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Outline of Lecture

Innovative fibre optic sensing for field measurements

Circular shafts

Tunnel linings
- sprayed concrete
- TBM precast linings

Early warning detection of impending geotechnical instability
- slopes
- sinkholes
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1
If you cannot
measure It,
you cannot

improve It.
))

Lord Kelvin
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CSIC Mission: CSIC Vision:

1

TranSfOrm the fUtU r? Of . Eraa::ti:iestep changes in construction
|nfraStrUCture enab“ng - Extend asset life & reduce
better decision-making management costs
through smarter
Information
, , Phase 1 -2011-2016 Phase 2 —2016-2023

www.centreforsmartinfrastructure.com @CSIC_IKC
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CSIC: £22m over 12 years from UK Government and Industry
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A CSIC practical guide published by the ICE

= Distributed Fibre Optic Strain Sensing

i for Monitoring Civil Infrastructure
' Kechavarzi, C. et al (2016)

General concepts
 Practical considerations
« Dataprocessing, analysis and interpretation

« Case studies in geotechnical applications

Distributed Fibre Optic Strain Sensing -
for Monitoring Civil Infrastructure tu nn el S

practical guide - p i I eS
skl ekt syl o - di ap h ragm w alls
- slopes and embankments
2.5 UNIVERSITY OF Cambridge Centre for e ————
4P CAMBRIDGE ﬂ Smart Infrastructure E PS RC I nn Ova te U K
& Construction ELgnse g g et scnces




Innovative Fibre Optic
Sensing
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Instrumentation
Distributed (Brillouin) fibre optic strain (DFOS) sensing
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Innovative fibre optic sensing
Distributed (Brillouin) fibre optic strain (DFOS) sensing

Launched Optlcal Fibre Transmfﬁed
Light Light
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Strained section
along the fibre
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Shafts
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Fibre optics installed in Crossrail and Thames Water shafts

Crossrail: Limmo Thames Water: Abbey Mills
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Fibre optic monitoring — Crossrail Limmo Peninsula main shaft
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Fibre optic monitoring — Crossrail Limmo Peninsula main shaft
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Installation of instrumented reinforcement cage
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Fibre optic connection to steel reinforcement
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Fibre optic monitoring — Crossrail Limmo Peninsula main shaft

— Longitudinal
— Radial

— Temperature
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Instrumented reinforcement cage — hoop strains

Samam @S a8 see

Cambridge Centre for
Smart Infrastructure
& Construction




Smart Infrastructure
& Construction

|
Q
£
C
o)
O
o
(o)
O
P
i)
S
3
O

“\fﬂw. "

UNIVERSITY OF
CAMBRIDGE

()
=
(7))
c
@)
-
@)
=
i
>
@3
O
©
48]
)
©
A




Mechanical and thermal induced strain (Panel 4)
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Measured hoop strain in a 1.2m thick and 53m deep diaphragm wall panel
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Shafts - Lessons learned

* Fibre optics successfully measured strains in shafts

« Compressive hoop strains much more significant than longitudinal
bending strains, which are very small

 Reinforcement for longitudinal bending could be substantially reduced

« Temperature strains more significant than bending strains
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Tunnels
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CROSSRAIL (now ELIZABETH LINE)

21 km of new sub-surface twin-bore railway

through London
Stratford To Shenfield
Farringdon )’/v

Tottenham l Whitechapel
Ct Rd

To Maidenhead

and Heathrow \

Paddington

Custom
House

Liverpool

St
St Canar 2\
Wha 0 Abbey
Woolwich Wood

—U)— CROSSRAIL STATION & ROUTE IN TUNNEL
—Q— CROSSRAIL STATION & ROUTE ON SURFACE
%-# TUNNEL PORTAL

05/09

8 new sub-surface stations
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Innovative fibre optic sensing

Crossrail Liverpool Street Station

De Battista et al (2015)
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JTEACSD 3.00 ..

