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Editorial

1° tevxo¢ tou AgATiou TwV Inpayywv yla tn ¢ETVA Xpovid PE TIAOUGCLO EVNUEPWTLKO Kol
dwtoypadikd UALKO armo TLG 1o evSLadpEpouoes e€eAEELG OTO XWPO TWV UTIOYELWY, EVTOG KOl EKTOG

OUVOPWV.

Me XxapQ OVaKOWWVOUUE ota UEAN Kal otoug ¢iloug tng EEZYE otL otig 10-01-2020 katateOnke
enionua otn Alebvn Evwon Znpayywv (ITA-AITES) o ®dkelog Yrnoynodlotntag tng ABrvag yla tn
Slopyavwon tou Maykooulou Xuvedpiou Inpayywv tou 2023 (World Tunnel Congress — WTC

2023). Ixetikég MAnpodoplieg mapatiBevral oto mapov TeUXOC.

Mo pa akopa xpovid n EEZYE kat ¢pidot tng Emtponig mapafpednkav otnv €TroLa KOTH TG TTOG.
MNapaBétoupe pwrtopenoptal amo tn cuvavinon oto Méyapo Mouoikng ABnvwv kabwg Kal ano
TNV mopoucioaon mou akoAouBnoe, Tng urtoPndLotntacg TG EAANVIKNAC Emitponn¢ yla To ouveédplo
WTC 2023. Me emutuyia eniong dtopyavwdnke otig 4/12/2019 n eniokedn oTOV UG KATAOKEUN
oTaBuo tou Metpod Melpatd, pe adopun Tov E0pTacHo TG Ayiag BapBapag (meploootepo UALKO

Ba Bpeite otn cUVEXELQ).

MNa ta apBpa mou polpdoctnkav poll pog, suxaplotw Oepud touc Owua Kwvotavth, Imupo
Kwvotavth, MNavaywtn Inupibn, Euputidn Zaumipa & NikoAao Zmupomoudo, HAla MuxdAn,
Anuntpn lewpyilou. Euxaplotw emiong toug ouvadéddoug Anuntpn AAbpaykr, BayyéAn

MNepyavtn, MNavvn Oikpn kat Nwpyo Towdpoutidn yia tn cuBoAn TOUG 0TO TOPOV TEUXOG.

YnevBupiloupe téAOG, yla 6ooug evlladépovtal, Tn Sle€aywyr) TOU TOYKOOULOU OUuVeSpilou
onpayywv 2020, otnv KoudAa Aoupmnoup tng MaAatoiog (WTC 2020), to omolo Kal LETATEONKE yLa
TOoV gpyOUevo ZemtéuPplo (11/9-17/9) ota mAaiola Twv METPpWV TIOU AapBavovtal Taykoouiwg

ASyw tou ov Covid-19. MNa eyypadeg deite edw https://www.wtc2020.my/4/583/registration/

KaAn avayvwon!

MapW\ia MniaAdon
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1.TA NEA & Ol EKAHAQZEIZ MAZ

Napovoiaon unoPndrotntag yia to World Tunnel Congress 2023 & Komr nitag

H Ertponi Znpayywv & Ymoyeiwv Epywv umodéxtnke ta PeEAN Kot Toug ¢piloug tng tnv Tetaptn 12
DOeBpouapiov, oto Méyapo Mouoikig ABNVwV yla TNV KABLEPWEVN KOTI TNG MPWTOXPOVLATIKNG
Tirag.

Elyoue £€toL TNV eukatpia va EavaBpeBolpe pe ouvadéldoug, va evnuepwBol e yia TIg e€eAilelg
TOU XWPOU KOL VO OVAVEWCOULLE TO ETACLO pavTeRoU pag.

Baown £i6non tng véag Xpovidg anotéAece n Katabeon tng tn¢ unoPndiotntag tng EEZYE yia
1t Sekdiknon tou ITA — AITES World Tunnel Congress (WTC) 2023.

To npotewvouevo d<ua touv ouvedpiou sivat:
Expanding Underground

Knowledge & passion to make a positive impact on the world

MNna tn Stekdiknon piAnooav o mPoedpog tnNg eMITPOMNAG K. MaAvvng
Qdikpng, n k. fTwyw Mevtr Congress Director tng etatpeiag Convin
(professional congress organiser) kot n k. EAl{a TooAdkou General
Manager tou ACVB Athens (Ipadeio Emokentwy kat Zuvedpiwv Tou
6nuou ABnvaiwv).

To Naykoouo Tuvédplo Inpayywv (WTC) R
anotelel eTola Slopydvwon kopudaiou ASSOCIATION ITA

KUpoug tnG AleBvoug Evwaong Inpayywv & 'mgnﬁ%%nsﬁgu%%ﬁﬁ
Yrnoyeiwv Epywv (International Tunnelling INTERNATIONAL TUNNELLING
and Underground Space Association, ITA - AITES mﬂnﬂmﬂmunn SPACE

AITES) Kal TpayUOTOMOLETOL EVTOC/EKTOC
Eupwnng evaAAa€ ava £toc.

Ol CUUUETOXEG OTO OUVESPLO Eemepvolv Toug 2000 cuvESpPOUC TIOU MPOEPXOVTOL artd OAOV TOV
KOOMO, evw TepAapPavel emiong peyaAn Texvikn €kBecn OMOU CUUUETEXOUV CUOTNMOTIKA OL
HEYOAUTEPEG TIOYKOOULWG ETALPIEC TTOU SPACTNPLOTOLOUVTAL OTOV TOUEQ WEAETNG, KATAOKEUNG,
Aeltoupylog Kal ocuvtipnong onpayywv Kol UTIOVElwV €pywV (KOTOOKEUOOTIKEG, MEAETNTIKEG,
HUNXavNUAaTwy, e€OMALOUOU, UALKWYV, AOYLOHLKOU KTA).

Elvat n kopudaia ocuvavinon tou kAadou kot AauPavel ektevr MPoPoAn Ot TOMIKO Kol
61ebvn Tumo. Arntotelel OAo €AENC yla peyalo aplBuo emayyeApaTIwWY Kot oTeAexwy Yinpeowwy /
Etalpwwv (opinion leaders) mou AapPdvouv “kaBoplotikéC amoddcels”, evw mapaAAnAa
PoodEPEL TNV gUKaLlpla yLo EKMALSEUON KAl QVATITUEN OTOV TOME TWV CNPAYYwVY, 0 OAOKANpPO
Tov KOopo. To WTC amoteAel tnv davik gukatpia yla tnv mPoPoAn €TALPELWY, KALVOTOUWY
TEXVOAOYLWV KOl UTINPECLWY, TIPOIOVTWY Kal SLEUKOAUVONG KOWVWV §pAcewV cuvepyaciag.

MNapdAAnAa pe to ouvedplo Ste€ayetal kat n etola Mevikn Zuvélevon tng ITA, oculntouvtal OAa Ta
Bépata mou adopouv tnv Evwon, eykpivovtal mpoinoAoylopol kat anodaciletal n dnuovpyia
VEWV eMLTponwv/opddwy epyaciag.
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O ¢akehog Slekdiknong umoPAnOnke emonuweg tn 10" lavouapiov 2020 Kal Ba mapoucLaoTEL Kal
umootnpLytel oto detvo Maykdouo Zuvédplo (WTC 2020) mou Ba yivel otnv KoudaAa Aoupmoup
™¢ MoaAatoiag to ZemtéuPplo tou 2020 omou kat Ba AndBei n anddpaon avabeong tou WTC 2023,
HeTa amno Pndodopia twv 78 kpatwv peAwv tng ITA-AITES. Ito mAaiolo tng StekSiknong Kat yla tn
peyoAltepn mpoPoAn tng umoynoidtntag, n EEIYE €xel Snuoupynoel €8k LotooeAida
(https://athenswtc2023.gr/) o6mou mapoucitdletat o ¢akehog NG umoyndlotntag, Oa
dnupootlevovtal oXeTka véa,/ouvevteEelg kal Ba mpoBaldovtal oL xopnyol tng umoPndlotnTac.

To ouvedplo WTC dev €xel pho&evnOel mote otn xwpa Hag, eVvw £Tepog SLEKSIKNTAG AuToU yLa TO
€106 2023 eival n Toupkia. YrevOupiletal 6tL n EEZYE eixe mpo dekaetiag (2010) emiong umtoBaAet
avtiotoln urmoPndLotnta opwg dev kEPSLoe ya LOALS 4 Yrdoug Stadopad (36-32) and tn poévn
£1epn tote umoPnola xwpa EABetia (moAn dtopyavwong: M'eveun).

AwadSikaoia emhoync PCO (Professional Conference Organizer)

lpapetL 0 A. AAwppaykrig

Metd tnv opodwvn anddoaon tou AY tng EEIYE to ZemtéuPBplo 2019 ywa tn Silekdiknon tng
Slopyavwong tou Maykooplou uvedplou Inpayywv tou 2023 (WTC 2023) otnv Abrva, tov
Oktwpplo 2019 to AZ tn¢ EEZYE NABe oe emadn Kal mpayUaTonoinoe cuvavtnoelg pe tnv Etalpeia
Avantuénc kat Touplotikng MpoPoAnc ABnvwv (EATA — ACVB) pe OKOTIO Tn ouvepyacoia yla th
npoetodacia tou Qakélou Alekdiknong. Kpibnke amapaitntn n ocuvepyaocia pe eEEOIKEVUEVN
etalpeia dtopyavwong ocuvedpiwv (PCO). And tnv EATA mpotabnkav 5 etalpiec Sltopydvwaong
ouvedpilwv wg umtoPridpieg PCO ol omoieg Ntav ot €€ng: AFEA, ERA, CONVIN, ARGO, ERASMUS.

Kpttriplo tn¢ mpoemAoyn TwV aVWTEPW ETALPLWY OTTOTEAECE N GUUUETOXN) TOUC, WG UEAN, OTOV
61ebvr) opyaviopo IAPCO (International Association of Professional Congress Organizers
https://www.iapco.org/) o omoiog eival avayvwplopévog $popéag Kal otov omoio n £vrtaén
npoUnoBétel avotnpn agloAdynon.

Jto mAaiolo tng Sladikaciag emloyng evog amo Tt unmondieg PCO, to AI tng EEZYE
TIPAYLOTOTOLNCE OEPA CUVAVTHOEWV Kal UE TIG 5 eTatpieg culntwvtag to mpodiA Tng KABe piag,
TLG QMALTAOELS TOU cuvedplou Kal TG ATOLTOUUEVEG UTINPECLEG yLa TNV TpooTidBela diekdiknong.
AkoAoUBnoe amootoAny OTolKElwv Kol TPOTACEWV amd tnv Kkabe umoyndla kat 10 A
aloAoywvtag OAOUG TOUG TapPAYOVTEC KATEANEE ot Tpelg etalpieg (short list) yla mepattépw
avaAuTIKr afLoAGynan, ouykekpluéva ot AFEA, ERA, CONVIN. Ta kputipla afloAdynong ntav
Ta akoAouba:

a) Eunelpia otn Slopydvwon cuvedpiwv amod Slebveig opyaviopoUg e CUUUETOXH AVTLOTOLXN TWV
WTC, B) Napexoueveg umnpeoieg katd tn Stdpkela dtekdiknong tou cuvedpiou, kaAupn e§6dwv
yla TNV TPOYHATONOLNoN TwV omaltoUpevwy oo tnv ITA evepyelwy, y) OWKOVOULKA oTolxeia
ETALPELWV, EAEYXOG LOOAOYLOUWV.

Metd tnv a§loAoynon Twv emmpocBetwy otolxeiwyv mou INTAONKaV oo TIg AVWTEPW 3 ETALPELES,
10 AZ tng EEZYE anoddaoioe opodwva to Noépuppro 2019 tnv erthoyr tg CONVIN wg mpotiuntéag
PCO yuwa tn 6tekdiknon tng Slopyavwong tou AeBvoug Zuvedpiou WTC 2023 1tng ITA. Kpitipla
emloyng amotéAecav n cupdwvia tng CONVIN oto ox€Slo 18lwTikoU oupdwvnTkoU TIou €lxe
otalel kat otoucg 3 unoynodioug PCO, n opydvwaon Kol 0 €EOMALOUOC TWV EYKOTOOTACEWV TNG
etalpeiag mou StamotwOnke kol amno embewpnaon, n dtabeon xpnuatodotnong tng dtekdiknong, n
OLKOVOULKH Ttpoodopd Kal N armodoxr Tou OlKOVOULKOU plokou Tng Slopyavwaonc.
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H ouvepyaoia pe tnv CONVIN mpoxwpnoe aplota €ktote Kol n BorBela toug oto AZ tng EEIYE
oAAa kat otn dnuoupynBeioca Opyavwtikn Emitponr) tng Yrnoyndlotntag ATav onpavtkn Kabwg
N MUEYAAn eumelpia TOUG Ot TApPOpOoLoU UeyEBoug Slopyavwoelg cuvedplwv kabwg kol Ta
SlotBépeva péoa Kal UAWKA umnp&av MOAUTIHA. To €MLOTEyaopa OANG AUTAG TNG TMOAUUNVNG
MPoomABEeLaG NTAV N €yKalpn Kol EMLTUXNUEVN TipoeTolpacia Tou Qakélou Aekdiknong tou WTC
2023 nou katatednke enionua otnv ITA otig 10 lavouapiov 2020.

ITA-AITES
World Tunnel

Cong 023

H aiBouca Allegro tou Meyapou MouGLKAg
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OL 2 VIKNTEG TwV PpAoupLwV TG TiiTag, K. ZedpEpoyAou & K. Moulakdkn Kat o mpdedpog tng emitpomnig MNavvng Oikipng

MéAn AZ tng EEXYE, ekmpdowrot twv Convin & ACVB. Ano aplotepad: AAbpaykng A., Povooog N., Mevtn T,
MouAakakn H., Toohdkou E., Nepyavtr¢ B., Qikpnc ., MmaAdon M.
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v .

Mapouciaon tg untoPnootntag tng ABrvag. Nnavvng Oikipng (EEZYE), fwyw Mevth (Cpnvin), EAia TooAdkou (ACVB)
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MéAn tn¢ OpyavwTikng Emtponng tng unoPndLotntag. Amo aplotepd: Mmaddon M., AAuppaykng A., Mepyavtnig B.,
Ntouvidg I'., Mapivog B., Pobaoog N., Mmakoytavvng I'., Qikipng ., Mmevapdocg A.

H OPTANQTIKH ENITPOMNH THZ YNOWH®IOTHTAZ
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H ZYMBOYAEYTIKH ENITPONH (ANO EAAAAA) THZ YNOWH®IOTHTAZ

Ou. Ka®nynrg EMI
Oe0b60ng Taowog MNadAog Mapivog

Xpriotog Bpexrog BN NukéAaiog BAayémouhog

Xprijotog i ) . { . '
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KupLain Yor
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MuxdAng KaBBadds e h Tooroavidbog

Itavpog

Anpritpng KoAbunag Baoiing Xahkdg
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H ZYMBOYAEYTIKH ENITPONH (AIEONHZ) THZ YNOWH®IOTHTAZ

Dr. Nick Barton Antonia Cornaro Prof. Mark Diederichs

Prof. Matous Hilar Dr. Evert Hoek Martin Knights Dr. Davorin Kolic Prof. Lord Robert Mair

(=

Mehmed Mesihovic Charles Mairac Jairo Pascoal Junior Prof. Danielle Peila Philippe Pons

;,a'

Dr. Jamie Standing Mohamed El Tani Dr. Fathi Tarada Prof. Dr. Eng. Victor Tashev Prof. Dr. Ing. Markus

Prof. Robert Galler

Adrian Tola Prof. Zvonko Tomanovic Prof. Giulia Viggiani Ass. Prof. Shahab Yasrobi
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MNpdokAnon Xopnywkng Yriootnpi§ng Yrnoynootntag EEZYE

H unopnootnta tng EEZYE yia tn Stopydvwon tou Maykoopiou Zuvedpiou Znpdayywv (WTC 2023)
anaitnoe pakpag SLapKelag epyaocieg mpoestolpaciag touv dakéAou UTOBOARG TNG MPOTAONG,
anaoxoAnon €&elSIKEVUEVWY ouvepyaTtwy Kot Ba amaltiosl onpavikeg damaveg nMpooAng To
enopevo eEaunvo [r.x. ekmpoowrnnon EAANVIKAG amootoArg oto cuvedplo, dlopydvwon deimvou
urmoPnoiwv xwpwv oto cuvédplo WTC 2020 otn Malatoia katd ta npoPAenodpeva otnv ITA —
AITES, Swadnuion vmoPndlotntag ota oxeTl{Opeva HETA EVNUEPWONG TOU KAASOU (T.X. TEXVIKA
TeEPLOSLKA KTA), 0To S1adikTUO, OTIC OEAIOEG KOWVWVIKAG SIKTUWONC KTA].

