Metpa Yrtootnpenc Ymoyelwv Epywv
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2 KOTTOC

E¢aodpaAion evotaBelac umoyelou avolypatoc.
[Mpootaoia epyalOHEVWY ATIO KOTOTTTWOELC.

Y€ meplmTwon pnxNg oNPAyyoc O O0TIKO LOTO —» TIEPLOPLOMOG ETLPAVELAKWYV KOBL{NOEWV.
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Atakplon Ymootnpeng

Mpoowpwn unootnpn (primary lining): Ymootnpn vmoyelou avolypatoc povo ylo thv neplodo

KQTQALOKEUNC.

Movwun uvrnootnpién (final lining): Ynootpn unoyeiou avolypatog kad” oAn tnv Sldpkela e

AEltoupyelac Tou.
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Atakplon Yrmootnpenc - Kootoc
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KUkAoc Epyaoctwv Atavolénc 2npoyyog
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Awavolen znpayyac pe 2uppatika Meoa (NATM)

H onpayya dlavolyetal e T xprion LNXOVIKWY LEcwV dlavolenc.

H nmpoxwpnon eilval pkprn ava BRpa exkokadnc (1- 4m) kot koBoplletal amo TIC YEWTEXVIKEC

OUVONKEC OTNV TIEPLOXM TOU EPYOU.
To AVUTIOOTAPLKTO TUAMA uTTooTNPLETAL EAXLOTA BApaTa Lo miow.

2uvNBwc N OLavoLEN TPAYLOTOTIOLELTOL O€ TIEPLOCOTEPEC ATIO LA PAOELC EKOKADNC.
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Awavolen 2npoayyac pe 2uppotka Meoa (NATM

Aldvolén ue ypnon pnyavikwyv puéowv (Ekokadeac Ymoyelwv):
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Awavolen 2npoayyac pe 2uppotika Meoa (NATM)

Alavolén ue ypnon unyavikwyv peowv (Roadheader):
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Awavolen 2npayyac pe Zuppatika Meoa (NATM

Alavolén ue tnv uebodo dlatpnonc- avativaénc:
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Awavolen 2npoayyac pe 2uppotika Meoa (NATM)

Alavolén ue tnv uebodo dlatpnonc- avativaénc:

Guide hole (empty hole) "'~ Explosive charge hole
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Awavolen 2npoayyac pe 2uppotika Meoa (NATM)

Alavolén ue tnv uebodo dlatpnonc- avativaénc:
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Tunuotkn Atavolen 2npoyyoc

AIATOMH ANTIZTHPIZHZ K.Z.K1.1

Katnyopia ekokagpric E2I
Mpoowpivi] YTTootipIgn,
DGOEIG TMNUUTIKIG EKTKTPIG
KAipoKa 1:50

18 ATKYPIA $25, MHKOYZ L=6 00m
ANA BHMA MPOXOPHEHE ®OACY (1.30-1 50m)

| NPONAPAIKEYAETIKH ZTPOZH ANC INOOAEMEND
EKTOZEYOMENQ ZKYPCAEMA MAXOYE S5cm

TEAIKH ENENAY FH ANO ONAIZMENG % -
IKYPOAEMA C30/37 d=0.40m KYPIA ZTPOFH EKTGZEYOMENOY

FINAL LINING OF REINFORCED e e ) ZKYPOAEMATOE NAXOYE 25cm
CONCRETE C3(¥37 d=040m N

METAAAIKA NAAIZIA IPB 140
ANA BHMA NPOXOPHEHE
©CAQY (1.30-1.50m}

TEAIKH ETPO¥H EKTOZEYOMENGY
IKYPCAEMATOE NAXCYE Som

AINAC ATKYPIO @25
MHKQY L L=6.00m

Gep|

NYOMENAZ MAXOYZ 45cm
ME AYO AOMIKA NAETMATA T188
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Tunuotkn Atavolen 2npoyyoc
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Tunuotkn Atavolen 2npoyyoc
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Tunuotkn Atavolen 2npoyyoc
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Tunuotkn Atavolen 2npoyyoc
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Metpa MNMpoowpvnc Yrootnpeng

Extoevopevo 2kupodepa (Shotcrete) Self-drilling rockbolts

' Forepole umbrella

AykupLa (BOltS) _Stc%l sets embedded

i shotcrete
Fibreglass face
reinforcement dowels

MeTtaAAka MAaiola (Steel Ribs)

Elephant foot

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

Temporary inyert

| Final invert
Not to scale - final lining not shown
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Metpa Mpoowplvnc Yrootnpwenc — MNaiotec MeBoodol
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Metpa Mpoowplvnc Yrootnpwenc — MNaiotec MeBoodol
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Extoéeuopevo 2kupodeQL

Feeder or manual feed

Mainwet-mix shotcrete unit

Liquid accelerator e Accelerator dosing unit

RISEN PZ253000
| Wet mix shotcrete machine
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Extoéeuopevo 2KUpPOOEQ - 2KOTIOC

Anpovpyla eviaitov KEAUDOUC TIEPLULETPLKA TNC EKOKODNC.
ALEON POOTAOLA ATTO KATATTWOELC TEUOXWV.

