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ST. PETERSBURG: CLEVER ALONG THE NEVA RIVER.

PROJECT DATA CONTRACTOR

M-1360M 000 STIS Ltd.
TBM HCS3700AH

Diameter: 4,596mm

Max. torque: 2,400kNm

Tunnel length: 1,162m

Geology: loam, quicksand, boulders

Herrenknecht AG

D-77963 Schwanau

Phone +497824302-0

Fax +4978243403
marketing@herrenknecht.com

www.herrenknecht.com

The million-strong Russian metropolis St. Petersburg is investing in a new, efficient sewage
system. An almost 1,200 meter long tunnel with a connection to the urban main collector is
under construction along the Neva River. Engineers faced a special challenge: a disturbance
zone with quicksand, measuring about 100 meters in length, which formed part of the route,
otherwise mainly consisting of hard loam. Therefore, two conveyor systems were required in
this project to guarantee safe tunnelling operations.

For this reason, a "Herrenknecht Combined Shield” was deployed. The innovative machine
configuration allows the machine to be changed easily between TBM mode with belt discharge
and slurry mode. After 500 meters of tunnelling, the crew switched the machine from TBM
mode to slurry mode so that the disturbance zone with a maximum groundwater pressure of
up to 7.25 bar could be safely crossed. Here, the excavated material was transported with
the help of pump stations. The last leg of around 600 meters was then excavated again using
the TBM mode.

The tunnel construction team of 000 STIS Ltd. achieved breakthrough on April 14, 2011.

The successful cooperation between contractor, client and engineers in this challenging project
showed once again that teamwork and closely interrelated technical solutions form the
basis of top performances in constructing underground infrastructures.

Supporter of:

Call for papers

First of all, | would like to make a quick apology for the late delivery of this issue, |
hope it made it to you in time to get in your suitcase and you’re now: sat on a beach
reading this, enjoying your summer holidays. We're running a week behind on this
issue as we’ve been trekking all over the place to take part in the busy spring
conference season.

From the World Tunnelling Congress in Helsinki to the Rapid Excavation and
Tunneling Conference in San Francisco and the Underground Construction exhibition
in London, it has been a busy season. And, in many: hotel lobbies and bars over the
past months there has been a begrudging of all the events for crowding the diary, but
enough has been said about that over a glass or two and I've already blogged on it
too (this is where | plug the newly launched blog on tunnelsandtunnelling.com, so
check that out along with my twitter feed @TunnelsEditor).

But there is no denying that some great papers were delivered, useful knowledge
transferred and new contacts made — and that is why these events are held.

And this brings me to my second comment. T&TI has long been a trusted source
of reliable technical content. It has kept the industry informed of long lasting papers
that get reprinted round the globe and advance tunnelling None more so than the
O’Reily-New paper first announced in the May 1982 issue of T&TI and which led to
the widely used New-Bowers paper. It has also brought the most in-depth reports of
the greatest tunnelling projects, achievements and challenges through regular news
coverage and reports.

And it continues to do all these things (Bowers is in this issue on page 42, O’Reily.
is scheduled for the September issue of T&TI and rumours have it New is working on
a new paper, which we’ll publish'as soon as we have it).

As we move into the second half of 2011 it becomes time to start planning for next
year. We'd like to hear from you. As we develop the plans for 2012 we’d like to feature
the project you are working on, the system you are trialing, the method you are testing
or the research you are carrying out. T&TI remains the best method for disseminating
new ideas, breakthroughs, successes and lessons learnt. | hope you enjoy this
month'’s installment over a beer by the barbecue or with your feet up by the pool!

Jon Young
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SERIOUS
TUNNELING

NIAGARA TUNNEL PROJECT
14.4 M MAIN BEAM TBM
10.4 KM'DRIVE

MULTIPLE WORLD
RECORDS

The 14.4-meter Robbins TBM
achieved two records in its
size class: 468 m in one month
and 153 m in one week.

A FIRST TIME FOR
EVERYTHING

The 2,000-ton Main Beam TBM
was delivered and assembled
using Robbins’ Onsite First
Time Assembly (OFTA) in
under 12 months—ahead of

a tight delivery schedule.

SMARTER EQUIPMENT. MORE EXPERTISE.

At Robbins, we earn a lot of world records with our powerful TBM
equipment. More importantly, our TBMs, engineering expertise and
technical support ensure that your complex tunneling project is a
complete success. When it comes to tunneling challenges, you can
trust Robbins to be with you every meter of the way.

WORLD NEWS | NEV\/S\

Lyon-Turin work forges ahead
despite violent protests

FRANCE-ITALY

P olice clashed with protestors
at worksites in the Susa
Valley, west of Turin in northwest
Italy last month. The dissent was
in response to construction work
for the Lyon-Turin high-speed rail
(HSR) link. It was the second time
in seven days that unrest
surrounded the project.

Police used tear gas against
demonstrators on 27 June who
had built barricades to prevent the
start of construction. One tunnel
worker and more than 30 police
were injured.

Prior to the violence, some
3,000 people demonstrated
peacefully, holding a prayer vigil

through the night. Protests against
the Lyon-Turin rail link, and 57km
Mont d’Ambin base tunnel, have
largely been on environmental
grounds. Susa Valley is an area of
outstanding natural beauty.

Lyon-Turin Ferroviare (LTF) — a
subsidiary of French rail network
owner and operator Reseau Ferre
de France and ltalian rail network
owner Rete Ferroviaria Italiana — is
the developer of the ‘common
Franco-lItalian section’ of the rail
link, which includes the base
tunnel itself.

A spokesman for LTF told T&TI,
“Although many local towns back
the project, there are some NIMBY
protestors but also a large number
of ltalian anarchists. It was

fortunate that there were few
casualties in the clashes.

“There were about 6,000
protestors in the area of
Chiomonte, Susa Valley. Italian
police pushed back against new
assaults of about 250 anarchists
close to the building site of
Maddalena, also in Susa. Our
works are going on, and the main
Italian institutions, Piedmont
Region and several mayors of the
area denounced the riots.”

On the progress of the project
as a whole, the spokesman added,
“The main contracts for the
construction of the base tunnel
have, of course, not yet been
awarded. Construction of the main
tunnel is not expected to

commence before 2013-2014.

“The survey works in the
Maurienne Valley, France, were
completed in mid-2010. At the
moment, LTF is launching the
survey works in Chiomonte, Italy,
with the construction of the survey
gallery of La Maddalena.”