Mépog twv Samavwv ToU €XOUV TIPOYPAUUATIOTEL va TpayuatonolnBouv amd tnv EEXYE,
avalnteital va kaAudpBoUv amo nmaketa Xopnywwy, PE KALLAKOUHUEVA avtanodotikd odEAn, otnv
TMPOOTABOELN HEYLOTOTOINONG TNC AVASELENG TWV TAEOVEKTNUATWY TNG umoPndlotnTag Tng
“AOHNAY".

2T0 TEAOG TOU TOPOVTOC TEUXOUG ATTOOTEAAETAL CUVNUUEVO TO XOPNYLKO TIAKETO UTIOOTNPLENG TNG
npoPBoAnc tng umoPndotntag tng ABnvag ywo to WTC2023 kot gueAmiotolpe otn Betikn
QVTOTTOKPLON TwV YMINPEOLWWV KoL TWV ETOLPELWV TIOU SpOOTNPLOTOLOUVTOL OTOV TOMEQ MEAETNG,
KOTOLOKEUNG, AELTOUPYLaC i} CUVTAPNONG CNPAYYWVY KOl UTIOVELWV EpYwV.

Xopnyot Ynoynorotntag EEZYE

Gold Sponsors
=
7~ TERNA ) HPAKAHL

GEK TERNA GROUP L MegAog Tou opiiou
LafargeHolcim

Silver Sponsors

7 ETNATIA OAOX A=
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Texvikn eniokePn otov UTO KATOoKEUN oTaOpd Metpo Mepaild

H EEIYE &lopydvwoe tnv 4-12-2019, pe tnv €ukalpla tou eoptacuou tng Ay. BapBapag,
npootatidag Twv epyalopEVWY OTO UTIOYELA £PYQ, TEXVLKN ETILOKEYN OTOV UTIO KATAOKEUN OTAOUO
METPO tou Mepatd. H KATaoKeUr TOU VEOU QUTOU OTABOUOU MOPOUCLALEL ONUAVTIIKEG TEXVIKEC
TIPOKANROELG AOYW TNG EYYUTNTAC TOU KE TO ALavL Tou MNelpald Kal GnUavTLKA VEOKAQGCLKA KTipla.

Katad tnv emniokedn mpaypatonolndnke evnuépwaon / mMapouolaoel; ota epyotaflokd ypadeia
a6 ouvadéldouc tng ATTIKO METPO kat tng avadoxou kowvompaliog «J&P — ABA= A.E. — GHELLA
SPA — ALSTOM TRANSPORT S.A.» Kol €V CUVEXELQ TpayUATOTOLNONKE €MITOMOU £Mioken OTO
UTTOYELO €pYO.

Quwroypapieg ano tnv eniokeyn

£
ey
i

aul

i

[—-

[
" =
a
s &l
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2. ENAIADOEPOYZEZ EZEAIZEIZ

Ta véa tng EPTOZE

(Mnyn: AeAtio Tumou EPIOXE 4/2/2020)
https://www.ergose.gr/deltio-typoy-symmetochi-tis-
ergose-se-oikonomiko-foroym-stin-alvania/
ZYMMETOXH THZ EPTOZE ZE OIKONOMIKO ®OPOYM
2THN AABANIA

Owovouko Mopouvp mpayparonotifnke ota Tipava
ot 30 lavouapiou 2020. To Oépa Atav «H cupBoAn
TWV UTOSOUWV KO TWV KOTAOKEUWV OTNV gvioxuon
NG olkovopiag tng AABaviagy, Tig epyacieg avolée o
NpwOunoupydg EviL Papa.

H EPFOXE A.E ouppeteiye pe KUplO oOuANT TOV
Mpoedpo K. Xpdvn Akpltidn, o omolog petafld aAAwv
avadépbnke otnv efwotpédela ¢ etalpeiag, otn
OUMPBOAN TNG yla TV avamtuén tou opidou, kKabwg Kat
ylo Ta €py0l TTOU GUUUETEXEL oTnV AABavia.

Mo ouykekpluéva, Ta €pya oautd adopolv oTn
ouppeToxn tou EPFTOZE otnv Staywviotiki Stadikaocia
yla tn odnpodpopikn cuvdeon Tipdvwy — Auppayiou
KOBWE KoL TN UEAETN OKOMIUOTNTAC Ylot TN YPAUUA
KpuaotaAlonnyr — Mdoypadetg mou Ba cuvdéoel TG SUo
XWPEG.

Eivai amé ta mpwta odnpodpoukd €pya  Tou
TipaypatomnololvTal Hetd to 1991 otn YELTOVIKA XWpPa.
KAeivovtag o k. Akputidng eime: «Emevéuovtag otov
oénpbdSpopo eival oav va enevduel otnv aoddAela,
otnv  afloruotia  Kal  oTtnv  TMpootacio  Tou
niepBaArovtos. Ta odéAn dev eival LOVO OLKOVOULKA
yla TG KUBepvAOELG aAAG Kal KOWWVIKA yLa OAn tn
Xwpo.

NopBnyia: cipayya nAoiwv

lwpyog Towpoutidng

H 8aldocola orjpayya prkoug 1.7km, 36m mAdroug x
50m UYoug oto PpLopd Molde Bpioketon o kovtd
othv vAonoinon. H vopBnylkn UMnpecia MAPAKTLWY
Ospatwv (Norway coastal agency) Kystverket,
MPOXWPNOE O VEX YEWAOYLKA LEAETN Ko EAaPE VEQ
otoleia amd opL{OVILEG YEWTPNOELG KOTA LIRKOG TOU
60% TtOU UMO ueAéTn TOUVEN mMou ouvéBalav o€
KOAUTEPN yvwWon TwWV OXNHOTWOHWV KAl  TWV
OVOUEVOUEVWY TACEWV, TNV avaBswpnon Ttwv
uodlotapevwv pedetwv tng Atkins kat tnv teAkn
peiwon Ttou apyxwkd TmpoPAedOéviog  KkGoTOUG
Katookeung. To €pyo mbavov va eyypadel otov
npoUmoAoylopd tou 2020 koL va apxicel va
ekteAeitar to 2022 pe XpOvo mepaAiwong TwWV
ekokapwv nepinou ota 3 xpovia!

Norway trims ship tunnel cost
By Patrick Reynolds
(Mnyn: TunnelTalk)

https://www.tunneltalk.com/Norway-21Nov2019-
Norway-ship-tunnel-update.php

The cost of the long-planned ship tunnel project in
Norway has been significantly reduced thanks to extra
site investigation work and other design revisions.
While the cost reduction for the 1.7km long, 36m wide
x 50m high project is below levels required by the
Government transport plan, the revision came too late
for the project to be included in the recent national
budget and will have to wait for the next round of the
national budget approvals. Terje Andreassen, Project
Manager of the Norway coastal agency Kystverket,
said, “that means a minimum one year delay,” putting
back potential contract award and start of major
excavations to 2022, if the project is approved in the
next budget round in late 2020.

Further geological investigations and review of plans
for the ship tunnel by Kystverket followed a second
round of external quality assurance studies, by Atkins
and Oslo Economics, following five years of Phase 1
investigations. The findings of the Phase 2 study were
given to the Ministry of Transport and
Communications in May 2018. The project was then
estimated to be about a third more than the NKr2.7
billion (or about US$320 million in 2016 prices)
allowed in the national transport plan.(...)

e e s — 1)

|
i=

(Ewova: TunnelTalk. H dtatour) tng onpayyag)

Kystverket undertook the extra investigations and
value analysis over the first half of 2019. The outcome
was a revised project cost estimate of just less than
NKr2.7 billion (US$295 million in 2019 prices), beating
the allowable level in the earlier 2016 prices, but the
gap is even greater when the level is price-adjusted to
today at almost NKr3 billion (US$328 million in 2019
prices). Consultants advising on the overall design are

-15-



To AeAtio Twv Inpdyywv

Mdptiog 2020

Norconsult, Dr Techn Olav Olsen, and Snghetta. There
was no early contractor involvement to help develop
the plans said Andreassen.

(Ewkoveg: TunnelTalk. @QwTtopeaAiloTik) oITELKOVION TOU
ntAolou ato otéuLo tn¢ anpayyac)

Longitudinal core sampling

A key strategy in the extra work to cut project costs
was to get more and better geological data. (...)
Kystverket hired contractor Diamant Wire Teknikk to
perform the longitudinal core drilling, and drill
steering was done by Devico AS, which completed a
similar task for the proposed 15.5km long Romsdal
subsea road tunnel in Norway. Planned to be built in
the same region, the Romsdal tunnel is also awaiting
funding approvals as part of a larger, multi-project
fixed link fjord crossing.

(...) The original plan, he said, was to drill the whole
length of the tunnel for the longitudinal core sampling
but limited time led to only 60% of the alignment
being probed. The core samples are 50mm in diameter
and 1m in length, taken from along a path steered to
run under the centre of the tunnel crown. Following
the core sampling, groundwater inflow tests were
performed along the core holes, at the actual depth of
the tunnel. The previous site investigation mainly
performed limited inclined core drilling close to the
portal areas and those did not reach down to the
tunnel level, said Andreassen. However, a single
vertical core hole did go as deep and was used to
retrieve rock samples for laboratory testing and also,
on site, insitu stress testing was done, in 2016, he
added. In the portal areas, site investigation also
included refraction seismic investigations in the sea
and above where the portals are to be excavated.

“We have determined where the most variation of
rock quality is expected along the alignment," said

Andreassen. Findings “did not change the
understanding of the geology but we got more precise
information” about the amount of different rock
types, and “information ond¢ cracking and the
orientation of gaps”. Overall, the rock along the tunnel
alignment is better than previously expected, and
there is a more favourable rock stress direction,
although some more local leakage of water, he added.
The more precise data on rock type, characteristics
and stress distribution, and location of weak zones,
have helped to reduce uncertainty and risk for future
tunnelling works which call for large, multiple bench
excavations and some use of pre-excavation grouting
in weaker zones.

Andreassen acknowledged the improved
understanding of the geology would allow for better,
faster tunnelling progress but said client planning did
not address construction time but focused on the
cost/m3 of drill+blast excavation. The tunnel will be
larger and longer than a typical underground cavern
for hydropower machine hall. Tunnelling will be
similar with a crown heading and benches, except at a
larger scale with five benches to be excavated in
stages. (...)
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(Ewova: TunnelTalk. Ot pdoelg ekokaprg)
Procurement

If funding is approved in the next national budget
round, procurement of the project would get
underway about one or two months later with
prequalification and a competitive dialogue process in
bids. Main construction should then commence the
following year. Kystverket plans to award the works as
a single design-build contract with the client retaining
all geological risk. (...)

Excavation is expected to take three years, including
the final step of blasting and dredging the temporary
coffer dams at the portals to allow excavation to more
than 13m below mean sea level. The overall project is
planned to take four years to complete.
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While there are tunnels for small boats and barges in
different parts of the world, Andreassen said "nothing
exists for passage of large ocean-going vessels such as
being planned by Kystverket".

Ekkivnon epyaclwwv tn¢ ypapung HS2
otn MeydAn Bpetavia

To o1énpodpouikod épyo HS2 £éAape to mpaocivo pwg
ané tnv KuBépvnon tou Hvwpévou Baolheiov
(Pdoeig 1 & 2a). 40xAn orpayyog nepthappdavovrot
otn ®don 1 tou €pyou n omoia Ba EEKVroEL TOV
AnpiAio.

Boris Johnson announces HS2 to go ahead in
full

By Tris Thomas

(Mnyn: Tunnelling Journal)

https://tunnellingjournal.com/boris-johnson-
announces-hs2-go-ahead-full/

HS2 will go ahead the UK Prime Minister, Boris
Johnson has confirmed. In a statement to Parliament
he set out that after careful consideration of the
independent Oakervee review, the decision has been
taken to proceed with HS2. With the right reforms in
place, HS2 will become the spine of the country’s
transport network, bringing our biggest cities closer
together, boosting productivity and rebalancing.

Leeds

Manchester
Wigan

Stage 2 due to be
completed 2035-40

East Midlands Hub

Crewe

Birmingham Curzon St Birmingham Interchange

Stage 1 due to be
completed 2028-31

London Euston

(Image: Tunnelling Journal)
Phase 1 alone contains sone 40km of tunnel along the route.

Prime Minister Boris Johnson said: “Dramatic improvements
to local transport and the decision to proceed with HS2 will
shift this country’s centre of gravity away from the capital
and transform connectivity between our towns and cities. |
am drawing a clear line under the mismanagement of the
past — HS2 must be delivered more efficiently and cost-
effectively so that communities feel its benefits more
quickly, particularly those in the North.”

Douglas Oakervee’s independent review into HS2 has been
published in full. After thorough analysis of the benefits and
impacts of the project, work on Phase 1 (the route between
London and Birmingham) is set to start in April. Government
will revive the legislation to deliver Phase 2a (connecting
Birmingham to Crewe) as soon as possible so that
preparation works can move forward.

The Prime Minister told Parliament that he is committed to

Phase 2b of the project, extending high-speed rail from the

West Midlands to the North. In order to work out how best

to deliver Northern Powerhouse Rail and Phase 2b more

effectively, government will draw up an integrated plan for

rail in the North, informed by an assessment from the

National Infrastructure Commission.

This will work to identify the most effective sequencing of all

relevant investments in the north, and look at how the two

schemes can work together alongside wider investment in

transport for the North and Midlands. It will also have a

focus on ensuring that lessons are learned from Phase 1 of

HS2 to drive down costs. (...)

The PM outlined a number of measures to instil discipline

and financial order to the project, including:

e Appointing a dedicated minister with specific oversight
and accountability for HS2

e Redefining HS2 Ltd’s role so that they can give maximum
focus to successfully delivering Phase 1 and 2a, and
making new delivery arrangements for Euston station and
the design and construction of Phase 2b, to ensure better
value for money and on time delivery

e Improved transparency through regular reports to
Parliament from the responsible minister

(...) The main Civils Works Packages on Phase 1 have already

been awarded to:

Area South

S1: Euston Tunnels and Approaches — SCS JV (Skanska
Construction UK Ltd, Costain Ltd, STRABAG AG)

S2: Northolt Tunnels — SCS JV (Skanska Construction UK Ltd,
Costain Ltd, STRABAG AG)

Area Central

C1: Chiltern Tunnels and Colne Valley Viaduct — Align JV
(Bouygues Travaux Publics, VolkerFitzpatrick, Sir Robert
McAlpine)

C2: North Portal Chiltern Tunnels to Brackley — EK JV
(Carillion Construction Ltd, Eiffage Genie Civil SA, Kier
Infrastructure and Overseas Ltd)

C3: Brackley to South Portal of Long Itchington Wood Green
Tunnel — EK JV (Eiffage Genie Civil SA, Kier Infrastructure and
Overseas Ltd)

Area North

N1: Long Itchington Wood Green Tunnel to Delta Junction
and Birmingham Spur — BBV JV (Balfour Beatty Group Ltd,
VINCI Construction Grands Projets, VINCI Construction UK
Ltd, VINCI Construction Terrassement)

N2: Delta Junction to WCML Tie-In — BBV JV (Balfour Beatty

Group Ltd, VINCI Construction Grands Projets, VINCI
Construction UK Ltd, VINCI Construction Terrassement)

KotlvotOpEG XPOELG UTTOYELWV XWPWV

OMo kot meplocldtepeg OAAG Kot  SLadOPETIKEG
XPAOEL TOU UTOYeEioU YWPOU HEAETWVIAL TA
televtaia xpovia. Etol n etaipeia SCAUT gpeguvd T
Snuovpyia  umoyswwv  Sopwv yla anoBnkeucn
NAEKTPOVIKWY Sdedopévwv aAld Kat yia KaAAEpyeLa
Bpwolpwv mpoioviwv. MNpodavy MAEoveKTAHATA N
aoddAera, oL otaBepég cuvONKeg mepBAAAOVTOG Kol
N OLKOVOUia TNV KATAVAAWON EVEPYELAG.
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New perspectives below ground
(Mnyn: TunnelTalk)

https://www.tunneltalk.com/Switzerland-30Jan2020-
New-perspectives-below-ground.php

TunnelTalk reporting

The Swiss Center of Applied Underground Technologies
(SCAUT) is an industry initiative with the aim of developing
and using underground urban space in a more focused way.
Its conceptual studies are used to analyse innovative uses of
underground space from a technological and economic
standpoint, while its technology projects are used to bring
innovative technology to the point of readiness for
application.

Storing data underground

Underground data centres are one of the innovative
concepts being explored by SCAUT and its industry partners.
As our world becomes increasingly digital, interlinked and
intelligent, there is a rapidly increasing need for data
collection, computing and storage. Automation, 5G, robotics,
the Internet of Things and artificial intelligence enable many
new applications and business models, but the volume of
data produced will continue to grow exponentially. This has
to be processed close to source, known as edge computing,
due to — among other factors — efficiency and latency times.
A lot of mini and micro data centres are needed to do this.

