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TO IN'EQYAIKO: BPAXOX -
BPAXOMAZA

ApPNKTOC BPAaxos: Bpaxog XwpiC aOUVEXEIEC

Bpaxouada: 2UVOAO TEJAXWY — UTTAOK BpaxwyV
OIAXWPICOMNEVWYV ATTO AOUVEXEIEC
Ta TEXVIKQ Epya OXEOOV KATA KAvVOva KaTaokeuadlovTal
ETTI | EVTOC KEPUATIOUEVOU-OIATAPAYMEVOU BPAXWOOUC
UAIKOU (Bpaxouada) Kal 0x1 o€ appnNKTO BPaxo.

2 UVETTWG, TEAIKOG OTOXOG Ol 1I010TNTEC (DIATUNTIKNA
QVTOXN KOl TTapAPOPPWaINOTNTA) TNG Bpaxouadlac.



H avToxn T@V NEPICOOTEPWV NETPWOHATWV
>> gnifaAAOMEVN TAON ANO TA TEXVIKA £pya

EEAIPEGEIG: - dGOEVN ApyIAIKA NETPWHATA
= [HOAU anocabpwleva
- POYHAaTOHEVA
AvTtoxn o€ povoa&ovikn OAiyn (q,, UCS, o)
o YKUpPOOENA ~ 15-35'MPa
o KpUuoTaAAika HE NOPWOEG < 1% = 6. > 100 MPa
o I¢nuaToyevn e nUKvoThHTa < 23 kN/m2 = o. < 70 MPa

BaodaAtnc, ypaviTng XaAadiTnG, YVEUOIOG, WAHMMITNG, aoBECTOAIOOC,
Happapo, oxXioToAI00¢, IAUOAIBOC, papyd, apyIAIKOG OXIOTOAIOOG,
apyiA0AI00G, YUWOG, OPUKTO aAdTi, NOAU anocadpwHEVA NETPWHATA



[Molo gival TO UAIKO TTOU PJEAETANE ?

Bpayxoupala

AppnkTo Bpaxo

ACUVEXEIEC




BPAXOMAZA

APPHKTA TEMAXH + A2YNEXEIE2
(AMNO THN TEKTONIKH KATAINONHZH KAI

APXIKH AOMH-2TPQMATQ2H)




AOMH

1. Eicaywyn

2. AvToxn Kal napapopPwaoiloTnTa AppnKTou
Bpayou

4. AvTOXN ACUVEXEIWV - AOTOXIEC



3. AIaTUNTIKN avToxn Kal napagoppwon
Bpayopadag

EkTipnon Twv 1010TATWV OIaTUNTIKNG AVTOXNG Kal TOU
LETPOU NAPAPopPwWoINoTNTAC TNS Bpaxoualac:

— EpyaoTtnpiakec OOKIPEC
— Eni TONou doKIYEC
— AvaoTpoPec avaAuaoelC

—  Xpnon raéivounoewv Boayoualac
(ROD, Q, RMR, GSI ...)



KPITHPIO A2TOXIA2 HOEK — BROWN
['IA THN BPAXOMAZA

[evikeupevo Kpitnpio acTtoxiac Hoek & Brown yia
Ppaxopacec:

Hoek and Brown, 2002



KPITHPIO A2TOXIA2 HOEK — BROWN
['TA THN BPAXOMAZA

AppnKTOG Bpaxog Bpayxopada

Kpirnpio aoTtoxiac Hoek & Brown

yia dppnKTOo BPaxo: [ EVIKEUMEVO KPITNPIO ACTOXIAC

Hoek & Brown yia Bpaxopalec:

~
m; my AMopEIOMEVA avaloya e
TO NOCO «ANEXE N
1 S Bpaxonala ano Tov
0.5 3 appnkTo Bpaxo...
J

Kpitrpio aotoxiag

Mohr - Coulomb



>UYKpIon Bpaxou — Bpayopalac aTo
kpiTnpio Hoek and Brown

Kpimplo aotoxiag Hoek - Brown

AppnKTOG Bpaxog

Bpaxopala
4 GSI =80
oci = 30MPa

O mi =12

Py

2

865 (MPa) '°




KPITHPIO A2TOXIA2 HOEK — BROWN
['TA THN BPAXOMAZA
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Kpirnpio acTtoyiac Hoek — Brown

via Tnv Bpaxopada

YrnoAoyIopocC NapapeTpwy dIAaTUNTIKNG AvToxXNG
(c ka1 @) TnE Bpaxopaldac Peow TAUTIONG TWV OUO

kapnuAwv Bpauvonc Hoek — Brown kar Mohr —
Coulomb yia dedopevo os.

Mohr-Coulomb failure envelope

S Hoek-Brown
failure envelope

Hoek-Brown

failure envelope




Kpirnpio aotoyiac Hoek — Brown
via Tnv Bpayouada
[la va npoadiopicoupe TNV avtoxn Tne Bpaxopadac
xpe1alOPacTe TIC AKOAOUBEC NApAUETPOUC:
1. Avtoxn appnktou Bpayxou (EpyacTnpiakec OOKIUEC)
e Movoa&ovikn OAINTIKA avToxn Og
e >TaBePa UAIKOU M,

2. MNapayovTec anopeiwaong TNG avToxnc Tou appnKTou
Bpayou (M'ewTpnOoEIC, EMITONOU NApaTnpnon, EUNEIPia)

e BaBuovounon Tnc noioTnTac TnG Bpaxopaldac
(ouoTnuarta Ta&vounonc, n.x. GSI)

e AlaTapa&n Tnc Bpaxouadac kata Tnv kataockeun (D)



AIATMHTIKH ANTOXH TH2Z BPAXOMAZAZ
2YSTHMATA TAZINOMHZHZ BPAXOMAZAZ

Euneipikec pEBodOI «NOCOTIKOMOINONG» TNG NOIOTNTAG

NG Bpaxopadag, pe Baon kanoia XapakTnpioTika TNg,
Onwc:

Aopr] K€p|..ICITIO'|JOC;, o\ 2190 apanTou Bpaxou
I'IOIOTI”|TCI kal NANBOC acuUVEXEIWV, Napouaia
VEPOU KA.