The spokesman added that,
“Preparatory works costing EUR
1.5M (USD 2.18M) were entrusted
by LTF to two local contractors,
Italcoge and Martina. The majority
of the work involved the
construction of a fence around the
building site. The total cost of the
survey gallery of Maddalena is
EUR 143M (USD 207.78M). The
main contractor for excavation will
be ltaly-based company, CMC.”

London Mayor calls for HS2 tunnels

GREAT BRITAIN

London Mayor Boris Johnson
this month called for the
entire High Speed Two (HS2) rail
alignment in Greater London to
be put through tunnels.

Johnson’s announcement was
made in response to an opinion
poll that found nearly 50 per cent
of the British public supported
cutting funding for HS2.

The poll was conducted over
the 20th and 21st of June by
research body YouGov and
political lobby group, the
Taxpayers’ Alliance.

Johnson wrote on his website,
“It is perverse that a section of the
route through Greater London,
clearly affecting large numbers of
people, has been subject to so
little environmental mitigation.

“l am seeking substantial
changes in design of the route to
ensure these impacts are properly
addressed, preferably by tunnelling
the whole route through London.
Without such changes | cannot
support the current proposal.”

A HS2 spokesman told T&TI,

Right: The opinion poll revealed
that Scotland was the region
most in support of cancelling
funding for the HS2 project

“About one third of the proposed
route for HS2 from London Euston
to the M25 would be in tunnels.

“As tunnels are much more
expensive than routes on the
surface, we have had to consider
what offers the best overall value
for money, taking account of the
impacts of a route on the surface
and the scope for mitigation.”

The spokesman added that,
“Where our proposals for the route
are not in tunnels, HS2 is
committed to ensuring that effects
on local communities are kept to a
minimum.”

The exact result of the poll
showed that some 34 per cent of
the population supported HS2.
With the 48 per cent opposed it
showed that 18 per cent, or nearly
one fifth of the country was unsure
of its opinion.

The HS2 public consultation
period was due to end on 29 July
as T&TI went to press.

Latest news & archive - www.tunnelsandtunnelling.com

70

60

lI Support funding cut l l Oppose funding cut l

50 =
40

30
20 —

10§

London Rest of Midlands/ North Scotland

South

Wales

San Fran subway bid

USA

he San Francisco Municipal

Transportation Agency
(SFMTA) awarded a contract
worth USD 233M to a joint
venture of SA Healy and Barnard
on 28 June for the Central
Subway extension.

Underground construction

includes two single-track tunnels
of 1.7 miles (2.7km), which will be

excavated by two TBMs of 6.4m
diameter and will include a one-
pass precast segmental lining.

The Central Subway extension
will provide rail services to
Chinatown and connect to
existing commuter rail lines BART
and Caltrain.

There are three underground
station contracts yet to bid in late
2011 or early 2012. The fourth
station will be surface level.
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New player wades in on Tideway NSW M2 tunnel

GREAT BRITAIN

commission was set up on 4

July to probe the Thames
Tunnel ‘super sewer’.
Commission chair Lord Selbourne
has struggled to find an engineer
to join the board who is “firstly not
on the payroll of Thames Water,
and secondly unafraid of being
blacklisted for speaking against
the project,” a Hammersmith and
Fulham (H&F) spokesman told
T&TI this month.

“There is one spot, the fifth,
on the Thames Tunnel
Commission that has yet to be
filled. [...] It will take someone
either very brave, or possibly
an engineer from abroad to
step forward,” she added.

The commission was set up
and sponsored by four riverside
boroughs: Hammersmith and
Fulham, Kensington and Chelsea,
Richmond, and also Southwark.
Lord Selbourne expected the cost

of investigating the Thames Tunnel
to be GBP 20,000 (USD 32,000),
which was covered equally by
each borough.

The H&F spokesperson told
T&T that the idea of the
commission partly originated from
criticism by the Environment, Food
and Rural Affairs (EFRA) select
committee of Thames Water for
“not properly evaluating
alternatives”. The spokesman
added that the first phase of public
consultation was purely related to
the alignment, without discussing
other solutions as will be the case
in phase two.

H&F council leader Stephen
Greenhalgh said, “Doing nothing is
not an option, but we need to
consider the possibility that there
are better alternatives. On a recent
trip to Chicago | heard how few
cities are approaching it in this way
—many realise that a tunnel-only
option is not the best solution.”

Both sides have given their

backing to the Commission. A
Thames Water spokesperson told
T&T, “We agree that [the CSOs]
must be resolved at minimum
cost, so we welcome the
appointment of this commission
and [will provide] whatever
information and assistance Lord
Selborne and his colleagues may
require.”

The H&F spokesperson added,
“In two months the Commission
will report back with their
assessment of the problem, and
give their decision on the best
course. If they decide that the
tunnel is the best option, we will
just have to live with it.”

Also named as members of the
Commission were Richard Ashley,
professor of urban water at
Sheffield University; Kaid Benfield
of the Natural Resources Defense
Council and Andrew Whetnal of
the Consumer Council for Water.

Phase two of consultation
should begin in September.

News in brief

WStuttgart rail contracts
under threat of delay
Capacity tests on the
estimated EUR 4.1bn (USD
5.9bn) Stuttgart 21 high-
speed rail project may not go
ahead as scheduled, as
simulations may overrun,
possibly delaying the award of
tunnelling contracts worth
EUR 750M (USD 1.07bn).

WOttawa issues LRT RFQ
The City of Ottawa issued an
RFQ on 30 June to design,
build, finance and maintain its
proposed light rail project
from Tunney’s Pasture to Blair
Station, including a 3.2km
twin-bore tunnel. The deadline
is 13 September, 15:00. The
city currently estimates the
contract at USD 2.1bn.

China wins
LTA station
contracts

SINGAPORE

he Singapore Land Transport

Authority (LTA) announced last
month that it had awarded two
contracts for the Downtown Line
Stage Three (DTL3) project to the
China State Construction
Engineering Company (CSCEC).

The contracts, C929 and

C932A, totalled SGD 216.8M (USD
174.94M) and were for
construction works on the Kaki
Bukit (C929) and Kallang Bahru
(C932A) stations. LTA said that
CSCEC had extensive experience
in railway construction projects in
China, though these were the
company’s first MRT civils
contracts in Singapore.
Construction is scheduled to begin
in July for completion in 2017.