(Image: TunnelTalk. Prototype underground data storage
centre)

(...) With limited space above ground and increased prices of
real estate in cities, SCAUT has developed the concept of
Edge Computing Underground, and the first prototype for an
underground data storage centre was opened in the
Hagerbach test facility in Switzerland using underground
rooms to house edge data centres. The concept was
developed in collaboration with industry partners Datwyler
Cabling Solutions and Amberg Engineering as a cost-effective,
space-saving and secure solution for the challenges of the
smart cities of the future. (...) Advantages of storing data
underground include security, protection, keeping data close
to source and putting existing derelict spaces to use. Stable
climate conditions also mean low energy consumption. {...)

Underground green farming

Another example of innovative use of urban underground
space is underground green farming. As areas available for
farming become ever more scarce, the future of food supply
could lie underground. Together with industry partners,

SCAUT has developed and commissioned the first prototype
for sustainable underground food production by using
aquaponics. The industry consortium is composed of the
partners Amberg Group, as specialist for the design and
development of the underground space; AMP from France
with special expertise in aquaponic systems; and the
German company Pacelum, specialised in agricultural
lighting.

The aquaponics system works in a cycle: The water from the
fish tanks, which is enriched with nutrients via fish waste,
serves as a food source for the plants and is then returned to
the water cycle. The prototype in the test tunnel at
Hagerbach consists of three areas — fish tank, salad culture
in raised beds and biofilter plant. The fish are grown in two
water tanks; optimised lighting, hydroponic gutters and tidal
table systems are installed for growing vegetables; and
processing of the fish water is done by means of a
mechanical filtration followed by biological filters.

- e -

(Image: TunnelTalk. Underground green farming concept)

The aim is to develop a concept to overcome food shortages
and achieve food security for mega cities and urban regions,
while reducing the impact on the environment. The benefits
also include short transport paths, fresh products, a
recycling economy, and optimisation of production
conditions. In the future, the use of underground space in
urban areas should reduce the transport costs for food and
the associated traffic volume as well as exhaust emissions.
Furthermore, the constantly stable climatic conditions
underground also reduce the CO2 footprint of cities, as less
heating or cooling is required.

The project focuses on an interdisciplinary and
comprehensive approach. It addresses the UN global goals
for sustainable development and the concept of a circular
economy. At the core is the idea of integrating urban needs
and uses within underground space, thereby reducing
impact on the urban environment. With this approach, the
project won the 2019 ITA award for Innovative
Underground Space Concept of the Year.

Digital system solutions

Providing the conditions for developing and testing new
technologies, the Tunnel Digitalisation Center (TDC) at the
Hagerbach Test Gallery allows demonstration and simulation
in a realistic environment. Offering the unique opportunity
to experience the interaction and transformation from real
to digital in a real tunnel environment, innovative concepts
can be demonstrated live at full scale, leading to a better
understanding of complex operations and processes, as well
as a high level of cost-efficiency.
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3. TUNNEL LOSSES: CAUSES, IMPACT, TRENDS AND RISK ENGINEERING
MANAGEMENT

By:
Thomas Konstantis, Dipl.Eng NTUA (Civil) MSc MSc Euring, Marsh Ltd London UK

Spyridon Konstantis, Dipl.Eng NTUA (Civil MSc MSc APMP Eurlng CEng MICE, RULER Ltd
(www.rulerconsult.com) Partner and Co-Founder

Panagiotis Spyridis, Dr. Dipl. Dipl. ING CEng MICE, RULER Ltd (www.rulerconsult.com) Partner and
Co-Founder

ABSTRACT

Tunneling and Underground works are unequivocally subject to a diversity of inherent uncertainties
associated with the geotechnical, hydro-geological and environmental regime that surrounds them. On
many occasions, these uncertainties can provoke loss events of considerable consequences. The present
contribution elaborates on losses that the insurance market has suffered in the recent years, following a
construction failure event. These losses are being considered and analysed on a quantitative basis through
evaluation of cost related data, with explicit discretization of the applied construction methodology and of
the subsequent developed failure type since both of which are considered of major importance. Given the
identified persistence and regularity of some loss-contributing factors, recommendations are provided on
the basis of a proactive risk engineering management approach that are envisaged to reinforce the
understanding of project risks and alleviate the incurred insurance cost.

1. INTRODUCTION

The underground construction sector has always been a very challenging area for all involved parties,
including the insurance market. Main reason for that remains the uniqueness of the uncertainties sources
and the subsequent inherent risks that the tunnelling and underground projects are exposed to. In many
instances, these risks materialize, leading to loss events with substantially high impact on reinstatement
cost and incurred delays, which depending among others on the insurance coverage will have to be bared
by the Insurance market.

In the recent decades and as the tunneling industry boomed and expanded with many major and significant
projects undertaken around the world, the insurance market was faced with additional challenges.
Increased competition during tender coupled with the scale and complexity of the projects and politically
driven decision making exerted pressure on the project timelines, completion dates and budget. The
pressure for on-time or even early project completion- to avoid liquidated damages or achieve bonus
payments, respectively- along with cost reduction efforts and the incentive for innovative construction
approaches, are some of the factors which contributed towards increased probability of failure events.
That, in turn, put additional pressure on the Insurance market which had experienced a significant amount
of losses with substantial cost. One of the triggered mitigation actions was the introduction of the Code of
Practice for Risk Management of Tunnel Works (ITIG, 2006 & 2012; MunichRe 2006, Wannick, 2007,
Spencer, 2008, Adeyemo, 2011).

In the present contribution, an effort was made to demonstrate that there are certain factors that are
persistently involved in tunnel losses. These losses are being considered and analyzed on a quantitative
basis through evaluation of cost related data, with explicit discretization of the applied construction
methodology and of the subsequent developed failure type. On the basis of the conclusions that can be
drawn, recommendations are provided in the framework of a pro-active and targeted risk engineering and
management approach and attitude that can highly improve the situation with significant gains for the
insurance market and benefits for the involved project. The importance and benefits of proactive risk
engineering management in the insurance industry have been qualitatively outlined by (Denney, Tillie and
Konstantis, 2014).

-19-



To Aeltio Twv Inpdyywv MapTtiog 2020

2. TUNNEL LOSSES AND HAZARD SOURCES

As already highlighted above, the international insurance market has suffered major losses in the past years
related to construction projects that involve tunnels and underground works. A very comprehensive list of
major and noticeable tunnel failures in the past almost 50 years can be found in CEDD, 2005. Additional
information including insurance losses cost data and the corresponding incurred delays can be found in
Reiner,2011, IMIA WGP48,2006 and MunichRe Group,2006. The above four references constitute the data
sources of the present contribution. When a tunnel loss or damage occurs, reinstatement activities may
exceed those implemented in the initial construction process. Consequently, the corresponding
reinstatement cost may step well beyond the original construction cost. Experience has shown that cost of
reinstatement could be several times the original cost. In the present contribution, a quantitative analysis
of the foregoing documented and publicly available tunnel losses is carried out. In the following lines of this
subsection, the main hazard sources of tunnel and underground work projects are outlined.

2.1 Geology — Geotechnical Conditions

The behavior of a tunnel and ultimately its execution success is massively depended on the overall
properties (physical and mechanical) of its surrounding geo-materials and how these have been realistically
identified and incorporated into the corresponding design and dealt with before, during and even after the
construction process. The underground water regime can further influence the ground “properties” and
potentially deteriorate the conditions under which the tunnel is going to be constructed. Unexpected and
significant ground features, like faults, constitute a major risk during construction.

2.2 Tunnel Construction Method

Tunnel excavation method can vary depending on many factors, such as ground conditions, tunnel depth,
contractors experience, machinery availability, etc. Indicatively, some of the most common methods used
are: Tunnel Boring Machine (TBM); NATM; Drill & Blast (D&B); Roadheader; Hand Excavation and; Cut &
Cover.

A combination of the above may be used in a single project, subject to alternations in ground, topological
and other factors which could be related for instance to commercial and planning considerations. Each
tunnel construction method carries a different risk profile.

2.3 Design Approach

The success of a tunnelling project is inextricably related to the governing rationale of the design. Adequacy
of design necessitates profound knowledge of the ground and surrounding conditions combined with
awareness of the designer’s expertise and competence. Errors, omissions or misinterpretation of key
elements, such as ground stresses, support measures requirements, deformational expectations, etc may
put the tunnel safety and its whole scheme at risk.

2.4 Construction Execution and Workmanship

This is related to the flawless implementation of the selected construction and excavation method. A well-
established construction management plan and workmanship specifications, encompassing meticulously
the principals of sequential excavation and support steps in the example of conventional tunnelling, the
timely and proper installation of support measures and comprehending the importance of targeted
monitoring and pro-active advance ground probing, is of utmost importance in deterring major failure
events.

3. TUNNEL LOSSES ANALYSIS
3.1 Objective

The main objective of the conducted analysis is to provide both a qualitative and quantitative evaluation of
the available tunnel failures and insurance losses data, so that a clearer structured picture of the suffered
losses can be deduced, aiming at the identification of the main factors behind a tunnel failure and the
recommendation of mitigation measures.

The first part of the analysis covers tunnel failures in general, with emphasis on the various major
contributing factors, whereas the second part deals with the actual losses that Insurance market has
suffered, following a tunnel failure event. Tunnel failure can be defined as an unanticipated and unwanted
event, inclusive of physical loss or damage, with potentially severe consequences that may adversely
impact on the project’s budget, schedule and safety of humans and assets.
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3.1.1 Ground Conditions

As shown from the analysis and presented in Figure 1, almost two thirds of the failures have occurred in soil
type geomaterials surrounding the tunnel which can be vaguely attributed to their reduced strength and
deformability characteristics as opposed to the rock type ground. It is noted that Figure 1 reflects only the
mentioned impact of ground conditions neglecting, however, all other loss-triggering factors.

Tunnel Failures vs. Ground Conditions

COMBINATION
(3Nr.)

4% Total numer of projects examined = 69

Figure 1. Tunnel failures and ground conditions (IMIA 2006, CEDD 2015, MunichRe 2006, Reiner 2011)
3.1.2 Construction Method

From Figure 2 below, it could be concluded that almost one third of the tunnel failures belong to the
mechanized tunnelling method, whereas NATM method follows marginally close. However, if the
comparison is conducted on a “Mechanized” vs. “Non-Mechanized” method basis, then the “Non-
Mechanized/Conventional” method takes the lead with almost two thirds of the cases. The
interdependence and interaction between the geomaterial and the adopted construction method can
decisively determine the potential failure type.

Tunnel Failures vs. Construction Method
HAND, (4 Nr.), 6%

C&C, (5 Nr.), 7%

ROAD HEADER, (3 Nr.), 5%

D&B, (11Nr.), 16% /
NATM, (19 Nr.), 28%

LEGEND
NATM : New Austrial Tunnelling Method
TBM : Tunmel Boring Machine

D&B: Drill & Blast

ROAD |
HEADER :

Methad

C&C : Cut & Cover Methad

Figure 2. Tunnel failures & construction method (IMIA 2006, CEDD 2015, MunichRe 2006, Reiner 2011)
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Figure 3. Tunnel failures vs construction method & ground (IMIA 2006, CEDD 2015, MunichRe 2006, Reiner
2011)

What is equivalently interesting is that the vast majority of both TBM & NATM tunnel failures are triggered
more by the existence of soil-like conditions rather than rock-like as shown in Figure 3. This could be
generally attributed to the reduced mechanical and deformational characteristics of the soil-like ground,
which in turn could lead to a failure event via excessive deformations, loosening of their texture, excessive
exerted stresses and structural instability.

This conclusion is further confirmed and validated when the failure types are examined.
3.1.3 Failure Type

Given the availability of information on tunnel failures, a structured and circumstantial approach was
followed revealing the most prominent failure types.

From Figure 4 below, it can be concluded that face instability/failure constitutes by far the most prominent
cause, counting almost half of the examined cases. Deformations of a tunnel section start developing in
some distance ahead of the advancing face. If these are ignored, miscalculated or not properly mitigated (in
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a timely and structural manner), they become uncontrollable leading to instabilities and failures, subject to
the strength and deformational characteristics of the ground. An initial assessment of face stability
conditions can be essential in deterring upcoming failure events and is a key success factor for tunnelling
works, especially for shallow tunnels (like most of the urban metro tunnels) in challenging and difficult
ground conditions (as soil-like proven to be). Support failure types — either as a result of overstress or
insufficient support measures installation — equals to almost a quarter of the examined cases. It is of
utmost importance to formulate a robust support scheme with a proper timely installation sequence in
order to avoid potential failures.

Tunnel Failure Types Distribution

OTHER
13%

LATERAL SUPPORT
7%
STRUCTURAL
5%

22%

Figure 4. Tunnel failure types

A more detailed insight into the failure types explicitly highlights the contribution of ground conditions and
the primary role of soil-like conditions, as shown on Figure 5. As it can be shown, the support failure in the
rock conditions may be attributed to the load excess deriving from a sliding wedge and/or the insufficiency
in the support capacity and resilience.

. Failure Types in relation to Ground Conditions

COMBINATION

ROCK

= S0IL

13

- e

FACE FIRE SUPPORT FallLRE  STRUCTURAL LATERAL sUPPORT  OTHER

Figure 5. Tunnel failure types and surrounding ground conditions
3.1.4 Loss Frequency

In Figure 6, the insurance losses frequency distribution is highlighted; however the shortfall of insurance
related information on specific tunnel losses events is evident, primarily attributed to commercial sensitive
information.

Insurance losses seem to span a wide range of values, even exceeding 150USDm. However, they exhibit a
rather normal distribution for values up to 50USDm, with a mean value of approximately 10 to 15USDm,
but an elongated tail towards higher values and a peak in the range of 100+USDm. The bell-shaped
probability density function for this distribution appears to be in good agreement with most tunnel limits in
the majority of placed Insurances Policies. However, we may also identify cases with high impact/low
probability effects (also referred to as ‘black swan event’, widely described by Nassim Nicholas Taleb,
2010).

3.1.5 Project Delays

Based also on the limited data regarding the incurred delays imposed upon the project completion, delays
imposed upon the project completion, it can be deduced that that these span from relatively low (i.e. 1
month) to substantially high figure (i.e. 4 years) for very limited cases as shown on Figure 7 which outlines
the frequency distribution of project delays, with a “reasonable” time interval of 3 months.
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Insurance Losses Frequency Distributlon

Frequency

(= LAl

Losses (USDm)

Figure 6. Distribution of Insurance related tunnel losses

As it can be seen, there is almost a normal distribution for delays up to approximately 1 years’ time. These
values could be considered in good agreement with common practice experience. Delays up to 3 years’
time seem to be quite often and regular, whereas more severe ones can be considered as limited and
particular cases. In addition, effort was put in identifying any potential relationship between the insurance
cost and the corresponding delays that the same project has suffered. Figure 8 illustrates this, with the
potential of a linear trend being established, neglecting of course the extreme cases.

One interesting finding is that there are cases illustrating a very small economic loss but with significant
time delays.

3.1.6 Quantitative Losses

Figure 9 illustrates the cost the insurance market sustained in relation to the various failure triggering
causes. As it can be seen, half of the cost is due to fires in the tunnels, especially during their operation.
Very characteristic examples of fire events include the Eurotunnel fires (both in 1996 and 2008), the fire in
the Montblanc tunnel and also the Tauerntunnel fire event in 1999 in Austria.
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Figure 8. Relationship between insurance cost and corresponding delays
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Failures caused by collapse of lateral support count for one fifth of the total incurred cost. Most prominent
representative failures include the Singapore MRT/Nicoll Highway collapse in 2004 and the Cologne Metro
collapse in 2009. Both collapses had direct and indirect third party impacts, such as fatalities, property
damages and businesses interruption. With regards to tunnel collapses during construction, face
instabilities stand out as the principal cause related to corresponding insurance cost. A different
assessment correlating insurance cost with the actual tunneling construction method is presented in Figure
10. The higher percentage of the Cut & Cover method is attributed to the Cologne Metro collapse, which
also includes an unknown amount related to third party liability. TBM losses seem to overrun the NATM
related, perhaps due to the inclusion of higher values of the machinery (e.g. TBM and back-up system) used
and the associated reinstatement costs. It has to be mentioned, however, that all major fire events have
not been included in the figure as they relate to operational tunnels.

4. RISK ENGINEERING MANAGEMENT

From the examination and evaluation of the existing information, three main categories of interest emerge
as the most important and most influential related to a tunnel failure, i.e. Geology — Hydrogeology —
Geotechnics; Design and ;Construction Management. Those categories sum up to approximately 80% of the
overall causes of underground failures (see also Reiner, 2011).

4.1 Geology/Hydrogeology

The geological conditions and the hydrogeological regime can have a significant impact on the performance
of the tunnel project construction and increase the probability of provoking a loss event. Prominent failure
causes can emerge from the lack and knowledge shortage and can be directly attributed to the inadequate
ground investigation schemes. Failure to identify any weak ground area or notable ground feature, like
shear fault zones, can lead to disastrous results.