[1EPLOPLOLLOC CUYKALOEWV.
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Extoéeuopevo 2kupodepo — 20 oTaon

Cement + aggregates + water

non-alkaline accelerator
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Extoéevopevo 2kupodepa — Emtayuvteg

IovoTnTeg Tomog emroyvvm

AAKQALOUXOG apYLALKOG ALK@I0070¢ TUPITIKOG Eled0epog ahkariov
Evpog doonc 3+6% 12+15% 4=7%
pH 13+14 12+13 3
Isodivapo Na, O 20% 12% <1%
[Hoid mponpn avrop ++++ ++++ ++
Y TNV idra doon
Telkn avrop + -- ++
Ydatooteyavotyra ++ - RS
"Exmivon -— - -
Yyer - - +++
Ac@aiewa peTapopag -- - 4+

+ Peltioon, - emdeivoon

YMOAOTIZTIKEX MEGOAOI ANAAYZH2 YIIOTEION EPFQN TOMEAZ TEQTEXNIKHZ- 2XOAH MNOAITIKQON MHXANIKQN E.M.T.
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Extoéevopevo 2kupodepa — Emtayuvteg

pH value

Save range for human tissue
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Alkali free accelerator

ACID
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Extoéevopevo 2kupodepa — Emtayuvteg

Compressive strength N/mm?

70
60
50
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10

0

3 days 7 days 28 days
B W/Cratio0.40 W W/Cratio0.46 @ W/C ratio 0.50
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Extoéevopevo 2kupodepa — Emtayuvteg

Sprayed
Concrete Application
100 Class

Sprayed concrete suitable for the placing

of thin layers on a dry base without special

load bearing requirements to be met during

20 i the first hours after placing; it offers the

10 ,f’/ advantages of low dust formation and
rebound.

\

Sprayed concrete that is required to be
placed as quickly as possible in thick
layers (including overhead). Additionally,
sprayed concrete can be applied to water
— J bearing ground, and sections of lining that
Class J2 2 are immediately adjacent to construction

] _’_______..-—-' operations involving immediate stress and
0.2 strain changes, such as new excavations or
0.1 Class J1 ] spiling. In normal tunnel conditions J,
’ should not be exceeded.

[

Class J3 ——
.-""'-‘-/.

Compressive strength [MPa]

Sprayed concrete for support to highly

friable rock or excessive ingress of water.
6 10 30 1 2 3 6 9 12 24 Js Due to the high level of dust and rebound,
Minutes Hours this class should only be used in limited
areas.
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Extoéevopevo 2kupodepa — AstypatoAny

1)

AL Loy A

[/
4
R |
s

‘;‘

-~
-

YINOAOTI2TIKEX MEGOAOI ANAAY2H> YIOIEIQN EPTQON

TOMEAZ TEQTEXNIKHZ- 2XOAH MNOAITIKQON MHXANIKQN E.M.T. OEBPOYAPIOZ 2019



Extotevopevo 2kupodepa — Mien

=npn M£0odoc (Dry Mix)

=neni/Yypn pién _ Dry-Mix Process

Mieopévog aépag

Mvevpatik Tpogodoaia

-

Mnyxavr eKto&euong okupodEpaTog YA

Nepb/Aépag — AocopetpnTric avtAia
|

YypOg EMTAXUVTIG E (0
i C
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Extoceuopevo 2kupodepa — Mien

=npn M£0odoc (Dry Mix)
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Extotevopevo 2kupodepa — Mien

Yypnt M€00o6o¢ (Wet Mix)

Yypn pign

AvtAia ekt6gLong OKUPOSEUATOC

Aépag — AocopeTpnTrig avtiia

| )

’ ’ ,
YypOG EMTAXUVTAC @ \0

YTNOAOTI2TIKE> ME©OOAOI ANAAY2H2 YTIOTEION EPTON TOMEAZ TEQTEXNIKHZ- 2XOAH MNOAITIKQN MHXANIKQN E.M.IM. OEBPOYAPIOZ 2019




Extoceuopevo 2kupodepa — Mien

Yypnt M€00o6o¢ (Wet Mix)
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Extoéevopevo Zkupodepo — Avamnodnon

100
o
= % Average
- S s Rebound 8
& < Accelerator Position rebound
S 50 o rate/%
2 o rate/%
[ ) .
o Average ‘§ Without adding Arch 26.2 20.9
Good n accelerator Two sides 15.5 )
10
Arch 13.3
Excellent WT-1 type accelerator i 11.4
typ Two sides 94
0° 900 00 Nozzle angle to substrate GOR-I tvpe accelerator Arch 21.3 16.8
YP Two sides 12.2 '
109 19% 10% Acelerator Dose
0,2m 1to2m +3m Nozzle distance to substrate
Crown Sidewalls Invert Sidewalls Crown Area of application in tunnel
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Extoéeuvopevo 2kupodepa - OmAlon

H OmALon mpayULOTOTIOLELTAL LLE:

Aopko MAEypa

Ivec (tvomAiouévo)

> KOTIOC: AUENON EPEAKUOTLKNC OVTOXNG

YTNOAOTI2TIKE> ME©OOAOI ANAAY2H2 YTIOTEION EPTON TOMEAZ TEQTEXNIKHZ- ZXOAH MOAITIKQON MHXANIKQN E.M.I. OEBPOYAPIOZ 2019



Extoéeuvopevo 2Kkupodepa -IVOTTALOUEVO

H OmALon mpayULOTOTIOLELTAL LLE:

[—©gudiay ivag
, , ' — EEodxenon tvag
AO ulKO I-IAEY ua f | r— Tepbowpe guypng eno tyv ivat
| l | - Amox6Mhno petalh ivag xat axngodipatog
O O T 1~ @gabay
w @ @ 4 15 oxwgodeparog

Ivec (tvomAiouévo)

1

i1

I SH2NEiS!

