EONIKO METZOBIO NOAYTEXNEIO
2 XOAH MOAITIKQN MHXANIKQN

2xe0100H0C Ynoyeiwv ‘Epywv

B. Mapivog

MAOHMA 1°

EIZAIQrH
M&£06odo1 Ekokapnc, oradia oxediacpou, agioAoynon
YEWTEXVIK®WV EVOTATWV, HNXavioloi acTtoyiag, Ospara
EKOKAPNC Kal unooTnpIiEng”

Axadnpaiko €rog 2022-23



KaTaokeun onpayywv

I. OdIka kai Zlﬁnpoﬁpopmd O'UYKOIV(OVICIKC'I dikTua

° ya ilagacn OpeIVWV OYKwV (010npodpopikn onpayya KaAAidpopou, onpayyec Kakiac
>KaAac

° via I'ICIpCIKCI|JL|J OUOHEVWV YEWAOYIKWV OUVONKWY, ONwg KaToAIoBnoswy r pnélyevmv
wvwVv (Nn.X. o IKr onpayya Avn)\lou)

yia nepIBarAovTIKOUG AOYouUG (M.X. onpayyeg YUNTTou, odikr onpayya napakapyng
TOU apxaloAoyikou Xwpou Awowvnc)

II. AoTikad ou0T|'1|.|aTa Haliknc peragopacg (MeTpo)
III YOdpauAika €pya

u6paywysla (onpayyec Mopvou, Eur]vou eKTPOMNNG AXEAWOU)
° €pya Taulsuonq (onpayyec SKTponnq Kal unepxeilionc @payuaTwy)

*  anoyeTeUOEIG Kal anooTpayyioeig (onpayya Kaphag otn ©ooahia, onpayya
Kapoitoac otov BoiwTikO Kngioo)

IV. 'Epya anooTpayyiong yia Tn BEATI®ON TWV CuVONK®V
sumaesmq npavwv

» (n.x. onpayyec Mahakaoac, «Meyalou OpuypuaToc», MavayonouAac)



ZNPAyYEG OTNV
EAAGOa

Xaptnc onpayywv
(0dIKWV,
016NPOdOPOUIKWY,
UOPAUAIKWYV,

LUETAAAEUTIKWV Kal
aMwV Xpnoewv)

Scale (km)
o 50100 200

LEGEND
Q) Rosd tunneis
@ immersed tunncis
© subways underground
@ Rallway tunnels
@ Hydraulic tunnels
@ Mining tunnels
@ Dams (diversion tunnels)
| Mydroslectric power plants (underground tunneis)
© Historical tunnets

LENGTH OF TUNNELS (km)

© 178
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® m-«

@ mm>ss
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@110

Total length: > 1150 km

NUMBER OF TUNNELS

© 232
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Total tunnels: > 460




To peyaAuTepPO TEXVIKO ouvedplo oTnv EANGda — WTC2023
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GREECE EXPANDING UNDERGROUND
Knowledge & Passion to Make a

Positive Impact on the World
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FEWMETPIA ZNPayyag

O

Znpayya
MIKPpWV
OI0OTACEWYV

' 1 7

H gvoTdBeia peiwveTal
UE TNV QUENTT Tou AGyou : ~IIOTAON EKOKAQAC

Méon améoTaon AOUVEXEIQG




Howideeplisiyouritube?
HGOZ0N1AISTUMANOWS Ty > <) de S1h:
Iheve s lope down Lo dee pestdepth

Baboc Xnpayyac

Sewers ~4m

Whitehall tunmets - 6&m Greenwich
foot tunnel 15m

Thames Tunnel
Woolkwich R
Mall Rall 29m s ’ foot tennel 19.5m

Deep level tube 24m (typically) ) Crossrall 25m
Thames Tideway Tunnel 30m

\bfllzc'tc;::n London Power Tunnels 35m

Water Ring Maln 40m
o e .

Shard pises 55

I Deepest station
Hampstead 58.5

2
&
&
o(‘
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£ ™ &
QQ 00 ‘,’0
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21 2
6
1200 A0
1000
800 2° 30
25
600 Max i
Maximum ’:::“ grade R
400 e 6,5 % 84 % Mo
200 12,5 %o 11,3 %
0
Existing line: New line: Existing tunnel (14 km)
Mountain profile Flat profile

Maximum grade: 33 %o Maximum grade: 12,5 %. s Base tunnel (57 km)



MeBodor AiavoiEnc onpayywv

1. Ailatpnon
2. Exkokaen kal Eraverrixwon (Cut and Cover)
3. YtmrooTtnpicn kal Ekokaer (Cover and Cut)



MeBodor AiavoiEnc onpayywv

O1 yeBodOI TTOU XPNOIUOTTIOIOUVTAI YIa TN OIAVOIZN TWV
onpPAayywyv £ival ol TTapaKATW:

¢ 2upuParikr peBodocg diavoicng
o Mg avarivageig
o Mg atrAd p€oa punXavikng EKOKAaPng

¢ Aldvolcn JE NXAVOTTOINUEVO TPOTTO (MNXAvNua
OAOUETWTTING KOTTNG -TBM)



2NPAYYESG HE diATPNON




o
2NPAYYESG HE diATPNON




2NPAYYESG PE diATPNON

AIGTpNON YE EKPNKTIKA







2NPOYYEC HE EKOKAPN KAl ETTAVETTIXWOT
(Cut and Cover)

* [lpwTa OKAPOUME PEXPI TO ETTITTIEOO TNC ONpaAyyac OAO TO
UAIKO KalI TO ApaIPOUE.

* AvTioTnpi(OUME TA TTAEUPIKA TTPAVH WOTE va €ival €uoTabmn
TTPOCWPIVA.

o PTIGYXVOUPE TO KEAUPOC (TO TTEQITUTTWHPA) TNG OAPAYYAC ME
UTTETO KOl OidEpa

e «2KETTAlOUPE» TNV ONPAyya HPE TA UAIKA TNG aAPXIKAG
EKOKO@NG Kal TO TTAAIO - apXIKO avayAu@po aTtrokabioTaral.



ZNPAYYEC HE EKOKAPN KAl ENAVENIX®WOT)
(Cut and Cover)




ZNPAayyec HE enixmwon (kal npounooTnpeiEn) kai
ekoka@pn (Cover and Cut)

Apxika npo-unootnpifoupe TNV nepioxn (6oAo kal NAeupec) nou Ba yivel
n onpayya kalr Pera apxidoupe kal okABouphe ano peca TO €0AgOC
(ExoupE eloXWPNOEl HEGA ano aAAo GnuEio Mo Niow f Kanoio napadupo).

®AZH KATAZKEYHZ 1 O®AZH KATAZKEYHZ 2 ®AZH KATAZKEYHZ 3

Emegdaveia Exoka@n yia Tnv TAGka opo@ng Emeavaa poowpivi urooTipidn Emeaveia MAGKa 0POPRS
(roixog améd exrofeudpevo

OoKUpOSENQ)

AT Ty Tl . 0

' i k;'Aldq;bu'ypar'lxb'i rbi.)('on'-' :":
ol (BrakéTrTouy TR pon R e
et TWV UTTOYEIWVY UBATWV) . " .. .

OAZH KATAZKEYHZ 4 ®AZH KATAZKEYHZ 5 ®AZH KATAZKEYHZ 6

ZWANVWOEIG TTPOG TOV - :
oTabuoé avrAnang Z0oTnpa udarooTEyavwong

bR ey emeGsuon - H ]

£ Mnyad:

- . eTavarpogodooiag
ot ﬁndeI

. EmavaTpopodooiag

i T Tinyadia GvrAnong il o




ZNPAYYEC HE ENAVENIXWON KAl EKOKAPN
(Cover and Cut)




ZNPAYYEC HE ENAVENIXWOTN KAl EKOKAPN
(Cover and Cut )




AIANOI=H 2HPAITQN ME THN
NEA AYZTPIAKH MEOOAO - NATM

H "Nea Auotpiakn Mebodoc
AiavoiEnc  Znpayywv” (New
Austrian Tunnelling Method -
NATM) anoTteAei eva oUVOAO
TEXVIKWDV MOU dpxioav va
epapuolovral OUOTNUATIKA
kata Tn diavoiEn onpayywv
nepi 7o 1960

H LuEB0dOC NATM
nepiAapBaver  Tn - diavoign
onpayycov ue  EAeuBepo
|J€T(1)I'IO EKGKCI(PI’]C, dnAadn
XWPIG NiEon OTO HETWNO E
unxavika peaa (n.x. TBM)

Aueon  unooTtnpiEn  TOU
TOIXWHATOC TNG Onpayyac Me
EKTOEEUOMEVO OKUPOOEUQ
n/kar aykupia Ppaxou, oxl
aueon unooTNPIEN LIE
s(papuoyn TENIKNC snavéuonq
ano NPOKATAOKEUAOHEVA
OTOIXEIA I EYXUTO OKUPOOEWA



AIANOI=H ZHPAITQN ME THN
NEA AYZTPIAKH MEOGOAO - NATM

LYMBATIKH MEOOAOZ AIANOIZHZ
EKIKA®H AIATOMHE ZE TPEIZ QAZEIZ
6E"°K°,‘pn ™mg Gvw Exrofeudpevo
NSIATONNAS PITPOTTa aTr :

MV karw nuidiaropr oxupodepa X4—|

1
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“E o IA
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e o] 1

|

I
4 B
N e thd

5
I
Npoowpivo ekTofeUOPEVO | X4
oxupodepa civar mbavo TWPIVO SaTTede
va epappooTel oTo Exrodeudpevo
péTwIro NG dvw xan oxkupodepa
kaTw nuidiaropng
(amé KapBadac, 2000)

wﬂgcwwormeg Onég

Al nootpayylotkee Onég
\ A Aykipia Bpdxou
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2UuBaTikn pEBodO¢ diavoigng n NATM
H @iAoco@ia TnS pebodou

¢ H peBodoc Bewpei 0TI KABE diaTtour) atroTeAEiTAl ATTO:

O &va OaKTUAIO [paxoualoc (T0O TUAMO  EKEIVO  TNG
Bpaxouadag TTou ETTNPEACETAI ATTO TNV KATAOKEUN )

O TA METPA TTPOCWEIVIC UTTOOTHPICNG.

¢ Ocewpei dOnAadn To dAKTUAIO TNG PBpaxopalag oxl Hovo
WC OTOIXEIO @OPTIONG, OAAA KAl WG PEPOV OTOIXEIO
OUYXPOVWG.

¢ Emixeipei, OnAadr), TNV €vePyoTToinon €vOG TTOCOCTOU
NG avToxng TNg Ppaxouadag



ZupBaTikn
HEBODOOC
oiavoiEng - NATM

EEENIEN
NapapopPWOEWV
E TNV €KOKAPN




' ZYMBATIKH ME©OAOS AIANOIZHE
ZUMBaTIKA ESEAIZH NAPAMOP®QSEQN ME THN EKEKA®H

HEOODOOC
diavoiEnc - NATM

EEENIEN
NapapopPWOEWV
E TNV €KOKAPN

H akTiviki ouykAion
@TAvEl TNV TEAIKA TNG
niyn o€ 1 -1,5 diguerpo

"ExOAIgn pETWITOU Tiow a1rd 10 PETWTTO

Aig0Buvon
EKOKAPNS

H akTivikr) ooykAion @raver to 30%
NG TEAIKNAG TIMNG OTO HETWTITO

H aktiviki) ouykAion §ekiva o€ améoTaon
<—1 -1,5 SIGUETPO PTTPOOTA ATTO TO HETWITO

(A6 Hoek, 2000)




ZupBaTikn
HEBODOOC
oiavoiEng - NATM

EEENIEN :

NapapopPWOEWV
E TNV €KOKAPN

H "NATM” BaoileTal oTIC £ENC ApXEC:

Kara Ttnv O1avoiEn, 10 £30agoc ouykAivel (akoun Kal
MNPOOTA ano TO PETWNO €KOKAMNC, ME ANOTEAEOUA TnV
HEiWON TNCG aKTIVIKNG TAonG O, kal Tnv auvénon Tng
NEPIPEPEIAKNC TAONC Oy. H auénuevn op OnuIOUPYEI TO
AEYOUEVO «(@alvOpevo OOAou» PE anoTeEAeopa TNV
auTounooTNPIEN TNG OPOPNC TNE onpPayyac.

