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Use of Underground Space

Rapid Transit Line Openings in 2024
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Use of Underground Space

* Isolation - physical, thermal, acoustic
* Environmental preservation
* Lower life cycle cost

e Sustainability and resilience

https://saigoneer.com/saigon-news
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Methods and Technology

Marc Brunel’s Shield — Tunnel under Thames

. Ealed model)

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

W) JSHELD



TBM

JSHELD
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Sequential Excavation Method (SEM/NATM/SCL)

Caldecott Highway
Tunnel San Francisco
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Methods and Technology — Cut and Cover
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Notable Projects in Ontario

e  Scarborough Subway Extension

. Metrolinx and Infrastructure Ontario
. 7.8 kmlong, 10.7 m ID

. 3 stations

. Using TBM

Scarborough Subway Extension

Line 4
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Bloor-Danforth Built-Up Area in Greenbelt
Urban Growth Centre

Scarborough
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Notable Projects in Ontario

. Eglinton Crosstown LRT, $5.3B
. Metrolinx and Infrastructure Ontario, AFP (P3) model

. 19 km long, 10 km underground Parallel twin tunnels,
5.75m 1D

. 25 stations and stops
. Using TBMs

11




Notable Projects in Ontario

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

LW" B 7% . S L B L AR,

‘. & Complete

Alignment
Tunnel

PR S
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Notable Projects in Ontario

Ashbridges Bay Treatment Plant Outfall,
S300M

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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Risks in Tunnelling
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Above Ground vs Underground

Ground utilization Foundation medium Incorporating medium
Project/ground May be 10% 100%

interaction

3" party exposure Low to moderate high

i W) IS HELD



Ground Variability
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Subsurface Risks to
Project Progress

Bulkhead
. Installed
/ Shield / Thrust Cylinder  # segment

L)
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Urban Tunnelling Challenges

Settlement prone building (shear loading)

Shallow ground cover, variable ground, random fill nnununEEn

NNNNNNNnN Wiasauaaas
LLLLLLEE PO -
nNNuNNNNN £ 2 =

Existing/abandoned foundations and buried structures il gy nun =t =

]

Network of utilities

Presence of sensitive building and structures

Shale Limestone Shale

P28 V. Vi VI \ 0 VI V

Fig. 7. Illustration of key features and challenges of future tunnel projects in Oslo. The TBM is shown in open-mode, and drainage leads to soil compaction and surface settlements (for

local infrastructure and buildings with soil foundations). Closed-mode TBM operation equalize the pressure gradient between the tunnel and the ground, and theoretically no flow of
groundwater is then to be expected.
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3rd Party Damage

tunneliing-iInduced
volume loss

tunnelling-induced
settlement-profile

Surface settlement, sinkholes \
o nnel
from excessive ground loss s

Change to groundwater regime,

dewatering settlement

19
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Major Tunnel/Excavation Failures
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Cologne, Germany 2009
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COLOGNE COLLAPSE: GROUNDWATER DRAWDOWN

Running tunnels L——

Temporary deck
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Ground loss
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Sources of Ground loss (TBM)

TR
Through the face (or tail seal)

o R T
Closure of overcut gap over shield (25- | = ThRg—m————— g
30 mm) ' -t

Closure of tail gap (150 mm to 200
mm)

Permanent lining deflection

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 (SEM)

*  Source of ground loss/settlement:
 Face stability
* X-sectional staging/sequencing of excav
« Temporary support system

* Permanent Lining deflection

31
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Klien at al. 2007 Evaluation of Large Tunnels in Poor Ground - Alternative Tunnel Concepts
for the Transbay Downtown Rail Extension Project
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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

5 | aTs)

Tioie Beltisly Taswimlliing Soeciety

THE JOINT CODE OF PRACTICE FOR
RISK MANAGEMENT
OF
TUNNEL WORKS
IN THE UK

rigearedd adaily by
Thie Asscstlation of Beirlsh fAeupes
The Britsh Tunnelling Soclety

fir maliin L L L ikl

G

30 Janury POOS

A CODE OF PRACTICE FOR
RISK MANAGEMENT OF

TUNNEL WORKS

Prepeaead by
Tha [nternational Tensalling Insursnce Groap

33

GUIDELINES FOR IMPROVED RISK MANAGEMENT

Joe O’Carroll, PE., U
and Bob Goodfellow, P.E. 0
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Risk Management

