £YLVAV OL SLEPEUVIOELG YLO. TUXOV aoTto)ieg ival 75/303 kat 88/123.
ATo BLRAloypadkég avadopEG n ywvio eowTePKNG TPLBNG EXEL TIMEG amd 36° — 42°. MNa tnv
aodAlela TN LEAETNG TOU XWPOU oL avOoAUCELS TTOU TpayUatomnolnonkay &ywvav yla OAEG TIC
eVOLAUEDEG TIMEG TNG YwViag eocwTePLKNG TPLBAC ava Suo TIHEG, SnAadn 36°, 38°, 40° kat 42°. 3¢
QUTO TO TIPAVEG o€ avtiBeon pe to defl mpoékuPav SladopEg oTIC aoTo)ieg Tou tapouaLlalouV
ovVaAoya LLE TN ywvia eowTtepLkng TPLPNC. Napakdtw mapouolalovial avoAUTLKA.

AvoAUOoELG Pe TN ywvia Tpax0TNTOG TToU MPOEKUYPE amd Toug UTtoAoyLlopoUg otov flivakac 4-2
TiPAYHOTOTOWONKAV TELPAUATIKA oAAG €TUAEXONKE va PN mopouclactolv ylati sival otnv
TEPLOXN EKTOC aobAAELOC.

JTOV TAPOAKATW Ttivaka avadEépovtal Ta KUpLA CUCTHOTO QCUVEXELWV OTwE Stapopdwbnkav
oo TN OTATLOTIKNA £Me€epyacio TWV TEKTOVIKWY LETPROEWY TIOU TTPAYHOTOMOoL0nKav.

Kuplo oUotna loOUVEXELWV KAion/®opa péyrotng kAiong

(Dip/Dip direction)

J1 87/209
J2 66/231
;3 89/028
J4 71/075
J5 60/167
Pranes 75/303
88/123

AkoAouBel avaAuTiki mopouasiaon yla KaBepLd amd TLg TLUEG TOU TTPavVoUcG.

Mpavég ue otolxeia 75/303
ITa MopaKkATW oxnUata (Synua 5—7 kal Zxynua 5-8) mapoucialovtal ol aTepeoypadLKES IPOPOAEG

oto Siktuo Schmidt pe TIg MUKVOTNTEG KOl UE TIC MECEG ETILPAVELEC TWV LOUVEXELWY OVTLOTOLXWG.
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Sxnuoa 5-7: Aiktvo Schmidt e TI¢ MUKVOTNTEG KAl TIG UECEG ETILPAVELEC TWV OUTTNUATWY TWV QOUVEXELWV
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Sxnpo 5-8: Aiktuo Schmidt e TIC UETEC ETPAVELEG TWV CUTTNUATWY TWV AOUVEXELWYV

Edapuolovrag to test Markland €éhaBe xwpa o €Aeyxog Twv SuvNTIKWVY oAloBnoswv.
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Zxnua 5-9: Aiktuo Schmidt ue ta armoteAéouata test Markland

310 Zynua 5-9 amod TNV OMELKOVION TWV KUPLWV EMUTESWV OIOUVEXELWV OE GUVOUACHUO HE TN
S1evBuvan kat TNV KAlon Tou TPavoUc MPOKUTITOUV oL £€NC YEWUETPLKA SUVNTLKEG TIEPUTTWOELS
ootoyiag.

Avartportij: To eninedo 60/167 mou avadepetal o ovotnua StokAdcswv Sivel TTIOAU oplakd T
Suvatotnta ekdNHAWONG AVOTPOTIWV.

OAloBnon: Mapouataletal n mBavotnta Snuloupyiog oAloBNoEWV OTNV TOUN TWV KATWTEPW
{euywV ETUMES WV OCUVEXELWV:

J1-1J2:87/209 —66/231

12 -13:66/231-89/028

ITa EMOPEVA OXNMOTA TTAPOUCLALETAL N aVAAUGCH TIOU TpaypaTonow|Onke cUpdwva PE TN
BeAtiwon tou Hocking yla kdBe {eUyoC OOUVEXEWWV WOTE va TPoodloploTtel To €idog NG
oAiloBnong (eminedn n opnvoeldng) mou Ba ekdNAwOEL.

MNa tnv mAnpéotepn Slepelivnon Twv ouvlBnkwv guotdBelag Tou TPavolg OTnv TEPLOXN
evlLadEpovtog Omwe mpoavadEpBnKe Eyvav MAPAUETPIKEG OVAAUOELS e LETABANTA TN ywvia
E0WTEPLKAG TPLPNG.

Zsuyoc aouvexewwv J1 —J2: 87/209 — 66/231
To cuyKeKpLUEVO (eUyoG aouveXeLwV epdavilel oAioBnaon og OAEG TLG TUUEC TN YWVIACG ECWTEPLKNAC

™PBNAC, 36°, 38°, 40° Kal 42° yLa TIG omoleg eAéyxOnKe.
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210 Zynuoa 5-10 napouactalovtal n SletBuvon KALoNng Tou mpavoU g, TwV EMMES WV TWV QLCUVEXELWV
J1 ko J2 kat Tou a€ova tng Bpaxoodnvag. Napatnpeital mwg petagy tng StevBuvaong kAlong Tou
TPaAvVoUG Kal Tou afova tng Ppaxoodnvag de Bploketal kaveévag afovag amo TG SUo emidAVELES
TwV aouvexelwy J1 Kat J2 mou opilouv tn Ppaxoodnva. Emopévweg n oAicBnon mou avapévetatl
elvatL odpnvoeldnc.

H ywvia eocwteptkng Tppnrg 6 Ba emnpedoel TNV avaAUGCH OXETIKA LE TO £160¢ TNG 0AloBnong kal
ETUAEXONKE va TAPOUCLAOTEL N ywvia Twv 36°.
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Zxnuo 5-10: Ztepeoypapikn mpoBoAn Schmidt yia tnv toun tou {evyoug aouvexelwv J1 —J2

Zevyoc acuveyewwv J2 —J3: 66/231 — 89/028
To ouyKkekplpévo (elyog aouvexelwv eudavilel oAloBnon oTIg TEG TNG YywViag E0WTEPLKNG

™PBAC, 36°, 38°, 40° (gival oplokd otnv mepldEpela) evw otnV TIUA 42° lval oTtnv MEPLOXA TG
aodalelag.
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210 Zynuoa 5—11 napouaoialovtal n StetBuvon KALong Tou pavol g, TwV EMMES WV TWV QLCUVEXELWV
12 kot J3 kat tou afova NG Bpaxoodnvag. Alakpivetal mwg avdpeoa otn dlevBuvon kAiong Tou
TPaAvVoUG Kal Tou afova tng Ppaxoodnvag de Bploketal kaveévag afovag amo TG SUo emidAVELES
TWV aouvexewwy J2 Kat J3 mou opilouv tn Bpaxoodnva. Emopévwg n oAicBnon mou avopévetat
Ba elvat odnvoeldnc.

H ywvia eocwteptkng Tpprg 6 Ba emnpedoel TNV avAAUGCH OXETIKA LE TO £160¢ TNG OAloBnong kal
ETUAEXONKE va TAPOUCLAOTEL N ywvia Twv 36°.
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Zxnuo 5-11: Stepeoypapikn mpoBoAn Schmidt yia tnv toun tou {evyoug aouvexelwv J2 —J3

Mpavég ue otowyeia 88/123
ITa MapOKATW oxAuata (Zynuoa 5-12 kau Synua 5-13) mapoucidlovtol oL oTEPEOYPADIKEG

npoBoAéc oto Siktuo Schmidt pe TIC TUKVOTNTEG KAl HE TIC MEOEG EMIPAVELEG TWV OLOUVEXELWY
QVTLOTOWG.
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Jxnua 5-12: Aiktuo Schmidt pe TI¢ TUKVOTNTEG KAL TIG UECEC ETLPAVELEG TWV CUCTNUATWY TWV QACUVEXELWYV
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Sxnua 5—13: Aiktuo Schmidt Ue TIG UETEC ETILPAVELEG TWV CUCTNUATWY TWV XOUVEXELWV

Edapuolovrag to test Markland mpaypatonol|nke o EAeyxog Twv SUVNTIKWY OALGONcEWV.
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Zxnua 5—-14: Epapuoyn test Markland

310 Jynua 514 amd TNV AmeKOVIon TwV KUPLWV EMMESWY OICUVEXELWV OE GUVOUAGCHO LE TN
SlevBuvon kal kAlon Tou TMpavoUC TPOKUTITOUV OL €€ YEWUETPIKA SUVNTIKEG TEPLTTWOELG
aotoxiag.

Avatpory: Kavéva amd ta enimeda twv acuvexewwv &g ¢aivetal va Sivel tn duvatotnta
£k6NAWONC AVATPOTIWV.

OAloBnon: Mapouctdletal n mBavotnta Snuloupylag oALGBNCEWV OTNV TOWN TWV KATWTEPW
{euywV ETUMES WV OCUVEXELWV:

J1-15:87/209 - 60/167

J1-14:87/209 —71/075

J2-15:66/231-60/167

13 -15:89/028 - 60/167

13 -14:89/028 — 71/075

J4—)5:71/075 - 60/167

Ita enmdOpeva oXNUOTA TTApoucLldleTal n avaAuon nou €hafe xwpa cupdwva pe tn BeAtiwon
Hocking yla kaBe {eUyoC QOUVEXELWV UE OKOMO TOV TPOCSLOPLORd Tou £i6oug TG SUVNTLKAC
oAioBnong, eninedn n obnvoeldnic.

Mo tnv oAdmAcupn Olepelivnon TWV OOUVEXELWV OTO OPLOTEPO TIPAVEG TNG TIEPLOXNG
evlladépovtog Omweg mpoavadEPONKe TPAYUATOTORONKAY TOPAUETPIKEG OVAAUOELS HE
METABANTA TN ywvia ecwTepLKAC TPPBNAG. AT TIC avaAUoELS TPOEKUPE TIWE SEV UTIAPXEL KOl
Sladopomoinon oxetikd pe to {glyn TWV EMMESWV TWV OCUVEXELWV TIOU TOPOUGCLAIOUV
oAioBnon.
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EmAéxOnke va yivel avaAuon kol mapouciaon Twv {EUywV TWV OOUVEXELWV yla TN ywvia
E£0WTEPLKAG TPLPBNAG Twv 36° Kat OAa Ta cupmnepdopata Ba ivat untép NG aochAAELag.

Zevyoc aocuveyxewwv J1 —J5: 87/209 — 60/167

1o Synua 5-15 moapouoialovtal n SievBuvon KAlong Tou MPAVOUC, TwV ETMESWV TWV
aouvexewwy J1 kat J5 kat Tou dfova tng Ppayxoodnvag. MNapatnpeitol mMw¢ avapeoa otn
SlevBuvon kAlong Tou mpavoug KaL Tou afova tng Bpaxoodrvag 6e Bploketal kKavevag dovag
ano TG Svo emudpaveleg Twv aocuvexewwv J1 kat J5 mou opilouv tn Bpaxoodnva. Apa n

oAioBnon mou Ba ekdnAwbel Ba eivatl adpnvoeldng.

Kinemafio Anafyele | Wiodga SHdng
Hops Dip | =2
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Zxnpa 5—-15: tepeoypapikn npoBoAn Schmidt yia tnv toun tou {evuyous aouveyelwv J1 —J5

Zevyoc aocuveyxewwv J1 —J4: 87/209 — 71/075

Y10 Synua 5-16 mopoucialovtal n SievBuvon KAlong Tou MPAvVoOUC, TwV ETUMESWV TWV
oouvexewwy J1 kal J4 kot Tou afova tng Bpaxoodnvag. Mapatnpeital nwg Ss Ppiloketatl
Kavévag afovag amd TG SdUo emupdveleg Twv acuvexewwv J1 kal J4 mou opilouv TN
Bpaxoodnva avauesco otn StevBuvon KAiong Tou mpavoug Kal Tou afova tng Ppoxoodnvag.