Insurance Cost vs. Construction Method

Figure 10. Insurance cost per tunnel construction method

Low-bearing geological structures located at the tunnel’s crown can be catastrophic creating a knock-on
effect initiated by a simple over excavation and resulting in excessive surface subsidence, subject to the
tunnel’s depth. This can be particularly destructive in case of shallow urban tunnel projects with significant
exposure to third party properties, as illustrated in Figure 11where in the vast majority of the failures, the
overburden ranges from 2m to 30m. Moreover, these depths are also prone to creating a “chimney like”
failure mode, with enormous consequences for the overlying structures, both at grade and underground
(e.g. utilities).

Last but certainly not least at all, is the importance of the underground water regime. The actual water
level together with its fluctuation plays an important role in the stability and safety margins of the
underground/tunnelling works. Combined with its exerted pressure (sometimes when having perched
aquifers or artesian conditions) can create likely conditions to trigger a failure incident.

4.2 Design

Design and design errors occupy a substantial portion of the underground works failure causes and
according to Reiner, 2011, they constitute around 40% of the overall plausible causes. An element of
significant importance is related to tunnel face stability. As per the previous analysis, face instability is
related to almost half of the failure cases. A thorough and specialized analysis of face stability conditions at
the design stage is a key factor for deterring any potential failure incidents. The accuracy and validity of the
face stability analysis should always be subject to sufficient field data obtained from a detailed and project-
specific ground investigation scheme. However and due to the inherent variations, face stability assessment
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under uncertainty must be carried out on the basis of probabilistic analysis as presented by Konstantis 2011
and 2013. During construction, regular, consistent and systematic face mapping and instrumentation and
monitoring is rendered crucial in obtaining real time information allowing for realistic evaluation of the
existing stability conditions, validation of the design’s assumptions and further improvements and value
engineering. Realistic estimation and simulation of the stresses exerted by the surrounding ground to the
tunnel is essential in the process of properly adjusting the desired and efficient tunnel profile. Ground-
structure interaction is key in understanding the behavioural model which will then allow for improvements
aiming at increasing the safety level and optimizing the design, as presented by Konstantis and Spyridis,
2013.

Tunnel Failures Depth Distribution
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Figure 11. Tunnel failures depth distribution
4.3 Construction Execution and Workmanship

All the above mentioned losses highlight the importance of a robust and applicable construction
management plan, regardless of the chosen excavation method and the selected construction equipment.
Of utmost importance is the adherence to the approved and substantiated construction sequence deriving
from the design stage analysis, including the timely installation of the support measures. Deviations from
that principle could lead to catastrophic results. Proper and targeted instrumentation & monitoring plans
are extremely essential to validate the expected behavior, allowing for an economical and risk mitigated
construction. The composition and qualifications of the construction personnel is one of the most decisive
factors of the project’s overall performance. Lack of qualified/experienced personnel on site during
construction (coupled with limited site investigation data) could be a source of forthcoming disasters.

4.4 Discussion

Despite the inherent uncertainties associated with the design and construction of tunnels and underground
works and the various aspects and factors with significant and potentially destructive influence, there are
things to be done and actions to be taken from the conceptual stage to operation, in order to mitigate, or
even eliminate, construction failures and their consequences. These actions and the associated mitigation
measures must be part of formalized risk registers, which can actually become contract documents (R.
Goodfellow, J. O’Carroll, S. Konstantis, 2014).

During the early and tender stages, all the available and relative information must be conveyed to the
tenderers to enable a proper risk assessment and evaluation which will in turn influence accordingly the
design approach and construction methodology and equipment to be used, thus reducing the probability of
failure events. Equally important is the ground investigation scheme. Its extent, suitability and relevance to
the individual project can be crucial in timely identifying the exact ground conditions and the existence of
any major features capable of jeopardizing the safety of the works. The design stage has the dynamic to
influence the risk profile of a project. A proper and well established design management plan and
philosophy is always the first line of defence against future failures and corresponding losses. As mentioned
by (Reiner, 2011), design errors contribute a significant percentage of the tunnel failures. In this regard,
probabilistic assessments under uncertainty can provide a decision framework for design improvement and
optimization (see for instance Konstantis and Spyridis, 2013).

Moving on to the construction stage, it is absolutely imperative that the design is implemented without
deviations. Probe drilling ahead of the tunnel face can be extremely beneficial and avert any forthcoming
disaster by providing critical information on the existing conditions to be encountered.

Risk Engineering Management must encompass the above (indicative and non-exhaustive) elements in a
structured manner, adopting a pro-active approach that spans from the conceptual and insurance pre-
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placement stage until the completion and handover of the project. The first step is to undertake a
benchmarking exercise against the Code of Practice for Risk Management of Tunnel Works in an effort to
review the risk management frameworks of the project. In addition, Risk Engineering surveys must be
carried out at regular intervals with the aim to identify the ongoing risk profile of the project and ensure
continuous adherence to the Code of Practice principles. In view of providing a proper and adequate
coverage of the tunnelling works, the tunnel loss limits adopted in the Insurance Policy is a key driving
element. Project hazards and associated risk scenarios and assessments must provide a realistic estimation
of the Probable Maximum Loss.

5. CONCLUSIONS

Tunnels and Underground works face the risk of experiencing a failure event followed by a substantial loss
and delay to be covered by the Insurance market. This contribution has elaborated on the (publicly
available) tunnel failure incidents to date and subsequent insurance market losses. The loss events were
examined, with the emphasis on the quantitative cost analysis and the related project delays. A potential
linear relationship between cost and time delays seems to be established, excluding however the extreme
cases. Insurance market losses tend to reduce in direct proportion to timely recognizing, comprehending
and managing of the emerging risks, as also stipulated in the Code of Practice. A proactive risk engineering
management attitude and probabilistic approaches (see also ITA, 2006) can efficiently contribute in
reducing the size and frequency of major incidents, especially by integrating all important lessons learnt
from past years in a continuous live updating process.
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4. TEXNIKEZ NMPOKAHZEIZ KATA
TH MEAETH KAI KATAZKEYH TOY
MHTPOMNOAITIKOY ZIAHPOAPOMOY
THZ NTOXA, ENOz YMNOTEIOY EPTOY
META — KAIMAKAZ

lpaet o:

HAiag K. MIXAAHZE. [oA. Mny. E.M.I., MSc,
DIC, TexVIKOG Atevduvtic Arcadis
Jiykamoupnct

1. EIZArQrH

O UNTPOTOALTIKOG oLdnpodpopog tng Ntoxa Tou
Katap, amotéAece To HEYAAUTEPO €pYO UTOSOUNCG,
TO oOmolo UEAETAONKE KAl KATAOKEUAOTNKE OTN
Méon AvatoAn kota to Siaoctnua 2010-2019. To
Baolko péyeboc tou €pyou meplthapPavetl 118.6km
onpayywv Stopétpou 7.2m, 18.3km emiyslog Ko
untepuPwpévng xapaéng katl 37 otabuolg (Ixnua
1). To ev Aoyw péyebocg, oe cuvSuaOUS HE TO TTIOAU
00pUKTIKO  XpovoSLaypappua KATAOKEUNG TOu,
Katéotnos To eyxeipnua uAomoinong tou £pyou
Ml HE TG HEYOAUTEPEG TEXVIKEC TIPOKANOELS TWV
TeleuTalwy eTwv.

Jto mAaiola auTwv Twv TPOKANcewv Ba TpEmel
va avadepbolv n Ttoutdxpovn Asttoupyia 21
UNXOVNUATWY OAOUETWIING Kataokeung (TBM)
tumou EPB, yla tn Stdvolén Tou cUVOALKOU UAKOUG
TwV onpayywv oe dtdotnua 21 pnvwy, Kobwg Kal n
TIAEOV EKTETAUEVN XPNON TOYKOOUIWG (Ewg Kalt
onuepa) TG  TEXvVoloyiag  OoKUPOSEWMOTOG,
OTALOUEVOU HE METAANLKEG (VEC, VLA TNV KATOOKEUN)
TWV OTOLXELWV TPOKATAOKEUUEVNG EMEVEUONG TWV
€V AOYW oNpayywv.

H opbn tekunpiwon twv mapomavw Paclkwy
emAoywv ylwa TNV Ulomoinon Ttou  €pyou,
BacioBnke otnv avaykn kovomoinong Ttwv
QUENUEVWY TIOLOTIKWY OUITALTACEWY KOTAOKEUNG,
otnv 0€LOAOYNON TWV KUPLOPXWY YEWTEXVLKWVY Kol
udpoyewAoylKwV ocuvONKwWv, KAtd HUAKOG TOU
£€pyou, oA\ Kal otnv Katd to Suvatov opBotepn
EKTIUNON TWV TEXVIKWV KWWOUVWVY Slavoléng, alla
Kal Aeltoupyiog Twv onpdyywv katd tnv 120etn
Slapkela Lwng Touc.

! npwinv AtevBuvtiic Ymoyeiwv Epywv Tng Qatar Rail,

anoomnacpevog arnod tv Deutsche Bahn International

IxAuaa 1. Xa&ptng Tou  MNTPOTOALTIKOU
216npodpopou tng Ntoxa — Yrdyetla Xapaén.

2. TEQTEXNIKEXZ KAl YAPOTEQAOTIKEZ 2YNOHKEZ
TOY EPIOY
2.1 Mevika
H aAnlouxia Twv YEWTEXVIKWVY EVOTATWY, TOU
SlepeuvnBnkav kot  aflodoynbnkav Katd TO
oXeSLAOUO TWV ONPAYYWV KOl TWV OTAOUWV TwV

UTTOYELWV TUNUATWYV Tou £€pyou, cuvolilovtal otov
Mivaka 1.

Mivakag 1. TEWTEXVIKEG EVOTNTEG KATA UAKOG TNG
Xapa&ng Tou £pyou

FEWTEXVIKNA Nepypadn Turuko
Evotnta TLaXog
(m)
ESadikég Texvntég anobEoelg, 2-7
anoféocelg I{nuatoyeveic edadikég
anoBéoelg,
AmocaBpwHEVEG eSADLKEG
OTPWOELG
AcBeotOoABog | AcBevic afeotoABog 20-30
Simsima (*) | kitpwng andypwong, katd
B£0ELC KEPUATIOUEVOG, HE
uPnAo Babuod
anoocaBpwong Kal pe
€VTOVO XOPOKTNPLOTIKA
KQpOTIKOTIolnoNg
(ZxAuara 3a, 3B, 4o kat
4B)
IAU6ABOG AcBevng INuOABOG kade 2-7
Midra (*) XPWHOTOC
AcBeotoABog | MoAL aoBevig éwg
Rus (*) acBevn¢ aoBeotdAbocg, >30

KoTa BEoelg évtova
KEPUATLOUEVOG, UE
eVOTpWOoEeLG yuou (katd
B£0eLg) Kal Tomka évtova
XOPOAKTNPLOTLKA
KapoTLkomoinong (Exnua
5a, B katy)

(*) Bpaxwbdeg unoBabpo
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Emuonuaivetal otL oL emidpavelokég eSApLKEG
anoBéoelg ev £€xouv UTIOCTEL oTEpPEOMOinNGN, EVW
oL oTpwoelg tou Ppaxwdoug umoPdabpou £xouv
Slayevebel, xwpic wotdoo va £X0UV UTIOOTEL TN
Sladikaoia  petapopdwong, Aoyw  uPnAwv
BEpUOKPACLWV KAL TILECEWV.

H meploplopévn TEKTOVIKN SpaotnploTnTa OTNV
EUPUTEPN TIEPLOXN TOU Katdp, €ixe w¢ amotéAeopa
N OTPWOLYEVELA (EK TNC W(NUATOYEVEDNG), VO gival n
KUpla  aocuvéxela ™G Sopng OAwv  Twv
oXNUATOPWY Tou Bpaxwdoug urmoPfdbpou (IxAua
2). AutO akplBwg TO XOPAKTNPLOTIKO TNG SOUNAG
TOUG, 0 OUVOLAOUO HE TNV TOPOUGLA KOPOTIKWY
HOpPwWV EVIOG TWV AoBECTOABIKWY CXNUOTIOUWY
(Zxnuota 4o, 4B kol 5y) AmMoTéAEcE TOUG KUPLOUG
TAPAYOVTIEG TEPLOPLOUOU TNG XPNONG YVWOTWVY
ouoTnuatwv tafvounong Bpaxopalwv, OMw To
GSI (Hoek, 1994) kat to RMRgs (Bieniawski, 1989),
OAAQ KOL TNV QVAYKN dNnLoUpyLag Tou KAta@AAnAou
mAalolou opBr¢ xpnolpomoinong Toug, yla Tov
MPOC6LOPLOUO, LECW AUTWY TWV CUCTNUATWY, TWV

VEWTEXVIKWY  TIOPOUETPWY  OXeSlAOUOU  Twv
Bpaxwbwv oxnuatiopwy tou Mivaka 1.
Z"_---_ e .1-'--—;-' ] - B

Bpaxwbdoug

JTPWOLYEVELX  TOU
umoBaBpou. Alakpivetal n  KopE XpWHATOG
tAuoABiky otpwon (Midra Shale) petatt tTwv
ooBeoctoMBIKWY otpwoswv (Simsima Limestone
kot Rus formation).

T ans pa S FTaaa

(B)

IXNUa 3. Simsima. (a)

AcBeotoABog
AmocoBOpwuUEévn KoL  KOPOTLKOTIOWNUEUN  daon
(RQD<25%), (B) Yywic ddon (RQD> 50%).

(v) - 2 - 5
Ixnua 4. AoPeotoAlBog Simsima. (a) Kapotiko
£yKol\O He UALKO Katdmtwong, (B) kal (y) Avolktd
KOPOTLKA €YKOWAQ

Evtomicbnkav 800  Siakptol  udpodopot
opllovteg, 0 MPWTOG EVIOGC TWV OXETIKA afabwv
aoBeotoAlBIkwy oxnuotiopwy (Simsima limestone),
og BAdn pkpotepa Twv 20m, KL 0 §g0TEPOG EVTOG
TWV OTPWOEWY TWV a0PRECTOABIKWY OXNUATIOUWY
(Rus formation), oe Ba6bn peyoAtepa twv 30m.
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(y) = N T e Al e
SxAua 5. AoPBeotoAlBoc  Rus. (a) Evrova
Keppatiopévn ¢aon (RQD<25%), (B) Zuumayng
¢daon (RQD>50%) kat (y) Kapotikd ykotho.

OL ev Aoyw udpodopol opilovieg eival Katd
B£oelg apteolavol. Xapaktnpilovtol and uPnAEg
Beppokpaoieg (32°C — 35°C) aMd kat uPnAég
TIEPLEKTLKOTNTEG YAwpPLoLXwV (£wg kat 55.000 mg/l)
kKat Osukwv (éwg kat 5.500 mg/l), 6nhadn
ouvIOTOUV OUVONKeg, oL omoie¢ kablotouv TO
VEWTEXVIKO TEPLBAAAOV TOU £pyou  £€ALPETIKA
ETUOETIKO TPOC TIC KOTOOKEUEG OKUPOSEUATOC
(teAlkég emevbUOElG onpayywyv, KEAUDN UTIOYELWY
otabuwy, BepeMwoEeLg vebupwv Kol
unepuPwpévwy otabuwv). E€ avtol Kuplwg tou
Aoyou, emAéxBnke n edappoyr g tEXvoloyiag
OTMALOUEVOU OKUPOSEUATOG UE PETAMNKEG (VEC, WG
n mAédov 8OKwn TEXVIKR  Abon  yw TNV
TIPOKOTOOKEU  TWV  OTOWXElWV  TNG  TEAKAG
eMEvEUONC TWV ONPAYYWV.
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To IXAUA 6 TOPOUGCLAlEL TIG KOTAVOUEC TWV
UETPAOEWV ¥AwpLoLXwWV, Belkwv Kol
Bepuokpaociag oe emheypéva Seiypata umoyesiou
vdaroc.

2.2 l'ewtexvikég Epeuveg — BaoLlKA cupmepacuota

Toco katd TNV OlapKeld  eKmoOvnong  Ing
TIPOKOTAPKTLKAG UEAETNG, OCO Kal Katd Tn ¢aon
TWV OPLOTIKWV PEAETWV TOU £pyou, eKTEAEGONKaAV
EKTEVH] VEWTEXVIKA TPOYPOALMOTO EPEUVWY, HE
OTOXO TNV KATA TO duvatov okplBEctepn ektipnon
TWV YEWTEXVIKWY OUVONKWY, KOTA HNAKOC TNG
xapaéng. To mpoypdupaTa OUTA amoteAolvtoy
arnd: (a) yewtpnoslg, twv omoiwv Ta Padn
Eenépaocav ta 30km ev cuvolw, (B) ekTeTapEvVeG
VEWDUOIKEG  £peuveg, KOTAAANAEG vyl TN
Slepelivnon KapoTKwy eykoidwv yla BAaBn £wcg Kat
30, kaBwe kot (y) peydho aplBuod emitdmou Kot
£pY0OTNPLAKWY SOKLUWY, yla T HETPNON Kuplwg
NG OVTOXNAG, MOPAUOPPWOLUOTNTAG, SLOYKWONG
Kal Tpayutntag (abrasiveness) Twv amaviwpevwy
oxnuotwopwy. Ta oxnuata 7a, 7B, 7y kat 78
mapouctalouv TNV OTOTIOTIKA  enefepyaoia
ONUOVTLKOU KOl QVTITPOCWITEUTIKOU  aplBpol
UETPACEWY TWV QVTOXWV, TapapoppwolpotnTag,
TpaxuTNTAG Kol  Soykwong Twv  Bpaxwdwv
oxnuatopwy tou Nivaka 1.

