lll. BPAXOMAZA

TYNOI BPAXOMAZAX
MOIOTHTA APPHKTOY BPAXOY

AOMH BPAXOMAZAZ

MOIOTHTA AZYNEXEIQN



Tutrol dopwyv Bpaxopalag

AppnKTO Mevikwg 106TpOTIN,

TETPWHA Wobupn,EAACTIK CUNTTEPIPOPA OTN Bpauon
Bl EvreAWw¢ aviooTpoTn

TTETPWHA ME MIO , , )\ ,
AGUVEXEID ECAPTATAI OTTO TOV TTPOCAVATOAIGHO Kall

TNV SIATUNTIKI AVTOXN TNG OCUVEXEIOG

Tepaxiopevn Avio6TpoTrn avdAoya

Bpaxoépala armrd ) . .
TpEic 0pBoYWVILC ME TOV aPIOuS, TTPOCAVATOAICHO,EMMOVI)
TEMVOUEVEG KOl OVTOX TWV OAOUVEXEIWV

OOUVEXEIEG

MNMoAu

TEMAXIOMEVN
Bpaxouala artrd
TECOEPIG N
TMEPICOCOTEPEG
OOUVEXEIEG

EuAOywg 106TpOTIN,
Evrova 100 TEAAOUEVN O€ XOMNAEG TAOEIG,
ME OpaUon TwV TENAXIOIWV O& UYPNAEG TACEIG




Tutrol dopwyv Bpaxopalag

AviooTpOTIN avaAoya

zfo‘(’:;‘:::\’(:z‘\:g ME TOV KEPHOATIOHO TWV ETTITTESWYV OTPWONG
Kail N TG OXIOCTOTNTAG
ZTPWHATWENG KOl TNG AVTOXNG TWV ACUVEXEIWV
AtroSopnpévn EuAbywg 100TpOTIN
Bpaxopada
EuAOywg 106TpOTIN,
OuAALBNG/ MIKPI dla@Oopd HETASU AVTOXWYV
AlaTpunpévn

TTETPWHATOS KOl ACUVEXEIWV.
Opauvon TEHAXWYV AKOHN KAl € XOMNAEG TAOEIG




EKTIMNON TWV I010TATWYV TNG Bpaxoupalag

— EpyoaoTtnplakég OOKIMES
— Em 1é1T0oU OOKIMES
— AvaoTpo@ec avaAuoeig

— ZwoTn Xpnon tagivounocewyv Bpaxopalag
(RQD, Q, RMR, GSI ...)




TO KPITHPIO AXTOXIAX HOEK - BROWN

G4 . MEYIOTN KUPIO EVEPYN TAON KATA TNV aoToXia

cg: €AAXIOTN KUPIO £vEPYN TAON KATA TNV aCTOXIO

Ogj - MOVOQGOVIKN avToxn Tou appnKTou Bpaxou

My ' ATTOUEIWMEVN TIUA TNG OTABEPAG M, (TIETPOYPAPIKOG BEIKTNG)
a, S: 0TafepEC TNG Bpaxoualag

m,a,s: ?



TO KPITHPIO A2TOXIAZ HOEK - BROWN

°*m,, a, S EKTIHOUVTAI HECTW TOU CUOCTIHATOG TASIVOUNONG
GSI

GSI—lOO)

my =m; exp(

m My, : ATTOUEIWMEVN TIUA TNG OTABEPAG M;

gl 1 (e—-GSUIS _6-20/3)
2 6

a, S: 0Ta0epEC

GSI-—IOO]
- 9-3D

§= exp[

D: MNMapduetpog Babuou diatapaxns 1S Bpaxopalac AOyw Xprnong avativacewy N
AOyw xaAdpwaong(atrd 0 yia adiatapakTn, €we 1 yia TToAU diatapayuévn Bpaxouala)



TiIMES TNG OTABEPAC Mi AvAAOYO ME TOUG TTETPOYPUPIKOUG TUTTOUG
(01 TINEC O€ TTapEVOEDN ATTOTEAOUV EKTINNOEIC)
(avaBewpnuévo atrd Hoek & Marinos, 2001)

