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Why do we need smart infrastructure?
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Importance of the Forth Road Bridges
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For Vehicles | . For People ;L For the Economy

= 4 Million vehicles in ) = 100,000 people a day . S £1 Million a day
T 1964 =" use bridges to get to work contributed to the Scottish
. or to go about their .~ Economy
= 25 Million vehicles in ~ business |
2017 = Over £10 Billion since
= 1.2 Billion people used opening

= 860 Million vehicles

. : bridges since opening
since opening

| ol T HEvs o = Resilience from 2 Bridge
i illion HGVs since Sy

opening

—~

»

o ; A Critical Piece of National Infrastructure



A Large and Complex Group of Assets

Scale & Complexity Functions Bridges

30,000+ elements to Inspect Open

look after and keep * _ Safe
track of Monitor

ESIE]
Report

Many elements 7 | Long Service Life
highly complex and N\ Respond |

critical Repair

Queensferry i . = Assess
Crossing - new ‘

Enhance

Forth Road Bridge -
ageing & hard
working




We don’t want this
happening
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a Solution

ally Enabled
Asset Management




Digitally Enabled Smart Asset Management

Collect Data

== = (Collect appropriate
data via multiple

=" streams

= Automatic collection
by remote sensors

= Effects on bridge —
== wind, vehicles,
- temperature etc

= Response of bridge

~ = Bridge condition —
inspectors with
# digital capability

o A

¥ Build Understanding

Sy S

Ingest & Analyse
multiple big data
sets

Harness full power
of cloud computing

Integrate, analyse,
VISVE

Investigate
correlations

Evaluate historic
patterns, trends,
events

Understand
relationships &
behaviours

Monitor & Predict

Real time monitoring

Harness power of
Machine learning

Prediction of future
behaviour

Automated predict,
review, feedback,
refine — build body
of learning

Automated alerts

Trigger levels/alarms

defined, refined,
“learned”

Automated reports

Decide
Confirm safety

Respond to alerts

Defect repair &
prioritisation

Bud

S

getdfinition : 7

s
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ouse Bespoke Integrated
tems




Integrated Systems on FRB and QC

Information &

g Mercury Condition
Data Analytics _ Database
Platform ~

ameyconsulting



Integrated Systems on FRB and QC

Data Analytics Platform —

T = Cloud based SENSOR AGNOSTIC analytics platform which ingests and """'"'

compiles remote sensor and maintenance record DATA from MULTIPLE =~ = === i o
. SHM IoT SOURCES * Automated s
sensor data monitoripgife . =<
m  Uses machine learning algorithms to understand bridge behavior and reporting %
= Condition ‘ actively monitors and reports on sensor and condition data = Ord-ant
data .
analytics &
= Structural .= Interprets data to provide rich custom visualisations of bridge behavior, visualisation
P intelligent alerts and lifecycle records
effect_s .& e = Intelligent
capacities alerts
- = Intelligent alarms are specified (or even “learnt” from the data) to send SRS
SMS and email alerts, or notifications to other systems '
= QOther data sources, such as analysis and modelling outputs can be ’ -

included to provide a rich, integrated picture of the bridge

ameyconsulting



Integrated Systems on FRB and QC

Bridge Information & Condition Database —

= i

f - —* « Cloud storage of all records and data relating to each of 30,000 elements. & °

_ Batch upload of records based on Metadata ;.______, : g2
A Bl p T m - '; . 'fv-.-,
= Historic : : = Automated =
e = Management of inspection programmes, Outlook calendar style scheduling inspection
_ reporting %
= Project - = Recording of type and severity of all identified element defects _
records 7 = Bridge
: i . e . . condition
= Live entry of = Automatic inspection report generation including online approvals reporting
inspection s
data from = Automated update of bridge condition indices from inspection findings = Maintenance
e App

Mobil

R

budgeting
= Document management module for storage of archive files & project A
records

= Full description of the structure and key components, including
maintenance/project history

ameyconsulting
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Forth Road Bridges Smart System

MERCURY DATA

ANALYTICS
PLATFORM

MONITORING
DATA

e ———
BRIDGE

COMPONENTS

COMPONENT

BRIDGE
RESPONSE

APPLIED
LOADS

RESISTANCE

DATA STORAGE

BRIDGE INFORMATION

Anemometers Weigh-in- Strain Gauges
Temperature Sensors motion Displacement Transducers
(traffic) GPS Sensors

Accelerometers

Bridge components
Structural capacities
Baseline conditions

DATA ANALYTICS

AUTOMATIC USER ALERTS
& ACTIONS

EMAIL & SMS

MACHINE
LEARNING
ALGORITHMS

AUTOMATICALLY
GENERATED REPORTS &

USER REQUESTED
REPORTS

Traffic Loading
Movements
Component stress

Bridge Geometry
Wind
—> WEB BROWSER Temperature

Bridge Operations
Realtime data monitoring

Trigger levels and alarms ameyconsulting



k. Forth Road Bridges Smart System
:\%\
SNy \Q ___ Monitoring Automated Real Time