Mpogkuav Ta TMOPOKATW OCUUTIEPACHUATA YLd
Toug Bpaxwdelg oxnuatiopols tou Mivaka 1: (a)
To XOPOKTNPLOTIKO €UPOGC TWV AVIOXWV TNG
«appayolc» daong eival: o = 5MPa — 25MPa, pe
TO KATW Oplo va €lval QVIUTPOOWTEUTIKO TwV
avtoxwv tou AoPeotoAiBou Rus, (B) Ot
EPYAOTNPLAKEC TIHEC TOU METtpou EAaoctikotntag
™G «appayouc» ¢paong Ei kupaivovtol evtog tou
dlaotnuartog Twv: 2.5GPa éwg 30GPa, pe
amotéAecpa ol TWWEG Tou Oeiktn MR, &k NG
oxeoewg £; = MR @, (Palmstrom & Singh, 2001)
va Kupaivovtot amdé 600 €wg 1100. H
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npoavadepbeica Stakvpaven tou deiktn MR eivat
XOPAKTNPLOTIKA YLt TOUG WNUOTOYEVELG BpaxwoELg
oxnuatwopolg (Hoek & Diederichs, 2006) , (y) To
XOPOKTNPLOTIKO  €UpOC  TWHWV Tou  Belktng
tpayvutntag CAl = 0.5 — 3 kat (8) H tdon dLoykwong
HETPNONKE, WG ML TO MAELOTOV, KATW TN TIUAC TWV
200KPa, pe eAdyloteg TWUEG TnG va Pplokovtal
€VTOC TOu opiou 600KPa - 1200 KPa, oL omoigg
HETPAONKOV o OSelypata TNg &evotNTAG TOU
tAuoAiBou Midra.
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(6)
IXAUO 7. ITOTIOTIKN enefepyacia epyaotnplakwy
SoKlpwv Twv Ppaxwdwv evotntwv. (a) Avrtoxn

«appayols ¢aong, (B) Métpo EAaotikdtntag
«appayoue» daong,
(y) Asiktng tpayutnTag Kat (8) Taon dtdoykwaong.

2.3 MeBoboloyia afloAdynong YEWTEXVIKWV
TapAPETpWY oxeSlacuol

H avaykn PeAtiotonoinong tou oxedlacuol Ttwv
TEAKKWV €MevOUOEWY TWV ONPAYYWV HE TNV
edappoyn ™mg teXvoloyiog OTMALOUEVOU
OKUPOSENATOG UE METAAALKEC (VEG, LKOvOTOLRONKE
Kal he TNV edapuoyn T mapakatw pebodoAoyiag
ekTlpnoNg Tou HETPOU eAaoTKOTNTAG Erm TWV
Bpaxwdwv oxnuatiopwy tou Mivaka 1.

e Bpayopaleg VI3 RQD < 50%:

HAtlipe- we
T (Galera et al., 2007). H

Epm = Epe
TN Tou Ep exTipnBnke péow g agloAoynong
Tou 2% kat 3° kUkAou amodopTong —
enavadoptiong Twv  €mTOmoU  SOKLHWV
TIPECCLOUETPOU.

e Bpoyopaleg pe RQD = 50%: MNa kabe pia ek
Twv Bpoxwdwv evotitwv Ttou [Mivaka 1,
EKTLUNONKE N KAUTUAN QMOUELWONG TNG TLUAG
Erm, OUVOPTAOEL ™g SLOTUNTIKAG
napaudpdwong Yy,  HE  XpAon  Twv
OTMOTEAECUATWY TOU OUVOAOU TwV SOKLUWV
ava evotnta (6nA. Twv YeEWPUOIKWY SOKLUWV,
TWV  EMUTONOU  TIPECLOUETPAOEWY KAl TWV
€pyaotnplakwy SoKuwv), akoAouBwvtag tn
oadn pebodoloyia tou Ixnuarog 8a. To IxAua
8B mapouctalel T KapmuAeg Erm ouvapthoel
™C SLOTUNTIKAC Tapopopdwong y, ylwa To
ouvolo Twv Bpaxwdwv evotitwy Tou MNivaka 1,
£tol  Onw¢ outég mpogkupav amd TNV
aloAdynon Twv AmMoTEAECUATWY TOU GUVOAOU
Twv ektedecBelowv Soklpwv avd Ppoxwdn
evotnta. Emtonpalvetal 0tL yla tnv mepintwon
SdiavolEnce twv onpayywv ue TBM o
Aettoupyla MARPWE UTTOOTAPLENG TOU LETWTIOU,
gva gUpog Slatuntkng mopapopdwong amnod
0.2% £w¢ 0.4% kpiBnke wg evAoyn mapadoxn,
EVW yla ThV Meplmtwon Asttoupyiog Twv TBM
XWPLg umootnplEn HETWMOU, TO avTtioToLo
gUAoyo €Upog TIHWV SLOTUNTLKAG
napapopdwaonc mou uloBetBnke ntav 0.5%
twe 0.8%. Ta mnpoavadepbévta  elpn
SLOTUNTLIKWY TOPOLOPPWOEWY
xpnowonowdnkav ywa Tov  KoBoplopd TNng
TIUAG oxedlaopol Tou PETpou EAaoTikOTNTAC
TWV Bpaxwdwv eVOTATWY, LECW TWV KAUTUAWY
ToU ZxNpatocg 8P.
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sCPT Samw plals

Conventional soil testrg
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00 010 1.00

10000

RUS (HPD)
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g

g

-
g
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E Modulus (MPa)

g

(B)

IxNua 8. (o) OswpnTikn KOUMUAN anopeiwong tou
METPOU SLATUACEWG OUVAPTAOEL TNG SLATUNTLKAG
napapopdwonc. (B) KoaumuAeg amopsiwong tou
HETpoU  EAaotikotntag vy Toug  Bpoxwdelg
oxnuatiopolg tou Metpo tng Ntoya.

3. AZIOAOTHZH 2YNOHKQN AIANOI=HZ 2HPAITQN
KAl BAOMOY KINAYNQN

H afloAdynon Ttwv ouvbnkwv Olavoleng twv
onpayywv XpnoLdomowBnke Katd Ta apxLKA
otadla oxedloopol Tou £pyou yla Tov KaBoplopo
TWV SLAPOPETIKWY TUMIWV KL EMUMESWV KVOUVWY,
KOTA HNKOC TWV UTOYElwv Xapdfewv Tou £pyou.
Emuthéov amotélecs T Bdon ywa tnv opbn
eKTiUNON ToU OaLTOUEVOU oplBuou
pUNxavnUAatwy ohopétwrnng komng (TBM), £€toL wote
va kataotel Suvat n oAokARpwon Tou CUVOALKOU
HAKOUC Twv onpayywv (118.6km) o€ Xpoviko
dlaotnua, to omoio dev Ba Eemepvoloe tou 21
HAVeg.

O PBabBudc kpowotNTA¢ TWV OLVBNKWV
Sdlavoltne twv onpayywv pe TBM, kaBopicBnke
ouvbualovtag: (a) TO  amoteAéopatra  TNG
Aemtopepol¢ afloAdynong Twv  EMLKPOTOUCWY
VEWTEXVIKWY, YVEWAOYLKWY Kal USpOyEWAOYLKWV
ouVONKWY, KATA LAKOC TWV UTIoyeiwv xapdatswv, (B)
TG  emKpatolosC¢ OuVONKEC TOU  QAOTLKOU
niepBaAAovtog tng Ntoxa, otTig mepLoxEg SLEAeuonG
Kal (y) tnv ektipnon tng mbavotntag ekdnAwong
HUNXQVIOUWV aotoxiag, Onwe n aotabela LeTWIoU,
oMAa kat n  ekdnAwon peyGAwv  eSadlKkwv
HETAKLVNOEWVY (L0 GUYKEKPLUEVA ETILHOVELAKWY
kaBuwnoswv).

Me Bdon tnv afloAdynon tou OUVOAOU TWV
SlaBeoipwyv Sedopévwv ek TNC apxlkng ¢aong
VEWTEXVIKNAG Slepelivnong (6nA. 8km yeswtprioswy
Kot TARBog emtOnmou YewdUOLIKWY EPEUVWV),
anodaciodnke OTL TA Kplola XOPAKTNPLOTIKA TWV
OXNUOTWOMWY, Ta ormola elval duvatdév va
EMNPEACOUV OE ONUAVIIKO BaBud TG ouvlnkeg
Twv unoyeiwv dlavoiewy, elvat:

e 0O BaBuog KOpaTLKOTIOINONG Twv
0oBeoTOMOIKWYV  oxNUOTIOHWY  (T.X. TUTOC,
HEYEDOG KAPOTIKWY, OAAA KOl N YELTVIiOoN TOUG
LE TIG SLATOMEG TWV oNPAYYWV), 0 GUVSUACUO
He TV  Umap€n  eKTETAPEVWY  {WVWV
anocaBpwaong, aAAd Kat

o 0 Pabuog «eMBETIKOTNTAG» TWV UTOYEiwv
udATWY, HE TNV £vvola TNG MOCOTNTAG TWV
OVOUEVOUEVWY ELOPEOUEVWY TTOCOTATWY EVTOC
TWV oNPAYYWV.

H mpog ekdnAwon kivbuvol ek Twv mapandvw
XOPOKTNPLOTIKWY, oXetiloviav Aupeca UE TN
Snuloupyla  OOTOXLWV METWIOU  (TOmikoU N
VEVIKEUUEVOU YOpaKTApa), aMd KoL HE TNV
ek6NAWoN  HNXOVIOHOU  ONUOVIKWwY  €8adLlkwv
HUETOKWVNOEWY, €WwG Kal NG emdavelog Tou
ebadoug (Zxnua 9), oL omoiec Ba rTav duvatodv va
npokaAéoouv BAGBEC o avWOOUEG aAVWTEPNG TNG
katnyopiag 2, oUpdwva pe TNV SleBvwg
avVayvVWPLoOREVN Katnyopomoinon tou IvotitoUtou
Aopootatikwy  Mnyavikwv Ttou Hv. BaotAeiou
(MNivakag 2).

FiE i Evolution of
S e ——— an over-break

———— R s

TUNNEL

i
T HH
1 o ¥ = 0.75m
imRnanmaEnER R -0.75< y=-0.50m |
PR | M| -0.50< y=-0.25m
4 Sais -0.25<y i

Ixnuae 9. Tevikeupévn  ootoxia  HETWIOU
ouvbuoopévn He KaBWAOELS, TOU TIPOKAAOUV
ONUAVTLKEC {NULEG OE AVWOOUEC.

Ou kivéuvol autol €xpnlov OVTIUETWTLONG KOl
TEAKA QmMOpELWONnKayv, o€ ONUAVTLKO Babuod, péow
™G uUBétnong Ttou  KatdAnAou  TUMOU
LUNXQVALOTOG OAOUETWTING KOTIAC, OAAQ KoL Tou €€
apxng koBoplopol Twv MPOBANUOTIKWY TIEPLOXWY,
KOTA MAKOG TWV UToYeiwv Xapafewv, Omou h
mbavotnta ekdAwong twv TpoavadepBEiviwy
KWwUVWV ekTlpnBnkav wg unlot.

Toviletat OtL oL TPOBANUOTIKEG TIEPLOXEG
xapaktnpilovrav ano:
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e TNV mapovaia KOPOTLKWV EYKOAWV,
ouvluaopEVNG UE LeYaAn TiBavotnta UTtapéng
EKTETAUEVWY {WVWV amoocdaBpwaong, oL Omoleg
Ba ntav Suvatdv va EMNPEACOUV CNUAVILKA TV
PG00 TWV UNXAVNUATWY OAOUETWING KOTINC

e TNV upnAn mubavotnta dnuloupylag
VEVLKEULEVOU HNXOAVIOUOU QoTOXIaG LETWTTOU

e v udnAn mlavotnta HEYAAWV ELOPOWV
umoysiwv vdatwv Kat

e tnv LPNAR mBavotnta ekdNAwong kabllnoswv
empaveiag, tkavwy va Snuwoupyncouv BAABeg
oe udLOTAPEVEG aVWOOUEC HeyaAUTEPNG TNG
katnyopiag 2, cupudwva pe tov Nivaka 2.

Toviletat OtL 0 KatdA\nAog tumog TBM mou

EMAEXONKE ATAV AUTOG TOU KAELOoTOU TUTIOU, ME

Sduvatotnta acknong mieong otabepomnoinong oto

pEtwro (Earth pressure balance). tig ektipunBeiosg

WG  TPOPANUATIKEG TIEPLOXEC, ETUKEVIPWONKE N

npoonaBela AEMTOUEPEDTEPNCG VEWTEXVLKAG

Slepelivuong Kal TTPOYypaUUATiodNKe n KAtdAAnAn

amopeiwon  Twv  puBpwv mpowbBnong Twv

HNXOVNUATWY OAOUETWIING KOTIAG, YLO TNV KATA TO

duvatov amopeiwon Twv  mpoavadepBEVIWY

KLWOUVWV.

Mivakog 2. Kotnyopieg BAaBwv Ktpiwv pe
avadopd oTNV £UKOAIA ETLOKEUNG TWV Kol OTa
avtiotolya gupn 0pLAKAG £DEAKUOTLKAC
napauopdwong.

Mukpdg

PwyuEC EUKOAWC TTANPOUUEVEC.
YuvAOwg amatteital Bagipo.
EnavadilavolxBeioeg pwyuEg eivat
Sduvartov va kaAludOouv pe
KATAAANAa UALKA. OL pwyHEG glval
OPATEG EEWTEPLKA Kol UIopel va
anattnBel kaBaplopog Kat
TIANPWOonN yLa AOyoug
vdatooteyavotntoc. MoOpTeg Kot
napdBbupa propel va
TapoucLalouVv Pikph SuokoAla oe
avotypa/kAeiowpo. Turikd evpn
PWYHWV €wS 5mm.

Métplog

Ol pWYUEC AmaALTOUV UEPLKN
arokdAun (avolypa) Kot Umopet
va erdlopbwBouv amno
€€elSLIKEUEVOUC TEXVITEG.
KaBaplopog twv eEwteplkwv
TOUBAWVY Kot TBAVWE HLKPOG
opLlOUOG ToUBAwWY Ba mpEneL va
avtikataotabei. Mopteg Kat
napaBupa Sev avolyokAeivouv. OL
OWANVWOEeLG urmopel va omdcouv. H
vdatooteyavotnTa cuvhBwg EXeL
TpwOEeL TuTLKA VPN PWYHWV
METAEL 5 kal 15 mm. MepLKEG
$opEg ol avwtépw PAABeg pumopet
VO TIPOUGLOOTOUV KOLL YLOL PWYHES
glpoug 3mm.

v

opOTWV

Meplypadn TUTKAG
BA&BNC*/EukoAia emLOKEUNG

Katnyopia
BAaBwv
Juvnong
Babuog
KwvdUvou

Tpiyoelbeic pwYHEG ULKPOTEPEG TOU
0.1 mm mepimou

>
P
S 2
n:

NEMTEC pWYMEG OL OTIOLEG EUKOAWG
avtipetwrniovral pe Bayipo. H
BAGPN meplopileTal yevikweg ota
“TeEAElWUOTA” ECWTEPLKNG
tolomnotiag. Embswpnon and
KOVTLVI amootaon lvat Suvatov va
AOKAAU P EL LEPLIKEG PWYMES OE
e€wTepIKA TOUPAA 1 e€WTEPLKN
Tolyormotia. TuTika VPN PWYHWY
£W¢ 1mm.