Opdda KOKKOMETPIA
Xovdpn Méon Aerrmi oAU AeTrTh

Kpoquonayﬁ Yappiteg IAuGAIBOI ApyiAbAiBoi
1714 T 4+2
: Aarutrorrayr paouBaxeg Apy.oxioToMBoI
TA—— . (18 + 3) ©+2)
Mdpyeg
(7+2)
Kpuotalikoi  ZTrapiTikoi MikpiTikoi Aolopiteg
AvBpakikd | AoBectohiBor  AoBeotoMBor AoBeotoAiBor (9 + 3)
(12 3) (10 2) 9x2)

Mn kAaoTiké Mowog Avudpimg
EBarropireg 8+2 122

IZHMATOIMENH

Opyavika

) . KepardABol
Mn TrTUXwpéva (19x4)

Merapappiteg
(19 ¢ 3)

) Miypariteg Au@iBoAiteg Mvedoiol
EAagpd mTuxwuéva (29 £ 3) 26 + 6 28+5

METAMOP®QOMENA

Mruxwpéva™ Zx10T6MB0! ®uMAiteg LxioTeg
12+ 3 73 714

*OI TINEG apopouv 5£IV|JGTG GpBI’]KTOU Bé)axou TTOU_OOKINAOTNKAV KABETA OTN OTPWON
Kal arn oxiototnta. H Ty mi Ba gival BeauaTtika dIAQOPETIKN av UTTAPSEEI aaToxia O€
ETIPAVEIQ adUVANIaG




TiIMES TNG OTABEPAC Mi AvAAOYO ME TOUG TTETPOYPUPIKOUG TUTTOUG
(01 TINEC O€ TTapEVOEDN ATTOTEAOUV EKTINNOEIC)
(avaBewpnuévo atrd Hoek & Marinos, 2001)

Tumrog Oupdda KOKKOMETPIA

Mpavimg  AwopiTng
AVOIKTO- N3 255
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XpRon TnG 1o TTPOC@ATNG TALIVOMNONG
GSl yia TNV EKTIMNON TWV YEWTEXVIKWYV
TTAPANETPWV

Geological Strength Index

fewAoyik6¢g AgikTng AVvToxng



MewAoyikog Aegiktng Avroxng (GSl) yia Bpaxopadleg, 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
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.

STRUCTURE
/ INTACT OR MASSIVE

intact rock specimens or massive 9 N/A N/A

in situ rock with few widely
80|
76,

spaced discontinuities
6{

50//
/

IR

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

VERY POOR

Slickensided, highly weathered surfaces with soft clay

Smooth, moderately weathered and altered surfaces
coatings or fillings

Rough, slightly weathered, iron stained surfaces

GOOD
POOR

Very rough, fresh unweathered surfaces
FA

VERY GOOD

DECREASING SURFACE QUALITY ——>

SURFACE CONDITIONS

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

o BLOCKY/DISTURBED/
::‘«5% SEAMY folded with angular blocks

T \@“ formed by many intersecting
55235 discontinuity sets. Persistence

of bedding planes or schistosity

DISINTEGRATED

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

8\

™~

< ——= DECREASING INTERLOCKING OF ROCK PIECES
oY

LAMINATED/SHEARED 10

Lackof blockiness due to close spacing| N/A N/A
of weak schistosity or shear planes




MewAoyikog Aegiktng Avroxng (GSl) yia Bpaxopadleg, Hoek & Marinos 2000
AOMH

APPHKTO 'H ZYMIATEZ

APPNKTO TTETPWHA ) A0TPWTOG,

OuPTTaYAS BPAxog ME Aiyeg Kal
QPAIEG AOUVEXEIEG

TEMAXIZXMENO
AdiatapakTn Bpaxopadla Pe TToAU

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments
Slickensided, highly weathered surfaces with soft clay

Very rough, fresh unweathered surfaces
Rough, slightly weathered, iron stained surfaces
Smooth, moderately weathered and altered surfaces

] 0

KAAO aAANAOKAEIDWHO KUBIKWV 1 8 % £
TEMOAXWV aTTO 3 0pOOYWVIES 'S a 3%
OIKOYEVEIEC AOUVEXEIWV ) % S & °8‘ Z 52
< wes

NMOAY g’EMAXIZIVéENO 1|52 |08 |£5 |an3[>a8
MepIkwg dlaTapaypevn Bpaxouala ) | DECREASING SURFACE QUALITY =—>>

ME TTOAUTTAEUPA YWVIWON TEUAXN
ME OXETIKWGS KAAO aAANAOKAEIdWUA.
4 01 TTEPIOTOTEPEG OIKOY. ACUVEXIWV.

