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TEXVIKOYEWAOYIKNG
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KaBopiopog TwV BAGIKOV TEXVIKOYEWAOYIK®OV — YEWTEXVIKOV
XAPAKTNPIOTIKOV, «KAEISIOV>», NOU XapakTnpifouv
TN OUHNEPIPOPA 0TI EKCKAPI ONPAYYWV
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KaBopiopog
Tunwv Bpaxopalag

XapakTnpioTIKG

Bpaxopadag kai
QOUVEXEIDV

EnIToOnou TaoeIg
Kal USPOYEWAOYIKO
KaBeoTWG

FrewpeTpia
onpayyag




l

KaBopiopoG pnXaviop®v acToxiag
OTNV EKOKAPN oNpayywv

l

EnmiAoyn kataAAnA®V NapapéTpwv oXediacHoU cUHPVa
HE TOV KUpiapXo HNXaviopo actoxiag (TaoikEG N BAPUTIKEG AOTOXIEG) —
NMapadoxeg kai Kpitnpia Zxediacpou

l

KaBopiopog Baoikmv apxmv
yia Ta HETPA GUEONC UNOOTNPIENG

l

AenTopepnc oxediacpog (apiBunTikn avaAuon):
AIGTOHEG EKOKAPIG KAl UnooTNPIENG

l

ZupBaTika Teuxn




MAPAAEITMA AIA®OPETIKHI ZYMNEPI®OPAIL ME IAIA TIMH TAZINOMHIHI

- MéTgeo wivvopo aysuphev (€.9. 3m x 3m)
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MAPAAEITMA ATIA®OPETIKHZ ZYMMEPI®OPAZ ME IAIA TIMH TAZINOMHZHZ

Nepiypapn

Bpayopalag

KeppaTiopévn HE NTWXN NOIOTNTA ACUVEXEIOV
(oMioONpEC ENIPAVEIECS)
uUno XapnAa unepkKeipeva

KaTtakeppaTiopévn HE KaAn noioTnTa uouvsxsuov

.'\ L

('rpoxt-:leq enupaveuaq)

uUno XapnAa unepkeipeva

Tagivounon Pe 10 vewrexvmo ouoTnua GSI (Hoek and Marmos, 2000)

GSI=40
Aopn: Tepax®mdng

MoioTnTa Acuvexeiwv: MrTwxn

[ Grocostcas sraeweTn voex (@
(X, Mot

STRUCTURE

15
%8 M
SURFACE CONDITIONS

INTACY OR MASSIVE

‘I81a Tipn GSI

"I81EG EMITONOU CUVONKEG TAOEWV

‘I310G TUNOG Bpayou

(id1eg napapeTpol Gppnkrou Bpaxou o, m,)

LAMINATED ) POLIATED SHEARED
2ated O ARG 3G WCTICHly SeMed

- 'I81a avroyn Bpaxopalag
(ouvoxn c, ywvia TpIBAg @) kai

GSI=40

Aopn: Anodiopyavwpévn
MoioTnTa Acuvexeimv: KaAn

HETpO napapopPpwoipoTnTag (Em)
- AVTIOTOIXEG S1aTHNTIKEG AOTOXIES

- "IS1a avaAuon yia 1ig duo Bpaxopaleg
av dev An@Oei undwn n dopn aAla

Hovo n Tipn Ta§ivopnong




Ta&ivo £ TO VEW 1k0 cuoTnua RMR (Bieniawski, 1976
50 -100 7 50 -100 7
50 - 75 13 <25 3
0.6-0.2 15 <0.06 5
L 1-5 10 EAa@pd Tpaxeio 25
Por 4 Yypri-Po 7
49 47
n aTiK avi aoTOoXIAC KAl apXEC AUECNC UNOoTNP!
Z@nvoeidng oAionon: Pon edagoug:
AoTOXia TEHAYXOUG KaTa PNKOG Karappon edagoug
TWV OAICONP®OV ENIPAVEIDV HE pon vEpPOU
L'-;“"" - ‘
APXEG HETPWV dueons unooTAPIENG (nu@&elm a): ETpWV G unooT napadsiypa):
Iﬂ:plopwubq KQl OUYKPATNON SIOKPITOV TEHAXMV. Mpo-unooTnpi§n N HIKPO BriHa EKOKAPNG WOTE va 6|umpt|9c|

- Apeon e@appoyi ektoEeupévou okupodéparog.