U HUKPOG

MNoA

JoBapodg

EKTETOUEVEG EpyaOieg
EMAVOKOTAOKEUNG,
ocuumnepAapBavouévwy
QVTIKATOOTACNG TUNUATWY
Tolomoliag Kuplwg emavw amnod
TOPTEC KaL tapdbupa. MNopTeg Kal
napabupa napapopdwvovtat Kot
1o 6anedo MAPoUCLATEL CNUAVTLKN
kAlon**. Ot tolyoL amokAivouv
ONUAVTLIKA amod TNV KATAKOPU GO 1
epdavilouv GouoKWUOTA, LEPLKA
amwAeLa OTAPLENG TWV SOKWV.
ITACLUO CWANVWOEWVY. TUTIKA
€VPN PWYHWV LETAEL 15mm £wg
25mm, aAAa e€aptdtal emiong Kat
oo to MANB0¢ TwV pWYUWV

MoAU 2oBapog

ATaLTOUVTAL ONUAVTLKEG
ermSlopbwoelg
CUUTEPAAUBAVOEVNG LEPLKAG N
TIAAPOUG EMAVAKATAOKEUNG. OL
Sokol £xouv anMWAECEL TIC 0TNPLEELG
Twv, oL Toiyol mapouctalouy
onuavikn kAlon kat xpetaovrat
urnootnpLén. Ta mapabupa £xouv
OMAoeL Aoyw Tapapodwonc.
Kivbuvog aotdBelag. Turikd elpn
PWYHWV PLEYOAUTEPA TWV 25mm,
oAAG e€aptdtol Kat ano to mAnbog
TWV pWYHWV.
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4. EKTIMHZEIZ THZ ME2ZHZ HMEPHZIAZ NMPOOAOY
MHXANOTMOIHMENHZ AIANOIZHZ TQN ZHPAITQN
TOY EPTOY

MNa tov kota to Suvatdv mo e€opBoloylopévo
oxeblaoud Tou €pyou, amaltibnke va yivel n
EKTIUNON  TOU  GOUVOALKOU  aplBpol  Twv
pnxovnuatwv olopétwnng komng (TBM), mou Ba
Atav avaykoiog yio TNV oAokAnpwon NG
KOTAOKEUNC TOU OUVOAOU TwV onpayywv, oTo
QTTALTNTIKG XPOVOSLAYPAUUO TWV 21 unvwv.

O ouvoAlkOG aplBpog twv TBM umoAoyioBnke emi

™ BAcel TG ektiUnong TNG MEONG NUEPAOLAG

npowbnong toug (TBMaga), Héow TG edappoyng

™G pabnuatikng e€icwoncg (1) (Grandori, 2007):
BME

TBMapa (™ gdﬂ},) = 60x (T2 wCanCenCy + 0235 (RME) — 14:5

100
(1)

Omou:

e RME eival o deiktng ekokapLuoTnTag, 0 0Moiog
umoloyiletal péow tou Mivaka 3

e Cy4 = 1.2058-0.058D. (De eival n &lapetpog
ekokadng g onpayyag)
o Co=0.5+CH+Cr+C,

e C. =0 £€wg 0.2. AvaAOywc TG eumelpiag tou
KOTOOKEUOOT) Ot  €pya  OnNpayywv  UE
pnxovormnotnuévn davolén.

e Cn= 0 €wg 0.15. AvoAoywg TG moLotnTag Tou
TIPOOWTTILKOU TOU KOTOOKEUQOTH OTO €V AOyW
£pyo onpayyag Le pnxavomotnuévn dtavolén.

e C, = 0 éwg 0.15. AvoAoyw¢ Twv ouvbnkwv
Slaxeiptong tou TBM, oL omoieg emikpatouv
OoTNV TIEPLOXA TOU £pyou w¢ akoAouBwg: (a)
Xpovog petadopdc tou TBM otn Oéon tou
£épyou ouumepllappavopévou Tou  XpOvou
ekTEAWVLIOPOUL: <1 pnvog = 0.075, >1 unvog =0
kot (B) AwaBeolpdtnta emitémou TOU E£pyou
ovTaAaKTIkwy Tou TBM: Mn SlaBeoipotnta = 0,
AwaBeowpdtnta = 0.075.

e C=0.85 é¢wg 1.00. Avaldywg TOU PAKOUG TNG
uTo Siavolen onpayyoc: (a) Mnkog onpayyag:
Okm — 4km = 0.85, (B) Mnkog onpayyoag: 4km —
8km =0.90, (y) Mnkog onpayyag: 8km — 12km =
0.95 kat (6) Mnkog onpayyag > 12km = 1.

Me kotdAnAn edpappoyn tng eflowong (1), tnv

avaykaio Bewpnon Twv KATGAANAWY TIUWV TWV

npavadepBeloWV MOPAUETPWY KAl TNV €KTLUNON
tou O&eiktn ekokapudétntag (RME) vy TG

BpaxwWOELC YEWTEXVIKEC EVOTNTEC KATA UAKOG TWV

onNpPAyYYyWwV TOU £pYOU, EKTIUABNKavV T 0PN TILWV

™G HEONG nuepnolag mpowbnong twv TBM

(TBMara (m/day), ta omola cuvoyilovtal octov
Mivaka 4 mou akoAouBsL.

Mivakag 3. Jvotnua ekokayipotntac RME
(Bieniawski et al, 2008).

Mapduerpog Eupn Tipwv

AvtoxA <5 5-30 30-90 90 - >180
«appayoug» 180
Pdong
Bpaxopacag
(MPa)
BaBpovounon 4 14 25 14 0
Awatpnoiuomra >80 80-65 65 - 50 50 - <40
(DRI) 40
(Bruland, 1999)
BaBpovéunon 15 10 7 3 0
Acuvéxeieg Opoloyéveia ApIBu6G acuvexeiwy / m MpoooavatoAIopog
Bpaxouadag oto AOUVEXEIDV WG TTPOG
HETWTTO TNG Tov agova TG
anpayyag anpayyag
Opoloyeveic | Mektég |~ 0-4 | 4-8 | 8-15 | 15-20 >20 KéBe- | No- MapaA-
T0G £og AnAog
BaBpovépnon 10 0 2 7 15 10 0 5 3 0
Xpovog 0 <5 5-12 12— >48
auToUTrooTAPIENG 48
(hr)
Babuovounon
Eiopoég >100 50 - 100 20 - 50 <20 0
uTTOYEiWV
uddTwy (It/sec)
BaBpovépnon 0 1 2 3 5

Me Bdon TG TWWEG TBMara TOU [ivaka 4,
uroloyicBnke katd tn ¢don dnpompdtnong Tou
£€pyou, OTL 21 pnxavipata oAopETwnng Komng Ba
ATav SUVATOV VA KATAOKEUAOOUV TO CUVOAO TWV
118.6km onpayywv, o &lwaotnua (0o  Kat
UIKPOTEPO Twv 21 pnvwv, oludwva HE TO
LOLOLTEPWE TTALTNTIKO XPOVOSLAYPAUA TOU £pYOU.
Elval onuavtiko va tovicBel OTL To 0Ao gyxeipnua
UAoTtoLNBNKE EMITUXWG EVTOG XPOVOSLAYPAUUATOG
e Tov mpoavadepBévta aplOuo TBM.

Mivakag 4. Ektiunoelg Seiktn ekokaPLuotnTag Kot
HEONC NUEPROLAC TTpOoXWwPNOoNG Twv TBM

RME TBMaga
(m/day)

Ynoyswa Bopela 40 - 55 12-15.5
Kokkwvn Mpoppun
Ynoyeia Notia 40-55 12-15.5
Kokkwvn Fpoppun
Yndyeia Mpdowvn 50-60 13-17.5
Fpoppn
Xpuon Mpappn 45 - 60 12.5-16.5

5. APXEX 2XXEAIAZMOY TEAIKQN EMNENAYZEQN
2HPAITQN

Mia €K TwV BACIKOTEPWVY TTAPOUETPWY OXESLACHUOU
TWV  TEAIKWV  emevlUOEWV TWV  OnPAyywv
OMOTEAECE O ouvbuaopog plag  BEATIOTNG
TEXVLIKOOLKOVOULKA AUonG (Ue cupBatiki amaitnon
Slapkelag Twng 120 etwv) He éva efalpeTiKA
EMBETIKO  OTIC  KOTOOKEUEC  OKUPOOEUATOG
VEWTEXVIKO TeplBAAlov, pe mapouoia, Katd O€oslg,
ONUOVTIKWV TOCOTATWV UToysiwv uddtwv, Ta
orola xapaktnpilovral and vPnAég Bepuokpacieg
(32°C - 35°%) kot uPnAéc mEPLEKTIKOTNTEG
YAwploxwv (éwg kot 55.000 mg/l) kat Beukwv
(éwg kat 5.500 mg/l).
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EruAéxOnke n Auon Xxpnotpormnoinong
HETOAAKWV VWV, WC¢ oTtolxelwv «ehadpol»
OMALOHOU  Twv  TeEAlKwvV  emevlloswv  amo
okupodepa (mayxoug 30cm — 33cm Kol TOLOTNTAG
C50/60) ywa to cUvolo oxedOV TOU HAKOUC TWV
oNPAYYwWV TOoU £pyOU, OL OTIOLEC €XOUV EC0WTEPLKN
Slapetpo 6.17m Kal eival oe popdn, Tou
UTIOYOPEVUEL TO «YEVIKO KWVIKO» OUCTNUA, HME 6
tepayo + 1 tepdyo kAewdi (universal tapered ring
system), onw¢ mapouaotaletal oto Ixnua 10.

Ta Opla edoappoync tng mpooavadepbeiong
A0ong npooblopicBbnkav pe Baon:

e Tn Bewpnon mMARpPouC yewotatikol doptiou

° Ta VEWTEXVIKA XOPOKTNPLOTIKA
napapopdwolpotntag (mapaypadog 2.3. Ing
napouaong dnuoaisuonc), aAAd Kal Tov TUTIo Kot
BaBud KAPOTIKOTOINONG TWV  ETKPATOUCWV
000evwv aoBPECTOABIKWY OXNUATIOUWY

e v efetacbeloca (uéow peydlou oaplBuol
gpyaotnplakwyv Sokluwv) Het ehaotikn (post
cracking) ouumeplpopd TWV  EMEVOUCEWV
OKUPOSEUOTOC HE METAMKEG (veg omAlopoU,
oUudwWvVa LE TO KAVOVIOTIKO TAQIOLO PEAETWVY
CEB Fib Model Code 2010

e Tov evleleyn €AeyXo OTATIKAG EMAPKELNG TWV
TEpoXiwv KOl TWV  APUWV  TWV  TEAKWY
enevbUoewy, £VOVIL TWV  AVATTTUGCOUEVWV
ebeAKUOTIKWY  TOOEWV, Ot  PBPAXUXPOVLEC
ouvlnkec ¢optong, katd TN Petadopd  Kal
TonmoBETnon Twv TepoXlwv aAUTWV eVvtog Twv
onpayywv, al\d Kal katd tnv mpowbnon twv
UNXaVNUATWY oAopETWRNG KomAG (TBM) kabwg
Kot

e TNV emaAnBbgucon AELTOUPYIKOTNTOC TWV TEAIKWV
enevbUOEwWY, £vavtl Twv TUXNMOTIKWY
doptioswv Oswopol Kol GwWTIAC ME Xpnon
KatAAANANG SocoAoyiag vwv moAunponuleviou,
oUpdwva pe Tig MNpodlaypadég oxedlaopol Tou
£pyou.

Emionpalvetal OtL €l6IKEG TEAIKEG emevOUOELC,
UBpPLSIKOU TUTIOU (UEe Xpon METAAALKOU OTALOHOU
KOL WVWV), XPNOLIOTIOINONKOV OTIC TIEPLOXEG
OUVOECEWV TWV ONPAYYWY TWV CUPUWYV Tou MEeTpo
LLE TIG EYKAPOLEG CUVOETHPLEG ONPAYYEG, KABWE Kol
oe &eKelveg TIG TEPLOXEC xapafng, Omou o
ouvbuaopog  ¢GopTIcEWV KAl  YEWTEXVIKWV
ouvONKWV amnaltovoe MPOCHETN OTATIKI AVIOXH, N
oroia  femepvoloe  e€kelvn Twv  SlATOHWV
OKUPOSEUATOG UE UETAANLKEG (VEG.

Ixnua 10. TeWUETPIKA XOPOKTNPLOTLKA TEALKAG
enévbuong (AaktOhog «levikoy / (Universal)»
OUOTAUATOC).

To mopakdatw Olaypoppo pong (ZxAuoa 11)
napoucotalel tn peBodoloyia oxedloopol Twv
TeAlkwv  emevlloswv  Tou  MNTPOTMOALTIKOU
odnpodpopou tg Ntoyxa. H ev Adyw pebodoloyia
TpoteiveTtal vo uLoBetnBel kal oe GAAo uTOyELd
£pya, Ye Baon tnv smtuxn edoppoyn tng oAAd
Kal tnv amnoktnBeioa gumnelpio oto mpoavadepOey
£pyo, Tou omolou n KAlpaka, omwg £xel e€nynBel
QVOAUTIKA, EETepVAel TO €wWG TWPO YVWOTA Kol
ouvnon pey£on.

6. ZYMIEPAZMATA

O UNTPOTOALTIKOG oldnpodpopog tng NToxa Tou
Katdp, amnotéleos 1o peyalltepo £€pyo UTIOSOUNC,
TO Onolo MEAETABNKE KOL KATAOKEUAOTNKE OTN
Méon Avatoln katd to Stdotnua 2010-2019.

To péyebog Tou umoysiou TUAUATOC TOU £pyou,
ioo pe 118.6km onpdayywv, o€ GuVSULOOUO LE TO
TIOAU a0dUKTIKO XpOoVOoSLAYpaUUA KATAOKEUNG TOU,
KOTEOTNOE TO eyXelpnua ulomoinong tou £pyou
pio pe TG HEYAAUTEPEC TEXVIKEG TIPOKANOELS TWV
TEAEUTALWV ETWV.

H npoomdBeia BEATioTou oxeSlaopol ToOU
£pyou vlomolBnke pEow tTNG afloAdynong twv
USPOYEWAOYIKWY KOl YEWTEXVIKWY OUVONKWvY, UE
oKoTto TNV akplpeotepn Suvatr EeKTUnON TWV
TIPOCOUOLWHUATWY YEWTEXVIKNG CUUTIEPLPOPAC TWV
OXNUOTIOPWY, OL omoiol SlepeuviBnKav EKTEVWC
KOTA UAKOG TNG XAapaéng tou £pyou. EMAEXBNKe n
Abon xpnowgomoinong HETOAAKWY VWV, WG
otoeiwv «ghadpol» omMALOPOL TwV TEAKWV
enevOUOEWV A0 OKUPOSEUQL.

OL EKTWWACEL TOU TUMOU, OAAG Kol Tou
OUVOALKOU aplBuou Twv HNXoVNUATWY
olopétwnng komn¢ (TBM), ou ATav avaykoiog yla
NV OAOKARPWON TNG KATAOKEUNG TOU CUVOALKOU
UNKOUG TWV OnNpayywv, £yvav EMITUXWC UE TNV
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uloBétnon  Tou  ocuothpato¢ Tou  Oeiktn
ekokauotntag tou Bieniawski (Rock Mass
Excavability Index System) kat T xpnon g

pueBodou Grandori yla tov UTOAOYLOUO TNG PEGNG
NUEPAOLAC TTPOoWBNOoNG TWV eV AOYW UNXOVNUATWV.
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ToU MnTtpomoALtikoU 216npodpopou tng Ntoxa.
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5. HZHMAZIA TOY EAETXOY
NAHPQzHZ TOY OAANAMOY
EKZKADHZ KATA TH AIAPKEIA
AIANOI=HZ ZHPAITQN ME
MHXANHMA EAAQDIKHZ
EZIZOPPOMHzHZ NIEZHZ EPB-TBM

lpapouv ot:
Evpunidénge Zaumipag, [1oAitiko¢c Mnyavikoc,

Tunua  Mnyavikng Awavoiéng  Znpayywv,
ATTIKO METPO A.E.
NikoAaog Znupomoulog, Mnxavikoc

epyotaéiov TBM, ATTIKO METPO A.E.