- 3D Finite Element
analysis of tunnel
junctions

- sprayed concrete properties
time-dependent, complex
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Innovative fibre optic sensing

Sprayed concrete lining (SCL) tunnel construction
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Innovative fibre optic sensing
Cross-passage excavation
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Monitoring results
Localised strain effects demonstrated by fibre optics
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National Grid London Cable Replacement Tunnels

« 32km of new TBM driven | [Hocane 0t s ios
segmental concrete tunnel &
lining from Willesden to
Hackney, and Kensal Green , o
to Wimbledon 74k, 4 camater 400K/

 Tunnelling from 2011-2014.
« All concrete linings

Now Cross
substaton

« 12km of 4m trapezoidal lining } :
« 16km of 3.2m expanded iosonta ersarGron]
| I n I n g 400KV cable tunnel (2016
« 4km of 3m bolted tunnel st
lining
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Fibre optic instrumented tunnel segments

Innovative fibre optic installation in concrete tunnel segments for National Grid London
Power tunnels in collaboration with Costain

CSIC:
Hyungjoon Seo
Matthew Wilcock
%y Kenichi Soga

Mohammed Elshafie
re Ophcal sockets locked info the segment
mside the embedded boxes to
enable mechameal connechion
between the segments
L |
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Installing fibre optics in precast concrete lining segments
(steel fibre reinforced)
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National Grid Power Tunnels: fibre optic instrumented tunnel
lining segments erected at back of tunnel boring machine
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National Grid Power Tunnels
Two adjacent rings of fibre optic instrumented tunnel lining
segments
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Short-term monitoring of longitudinal thrusts

Shove 1

Instrumented Ring

£2£3242
= $1£23412
s

Kl

1442242
:

3

Shove 2

-
g
g
Instrumented Ring

Shove 3

Shove 4

$312113
=

:

Il

S S L. EPSRC Innovate UK

H Engineering and Physical Sciences
& ConStrUCtlon Research Council

UNIVERSITY OF
¥ CAMBRIDGE




Circumferential load / Overburden (%)

Time-dependent build-up of ground loading
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Axial forces and bending moments in steel-fibre reinforced concrete linings
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Normalised axial loads in London Clay tunnels
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Strain measurement for early
warning detection of impending
geotechnical instability

- slopes
- sinkholes
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Rockfall Detection on Hooley Railway Cutting
30m deep cutting in Chalk, 25km south of London
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Fibre optic sensing trial in 100m of cutting
CSIC, Network Rail, Bam Nuttall, Bam Ritchies




Fibre optic sensing technologies used

Distributed fibre optic sensing (DFOS) Fibre Bragg grating (FBG)
Strained section along the fibre nscple”

Incident spectrum P
FBG
S | =
P — 1
Typical 8 mm Transmitted spectrum
1

Reflected spectrum




System installation

Fibre optic cables attached to rockfall mesh and fixed to ground anchors drilled into

cutting face at 20m centres
‘ w‘u’"‘
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System installation
Cables installed at four different heights along the cutting. Both DFOS and
FBG cables attached to each clamp - allowing both systems to be attached at

the same time

20m
—_/ To bridge & monitoring cabin Track level
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FO instrumented geogrid for
ground movement detection —
Tilehouse Lane Cutting (HS2)

Xiaomin Xu et al (2022) — paper to this
conference
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Development of DFOS instrumented geogrid
CSIC, Huesker and Epsimon
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FO instrumented geogrid for early warning detection
CSIC, Jacobs, Huesker, Epsimon, Align, HS2 (Xu, X et al, 2022)
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Preliminary field tests on instrumented geogrids
Xu, X et al, 2022
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Large scale installation of Sensorgrid (100m long, 10m wide)
Xu, X et al (2022)
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Summary

* Fibre optic sensor monitoring: huge potential for strain measurement for
monitoring soil-structure interaction

e Circular shafts
- Hoop compressive strains much more significant
- Longitudinal bending strains very small

 Tunnels
- Sprayed concrete linings: strains induced around openings
- TBM precast concrete linings: improved understanding of induced

loads
 Early warning detection of impending geotechnical instability
- Slopes
- Sinkholes
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