B g -

On-Demand

On-Demand Analytical Tools

g - Analytics G PR AT R NN v g e Ve T ) - S 3
e o v '\-co_v_'- “" Lk A N .- Y ot o et - " . - —
A2 n e

Predictive Analytics — AI/ML

S B o (G LARE e .. = = ameyconsulting



Sensor
angements




Forth Road Bridge SHM — Arrangement at New Truss Ends

Tower Displacement

q:_.'
AR Strain  Transducers &
Gauges - Temperature Sensors

New End

Post
New Sliding Bearing
Bearing Load Cell

New Support
Bracket

Sliding Surface
Wear
Monitoring




Forth Road Bridge SHM — Arrangement at Side Towers

Displacement

Transducers
/ Strain
Side Tower Gauges
Truss End
Rocker Side
Side Bearing Tower

Tower Plinth




FRB Road Bridge SHM — GPS Displacements & Wind

ANEZY] SHM2

MERt~ SHM3

T Monitoring | Historical Data Query | Wind Loading-Responding | Real Time Warning | Sensors data transmitting is OK
rom:| 01/09/2018 |Tu:| 30/09/2018 |Sensur:Data Tyrpe:Data Type 2:|:| Pick one Day

Visifire Trial Edition
0.2

0
-0.2 -
-0.4 -
-0.6 -
-0.8
_1 -

-1.2 _|1_l"|

09-01

SHMZ2




Queensferry Crossing SHM — Wind and Weather Sensors

Anemometers (1 no)
Anemometers (2no)

Ramfall gauge and
barometer

Installation of Anemometer Barometer




Queensferry Crossing SHM — Temperature Sensors

Deck section
Transverse Bracing
Towers (concrete and
air temp/humidity)
Asphalt

Stay Cables

. \; ‘ &\\ \

Steel TMUs Stay Cable TMUs External Air TMUs




Queensferry Crossing SHM — Weigh in Motion

Key

v Dynamic Weigh in Motion
(Bending Plate)

TR —
25
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Installation of Piezoelectric Transducer Weigh-in-Motion A —

000]0203
S Stem - Car at Highway Speed




Queensferry Crossing SHM — Accelerometers

A | Permanent accelerometer

A | Accelerometer Housing

(in addition each stay cable
to fitted with an acceleration
housing)

Accelerometer (Tower) Housing (Tower) Accelerometer arrangement in towers



Queensferry Crossing SHM — Strain Gauges

Static straim gauges (ower)
Dymamic sirain gauges (lower anchorage)
Strnn gavges deck anchorages

Deek section

Transverse bracing

NS
Do SEPR
|’
.
-
3 \
== -
B
e - e
s
) i

Internal Bracing

Static Strain Gauge Deck Section (bottom plate)



Queensferry Crossing SHM — GPS & Displacement Sensors

GPS receiver
2D Tiltmeter
Bearing gauge

Displacement transducer

Ultrasonic Displacement
Sensor




a Monitoring

jer Levels Alarms and
mation




FRB Data Analytics — Mercury — Entry Screen

m ercury') - Ewan Angus

Select a system to view:

FRB QFC




FRB Data Analytics — Mercury — Entry Screen

mercury’ FRB - = Summary - * Locations - = AssetTypes - = Assets~ # Reports i Analytics Ewan Angus

Home 3D

B oriann Forth Road Bridge amey)

v 0F AP0 14

FTYEE L i Yy "»"ciiﬂiéi%"«‘ﬁ%’.n'ﬁ.

Wind Speed - last week Wind Gusts - |last week Showing information for all locations
o° o°
| |
2% { 5 -
}_ 10 ‘ Alerts Search [} = 2
0%
315%, 169% Ja5° 315¢, 450
" 8% Location Asset Sensor Triggered At , Message Alert Level Details Actions
EXTERNAL Vaisalz Wind Gust 08/03/2019 Threshold passed. Reading: Acknowledged by x
Speed 21:49 46.08 mph Threshold: 45.0 Ewan Angus on
mph 10/03/2019 18:15
270°- -90° EXTERNAL Vaisala Wind Gust 08/03/2019 Threshold passed. Reading Acknowledged by x
Speed 2019 52.34 mph Threshokd: 50. Ewan Angus on
mph 10/03/2019 18:15
NEST virt_ERL _stress_3478_7 08/03/2019 Threshold passed. Reading Acknowledged by
20:08 177.74 N/mm? Threshoid: Ewan Angus on
{ n 150.0 N/mm? 10/03/2019 18:15
225¢ 135° 225° 135°

Showing 1 to 3 of 3 rows

i |
180° 180°



FRB Data Analytics — Mercury — 3D Entry Screen Option

mercury:

FRE =

Home 2D

Main view

Open Controls

Locations -

Azzet Types~

Az

2

e~

Reports

Analytics

NEMS Truss End Post

Zoomed view

AL X

= —

Dizgrams

Ewan Angus &



FRB Data Analytics — Mercury — Data Monitoring

mercury FRE Surmimany - Locations - Azsst Types - Assets - Reports Analytics
GeoSHM - Summary Page
Climate
Wind Spesad
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FRB Data Analytics — Mercury — Data Monitoring

LEeosSHM
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FRB Data Analytics — Mercury — Data Monitoring

mercury’

Al Other Sensor Heatmap

FRB NEMS~

Bearing~

& Download all data | ® Time resolution (15m)~

Sensors v

1050
. 1000
950
S00

850

Displacement (mm

800
06 Sep

Csalendar \iew Events Log

Events Log

QQOS Date

08 gep

FOS Date

NEMS Bearing

Reports

Analytics

Storm Ali 19 Sept
200mm longitudinal shift

10§ep

12 éep

14 Sep

RTS Date

16 Sep 18 Sep 20 Sep

Type

Ne matching records found

Subscribe? ~ E 3 01/09/2018 - 30/09/2018 Ewan Angus &

Data feed from sensor or
group of sensors. This
slide shows bearing
displacement at new
main span end link

22 Sep 24 22p 26 Sep 28 Sep

Search

Description Failure Mode

Sensortypes v
A 3

307§ep
] v | 3~



FRB Data Analytics — Mercury — Data Monitoring

me I'CUI'Y) FRB NWST ~ Lateral~ Westemn Lateral ~ Reports Analytics Subscribe? ~ I 18/09/2018 - 20/09/2018 Ewan Angus £
All Other Sensor Heatmap Sensor types
& Downlosd sl cata| @ Tmeresouton (1m)- SEOFM Ali 19 Sept Data feed from sensor or group of
— 600kN shift sensors. This slide shows Axial 3
Force in end laterals at side
- towers J\-\'_,/_\
Z W
;’ -600
S a0
=
-1000

18:00 19 Sep 06:00 12:00 18:00 20 Sep 06:00 12:00

Calendar \iew Events Log
Events Log Search e = 2.

0O0S Date FOS Date RTS Date Type Description Failure Mode

No matching records found



FRB Data Analytics — Mercury — Data Monitoring

mercur?‘;) FRB  NWST~ Rocker  Western Rocker~ Reports  Analytics Subscribe? « £ 01/D8/2018 - 30/09/2018 Ewan Angus &
Storm Ali 19 Sept Data feed from sensor or group of
All Other Sensor Heatmap - - - Sensor types -
Rocker continues to sensors. This slide shows load
o Dwried aldate| O Teme veackiion L5} - articulate normally effects at side tower rocker
Sensors \L 2 Sensors v bea I"i I‘lg £
" | @ vitt_WRU_force_1256
B o T A m e SEPNIEV E e A B ) Py S ‘
50 | ‘ ' @ virt_WRL_forca_3473
T

£ =

£
g fq_‘; -400
Z o
= S -500

e g
5 2 -600__~ N )( d a 2 Y ,f:'--' Tl A g Py o A
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FRB Data Monitoring — Mercury — Setting Smart Alarm Levels

mer cury} FRB Locations ~ Asset Types~ Assets~ Reports Analytics Ewan Angus &
Users subscribe to status alerts
Sensors alarms configuration stre 0 #H. I
[l sensor asset * location sensor type units THreshold levels\  24h change L 4 ) Q alarm settings
v v 4
) virt ELS stress 3478 4  Eastern Lateral NEST Stress N/mm? 160 v v v o
0  virt_ELT stress 1256 2 | Eastern Lateral NEST Stress Nimm? 160 v o
[ virt_ ELT stress 1256 6  Eastern Lateral NEST Stress N/mm? 160 v v v o
[ virt ELT stress 1256 5 | Eastern Lateral NEST Stress N/m 160 v v v o
L) virt_ELS stress_3478 3  Eastern Lateral NEST Stress Nim 160 v v v G
) virt_ ELS stress 3478 7  Eastern Lateral NEST Stress Nim 160 v v v o
[ wirt_ ELT stress 1256 1  Eastern Lateral NEST Stress N/m 160 v v v o
[ virt_ ELS stress 3478 8  Eastern Lateral NEST Stress N/mm? 160 v v v o
O virt_ERL_stress_3478_4  Eastern Rocker NEST Stress Nimm? 150 v v x o
L) virt ERU stress_1256 1 Eastern Rocker NEST Stress Nimm? 150 v v x o
Showing 1to 10 of 67 rows . 10 a  rows per page < . 2|13 4 |5 |6:]| F |3
Up to 5 No. threshold levels can
. be set for any monitored sensor
Edit multiple sensors

or group of sensors. Bridge
automatically alerts users as
needed — Email and SMS




FRB Data Monitoring — Alarm Level Messages & Actions

Sensor alarm settings

Sensor: Vaisala Wind Gust Speed, Asset: EXTERNAL North West,

Location: EXTERNAL

W Ensable alarm
¥ Subscribe to assets

¥ Check alive

Threshold levels:

45 Wind gust speed 45mph. Close FRB to double
decker buses

Wind gust speed 50mph. Close FRB to
motorycles, bicycles, pedestrians

Wind gust speed 65mph. Close FRB to all
vehicles

Threshold levels set together
with appropriate action which
appears in automated alerts
sent by bridge to users




FRB Data Monitoring — Email & SMS Alarms and Alerts

v = alert on (FRB: EXTERNAL Weather) at Tuesday, 09 October 2018 09:19AM - Message (HTML)

Q Tell me what you want to do

[\1 & . [¥ pearl and Merc... E3ToM V| ‘CaRules~ y W
%Ignore x E (E% 8 E:’.Meetmg earl and Merc = o Manager [Q—' EQ‘ 1

> a’?& £ Find Q

Sl g || B T e EJ Team Email v Done - B OneNote g e e B () Related ~ -
o . Delete Archive Reply Reply Forward [3 £ = ove ssign Mark Categorize Follow Translate oom
&g Junk Al E@ More 91- Reply & Delete ¥ Create New v + [ Actions~ Polic?(* Unread egv Up~ . [% Select~
Delete Respond Quick Steps L Move Tags 1 Editing Zoom -~
Tue 09/10/2018 09:33
mercuryl=amey.co.uk@assetstate.com on behalf of mercuryl@amey.co.uk
alert on (FRB: EXTERNAL Weather) at Tuesday, 09 October 2018 09:19AM 4 BRIG il 70% @ 11:11
To Angus, Ewan; Madden, Patrick; Danovich, Mark < Mercury DELETE
o If there are problems with how this message is displayed, click here to view it in a web browser. o ey
message: Threshold ™
passed. Reading: -150.5
N/mm?2 Threshold: 150.0
ICAU‘noN: This emzil originated from outside of the organisation. Do not click links or open attachments unless you recognise the sender and know the content is safe. N/mm?, Alarm Level: 1,
Alarm level message: 12:05
Monday, 4 February 2019
Fault on Asset (FRB: EXTERNAL Weather) at Tuesday, 09 October 2018 09 o
Alert on (FRB:
Triggered by sensor: Vaisala-NW-11273-1_Wind gust speed EXTERNAL, EXTERNAL
North West, Weather),
Threshold passed. Reading: 53.24 mph Threshold: 50.0 mph sensor Vaisala Wind
Gust Speed at Monday,
Alarm Level: 2 04 February 2019
5 ? Z 07:39AM, message:
Message: Wind gust speed 30mph. Close FRB to motorycles, bicycles, pedestrians Threshold passed.
more info at (FRB: EXTERNAL Weather) Reading: 45.41 mph
Threshold: 45.0 mph,
You are receiving this email as you are subscribed to email notifications of asset alerts on the Mercury system. Alarm Level: 1, Alarm
level message: Wind
gust speed 45mph.
~ Close FRB to double
amey/ decker buses irsn
©2018 Amey Strategic Consulting and Technology. All rights reserved.
Q Alert on (FRB: NWST,
Western Rocker,




FRB Data Monitoring — Sensor Heatmaps

- s B L T T B I O - T~ - -
EEFEEFEEEEEEEEEFEEFESEEEFEE 8
5 5 E 2T 2T 5558127558832 582882¢z25
[ H EEEEEEs
" EEEEEEEs
EEEEEEEEn
EEEEEEEN
"asaaa-a
T T T 11 O Sensor Heatmaps used to
. R visualise recorded value

compared to threshold
values each hour of each
day of user selected period.

Hours

a.88 EER

8

158. 88 1E7.58 225.88 26Z.58 jga. a8

Threshaolds (M/mm’)

150 225 300 Update colormap




alytical Tools

a Visualisation to enhance
derstanding and provide
spective and insight




FRB Data Analytics — Correlation of Data Sets

FRB Locations ~ As

mercury’

Caorrelztion analysis

Histogram analysis

Time range

&= January 1, 2018 - October 23,

2013
Assetl-X
EXTERMNAL North West -

Sensor | - Types

Tempersture -
Sensorl-X

\/aizala Air Temperature -
Assetll-Y

Western Rocksr -

Sensor Il - Types

Sensorll-Y

virt_WRU_stress_1256_2 -

Time resolution

Automatic -

set Types~

Assets~ Reports

Analytics

Time seres analysis

Any 2 data sets any
time period showing
correlation of points
to give insight into
behaviour. This case
shows no linear
relationship between
temperature and
rocker bearing stress
— thus confirming
rocker articulating

properly

vt WRU_stress 1256 2 Yiestem Rocker(Nimm*)

Vasala: NS 273 Tomp_ i tomperature (C)

6

Pe °
B
®
-
; 3 s 1® n 12 13 a4 1S 1€ L1
Vaisala-NW-11272-Temp_Air tsmperature EXTERNAL North West (C)

time

(Ninm?)

