EOSC547:

Tunnelling &
Underground Design

Topic 1:
Introduction -
Tunnelling Past &
Present
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Tunnelling Challenges: Bertha

Proposed

Seattle is undertaking the replacement of the 209 i
Alaskan Way Viaduct with a 3.2 km tunnel. The * viaduct
project is estimated to cost US$3.14 billion. 2

The $80 million TBM - Bertha - created for L
this project by Hitachi Zosen Corporation is @ meswenors
record-breaking 17.5 m diameter. e et oo

replacing the Alaskan
Way Viaduct with a

The TBM is about 80% of the way through after tunnel under first
being stuck for three years after tunnelling only proposed route for i
300 m of the roughly 2.8 km tunnel. Investigators |  whatitmantiookiie. |f o

believe that Bertha was overheating — that grime
and gunk had gotten past bearing seals, entered
the machine, and muddied the operation.
Engineers decided they needed to replace not only
the seals but also the $5 million main bearing, as
well as reinforcing the steel on it's cutter head.
The added costs for these delays and repairs are
projected to be in excess of $220 million.

54 feet diameter
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Tunnellmq Challenqes Bertha

aintains that under the

: ild contract, the
contractors are generally

responsible for damage and delays,

except for unforeseen soil

conditions that weren't flagged in

ite s geotechnical study.

e could also wind up paying
for its own oversight
e the project is three
years late and now trending for a
spring 2019 opening.

;@. 3 of 48 Tunnelling 6rad Class (2017) Erik Eberhardt

B.C. Tunnelling Projects - Water Conveyance

Seymour-Capilano Twin Tunnels

*7.1 kmlong, 3.8 m
diameter twin tunnels.

* Tunnel excavation was
completed in
with lining ins
completed in

make up $200
the project's
million budget,
number doubled to
$400-million. -
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centre underground.
his freed up an
\precedented 30 acres in
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| At US$14.6 billion, this was the most costly highway project in

~ |the U.S., but it was plagued by escalating costs, scheduling

~ |overruns, leaks, design flaws, charges of poor execution and use
| of substandard materials, criminal arrests, and one death. The

| project was completed 9 years late and about 190% over budget.




_no_gradients,

\ base of' 'rhe Swnss VAIps | |
i h a |eng1-h of 57 km it s [

, world's longest and ‘de‘ep‘esi‘ -
~ traffic tunnel. It has vnrtually ]

enabling

~ travel more quackly through the |
s. It is expected to open in |
- December 2016. |

~ Alps.

The initial cost in 1998 was projected to be US$7.2 billion with
completion in 2012. However, unexpected ground conditions
together with scheduling delays has increased this cost to over
US$12 billion. The project will be completed 4 years late and

about 170% over budget.

Congestion Costs
Our Regional Economy
Over 54 million a Day

AR

Number of private
vehicles in the GVRD

| 2003
I 1.3 million

2013

Source: GVTA

14milion |

~The $2 billion Canada Line was comple'red 15 weeks
- , +Although Cambie
l ,Sfr-eet merchan'rs protesfed over lost business
~incurred during construction, property values along
- the line have increased and ridership has steadily
~grown and exceeded projections. In terms of
_envmonmenial_beneﬁts Canada Line's - ——
transportation capacity represents a reduction of -
| 14,000 tons of CO, emission over its first 5 years.




Course Overview

In this course, we'll examine the
different principles, approaches, and
tools used in tunnel excavation and
underground design. The examples and
case histories reviewed will focus on
tunnel excavations in both soft soil and
hard rock.

AL

The topics we'll examine will step through the
tunnel design process, from the writing and
review of geotechnical baseline reports, to
tunnelling methods for different ground
conditions, to support design.
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Content

Introduction
- state of tunnelling, tunnelling in Canada.

Geological Uncertainty
- “The Known Knowns, Known Unknowns, & Unknown Unknowns”.

Geotechnical Baseline Reports
- contract types: baseline reports; site investigation; risk.

Soft Ground Tunnelling Methods
- cut and cover; compressed air; earth pressure balance machines.

Hard Rock Tunnelling Methods
- drill and blast; open tunnel boring machines, ground support types.

Tunnelling in Weak Rock
- Terzaghi's rock load. sequential excavation: observational approach.

Support of Tunnels @ Rock Support & Excavation
- ground response & support interaction curves. - NATM.