Miami tunnel TBM delivered
direct to the Port

USA

he ship that departed

Germany loaded with the
USD 45M, 13m-diameter
Herrenknecht TBM arrived in
Miami, Florida, US at 6.30pm EDT
(UTC -5). The TBM will execute
the seven-month eastbound
tunnel drive from Watson Island to
Dodge Island on the Port of Miami
Tunnel Project.

The ship entered Miami through
the man-made shipping channel,
Government Cut and delivered the
machine to contractor, Bouygues
Civil Works of Florida.

Once unloaded from the ship,
the TBM will be moved to a
ready-prepared pit on Watson
Island. A spokesperson for the
project told T&T/ that the
assembly should take around
three months. Excavation will

Tunnels & Tunnelling International JULY 2011

Above: The trans-Atlantic voyage came to an end last month when
the 13m-diameter Herrenknecht TBM arrived in Miami’s port

commence in October.
Residents had the opportunity

Latest news & archive - www.tunnelsandtunnelling.com

to photograph the arrival from
near Miami Beach.

widening will
pay dividends

AUSTRALIA

he Norfolk tunnel on the M2

motorway in northwest
Sydney, New South Wales,
Australia will be widened to
accommodate three lanes of
traffic and one breakdown lane in
each direction.

The May 2010 M2 Upgrade
Environmental Assessment
showed the need for works, which
will go on around the clock
through the tunnel section,
expected to be the most
challenging portion.

Works will include widening the
rock walls, rock bolting of the
existing tunnel to shore up the
new, wider span and pin the
secondary lining and the provision
of new electrical and service
trenches. The east and westbound

tunnel tubes were both found to
be in good geotechnical condition
and works have been scheduled
to take approximately 26 months.

“This AUD 550M (USD
588.94M) project will deliver more
than AUD 1.7bn (USD 1.82bn) in
economic returns to the people of
New South Wales,” said Mark
Birrell, chairman of infrastructure
lobby group Infrastructure
Partnerships Australia.

“The partnership between [New
South Wales government agency]
the Roads & Traffic Authority and
[the toll road owner and operator]
Transurban, means that it will be
delivered at no additional cost to
the taxpayer.

Birrell added, “This project
shows that private investment is
available to bridge the gap in
public infrastructure.”

Costs to fight cancelled
tunnel exceed USD 1M

USA

N ew Jersey'’s legal fees to fight
its USD 271M bill from the
federal government for the
cancelled ARC tunnel passed
USD 1M, it was announced

in June.

The state attorney general’s
office released invoices for legal
work of USD 72,588 done in
March, and another USD 54,000
in April.

News in brief

WAirport Link TBMs make
final breakthrough

Two TBMs each excavating
2.5km tunnels on the Toombul
to Lutwyche section of

Washington D.C.-based law
firm Patton Boggs billed the state
USD 950,000 in December 2010
when it was retained to fight the
federal government’s bill after
governor Chris Christie cancelled
the tunnel in October, over the
concern of cost overruns.

New Jersey spent USD 610M
on preliminary engineering and
design for the tunnel before its
cancellation, with USD 271M from
the Federal Transit Administration.

Brisbane’s Airport Link project
broke through on 4 and 6 July.
The machines’ cutterheads
and shields will be buried
below the tunnels.

Latest news & archive - www.tunnelsandtunnelling.com
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Breathtaking end to Brighton sewer

GREAT BRITAIN Portobello (Screw Conveyor) bore order to excavate in dry chalk the congested with equipment relating
achieved 14.8 m/shift.” TBM operator had to add water to the pipejack [see T&TI April,
xcavation was completed last The spokesman added that under pressure. This was not p.33] that could not be disturbed
month on the new sewer although most of the ground was required with Alice, which is a more by the TBM entry.
tunnel between Brighton Marina chalk with flints, spoil from near general purpose/utility machine. “Ovingdean to Portobello had a
and Friars Bay in Sussex, UK. The solution features also indicated the Mackenzie added, “Peacehaven series of very sharp curves, the last
2.44m Lovat TBM named Alice presence of some iron minerals. to Portobello and Ovingdean to one finishing 4.5m from the
broke through to Portobello on 22 Angus Mackenzie, tunnel agent Marine Drive presented no reception shaft.
June after a 3.6km drive. at the Peacehaven Site said, untoward challenges as such, just Mackenzie finished with the
The drive was part of the “Hollyblue ultimately performed the the normal day-to-day trials and comment, “The skill involved in
Cleaner Seas for Sussex project best simply because it was tribulations. Peacehaven to Friars straightening the TBM out and
undertaken by contracting JV specifically designed to excavate Bay was interesting as the entering the shaft in the correct
4Delivery on behalf of client chalk with water pressures. In reception shaft was very place is breathtaking.”

Southern Water.
The sister machine, named

e e TR

Hollyblue, completed its 1,052m
drive from Peacehaven to Friars
Bay in May. Previously, Alice

executed a 1.8km drive between

News in brief

WAnother call to Helsinki
The International Federation

Ovingdean and Marine Drive while
Hollyblue bored 2.7km from
Peacehaven to Portobello.

A spokesman for Southern
Water told T&TI, “Alice achieved a
maximum advance rate of 32 rings
in a shift while Hollyblue achieved
37. Long-term average from launch
to breakthrough varied, as it was
partially dependent upon

of Municipal Engineering
issued a call for papers for its
2012 World Congress in
Helsinki, 4-10 June. The
theme is ‘Sustainable
Communities’ and the
deadline for paper abstract
submission is 30 September.
See www.ifme2012.com.

drive length. WMexico City’s metro TBM
“Hollyblue’s Peacehaven to halfway through excavations
Portobello drive achieved a The Robbins EPB machine

maximum rate of 10.5m/shift while
the Peacehaven to Friars Bay drive
achieved 11.5m/shift. Alice’s
Ovingdean to Marine Drive (Belt
Conveyor) bore achieved
12.6m/shift while the Ovingdean to

excavating the 7km bored
tunnel portion of Mexico City’s
Line 12 arrived at Parque de
Los Venados Station on 29
June, completing a total of
4,340m since its launch in
February 2010.

Right: With Alice’s breakthrough,
only a few connections remain
to be made. Construction should
be completed this year

WGaza tunnel collapse death
Palestinian tunneller, 22-year-
old Sami Al-Nadi, died on 6
June in a tunnel collapse on
the Gaza-Egyptian border,

Crossrail takes possession of academy  cestosanerongae

C rossrail officially took
possession of the new

Tunnelling and Underground
Construction Academy last
month, said Terry Morgan,
chairman of Crossrail. Speaking
last month at Underground
Construction 2011 in the Earls
Court conference centre, Morgan
said that the GBP 50M (USD

GREAT BRITAIN 80.1M) investment was a

statement of Crossrail’s legacy to
the British tunnelling industry.

