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The Herrenknecht EPB shield S-900 (@ 15.87 m) is
currently the largest tunnel boring machine in
Europe. It will soon be ready to bore the 7,528 meter
long Santa Lucia Tunnel in the Apennines.
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More than 225 kilometers of high-class
road tunnels have been built globally,
using cutting-edge Herrenknecht
tunnelling technologies.
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DOHA DONE

T 10.44 AM ON 25 SEPTEMBER the last of

76 breakthroughs took place on the Doha

Metro. The 7m TBM pierced the target wall
marking the end of 111km of tunnelling for the
Qatari capital. The incredible feat took 26 months
and employed 21 TBMs to add up to 2.5km of new
tunnel per week.

The scheme, which was recognised with a
Guinness World Record for most consecutive TBMs
in operation on a tunnelling project, is seen as
one of the most logistically demanding in modern
times.

Martin Herrenknecht, whose company supplied
all of the machines, said of the achievement: “The
world has never seen such performance. What Qatar
Rail and our contractors in Doha have accomplished
in just 26 months of construction time with the
highest standards of performance, safety and
quality is an absolutely Olympic achievement in
modern infrastructure development.”

A breakthrough ceremony saw around 200
guests, including political figures such as the
Qatari Prime Minister and Minister of the Interior

Alex Conacher
The Tunnels and Tunnelling editor has
been with the magazine since 2010

B For the Red Line North the 1SG joint venture
(Salini Tmpreglio S.p.A./ SK Engineering
& Constructing Co Ltd/ Galfar Al Misnad
Engineering & Constructing;

B For the Red Line South the Qatari Diar Vinci
Construction JV (QDVS)/ GS Engineering &t
Construction Corp./ Al-Darwish Enginering W.L.L

® For the Green Line Contractor Porr Bau/ Saudi
Binladin Group Company Ltd/ Hamad Bin Khalid
Contracting Co. W.L.L.

B For the Gold Line the joint venture Aktor /
Larsen & Toubro Limited/ Yapi Merkezi Insaat VE
Sanayi Anonim Sirketi/ Sezai Turkes Feyzi Akkaya
Marine Construction/ Al Jaber Engineering

The project is the keystone of a wider scheme to
link up Qatar. Along with other Qatar Rail projects
such as the Lusail Light Rail Transit and the Long

Sheikh Abdullah bin Nasser bin Khalifa al Thani,
the Minister of Transport and Communication of
Qatar Jassim Saif Ahmed al Sulaiti as well as the
ambassadors of France, Korea and Japan.

Four international construction consortia were
contracted to build the three new metro lines:

Cover

This issue's front
cover shows
celebrations
following
breakthrough on
the Bangalore
Metro.
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Next issue

In the next issue of Tunnels and
Tunnelling we have a report on the
Sochi project in Russia, a site visit to
the Milan-Genoa high speed rail project,
a look at waterproofing concepts with
BASF and Stirling Lloyd and an interview
with Andy Sloan, MD of Donaldsons

www.tunnelsonline.info

Distance Passenger and Freight Rail, its aim is to
encourage the use of public transport and realise
. the ‘Qatar National Vision 2030’ masterplan.
~ Whatever else can be said of the project, such
scale at such speed has marked Doha’s place in
tunnelling history 0

—
This month...
30 YEARS AGO

Japan is currently examining the possibility of storing oil and liquid petroleum gases in massive
underground caverns and has turned to Scandinavia for technical expertise. The Japanese are
currently negotiating with the Rock Tank Group, a consortium of Swedish consultant Skandia

and the contractors ABV of Sweden and Astrup Hoyer of Norway, for transfer of expertise gained
during construction of many such caverns in Norway and Sweden. The Japanese are examining the
development of three entirely state-run underground storage facilities with 4Mm? capacity.
Tunnels and Tunnelling, November 1986, p.7

40 YEARS AGO

Eight workmen were injured in an explosion which occurred early on 28 September in the second
bore of the Eisenhower Memorial Tunnel in Colorado. The blast occurred 640m from the tunnel's
west portal. This USD 110M project is due to be completed in Autumn 1979 and the tunnel will
be 2,730m-long. The accident occurred when a miner in the middle level of a three-level drilling
platform drilled a hole about 20mm away from an explosive in a hole drilled for an earlier blast
that had failed to go off and had not been discovered. The drill either slid over into the old hole
or the edge of the new hole cracked, detonating the explosive. The explosion did not damage the
tunnel and slowed work only temporarily.

Tunnels and Tunnelling, November 1976, p.15
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DOUBLE SHIELD TBM ———

TERRATEC has recently delivered a new Hard Rock Double Shield Tunnel Boring Machine for
Vishnugad-Pipalkoti Hydroelectric Project in India.

The 9.86m CutterHead is equipped with 19” Disc Cutters and the design of the machine
includes innovative features like Single-Shield advancing mode or Semi-Closed excavation and
many others to cope with the challenging geological formations of the Himalayas.
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A Vermeer D330x500 HDD rig
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CONSTRUCTING A SUSTAINABLE FUTURE

At VINCI Construction Grands Projets, we engineer
digital solutions that help us and our Clients in the
conception and construction of our major projects.

On SEA Tours-Bordeaux high speed rail line (302

km and 38 km of connecting track), we developed

a bespoke information system allowing sharing of
processes and data between all partners (80 design
offices, 5 sub-consortiums, 3,500 employees) that
offers the most reliable performance. We introduced
an Electronic Document Management System
(EDMS) and a Geographical Information System

(GIS) whose 3D interface fostered collaboration with
clients and stakeholders. This real Asset Information
Management (AIM) is being transferred to the
dedicated company for the maintenance of the project
over 45 years.

In the UK, we are currently placing our BIM expertise at
the core of infrastructure projects such as Tideway East
and the M4 Corridor around Newport, with the aim of
providing enhanced collaboration and efficiency.

By EXCELLENCE, we mean designing and building
quicker, safer and at best value.

www.vinci-construction-projects.com/british-isles

VINLCI {

CONSTRUCTION

GRANDS PROJETS
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JAPANESE ARTICULATION FOR PHRA
KHANONG PROJECT

THAILAND — The TBM set to bore the
Khanong cable tunnel project in Bangkok
was accepted at the Terratec factory in
late September. The client, Bangkok’s
Metropolitan Electricity Authority (MEA)
and local contractor Nawarat Patanakam
attended the event.

The project is one of several
upcoming tunnels to accommodate new
high voltage cables for the Thai capital.
This drive is at an intersection in a busy
area of central Bangkok and faces tough
alignment constraints.