Ol YETAKIVAOEIC TOU €0APOUC OTNV 0POPr «XaAAPWVOUV>»
To €0APOC Kal MNOPEi va NPOKAAECOUV KATAMTWON
TEMAXWV ME CUVENEIA aAUCIOWTEC KaTanTwoelc. H eykaipn
TONOOETNON UNOOTNPIENG and €KTOEEUOPEVO OKUPOOEUA
arnoTPENEl TETOIEC KATANTWOEIC KAl OUVENWC O1acPaAilel
TNV OnUIoUpYia Tou (paivouevou BoAou

A

0,.: KaTaKopuen Tdon o, : opifdvria Tdon O,: AKTIVIKA TAON 0,: EQATITOMEVIK TGO u,: oUYKAION

And M. KaBBadd, 2021




Apxn TnG
peBodou NATM

onpayya dlavoiyeTal kaTa
TPONO WOTE va EVEpYOI'IOIr]GEI
OTO HEyIoTO Babuo n avToxn
™G nsplﬁa)\)\ouoag
BPGXOIJGCGC (UEU(D ™G
e)\syxopsvnq oUyKAIONG TOU
TOIXWHATOC)

'ETOl LIEI(L)VOVTCII o] nlsoslg NG
Bpaxoualag oTtnv  ApeEon
unoomplEn (Too0
nsplocstpo 000 au&avel n
oUYKAION TOU TOIXWHATOG)

MNpoooxn: Eav N ouyK)\lon
auénBei UNEPUETPA, MMOPEI
va npokAnBei anodlopyavwon
™G Bpaxopalag kar augnon
TWV MIECEWV

AAE = Aadpopn edagoug
IE = Aladpopr| EKTOEEUOUEVOU OKUPOBENATOS
AAEF = KapmOAn oUykAiong - ammotévwong
TNG AVUTTOOTAPIKTNG Ofpayyag
p, = MNicon oTo ekT0{EUOPEVO OKUPOBEPQ
u,. = TeAikj oOykAion Siatopng

Opio
EAAOTIKOTNTAG

E Aiappor Tng
_ utrooTipigng

TomroBéTnon TpoowpIviig UTTOOTHPIENS
(povov ekTo§eudpEVO OKUPOSEPQ)

And M. KaBBadd, 2021




Mapadeiyua aoToxiac

2Npayya Tup@pnoTou — AoToyia
TTPOCWPIVAG UTTOOTAPICNG ME OUYKAION ~2




2UHBaTIKN MEBOOOC diAavoIgNG
H epappoyn.tng pne6odou

[la TNV avTIMETWNION TwV aoTadeiwv oTn cuppaTikn PeEBOOO
xpnoiuonolouvTal KaTd nepinTwon O1agpopol TPOMol EKoKAPNC :
QEkokaen TnS O1aTounG o€ (PAvEIC.

QKaTaokeun TnE AueoNC UNOCTNPIENG O€ MIKPN anooTacn ano To
LETWMNO EKOKAPC.

OAoOKANpwaon Tou dAaKTUAIOU TOU EKTOEEUOUEVOU OKUPOOEUATOC OTO
ouvoAo TN O1aToNNC.

DOAOUETWNN EKOKAPN HE AUETO KAEIOINO TNC OIATOUNC UE HOVIUN
unooTnpIEN
QlewTexvikn MapakoAouBnon TG CUPNEPIPOPAC TWV ONPAYYWV.

KaTtaokeun Tnc "TeAIknc enevduonc” TnG onpayyac os JETAYEVETTEPO
XpOVO



2UuBaTIKN MEBOOOC dIavoIgNnS

Ekoka®n TG d10TOUNG O€ PACEIC.

2 KOTTOG TNG O1adIKagiag auTng ival:

<N eAaxioTn duvartr) atmodiopyavwaon TnS Bpaxopadlagc,

<-0 TTEPIOPIOHPOC TWV OUYKAICEWV,

<N PEATIWON TNG EVUOTABEIOC TOU PETWTTOU

$N  XpNnon Twv AIYOTEPWY OuVATWV METPWY TTPOCWPIVAG
UTTOOTAPIENG.

¢®Ekokapny avw nuidiatounc (Top Heading). Tiveral
EKOKA®N TOU Avw TUAMATOC TNG anpayyac.

¢ Exkokapn Pabuidac (Bench). lNivetar ekokagr] ToUu KATW
TMAMATOG TNG Onpayyac. 2uvbwc ol dUo PACEIC ATTEXOUV
METACU TOUC KATA Mid OUYKEKPIYEVN ATTOOTAON.



2UHBaTIKN MEBOOOC diAavoIgNG

H e<pappoy®mg peEBOOOU

| b, N Y £ .
A L P f
) ' 0 : : N K (‘
J ‘ | '-"Iv’ <
, v NUdIaTopn
~ ! |
’

(Top Headlng)

' qrr.gp n|l|,|6|dT0|.|r']

MBavwc va unapyel kai 3" paon: 0anedo
aveoTpappevo (invert) '




2YMBATIKH MEOOAOZ AIANOI=ZHZ
EKZKA®H AIATOMHZ ZE TPEIZ ®AZEIZ

Exkoka@n tng avw

NUISIATOPNG UTTPOCTA ATTd ExTogeuouevo
TNV KETW NEISIaTONT OKUPOSENQ X €—

Mpoowpivo eKTOEEUOUEVO
oKUpOSEua gival TIBavo Mpoowpivé datredo yia T

VO EQAPHUOOCTEI OTO EKTOgE"JéPfVO S1EAEUON TWV PNXAVNHATWY
METWTTO TNG AVW Kal OKUPOOEUQ TAvVW a1rd TNV
KATW NUISIATONAS OAOKANPpwUEVN ETTEVOUOT

(a6 KaBBaddc, 2000)
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MeETpa TTPOOCWPEIVAG

UTTOOTNPISNG ONPAYYOS
ExkTogeuopevo okupOdEUa (Hadi e METOAANIKO TTAEYMA KAl
METAAAIKEG IVEC OTTAIOOU.
Aykupia Bpayxou
MeTaAAIKA TTAQiOIQ
MéETpa BeATiwong Twv ouvOnkwy £€dpaong Tou KEAUPOUC
EAappa BANTpa TTpOTTOPEIaC (Spiles)
OutrpéAa Bapiwv dokwyv TTpoTropeiacg (Forepole umbrella)
AyKUpIa JETWTTOU — KUPiwe YaAokapga (fiberglass)
[TpoowpIvo avAoTPoPOo TOECO
Moviuo avaoTpo@o TOCO
OAioBaivouoa (evdidouoa) utrooThpIcn
BeATtiwon yewuAikou e xpnon evéuarog (Grouting)
ATTOOTPAYYIOTIKEC KOl AVOKOUPIOTIKEG OTTEC

0000060606000 o




MeETpa TTPOOCWPEIVAG

UTTOOTRAPIENS OAPAYYOC

Aokol nponopsid
\ | pt el f I@ 8gyymyuxeg Oneg
/7/ N00T Gwloweg Onég

;¥é§§%gm Bpaxou
__fij“/f;?'\ ,
:§§§§f§§$§58 AG gﬁberakhx
TMovipo

AvaoTpoeo TOLO
XapakTnpIoTIK OIaTONN METPWYV TTPOCWPEIVIIS UTTOOTAPIENS Yid
aoclevh Bpaxopala pE KATOOKEUR O€ 2 opl1lovTieg nUIdIaTopéG. H
avAYKn, Ta HEYEDBN, O1 TTOCOTNTEG KAl O CUVOUACHOG TWV dIa@opwVv
OTOIXEIWV TIPOKUTITEI ATTO aPIBUNTIKR avAAuon Kol d1ro
BEATIOTOTTOINCEIC ME EVOpYyaAvVn, AIOTTIOTH, TrapakoAouOnon. To
Bpa TTpoxwpnong edw dUCKOAA CeTTEPVA TO 1M TNV nUEPQ.

XaAUBSivo mAdloio S A




MeTpa TTPOCWPIVAG

UTTOOTNPIENG ONPAYYag

ANDOTRAYYIDTIKES Ektofsudpeva akupodepa
: ol nponopegiag
o Anoorﬁpythmég Onéc
Alaboki8eg olvdeong niaioiwy Wnou

Zelyo KUpiwy, oUyKpdTnon thg%qusvo DKUpCGsHD
EtariKgu nhmcﬁn? , s _ HETWnOU
XaiuBdivo nAaigie N- s Umq Tdnou
Meplaxn Elephant foot Iber glass

Zedyocg qxxugﬁov OUYKQEAT
LETAAAIKOD nAqioiou

Enixwpa dapdpewan
banedbau ep aEEEg“SL\

S MUa npoxwpnong A gdang
Extofeudpevo akupodepa, IVONAISUEVO,

Brpa npdxépnong B ¢dong

AlapuAKNG TOUR oRpPayyag utrd diavoi¢n UTTOoTPIENGS YIO aoBevi
Bpaxopala pE KATAOKEUN O& 2 opI{OVTIEG NMIOIOTOMES




MeTpa apeonc unooTnpIENC — Aykupia Bpayou

[MpoowpIvO avaoTpoPo TOEO

-AOKOI nponopslaq L

- e e——a far A saresmws s




Mana AaueoNC unomnplﬁnq Aykupia Bpayou

AykuUpio TUnou Swellex
(Atlas Copco)

Avxuplo EVTOG blm'pﬂpa‘l’oc Avxuplo EVTOG Gnmpﬁuoroc;
e osalamohl’l _ g oeouafom <

AykUpia Tunou Swellex | ‘ @
(100 kN) (ano Atlas Copco)

| || B 5&;&:
» = SRS

- | vonoBérnong.

10yKwon ayxupiou KAciSwpa ayxupiou
aykupiou (tvapkn avriiag) (reppamnopds avriiag)




O

[epIoOOTEPA VIO TA PETPA APECNC
UNOOTNPIENC OE OXETIKO NaBnua




ATANOI=H >HPAITQN ME MHXANIKEZ MEOOAQOYZ
Tunnel Boring Machines (TBM)

& ._,0 '
'( 4‘"! hzt/“
| " t ::-,q'| g1



|

<<E£Tp0nﬁ|.|a>> TBM oto otabpSllNopapxia (I ';;‘ ©eagoalovikng)




«ZeTpURRUa» TBM aTo Ko )\apapid
(MeTpo ©gaaalovikng) #1 ¢ 8




H pnxavotroinuévn pEBodog diavoiEng onpayywyv

TUtTOI pnXavnuatwyv TBM Bdoel Twv TTPOg EKOKAPN

YEWUAIKWV
TBM
AvoIKTOU TUTTOU Me aotida (Shield)
TBM Bpdxou yla aoBeveic Bpaxouales
(Rock TBM) Kal DA@IKA YEWUAIKA

yla okAnpou¢ Bpdaxoug
Kal I0XUPEC Bpaxoualeg
Me oupBaTIKi Me doknon Trieong

UTTOOTAPI{N METWTTOU ETT TOU HETWTTOU
(AVOIKTOU ETWTTOU) (KAg10TOU pETWTTOU)

/\ — T

Movni aoTrida AimrAl aoTmida ESilcoppdrnong lMoA@ouU prreTovitn  ZUpTTIECUEVOU aépa
(Single Shield) (Double Shield) Tng £da@ikig ricong (Slurry Shield) (Compressed air)
(EPB)



H pnxavotroinuévn pEBodog diavoiEng onpayywyv

TUtTOI pnXavnuatwyv TBM Bdoel Twv TTPOog EKoKAPN
YEWUAIKWV

o
4
. el

To pnxévnpa civan Twpa evBuypappiopévo pe
xpfion Twv omiodiwy utrooTnpifewy

Avoikto TBM (open TBM)-

¢ =

Paoceic Asiroupyiac
O1 WOTAPES TTAKTWONG EXTEIVOVTaI KAl OI
e N Ly e

O1 epmrpbobdieg kal omioBieg urooTnpideig
EXTEIVOVTQI KaI O WOTAPES WAKTWONG UTTOXWPOUV.
OMoBaiver EAa@pLig TPog Ta EPTPoS.