Enouévwe n oAicBnon mou avapévetat Ba eivat odpnvoeldnc.
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Sxnuo 5-16: Stepeoypapikr mpoBoAn Schmidt yia tnv tour tou {evyoug aocuvexelwv J1 —J4

Zevyoc aocuveyxewwv J2 —J5: 66/231 - 60/167
310 Jynua 5-17 mopoucialovtal n dievBbuvon kAlong tou mpovolg, TwV EMUESWYV TwV

oouvexewwy J2 Kkat J5 kal Tou afova tng PBpaxoodnvoc. Aladaivetal MwE avAapeca oTn
SlevBuvon kAiong tou mpavoug Kal tou dfova tng Ppaxoodnvag evrormiletol o afovag tng
aocuvéxelag J5. Emopévwg n Suvntikn oAloBnon avapévetal va eival emimedn kat Ba
ekbnAwOeil otn dievBuUveN Tou emumEdou J5.
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Sxnua 5-17: Stepeoypaikn npoBoAn Schmidt yia tnv toun tou {evuyoug acuvexelwy J2 —J5

Zsuyog aouvexelwv J3 —J4: 89/028 — 71/075

1o Jynua 5-18 mopoucialovtal n dievBbuvon kAlong tou mpovolg, TwV EMUTESWV TwV
aouvexelwv J3 kat J4 kal tou atova tng Ppaxoodrvac. Mapatnpeital mwG avAapeca oOTh
SlevBuvon KAlong Tou mpavoug Kol Tou dfova tng Bpaxoadrvag de Bpiloketal kavévag dEovog
amnod Tig Suo emipAveLleg TwV aouvexeLwv J3 kat J4 ou opilouv tn Bpayoodnva. Emopévwe n
oAioBnon mou miBavov va ekdnAwbel Ba eival opnvoeldng.
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Sxnua 5—18: Stepeoypaikn npoBoAn Schmidt yia tnv toun tou {evuyoug acuvexelwy J3 —J4

Zevyoc aouveyxewwv J3 —J5: 89/028 — 60/167

Y10 Synua 5-19 mopoucialovtal n SievBuvon KAlong Tou MPAVOUC, TwWV ETUMESWV TWV

aouvexelwyv J3 kat J5 kat tou agova tng Bpaxoodnvag. Asv mapatnpeital KAmoLog atovag anod

TG SVo emupaveleg Twv aocuvexewwy J3 kat J5 mou opilouv tn Ppaxoodniva avapeca otn

SlevBuvon kAiong tou mpavoug Kal tou afova tng Bpaxoodnvag. EmMopévwg n ohicdnon mou

avapévetal Ba eival opnvoeldng.
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Sxnua 5—19: Stepeoypaikn npoBoAn Schmidt yia tnv toun tou {evuyoug acuvexelwy J3 —J5

Zsuyog aouvexelwv J4 —J5: 71/075 — 60/167

Y10 Synua 5-20 mopoucialovtal n SievBuvon KAlong Tou MPAvVOUC, TwV ETUMESWV TWV
aouvexelwy J4 kat J5 kat tou afova tng Bpaxoodnvag. Avapeoa otn StevBuvon kAlong Ttou
npavolG Kal tou dfova tng Bpaxoodnvag Se Bploketal kamolog Gfovag amo TG Suo

ML AVELEG TWV aouveXELwV J4 kal J5 mou opilouv tn Bpaxoodrva. Emouévwe n oAiadnon mou
avapévetal Ba eival opnvoeldng.
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Zxnua 5-20: Ztepeoypapikn mpoBoAn Schmidt yia tnv toun tou {eUyoug acuvexelwv J4 —J5

EVpnua 0To aPLOTEPO TIPAVEC

Ao tnVv eni TOmovu xaptoypddnaon eVIOMioTNKE Vol TUAUA TOU TTPAVOUC OTO OMOoLo 8& KATEDTN
£dIKTO va TpoodloploTel TL aviutpoowrneVel. Elval pia epdavion emavw oTo MPAVEC, KOVIA
oto £6adog Tou omoiou dev ftav ePikto va mpoadloplatel n dpuon Tou. Av eivatl SnAadn to
EVa TUAMA P0G 0oUVEXELAG TTOU OTTOKOAANBNKE TO GANO TN TNG A €lval KATIOLOG KABPEMTNG
pAYHATOC. H emidpaveld Tou sival KOAUPUEVN UE AOPECTITIKO UALKO TOU OTOLOU TO TdX0G elvot
0€ MEPLKA onpela peyaAltepo amd 1cm. Ol ypappeég ou dpaivovtal oo ypappég oAioBnong
urnopel va mponABav amnod tnv tpLr KaTd tnv amokOAANcn Tou GAAOU TEUOXWV 1 UTTOPEL Kot

va elvol ypappeg oAioBnong av sivat pAypa. To o aopaléc cUPMEPATHA elval TTwE N Kivnon
TOU VEPOU €VIOG TOU QVOLYLOTOC ATAV UTAPKTHA Kot Eviovn AOyw TOU PEYAAOU TIAXOUG TOU
0.0PBE0TLTIKOU UALKOU TIOU €XeL evarmoteOel.

N CUYKEKPLUEVN eudavion pmopel va mponABe eite amod KAMOLOG HLKPOOELOUO £lte amod
eninedn oAicBnon otav epdaviotnkayv ol KATAANAEG YEWTEXVIKEG CUVONKEG.



Quwroypapio 5-11: H toun pe to aoBotitiko UALKO



Qurtoypapio 5-13: ACBETTITIKO UALKO EMAVW OTNV EUQPAVLON TOU APLOTEPOU TTPAVOUG



6. Avaluoelg euotafetoc OaAdpou

Ot avaAvoelg oto Aoylopko UnWedge mpaypotonolnonkov armokAELOTIKA YLo TO E0WTEPLKO
™G IMnALAC. EMAEXBNKe evtog TNG ZMNALAG VA YIVOUV TTAPOUETPIKEG AVAAUCELG UE LETABANTA
TNV €U0V TwV acuvexewv (Persistence) os Tpelg Topég, U0 eyKAPOLEG Kal pia opllovtia.
Xpnotpomnolwvtag to mpoobeto (plugins) epyaieio “Compass” tou Aoylopkou CloudCompare
TipayaTonoOnkKav MOAEG LETPAOELS TNG KALONG Kol TNG Popag UEYLOTNG KALoNG, o KABE
TuAuo. Mpaypatonow|Bnkav os kaBe B€on meploodtepeg amd 100 PETPAOELG KAl EMELTA
XPNOLLOTIOLWVTAG TO AOYLOULIKO Dips gvtomiotnkav Ta KUpLla EMIMESO TWV CUCTNUATWY TWV
aouvexelwv. To Aoylopkd UnWedge evrtorilel toug emiodaleic Oykoug TEPLE Tou umoyeilou
Xwpou evladEpovtog He 3 eminmeda ACUVEXELWV. TN CUVEXELA akoAoUBOUV oL TOUEC HE Ta
EMIMESA TWV CUCTNUATWY TWV AOUVEXELWYV Kal Ol aVaAUOELG TTOU £ylvav o€ KaBe B€an kot ta
OMOTEAECATA TOUG.

O ouvteAeotng acdaleiag Bewpnbnke n tun 1.4 mou avrtiotolyel oe mepBailov Tou
€MSpoUV Ol OELOMOL KOl UTIAPXEL VEPO. AV TIPOKUYEL TLUA HLKPOTEPN OMO TNV TLUN TOu
ouvteleot) aodoleiag Tote avopévetal va ekdnAwBel aotoyio otn ouykekpluévn adnrva,
EVW OTAV N TIUA ToU ouvteAeotr aodaleiag eival peyaAUTePN TNG EMUITPEMTAG TOTE UTIAPXEL
aodaAeLa.

Mivakacg 6-1: Enineda Twv oUOTNUATWY TWV QOUVEXELWVY UEoA amo Tn SitnAwa tou NtaBéAn

Oéon 1 Mpog To TEAOG TOU 11/243 52/007  75/215
Balapou
Oéon2 1o TEAOC TWV TOEVIEVIWY  23/140 54/056 29/036
avaBaduibwv
Oéon 3 Optlovtia toun 72/249 03/322  32/045

OL AP AETPOL TTOU XpNOLUOTIOLBNnKay yla TiG avaAUoeLg eivat:
o Hmieon €xel povadeg pétpnong MPa
e HAelwtoupyia avaluong nmpayuotonolndnke cav avalucon ornpoyyag
e O oxeblaouog éAafe xwpa pe cuvieheotn acdarsiag 1.4
e E8ké Bdpog oxnuatiopou (pdpuapa) 0,026 MN/m?
o  Oewpnbnke mwg n ocuvoxn eivat undév (c=0)
e H doun twv acuvexelwv Bewpndnke mwg €xeL eppovr) 5m, 6m, 8m, 10m, 15m & 20m

Ye KaBe Ttoun xpnoldomoinBnke pia Swodopetikr) Satopr. H kdbe pia Siatoun
npocdloplotnke amd 1o Aoyloulkd CloudCompare KAvovtag tThnv TOUR Kol ETMELTA OTO
Aoylopwko AutoCAD oxeSlaotnke n dlatoun mou xpnollomnotionke oto Aoylouiko UnWedge.
Ot SL00TACELG TWV TOUWVY ULOBETABNKAY amo TIC UEYLOTEG SLOOTACEL TNG IMNALAG oMW
mpogkudav amo TNV TPLESLACTATN OTEKOVLON TOU XWPou evladEpovtoc. Mo CUYKEKPLUEVA
To TAAToC ival 40m ka to Uog 20m.

Ytnv Etkova 6.1 QmoTumMwVoVvTOoL Ol TPELG TOUEG CUUPWVA LE TLG OTIOLEC TipayATOTIOLRONKaY
oL avaAUoelg evotaBbelag.



@éon 1 ©¢on 2 ©¢on 3

Ewkova 6.1: Ot Statouéc tneg ZnnAiag



Ewkova 6.2: Ot tpeig Statouég unaivovrac oto Baauo — Stakpivovtal ot GE0ELC TwV UETPHOEWY

Ewkova 6.3: Ot tpeLg Statopég amo to téAog tou Jadduou - Stakpivovtal ol JEOELC TWV UETPHOEWV



O¢on 1 (Npog to teAoc tou Baldpou)

H 8£0on 1 avtutpoowreVeL pia Topn TG INALAG TTou eVTOT{ETOL TPOG TO TEAOG TOu BaAdpou. Alo
TNV eni Tonou emnioken oTO XWPO, OTO CUYKEKPLUEVO onpeio o Balapog €xel UYPog Kat TTAATOG
OPKETA HULKPOTEPO QMO TO UEYLOTO, KATL MoU emiBeBatlwdnke Kol amo to tPLodidotato VEdog

onUeiwv.