The TBM will be launched from a
7m-diameter shaft being constructed
beneath a toll road ramp and then head
495m at an upwards grade of 1.2 per
cent to a reception shaft. 1t will then be
transported back to the launch shaft and
Taunched on a second, 293m-long drive.
This second drive requires the TBM to be
launched into a 32m-radius curve with a
2 per cent upwards gradient to navigate
through the piles of the ramp.

To achieve this, the machine was
designed with an X-type articulation
system that provides a maximum
articulation angle of 6.6-degrees to
accommodate a minimum radius curve of
30m. Although this type of extreme TBM
articulation is uncommon in the global
market it is popular in Japan. Terratec
teamed up with Japanese manufacturer
JTSC to develop the design with the aim
of exporting this technology to other
countries.

A spokesman for Terratec added:
“Geological conditions along the
alignment consist of fine sand and stiff

e

nm‘%
TERRATEC

clay, with an average overburden of 26m
and a groundwater head of about 2
bars. The TBM’s soft ground cutterhead
features an open spoke design with the
addition of knife bits to assist break-

in and break-out of the steel fibre
reinforced concrete shaft eyes. Traditional
tapered precast concrete segments (left/
right/straight) will typically be installed
as the machine progresses, with shorter
steel segments utilised during the course
of the sharp radius curve.”

The machine was due to arrive in.
Thailand in mid-October. Excavation is
due to commence in mid-December. The
tunnel is due to be commissioned at the
end of 2017.

Both: JTSC assisted in development of
the articulation of the machine

Sleepless locals disrupt
tunnel work

INDIA— Local residents

have disrupted Work on the
Kuthiran Tunnel. Local media
reported that the protest was
against night blasting works
on the new road tunnel. Work
to remove the granitic spoil
was allegedly also undertaken
at night.

A consensus was reached
that no blasting would occur
between 9pm and 6am, but
no decision on spoil removal
was made. However, Pragati
Engineering and Rail Projects
Group said that night work
was needed to complete the
project on schedule, and

www.tunnelsonline.info

threatened to withdraw from
the work.

Company representatives
told Indian newspaper ‘The
Hindu' that the nearest house
was nearly 4km away and
that closer inhabitants were
resettled elsewhere prior to
work.

Locals have threatened a
dharna (a non-violent sit in
protest) at the portal if night
work continues.

(S g IR A (3]
Alaskan Way passes
halfway point

USA— The TBM mining
the Alaskan Way Viaduct
Replacement Tunnel passed
beyond the halfway mark

of a 9,270ft (2,825.5m)
tunnel on September 30, the
Washington State Department
of Transportation announced
on 3 October. Seattle Tunnel
Partners has now excavated
more than 4,635ft (1,412.8m)
of the SR 99 tunnel, with
much of that progress
occurred during the past

five months. STP tunnelled
more than 3,000ft (914m)
since leaving a planned
maintenance stop on April 29
to begin the push beneath the
viaduct.

The TBM is now about
190ft below the surface and
will undergo a brief planned
maintenance stop. WSDOT
said the 90ft- (27.4m-) deep

receiving pit at the north end
of downtown Seattle is largely
complete, along with many
other aspects of the portals.

e e St e
Louisville scraps sewer
basins

USA— The board members
of Louisville, Kentucky's
Metropolitan Sewer District
(MSD) unanimously agreed to
move forward with a plan to
replace three proposed sewer
basins with a tunnel.
Initially plans called for
half a mile of tunnel, which
will now expand to a full 2.5
miles. The sewer basins are
part of efforts to mitigate
stormwater overflows.

November 2016 | Tunnels | 7
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Skanska wins major
Norwegian hydropower
job
NORWAY — Swedish
contractor Skanska has
won a NOK 657M (USD
80.8M) contract from Eidsiva
Vannkraft to construct Nedre
Otta hydropower plant.

The project, to be located
in the municipalities of Sel
and Vaga, will include the
construction of the power
station and transformer hall. It
will also involve nearly 12km
of tunnel work.

o e i e
Bodies recovered from
MWSS tunnel project

PHILIPPINES — Last month
rescuers recovered the bodies
of six workers killed on the
Sumag River Diversion project.
All six worked for contractor
Cav Deal.

The project is a 600m-long
PHP 717M diversion of the
Sumag River being carried
out for client Metropolitan
Waterworks and Sewerage
System (MWSS).

[ PR e e E N A T vk |
Large scale investment
in Scottish sewerage

GREAT BRITAIN — Investment
is to be directed at the sewer
network of Paisley in Scotland.
Client Scottish Water is about
to spend GBP 17M on a
1.6km sewer tunnel as well
as combined sewer overflows
(CSOs) in the town centre. The
work will reduce the frequency
of spills into local waterways
during storms.

The investment is the
biggest of its kind made
by Scottish Water in
Renfrewshire and is part of

the company's GBP 250M,
five-year programme to
improve river quality, the
natural environment and to
tackle flooding in the Greater
Glasgow area. This is the
same investment packet that
funds the Shieldhall Tunnel

in southwest Glasgow, the
biggest investment in the area's
wastewater infrastructure for
a century.

The project in Paisley was
due to start on 10 October and
is expected to take two years
to complete. The contractor is
Amey.

The new stretch of sewer
will have a diameter of up to
1.5 metres and will be installed
at depths of between 4m and
20m. A total of 15 shafts
will be installed along the
sewer route, with the MTBM
tunnelling between them.

Amey will also be installing
a launch chamber and diverting
two water mains before the
main work starts.

Joanna Peebles, Scottish
Water's regional communities
team manager, said: “This
important project will
significantly improve the
environment on the White Cart
and the Espedair Burn and, in
turn, the River Clyde.

“"Scottish Water has liaised
with all relevant organisations
and stakeholders, including
Renfrewshire Council.

"We can assure local
residents, businesses and
road users that we will do
everything possible to minimise
any disruption and would
stress that any inconvenience
will be far out-weighed by
the long-term benefits to the
local environment that this
investment will deliver."

The Greater Glasgow area

LETTER: DUST MONITORING

| welcome the introduction by Trolex of a real-time respirable
dust monitoring instrument (Dust Buster, TETI September 2016).
The tunnelling industry is very used to continuous atmospheric
monitoring for gaseous contaminants having progressed from
hand held instruments in the 1980s and 1990s to sophisticated
fixed systems on most large tunnelling sites today but till now
continuous electronic monitoring of dust levels has not been
possible.

Dust has always been an occupational health problem in
conventional tunnelling particularly in rock however for a long
time now most UK tunnelling has been with TBMs in soft ground
and we have largely forgotten about the problem of dust. It is only
with Crossrail and the extensive use of SCL that dust has again
become recognised as a major hazard in UK tunnelling.