KEPMATIZMENH/AIATAPA-

'TMENH KAI ZTPQMATQAHX 7(
| TTuxwpevn diatapayuévn Bpaxouadla 6({
ME YWVIWON TEPAYN TTOU oxnuaTtidovral T

atrd TTOAAEC AAANAOTEUVOUEVEG OIKOYE- 50/

S
o AMMOAOMHMENH
loxupd kepuaTiopévn Bpaxopala
(aTTOdI0pYaAVWMPEVN) ME TITWXO
aAANAoKAEIdwua.

i OYAANQAHZ/AIATMHMENH
/J// DUANWBNG 1) évTova oxIoToTTOINUEVN

f KAl TEKTOVIKWG dIaTuNPEVN Q0BEVAG
)‘( “r ( Bpaxdpada. Atouacia Tepaxwv Adyw \/
[ TTUKVIG OXIOTOTNTAG ] SIATUATEWV.

N/A N/A

\t\\‘o
o]
=N

AOKAEIAQMA TQN BPAXQAQN TEMAXQON

\
\\ S~ C\\

—— MEIOYMENO AAA

[(e]

N/A N/A




MewAoyikog Aegiktng Avroxng (GSl) yia Bpaxopadleg, Hoek & Marinos 2000

AOMH

APPHKTO 'H ZYMIAlIEZ
APPNKTO TTETPWHA ) A0TPWTOG,
OuPTTaYAS BPAxog ME Aiyeg Kal
QPAIEG AOUVEXEIEG

TEMAXIZXMENO
AdiatdpakTn Bpaxopala he TTOAU
KAAO aAANAOKAEIDWHO KUBIKWV
TEMaxwv atmmd 3 opBoywvieg
OIKOYEVEIEG AOUVEXEIWV

NMOAY g’EMAXIZIVéENO
Mepikwg dlatapayuevn Bpaxopala
ME TTOAUTTAEUPA YWVIWON TEUAXN

ME OXETIKWGS KAAO aAANAOKAEIdWUA.
4 01 TTEPIOTOTEPEG OIKOY. ACUVEXIWV.

KEPMATIZMENH/AIATAPA-

TMENH KAI ZTPQMATQAHZ
Mruxwuévn diatapayuévn Bpaxouala
ME YWVIWON TEPAXN TTOU oXnuaTifovTal

atrd TTOAAEC AAANAOTEUVOUEVEG OIKOYE-
X . , X c
o AMMOAOMHMENH
loxupd kepuaTiopévn Bpaxopala
(aTTOdI0pYaAVWMPEVN) ME TITWXO
AR aAMNnAokAgidwa.
—— OYAAQAHZ/AIATMHMENH

PuAAWDBNG 1} EvTova oXIoTOTToINKEVN
KAl TEKTOVIKWG dIaTuNPEVN Q0BEVAG
Bpaxéuala. Atroucia TEPaxwyV AOyw
TTUKVIG OXIOTOTNTOG 1) DIATUNOEWV.

T

MEIOYMENO AAA

NAOKAEIAOMA TON BPAXQAQN TEMAXON

-
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MewAoyikog Agiktng Avroxng (GSl) yia pwypatwpupévoug Bpdaxoud,

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.

STRUCTURE

GEOLOGICAL STRENGTH INDEX

Very rough, fresh unweathered surfaces

SURFACE CONDITIONS
VERY GOOD

GOOD
Rough, slightly weathered, iron stained surfaces
IR

FA
Smooth, moderately weathered and altered surfaces

DECREASING SURFACE 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

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

9
80|

N/A

N/A

76,
of

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

—=7BLOCKY/DISTURBED/

T \@“ formed by many intersecting
Aozt discontinuity sets. Persistence
of bedding planes or schistosity

54 SEAMY folded with angular blocks

/
/

(=)

DISINTEGRATED

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

8\

™~

LAMINATED/SHEARED

of weak schistosity or shear planes

Lackof blockiness due to close spacing| N/A

< ——= DECREASING INTERLOCKING OF ROCK PIECES

N/A

Hoek & Marinos 2000



MewAoyikog Agiktng Avroxng (GSl) yia pwypatwpupévoug Bpdaxoud,

GEOLOGICAL STRENGTH INDEX -
ESENEIE EoE e Hoek & Marinos 2000

(Hoek and Marinos, 2000)