Tunnelling in Burst-Prone Rock
- stress as a boundary condition; in situ stress determination.
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 Lectures: Monday, 11:00 to 14:00 (EOS-M 101)

~6rades:  Tunnel design team project

i~ Part 1 - Baseline Report 15%
Part 2 - Squeezing Ground  25%
Part 3 - Spalling & Bursting 257%

student prepared lecture 257%
peer review participation 10%

- Contact Info - 251 EOS South
L Phone: (604) 827-5573
E-mail: erik@eos.ubc.ca

' junder the Euphr‘ates

~ River to connect the
~ royal palace with the

~ temple. Construction was B
' jaccomphshed by dlver‘fmg

- the river dur'lng the dr'y

- season. A




_| 6th-century-BC Greek water tunnel on the
| isle of Samos driven some 1100 m through
| limestone with a cross section about 2 x 2 m.

| Perhaps the largest tunnel in ancient
times was a 1600 m long, 8 m wide, 10 m

In the AD 41, Romans used some 30 000 men to push
a 6 km tunnel over 10 years to drain Lacus Fucinus.
They worked from shafts 40 m apart and up to 125 m
deep. Far more attention was paid to ventilation and
safety measures when workers were freemen,

m compared to those who were slaves.
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Tunnel Construction: In the Beginning

O . . - :
? Ancient construction was carried out using a succession

ilation methods were primitive, often limited
aving a canvas at the mouth of the shaft, and
tunnels claimed the lives of hundreds or even
usands of the slaves used as workers.

To save the need for a lining, most ancient tunnels
were located in strong rock, which was excavated
by heating the rock with fire and suddenly cooling it
by dousing with water causing the rock to spall.
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Modern Beginnings: The Thames

Tunnelling in soft, water saturated
ground began with Marc Brunel when
he invented the principle of shield
tunnelling and undertook a contract to
tunnel under the Thames between
1825 and 1841. His shield consisted
of 12 independent cells-in which
workers_hand excavated the ground
behind a secure wall of 'poling
boards’. One board would be removed
to provide access for digging, after
which it would be replaced and pushed
forward by hydraulic jacks fo re-
engage the face support.

Brunel's shield was 7 m high and 12 m wide, and F
enabled 36 miners to work the tunnel face at
one time. The brickwork built right behind the
‘shield’ served as an abutment for the whole

frame. On average, progress was 3-5 m/week.

Harding (1981)
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Modern Beginnings: The Thames

Flooding was a
constant problem for
Brunel in tunnelling
under the Thames.
In one such flood 6
men drowned.
Brunel's complaint to
those offering advice
on tunnelling in such
difficult conditions,
"In every case they
make the ground to
suit the plan and not
the plan to suit the
ground”.

Completed in 1843, Brunel's tunnel is still in full use as part
of London's Underground railway system, exactly as built!
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Modern Beginnings: The Thames

James Greathead solved the problem of containing groundwater
during the construction of subaqueous tunnels in loose soil, by
combining shield tunnelling with the use of compressed air during his
construction of the London Underground.

= [ T Tl S

James Greathead's 2.5 m diameter circular
shield, propelled by screw jacks, employed
the first use of cast iron lining segments.

P T |

w,
= his led to a ¢ increase in the number of shield driven

tun -wide. beginning of the 20 century, the majority
of the tunnels were built with Greathead shields.
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-Canada, Mining
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| World's Longest Rail Tunnels

Length | Completion

Tunnel
(km) Date

| sei-kan (Japan) | 539 | 1988

| Mont d'Ambin (Fr-It)

World's Longest Rail Tunnels

Length | Completion
(km) Date

Tunnel

BY JEFF LEE '“.bs“";
{mmﬁ

VANCOUVER SN

West \'imm;lwr officials are | e
threatening to hold up construc- |
O Sea to Sl Highway |t ey
upgrade to prevent the rovince |
from pushing through 2 Eﬂll'hm: |
portion they say will destroy

i lly sensitive lands

overtooking Horseshoe Bay. |
The province’s preference for
a route around Eagle Bluffs vio- ’

L | 539 | 1988

VERSEN S :
-. “,“ ROAY, Ay, RO - "”"'” V

_HE VANGoy

Jates the 2010 Winter Olymples
principle of eny {ronmiental sus-
tainabil i
ligght of 2 two-lane tunnel option
the municipality favours that can
be built for roughly the same
amount, municipal manager
Dave Stuart said Friday,
o “Tlse botiom line is that we will
"""""" do any things necessary (o

and i unnecessary in ’) r{}‘_ )
2 A4 11}{:6 Cani PR
tunne] L atford

)| 55 | 2025 |

Bo |

stop Ll x5, Including oing |
,,,,,,,,,,,,,,, [ =For us, s "Our .
thy simply for the purposes

Si6-million. onekilometre WL
SeTrer the DRl above Horse-
Shioe Bay as part of the provinee's
overall 5600 million Sea to Sky
Highway upgrade for the 2000
Winter Olympics.