& o)

=

&

o

-

g

)

>

g -0
)

x

>




FRB Data Analytics — Histogram of Sensor Data

mercur{@ FRB Locations~ Asset Types~ Assets~ Reports Analytics Ewan Angus £
Correlation analysis Histegram analysis Time series analysis
Time range 400
# October 1, 2017 - H istog ram
October 23, 2013 s of any
s single
- sensor over
EXTERNAL Noerth West v 2% -
any period
Sensor - Types § 200 ShOWi ng
Temperature v d iStI‘i bution
Sensor - Of va I ues,
Vzisala Air Temperature v 100 mea n 7 max
etc

Time resolution

Automatic v o

S 85 105 115 125 135 145 1155 155 1" 185 185 20‘ 21‘ 225 235 245 255
VaasalaMﬂzn-Tenp ir temperaturse EXTERNAL North West (C)

Save as SVG Save as PNG
Max number of bins

100 total mean  std min 25% quantile median  75% quantile max

Vaisala-NW-11273-Temp_Air temperature 3532 00 9.33 4389 -3.28 520 875 13.03 25.53



FRB Data Analytics — Time Series Data Set Analysis

Visualisation of any sets of in
any time period. In this case

Correlation analysis Histogram analysis Time series analysis . .
showing truss end displacement
versus temperature and a clear
Sensors relationship
1050
1000
950
900
850
06 Sep 08 Sep 10 Sep 12 Sep 14 Sep 16 Sep 18 Sep 20 Sep 22 Sep 24 Sep 26 Sep

Vaisala Air Temperature (C, right) 3% #
b

17.94

15.07

12.2

9.33

6.46

[+



achine Learning

dicting near future values
the learning cycle




FRB Data Analytics — Machine Learning

" Machine Learning includes a broad set of
algorithms which infer unknowns from knowns - N Test Model o ~
. . . e Model is developed on a S€ model and Improve
roportion of historic ast model on new data performance over time
without being explicitly programmed to do so proprin ofHstr Tt mod o et St

be used to assess

. . . certainty —
" Useful when relationships and correlations are m ==
hidden in large quantities of multidimensional 4 —

. ) - J Use Model and
data and the required knowledge is large ha  Create Model @

" Deployed at FRB (then QC) to predict near future
bridge behaviour and identify anomalies in
advance

Machine Learning

" Useful in “What-if” scenarios for differing loading Al oo

or events such as storms

Supervised Unsupervised
[

" Body of “Learning” constantly increases as
data/learning cycle continues — even suggesting
refined alert levels R I~

— Polynomial — XGBoost — Logistic

Trees Classification — Clustering




FRB Data Analytics — Machine Learning

In Mercury one can observe strong correlations
between the response of the bridge and weather
conditions (wind, temperature)

One can thus use the weather forecast to estimate
future bridge response

To predict bearing displacements we have used a
combination of historic time-series data and weather
forecasts with machine learning models

The current 24-hour prediction results for 23 October
are show as an example

740 -

720 -

700 A

680 -

740

NEMS-DW-DSP Correlations

= = predcition interval
= = historic prediction
= actuals

= = future prediction

E 720
£
[-N
& 700
=
[a]
2 680
w
=
660
640
0 5 10 15 20 25 75 100 125 150 17.5
Vaisala Wind Speed (mph) Vaisala Air Temperature (C)
NEMS-DW-DSP Prediction
T T T T T T T
1 1 1 1 1 1 1
LA | 1 1 1 1 1
iRy I I I I
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1 10f I I v oA
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FRB Data Analytics — Machine Learning

> Prediction at 7pm 23rd October and then refreshed at 3pm the next day

NEMS-DW-DSP Prediction

L
740 ! 1

720 T

At each vertical grey line, a
new prediction is made based
on the weather forecast at
that point in time.

h‘-

[

!

1 ' The blue line shows the
[ results of historic predictions
1 1
|

!

—
-
e
- il . S . . . . .

- -
¥

mm

against actuals in orange.

700

The red line shows the curreni
prediction which rolls forward
as new data is learned

680 T

"
4
00 o e e e T

D D D
o o o ! AN g AN
&- &- &- &- QQ‘ QQ‘ QQ‘
0\31 0\31 N N N N N
v v
N ~ 2 - :
~ o 5 e v B 1
— = predcition interval
= = historic prediction
- actuals

= = future prediction



FRB Data Analytics — Machine Learning

> Prediction at 7pm 23rd October and then refreshed at 3pm the next day

NEMS-DW-DSP Prediction

T

i

A |

740 ! 1 |
1]

)

720

At each vertical grey line, a
new prediction is made based
on the weather forecast at
that point in time.