“Every GBP 3M (USD 4.8M) in
contracted work will result in an
output from the contractor, for
example an apprentice position,”
said Morgan.

A spokesman for the academy
later told T&TI, “The key here is
that it is industry and demand-led.
It will suit the changing needs and

requirements of the industry. We
should see the first courses
starting in September.”

BTS chairman Bob Ibell said,
“It is sadly the case that training
and apprenticeships have been
neglected for too long. The
academy is one of a number of
measures set to correct this.”

The Crossrail academy was
built at Aldersbrook Sidings in
Newham, London.

WGallagher calls for
technological consultancy
UK-based contractor Joseph
Gallagher presented its senior
tunnellers with iPhones last
month. The technological
development baffled some
tunnellers, who had to call in
specialist help from their
offspring to resolve the issue
and provide further training.

L
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Record win at Qinling

CHINA

R obbins claimed this month
that one of its machines had
broken the record advance rate for
aTBMin the 10-11m range. The
TBM was on the Qinling rail project
in China when it broke the record.
The previous advance record, also
set by a Robbins machine, was set
on the Tunnel and Reservoir Plan
(TARP) in Chicago, USA.

The new 841.8m advance
record was set in April, with a peak
235m set in week 15 by the 10.2m
main beam TBM that was
commissioned by contactor China
Railway Tunnel Group (CRTG) 18th
Bureau in December 2008. Upon
arrival it began boring one of the

16.6km parallel tunnels through
Qinling Mountain.

A Robbins spokesman told
T&T1, “The TARP tunnels were all
in Dolomitic Limestone, with
strengths ranging from 103 to 222
MPa UCS. Ground at West Qinling
is phyllite and limestone, ranging
from 30 to 100 MPa UCS.

“While the rock is softer at West
Qinling, the tunnel depths vary
greatly between the two projects.
The majority of the TARP tunnels
are approximately 90m below the
city of Chicago. The amount of
cover at the West Qinling tunnels,
at the time of the record rates, was
approximately 1,000m.

The spokesman added, “The
TARP record was set by a 10.8m

main beam TBM between 1989
and 1990.

“Although both are Main Beam
machines, the TARP machine was
fitted with 17-inch front-loading
disc cutters, while the West Qinling
Machines are fitted with back-
loading 19-inch disc cutters for
longer cutter life in rock and more
efficient cutter changes.

“The West Qinling machines are
also designed with the specialised
ground support system replacing
roof shield fingers while the TARP
machine had roof shield fingers.

Construction contracts were
awarded to CRTG 18th Bureau for
the ‘Left Line’ tunnel and the China
Railway Construction Corporation
for the ‘Right Line’ tunnel.

News in brief

Windian pumped storage
Indian contractor HCC and
Germany-based Alstom were
awarded a USD 414.86M
contract to construct the Tehri
pumped storage plant in
Uttarakhand, north India.

WVictoria Park tunnelled

The Victoria Park tunnel in
Auckland, New Zealand was
completed this month. The
15-month project was
completed three months early.

WLTA awards C926 and C927
The two Singapore DTL3
contracts worth USD 345M
were awarded to ltalian
contractor CMC di Ravenna.

Record rate on Prague metro extension

CZECH REPUBLIC

he TBMs requisitioned to

excavate the Prague metro
fifth extension, Line A, achieved a
record advance rate last month.
The day shift advance of six 1.5m
rings, combined with a seven-ring
night time advance resulted in an
advance rate of 18.5m over 24
hours, significantly higher than the
average anticipated advance rate
of 12m per day.

The northwest extension
beyond the existing Line A
extremity Dejvicka Station will
contain four stations, Cerveny,
Vrch, Veleslavin Petriny and Motol,
to be excavated by NATM, which
will also be used to excavate the
double-track running tunnels to
Motol Station. The other tunnels,
both of 4.05km, were designed as
single track and to be driven by
EPBM. A Metrostav spokesman
said that this method was chosen
as it had less impact, as well as
being safer and quicker.

The 6.08m-diameter
Herrenknecht full-face shield
EPBMSs, named Tonda and Adela
by young patients of the Clinic of
Paediatric Surgery at Motol, were
equipped with 17 twin-disc

Right: The Line A extension will
expand the line from the current
extremity Dejvicka Station to a
new station at Motol

cutters, as well as four single-disc
gauge cutters that can be
extended to increase the
excavation diameter to 6.1m.

The cutterhead was designed
by Herrenknecht to allow the
switching of cutter discs with soft
ground rippers, which were
equipped as T&TI went to press.
Three crews of eight were
employed by Metrostav to operate
the machines.

Muck is transported via a screw
conveyor to a belt conveyor
behind the tunnel.

Excavation of the single-track
running tunnels kicked off in April
following machine assembly in
prepared beds at the bottom of a
21m-diameter, 34m-deep shaft
braced by secant piles. The shaft
was located at the BRE1
construction site to the east of the
Viypich intersection. Tonda began
the drive on the left-hand tunnel
tube from the drive direction. As
T&TI went to press, Adela was due
to proceed, with a three-month lag
time, in July.

Tunnels & Tunnelling International JULY 2011

UK first LED it tunnel

GREAT BRITAIN

he Upper Thames Street road
tunnel has become the first
LED-lit tunnel in the UK, Transport
for London (TFL) said last month.
The lights will last 20 years
compared with two years for
conventional lighting. Costs were
projected to fall from GBP 50,000
(USD 81,040) to GBP 10,000 (USD
16,208) per annum. The lights will
save 163 tonnes of CO2 annually.
Some 268 lighting strips were

Latest news & archive - www.tunnelsandtunnelling.com

installed following testing
procedures and will be monitored
for around two or three months
before TFL decides whether or not
to proceed with further installation
on other tunnels.

The lighting system was
manufactured by UK-based
lighting manufacturer Indal WRTL
and installed by mechanical,
electrical, instrumentation and
industrial contractor SPIE WHS for
Ringway Jacobs, TFL’s highway
maintenance contractor.

BLUEY TECHNOLOGIES
CIVIL ENGINEERING SUPPLIERS

Call +6l (0)7 3161 7743 for more information.

Bluey partners with the following companies to provide you with the best service, quality and value.

