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Outline — 4 projects

1. Tunneling-induced building settlement: Building scale
(Bank Station - London, UK)

2. Tunneling-induced building settlement: City scale
(Crossrail - London, UK)

3. Rail bridge diagnostics
(CFM-5 Bridge — Yorkshire, UK)

4. Rail bridge degradation
(Marsh Lane Viaduct — Leeds, UK)
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UNDERGROUND

1. Tunneling-induced settlement:

Building scale
(Bank Station Subway Upgrade)
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Bank Station Subway Upgrade
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St Mary Abchurch, London




Background: Fundamental behavior -
Soil-structure interaction experiments
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Fundamental behavior:
Soil-structure interaction experiments

200 mm M
g 2 e
SR building E E H g S H B structure
RN u model ¥ o) ,
t o .. £ .
o E
L R 1 g mo tunne ~ c
\ T : e T -g -5 ¥ (2 n £
W) " ~ 82 o
v ar‘jl +F - : “: 1 mm ﬁ tanmel
P C L om——" O
- e | =5 ‘ ‘
—EH:@'—~—4 oy e Wil I -
XS = X"
= | K 770 mm ’ 147 mm

w5

dead load

PI\{ texture

intermediate
wall

rough soil-
structure interface

il

———

Berkeley

UNIVERSITY OF CALIFORNIA



Fundamental behavior:
Soil-structure interaction experiments
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Mitigation: Expensive
Compensation Grouting

Big Ben
clock tower

Portcullis House
New parliamentary building

Compensation
Grouting

Palace of Westminster

JLE station
escalator
box

i

New Palace Yard
underground car park

Harris DI, CIRIA SP200, 2001.
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How can we measure real behavior
in the field?
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St Mary Abchurch,

L.ondon

Monitoring technologles

Both trad itional and new generation

sensing techniques were used.
Fibre optic sensing

(> Levelling points to measure
wertical ground displacements in
front of each fagade

()} Studs for building displacement at
each fagade

l.‘} Prisms for 30 mowemenit at the
corners of each fagade

Tiltmieters to measure vertical
displacements of the nawve walls

A\ Reflectors for InSAR tracking

|§| CStattAR camera

New tunnel
construction

= 10m




Fiber Bragg Grating (FBG) Sensing

1
Incident spectrum

&{) FBG :> |
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f Typical 8 mm Transmitted spectrum
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Fiber Optic Sensor Installation

AdAarih. Mord
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Fiber Optic Sensor
Installation

Pusrage thre adyouning Bomses
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Fiber Optic Sensor Installation
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1in data from all sensors

Stra

All sensors
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Fiber Optic Sensor Results

Measure damage directly
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JPL

Jet Propulsion Laboratory
California Institute of Technology
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2. Tunneling-induced settlement: City scale
(Crossrail - London, UK)

« Giorgia Giardina (former post-doc, now Bath Univ.)
* Pietro Melillo (JPL, Pasadena)
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Tunnels
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JPL

Jet Propulsion Laboratory

Field behavior: Crossrail, London
InSAR (satellite) Monitoring of Settlements "

E @ e
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T
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(a) Displacement map (b) Displacement map zoom-in

Giardina G, Milillo P, DeJong MJ, Perissin D, Milillo G (2018). Evaluation of InNSAR monitoring data for post-
tunnelling settlement damage assessment, Structural Control and Health Monitoring.
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Settlement (mm)

Settlement (mm)
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InSAR Results:

ix example buildings
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« INSARPS
INSAR PS fitting
Greenfield
+ + EB tunnel

#+ WE funnel

= Inflection points
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Collaborators: A:COM

NetworkRail
-ﬂ
' ' ' The
3. Bridge Diagnostics | T
(CFM-5 Bridge — Yorkshire, UK) Institute
« Sam Cocking (PhD Student)
* Haris Alexakis (Postdoc)
Funding: NetworkRail
unding v,l

* New Civil Engineer TechFest 2019:

Rail Visionary Award Lloyd's Register
i ) ) Foundation
“Innovative Structural Health Monitoring of
Ageing Infrastructure” Innovate UK
EPSRC
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CFM-5 Rail Bridge
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Motivation

1. Understanding of field behavior
2. Condition monitoring to ensure safety

3. Compare SHM technologies (AECOM)
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Key damage and intervention

Notable cracks: Intervention:

@ I S il

ie rod from recent
Slintervention (2016) S

T o SN Grout covering
locations of |
crack stitches

(a,c) Spandrel separation crack
(b) Longitudinal crack in SE corner
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Arch pumping is a key concern

gTie rod from previous intervention ocations of

con

crack stitches

6arch >>

65pandre|
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Structural Behavior




Monitoring Installation - Overview
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Monitoring Installation - Overview
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Monitoring Installation - FBG

FBG rosettes: FBG pairs;
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Mapping Principal Strains
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Mapping Principal Strains
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Mapping Principal Strains
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FBG 8
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Monitoring Arch Pumping

{-* South spandrel crack vertical displacement, at arch crown
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Collaboration
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Practical Dissemination

Barkston Road Bridge (CFM-

5) Monitoring Project
Stage 1 - Monitoring Desk Study
Network Rail (LNE & EM)

"Project number: 60533458

22 September 2017

Berkeley

UNIVERSITY OF CALIFORNIA

Barkston Road Bridge (CFM-5)
Monitoring Project
‘Stage 2 - Monitoring Specification

Network Rail (LNE & EM)

Barkston Road Bridge (CFM-
5) Monitoring Project

Stage 3 - Draft Research Report

Network Rail (LNE 8 EM)

Proiact numiber, S1553204

0 Marn 2078




Collaborators: NetworkRail
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Alan Turing
. . . . Institute
4. Monitoring Bridge Degradation
(Rail Viaduct — Leeds, UK)
* Sinan Acikgoz (now faculty at Oxford)
« Haris Alexakis (postdoc)
Fundine: NetworkRail
g vﬂ

* New Civil Engineer TechFest 2019:
Rail Visionary Award

“Innovative Structural Health Monitoring of
Ageing Infrastructure” Innovate UK

En g and Physical Sciences
Res Counail

ginge a
earch Cou

Lloyd's Register
Foundation

3 UNIVERSITY OF
¥ CAMBRIDGE

Berkeley

UNIVERSITY OF CALIFORNIA




Marsh Lane Viaduct — Leeds, UK
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Sensing Deployment

Fibre optic cables Acoustic emission
2 sensors

High-sensitivity
accelerometers
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Data Acquisition System

Optical Sensing
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Remote Damage Identification
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Long Term Damage Detection
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Long Term Damage Detection
Combining FO with environmental data

strain ()
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Acoustic Emission Sensing
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AE results — Active cracking

North South
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Concluding remarks

« Benefits of Fiber Optic Monitoring

— Distributed monitoring
 Distributed damage
* Unknown damage location
» Detailed deformation information for model evaluation

— Reliable
— Durable
— High Frequency (FBG)
— Installation
* Single fiber... less cables

* External or embedded
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