> KOTIOC: AUENON EPEAKUOTLKNC OVTOXNG

HENg
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Extoéeuvopevo 2Kkupodepa -IVOTTALOUEVO

Tveg
| .
'Duoxsg Teyvnreg
| =
[ X 1
OQ?Tvmég Avogyoveg
Amo ouvBsTina wolopsey: = Ry
|
Axpuliey PAN .
Apoubion AR Avﬁgwcbfsg i
Xwgoive CLE K?Qupmeg CEF P T e .
E)aotivyg EL i o b
Mehupivag ME Metodxsg  MITF
ITolvxpoptdiny PA x —]
ITolnzatepuey PES
IToXvauBulevion PE
ITolnapidion PI
ITolumgomvlevion PP S 3
ITolnfvolieng PVAL

x0oANG
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Extoéeuvopevo 2Kkupodepa -IVOTTALOUEVO

-
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T
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Extoéeuvopevo 2Kkupodepa -IVOTTALOUEVO

Shotcrete Fibre-reinforced
application shotcrete
with wire mesh application

reinforcement

— - »
-
.‘_!'-’

_ SR %2
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Extoéevopevo 2kupodepa — AVTALEC EKTOCEUONG
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Extoéevopevo 2kupodepa — AVTALEC EKTOCEUONG
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Extoéevopevo 2kupodepa - Aotoyla

\
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Extoéeuopevo 2KupodeuQL

2.4+ Tunnel Face
227

207

Support at 1.5 m

1.8¢
1 0 10 20 30

167

Convergence at tunnel face: 0.56%

1.47
1.27

1.07

Support Pressure (MPa)

087

067

0.41 !

02¢{ |

0.0 a1 02 0.3 04 05 06 o7 08 09 1.0 1.1 1.2 13 1.4 1.5 16 1.7 1.8 19 20 21
Tunnel Convergence (%)
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Avkupla /'HAoL

o

Shotcrete 5

-

SO

-~

Y ssasas st

o
LR

from ground level

TOMEAZ TEQTEXNIKHZ- ZXOAH MOAITIKQON MHXANIKQN E.M.I. DOEBPOYAPIOZ 2019

YMNOAOI2TIKEZ MEOGOAOI ANAAY2H2 YITOIEIQN EPTQN




AvkupLa /'HAoL - 2KoToG

2 KOTIOC TwV NAWV elva:
H dpeon umootnpLeén Kol CUYKPATNON EMLOPAAWY OYKWYV TEPLUETPLKA TNC EKOKAPNC.
O MEPLOPLOUOC TWV CUYKALOEWV TOU UTTOYELOU OVOLYLATOC.
H omALlon ko uTtooThPLEN Tou KEAUDOUC Qo EKTOEEVOUEVO OKUPOOELLQL.

H umootnplén Twv LETAAAKWY TTAALCLWV.
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AvkupLa /'HAoL - 2KoToG

Low stress levels

High stress levels

S—

of near surface rock pieces.

=<

%

(=]

e

o

g

©

= Massive rock subjected to low in situ stess Massive rock subjected to high in stu stress
levels. No permanent support. Light levels. Pattern rockbolts or doweis with
support may be required for construction mesh or shofcrete to inhibt fracturing and to
safety. keep broken rock in place.

-

o

(=]

-

[ Massive rock with relatively few

= Massive rock with relatively few

.9, discontnutties subjected !z fow in sty discontinuities subjected 1o high in sty
stress condttions. ‘Spot’ bolts located to siress conditions. Heavy bolts or dowels,
prevent iure of individual blocks and inclined to cross rock structure, with mesh or
wedges. Bols must be tensioned steel fibre reinforced shoicrete on roof and

- sidewalls.

g

°

2

£

]

=

% Heavily jointed rock subjected to high in situ

© Heavily jointed rock subjected to low in stu stress conditions. Heavy rockbok or dowel

2 | Toah sndior troiceie Wi convoiraveing | Lo AR stoel five elferced shokcrele

in extreme cases, steel sels with siding
joints may be required. invert stuts or
concrete floor slabs may be required b
control floor heave.

YINOAOTI2TIKEX MEGOAOI ANAAY2H> YIOIEIQN EPTQON

TOMEAZ TEQTEXNIKHZ- 2XOAH MOAITIKQON MHXANIKQN E.M.T.

ZuyKpAtTnon entopalwv OyKwv.