Qne (Barton 1974)
RMR (Bieniawski 1979)

rewAoyikoc Agiktnc Avtoxnc GSI (Hoek &
Marinos 2000)



AEIKTHZ FEQAOINIKHZ ANTOXHZ (GSI)
(E. Hoek, . Mapivog, 2000)

|}
Baailopevol otnv neprypa®r Tng AIBoAoyIknG oUoTaong, TnG Soung
Kal TNG NOIOTATAG TWV QOUVEXEIOV TNG Bpaxoualag eKTIPAOTE T
péon TR Tou GSI and TIG KAPNUAEG. To va eNIAEEETE éva £UPOG

TIHOV and 33 £wg 37 €ival nio peaNIOTIKO and To va dNAWOETE OTI
70 GSI =35. O kaBopIopog TNG dopng KaBWG Kal TG NOIOTNTAG
TWV QOUVEXEIWDV UNOPEI VA KUMQIVETAI PETAEU SUO YEITOVIKOV

| |
nediwv. Tovilgral iBiaitepa OTI TO KpiTripio Hoek - Brown dev
£pappoleTal g aoTABEIEG NOU EAEYXOVTAI GNO OUYKEKPIHEVES
QOUVEXEIEG OTaV 01 a0BEVEIG eninedeg enPaveieg (Onwg diaTpunpéva
£nineda oTPWONG) £XOUV BUOPEVI NPOCAVATOMOMO OE OXEOT HE

TNV ekokar). TOTE auTég kaBopilouv TNV CUKNEPIPOPA TNG
Bpaxopalac. H avroxr opiopévwy Bpaxopalv pe@vETal and Tnv

|}
napoucia Tou UNOYEIOU VEPOU Kal auTO pnopei va AngBei undyn
HE HIKPR) PETAKIVNON Npog Ta Se&ia aTiG OTAAES TNG HETPIAG, NTWXAG
Kal NoAU NTWYMG KATAOTAONG ACUVEXEIOV. H nigon Tou vepol
dev peTaBaMel Tnv Tipr Tou GSI kar AapBaveral undyn pe TRV
Z I 4 avAAuoT EVEPYWY TAOEWV GTOUG UNOAOYIGHOUG.

H
MoAU Agigg, kata nepinTwon oMoBNPEC ENIPAVEIEG PE

MoAU TPAXEIES, UYIEIG, KN ANOCABPWHEVES ENIPAVEIES
oupnayr eNIPACIOKATA fi UNKO NARPWONG KE YwvIndn
Bpavopara

MoAU oMaBNPEC ENIPAVEIES f) NOAU ANOCABPWUEVEG HE
HaAakd apyiAikd UAIKO NANPpwong r ENpAoiwong

Tpaxeieg, EAa@pd anooaBpwyEVEG Kal OEEIDWHEVEG
Asie, HETPIWG ANOCABPWHEVEG Kal EEAANOIWPEVES

MOIOTHTA ENI®ANEIAZ AZYNEXEIQN
MOAY KAAH
EMNIPAVEIE
QX
MOAY NTQXH

O ENPaveIeg

s}
I
5 METPIA

=
U
Q
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E
= KAAH
= 5
o |
b

AOMH NEXEIQN o>

Taé-/ VO’# ,] 0-,7 C QL’&'.LT}'WM Tepaxn ) GoTpwog Bpaxog

N/A N/A

HE NiYEC QOUVEXEIEG OE PEYAAn andoTaon

Bpaxoualas GSI

TEMAXQAHZ/ AAIATAPAKTH-ZTPQMATQAHZ
AdiatapakTn Bpaxopala pe NoAU KaAd
aMnAokAeidwpa nou anoTeAeital and KuBIKa
TePayN opilopeva anod TPEIG 0PBOYWVIA TEUVOEVES
OIKOYEVEIEG QOUVEXEIOV

/

N

"
N

N

MOAY TEMAXQAHZ

Mepik®g diatapaypévn Bpaxopala pe noAunisupa
yoviwdn Tepaxn (blocks) nou oxnuarifovral and
TEOOEPIG 1) NEPIOOOTEPEG OIKOYEVEIEG QOUVEXEIDV

"
NS
R

/

0
ey AIATAPArMENH-ZTPQMATQAHZ/NTYXQMENH
2 Nruxpévn Pe YovIdn Tepdyn nou oxnuartiovral
M| and aAANAOTEUVOLEVEG OIKOYEVEIEG QOUVEXEIGV.
s Eppovn aTpmong fi oxioToTnTag

Y
R

30

AMOAIOPTANQMENH

Ioxupa keppaTiopévn Bpaxopala pe NTwyo
AaAMNAOKAEIBWHA Kal PE TAUTOXPOVN Napouadia
YOVIOSWVY Kal anooTPayyUAWHEVOV TEPAXmV

/

MEIOYMENO AAMAHAOKAEIAQMA TQN BPAXQAQN TEMAXQN

AN

“+—

rE(l)AOYI Kéq AEi KTr]q AVTOXI'!IC DOYAAQAHZ/ AIATMHMENH / /
- v/ OUAOSNG 1y OXICTONOINKEVN KAl TEKTOVIKGG 10
GSI (Hoek & Marinos, 2000) /f/// e e | ||

/ /{ aouveyeldv eunodilovTag Ty dnpioupyia YovIGdwv

4?(\\ TEPAXWV (n kAipaka O QuTO TO EIKOVIBIO BEV OUYKPIVETAI PE
(S gyt Twv GMwv ekoviBiov)




GSI for jointed rock

Masses,
Hoek & Marinos 2000

GEOLOGICAL STRENGTH INDEX

FOR JOINTED ROCKS
(Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GS| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

SURFACE CONDITIONS

ERY GOOD

ery rough, fresh unweathered surfaces

Vv
Vi

Rough, slightly weathered, iron stained surfaces

GOOD

Smooth, moderately weathered and altered surfaces

FAIR

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

POOR
VERY POOR

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

STRUCTURE DECREASING SURFACE QUALITY ——>
INTACT OR MASSIVE
intact rock specimens or massive 9 NI/ N/A

/ in situ rock with few widely

spaced discontinuities

/

80

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

%

76

o

VERY BLOCKY- interlocked,

partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

7 BLOCKY/DISTURBED/

%4 SEAMY folded with angular blocks
formed by many intersecting

%] discontinuity sets. Persistence
of bedding planes or schistosity

Vi

(=)

/
/

& DISINTEGRATED

S| poorly interlocked, heavily broken
rock mass with mixture of angular
and rounded rock pieces

DECREASING INTERLOCKING OF ROCK PIECES

™~

o

LAMINATED/SHEARED

Lackof blockiness due to close spacing
of weak schistosity or shear planes

N/A

N/A




GSI for jointed rock

Masses,
Hoek & Marinos 2000

STRUCTURE

S|

INTACT OR MASSIVE
intact rock specimens or massive
in situ rock with few widely
spaced discontinuities