2nueiwon: O TTivakag
GSI dev epapuoleTal o€
TTEPITITWOEIC TTOU I

OO TOXIO EAEYXETAI OTTO
OUYKEKPIMEVEG
OIOKPITEG OOUVEXEIEG. 9/
M.x. eiedn oAicbnon [

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

VERY POOR

Very rough, fresh unweathered surfaces

Rough, slightly weathered, iron stained surfaces
Slickensided, highly weathered surfaces with soft clay
coatings or fillings

GOOD
FAIR
POOR

m Smooth, moderately weathered and altered surfaces

2 VERY GOOD
o
c
E
2

o]

REASI

z
®
)
C
=
>
Q

AR
O\

N oAicOnon ocpnvwv.

T ==

BN x| partially disturbed mass with

"37 LN multi-faceted angular blocks
formed by 4 or more joint sets

= BLOCKY/DISTURBED/

4 SEAMY folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED

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

L

<——= DECREASING INTERLOCKI
w

LAMINATED/SHEARED

% Lackof blockiness due to close spacing| N/A N/A

of weak schistosity or shear planes

\\ S~ °\\

%




MewAoyikog Agiktng Avroxng (GSl) yia pwypatwpupévoug Bpdaxoud,

GEOLOGICAL STRENGTH INDEX

FOR JOINTED ROCKS
(Hoek and Marinos, 2000)

2& TTEPITTTWON
TTAPOUCIiag VEPOU
OUVIOTATOAI M1
METOKIVNON TTPOG TA
O&¢1A YIO TIG KATNYOPIEG

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

TWV TTTWYXWV 1N TTOAU

; 1
: o
(o]

a (14 %)

% Q rs [Q52|es?
w o < o] wds
S (O] w o >3
DECREASING SURFACE QUALITY —>
9 N/A N/A

8d

TTTWYXWYV TTETPWHATWYV

76,

of

% ===
‘V‘A ?x| partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

=7 BLOCKY/DISTURBED/

N

“'j SEAMY folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED

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

< ——= DECREASING INTERLOCKI

)~ LAMINATED/SHEARED
/Z Lackof blockiness due to close spacing
( of weak schistosity or shear planes

N/A

N/A

\\ S~ °\\

Hoek & Marinos 2000



MewAoyikog Agiktng Avroxng (GSl) yia pwypatwpupévoug Bpdaxoud,

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.

STRUCTURE

GEOLOGICAL STRENGTH INDEX

Very rough, fresh unweathered surfaces

SURFACE CONDITIONS
VERY GOOD

GOOD
Rough, slightly weathered, iron stained surfaces
IR

FA
Smooth, moderately weathered and altered surfaces

DECREASING SURFACE 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

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

9
80|

N/A

N/A

76,
of

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

—=7BLOCKY/DISTURBED/

T \@“ formed by many intersecting
Aozt discontinuity sets. Persistence
of bedding planes or schistosity

54 SEAMY folded with angular blocks

/
/

(=)

DISINTEGRATED

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

8\

™~

LAMINATED/SHEARED

of weak schistosity or shear planes

Lackof blockiness due to close spacing| N/A

< ——= DECREASING INTERLOCKING OF ROCK PIECES

N/A

Hoek & Marinos 2000
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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.

STRUCTURE

o

ewAoyikog Aciktng Avtoxng (GSl) yia Bpaxopadleg

IR

Smooth, moderately weathered and altered surfaces
Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

VERY POOR

Slickensided, highly weathered surfaces with soft clay

GOOD

Rough, slightly weathered, iron stained surfaces
POOR

coatings or fillings

Very rough, fresh unweathered surfaces
FA

VERY GOOD

DECREASING SURFACE QUALITY

SURFACE CONDITIONS

/ INTACT OR MASSIVE

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

©

N/A N/A

(o]
S

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

16,
of

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

] BLOCKY/DISTURBED/
‘\“i% q
A SEAMY folded with angular blocks
¢{formed by many intersecting
7| discontinuity sets. Persistence
of bedding planes or schistosity

50//
/

DISINTEGRATED

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

N
(=)

™~

<—— DECREASING INTERLOCKING OF ROCK PIECES
FS

LAMINATED/SHEARED 10

Lackof blockiness due to close spacing| N/A N/A
of weak schistosity or shear planes
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MewAoyikog Acgiktng Avroxng (GSl) yia Bpaxouadleg