Dust exposure is normally measured as an 8-hour average
exposure. This technique may be satisfactory for factory processes
in which reasonably constant levels of dust are generated.
However, in SCL tunnelling, dust levels vary widely during the
work cycle and the technique of 8-hour averaging may not give
a true assessment of exposure risk. HSE prescribes the method
for sampling dusts in publication MDHS 14/4 and suggests a
minimum sampling period of 2 but preferably 4 hours. Air is drawn
over a filter positioned close to a person's breathing zone and
the mass of dust collected along with the volume of air sampled
combine to give an average exposure.

Hopefully instruments will shortly become available which will
give real time instantaneous or short term (15 minute) inhalable
and respirable dust exposure levels. This will allow a much more
accurate assessment of dust levels over an area of the tunnel
where dust is being generated. The selection of respiratory
protection based on control of peak exposure rather than long
term average exposure could then be undertaken leading to better
waorker protection.

The tunnelling industry should embrace electronic dust
monitoring as enthusiastically as it has toxic gas monitoring and
work with HSE to establish monitoring protocols based on peak
and short term exposure. The BTS guidance on nitrogen monoxide
exposure showed what the industry could do in partnership with
HSE to address an atmospheric contaminant and similar guidance
could be produced for dust exposure.

Dr Donald Lamont
Hyperbaric and Tunnel Safety

investment follows years of Scottish Water, the Scottish
collaboration and studies by the | Environment Protection Agency
Metropolitan Glasgow Strategic = (SEPA), Glasgow City Council,
Drainage Partnership (MGSDP), Renfrewshire Council and
whose partners include Scottish Canals.

MEL ELWELL JOINS HS2 BOARD

GREAT BRITAIN — High Speed Two
announced that Mel Elwell will join its
board as a non-executive director. Elwell
was formerly CEO of engineering and
infrastructure giant Amey.

During his time at Amey the company
delivered major road and rail projects,
including the maintenance of the Forth
Road Bridge. Prior to that he was MD at
ADI group, a provider of transport services
across Europe.

8 | Tunnels | November 2016

Commenting on his appointment,
Mel Elwell said: “As well as the benefits
of improved connectivity and capacity,
the skills and knowledge gained through
delivering HS2 will make Britain a world
leader in infrastructure projects.

“HS2 is a truly exciting endeavour
that has the potential transform the UK’s
infrastructure industry. The opportunity to
play a role in creating this legacy is s too
good to miss.”

HS2 chairman David Higgins
added: “We are looking for leaders
with experience of large and complex
construction challenges to advise
our work, and Mel certainly fits that
description.

“He transformed Amey into one of
the UK’s most successful engineering and
infrastructure companies, and HS2 will
certainly benefit from his considerable
industry knowledge.”

www.tunnelsonline.info
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VENERABLE TBM LAUNCHES ON WHITE
" RIVER TUNNEL PROJECT

USA — A 6.2m-diameter Robbins TBM
was launched by the Shea-Kiewit JV
on the White River Tunnel project.

The 8.5km drive through limestone
and dolomitic rock is part of the Dig
Indy wastewater tunnels complex
being constructed below Indianapolis.
The parent project comprises 28km of
tunnelling.

The machine was previously used
on the project’s main tunnel, the Deep
Rock Tunnel Connector (DRTC). However
the DRTC was far from the TBM’s first
job. A Robbins spokesperson elaborated:
“The machine, originally built in 1980,
has been used on New York City’s
Second Avenue Subway, as well as
projects in Massachusetts and Canada.
Once the machine has completed the
Digindy network of tunnels, it will have
bored more than 51km of tunnel—an
achievement making it one of the hardest
working Robbins TBMs ever put into
service.”

The TBM was launched from a 67m
deep shaft following refurbishment that
included new motors, gearboxes and
electronics. As of the end of September,
the machine had bored over 300m. About
one mile into the White River Tunnel,
the drive will bifurcate eastwards to bore

Successful in Tunnelling with a
Master’s Degree in NATM Engineering

NATM - New Austrian Tunnelling Method
Next start: 11 September 2017
Programme Directors: Prof. Robert Galler, University of Leoben, Chair of Subsurface Engineering | E: robert.galler@unileoben.ac.at
Prof. Wulf Schubert, Graz University of Technology, Institute for Rock Mechanics and Tunnelling | E: schubert@tugraz.at
Contact Information: Graz University of Technology | T: +43 (0)316 873-8114 | E: NATM@tugraz.at

JheFELoNG www.natm.at

CVAM Ltd | Tractors ® Vans Coww-cvam.couk.

the 2.7 km Lower Pogues Run Tunnel in %
‘ front of Lucas Oil Stadium in downtown Gommerciai VeHiols Asset Management Lid ° nglds ° Plant Rhyl Road, Denbigh
Indianapolis. in association with L. J. Watkins (North Wales) Ltd e Trailers North Wales, LL16 58U

The machine will then be backed up
to the bifurcation point before continuing
north for completion of the White River
Tunnel.

The S-K JV has until 2021 to complete
the White River and Lower Pogues Run
tunnels for local owner Citizens Energy
Group, and until 2024 to complete all the
tunnels.

The use of one TBM was seen as a
positive: “The use of one machine was
more efficient for our crews. The schedule -
allowed us to run with one TBM and we Th
feel we can do it with one machine. 1t
also was a less costly option than running
two machines in terms of the owner
funding the project,” said Dan Martz, vice
president for J.F. Shea. Once complete,
the Environmental Protection Agency
mandated deep tunnel project will reduce
the amount of raw sewage overflows and
also clean up tributaries along the White
River.

Mucking will be carried out by
continuous conveyors that will have
to navigate 300m radius curves as the

tunnel follows the path of the White 1 Call CVAM for more details on
River. Continuous conveyors will navigate curves as sharp as 300m along the route y
| (+44) 01745 816775.

LOCOS FOR SALE

Five 2008 SCHOMA CFL-180
DCL (180 kW — 25t — 900mm)
hydraulic tunnel locomotives.

Manufactured 2008 (fully

e = S | overhauled by SCHOMA late 2010).
dfronythe 67m-desp White River Shajt | Full specification available upon
| request.

'\\7 ,_\‘/V‘
e TBM was launche

Locomotives have been utilised on

the 6.9km/4.3mile

Lee Tunnel project for Thames

Valley Water in the UK. Maintained
| to the highest standard.

|

Priced to sell at £75,000 per
locomotive ex UK.
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and extensive attention in the literature.”

NEW TO DELIVER HARDING LECTURE

Dr. Barry New

GREAT BRITAIN — Barry New is to deliver
the Harding Memorial Lecture at 6pm

on 19 January at the 1CE in London. An
associate for the Geotechnical Consulting
Group, New has chosen to address
tunnelling impact assessments for existing
utility pipelines and tunnel assets.