ANOIKTO TBM (OPEN TBM).
KYK/\O! AlANOl HZ _
3 L Ba s o I::...A LR .t o ‘_"'
B A -
o T . 2P
| 7 . o iy




H pnxavotroinuévn pEBodog diavoiEng onpayywyv

TUtTOI pnXavnuatwyv TBM Bdoel Twv TTPOog EKoKAPN
YEWUAIKWV

Mnxavnua Movnc Aonidac
(Single Shield TBM)

XapakTNPIoTIKA:

1. NpooTacia TG KEPAANG EvavTl
KATATITWOEWV TNG OpOPNG

2. H rpowBnon yivetal ye Trieon 1Ti TNG
TOTTORETNUEVNC ETTEVOUONG

3. H TommoBéTnon g emmévduong i —— 7. Maaclecend

1. Komrmik) ke@aAn 5. KOAvdpol wlnong

7. Aaxktuhioaidrg Siakevo perafl emméviuong
4. Tawvia perapopag VAIKWY EKOKAPIS & txoKamTOpEVOU YEWwuAIKoU

KaBuoTEPE TNV EKOKAPN




H pnxavotroinuévn pEBodog diavoiEng onpayywyv

TUtTOI pnXavnuatwyv TBM Bdoel Twv TTPog EKOKAPN
YEWUAIKWYV

= ;
ilee@s @mm

g e x

AN
¢ !\Zi‘m

Mnxavnua AitAng
Aarridac
(DOUb Ie Shleld TBM) 1. Korrmikn ke@aAn 5. TnAeoxomiKi| aomida 9. OmioBia aomida

2. Npéobia aomwida 6. KUpiol xOAivBpor wénong 10. NéSIA0 ) woThpag TakTwong
3. AakTuAid vAikwy exoxaris 7. KoAivSpor porrig 11. BonBnrikoi xUAivEpor wénong
4. IraBeporronTig 8. Tawvia peragopag vhikwy exoxa@ng 12. Avuywripag



H pnxavotroinuévn pEBodog diavoiEng onpayywyv

Tutrol pnxavnuatwyv TBM Bdoel TwV TTPOG EKOKAPR
YEWUAIKWYV

1. Komrmiki) ke@aAr 4, Aréppovag xoxAiag peragopds 7. Aomida

2. Odhapog exoka@rig UAIKWY EXOKAPg 8. Aaxtuhioe1dng Siakevo perall

3. AloBnripeg edagikig 5. KOhvSpor rpowbnong eméviuong & eXoKamTOPEVOU YEWUAIKOU
wigong 6. Avugwriipag 9. Npokaraokevaopévo oroiyeio emévduong

Mnxavnua Eéioopporrnong Edaiknc licong MNoApou (EPB TBM)




H pnxavotroinuévn pEBodog diavoiEng onpayywyv

Tutrol pnxavnuatwyv TBM Bdoel TwV TTPOG EKOKAPR
YEWUAIKWYV

1. Kormrmiki kegaAn 5. Aldgpaypa Tricong 9. Avuyuwripag
2. Midgpaypa Siaxwpiopou 6. AvBpwrroBupida 10. Aomida
BaAdpwy EKOKAPNg 7. KOAivdpor mpowénong 11. AaxrtuAioeidng Siakevo
& migong 8. ZwAfvag rapoxng peradl emwévduong &
3. Opavoripag prrerovirn & arropdkpuvon EKOKATITOPEVOU YEWUAIKOU
4. Tupmeopévog aépag UAIKWYV EKOKaQPg

Mnxavnua Aacrtridac lNoAgou (Slurry Shield TBM)



Tunnel Boring
Machines
(TBM)




TUnol pnxavnuatwyv TBM Bacel Twv Npog ekokagn
YEWUAIKWV

AVOIKTN KATAOTAOT)
AsiToupyiag
(Open mode)

Movn AoTrida
(Single Shield)

==/ N\

AcoTrida MoAgou AcTrida ESagikng
i ESicoppomnrikig Micon
(Slurry Shield) “ sl
KAgioT) KaraoTaon ;

AgiToupyiag
(Closed mode)




TBMs

Aevdpodiaypappa
EMAOYNG

HNXavnuaTog

APXH




NATM vs TBM

MAeovektnuaTa TG NATM o€ oxeon PE TIC eVAANAKTIKEC HeEBOdOUC:

NpooappoleTal eUKoAa O€ HETABAMOPEVEG YEWTEXVIKEG OUVONKEG, ZUVEN®G
OUOCKOAG_anoTuyxavel akOMn Kal O€ MEPINTWOEIG OMOU Ol Mapadoxeg TNG
MEAETNC OlAPEPOUV ONUAVTIKA anod TIC EMNITOMNOU OUVONKEC

[TAEOVEKTEI OE NEPINTWOEIG EVTOVA BIOYKOUHEVWV £3APWV OMOU N KNXAVIKN
diavoi&n (pnopei va anoTuxel NARPwWC)

pooapuoleTal eukoAa 0 PETABOAEG TNG YEWMETPIAG TNG dlaToung (n.x.
OIEUPUVOEIC TNC dIATOMNG)

[MAeovekTEl O€ dIATOUEC PeEyaAou peyeBouc (MOAAANAEC pATEIC)

Mnopei va epappoodei otn d1avoiEn UN KUKAIKWV OIaTOHWV

EMITpENEl EUKOAOTEPN OTEYAVWON TNG ONPAyyag HE OUVBETIKN HeEpBpavn
(nou TonoBeTelTal JETAEU TNC APEONC KAl TNG TEAIKNC ENEVOUONC
NepiAapBavel pnxaviko eEONAICHO OXETIKWG MIKPOU KOOTOUG KAl GUVEMN®G
NMAEOVEKTEI OIKOVOUIKA OE ONPayyec HIKPoU KRKOUG

Aev anaiTei HeyAAn apxikr) OIKOVOUIKN €MEVOUCN, aAAa €XEl UYPNAO KOOTOG
NPOOWIKOU



TBM vs NATM

[MAgovekTNHATA TwWV HEBOOWV HNXAVIKNG EKOKAPNG OE
oxeon He Tn peBodo NATM

2€ OMOIOYEVEIG YEWTEXVIKEG OUVONKEG ENITUYXAVOUV TAXUTEPOUG
puBuouc diavoliénc

Ynapxouv KataAnAa pnxavnuarta npakTIKwG Yid OAOUG TOUG
TUMNOUG TwV €dapwv. YNApyel HEYAAo NPOBANHA OE NEPINTWOEIG
HMETABAAONEVWV YEWTEXVIKWV CUVONKWV

2E OMOIOYEVEIG YEWTEXVIKEG OUVONKEG Kal Onpayyeg Heyaiou
HNKOUG EMITUYXAVOUV HIKPOTEPO AEITOUPYIKO KOOTOG EXOUV HIKPO
KOOTOC NPOOWNIKOU, AAAG uywnAn apxikn enevouon

E)\éy)éouv KaAUTEPA TO METWMNO EKOKAPNG OE MEPINTWOEIG
aorabeiag (n.x. €0aen HIKPNG avioxng, duor) n Aoyw evrovng
€10pONG VEPOU WECW TNG €pappoyng avti nieong (EPB n slurry)
Kal TNG "KePAAnc”



MepioocoTepa yia Ta TBMs

O€ ENOJEVO Padnua




OcuaTa ZToHIWV

[MOAU PIKPEC KAuNUAOTNTEC o€ opidovTioypagia Kal PnKkoToun. Apa:
Aev npooappolovTal EUKOAa OTIC analTnOEIC TWV YEWTEXVIKWV
ouUVONKWV, YEWHETPIA pNYHATWYV, KAM
O1 KaTa PNKOC KAIOEIG gival ouxva OUCHEVEIC yia Tn O1avoign
(kaTwEepEIQ)

Ta oTopia ouxva diapopPwvovTal QUCHEVWCE WC NPOC TO (PUCIKO
npavec (dnAadn Ao&a wc Npoc TIC ICOUYEIC), UE OUVENEIQ
KIvVOUVOUC aoToXiac TwV OTOWIwV

Ano M Kaﬁﬂaéa 2021






MeBodol AiaoTaoioAoynonc kal AvaAuonc Tnc
Mpoowpivnc YnooTtnpiéng

KaTtnyopiec pebodwv:
Epneipikeg
HUIENNEIPIKEC
AVAAUTIKEC
ApPIBUNTIKEC



Euneipikec pebodol

MepiAauBavouv Ta €&nc:

[ewTeEXVIKN Ta&ivounon TnG Bpaxopalag

EmiAoyn kai d1aoTacioAoynon TwV HETPWY NPOCWPIVIC
unooTnNPIENG Ke Baon Tnv Ta&ivounon TnG Bpaxoualac
Kal TN YEWUETPIA TNC onpayyac

Mapaderypa: pebodoc Q (NGI), RMR (Bieniawski)
[AcovekTnuaTa: AnAOTNTA, EUXPNOTOTNTA, TAXUTNTA

MelovekTnuara: Ayvonon €I0IKWV YEWTEXVIKWV OUVONKWYV,
N BewpPnon TOUC NECW ONUAVTIKNC anAonoinong



ETiIAoyn HETPWYV TTPOCWPEIVAG UTTOOTHPIENS KaTA TO ouoTnpa Q (NGI)

ROCK MASS QUALITY AND ROCK SUPPORT

G F E D |[C| B A
Exceptionally| Extremely Very Very | Extremely iB(cop.
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Hui-epneipikec pebodoi

MepiAapBavouv Ta €&Nc:

o [ewTEXVIKN TaElv()unon TNC Bpaxopalac
» Enidoyn) Twv METPWV UNoOTNPIENG HE Faor] TNV Tagivounon Tng
Bpaxoualac kal kanoia epneipikn pebodo (n.x. Bieniawski 1989)

» EkTigynon Twv gopTiwv TNG Bpaxoualac oTnv unooTnpIEn ME kamoia
sunslleH pseoépo (n.x. Terzag ﬁ Bieniawski, Protodyakonov KAM)

» 'EAeyXOC ENAPKEIAC TWV HETPWV unomnplEnq E OTATIKN avaAuon

[MAEOVEKTNUATA: ZXETIKWC AMNAEC, snicpaon avaAuonc Kal UNoAOYIoHWVY

Meiovektnuata: Ta Bewpoupeva @opTia €k TNG Bpaxopalag ouvnewq
avagpePovTal o€ 6|C|cpopsT|Keq OUVONKEG Kal ouvenwc Oev eival opBa. MN.x.:

Protodyakonov: la onpayyeg Tou Metpo Tng Mooxag (uikpa Baén). e BabuTepeg
onpayyec Tda uno)\owCouz-:va popTia €ival noAU pIkpd.
Bieniawski: la oxsTlKu)q KaANg r|0|0TnTaq Bpaxoua(sq (RMR>50). lNa Bpaxopalec pe
RMR<50, Ta uno)\oyléousva (popTia €ival NoAu HIKpa.

Terzaghi: Na onpayyeg eupoug 4 6m, unooTnpPICopeveG pe EUAIVA aToixela kal AIBodopn).
Ma onpayyec NATM egupouc 10 15m, Ta unoAoyi(Opeva popTia €ival NOAU peyaAa.




