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Excavation Methods

Selection of a tunnelling system

(i.e. tunnelling method with/without

additional measures, e.g. ground
conditioning) involves choosing a
method that is suitable for and
compatible with the given ground
and project constraints.

Consideration is generally given to:

+ the ground conditions and its
variability:

* the geometry, diameter and
length of the tunnel;

* the tolerance of nearby
structures to ground movement;

- the consequences of ground
losses;

+ the tunnelling cost;

* the safety of tunnel workers.
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| Construction
typically involves

| excavating a

‘| trench and placing
‘| pre-cast concrete
| tunnel segments in
| the trench. The

| trench is then
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| and cover”.

-| Approximately 75% of the
-| Vancouver segment of the
| Canada Line was built by “cut
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' and cover is genemlly quucker 'rhan B
unnel boring and more predictable in
erms of scheduling.

| The design involved two vertically
| stacked tunnels along Cambie St.

in order to narrow the footprint
“of the cut & cover construction
| site-and to help minimize

disruption to traffic.




Tunnel Excavation in Soft Ground Conditions

Tunnelling in soft, water saturated
ground began with Marc Brunel in the
early- 19" century, when he invented the
principle of shield tunnelling and
undertook a contract in 1825 to tunnel
under| the Thames.

His shield consisted of 12 independent
cells on three levels 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 to
re-engage the face support.

Brunel's shield was 22' high and 38' wide,
enabled 36 miners to work the face at one
time. The brickwork built right behind the
‘shield’ served as an abutment for the who
frame. On average, progress was 8'-14'/w

Harding (1981)
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Tunnel Excavation in Soft Ground Conditions

Flooding was a constant
problem-for-Brunel, with
one such breach causing
6 men to drown. Brunel's
complaint to those
offering advice on 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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| | James Greathead's tunnel under
W | the Thames (the 1869 Towers
k¥ | Subway) was built using a 7'
| diameter circular shield propelled
| | by screw jacks, that employed

| | the first use of cast iron
| | segments for the lining.

| Greathead's circular shield

| became the model for later open- |

| face shields.




require continuous support, the shield is operated in '‘Open Mode’. The face is
mechanically supported by the cuttinghead while the flood control doors regulate
muck flow. With a closed-face, an airlock and bulkhead are used to allow the
“excavation chamber” to be pressurized with compressed air or a slurry to aid
face support.

Open-face
shieldsgy

ing - Compressed Air

. | This led to a considerable

7| increase in the number of
shield driven tunnels world-
wide. At the beginning of the
20" century, the majority of
the tunnels were built with

Greathead shields.
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‘Factors to account for when Maidl et al. (1996) P
“tunnelling with compressed air: i
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~ mainfaining air pressure at the tunnel face is |
- difficult), compressed air shields are being used
—less-and-less. Instead, slurry shields and earth--—-
_pressure balance shields are more favored.

Slurry shield operating principle:

* Tunnel face is supported by
bentonite slurry (i.e. tunnel is
free from compressed air):

* The slurry is mixed and
pumped into a closed
excavation chamber;

* The slurry enters the ground,
sealing it (filter cake) and
enabling pressure to be built up
and balanced with the earth
and water pressure.




| mixed with the slurry in the
| excavation chamber. The

| suspension mixture is then

| pumped to the surface. In a

| separation plant, the slurry is

| separated from the ground. New
bentonite is added as required,
and the fluid is pumped back to
| the tunnel face.

| Overall, slurry shields provide a safe Settioment us 1o
| tunnelling method causing low Sround waber kowering  [~Siruclurod defomation
. . . q . \ et s — v ons )
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| kinds of loose ground with/without
groundwater. Disadvantages include the ~
| separation plant (cost, space, energy
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Earth Pressure Balance Shields

With a growing percentage of fines, slurry shield tunnelling requires an increasing
degree of sophistication and cost for separation (and increasing frequency of slurry
renewal). Apart from the high costs and environmental hazards involved, the
confined space in most major cities makes the installation of a separation plant on
surface difficult. Such were the conditions encountered in the early 70's in Japan,
which led to the development of Earth-Pressure Balance shields (EPB).
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EPB Shields: provide
i continuous support to the
face by balancing earth
pressure against machine
thrust. As the
cutterhead rotates and
the shield advances, the
excavated earth is mixed
with foams in the
cutterhead chamber to
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control its viscosity. The
pressure is then adjusted
by means of the rate of

its extraction (by screw

conveyor).
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Earth Pressure Balance Shields

