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• The Evinos Tunnel design 1991 –
water supply for 4 Million people 
in Athens

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

• Background of tunnelling for 
high head hydropower schemes
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• Suitable segmental lining system?
• How to deal with internal and external water pressure?
• Suitable joint design?
• Suitable structural design?
• Economical reinforcement & production?
• Economical installation & sealing?
• Final treatments required?



trondheim, 04.11.2019 © dr. a. vigl – „www.vigl-zt.at“

Parallel Ring-
System + 
Keystone

Parallel Ring-
System 

Honeycomb

Tapered Ring-
System L/R + 

Keystone

Universal Ring-
System + 
Keystone
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Parallel Ring System
Honeycomb                  or                  Rhomboidal
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FRL
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section
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operation depletion
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• Flat & fullface contact

• Flat & partial face contact

• Knuckle Joint convex/convex

• Knuckle Joint convex/concave

• Centring groove with partial contact
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Ohne Auskleidung

Spritzbetonauskleidung

Ortbetonauskleidung

Tübbing verfugt

Tübbing mit
Schrauböffnungen

Stahlpanzerung

GFK Rohr

Hydraulic friction coefficients according Strickler kSt [m1/3s-1]

Typical friction coefficients for tunnel / shaft linings
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Unlined tunnels

Shotcrete lining

Cast in situ lining

Segmental lining

Segments with
pockets

Steel lining

Glass fibre pipes



trondheim, 04.11.2019 © dr. a. vigl – „www.vigl-zt.at“

• Steel fibre reinforcement • Conventional reinforcement
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Produktion
Storage
Manipulation
Installation
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shear-adjusting dowel

guiding pin

guiding rod
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guiding rod

Longitudinal joints

Shear & adjusting
dowel rod

circumferential
joints
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guiding pin

Overlapping edges
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mortar grooverecess
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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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• Parallel ring system – versus exact tapered system
• “open” lining system – versus gasket sealed lining
• Curve & correction management with joint spacing
• 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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• ~ 365 km 
hydraulic tunnels

• Di = 3,0m – 9,2m 



Excavation axis

Lining axis

SC  25/30 30kg steel fibre/m³ -  50- 100mm

(cover of steel parts min. 30mm)

shotcrete locally when required

Dexc 7045

Typical Section

Class II/ A
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Invert Segment

A

addit. spot rock bolting when required 

ASTM-C 1115 Type III /685

length 2.5 - 5 m

100°

Area of Excavation: 38,9m²

59°

Excavation axis

Lining axis

Dexc 7045

Typical Section

Class II/ B
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Area of Excavation: 38,9m²

SC  25/30 30kg steel fibre/m³ -  50- 100mm

(cover of steel parts min. 30mm)

shotcrete locally when required

Rock bolting 

ASTM-C 1115 Type III /685

length 2.5 m

minimum dist. 1400mm (longitud.)

Rock bolting 

ASTM-C 1115 Type III /685

length 2.5 m

addit. spot rock bolting when required 

ASTM-C 1115 Type III /685

length 2.5 - 5 m
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U100  minimum dist. 1400mm 

or dist. as required 
60°Detail B

Rock bolting 

ASTM-C 1115 Type III /685

length 2.5 m

minimum dist. 1400mm

100°

Spot rock bolting 

ASTM-C 1115 Type III /685

length 2.5 m

Section A-A

M 1:10

HRT lining design lined / unlined with invert segment
San Francisco HPP - Equador
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Inclined shaft lining – Parbati - India
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1991 – 2019
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Project Tunnel-Type TBM/lining Years Nation 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Alto Maipo Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

