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O u t l i n e

• Use of Underground Space

• Methods used in Tunnelling/Creation of Underground Space

➢ Tunnel Boring Machine

➢ Sequential Excavation Method/New Austrian Tunnelling Method

➢ Cut and Cover Construction

• Notable Recent Tunnel Projects in Ontario

• Geotechnical Risks in Tunnelling

➢ Above Ground vs. Underground Construction

➢ Ground Variability

➢ Range of Risks for Parties to the Project and 3rd Parties

• Case Histories of Tunnelling/Excavation Related Damage

• Sources of Ground Loss/Settlement from Tunnelling

• Risk Management in Tunnelling Projects 

➢ Identification     

➢ Minimization      

➢ Allocation      

➢ Active Management
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U s e  o f  U n d e r g r o u n d  S p a c e

https://www.thetransportpolitic.com/2025/01/12/transit-project-openings-in-2025-a-global-review/
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• Isolation - physical, thermal, acoustic

• Environmental preservation

• Lower life cycle cost

• Sustainability and resilience 

U s e  o f  U n d e r g r o u n d  S p a c e

https://saigoneer.com/saigon-news



5

M e t h o d s  a n d  Te c h n o l o g y

Marc Brunel’s Shield – Tunnel under Thames

https://en.wikipedia.org/wiki/Thames_Tunnel

(Scaled model)
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T B M
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S e q u e n t i a l  E x c a v a t i o n  M e t h o d  ( S E M / N AT M / S C L )
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M e t h o d s  a n d  Te c h n o l o g y  –  C u t  a n d  C o v e r
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• Scarborough Subway Extension

• Metrolinx and Infrastructure Ontario

• 7.8 km long, 10.7 m ID

• 3 stations 

• Using TBM

Notable Projects in Ontario
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[Footer text]10

“Diggy Scardust”



11

• Eglinton Crosstown LRT, $5.3B 

• Metrolinx and Infrastructure Ontario, AFP (P3) model

• 19 km long, 10 km underground Parallel twin tunnels, 
5.75 m ID

• 25 stations and stops

• Using TBMs

Notable Projects in Ontario
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• Ottawa LRT, $2.1B 

• City of Ottawa, P3 model

• 12.5 km long, 2.5 km underground portion in 
downtown with 3 stations 

• Sequential excavation method

Notable Projects in Ontario
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Notable Projects in Ontario

• Ashbridges Bay Treatment Plant Outfall, 
$300M

• City of Toronto, DBB model 

• 3.5 km long, 7 m ID tunnel through bedrock 
under Lake Ontario

• 85 m deep, 14 m diameter on-shore shaft 

• Fifty risers extending up from tunnel to 
lakebed

• Using TBM
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R i s k s  i n  T u n n e l l i n g
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A b o v e  G r o u n d  v s  U n d e r g r o u n d

Building, bridges, roadways Tunnels, deep caverns

Ground utilization Foundation medium Incorporating medium

Project/ground 
interaction

May be 10% 100%

3rd party exposure Low to moderate high
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G r o u n d  Va r i a b i l i t y  
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S u b s u r f a c e  R i s k s  t o  
P r o j e c t  P r o g r e s s

Flooding 

Natural gases

Contaminated groundwater 

Machine breakdown, wear and tear

Obstructions 

Physical collapse or deformation 
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U r b a n  T u n n e l l i n g  C h a l l e n g e s  

Existing/abandoned foundations and buried structures 

Network of utilities 

Presence of sensitive building and structures

Shallow ground cover, variable ground, random fill

Dammyr 2017. Pressurized TBM-shield tunneling under the subsidence sensitive grounds 

of Oslo: Possibilities and limitations
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3 r d  P a r t y  D a m a g e

Change to groundwater regime, 
dewatering settlement

Surface settlement, sinkholes 
from excessive ground loss



C a s e  H i s t o r i e s
Major Tunnel/Excavation Fai lures 
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21

Cologne, Germany 2009
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Shaft

São Paulo Metro Station, Brazil, 2007
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Singapore 2004
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G r o u n d  l o s s
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S o u r c e s  o f  G r o u n d  l o s s  ( T B M )

a. Through the face (or tail seal)

Can be catastrophic!

b. Closure of overcut gap over shield (25-
30 mm)

c. Closure of tail gap (150 mm to 200 
mm)

d. Permanent lining deflection 

e. Time dependent consolidation of soft 
clays

Settlements induced by tunneling in Soft Ground, ITA/AITES Report 2006 
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• Source of ground loss/settlement:

• Face stability 

• X-sectional staging/sequencing of excavation 

• Temporary support system 

• Permanent Lining deflection 

Klien at al. 2007 Evaluation of Large Tunnels in Poor Ground - Alternative Tunnel Concepts 
for the Transbay Downtown Rail Extension Project

S o u r c e  o f  G r o u n d  l o s s  ( S E M )
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[Footer text]31
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For this slide design, you can choose your own image by right-clicking 
somewhere on the slide, not in a content placeholder.
‘Format Background’
Under the ‘Fill’ menu, ‘Picture’ is already selected
Go to the ‘File’ button and select another image

For this slide design, you can choose your own image by right-clicking 
somewhere on the slide, not in a content placeholder.
‘Format Background’
Under the ‘Fill’ menu, ‘Picture’ is already selected
Go to the ‘File’ button and select another image

Too risky to insure?
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2002 in England - No insurance until something could be done to improve the situation 

Led to a tunnelling code of practice by ITIG and BTS, UCA of SME
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R i s k  M a n a g e m e n t

Risk Management Options - Illustration from Barron & Barron Project Management for Scientists and Engineers
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G e o t e c h n i c a l  R i s k  M a n a g e m e n t  i n  T u n n e l l i n g

And Insurance!