“An important consideration when
planning and carrying out tunnelling works
is the impact that those works may have
on Third Party assets, particularly in cities,”
said New. “Damaging ground movements
and loads may be caused by the tunnelling
itself and/or by associated works for
shafts. The impacts of tunnelling on
buildings throughout the world have been
widely reported but the impacts on utility
apparatus have not received such detailed

.

o A

The principal purpose of the lecture
will be to consider strategies and methods
of impact assessment for utility pipelines
and tunnels. The content will be informed
by numerous investigations into pipeline
failures and consideration of the geo-
environment of pipelines in cities, which
may render conventional analyses
unreliable or even intractable.

The lecture will discuss the current
mainly analytical approaches to the
problem and suggest other more
broadly risk based methods which may
be considered for future application.

The emphasis will be on simplifying

the assessment process to reflect the
uncertain condition of the pipelines and
other relevant factors but retain the asset
protection essential to utility providers.

New’s expertise and experience is in
geotechnical engineering, tunnel and
pipeline design, construction and planning
with emphasis on the interaction with
the urban environment. In particular
New has carried out numerous forensic
mvestigations of tunnel and pipeline
failures and impact assessments for
construction works involving existing
tunnels, major structures and pipelines.

BTS chairman Mark Leggett will lead
the evening while Professor Lord Robert
Mair of Cambridge University has agreed
to introduce the lecture. New worked with
Mair on various projects including the
centrifuge modelling research at Cambridge
and the Channel Tunnel Rail Link prior to
his joining the Geotechnical Consulting
Group in 1995.

g g L.
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Following several years at the National
Physical Laboratory New joined the
Tunnels Division of the Transport and
Road Research Laboratory in 1974,
where he was closely involved with the
Department of Transport's construction
research programme. It was during
this period that Dr New developed

the methods for the predictions of
tunnelling induced ground movements
and construction vibrations that have
become widely adopted by the industry
throughout the world.

From 1985 until March 1995 New
was Head of Ground Properties and
Underground Structures at the Transport
Research Laboratory (TRL) and led the
Department of Transports programme
in that area. He also provided specialist
consultancy services within the
Department of Transport and to a
wide variety of clients on the effects
of construction works, rock excavation
techniques and the interaction between
pipelines, highways and heavy vehicles.

In April 1995 New joined GCG. He
has been widely consulted on numerous
major developments particularly
beneath cities and also acts as an
Expert Witness providing geotechnicalf
tunnelling/pipeline advice to legal and
insurance groups. New has been the
BTS representative to the [TA's research
Working Group since 1991.

New's lecture will cover impact assessments for tunnelling on existing underground infrastructure

12 | Tunnels | November 2016
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Left: Break
through on the
Copenhagen
Cityringen
Branch off to
Nordhavn was
achieved on 4
October. The TBM
is captured at
the moment of
breakthrough on
schedule into the
reception shaft
at Dstersggade
following a drive
of ,900m from
Nordhavn station.
The machine
contended with
quarternary
deposits under
the railway then
Copenhagen
Limestone.
Rambell leads

a joint venture
with Arup as the
client's engineer
for this section
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The ITA has released this Q&A with new president Tarcisio Celestino

You were elected President of the International Tunnelling
and Underground Space Association during ITAs General
Assembly, last April in San Francisco. What is your own
perspective of countries’ demands regarding tunnels and
underground space? How do you see the future of the
tunnelling industry?

Tarcisio Celestino: The economic configuration is currently
changing. In recent years, we have faced a long-lasting economic
slowdown, during which everybody tended to curb their long-
term investments. Yet, and it is good news, we are now entering
a recovery phase, which implies new investments in tunnels and
underground space. Until now, the sustainability factor had not
been sufficiently taken into account in investment choices, which
is understandable: public authorities and owners do not always
have in-depth knowledge of sustainable existing solutions and
environmental regulations in terms of underground construction,
even though things tend to evolve in a good way. 1t is the role
of the 1TA to accompany the move of public authorities in their
reflection on sustainable cities, for them to think about their
underground infrastructures upstream. Indeed, if you wait for your
city to face intense traffic jams before you design and develop
public transports, then you will have to wait another 15 years for
these problems to be fixed.

www.tunnelsonline.info

Above: Tarcisio
Celestino
became ITA
president in 2016

Does it mean that today is the best
time for countries to think about the
future of their infrastructures?

TC: Absolutely, for the world is facing a
very drastic increase in urban population
that will keep skyrocketing by 80 per cent
in the three or four decades to come.

This means more traffic, therefore more
transport networks needed. With the
global warming effects, cities also have to
devise efficient flood regulation solutions
to cope with heavy rains and the rise

of water levels. Considering the existing
backlogs and the fact that we have to
rebuild or repair everything we have already
constructed so far within the next two or
three decades, the actors of the tunnelling
and underground space sector have a
huge market potential ahead of them.
Faced with these current and future needs,
our industry has to adapt and to prepare
itself for growth. Regarding mechanized
tunnels and tunnel monitoring, significant
technological progress has been made
within the last twenty years. 1 believe

new actors will come up with disruptive
innovations in the next twenty years.

A new generation of young people —
engineers from various sectors notably -,
studying electronics, automation, big data,
or the internet of things, will create new
hopes of applications in the tunnelling
industry. We have to welcome these
people, and inform them that the ground
construction industry is a key market
where they could find interesting career
opportunities.

Regarding your analysis, how do you
think the ITA has been coping with
these opportunities and challenges?

TC: The International Tunnelling and
Underground Space Association is
turning 42 this year. Since its creation at
the initiative of 19 nations, it has been
encouraging the use of the subsurface
for the benefit of public and sustainable
development.

Also, it has been closely involved in the
promotion of advances in the planning,
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and regional planners; ITACET: focusing on knowledge transfer
and sharing, and finally ITATEC: aimed to create a synergistic work
between industry developments, academic research and final users;
ITA-COSUF: not intended to promote tunnels but to improve

their operational safety and to make them more viable solutions.
Significant progress has occurred since the frequent accidents in
the 1990s. ITA-COSUF is partly responsible for this.

After two result reports carried out in 2015 and this year, one
can note that most of them have been successfully reached. The
newly elected Executive Council is currently working at a new
strategic plan in order to continue along this path.

How does it translate into organisation and missions?