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

VERY BLOCKY-interlocked,

partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

BLOCKY/DISTURBED/

ASEAMY folded with angular blocks
Iformed by many intersecting
Lx|discontinuity sets. Persistence

of bedding planes or schistosity

DISINTEGRATED

RIS poorly interlocked, heavily broken
PXRE . c
.s_:{%‘,",‘% rock mass with mixture of angular

) K
AN AL
%

x| and rounded rock pieces

i
=dw

<—— DECREASING INTERLOCKING OF ROCK PIECES

LAMINATED/SHEARED

Lackof blockiness due to close spacing
of weak schistosity or shear planes

GEOLOGICAL STRENGTH INDEX

FOR JOINTED ROCKS
(Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GS| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

STRUCTURE

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

VERY GOOD

DECREASING SURFAC

Rough, slightly weathered, iron stained surfaces

GOOD

Smooth, moderately weathered and altered surfaces

FAIR

l

QUALITY

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

POOR
VERY POOR

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

—

INTACT OR MASSIVE
intact rock specimens or massive
in situ rock with few widely
spaced discontinuities

N

©

/

80

N/A

N/A

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

%

76

o

VERY BLOCKY- interlocked,

partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

PSS

i -"\ %y, B
S SEAMY folded with angular blocks

A

Q‘g formed by many intersecting )
sgs| discontinuity sets. Persistence 30
— of bedding planes or schistosity /

/
/

DECREASING INTERLOCKING OF ROCK PIECES

DISINTEGRATED

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

™~~~

o

LAMINATED/SHEARED

Lackof blockiness due to close spacing
of weak schistosity or shear planes

N/A

N/A




GSI for jointed rock

Masses,
Hoek & Marinos 2000

SURFACE CONDITIONS X

<—= ALINYNO F0V44NS ONISYIHO3A

VERY GOOD

Very rough, fresh unweathered surfaces

GEOLOGICAL STRENGTH INDEX

FOR JOINTED ROCKS
(Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

VERY GOOD

Rough, slightly weathered, iron stained surfaces

GOOD

Smooth, moderately weathered and altered surfaces

FAIR

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

POOR
VERY POOR

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

GOOD

Rough, slightly weathered, iron stained surfaces

STRUCTURE DECREASING SURFACE QUALITY —>
/ INTACT OR MASSIVE
intact rock specimens or massive
/ in situ rock with few widely /9 N A

spaced discontinuities

80

FAIR

Smooth, moderately weathered and altered surfaces

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

4

76
of

POOR

Slickensided, highly weathered surfaces with compact
coatings or fillings or angular fragments

VERY POOR

Slickensided, highly weathered surfaces with soft clay
coatings or fillings

VERY BLOCKY - interlocked,

partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

7 BLOCKY/DISTURBED/

‘-,1 SEAMY folded with angular blocks
iformed by many intersecting

discontinuity sets. Persistence

of bedding planes or schistosity

/

(=)

/
/

& DISINTEGRATED

S| poorly interlocked, heavily broken
 rock mass with mixture of angular
% and rounded rock pieces

<—— DECREASING INTERLOCKING OF ROCK PIECES

I~

o™

LAMINATED/SHEARED

Lackof blockiness due to close spacing
of weak schistosity or shear planes

N/A

N/A




GSI for jointed rock masses

VERY BLOCKY-interlocked.

partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

GEOLOGICAL STRENGTH INDEX

FOR JOINTED ROCKS

(Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.

Very rough, fresh unweathered surfaces

Rough, slightly weathered, iron stained surfaces

Smooth, moderately weathered and altered surfaces

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

Slickensided, highly weathered surfaces with soft clay

(72)
2
O
=
The shear strength of surfaces in rocks 2 (=) xse
that are prone to deterioration as a result o|lO O<cst
of changes in moisture content will be ¢ | O Ogw
reduced if water is present. When ;| @ 0co
working with rocks in the fair to very poor ¢y | >- 8 14 > 28
categories, a shift to the right may be < | ¢ o o o [0 =
made for wet conditions. Water pressure 'E w o < 2 g 3
is dealt with by effective stress analysis. S > L ©
STRUCTURE ¢» | DECREASING SURFACE QUALITY ——>
INTACT OR MASSIVE
intact rock specimens or massive 9 N/A N/A

in situ rock with few widely
spaced discontinuities

L/

80

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

4

76,
of

VERY BLOCKY:- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

/.’

6

/

BLOCKY/DISTURBED/ i
PASEAMY folded with angular blocks
Q.l formed by many intersecting J
zes| discontinuity sets. Persistence 30
of bedding planes or schistosity /

i DISINTEGRATED

poorly interlocked, heavily broken
| rock mass with mixture of angular
and rounded rock pieces

™~

<—— DECREASING INTERLOCKING OF ROCK PIECES

LAMINATED/SHEARED

~
// Lackof blockiness due to close spacing

of weak schistosity or shear planes

N/A

N/A




GSI for jointed rock masses

R
ey
W a5

BLOCKY/DISTURBED/

SEAMY folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence

of bedding planes or schistosity

!A & 1 b STARt N Mg
P B SN e

=
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GEOLOGICAL STRENGTH INDEX

FOR JOINTED ROCKS
(Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

VERY GOOD

Smooth, moderately weathered and altered surfaces

Rough, slightly weathered, iron stained surfaces

GOOD
FAIR

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

POOR
VERY POOR

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

in situ rock with few widely
spaced discontinuities

L/

80

STRUCTURE DECREASING SURFACE QUALITY ———>
INTACT OR MASSIVE
intact rock specimens or massive ) N/A N/A

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

4

76,
of

VERY BLOCKY- interlocked,

partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

BLOCKY/DISTURBED/
3‘»‘-,1 SEAMY folded with angular blocks
— formed by many intersecting

shs|discontinuity sets. Persistence
of bedding planes or schistosity

]

"
%

4

/

> o

(=)

/
/

DISINTEGRATED

S| poorly interlocked, heavily broken
rock mass with mixture of angular

| and rounded rock pieces

™~

o™

<—— DECREASING INTERLOCKING OF ROCK PIECES

LAMINATED/SHEARED

Lackof blockiness due to close spacing
of weak schistosity or shear planes

N/A

N/A




GSI for jointed rock masses

GEOLOGICAL STRENGTH INDEX

FOR JOINTED ROCKS
(Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced if water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