MNepLopLlopog UYKALCEWV.
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AvkupLa /'HAoL - Atakplon

>0 nAoL SLakpilvovtal O€:

_IEvepyntikoug (Active): Zkomog Ttoug elval n auecn umootnplEn Ttou TEPLBAAAOVTOC
METPWHATOC, XWPLC MEPALTEPW TIAPAUOPPWOELC. [l TO AOYO aUTO €PaPUOETAL TAVUCT) TOUC

KOLL TTAKTWVETAL [LOVO TO EVA TOUC AKPO ETOL WOTE VA TOWVUGTOUV.

a) Ground Anchor (Active Restraint)

YTNOAOTI2TIKE> ME©OOAOI ANAAY2H2 YTIOTEION EPTON TOMEAZ TEQTEXNIKHZ- 2XOAH MNOAITIKQN MHXANIKQN E.M.IM. OEBPOYAPIOZ 2019




AvkupLa /'HAoL - Atakplon

_INadnukoug (Passive): >komog toug elval n omAlon — evioxuon tou TepLBaAAovTog
METPWHIATOC, TO omotlo dev pmopel va mapalafel epeAKUOTNKEC N OLATUNTIKEC TAOELC. H

EVEPYOTIOLNOT) TOUC YIVETAL LEOW TNG TIAPAUOPPWONC TNGS Ppaxopalac

Pile Extends upon
Loading

Face of
Structure
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AvkUpLa /'HAol — AlaoteANopevou AKpou

[IpOKELTOL Yl EVEPYNTIKO NAO, OTOU QMOKTA OuvadeEld HE TO TEPLPAAAOV

METPWUOL OTO EVA TOU AKPO, LECW TNEC SLAoTEANOUEVNC KEPAANC.

cone

breather tube

grout injection tube

@7

faceplate drilled for tubes
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AvkUpLa /'HAol — AlaoteANopevou AKpou

(A A

F1F DIL J2B JIM

J8 Split J8o J80 Split
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Avkuptla /'HAoL — Znpeloknc ouleuénc

[TpOKELTAL YLa EVEPYNTLKO NAO, OTIOU QTIOKTA CUVAPELA UE TO TIEPLBAANOV TETPWUA OTO EVA TOU
AKPO, HEOW Taxelac mNéewc pntivn, evw TO UTIOAOUTO TUNMA TIAKTWVETAL OTO TEPLBAAAOV

netpwpa pe Bpadela mnéewc pntivn.

Fast-setting anchor
cartridge

Slow-setting ‘grout’
cartridges

Reinforcing bar
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Avkuptla /'HAoL — Znpeloknc ouleuénc

YTNOAOTI2TIKE> ME©OOAOI ANAAY2H2 YTIOTEION EPTON TOMEAZ TEQTEXNIKHZ- 2XOAH MNOAITIKQN MHXANIKQN E.M.IM. OEBPOYAPIOZ 2019



Avkuptla /'HAot — OAoowunc MAaktwonc

[TpokeLTaL ya maBnTiko A0, OTIOU ATIOKTA cUVAdELA PE TO TEPLBAANOV ETpWA

LLECW TNC MAKTWONC ToU, KaB OAO TO UNKOC TOU.
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Avkuptla /'HAot — OAoowunc MAaktwonc

standard grade

B0 G20 G225 G628 G632 G40
Thread

@ opd ONEPE paTog OpIOTEROOT ROg o

Thread direction left hand

Doy T v pos D mm 20 25 28 32 40

Nominal diameter

My ioTn SiapeT pog

mm 3 9 3z 36 45

Max diameter Dumax
Ovopaomikr Siaropr A mm* 3i4 491 616 804 1.256
Mominal cross-section
OvopaoTikd Bapog kg/m 2,52 3,88 4,85 6,33 9,91
Mominal weight
Opio Siopporg i M/ mm?* 500
Yield strength vk (MPa)
EqeAnuomieng avroyn f N/mm? 550
Tensile strength L (MPa)
Emiprjscuwvon g > 10
Elomgation
Tumikd @oprio Siappong Fo.ax kN i60 245 310 405 630
Typical yield load .
Tumid poprio Gpadoew ¢ O EpEAKUTEG

Fu kM 175 270 340 440 690

Minimum fracture load

G50 G57 G635

SebiooTpopo

right hand
50 57,5 63.5
56 63 70

1.963 2.600 3.167

1541 2040 24,90

550

700

>7

980 1440 1.760

1.080 1.820 2.215
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Avkuptla /'HAot — OAoowunc MAaktwonc

i Axial stress in bolt

G

s ABFN

?'I.-ﬂ-:: Sl i.#'ﬂ':ﬁiﬂ!k ? '.I.ﬁ't_

Shear / axial stress

Shear stress on bolt /\

_ —>
De-bonded (fully or partially) J

Grout _ESEeis B at e S e DA S SRV AR E R 8] [ oaded end

Shear force

v

=
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AvkUpLa /'HAoL — TEVOVTEC

[TpOKeLTaL yLor TABNTIKO NAO, OTIOU ATIOTEAELTAL ATTO CUPUATOOXOLVO TO OTOL0 evepaTWVETAL KA’

OAO TO HNKOC TOU. XpNOLUOTIOLOUVTOL O€ TIEPUMTWOELG LLEYAAOU LNKOUC ayKUPpwWOoNC.
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AvkupLla /'HAoL — Tevovte

TYPE LONGITUDINAL SECTION CROSS SECTION
 — J Slle, O
Multi-wire tendon | C —J o
(Cifford, 1974) | —= : q %00
o 1] Q¥ o©
Birdcaged mult- | Fom———) Xe
wire tendon 2 1 | | Q
(Jirovec, 1978) a0
Antinode Node