2019 - Chile Chile Chile Chile

GKI HPP Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

2014-2019 Austria Austria Austria Austria Austria Austria Austria

Vishnugad Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

20142017- India India India India India

Al Haer Sewage tunnel

DS-TBM / mono 

shell segmental 

lining + inner 

PVC lining

2014-2018 Saudi Arabia
Saudi 

Arabia

Saudi 

Arabia

Saudi 

Arabia

Saudi 

Arabia

Aposelemis 

Kreta
Pipe gallery

DS-TBM / mono 

shell segmental 

lining

2013-2017 Greece Greece Greece Greece Greece Greece

Dogancay Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

2011 -2013 Turkey Turkey Turkey Turkey

El Alto Headrace tunnel

EPB -TBM / 

mono shell 

gasket sealed 

segmental lining 

+ steel inner 

lining

2010 -2014 Panama Panama Panama Panama Panama Panama

Monte Lirio Headrace tunnel

EPB -TBM / 

mono shell 

gasket sealed 

segmental lining 

+ GRP lining

2010 -2014 Panama Panama Panama Panama Panama Panama

Pando Headrace tunnel

EPB -TBM / 

mono shell 

gasket sealed 

segmental lining 

+ GRP lining

2010 - Panama Panama Panama Panama Panama

Sleemanabad
Water transfer 

tunnel

EPB -TBM / 

mono shell 

gasket sealed 

segmental lining

2008 - India India India India India

Palomino Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

2007- 2012 Dom. Rep
Dom. 

Rep

Dom. 

Rep

Dom. 

Rep

Dom. 

Rep

Dom. 

Rep

Dom. 

Rep

Hieflau Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

2007 - 2009 Austria Austria Austria Austria

Beles Tailrace tunnel

DS-TBM / mono 

shell segmental 

lining

2007 - 2008 Ethiopia Ethiopia Ethiopia

Veligonda II
Water transfer 

tunnel

DS-TBM / mono 

shell segmental 

lining

2007 - India India

Val Passirio Headrace tunnel

DS-TBM / mono 

shell gasket 

sealed 

segmental lining

2006 - 2009 Italy Italy Italy Italy Italy

Beles Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

2006 - 2009 Ethiopia Ethiopia Ethiopia Ethiopia Ethiopia

Dez Ghomrud 
Water transfer 

tunnel

DS-TBM / mono 

shell segmental 

lining

2006 - 2009 Iran Iran Iran Iran Iran

Veligonda
Water transfer 

tunnel

DS-TBM / mono 

shell segmental 

lining

2006 - India India

Gibe II Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

2005 - 2009 Ethiopia Ethiopia Ethiopia Ethiopia Ethiopia Ethiopia

Tunnelkette 

Perschling

Double track 

Railway tunnel
2005-2009 Austria Austria Austria Austria Austria Austria

Metro Istanbul
Single track 

metro tunnel
2005- 2007 Turky Turky Turky Turky

San Francisco Headrace tunnel

DS-TBM / mono 

shell segmental 

lining/ TBM open 

mode: no lining

2005 - 2006 Ecuador Ecuador Ecuador

Kopswerk II 

Lot1
Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

2004 - 2006 Austria Austria Austria Austria

DAI NINH HPP Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

2004 - 2006 Vietnam Vietnam Vietnam Vietnam

Parbati II Pressure Shaft

DS-TBM /mono 

shell segment 

lining

inner steel lining

2004 - 2006 India India India India

Erkundungssch

acht Paierdorf
Exploration shaft 2003-2004 Austria Austria Austria

Doblar II Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

1999 - 2002 Slowenija
Sloweni-

ja

Sloweni-

ja

Sloweni-

ja

Sloweni-

ja

Plave II Headrace tunnel

DS-TBM / mono 

shell segmental 

lining

1999 - 2002 Slowenija
Sloweni-

ja

Sloweni-

ja

Sloweni-

ja

Sloweni-

ja

Mohale Tunnel - 

Mohale site

Water transfer 

tunnel

DS-TBM / mono 

shell segmental 

lining

1998-2000
Lesotho-

South Africa

Lesotho-

South 

Africa

Lesotho-

South 

Africa

Lesotho-

South 

Africa

Mohale Tunnel - 

Katse site 

Water transfer 

tunnel

DS-TBM / mono 

shell segmental 

lining

1998- 2000
Lesotho-

South Africa

Lesotho-

South 

Africa

Lesotho-

South 

Africa

Lesotho-

South 

Africa

Guadalmina 

Guadiazza

Water transfer 

tunnel

DS-TBM / mono 

shell segmental 

lining

1996 - 1997 Spain Spain Spain

Guadiaro 

Majaceite

Water transfer 

tunnel

DS-TBM / mono 

shell segmental 

lining

1995 - 1997 Spain Spain Spain Spain

Evinos Tunnel - 

Salima

Water transfer 

tunnel

DS-TBM / 

monoshell 

segmental lining

1992 - 1995 Greece Greece Greece Greece Greece

Evinos Tunnel - 

Ginevra

openTBM / 

NATM& cast 

insitu

1992 - 1995 Greece Greece Greece Greece Greece Greece

1991 – 2019
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Thank you for listening that story!