VERY GOOD

Rough, slightly weathered, iron stained surfaces

GOOD
FAIR

Smooth, moderately weathered and altered surfaces

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

POOR
VERY POOR

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

shs|discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED

S| poorly interlocked, heavily broken
rock mass with mixture of angular

(=)

I~
(=N

LAMINATED/SHEARED

~
// Lackof blockiness due to close spacing

of weak schistosity or shear planes

N/A

N/A

STRUCTURE DECREASING SURFACE QUALITY —>
INTACT OR MASSIVE
intact rock specimens or massive 9
in situ rock with few widely 4 Mg N
spaced discontinuities L
ol 80
BLOCKY - well interlocked un- & (
disturbed rock mass consisting 8] 7
of cubical blocks formed by three 8
intersecting discontinuity sets w
o} 6
O
VERY BLOCKY-interiocked, Z {
partially disturbed mass with = 5
multi-faceted angular blocks (e}
formed by 4 or more joint sets 2 /
S L
rs BLOCKY/DISTURBED/ & 4
; ‘: SEAMY folded with angular blocks
S ¥ formed by many intersecting %
<
w
o
O
|
a




GSI for jointed rock masses

LAMINATED/SHEARED

Lackof blockiness due to close spacing
of weak schistosity or shear planes

GEOLOGICAL STRENGTH INDEX

FOR JOINTED ROCKS

(Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.

Very rough, fresh unweathered surfaces

Rough, slightly weathered, iron stained surfaces

Smooth, moderately weathered and altered surfaces

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

Slickensided, highly weathered surfaces with soft clay

(72]
<
o
=
The shear strength of surfaces in rocks % () x¥s9
that are prone to deterioration as aresult & | © O EEL
of changes in moisture content will be ¢ | O Ogw
reduced if water is present. When ;| @ 0co
working with rocks in the fair to very poor ¢y | >- 8 14 > 285
categories, a shift to the right may be < | ¢ o o o X o<
made for wet conditions. Water pressure & w o < 2 g 3
is dealt with by effective stress analysis. S > L ©
STRUCTURE ¢» | DECREASING SURFACE QUALITY ——>
INTACT OR MASSIVE
intact rock specimens or massive ) N/A N/A

in situ rock with few widely
spaced discontinuities

L/

80

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

4

76,

of

VERY BLOCKY:- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

?M‘-‘:‘}i BLOCKY/DISTURBED/

MS"";W SEAMY folded with angular blocks
RGP\

St formed by many intersecting
shs|discontinuity sets. Persistence
of bedding planes or schistosity

%

(=)

DISINTEGRATED

S| poorly interlocked, heavily broken
| rock mass with mixture of angular
¥ and rounded rock pieces

<—— DECREASING INTERLOCKING OF ROCK PIECES

LAMINATED/SHEARED

Lackof blockiness due to close spacing
of weak schistosity or shear planes

N/A

N/A

/[

1)




Oeocic BaBpovounonc

1. 2 npavn-opuypata: A€loAoynon oTnv KAIJaka Tou Epyou —
BaBbuovounon TN Ppaxopalac nou BeAoupE va
LEAETNOOUE AV AOTOXNOE




O&osic Babuovounonc
1. Z€ nupnvec dsiypuaToAnwiac — JETWNA onpayywv:
MpoekBoAn ano Tnv pia dlacTacn oTIC TPEIC




BAOMONOMH2H GSI 2YM®QNA ME THN
KAIMAKA TOY EPIOY

Failure surface

Bench scale

Failure surface
Pit scale




BAOMONOMH2H GSI 2YM®QNA ME THN
KAIMAKA TOY EPIOY

Intact rock - do not use GSlI
Use Hoek Brown to check
for tensile and shear failure

S,

\’ls R
NS, ’i‘sz&;l\
RERLE

Single joint - do not use GSI

Model joint explicitly and use R ORI
& Hoek Brown for intact rock - ""\'\'}\Q:*:é};%’?g’
IR X NI
L RIERTEN SRR R
N % Q e

! - SOINMITANCRVNHN RIS
PR 0 NN N5 NN

PSR "’i’#”%&&g‘@

RRRIRB TR

&) ot NV N A
USRS

N,
R3X Sparsely jointed rock -
RSSO NN p Y]
\0""74“7\\:3\}%@? Y’ do not use GSI. Model
o\, "’é}f;&Q ace Ghe
joints explicitly and use
Hoek Brown for intact rock

Blocky rock mass with minimal
anisotropy - use GSI with caution

Heavily jointed rock mass
Use of GSlI is appropriate




2Y2THMA TAZINOMHZ2H2 BPAXOMAZAZ2 GSI

AppnkTo
TETPWHA

evikwg 106TpOTTN, Yabupn, EAACTIKA
CUMTTEPIPOPA OTA OKANPA TTETPWHATA

ApPNKTO TTETPWHA
ME Mia acuvéxela

Tepaxiopévn
Bpaxouadla armrd TpEIg
opBoywviwg
TEMVOMEVEG OCUVEXEIEG

AviooTpotrn avdAoya
ME TOV apIOuS, TTPOCAVATOAIOUO, EUMOVA
KOl OVTOX TWV OOUVEXEIWV

MoAU TeEpaxIoUEVN
Bpaxouadla atrd TECOEPIG
I TTEPICOOTEPEG

EuAbGywg 106TpOTIN,
évrova d100TEAAONEVN O XOMNAEG TAOEIG,
ME Bpalon Twv TEPAXIBiWV o€ UYPNAEG TAOEIG

OOUVEXEIEG

ZpruGTtb§ng aAAda AvVIOOTPOTIN avAAOYyd ME TOV KEPHATIONO TWV
KEPHATIOHENANE EMITTESWV OTPWONG ) TNG OXICTOTNTAG KAl TNG
Siatapaypevn AVTOXN G TWV OOUVEXEIWV

ATtrodounuévn

Bpaxouala EuAb6ywg 106TpOTIN

OUAAGBNC/ EuAOywg 106TpOTIN, MIKPN S1a@opd HETASU

AlaTunpévn AVTOXWYV TTETPWHATOG KOl ACUVEXEIWV. Opauon

TEMOAXWV OKOMN KAl O€ XOMNAEG TAOEIG






2Y2THMA TAZINOMHZ2H2 BPAXOMAZAZ2 GSI

evikwg 106TpOTTN, Yabupn, EAACTIKA

AppnkTo . : .
méTPWHA CUMTTEPIPOPA OTA OKANPA TTETPWHATA
ApPNKTO TIETPWHA EvTeAwg aviooTpoTtrn £§apTATAl ATTO TOV