Single strand
(Hunt & Askew.
1977)

—_——————

Normal Indented Drawn

Coated single
strand

(Hunt & Askew,
1977)

B B

Sheathed Coated Encapsulated

Barrel and wedge
anchor on strand
(Mathews et al,
1984)

Double-acting twin anchor  Single anchor

3 compenent 2 component

Swaged anchor on
strand
(Schmuck, 1979)

Circular

High capacity

|
shear dowel el lbe
(Mathews et al,
1986) Concrete
Birdcaged strand PO
{Hutchins et al, ite ®
1990)

Antinode Node

°

el ————————— | I ®
(Garford, 1990) °

Antinode Node
o || @ @
(Windsor, 1990)

Antincde Node

YINOAOTI2TIKEX MEGOAOI ANAAY2H> YIOIEIQN EPTQON

TOMEAZ TEQTEXNIKHZ- 2XOAH MOAITIKQON MHXANIKQN E.M.T.

air out

direction of
grout travel

hole collar
plug

direction of

grout travel P ;

19 mm grout
tube

grout in

S

wooden wedge to
| hold cable in place
during grouting.
Note that grout
tube should be
free in hole
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Avkupla /'HAoL— Split Set

[TpokeLTaL ya maBnTiko A0, OTIOU ATIOKTA cUVAdELA PE TO TEPLBAANOV ETpWA
LECW TNC MpowBnonc Tou €vtoc Tou SLaTpNUATOC Kal TNS MANPNS oUVADELAC LLE

QUTO.

NAdxa £3paoewC
Washer plate

s 7

Kwvikd axpo
Conical bolt tip

As0ipolpeEvo CWANVWTO owpa
Spit-type tubular body
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Avkupla /'HAoL— Split Set

Ovopaomikn Sigperpog Simpodpevou ow Afva

_ mm 33 35 39 46 47
Split tube nominal diameter

TLl1lKI‘| SuapeTpog Simpodpevou ow hiva mm 338 35,5 39,5 46,5 47,5
Split twbe typical diameter

Tumkd @oprio Bpodosw c O EpEAKVOPD KN 120 120 140 200
Typical fracture load in tension

EAay1omo ipopTio Bpadoew g kN 80 80 100 150
Minimum breaking capacity

MpoTElvopeEyn apy ik oy Kl pu on kN 30 - 60 &0 - 100
Recommended initial anchorage

AnoBimpa prikn oy kupioww m 05-31 1,5-4,9

Available bolt lengths

hdsied! | “.‘! ‘!
dm PARTY

Al
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Avkupta /'HAoL— Split Set

- -
@ o :@:
- -

Y RRRRRRRRR
On $8588888Y

ARR
985

Eyxatsotnuévo To aykupo Tpfng
VIDEX coksl axtwvikn riieon ota

t TowHara Tou SiatpAparog o GAo

- T0 pnxog enadrg evw 1o mAaxidio
edpacewg cupPaiiel
unootnpiloviag 10 KaTWwIEpo
TUAPA TOU METPLWHATOS yUpW and
o Suarpnua.

The installed VIDEX friction-bolt
exerts radial pressure against the
bore-hole wall over its full contact
length, while the washer plate
provides load support of the lower
section of the ground.

=)
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AvkUpLa /'HAoL — Swellex

[TpokeLTaL ya maBnTiko A0, OTIOU ATIOKTA cUVAdELA PE TO TEPLBAANOV ETpWA

LLEOW TNC OLOYKWONC TOU E VEPO.
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AvkUpta /'HAot — Swel

ex

NAdka e3pacew .
Washer plate

Teppankd nopa

End cap

d cap

ZwAnvwTo owpo
Tubular body

‘Akpo BaABidag

Valve end

YINOAOTI2TIKEX MEGOAOI ANAAY2H> YIOIEIQN EPTQON

Midi Super
Tumxd @opric Bpadcews O BpEAKUTHD kN 120 160 200 240
Typical fracture load in tension
EAaxwvioTn £y yunpévn emprjkuvon kata Tn Bpadon o 20
Minimum guaranteed elongation at fracture
Tumi EmpREwYon kara 1) Bpalon % 30
Typical elongation at fracture
e mm 32-39 45-53 45-53 45-53
Recommended bore-hole diameter
Békmiorn Siaperpog Biampriparog mm 35-38 45-51 45-51 45-51
O ptimal bore-hole diameter
AnapeTpog owhiva (nprv TN Siopdppwon) mm 41 =4 54 54
Tube diameter (prior to folding)
Nayog owhiva mm 2 2 25 3
Tube wall thickness
a1 G B pévou owhiva (npiv TN Sidykwon) 26 6 36 36
Folded tube diameter [prior to inflation]
AIGUETPOG TEPPOTIKOD MG POToS mm 9 38 38 38
Bolt end-cap diameter
AnapeTpog kegaki (Barpidog)
Bolt head (valve) diameter mm U s SED i
Ovapmarik apog kg/m 2 2,8 33 3.8
Mominal weight
Migon wepod Sidy kwong bar 300
Inflation water pressure
ABEmpa prjEn oy Kupiow m 2.8
Available bolt lengths

TOMEAZ TEQTEXNIKHZ- 2XOAH MOAITIKQON MHXANIKQN E.M.T.
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AvkUpLa /'HAoL — Swellex

fow

417

1

0I7

Aiarpnon Sarpiparog Eicaywyh ayxupiou Awyxwon aykupiou OAokAfjpwon TonoBérnong
Bore-hole drilling Bolt insertion Bolt expansion Installation complete
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AvkUpLa /'HAoL— Tavuon

To aykUpla tavulovtal pe SUvapn mpogviaong To Peyloto ta 2/3 tou opilou SLapporc Toug, KoTa

(EAOT, TN 1501-12-03-03-01:2009).

