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of an interacting syste
with several parts

— Segments/Concrete
- EPDM gasket

— Inserts and plugs

— Backfilling
(Rock/soil mass)
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Quality and thoroughness in all activities — from
manufacturing to installed ring

— All parts of the system interact and are dependent on each other

— Design, production and installation are also dependent on and
influence each other

- Weakest link system
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Segment design
Segment manufacturing
Logistics
Ring building
Repair
Backfilling
Inserts and plugs



Segment design
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Design aspects — aiming at a tight lining

— Geological and hydrogeological conditions
— Not only load bearing capacity
— Water seepage along the tunnel

— Geometry and ring layout

— Reinforcement
— Limit risk of cracking throughout the life of the segment (not least transport and installation)

- Inserts
- Tightness, life length

— Buildability
— The segment design/layout must facilitate accurate and effective production
- Including backfilling

— Gaskets
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SKANSKA

Double gaskets
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Example of double gasket system, but
criteria was risk of gas as opposed to
watertighness.




Segment manufacturing




s 20 fon







= @ |_|'|,,|| I
f 114 b '||.I |II
10

. .'Izi MJ i I N
| B i g







Logistics
















Ring building
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Good ring building is fundamental

— Starts already during design
— Guiding devices (e.g. dowels)
— Markings

— Competence and precision
— Measurements

- TBM steering
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Step Yawning

“

Segment ring No. XXX Segment ring No. XXY

> TBM direction

Lip

Birdsmouth

Gap
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CHART — HANDLING THE 3EGMENT DAMAGE INSIDE THE TunnEL:
INSIDE TUNNEL
DEFINE DAMAGE ACCORDING TO REPAIR STRATEGY INSIDE THE TUNNEL #37945
TAKE PICTURE§ ACC. TO THE INSTRUCTIONS GIVEN IN THE REPAIR PROCEDURE
- T
No REPAIR RePAR NCR RepAIR REJiCTED
MECERINRY — T "‘°‘”/"°"°°‘ MAGEn Wooden wedge
il OnTHE TBM OR IN THE O THE INFORM THE Plywood
TUNNEL TBMor N BLOCK
No ACTION * THE TUNNEL MANAGER! Extrados edge damage
7 v _ b T REMOVE THE
OPEN A DAMAGE OPEN A DAMAGE REPORT® OPEN A DAMAGE OPEN A SEGMENT FROM
REPORT* REPORT* DAMAGE THE TUNNEL
l REPORT* AND PLACE IT IN
v THE REJECTED
REPAIR SEGMENT IF IT 1S MORE CONVENIENT OpeN NCR SeGMENT Remove AREA. WRITE
ACCORDING TO THE SEGMENT CAN BE RePAR, INFORM SEGMENT 'REJECTED'
CORRECT METHOD REPAIRED ON THE TBM. BLock MANAGER FROM THE WITH RED
GIVEN IN WI-370 OTHERWISE REMOVE ABOUT REPAIR TUNNEL SPRAY ON THE
‘ SEGMENT FORM THE TUNNEL METHOD SEGMENT
CLOSE DAMAGE IF Buock MANAGER IS OPEN DAMAGE
REPORT IN DOUBT, TECHNICAL REPORT AND
DEPARTMENT SHALL SENDIT
BE CONTACTED FOR ORIGINAL TO
Apvice TBM Prouect
ENGINEER
RepaRON  RemovenTo  ConTacT JB) FOR
TEM THE YARD ACCEPTANCE OF
l RePAR Jﬂzmm. |
See W1 369 F JRY CAN'T BE PossiBLe To  Not PossBLE
REACHED, SEND SMS REMOVE TO REMOVE
TO JRY ADVISOR AND FROM THE FROM THE
REPAIR ACCORDING TO TUNNEL TUNNEL* —
WI-370
: |
*THE ORIGINAL DAVAGE REPORT IS KEPT ON TEIM AS LONG CLOSE DAMAGE I
AS THE REPORT IS OPEN, THEN IT IS HANDOVER TO RePORT ANDNCR ~ See WI-369 g o e
TBM PROJECT ENGINEER, NERVELESS IF THERE
ARE SOME REPORTS WHICH WILL STAY OPEN FOR
LONGER TIME, COPY SHOULD EE FORWARDED TO SEND SIGNED
Do e cocumews o i
3 BLock MANAGER r
* 'NOT POSSIELE TO REWOVE TO RENOVE ERQ THE TUNNEL (S VWHO WILL HAND OVER
CONSIDERED AS VALID WHEN THE DALAGE OCCURRED / 70 TBM ProsecT
WAS NOTICED AFTER 20011t OF EXCAVATION HAS BEEN EnG.
DONE T gt " age # 1 pag—
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Why is the backfill important?