. Sorica QEpiMax @

Australia & Asia-Pacific
bluey@bluey.com.au
www.bluey.com.au
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First orders for
Seli-Kawasaki venture

[TALY-JAPAN

he Seli-Kawasaki partnership
has borne fruit, Seli

announced last month. One year
in to the five-year agreement, the
order for a combined total of five
TBMs to excavate the Bangalore,
India and Copenhagen, Denmark
metro projects was the first
received by the combined team.

The EPBMs were designed to
face hard rock as well as alluvium
soils, with the cutterhead designed
by Seli to be efficient in both types
of ground. As per the partnership
agreement, Seli manufactured the
TBMs while Kawasaki Heavy
Industries (KHI) supplied the
cutterhead supports, drives and
the screw conveyor. The TBMs as
a whole were jointly designed.

“One of the main technical

features is the new
cutterhead support
and main drive system
developed by KHI with
Seli cooperation,” a
Seli spokesman told
T&TI. “This allows the
machine to be
operated in EPB mode
at a wide range of
cutterhead speeds,
meaning high speeds
are possible in hard
rock and low speeds
in soft ground.

She added, “The
philosophy behind the
agreement is not only to create an
industrial economy through
production sites in Japan and ltaly,
but also to ensure a quality
product with technology far
beyond the competition, where

Above: Seli and Kawasaki
signed the partnership last year

widespread use of components
made in China is less focused on
innovation and overall quality.”

Goodfellow
joins Aldea

USA

ob Goodfellow last month
B joined US-based Aldea
Services as senior vice president.
Goodfellow joins vice President
Mohamed Younis and President
Gina Goodfellow in the recently
formed tunnelling and
geotechnical engineering firm.

The firm, which made its debut
at the Rapid Tunnelling and
Excavation Conference in San
Francisco last month aims to
establish itself as an international
consulting firm and plans to grow
to half a dozen employees in the
coming year.

“We are all very excited to be
working together again under the
Aldea Services banner,” said Bob
Goodfellow. “We plan to create a
brand with Aldea Services that
means high quality and integrity
wherever we work in the world.”

The company, which is 100 per
cent owned by Gina Goodfellow,
Bob’s wife, will focus on winning
work in North America for the first
year and aims to become involved
in international projects as the
company grows.

The company offers services in
design and construction
management for underground
projects. It also argues it can
deliver expertise in management
of risk and delivery of
underground projects.

Hayward Baker promotions

USA

orth American geotechnical

N contractor Hayward Baker
announced last month that it had
made a series of promotions and
appointments to its leadership.

Jeffrey Hill was promoted to
central region business
development manager, tasked
with future development of closer

relationships with engineering and
construction companies. He will
also provide assistance to the
Chicago, St. Louis, Dallas,
Houston, Denver and Minneapolis
offices. Hill is an expert in mine
stabilisation, earth retention,
micropile and grouting projects.
Gregory Terri took over from Hill
as area manager of St. Louis.
Hayward Baker said that his
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appointment brought geotechnical
skills as well as experience in
earth retention and piling.

Todd Ross was made the new
area manager of Utah and will
establish the firm’s newly opened
Salt Lake City office. His duties
will cover securing new projects
and building Hayward Baker’s
local reputation. Ross was
previously a project manager.

Latest news & archive - www.tunnelsandtunnelling.com

News in brief

WSandvik publishes
quarterly figures

Swedish equipment
manufacturer Sandvik will this
month announce that it took
SEK 24.9M (USD 3.9M) in
orders in the first quarter of
2011. The order intake is
down from SEK 26.3M (USD
4.1M) in Q4 but up year-on-
year from SEK 22.3M (USD
3.5M). Operating profit
increased drastically year-on-
year from SEK 1.9M (USD
0.3M) in Q1 2010 to SEK 3.3M
(USD 0.5M) in 2011. The full
report is due to be published
on 19 July.

WAtkins announces profit
growth in annual report

UK consultancy giant WS
Atkins last month announced
profit increases in its
preliminary annual report
ending March 2011.
Underlying operating profit
was up 7.5 per cent on 2010
figures, increasing from GBP
110.4M to GBP 118.7M (USD
176.5 to USD 189.7M). The
firm said, “Integration of a
strategic acquisition in North
America has progressed well
and the business is
performing in line with our
expectations.”

WJohn Holland opens
Adelaide office

Australian contractor John
Holland last month opened a
permanent office in Adelaide
“as part of its ongoing
commitment to South
Australia and planned future
growth,” said a spokesman.
John Holland’s ongoing
projects for South Australia’s
Department of Energy,
Transport and Infrastructure
include the Rail Revitalisation
Project — Belair Line and
South Road Superway, the
biggest single investment in a
South Australian road project
and the state's most complex
engineering road construction
project to date.

Dywidag Systems International sold

GERMANY

M unich-based civils and
construction supplier,
Dywidag Systems International
(DSI) announced last month that it
had been sold by US-based joint
owners Bank of America Merrill
Lynch and Barclays Capital to
European private equity
investment firm Triton.

“The new owner is both
interested and dedicated to the
success of DSI,” said DSI
chairman and CEO Alan Bate. He
added, “It is also clear from

News in brief

WNFM Technologies
appoints new CEO

Alan Deleard, 53, has been
appointed the new CEO of
French/Chinese TBM
manufacturer NFM
Technologies. Deleard
replaces Luc Devaux. Before
joining NFM Technologies in
2008, Deleard worked in
industrial companies in the
packaging and automotive
sectors.

WAtkins director and
committe chair retires

UK consultant WS Atkins last
month announced that Sir
Peter Williams, a non-
executive director and
chairman of the Remuneration
Committee, will retire from the
Board of Atkins following the
conclusion of the Company's
annual general meeting in
September. Sir Peter joined
the Atkins Board in May 2004.

WPutzmeister launches
support hotline
Putzmeister Iberica, Madrid
has established a 24-
hour/seven days technical
service hotline for
emergencies, available to all
customers requiring
troubleshooting or technical
assistance. Available in
English via +34 91 428 8100.

customers, suppliers and partners
that our new found ownership and
financial stability is welcomed. We
also see this manifest in new
approaches to work with DSI on
projects and programs.”

Bank of America Merrill Lynch
and Barclays Capital took over DSI|
in 2010 from CVC Capital
Partners, though funds advised by
CVC remained significant
shareholders and continued to be
represented on the board,
according to a DSI announcement
in April last year.