TTPOCAVATOAIONO Kal TRV SIATUNTIKA AVvTOXK TN

ME Mia acuvéxela )
OOUVEXEING

Tepaxiopévn
Bpaxouadla armrd TpEIg
opBoywviwg
TEMVOMEVEG OCUVEXEIEG

MoAU Tepaxiopévn EuAdywg 106TpoTTN,
Bpaxoupala atré 1E00EPIS évTova S100TEAAGHEVN O€ XOUNAES TAOEIG,
] TEPIOCOTEPES ME Bpalon TwV TEMaXISiwV o€ UYPNAEG TAOEIG

OOUVEXEIEG
ZpruGTtb§ng aAAda AvVIOOTPOTIN avAAOYyd ME TOV KEPHATIONO TWV
KEPHATIOHENANE EMITTESWV OTPWONG ) TNG OXICTOTNTAG KAl TNG
Siatapaypevn AVTOXN G TWV OOUVEXEIWV
ATtrodounuévn
Bpaxouala EuAb6ywg 106TpOTIN
OUAAGBNC/ EuAOywg 106TpOTIN, MIKPN S1a@opd HETASU
AlaTunpévn AVTOXWYV TTETPWHATOG KOl ACUVEXEIWV. Opauon

TEMOAXWV OKOMN KAl O€ XOMNAEG TAOEIG




TYTIOI AOMSN BPAXOMAZAS

Tnv euoTadeia
TOU npavoucg 6a
KaOopioel n
avToxn Tov
CQOUVEXEIOV. Agv
€XEI vOnHa va
XPNOIHONOINCOU
HE Ta&ivopnon,
TO UAIKO €ival
auoTnpa
avicoTpono.



2Y2THMA TAZINOMHZ2H2 BPAXOMAZAZ2 GSI

evikwg 106TpOTTN, Yabupn, EAACTIKA

AppnkTo . : .
méTPWHA CUMTTEPIPOPA OTA OKANPA TTETPWHATA
ApPNKTO TIETPWHA EvTeAwg aviooTpoTtrn £§apTATAl ATTO TOV

TTPOCAVATOAIONO Kal TRV SIATUNTIKA AVvTOXK TN

ME Mia acuvéxela )
OOUVEXEING

Tepaxiopévn
Bpaxouadla armrd TpEIg
opBoywviwg
TEMVOMEVEG OCUVEXEIEG

MoAU Tepaxiopévn EuAdywg 106TpoTTN,
Bpaxoupala atré 1E00EPIS évTova S100TEAAGHEVN O€ XOUNAES TAOEIG,
] TEPIOCOTEPES ME Bpalon TwV TEMaXISiwV o€ UYPNAEG TAOEIG

OOUVEXEIEG
ZpruGTtb§ng aAAda AvVIOOTPOTIN avAAOYyd ME TOV KEPHATIONO TWV
KEPHATIOHENANE EMITTESWV OTPWONG ) TNG OXICTOTNTAG KAl TNG
Siatapaypevn AVTOXN G TWV OOUVEXEIWV
ATtrodounuévn
Bpaxouala EuAb6ywg 106TpOTIN
OUAAGBNC/ EuAOywg 106TpOTIN, MIKPN S1a@opd HETASU
AlaTunpévn AVTOXWYV TTETPWHATOG KOl ACUVEXEIWV. Opauon

TEMOAXWV OKOMN KAl O€ XOMNAEG TAOEIG




TYTIOI AOMSGN BPAXOMAZAZ
Tepaxiopevn Bpaxouala

PR

AN SRR gL, 3 npocavatoAIopog
RGN AR ~ TWV AOUVEXEIMV
TN N gival TEToOI10G nou
¥ A FRONTUORNCN e O€EV EUVOEI
(- S AR T IR T T oAioOnon Tou
N ’ _, > , » \\ \ :\\“g" ’\s’ n[')CIVOU(; KAaTta




2Y2THMA TAZINOMHZ2H2 BPAXOMAZAZ2 GSI

evikwg 106TpOTTN, Yabupn, EAACTIKA

AppnkTo

TETPWHA OUNTTEPIPOPA OTU OKANPA TTETPWHATA

ApPNKTO THETPWHG EvTeAwg aviooTpoTtrn £§apTATAl ATTO TOV

HE pio aouvéxeia TTPOCAVATOAIONO Kal TRV SIATUNTIKA AVvTOXK TN
OOUVEXEIOG

Tepaxiopévn AvicoTpoTrn avaloya

Bpaxopada oo Tpeig ME TOV apPIBUO, TTPOCAVATOAIOHO, EMHOVA

opBoywviwg

\ , KOl OVTOX TWV OOUVEXEIWV
TEMVOUEVEG OOUVEXEIEG

MoAU TeEpaxIoUEVN
Bpaxouadla atrd TECOEPIG
I TTEPICOOTEPEG

OOUVEXEIEG

ZpruGTtb§ng aAAda AvVIOOTPOTIN avAAOYyd ME TOV KEPHATIONO TWV
KEPHATIOHENANE EMITTESWV OTPWONG ) TNG OXICTOTNTAG KAl TNG
Siatapaypevn AVTOXN G TWV OOUVEXEIWV

ATtrodounuévn

Bpaxouala EuAb6ywg 106TpOTIN

OUAAGBNC/ EuAOywg 106TpOTIN, MIKPN S1a@opd HETASU

AlaTunpévn AVTOXWYV TTETPWHATOG KOl ACUVEXEIWV. Opauon

TEMOAXWV OKOMN KAl O€ XOMNAEG TAOEIG




TYTIOI AOMSN BPAXOMAZAS

MoAU Tepayiopévn Bpaxopala

To uUAIkO pnopeEi
va OewpnOei OTI
OULNEPIPEPETA
I00TpoNd.