- Epappoyn aykupiwv Gueong evépyeiag
(n.x. Swellex ) TUnou split) ®oTe va oTnpie
Gpeoa TIG OPRAVES (NTWXRA NOIOTNTA ACUVEXEIDV)
- BApa exoka@ng: 2-3m oTnv avw Babpida.
- ExT. Zkupodepa: 5-10 cm.
- Mérpio kavvapo aykupiwv (e.g. 3m x 3m)
HAKOG KaI avToxr avaAoya HE TOV OYKO Kai
TO BAPOG TWV TEPAXWV.
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- EQapHOYH QUTOBIATPUMHEVV GYKUPIWV.

- Bipa ekoka@ng: 1-1.5m avw Babpida

0 NePIOPICHOG TNG Bpaxopalag kal pnv unape: tupurepn xomppoﬂ

]| Aueon epappoyh exToEeupévou okupodépatog

yia To oppayiopa Tng Bpaxopaiag kai
NEPIOPICPO and Karappor.

- Agv unapye! avaykn yia Bapl kEAugpog
av SiatnpnOsi o neplopiopdg TG Bpaxopaiac.

(peyaAiTepo av TonoBeTnBouv Sokoi nponopeiag)

- MAaioia avaAoya PE TOV KEPHATIOHO TNG
Bpaxopadac.

- EKT. ZKupOdepa: 20-25cm.
- Mukvog kavvaBog aykupiwv (nx. 1.5m x 1.5), nARPOUG EVERATWONG.
- MAaioia avaloya pe Tov KEppaTiopod Tng Bpaxopalac.

- NpooTaocia per®nou: Aokoi nponopeiag eAagpou Tunou (Spiles)

- EVEHATWON PECW TWV SOKAOV NPONopEiac,

- ANOOTPAYYION NPIV TV EKOKAPL].




Tunol TEXVIKOYEWAOYIKNG

CUHNEPIPOPAG TNG Bpaxopadag

>TnV (Acn TNG EKOKAPnNG OKonog TNG apgeon unooTNPIENG €ivail n
€UO0TAOEIO TOU PETWMNOU KAl TOU OAKTUAIOU TNG onpayyac PEXp! Thv
£(pApUOYN TWV METPWV TNG TEAIKNG ENEVOUONC.

AoTaBeia dakTuAiou:

AoTaBela YETWMNOU:



Kupiapxol unxaviouoi

aoToxiac Kata Tnv
EKOKAPN onpayywv

H oupnepipopa TnC Ppaxoupalac, 0w,
opileTal w¢ n avTidpaor TNG oTNV EKOKAPN
0E €va UMOYEIO AVOIYHd XwpPIiC OMWC va
AauppBavovtar  unown ol d1adikaoieg
unooTNPIENG kal aAnAenidpaonc He AANEC
(PACEIC.

2XNMOTIK Trapouciacn TwvV
KOTNYOPIWV TEXVIKOYEWAOYIKNG
OUNTTEPIPOPAS YEWUAIKWY KATA
Tn &1dvoiin onpayywyv.

Marinos, 2012
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KaTtnyopieg TEXVIKOYEWAOYIKNG
ZUMMNEPIPOPAC