N Spe——
-

-

A NSRS e ———

¥,

-—
>
*
&
e — — ———_—

’ J The blue line shows the
W) 4 results of historic predictions
¥ \ i ™ against actuals in orange.

mm

700 A

The red line shows the curreni
prediction which rolls forward
as new data is learned

680

= = predcition interval
= = historic prediction
=== actuals

= = future prediction



FRB Data Analytics — Machine Learning

» Recent 2 weeks — model prediction versus actual

Bearing displacements - model predictions

800

750 <

Displacement (mm)

700:

26 Feb 27 Feb 28 Feb 01 Mar 02 Mar 03 Mar 04 Mar 05 Mar 06 Mar 07 Mar 08 Mar 09 Mar 10 Mar 11 Mar



sorting

mated, Scheduled & On-
and Reports




FRB Data Analytics — Automated and On Demand Reporting

" Data monitoring and analytics tools can be

- grouped and applied for any chosen period to
e create automated or scheduled or on demand
= 9 .=l . reports
— mm " Suite of reports developed for FRB, each report
= 3 configured once manually then coded into
e Wi 3 system to become automated
;“w """ rd '
== " Suite of reports being planned for QC once fully
el B online
=7 i . e
== " ﬁ s " Routine reports set up for client reporting
- > ‘ % ‘ " Special event reports for use in after storm
e reviews for Named Storms
| " Real time, historic, or predictive
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Bridge Information & Condition Database (Pearl) FRB & QC

Defect
Management

Records
Storage

Document
Management

Inspection

Management Reporting

Analytics

» Cloud storage = Inspection » Automated = Full bespoke Automatic Deterioration

of all info
and records
for 30,000
elements

Batch
inputting of
records using
meta data

(QC)

programme
management

Outlook style
calendar
scheduling

updating of
BClIs for
elements or
whole bridge

Repair &
maintenance
management

online
document
management
module

Records by
element

Records by
project

generation

Online
approvals

PI/GI
BCI
Defects

c&vV

analysis

Element
structural
capacities

Loading &
Event
scenario
analysis

Mercury
interface

Pearl
Information & Condition Database




Pearl — Major Bridges Entry Screen

Home About Help Account Manage Log Out

Select Bridge

P T ey

I

s

riiiii’=“m“

Queensferry Crossing (MS0 0-1 60) Forth Road Bridge (A9000 9) Erskine Bridge (A989 100)

Kessock Bridge (A9 1350) Cross-bridge Analysis and Reporting

Copyright © 2019, Amey OWR Lid. All Rights Reserved.




FRB & QC Pearl — QC Overview

QUEENSFERRY CROSSING (M90 0-1 60)

= QUEENSFERRY CROSSING (M90 0-1 60)

OVERVIEW

South

Abutment , Southem approach Cable stayed bridge
i 543 m 2090m
INVENTORY | - ﬁ.“‘éb
SCHEDULE 64m  80m , 9Om , B87m , B’/m , BIm , 89m , 104m 223m 1 650m I 650m
| t ' ' ' '
I l ' ' : 202 267 OO 2071700
HIERARCHY
REPORTS ’
3 : e
& 8 (o2 B8 47.85 O Navgation Cearance enve| 47850
[)OLUI\‘IENTS T l .1 — cebiszy ;.'u',oo' =~ HATY (+3a1 |,|‘(,'5} 2 = 2y i -
FoTp—— “—L\~! WS (21500) AT (2.0000) 2 i

LOG (DI_JT _____________________ ’// \\\§\——S-,~cooo

Overview

No Description Available.
Agenda -7 Days Agenda +7 Days

Today <« » 07 May 2019-14 May 2019 ¢ Today <« » 14 May 2019-21 May 2019 ¢



FRB & QC Pearl — FRB Overview

FORTH ROAD BRIDGE IDRMDB

FORTH ROAD BRIDGE IDRMDB

OVERVIEW NORTH SIDE SPAN
5 S 408m " 1006m ' 408m ! ’.]
BOUTH BACKSTAY SOUTH TORER MAN GASLE L+ 8. 130m !"'_:'_""’"’“’""""" .
INVENTORY SOUDHSOL TOMR CABRE (P, = € 300 h..___ swomcgrommmuenm 7111 H L lnllm-h-_. pervespansi-asn

hmame

. R N
NS
HMTHIITHITh

D A \\\\Q\/\\\‘\Qe\\ T,

7

7
//7’

Sl

RO
\,\\ \\\\\

k\. ‘%x\ AN

HIERARCHY
Overview

REPORTS The Forth Road Bridge is a long span suspension bridge which was opened in September 1964.

The bridge crosses the Firth of Forth some 15km west of Edinburgh and is a vital link in Scotland’s strategic road network. The bridge deck supports a dual two lane
carriageway without hard shoulders or strips. There is a separate footway / cycletrack on either side.
DOCUMENTS

The historic importance of the structure to Scotland was recognised in 2001 when the bridge was classed as a Category A listed Structure.