Ewkova 6.4: Optod<tnon tou tunuarog —9éon 1



Tunnel N

Wedge Information,

Lower Left wedge [4]
Factor of Safety: stable

Wedge Volume: 1.707 m3
Wedge Weight: 0.044 MN
Apex Height: 3.78 m

Upper Right wedge [5]
Factor of Safety: 3.133
Wedge Volume: 1.911 m3
Wedge Weight: 0.050 MN
Apex Height: 423 m

r Left
Factor of Safety: 0.000
Wedge Volume: 0.049 m3
Wedge Weight: 0.001 MN
Apex Height: 0.08 m

|| rocsciencéss

ANTDGE 538

21/10/2023, 2:49:42 py

e Name

Unwedgel

Jxnua 6-1: Stepeoypapikr mpoBoAn Twv eMMESWV TWV AOUVEXELWYV oo TN Yéon 1

Top Perspective

Front Side

Wi Information

Lower Left wedge [4]
Factor of Safety: stable
Wedge Volume: 1.707 m3
Wedge Weight: 0.044 MN
Apex Height: 3,78 m

Upper Right wedge (51
Factor of Safety: 3.133
Wedge Volume: 1.911 m3
Wedge Weight: 0.050 MN
Apex Height: 4.23 m

r Left
Factor of Safety: 0.000
Wedge Volume: 0.049 m3
Wedge Weight: 0.001 MN
Apex Height: 0.08 m

|| rocsciencess

ey

ANTDGE 5368

21/10/2023, 2:49:42 py

e Name

Unwedgel

Zxnua 6-2: Tplobdiaotatn npoBoAn opnvwv otn Yéan 1 ue persistence 5m




Top

Perspective

W Information

Lower Left wedge [4]
Factor of Safety: stable

Wedge Volume: 2.858 m3
‘Wedge Weight: 0.074 MN
Apex Height: 4,48 m

Lower Right wedge (5]
Factor of Safety: 3.133
Wedge Volume: 3.591 m3
Wedge Weight: 0.083 MN
Apex Height: 522 m

Upper Left wedge [B]
Factor of Safety: 0.000
Wedge Volume: 0.084 m3
Wedge Weight: 0.002 MN
Apex Height: 0,10 m

Front

|| rocscienc

ARTDGE 538

fempany

21/10/2023, 2:49:42 py

e ame

pros to telos tou thalamou.weg5

Jxnua 6-3: Tptodiaotatn npoBoAn apnvwy otn §éon 1 ue persistence 6m

Tep

Perspective

Lower Left 4
Factor of Safety: stable
Wedge Volume: 6.884 m3
Wedge Weight: 0.179 MN
Apex Height: .01 m

Lower Right wedge [51,
Factor of Safety: 3.133
Wedge Volume: B.326 m3
Wedge Weight: 0.216 MN
Apex Height: 6.91 m

r Left wed
Factor of Safety: 0.000
Wedge Volume: 0206 m3
Wedge Weight: 0.005 MN
Apex Height: 0.14 m

Front

Side

|| rocscienc
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D By
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21/10/2023, 2:49:42 pp

e Name

pros to telos tou thalamou.weg5

Sxnua 6-4: Tpiobdiaotatn mpoBoAn opnvwv otn 9éan 1 ue persistence 8m




Top

Pearspective

Wedge Information,

Lower Left wedge (4]
Factor of Safety: stable
Wedge Volume: 13.703 m3
Wedge Weight: 0.356 MN
Apex Height: 7.56 m

Lower Right wedge [5]
Factor of Safety: 3.133
Wedge Volume: 15.019 m3
Wedge Weight: 0.390 MN
Apex Height: 842 m

Upper Left wedge [8]
Factor of Safety: 0.000
Wedge Volume: 0.385 m3
Wedge Weight: 0.010 MN
Apex Height: 0.17 m

Front

Side

|| rocscienc
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e ome pros to telos tou thalamou.weg’

Sxnua 6-5: Tpiodiaotatn npoBoAn apnvwv otn Béon 1 ue persistence 10m

Top

Perspective

Wedge Information

Lower Left wedge [4]
Factor of Safety: stable
Wedge Volume: 44.740 m3
Wedge Weight: 1.163 MN
Apex Height: 11.27 m

Factor of Safety: 3.133
Wedge Volume: 55.747 m3
Wedge Weight: 1.449 MN
Apex Height: 13.03 m

r Left wed
Factor of Safety: 0.000
Wedge Volume: 1.222 m3
Wedge Weight: 0.032 MN
Apex Height: 0.25 m

Front

Side

A

L rocscienc
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it o

pros to telos tou thalamou.weg5

Sxnua 6-6: Tpiodiaotatn npoBoAn aenvwv otn 9éan 1 ue persistence 15m




Wedge Information.

Lower Left wedge [4]
Factor of Safety: stable

Wedge Volume: 93.627 m3
e — Wedge Weight: 2.434 MN
Apex Height: 14.52 m
n Upper Right wedge [5]
\ — Factor of Safety: 3.133
Wedge Volume: 122 426 m3
Wedge Weight: 3.183 MN

Apex Height: 16.94 m
A Roof wedge

Factor of Safety: 0.000
Wedge Volume: 2,646 m3
Wedge Weight: 0.069 MN

Apex Height: 0.32 m
Top Perspeclive

o “w

A
Front Side
D
. | 4nass Doscripten:
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Sxnua 6-7: Tpiodiaotatn npoBoAn apnvwy otn Béon 1 ue persistence 20m

OL TOpPAUETPIKEG aVOAUOELC POVEPWVOUV TWE TO TEAOG TNG IMNALOC €ivol guotadngc.
MNapatnpeitol mTwg 600 AUEAVETAL N T TNG ELMOVAC TWV ACUVEXELWV O CUVTEAEDTNC aodaleiag
og OAeg TIG odrveg elval otabepog. Akoun kal otn odpnva 5 (Lower Right wedge) mapapével
otaBepoc, 3.133, Kal To POVO TTIou OAAGLEL OTIWC Kol 0€ OAEC TIG 0P VEC Elval 0 OYKOG TWV ohnNVwv.

Ogon 2

H Bon 2 evromiletol oTto ONUELO OTOU TEAELWVOUV Ol TOLUEVTEVIEG oavaPBabuibec. Xto
OUYKEKPLUEVO ONUELD N IMNALA €XeL TIG MeYOAUTEPEG SLAOTAOELS (OMWG HeTPROnKav amd To
TpLodLaotato védpog onpeiwyv) Kat eival o Adyog ou eTUAEXONKE N CUYKEKPLUEVN SLaTopun.



Ewkova 6.5: Optod<tnon tou tunuaroc — 9éon 2

Tunnel N
| ,

PRV S

Wedge Information,

Lower Left wedge [1
Factor of Safety: 2.625
Wedge Volume: 1.334 m3
Wedge Weight: 0.035 MN
Apex Height: 0.53 m

r Left wed
Factor of Safety: 1.813
Wedge Volume: 1.848 m3
Wedge Weight: 0.048 MN
Apex Height: 1.97 m

Floor wedge [3]
Factor of Safety: stable
Wedge Volume: 1.364 m3
Wedge Weight: 0.035 MN
Apex Height: 0.90 m

Upper Lefl wedge 6]
Factor of Safety: 0.528
Wedge Volume: 1.449 m3
Wedge Weight: 0.038 MN
Apex Height: 0.93 m

Lower Right wedge [7]
Factor of Safety: 5.222
Wedge Volume: 1.845 m3
Wedge Weight: 0.048 MN
Apex Height: 1.91 m
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Zxnua 6-8: Ztepeoypapikn mpoBoAn Twv EMUTESWY TwV AOUVEXELWY oo Tn Jéon 2




Top

Perspective

Wedge Information,

Lower Left wedge [1]
Factor of Safety: 2.625

Wedge Volume: 1,334 m3
Wedge Weight: 0.035 MN
Apex Height: 0.53 m

Upper Left wedge [7]
Factor of Safety: 1.813
Wedge Volume: 1.848 m3
Wedge Weight: 0.048 MN
Apex Height: 1.97 m

Floor wedge [3]
Factor of Safety: stable
Wedge Volume: 1.364 m3
Wedge Weight: 0.035 MN
Apex Height: 0,90 m

Front

Side

.

A S
<
-

r Left wed
Factor of Safety: 0.528
Wedge Volume: 1.449 m3
Wedge Weight: 0.038 MN
Apex Height: 0.93 m

Lower Right wedge [7],
Factor of Safely: 6.222
Wedge Volume: 1.845 m3
Wedge Weight: 0.048 MN
Apex Height: 1.91m
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Jxnua 6-9: Tpiodiaotatn npoBoAn apnvwy otn §éon 2 ue persistence 5m

Top

Perspective

Wedge Information,

Lower Left wedge [1]
Factor of Safety: 2.625

Wedge Volume: 2,188 m3
Wedge Weight: 0.057 MN
Apex Height: 0.61 m

Upper Left wedge [2],
Factor of Safety: 1.813
Wedge Volume: 3.186 m3
Wedge Weight: 0.083 MN
Apex Height: 2.36 m

Floor wedge [3]
Factor of Safety: stable
Wedge Volume: 2,361 m3
Wedge Weight: 0.061 MN
Apex Height: 1.08 m

Front

Side

_—

>
v

Upper Left wedge [6]
Factor of Safety: 0.528

Wedge Volume: 2611 m3
Wedge Weight: 0.068 MN
Apex Height: 1.12m

Lower Right wedge [7]
Factor of Safety: 6.222
Wedge Volume: 2.926 m3
Wedge Weight: 0.076 MN
Apex Height: 221 m
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Sxnua 6-10: Tplobiaotatn mpoBoAn opnvwy otn Oéan 2 e persistence 6m




Top

Perspective

Wi In n

Lower Left 1
Factor of Safety: 2.625
Wedge Volume: 5.209 m3
Wedge Weight: 0.135 MN
Apex Height: 0.78 m

Factor of Safety: 1.813
Wedge Volume: 4.883 m3
Wedge Weight: 0.127 MN
Apex Height: 272 m

Lower Right wedge [3]
Factor of Safety: stable
Wedge Volume: 5.367 m3
Wedge Weight: 0.140 MN
Apex Height: 1.50 m

Front

X

Side

Upper Left wed
Factor of Safety: 0.528
Wedge Volume: 5.718 m3
Wedge Weight: 0.149 MN
Apex Height: 1.49 m

Factor of Safaty: §.222
Wedge Volume: 4.771 m3
Wedge Weight: 0.124 MN
Apex Height: 243 m
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Sxnua 6-11: Tptobiaotatn npoBoAn apnvwy otn Féon 2 ue persistence 8m

N

f

Wi Information

Lower Left wedge [1]
Factor of Safety: 2.625
Wedge Volume: 10.521 m3
Wedge Weight: 0.274 MN
Apex Height: 0,96 m

Factor of Safety: 1.813
Wedge Volume: 4.883 m3
Wedge Weight: 0.127 MN
Apex Height: 2.72 m

Lower Right wedge [3]
Factor of Safety: stable
Wedge Volume: 10.272 m3
Wedge Weight: 0.267 MN
Apex Height: 1.85 m

Top Perspective
r Left wed
Factor of Safety: 0.528
Wedge Volume: 10,482 m3
. Wedge Weight: 0.273 MN
A Apex Height: 1.96 m
. Lower Right wedge [7]
< \ Faclor of Salely: 6.222
Wedge Volume: 8.292 m3
Q Wedge Weight: 0.216 MN
~ Apex Height: 2.68 m
Front Side
\’:-::_
& Descrption
rocscliencCess =
P e 21/10/2023, 3:38:47 py e e konta stis anavathmides.wegs

Jxnua 6-12: Tpiobiaotatn mpoBoAn opnvwy otn Oéon 2 ue persistence 10m




Wedge Information

Lower Left wedge [1]
Factor of Safety: 2.625
Wedge Volume: 36.603 m3

- Wedge Weight: 0.952 MN
-‘ Apex Height: 1,53 m
\ Upper Lefl wedge [2]
‘“ - Factor of Safety: 1.813
Wedge Volume: 4.883 m3
‘-— Wedge Weight: 0.127 MN