H tavuon emnttuyyavetal epappolovtac pormn otpednc.

Tavuon e pPOTOKAELOO:

'\

.\
o8
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AvkUpLa /'HAoL— Tavuon

Y6pavuAwkn Tavuon:
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AvkupLla /'HAoL — AutodLlatprovia

[pokeLTal ya madntiko NAo, omou edpapuoleTal o€ TEPLOXEC LE TIOAU aoBevr Bpaxouala, omou n omnr Ogv
urmopel va mapapelvel yia oAU xpovo otaBepn kat kAelvel. Ta aykupla QUTA OTNV AKPNn TOuC GEPOLV

KOTTTIKO AKPO, Ta OoTtolar AELTOUPYOUV Kol ooV SLATPNTIKO OTEAEXOC.
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AvkupLla /'HAoL — AutodLlatprovia

Eneipw pa
Thread L L N Q. | Fracture ¥ N om. Mom.
weight |yield load oad Cross- weight |y

Rpo.z

kN

R32/25 330 2,70 160 210 R51/6N 810 6,35 450 550
R32/4L 370 2,72 180 R51/7N E 240 7,38 500 600
R32/35 369 2,90 190 R51/75 E E o975 7,65 540 660
F =
R32/45 " 410 3,20 220 R51/9N = & 1.180 9,26 620 760
R32/5N E § a15 3,59 260 R51/10M 1.210 9,45 640 800
o
R32/65 s § 470 3,70 250 320 R51/105 1.325 10,1 730 230
-l
R32/7L ﬁ 2 520 4,10 280 360
E 4| R76/6N 1.300 10,8 680 850
R32/7N s 505 4,00 300 360
@ - R76/8N E 1.690 13,5 850 1.100
R32/7S E ] 595 4,60 330 400
E ! R76/10M = E 2.050 16,3 1.050 1.300
z
e : S o il Sl R76/12N g £ 2500 19,6  1.300 1.600
=
R38/7L a 670 5,20 350 2
=
R38/7N § &80 5,25 400 480 R90/ BN g 2 § 1.950 16,0 1.000 1.250
4] o
R38/8N E 745 5,85 400 RO0/10M &« E E 2.400 19,4 1.250 1.550
R38/85 750 5,87 420 510 § %
R114,/8M < T 2.550 21,0 1.350 1.650
R38/9L 802 6,30 :
R38/10N 200 7,00 480 g00 R114/10N £ 3.180 25,7 1.650 2.050

YTNOAOTI2TIKE> ME©OOAOI ANAAY2H2 YTIOTEION EPTON TOMEAZ TEQTEXNIKHZ- 2XOAH MNOAITIKQON MHXANIKQN E.M.T. DEBPOYAPIOZ 2019




Avkupta /'HAoL — MAdkec AykUpwonc

2KOTIOC Tou €lval va petafipalovv opolopopda T poptiar TNC MAPELAC TNC EKOKADNC OTNV
KEPAAN TOL aykuplou. Na Tov Aoyo auTo Ba mpeMeL va €xouv AN PN cuvadela e TNV erdaveLa

NG eKoKaPNC.

1'::»_ /

Round Plate Star-Riaten7 -Domad Plata ! Nomad Ruitsrfly Plate Domed Plate
Combi Plate Shield Plate Deflection Plate Flat Plate Flat Plate
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AvkUpLla /'HAoL — Evepatwon

H evepdtwon nmpayuatonoleltal, e(te e pnNTIVEC E(TE LE TOLUEVTEVELQL.
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AvkupLla /'H oL — Aldtpnon

H owatpnon twv SLaTpnuaTwy TIEPLUETPLIKA TNEC €KOKAPNC Yl TNV TOMOBETNON TWV AYKUPWY,
MPOYULOTOTOLE(TOL €lTE PE YEpOoKivNTO SLATPNTIKO, €(TE UE QUTOKLVOUPEVO SLatpnTkO dopelo

(Jumbo).
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AvkupLla /'H oL — Aldtpnon
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AvkupLla /'H oL — Aldtpnon
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AvkUpLa /'HAoL — AokLun e€oAkeuonc nAou

180 — Pullout load = 180 kN

120

Tensile load in bolt, P (kN)

0.0 0.5 1.0 1.5
Distance from borehole collar, x (m)
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Avkupla /'HAol — Aotoyla
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AvkupLla /'HAoL — Zupenpldopa

247 Tunnel Face

227

207
2u mat1.5m

1.87

0 10 20 30

1.67

Convergence at tunnel face: 0.56%

1.47
1.27

1.07

Support Pressure (MPa)

087
067

047

02t

ﬂ_l:} t t t t t t t t t t t t t t t + + t T t + + t t t t t t t t t t t t t t t t T y y y
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1
Tunnel Convergence (%)
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MeTaA Ko MAatlola- 2KoToC

Anpoupylo LoxupoU KEAUPOUC TTEPLUETPLKA TNC EKOKAPNC.
E¢aopalion ouykpATnonc EMOPAAWY OYKWV TIEPLUETPLKA TNC EKOKAPNC.
OMALOLOC KEAUDOUC EKTOEEVOLEVOU OKUPOOEUATOC.