LOG OUT

Bridge Information o Favourite Documents




FRB & QC Pearl — Agenda Page

OVERVIEW

INVENTORY

SCHEDULE

HIERARCHY

DOCUMENTS

LOG OUT

FORTH ROAD BRIDGE IDRMDB

FORTH ROAD BRIDGE IDRMDB

Agenda -7 Days
Today <«

Date

Wednesday
Ociober 2018

Thursday
October 2018

17 October 2018-24 October 2018 (]
Time Event
< all day

all day

< all day

O, Main Cable Saddles

O, North Side Span,

Longitudinal Truss PI

O, Main Cable Saddles
PI

Agenda +7 Days

Today

Date

24
25
26
27

4 >

Wednesday
October 2018

Thursday
October 2018

Friday
October 2018

Saturday
October 2018

24 October 2018-31 October 2018

Time

< all day

< all day

< all day

< all day

Event

O, Main Span
Longitudinal Truss,
P1

O, Main Span
Longitudinal Truss,
PI

O, Main Span
Longitudinal Truss,
PI

O, Main Span
Longitudinal Truss,




FRB & QC Pearl — Outlook Style Inspection Diary

FORTH ROAD BRIDGE IDRMDB

TASK SCHEDULE

OVERVIEW s
Today « » October 2018 Export Import Week Agenda

Tuesday Wednesday Thursday Friday Saturday Sunday

INVENTORY

SCHEDULE
08 09 10 11 12 13 14
O, Main Cable Saddles PI

HIERARCHY

15 16 17 18 19 20 21

O, Main Cable Saddles PI

O, North Side Span, Longitudinal Truss PI

DOCUMENTS 22 23 24 25 26 27 28

O, Main Span Longitudinal Truss, PI

LOG OUT

29 30 31 01 02 03 04
O, Main Span Longitudinal Truss, PI O, South & North Main Tower (Levels 1 to 4), PI




FRB & QC Pearl = Document Management Module

OVERVIEW

INVENTORY

HIERARCHY

REPORTS

DOCUMENTS

LOG OUT

4

4

4

4

FORTH ROAD BRIDGE IDRMDB

DOCUMENT MANAGEMENT

Forth Road Bridge

Archive

Scheme Information

Inspections
2017-04-12 Side Tower Cycletrac
2017-05-03 Test Inspection
2017-05-18 Truss End Link (Main
2017-03-16 Top Chord PI Mar 16
2017-03-16 Top Chord PI Mar 16
2017-06-20 Test General Inspect
2017-04-12 Side Tower Cycletrac
2017-07-11 Northbound & South

2017-08-04 DCP PP24-PP25 Nort ~
»

Upload

Name

Main Tower Crossover PI Aug 2017.pdf

@ Type

Report

® Version

1

® Modified

22/05/2018 09:32




FRB & QC Pearl — Document Management Module

OVERVIEW

INVENTORY

SCHEDULE

HIERARCHY

REPORTS

DOCUMENT.

W

LOG OUT

4

4

4

FORTH ROAD BRIDGE IDRMDB

DOCUMENT MANAGEMENT

Scheme Information
15/FB/1203/008 South Anchorag
Health & Safety File / PCIP / C
4  O&M Manuals
4 Volume 1 - Consultant Draw
» Volume 2 - Building Fabric &
Volume 3 - Mechanical Insta
Volume 4 - Electrical Install
» Volume 5 - McLaughlin & He
Site Photographs
17/FB/1203/005 Main Span Billet
Health & Safety File / PCIP / C

Cite Phntnnranhe

Upload Revise

Name @ Type

50034 Architectural Services - Drawing...  As Built
FRBF-MCL-00-00-DR-A-1112 CO1.pdf As Built
FRBF-MCL-00-00-DR-A-1110 CO1.pdf As Built
FRBF-MCL-00-ZZ-DR-A-1141 CO1.pdf As Built
FRBF-MCL-00-ZZ-DR-A-1140 CO1.pdf As Built
FRBF-MCL-00-00-DR-A-1111 CO1.pdf As Built
FRBF-MCL-00-ZZ-DR-A-1142 C01.pdf As Built
FRBF-MCL-00-ZZ-DR-A-1301 CO1.pdf As Built
FRBF-MCL-00-ZZ-DR-A-1300 CO1.pdf As Built
FRBF-MCL-00-ZZ-DR-A-1161 CO1.pdf As Built

I« 4» »

@® Version
1

1

@ Modified
16/10/2018 09:00
16/10/2018 09:00
16/10/2018 09:00
16/10/2018 09:00
16/10/2018 09:00
16/10/2018 09:00
16/10/2018 09:00
16/10/2018 09:00
16/10/2018 09:00

16/10/2018 09:00

@

X X % X X% X % X X% %

@® Final

@



FRB & QC Pearl — Logging of Defects

FORTH ROAD BRIDGE IDRMDB

LOG INSPECTION RESULTS

OVERVIEW Sencolinenecnfola »  North Side Tower, East, Rocker 1 1.10 2 B minor rusting of bottom ’ L X
South West Main Tower, Saddle bearing block
Cable Saddle ! . ' .
i »  North Side Tower, East, Rocker 1 1.10 1 A No signs of rusting or “ s X

Saddle damage to the cast
steel saddle
SCHEDULE
South East Main Tower,
Cable Saddle
==L S 3ITEMS

North West Main T »  North Side Tower, East, Rocker 1 1.10 2 C Minor corrosion noted ) AP