TYITOX ANAAOI'HE
AXTOXIAX IE
YIIOETHPI'MENH
ZHPAITA

KATHT'OPIEE TEXNIKOT'EQAOI'TKHE EYMITEPI® OPAE ANYIIOETHPIKTHE AIATOMHE

Mikpéq, &we PETPIEG NApAOpPOOEG, He TNV exdnAwon SiaTunTik®y acToyi®y e {Mvn HIKPN EKTaonG
nepIPETPIKG TnG onpayyas. H Bpayopala anotekeital and Tepdyn appnkTou Ppaxou HIKPRG avToxng
(ouvnBug 0.<15 MPa) evi n dopr) g Bpaxopalag, pecw Tou GSI, peiver neparmépw Tnv avroxn
Sh aut. To Bapog Twv UNEPKEIPEVEY YIa TNV ekONAWON TwY NAPAHOPPACEWY Eival EiITE HIKPO €06
pETpIo (nepi Ta 50m) omy nepinTwon nTwxrG noidTnTag Siatunuevng Bpayopalag, site peyahiTepo
yia kahUTepng noioTnTag Bpaydpales. O Adyog Tou O../p, OTNV NEPINTWON QUTH Eival PIKpOG
(0.3<0.,./ p,<0.6) ka1 avapevovTal f napatnpoUvTal HETpies napapopgmoslg (1-2.5%).

ZnNUavTIkés napapop@Ooelg Adyw UneppoOpTIonG and Tny exdAAwon dIaTuNTIKMY acToxIby o
exTeTapevn dovn nepIKeTPIKG TnG onpayyas. H Bpaxopala anoteleiral and Tepdayn appnkTou Bpayou
sq mikpnG avToxng (o.<15 MPa) evé n Soun g Bpaxdpalag, weow Tou GSI, peibvel nepaimépw Tnv

avTtoxn aum. O Adyog Tou o/ p, oMV nepinTwon aut eival HIkpog (o../p, <0.3) kai avapévovrai n
napaTnpoUvVTal Napapoppwaoelg >2.5%, evé pnopei va exdnAdvovTal Kal NapapoppOOEIG Kal OTO
HETwno npokak@vTag nhéov eva npofAnua TPy SKaoTaoEWY

AioykoUpevo €dagog. H Bpayopala anoTeleital and onuavTikn napoucia SIoYKOUHEVWY OpPUKTLV
onwe HovTHopAoviTnG, OUEKTITNG, avudpiTng K.0. TG ONoia KE TNV Napoucia vEpOU, aKOHa Kal TnG
Sw uypaoiag Tou ecwTepikoU nepifallovTog Tng onpayyag, dioykmvovTal Kal JNopei va npokalécouy
onpavnkeg napapoppmaoeig (n.x. n aveunodiom didykwon Tou avudpit Ta 60%). AuTég
exdnhwvovTal kupiwg oo dansedo m¢ onpayyag otav auto dev sivarl kKAeioTo.
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>UVOAIYn €dApoug >UvOAIwn £6apouc
YneppopTIon KEAUPOUC - KATW ano unaszipeva 1200m
«Auylopeva» nAaiola o€ ypacmeo OXIOTO)\IGO

Squeezing ground (5q)

‘_ S -2npayya Yacambu-Quibbr N



Napaudopewaon € = (KAcioipo onpayyag / diauerpo onpayyag)-100 (%)

MNpoBAswn paivopEvmwy cUVOAIYNC. Mia apyxikn npooEyyion
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MpoBAeywn paivopevmv oUVOAIWNG o€ aogBeveic Bpaxouadlsc.
Mia apxikn NpooEyyion

Yacambu-Quibor
water transfer tunnel,
Venezuela

Nathpa Jhakri
headrace tunnel,

Mucha highway
tunnel, Taiwan

Old mine
tunnel,

15 4 Africa

10 4

(tunnel closure / tunnel diameter) x 100

A Driskos highway
¥
g tunnel, Greece

Percent strain g

Rock mass strength G / in situ stress p,_ Hoek & Marinos, 2000
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KYPIOI TYTIOlI AZTOXIAZ BPAXOMAZAZ I'YPQ ATO XHPAITA

a. Yabupry Bpauon 1IoxupoU BPAXou XwWPIC AOUVEXEIEG,
KATW aTTO UWYNAEG €TTI TOTTOU TACEIG.

b.lNTwoelg BapuTtnTag r} oAicOnon Tepaxwy r ocenvwyv
OPICOPEVWY ATTO TEUVOUEVEC DOMIKEC ETTIPAVEIECTNG Bpaxoualag.

