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Extended Abstract

The subject of the emgs tnggreaod wayti ec atl h easnids gieso
eval uaotri otnunnel |l ing in gneissic rock mass, w
construdtiirctybea eanomiedalof t he gnetseparmaoeks
the quality of gmeiod xicdympieodadtf imaes saersd | tnntder s

geot eanormdiedg!l some gener al i nformation about
relates to their mode of formation, their |
behawofi owat er in them. Gneisses belong to the

formed by the metamorphism of either sedi mert
of which they are compomed aaac Fahreaychiyer rai lzefide | d
banded texture and hamgd ¢e mearayt bgedaceowic ® 8 wi t h

heal t hy. However, as weathering progresses,
the surface and progresses in depth dependi
t he rock mas s . More specificabkegpuswkdadpher.
weat hering of the feldspars and is initial!/l

through thew$oreagibncloadyl materials. As the

the thickness of the clay minerals increase
di sconti Subsegsent| vy, the weathering extend
textur e, resulting in the degradation of thi

2 R



full weat heri ng, the formation becomes soil

Regarding the presence of water, gnei sses a
formati ons. However, when they arenstmsongl
observed along the discontinuities. Water f|

formati ons as t he cl ay mi neral s for med on
i mper meabl e. Weathering is one ooff tthhee nganien sf
in combination of course with the degree of
main t@elhiogalcal types i s made taking into

degree of fissuring andt ytphees daerger eaes offo | w eoawt sh: e
iTypé&rlegsnhei ss rock mass

The rockf rnpassiso mpsa c t with fflagme.nttiot snooodwea lait tey
deter mi ned bfyr a&dgnee,ndteagtrdeognh@f is traoectkt h so fv etrhye F
but also anisotropic due ctom tctrimeait ¢¢n @ s Yiec btl &
i ntracdtkh,dhvyave a hiagnhgd fedaircet immlnosed with rough
considerabl e persistence. The gneissic text

weat hering no separation planes are created.
iType |1 we &t ggtedtbysi ¢ rock mass

The rocld inpisesh yihser ed wi t h moa@gmen eWdtadomem it ey
occurs only onditshceo rstuiritf tricteise sogr @ heence of mi n
without affectiinmtraodetk , stomé ygdthih snodmathihwei dihes
reduced angle of friction as they are open
significant persistence. The maiex tamd cont i
weat hering extends only along the foliatior

separati on.
iType 11 Ilwe a$ lsiecghatdshtgees esdsi ¢ rock mass

The rockd mgbsl yy sweat hered Wirtalgmeadthat ahimes t o
pronosobhedt owhiitcyhhm i s the main discontinuity.
angle of friction as they are open with mode

persistence. The weathering iIis more extensi
schi st odsoiwtey er , it susfafdens ¢ @ cstwihmwiith keave bee
el i micraetastd ng a very thin fiwammenftieilrt yf siaandi
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The fissuring separates the rock mass into

creates poorer interlocking.
iTypeMo&er atel wynee astsher edbck mass

The rock maswe at hwmndehe rmotdeslryat o rtacgg meart Yalt @ mtne n
weat hering extends throughout the rock mass
strengt mtfar€atgtmeent s consiideraacttk yhaviesg!| moadgr at
strength values widtbhoaohwbebhintgeseicabiaer.et Feur
open with surfaces of poor to very poor qu:
interruption by the c¢clay weathering materi a
di scontinuities i nto c¢clay zones woiftisemsal bf t

separation. The rock mass consists of small
iTypeMower ately weathered schistosed gnei ssi

The rock masswseathwndehe rveetreylfypmagmeaneeéd ohense
schi st dsdiet yweathering has created new zones
t hroughout t haetreooctkk hmaass smo diehreat e t o high str
friable. Discothigegneruissi estwixt hrleasaire open wit
poor quality and | imited persistence due to
material. Compared soht sepdsi Vy more the¢ einsti &
weat hering which separates the surfaces 1in

thickness, |l eading to even poorer interlocki
iTypeHVgtwkgt hered gneissic rock mass

The rockh mosy iwwmat herifoexdaegnnseent Bteon o t he T
weat heri ng, tihnetbascotc ks gt whioéht aee partly frie
reduced. The structure is very openpocarnd t he
guabut yaces, weathered with silty sandy weat

maidn scondguimfuade ewi th higtdi peospehpiebdeshl he

it are interrupted by clay weathering mater:]
has detached the surfaces in clayexteméeds t hi
perpendi cuwlnen ssbcnthaetxit ug e very smal | fragme

interl ocking.
iTypeCWUmMmMpl weat gered gneissic rock mass

2 RRR



The rock masweatshwaroemp It etaecleys of wedged struc
the category of disorganized structure and &
strengti Imtraodcctkkcheesd t he rock mass is very fria
from the original structure. Tahreer baprdeddt by
interspersed with a c¢clay zone of consider al
di scernible as the stmamcnhatedi $ ohidiglsdyagfdnsn
smal | fragments bounded by weathering cl ay
resulting in easy rotation due to the | ow fr

iType ROIllidsaiteeadr ed ogrcedii ssiocs erdock mass

The rock ma$od iianedenoddiley to the intense cl
shearing, the strength of the unbroken frag
the materi al bet ween the foliations has an
contribution of @ahdsinen.f rhlte i ool iodt iloonw x|l an

strength as they have poor to very poor disc

and stronpebmrnds@etrropiacl i ati on.