ETiIAoyn HETPWYV TTPOCWPEIVAG UTTOOTHPIENS KATA TO ouoTnpua RMR

(Bieniawski, 1989)

Install support concurrently
with excavation; shotcrete as
soon as possible after
blasting

wire mesh. Bolt invert

mm on face

Support
Rock . Rock bolts
Excavation 2
mass class (20 mm diam., fully Shotcrete Steel sets
bonded)
1. Very good rock | Full face: Generally no support required except for occasional spot bolting
RMR: 81-100 3 m advance
2. Good rock Full face: Locally bolts in crown, 3 | 50 mm in crown | None
RMR: 61-80 1.0-1.5 m advance; m long, spaced 2.5 m where required
Complete support 20 m from | with occasional wire
face mesh
3. Fair rock Top heading and bench: Systematic bolts 4 m 50-100 mm in None
RMR: 41-60 1.5-3 m advance in top long, spaced 1.5-2min | crown, and 30
heading; crown and walls with mm in sides
Commence support after wire mesh in crown
each blast;
Commence support 10 m
from face
4. Poor rock Top heading and bench: Systematic bolts 4-5m | 100-150 mm in Light ribs spaced
RMR: 21-40 1.0-1.5 m advance in top long, spaced 1-1.5m in | crown and 100 1.5 m where
heading; crown and walls with mm In sides required
Install support concurrently wire mesh
with excavation - 10 m from
face
5. Very poor rock | Multiple drifts: Systematic bolts 5-6 m | 150-200 mm in Medium to heavy
RMR < 21 0.5-1.5 m advance in top long, spaced 1-1.5m in |crown, 150 mm | ribs spaced 0.75 m
heading; crown and walls with in sides, and 50 | with steel lagging

and forepoling if
required. Close
invert

Shape: horseshoe; Width: 10 m: Vertical stress: below 25 MPa: Excavation by drill & blast




dopTia Bpaxopalac kata Terzaghi (1946), Tpononoinon kata Deere (1970) kal

Rose, 1982

) ) ) Yyog goptiloviog
Kamyopia Kardotaon retpiparog NETPONATOS O pétpa
l Ixhnpd xai dvérago 0
11 Zxhnpd atpwayevis fi oyiotddes 0-05B
111 Lopnayés, pérpa duxhaopévo 0-0258B
IV Métpia draxhaopévo pé Aentéc 0,25 — 0,35 (B+H)
devtepoyeveig ouvdéoeig
v ToAd Saxhaopévo pé devtepoyevels cuvdéseg 0,35 - 1,10 (B+H)
VI TeAsiog Bpavopévo dAAG ynuixd dvirago 1,10 (B+H)
VII Lopmeoto nétpopa oé péoo Padog (1,10 = 2,10) (B+H)
VIl Lopmeoto nétpopa of peydho fidog (2,10-4,50) (B+H)
IX Awoyxoduevo métpopa Méypt 85 pérpa dvekapmra
100 ovvieheotod (B+H).
B xai H elve dvriotorye 10 Thitog xai 10 Dyog tig Satopiig g onpayyag, i dnoin rotibzra on Ppioxetw povipe xdtw
dnd 1ov Bdpopopo dpilova. Eav i cripayye Ppioxeral ndvw dxo 1ov Hipopopo dpiiovin 10 Byog popriloveog netpduatog
1 tic xammyopieg 1V Ewg VI perdvovial xatd 50% =epinov.

Rock condition

RQD

Ground load height Hp (m)

Remarks

Light lining required only if spalling or popping

1. Hard and intact 95~100 0
oceurs
Light support, mainly for protection against
2. Hard stratified or schistose 90~99 0~05 B spalls.
Load may change erratically from point to point
3. Massive, moderately jointed 85~95 0~025 B
4. Moderately blocky and seamy 75~85 0.25 B~0.20 (B+Ht)
5. Very blocky and seamy 30~75 (020~0.60) (B+Ht) | Types 4, 5, and 6 reduced by about 50% from
. - Terzaghi value because water table has little
6. Completely crushed but chemically | 3 30 | (060~1.10) (B+Hy) | effect on rock load(Terzaghi, 1946: Brekke
intact
1968)
6a. Sand and gravel 0~3 (1.10~1.40) (B + Ht)
) . Heavy side pressure invert struts required
pa7ing ) srate de: -~ J
7. Squeezing rock, moderate depth NA (1.10~2.10) (B +Hy) Circular ribs are recommended
8. Squeezing rock, great depth NA (2.10~4.50) (B +Ht)
2 irrespective of | Circ ibs requi
9. Swelling rock NA Up to 250ft irrespective of | Circular ribs required

value of (B + Ht)

In extreme cases, use yielding support

>Apayya eupouc B kar Uwoug H t
H p= Uyoc popTiloucac Bpaxopalag



AvaluTikec pebodol

MepiAapBavouv Ta €&nc:

» [ewTeyvikn Ta&ivounon Tne Bpaxoualag

o EmAoyn Twv PMETPpWV UNooTNPIENG UE Baon Tnv Tagivounon Tne Bpaxopalac
Kal kanoia epneipikn pebodo (n.x. Q, Bieniawski 1989) n Tnv euneipia Tou
HMEAETNTN ano avaloya epya

o EkTipnon Twv @opTiov TNG Ppaxoupalac otnv unooTnpIiEn HE avaAuTikn
neBodo (ouvnBwc TN peEBodo oUYKAIONG amoTovwonc n Tn HeBodo
Rabcewicz)

» 'EAeyxoC enApKeIac TwvV JETPWV UNOCTNPIENC UE OTATIKN avaAuon

CHILE C H I L =

[MAsovekTnuaTa: Zuvoualouv anAoTNTa Kal €NAPKEId UMOAOYIOUWV YIA MPOUEANETEC
onpayywv

MelovekTruaTa: Ayvonon €I0IKWV YEWTEXVIKWV oUVONKWV (M.X. KEKAIMEVEC OTPWOEIC
Bpaxou, anoo@nVvwoelc, kAm), N Bewpnorn TouC HECW ONUAVTIKAC anAomnoinong



Ap1BunTIKEC EBODOI

NepiAapPavouv Ta €EAC: ;‘ng]'s O{;’q})me,q ()
MeTakivnoeic {u}

[ewTeEXVIKN Ta&ivounon TG Bpaxopalag
EKTIUNON TWV YEWTEXVIKWV NAPAPETPWV TNC Bpaxoualac pe Baon tnv
Ta&ivounon

EnAoyn Twv PETPWV UMOOTNPIENG PE BACN TNV EPNEIPIA TOU PEAETNTN
ano avaioya epya n akoua kai Tnv Tagivopnon Tng Bpaxopadag kai
Kanoia guneipikn pedoodo (n.x. Q, Bieniawski 1989%

'EAEYXOG _ EMAPKEIAG TWV _METPWV UNOOTNPIENG HE avaAuon TngG
aAAnAeniopaong Ppaxopadag unooTnpiEng HE apiBunTikn  peBodO
(ouvnBwc e nenepacpeva oToIxela

MAeovekTnuata: H akpiBeotepn pebodoc (epooov ol napadoxec eival opOeC)
MelovekTnpaTa:  ZXETIKWG ouvBeTn avaluon. H_akpiBeia Twv npoPAewewv
ennPeadeTal and napadoxeg yia TIG OMOIEG guxva dev_unapyouv dedopeva (m.x.
akpIPnG oTpwuaToypadia Kar Jnxavikeg NapapeTpol). ZUVENwG, ouxva n akpipeia
TWV UNOAOYIOHWYV OEV AVTIOTOIXEI JE akpiBela NPoBAsWewV.



2unepipopa Ppaxoualac kar availuon Tne

EMIGANEIA AZTOXIAZ
EMNI®ANEIA AZTOXIAZ YNATFOPEYETAI AMEZA AMO THN ENI®ANEIA AZTOXIAZ
MEZQ BPAXOMAZA: ™8P MAPOYZIA AZYNEXEIQN BPAXOMAZA: B MEZQ BPAXOMAZAZ

. . ik

N7
e ‘@& e @Y
T T \
Q=0.1 Q=100
FEM - FDM DEM FEM - BEM

FEM: Finite Element Method (n.x. RS2-RS3)
FDM: Finite Difference Method (n.x. FLAC)
DEM: Distinct Element Method (n.x. UDEC)
BEM: Boundary Element Method
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Ap1BUNTIKEC PeBOdOI
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H OAokAnpwon piac onoudaiac OoUAEIAC

MeTpO ABnvwv. Z€Tpunnua
oTov EuayysAiopo, 1999

=eTpUNnua oTnv Znpayya
Loetschberg, 2004 EAB<TIa



v FewAoyiké Movrélo
Bnuara Seans rhnpeiomcsoc
TEXVIKOYEWAOYIKNG e | e (e [

1 1 J

a&ioAoynong yia

. MWMMWW-WM

TO YEWTEXVIKO e Gouneoepoph o Sxowaeh onplvver

OXEOIACHO TWV o —
oNPAYYywv B

XapakTnpioTika

BpaxopaZag xai
QOUVEXEIWV

Enirénou Taoeig Fewperpia
a1 uBpoyEWAOYIKG ofjpayyag
kabeoTRGg

EidIkn eppaocn oTov
HMNXaviouo acToxiag KaBopropts ey aoros
EmiAoyn karaAAnA®V napapéTpwv oxedIaopol oUp@wva
HE TOV Kupiapxo pnxaviopé aoToxiag (Tacikég i) apuTiké aoToyies) ~
Napadoxig kai Kpiripia Ixediaopol
: . (oo Te——
(Tporornioinuevo ano y1a Ta pévpa dpeong unooTAPIENG
Austrian Society of y
AenTopepiig oxediaopdg (apiBunTixi avaiuon):

Geomechanics, 2010 Aaropés sxowapis xal UnooTARIENS
version 2.1)

A
ZupBamika TeOXn




AnoO TO YEWAOYIKO HOVTEAO OTO MOVTEAO TNC Ppaxopalac

Indicative Scale

lonion Zone

I | Limestone

Pindos Zone LEGEND

| Flysch

Ophiolotic Cover

| Ophiolite complex

W Molasse

M- Thrust




Strongly disturbed, folded

2>\ rockmass, with siltstones
4 and sandstone interlayers.
The structure is retained
and deformation - shearing

Ano To yewAoyikO povTeAo (kAipaka km)
0TO PovTeAo TNG Bpaxopaldac (kAipaka m)

VERY BLOCKY
Interlocked, partially
disturbed rock mass with
multi-faceted angular

Tectonically strongly

sheared siltstone or
clayey shale forming
a chaotic structure with

Disintegrated rockmass
that can be found in wide
zones of faults or/and of
high weathering. In this

\ type mainly brittle material

is present with some
disturbed siltstones
between rock pieces

Fissile siltstone

) layers

2
7 ///4

Undisturbed thick
bedded to non-bedded
#\ limestone, well interlocked

~| consisting of cubical blocks
formed by three intersecting
discontinuity sets

with few widely spaced
discontinuities

BLOCKY

Very well interlocked
undisturbed rock mass
consisting of cubical
blocks formed by three
orthogonal intersecting
discontinuity sets

i hot stiong blocks formed by four pockets of clay. Thin layers
or more discontinuity sets ¥ of sandstone are
transformed into small rock
piecer:;:(i Ultimately thﬁ
= behavior is that

Moderately disturbed ground

siltstones Zvith Moderately disturbed of a soil

sparse sandstone sandstones with thin

interlayers films of siltstone ¥

interlayers
Folded-highly disturbed thin AR
bedded limestone with ,é//% 4
angular blocks formed by g//;l
7\ many intersecting 7%
- j discontinuity sets. ~
Persistence of
bedding plane X I
Undisturbed thin to medium-
bedded limestone with lonion Zone Pindos Zone
claystone or siltstone or chert Flysch [ rrysen
alternations, with tighten-well iolitic Cover
interlocked structure [E=] uimestone Ophiolitic complox
- consisting of cubical blocks
[ =4 formed by three intersecting ! !
discontinuity sets. o
Bedding thickness is of
several cm to few dm Intact rock specimens or BLOCKY/DISTURBED/SEAMY
massive in situ rock Folded with angular blocks

11\ formed by many intersecting

; :} discontinuity sets.
Persistence of

bedding planes or schistosity




@ lpener va Paociotel otV OPIOBETNON TWV MNAPAPETPWV
(avToxnc Kkar  nNapagopPwoIPOTNTAc)  E€KEiVWV  Orou
kaBopilouv Tn cupnepipopa TnC Bpaxoualac kai ennpealouv
TN NEB0dO dIAvoIENC, TO XPOVO Kal TO KOOTOC

€ 'Etol evac Tunoc Bpaxoualac €ival eva GUVOAO YEWUAIKWV HE
OMOIEC UNXAVIKEC, (PUOIKEC N Kal UOPAUAIKEC 1I010TNTEC Kal OXI
anapaitnTa idiwv AiBoAoyiwv.