Apex Height: 272 m

Lower Right wedge [3]
Factor of Safely: stable
Wedge Volume: 31.785 m3
Wedge Weight: 0.826 MN
Apex Height: 3.03 m

Top Perspective

Upper Left wed
Factor of Safety: 0.528
Wedge Volume: 29.032 m3

Wedge Weight: 0.755 MN
Apex Height: 3.38 m
. Lower Right wedge [7]
"‘ \ Faclor of Safety: 6.222
i Wedge Volume: 23.674 m3
\ Wedge Weight: 0.616 MN
Apex Height: 3.21m

Front Side

[Proct

[ Amateses Bescrtion
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Jxnua 6—13: Tpiobiaotatn npoBoAn opnvwy otn Jéon 2 ue persistence 15m

Wedge Information

Lower Left wedge [1]
Factor of Safety: 2.625
Wedge Volume: 82.012 m3
Wedge Weight: 2.132 MN
Apex Height: 1.86 m

Upper Lefl wedge [2]
‘ \ Factor of Safety: 1.813
\ Wedge Volume: 4.883 m3
Wedge Weight: 0.127 MN
’ Apex Height: 272 m

Lower Right wed
Factor of Safely: stable
Wedge Volume: 58 880 m3
Wedge Weight: 1.531 MN
Apex Height: 4.37 m

Top Perspective

Upper Left wed
Factor of Safety: 0.528

Wedge Volume: 52.793 m3
Wedge Weight: 1.373 MN
Apex Height: 3.88 m
Yy LUpper Right wedge [7]
< Factor of Safety: 6.222
Wedge Volume: 28.153 m3
\ Wedge Weight: 0.758 MN
Apex Height: 3.36 m

Front Side
[Pregoe?
" Erpey———
l rocscCiencCes= =
—— == 21/10/2023, 3:38:47 py [ konta stis ides wegs

Jxnua 6-14: Tpiobiaotatn npoBoArn opnvwv otn Béon 2 ue persistence 20m

Ol meloPnoia Twv obnvwy ou SuvnTKA UMopouv va ekSNAwBoUv MapoucLAalouV GUVTEAESTH
aodalelag peyaAlTepo amo Tov avwtepo emBupunto. H povadikn odnva mou epdavilel
ULKPOTEPO CUVTEAEOTH amd TtV TN tou 1.4 sivaw n adprva Upper Left wedge (6) kat eival mbavn)
va gpdoaviosl Kamolo ootoxia KAtw amd Ti¢ KatdAAnAeg ouvOnkeg. Kol os auth tn Statoun



METABAANAOVTAC TNV EUUOVA TWV ACUVEXELWV TO POVO otolxeio mou aAAdlel ival o Oykog Twv
odpnvwyv, evw o cuvteleotng aodaleiag mapapével otaBepog o kABe adrva. Mapatnpeital mwg
n opnva Upper Left wedge (2) dev petafarAel Tov Oyko TNG odprvog omo to 8m E€UPOVAG TWV
OLOUVEXELWV.

Oéon 3

H Statopn ¢ 8€ong 3 anotunwvel o€ opl{ovtia dtatagn to OGAapo TnG ZMNALAG. Ao ta onpeia
TIOU SLOMEPVA N TOWN TA XOPAKTNPLOTIKA TOU BaAGLOU TIOIKIAOUV OXETLKA LIE TIG SLAOTACELC. ITO
KEVIPLKO OnUELo TNG SLATOUAG N INALA TapouoLAlel To HEYLOTO UYOC, OTWG UETPHONKE amod to
TpLoSlaotato VEPOG onUEiwv.

Ewkova 6.6: Oplod<tnon tou tunuaroc — 9éon 3



Wedge Information,

Lower Right wedge [3]
Factor of Safety: 5.014
Wedge Volume: 0.463 m3
Wedge Weight: 0.012 MN
Apex Height: 1.28 m

Upper Left wedge [6]
Factor of Safety: stable
Wedge Volume: 0.629 m3
Wedge Weight: 0.016 MN
Apex Height: 1.73 m

Upper Left wedge [7]
Factor of Safety: 1.163
Wedge Volume: 0.007 m3
Wedge Weight: 0.000 MN
Apex Height: 0.03 m

Factor of Safety: 0.000
Wedge Volume: 0.065 m3
Wedge Weight: 0.002 MN
Apex Height: 0.15m
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Sxnua 6-15: Stepeoypacpikn mpoBoAn Twv EMMESWV TwWV AOUVEXELWV arto TN B€an 3

N

Top

Perspective

Front

Side

Wedge Information.

Lower Right wedge [3
Factor of Safety: 5.014
Wedge Volume: 0.463 m3
Wedge Weight: 0.012 MN
Apex Height: 1.28 m

Upper Left wedge [6]
Factor of Safety: stable
Wedge Volume: 0.629 m3
Wedge Weight: 0.016 MN
Apex Height: 1.73 m

Upper Left wedge [7]
Factor of Safety: 1.163
Wedge Volume: 0.007 m3
Wedge Weight: 0.000 MN
Apex Height: 0.03 m

Factor of Safety: 0.000
Wedge Volume: 0.065 m3
Wedge Weight: 0.002 MN
Apex Height: 0.15m
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Sxnua 6-16: Tplobidaotatn mpoBoAn opnvwy otn Oéan 3 e persistence 5m




4

Top

Perspective

Front

Side

Wi In n

Lower Right e [3
Factor of Safety: 5.014
Wedge Volume: 0.780 m3
Wedge Weight: 0.020 MN
Apex Height: 1.53 m

Factor of Safety: stable
Wedge Volume: 0.990 m3
Wedge Weight: 0.026 MN
Apex Height: 2.02 m

r Left wed
Factor of Safety: 1.163
Wedge Volume: 0.012 m3
Wedge Weight: 0.000 MN
Apex Height: 0.03 m

Upper Left wedge [8]
Factor of Safety: 0.000
Wedge Volume: 0.113 m3
Wedge Weight: 0.003 MN
Apex Height: 0.18 m
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Sxnuoa 6-17: Tptobiaotatn mpoBoAn opnvwy otn 9éan 3 Ue persistence 6m

&

Top

Perspective

Front

Wi Information

Upper Right 3
Factor of Safety: 5.014
Wedge Volume: 1.695 m3
Wedge Weight: 0.044 MN
Apex Height: 2.35 m

Factor of Safety: stable
Wedge Volume: 2.472 m3
Wedge Weight: 0.064 MN
Apex Height: 2.74 m

r Left
Factor of Safety: 1.163
Wedge Volume: 0.027 m3
Wedge Weight: 0.001 MN
Apex Height: 0.04 m

r Left
Factor of Safety: 0.000
Wedge Volume: 0.256 m3
Wedge Weight: 0.007 MN
Apex Height: 0.23 m
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Sxnuoa 6-18: Tplobidaotatn mpoBoAn opnvwy otn Oéan 3 ue persistence 8m




\

Top

Perspective

Front

Side

Wedge Information,

Upper Right wedge [3]
Factor of Safety: 5.014
Wedge Volume: 3.256 m3
Wedge Weight: 0.085 MN
Apex Height: 3.05m

Upper Left wedge [6]
Factor of Safety: stable
Wedge Volume: 4.846 m3
Wedge Weight: 0.129 MN
Apex Height: 3.46 m

Upper Left
Factor of Safety: 1.163
Wedge Volume: 0.054 m3
Wedge Weight: 0.001 MN
Apex Height: 0.05 m

r Left
Factor of Safety: 0.000
Wedge Volume: 0.487 m3
Wedge Weight: 0.013 MN
Apex Height: 0.29 m
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Jxnua 6—19: Tpwobiaotatn mpoBoAn apnvwy otn 9éon 3 e persistence 10m

Top

Perspective

Front

Side

Wedge Information,

Upper Right wedge [3]
Factor of Safety: 5.014
Wedge Volume: 13,172 m3
Wedge Weight: 0.342 MN
Apex Height: 480 m

Upper Left wedge [6]
Factor of Safely: stable
Wedge Volume: 15.023 m3
Wedge Weight: 0.391 MN
Apex Height: 531 m

Upper Left
Factor of Safety: 1.163
Wedge Volume: 0.182 m3
Wedge Weight: 0.005 MN
Apex Height: 0.08 m

r Left
Factor of Safety: 0.000
Wedge Volume: 1,589 m3
Wedge Weight: 0.041 MN
Apex Height: 0.43 m
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Zxnua 6-20: Tpiobiaotatn npoBoAn opnvwy otn Béon 3 ue persistence 15m




Top

Perspective

Front

Side

Wedge Information

Upper Right wedge [3]
Factor of Safety: 5.014
Wedge Volume: 26.025 m3
Wedge Weight: 0.677 MN
Apex Height: 5.80 m

Lower Left wedge [6]
Factor of Safety: stable

Wedge Volume: 28.381 m3
Wedge Weight: 0.738 MN
Apex Height: 433 m

Upper Left wedge [7]
Factor of Safety: 1.163
Wedge Volume: 0.407 m3
Wedge Weight: 0.011 MN
Apex Height: 0.1 m

Upper Left wedge [8
Factor of Safety: 0.000
Wedge Velume: 3.703 m3
Wedge Weight: 0.096 MN
Apex Height: 0.57 m
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Jxnua 6-21: Tpwobiaotatn npoBoAn opnvwy otn Jéon 3 ue persistence 20m

Kat og aut ™ dlotoun HETABAANAOVTAG TNV EULOVI) TWV QICUVEXELWV TO HOVO oTolxelo Tou
oAAalel elvat 0 6ykog Twv odNVWY, EVW 0 oUVTEAECTNG aodaleiag mapapével otabepog o KABe
odnva. H odrva mou mapouctdlel cuvieAeotr) aodaleiag KATWTEPO amd Tov anodekTo eival n
Upper Left wedge (7), £€xeL ouvteheot acdadeiog 1.163. Ol umtOAOLTIEG OrVEG TTOU SUVNTLIKA
propoLV va ekdnAwBouv mapouoldlouv cuvieheotr) aohadeiag HeyaAUTEPO ATO TOV AVWTEPO

embupnTo.

‘Eva YEVIKO CUUTTEPACLO ATTO OAEG TIC TTAPAUETPLKEG avaAloelg 6To AoyLlopikd UnWedge sival mwg
o Bahapog ¢ ImnAldg tou NtoPéAn elval guotaBnig KoL HOVO KATW OO CUYKEKPLUEVEC
npoUmnoBéoelg umopei, kKuplwg n opodr tou, vo eKENAWGCEL KATIOLEG KATATITWOELG HE TN Hopdn

odnvag.




7. Mérpa Avtiotiplénc

H emkvduvotnta Twv KotoAloBnoewv wbnaoe tTnv avaykn ylo avamtuén LETPwY avtotipEng. Ot
KUPLOLTIOPAYOVTEG TTOU 08nyoUuV o ekSNAwaon KAtoAloBnong elvol Ta YEWTEXVIKA XAPAKTNPLOTIKA
™¢ Bpaxopalag, To PAPOC TWV EMUIKPEUAUEVWY TERAXiwV aAAA KAl OL KALOELG TWV TTPAVWV.