H pétpnon kat n afloAdynon Twv TIHWV TIECNS
LETWTTOU OO TOUG aoOnTrpeg evtog Tou BaAdpou
ekokadng evog punxavnuatog EPB, and pova toug
bev efaodalifouv TNV emitevén evotabelog Tou
LETWTOU KaTA TNV SlavolEn tng onpayyag, tnv
amaltolpevn mARpwon tou Balduou kot OtL O
eSadlkog TOAPOC Olabétel TNV KATAAANAN
oUOTOON, TIUKVOTNTO KOL LKAVOTNTO Vo LETOdEPEL
T OMOLTOUHEVEG TACELS OTO METWIO £KOKADNC.
Tavtdxpova e TNV amattolpevn edappoyr Kot
Slatpnon Twv TIHWV TILECEWV TIOU TIPOKUTITOUV
armd TOUC UTIOAOYLOHOUC, Katd Tnv OlapKeLla
mPOXWPNONG KOL OTACEWV TOU  HUNXOVALOTOG
amatteitat n Snuloupyla kol Statpnon evog
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opoloysvoug edadikol moAdol otov BdAapo,
KataAAnAng TIUKVOTNTAG Ko XOUNANG
Slamepatotntag ywoo tnv  anoduyn  Eadvikng
glopong vdatwyv, xohapwyv £d6adlkwyv UALKWV Kol
elaylotonoinon HeyaAwvV QUEOUELWOEWV TWV
TUECEWV OTOUC aloBntipec. Na TN Snuloupyia
evo¢ ebadlkol TOAPoU pHE TA AVWTEPW
XOPOKTNPLOTIKA, KOTA TN OLApKELL EKOKOPNG
glomiélovtal otov Balapo eldIkd adpoPeATIWTIKA
(adpog, agpac, vepd) 1N  TOAUpEpPRy  UTO
OUVKeKPLUEVN Soaoloyla kot mapapétpouc (FIR,
FER, KAm). H un opBn xpnon adppoBeATIWTIKWY Kal
n aduvapla ocwotng pi€ng pe to yewUALKO oTov
Bdahapo, pmopel va odnynoel otn Snuwoupyla
Bulakwv aépa (air bubble) otnv meploxn g
otéPng tou OBoaAdpou kabBwg Kal uTEpPOALKA
pevotol moAdol. H 6Onuwoupyia BUAaka aépa
prnopet va odnynoet os dladopa mpoBARpaTa Kota
v SLavolén OnMwe: oNUAVTIKA TTwon Tieong Kotd
TIC  OTAOEL  TOU  pnyovAiuatoc, oaduvapio
dlatipnong ™mg OMALTOUHEVNG niieong
(ouvexopeveg aufopslwoslg mieoncg) e ouVETELa
HEWWUEVN evoTABeLa, TBAvVOTNTA ELOPONRC USATWY
Kal yewUAwol otov BdAapo otnv meplmtwon
Sladuyng tou eykAwPLOPEVOL aépa, LE CUVETELA
auénuévn  amwAeld  OYKOU  KOL  OUOTOWEG
EKTOVWOELC TIEONG TPOG TOoVv KoyAla i mpog tnv
empavela.

Baowko «epyadeio» mou ypnoluormnoleital Kotd thv
Slapkela Slavoléng onpdyywv pe pnxaviuoto EPB
yla Tov €Aeyxo mARpwong tou BaAdpou ekokadng,
¢ olotaong Tou ToAGoU Kol EVIOTILOUO UTtapéng
BUAaka aépa otov BaAapo, ival o mPoodloplopnog
NG  «davOUEVNG TUKVOTNTAG» TOU  TOAdOoU
(«apparent density») i «mukvotnta Baldpou». H
«poatvopevn TIUKVOTNTAY npoaodlopiletat
Aappavovtag unoyn tnv uvPouetpky Sadopd
HETAEL TwV aloBntnpwv mieong oe kKaBe otabun
Kot Tnv dadopad mieong petafl Twv aodnTHpWY
ano Kabe otabun, €xovtog £TOL TV MUKVOTNTA TOU
moAdoU oe Sladopeg otdbueg kad UYPoc Tou
BaAdpou. Itnv Tpatn, Ba TPEMEL va EAEYXETAL N
«dpotvopevn mukvotntay  AapBavovtag umoyn
eniong tnv 6ladopd mieong KoL UYPOUETPLKN
Sladopad petafy Twv Avw KoL KATW alobntripwv,
ylO TOV AUECO €AeyX0 MARPwWONG tou BaAdpou Kal
KOTOVOUNG TWV TIECEWV («SEVEPO» MIECEWV).

Avahoya e TNV TR GavopeVNS TTUKVOTNTAC TIOU
TIPOKUTITEL OE OXEON LE TNV TUKVOTNTA TOU VEPOU
(1 t/m3) kat tnv enwwoma (in-situ) mukvoTnTA TOU

eSadoug (ys), mpoodlopiletal n Katdotoaon Tou

TLX. N pawopevn TMUKVOTNTA OTO AVW HMLOO TOU
BaAdpou sivat:

VGOO\:(PaverZ-S - Paverl—s) / T

moAdol evtog tou OBaAdpou, wg TPOC TNV
opolopopdia, edav £xel SnuioupynBel BUAakog
aépa, eav o Balapog ival mAnpng KAT, wg £€Nc:
«atvopevn UKVOTNTA» Yeoaur < 1 t/m3 (yLo to dvw
wnuo: Omapén OuAako afépa, YEVIKA: TIOAU
pevotog moAdocg, Umapén peyaAng moooTNTOC
adpou, vepou KAm).

«POLVOUEVN TTUKVOTNTAY Year < iN-Situ TTUKVOTHTA
edagdoug (ys): o moAdoc Sabetel opolopopdia,
Wbavik edapuoyr odppoBeATiwTIKWY, BAAOpOG
YEUATOC, 0pBON Katavourn mécswv kad’ Uog tou
BaAdpou.

«daALVOUEVN TIUKVOTNTA» Year 2 iN-situ TUKvVOTNTA
gdadoug (ys): kivbuvog €udpalnc uAlkol ota
avolypata tTng KepoAng Kal eviog Tou BaAdpou.

O ouvexng €heyxoc KoL afloAdynon NG
«PaLvopEeVNG TUKVOTNTOC» Tou Ttoddol Baldpou
Katd tnv Sudpkela SldvolEng tng onpayyag os
ouvluoopd PE TIC TIMEG TWV TUECEWV TWV
alebntipwy, Slvel TNV SuUvVATOTNTA OTOV XELPLOTH
TOU MNXOVALATOC VA TPOTIOTOLEL, OTOU amalteital,
TG TIAPAPETPOUC Soooloylag Twv
adpOoBEATLWTIKWY, va €loTILECEL UALKO
avamAnpwong oto 6Bdlapo otnv  mepintwon
Omapéng  BuAaka  agpa  (m.y. umevtovitn),
amotovwon agpa pHEow TG PaABidag ektdvwong
otnv oTtéPn yla avamAnpwon Tou KEVOU HE UALKO
ekokadng, TaxuTNTa TEPLOTPOPG KOXALA KATT.

ATO eumelpia 0 €pya KATOOKEUNG ONPAYYWY UE
punxavnuo EPB, £xel amodelxBel o©e KAMOLEG
TEPUTTWOELG (TL.X. 0€ €TeEpoyevh €6Aadn) Mwe evw ol
Kataypadeloeg TIUEG TwV TECEWV BaAdUou KaTd
v Slavolén Bpiokovtal evidg TOU AMALTOUUEVOU
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gUpoug Bdaosl Twv umoloylopwy, eéstalovrag tnv
katdaotaon tou edadlkol ToAdoU KAl TNV
mAnpotnta tou BaAdpou (Bacsl TNC AVWTEPW
Sladlkaoiag), TPOKUMTEL Tw¢ otnv oucia o
Balapog eite elval PePIKWE YEUATOG e £6aPLKO
UALKO Kol LEPLKWG e BUAaka aépa umod mieon eite
o Balapog eival TMANPWUEVOG PE TOAU PEUOTO
ToAdo, Sivovtag £10L eodaApévn €KOVA WG TIPOG
v amattolpuevn Aswtoupylo o EPB kat tnv
anattoVpuevn €€aodpAAlon €UOTABELNG HETWITOU.
ElS1kOTEPQ KATA TIG OTACELG TOU UnXavApatog (TT.x.
yia tnv avéyepon Saktuliou, acuvtipnong,
ETEKTAON OWANVWOEWY KATL), TIOPATNPELTAL OTIC
TIEPUTTWOEL QUTEC QmOTOUN TTWON TNG Tieong
OKOMO KOl Of TWWEG XOUNAOTEPEG €lte NG
udpooTatikAG N TNG Tieong meplBaAlovtog. It
OAAEC  TIEPUTTWOELG, un OMOTEAECUATLKAG
edapuoyng adppoBeATwTkwyY Kal opBnRg avauEng
Tou edadLkol oAdoU, mapaTnPoUVTAL ONOVTIKEG
OUVEXElC QUEOUELWOELC OTIC  KaTOYPAPOUEVES
méoelg, SnAhadn aduvapia Satipnong otabepng
QTTALTOUEVNG TILEONC, KATL TIOU UTIOSELKVUEL TIAAL,
aduvapla emapkolc TARpwong BOalduou pe
e6adko VAKO, Umapéng BUAOKa agpa 1 ELOPOWV
vepol oto BdAapo os mepintwon Staduyng adpa
oto £€dadoc.

JUVEMWC, Katd tnv amon Twv ouvtaéaviwvy,
Bewpeital amopaitnTo¢ o ouvexng €Aeyxoc tng
«PaALVOUEVNG TIUKVOTNTAC» TOou TtoAdou Balduou
Katd Ttnv Oldpkela g Slavoleng amo to
TIPOCWTILKO Kol Tov emiikedoAny Bapdiag tou TBM
oc OUVOUOOUO HE TOV €AEYXO TWV TILECEWV Kol
TIAPAUETPWY  €lOTIEONG  OPPOPEATIWTIKWY  Kall
TMoAupepwy. H pepovwpévn mapakoAouBbnon Twv
Tiéoewv Badpou, dev Sivel ohokANpwHEVN LKOVA
yla TG OuvBnKec €UOCTABDELOG TOU HETWIIOU
ekoKadpng kol tng eguotdbelag tou (Slou ToOU
eSadikol moAdpol, akopa Kol €AV OL TIHEG TwWV
TIEoEwV Bpilokovtal evidg Tou eVpoug oplwv Tou
npooblopiovtal otnv peAétn. Emiong, Oa mpenel
otnv peAétn SuwavolEng / ulomoinong tou TBM,
TEPAV TOU UTIOAOYLOMOU TWV OTMOLTOUUEVWV
TEcEwV Tou ouvhBwg Sivetal yla toug duo avw
alodnTRpeg NG otédng, va mpoaodlopiletal Kal n
OMOLTOUMEVN KOTOVOUN Twv TEcswv kab' UPog
KOL KOTA OUVETMEld €va  €AdXloto Oplo NG
«otvopevng mukvotntac» tou moAdou, to omoio
Ba mpénel va Statnpeitol Kotd tnv Stavolén, wote
va efacdaliletal n petadopd TNG EVEPYNTIKAG
niieong oto meplBaAlov €6adog kat n emitevén
E£UOTABELOC TOU PETWTIOU.

O mpoodloplopog tNG «PaLVOPEVNG TIUKVOTNTOC
Tou ToAGOU eival évag £AeyXog TOU UTOpPEL va

yivetal dueca amod tov Xelploth Tou TBM kal Twy
Unxavikwv  Bapdlag¢ kabwg Kol  amod  Toug
punxavikoug tng emipAedng tou €pyou, wote va
pmopoUv apeoca va AndBouv Ta anapaltnta YETpa
S16pbwong ava naca otyun. Emilong, oL TIHEG TG
«dpawvopevng mukvotntag / apparent density»
UmopoUV va urtoAoyillovtal Kal va TIopEXOoVTaL oo
NV ekaotote Bdon Sedopévwv mapakoAolBNoNg
TOU £pYOU, WOTE VA UMOoPOoUV VA GUVTAOOOVTAL Kal
ouvluaoTIKA OlaypappaTa HE GAAEC KPLOLEC
TOPAUETPOUG Asltoupylac To TBM, yia dueon
afloAoynon, svw Ba TPEMEL va TOPEXETAL KO
OXETKA EVOELEN TNG TIUNAG OTNV KEVTPLK 080ovn
eA€yxoU TOU XElpLOTH.

Mepaltépw avaiuon tou ev Aoyw B€patog pmopst
va Bpebel ota napakdtw apbpa:

1) KEEPING THE CHAMBER FULL: MANAGING THE
“AIR BUBBLE” IN EPB TUNNELING, Ehsan Alavi
Gharahbagh, Michael A. DiPonio, Peter Raleigh,
Brian Hagan

2) EXAMINATION OF EXCAVATION CHAMBER
PRESSURE BEHAVIOR ON A 17.5 M DIAMETER
EARTH PRESSURE BALANCE TUNNEL BORING
MACHINE, Kamyar Mosavat, Colorado School of
Mines

3) MECHANIZED TUNNELLING IN URBAN AREAS,
Vittorio Guglielmetti, Piergiorgio Grasso, Ashraf
Mahtab, Shulin Xu

4) APPARENT DENSITY EVALUATIO METHODS TO
ASSESS THE EFFECTIVENESS OF SOIL
CONDITIONING, Lisa Moria, Ehsan Alavib, Michael
Mooneyc

6. 1°* ANNUAL MEETING OF
EUROPEAN TUNNELLING
PROFESSORS AND PHD STUDENTS

lpapet o:
Anuntpne  lewpyiou, MSc  Mnxovikog
MetaAAeiwv — MetaAdoupyodg E.MLT.

g 5 & 6 AekeuPpiov 2019, n ITA kal
OUYKEKPLUEVOL N €mTpon 1Tng yla Bfpata
eknaidevong (ITA — CET), Slopydvwos ylo mpwtn
dopd oto Molutexvelo tou Topivo tng ltaAiog
(POLITECNICO DI TORINO) tnv mpwtn cuvavtnon
petafd kabnyntwv kot uroPndlwv Sdaktopwv
and XWPEC TNC EUPWMAIKAG évwong, Omou n
£peUVA TOU e0TlAlel Ot BEpaTa TTOU ATMTOVTOL OTO
daopa tng dlavolEng onpayywv. Ta MOVETLOTAULA
Kal ol hopeig mou cuppeTeiyxay, eival Ta akolouba:
National Technical University of Athens (Greece),
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ETH Zurich (Switzerland), Technical University of
Civil Engineering Bucharest (Romania), Ruhr-
Universitdt  Bochum  (Germany),  University
Sapienza of Rome (Italy), Politecnico di Torno
(Italy), Montanuniverstat Leoben (Austria),
University of Leeds (UK), ENTPE (France),
Norwegian University of Science and Technology
(Norway).

Tnv mpwtn Mépa (5/12) mpaypatomnolnbnke
ouvavtnon petafd twv kabnyntwv (Ewéva 1) kot
Eevaynon touc amd tov kabnyntr Prof. Daniele
Peila OTO  €PYNOTNPLO «Tunnelling  and
Underground Space Laboratory» tou MoAutexveiou
tou Topivo. 2ta mMAaiola QUTAG TNG CUVAVTNONG
TIAPOUGCLACTNKE N SOUAELA Kal N €peuva Tou KABe
TIOVETILOTAMULOU OTO QVTIKE(JUEVO TNG Slavoléng
onpPAayywv.

NapdAAnAa to iSlo Bpadu, mpaypotonolnonke Lo
avemnionun ouvdavtnon petofl twv unoPndLwv
66aktdépwy, oL  omolol  yeupdTloav Kol
yvwpiotnkav petafl toug (Ewdva 2).

Ewkova 2

To mpwti NG 6n¢G AskepBpiovu, mpaypatonolndnkav
ol mapoucLaoel Twv unoPndiwv SLI6aKTépwy 0TO
Lingotto Building (maAald epyoctdoio tng Fiat) oto
Kévtpo tou Topivo.

H EAMada ekmpoowrnnbnke amd Tov OUOTLUO
Kabnynti tng 2xoAng MoAtlikwv MnYavikwy Tou
E.M.M. k. MavAo Mapivo kot tov umoyndlo
Slddktopa Tou Topéa TEWTEXVIKAG TNG XXOANC
MoAwtikwv Mnyxavikwv Tou EBvikol Metodflou
MoAutexvelo, k. Anuntpn lewpyiov (Ewkova 3),
OTIOU TtAPOUCLacE TNV HEXPL TWPA EPEUVA TOU HE
titho «YmoAoylotikn Alepelvnon tng Euotdbelag
tou Metwrou Inpdyywv», He uTtieUBuvo Kabnyntn
tov K. ManA KoapBada. Emiong eAAnvikn
OUUUETOXN UTINPXE KOl OO TNV TAEUpA TWV
KaBnyntwv, UE TV CUMHETOXA Tou KaBnyntn Prof.
lewpywov Avayvwotou (ETH Zurich) kat g
KaBnynTplag Assistant Prof. XpucbBepuig
MapaokevomoUAou (University of Leeds).

Ewova 3

To mPOypaupO TwV TOPOUCLACEWY, E£ival To
akoAoubo:

e Numerical investigation of tunnel face stability,
Dimitris Georgiou, National Technical University
of Athens, Greece

e Deep tunnel face stability, = Thomas

Pferdekaemper , ETH Zurich, Switzerland

e Monitoring of cut and cover tunnels, Flaviou
loan Nica, Technical University of Civil
Engineering Bucharest, Romania

e Process simulation and interactive alignment
planning for TBM tunnelling, Annika Jodehl,
Ruhr-Universitdat Bochum, Germany

e The design of the soil conditioning process for
EPB-TBM  tunnelling, Diego  Sebastiani,
University Sapienza of Rome, Italy

e Two-component backfilling: a laboratory test
campaign, Carmine Todaro, Politecnico di
Torno, Italy

e Automized face monitoring in TBM tunnelling,
Robert Wenighofer, Montanuniverstat Leoben,
Austria
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e Modelling high-speed railway-induced
vibrations around tunnels (ground support),
Harry Holmes, University of Leeds, UK

e Impact of tunnel excavation with TBM on piled
foundations, Agathe Michalski, ENTPE, France

e Optmization of test methods and design of
transition zones in unlined pressure tunnels,
Henki (degaard, Norwegian University of
Science and Technology, Norway.