The key OdVOnfageS Of EPB o | rnlv Irl:mm Itmw I m.m/ Coum H“WF“ iwlun
Shields are that no separation | = " s R AT commomncnrrro 1T
plant is required and that the I 3?*-1?7‘»?3"““' a1l P2 '|H |
method is economically z “ L A Soamov 7 |
- = - = s Hiie / CONDITIONING AL L
favourable in ground with a high | = | 11 1 A7 /f,’ L] || |
percentage of silt/clay. R kN 1 1 Z 1 s
oo 5 0 Bt R Y I
. ] | |
4 68 2 4 68 2 4 68 4 68 2 4 68
0.001 0.01 o1 1 10 100

GRAIN SIZE d |man|

When using EPB tunnelling mode, no
bentonite and special treatment plants
are necessary and the outcoming soil is
nearly natural. If additives like Foam or
Polymers are used, highly biodegradable
versions exist which can be 95%
destroyed after 28 days.
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 Unit 3 - Lower Till

Unit 3 comprises two distinct soil types;

!
|
1. The prominent soil type is a well-graded mixture of silt, sand and gravel, with trace amounts of clay ?%@E‘
(generally <10%): and T

2. Granular layers comprising sand and gravel. mﬁ-
|
N " . s T FERMARY LT 3
Unit 5 — Sand/Silt Mixtures and Interlayered Sands and Silts ; ; ; ; ; ;
As for the other soils encountered along the Bored Tunnels, sand layers are to be expected in this soil unit.
Similarly, gravel, cobble and boulders are expected to be encountered in this depaosit, occurring as dropstones L -
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EPB & Ground Loss Prevention
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Canada Line - EPB Bored Tunnel

An Earth Pressure Balanced system was used for part of the Canada Line. The
TBM was launched from 2" Ave., advanced under False Creek, then along
Davie and Granville St. A TBM exit shaft was constructed on Granville south
of Dunsmuir to extract the TBM. The TBM was then brought back to 2" Ave. |
to be launched again to construct the second bored tunnel.

* Establish worksite
* Excovate entry shaft
+ Cast slab base of antry thaft

|
G =
V {
Stage 1

Stage 3

* Install pre-cast tunnel sogmants
* Romove excavated material thraugh the tunnal
and exiract ot entry shoft warksite

Stage 2

* Ground conditioning prior fo boring

* Erect crone and sef up ather equipment af warksite
® Sel up and test TBM

Stage 4

* Construct exit shaft pror to TBM arrival
* Hemove TBM from exit shait
* Rapoat stages 1 through 3 for second tunnel

- P\,r.";\u-‘ tunnel Lﬂ__m%_
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 |Category Type

Open Shield

Mechanical Supported
Closed Shueld
Mechameal Supported
Open Shield
Compressed Air Closed
Shield

Compressed A Open
Shield

Close Shury Shield —
Slurry Shield —
SS-Hvdroshield

Open Shury Shield —

Special Open - Slurry

Shields
Earth Pressure Balance
Shield - EPBS Special
EPBS

Combined Shield - Mix
Shield - Polishield

Soft Ground Machines
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Tunnel Excavqhon in Soft Ground Conditions
Support Excavation Machune
5 System Reaction Force . .
Location Coviy Toco Method Tool Category Type
Rod header/
PFM Back hoe/ Thrust Jacks Open Shield
Manual excavation
TBM Cutting bats/ Mechameal Supported
Cutting knives & teeth Closed Shield
Mechanical ° Mechamcal Supported
= PFM Road header/Back hoe Seelnest Supporte
= Open Shield
= TBM Cutting bits/Cutting. . Compressed Air Closed
Ie q knives & teeth ] Shield
- = . Road header/ =
£ Alr PEM Back lioe/ e Compxe:ﬁi l‘;m Open
i Manual excavation a .E_“
g Cutting disk/ § g Close Slurry Shield -
2 B TBM Cutting bats/ = % Slurry Shield —
= = [ — Cutting knives & teeth E = SS-Hvdroshield
urry E 3 Open Slurry Shield —
PFM Road header/Back hoe Special Open - Sluny
Shields
Earth Pres. Earth Pressure Balance
sure Balance Cutting disk/ St 5;53 Specil
Nome TBM Cutting bats/ :
None or slurry or Cutting knives & teeth Combined Shield - Mix
% | Earth Press. Balance Shield - Polishield
fluid
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Immersed funnels can be constructed in otherwise dlfftcuIT/expenswe conditions
(e.g. soft alluvial deposits characteristic of large river estuaries). They can also
be designed to deal with the forces and movements in earthquake conditions.

Submerged floating tunnels allow for

construction in extremely deep water,

where alternatives are technically

" difficult or prohibitively expensive.
""""" Likely applications include fjords, deep,

1 |narrow sea channels, and deep lakes.
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