’________

N

\

\ | I | | I I I —_—
Risk Management Options - Illustration from Barron & Barron Project Management for Scientists and Engineers
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Geotechnical Risk Management in Tunnelling

Mitigation and
Transfer

Identification

Thorough Subsurface Investigation

Minimization Allocation /Sharing Active Management

Evaluation/Interpretation of geology, ground Tunnelling method, ground
Behaviour, tunnel depth and design, Improvement, Instrumentation and

assessment of 3™ party damage Monitoring

And Insurance!

35 W) IS HELD



Subsurface
Investigation
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Variation in contract costs as a function of the length of exploration boreholes drilled.

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

[ Identification J [ J [ J [ J W) IS HELD




Subsurface Investigation

[ Identification ]

Changes Reguested / Engineer’'s Estimate

10 %
Contigency

60
95 -
o0 -

45 -

Iny Jgg'.igaj_l'i__ﬂ-li’f:ﬁr:.

* o / Combined Cost of
AN . Risk and Investigation

0
0

10 20 30
Borehole Length / Tunnel Length

40

Walters et al. 2011 Managing subsurface risk for Toronto-York Spadina Subway extension project
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Stratigraphic Profile
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Ground Behaviour Interpretation

Classification |

Behavior

Typical Soil Types

Firm

Heading ¢an be advanced witheut
nitial support, and final lining can
b constructed before grownd
slars oo move.

Loess above water table; hard
clay, marl, cemented sand and
gravel when mot highly
overstressed.

Raveling

Slow raveling

Fast raveling

Chunks or Makes of material begin
o drop out of the arch or walls
sometime after the ground has
been exposed, due o loosening or
to over-siress and “hrittle” fracture
(ground separates or breaks along
distinet surlaces, opposed 1o
squeezing ground). In fast raveling
ground, the process starts within a
few minutes, otherwise the ground
15 slow raveling.

Residual soils or sand with small
amounts of binder may be fast
raveling below the water tale, slow
raveling above, Suff fissured clays
may be slow or fast raveling
depending upon degree ot
OVETAIrEss,

Squeczing

Ground squeczes or exinides
plastically into tunnel, without
visible fracturing or loss of
continuity, and without pereeptible
increase in water content, Ductile,
plastic vield and Mow due to
OVETETress,

Giround with low frictional
strength. Rate of squecze depends
on degree of everstress, Occurs at
shallow to medmm depth in clay
of very soft to medium
consistency. ST o hard clay
under high cover may move in
combination of raveling at
excavation surface and sgueezing
at depth behind surface.

Running

Cohesive -
running

Running

Giranular materials without
cohesion are unstable at a slope
greater than their angle of repose
{approx 307 -35% ). When exposed
at steeper slopes they run like
granulated sugar or dune sand
ufitil the slope Mattens to the angle
of repose.

Clean, dry granular materials.
Apparent cohesion in moist sand,
or weak cementation in any
granular sonl, may allow the
material to stand tor a brief period
of raveling before it breaks down
and runs. Such behavior is
cohesive-running.

Flowing

A mixture of soil and water Mows
into the wnnel like a viscous uid.
The material can enter the tunnel
from the invert as well as from the
face, crown, and walls, and can
flow for great distances,
completely filling the mnnel in
SOMIE CR3CS,

Below the water table in silt, sand,
or gravel without enough clay
content to give significant
cohesion and plasticity, May also
QCCUT N highly sensitive clay
when such material is disturbed,

Swelling

Ground absorbs water, increases
in voluime, and expands slowly
into the twnnel.

Highly preconsolidated clay with
plasticity index in excess of about
30, generally containing
significant percentages of
montmorillonite,

* Macdified by Hewer (1974) from Terzaghe f 1950F

Minimization

Loose Saond

“TGtiff Clay ———

Loose Sand

)

Stiff Clay
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3rd Party Damage
Assessment

.

