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TexvikoyewAoyikoi Tunol AcoBecToAiBou

. H Bpaxouada eival evrova KEpUATIOPEVN
T Kal anodlopyavwpevn ano EPINMEUTIKEG
KIVIOEIG KAl TEKTOVIKA pAKnN

KaTtakepuaTiopevoc aoBeoToABOC
o€ KAIJAKEC «paXEwV> Kal Oxl
HELOVWUHEVWY (WVV.
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TexvikoyewAoyikoi Tunol AcoBecToAiBou

XapakTnpioTika Bpaxopalac: s I

MIKPN) YEVIKG GUVEKTIKOTNTA : A

YwnAn yevika avtoxn

MeyaAn ywvia TpIBn¢ (avaioya kal Ye To aAAnAoKAgidwua)

KaAn €wc nTwxn aANAEUNAOKN TWV TEHAXWV Tou. To OPIKTO KAEIOWHA TWV TEPAXWV
neplopilel Tn Bpaxouala kal TG Npoadidel euoTABEIa Evw TO NTWXO ONUIOUPYEI GUVONKEC
«EMEKTAONC» KAl EUKOAOTEPNC NEPIOTPOPNC TWV TEPAXWV MOU XWPIC AUECO NEPIOPIOUO
o€ pia onpayya «aneAeuBepwvovTar Kal KaTappeouV.

MBavn eupavion apyINKwv UNIKwWV avapesa oTa TEPAn NouU PEIMVOUV TNV TPIRN Kal
OIEUKOAUVOUV TNV NEPICTPOPI TOUC.



Tsxvmoysw)\oyn(m TUnol AoBeaToAiBou

TexvikoyewAoyiko MpoTuno
>uotnua Ta&ivounonc GSI yia
AoBeoToOAIBOUC LE N XWPIC EVAAAAVEC

TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*

OVERBURDEN (H)

(Rock for up to etres**)
ROCK MASS STRUCTURE Small overburden Large overburden
o . INTACT ROCK STRENGTH (0,) INTACT ROCK STRENGTH (0,)
Indicative limit: o~ 15 Mpa Indicative limit: o~ 15 Mpa
Low o, High o, Low o, High o,
(2
ass e E
INTACT OR MASSIVE R
Intact rock specimens or massive 3
In sty rock with few P
widedy spaced discontinuiies | g
=
5] 01
L7575 moeky 5
"S5 5] Well interiocked undisturbed
50/ | formed by three orthogonal
L/ /] Intersecting discontinuity sets g

K| VERY BLOCKY

Interiocked, partially duturbed
A rock mess with multi-faceted
~ | angular blocks formed by four
PEX 3 or more ciscontinulty sets

H LIMIT: ~100 m

BLOCKY/DISTURBED/SEAMY
2| Folded with angudar blocks formed

o .hevoou‘asstsdmvbedm
ansotropy can be ceveloped

451 DISINTEGRATED
L4 Poorty Interfocked, heavily broken
1 rock mass with mixture of angular
o teed and rounded rock pleces

477 .mmm:«xmss Folaton
Vi 1 provalls over any other ciscontinuity
Wiz '.sd resuling In complete lack of
o006 { BhoCkiness {this drawing scale is not

\ . COMpared with the other's drawing scales)

OVERBURDEN (M) LIMIT: ~70 m
A COONeT Pl




TexvikoyewAoyikoi Tunol AcoBecToAiBou

TexvikoyewAoyiko MpoTuno
>uotnua Ta&ivounonc GSI yia
AoBeoToAIBOUC LE N XWPIC EVaAAAVEC

TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*
OVERBURDEN (H)
for up to | hundred

etres**)

ROCK MASS STRUCTURE Small overburden Large overburden
(Astn GS1, S — INTACT ROCK STRENGTH (o) INTACT ROCK STRENGTH (0,)
Indicative limit: o~ 15 Mpa Indicative limit: 0~ 15 Mpa
Low g, High o,
~| INTACT OR MASSIVE
Intact rock specimens or massive
In situ rock with few
widely spaced discontinuities

OVERBURDEN (H) LIMIT: ~150 m

LKA anguiar blacks formed by four
LA or more clscontinulty sets

H LIMIT: ~100 m

R BLOCKY/DISTURBED/SEAMY
A Folded with angular blocks formed

by many intersecting discontinuty
| sets, Perssterce of bedding plares
o] or schistosky. [t Is understood that
| the rock mass is disturbed and
ansotropy can be ceveloped

B i -
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OVERBURDEN (M) LIMIT: ~70 m

M 4 blockingss {this drawing scale is not
HALNAE compared with the other's drawing scales)




TexvikoyewAoyikoi Tunol AcoBecToAiBou

TexvikoyewAoyiko MpoTuno
>uotnua Ta&ivounonc GSI yia
AoBeoToAIBOUC PE N XWPIC EVAANAYEC

TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*

OVERBURDEN (H)
(Rock for up to ds metres**)
ROCK MASS STRUCTURE Small overburden Large overburden '
in GSI, Hoek
- A, INTACT ROCK STRENGTH (0,) INTACT ROCK STRENGTH (0,)
Indicative limit: o~ 15 Mpa Indicative limit: o~ 15 Mpa
Low o, High o, Lowa, High o,
i 2]

INTACT OR MASSIVE

Intact rock specimens or massive
In situ rock with few

widely spaced discontinuities

< A BLOCKY |
>, ] Well irteriacked undisturbec
¥ ] rock mass consisting of blocks
X formed by three orthogonal
™| Intersecting discontinuity sets |

[«
@
OVERBURDEN (H) LIMIT: ~150 m

#+1 VERY BLOCKY

] Interiocked, partialy deturbed
v rock mass with mudti-faceted

| angular blocks formed by four
7] or more ciscontinulty sets

H LIMIT: ~100 m

- BLOCKY/DISTURBED/SEAMY
W Folded with angular blocks formed
by many intersecting discontinuty
| sets, Persisterce of bedding plares
O or schistosy. [t Is understood that
] the rock mass is disturbed and
ansotropy can be ceveloped

DISINTIGRA“D

5241 Poorty Interfocked, heavily broken
rock mass with mixture of angular
taed and rounded rock pleces

» LAMINATED/FOLIATED/SHEARED,
1 Laminated or folated and tectonically
1 sheared weak rock mass. Folation

OVERBURDEN (M) LIMIT: ~70 m

1 provalls over \nyo!nvch{u‘ﬂnuf'v
sd resulting In complete lack of

(|4 tlockiness {this drawing scale is not

Al
) 3 Compared with the other's drawing scales)




TexvIKoyewAOYIKOI TUMOI KAl CUMNEPIPOPA
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TexvikoyewAoyikol Tunol PAuoxn

To uno d1avoiEn YEWUAIKO gival yevika adianéparto. O unoyeiog udpoPopog opifovrac nave ano To
€ninNgdo TNG oNpPaAyyag, YEYyovoc To onoio NpoPaveg eNNPEAZel Tn YEWTEXVIKI CUHNEPIPOPA TOV
aocBevov oXNHATIOH®YV, EV® 3V dnHIoupyoUvTal NPOBANHATA EICPOWV.

Z1n diavoiEn onpayywv HEoa and HEYAAEG
TEKTOVIKEG YPAHHEG, E0TW Kal KAOETA OE
auTEG, N Bpaxopada gival NoAU diatapaypévn
O€ €UPEia KAiHaka AOY® KUpPiwG TV
00pUPOPMV EPINNEVUCEMV Kal SIATHNOEWV.

FewuAIKka pHE EvTOVn NAPapopP®on aAAd He
diaTtnpnon Tng dopn Toug




Alaypappa GSI yia ETEPOYEVEIC Bbakouﬁ(sﬁ

based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, desintegrated, E-g g E % ;‘g B &
sheared), the proportion of slitstones against sandstones and the expressed or not stratification inside the w % 5 1] © ) 3 £
siltstone layers. In the type IV and V when the thickness of sandstone beds exceed 50cm an increase of the o £ = st E3
GSI value by 5 is suggested. From type IV and the following types, the stratification planes are perceptible inside g _? 3 3 %’ 'g 2 2 g 8
the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average value GSI from 3 = = Ugc» O
the contours. The determination of the structure and the conditon of discontinuities may range between two adjacent fields. EE g F g 38 £ 8-
Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfavourably oriented o 5. = - r< é £5 5 -3 3
continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass. The strength of some rock %2 8 e .g' 3 g 2 § T
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 2 (L) g A ] 5‘ g g2 g2
poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effective stress analysis, §§ : ‘é Sgé o« ég g ség E Z.%“::_
-~ =W &
“ 2 Se oz 3 E 5% |823%|52¢%s
STRUCTURE AND COMPOSITION 8 & | DECREASE OF THE QUALITY OF DISCONTINUITIES coliy-

amounts

of siltstone

. | TYPE I. Undisturbed, with thick to medium A TYPE II. Undisturbed massive siltstone
- thickness sandstone beds with sporadic thin films / # | (stratification planes are imperceptible) with
of siltstone. In shallow tunnels or slopes where | sporadic thin interlayers of sandstones
confinement is poor the mode of the failure has |~ N [ A
a kinematic character controlled by the bedding
planes and GSI is meanigless
TYPE II1. ~Zr77) TYPE IV. 7] TYPE VI. 58
/| Moderately 71| Moderately | Moderately ;
{ disturbed T disturbed disturbed a
1 sandstones “ >4 rockmass with 7| siltstones with N/A
\| with thin films “\# | sandstone and | sparse sandstone H
of interlayers 77\ siltstone similar < %] interlayers §
TYPE VII. Stro‘ngly disturbed, folded rockmass