2Y2THMA TAZINOMHZ2H2 BPAXOMAZAZ2 GSI

evikwg 106TpOTTN, Yabupn, EAACTIKA

AppnkTo . : .
TETPWHA CUUTTEPIPOPA OTA OKANPA TTETPWHATA
ApPNKTO THETPWHG EvTeAwg aviooTpoTtrn £§apTATAl ATTO TOV
HE pio aouvéxeia TTPOCAVATOAIONO Kal TRV SIATUNTIKA AVvTOXK TN
OOUVEXEIOG
Tepaxiopévn AvicoTpoTrn avaloya
Bpaxopada oo Tpeig ME TOV apPIBUO, TTPOCAVATOAIOHO, EMHOVA

opBoywviwg

\ , KOl OVTOX TWV OOUVEXEIWV
TEMVOUEVEG OOUVEXEIEG

MoAU TeEpaxIoUEVN
Bpaxouadla atrd TECOEPIG
I TTEPICOOTEPEG
OOUVEXEIEG

EuAbGywg 106TpOTIN,
évrova d100TEAAONEVN O XOMNAEG TAOEIG,
ME Bpalon Twv TEPAXIBiWV o€ UYPNAEG TAOEIG

2TPWHATWONG aAAd
KEPMATIOMEVN KAl
Siarapayuévn

ATtrodounpévn
Bpaxouala EuAb6ywg 106TpOTIN

DuAAWBNC/ EuAOywg 106TpOTIN, MIKPN S1a@opd HETASU
AloTunpévn OVTOXWV TTETPWHATOG KOl AOUVEXEIWV. Opauon
TEMOAXWV OKOMN KAl O€ XOMNAEG TAOEIG




TYTIOI AOMSN BPAXOMAZAS

ZTpWHATOONG — diatapaypevn Bpaxopala

H avicoTponia
eEapraral ano T
YEWMETPIA TNG
NTUXWONG N TNG
oXI0TOTNTAG.




2Y2THMA TAZINOMHZ2H2 BPAXOMAZAZ2 GSI

evikwg 106TpOTTN, Yabupn, EAACTIKA

AppnkTo . : .

TETPWHA CUUTTEPIPOPA OTA OKANPA TTETPWHATA

ApPNKTO THETPWHG EvTeAwg aviooTpoTtrn £§apTATAl ATTO TOV

HE pio aouvéxeia TTPOCAVATOAIONO Kal TRV SIATUNTIKA AVvTOXK TN
OOUVEXEIOG

Tepaxiopévn AvicoTpoTrn avaloya

Bpaxopada oo Tpeig ME TOV apPIBUO, TTPOCAVATOAIOHO, EMHOVA

opBoywviwg

\ , KOl OVTOX TWV OOUVEXEIWV
TEMVOUEVEG OOUVEXEIEG

MoAU Tepaxiopévn EuAdywg 106TpoTTN,
Bpaxoupala atré 1E00EPIS évTova S100TEAAGHEVN O€ XOUNAES TAOEIG,
] TEPIOCOTEPES ME Bpalon TwV TEMaXISiwV o€ UYPNAEG TAOEIG

OOUVEXEIEG
ZpruGTtb§ng aAAda AvVIOOTPOTIN avAAOYyd ME TOV KEPHATIONO TWV
KEPHATIOHENANE EMITTESWV OTPWONG ) TNG OXICTOTNTAG KAl TNG
Siatapaypevn AVTOXN G TWV OOUVEXEIWV
ATtrodounuévn
Bpaxopada
OUAAGBNC/ Eu)\éyfug |06'rp’o1'rr|, MIKPR 6|a<popé’p£m§t’1 ’
AlaTunpévn AVTOXWV TTETPWHMATOG KOl ACUVEXEIWV. Opauon

TEMOAXWV OKOMN KAl O€ XOMNAEG TAOEIG







2Y2THMA TAZINOMHZ2H2 BPAXOMAZAZ2 GSI

evikwg 106TpOTTN, Yabupn, EAACTIKA

AppnkTo . : .
méTPWHA CUMTTEPIPOPA OTA OKANPA TTETPWHATA
ApPNKTO TIETPWHA EvTeAwg aviooTpoTtrn £§apTATAl ATTO TOV

ME Mia acuvéxela

TTPOCAVATOAIONO Kal TRV SIATUNTIKA AVvTOXK TN
OOUVEXEIOG

Tepaxiopévn
Bpaxouadla armrd TpEIg
opBoywviwg
TEMVOMEVEG OCUVEXEIEG

AviooTpotrn avdAoya
ME TOV apIOuS, TTPOCAVATOAIOUO, EUMOVA
KOl OVTOX TWV OOUVEXEIWV

MoAU TeEpaxIoUEVN
Bpaxouadla atrd TECOEPIG
I TTEPICOOTEPEG

EuAbGywg 106TpOTIN,
évrova d100TEAAONEVN O XOMNAEG TAOEIG,
ME Bpalon Twv TEPAXIBiWV o€ UYPNAEG TAOEIG

OOUVEXEIEG
ZpruGTtb§ng aAAda AvVIOOTPOTIN avAAOYyd ME TOV KEPHATIONO TWV
KEPHATIOHENANE EMITTESWV OTPWONG ) TNG OXICTOTNTAG KAl TNG
Siatapaypevn AVTOXN G TWV OOUVEXEIWV
ATtrodounuévn
Bpaxouala EuAb6ywg 106TpOTIN
OuAAwdng/

AlaTunpévn




TYTIOI AOMSN BPAXOMAZAS

AlaTunuevn Bpaxouada

To UAIKO pnopei va
BwpnOsi OTI
OUMNEPIPEPETAl
|00TpOona.




H ouvoAikn aoToyxia dev kaBodnysiTal ano Tnv
avioToTponia Tn¢ Bpaxopalac (Tnv oTpwon
e0w): To GSI ka1 To H&B KpITAPIO AcTOXIAC

gival EPAPUOTILO

Pindos mountain, Greece



>uoTnua Ta&ivounonc Bpayopadac GSI

H Tiun Tng Babuovopnong
NPOKUNTEl WC OUVOUACHOG TNG
dolNC Kal TNE NoI0TNTAC TWV
AQOUVEXEIWV