— Zone of Influence -_

.1.25'. 2 .1g2-
A 1L

~

Final Excavation Level
Excavation

— Zone of Influence -—

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

i Maximum ground or structure movement

e
A P )

W2TY

Bored Tunnel

e IS T e n NS AN A N e o K T A———
A > N % NI

o

2
1

— Tunnel Springline

N\

Horizontal Strain, eh[x10'3]

T s T T - T
3k / SEVERE TO VERY SEVERE .
@ DAMAGE
£
I -
2bla _Shallow Mines, 1
é’ Braced Cuts

MODERATE

& Tunnels _/——\Y\>/ -
TO

SUGHT SEVERE DAMAGE 7
DAMAGE = _
Vo~ Seli-Weight _
0 NESER. \— Bullding SEttleme 1
0 1 2 3 4 5 6 7

Angular Distortion, g [x107%]

Boscardin, M.D. and Cording E.J. 1989. Building Response to Excavation Induced settlement

| | Minimization | |
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Geotechnical Baseline Reports _

Geotechnical
Baseline Reports

e Single contractual interpretation and basis of for Construction

*  Bidding (level playing field) SUGGESTED OUIDELINES

* Risk Sharing Ihe “eonaie s Commatree an Cronvowic s Reoers el
Pw Loweng o Toewobngy Bmeach Cowwd

* Dispute resolution

e What itincludes

. Interpretation of anticipated subsurface conditions
. Summary of engineering properties

. Discussion of similar nearby projects
. Feasible construction methods
. Includes ‘baseline statements’

Randall |, Essex, PE ASCE

[ ] [ ] [A"°Cati°“] [ ]@JSHELD




P Within/Below the Baselines

Geotechnical Baseline Reports

Beyond the Baselines

POOR BASELINE STATEMENT

The contractor should assume that
cobbles exist in the alluvial material at a
frequency that may slow production of
the tunnel excavation.

IMPROVED BASELINE STATEMENT

Cobbles will be encountered at a
frequency of 5 cobbles per cubic yard of
excavated alluvial material.

k3

Contractor’s Risk Owner’s Risk

Allocation of Risk with Baselines

Identification

V

The bedrock is likely to have unconfined
compressive strengths ranging as high
as 100 to 200 pounds per square inch

(psi).

The bedrock exhibits a range of
unconfined compressive strengths
between 100 and 200 psi with an average
of 150 psi. For baseline purposes, the
unconfined compressive strength of the
rock mass will not exceed 200 psi.

The contractor should assume that

the alluvium may behave as running
to flowing ground depending on

groundwater conditions.

Alluvium will behave as running ground
when fully dewatered and flowing ground
if saturated.

The standup time of the blocky and
seamy bedrock will range considerably

depending on the decomposition of the
rock material.

Bedrock will be blocky and seamy with a
maximum standup time of 48 hours and
a minimum standup time of 6 hours.

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

ASAEVERER e () JSIHELD




Construction Records

Construction
WSDOT B ponitoring Task
CM, Engineering Force (CMTF)
\
Daily TBM

Parameter Log

* Daily reports of construction progress
QC & Verification
\
 TBM operating parameters and ground behaviour e S Seput Report for all Tunnel Work
Every 2-m Advance 2-m advances Plan
* To be kept by both the Contractor and the 3 \ \ \ %
Owner’s rep . : Contre

TBM Instrumentation:
Ground & Structure Hitachi TPC

Instrumentation: Soldata

Cording E.J. 2018 Monitoring and Controlling Ground Behavior at the Source Recent Applications to Pressurized Tunneling
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Ground Control - TBM
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Pressurized Face Tunneling

WHAT HAPPENS IN
THE OVERCUT GAP?

BRI

44 [ J [

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’

J [ Active Management ]




Ground Control- SEM

45

Excavation and support sequencing

Pre-support and Potential ground improvemen
compensation grouting

Instrumentation and monitoring

Active Management
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Instrumentation and Monitoring

Surface points L «
In ground sensors (monitoring at the source)
* Piezometers

* Inclinometers

e 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

1 Single-Channel Dataloggers 4 Load Cells 1 Tiltmeters 10 In-Place Inclinometers

2 Piezometers 8 NATM Pressure Cells 8 Crackmeters 1 Tape Extensometers

3 Extensometers 6 Strain Gages 9 Multi-Channel Dataloggers 12 Convergence Meters

] [ ] [ ] [ Active Management ] @Js HELD




Summary

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

WIS HELD
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