Anopoltnta otnv mneplmtwon xpnong Ookwv Tmpornopetlac (forepoling) yla

urootnpLEn Sokwv Kat petafiBaon poptiwv oto edadoc.
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MeTaAAka MNAalola
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MeTtaAAka MAalolo- AlaTopEC

Y (D C

Round arch Circular arc profile Arched profile

Circular profile Arched profile Arched profile with
flattened invert
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MeTtaAAka MAalolo- AlaTopEC

TH Profile

= Mine support steel 31Mn4 according

Characteristic TH 25 TH 29 TH 36
to DIN 21544 Value / Type
= Bent to the comesponding profile Mominal weight 25 29 36
= Single overlapping segments are Profile haight 118 124 138
usually connected by two locks Profile width 125 151 17
= Alternative TH locks are available on Lr G = =) 2
request Section modulus. a0 a4 136
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MeTtaAAka MAalolo- AlatopeC

HEB Profile

= | profile — broad flange girder Characteristic | Symbol | Unit HEB 100 HEB 120 HEB 140

* Primary material S235JRG2 or Value / Type
5355J2G3 according to EN 10025-2 Nominal weight m [kg/m] 209 27.4 34.5

= Bent to the comesponding profile Profile height H [mem] 100 | 120 140

= Connection of the segments via head Profile width E {mem] 100 | 120 140
plates that are available in different ) Wy [em?] 209 144.0 216.0
designs e w, fem] 335 529 785

Alternative connection of the abutting
segments via laces W
Different lace types and lace screws

are available on reguest
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MeTtaAAka MAalolo- AlaTopEC

Specifications

3-bar girder

[# [PS1-53-52] [mn] | fmm] [ [mm] | ] [ka/fm] [mn] | [men] | fend] | ferd | fomd] [--]
1 P50-20-25 25 20 10.2 a5 11.18 28 148 1410202500
2 P50-20-30 30 20 11.9 100 13.35 38 193 144 02030
a P50-20-36 50 10 36 20 14.3 106 100 16.48 42 246 1410203800
4 P50-25-30 30 25 14.7 105 16.89 42 2565 141 0253000
L] P50-25-36 36 25 174 111 20.00 58 336 141 0253600
B P50-30-36 36 30 20.5 116 24.32 4 424 144 Q303EX0H
7 P70-20-26 25 20 104 115 11.19 a7 230 141 220255000(
B P70-20-30 30 20 12.1 120 1335 51 306 144 2200000
] P70-20-36 70 10 36 20 145 126 140 1646 54 363 141 220363000(
10 P70-25-30 30 25 14.9 125 16.89 56 3098 141 22530XX0X
11 P70-25-36 36 25 17.3 131 20.00 T 517 141225365000
12 P70-30-36 a6 30 20.7 136 24.32 a3 G644 144 230365000
13 Pa5-20-25 25 20 108 140 11.19 49 aa4 141420255000(
14 P95-20-30 a0 20 12.5 145 13.35 66 485 141 420300000
18 Pa5-20-36 a5 10 36 20 14.9 151 180 16.46 [i1] 598 141420365000(
16 P95-25-30 30 25 15.3 150 16.89 72 625 141 425300XXX
17 P35-25-36 36 25 17.7 156 20,00 | 100 799 14142536X000(
18 P95-30-36 36 30 211 161 2432 | 107 986 141 430360000
18 P115-20-26 25 20 1.0 160 11.19 58 625 141620255000
20 P115-20-30 a0 20 12.7 165 13.35 78 658 141 2030000
21 P115-20-36 18 12 a8 20 164 171 220 16.46 82 a04 141620365000(
22 P115-25-30 30 25 15.5 170 16.89 86 842 141 628300
23 P115-25-36 36 25 179 176 20000 | 120 | 1,070 | 1416253800
24 P115-30-36 36 30 1.3 181 2432 | 126 | 1,312 | 14163036000
25 P130-20-25 25 20 11.2 175 11.19 66 644 141B2025:000(
26 P130-20-30 a0 20 129 180 13.35 BT 805 141820300000
27 P130-20-36 130 12 36 20 153 186 220 16.46 a1 980 14182036000
28 P130-25-30 a0 25 157 185 16.89 96 1.027 | 1418253000
29 P130-25-36 36 25 181 191 20000 | 134 | 1,289 | 14182536800
a0 P130-30-36 a8 30 215 196 2432 | 14 1,589 | 14183036000
1) Designation: PH1-53-52, e.q. P130-20-30 ; 2)Weaight including stiffenars {average values) I l
3) Quaotient moment of ineria and maximum distance from the neutral axis to the outer fiber ; 4) X006 .. project-specific designation
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MeTtaAAka MAalolo- AlaTopEC

4-bar girder

[#] [PH1-52] [rewn] | o] | [men] | [egdm] | [mn] | fooma] | fem?] | [om®] | [eme] [---]