7| TYPE VIIL Strongly disturbed, folded f’
/4 rockmass, with siltstones and sandstone
interlayers. The structure is retained and N / A |

“1| 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

| TYPE X. Tectonically deformed intensively
«| folded/ faulted siltstone or clay shale with
d broken and deformed sandstone layers N / A

forming an almost chaotic stucture

57| TYPE XI. Tectonically strongly sheared
4 siltstone or clayey shale forming a chaotic

27| structure with pockets of clay. Thin layers of N / A

)] sandstone are transformed into small rock

1 g;eces IUltjmately the ground behavior is that
47 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




TexvikoyewAoyiKoi TUMOI CD)\ucrxn
MapapeTpol appnkTou Bpaxou

Eivar e€aipeTika 5UOKO)\I’| n Anwn 5€IY|JCITOC; <<dpanTou>> nupnva Kal
avTINPOCWNEUTIKOU OEiyUaToC NETPWHATOC KABWC €miong kal n
MPOETOINACIA EpYACTNPIAKWY OOKIHIWV.



Tortikog Auytouog petaAAikou mAoubiou
AOyw uneppopTiong Tou KEAUPOUG TNG
davw nuidtarouns

< 7

DA ?’
| 3 ¥ EKTiHNoN NapapoppaoEnv
S E Strain greater than 10% yia4 5|0‘P0P€|'IKCI
Extreme squeezing problems (Tpol|"|no£|1po|:ﬁl|!|l:vvguno
L]
Marinos and Hoek, 2001).
a ‘____v.-——'""

Opauacn Tou EKT. axupo&:uaroc 3 B RS
* ™
- -

Strain between 5% to 10%
Very severe squeezing problems

Strain between 2.5% to 5%
evere squeezing problems
Strain between 1% to 2.5%
Minor squeezing prol
Strain less than 1%
Few support problems

O NWAUUONO®OO

0.2 0.3 0.4 0.5
Auyiouég SiKTuwTwv MAatciwv 0../p,=rock mass strength/ in situ stress

Strain £= tunnel closure/tunnel diameter *100
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TexvikoyewAoyikoi Tunol OPIoAIBIKOU CUUNAEYNATOC

To o@IoAIBIKO CUMNAEYHa XapakTnpileTal ano UMoKEIPevVa

11EPIOOTIKA METPWIATA, KAAUPUEVA ano yaBBpikad neTpwpara, Ta

oroia Je Tn O€Ipa Touc KaAUNTovTal ano LSacdATec n onnAiTec.

O1 unepkeipevol BaoaATEC €ival EITE TUUNAYEIC 1) EYOUV Ti HHOPPI)

oQaiposloouc AdBac¢. Avaueoa unapxouv arnoBeoeic

ICNUATOYEVQV METPWUATWV.

I{Apara Knparoyevi) merpipara e mupimodya komrdopara

g_ (paBioAapireg) ot orpuweog ou rapepfdaAlovral f eivar
w.g 13 unepktipeves g Adfag (ngamoraoilnparoyevis odpmAtypa)
3 < 12 ApyiNireg mAodoion ot Fe kai Mn
w g Soo A | 2
£ oo Jfoo=es § (oTmAireg) pe oupmayelg poks (c) A opaiponid Adfa
S 0 o (Ic), ouxvd umdpyer pla rexrovikd emagd ot fdon rou 10
ba Sc 10
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e
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ay Z
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5 Nepidoriteg ot orpuxoess (ovoowpelong Souvitwy, AcploAiBuwy)
< \

Owpa TEPIS pE QoAidwon (rexrovireg), yevikd
xapriBoupyiteg pe xpupireg (ch) of oTpwong pe Souvireg

Ly ™
Wr& 3 Texrovixd ropn § ouyxexupivn Jovn
] s v 3 'U 'V 2 & .
v it vy
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Nepidoriteg pe poAidwon
al TEKTOVIKOS 10T
(rexToviTEg)

) enogh

Euvohixd maxog: 1w 4-6 km. prropodv va ¢ 10 1016 km. (yia rapaSeypa, 11 xai 10#0, 51 km., 8#0,
Bkm.. 7 xor 620 5 km. 520 2 km. 2#2.3 km.). Ta ndyn autd unoooly va alAGiouy tvivnmwaiaxd Advw erwlnotwy



TexvikoyewAoyikoi Tunol OPIoAIBIKOU CUUNAEYNATOC

To o@IoAIBIKO CUMNAEYHa XapakTnpileTal ano UMoKEIPevVa
11EPIOOTIKA METPWIATA, KAAUPUEVA ano yaBBpikad neTpwpara, Ta

oroia Je Tn O€Ipa Touc KaAUNTovTal ano LSacdATec n onnAiTec.

O1 unepkeipevol BaoaATEC €ival EITE TUUNAYEIC 1) EYOUV Ti HHOPPI)
oQaiposloouc AdBac¢. Avaueoa unapxouv arnoBeoeic

ICNUATOYEVQV METPWUATWV.