I n the foll owing, f olbe laaobfiedgtneeri susnidce rrsotcakn dmar
tunnelling depending on their quality, some
environments around the worl d, but al so in
as the projects dat@réeoem awe casesr oédiunn
environment in the region of Macedonia are |
of the Kleisour aPtalnenmddddand hteh&Kasemoond conc
of four tunndélli ghoRpetke Egnaéeaah project, t he
technical characteristics of t he project e
geotechnical conditions prevailing along t h¢

excavation metorad cand gtored essupr e gi ven.

Then, based on alll the experience from t
behawfi oeach geotechnical type of gneiss rocl
the qualitative selection of support measur e

by a series of simulations carriteudn noeult dienp tthi
of 200 m for healwdyt haod&kd magbeky (tgpesl Iy
VIi11) anh gSdlnygnmg loevealtygea éds (types VI and V

the results of these anal yses, tgleteme ¢t mlal s e
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type ibasmddensel ected conditions. The desi gl
selection of support measu®grees marea mpeteesresnt perde
are indicative of theAlqudané i calecubateégsedhesi
angle values are made usinguhdheptRISdlata progrt

Indi cdetsiivgen par ameters for each geotec

A/A | Parameters Elet Units A/A | Parameters g Units
Parameters Values Parameters Values
1; GSI 75 -85 = GSI 55-70
2: Gci 80 MPa 2. Cei 70 MPa
3. E; 15 GPa 3. E; 15 GPa
4, m 28 4. m; 26
5. v 26.5 KN/m? 5. v 26.5 KN/m?
6. En 13.205 GPa 6. En 8.479 GPa
7 ® 61.31 ) 7. 0] 56.76 )
8. c 3.245 MPa 8. c 1.676 MPa
9. v 0.3 9. A4 0.3
10. Overburden 200 m 10. Overburden 200 m
A/A | Parameters Dpetl Units A/A | Parameters ety Units
Parameters Values Parameters Values
1. GSI 45-55 1. GSI 35-45
2. Gei 70 MPa 2. Oci 35 MPa
3 E; 15 GPa 3 E; 5 GPa
4. m; 26 4. my 24
5. y 26.5 KN/m? 5 Y 26.5 KN/m?
6. Eu 4.607 GPa 6. Ex 0.798 GPa
7. 0 53.88 ©) 7 0 45.39 )
8. c 1.307 MPa 8. c 0.837 MPa
9. v 0.3 9. v 03
10. | Overburden 200 m 10. | Overburden 200 m




A/A | Parameters Dpey Units A/A | Parameters Hhibh Units
Parameters Values Parameters Values

1. GSI 25-35 1. GSI 15-25

2 Gci 35 MPa 2 Gei 25 MPa

3. E; 5 GPa 3 E; 3 GPa

4. m; 24 4. m; 10

5; Y 26.5 KN/m? 5. Y 26.5 KN/m?

6. En 0.406 GPa 6. En 0.137 GPa

T [0) 42.25 (©) ¥z (0] 38.30 (©)

8. c 0.698 MPa 8. c 0.147 MPa

9: v 0.3 o v 0.3

10. Overburden 200 m 10. Overburden 50 m

A/A | Parameters Dpevll Units A/A | Parameters Bype VAT Units

Parameters Values Parameters Values

1. GSI 10-15 1% GSI 10-15

2 Oci 10 MPa 2. O 10 MPa

3 E; 2 GPa 3. E; 3 GPa

4. m; 10 4. m; 10

5t 26.5 KN/m? 5% Y 26.5 KN/m?

6. Eau 0.0729 GPa 6. En 0.109 GPa

7 ® 27.33 ©) 7 ® 20.58 ©)

8. c 0.081 MPa 8. c 0.216 MPa

9. v 0.3 9. v 0.3

10. Overburden 50 m 10. Overburden 200 m

Finally, t he ecginncd eursii nognnsg eogfé¢ atthéeec amhi c al
tunnelling in a gneissic rock mass envi
indicative suppengi measungyspget ooffo ggancehils si ¢
the conditions studied is given.

cons

ronme
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Radial displacement reaches - rrTYT Y

about one third of its final value
at the tunnel face

Direction of
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Swellexwith

. Steel fibre g
Step: reinforced shotcrete
1 -block A drops down

2 -block B rotates counterclockwise and drops out
3 - block C rotates counterclockwise and drops out
4 -block D drops out followed by block E

5 - block F rotates clockwise and drops out

Steel fibre
reinforced sholcrete
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Sealing coat

: Sealing coat
Outer reinforcement

Inner reinforcement Steel fibre

reinforced shotcrete:

Shotcrete

Lattice girder
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Yrdyeo AGyos, TIlean g vepol
5 | vepo GIOKASTE WY TTPOS PdyeaTn a =01 0.1-0.2 0.2-0.5 >0.5
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basUaUgs UaaUsaUsoahd Uy h 6d bUdesoadoaWdEUdd 20PF)

E-OAHIMEE A THN TASINOMHEH THE KATAETAEHE TON AZYNEXEIQN
MAKog BoUVEXEIIV <1m 1-3m 3-10m 10-20 m =20m
BaBpoi 6 4 2 1 0
Elpog aouvexeov Kavéva < 0.1 mm 0.1-1.0 mm 1-5 mm > 5mm
BaBpoi 6 5 4 1 0
Tpaxutnta Mok TpoyEieg Tpoxeieg Ehagpd Aceiec Katomrpikéc
Tpayeieg
BoBpoi 6 5 3 1 0
YAKO TAfpLICNS Kaveva Zrhnpd < 5 mm Exhnpé » 5mm | Modoakd <5mm | Mahaké > 5 mm
BaoBpoi ] 4 2 2 0
ATTooGBpwon YylEg Ehappad MéTpia Teheiwg YmoMiké ESagog
amoaatp. oarocadp. armocadp.
BaBpoi 6 5 3 1 0