AT TG avaAUoelg oto AoyLopikod Dips ¢pavepwBnke mwe o BAaAapog tng ZnnAldg tou NtaBéAn
eVOEXETAL VO EKONAWOEL KATIOLEG OLOTOXIEC KUPLWG PE TN Hopdr odrvag. Eviog tng IMnALdg to
UETPO avTLOTAPLENG TTOU €lval TBaVO yLla TV amoduyr TwWV KATAMTWOEWY Elval Ta aykupla (eite
nadNnTIKA, ite aMAEG NAWOELG, €(TE TIPOEVIETAUEVQ, K.A.). ETiong oe pepovwUEVEG BECELS OTLG
TIEPUTTWOELG KATIOU UIKPOU OYKOU TIOU SUVNTIKA UTopel va ekdnAwaoel katantwon eivat duvatn
N AMOUAKPUVON TOU OYKOU PECw TG Sladlkaciag tou feokapwpotog. Av 0 xwpog dev nTav
OPXALOAOYIKOC XWPOoG Ba Atav ePIKTO va YIVEL TOTUKN ePapUOYH EKTOEEVUOUEVOU OKUPOSEUATOG
(atAo A womALopévo).

Onwg avadépdnke kat otnv Mapdaypoapo 5.4.2 to Aoylwopikd UnWedge mapéxel tn duvatotnto vo
VIVOUV TTAPAUETPLKEG AVOAUOELG KOL YLt TOL LETPA AVILOTAPLENG. 2T CUVEXELX apouatalovtal
KATIOLEG AVOAUOELS TIOU TIPAyHOTOTOONKaY €vtog Tou BaAdpou XpnoLUOTOLWVTOC ayKUpLa
tumou Swellex.

Kata tov 8o tpomo avaluong pe autov oto KepdAawo 6, Snhadni o BAAapog tng ImNALAg
Xwplotnke Kol LeAeTONnKe o€ 3 SLOTOUEG, TTAPOUCLATOVTOL TTAPAKATW OL TIOPOUETPLKES AVOAUOELG
UE LETOPANTEG TO LAKOG OAAG KOl TOV KAVVA O TwV OyKUplwv.

E€attiog tng LLalteEPOTNTOC TOU XWPOU eVOLAPEPOVTOG, TIPOKELTOL YL EVOV OPXALOAOYLIKO XWPO,
Sev elval eIKTO va epappooToUV MOKIAX HETPA AVTLIOTAPLENG. ZTIC EVOELKTIKEG OVAAUCELC TTOU
TIOpoUGLA{OVTAL OTTOTUTIWVETAL N YEVIKOTEPN ELKOVA TWV HETPWY TIOU UITOPOoUV Vo EPOPUOCTOUV
OTIOU QUtaLTEiTaL.

2tn 6¢on 1 (mpog To TéAoG Tou BaAdpou TG IMNALAG) OnMwe daiveTal OTA MAPAKATW OXNUATA
(Zxnua 7-1 kat Ixnua 7-2) oL ouvteleotég aodaleiag mopopévouv otabepol mapoTl
METABAAAETOL N EUUOVH TWV AOUVEXELWV KAl OL OyKoL Twv obnvwv. H odrva Lower Right wedge
(5) epdavitel ouvtedeoty acdadsiog 3.133, SnAadn mMoAU peyoAUtepo oamd TOV AVWTIEPO
omodekto omote Sev elval amapaitntn n TonobEtnon PETPWY avTLoTAPLENG. AV XPELOOTEL lowg
tonmoBetnbouv KkaAmola HepovwpéEvVa aykupla. Emiong otn odriva Upper Left wedge (8)
evbeikvutal n péBodog tou Eeokapwpatog kabwe o cuvteAeotng aohaleiag eivat undév Kat ot
OyKoOL elval OPKETA IKPOL. OTOTE CUUMEPACUATLKA N CUYKEKPLUEVN B€on sival evotabng.



Wi Information

Lower Left wedge [4]
Factor of Safety: stable

A

1 Wedge Volume: 6.884 m3
b Wedge Weight: 0.179 MN
] Apex Height: 6.01 m

Factor of Safety: 3.133
Wedge Volume: 8.326 m3
Wedge Weight: 0.216 MN
Apex Height: 691 m

- Upper Left wedge [B]

J Faclor of Safety: 0.000
Wedge Velume: 0.206 m3
Wedge Weight: 0.005 MN
Apex Height: 0.14 m
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Sxnua 7-1: Mepiuetpikn oxediaon otn 9éon 1 ue persistence 8m

Wedge Information

1 Lower Left wedge [4]

4 Factor of Safety: stable

Wedge Volume: 44.740 m3

3_' Wedge Weight: 1.163 MN
Apex Height: 11.27 m

Upper Right wedge [5]
Factor of Safety: 3.133
Wedge Volume: 55.747 m3
Wedge Weight: 1.449 MN
Apex Height: 13.03 m

Upper Left wedge [8]
Factor of Safety: 0.000
Wedge Volume: 1.222 m3
b Wedge Weight: 0.032 MN
1 Apex Height: 0.25 m

T T T T T T T T T T T T T
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Sxnua 7-2: Mepiuetpikn oxediaon otn Véon 1 ue persistence 15m

2tn B€on 2 (kovtd oto TEAOC TwV TOLUEVTEVIWY avaBabuidwv) n povadikn odrva mou eival
mbavh ywa ekdnlwon aoctoxiog sivalr n odpriva Upper Left wedge (6) éxovtag cuvteheotr
oodaleiag 0.528, SnAadn pLKPOTEPO amd Tov anmodekto. Kol og auth Tnv Mepimtwaon to HETPO
QVTLOTAPLENG TIOU TIPOTEIVETOL €lval Ta ayKUpLO. XTA TAPAKATW OXAUATO QMOTUTTWVOVTAL Ol



TIAPOAUETPIKEG AVOAUOELG TIOU €Aafav Xwpa UE HETOPANTEG TNV EUUOVA TWV AOUVEXELWV, TOV
KAVVaBOo KoL TO HAKOC TWV OlyKUpiwv.

Wedge Information,

] Lower Left wedge [1]
Factor of Safety: 2.625
Wedge Volume: 5.200 m3
Wedge Weight: 0.135 MN
Apex Height: 0.78 m

Upper Left wedge [2]
B Faclor of Safety: 1.813
2 Wedge Volume: 4.883 m3
Wedge Weight: 0.127 MN
Apex Height: 272 m

E 7 Lower Right wedge [3]

g Factor of Safety: stable

Wedge Volume: 5367 m3

; Wedge Weight: 0.140 MN
3 Apex Height: 1,50 m

Upper Left wedge [6]
Factor of Safety: 1.817
i Wedge Volume: 5719 m3
Wedge Weight: 0.149 MN
Apex Height: 149 m

Lower Right wedage [7]
Factor of Safety: 6.222
Wedge Volume: 4.771 m3
Wedge Weight: 0.124 MN

= Apex Height: 243 m
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Sxnua 7-3: Mepuetpikn oxediaon otn Véon 2 ue persistence 8m, urikog aykupiwv 3m kot kavvaBo 1,5m

L

W Information

1 Lower Left wedge [1]

Factor of Safety: 2.625
Wedge Volume: 10.521 m3
Wedge Weight: 0.274 MN
Apex Height: 0.96 m

Upper Left wedge [2]
B Factor of Safety: 1.813
1 2 Wedge Volume: 4.883 m3
1 Wedge Weight: 0.127 MN
Apex Height: 2.72 m

-~

1 Lower Right wedge [3]

1 Factor of Safety: stable
Wedge Volume: 10.272 m3
4 1 Wedge Weight: 0.267 MN
1 3 Apex Height: 1,85 m

Left wed
Factor of Safety: 1.582
1 Wedge Volume: 10,482 m3
Wedge Weight: 0.273 MN
Apex Height: 1,96 m

Lower Right wedge [7]
Faclor of Safely: 6.222
Wedge Volume: 8.292 m3
Wedge Weight: 0.216 MN

= Apex Height: 268 m
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Jxnua 7-4: Mepuetpikn oxediaon otn Véon 2 ue persistence 10m, unkog aykupiwv 3m kat kavvaBo 1m



Wedge Information

Lower Left wedge [1
Factor of Safety: 2.625
Wedge Volume: 82.012 m3
Wedge Weight: 2.132 MN
Apex Height: 1.86 m

i 30Il“n "

LUpper Lefl wedge (2]
Factor of Safety: 1.813

2 Wedge Volume: 4.883 m3

Wedge Weight: 0.127 MN

Apex Height: 2.72 m

4 Lower Right wedge [3]

Factor of Safety: stable
Wedge Volume: 58 880 m3
Wedge Weight: 1.531 MN
Apex Height: 4,37 m

Upper Left wedge [6

3 Factor of Safety: 1.548
Wedge Volume: 52,793 m3
Wedge Weight: 1.373 MN
Apex Height: 3.88 m

LUpper Right wedae [71

] Faclor of Salely: 6.222

-~ Wedge Volume: 28.153 m3
Wedge Weight: 0.758 MN
Apex Height: 3.36 m

T T T T
10m 20 30 40 50
[Proect
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Jxnua 7-5: Mepuetpikn oxediaon otn Véon 2 ue persistence 20m, unkog aykupiwv 6m kat kavvaBo 0,8m

ALOTILOTWVETOL TIWC OKOMN KAl oV QUEAVETOL N EUHUOVI) TWV OCUVEXELWV HETABAAAOVTAG TOV
KavwafBo Twv aykuplwv emtuyyavetol o emBupntog cuvtedeotng acdadeiog. Apa Kal otn
OUYKEKPLUEVN SLOTOWN TIOU TIEPIAUBAVEL KOL TO HEYLOTO TIAATOC TNG IMNALAG UE KATIOLA OyKUPLOL
OTtoTE XPELOOTEL KaL av XpelaoTel o BaAapog eival euotadng.

21N B€on 3 (opLlévtia Slatopun) n povadikn odrva ou eivat ibavr) yia ekdnAwon aotoxiag ival
n odpnva Upper Left wedge (7) epdavilovtag ouvteheotn aodareiag 1.163, SnAadn HLKPOTEPO
amnod tov anodektd. Eneldn oL dykol TnG odrvag sival moAU pikpol Ba elval amoteAeopatiko va
npaypatononfel kamowo feokdpwua Twv erodaAwv OYKwv tThg odrvag. tov avtinoda
propoLV va toroBetnBolv Kat KAmoLa pepovwpéva aykupta. MNa tn odnva Upper Left wedge (8)
TIOU TtapoucLalel undevikd cuvieheotn aodaleiag cuvioTatal To EECKAPWUO KATIOLWY OYKWV.
ITa MOPAKATW OXAUATO TAPOUCLAIOVTaL Ol TIOPAMETPLKEG AVAAUCELG TIOU TIpayLATOToLOnKav
UE LETAPBANTEC TNV EUOVH TWV OLOUVEXELWY, TOV KAVVOBO KOl TO UAKOC TWV OYKUpLwv.
MPOyHOTOTOLWVTOG TIG TIAPAUETPIKEG AVAAUCELG KAl TOoBeTwvTag aykupla o€ dtadopa HAKN
davnke nweg o ocuvteleotng aodaleiag tng odprvag Upper Left wedge (7) petaBariétav napa
ToAU N mop£peve o idloc.