ZXNHATIKI TOPN KAAUPHATWY (EMWONoEWV) OTIC KEVTPIKEG AATTEIC.
KaAvppara Meocolwikwv o@ioAidwyv o€ patpo Xpwua
(AemrTopépeieg oTov Pollino et al., 1990 kai Mercier kai Vergely, 1999)
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TexvikoyewAoyikoi Tunol OPIoAIBIKOU CUUNAEYNATOC

Kupia XapakTnpioTika: TEKTOVIKN + ZEPNEVTIVIOON
H e€aAAoiwon c1dnpopayvnoloUXwv OPUKTWYV, KAl CUYKEKPIUEVA TOU
oAIBivn O€ OgpnevTIv — €va OPUKTO HE VN 1 GUAA®WDIN HopPr).
ApYXIKA CUHNAYEG, ENEITA AIYOTEPO 1I0XUPO NOU EUKOAA HNOPEI va

O1aTHNOEI ano TEKTOVIKEG JIEPYATIEG.

ZuvOeTn Bpaxopala

« H oepnevTivimon: AkavovioTn Kal o€ onoiadnnoTe Badoc

« JUVOETOTNTA OTNV OPIOOETNON CUYKEKPIMEVWV {WVWV OIaPOPETIKNG

noioTNTac

» TeKTOVIKEC eval\ayeC JE AAAA YEWUAIKA Onwc ol 0XI0TOKEPATOAIBOL.
AcBevnc Bpaxopala

 XepnevTivimon — ®uAlonoinon — ApyiAonoinon

» KepuaTiopog — oxioTonoinon — d1aTunon

e TEKTOVIKN KATAnovnon



TexvikoyewAoyikoi Tunol OPIoAIBIKOU CUUNAEYNATOC

AlakpiTonoinon TUNwv
Bpaxoualac o@ioAIOIKOU CUHNAEYHATOC

Mepi1doTiTEG
Tunocg I

Zupnayng We AlYEG LIOVO QOUVEXEIEG O€
apcua dlaoTnuara, CIKO|JG Kal KOvTd oTnv
ENIPAVEIO O TEKTOVIKA NPEPEG NEPIOXEG N
o€ (WVEC «TEKTOVIKNG OKIAG».

H «kataotaon Twv OlakKAAOEWV Eival
TPaxeiec Je KaAn Ewc NOAU KaAn noioTnTa.

GSI >65.
05 =100-250 MPa



TexvikoyewAoyikoi Tunol OPIoAIBIKOU CUUNAEYNATOC

AlakpiTonoinon TUNWvV
Bpaxopalac opioAIOIKOU CUHNAEYHATOG

ZepNeVTIVIOHEVOI MePIdOTITEG
TOnog I1

« H oepnevTiviwon nepiopieTal oTnV
ENIPAVEIQ ACUVEXEIWV.

- H apyikn Tpaxeia kataotracn TwV
OlaKAGOEWV MEIWVETAl OpauaTika o€
nTwXN N NoAU NTwXN, HE ENIOTPWOEIC
Agiwv kal oAioBnpwv UAIKwV, ONwc O
OEPMEVTIVITNC (| akOPa Kal 0 TaAKNC.

« GSI: 40 - 65.

* 0q=100-250 MPa




TexvikoyewAoyikoi Tunol OPIoAIBIKOU CUUNAEYNATOC

AlakpiTonoinon TUNWvV
Bpaxopalac opioAIOIKOU CUHNAEYHATOG

ZEPNEVTIVITNG

Tonoc III
o ZEPMNEVTIVIWON €EXEI €MNPEACEl  TO
ouUvoAo Tn¢ Bpaxopadac

« EkTeTApEVOC OpUPUATIONOC TNG OOMNC
NG Bpaxopadac.

- EAQv n oepnevTiviwon oxeTi(eTal kal Ye
TEKTOVIKN wOnon, n Ppaxopala eivai
nTwxn, M€ oxiIoTwon, diatapayuevn doun
« GSI: 30 - 45.

* 0g=45-60 MPa

2 UUTTAYNG OEPTTEVTIVITNG




TexvikoyewAoyikoi Tunol OPIoAIBIKOU CUUNAEYNATOC

AlakpiTonoinon TUNWvV
Bpaxopalac opioAIOIKOU CUHNAEYHATOG

AlaTPNHEVOI-DUAAWDIEIC ZEPNEVTIVITEG
TOnog IV:

« 'EMNeyn Tepaxwdouc dounc: oAiobnpa
QUA®ON KOUPATIA Kal HIKPEC (POAIDEC
IEYEDOUC EKATOOTWV I XINIOOTWV.