¢ Useed Udd yoaUdd "~ Uy UeyUyeg “6g UlGey ¥ Us
Gdeyadd eUU0&goeyUlblBs o950 Ue oagjaUjee GialUdeU
BgdsUGUsayY €U bYOd Uds oeaal0d Ueg oaijoseg Gghll
dey UooUgd L"J’sa@aosulbub 30" B3 Us 3 "} ¢ s UUB@p>dydfgd
UgseigfgUs sai UgleUsed © eyUypoaasd. O Usl
Usddo 3 Usa U 4 Ua3UUUs e€95U bUdeRMREod W, ed;wagldg
UaUOU uU0sdt pb¥ec BaRiMeUom a6jicti Us UUsasliehd Uas
UaUU Uds U geUst 3Us a2a28 © “6ai 00U a¥YdU Yaoc
YasUaUgUdeystefhd Udd addeUGalUd Uesg "~ et UsUUsaslce
de) UHolek E. , 2023)
F. EHMAZIA TOY NPOZANATOAIEMOY AZYNEXEIQN EE EHPAITA (Wickham et al., 1972)
Maoparafn k&Betn oTov afova Tng ofpayyog Mapdradn TapAGAN i Tov AvEEGDTITA OTTO
Aicvorfn oupguiva pe 1Y kKAion Algvoi§n avTiBeTa pE TRV tfova TS ofpayyag mnv Tli]p(iTGé[] Twy
rd\icr] OOUVEXEILWIY
Khian 45° - 80° Khign 20° - 459 Khion 45° - Kiion 20° - KAiomn 45° - KhAion 20° - Khion 0% - 200
90° 450 000 450
MoAd guvoikn Euvoikni MeTpia Auopevrig MoAw MéTpio Auopevrig
Buopevrg
basz Uathgdeeahodiad Udd RMBBIr oelyUlU eeylU Umg U hdig U Vg d 6 y
Ua s U 8 “1e80UsUUsaslehd (HUoxesk UHLg 3,Uc2UB2A XB) v d
“B. NPOZAPMOrH BAOMOAOTHEHE ME BAZH TON MPOZANATOAIEMO TON AZYNEXEIQN (oUp@uva pe Tov
wivaka F)
Mapdarag§n kai kAion MoAU guvoikn Euvoikn Mérpia Auvopevrig oAU duopevrig
AlakAGOEWY
B | Zipayyeg & 0 -2 -5 -10 -12
g opuxeia
H | Oepelioeig 0 -2 -7 -15 -25
[+]
i | Npavry 0 -5 -25 -50 -60
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C. TAZINOMHZH THZ BPAXOMAZAZ ZE IXEZH ME TH BAOMONOMHEIH
BaBpoi RMR 100-81 80-61 60-41 40-21 <21
Kardaragn | 1] ] \Y) Vv
Xapaxktnpiopog TIOAU KaAR KaAr HETPIO TTwyxrn TIOAU TITWXN

D. TEXNIKH ZHMAZIA THZ TASINOMHZIHZ

Kardaragn 1 1] ] v \Y
Méoog xpovog 20yryiaD=15 | 1yryiaD=10m | 1wyiaD=5m 10 hyia D=2.5 30 minyia D=1 m
autoUmooTrpIgng m m
Tuvoyr (KPa) >400 300-400 200-300 100-200 <100
Fwvia TpIBrig (°) >45 35-45 25-35 15-25 <15
. NREQES 1 2 345681012 xeovia
WQES
k3 ov 3 0 1 2 34567 msxﬁ | H“ 2 3456810 2920
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Ybas UaBgeUUs3sfhe U3 U

a3 UaUgU00UgdgaUey sUd

eyUy U g etUeyoasdd

MéTpa uTTOOTIPIENG OE UTTOYEIEG KATAOKEUEG HE OUPBATIKG péoa
Katnyopia Kuoi
Bpaxoud? | Kuypiwg HAGoEIS o Kupiwg XaAuBdiva
ag % Exrtogeudpevo &
AYKUPpWOEIG Fxup6BEpa MAdaiola
| Agev amaiteital uTTOOTAPIEN
HAwoeig pe apaiwon
1,5 — 2 m ka1 — karé
Il TepiTTTWon — TAéyHa 50 mm oTnVv 0poQr AvTioIKOVOUIKG
aTnv opo@n
HAwoeig pe apaiwon 100 mm oV 0poYr
1.9= 1 mkeny kal 50 mm oTa
TTEPITITWON — TTAEYUa , EAa@pd mAaioia pe
] TOIXWHATA — KATA p
Kal EKTOEEUOUEVO TepITTWON — TAéyHa apaiwon 1,5-2m.
oKupbdEpa otV Kal NAWGEIC
opogn
';)‘g) Uilgou; c#:;wog 150 mm otnv opo@ry | MAaioia péoou TUTTOU
? ; 30 — 50 mr¥1u kai 100 mm oTa ue apaiwon 0,7 — 1,5
v KEKT0§€ i ToIXWHATA, TTAEypa m kal 50 mm
P 06: :cn 5 Kal NAWOEIG HriKoug EKTOEEUOUEVO
pOEL n 3m kai pe apaiwaon oKupddEa otV
opoQn Kai oTa 15m 0poQH
ToIXWwpaTa :
Bapi& mAaioia, pe
200Mmin. 011}V DEGH] apur;wor] 0,7m ral
; Kq|150mm ard Taxeia emévduon pe
\% Agv ouvioTartai TolXwpara, TAEypa, EKTOEEUGHEVO
NAWOEIG KAl EAQPA OKUPOBENA TIAXOUS
TAaiola. 75 mm

sidoald

o4tn UbUd

290 Uds U

Merwmou kar BaBpidag, mpoywpnan
TPWITA GIO OVWTEPD Turjpa katd 1.5-3m.