¢ O apBuoc Twv TUNWV auTwv €€aptartal ano TIC EMNITOMOU
OUVONKeC yewAoyiac.



Tunoi Bpayxopadac

AvToxNn — NapapoPPWCIHOTNTA TOU
appnKTou Bpaxou

MoioTnTa Bpaxopalac —
Aopn

MoioTnTa AGUVEXEIWV
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KaBopiopoc Tunwv Bpaxopalac

[ToiotnTa Bpayoualiac
A. KaBopiouoc oouric — Fewteyvikn Taéivounon e 1o GSI

25m-27.8m
Type VII
GSI = 35-40

27.8m-30.8m
Type X
GSI = 12-18




[ToioTnTa Bpayoualac
KaBopiouoc oouric — lewTeyvikn Taéivounon e o GSI

Avaiuon Takivégnonc 8p0x0p0(0; GSI / GSI Rock Mass Classification Analysis

Avaiuon Tabivégnone Bpaxdpalaoc GSI/ GSI Rock Mass Classification Analysis

Texvoytwhoysr) Evoima / Engs W G gical F Texvoytwhoyr) Evoima / Engs w Geological Fi
5.3 - Morogappimg / Metasandstone 5.5 - EvaAAoylg prraileoddou xar uumum I and
Tyipa | Section. Epyo | Project MeEic B Fleld 6 Tyfpa / Section I Project 0
g / Epyo / Projec —_— —— — wnpa / Epyo ! Projec o (Hoek and Masinos 20001 - Npoflold
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[ToiotnTa Bpayoualiac
B. Avroxn appnkrou Bpoaxyou — QOUVEXEIWYV
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[ToiotnTa Boayoualac

Mnyavika xapaktnpioTika appnkrou Boaxou-lewteyvikn Taéivounon e 1o GSI

OAec or EDyaoTNPIaKES Kai EMNITOMOU OOKILES avTioToouy OE £ vav arno T0UG
MPOCOIOPICIEVOUG TUIMOUG TING Bpaxouasas kar asiodoyouvral ouppawva
LIE TN UOT TOU KGBEVOC

Edw o1 BpaxwdeIC oxnNUATIoNoi Ta&lvououvTal YEWTEXVIKA
XxpnoiponoiwvTag To GSI og ouvduaopo pe 1o UCS

"Athens Schist - Upper Unit"
Metasandstones - metasiltstones alternations
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1% \\

GSI:35-45 \
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Core Run=452.3m

Relative Frequency (%)

Unconfined Compressive Strength
Rock and Soil Samples
Modified Ranges 2
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Tigég GSI yia TiG Bpaxopaleg
nou BaBuopoundnkav kara
HNKOG TOU £pyou

TIHEG EPpYACTNPIAK®OV SOKIH®V HOVOAEOVIKNAG
OAiwng UCS yia Ta YE®WUAIKA Nou
ouvavTROnkav Kara HRKoG ToU £pyou

Elasticity Modulus against Compressive Strength
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ZUOYXETION TOU METpou
MapapoppwoipoTnTag E; kai Tou UCS
yia Ta YEWUAIKA Nou cuvavTnénkav kara
HNKOG TOU £pyou



+11260
3
|19:20 BOOPAP
b e
farl  [oosoe
b
B
e
R anam
Faed
R3]l ouanr
@
B [P
B
ke veanse
w2
NP2624 NP1593
NP2622 NH1591 NP2623 +112.92 +112.85 NP2625
+100.60 11048 I —
X +100.30 il _"::v si/’—'— y—— - - 10850
o =i, B - L R —— o S
I S 77 = iy = . 8 - P _
- = R = ~ = —n
[T / | =
52 ¥ m‘#
//“ NOF
S =
———— rose
1=
—_— Y
82 = [poe

o2l
e e T =
L 63 o N
b o= e
e
S |
\
Zraduie "KoAwvax® /
"Kolonakl® Statlon
16+583,27 - 16+683,27

“AxaoTadpwaon” HE aripayya
ypapufic 3/
"crossing" with line 3 tunnel
17+099.21 - 17+110.69

®ptap Sieupupévng Siaropng -
HeAAOVTIKT| QUVDESN YE ypappn S/
trumpet shaft - future connaction to line 5
17+289.45 - 17+326.30

p6¢ {oyal n k) /
iver { bed)

NH2628

S FERLEREH E TR 031

ol N
"_“u’f'\" Py GNP
83
B —
w— N =
S o
—— N
e N N oo (1o
< R
\\ 82 il VO
__{é‘”r =~ ~
Zrabpég "Euayyehiopoc” /
"Evangelismos™ Station
17+128,97 - 17+236,97
‘ ’.»(j; xx{ pos ?
s V,,,.,.{-, — s



Y A
oy L
R e e
2 )R IL LTS
I TN
> %%\bf@ KA
% A_.w,\\wow
2
AL/ /,
Y SRR AL
X L XA G TR
AT AL L&/
s 4 KIS

.
) de, 94
'

Heavily jointed rock mass

Model joint explicitly and use
Brown for intact rock
USOO‘GS“SB late

Intact rock - do not use GSI
Single joint - do not use GSI

Use Hoek Brown to check
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Blocky rock mass with minimal
anisotropy - use GSI with caution
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Euneipikn oXeon unoAoyIoUoU napaueTpwyv Ppaxopalac
xpnoigonolwvTac Ta&ivounoeic Bpaxopaldac
1. Kpitrpio actoyxiac Hoek-Brown (Hoek et al, 2002)

[} ' 03
o, =0;,+0, (m —+5)°
O-ci
Co . L GST —-100
gy, 03 = PEYIOTEC KUPIEC EVEPYEC TATEIC m, =im. exp( )
oTNV aoToxia b : 28 —14D
O = Movoa&ovikr) BAINTIKA avToxn
appNKTOU Bpaxou GSI —-100
s = exp( )
9-3D
D: BaBpog 1aTapagng TnG Bpaxopalag 1 1 GSII15 20/3
AOYW TNC EKOKAPNC 1N XaAApwong ( )
(0-1) 2 6

EqpappoleTal povo yia 1I00Tponn cuunepipopa Bpaxopalac



TauTtoTnTa TUNOU Bpayopadac

...... [1EPATOTNTA OXNUATIOUWY, GVTOX KAl YEWLETPIA
aouvexeiwv, diAa xap/ka



Napaperpol H-B .
via d1agpopouc
TUMOUC
Bpaxopadag
GSI
o'ci E
m;

300

Geologically
unlikely

—man v

o.(MPa)
(edw)"o

O1 ouvnBelc npoPoAec - Geologiclly \
TIueg  GSI  yia  Tunika

NETPOUATA - OXNHATIOHOUG A
o€ ouvduaouo PE Ta eupn

10

30. m, 5

Legend
L] A. & C, Gnelss/Granite | B, & D, Ophiolite | E. Limestone
I-I G pa I"' EprV H Oe k a n d 1. Fresh rock masses (Details are presonted in the paper Marines, Hoek and Marinos, 2005) | 1. Massive
2. Weathered rock masses 1. Massive strong pendotile with widely spaced discontinuities | 2. Thin bedded

(most common range s 2. Good to fair quality peridotie o COMPAct serpentinite with discontinuies | 3. Brecciated

v
Brown, oTaBepdc m; Kai sty | S et L i Sy

v F. Mollase (Details are pr d| G, Siitstone-Mud -Shale H. Schist I, FlySch (Details are presented
G V I OXr] q 0 H in the paper Hoek, Marines and 1. Massive sitstones or mudstones | 1. Strong (e.g. micaschists) |in the paper Marinos, 2017)
Cl= Marines, 2005) 2. Bocded, foliated, fractured 2. Weak (e.9.chioritc schists.| Types | 10 XI according to
1. Confined molasse at depth 3. Sheared, brecciated phyiites) sandstone-sitsione provalence
3. Sheared schist and tectonic disturbance
Wamng

* The shaded areas are indicative only and may not be appropriate for site speafic design purposes. Mean values are not suggested for
Indicative characterisation; the use of ranges Is rec
* The positions of the formations within the 0_ - m chart are indicative. Exact values of o_ - m must be anahtically defined by laboratory 18s8ng

Lo The arrows show possible extension of the small scale chart
Marinos and Carter, 2018




EunEIpIKEC OXETEIC UNOAOYICUOU PETPO NApAPopPwolpoTnTac E,

Em(GPCZ) = (l_g)\/O-CZ(MPa) ><10(GS[—10)/40

100 Hoek et al, 2002
1-D/2
Em - E" 0.02 + 60+15D—GSI)/11 . .
] + ((6OH1SD=GSIID) Hoek & Diederichs , 2006

E., = METpOo NapapopPwoIHOTNTAG
Bpaxopadag

c.m = Movoa€ovikn avtoxn Bpaxopalac

o, = Movoa&ovikn avtoxn appnkTou Bpaxou



| HIGH GSI, HIGH mi| Spalling

Massive, essenbally unjointed
Hard, Brittle Rockmass
Spalingm, s & a paramelers

applicable

Standard Hoek-Brown
m, S & a parameters vaiid

NORMAL

GSI
\ RANGE
Discontnuity Controlled
VERY LOW Interblock Shear Failure
UCSj dominates Rockmass
Behaviour

\

| GSI=25 |==
\

Q/ Matrix Dominated, Equivalent
y Homogeneous Conditions
Soill Transtionm, s & a .
parameters applicable Sq ueezing

Zones of applicability of GSI and conventional Hoek-Brown equations with
relation to transitions to brittle spalling criterion (top right) and (lower left)
to Mohr-Coulomb criterion (with potential in tunnelling for squeezing,
(photo, courtesy E. Hoek, from Carter et al. 2008).




MAPAAEITMA ATAGOPETIKHE ZYMNEPI®OPAZ ME IAIA TIMH TAZINOMHEHE
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MAPAAEINMA ATIAQOPETIKHZ ZYMIMNEPI®OPAZ ME IAIA TIMH TAZINOMHZHZ
Nepiypaen Bpaxopalag
KeppaTiopgévn PE NTWYI NOIOTNTA QOUVEXEIOV KaTtakeppaTiopévn HE KaAn noioTnTa aouvsxslu)v
(oA1oOnNpEG EMIPAVEIEG) (Tpaxeu-:c; emq;aveu-:q) R e
uUno XapnAa ungpkKeipeva uno XapnAa unepkeipeva s
TaZIvounorn WE TO YEWTEXVIKO ouoTnua GSI (Hoek and Marinos, 2000)
GSI=40 peee e | | e [H1E] GSI=40
Aopn: Tepax®mdng = = | sl IR Aopn: Anodiopyavwpévn
MoidoTnTa Acuvexsiwv: MNrTwxn = | 3 1] MoioTnTa Acuvexei®v: KaAn
RN, 7 . 5.5, I 4 T A

‘I81a Tipn GSI = - ,

- - 10 b Bpt_!xouulflc - "Id1a avaiuon yia 1ig dUo Bpaxopaleg
"I81£G ENITONOU OUVONKEG TAOEWV (ouvoxn c, ywvia TpIBng @) kai av 5ev An@Oei undwn n SopR aAAd
"I510G TUNOG Bpayou HETpo napapoppwoIpdTNTag (Em) poévo n Tipf TaEivopnong

(id1£g napapeTpol appnkrou Bpaxou o, m) - AVTIOTOIXEG SIaTHNTIKEG AOTOXIES



Ta&iv ET 1K a RMR (Bieniawski, 197
50 -100 7 50 -100 7
50 - 75 13 <25 3
0.6-0.2 15 <0.06 5
e 15 10 EAagpd Tpaxeia 25
Pon 4 Yypn-Po 7
49 47
n ATIK: avi aoToyxIiac Kai a a unooTnp!
Z@nvoeIdng oAiodnon: Pon £dagouc:
AoTOoXia TEHAXOUG KaTa HIKOG Karappon edagoug
TWV OAIOONPAOV ENIPAVEIDV HE pon vEpOU
ETPWV G unooTnP! napadsiypa):

ApXEG pETpwv apeong unooTnpiEng (napadsiypa):
Ineplopoouéq Kl OUyKpaTnon S1aKkpITOV TEHaxXmV.
- Apeon e@appoyn exToEEUpEVOU OKUPOSENATOG.