Wedge Information

Upper Right wedge [3]

Factor of Safety: 5.014
1 Wedge Volume: 26.025 m3
i Wedge Weight: 0.677 MN
Apex Height: 5.80 m

au]m

Lower Lefl wedge 6],
p Factor of Safety: stable
== Wedge Volume: 28.381 m3
Wedge Weight: 0.738 MN
3 Apex Height: 4.33 m

1 Upper Left wedge [7

4 Faclor of Safety: 3.502

1 Wedge Volume: 0.407 m3
1 Wedge Weight: 0.011 MN
1 Apex Height: 0.11 m

] Upper Left wedge [8]

6 Factor of Safety: 0.000
Wedge Volume: 3.703 m3
Wedge Weight: 0.096 MN
Apex Height: 0.57 m

|1|1ﬁ|||lnll-
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Jxnua 7-6: Mepiuetpikn oxediaon otn Véon 3 ue persistence 20m ko tomoV€TNON evog aykupiou Im



8. Zuumnepacpato - MPoTAoEeLg

H ZninAwd tou NtaBéAn lval évag LoTopLKOG XWPOG IOV EVTOTILIETAL 0TA VOTLOSUTIKA TNG KOPUDNG
Mupyapt tou MevteAikol dpoug. Bpioketal og uopetpo 720m. O xwpog eival cuvdedeuévog pe
™V Kotaokeun tou MNapBevwva kabwg unootnpiletal Mwe To LAPHApO UE Ta omola Xtiotnke
nponABav amod tn ImnAld tou NtafeAn. E&w amd tn ImnAwd ekwva o Spopog petadopdg Tou
popudpou, n 0666 AlBaywylag, n omola pehetnBnke amo tov kabnynt tou E.M.M. MavwAn
Koppé. Ze Stadopa onueia tou Askavomediou TNG ATTIKNG €XOUV EVTOTILOTEL EUPAUATA OTIWC
TAQKOOTPWTA, ToXia, K.A. Kol €XEL KATOpOwWOEL va xapayTel n Mopeia TG CUYKEKPLUEVNG 0800.
Eniong, onwc avadépetal Kal oto Ovopa Tt onnAldg €xel ouvdebel pe to Anotapxo NtaBEAn
XwpIg 0w va uTtapxouv akpLPBr otolxeia. Autd aImOSELKVUOUV TIWG O XWPOG XPELAeTal TN
6éouca mpoooyn amd Toug apuodloug dopei¢ wote va Slodulayxtel auth N TOALTIOTIKN
KANPOVOULA LOG.

210 YWpPo Omou evroniletal n ImnAld tou NTafEAn untdpyxouv ta papuapa tng MevtéAng cuudpwva
UE To UMD XapTn Tou ITME “Kndlotd”. MaKpOoOKOTILKA TO TPWTO CUUMEPACHATA VL0 TO XWPOo
evlladEpovtog eilval MW TO TETpWHATA €ival okAnpd pe TOAAEC acuvéxeleg. OL TiLo
XQPOKTNPLOTIKEG EVTOTII{OVTAL OTO APLOTEPO TIPAVEC OTTOU TO Slaoyilouv amo to £5adog HEXPL TO
mo PnAo onuelo tou. Emiong n mAeloPndia Twv acuvexelwyv elval TANPWUEVEG LE ACBECTITIKO
UALKO.

H kivnon tou vepou eival epdavig T000 ota eEWTEPLKA TIpavr) 000 KoL EVTOE ToU BaAGUOU TNG
OTtNALAG KATL TO OTolo paptupsital amd tn PeyaAn vypacia evtog Tou BaAdpou tng ImnALag aAAd
KOLL OTTO TLG ACUVEXELEC E TNV evamoBeon acBeoTtitikol UALKOU.

XpNGOLUOTOLWVTAC TNV TPLoSLACTATN AmoTUTTWAON oV Tipaypatonoinoe n etapeioc LANDMARK —
. AOYTPIAHZ kot to Aoylopko CloudCompare Katéotn ePIKTO va LEAETNOEL TO EOWTEPLKO TNG
INALAC KaBwe pe T KAaoOLKEG peBOdoug xaptoypadnong dev NTav ePIKTEC OL LETPHOELG. 2TO
EOWTEPLKO OL €TLPAVELEG TOU HOPUAPOU €lval KAAUMUEVEG HE Bpla HE OMOTEAECHA VA WN
MTtopoUV va Tipaypatonotnfouy PETPRoELg e TN yewAoyikn muéida. MNa va eivat o mAnpng n
HeAETN Tou Baldpou mpaypatonoltndnkayv 5 TOPEG OTLC oTtoieg MAPONKAV UETPNOELS KALONG Kl
dopag péylotng kAlong péow tou AoylouikoU CloudCompare kal Tou TPLoSLACTATOU VEPOUG
onpeiwv. Autn n TPLOSLACTATN OMEKOVLION eival pia TTOAD peyain e€ENLEN kal duoikd éva mebio
606&Ng Aoumpod Kal ylo TN yewAoyila Kabwe Pmopol e va HEAETHOOULE VOV UTTOYELO XWPO LE
ouyxpoveg peBodoug tomoypadiag aAAd mavta oTnpLlOUEVOL OTLG KAAOOLKA Opyava OTwe elvat n
vewAoyikn uéida. Me ta 6pyava TpLodLAcTATNG AMOTUNMWONC AMOSELKVUETAL WG N AMOTUNTWGON
E0WTEPLKWV XWPWV Umopel va mpaypatonolnBbel amaAlaypévn omd tv Aduecn emodr pe
Sopudopouc.

Yta mAaiola TNG OUYKEKPLUEVNC SUTAWUATIKAG gpyaciag KatopBwbnke va umoAoylotolv Ta
VEWTEXVIKA XOPAKTNPLOTIKA TWV PPoaywdwV OXNUOTIOUWY EKTOG TNG ZMNALAG. Mo CUYKEKPLUEVOL
pe tn odpUpa Schmidt kat To MPoPNOUETPO UTIOAOYIOTNKAVY 1 EUUEDN OVTOXH OE HOVOAEOVIKN
OAYPN kaBwg Kat n ywvio tpaxvtntag i. Ta anoteAéopota mou npogkuPav ard t odpupa Schmidt
OXETIKA UE TOV EUUECO MPOOSLOPLoUd TNG avtoxng o povoafoviky BAIPN mponABav amod to
vopoypadnua twv Deere and Miller, 1996 kat mapouaidlovtal oTov MivoKa:

ACUVEXELEC 40,72

ApLoTEPO TIpaVE
PLOTERPO TIRAVES AoBEOTITIKO UALKO 24,87



Aeti mpavég AGCUVEXELEC 37,68

‘Emetta pe tn Xpron tou mpodAopeTpou ipoosyyilotnke n T JRC XpNOLLOTOLWVTOG TA TUTILKA
npodiA twv Barton and Choubey to 1977. Méow tou Kpltnpiou Barton — Bandis (1973)
uTtoAoyioTnke n ywvia tpayxvtntag. Ta amoteAéoparta mou npogkuayv eival:

JRC 4
ApLOTEPO TIPAVEG Fwvia TpayUTNTOG ACUVEXELWV 39,68
Frwvia tpoayvutntog acBeotitikol UALKOU 38,31
, , JRC 8
Aegi mpaveg - - -
lwvia TpoXUTNTOG ALOUVEXELWV 47,23

Y10 8efl MpaVEG E£MElTa QMO TN OTOTLOTIKN emefepyacio OAWV TwV UETPHOoEwWV Tiposkupav 4
OUOTNUATA OCUVEXEWWV KoL TA OTOLXEia Tou mpavouc sival kAion kat ¢popd péylotng kAiong
70/239. And ta 4 cUOTHHOTA ACUVEXELWY cUUdWVA Le TNV avaluon Markland pévo ta 3 Suvntikd
umopouv va aoctoxnoouv. Edappootnke n BeAtiwon Hocking kot Siamotwbnke otL oto Seki
TPAVECG SUVNTIKA HmtopoLV va ekdnAwBoUlv 2 apnvoeldeig oAoBrosLg kat 1 eminedn oAloBnon.
To aplotepd MPAVEC arto TLG el TOTOU emoKEPELS GAVNKE TTWC lval MAPAKATOKOpUDO, KATL TTOU
emiBeBalwoav ol HETPNOELC Yo aUTO Kol eMAEXONKe va yivouv oL avaAUoEeLg Kol HeE ta Suo
otolxela Tou mpavoUg mou MPoEkuav amod Tn OTOTLOTIKY enefepyacia. Mo oUyKEKPLUEVA TO
0pLoTEPO IPAVEC £XEL OTOLXEla KALONG KAl popag péylotng kKAiong 75/303 kat 88/123. Kat o auto
TO TPAVEC TIPAYUATOTOLONKE OTATIOTIKN €MEEEPYACIO TWV HETPAOEWY TWV OCUVEXELWV TNG
Bpaxopaloc kat mpoékupav 5 cuotApata acuvexswwv. Mo to Tpaveg pe otolxeia 75/303
ootoyxouv 3 enineda aocuvexelwv cludwva pe Ty avaiuon Markland kal epapuolovrag tn
BeAtiwon Hocking StamiotwBnke mwg pmopouv va ekdnAwbolv povo odpnvoeldeic oAlobnoeLg.
AkohoUBw¢ yla To mMpavég pe otolxeia 88/123 actoxoUv SuvnTKA Kal Ta 5 cucthpota
oouvexelwv olpdwva pe thv avaluon Markland. Xpnowwomowwvtag tn Beitiwon Hocking
Slarmotwnke Mwg duvnTikad pmopouv va ekdnAwBouv 5 odnvoeldeic oAlobroelg kat 1 eminedn
oAioBnon.

AKOAOUBWVTAG TN OTATLOTIKNA eMeepyooia og OAEC TIG LETPAOELS TIOU TLAPONKav ord To AoyLopLkd
CloudCompare amno kabe toun mpayuoatonol)dnkav oL avaAUoeLG EVTOG Tou BOAALOU OXETIKA e
Vv euotaBeld tou. Me To Aoyloptkd UnWedge emetelyBn n avaluaon yLo Tov EVIOTIOUO ohnvwv
mou SuvnTikA pmopoUlv vo ekdnAwoouv actoxia. Amd TIG TIUPAUETPLKEC aAVOAUOELS yla TO
E0WTEPLKO TOU BaAdpou TG IMnALdg Tou NTaBéAn npoékuPe nwg n mMAsloPndia twv emopoiwy
OyKwV evtoTiletal otnv opodn tou Baapou. Ot acto)ieg evidg TnC ImnALag Ba sival pe t popdn
odnvag. O cuvteheotng aodadeiog mov xpnotponotndnke eival n T 1.4 mou avtiotolyel oe
niepBaAlov mou emiSpouv oL oelopol Kot uTtdpyel vepo. OL avaAUoeLg Tipayatonoionkayv o
Pelg SladopeTikég Slatopeg, SUO eyKAPOLEG Kal pia oplloviia. AmO Ta QAMOTEALCUATO TWV
ovaAloewv euoTtdBelag MPoEKUYE WG oUVOALKA 0 BdAapoc Ttng XmtnAdg Tou NtofEAn Sev £xel
nPOBAnua suotdBelag. Epdavilel kamoleg aotoxieg e tn popdn odnvag arld dev ekmvéouv
KATTOla. aVNOoUXiot OXETIKA HE TNV 00PAAELX TWV ETULOKETITWY. Zlyoupa KOTA TNV emiokedn oto
XWPO XPELALETOL N AMALTOUHEVN TTIPOCOXN OMWG G OAOUG TOUG OVUTIOOTIPLKTOUC ECWTEPLKOUG
XWPOUG.



Mo tnv anoduyn TG OMoLAcSNTIOTE AOTOXLOC KAL KATAMTWGONG UIMopouV va epapLoCTOUV HETPA
avtlotnplEng onwg aykupla tUmou Swellex 1 feokdpwpa Twv eMOGAAWV OYKWVY. ATO TIG
TIAPOUETPLIKEG AVOAUCELG UE ETOPANTI TNV ELLUOVI TWV LOUVEXELWY, TO MAKOG KAl TOV KAvvafo
TWV aykupiwv Slamotwbnke mwg o emBuUnNTOg ouVTeEAEOTNC aohOAElOg EMITUYXAVETOL HE
kavvapo aykupiwy, anod 0,8m £wg 1,5m Kot LAKOG aykupiwv amo 1m éwg 6m.