A spokesperson for Bank of

America Merrill Lynch and
Barclays Capital said at the time,
“We share CVC’s confidence in
DSl and are anxious to support
management’s plans to develop
the business going forward.”

A spokesperson for DSI told
T&TI, “There will now be a period
of homework for Triton as they
learn the structure and business of
DSI. This is the third private equity
investment firm that has had
ownership of DSI, so it is not a
new experience — there shouldn’t
be a serious impact on DSI’s day-
to-day running.”
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Tutor Perini to
acquire Lunda...

USA

S-based Tutor Perini

announced last month that it
had signed a letter of intent to
purchase a 100 per cent share of
Lunda Construction Company.

"Lunda Construction is one of

the most successful civil
contractors in the United States,”
said Ronald Tutor, chairman and
CEO of Tutor Perini. “[This
decision] represents our
expansion into the Midwestern
markets. They have a resume of

experience which complements
our operations, and we in turn
will be in a position to support
their growth objectives in their
existing markets."

The final price will be subject
to an adjustment based on the
net worth of Lunda when the deal
is closed.

Lunda will continue to operate
under the current company name
and will continue to be managed
by its current senior management
team. Larry Lunda will remain as
president and CEO.

BB sells Fru-
Con to BB

USA

he US Construction Services

Division of Balfour Beatty
announced on 17 June it had
acquired Fru-Con Construction
LLC from Bilfinger Berger for a net
cash sum of USD 20M.

Virginia-based water services
contractor Fru-Con enjoyed
annual revenues of around US
80M last year.

Balfour Beatty chief executive
lan Tyler said, “The acquistion of
Fru-Con is a significant step in
expanding capabilities in the
attractive US water market.” It
will promote Balfour Beatty
growth in the mid-Atlantic and
California markets primarily, plus
the Carolinas, Georgia, Florida
and Texas.

Fru-Con was founded in 1872
and at the time of the deal had
150 employees working on major
plant projects in Maryland and
Virginia, and completed the
award-winning USD 136M Water
Pollution Control Plant Upgrade
and Expansion project in
Arlington, Virginia, last year.

Bilfinger Berger sold other
assets recently, which included
Australian subsidiary Valemus
Australia in March. The stated aim
was to use the funds to further
expand its services activities and
increase scope for investment.

...and Frontier Kemper

USA

utor Perini announced last

month a full acquisition of
US-based Frontier-Kemper
Constructors from Deilmann
Haniel International Mining and
Tunneling.

Under the terms of the
transaction, Tutor Perini acquired
100 per cent of Frontier-Kemper's
stock for approximately USD 61M
in cash and assumed
approximately USD 52M of debt,
of which USD 35M was paid off at
closing. Tutor Perini financed the
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transaction with proceeds from its
senior note offering that closed in
October 2010.

Frontier-Kemper will continue to
operate under its current name
and will be managed by its current
senior management team, with
W.D. Rogstad remaining as
president and CEO.

Rogstad said: "We are eager to
leverage Tutor Perini’s national
presence and civil expertise to
expand our reach and capture
new opportunities.”

Frontier-Kemper currently has a
backlog of approximately USD

300M. Current projects include
part of a JV with Traylor Bros for
Sound Transit’s University Link
light rail extension in Seattle, and
the Granite/Traylor/Frontier-
Kemper JV for the construction
of the Eastside Access Queens
Bored Tunnels in New York.

Ronald Tutor, chairman and
CEO of Tutor Perini, said last
month that, "Frontier-Kemper is
an ideal fit for [Tutor Perini’s] civil
business and will significantly
bolster our tunneling business in
the United States and expand our
reach into Canada."
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Divine intervention for
thorny Singapore drive

he Singapore Land

Transport Authority

announced last month

that tunnelling had
begun at the Beauty World
Station and associated tunnels
on the Downtown Line Two
(DTL2) metro project.

Australia-based McConnell
Dowell was awarded the design
and construction contract, C916,
for the two 6.6m o.d., Tkm-long
twin bore tunnels from Beauty
World to King Albert Park station
in March 2009. Full scope of
works to be undertaken includes
two cross passages, station box
structure, shaft, recharge wells
and diversion structures.

The Beauty World site is located
in the Bukit Timah district of
Singapore, some 15km from the
central business district.

The area contains established
businesses as well as shopping
centres and residential areas with

a densely concentrated
population. The Bukit Timah Road
runs through this area.

“To divert the road was a
complex problem,” said Thomas.
“It involved temporary structures
that span and remain over the
main station box and cross-over
structures during construction.

“The structures are comprised
of steel decking beams and panels
and a composite concrete beam
structure. As well as providing
vehicle and pedestrian diversions,
they also provide a working
platform at grade level for
construction equipment.”

Two Herrenknecht mixed shield
TBMs called Artemis and Athena —
Greek goddesses of the hunt and
heroic endeavour respectively —
will be used on the project. The
machine diameters are 6.6m. The
mixed ground cutterhead was
fitted out with backloaded disc
cutters, scrapers and reamers. It

Tunnels & Tunnelling International JULY 2011

was set up with four twin ring
centre cutters, 24 face cutters and
15 gauge cutters.

“The launch shaft is an annex to
the station structure and will
provide the interface connection
between the bored tunnels and the
station,” said Thomas. “The shaft
will not only facilitate the
installation, assembly and
excavation of the bored tunnels
but will also provide a temporary
staging area for the track work
contractor once tunnel and station
structures are complete.”

Concrete formed secant piles of
0.9 and 1.2m were used as an
earth retaining support system for
the shaft. No drilling fluids, such as
bentonite or polymer, were used
during pile installation. This saved
space on the congested work site.

“Spoil is excavated using a
telescopic excavator and
conventional muck skips,” said
Thomas. “Rock excavation

requires initial breaking through
controlled blasting, chemical
splitting, hydraulic splitting and
excavator hammer breaking.

“Geology consists of the alluvial
member of the Kallang formation.
This typically consists of sands,
silts and clay through to cohesive
soils including silt, clay, sandy silt
and sandy clay.

“This is underlain by Bukit
Timah Granite. Bukit Timah Granite
is a major, and one of the oldest
geological formations in
Singapore. The formation is 200-
250 million years old and varies
from granite to granodorite with
various weathering stages from
fresh to completely weathered
residual soil.”

Bukit Timah Granite has an
average ultimate compressive
strength of approximately 180MPa.