TC: Further changes had to be initiated to cope with a shifting
environment, we wanted to go further in improving our
organization. In 2013, the Executive Council proposed to the
General Assembly and this latter decided to regularly assess the
governance of the Association. The Surveillance Council was
established during the General Assembly held in Geneva the same
| year. Dedicated to ensure that 1TA’s internal functioning matched
a good governance, the Surveillance Council released its first

design, construction, maintenance and Above: ITA report at the end of 2013 and reported to the General Assembly in
safety of tunnels and underground space. general 2014. The report confirmed that the 1TA, recognised as an NGO,
In addition, it has gathered relevant assembley 2016 fully complies with the Code of Ethics and Conduct of Non-
information, sharing the latest reflections Governmental Organisations.
and ideas developed on tunnels and Besides, ITA built a solid communication system that has been
underground space, notably through | implemented within the Association, thanks to the working groups
working groups and committees. Along | and boards, like those mentioned previously, in order to bring the
with the increase in its members, the actors of the industry together and to create a genuine synergy
Association has also been working at between them. In that matter of improving processes and actions,
enlarging its service offers, in order to continuous efforts are made and are still carried on.
appear as the leading reference in the Therefore, as of today, and thanks to the precious and regular
sector of underground infrastructures. contributions of our working groups and committees, we are
In 2013, the Association even set seven on the right track. And of course, we will keep questioning and
strategic goals to be achieved within improving ourselves. But 1 think we have all the assets and tools
the period 2014 to 2016. To be specific, to appear as a solid and credible international key speaker to
deepening relationships with local the whole tunnelling community of decision-makers and public
shareholders such as Member Nation authorities.
organisations was one of the main goals
to reach. Indeed, the Association relies on Why is communication so important for the International
their endorsement to undertake a projectin | Below: Long Tunnelling and Underground Space Association?
any country. Tunnels at Great

Therefore, 1TA created four boards Depth group TC: Communication is an indispensable condition without
to enhance these relationships: ITACUS meeting at WTC which the 1TA cannot sustain its industry. The success of the ITA
dedicated to interact directly with urban 2014 | Tunnelling Awards - whose last edition attracted 110 entries -,
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the success of the last World Tunnel Congress in San Francisco,
attended by 2,300 people from the tunnelling industry (a record
figure) and hundreds of Press articles throughout the world were
perfect demonstrations of that synergy. A balance also confirmed
by the strong interest displayed by the four solid candidates
competing for the WTC 2019.

Eager to have tangible evidence of the satisfaction of its
different members (Member Nations, Prime sponsors, affiliate
members, workings groups and committees), the 1TA ordered a
survey in 2014, at the request of the Executive Council. 1t received
a 'good’ satisfaction rate from 70.1 per cent of the poll, which
is a strong indicator of the confidence members place in it. The
members’ level of satisfaction is particularly high among Member
Nations, concerning communication from the Executive Council,
the President and the Secretariat. In the same way, during our last
discussion with the 1TA’s Prime Sponsors in San Francisco, the
latter expressed their full satisfaction regarding the Association’s
activities. 1t is very encouraging for us, for it means that our
efforts to reinforce our different stakeholders’ level of commitment
are fruitful. Tt is the only way we can make the tunnelling and
underground space industry vivid and visible to the world.

The world will keep evolving at a fast pace, either
demographically or technologically speaking. Hopefully, new
Member Nations will join us, new strategic needs will emerge.

The new Executive Council is fully aware that these external

factors require us to pursue our desired improvements on the 1TA’s
management and external actions. New ideas and proposed actions
are currently being discussed, for an early operationalisation.

As the new President of the ITA, what will your road map
and priorities be for the next three years? What could the
ITA’s new perspective be for the upcoming decade?

TC: My first goal is to undertake concrete actions to influence
government decision makers to significantly increase the use of
underground space around the globe. In that matter, as 1 said
before, we have strong opportunities, such as urban development,
growing needs for energy and water supply and storage, and hopes
for underground developments in the mining sector. To make it
work, we need to keep addressing strong messages to the general
public, by bringing people strong and regular evidence of the
benefits of using underground infrastructures (in terms of security
and resilience, in particular).

This will necessarily involve regularly putting the costs of

www.tunnelsonline.info
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infrastructures into perspective, bearing in
mind that the costs of underground works
are not as high as they are said to be with
respect to the benefits and the retums on

investment generated for populations.

Yet, it is clear that rising awareness
among international decision-makers
cannot be achieved without the support
and involvement of the Member Nations,
together with the whole industry. This must
rest upon state-of-the art research and
regular assessments of our activities, for
completed tunnels and underground spaces
around the world are our most valuable
assets.

For this reason, in accordance with its
strategic goals approved by the General
Assembly in May 2014, the 1TA has been
striving for more regular and substantiated
feedback from its different Working
Groups ever since. There have been regular
meetings of the Executive Council with
Working Group Leaders and Committee
Chairs. These discussions have resulted
in the launch of a new Peer Reviewing
Process, in order to assess the solidity and
technical soundness of the works. This way,
the 1TA betters its odds to strengthen its
influence on the academic and political
field, while enlarging practical application
possibilities through its research work.
More generally speaking, and while
some countries remain in their early
phase in terms of use of underground
infrastructures, the 1TA will pay particular
attention to knowledge sharing, thanks
to its working groups and through the
organization of training sessions and
symposia. If we succeed in convincing
decision makers to adopt underground
solutions, therefore having more resilient
cities, we will create a boom in our
underground construction industry. That is
exactly what we are planning to do €)
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In February 2016 construction company Bessac completed work on a protection
tunnel in extremely difficult geology in South Florida. In just ten months and using

a customized machine designed especially for the mission, a 3.13m Herrenknecht
Combined Shield, 1,613m were tunnelled adhering to the highest safety standards. A
new sewer line was installed in the finished tunnel - after half a century in use the old
pipe was simply worn out. This report from the TBM manufacturer describes some of
the challenges

Island required a special and highly flexible machine with
exceptional safety features. A Herrenknecht Combined Shield
was chosen for the bore: available in slurry mode as well as in
EPB mode depending on the requirements, the HCS machine is
optimally prepared for changeable ground conditions.

Additionally, the front area of the machine had to be
accessible at all times to allow for tool changes. For maximum
safety a bulkhead with a dive pit was developed especially for
the project. Because of the bulkhead between the front two
machine parts, and the overpressure thus enabled, muck and
water could not penetrate into the machine at the tunnel face.
Should high water pressures lead to flooding regardless, the
dive pit allows safe locking into the flooded area.

project circumstances of the

mission at Norris Cut were
anything but standard. Not only did the
karstified, permeable geology pose the
risk of flooding the machine. The
complex Fort Thompson Formation to
be tunnelled through was also full of
sand-filled cavities. The tunnel face was
therefore prone to instability. Below: The

For this reason the construction of 3.13m machine

the protection tunnel for a new sewer showing project
line between Virginia Key and Fisher stakeholders

THE GROUND CONDITIONS and
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For the first section the TBM needed
to be pushed forward in pipe jacking
mode using a jacking frame adapter

In the end however these safeguards were not needed. Above: Aerial
Neither the Tock system nor the EPB mode of the HCS machine view of the
were used. The ground was highly permeable as expected, worksite
however the contractor was only required to perform one developed by the contractor, the rest of
maintenance stop, which was carried out under compressed air the tunnel was then lined with concrete
after ground treatment from the TBM. segments.

