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* The Evinos Tunnel design 1991 —
water supply for 4 Million people
in Athens

e 30 km hydraulic tunnel with
different TBM- types and
different lining technologies

e Background of tunnelling for

high head hydropower schemes
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Focussmg upon the main goals
for hydraulic tunnel linings

e Suitable segmental lining system?

* How to deal with internal and external water pressure?
e Suitable joint design?

e Suitable structural design?

* Economical reinforcement & production?

* Economical installation & sealing?

* Final treatments required?
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Which segmental lining system
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Which segmental lining system
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suitable joint design
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 Flat & fullface contact

e Flat & partial face contact

4
~__
>

* Knuckle Joint convex/convex

* Knuckle Joint convex/concave

 Centring groove with partial contact

X X
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undercut groove
(mortar groove)
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Typical friction coefficients for tunnel / shaft linings

0 20 4.0 6.0 8.0 100 120 140

Unlined tunnels H

Shotcrete lining | ]
Cast in situ lining ]

Segmental lining @

Segments with [ ]
pockets
Steel lining ]
Glass fibre pipes H

Hydraulic friction coefficients according Strickler kg, [m1/3s-1]
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e Steel fibre reinforcement * Conventional reinforcement
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Produktion
Storage
Manipulation
Installation
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Economical aiing o
& accurate guiding rod/ /
. . shear-adjusting Mel
installation

trondheim, 04.11.2019 © dr. a. vigl — ,www.vigl-zt.at”



guiding rod

Longitudinal joints

Shear & adjusting
dowel rod
circumferential
joints




guiding pin

Overlapping edges




mortar groove
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Excavated tunnel




Segmental lining bedded with Pea gravel







Contact grouting of the Pea gravel







consolidation & sealing grouting
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hydraulic tunnels

* Parallel ring system — versus exact tapered system

* “open” lining system — versus gasket sealed lining

e Curve & correction management with joint spacing

e Flat surface without pockets — versus bolted system

* Joint sealing & segment repair within one step

* Little reinforcement and segment cracking allowed

* Pea gravel bedded and treatment by systematically grouting

* Local special measures to improve the system where
required (inner lining rings)
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Field of successful applications

e ~365km
hydraulic tunnels
* Di=3,0m—-9,2m

View 1
scale 1:50
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Typical Section
view in heading direction
scale 1:100
segment no.5 = key
segment no.4 = roof
segment
annular gap

segmentno.6

_excavation axis= _ 7 _

||n|ng axis

segment no.7

segment no. 1
invert segmen

| 030 4=7.20m 030 |,
d=7.80m
dexc=8.03m |

segment no.2

3.60
8.03

3.50

|/ 0.40

0.12




HRT lining design lined / unlined with invert segment
San Francisco HPP - Equador

Typical Section
Class Il A
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Spat rock bolting v - Rock bolting
ASTM-C 1115 Type 111 /685 e / J ASTM-C 1115 Type 111 /685
length 2.5 m g g / 3 length 2.5 ;n
: =t ST {

U100 minimum dist. 1400mm
or dist. as required

SC 25/30 30kg steel fibre/m3 -
{cover of steel parts min. 30mm
shotcrete locally when required

4 | Excavation axis
77777 \ Liﬁ]g axis

addit. spot rock bolting when required
ASTM-C 1115 Type Il /685
length 2.5-5m

Area of Excavation: 38,9m?




Inclined shaft lining — Parbati - India
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1991 - 2019
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How the story ends

B ey | oG [ WeRE WIS 1952 1993 1994 1995 1996 1997 1996 1399 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Ao g s e
g
BT
cawee s | s [ p—
g
Vismuga T nta |
g
DSTBM / mono L
Atver | sevgerueet | eS| 2010015 s i sua | sua | s
\C i
aposelenis e
PSS | pipogatey | shollsogmenial | 20132017 | Gresce rooce | Groce | Grce
nng
oogancay s | e Tokey | akey
g
T
o |Hondrce wener | 9554t sesled 6| panana
B A eaoce onel| 95500 | 00 20|
et s
oy
b o
o s
Mone Lo |Heaiaco el gaeke sesed | 20102014 | panama
seamenia g
G g
b 1o
et
Pando [Hoacace wone| guetsouen | 2010 | Paroma
seqneni g
« G g
6 1o
Steemanabaq | Water tarsier et | oo da e | o
el | ookt seied
ToRT [ mans | s oo 1 om
Paiomin o il g Z == par,
T o
et o7 zmn | e s | st | st
i
o o
Beles | Takace wmme |shllsegrana | 20072008 | Evopia
oy
Vetgonda 1 | WSS |l | 2007 o nsa
g
Val Passito.|Heatiace vl | *"LOSKE | 2006 2000 | haty way | nay | ey
scomon inva
oS Fmano]
seies 0. 200 | Emonin
g
Water rnstr | O TEM e
Doz Ghomrua | SR | omeri | 20082000 | van won | v | van
g
Velgonga | Wttt | Lo | 200m i
i
TS 7o —
s n | viopa
ning | |
Gt "
= woszn | asia wstra | st | asivs |
Sige ek
jugene s o | Ty Ty
TTEN oo
San Francisco |Headracs e | 11 S9N | g oong | i
g ot pen
ot noig
apermel 0425 | sia
g
T o
ining
Mo
Parbaii Il | pressure shat | P4 SOMeN | 204 so0g. ndia i
o
s st ing
ERGUnGEh c poronsht worao0s_|
BT o0
oobiar 1 10902702 | Stoventa
g
Do o
Piave 1 1009202 | Sowenia
Iy
onate Tormer | wotr s | PSB! oo
Mohale site twnnel ‘"’“‘s‘m’m'm“ 982000 5o avica
ot Tummat | watr e |00 1T T
Katse site el shellsegmer  South Afica
i
Gundaimina | Wate st | D510 I
Suadamine | Walr (008 | oot | 10061997 | Spain
Iy
undiare | Wale %0 | sl segrrsal | 10051097 | Spain
jncere | e e
[ e — T R I
Salima tunnel ones reece
seomenia g
[Evinos Tuer | e T
QeTUNel | \iTvacast | 1092196 | Grws | Goco

trondheim, 04.11.2019 © dr. a. vigl — ,www.vigl-zt.at”




. e
o TV T o
N

trondheim, 04.11.2019 © dr. a. vigl — ,www.vigl-zt.at”




Thank you for listening that story!
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