« GSI: 15-25

* Og =5-20 MPa




TexvikoyewAoyikoi Tunol OPIoAIBIKOU CUUNAEYNATOC

AEIKTHE FEQAOTTKME ANTOXME (GSI) IE OSTOAIOOYE
(E. Hoek, N. Mapivog xos B. Mapivog, 2005)

BoowSucvor 0T neprypogd) TG ABoAoywric olaToong, TG Sopd
K01 TR POSITIITOC, Tw OowveExDdv T Bpaxdpadoc exnpdore m
pdon np Tou GSI ond ¢ sopndAeg To vo el Evo clpog
v ond 33 dwx 37 dvar mo pealsomed ond 1o vo Snlbocre Om
10 GSI =35, O xoBopopds g Sopfc <o xon TG NodTRTOG
TV 0OUVEXDUY Unopdl vo supoiveros peroll 800 yomovw
roSlurv. Tovileros Wsoitepo 6m 10 spirigeo Moek - Brown Sev
opoppdlrTor ot oordioeg nou tyxovTon ond ouystxpsveg
oouviyneg drav o coBovel eninedeg epdvoes (Onuwg Sarpungdva
orineba orpaonc) Exouv Suopn) npocavaTohopd o axton pc
v ooxopd). ToTE outi xoBopilouv TNV CupNEPspORd TrK
Foaxdualoc, H avron) opoutvary Bpoxopolin podveron ond my
NOPOUCIa TOU UNdYDOU vEPOU Koe ouTd pnopdd vo Angld unden
B ) perosivion npo 1o Sefyd omx oA K plrpog, nTwds
KO0 MOAY NTWNNK, KOTOOTOONG OOUVEXTRY. M Mgon Tou vEpow

Sev perofSAAD v N 100 GSI xon Aouveres undyn e T
OvaALON CVEPYLY TOGIWY OTOUS UNOAYIOROUE,

AOMH

Mol Tpaytice, undc, yn onoocoBpupives oegdvoes

NOAY KAAH

Tpageies, EAOPpd onoooBipupdves kor oEndugtves

KAAM
CpEVERS

Aite, peTpiag anocoBpuptves, son tEadAcwapives

EMPAVERS

METPIA

2 NoAd Miec, xard nepinTwon ohofinpés tepdvoes pe

< oupnayl EPAGGLOTO f) Whid AVIPWONE B Yuovdn

% ATaXH

!

8padopoTo

Mol ohoBinpic erapdvit, f) nold anooofpupives pt
poAaxd opyhed Uhd NVADWONS A EPAOKONK

NOAY NTOXH

APPHKTH
Appnera Bpaydadn repdyn A dorpwrog Bpdyeg
pe Niyes, oouviyoes o peydln ondoroon

TEMAXQAHI/ AAIATAPAKTH-ITPOMATOQAHE
| Abardpoxn Bpoxdpolo e nold sohd

> “ 1 alnhosAcidupa nou onoteAdTorn ond wuBed
FL5/| ravdtm opddueva ond Tpog opBoyimo Tevbpeves
COYEVIIG OOUVEXDGY
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\E
z

7| MOAY TEMAXQANI

| Mepuiog SoTapoypivn Bpaxdpolo pe nokinicupa
yuvoln Tepdyn (Diocks) nou oxnpaTiiovior and
2| Tiooep i NEpoOSTEPES, oYV OoUVEXTXIY
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=
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>
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N
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1 AIATAPATMENH-ITPRMATRAHE/MTYXQMENH
o Mruxwptvg pe vawdn Tepdym nou oxrpaTiovro:
and AANMOTEIVGLIOVES OROYEVIOLS OOUVEXTXIV.

(5] Ebpovd avpaong A aparémmrog

/

ANOAIOPTANQMENH

Toxupd xppamnaptve Bpaxdpol pe Amad
QVAAORALBWPO KOn WL TOUTEXDOVY NOPOUTo
YOSV KO QNOTTPaYYUAIEVIY TERaYGV

)
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T OYANDAHI/ AIATMHMENH
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—l 200n 11K NEPOUCIE CEPREVTIVETIY A MV Oolitwiv Whsciv (ALY, 8M) o Baxhone 4 oot re

Neooexh: O cwooptver nupogls SolGvouy 10 Cpog Tou SokTn GSI Nou WBOWHIOTO NEOXUNTO O GUTA 10 3N NETPERATWY. TOWE Spas VO LNy Chvor

O OvBBOyieIS Y0 PEDITTGONE Jack, Ouywixpealvry gy

Media npoBoAng GSI Twv Bpaxopalwv Tou
0PI0AIBIKOU GUMNAEYHATOG.