The machine began the drive near the treatment plant on In the months that followed the
Virginia Key in April 2015. Right from the very first, the project 3.13m diameter machine, nicknamed
was characterised by the requirement to save space. With a Dosey, dug its way forwards at a depth
diameter of twelve metres, the launch shaft was rather small. At that reached 21m below sea level.
the beginning there was no room for the HCS machine’s After 227 working days, on 16
back-ups and they were only able to be used one by one after February, the machine broke through on
70m of tunnelling. Fisher Island. Top advance rates of up to
24m per day were achieved with about
300m per month.

By the end of the year the new 60”
(1.5m) discharge pipeline is due to be
installed in the finished protection
tunnel and put into operation.

The successful drive on the Norris Cut
project has pushed the boundaries of
what is possible in Florida’s tunnelling
industry and contributed to its further
development: “The project has set
standards for work in Florida’s
underground and showed solutions for
deep sewer lines in the porous Fort
Thompson Formation,” confirms Bernard
Theron, president of Bessac.

A Herrenknecht spokesman added:
“With the construction of the Port of
Miami Tunnel already, machine
technology from Herrenknecht had
demonstrated that even the most
complex ground conditions such as the
Fort Thompson Formation can be safely
mastered with optimally adapted
technology.

“Despite its huge diameter of nearly
13m, in 2013 the EPB Shield S-600
reached its target reliably thanks to an
Left: In February additionally installed slurry circuit.

2016 "Dorsey” According to accounting and consulting
reached the firm KPMG, in 2012 the Miami Port
target shaft on Tunnel was one of the ten most

Fisher Island innovative projects in the world” €)
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NORTHERN

CHALLENGES

Road tunnel excavations in lceland are a tough test of endurance in complex geology,
such as at the Vadlaheidi project. Report by Patrick Reynolds

rock to play the prime role in road tunnel performance

without, as often elsewhere, significant and heavy use of
permanent concrete linings, where possible. The approach
builds on the drill and blast excavation heritage of the
Norwegian tunnelling sector.

However, as a large island nation in the north Atlantic, sat
square upon a spreading ridge of parting tectonic plates, the
geology of Iceland continually presents complex and varying
combinations of rock and groundwater conditions to fascinate,
frustrate and typically surprise, despite best efforts. The
geological challenges that arise on road tunnel projects are
complex and, for tunnellers, do crop up as different challenges
with some frequency. Most commonly, the tunnelling challenges
feature two excavation problems: faults zones of varying size;
and, lots and lots of water — usually cold, but not always.

l CELAND HAS AN APPROACH to tunnelling that seeks the

S
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Below: Heavy
support needed

| to advance

through east
side weak zone
at Vadlaheidi
PHOTO: ICELANDIC
TUNNELLING
SOCIETY, UNLESS
NOTED

Most recently, the geological
challenges have shown particular
extremes on the Vadlaheidi toll road
tunnel project, located in the mid-north

| of the country, closest to the Arctic
| Circle. The progress of excavations at

Vadlaheidi have been drastically slowed,
with both drives from the portals
hindered by different problems.

On the east side, tunnelling was
brought to a halt in early 2015 by a
forceful combination of the two core
problems — weak shear zones and
massive inflows, respectively. After some

| months, and following a massive

pumping effort, work is ongoing to
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stabilise and recover the tunnel.

On the west side the problem is water
again, but of a different character. The
challenge is twofold: large inflow rates,
and the groundwater has been extremely
hot, temperatures lessening only of late.
A massive grouting regime is in place,
merely to obtain the chance to edge the
face onward.

Tunnelling on the project has been
very challenging, remarks Bjorn A.
Hardarson of consultant Geotek, which is
providing site supervision services to
Vadlaheidi project.

Being Iceland, the geological
challenges at Vadlaheidi are not the first
time significant excavation challenges
have been experienced in road tunnel
construction, merely the latest and
affording fresh opportunities for
tunnellers to face and solve seemingly
continuous problems, and struggle on.

The roster of road tunnels is being
added to despite the technical
challenges; success comes eventually,
and is needed. The benefit to be won is
having all-weather subterranean routes,
liberating more of the remote, scattered,
towns and communities along the
freezing fjordic coastlines, and those
tucked in snow-filled valleys, over long
dark winter months.

Among road tunnel projects built in
recent years are the Hedinsfjord,
Almannaskard, Faskrudsfjord and Oshlid
schemes. Under construction are two key
public road projects - Vadlaheidi and
Nordfjordur, which are the country’s
longest two road tunnels; and, at
Husavik - an industrial haulage tunnel
route only, on which tunnelling was
nearing completion as Tunnels &
Tunnelling went to press. Projects to
come in the near term include
Arnarfjordur-Dyrafjordur for which
prequalification is underway, says Gisli
Eiriksson, director with Vegagerdin
(Icelandic Roads and Coastal
Administration).

As plans are etched and firmed in the
far north, potential projects for the
future could include road tunnels at
Sundabraut in Reykjavik, Mid-
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Austurland, a further subsea tunnel below Hvalfjordur, and
schemes potentially also at Lonsheidi and Vopnafjordur-Herad.

VADLAHEIDI

Vadlaheidi is 1celand’s second longest road tunnel, though it
has the largest cross-section profile of a tunnel open to
public traffic. 1t is a single tube being built to run east-to-
west from Fnjoskadalur, an inland valley, to Eyjafjordur, the
long fjord opening to the north while back south, at the head
of which, is the region’s principal city, Akureyri.

The tunnel is approximately 7.5km long, including 320m of
concrete portals, which keep access clear of the deep and
widespread snow each long near-Arctic winter. Within the
mountain, geology is basalt with interbedded sedimentary
layers. Excavation had anticipated mixed face conditions.

The excavation challenges have proved more extreme, the
project has been delayed and construction is still underway.
Vadlaheidi has had possibly the most challenging tunnelling
experience of road tunnels in Iceland so far. Once completed,
though, Vadlaheidi will provide an all-weather route to open
up communications and economic opportunity year-round,
expanding the regional network of such roads around Akureyri.