"
At

Aev €xel vonua povadikn
TIUA — M0 PEANIOTIKO TO
gupoc, n.X. 35-40

FEQAOIIKOZ AEIKTHZ ANTOXHZ ZE
PHIMATQMENOYZ BPAXOYZ
goek and Marinos, 2000)

ao1fOpEvol oTNV epeavion Tng Bpaxoualag
(Trepiypa@r) dopng Kal KaTdoTaon EMPAVEING
QAOUVEXEIWV) EKTINAOTE TN péon Tipr Tou GSI,
XwpIg UTTOXPEWTIKA peyaAn akpifeia. To va
eMAEEETE Eva eUPOg TIHWV atd 33 wg 37 eival
o peaAioTikG ard 1o va dijAwoete 61 GSI=35.
Znueiveral 61 o Nivakag dev eQappdleTal oe
KIVNUATIKG EAEYXOUEVEG AOTABEIEG. ZTNV
TIEPITITWON TTOU 01 a0BEeVEiG ETTITTESES
ETTIPAVEIEGEXOUV WN ELVOIKS TTPOCAVATOAICHO
o€ OX€ON KE TO TTPAVEG EKOKAPNG, TOTE QUTEG
kaBopilouv TNV ouPTTEPIPOPE TNG Bpaxopadag.
H diarunTiki avioxn em@aveiwy oe Bpdyoug
TToU UTTOKEIVTal O€ £§a0BEvion Adyw
diakupavang TNG TIEPIEKTIKOTNTAG OE uypaocia,
gival TepaITépw PEIWPEVN OTav UTTApXEl VEPOD.
Orav, o1 BpaxOpales avikouv OTIG HETPIES £WG
TITWXEG KATNYOPIES KAl UTTAPXEI VEPO TOTE
pETaKIvoUpaoTe TTpog Ta 8é§ia. H udpooTtarikni
méon AapBaveral uttéyn PeE TNV avaiuon
EVEPYWV TATEWV.

AOMH

KATAZTAZH EMIGANEIAZ AZYNEXEIAZ

INTACT OR MASSIVE - Appnkta
Bpaxwdn Tepaxn f AoTpwrog
Bpaxog pE AiyeG QOUVEXEIEG OE
MEYGAN atréoTaon

\AQN TEMAXQN

BLOCKY - Adiar@pakrn Bpaxopala
ME TTOAU KaAd aAAnAokAgidwpa TTou
arroteAeital atméd KuBIKa Tepdyn
opifdpeva arré Tpeig opBoywvia

J TEPVOMEVEG OIKOYEVEIEG ACUVEXEIV

VERY BLOCKY- Mepikwg diatapa-
yHévn Bpaxopala pe TOAUTTAEUpa
ywwviwdn Tepdyn (blocks) mou
oxnuariovral amé TE00EPIS 1
TIEPICOOTEPEG OIKOYEVEIEG ACUVEXEIWV

BLOCKY/DISTURBED/SEAMY

A MTuxwpévn HE YwvIwdn TEPAXN TTou §
oxnuarifovral armmo TTOAAEG aAAnAo-
TEPVOUEVEG OIKOYEVEIEG ACUVEXEIWV.
EppoviA otpwong f oxiotétnrag

DISINTEGRATED - loxupd keppari- g

opévn Bpaxopala pe TITwy6 aAAnAo- >

KAEIBWHA Kal pe TaUTOXpOVN 8
{ Trapoucia ywviwdwy Kal armooTpoy- S

UAWPEVWV TEPAXWV

LAMINATED/SHEARED - ®uAAwSNg

1) OXIOTOTIOINPEVN KAl TEKTOVIKWG

Siarunuévn aoBeviig Bpaxduadla. H

oxI0TéTNTA EMKPATEL EvavTl OTIOIA0dATTOTE
GAANG olkoyEvEIag aouvexEIV epTrodidovrag
TNV SNPIoUPYIa YWVIWSWY TEPaxwV

IAQMA TQON BF

OAU TPAXEIES, UN ATTOOABPWHEVES ETTIQPAVEIEG

OAY KAAH

n
n
KAAH

MEIOYMENH

ju

Tpaxeieg, EAa@pd aTrocabpwWHEVES Kal

0GEIDWHEVES ETTIQAVEIES

METPIA
Aeigg, HETPIWG ATTOCABPWHEVES Kal
€EANAOIWHEVEG ETTIPAVEIEG
ETQ)((iH Aio© AU 0 £
m@aveieg oAioBnaong, TTOAU aTToCaBPWHEVEG pE
oupTiayn em(p)\ma)pma 1) UNIKG TTAfpwaong PE ywviwdn
MNOAY NTQXH
Em@aveieg oAioBnong oAU amooafpwpéveg
pE pahakd apylAiké UAIKS TTARpwONg

OIOTHTAAZYNEXEIQN —>




A€ikTNC st)\oleﬁq AvToxnC
GSI yia eTepoyeveic Bpaxopalec (V. Marinos, 2007)