Mitigation and 
Transfer

Identification  

Thorough Subsurface Investigation

Minimization 

 Evaluation/Interpretation of geology, ground 
Behaviour, tunnel depth and design, 

assessment of 3rd party damage

Allocation /Sharing 

 GBR

Active Management 

 Tunnelling method, ground 
Improvement, Instrumentation and 

Monitoring 
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S u b s u r f a c e  
I n v e s t i g a t i o n  

Hoek and Palmeiri, 1998. Geotechnical risks on large civil engineering projects

Identification Minimization Allocation Active Management
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S u b s u r f a c e  I n v e s t i g a t i o n  

Walters et al. 2011 Managing subsurface risk for Toronto-York Spadina Subway extension project 

Identification Minimization Allocation Active Management
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S t r a t i g r a p h i c  P r o f i l e

Identification Minimization Allocation Active Management
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G r o u n d  B e h a v i o u r  I n t e r p r e t a t i o n

Identification Minimization Allocation Active Management
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3 r d  P a r t y  D a m a g e  
A s s e s s m e n t

Decisions on

• Protect existing buildings or infrastructure

• Or relocate utility

• Or purchase property

Contract Documents

• Minimum design requirement on contractor’s 
temporary works 

• Performance criteria 
• Maximum ground or structure movement

Identification Minimization Allocation Active Management

Boscardin, M.D. and Cording E.J. 1989. Building Response to Excavation Induced settlement 
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G e o t e c h n i c a l  B a s e l i n e  R e p o r t s

• Single contractual interpretation and basis of 
• Bidding (level playing field)

• Risk sharing  

• Dispute resolution

• What it includes 
• Interpretation of anticipated subsurface conditions

• Summary of engineering properties

• Discussion of similar nearby projects

• Feasible construction methods 

• Includes ‘baseline statements’ 

Identification Minimization Allocation Active Management
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G e o t e c h n i c a l  B a s e l i n e  R e p o r t s

“What’s the Deal with GBRs” Tunnel Business Magazine article June 6, 2019

Identification Minimization Allocation Active Management
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C o n s t r u c t i o n  R e c o r d s

• Daily reports of construction progress 

• TBM operating parameters and ground behaviour 

• To be kept by both the Contractor and the 
Owner’s rep

Identification Minimization Allocation Active Management

Cording E.J. 2018 Monitoring and Controlling Ground Behavior at the Source Recent Applications to Pressurized Tunneling
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Source of ground loss/settlement:

• Through the face

• Closure of overcut gap over shield

• Closure of gap at the tail 

• Time dependent consolidation

Method of Control (“Pressurized Envelope”)

• Face pressure 

➢ Proper conditioning of the muck 

• Overcut gap filled and pressurized with 
bentonite  

• Tail void grouting 

➢ Secondary grouting through the 
permanent liner segments

• Weight of ‘muck’

G r o u n d  C o n t r o l  -  T B M  

44 Identification Minimization Allocation Active Management

57.5’
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• Excavation and support sequencing

• Pre-support and Potential ground improvement, 
compensation grouting

• Instrumentation and monitoring 

G r o u n d  C o n t r o l -  S E M  

45

1.85 m diameter 
TBM

9.3 m X 6 m

Identification Minimization Allocation Active Management



4646 Identification Minimization Allocation Active Management
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I n s t r u m e n t a t i o n  a n d  M o n i t o r i n g   

• Surface points

• In ground sensors (monitoring at the source)

• Piezometers

• Inclinometers

• Extensometers

• On tunnel liners – strain gauge and pressure 
cells 

• Building monitoring - total station, tilt 
meters (monitoring at the surface)

• Also pre- and post condition surveys 

Identification Minimization Allocation Active Management
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S u m m a r y

• Underground construction on the rise

• Complex projects with many levels of risk - Geotechnical risks are critical 

➢ 3rd party impact/damage is often a geotechnical matter! 

• Identify whenever face conditions, or ground cover conditions change/may change
➢ Adjust tunnel alignment if feasible

➢ Ground improvement (dewatering, grouting, freezing etc.) 

➢ Stringent means and methods (e.g, face pressure control, tail void grouting)

• Sometimes the geological features are unknown (owners do not want to spend money up front!)

➢ Geophysics in combination with intrusive investigation has a role 

• Sometimes the risks are known but not enough done to mitigate risks

• Extensive instrumentation and monitoring to protect surface infrastructure 
➢ Design verification, contract criteria compliance

➢ Continuous data acquisition, immediate review and feedback

➢ Adjust construction means and methods
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