Mpo-unooTnpi§n N HIKPO BriHa EKOKAPNAG WOTE va 5l¢l‘l’l‘|pl‘|9¢l

- Epappoyi aykupiwv Gueong evépyeiag
(n.x. Swellex f) TUnou split) @oTe va oTnpier

- BApa exoka@ng: 2-3m oTnv avw Babpida.

- ET. Zkupodepa: 5-10 cm.

- MéTpio kavvaBo aykupiwv (e.g. 3m x 3m)
HAKOG KaI avToxf avaAoya HE TOV OYKO Kai
T0 BaGPOG TWV TEPAX®V.

apeoa TIG OPRAVEG (NTWXR NOIOTNTA ACUVEXEIOV) N

]| Aueon epappoyi exToEeupévou oKkUPOBENATOG R

1 - Epappoyi auTod1aTpuGPEV@VY ayKUpiV.

‘|| Bfina exoxa@iic: 1-1.5m dvew Babpida

0 nePIoPIoHOG TNG Bpaxopalag kai pnv unapie: eupnm:pn Karapporn.
e BT

yia To o@payiopa Tng BpaxopaZag kai

NEPIOPICPO and Karappor.

- Aev unapyer avaykn yia Bapl kEAupog
av SiatnpnBei o neplopiopdg TG Bpaxopalac.

(peyaAiTepo av TonoBeTnBolv Sokoi nponopeiag)

- MAaioia avaloya PE TOV KEPHATIOHO TNG
Bpaxopalac,

- EKT. ZKupOdepa: 20-25cm.

- MAaiola avaloya pe Tov KEpHATIoNO TG Bpaxopalac.

- NpooTacia per®nou: Aokoi nponopeiag eAagppou Tunou (Spiles)
- EVEHATWON PECW TWV SOKAOV NPOnopeiac,

- ANOOTPAYYION NPIV TRV EKOKAPK].

* "-; ;,

- Nukvog kavvapBog aykupiwv (nx. 1.5m x 1.5), nARpoug eveparwong,.




Tunoi TEXVIKOYEWAOYIKNC
CUHNEPIPOPAG TnG Bpaxopadag

>TnV (Acn TNG EKOKaPnNS OKonog TNG apgeanc unooTNPIENC €ivail n
£UO0TAOEIO TOU PETWMNOU KAl TOU OAKTUAIOU TNG onpayyac PEXp! Thv
£(pApUOYN TWV METPWV TNG TEAIKNC ENevOUONC.

AoTaBeia dakTuAiou:
aoToxia JE PEYAAEC GUYKAIOEIC
HE Hop®n opNVwV
KaTanTwon Tunou kauivadac
KaTappon TnG Bpaxopalag
AoTabela peTwnou:
ExBAIyn peTwnou og Bpaxopades He MOAU GTwXA HNXAVIKa
XapaKTNPIOTIKA
OAioBnon Tepaxouc Bpaxou ano ACUVEXEIEC, OUCPEVOUC
NpooavaToAIoPoU Kal avtoxng



Kupiapxol unxaviouoi
aoToyiac kaTta Tnv
£KOKAPN onpayywv

H oupnepipopa TnC Ppaxoualac, 0w,
opileTal w¢ n avTidpaor TNG oTnNV EKOKAPN
0OE €va UMOYEI0O AVOIYUd XWpPIC OMWG Vva

AaupavovTtar  unoyn

ol O1adIKaoieC

unooTNPIENG kalr aAAnAenidpaonc PeE AAAEC

(PACEIC.

2XNMOTIK Trapouciacn TwvV
KATNYOPIWV TEXVIKOYEWAOYIKNG
OUNTTEPIPOPAS YEWUAIKWY KATA
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KAaTNYOPIEG TEXVIKOYEWAOYIKNG
ZUHNEPIPOPAC

TYIIOE ANAAOI'HE
ALXTOXIAXL IE

- v > » 4 vy Y ANY M < ¥ Al
KATHI'OPIEE TEXNIKOT'EQAOI'TKHE EYMITEPI® OPAE ANYTIOETHPIKTHE AIATOMHE YIIOSTHPII'MENH

EHPAITA

Mikpeg &g PETPIEG NApAUoPP®oES, HE TNV exdnAwon SiaTunTIKWY acToxiwy ce {mvn HIKPN EXTaoNnG
nepIPETPIKG TnG onpayyas. H Bpayopala anotekeital and Tepdyn appnkTou Ppaxou HIKPAG avToxng
(ouvrBug o.<15 MPa) evi n dopr Mg Ppaxdpalag, peow Tou GSI, pabvel neparmepw Ty avroxn
Sh autn. To Bapog Twy unepkalpevy yia Ty ekdNAWon Twy NAPaPOPPAOCEWY Eival EITE HIKPO €06
pETpio (nepi Ta S50m) omv nepinTwon NTwxrG noloTnTag Siatunuévng Bpayopalag, site peyahiTepo
yia kahUTepng noioTnTag Bpaydpales. O Adyog Tou o../p, OTNV NEpINTWOn auTn Eival PIKpog
(0.3<0. ./ p,<0.6) ka1 avapevovTal f napatnpouvTal HETpie; napapopgaoelg (1-2.5%).

ZnUavTikég napapop@ooelg Adyw uneppopTong and Tny exdnAwon dIaTuNTIKMY acToxIMY o
exterapevn dovn nepiueTpIka Tne onpayyas. H Bpaxopala anoteleiral and Tepaxn appnkTou Bpayou
sq ikpnG avToxng (o.<15 MPa) evi n dopn Tng Ppaxoualag, peow Tou GSI, peivel nepamépw TNV

avtoxn au). O Adyog Tou o/ p, oMV nepinTwon aum eival HIkpog (o../p, <0.3) kai avapévovtai n
napaTnEoOUVTAal NApapopPuoEg >2.5%, ev unopel va exdnA@vovTal Kal NapaHoppOOES Kal OTO
HETwno npokak@vTag nAéov eva npofAnua TPy SKaoTAoEWY

AioykoUpevo €dagoc. H Bpayopala anoTeheiTal and onpavTikn Napoucia JIoYKOUNEV®Y 0PUKTWY
onwe PovTHophoviTnG, OUEKTITNG, avudpiTng K.d. T ONoia KE TNV NApousia vEPOU, aKOPa Kal TnG
Sw uypaaciag Tou ecwTepikoU nepifalhovTog TG onpayyac, dioykwvovTal Kal nopei va npokalécouy
onpavnkeg napapoppmaoeig (n.x. n aveunddiom didykwon Tou avudpitn Ta 60%). AuTég
exdnAdvovTal kupieg oo danedo mg onpayyag oTtav auto dev sival kKhaioTo.




Mnxaviopoi aoToxiag

Napadeiypara

KaTtappon £6agouc > (PNVOEIOEIC anOKOAANCEIC
- o)\loer]oslq

Wedge 5//d/ng fa///ng- Wg
FIESE A A



Mnxaviopoi aocToyiag

Napadeiypara

Karantwon Tunou Katantwon Tunou
«KapIvadac» - UNepeokapn  «KApvadac» - UNEPEOKAPn

b ( Ch- Ch/mney type
failure)

N R T

, ( Ch Ch/mney type
S failure)




Mnxaviopoi aocToyiag

Napadeiypara
>UvOAIyn €dapouc >UvBAIyn €6agouc
Ynep@opTIon KEAUPOUC - KATw ano unssziueva 1200m

«Auylopeva» nAaiola O€ ypacmeo 0x|0'ro)\|60

Squeezing ground (5q)

(Hoek, 2007)



Napaupopewaon € = (KAcioigo onpayyag / diauerpo onpayyag)-100 (%)

MpoBAsywn paivopevwv oUVOAIWNG.

- - - A A o
O = N W 5~ O

O = N W 2 OO0 O ~N o O

Mia apxikn npooEyyion

EKTIMHZIH ANTOXHZ BPAXOMAZAZ o,
:G 1.0
Mapapopeuwon ueyaAutepn amd 10% g 094
Axpaia TTEoRANMATa CUVOAIYNG &
% 0.8
g
z 0.7
<
;E 0.6+
B m,
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TexvikoyewAoyikoi Tunol AGBeaToAiBou
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TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*
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TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*

ROCK MASS STRUCTURE
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OVERBURDEN (H)

for up to
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(As in GSI, Hoek & Marinos, 2000)

INTACT OR MASSIVE

INtact rock SpRcimens or massive
In situ rock with few

widely spaced discontinuities

INTACT ROCK STRENGTH (0,)
Indicative limit: 0~ 15 Mpa
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e LAMINATED/FOLIATED/SHEARED _
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TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*
OVERMDEN (N)
(Rock for up to ds metres**)
ROCK MASS STRUCTURE Small overburden Large overburden
S D — INTACT ROCK STRENGTH (0,) INTACT ROCK STRENGTH (0,)
Indicative limit: 0~ 15 Mpa Indicative limit: 0~ 15 Mpa ‘
Low o, High o,

INTACT OR MASSIVE

INtaCt rock SpRCIMEns of massive
In situ rock with few

widely spaced discontinuities

4 BLOCKY

] Well irteriocked undisturbed

A A rock mass consisting of blocks

y formed by three orthogonal
™| Intersecting discontinuty ses

w
— o]
OVERBURDEN (H) LIMIT: ~150 m

Interfocked, partially disturbed
rock mass with mwult-faceted
angular blocks formed by four
] o more clscontinulty sets

H LIMIT: ~100 m

- BLOCKY/DISTURBED/SEAMY
Foided with angular blocks formed
by many ntersecting discontinuty
sets, Persistence of bedding planes
or schistosity. It Is understood that
the rock mass is cisturbed and
ansotropy can be developec

Poorty interfocked, hamdly broken
rock mass with mixtiure of angular
%] and rounded rock pleces

= LAM!MTEDIFOUATEDISNEAREUl
: Laminated or folsted and tectonically ||
1 sheared weak rock mass. Folation

OVERBURDEN (H) LIMIT: ~70 m

prevalls over any other clscontinuity

1 568, resulting in complete lack of

| 1 DIOCKINESS (ths drawing scale is not
g\ } compared with the other's drawing scales)
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, occasionally 4 n'

based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, desintegrated, g-g E 3 S § b &

sheared), the proportion of slitstones against sandstones and the expressed or not stratification inside the .L.g 3 5 3 o @ s

siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an increase of the o % £ = k] S Z’ =

GSI value by 5 is suggested. From type IV and the following types, the stratification planes are perceptible inside -] E s 3 %‘ 2 £ o 8

the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average value GSI from S 3 E = = g g 2 2

the contours. The determination of the structure and the conditon of discontinuities may range between two adjacent fields. E§ g S § o V’_t

Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfavourably oriented a > a = < £ £5 = g < 3

continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass. The strength of some rock z E 8 S % 2 § =35 2 Do

masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in the columns for fair, 8 | Q g o= 1] ﬁ‘ 9 2 g

poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effective stress analysis. wE ; = &8 [ @ g b " : > % =
2| 85 | 855 A
o wv o