TOoo Ta €EWTEPLKA TIPAVH OTIWE KAL TO ECWTEPLKO TNG IMNALAG eival og kKabeotwg evuoTabeLag.
QDuoLka n ToMoBETNCN LETPWY AVTLOTAPLENG TPOODEPEL ia aoDAAELN TOOO YLaL TNV A0PAAELD TWV
ETILOKENMTWV OAAG KOl YLOL TNV TIPOCTOOLO TOU XWPOU.

Eival B€Bato mwc OAa ta mapandavw xpetaletal va LeAetnBoUv Kal cuVSUAOTLKA LUE TO BAPOG TwV
UTIEPKELUEVWV OXNUATIOUWY aAAG Kal PE TIC TILEOELG TOu vepol. H kivnon tou vepou eival
6e6opévn Kkal lSIKA O€ €va OYXNUATIONO OTIWE lval Ta Pappapo Ta omola o MOANEG epdavioelg
EVTOC TNG ZMNALAC lval KapoTLKoToLUEVa. Emtiong amod Tig emi TOMoU eMoKEPELG elval davepn N
Umapén tou vepol KaBwg eviog TG ZMNALAG o MOAAA onueia « PyaAilel» Kal og GAAA TPEXEL TO
VEPO KATA LUAKOC TOU METPWHOTOG.
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«Investigation of the stability conditions of the karst cavity and the entrance’s
slopes of the cave of Davelis in Penteli»

Penteli Cave or Ammon Cave or Daveli Cave is located in the prefecture of Attica, in the
northeastern part of the Athens basin. It is located on the southwestern side of the Mount
Pentelicus or Pentelikon mountain and specifically on the south side of the Pyrgari peak at an
altitude of 720m. This cave is rumoured to have taken its name from the 19th-century letharist
Christos Davelis, but this has not been confirmed to date.

Mount Pentelicus or Pentelikon mountain along with Parnitha, Ymittos and Mount Egaleo delimit
the Athens basin. Penteli is the natural northeastern boundary with a direction of development
from northwest to southeast. Its peak is called Pyrgari and has an altitude of 1,109m.

The natural slopes of Mount Pentelicus or Pentelikon mountain have gentle morphological
gradients with rounded tops. The foothills of the mountain are gentle. The presence of various
karstic incaves of geomorphs of various dimensions is noticeable, the most famous of which is
that of the Cave of Davelis.

The entrance of the Cave is imposing with dimensions of about 30m wide and 20m high. It is
characterised by a huge chamber and a 112m long downhill passage through which one reaches
the lowest point of the Cave. The width of the cave varies from 40-45m. At the left part of the end
of the chamber, a passage has been identified that leads to a smaller karstic structure that has
water and is known as the "Lake of Nymphs".

To the right of the entrance of the cave there are two temples, those of Agios Spyridon and Agios
Nikolaos. They have a common entrance but their age is different. One chapel, which is located
literally in the rock and is that of Agios Spyridon, is the oldest in age. Their walls are the rock itself
and various figures such as angels, crosses and eagles have been carved on them. The other
church is located towards the side of the chamber of the Cave and is that of St. Nicholas. It is
younger in age.

The study of the geology of Attica began as early as the end of the 18th century. During these
years, various opinions have been expressed regarding the geotectonic units found, their
stratigraphy and the overall geotectonic evolution of Attica. In modern theories, researchers
estimate that the majority of the rocks of Attica belong to the Attic-Cycladic unit, which belongs
to the Inner Hellenides (Jacobshagen et I. 1978, Durr et al. 1978, Moundrakis 1985, Kilias et al.
2004, Ring 2007 etc.). In the west and north of Attica the Sub-Pelagic Zone (or the
unmetamorphosed Pelagic Zone) formations are found.

The geology of the Attica Basin is shaped by the normal detachment fault. It is a large tectonic
structure that bounds the Attica metamorphic rocks to the east and the Sub-Pelagonian unit to
the west. This detachment is of a tensile nature and has caused subduction in a NNE direction in
the rocks of the Sub-Pelagonian and the Athens Unit, and has caused uplift in a SNE direction in
the rocks of the Aleppouvouni Unit and the Native Metamorphic of Attica. The geotectonic units
that occur in Attica are the Almyropotamos unit, the Sub-Pelagonian unit and the Allochthonous
of the Attica Basin or "Athens Shale". The Almyropotamos section extends into E-NE Attica and
comprises the Penteli and Hymettus mountains. It is divided into the sub-units, the Varis section,
the Ymittos section and the Penteli section. The Sub-Pelagonian section consists mainly of non-
metamorphosed sedimentary rocks which are found in NW Attica, in particular on Mount Poikilo,



Mount Parnitha and Mount Egaleo. The basement of the unit is composed of gneisses, marble
schists, amphibolites with marble intercalations and corresponds to the basement of the
Palaeozoic age lower Palaeozoic Palaeogene unit. The core of the Sub-Pelagonian stratigraphic
column consists of limestones and dolomitic limestones. The base of the column is a volcanic-
sedimentary complex with alternations of tephra-green clayey shales, sandstones, pebbles,
conglomerates and tophi. The Attica Basin Allochthon or "Athens Shales" consists of the Athens
Unit and the Alepovounion Unit, which are the overlying and underlying units of the Athens Shales
respectively. The Athens unit is located in the central and western part of the basin and is located
tectonically overlying the Sub-Pelagonian in the west and tectonically overlying the Aleppouvouni
unit in the east. The Aleppouvouni unit occurs in the eastern part of the basin and appears as a
tectonic wedge. It is located between the overlying Athens Unit and the underlying metamorphic
formations of the Hymettus.

The post-alpine formations found in the Athens basin are divided into Neogene and Quaternary
formations. The Neogene formations, depending on their depositional phase and their
geographical distribution, are divided into marine and continental formations. In several places,
the Quaternary formations occur above the Neogene formations. These are mainly the
sedimentary material from the rivers of the basin, coastal deposits, river terraces, lateral deposits,
riprap and cones of boulders.

Mount Penteli consists of rocks of Mesozoic age. Marbles and marble schists that geotectonically
belong to the Almiropotamos section. Throughout the whole area of the Mount Pentelicus or
Pentelikon Mountain, depending on the morphology, there are occurrences of Quaternary
deposits, mainly fine-grained materials with a thickness of less than 5 m. There are also various
materials derived from the weathering and erosion of the parent rocks. In addition, slope debris,
cones of cavities and alluvial ribs are found.

The chamber of the Cave of Davelis and the slopes to the right and left of the entrance are located
within the marble formation.

The company LANDMARK - G. LOUTRIDES in the context of the preparation of this thesis provided
us with the data concerning the 3D mapping of the Cave of Davelis. In 2016, the company
LANDMARK - G. LOUTRIDES carried out for promotional purposes a 3D mapping in the Cave of
Davelis in Penteli using the GeoSlam ZEB-REVO instrument. Stability analyses of the interior of the
chamber were carried out with the help of the point cloud. The use of the geological compass
inside the cave is impractical as the rocks are covered with a thin to quite thick layer of moss in
some places. The moss is due to the inflow and movement of water which is favoured by the
discontinuities within the rock mass.

The GeoSlam ZEB-REVO instrument is a lightweight rotating laser-scanner and the site was
mapped in just 20 minutes. This instrument has the advantage that it does not need to be
stationary while the site scan is being carried out, unlike other terrestrial laser scanners. Also the
mapping does not require a large workforce, only one person holding it and walking around the
site is enough. It is also possible to mount them on mobile objects of choice, such as a vehicle or
UAV, and as they move through the area of interest they will scan and store many thousands of
points per second. Also another advantage of the instrument is that it does not require target
placement and the GeoSLAM Hub Softtware software automatically does the cloud registration.
The accuracy of the instrument is in the range of 2-3 cm and the scanning speed is 43,200
points/second. The 3D imaging that took place revealed the dimensions of the cave that were



calculated to the nearest centimeter, chamber length: 85m, maximum width: 40m and height:
20m.

CloudCompare is software for processing 3D point clouds from laser scanners. Its creation started
in 2003 with a PhD project with the aim of early change detection through high-density 3D point
clouds from laser scanners in industrial facilities such as factories or power plants. From 2009 to
the present it has been released as free software and open source for public use under a GPL
license. It is open source software and users are free to extend the capabilities of the software.
CloudCompare is developed in C++ programming language. The software is suitable for detecting
changes such as for example a ground subsidence, a subsidence in a building, etc. The processing
algorithms provided offer methods for several tasks such as dimension calculation, calculation of
statistics, estimation of geometric features as well as creation of floor plans, sections, etc.
Mobile laser scanners capture the geometry of objects with high accuracy and resolution and
produce 3D point clouds that are dense enough to capture the distribution of the imaging space
in great detail. Mobile Laser Systems (MLS) make use of laser scanning technology. Their portable
equipment allows digitization in complex and difficult environments.

SLAM technology has largely eliminated the problems with the accuracy of handheld scanners in
terms of their trajectory and level of precision. For this reason there is a future for the use of these
instruments in areas where there is no need for a GNSS signal or contact with satellites (e.g.
underground works, tunnels, caves, etc.). (Cabo, et al., 2018)). It is well known that GPSs cannot
operate indoors as their operating principle is to have line-of-sight contact with satellites.
Therefore, it is automatically impossible to map the interiors of buildings, mines, galleries,
tunnels, etc. The solution to achieve mapping of spaces without the use of GPS came from CSIRO's
Zebedee technology where it is also used by GeoSLAM on the ZEB1 and ZEB-REVO instruments
using Simultaneous Localisation & Mapping (SLAM) algorithms.

The collection data from mobile scanning systems (MLS) perform automatic data processing
through appropriate software. A separate 3D model is created for each scan and then if there are
multiple scans for the same area, the process of aligning and merging the different scan clouds is
performed. The result from this process is the extraction of a final 3D model. If there is more than
one scan at a site it is advisable to provide sufficient overlap between scans.

In geotechnical engineering, the 3D scanning instrument contributes to the characterization of
the rock mass and the determination of the geological characteristics of the formation. To date,
mapping of a field of interest is done by recording the geological formations on a map of a
predetermined scale, using the geological compass to record data such as dip and time of
maximum dip. Also capture the field with a camera to highlight critical points or special
appearances. Recording of the discontinuities and their characteristics (roughness, distance,
opening, their persistence in space, existence of infill material, etc.). The mapping, with a 3D
scanning instrument, of the fields is carried out in a very short time compared to traditional
mapping. Furthermore, all the data is readily available in digital form. Also from the primary data
up to some result from the processing there is the possibility to import them into different
software such as AutoCAD and to follow a new processing.

The geotechnical characteristics of the rock formations of the area of interest were studied in
terms of their shear strength. The Barton - Bandis criterion (1973) was used where Barton - Bandis
through experimental data arrived at a non-linear failure criterion for the shear strength of the
unconformities of a rock mass. The variables used are the coefficient of roughness (JRC), the



indirect uniaxial compressive strength (JCS) and also the normal stress (on). Since in nature the
surfaces of discontinuities are never smooth and flat, the angle of roughness (i) was determined
from experimental data.

For the slopes outside the Davelis Cave the normal stress (on) is calculated from the height of the
slope times the specific gravity of the rock.