C.2XNMOTIONOC JIAC «TTAAOTIKAGC» {wvng atrd dIaTunTIKA acToxia
aoBevoucg Bpaxou ) Bpaxouadag KATw atrd uPnAEC TAOEIC
o€ ox€on PE TNV avtoxn TG Bpaxopaldag
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!} Athens Metro photograph in g,
tunnel after collapse bt
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An Athens Metro photograph of shearing of the shotcrete connection between the
sidewall and invert. This is considered to be one of the possible causes of the tunnel

collapse



TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*
OVERBURDEN (H)
(Rock masses for up to several hundreds metres**)
ROCK MASS STRUCTURE overburden

(As in GSL, Hoek & Marinos, 2000) INTACT ROCK STRENGTH (9,) INTACT ROCK STRENGTH (9,)

Indicative limit: o~ 15 Mpa Indicative limit: 0~ 15 Mpa
Low o, High o, Low o, Higho,

EkTipnon
TeXVIKOYEWAOYIKNG
> UUNEPIPOPAC OTIC
ONPAYYES

OVERBURDEN (H) LIMIT: ~150 m

Tunnel Behaviour Chart
(TBC)

:
§
:

A Blockiness (mws drawing scale is not
3 COmpaned with the other's Craming wcalen)

Tunnel rock mass behaviour types (St, Wg, Sh, Sq, Rv, Ch) as defined in figure 3
The engineering geclogical behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

Notes:

* The data used in the TBC were obtained from tunnels excavated by the conventional method with top heading and
bench in a non-urban environment with the overburden cover up to several hundred metres (generally not exceeding
S00m) with a tunnel diameter=12m

* *The chart does not refer to very high overburden (e.g. many hundreds of m or >1000m), where the scale and
the mechanism of failure may differ

The limit-ra compressive strength (0,) of the intact rock and the overburden thickness (H) are
|mumrmsmm-mmmuumw Lwahncndnur The purpose of this diagram |s to
MWMMMMWMMWNMNMMIWMNMdM

failure phenomenon
High discontinuities or shift the gravity driven behaviour types
~- Mwmumm«a from\Vg(O]mCh[u]) il
Groundwater presence mainly affects the factor of safety and not the behaviour type. momt,lnmano,mu
& ntegrated” rock the groundwater presence may “shift” mney (Ch) or Ravelli
(Rv) behaviour type to Flowing ground (Fl) N o e B
4,8and 12 fail Br’ R
mwm:mc n-&wmm ures (Br) when overburden increases considerably (e.g. >800 m)
The illustrations of the tunnel are sketc!




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

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

ROCK MASS STRUCTURE Small overburden Large overburden

(As in GSI, Hoek & Marinos, 2000)
INTACT ROCK STRENGTH (o,) INTACT ROCK STRENGTH (o)
Indicative limit: o~ 15 Mpa Indicative limit: o~ 15 Mpa

Low o, High o, Low o, High o,

| INTACT OR MASSIVE
Intact rock specimens or massive
in situ rock with few
5 widely spaced discontinuities
Es
/A BLOCKY
"« Well interlocked undisturbed
/A rock mass consisting of blocks
/| formed by three orthogonal
/| intersecting discontinuity sets
/ 10
y W\
Sh

OVERBURDEN (H) LIMIT: ~150 m

/1 VERY BLOCKY

Interlocked, partially disturbed
rock mass with multi-faceted
angular blocks formed by four
or more discontinuity sets

~100

H LIMIT

BLOCKY/DISTURBED/SEAMY
Folded with angular blocks formed
by many intersecting discontinuity
sets. Persistence of bedding planes
2| or schistosity. It is understood that
~| the rock mass is disturbed and
anisotropy can be developed

DISINTEGRATED

Poorly interlocked, heavily broken
rock mass with mixture of angular
1 and rounded rock pieces

LAMINATED/FOLIATED/SHEARED)|
Laminated or foliated and tectonically
- sheared weak rock mass. Foliation