4m, pe apaiwan 1,5-2 omy

opori kat 30 mm

’ o o - -
g elUey] aadd Udnliolb ¥e39 all shU eby VL] cedy
Ixrjpa: I'te‘iﬁi(&én&ég. Avoiypa: 10 m. Karakdpugpeg Tdoeig: <25 Mpa (BdBog <900m). MéBodog diavoiing: SiGtpnon ka
avarivagn.
EvaAhakTikG cuoTijpara vrootnpifews OF KATaUKEUT pE oupBanka
foa
Kiaon . . :
Bpuayo- Exokapi/ Npoxwpnon I-_Ihnoﬂg Exrofzudpevo Merarkikda mAaioa
padag {SiapéTpou 20mm, oKUpOSEpT
TOKTWPEVE PE
TOIPEVTOKOVIa)
| Ohopétwrmn mpogBoAr mpoxwpnon 3m. NepmIwaiakés ONUEIAKES T Kavéva Koviva
T6TIOU AYKUPLITEIS
1] DaopéTwrn mpogBoid Tpoywpnon 1-1.5 Tomxd, nAwoEg a1V opogr 50mm o1V opogn Kavéva
m. opisTikA umroaripi§n 20m and 1o prikcug 3m pe apaiweon 2.5 m OTTou Xpaiddera
pETWTIO KQI Kard egimTwon mhéyua.
ZucTNUAnNKES NAWOEIS PHKOUG 50-100 mm oy Kavéva

Mpoxwpnon o1o avwiepo Tprpa 0.5-

1.6m. Eykardoracn umoatipiéng
CUYXPOVWG PE TV EKoRapr]. Zkupddipa

000 10 duvard yprnyopoTEpa PETa aTid
k@t avarivagn.

§-8 m. pe gpaiwon 1-1.5m
OV OPOPF Kl TOUS TOIXoUG
KQI XTAURDIVO A yHa. HAworn

ToU avaoTgogou Tdou.

opo@r|. 150 mm
ang TAewpés kKan 50
mm oT0 PETWTTO.

‘Evapin ummoomnpifews doTepa and kGbe 0pOPr Xa) OTOUS TOIXoUG Kai OTIg TTAEUPEG
avativagr. TALypa oTNY opogr|.
QOpiotik unteatipin 10m and 10
WO,

\% Mertwou kai BaBpidag, mpoxwpnan ZuoTNUATKES NAWOEIS PAKOUG 100-150 mm otnv Ehappé mpog pioa
TPWIR 10 OvwTEpo TPAPa katd 1-1.5m. 4-5m . pe apaiwon 1-1,5m opoof kal 100 mm TTAQITIC HE Qpaiwan
Eykardcioon vtoctpiEng ouyxpdvwg pE GTNV 0popl| Xal GTOUS ToIoug OTIg TTAEUPEG 1.5m 6TTou ananeital

TNV EKoRO@r. 10m omd 10 pérwTo. HE TAfypa.
A Mordamhd pfpaTa MPoYWPnNong . Zuomnuanxég NAWOEIG PriKoug 150-200 mm oty Méoo mpog Bapid, pe

apaiwon 0.75m pe
ETIKAAUY Aauapivag
®al oThEIEN Tou
UETWITOU. KAEiTIpO TOU
aviioTpepou TO5ou.
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basUaUgocecyd Usg UUaos RRD GehtisgU&d, bp0ss)y UsU

1. AEIKTHZ NOIOTHTAZ BPAXOMAZAZ (RQD) RQD
A. TToAU TITwxr 0-25
B. Mrwxn 25-50
C. Mérpia 50-75
D. KaAf 75-90
E.Apion 90 -100

*Orav 0= RQD = 10 1671¢ Xpnoipotroiital iy RQD = 10 yia Tov

uttoAoyiopé Tou Q

** Alagopég TG Tagng Tou 5 ( RQD = 90,95,100 K.a.) ival ETTapKWG akpIBEis.

basUaUdgosceyd

09 U, Usdgs Uiteyvve Ulleyse Uy sdeh
Gduds b)J@ohmetbd,

2014)
2. ZYNTEAEZITHZ ZYITHMATQN TQN AIAKAAZEQN Jn
A. Zupmrayric Bpaxog e Aiyeg | Xwpig SlakAaoeIg 05-1.0
B. ‘Eva cuotnua diakAdoewy 2.0
C. ‘Eva cuotnua diokAGoewv Kal ETTITTAEOV Tuxaieg 3.0
D. Ato cuoTtipaTa SIOKAGTEWY 4.0
E. AUo ouoTripaTta dIakKAGoEwY Kal ETTITTAEOV TuXaieg 6.0
F. Tpia ouoTrpaTta SlokAGoEWY 9.0
G. Tpia ouoTrjpaTta SIOKAGCEWY Kal ETTITTAEOV TUXAIEG 12.0
H. Téooepa 1) TEPICC6TEPA CUCTApATA BIAKAAOEWY TUXaiou
TpocavaroMiopou, Ioxupd diakhagpévo, <<kufor {dxapns>>, 15.0
KATT.
J. KOVIOpTOTI:OII']pS'VO TETPWHA PE HoPPr| BAPIKOU 20.0
axnuaTiguou.
*[a SlooTaUpWOEIg XpraolpotroleiTal 3.0 Jn
** Na ei106doug xpnaipotroigital 2.0 Jn.
¢ Uy aUdiy&lg Ud JBUBE U0 &dy (63 UUs

U slGyYsUsUdg Uxs UescyevYUrs

Us g

Uxs GguUdes

aUds aU

oty 9e8g GgudU

Uj Ye QGUaaddYe Us Uds Uy UciocldaUWh W@y 3 9@ as 9l vlecY bl
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3. ZYNTEAEITHE TPAXYTHTAZ-TQN AIAKAATEQON Jr

i v TGS

(B) Toiywuara Bpaxwv g€ emapn mpiv amd diarunon 10 cm.