STRUCTURE AND COMPOSITION a & | DECREASE OF THE QUALITY OF DISCONTINUITIES cosliy-

| . | TYPE I. Undisturbed, with thick to medium = 4 TYPE II. Undisturbed massive siltstone F

| . thickness sandstone beds with sporadic thin films || (stratification planes are imperceptible) with

/ of s‘i_nstone. In shalqu tunnf:ls or _slogef whsre sporadic thin interlayers of sandstones /) J

XpnoigonoIlEiTal HOVO Yia I00TPONN

oupnepipopa Bpaxopasag

LA — O T

v
TYPE VII. Strongly disturbed, folded rockmass
" that retains its structure, with sandstone and
L 44 siltstone in similar extend

4| TYPE VIIIL. Strongly disturbed, folded
#774 rockmass, with siltstones and sandstone
7 interlayers, The structure is retained and N/A

deformation - shearing is not strong

TYPE IX. Desintegrated rockmass that can be
found in wide zones of faults or/and of high
weathering. In this type mainly brittle material
is present with some disturbed siltstones
between rock pieces

d TYPE X. Tectonically deformed intensively
folded/ faulted siltstone or clay shale with
= broken and deformed sandstone layers

=1 forming an almost chaotic stucture

N/A

siltstone or clayey shale forming a chaotic

72 “J] structure with pockets of clay. Thin layers of
g)"] sandstone are transformed into small rock
7 pieces. Ultimately the ground behavior is that

v of a soil

N/A

N/A

Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
——— Direction of tectonic disturbance and deformation of equivalent rockmass lithology




GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of clearly different lithology types with significant differences in
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are consisting of
sandstones and siltstones, Clay shales may be present. From a description of the lithology, structure and surface conditions of
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the structure should be
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, desintegrated,
sheared), the proportion of slitstones against sandstones and the expressed or not stratification inside the
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an increase of the
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are perceptible inside
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average value GSI from
the contours. The determination of the structure and the conditon of discontinuities may range between two adjacent fields.
Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfavourably oriented
continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass, The strength of some rock
masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in the columns for fair,
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effective stress analysis,

, slightly weathered or oxylised

Very rough, fresh unweathered surfaces
GOOD
surfaces

weathered surfaces with soft clay coating

or fillings

surfaces with compact coatings or fillings
with angular fragments

Very smooth, occasionally slickensided
VERY POOR

Very smooth, slickensided or highly

VERY GOOD

POOR

SURFACE CONDITIONS OF DISCONTINUITIES

(Predominantly bedding planes)

DISCONTINUITIES

l

STRUCTURE AND COMPOSITION

of siltstone. In shallow tunnels or slopes where
confinement is poor the mode of the failure has
a kinematic character controlled by the bedding
\| planes and GSI is meanigless

. | TYPE 1. Undisturbed, with thick to medium TYPE II. Undisturbed massive siltstone
“{ thickness sandstone beds with sporadic thin films (stratification planes are imperceptible) with
sporadic thin interlayers of sandstones

“_ ") TYPE III. TYPE 1IV.
| Moderately Moderately
. | disturbed disturbed
3 sandstones rockmass with
\| with thin films sandstone and
of interlayers 7 siltstone similar
of siltstone amounts

{ TYPE VII. Stm'ngly disturbed, folded rockmass
that retains its structure, with sandstone and

; 1 rockmass, with siltstones and sandstone
4 siltstone in similar extend

interlayers. The structure is retained and
deformation - shearing is not strong

TYPE IX. Desintegrated rockmass that can be
found in wide zones of faults or/and of high
weathering. In this type mainly brittle material
is present with some disturbed siltstones
between rock pieces

“24 TYPE X. Tectonically deformed intensively
"% folded/ faulted siltstone or clay shale with
= broken and deformed sandstone layers
=1 forming an almost chaotic stucture

#2571 TYPE XI. Tectonically strongly sheared .
a7+ siltstone or clayey shale forming a chaotic

g7 =="J| structure with pockets of clay. Thin layers of

Vi /f’N sandstone are transformed into small rock

= f| pieces. Ultimately the ground behavior is that

i e of a soil

N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
—— Direction of tectonic disturbance and deformation of equivalent rockmass lithology



GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of dlearly different lithology types with signif
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternationd
sandstones and siltstones. Clay shales may be present. From a description of the lithology, structure and
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the st
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - foldeqd
sheared), the proportion of slitstones against sandstones and the expressed or not stratl
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an|
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are p
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the ave
the contours. The determination of the structure and the conditon of discontinuities may range between
Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfj
continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass. The strg
masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in t
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effe

E AND COMPOSITION

PE I. Undisturbed, with thick to medium
thickness sandstone beds with sporadic thin films
of siltstone. In shallow tunnels or slopes where
confinement is poor the mode of the failure has
a kinematic character controlled by the bedding
planes and GSI is meanigless

TYPE II. Undisturbe
(stratification planes arg
sporadic thin interlayerg

TYPE II1.

) TYPE IV.

sandstone and
siltstone similar
amounts

| Moderately z ;f Moderately
| disturbed -~ disturbed ; : P
4 sandstones =1 rockmass with 5 5 oS W H Li1L LV V Vi

of interlayers
of siltstone

+{ with thin films |—"

or fillings

F— v —
e I/ TYPE VIL. Strongly disturbed, folded rockmass |
279477 that retains its structure, with sandstone and »74 rockmass, with siltstones and sandstone

L £] siltstone in similar extend 7 interlayers, The structure is retained and ‘ / ‘
y' || deformation - shearing is not strong N/A VII VIII

TYPE IX. Desintegrated rockmass that can be
found in wide zones of faults or/and of high
weathering. In this type mainly brittle material
is present with some disturbed siltstones
between rock pieces

d TYPE X. Tectonically deformed intensively
%% folded/ faulted siltstone or clay shale with
#d broken and deformed sandstone layers N / A Ix
forming an almost chaotic stucture

I y
/

ﬁ"- 57| TYPE XI. Tectonically strongly sheared <«

4.6’_”1 =~ siltstone or clayey shale forming a chaotic

Py structure with pockets of clay. Thin layers of N / A N/A
£)] sandstone are transformed into small rock /

i g}eces.]UIumately the ground behavior is that

4 of a sol

N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
——— Direction of tectonic disturbance and deformation of equivalent rockmass lithology




GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FL
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of clearly different lithology types with signi
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternationd
sandstones and siltstones. Clay shales may be present. From a description of the lithology, structure and
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the st
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded
sheared), the proportion of slitstones against sandstones and the expressed or not stratl

siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an|

GSI value by 5 is suggested. From type IV and the following types, the stratification planes are p™===s e —

- '-~"'~£}. -~
. .

e ———

the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the ave
the contours. The determination of the structure and the conditon of discontinuities may range between
Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfj
continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass. The strg
masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effecll®

STRUCTURE AND COMPOSITION

PE II. Undisturbe
stratification planes ar¢
sporadic thin interlayers

TYPE 1. Undisturbed, with thick to medium
thickness sandstone beds with sporadic thin films
of siltstone. In shallow tunnels or slopes where
confinement is poor the mode of the failure has
a kinematic character controlled by the bedding
.| planes and GSI is meanigless

] TYPE III. TYPE 1V.
| Moderately <4 Moderately
) disturbed disturbed
sandstones rockmass with
\{ with thin films | sandstone and
of interlayers siltstone similar
of siltstone amounts

v
{ TYPE VII. Strongly disturbed, folded rockmass
that retains its structure, with sandstone and
siltstone in similar extend

/4744 rockmass, with siltstones and sandstone
1 interlayers. The structure is retained and
| deformation - shearing is not strong

TYPE IX. Desintegrated rockmass that can be
3 found in wide zones of faults or/and of high
‘¢=f§ weathering. In this type mainly brittle material

;b),.~"'| is present with some disturbed siltstones

(‘{,7/&‘\‘4 between rock pieces

MNAIRTIA

TYPE X. Tectonically deformed intensively
q folded/ faulted siltstone or clay shale with
broken and deformed sandstone layers

e
i
M,
k=

(€3

N/A |

N/A

#927| TYPE XI. Tectonically strongly sheared <
#—=7- siltstone or clayey shale forming a chaotic
2°J] structure with pockets of clay. Thin layers of
0" sandstone are transformed into small rock

e a e of a soil

N/A

N/A

|/
l VII VIII
\/ /s
%

IX

or fillings

X

i

XI

N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual

—— Direction of tectonic disturbance and deformation of equivalent rockmass lithology



GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of dearly different lithology types with significant differences in
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are consisting of
sandstones and siltstones. Clay shales may be present. From a description of the lithology, structure and surface conditions o
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the structure
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, desin
sheared), the proportion of slitstones against sandstones and the expressed or not stratification |
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an increas
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are perceptil
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average value
the contours. The determination of the structure and the conditon of discontinuities may range between two adjac
Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfavourab
continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass. The strength of
masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in the colum
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effective stre

DNTINUITIES

sided
hs or fillings

STRUCTURE AND COMPOSITION
/ . | TYPE I. Undisturbed, with thick to medium

TYPE II. Undisturbed mass
(stratification planes are imper(
sporadic thin interlayers of sand

. thickness sandstone beds with sporadic thin films
of siltstone. In shallow tunnels or slopes where
confinement is poor the mode of the failure has
a kinematic character controlled by the bedding
planes and GSI is meanigless

=4 rockmass with

ith thin films sandstone and
interlayers siltstone similar
siltstone amounts

that retains its structure, with sandstone and

74 rockmass, with siltstones and
L £{ siltstone in similar extend

| interlayers. The structure is reta
|| deformation - shearing is not st

| TYPE X. Tectonically deformed i3
% folded/ faulted siltstone or clayjf
#= broken and deformed sandst

~| forming an almost chaotic stuct

TYPE IX. Desintegrated rockmass that can be
found in wide zones of faults or/and of high
weathering. In this type mainly brittle material
is present with some disturbed siltstones
between rock pieces

73~387| TYPE XL Tectonically strongly sheared <
4;?_"* =# siltstone or clayey shale forming a chaotic
oS structure with pockets of clay. Thin layers of
£)] sandstone are transformed into small rock
{7 g}eces.]UIumately the ground behavior is that
4 of a sol

N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
——— Direction of tectonic disturbance and deformation of equivalent rockmass lithology

Very smooth, slickensided or highly

weathered surfaces with soft clay coating

or fillings




GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of dlearly different lithology types with significant differences in
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are consisting of
sandstones and siltstones, Clay shales may be present. From a description of the lithology, structure and surface conditions of
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the structure should be
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, desintegrated,
sheared), the proportion of slitstones against sandstones and the expressed or not stratification inside the
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an increase of the
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are perceptible inside
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average value GSI from
the contours. The determination of the structure and the conditon of discontinuities may range between two adiacent fields

Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where

continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass, The
masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effd

unweathered surfaces

ONS OF DISCONTINUITIES

dding planes)

compact coatings or fillings
rfaces with soft clay coating

occasionally slickensided
agments

y weathered or oxylised
slickensided or highly

STRUCTURE AND COMPOSITION

.. | TYPE I. Undisturbed, with thick to medium 4 TYPE II. Undisturt
.{ thickness sandstone beds with sporadic thin films /// “ | (stratification planes a
of siltstone. In shallow tunnels or slopes where | sporadic thin interlaye

confinement is poor the mode of the failure has |-=
a kinematic character controlled by the bedding
planes and GSI is meanigless

TYPE III. TYPE 1V. TYPE V.

| Moderately Moderately Moderately

| disturbed disturbed disturbed
sandstones rockmass with siltstones with
with thin films sandstone and sandstone
of interlayers siltstone similar interlayers
of siltstone amounts
5. I77] TYPE VIL. Strongly disturbed, folded rockmass 4 TYPE VIII. Strongly