1 prevails over any other discontinuity

1 set, resulting in complete lack of

| blockiness (this drawing scale i not
HHONNLANN compared with the other's drawing scales)

OVERBURDEN (H) LIMIT: ~70 m




BifAioypaia - lMMpodiaypapec

0.2.M.E.O: Eyvartia O66¢ A.E. (Odnyieg 2ovragng MeAetwyv Eyvartiag Odou)
MNMpodiaypapés ATTIKO Metpd vyia T1Tn ovuvragn [lewAoyikwyv  Kal
TexvikoyewAoyikwv MEAeTWV.

Austrian Society for Geomechanics, 2010. Ground characterization and
coherent procedure for the determination of excavation and support during
design and construction. Ground characterization and coherent procedure for
the determination of excavation and support during design and construction.
Goricki, W., Schubert, G., Riedmueller, G., 2004. New Developments for the
desigh and construction of tunnels in complex rock masses. International
Journal of Rock Mechanics and Mining Sciences, 41(3), CD-ROM.

Goricki A., Rachaniotis N., Hoek E., Marinos P., Tsotsos S. and Schubert W.,
2006. Support Decision criteria for tunnels in fault zones. Felsbau, 24(5).
Goodman, R., 1993. Engineering Geology. Publ. John Wiley & Sons, Inc.

Hoek, E., 1994. Strength of rock and rock masses. ISRM News Journal, 2(2),
pp- 4-16.

Hoek, E., 1999. Putting numbers to geology - an engineers’s viewpoint. The
Second Glossop Lecture. Quarterly Journal of Engineering Geology, 32(1), pp.
1-19.

Hoek, E., 1999. Support for very weak rock associated with faults and shear
zones. In: Villaescusa, E., Windsor, C.R. and Thompson, A.G. (eds). Rock
support and reinforcement practice in mining, pp. 19-32.



BifAioypaia - lMMpodiaypapec

Hoek, E., 2000. Big tunnels in bad rock. 2000 Terzaghi lecture. ASCE Journal
of Geotechnical and Geoenvironmental Engineering, 127(9), pp. 726-740.
Hoek, E., 2007. Practical Rock Engineering. Notes on Internet
(www.rocscience.com/hoek/hoek.asp).

Hoek, E., Brown. E,T., 1980. Underground excavations in rock. Institution of
Mining and Metallurgy, London.

Hoek, E., Brown, E.T., 1997. Practical estimates or rock mass strength.
International Journal of Rock Mechanics and Mining Sciences &
Geomechanics Abstracts, 34(8), pp. 1165-1186.

Hoek, E., Carranza-Torres, C., Corkum, B., 2002. Hoek - Brown failure criterion
- 2002 edition. In: Bawden H.R.W., Curran, J., Telesnicki, M. (eds).
Proceedings of NARMS-TAC 2002, Toronto, pp. 267-273.

Hoek, E., Kaiser, P.K., and Bawden, W.F., 1995. Support of underground
excavations in hard rock. Rotterdam, Balkema.



BifAioypaia - lMMpodiaypapec

Hoek, E., Marinos, P., 2000. Predicting tunnel squeezing in weak
heterogeneous masses. Tunnels and Tunnelling International, Part 1—
November Issue 2000, pp. 45-51; Part 2—December 2000, pp. 34-36.

Hoek, E., Marinos P., 1998-2006. Panel of experts Egnatia Reports.

Hoek, E., Marinos, P. and Benissi, M., 1998. Applicability of the Geological
Strength Index (GSI) classification for very weak and sheared rock masses.
The case of the Athens Schist Formation. Bulletin of Engineering Geology
and the Environment, 57(2), pp. 151-160.

Hoek, E., Marinos, P., and Marinos, V., 2004. Characterization and engineering
properties of tectonically undisturbed but lithologically varied sedimentary
rock masses. International Journal of Rock Mechanics and Mining Sciences,
42(2), pp. 277-285.