— Stable rings is a necessity

— Without a high quality backfill the rings will move and risk of
leakage increases significantly

— The backfilling in itself is an extra barrier

— Different conditions require different backfilling solutions
— Tightness
— Surface settlements
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Component A
(Grout)

longitudinal axis of tunnel

Component B
(Accelerator)
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Valves Tail Seal
Brushes
High Pressure
Water Flush
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High Speed 1 — Tunnelling under Central Line

ground surface

.

LGf;x;nd Level

Tail loss

ééi‘!& G}nuting‘
Face '
loss | =
Tunnelling shield or Completed lined tunnel —
TBM D
Yoo .

Ground loss before the tunnel face 0.1%
Ground loss around the shield 0.1%
Ground loss at the tail skin 0.2%
Ground loss due to structural deformation of the linings 0%
Ground loss due to long term consolidation 0%
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Under the Gentral Line

The CTRL tunnels pass only 4m beneath
London Underground Ltd’s (LUL) Central

Line. The tunnels were built in the 1930s to a

wrlh machmed ]olnt faces and no packing in
any joints. The tunnels were likely to be very
stiff and rigid in both cross and long section.
The effect of any settlement due to tunnelling
was therefore likely to be very serious once
the very limited flexural capacity was
exceeded. CSB predicted ground loss would
be less than 0.5% based on EPB experience
and by taking into account the settlement
minimisation measures designed into the
machines. This was accepted by LUL and
the designers and analysts employed by
CSB, RLE, LUL and their infraco iBCV. It was
also recognised that with only 30m of the
drive before crossing under the Central Line
it was necessary to mitigate the tunnels for a
possible upper bound settlement far greater
than 0.5%. The analysts were pushed into
calculations that were far more rigorous than
anything they had ever done but eventually
they were able to demonstrate that by
removing the circle bolts and thereby
introducing longitudinal discontinuities at

roughly 4m centres the tunnel would
no longer be in danger of breaking
its back. Removmg the ?0 year old

were encased in the concrete of the
trackbed.

CMCS supplied the instru-
mentation to monitor the tunnels
longitudinally with electrolevels,
across the circle joints with
displacement transducers and
demec studs and in cross section
using electrolevels and convergence
arrays. The crown and the rails were
monitored using precise levelling.

A full emergency plan and
cascade of reactions to monitoring
was established and a hot line set up
between the monitoring review team
and the line controller. The tunnels
passed beneath the Central Line
with approximately 10mm as the
maximum settlement equating to
approximately 0.3% ground loss.

The displacement transducers and
demec measurements registered no
movement.

Woolth & Reading

8.0m  Upnor formation

Thanet Sands

CTRL down
Second tunnel
driven

CTRL up
First tunnel
driven
Top: Longitudinal section showing the proximity of the
C240 drives under London Underground’s Central Line

Above: Graph showing the settlement figures achieved
during the underpass of the 70 year old Central Line
Tunnels
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Component A
(Grout)

longitudinal axis of tunnel

Component B
(Accelerator)
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Wash-out

— Only minor water flow will
cause wash-out of a
conventional two-component
mortar backfill
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Uplift

— Monitoring revealed that the
lining was uplifted (all the
way up to the roof)

— Practically no backfill left in
some sections

— The lining was damaged
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The solution

— Pea gravel (ensgradert grus)
In combination with mortar

— In difficult situations it is
necessary to regularly build
tight barriers
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Barriers at Hallandsas

Mortar & grouted pea gravel in closed mode (can also be

in open mode)

done

De-pressurization + flushing circuits + opening muck ring + removing valves + cleaning

Checking effectiveness of the barrier + Resuming excavation
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Verification of backfill quality

— Normally done by quite extensive proof drilling

- BUES.. .. is it clever to drill holes through a tight barrier?
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Non Destructive Testing

Questionable backfill?
Panasonic Toughbook
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Inserts and plugs
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s it tight?



HALLANDSAS

— Total leakage along 5.5 km segmentally lined
tunnel is 0.3 I/s

—This equals 0.33 lit/min, 100 m tunnel

— Dripping not allowed within the ” train profile”



~13 kg/m tunnel

l




HIGH SPEED 1

— The tunnel is still partly actively dewatered
— Exact figures on leakage in pressurized parts is not available
— Hydrotite seals or post-grouting was used to fix leakages before handover

— There are no reports on problems with leakage in HS1 tunnels

— Leakage in segmental running tunnels is not generally an issue in the UK

— Leakages in junctions and transfer zones between segmentally lined
tunnels and SCL tunnels is a known problem
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of an interacting syste
with several parts

— Segments/Concrete
- EPDM gasket

— Inserts and plugs

— Backfilling
(Rock/soil mass)