A. Aouvexeic dlakAdoeIg 4.0
B. Tpaxeieg fj akavovioTeg kupaToeideiq SIaKAAoEIg 3.0
C. Acieg, kuparoeideig dIakAGoEIg 2.0
D. ONioBnpég, kupaToedeig DIaKAGOEIG 1.5
E. Tpaxeieg fj akavoviaTeg emitedeg SIAQKAGOEIG 1.5
F. Atieg, emriredeg SiakAdoeIg 1.0
G. ONoBnpég, emiredeg DIAKAGOEIG 0.5

(v) Toiywuara Bodxwv xwpic emaen kard mn didrunan.

H. Zwvn TToU TTEPIEXEI OPUKTA TNG apPYIAOU OPKETA TTaxIG WOTE va

EPTTOBICEI TNV ETTAQPH TWV TOIXWHATWY. 10

J. AppwoEIG, XaAikwdEIg Jwveg, il {wveg pe Bpalopata apkeTd 1.0
TIaXI€G WOTE va EPTTOBIOUV TNV ETTAPT TWV TOIXWHATWY. =

* MpoaTiBeral 1.0 av n péon améoTaon Twv SIaKAGOEWY TOU OXETIKOU
ouoTrparTog givar peyaAutepn amé 3.0 m.

** H nipr Jr = 0.5 givar duvardv va xpnoiyorroinBei yia emrimedeg oAioBnpég
BIAKAAOEIG PE TTPOCAVATOAIOHEVES YPAUHPWOEIG Katd T SieBuvan Tng
eAaxI0TNG avToxrG.
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a3z Ubl¥beyd Uddl ®gUBg®y ¥gUds UzUseasaxvidd Urs Uss
(Grimstad, 2014)
4. EYNTEAEEZTHE ANOZAOPQIHE TOIXQMATON I ®° Ja

A, YAiké mAfpwong okAnpé xar adiatréparo (m.x. xaiadiag), ot
AOUVEXEIEG EPUNTIKG KAEIOTEG,

B. Asxiaopéva TOIWHATa Xwpig OUTIacTIKr amoodBpwon Twy
QOUVEXEILIV.

0.75

(25° - 35%) 1.0

C. EAagpd amooaBpwpéva Toixwpara SiakAdoswy. Atoucia
EVOTPWOEWY armd paiakd opukTé, amd Tepdyia dupuou K.q.

D. Iwwdeig f) appwdelg, EVOTPWOELS apyilou, pe pikpd kKAGopa
apyihou.

E. MaAakég ) pe pikpr| ywvia e0wTepIKig TPIRIAG EVOTPUWIOEIS
apyliKwy Kar GhAwy OpuKTWV (KaoAivng, pappapuyies kabug kai
TAAKNG, XAwpITNG, YOWOS, ypagimg), kai HIKPEG TTOOTNTEG aTTd

(25° - 30°) 20

(20° - 25°) 3.0

(8°- 16°) 40

B10yKOUPEVEG apyiAoug.
rolywyara wv pE emaer 10 em. moiv and 1 Sidrunan.
F. Appwdeig kOKKoI, Xwpig apyiAo, KOVIOPTOTTOINUEVO TTETPWHA. (25° - 30°%) 4
G. loxupa unrepotepeorroinuéva pn HOAaKa apyiAiké OpUKTa wg (16° - 24%) 6
uAiké TAfpWOnNG (Ouvexrg avamtugn mayxoug < 5 mm)
H. Méoa 1} xapnAd UTTEPOTEPEOTTIOINUEVE HAATKE apyIAIKG OpUKTE (12°= 169) 8
w¢ UAIKG TTAfPWONG (Ouvexrg avamTugn axoug <5 mm).
J. AloykoUpevo apythikd UAIKG TTAfpwong (1M.X. JOVTHOPIAOVITNG)
(ouvexrig avarmrugn maxoug < 5 mm).
O1 npég Tou Ja egaprwvial ammd TNV TEPIEKTIKETNTA TwV (6°—12°) 8-12
Bioyxoupevwy ouoTankwy g apyilou kai amd m duvarémra
£10000U vEPOU OTIG BIaKAGOEIS.
C) Toixwuara WV YWwPIC emaer kard m Sidrunon.
K. Zuveg f mepioxég and amooaBpwpévo ETpwa. 6
L. Zuveg i} TEPIOXES aTTO BPUPHATIOUEVO TIETPWHA. (6° — 24°%) 8
M. Zuveg fj rEpIoxEG ammé apyiAo (yia Tnv TEpypa@r g apyilou 8-12
BAETE G, H, J). -
N. Zuveg A mepioxEg amd thudn f) appwdn apyiro, pikpd KAGopa 5
NG apyikikrig @aong.
O. Nayiég ouvexeic Mwpideg apyitou (yia Tnv TEpiypa@n TG apyiiou (6°- 24°%) 10
BAEme G, H, J).
P. Zuwveg apyilou (yia v mepiypa@r] g apyilou BAtre G, H, J). 134
13-20

*O1 npég S ywviag 1pIRg avagEépovral oE TIPOOEYYIOEIS TTOU OTNPEI{oVIAl OTIG OPUKTOAOYIKEG
IBI6TNTEG TWV UAIKWV.

bas Ub®dgoseyd Udly 6 gUjUleeyUy clhgds o UUY O UOMkidmdItrad g o

2014)
5. NEPO AIAKAAZEQN Nigon Jw
vepou
(MPa)
A. Zreyvr) em@avela fj TOTmKG pikpr el0por (< 5 <0.1 1

I/min).