The Schmidt hammer rebound hardness (SH) test, achieves the determination of the surface
hardness of the rock and indirectly the value of the average uniaxial compressive strength. At least
20 measurements were taken at each location on the two slopes. In areas of discontinuities or
calcareous material where testing was performed and rock fracture occurred, the impacts were
rejected. Of the 20 measurements, the 10 smallest were discarded and then averaged. After all
measurements on each slope were completed, the average of all averages was calculated to
determine the average rebound value. Using the Deere and Miller, 1996 nomogram, the
determination of the average uniaxial compressive strength was performed.

The right slope is eroded and in some places an unbroken mass of rock is found between closed
discontinuities. The left slope is almost unconformable with a few discontinuities which are either
closed or open but filled with calcareous material. Indirect uniaxial compressive strength
assessment was carried out for the discontinuities as well as for the calcareous material.

For the right slope the value of the JCS index for the discontinuities is equal to 85MPa. Similarly,
the value of JCS index for the left slope is equal to 88 MPa, while for the calcareous material is
equal to 40MPa.

The roughness coefficient (JRC) is determined by comparing the area of the discontinuity in
guestion with the table of typical profiles created by Barton and Choubey in 1977. The instrument
used to record the surface area of the discontinuity is called a profilometer. In the area of interest,
the profilometer was used on both slopes and on the surface of the calcareous material (where
possible). For safety reasons the chosen value for the roughness coefficient JRC for the left slope
discontinuities is the lowest value, i.e. JRC = 4.

On the right slope also for safety reasons the selected value for the roughness coefficient JRC for
the discontinuities is the lowest, i.e. JRC = 8. Similarly for the calcareous material on the left slope
the selected value for the JRC roughness coefficient is the lowest, i.e. JRC = 4.

The basic friction angle ¢y, for marbles is 32°, as shown by literature data. Using all the data, the
angle of roughness i was calculated according to which all analyses were performed in the Dips
software. More specifically, the angle of friction for the left slope is 39° for the unconformities
while for the calcareous material it equals 38°. Similarly for the discontinuities of the right slope
the friction angle is 47°.

All analyses performed in the Dips software took into account these values of the friction angle
for each slope. Considering safety, the value for the friction angle used is much smaller than the
corresponding friction angle obtained from the calculations.

For each slope the microtectonic analysis carried out is intended to examine the manifestation of
a kinematic potential manifestation of plane slip, wedge-sliding slip or overturning event. In order
to check the possibility of the development of potential debris flows and the stability of the slopes
before the entrance to the Cave of Davelis, measurements were taken at selected locations on
the slopes. More than 100 measurements, using the geological compass, were made on each
slope and then projected their poles onto a Schmidt tectonic grid.

Using the Dips software, the poles were statistically processed and their equal density regions
were plotted. From the concentration of the poles, the poles of the main discontinuity systems



and their planes were obtained. From the processing of the levels of the discontinuities, the
possibility of potential development of potential debris flows on the slopes before the entrance
to Davelis Cave was tested.

The stereographic projection chosen to be used in this work is on the Schmidt (Equal Area) grid.
The study of the site concerns the control of potential slips that may occur along the unconformity
levels, or along the intersection of two unconformity levels in the form of wedge-sliding
detachments or the occurrence of overturning and collapses.

The probability of slippage based on the above analysis is not a sufficient condition for the
creation of a slip. It is also necessary to take into account the actual shear strength parameters of
the slip surface and the possibility of the existence of planes with the above geometric
characteristics, which must be of sufficiently long length to constitute a deflection surface. The
internal friction angle used to control the potential slip is derived from the analyses carried out in
this work. It was chosen to use a friction angle ¢ ranging from 36° to 42°. That is within the safety
range. Tests were carried out on each slope to check for the occurrence of failures or to eliminate
failures. The lower value of the internal friction angle used is 36° and thus took into account the
worst conditions of the rock mass as indicated by the angle of roughness.

Within the framework of this study, analyses of the technogeological stability conditions of both
the right and the left slope located before the entrance of the Cave were carried out, which are
almost vertical while the left slope is para-vertical.

The right slope (entering the cave is on our right hand) is wavy, the rock shows many
discontinuities and its color is dark grey. Also, the intense crenulation also shapes the lower part
of the slope, which consists of many small to very large pieces of rock mass that have been
detached and fallen to the ground. The vast majority of the unconformities are closed and are
rough. A few are open but do not exceed a few millimeters.

The slope and the direction of maximum slope gradient does not vary very much along its length
from the entrance of the cave to its edge. The slope values range from 67° to 71° and the dip
direction of maximum slope from 226 to 244. After statistical processing the value of the slope
with which the analyses were performed is 70/239.

For the safety of the site study the analyses carried out were performed for all intermediate values
of the internal friction angle with a pace of 2, i.e. 36°, 38°, 40° and 42°. From the results of the
analyses, there was no difference in the potential failures detected overall in the right slope area
for each one value of internal friction angle.

From the visualization of the main discontinuity planes in combination with the direction and
slope inclination, the following geometrically potential failure cases according to the Markland
test are obtained. The 77/028 level, which refers to a branching system, gives a marginal
possibility of overturning. The possibility of slippage at the intersection of the following pairs of
unconformity levels is shown below:

J2-14:63/276 - 60/234

13 -14:78/297 - 60/234

J2-13:63/276 - 78/297

All pairs of discontinuities were analysed in Dips software and according to Hocking's refinement
for each pair of discontinuities it was determined whether the slip that would potentially occur is
planar or wedge-sliding.

For a more complete investigation of the discontinuities in the slope of the study area, parametric
analyses were carried out with one variable, the angle of internal friction. The results of the



analyses showed that there is no differentiation with respect to the pairs of sliding discontinuity
levels.

The analyses revealed that the pairs of unconformities J2 - J4: 63/276 - 60/234 and J2 - J3: 63/276
- 78/297 the slip expected will be wedge-sliding as it is observed that between the slope dip
direction and the axis of the rock wedge, neither of the two dip directions of the rock wedge
unconformity surfaces in each pair is located. In the J3 - J4: 78/297 - 60/234 unconformity pair
the slip expected is flat and will occur in the J4 plane direction as it is observed that between the
slope inclination direction and the rock wedge axis is the axis of the J4 unconformity.

The left slope (entering the cave is on our left hand) has some discontinuities that intersect it
vertically and some that intersect these discontinuities. The vertical discontinuities are closed and
filled with calcareous material like the majority of the discontinuities. Their opening ranges from
0 - 6 cm and was measured at the surface of the slope because that is the only place where they
were not covered with calcareous material. The slope shows parts of the rock between the vertical
discontinuities, mainly, where it can be characterized as unconformable.

The slope and the direction of maximum slope gradient does not vary greatly along its length from
the entrance of the cave to its edge. The values measured range from 670 - 880 the slope and 119
-122 and 299 - 308 the direction of maximum slope. These values of the maximum slope direction
confirm that the left slope is paracontinuous, a fact that was noted from the on-site observation
of the site. After the statistical treatment the slope will not have a value as it is a paracontinuous
slope and it is not clear in advance how it will fail if it fails. So the values for which the
investigations for any failures were made are 75/303 and 88/123. For the safety of the site study,
the analyses carried out were performed for all intermediate values of the internal friction angle
with a pace of 2, i.e. 36°, 38°, 40° and 42°. In this slope in contrast to the right one, differences in
the failures were obtained depending on the angle of internal friction.

From the visualization of the main unconformity planes in combination with the direction and
slope inclination of the slope (slope with data 75/303), the following geometrically potential
failure cases are obtained.

The 60/167 level, which refers to a branching system, very marginally allows for the possibility of
tipping. The possibility of slippage at the intersection of the following pairs of discontinuity levels
is shown:

J1-J2:87/209 —66/231

J2-13:66/231 - 89/028

In all pairs of discontinuities the analyses were performed in Dips software and according to
Hocking's improvement for each pair of discontinuities it was determined whether the slip that
will potentially occur is flat or wedge-sliding. For a more complete investigation of the stability
conditions of the slope in the area of interest, as mentioned above, parametric analyses were
performed with the internal friction angle as a variable.

From the analyses it was found that for the pairs of unconformities J1 - J2 and J2 - J3 the slip
expected will be wedge-sliding as it is observed that between the slope inclination direction and
the axis of the rock wedge neither of the two inclination directions of the rock wedge
unconformity surfaces in each pair is located. For the J2 - J3 unconformity pair there is a difference
in the occurrence of slips at the selected values of the internal friction angle, only the value of 42°
is within the safety range.



From the visualisation of the main discontinuity levels in combination with the direction and slope
gradient (slope with data 88/123) the following geometrically potential failure cases according to
the Markland test are obtained.

None of the discontinuity levels seem to give the potential for overturning. The possibility of
slippage at the intersection of the following pairs of discontinuity levels is shown:

J1-15:87/209 - 60/167

J1-J4:87/209 - 71/075

J2-15:66/231-60/167

J3-15:89/028 - 60/167

J3-J4:89/028 - 71/075

J4 -15:71/075 - 60/167

All pairs of discontinuities were analysed in the Dips software and according to Hocking's
refinement for each pair of discontinuities it was determined whether the slip that would
potentially occur is planar or wedge-sliding.

For the comprehensive investigation of the discontinuities in the left slope of the area of interest,
parametric analyses were carried out with the internal friction angle as a variable. The analyses
showed that there is no variation with respect to the pairs of the unconformity plane pairs
showing slip.

The analyses revealed that the discontinuity pairs J1 - 15: 87/209 - 60/167, J1 - 14: 87/209 - 71/075,
J3-J4:89/028 - 71/075, J3 - J5: 89/028 - 60/167 and J4 - J5: 71/075 - 60/167 the slip expected will
be wedge-sliding as it is observed that between the slope dip direction and the rock wedge axis
neither of the two dip directions of the rock wedge unconformity surfaces in the respective pair
is located. In the J2 - J5: 66/231 - 60/167 unconformity pair the slip expected is flat and will occur
in the direction of the J4 plane as it is observed that between the slope inclination direction and
the rock wedge axis is the axis of the J5 unconformity.

The stability analyses performed in UnWedge software were carried out exclusively for the
interior of the Cave. It was chosen within the Cave to perform parametric analyses with
persistence of discontinuities (Persistence) as a variable in three sections (two transverse and one
horizontal). Using the "Compass" plug-in tool of CloudCompare software, several measurements
of the slope and the dip direction of maximum slope were made in each section. More than 100
measurements were made at each location and then using the Dips software the main levels of
the discontinuity systems were identified.

A value of 1.4 was chosen as the safety factor corresponding to an earthquake-affected
environment with water present. If a value less than the value of the safety factor is obtained then
failure is expected to occur at that wedge, while when the value of the safety factor is greater
than the allowable value then safety is achieved.

The dimensions of the sections coincide with the maximum dimensions of the cave, the width is
40m and the height 20m.

Location 1 represents a section of the Cave located towards the end of the chamber. Post 2 is
located at the point where the concrete terraces end. At this point the Cave has the largest
dimensions and is the reason why this section was chosen. The cross-section of location 3 depicts
in a horizontal arrangement the chamber of the Cave.



A general conclusion from all the parametric analyses in UnWedge software is that the chamber
of the Cave of Davelis is stable and only under certain conditions can, especially the roof, manifest
some collapses in the form of wedge. Within the Cave, the bracing measure that can be placed to
prevent collapses are anchors (either passive, simple cantilevers, prestressed, etc.). Also in
individual locations it is possible to remove the mass through the process of scarification. Due to
the specific nature of the site of interest, which is an archaeological site, it is not possible to apply
a variety of retaining measures.