KUpia xapaktnpioTika Twv Bpaxopalwy:

*  OEPMNEVTIVIMON WG PAIVOPEVO HETABOANG
TOOO TWV XAPAKTNPIOTIKWY ACUVEXEIWV AAAG
O€ OPIOHEVEC NEPINTWOEIG KAl TNG OOMNG

« di1aTpnon Tn¢ Bpaxoualac nou odnyei oTn
HETABOAN TNG doung
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AigAeuon neploxng aoroxiag pe dinAn
opnp&AAa nponopeiag

Kparipa
RATIRNG Actoyeioa Bpayopala
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TZRRAN
> 55-&;/; 0.0:0
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—— III. ZnpavTikEG KATANTWOEIG TUNOU
-ﬂ,i‘i,'?:;ili.‘v.w.m irveg) (T'm:o\;l:: :lm:’ A(Tilfmge)\_,_ Emwenon KupIVC'IaCIQ (Ch) A(')YO) TOU EVTOVOU
B rapppos B })crchopouwpévo i Ay _Kmuumummmmmummmunu_
B ©rooxns Niviou C— zipayya IV. MIKPEG EWG HEYAAEG NAPAHOPPWOEIG
(Sh-Sa) avél .
= I. MBavn oAioOnon ocPpnvwv availoya He
__________ TN YEWHETPIO TOV ACUVEXEIOV Kal TG
| — onpayyac. EAGXIOTEG EI0POEG - OTAYOVEG.
Z€ peyaAa Baodn moaveg pabupeg
$<((§ 0pauosIC av appnKTo.




TexvikoyewAoyikoi Tunol MoAaocoac

>elpd I(NUATWV MOU OXNUATIOTNKAvV Kal
e€eAixOnkav JETA TNV OPOYEVED

'Hpepo TeKTOVIKO NEPIBAAoV

Aev  napouoialouv  MNTUXWOEIC N
NEPIEXOUV NMIEC MTUXEC N KAUMUAWOEIC,

H kAion Twv oTpWUATWV €ival ouvndwe
HIKPN

_-_r_-z_m.x.‘.;-T-—:;— 1+2+4

e NG oS e

A

e bedrock




EvaA\ayec ikavwv - KaANnC Yevika
avtoxnc- Tpanelwv (OTPWHATWV)
YaupiTn n/kar kpokalonayoug
KAl PN IKavwy - JETPIAG N MIKPNG
YEVIKA avTOXNG - OTPWHATWV
IAUOAIBOU 1| apyiAoAiBou
>XI0TOMOINUEVOI-OTPWHATWOEIC
oTtnVv emigaveia (upioTavral
0oXaon o€ aTHOOPAIPIKEC
OUVONKEC).

Mapouaia INUOAIBIKwV-apyIAIKWV
NETPWHATWV

MTwxn - acbevnc diayeveon o€
OPICUEVEC NEPINTWOEIC

H enidpacn Tou vepou eival
eNIBapuVTIKN yia Ta INUOAIBIKA -
apyIANIKG PHEAN KAl TIC AOUVEXEIEC
TOUC




TexvikoyewAoyikoi Tunol MoAaocoac

Aev €X€l UNOOTEI CUMNIEDN,
d1aTUNOEIC, NAQOTIKN
napapopPwon (MNTUXWOEIC)
Malwdnc-ouvexnc-cupnaync oTo
Baboc (~10-15m), Aoyw Tou
NEPIOPIOUOU- nepiccplyﬁnq NG
Bpaxopadag kai TnG NPEUNG
TEKTOVIKNC eEs)uEr]q

H xapnAn noiotnTa €ivai
NEPIOPICHEVN Kal EPPaviCeTal
OVO TOMIKG

Aev unapyouv gupeiec (WVEC
NTWXWV HNXAVIKGOV
XapPaKTNPIOTIKWV
(KEPHATIOUEVEG, MTUXWHEVEG N
OIATUNUEVEC)

H ouvoAikn nepaToTnTa
LEIWVETAI aueoa Pe To Baboc.




TexvikoyewAoyikoi Tunol MoAaocoac

Alapopa doung em@aveiac-padouc oTic MoAaooeg

AN\ayn dounc MoAaooac (Yoxaon kal katappeuon”) YETa ano ekOeon
Wappirwv - INVOAIBwv oTnv enigaveia.
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Agiyua HoAdooac aueEcwE PETA TN To idlo deiypa peTa ano
d1aTpnon Alyouc pnveg, exovtac “katappeuaoel”




TexvikoyewAoyikoi Tunol MoAaocoac

AlakpiTonoinon Bpaxopu(wv po)\uaaac; oTNV ENIPAveid
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2upnepipopa Bpaxopalwv Mohacoac

TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*

OVERBURDEN (H)
(Rock masses for up to several hundreds metres**)

H nio Tunikn nepinTwon yia
OAEC TIC poAaooeC o€ Baboc

TonIkeC BapuTIKEC AOTOXIEC

APeANTEEC NAPANOPPWOEIC

>€ yeyaha Badn oTa oupnayn
Kal ULpr])\r]q avToxng YEO.)U)\IKCI
Lnopei va anavrnéouv
Wabupec Bpauoeic

ROCK MASS STRUCTURE Small overburden Large overburden
As in GSI, Hoek & Marinos, 2000
( : g ) INTACT ROCK STRENGTH (0.) INTACT ROCK STRENGTH (o,)
Indicative limit: o~ 15 Mpa Indicative limit: 0~ 15 Mpa
Low o, High o, Low o, High o,
[1] [2]
E
INTACT OR MASSIVE 2
Intact rock specimens or massive 'i‘
in situ rock with few .
widely spaced discontinuities E
T 2
15 { d s E [
&
| BLOCKY o
“ A Well intertocked undisturbed ! £ 1
rock mass consisting of blocks a