/4774 rockmass, with siltsto
=\ interlayers., The stru
1| deformation - shearing

TYPE IX. Desintegrated rockmass that can be
found in wide zones of faults or/and of high
weathering. In this type mainly brittle material
is present with some disturbed siltstones
between rock pieces

224 TYPE X. Tectonically deformed intensively
A% folded/ faulted siltstone or clay shale with

|54 broken and deformed sandstone layers N/A
= forming an almost chaotic stucture

== siltstone or uc\laye;;( sha(l: Cflgrmgpr% a‘adwaou‘;
== structure with pockets y. Thin layers of

& _s%)"| sandstone are transformed into small rock N/A

e (ﬁ 74| pieces. Ultimately the ground behavior is that
=850 of a soll

N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
—— Direction of tectonic disturbance and deformation of equivalent rockmass lithology



GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of clearly different lithology types with significant differences in
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are consisting of
sandstones and siltstones. Clay shales may be present. From a description of the lithology, structure and surfi N
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the st

based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, %
sheared), the proportion of slitstones against sandstones and the expressed or not stratificatiine
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are p
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the averag
the contours. The determination of the structure and the conditon of discontinuities may range between twd
Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfa
continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass. The stre
masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in the]
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effect

py coating

hhly

Aiflor fillings

or fillings

STRUCTURE AND COMPOSITION

- thickness sandstone beds with sporadic thin films (stratification planes are |
of siltstone. In shallow tunnels or slopes where | sporadic thin interlayers ¢
confinement is poor the mode of the failure has |=
a kinematic character controlled by the bedding
.| planes and GSI is meanigless

TYPE I. Undisturbed, with thick to medium % TYPE II. Undisturbed

] TYPE III.
| Moderately

| disturbed
sandstones
+{ with thin films
of interlayers
of siltstone

F1T| TYPE VIIL Strongly didfe
75744 rockmass, with siltstones
1 interlayers, The structure
.| deformation - shearing is

v
{ TYPE VII. Strongly disturbed, folded rockmass
that retains its structure, with sandstone and
siltstone in similar extend

TYPE IX. Desintegrated rockmass that can be
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between rock pieces

234 TYPE X. Tectonically defds
| folded/ faulted siltstone ¢
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%V’/ pieces. Ultimately the ground behavior is that
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N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
—— Direction of tectonic disturbance and deformation of equivalent rockmass lithology



GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of dlearly different lithology types with significant d
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are
sandstones and siltstones. Clay shales may be present. From a description of the lithology, structure and surface (
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the structure,
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, de:
sheared), the proportion of slitstones against sandstones and the expressed or not stratification
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an inc
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are percep
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average va
the contours. The determination of the structure and the conditon of discontinuities may range between two adj
Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfavoural
continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass, The strength (
masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in the col
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effective st

STRUCTURE AND COMPOSITION
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"] TYPE III. TYPE 1IV. 3

/| Moderately o' Modergagly 7 , Joderate

| disturbed distu Z
with thin films sandstone and / = 1
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4 TYPE IX. Desintegrated rockmass that can be
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N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
- Direction of tectonic disturbance and deformation of equivalent rockmass lithology



GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of clearly different lithology types with significant differences in
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are consisting of
sandstones and siltstones, Clay shales may be present. From a description of the lithology, structure and surface conditions of
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the structure should be
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, desintegrated,
sheared), the proportion of slitstones against sandstones and the expressed or not stratification inside the
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an increase of the
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are perceptible inside
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average value GSI from
the contours. The determination of the structure and the conditon of discontinuities may range between two adjacent fields.
Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfavourably oriented
continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass, The strength of some rock
masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in the columns for fair,
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effective stress analysis,
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STRUCTURE AND COMPOSITION

TYPE 1. Undisturbed, with thick to medium
thickness sandstone beds with sporadic thin films
of siltstone. In shallow tunnels or slopes where
confinement is poor the mode of the failure has
a kinematic character controlled by the bedding
.| planes and GSI is meanigless
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PE VII. Strongly disturbed, folded rockmass
at retains its structure, with sandstone and
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TYPE IX. Desintegrated rockmass that can be
found in wide zones of faults or/and of high
weathering. In this type mainly brittle material
|15 present with some disturbed siltstones
between rock pieces
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a7+ siltstone or clayey shale forming a chaotic
structure with pockets of clay. Thin layers of
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N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
—— Direction of tectonic disturbance and deformation of equivalent rockmass lithology



GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of dlearly different lithology types with significant differences in
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are consisting of
sandstones and siltstones. Clay shales may be present. From a description of the lithology, structure and surface conditions of
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the structure should be
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, desintegrated,
sheared), the proportion of slitstones against sandstones and the expressed or not stratification inside the
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an increase of the
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are perceptible inside
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average value GSI from
the contours. The determination of the structure and the conditon of discontinuities may range between two adjacent fields.
Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfavourably oriented
continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass, The strength of some rock
masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in the columns for fair,
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effective stress analysis.
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GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of dearly different lithology types with significant differences in
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are consisting of
sandstones and siltstones. Clay shales may be present. From a description of the lithology, structure and surface conditions of
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the structure should be
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, integrated,
sheared), the proportign ¢ On aains ndstones nd th nrecced or not stratification insid Hhy
siltstone layers. In t S
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N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
——— Direction of tectonic disturbance and deformation of equivalent rockmass lithology
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GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of clearly different |it]
their strength properties. For flysch, a typical formation with heterogeneous rock ma
sandstones and siltstones. Clay shales may be present. From a description of the it
discontinuities (particularly of the bedding planes), choose a box in the chart. The
based on the tectonic disturbance (undisturbed, slightly disturbed, strong
sheared), the proportion of slitstones against sandstones and the expres
siltstone layers. In the type IV and V when the thickness of sandstone be
GSI value by 5 is suggested. From type IV and the following types, the strati
the siltstone mass. Locate the position in the box that corresponds to the conditions
the contours. The determination of the structure and the conditon of discontinuities
Note that the Hoek - Brown criterion does not apply to structurally controlled
continuous weak planar discontinuities are present, these will dominate the behaviour of
masses is reduced by the presence of groundwater and this can be allowed for by a slig
poor and very poor conditions. Water pressure does not change the value of GSI and it is ¢

STRUCTURE AND COMPOSITION

TYPE 1. Undisturbed, with thick to medium
thickness sandstone beds with sporadic thin films
of siltstone. In shallow tunnels or slopes where
confinement is poor the mode of the failure has
a kinematic character controlled by the bedding
.| planes and GSI is meanigless
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N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
—— Direction of tectonic disturbance and deformation of equivalent rockmass lithology



GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH
(V. Marinos, 2007)

Heterogeneous rockmasses are meant those with alternating layers of dearly different lithology types with significant differences in
their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are consisting of
sandstones and siltstones. Clay shales may be present. From a description of the lithology, structure and surface conditions of
discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the structure should be
based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, desintegrated,
sheared), the proportion of slitstones against sandstones and the expressed or not stratification inside the
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an increase of the
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are perceptible inside
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average value GSI from
the contours. The determination of the —
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STRUCTURE AND COMPOSITION
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Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual
Direction of tectonic disturbance and deformation of equivalent rockmass lithology
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AoTaOgia AOyw SOHIK®V
CQOUVEYXEIWV — OPNVEG

Zupnepipopa Bpaxopalag:
AoTabeia AOyw dOIKWV vesin'e
AOUVEXEIWV, M.X OPNVEC (o€
XAUNAEG - PEOEG TATEIG)

ApPXEC AVTIHETONIONG:
Meplopiopoc XaAapwang Kal
anodlopyavwong Tng padac.
2UyKpaTnon dIakpITwV acTadbwv
TEPAXWV

2Xe01AOHOC:

AvaAuon apnvwv



Auopevnc SopIkn O1aTAEn AOUVEXEIWV:
Z(PRVEG

NToon opnvag OAiocOnon opnvag

Ta anapaiTnTa yid TRV avTIHETONION:

1. AvalnTnon kal JETPNOEIC TOU NPocavaToAIGHoU TwV GNUAVTIKWY
aocuvexeEIwv nou napouaialouv Kal EPPovi) — YRoAOYIOHOC TNG OIaTHNTIKNG
avTOXNC AOUVEXEIWV

2. MpoadIopIoPOC TwV dUVNTIKWY OPNVWV MOU KNopouV vd NECOUV

eAeUBepa N va oAiocdnoouv ano Tnv opodpn n Ta ToIXwHaTa

3. YNoAoyIopOC TOU OUVTEAEOTOU AOPAAEIaC auTwV TV oPpnvVwv availoya
LE TOV TPOMNO acToXiac

4. YnoAoyIoNOC TNG avaykaiac unooTnpIENG WOTE O GUVTEAEDTNC AoPaA&iag
va Bpebei oTa napadekTa enineda
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2. MpoadiopIouoc TwV dUVNTIKWY OPNVWY Nou Pnopouv va
neoouv eAeUBepPa 1 va oAioBrjoouv ano Tnv opodn 1 Ta
TOIXWHATA
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3. YNoAOYyIOPOC TOU OUVTEAECOTOU AOPAAEIAC auTWV TWV OPNVWV
avaloya Pe Tov TpOno aoToxiag
4. YnoAoyIiohOC TNG avaykaiac unooTnpiENC WOTE O GUVTEAEDTNC
aopaleiac va Bpebei oTa napadekTa nineda

Weight 44.4 t

Right wall wedge
Weight 5.2t
FS =0.37

Left wall wedge
Weight 3.3 t
FS =0.40

Floor wedge
Weight 181 t
Stable




ApXEC UNOCTNPIENC -KATANTWOEIC

A@opa:

MNEPIOXEC OTOHIWV

MNEPIOXEC HIKPWV

UMNEPKEILEVWV
ZWVEC pNyMNATWV

EKTOC ano &kT. oKupodeua
Kal aykupia , ehAagpou TUMNou
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Brjua ekoka@nc nePIOPICUEVO
(~2m) vyia TNV anogpuyn
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ApxEc unooTnpiEng os karappeovra edaen (Rv)

Z1aBepoTToIinuévn onpayya otrd
TNV TTPONYOUHEVN TTPOXWPENON

AakTUNIOEIDAG
EYKOTTH

AvTnpida peTWITOU

BrAua 1: EKoka@n TEPIMETPIKAG
EYKOTING ME USPAUAIKO Oo@Qupi
BaBoug 1-1,5m. AQRVETE PUOIKA
avTnpeida oTo KEVTPO TOU
HETWTTOU yIaA va dlaTnproel ToV

EPIOPIOHO TNG Bpaxouadag

Néo oTpWpa €KT.
OKUPOdEPATOG

BAua 2: Apéowg pETA TV
EKOKOQI) TNG EYKOTING,
E£PAPUOYN EKTOEEUPEVOU
OKUPOBEPATOG OTNV EKTEBEICT
Bpaxopada TNG EYKOTIAG yia TRV
OUYKPATNOT TWV JIKPWV
Tepaywv. Ekrogeupévo
OKUPOSEUA KOl 0TV avTnpida
gival ouvBwg atrapaiTnTo.

Néa aykUpia

e = 9

Néa BARTPa
TIPOTTOPEiag

BrAua 3: EykardoTaon véwv
BAATPWV (ETMKOAUTITOMEVWV PE
TA TTPONYOUMEVA) KOl VEWV
aAyKUpiwVv auEéows TTiow aTroé 1o
péTwTro. AQaipeon TG
avtnpidag. H diaroun givan Twpa
€TOIUN YIO TNV VEX AON
EKOKOPNG

Overlapping grout cylinders forming
a stable roof structure N

Grout injection through light perforated pipes,
possibly with pressure control valves

Grout injection in the face may also

be required to control face stability
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P Self-drilling rockbolts

e Forepole umbrella

Steel sets embedded in shotcrete
/

Fibreglass face reinforcement dowels

Elephant foot

T Micropiles or alternative
treatment to improve the
bearing capacity of the

elephant foot foundation

Temporary invert /

~Final invert

Not to scale - final lining not shown
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