GEOLOGICAL STRENGTH INDEX 5 >
FOR JOINTED ROCKS 8 3 S
(Hoek and Marinos, 2000) 9 8 § =
From the lithology, structure and surface S 2 = 2
conditions of the discontinuities, estimate ‘g 3 ‘; §
the average value of GSI. Do not try to " ) 5 ? o s
be too precise. Quoting a range from 33 3 2 = Sk 3
to 37 is more realistic than stating that 8 £ © £2 £
GSI = 35. Note that the table does not 2 B © 32 3
apply to structurally controlled failures. n he] S K BE i
Where weak planar structural planes are = g = _@ o ® o}
present in an unfavourable orientation @& = s = 3 =
with respect to the excavation face, these = S @ g o Q
. : . = = c B S
will dominate the rock mass behaviour. ) = = > =5 =
The shear strength of surfaces in rocks = | o 2 g L 52|les2e
that are prone to deterioration as aresut & [ g > g EE|OQEE
of changes in moisture content will be ¢ | O & = 3 o) -8"7:
reduced if water is present. When ;| @ .g) % £ 85|55
working with rocks in the fair to very poor  Q | > 3 8 = < K2o|s 29
categories, a shift to the right may be < | @¢ = o2 4 5 Oge|Xes
made for wet conditions. Water pressure & wg o0 E € 8 20 '-'>J o8
is dealt with by effective stress analysis. = >> @ D @Y
STRUCTURE o | DECREASING SURFACE QUALITY ——>
/ INTACT OR MASSIVE
intact rock specimens or massive 9 N/A N/A
in situ rock with few widely »
spaced discontinuities E)J
o1/ 8(
BLOCKY - well interlocked un- ; ((
disturbed rock mass consisting (&) 7
of cubical blocks formed by three 8
intersecting discontinuity sets W 6
(e}
o
VERY BLOCKY- interlocked, Z {
partially disturbed mass with 6 5
multi-faceted angular blocks (@)
formed by 4 or more joint sets E:'
w
BLOCKY/DISTURBED/ & 4
SEAMY folded with angular blocks®
formed by many intersecting % )
discontinuity sets. Persistence < 30
of bedding planes or schistosity ‘&J /
O
DISINTEGRATED i /
S| poorly interlocked, heavily broken 20
rock mass with mixture of angular
{l and rounded rock pieces /
7
LAMINATED/SHEARED 10
Lackof blockiness due to close spacing| N/A N/A
of weak schistosity or shear planes
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MewAoyikog Acgiktng Avroxng (GSl) yia Bpaxouadleg

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.

Smooth, moderately weathered and altered surfaces
Slickensided, highly weathered surfaces with compact
Slickensided, highly weathered surfaces with soft clay

1]
3
£
=)
@ = 2
(8] GC) =
w| 3 s £
Where weak planar structural planes are Z = = ®
present in an unfavourable orientation @ < = =
with respect to the excavation face, these = S 9] =
will dominate the rock mass behaviour. = 2 £ 5
The shear strength of surfaces in rocks % a2 g ol S0
that are prone to deterioration as aresut & [ g S E|OEE
of changes in moisture content will be ¢ | O & = o R-T=
reduced if water is present. When ;| @ .g) a % S|Avo
working with rocks in the fair to very poor  Q | > 3 o< o K2o|s 29
categories, a shift to the right may be < | ¢ = o) o 3 (o] £ (g =
made for wet conditions. Water pressure & ws o0 E 8 8 "'>J g
is dealt with by effective stress analysis. = > > © ©
STRUCTURE o | DECREASING SURFACE QUALITY ——>
/ INTACT OR MASSIVE
intact rock specimens or massive 9 N/A 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

16,
of

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

] BLOCKY/DISTURBED/
‘\“i% q
A SEAMY folded with angular blocks
¢{formed by many intersecting
7| discontinuity sets. Persistence
of bedding planes or schistosity

/5"/4 /
/

DISINTEGRATED

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

N
(=)

™~

<—— DECREASING INTERLOCKING OF ROCK PIECES

LAMINATED/SHEARED 10

Lackof blockiness due to close spacing| N/A N/A
of weak schistosity or shear planes
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MewAoyikog Acgiktng Avroxng (GSl) yia Bpaxopa(sg

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.