" formed by three orthogonal
ntersecting discontinuity sets

=

/771 VERY BLOCKY
P ALY Interlocked, partially disturbed
34 rock mass with multi-faceted
¢ anguiar blocks formed by four
3 or more discontinuity sets

- , BLOCKY/DISTURBED/SEAMY
o "i Folded with angular blocks formed
L% by many intersecting discontinuity
| sets. Persistence of bedding planes
1 or schistosity. It is understood that

RX{ZE&‘ the rock mass Is disturbed and
anisotropy can be developed

*{ DISINTEGRATED
Pooriy interlocked, heavily broken
rock mass with mixture of angular

a'\d rounded rock pleces

. LAMINATED/FOLIATED/SHEARED

| Laminated or foliated and tectonically

| sheared weak rock mass, Foliation
prr:-als aver any other discontinuity

x set, resulting in complete lack of
D‘OdUﬂESS (this drawing scale is not

y compared with the other's drawing scales)




2upnepipopa Bpaxopalwv Mohacoac

ZUO‘rnuaTleq BapUTleq
(opNVOEIdEIC) AOTOXIEC

MepIinTwOoEIC XaunANG avToxng
appnKTou Bpaxou (enikpaTnon
IAUOAIBOU) UNO UWNAQ UNEPKEIPEVA.

CIGTGXI}.‘-.‘G, ,
npooavaToAicHou: “Fav- Tpanstovl

TV IAUOAIO WV, Kai TV ya ﬁﬁ&’\‘f‘

TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*

ROCK MASS STRUCTURE
(As in GSI, Hoek & Marinos, 2000)

OVERBURDEN (H)
(Rock masses for up to several hundreds metres**)

Small overburden

Large overburden

INTACT ROCK STRENGTH (0.)
Indicative limit: o~ 15 Mpa

Low g, High o,

INTACT ROCK STRENGTH (o)
Indicative limit: o~ 15 Mpa
Low o, High o,

INTACT OR MASSIVE

Intact rock specimens or massive
in situ rock with few

widely spaced discontinuities

1 BLOCKY

] Well interfocked undisturbed

A rock mass consisting of blocks
formed by three orthogonal

4 intersecting discontinuity sets

77| VERY BLOCKY

.y Interlocked, partially disturbed
J~4 rock mass with multi-faceted
| anguiar blocks formed by four
AT N1 or more discontinuity sets

- BLOCKY/DISTURBED/SEAMY
<11 Folded with angular blocks formed
1 by many intersecting discontinuity
sets. Persistence of bedding planes
; N:Tq or schistosity. It is understood that
g the rock mass Is disturbed and
anisotropy can be developed

Q‘A’; ]

7z
.42 DISINTEGRATED

S0 Poorly interlocked, heavily broken
rock mass with mixture of angular
and rounded rock pleces

. LAMINATED/FOLIATED/SHEARED
| Laminated or foliated and tectonically
: sheared weak rock mass, Foliation
| prevails over any other discontinuity
x set, resulting in complete lack of
| blockiness (this drawing scake is not
1 compared with the other's drawing scales)




Ano TO YEWAOYIKO HOVTENO

L» MovTelo TN Bpaxopadlac (Tunor)

L supmepigopd mo Boaxoudtac
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AoTaBgia AOyw SOHIK®V
CQOUVEXEIWV — OPNVEG

Zupnepipopa Bpaxopalac:
AoTabeia AOyw dOouIKWV
AOUVEXEIWV, M.X OPNVEC (o€
XAUNAEC - HEOEC TAOEIC)

ApPXEC AVTIHETONIONG:
Meplopiopoc XaAapwang Kal
anodlopyavwong Tng padac.
2uyKpaTnon O1akpITwV acTabwv
TEPAXWV

2xe0100UOC:

AvaAuon opnvwv



AuopevNG SoUIKN O1aTAEN ACUVEXEIMV:
Z(PRVEC

MNTwon opnRvag OAioOnon opnvag

Ta anapaiTnTa yid TRV avTIHETONION:

1. AvalnTnon kal JETPNOEIC TOU NpooavaToAIGHoU TwV GNUAVTIKWY
aouveEXEIWV Nou napouaialouv Kal EPPov) — YROAOYIoHOC TNG OIaTUNTIKNG
avTOXNGC ACUVEXEIWV