B. Méon eiopon fj péon tieon. MepioTaoiakr

£KTTAUCT) TOU UAIKOU TTAM)pwongG Twv SIAKAGCEWV. R1=023 0.66

C. Mey@An eiopor) i upnAn Trieon og oupTayég

TETPpWHA PE BIaKAAOEIG Xwpig UAIKA TTAfjpwong. 0251 L

D. MeydAn eiopor| fj uwnAr Trieon. ZnuavTikn

£KTTAUCT) TOU UNIKOU TIAFpWOnG. 0251 033

E. E§aipeTikd peydAn eiopon f trieon kar@ v > 0.2-
avarivagn n orroia peIVETal TTEPIODIKA. 0.1

F. EgaipeTikd peydAn eiopon fj rieon n omoia 51 0.1-
Trapapével oTadepn. 0.05

* O1 repimrwoelg C, D, E, F €xouv ekTipnBel xovOpIka.
**Orav uTrdpxouv oTPayyIoTAPIa N TIUA Tou J,, augaveral.

*** Ae AapBdavovral utréyn TrPoRAfpara Trou TTpokaAoUvTal atrd Tn dnpioupyia
Trayou.

(0] @)



BbasUb®dgoeyd UdSRFaelyy UWelys(ve gU@Gr U thsa af , " @daet)

6. ZYNTEAEEZTHE TAZIKHZI KATANOMHZ

SRF

a)* Zaveg agBevoUs avIoxAC mou TEUVOUV TNV EKOKAQH KQI UTTOPOUY va

17 A v TNE Ki 1

A. MNoAhatrAég aoBeveig JWVeg TToU TTEPIEXOUV APYIAIKO UNIKG r)
XNHIKWG e§aAroiwpévo TETpwpa. MoAu xahapr dopry Tou Bpdyou 10

TIoU TTEPIRBAAAE! TNV EKOKAPT).

B. Mepovwpéveg aoBeveig Juveg ol oTToleg TrEpIEXOUV GpyIAC f

XNuika amooaBpwpévo TETpwpa (Babog exokarig <50 mm). S
C. Mepovwpéveg aoBevelg {WVES 01 OTIOIEG TTEPIEXOUV APYIAD 1 25
XNuIkG amooaBpwpévo éETpwpa (Baog exoka@rg >50 mm). g
D. NMoAAamA£g Siatpnpéveg JUVES O CUPTTIaYES TTIETPWHA (XWPIg

aGpyiho), xaAapr mepiBdArouoa Bpayopdla (omoiodrrore BGBog 75
EKOKAQn(g).

E. Mepovwpéveg diatpnuéveg Juveg 0 oupTrayég TTETPWHA (Xwpig 5

apyiho, yia BaBog exokaPri s 50m).

F. Mepovwpéveg Siatunpéveg JUVES OE CUPTTAYEG TTETPWHA (XWwpIS 25
Gpyiho, yia BaBog exoka@rg > 50m). .

G. Xahaptg, avoikTég SiakAGoelg, £viovn kararunon Tou Bpdayou ot

5

piIkpd kuBikG oToixeia katérunong (omoiodriote BaBog EKoKAPrS).
b)** Zurwawic mirpaen, pofliljuare sdnriag ooy, o, lo, Opal O} SRF
H. XapnAtg 1@oesg, kovrd oty Em@avea, >200 >13 25

J. Méoeg 1806, 200-10 13-0,66 1

K. YynAig 1éoeg, oM oupmrayrg Sopr (ouvriBwg Exouv
euvoikr emidpaon oty evotdBea, propel Gpwe va Exouv 10-5 066-033 05-2
Suopevr| £nidpacn o1y EVOTABEIa TWY TIaPERDV).

L. Mahaxs| extivagn oupmayols mETpwpaTog. 5-25 033-0,16 5-10

M. Evrovn exrivagn oupmayois mETppaTog . <25 <0,16 10-20

*** Bpdyoc moy gokel mégeic, TAgonkn pof) gy
YYNALY VEWMETEWY.
N. Bpdyog 0 onoiog aokel pixkpég mEoeig. 5-10
0. Bpayog 0 omoiog aokel MO uynAES TEOEIS. 10-20
d) AioyxoduEvo mETpWUa wn Sidyxwan §aoru J
P. EAappé Broykolpevog Bpayos. 5-10
R. 'Evrova Sioyxolpevog Bpaxos. 10-15

* O1 mipég rou SRF penwvoviarl kard 25 - 50 % av ol aoBevei (Sarpnuiveg) Juveg Sev Téuvouv
MV UTTGyEIa EXOKaPr) GAAG aTAG Ty ennpeddouy.