O aln iower,
Cable Saddle Saddle on 24 of 64 Pivot block
3 ITEMS bolts

j« < > » 10 v | items per page 1 - 8 of 8 items ¢

UPDATE DEFECT

~ | Snag

_ = =
el S S i e Wl )

North East Main Tower,
Cable Saddle



FRB & QC Pearl — Logging of Defects

FORTH ROAD BRIDGE IDRMDB

LOG INSPECTION RESULTS

OVERVIEW (eneral Tnenertinn Nata
- LA
South West Main Tower,
Cable Saddle

INVENTORY

SCHEDULE
South East Main Tower,

Cable Saddle

HIERARCHY

REPORTS North West Main Tower,

Cable Saddle

DOCUMENTS

North East Main Tower,
Cable Saddle

[, ~

UPDATE DEFECT
| Snag
DEFECT TYPE:
1 - Metalwork
DEFECT CLASSIFICATION:
1.1 - Corrosion

DEFECT SEVERITY:

i 3 - Rusting and pitting (localised corrosion)

DEFECT EXTENT:
Select defect extent...
DEFECT POSITION:
PART REF FACE
Bearing E Top

X START (MM) X FINISH (MM)

v

Y START (MM)

CROSS FRAME

Enter Cross Frame

Y FINISH (MM)

Z START (MM)

Z FINISH (MM)



FRB & QC Pearl — Report Generation

FORTH ROAD BRIDGE IDRMDB

G E N E RATE R E PO RTS STAKEHOLDER, IMPORTANCE CONTROLLER, EXTERNAL REVIEW

SEHELLLE SELECT REPORT

USER: EWAN.ANGUS@AMEY.CO.UK
USER TYPE: ADMINISTRATOR, MANAGER, INSPECTOR,

Produce a schedule based heatmap, where each cell represents the urgency of a specific component's inspection.

GANTT
Inspection Reports

HIERARCHY Produce a heatmap showing average BCI scores for each component.

BCI (average)

REPORTS Compliance Report
BCI (critical) Produce a heatmap showing critical BCI scores for each component.

LOG OUT
Bridge Condition Indices

Criticality and
Vulnerability Reports

Defect Report

-

TT T 'I + s |. - | {'i"l--
L M«I.thr' ot ;L ,-J,I.HTL SRR R A e UV R .H:J." ".Il.[u nr.[ﬂl i LN -r. frpbaban ,F,I,#,aj

— #
il Bnlletefininbel B

——— i




FRB & QC Pearl — Automated Inspection Report Generation

" |nspection reports generated by system
automatically or on-demand

" Huge increase in efficiency — report template
only needs set up once by engineers then
coded into system

s 4.2 i Northber Southsoend
A SR L Carrisgeway ) B rmiegewvay
R R — — i ! k) Tk .
5 S Compoy 5 Vi = 1
s B / ¢ L, A
\, V 7 y
) \\x clre ) \| oFme g
Princip:
4.3 Name of Insps W
Forth R Inspecting Eng
\
|} i : T K ; =1
‘ X ‘ \ | “"
T e 1 S 1 T M
| ) S — B e N
L T

" Automatically set up to demonstrate
compliance with contract KPls

Name From: 01/08/2

Iospaciadby. |Geny 45 Description off
Checkedby | Graeme Sheph)

Approved by Mike Laing

" Client approval of reports online

AS0 Forth Road Bridge




FRB & QC Pearl — Mobile Device Input via PearlApp

1 Defects recorded directly on
site by inspectors using Wifi
enabled Mobile App

1 Element records and defect
history available to
inspectors

O Bridge Wifi allows Bridge
Condition Indices to be
automatically updated and
inspection reports created
automatically

L 360° camera and VR system
being trialled




Pulling It All Together

BRIDGE REPAIRS &
MAINTENANCE

BRIDGE INSPECTIONS

Inspectors / Tablet Input
360° Camera
VR/AR

CONTROL ROOM
Real Time Monitoring

Alerts
3D Visualisation

AUTOMATICALLY
|l GENERATED REPORTS

Inspection Reports

1 — .
m BRIDGE INFORMATION WEB BROWSER

Monitoring Reports
Bridge Condition Indices

; ; iti Bridge Operations
Bridge Loading Structural Capacities _ ge Op : _ Maintenance Budgets
Wind & Temperature As-Built Records Scheduling Inspections/Repairs
Bridge Response Baseline Conditions Monitoring

Economic Modelling G.meyconSLllting



In Conclusion

This is all abeut.Data! Lots of assets generate lots of data but mafny don’t make full

The systems we have developed have put these bridges in a world Ieadmg p05|t|on

s

Resilience and confidence,can b.e increased with proper qsé" f tec " ology and data

. Q-A-vl. A

Owners of smart assets can make better informed decisiong

Integration, automation, and harnessing the full power of Data Analytics are key to success

-t

Engineering judgement will always be needed but the analytics free up time for this

ameyconsulting
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