2. MpoadIopIoPOC TwV dUVNTIKWY OPNVWV MOU KNopouV vad NECOUV

eAeUBepa ) va oAiocdnoouv ano Tnv opodpn n Ta ToIXwHaTa

3. YNoAoyIopOC TOU OUVTEAEOTOU AOPAAEIaC auTwV TwV oPnNVwV availoya
LE TOV TPOMNO aoToXiac

4. YnoAoyIoNOC TNG avaykaiac unooTnpIENG WOTE O CUVTEAEDTNC AoPaAEiac
va Bpebei oTa napadekTa enineda




YAIk0 nAnpmonc \\

OpAada ACGUVEXEIDV

AvToxn
ToIX®WHATO
S

>

MpoodIlopIoUOC TWV >TepEOYPAPIKA NPOROAN
TWV ACUVEXEIWV Kal AOUVEXEIWV BPAXou PECW TwWV
TOMWV NOAWV



2. MpoadiopIouoC TwV dUVNTIKWY OPNVWY Mou Jropouv va NEcouV
e\eUBepa ) va oAIoBroouv ano Tnv opodn 1 Ta ToIXwHaATa
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T = tan {0, + JRC log4, ]CS/an

PATTON

Opbég rilaslg on
— Pati
—

Mikpég TAOEIS: T=0n £Q(P+7)
MeydAeg TGoEIg: T=C+On £@(Q)

SIaTPNTIKES TAOEIG T
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MC=2-4
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MRCe0.8
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MC=12-%

JRC = 1418

“ZuvrpIBn”-omrdoipo
oSovVTWoEWY
+ ’, normal load
(¢ l) lever arm
OpBég Thotig On A I r
(&) O top shear box
shear sample ~ pivot

JBCK: VOKE:
shear load 3

bottom shear boxi

roller bearing

#Ij/ hanging weights

Average Gspersion of streng’
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3. YNoAOYIONOG TOU OUVTEAEOTOU AC(MAAEIQC AUTWV TWV GPNVWV
avahoya e Tov TpOMno acToxiag

4. YNOAOYIOHO Tl'b(; avaykaiag unoaoTrpIENG WOTE O CUVTEAEDTNG
acpaAeiac va épe €l OTa NapadeKTa €NINedA

Weight 44.4 t

Right wall wédge
Weight 52t |
FS=037 |

Left wall wedge
Weight 3.3
FS =0.40

Floor wedge
Weight 181 t
Stable




A@opa:
° MEPIOYXEC OTOHIWV

© MEPIOXEC  MIKPWV
UNEPKEINEVWV

« ZWVEC PNYHATWV

«EKTOC ano  &kT.
OKUpPOOENUA Kal
aykupia , Aappou
TUMOU nAaiola
UMOpEi va
anairnouv

* Bua EKOKAPNC
NEPIOPIOUEVO
(~2m) via Tnv
anoguyn
BapuTikwv
aoTtadsiwv Kal Tov
eheyxo
NapapopPwWoEWV
oTa peyaia Badn

ApPXEC UNOCTNPIENG -KATANTWOEIC

TUnou kauivadac (Ch)

FULLY GROUTED -30cm L
ROCK BOLTS WITH 2 WIRE MESH LAYERS

FULLY GROUTED SPILES
(PROTECTION OF
UNSUPPORTED SPAN)

2]

sfleflefafeofelefe TOP HEADING

uuuuuuu

(o] o (o]
o lo} o
o] o @ o ff @ || @ | o |f @ || o \
o (| o |f @ | @ || @ || @ § o
I I

n|[ db] (FACE REINFORCEMENT)Y

—t

BENCH SMALL EXCAVATION

UPPORT SHELL)

7 STEEL SETS STEP (1-1.5m), TO LIMIT THE
/S (STRONGER EXTENT OF BLOCK FALLS




ApxEc unooTnpiENg os karappeovra edagn (Rv)

21aBepoTToINUéVN ONpaAYyYd OTTd
TNV TTPONYOUHEVN TTPOXWPENON

AakTuAiogIdng
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 oTpWHO €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

B e A

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

Advancing tunnel face

2rafepotroinon  Karappéoucag — Bpaxoupalag e
OMUTTPEAA TOIUEVTEVECEWV (ETTIONG OTABEPOTTOINOCN KaI
TOU METWITOU)



Ynomﬁplﬁnqs ouveAipowa gdapn (Sq)

AkaunTtn EukapnTtn
o Ynepekokapn + ZXIOUEC
Bapu kEAUPOG — oUVONIWNG OTO KEAUPOC

_ Self-drilling rockbolts

Forepole umbrella
- 1.25 +

Failure due to overioading of support

_- Steel sets embedded in shotcrete

Support capacity

E

/- Fibreglass face reinforcement dowels

Stablility with large deformation

"™~ Elephant foot

T Micropiles or alternative
treatment to improve the
bearing capacity of the
elephant foot foundation

Temporary invert

Deformation of tunnel roof

Support pressure p, - MPa
o o
S >

“Final invert
B 0.25 -
Not to scale - final lining not shown
Yielding support
Z
0.00 — T g T T T v
0.0 0.1 0.2 03 04 05 06 0.7 0.8
Roof displacement §, - m

gvioxuon
HET®WNOU
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