** Ze mepITIWOLIS £viova avnabTpotrou Taokol Trediou (epdaov autd éxer perpnBei):

Av 550,/0,5100, 01 0, kai O, peovovtan ot 0,80, kau 0,80,

Av0,/0,>10, 01 0, kai 0, peivovial ot 0,60, kal 0,60,

oc = ) aviox ot povoaiovik) BAlyn, oten = n avioxy ot EPeEAXLOpS, 01 = n ptyioTn xopa opbr|
1éon, 03 = n eAayoTn Kipia opli Taon.

*** Yrrapyer mepropiopévn epmeipia drav 1o BaBog mg ofjpayyag eivan pxpérepo and 1o avorypa
mg. Nporeiverar n aOgnon 1ou SRF amd 2,5 oe 5 (BAEme H).

a3z UbddpoaUecyy stehd Uxrs

(Gri mstad,

aUUdoec) oL 3

2014)

69 hQqUUJ

XapakTnpiopog AcgikTng TTOI6TNTAG Micon aockoUpevn oTNV
Bpayopalag Q opoon P (MPa)
Egaipemikd rTwyn 0,001 -0,01 1,2

MNdpa oAU TrTwxn 0,01-0,1 0,6

[MoAU TrTwyr 0,1-1,0 0,3
Mrwyn 1-4 0,15
Mérpia 4-10 0,1

KaAn 10-40 0,05

MoAU kaAr 40 - 100 0,025
Mapa oAU kaAn 100 - 400 0,005
EgaipeTikd KaAr 400 - 1000 0,001
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B | Katak6pupa @pedmia KUKAIKIG SIaTOUNG. 25
B | Karaképuga @pedtia opBoywvIKAG i} TETPAYWVIKNG SIaTOUNG. 20
C | Mévipeg oT10éG peTalAgiwy, Orpayyeg TTPOCAYWYr|G 1.6
UBPONAEKTPIKWY OTABUWY (XapnAng TTiEONG), EPEUVNTIKES
Orpayyeg K.a.
D [ Mikpég 0BikéG Kai O10nPOdPOUIKEG OT)PAYYES, OTOEG 1.3

TpooTréAaong, amobnkeuTikoi BdAapol, K.a.

E | MeydAeg 0dikég i 010npodpopikéG afpayyeg, BdAapol 1.0
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F | ZraBpoi 01dnpodpduwv, £pyooTdaia, UTTOYEIOl TTUPNVIKOI 0.8
oTaBuoi.

OoP



ROCK CLASSES
G F E D c B A
Exceptionally Extremely Very ’ Very Ext. Exc.
poor poor poor e Falr Good good| good good
100 L L L 11 L 1L 11T 1 25 - 20
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50 ang 0 15m 1" =
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17 rn‘a&:c:_,g)1> .
10m ‘ l
1 H
0.001 0.004 0.01 0.04 0.1 0.4 1 4 10 40 100 400 1000
RQD Jr Jw
Rock mass quality Q = Jn X Ja X SRF
REINFORCEMENT CATEGORIES:
1) Unsupported 8) Fibre reinforced shotcrete and bolting, 9 - 12 cm
2) Spot bolting 7) Fibre reinforced shotcrete and bolting, 12 - 15 cm
3) Systematic bolting 8) Fibre reinforced shotcrete, > 15 cm,
4) Systematic bolting, (and unreinforced shotcrete, 4 - 10 cm) reinforced ribs of shotcrete and bolting
5) Fibre reinforced shotcrete and bolting, 5 - 9 cm 9) Cast concrete lining
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AEIKTHE FERAOTIKHI ANTOXHE (GSI)
{E. Hoek, N. Mapivog, 2000)

Buo|iéuM| TNy NEPIYPEMY g Mbokoyiknc eloToons, me Gopng
K1 TS NOISTNTOL Twy SOuvEREILY TG Bpaytualos ExTINRoTE T
uEGn r||_|n TOU GSI uno Ti5, KOpNGAEs, To v tnlAE.Em Eva supoc
Tipew and 33 fwg 37 evan ma peakaTikd and To va SnluaeTe OTi
10 G51 =35, O nueopnoubq g muﬁg kabic kar g nmémmc
TIW OOUVEREIEY HROPE va KUPaivaETEl PETaS) Slo yEmmasiy
nedios, Tovilerai ifialtepa &m 1o kpitdpio Hoek - Brown Bev
EpappOlETon OE QuTABEIES NOU EAEYHOWTON NG GUYKEKRIPEVES
QOUVEEIES GTav o aoSeveis eninedieg enupdveies {dnwe SaTprpéva
EniNEGD aTPHaNG) Exou SUSHEVH NPOTOVATOMING OE axéan JE
THY EXOROE). TOTE ouTES kaBepifouy TIV SUPNESIPOPA Trg
Bpoxdiatac. H ovrop opiopévi Fpoxopadin pediverar and Ty
MARCUA TOU UndyEiou vEPDU Kol QuTo pnopel va AnpBei undyn
WE pikpr urromum npes 1o [2adT] oTn;cnn.*.c:; TG pPETRING, nTtn;u;r]::
w1 nohl AT KOTACTOaNS oouvexsidy. H nison Tou vepod

Bev pETaRANE T T Tou GSE kan AouBdveTan undyn pe Ty
VaNIT EVERYUY TOTEWY OTOUG UNaNayITRUG,

Mo Tpayglec, UyIEic, un anoondpui#VES ENKPAVEIES
QUENEYT ENHPADRDPATD 1) UAKG NARPUANG PE YivIian

BpadouoTo

MNoAD ohoBnpés enipdveiss fj Nohl anoaolpupiveg e

Tpaxeleg, eEhappd anooofpupEves kol cEESwHEVEL
Seieg, petpive anooodpwpdves kol efniAoiapéver
Mok Agieg, koTd nepinmwon ohiodnpi enupivess e
pohard apyikikd uhikd nAfpeans f enigholwang