31O TEAOG TWV TIPOUCLACEWV TIPOYLOTOMOLRONKE
VEVIKA] oulnTnon yla tnv Mopeia tng £peuvac o€
Bépata unoyelwv épywv otnv Eupwnn (Ewéva 4).
Téhog amodaociotnke n Slopydvwon NG VEAG
OUTAC OUVAVTNONG OE €va TEPUIoOU XpOvo amo
onuepa, oto Montanuniverstat Leoben (Austria).

Ewova 4

7. TANEATHZITA

3to Maiaut twv HMOA amoveunbnkav Tta
BpaBeia tng ITA ywo ta To EEXwPLOTA Ko
TPWTOMOPA EMITEVUYHUOTA OTA UTIOYELA €pyal
NG Xpovildg mou Tmepace. OL VIKNTEG Twv
BpaPeiwv yia to 2019 Rtav ot €€AG:

MAIJOR PROJECT OF THE YEAR (OVER €500M)
Tuen-Mun - Chek Lap Kok Link - Northern
Connection Subsea Tunnel Section

PROJECT OF THE YEAR (BETWEEN €50M AND
€500M)
Regional Connector Transit Project

PROJECT OF THE YEAR INCL. RENOVATION
(UP TO €50M)
Modernization of the Vladivostok tunnel of the
Far Eastern Railway

TECHNICAL PROJECT INNOVATION OF THE
YEAR
Toulouse Line A underground stations
extension

TECHNICAL PRODUCT/EQUIPMENT
INNOVATION OF THE YEAR
Autonomous TBM

SAFETY INITIATIVE OF THE YEAR
Air Quality Working Group: An industry-first
collaboration on silica dust control

INNOVATIVE UNDERGROUND SPACE
CONCEPT OF THE YEAR
Underground Green Farming

YOUNG TUNNELLER OF THE YEAR
Amanda Kerr

Meploocotepeg mMAnpodopieg otnv LotooeAida
NG ITA https://awards.ita-aites.org/winners

8. NEEZ EKAOZEIZ/ KYKAODOPIEZ

O ekb0oelg tne ITA Statidevrat o€
nAeKTpOVIKI popen otnv enionun LlotooeAiba
™n¢: https://about.ita-
aites.org/publications/search-for-a-publication

Guidelines for the design of segmental
Tunnel Linings

ITA Working group 2

“..This document provides guidelines for the
design and construction of one-pass precast
reinforced concrete segmental linings for TBM
tunnelling in soft ground, weak and fractured hard
rock. Two-pass lining systems, which are lee
frequently used in modern tunnels, are not
specifically discussed but the basic guidelines
presented in this report will still be applicable.

If required, more information on the two-pass
lining system can be found in the ITA WG2 (2000)
guidelines. The guidelines and recommendations in
this document can be applied to various tunnels
including road, railway, subway and water transfer,
as well as utility tunnels for potable and waste
water, gas pipelines and power cables...”
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GUIDELINES FOR THE DESIGN OF SEGMENTAL
TunneL Linmncs

[TA Warking Group 2 - Bésearch

N’ ISBN: 978-2-9701242-1-4 ITA REPORT N22 / APRIL 2019

Practical approach for
Blasting Vibration
Advance in Tunneling

Controlling
and Optimizing

ITAtech activity group excavation

PRACTICAL APPROACH FOR CONTROLLING BLASTING
VIBRATION AND OPTIMIZING ADVANCE IN TUNNELING

[TAtech activity Group ExCavation

N° ISBN: 978-2-9701242-3-8 ITAtech REPORT N°11 / APRIL 2019

O [TAtech

“..This document introduces some guidelines to
help make the best use of drill-and-blast (D&B) —
techniques in underground tunnelling at vibration
sensitive locations. Strict vibration limits can
considerably restrict D&B work, increase cost or

even prohibit its use. Good planning of controlled
blasting can  often accommodate  such
restrictions...”

Large Underground

Interconnected Infrastructure
PIARC Technical Committee D.5

...Its objective is twofold:

e extend the panel of networks investigated,
both geographically and in terms of their
complexity and diversity,

e analyse in a much more thorough manner the
particularities of this network nature,
including:

0 the geometry and impact of all the constraints
related to the interchange points and
connections,

0 ventilation facilities: aspects related to traffic
assumptions — surface impacts — specific
concepts and design — implementation,
equipment and facility acceptance tests, and
verification of the performances of the overall
system,

0 signalling: location of an incident and
addressing — signalling devices — evacuation aid,

0 the operation and management of interfaces
between the many operators involved in a
network — organisation — the multiplicity and
complexity of interfaces — safety — traffic
management — special care and maintenance
provisions....”
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9. OIKONOMIKOz ANOAOlzMOz ETOYz 2019

OIKONOMIKOZ AMOAOIZMO2 1.1.2019- 31.12.2019

Tapelakd YmoéAorro (Katabéoeig + Metpntd) TV
1.1.2019

EZOAA
Eyypa@ég 7 véwv peAwv
ZUVOPOUEG HEAWV

Xopnyieg -ZuvdpouEG ETAIPILV

Eiomrpagn amd TPIAINA

‘EkTakTa ¢50da (A AOY £moTpo®r) ¢épou)

Tokol kaTaBéoewv

4,421.74

93.00
2,782.00

7,103.00

(Trapapével
QVEIOTTPAKTO
UTTOAOITTO
2.698,86 €)

869.49

0.00

0.00

ZUvolo

AANANEZ

Zuvdpopég oe ITA(2019-2020) , site KATT

‘E€oda ekdnNAWOoEwWYV, TagIdiwV Kal CUUKETOXA O€ TUVESPIa
Apoiég Aoyiom

WTC 2023 (¢€0da utrowngiomrag 2019)

MAnpwuAR Pépwv

Aidpopa £oda (Tpatrédng Kai Aorrd)

10,847.49

1,899.41
2,221.54
248.00
3,031.14
0.00
69.82

Zuvolo

Eiompagn o@eiAfg amd SIKA (eppavioTnke wg
ouvdpopn 10 2018 kai eiocTrpdaxOnke 3/1/2019)

-7,469.91

1,000.00

Taueiakd Ymoloimro omng 31.12.2019

8,799.32

€K TWV OTToiWV:
Tpdarmeleg (Alpha Bank) 31.12.2019

TAMEIO (ekkpepeig opeIAég atrd 2019)

10,386.96
-1,587.64

Zuvolo (ALPHA BANK)

8,799.32

EAeykTik Emitpoti Tng EEZYE
1. MNovura - MATpa Mapaokeun
2. Mtrakoyiavvng lwavvng

3. PaTmté1mouAog ZTaUPOG
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n To Alokntiko ZuppBoUAwo tng E.E.Z.Y.E.

O 2017-2020

Npoedpog:
Avtunpoedpog:
Fev. lpappatéag:

Tauiag:

Ex86tpLa AEATIOY THPAITQN:

MéMog:

MéAog

lwavvng Oikipng, MoA. Mnxovikog
Anuntplog AAtbpaykng, MoA. Mnxavikog
Anuntplog Aitoag, MoA. Mnxovikog
Euvayyehog Nepyavtig, MoA. Mnxavikog
Mapthia Mmtaddon, MoA. Mnxavikog

Anuntplog Namrmag, NoA. Mnxavikog

NwkoAaog Pouocog, Met. Mnxavikog
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NMPOTAZEIZ XOPHINKHZ YINOXZTHPIEHZ
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o convin Support Athens Candidacy
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29 K.Varnali str, 15233 Chalandri \,
Athens, Greece
+30210 6833600 ‘\ ) Q
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H unown@ioTnTa TnG EEZYE yia Tn diopydvwon Tou lMNaykoopiou Zuvedpiou Znpayywv
& Ynoyeiwv 'Epywv (WTC 2023) anaiTnos pakpdag dIapKeIag EpyacieC NPOsToIaciac Tou
@akéAou unoBoAnG TNG npoTacong, anacyxoAnon eEEIDIKEUPEVWY OUVEPYATWV Kal  0a
anaiTrioel onHAavTikeG danaveg npoBoAnG To ENOUEVO TPIKNVO.

Mé£poG Tmv danav@v nou £XouV NpoypauuaTioTei va npaypartonoin®ouv ano Tnv EEZYE,
avadnteiTal va kaAu@OouUv ano nakeéTta Xopnyimv, HE KAINakoUueva avtanodoTiKd
OQEAN, OTnNV npoondabeia peyioTonoinong TG avadelEng Twv NAEOVEKTNUATWY TNC
unowneiotTnTag tTnc “AGHNAZ". H unown@ioTnTa €ival avaykaio va npoBAnbesi ora 78
KpATtn MEAN TnG AiebBvouc 'Evwong Znpayywv & Ynoyesiwv Epywv (ITA-AITES) kabwc kai
kKatd Tn OJIdpKeEla TV gpyaciov Tou WTC 2020 ortnv KoudAa-Aoupnoup Tng
MaAaiciag, 6nou 6a An@Osi kai n TEAIKN ano@acn KAtonv Wneogpopiac TwV KpaTwv
MEAWV TNG ITA-AITES peTaél Twv dU0 Hovov unown@iov kpatwv (EAAada kai
Toupkia).

Nakéra Xopnyiov

Katnyopieg
Gold sponsor Ano 5.000 € kal avw
Silver sponsor Ano 2.000 € wg 5.000 €
Bronze Sponsor 'Ewg 2.000 €

AvTanodoTika opEAn

Nepiypaen Gold

Silver Bronze

NoydTuno Tng ETaipeiag Xopnyou oto website Tng
d1ekdiknoNG Tou CUVEDpPIoU X X
(KaTw ano Tnv OXETIKN KaTnyopia)

NoyodTuno Tng ETaipeiag XopnyoU ora newsletters
kata Tnv nepiodo diekdiknong Tou cuvedpiou X X
(kaTw ano TNV OXETIKN KATnyopia)

AoyoTuno Tng ETaipeiac Xopnyou o 6Aa Ta peoa
KOIVWVIKNG dIKTUwONG (social media campaign) X X
Kata Tnv nepiodo diekdiknNoNG Tou cuvedpiou

NoyoTuno Tng ETaipgiac Xopnyou o€ 0A0 TO UAIKO
npowlnong Kata Tn d1apKela TNG Napouaiag TG
EmTponng Aiekdiknong oto WTC 2020, MaAaioia

O EAAHNIKH ENITPONH ZHPATTQN & YNOTEIQN EPIQN

O



NMAavo dpaocewv diekdiknong?!

Ynowyn@ioTnta 9.000 €

- NposToipacia ®akéEAou UNOBOANG

- Anuioupyia AoyoTUnou

- Web banners

- Ala@nuioTiko UAIKO (payviTeg, kovkapdeg, Roll up banners, Flyers Save
the Date moto Tou WTC 2023 Bid, enioToAOoXapTa, KAPTEG KTA)

- ®i1\o&evia eknpoownou ITA yia Tnv a&ioAdynon Twv unodopwv dieEaywyng
Tou ouvedpiou

- Eknpoownnon oc ekdnAwaoelg TNG ITA To ENOUEVO TPiPNVo

MpoBoAn ota Koivwvika Aiktua (Social Media)

Anpioupyia piag kaupnaviag (Social Media Integrated Campaign) n onoia 6a npoBAn®ei
TO enOPevo Tpignvo oTa MEoa KOIVWVIKNAG dIKTUWONG, onw¢ Facebook, LinkedIn kail
Twitter, yeéow Twv onoiwv Ba NPoBAAAETAl N UNOWNQPIOTNTA Kal Ba avakoivwvovTal OAEG
ol dpaaceig eEwaTpepeiag TnG EniTponng Aiekdiknong.

©a unapxel, eniong, ouvexng apbpoypagia «Néa & AvakoIlVWOEIG» yid TNV NPoBoAn Twv
EVEPYEIOV YIa To EmoTnuovikd aAAd kai To eupU KoIvo.

Promo video 5.000 €

Anpioupyia promo video yia Tnv avadeiEn TwV NAEOVEKTNHATWY Kdl duvaToTATWV, TOOO
NG ABrvac wG npoopicuol, 600 Kal Tou Meyapou MOUGIKAG WG XWPOU (pIAoEeviag Tou
ouvedpiou. To ouykekpipyévo Video, nmou anoTeAei mpoanaiToUPeEVo TNG UMOBOANG TNG
unoywneioTnTag, 6a npoBAndei kata Tn ouvndn npakTikn TNG ITA oTo ouvedpio WTC
2020 otn MaAaigia Tov epxopevo Mdio otnv etnoia N.2. (17-5-2020) kai oTnVv €KAOYIKN
ouvedpiaon (20-5-2020).

MpoBoAn / Ala@rMion oTnV ICTOCEAIdA

SuvapwVv Opyaviou®Vv / MePIOBIKOV

TonoBeTnon web banner Tou WTC 2023 ot cuvageic 1oTooeNidec (websites) kal e-
journals pe okono Tnv npowBnaon TNG eAANVIKAG dI1EKDIKNONG

! To napov nAdvo dpdoecwv cuvioTaTtal and TIC UNOXPEWTIKEG EVEPYEIEG MOU OPEIAEl KABE
UnoWwn®@Io KPAaToG HEAOG va npaypartonolinoel, BAcel Twv anaimmoewy / npodlaypapwy Tng
ITA - AITES, kaBwg Kal TIG EAAXIOTEG €NIBUUNTEG EVEPYEIEG NMOU KpiveTal OTI Ba npenel va
uAonoinBouv yia Tnv peyioTonoinon TG NPpoBoAng TnG EAANVIKNAG unown@ioTnTag.

n
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Anpioupyia — Zuvtipnon — Evnipuépwon

IoTooeAidag Ynown@ioTnTag

Anpioupyia - ZuvtApnon - Evnuépwon IoTtooeAidag diekdiknong Tou World Tunnel
Congress (WTC) 2023: www.athenswtc2023.gr

AnooToAn HAEKTPOVIKOU EVNHEPWOTIKOU

AeATiou VEwvV d1eEkdiknong (Newsletters)

Méow TnGg anooToAng Newsletter, Ba evnuepwvovTalr dnuPocioypa®ol I €TAIPEIEG MOU
dpaoTnpionoloUvTal OTOV EUPUTEPO TOMED, YIA TA ONUAVTIKA véa TnG diekdiknong. Me To
TpOMNo auTod Ba diaTnpeiTal EVAPEPO TO EMICTNHOVIKO & dNUOCIOYPAPIKO KOIVO, aAAd Kal
TO €UPU KOIVO, YIaA TIG OXETIKEG OPACEIG, ONWG KAl yia OAEG TIG evdla@epounss eEeAIEeEIg
nou Ba oxeTifovTal We TOouG Xopnyouc.

MapaBeon deinvou unown®inwv oto WTC 2020 12.000 €

(unoxpewTiKn EkdNAwon Tpitn 19-5-2020)

Bdoel Twv npodiaypagwv Tng ITA, Ta unowngia Kpdrn HEAN €iBioTal va napab&éTouv
yeupa Tnv Tpitn 19-5-2020 npog EKNPOC®MNOUG TWV KPATWV HEAWV.

Eknpoownnon & MpoBoAn Ynown@ioTnTag

Kata Tn didpkeia Tou WTC 2020 18.000 €

- Mapouacia Tng EAANVIKAG opddag diekdiknong otn MaAaicia oto WTC 2020
kal otn Fevikn ZuvéAeuon Tng ITA - AITES

- A&giToupyia Booth oTo XWwpo TNG €kBeONG e €IKAOTIKO KAl OMNTIKOAKOUOTIKO
UMOOTNPIKTIKO UAIKO

- SUMBOAIKO dWPO O KABE KPATOG/HEANOG

- Taxudpopika TEAN Npog Ta unoAoina 77 kpdrtn MEAN Tng ITA - AITES

- AvapvnoTika unown@ioTnTag otoug cuvedpoug WTC 2020 (nepinou 1500)

- Opydvwon «mastiha cocktail», wg pia kivnon eEwoTpepeiag kalr npoBoAng
TNG EAANVIKAG QIAo&eviag npiv ano Tnv TEAIKN yneogopia

Ala@ngion kara tn diapkeia Tou WTC 2020 12.000 €

MakéTo xopnyia oto ouvedpio WTC 2020 nou agopd oTtnv €IdIKn spapuoyn - app
[Mobile Apps Sponsorship (exclusive sponsorship)] péow Tng onoiag 6a su@avileTal
ouveXxwg n EAANVIKN unoywn@ioTNTa 0TA KIVNTA TNAEQWVA TNG GUVEDPWV.

EAAHNIKH ENITPONH ZHPATTQN & YNOTEIQN EPIQN

oD



Support Athens Candidacy
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#AthensWTC2023
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