It was expected that
groundwater would be
encountered in the Kallang
formation. This will be addressed
with a series of recharge wells that
will compensate for groundwater
loss to prevent consolidation
and settlement.

TBM equipment selection was a
crucial risk mitigation strategy for
the mixed face conditions that
have been identified. The speed
with which the face conditions
can/will change is unique.

DTL3, which is currently being
tendered by many contractors,
appears to offer more favourable
tunnelling conditions than are
present on DTL2. The Beauty
World Station project involves
arguably the most challenging
tunnelling conditions for DTL2.

It was expected before works
began that face conditions would
comprise 52 per cent full face soil,
18 per cent mixed ground and 30
per cent full face rock for the
Beauty World Tunnels.

Alex Conacher
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Shinagawa drive exceeds
rate expectations

Xcavation rates on the

Tokyo Expressway have

smashed expectations

by more than 150m.
Boring on the westbound tunnel of
the Shinagawa section of the
project broke 550m in April against
an already high target rate of 400m
per month.

“To reach and exceed this goal,
we adopted several innovations to
reduce the cycle time of
excavation,” a spokesperson for
client Metropolitan Expressway
Company (MEX) told T&T7 last
month. “The system that enables
the assembly of segments during
excavation was used, rather than
the conventional method, in which
the segments are generally
assembled after excavation. Also,
segments of the greatest previously
used width, 2m, were employed.”

Construction of Shinagawa
section of the Central Circular
Route on the expressway was
broken into three contracts. The
8km westbound tunnel from
Ohashi Junction to the Oi Kita
Vertical shaft was awarded to
Japanese contractor Kajima. The
second contract, the 8km
eastbound tunnel on the same
route, was awarded to Obayashi.
The third contract for the 0.4km
north and south bores from the Oi
Kita Vertical Shaft to Oi Junction
was also awarded to Obayashi.

As there are multiple stake
holders in this project, MEX was
designated the client for Kajima’s
contract while the Tokyo
Metropolitan Government was
designated the client for
Obayashi’s contracts.

A 12.55m Kawasaki EPBM is
cutting the westbound bore with a
12.3m external diameter and a 11.5
internal. The machine was chosen
as EPBs have been used
successfully previously in the area,
according to the client.

As T&TI went to press the
machine had been driven 4.5km

Nakameguro
Ventilation Station
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Project owned by Metropolitan Expressway Co., Ltd
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A: 1. West bound tunnel from Ohashi Junction to Oi Kati Vertical Shaft (L=8km)
Project owned by Tokyo Metropolitan Government

B: 1. East bound tunnel from Ohashi Junction to Oi Kati Vertical Shaft (L=8.km)
C: 2. North and south bound viaduct, tunnel, revetment from Oi Kati Vertical Shaft

to Oi Junction (L=1.4km)
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through mudstone in the Kazusa
Group that was found to be stiff
and stable.

The MEX spokesman added, “To
achieve such a large and long
excavation, a large-scale cutter bit
was used to eliminate the need to
change the bit during excavation.”
Shinagawa project manager for
Kajima, Masami Moriguchi, said
that it is possible to change the bits
if necessary, but that they are
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designed to last the length of the
entire project drive.

Moriguchi added, “Constructing
a large-diameter tunnel in a densely
populated area is not uncommon in
Japan. However, on this project,
with a large diameter and great
distance, total excavated volume is
around 1M cubic metres, the same
as a medium-sized earth dam.
That’s a lot of muck.”

Work began on the JPY 400bn
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Length: 9.4km
Viaduct 0.6km,
Revetment 0.4km,
Tunnel 8.4km

No. of lanes: 4
No. of on/off ramps: 1
No of ventilation stations: 4

(USD 4.9bn) project in 2005 and
will be finished in 2013. Other
ongoing works as T&T/ went to
press included the connection to
link the existing Central Circular
Route Shinjuku section with the
under construction Shinagawa
section, an open cut excavation.
MEX also told T&TI that there was
no structural damage due to the
2011 Tohoku earthquake.

Alex Conacher
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xcitement is building
around the launch of
the T&T International
Awards 2011, which
promises to champion the
industry’s best efforts, greatest
achievements and most
impressive recoveries.

The awards aim to.identify and
applaud those that go above and
beyond the call of duty to meet
the testing demands of clients;
budgets, schedule, geology:
and scope.

Itisour pledge that these
awards will not be a backslapping
exercise for sponsors and
supporters but instead will stand
as a testament to the true
achievements of tunnellers and an
opportunity for others to learn
from them.

The entry criteria has been
published on our website:
www.tunnelsandtunnelling.com
and we will be publishing a
complete list of the judging panels.

Over the coming months we will
be seeking entries that
demonstrate ground breaking
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achievements, as well as
innovative use of new and existing
technologies, methods, equipment
and practices.

The judging panels are in the
process of being pulled together
from the most experienced
professionals and unbiased
representatives of committees,
societies and institutions.

The event will be held on
Thursday 8 December 2011 in
Berlin, Germany. Shortlisted
entries will be announced:on 1
November and the list published in
the November issue of T&TI.

A special awards supplement
will be printed and distributed in
Berlin and with the December
issue of T&TI. The supplement will
announce the award winners and
also take a look at all of the
shortlisted submissions.

All award entries are
completely free of charge.

We hope you get involved by
nominating your projects and
colleagues for awards, by
supporting the event and by
joining us in Berlin!

The awards

CONGSTRUCTION ENERGY

| YEARS OPENING THE WAY
UNDERGROUND

L T S S

OSSA is g leading international underground specialist
contractor with over 50 years experience in major
tunneling and mining projects. Over the years our focus
has been to meet our clients demands by specializing
and improving our core strengths in the underground
sector. Our projects range from the most complex
metro, railway, roadway and hydraulic tunnels to

large mining galleries, caverns and shafts.

\s;

OVERCOMING ADVERSITY
e Foresight Award:

For the early identification and mitigation of a problem in design or
construction

e Endurance Award:

For completing a project in the face of numerous or persistent
challenges

OBRAS SUBTERRANEAS

e Tour de Force Award:

For successfully overcoming the greatest single challenge _ ) Aemmintal

oM - 037213

C/ Aragoneses, 2-A, Plta. 32. Pol. Ind. Alcobendas. 28108 Alcobendas (Madrid)

The Reliable Tunneling Partner
T. +34 902 678808 | T.+34917 823400 | www.ossaint.com

SUSTAINABILITY

e Investor in Tunnellers Award:

For services to the education of tunnellers
e Preservation Award:

For tunnelling with the lowest impact on the environment through
design or construction methods

o Lifetime Service to the Industry Medal: e v m I
WWww.vmt-gmbh.de

For devotion and selfless service to tunnelling

INNOVATION

¢ Innovative use of Materials:

For the successful use of materials in unusual deployments

e Innovative use of Equipment:

For the successful use of equipment in unconventional deployments
¢ Innovative use of Instrumentation:

For the successful unusual use of instrumentation in site
investigation, surveying or monitoring

Don’t forget...