1 P100-20 o0 | 127 | 140 1257| 65 | 41 | 142000200000¢
2 P100-25 &0 1 25 143 150 1 1963 103 | 56 | 142000250000
3 P100-30 O lan| 194 |160]'% |2827|151 | 72 |142000300000¢
4 P100-36 as 287 172 4072 222 | 88 | 142000366000
5 P140-20 20 | 131 |1@0 1257| 96 | 65 | 142200200000
5] P140-25 75 a 25 18.5 200 4 1963 151 | 94 | 142200250000
7 P140-30 Wlan| 253 |[210] ' |2827| 219 | 124 | 1422003000000
8 P140-36 a6 | 351 | 222 40.72| 310 | 161 | 14220036300
9 P190-20 20 | 138|230 1257| 121 | 90 |142400200000¢
10 P190-25 g5 10 25 18,3 240 180 1963 | 190 | 132 | 142400253000
1 P190-30 a0 | 261 | 250 28.27| 275 | 178 | 14240030000¢
12 P100-36 a6 | 358 | o262 40.72| 300 | 237 | 14240036X00KK
13 P230-20 20 | 143|270 1257 | 148 | 114 | 14260020%00¢K
14 P230-25 115 | 10 25 19.7 280 290 1963 228 | 170 | 142600250000
15 P230-30 a0 | 265 290 28.27 | 330 | 233 | 14260030000¢
16 P230-36 a6 | 2383 | a02 40.72| 470 | 316 | 14260036300
17 P260-20 20 | 147 | 200 1257 | 164 | 114 | 14280020:00¢K
18 P260-25 130 | 10 a5 204 eh ] 290 19683 258 | 170 | 142800255000
19 P260-30 a0 | 268 |a320 28.27| 372 | 233 | 14280030000¢
20 P260-36 a6 | 267 |a32 40.72| 530 | 316 | 14280036)00CK

1) Designation: PH1-52, e.g. P140-30
2] Welght including stiffenars (average valuas)
3) OO0 .. project-specific designation
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MeTtaAka MNMAalola- OAlcBalvovta

2€ meplmtwon moAU acBevouc Bpayoualad KATW amo UEYAAEC VEWOTATIKEC TAOELS, epdavileTal
TO PaLVopEVO TNG cuVOALNC (squeezing), UE ATTOTEAECUO VO XPELAZETAL LOXUPH UTTIOOTNPLEN WOTE

va urnopet va mapaAafBeL tooo peyalo poptia.

2TIC TIEPUTTWOELC AUTEC XpnoLuomolouvtal oAloBalvovta mAaiola, mou ETUTPEMOUY TO EAEYXOUEVO

TUNMUATLKO «KAELOLLO» TNC SLATOUNG, LE armoTeAEoUA va TTapaAaBouy pikpotepa GopTia.
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MetaAAka MAalola- TomoBetnon

Ta mAatola mpounBevovtal oto epyotaclo o€ 2-3 Tepayn ova dlatour), To omnaio

ouVvOEOVTOL ETTIL TOTIOU UE OUVOETLOUC KOl TOTtoBeToUVTAL TNV TEALKN TOuC BEoN.

H tomoBetnon yivetal pe xpnon avuPpwtikoU N tou uSPaUALKOU ekoKADEQ.
| |
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MetaAAka MAalola- TomoBetnon
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MetaAAka MAalolo- OepeAiwon

2NUavTkg elvat n e€aodaiion NG cwotng BepeAlwong Twv PETAAMIKWY TAaLolwy oto €dadog,

WOTE va prmopouv va petafiBalovy ta poptia otnv €6pacn ToOUc, WG eviaioc popeac.

Oa mpenel va eéaodaliletal n pepovoa kavotnTa tou €dadouc BepeAlwonc, wWOTE va PNV

NMPoKANBel aoTo)la TOoU.

2e meplmtwon mou dev eaocdaliletal n depovoa kavotnta tou edadouc, n BeueAlwon toug
TPOYLOTOTIOLE(TOL TTAVW O€ [ULKPOTIAOOAAOUC, WOTE va peTafLBactouy ta ¢popTia o€ LoYUPOTEPO

edadoc.
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MetaAAka MAalolo- OepeAiwon
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MetaAAka MAalolo- OepeAiwon
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MetaAAka MAalolo- OepeAiwon
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MetaAAika MAatola- Zuvadela pe Ppayopala

Oa mpemnel va e€aodaliletal n mMANpNnNg ouvadela Tou mMAaLlolov e To TEPBAAOV TTETPWA, ETOL

wOoTe va petafipalovral opolopopda ta poptia otov popa.

[la tnv efaodaAilon tn ouvadpelac TOMOOETE(TE QPXLKA ML AETT OTPWON EKTOEEVOUEVOU
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MeTaAa MAatloa- ATTOOTATEG

Metatl Twv mAaloiwyv tormoBetouvtal petaAlikol anootatec (dtadokidec), wote va e€aopaAilouvv

TNV otaBepn afovikn amootaon HeTatL 6V SLadoXIKWV TTAALCLWV.
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MetaAAka MAalola- Yrmootnpen
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MetaAAka MAalola- Yoot pén

Kamnyopia ekokagric E2
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MetaAAka MNMAalolo- Aotoyla
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MetaAAka MAalolo- 2uumeplpopa
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