The strategic effort to improve all-weather transport in the
region had its most recent major investment at the Hedinsfjord
scheme, opened in 2010. 1t is located north of Akureyri, and is
farther from the town than Vadlaheidi. Until Vadlaheidi is
finished, Hedinsfjord can boast having the longest road tunnel
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(Olafsfjordur - 6.93km, plus portals) in the mid-north of the
country.

The Hedinsfjord project was developed by the roads
authority, Vegagerdin. During construction, Hedinsfjord had its
own significant geological challenges in tunnelling due to
groundwater, though not as much as Vadlaheidi has been
experiencing.

Project developer for the Vadlaheidi road tunnel is
Vadlaheidargong Ltd, which took on project development from
the road authority, still acting in a design role on the project.
The project works are funded by a state loan, to be repaid
through toll revenues. The toll road tunnel was planned to be
in service by late 2016. In the project procurement stage, bids
came in too high or so close to the available budget that the
Ministry of Finance was called upon to re-assess the cost-
benefit of the project.

Following the review, the main characteristics of the project
design were re-affirmed: a single tube tunnel with a finished
width of 9.5m at carriageway level and clearance height of
4.6m above the surface. Running through a mountain range
that edges a fjord, Vadlaheidi’s is not only to be Iceland’s
second longest road tunnel in the near-term it also has the
largest profile (T9.5, 66m?). The cross-section is enlarged-at
regular intervals to provide turning bays and service recesses.

The unit price construction contract was awarded to Osafl, a
joint venture of Swiss firm Marti and Tcelandic company TAV.
The JV submitted the lowest of the four bids and was the only
tenderer to come in below the project budget, albeit tight to
the limit. Site supervision services are provided by Geotek and
Efla.

Tunnelling work involves a total of 7.2km of drill and blast.
Excavation started in Q3-2013 at the west side of the project, a
little way from Akureyri and easily accessed. It wasn’t long
before the initial complexion of excavation problems were met,
however, and they only kept building.

A year into the tunnelling, by late 2014 the face had
advanced only slightly more than 3.2km. The original
construction schedule anticipated tunnelling to be completed
by late 2015, but the scale of the geological challenges
thwarted that goal, and tunnelling still continues on the
project. Most recent data, from the end of August, show the
excavation has advanced a total of almost 5.9km - or slightly
more than 81 per cent - of the length of the single tube to be
blasted through the rock. But, as Geotek’s Hardarson notes,
there remains only 1.35km of excavation to be completed.

The distance advanced may have been only slowly added to

Above: Hot
inflows at the
west side of
Vadlaheidi

Icelandic geology

The geological age of rocks in Iceland is widely spread, and gets progressively older the
farther from the tectonic rift that runs diagonally from the southwest to the northeast,
through the heart of the north Atlantic island, born of millennia of volcanism.

The tectonic plates are drifting apart at about 2cm/year, leaving the gap to be filled
with either extrusive or intrusive igneous rock along the active diagonal zone.

Most of the road tunnels that have been built or are planned in the country are
around the rugged fjord coastline, typically in the oldest of the bedrock formations,
which can be up to 16M years old. Hydro development is typically inland.

Bedrock in the island is dominated by subaerial basalts, ranging in strength up to
300MPa. The basalt layers are generally no more than 10m thick.

The basalts typically are weakened by fault zones, which are mostly sub-vertical and
contain breccia that is often well-cemented to the bedrock. Geological features also
include dykes. The faults and dykes are the key channels for groundwater, but the water
is also in rock weak zones such as contact zones of successive lava layers and cooling
joints, respectively.
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but the achievement in the
circumstances have been gargantuan,
especially given the radically different,
and extreme, geological conditions the
tunnellers have encountered: hot on one
side and cold on the other. Both wet.
The different challenges have been
constant for the tunnellers to contend
with patiently as the west and east faces
slowly close upon each other, now barely
a few kilometres apart through the rock.

VADLAHEIDI: WEST SIDE
STORY

Tunnelling on the Vadlaheidi project
started on the west side but after

: advancing 1.9km the progress rate
. dropped on meeting sustained
| geothermal inflows. Extensive grouting

was tried with limited success.

With the temperatures of the rock up
to 60°C, the geothermal inflows got up
to about 46°C. Steam formed near the
face, and much of the tunnel approach
had reduced visibility, affecting working
hours as well as sequences of activities
such as mucking out.

The hot water and humid conditions
became so difficult that work was
stopped, temporarily, in August 2014.
From coming into contact with the
geothermal zone, the face had only
slowly advanced another 825m in the
worsening conditions.

The aim on the project, then, was to
switch effort to the other side of the
tunnel - on the opposite side of the
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mountain range. However, just over half
a year into those works, the east side ran
into its own problems in early 2015. So
severe were the problems that the focus
of construction activity had to switch
back to the mothballed west side.

After an interval of about nine
months, therefore, tunnelling resumed
on the west side, in May 2015. Having
had time to prepare, though, the works
on the west side were able to resume
supported by extra ventilation
equipment to handle the hot and humid
conditions, and introduction of an even
larger-scale regime of grouting, with a
two-part mixture.

But as the excavation slowly
advanced uphill (at 1.5 per cent grade),
the temperature of the hot inflows
continued to increase, eventually
peaking at 65°C. Probing is being done
30m-40m ahead of the face. Large
volumes of grout were injected into the
rock mass ahead of the face to stem the
scalding flows, reducing the inflows
sufficiently for each blast round to
advance the face.

1t was not clear if it would continue
higher still, nor where and how the
geology would eventually change, in the
rock ahead, into the cold water zone
experienced by the flooded, static tunnel
on the east side.

By the end of 2015 the contractor
had completed approximately 3,135m of
excavation on the west side, or
approaching two-thirds of the planned
drive for that section. Temperatures,
however, were beginning to pull back,
slowly.

So far this year, tunnelling on the
west side had advanced approximately a
further 1,250m as Tunnels & Tunnelling
went to press. Inflow temperatures are
down to half their peak level.

Progress has been around 20m-40m
per week, typically, adds Hardarson.
Occasionally though there is a surge, like
more than 60m achieved in a week in
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late August.

In total, by late August, the west side has advanced more
than 4,380m - almost 88 per cent of what has been planned
for the section. Excavation on the other face, though, has yet
to properly resume following the extensive recovery works.

VADLAHEIDI: EAST SIDE STORY

Tunnelling on the east side of the project started earlier than
planned due to the slow progress caused by geothermal
inflows on the west side. Excavation got underway in
September 2014 and quick progress was achieved - in under
two months the face had advanced about 380m.

Excavation pushed on, advancing downhill, until early 2015
when a sub-vertical fault zone that had been passed without
problem then gave way without warning in a progressive
collapse. No one was injured.