STRUCTURE

IR

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

VERY POOR

Slickensided, highly weathered surfaces with soft clay

Rough, slightly weathered, iron stained surfaces
coatings or fillings

GOOD
POOR

FA
Smooth, moderately weathered and altered surfaces

Very rough, fresh unweathered surfaces

VERY GOOD

DECREASING SURFACE QUALITY

SURFACE CONDITIONS

/ INTACT OR MASSIVE

intact rock specimens or massive 9 N/A N/A

BLOCKY - well interlocked un-
disturbed rock mass consisting

of cubical blocks formed by three
intersecting discontinuity sets

in situ rock with few widely
8d|
-

spaced discontinuities
6{

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

RRE? ‘ nBLOCKY/DISTURBED/
‘

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

of bedding planes or schistosity

50//
/

DISINTEGRATED

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

N
(=)

™~

<—— DECREASING INTERLOCKING OF ROCK PIECES
FS

LAMINATED/SHEARED 10

Lackof blockiness due to close spacing| N/A N/A
of weak schistosity or shear planes




[TEWTEXVIKES TTOPAUETPOI HECW TOU
GS|, o, m,

MéTpo MNMapapopPwaoiInNoTNTAG:

——

Uniaxial compressive strength MPa

p
(NN
]
1
E
L
)
=
5]
E
S
=
a
—
[uki]
.

70 80 90 100

Geological Strength Index G531



Kpitpio Hoek-Brown — MewTEXVIKOI TTAPAMETPOI
Bpaxoualag peow GSI, o;, m,

OAIK avToxn Bpaxopadag, o',.:

2002 edition

_ o (my+4s—amy ~8s))my [4+5)""
2(1+a)2+a)

Rock mass strength / Laboratory strength

40 50 60 70 80 90 100
Geological Strength Index GSI

O1 YEWTEXVIKES TTAPAETPOI UTTOPOUV va UTTOAOyIoB0UV e 1o TTpoypauua “RoclLab”

ver. 2002, yia Windows 1Tou utropei va KareBei EAcUBspa armdo www.rocsciense.com.
Hoek, Carranza-Torres, Corkum, 2002



Kpitpio Hoek-Brown — MewWTEXVIKOI TTAPAMETPOI
Bpaxoualag peow GSI, o;, m,

looduvapa ¢, ¢ yia o kpitTRpio MOHR-COULOMB :
¢kdoon 2002
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Where O3n = O3max / O

' 0 | O 3max TO AVW OPIO TNG TAOoNG
Minor principal stress o3 ’ v s
TTEPIOPICOU, OTTOU GsprITou n
Relationships between major and minor principal O'XéO' N USTG&U TWV KPITN pl’U)V
stresses for Hoek-Brown and equivalent
Hoek-Brown kai Mohr-Coulomb.

Mohr-Coulomb criteria.

O1 YEWTEXVIKES TTAPAETPOI UTTOPOUV va UTTOAOyIoB0UV e 1o TTpoypauua “RoclLab”

ver. 2002, yia Windows 1Tou utropei va KareBei EAcUBspa armdo www.rocsciense.com.
Hoek, Carranza-Torres, Corkum, 2002
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Bpaxopadag

AAAnAou KiTnpiou
IyMa yia TOV id10 TUTTO

EmiAoyn Tou KaT
Eva TTapade




EtiAoyn Tou KatdAAnAou KitTnpiou Bpauong:
Eva TTapadelyya yia Tov idio TUtro Bpaxopalag

Kpitiplo aocTtoyiag yia Bpaxoéuala.
=~Eopapuoyn kpitnpiou Hoek-Brown
Méow TG XpRong Tou GSI

)
a, =405 +ch|:mb o +S:|

)




EtiAoyn Tou KatdAAnAou KitTnpiou Bpauong:
Eva TTapadelyya yia Tov idio TUtro Bpaxopalag

KpiTAplo aocToyiag yia 6pduon Katd
] ] ] MAKOG CUYKEKPIMEVNG AOUVEXEING.
Kpitipio aoToxiag yia Bpaxopada. O GSI dev éxel epapuovi

pappoyn Kpitnpiou Hoek-Brown R :
Méow TG XpRong Tou GSI =10 tan(gﬁ T I)

)
a, =405 +ch|:mb +S:|
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