But the provinece is leaning

ws his mind is made up and that
the tunnel option is out.”

He said the municipality s
considering a legal challenge of
the fiederal envi | assiss-

ment certification the project

requires before construction can

begkn later this year of next.
“The comments ensaged Falcon,

,,,,,,,,,,,,,,, e way Thar skires the biuffs who accused the municipality of 2 rai 2 o
i i i { i | i éwn::ﬁcllm‘or Levels Highway,  misleading the pisblic. I rall Tunnels ,>, 2 km ,,,,,
— I
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Top Canadian Infrastructure Projects

Eglinton-Scarborough Crosstown Light Rail Transit

largest in Canadian

* 10 km of tunnel
Eglinton Avenue

* Tunnelling is bei
out by two TB
& Lea.
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Top Canadian Infrastructure Projects

La Romaine Hydroelectric Complex

+ $6.5 billion, 1550 MW
hydroelectric complex , to be
completed in 2020.

* Four rockfill dams , with multiple
bypass and pressure tunnels.
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130 Level

== 130 Level

Martin(1997)
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A Canadian Export - High Stress Expertise
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NI 21 acre Martin et al. (1999)
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Using Martin et al.
(1999)'s empirical
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. Appr-oxnmately 1km
long, 3.5 m diameter, |
40 m under the Fraser |
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o AltaGas has complefed Thell‘ 195 MW
- Forrest Kerr- Hydro Pro ject in norﬂ'\er'n
.- B.C. The project included over 5000 m of
access, tailrace and 1:>o|Atsat‘eit.lm:u—:lshm~~

e AltaGas is also constructing the 66 MW
- McLymont Creek Hydro Project |
‘. ,downstream of Forrest Kerr. This p‘r‘ojec‘l' ,
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B.C. Tunnelling Projects - Mining & Energy

B2EE00) N

pugane

3

B268001

McTagg
Diversion

Tunnel
Stage 3

_Seabridge Gold's KSM

ERCTT =
ez
3 puckEr

{ Ore Transport Tunnels \

+ Parallol pair af tunnals.

+ Required to access the plant
and tailing management
facility from mine sites.

* Each wnnal consists of two
sactions, 16 km and 7 km,
with a short section of road in
between.

= Parallel tunnels with cross
connections provide an
escape route in case of
emergency,and enable
ventilation during
construction.

* Tunnals include two slurry
pipelines, return water
pipeline, diesal pipeline and
transmission line.

» Return water pipeling fitted
with a turbine to generate

electricity.

rthElﬂﬂﬂ Tunnels )
= Two tunnets (Mitchell and McTagg) divert

3 nmer 3

* Keep Iresh waler away from surface

b B2B2000 N

+ Water discharging through tunnals

streams away from the Mitchell pit and
rock storage facilities.

disturbances, maintaining water guality.

directed through turbines to generate

= Will remain in operation after mining

icity that power from
the provinclal grid.

ceases and will supply power to water
treatmant facilities.

A

[}
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Tunnelling Association of Canada - B.C. Chapter

The Tunnelling Association of Canada and its B.C.
Chapter are highly active, organizing monthly talks at
the Steamworks Pub in downtown Vancouver. These
have been highly successful in allowing graduate
students and junior engineers to network with locally-
based tunnelling professionals.

Student Membership $15 Il

http://www.tunnelcanada.ca/
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Future Perspectives

* The level of tunnelling expertise within Canada is
extensive, honed through the large number of tunnels
that have been completed in a variety of challenging
geological settings, in major cities and remote locations.

* ~Our collective experiences with EPB in glacial deposits
and hard rock tunnelling in high stresses are only two
examples where Canada has positioned itself as an
international leader.

» The tunnelling industry is active in B.C., with a number
of transportation, water and sewer, hydroelectric, mining
and pipeline projects planned, ongoing and completed in
Greater Vancouver and other regions of the province.
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