NOIOTHTA ENIDANEIAEZ ATYNEXEINN
MOAY KAAH
O ENepavEIES
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EMNpAVEIES
NTOXH
NOAY MTRXH
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- Rpprkra Bpayiin Tepdyn f eoTpuTos Bpdye:
WE AYEC OOUVEREIEC OF PEYOAN anooTasn
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=]
=
-
]
=
-
p-J

80

Z/\'(‘ TEMAXQAHE/ AATATAPAKTH-ETPRIMATRAHE
S )’[ ABInTapaKTn Bpaxopola BE Nokd KoAG
CANACKALIS@UD Nou anoTeheirar and Kufikd
e T:pc'n}c_n opilapeva ﬂﬂl_fb TREK, OpBOYEVIa TEUVOLEVES
L ] DIKOYEVEIES QOUVEXEIGY

70

YA noAY TEMAXQAHE

?,(;“ﬁ_ o Mepikwe, Siorapaypdvn Bpaydpalo pe noAdnizupo
et A yuvidn Tepdyn (blocks) nou aynparidoval and
‘}5:‘5.(’-"& /4] TEGOERIC 1) NEPICOATERES IKOYEVEIES AOUVEXEHDY

ATATAPATMENH-ZTPOMATIRAHE/ NTYXQMENH
A Nruytpdvn pe yowadn Tepiyn now aynpatifovral
and cAARASTEPWALEVED OIKDYEVEIES OOUVEXEILY.
Epponr) aTpdiang fj ayiarémag

; /
ANOAIOPTANDMENH

40 /
30
Ioyupd keppamiapévn Bpaxopola pe nrwyd

ahAnhoshgiBwpa kel pe TouThypovn napawdia /

MEIOYMENO AMHAOKAEIADMA TON BPAXQAQN TEMAXQN

o

VISV KO ANODTROYYUALIKELY TEROYLNY

e
e

DYAARAHE/ ATATMHMENH
DUAMIBNG 1) OYITTONGINREVT KOI TEXTOVIKIG 10
Euorpnptm oodeviic Bpaxdpola. H ghdikwon
ENEEATE] EVavT! onaiadnnoTe dAlng okeyivens NSfA NfA
7 uouuqslmv cpnodilavrag Ty Snpioupyio vty
| T:pﬂ);uw {n kA poxa oF aumd To skavide Sev ouykpiveT pE
ALTH T kbl oy D)
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Intact rock specimens

One joint set - do not use
Hoek-Brown criterion

Two joint sets - do not use
\" Hoek-Brown criterion

Heavily jointed _rock mass
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M= M expf ( B).
S :—e—)oep( (3.
a=-+-JQ — Q~ (1.5)

O

¢ " Up YenlyUgdgdyYUUs U Uds ey gealUseasosose Gi 0UL

U h Ues “asllsd Udd KsafhsUd
Tumog Opdda KOKKOMETPIA
Xovdpr| | Méon | Acm | NoAu Actrmr
KpoxaAomayry Wappireg IAuSAIBO! ApyoABo
. 174 7+2 412
Aarurromrayn r < Apy.
B KAaomxo * (18 3) 612
w Mdpyeg
<) (7£2)
Kpuotalkoi  Zmrapmxoi Mixpimxoi Aolopiteg
2 AvBpaxix@ | AofBeoTéMBor  AoBeoTdMBot 9+3)
N 12+ 3) (10x2) ©x2)
Mn xKAaoTikd Fogog Avudpimg
EBamopireg 842 1222
Opyavixd K,T'-f
Mappapo KeparoABor Xahadjreg
2 | Mqmruxwpiva 9+3 (19+4) 2043
z (19 3)
Mryparirteg ApgiBoAireg Mveoool
§ Ehagpd mruywpiva (29£3) 2616 2845
™
pos IxioToABor DuAAITES Ixioreg
o 1243 @ £3) 724
Tomog Opada KOKKOMETPIA
Xovdpr) | Méon [ Acrm [ NoAG A
Ly Avopimg
AvVOIKTO- 3213 25%5
xpwpa Ipavodiopitng
(29 £3)
NAoutwwia
rapppog
% 2743 Sokepimg
OTEIVO- Nooi (16 £ 5)
g Xpwpa 20+5
[ 0aBuoow Nopeipng AaBdong Nepidorimg
z o d (20%5) (15%5) (25¢5)
PudAiBog Aaxitng
Hoaoreaxd | AdBa (sz%:o!i’r)m el 3,,’m
25+5 (25¢5)
POKAQOTIK He.Aarumrorrayry  Té@eor
i a (19+£3) (19¢5) (1325)

Koofl838 gocenyids Yemosde asosoa HEWEr te Hdlek, e200002)

oo



B Gg3UUWesWllpdsesd utr dedse; UYyUUs U ' f Ues bUde
Udffy Uche UsUd GUe UayYGUsUU yj3 06 UsYasoU U0 |
U sayoUUUs U ' f U0Ua37. UsbWalUsUdekgdbtis gdbec g vy U
hOUs dq UsaGoaUlGe uUs “~jealUalUa oUcalfl tedUdg Wee
“"UpYuUsoeU 6U0ds " UBMULdridodBxsdbdbadg o PUer U0
by Uche UsUd UahUsd seoU etUpY®dQosoeU GUds Uy a’ (
g hoUse eyUxr a.

o o, o

Koofl38 K sasoyd Udd UscepP(BegrtighoddkelDiDeody

RV





















































































































































































































































































































































































































































































































































































































































































































































































