...to enter the 2011 T&T Photo Competition!
With the launch of the T&T International Awards 2011 the photo
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competition has been given an extension with entries being

accepted until 1st October. Whios ligser

The final three shortlisted entries will be given a seat at the T&T ‘ ] Al 3 S M SR ol [0 R e
d industrial measurement syst:

table in Berlin and the winner will be presented with an all singing D s

and all dancing digital SLR.

So get snapping and send in the image that best captures the
tunnelling spirit.

Latest news &'aFchive - www.tunnelsandtunnelling.com
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CONSTRUCTING A SUSTAINABLE FUTURE

At VINCI Construction Grands Projets, we engineer solutions that are not only
financially competitive, but work sustainably for the planet. Superior design and
construction practises are helping us save 20,000 tonnes of CO, emissions in
two years. On the Hallandsas TBM project in Sweden, all the discharged water
from the construction sites is monitored continuously quality and quantity
wise before sent back to the natural environment. Also on this project, every
chemical products used have been through a complete eco-toxicological
evaluation regarding their impacts on human health and environment before
being approved. Just one way in which VINCI Construction Grands Projets
demonstrates sustainability leadership.

To learn more please visit www.vinci-construction-projects.com/british-isles

CONSTRUCTION

VINLCI {, ‘

GRANDS PROJETS
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CHENGDU: GREAT SUCCESS FOR
THE METRO PIONEERS IN WESTERN CHINA.

After the first spade broke the earth in 2005, the city's officials - only five years later - are now
launching operations on metro Line 1 in Chengdu, the first one in Western China. And the con-
struction of the metro is continuing with giant steps in the 12-million-strong metropolis: Mech-
anized tunnelling in construction phase 1 on Line 2 was completed on June 8, 2011. By 2020,
trains are expected to transport passengers through the city on seven lines over 151 kilometers.

Herrenknecht technology (EPB Shields and a Mixshield, @ 6,250mm) has proved its efficiency
in a total of 22 metro projects, and along more than 50 kilometers of tunnel in Chengdu. When
designing the machines for Line 2, Herrenknecht engineers made use of the experience gained
in Line 1. With an optimized opening ratio of the cutting wheels, they were better able to cope
with the highly abrasive ground rich in gravel and water. The Herrenknecht S-401 crossed
beneath the most difficult section of Line 2 - below Chengdu's Business Center - without any
disturbances. In October 2010, the machine achieved a record stretch of 513 meters.

140 Herrenknecht machines have so far tunnelled almost 400 kilometers of metro routes

Metro Chengdu

Line 1 Phase 1 and Line2 Phase 1
I 21x EPB Shield

I 1x Mixshield

| I Diameter: 6,250mm

I Cutterhead power: 945kW

I Tunnel kilometer in total: 50,3

in 14 cities in China.
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Herrenknecht

Asia Headquarters Pte. Ltd.
189721 Singapore

Phone +65 65909191

Fax + 6565909181
info@herrenknecht.com.sg

Herrenknecht AG Herrenknecht (Chengdu)
D-77963 Schwanau Tunnelling Equipment Co., Ltd.
Phone +497824302-0 Chengdu, 610100
Fax +497824 3403 China
marketing@herrenknecht.com Phone +86 28 8486 6060

Fax +86 28 8486 3620

www.herrenknecht.com

Workers on the
Bangalore metro kitted -~
out in boots, hard hats
and vests

Safety thirst
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Heath and safety in construction is improving in India as international companies and the National Safety
Council make efforts to improve conditions. But there is still a long way to go, Jon Young visits India

ome 110m under the outskirts of

Mumbai a dozen workers are

excavating the launching

chamber for a TBM drive
towards the city. There are fears of
terrorism attacks on the water supply and
so Indian contractor Soma has been
awarded the project to bury the above
ground water pipelines.

The crew works an Atlas Copco ROC
203 drill rig to break out the rock and haul it
up the shaft with a gantry crane and
bucket. However, the shaft and the
chamber are thick with smoke and dust.
There is no sign of any ventilation for the
workers, and after just a few minutes it
becomes difficult to breathe. Workers wear
dust masks, which offer little protection.

Soma general manager Vishnu Sharma
later denies the absence of ventilation
claiming: “We were using compressed air
from the compressor unit which is at the
top of the shaft. The tunnel ventilation fan
station comprising motor size 110kW and

www.tunnelsandtunnelling.com

two fans from Zitron were mobilised and
put under operation during shaft &
assembly chamber construction.”

While on site in February, T&T1 is told that
ventilation would be installed once the TBM
is delivered. The delivery of the TBM is
significant to the organisation of the project.
Soma is in charge of the shaft and launch
chamber. It has subcontracted the tunnel
boring to Herrenknecht subsidiary UTS,
which takes control of the site after TBM
arrival. Rajiv Sharma of Herrenknecht says
ventilation will be installed for its bore.

It is no secret that the quality of health
and safety on site varies wildly from
project to project and county to country.
And in India there is not the same
pressure on health and safety as there
might be elsewhere.

Aecom project manager for the Kolkata
metro project Chris Schulz explains that
Indian contractors need to bid in JV with an
international partner to hit prequalification
requirements. Sometimes it is only the

presence of an international company on
site that brings about better health and

safety. But as contractors become more
experienced, they will need less support.

National Safety Council
The National Safety Council of India (NSC)
is making strong efforts to turn the tide on
health and safety in the country. Entries for
its annual safety awards closed last
month. Along side the awards the NSC is
publishing technical papers and offering
training. In 2010 the NSC had more than
4000 participants in its safety courses.
India’s construction market is booming
as the country maintains the fastest
growing GDP in the world. The tunnelling
market is mainly fueled by demands for
metro projects in the major cities — such as
the Bangalore Metro (page 22) — spurred
on by the success of the Delhi Metro, and
water transfer projects such as the
Mumbai Water Supply IV and the Alimineti
Madhava Reddy (AMR) (page 28). €
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