(B. Mapivog, 2007, uné dnuocicuon) E. 2 wi e g
E A . : - p : ’ . . " ! = = S &P 3 y
TEPOYEVEIG BpaxOpaleg evvoouvTal £3w QUTEG NOU EVaAAGOOOVTAl OTPWHATA 0aPWS SIAPOPETIKWY AIBOAOYIKMV TUNWV HE ONHAVTIKEG JIGPOPEG w g_ - c o D = g
OTa XAPAKTNPIOTIKA avTOXNG TouG. Ma Tov QAUOXN QUTEG OF EVAAAQYEG QVAPEPOVTAI KUPIWG OF WAPUITEG KaI IAUOAIBOUG. € OPIOPEVES ﬁ D bl g ‘g _g-': )
NEPINTAEIG EPavIovTal Kai apyiAikoi oxioToMBol. Baoilopevol atnv nepiypa®n Tng AiBoAoyikng oUoTaong, TG Sopng Kai TnG noioTnTag 3 =4 @ o <3 §- 8 % 2
TWV AOUVEXEIOV (Kupiwg Tng oTpwong) Tng Bpaxopalag eniAéETe To katGMnAo nedio Tou nivaka. H emidoyn Tng Sopng npéner va § % g g»< e o b
kaBopileral pe Baon Tnv TekTovikn Siatapayxn (adiarapaxTtn, pérpia diatapaypévn, NOAU nTuXwpévn - Siatapaypévn, 5 5] Q =i 5 g’vg ) 3
anodiopyavwpévn, SiaTpnpévn) Kai TNV avaAoyia Yappit@v Kai INVoAIBwY Kal TNV EKNEPPACHEVT ECWTEPIKA OTPWHATWOT) TOUG. [ — ‘B 3 L‘{ § ] '; ] Q
Zroug TUNoug IV ka1 V drav 1o nayog Twv Tpaned@v Tou wappitn givar peyalo (~50 cm) nporeiverar n adEnon Tng Tipng GSI g v =+ 8 tif & w £ES3 88 ¢
KaTa 5 povadeg. Anod Tov TUNO IV KaI OTOUG ENOPEVOUG TUNOUG Ta €nineda oTpwong diakpivovtal péoa ot pala Tou IAuOAIBou. EmAEETE TN w g g 5 9 8 g o> &ag
B€on oT0 nedio Nou NEPIYPAPE! TIG CUVBNKEG KQI EKTIUACTE Tn Péon TiUA Tou GSI and TiG kKapnUAEG. To va enIAEEETE €va eUPOG TIHMV N.X. and 33 < - S o -g_ 8 = [~ :':,_ 9 S Y=
£wg 37 gival nio peaNioTikd and To va dnAwoeTe 611 To GSI =35. O kaBopiopds TnG doprg KaBAE Kal TG NOIGTNTAG TWV QOUVEXEIDV UNOPEi va g E‘ > Q= o w 2 8 o g g
Kupaiveral petaky duo verrown«bv nediwv. TovilgTal |6|ui'repa oT1 To KpiTiipIo Hoek - Brown dev acpapui)(,sral Ot a0TGBEIEG NOU EAéyxovTal and hA T g g’ @ g g S w 3 az g
OUYKEKPIPEVEG QOUVEXEIEG OTAV 01 aoBeVEiG eninedeg enipaveieg (Onwg diaTunuéva enineda o-rpmcnc) £xouv buopcvn npooavaroAlouo /3 oxson = .§ © Sy = 5 T =3 3 é g =% g_
He TV zxoxocpﬁ Tote auTég xoeopw:ouv TNV OUPNEPIPOPa ™g Bpoxom(oc H avroxr opiopévwv Bpaxouo(wv PEIGVETAI and TN Napoudia Tou o e 3 =3 1‘{ 0'5 a b g- R} ;{-c E =} 8.::
unovaou VEPOU KaI auTd pnopel va chpea unown HE PIKPN paamvnon npog Ta de§ia oTig ornAeq ™G HETPIAG, NTWXAG KAl NOAU NTWXAG ﬁ E > ,C_i- 9 w2 = 33 e W 'é > ‘é [e5) 'é
KaTaGoTaong acuvexeliv. H nieon Tou vepol dev weraBaiier Tnv TipR Tou GSI kai AapBaveral undyn WE TNV avaAuon eVEPYMV TACEWV OTOUG IE g < 2 S- T %8 & Hﬁ é 2 -g o< 2 § 2
unoAoyIopoUs. = () w-= o = = =
L 9% | 825 325 | 883 |E22z|82is
AOMH KAI ZYZTAZIH g & MEIOYMENH MNOIOTHTA ASYNEXEIQN >
TYNOZ I. A6|0Top0KToq, HECOOTPWHATMANG £0G TYNOZ II. AdiaTapakTog oupnayng INAUOAIBog i
o/ noxucnpwua*rménq Yappitng pe onopablxsc noAU &t (dev diakpivovTtal Ta enineda mpwoawv) HE
M:m'ouq UMEVEG IAUOAIBou. e aPaBeiq onpayyeg : OnopadikéG AENTEG EVOTPMOEIG WAPHITOV
1 Npavr av o0 Pnxaviopog aoTabeiag Aoyw eMsupnc :
nAsuplxou nupsun06|ouou (xahapn 6oun) EXEI
KIVI']|JGTIKO XGpOKTI’]pO nou eAéyxeral and Ta enineda
OTPWONG TOTE dev eqmppo{erm 0 deiktng GSI /)
. TYNOZ III. =1 TYNOZ 1IV. TYMNOZ V. TYNOZ VI. é
& < Métpia 7 |_{Métpia diatapaypévn Métpia ~ | MéTpia £8
A > diarapaypévog < 1 Bpaxopala nou dlatapaypévog 1 d1IaTapaypévog E:
/7 wappiTng pe -~ "_~1anoTeAeital anod (| I\ uONIBOG pe | INUOAIBOG pE H
2\ | AenTég “~ ~7" | eval\ayég wappitn Z | EVOTPWOEIG ‘| apaiég evoTpaoelg E5
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AlaTunTIKN avtoxn Tnc Bpayopalac
Aeiktne FewAoyiknc Avroxrnc GSI

e To ouotnua GSI dev unokabioTa Ta yvwota RMR
TO Q, APou auTa dnuIoupyndnKav yia TNV EKTIKNON
TWV METPWV APEONC UNOaTNPIENG TNS Bpaxoualac.

e H kuUpia Asiroupyia Tou GSI €ival n eKTiKNoN TWV
1IOI0TNTWV KAl TWV NAPAUETPWV GXEOIACUOU TNC
Bpaxopaldac kel ONOU EXEI EPAPHOYN TO KPITHPIO
aoToxiac Hoek - Brown.



MeTpo MNapapoppwaipoTnTac Bpayxopadac

d Hoek, Carranza-Torres, Corkum, 2002

'Onou, D eival cuvTeAEOTNC NOU €EapTaTtal ano
TOo BaBuo diatapaxnc Tne Bpaxoualac avaioya
ue Tn pEB0dO ekokapnc yupw ano Tn OIavoién
TNG onpeayyac.



MeTpo MapapopPwaipoTnTac Bpayxopadac
E., Heow GSI, oy, E;

E., = MeTpo napapop®woipoTnTac Bpaxoualac
E. = MeTpo napapoppwaigoTNTac appnkTou Bpdxou
c.m = Movoa&ovikn BAInTikn avToxn Bpaxopalac

o = Movoa&ovikn BAINTIKN avToxn appnkKTou Bpaxou



AlaTunTIKN avtoxn Tnc Bpayopadlac
[Tapaueropoc diarapaénc tnc Boayoualac D

Table 1: Guidelines for estimating disturbance factor D

Excellent quality controlled blasting or excavation by
Tunnel Boring Machine results in minimal disturbance
to the confined rock mass surrounding a tunnel.

Mechanical or hand excavation in poor quality rock
masses (no blasting) results in minimal disturbance to
the surrounding rock mas

Where squeezing problems result in significant floor
heave, disturbance can be severe unless a temporary
invert, as shown in the photograph, is pla

D=05
No invert

oor quality blasting in a hard rock tunnel results
in severe local damage, extending 2 or 3 m, in the
surrounding rock mass.

Small scale blasting in civil engineering slopes results D=0.7

in modest rock mass damage, particularly if controlled | Good blasting
blasting is used hown on the left hand side of the

photograph. However, stress relief results in some D=10
disturbance. Poor blasting

Very large open pit mine slopes suffer significant D=10
disturbance due to heavy production blasting and also | Production
due 1o stress relief from overburden removal. blasting

In some softer rocks excavation can be carried out by D=07
ripping and dozing and the degree of damage to the | Mechanical
slopes is less. excavation

Ano, Hoek, 2007
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