The face had already moved beyond the fault into
reasonably okay basalt and was set to advance farther when

| the roof began to collapse some metres back. Cold water inflow

began and continued, steadily, and deepening to eventually
flooding most of the length of the tunnel. From the face, the
tunnel was fully submerged for about 600m back uphill, then
partly flooded up towards, but short of, the portal area.

The works on the east side have been focused on recovery
of the tunnel. As such, given the extensive pumping and then
continued dewatering required, and stabilising the tunnel in
the weak zone, the east side has made little progress for almost
one and a half years.

The tunnelling work involves extensive consolidation
grouting for stabilisation, and the grouting above the tunnel
started in February of this year. To slowly open up the fault
zone, heavy excavation support comprising pipe umbrella, steel
beams, lattice girders, wire mesh and more than plenty of
shotcrete.

By the end of August, the east side was still using the grout
and stabilisation system to work through the weak zone, to at
least recapture the previously held advance of 1,475m before
the collapse and flood. The zone is about 15m thick, and water
still emerges from the tunnel face, remarks Hardarson.

NORDFJORDUR PROJECT

The Nordfjordur project is located on the east coast of
Iceland, near the town of Eskifjordur, and key infrastructure is
a 7.9km-long single tube (including about 370m of concrete
portal structures). The total length of the project ranks
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Nordfjordur as the longest road tunnel under construction,
and will be the longest in service when opened, expected in
late 2017. 1t also includes approximately 7km of access roads.

Vegagerdin is developing the road tunnel. The scheme was
approved by the Government in early 2012, saw construction
start in late 2013 and achieved completion of the excavation
phase two years later, in late 2015. Contractor on the project is
a JV of Metrostav (completing its second road tunnel in lceland
— the first was leading the JV that built Hedinsfjord) and local
firm Sudurverk.

With completion and fit-out works well underway, Eiriksson
says the road tunnel is to be officially opened to traffic in
September 2017. Plans and designs for the project were
developed by local consultants including Mannvit, Verkis and
Efla.

TUFF CHALLENGE

Geology along the tunnel alignment is mostly layers of basalt
with variable scoria near the boundaries. There are also
sedimentary layers, notably orange-red tuffs, presenting layers
of variable thickness. Unusual for an lcelandic road tunnel,
little groundwater was expected — and there was relatively
little experienced.

The tunnelling challenge was in the weak tuffs, primarily at
the south side of the tunnel, near Eskifjordur. Excavation rates
would often drop by three-quarters when the face would
advance from drill and blast method in basalt rock and
approach the dry sedimentary layers. Extensive support was
required to carefully advance through the tuff layers. The steps
included pre-dig installation of a canopy of poles, and then
installation lattice girders and shotcrete at each 2m, short-step,
advance of the face on those stretches.

The halfway mark in excavation of the T8 profile tunnel (8m
wide at the base) was reached in during 2014. With progress
having continued as anticipated, tunnel breakthrough on the
project occurred just over a year ago, in September 2015.

The contractor is now half-way through two further years of
construction activities to complete and open the road tunnel to
traffic, in 2017 — an opening schedule that has remained
steadily on course. Current work includes installation of the
waterproof lining and technical stations within the tunnel, and
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' also on construction of a total of 366m
| of concrete portal structures.

HUSAVIK, FUTURE PROJECTS
The Husavik tunnel project is located in
the mid-north of Tceland, farther
northeast than Vadlaheidi from the
regional main city, Akureyri. Husavik is
one of the shortest road tunnels built
in recent years, at slightly more than
1km long, including the relatively short
portal structures. 1ts excavated width
and maximum height are 11.3m and
7.6m, respectively — making it the
Targest cross section of any road tunnel
in 1celand. However, the tunnel is only
for use by industrial trucks to reach
Husavik harbour, and is not for open
public traffic use.

As Tunnels & Tunnelling went to
press, breakthrough at the tunnel was
expected around September, says
Eiriksson. On the project, Geotek has
been providing site investigation services.

Eiriksson adds that the Husavik
project is expected to be fully completed
and officially opened to traffic in
approximately a year — about September
2017. The timing of the opening almost
coincides with the scheduled opening of
the country’s longest road tunnel,
Nordfjordur.

The Arnarfjordur-Dyrafjordur project
is located in northwest lceland, cutting
through the mountain chain separating
the fjords of Arnarfjordur and
Dyrafjordur. Geology in the area is again
basalt with interbedded sedimentary
layers.

The total length of the road is
approximately 5.6km, including concrete
portals. Prequalification for the
construction work on Arnarfjordur-
Dyrafjordur is underway, and excavation
is expected to start by mid-2017, says
Eiriksson. The scheduled opening of the
tunnel is Q3-2020.

The second subsea tunnel below
Hvalfjordur, near Reykjavik, has been
looked at as a toll crossing. In the same
area of the country, the Sundabraut
scheme has been examined as a double
tube tunnel.

Should it be built, it is the Mid-
Austurland scheme that could grab the
record for length in future, and by a
long margin. Nearby, to the north and
south, respectively, could also be the
Vopnafjordur-Herad and Lonsheidi
projects.

Steadily, and despite what its
never-dull geology throws up, Iceland is
adding to the number of road tunnels
being built around the coastline to
provide better access and all-weather
links to its scattered communities €
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Bangalore's metro construction was never supposed to be so complex, but after years
of difficult tunnelling and unexpectedly harsh ground conditions, it had proven itself
otherwise. With multiple TBMs boring in the north-south and east-west directions,
the critical path lay through Majestic Station, a crossroads for both lines. Robbins field
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service were called to the job, Robbins technical writer Desiree Willis reports

amma Metro, meaning “Our
N Metro”, has been highly

anticipated by the city of
Bangalore’s 8.5 million residents since it
was first approved in 2010. In phase one,
owner Bangalore Metro Rail Corporation
(BMRCL) - a joint venture of the Indian
Government and the Government of
Karnataka - slated 42.3km of rail in two
lines. Of that, 8.8km is underground
with the remainder elevated or at grade.

Two slurry TBMs were procured for

the east-west line work, while three
EPBMs were procured for the critical
north-south line, a full 24.2km route
through the heart of the city with a total
of 24 stations.
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The two EPBMs “Krishna” and “Kaveri”, originally
manufactured by Herrenknecht, were launched from the south
ramp in October and November of 2012, and were slated to
bore three sections of tunnel each, totaling 1,550m. While the
first 400m-long drive from South Ramp to City Market station
went well, the TBMs encountered severe ground conditions on
the second, 432m-long drive from City Market to Chickpet
Station.
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