Hoek, E., Marinos, P., Kazilis, N., Agistalis, G., Rahaniotis, N., Marinos, V.,
2006. Greece’'s Egnatia highway tunnels. Tunnels and Tunnelling
International, September issue, pp. 32-35.



BifAioypaia - lMMpodiaypapec

Loew, S., Ziegler, H-J., Keller, F., 2000. Alptransit: Engineering Geology of the
world’s longest tunnel system.. In: Proceedings of the GeoEng2000 at the
international conference on geotechnical and geological engineering,
Melbourne, Technomic publishers, Lancaster, pp. 927-932.

Lunardi, P., 2000. The design and construction of tunnels using the approach
based on the analysis of controlled deformations in rocks and soils. Tunnels
and Tunnelling International, May 2000, pp. 3-30. Available at

Marinos, G., 1974. Geology of Orthrys andissues on its ophiolites. Ann Géol d
Pays Helléniques, University of Athens, 26, pp. 118-148.

Marinos, P., 2005. Experiences in tunnelling through karstic rocks.
Proceedings of International Conference CVIJIC 2005: water resources and
environmental problems in Karst, pp. 617-644.

Marinos, P., Hoek, E., 2000. GSI: a geologically friendly tool for rock mass
strength estimation. In: Proceedings of the GeoEng2000 at the international
conference on geotechnical and geological engineering, Melbourne,
Technomic publishers, Lancaster, pp. 1422-1446.


http://www.rocksoil.com

BifAioypaia - lMMpodiaypapec

Marinos, P., Hoek, E., Marinos, V., 2005. Variability of the engineering
properties of rock masses quantified by the geological strength index: the
case of ophiolites with special emphasis on tunnelling. Bulletin of
Engineering Geology and the Environment, 65(2), pp. 129-142.

Marinos, P., Hoek, E., Rahaniotis, N., Agistalis, G., Marinos, V., 2006. The
tunnels of Egnatia Highway. Experiences in a variety of rock masses under
complex geological conditions. [llpakTikd 5ou [laveAARviou Z2uvedpiou
MewTexVIKAG Kal ewTtrepIBaAAovTikig Mnxavikig, =aven 2006.

Marinos, V., Marinos, P., Hoek, E., 2005. The geological strength index:
applications and limitations. Bulletin of Engineering Geology and the
Environment, 64, pp. 55-65.

Muller, L., 1988. The influence of engineering geology and rock mechanics in
tunnelling. Bulletin of the International Association of Engineering Geology,
38, pp- 5-13.

Palmstrom, A., Stille, H., 2007. Ground behaviour and rock engineering tools
for underground excavations. Tunnelling and Underground Space
Technology, 27, pp. 363-376.



BiBAioypaia - lMpodiaypaPes

Potsch, M., Schubert, W., Goricki, A., Steidl, A., 2004. Determination of Rock
Mass Behaviour Types - a Case Study. EUROCK 2004 and 53th Geomechanics
Colloquium, Schubert ed., VGE publ.

Schubert, W., 1996. Dealing with squeezing conditions in Alpine tunnels. Rock
Mechanics and Rock Engineering, 29(3), pp. 145-153.

Russo, G., 1994. Some considerations on the applicability of major
geomechanical classifications to weak and complex rocks in Tunnelling.
GEAM, March issue, pp. 63-70.

Schubert, W. and Riedmueller, G., 2000. Tunnelling in fault zones-state of the
art in investigation and construction. Felsbau 18(2), pp. 8-17.

Kappaddag M., 2005. Znusiwoeig oxedlaocuou utroyeiwyv épywyv. Ekd6oeig EMIN.
Mapivog B. (2011). T[llapouciacelg padnuarog «lewAoyikég  Kal
MepiBaAAovTikég MeAéTeg TEXVIKWY Epywvy.

Mouvtpdkng, A.M., 2010. lNswAoyia Tng EAAAdag. UNIVERSITY STUDIO
PRESS. Osooalovikn.

MNMatravikoAdou, A.l.,, 2003. NswAoyia Tng EAAGdag. Ekdéocig MNMavetTioTniou
ABnvwyv.



