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4 “Crossrail Paddington: Improvement, Challenges,
Coincidences and Skill”

MOVING LONDON FORWARD

Whatis Crossrail?

= New high capacity, high frequency service railway across London
= From Maidenhead in the west through central London to Shenfield
and Abbey Woodin the east
= New, greener, air-conditioned, 200m long trains with 10 carriages
- £159bilion funding from Government, business and Transport for London
- 10% increase to Londai's 1ad capsciy
- Services from 2018

Where is Crossrail?

Paddinton crossrail summary 24 feb 14 by PM Ben Hardy
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Why we need Crossrail

- Decrease journey times across London

- Provide a £42bn boost to the economy

1

- Build a Tunnelling and Underground

Relieve overcrowding on existing Tube
and train services

Bring an additional 1.5 milion people
within 45 minutes commuting distance of
London’s key business districts

Act as a catalyst for regeneration
Create jobs for up to 14 000 people at
the peak of construction

Construction Academy to train people in
the skills required to work underground

Europe’s largest construction project

37 stations including seven new central London stations
£14.8bn to construct

42 km of new tunnels under London

8 million tonnes of excavated material

8 new underground statons

140 main works contr,
10,000 suppiw s

4 Decreasing journey times

Current Crossrail

journeytime  journeytime

Slough to Tottenham Court Road 55 minutes 36 minutes
liford to Bend Street 35 minutes 22 minutes
Heathrow to Liverpoo! Street 55 minutes 36 minutes
Liverpool Street to Abbey Wood 40 minutes 22 minutes
Paddington to Canary Wharf 30 minutes 17 minutes
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4 Crossrail tunnels

- Wewill dig 21km of twin-bore tunnels
Tunnels will weave beneath London at depths of up to 40m

Wemust navigate around the existing underground lines,
sewers and utilities

awm

CROSSRAIL JUBILEE LINE EXTENSION VICTORIA LINE
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4 Paddington Main Line Station

P Built in 1854 and dezigned by Isambard Kingdom Brunel
P First underground service in 1863

» The first original western terminus of the Metropolitan Railway,
the world's first underground raitwal
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4 Paddlngton Station (1870 — 1900)
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Macmillan House, train
shed and 'the lawn’
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‘ PADD'NGTON STATION »  Over 170,0007 of concrete

Over 250,000m3 of muck away to
be removed.

b Over 14,0007 of steel

»  The main tunnel Ventilation fans
(2no) installed within the
station moves approx 300 m3/s
air which equates to filing an
Olympic size pool every 10
seconds

¥ The power required to supply the
station is 5 Mva which is enough
to power 750 houses

b 8818m of cable trunking. conduits
& containment.

bk There is approx 80,000m of
cabling {for tems such,
CCTV, PAJVA eic }- from London
to Brighton (54 miles).

3 1200 PLPs read/per wk, 54 ATSs,
1900 Prisms read/ 6 hrs

4 Stakeholder Facts

\I dhee 143 undertakings and
assurances to manage.
Over 3500 business
neighbours over laoking
site.

650 Residential
properties within 100m
radius of site.

Grarste benches

Apprentices: 10

Graduate Trainees: 27

Work Placements: 18

Work Experience Number of
people and days: 21 (300}

Grandte cubes

rante slaby

Eastbourne Terrace and Departures Road

4 Commercial Stakeholders

Macmillan House Paddington Station
Network Rail and NetworkRail

) R Train operating
The Office multiple tenants companies First Great
Group

i " Western and BAA
manage

office space)
Hilton Hotel

Ria Tinta

50 EbT line HSBC)
10,20,30 Easthourne Terrace 401 Easthoune Teisare Aritel and tanants
Land Secutities and tenants CBEI
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4 !—!grita__ge Interface
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4 Challenges

» Realigning utilities cables » Removal of ground
obstructions

il SKANSKA
=

4 Skill-Constructing the Station Walls

Diaphragm
walls
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The Eastbourne Terrace road was
completed and formally opened
15 Feb 14. Construction
continues befow ground

2 sonsa

4 Challenges - Logistics

» Vehicle booking

system

» 4,500 deliveries
per month

» Lessthan 1% non

compliance to
CRL
requirements.

ey
Major milestone achieved — Eastbourne

Terrace
reopened two years and two days after
closure (15 Feb 14)

Our Client noted - * A very good day today, with a bus full of local stakeholders, delivery
team, and key support. Sir Peter [Hendy — Transpert Commissioner for TfL] made if all
real with a round Irip from Paddington Central Receplion hall to EBT Bus Stop and back

in his vintage Routemaster. Excelfent tions with well repr
stakeholders, many of who frankly stated that they never expecled that Crossrail would
deliver as promised. The Crossrail and CSJV team were seamiess in their pride of
delivery. Community Relations team organised a special event, Very well received "
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Moling Hole
Machines lowered mto the hole

SKANSKA

Excavations

Expose couplers for Use 8t machines 1o
imermediste skab on dayshitt open out full width

whilst access i available
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Appandix A: Sequance Sketches
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gf Off Site Consolidation Yard.éﬁ SKANSKA | >€
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< Off-site Pre-Fab
Cast In CMS
Routes

|
r; E SKANSKA

« Off-site Pre-Fab
Cast In Halfen
Channels

e e s

1 El SKANSKA
= —

< Off-Site Prefabrication

< Off-site Precast
Soffit
Formwork:

-Less Blinding, Less Formwork;
-Enhancad Dim Control & Tolerance, -
Enhanced Quatity ( i.e. FP)
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MOVING LONDON FORWARD
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FiffE3.1-02 ¢ SRESIEEEE A TH2EfAndy Liao$t$fCrossrail T2 & BIMET
ik
20140307am0930 from wschang
Dear Andy
i BRI
sREH Bk
0921123340

From: Andy Liao [mailto:wyaliao

Sent: Thursday, March 06, 2014 1:29 AM

To: wschang

Subject: RE: Visit to Paddington Crossrail Station

Hi Mr Chang,

Thank you for the kind words. | am fortunate and honored to be part of the major

railway project delivery.

With regards to your question about application of BIM at Crossrail, Mr Andrew
Wolstenholme (Crossrail CEQ) is aware that Crossrail is a major opportunity to lead
the change in the construction and railway industry. The UK government also

mandating the use of BIM for all public project by 2016. Therefore BIM is being rolled
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out to all the Crossrail Contracts. Unfortunately | am not able to advise on the level of

BIM application at other Crossrail Contracts.

For Paddington, | was advised by our BIM manager that 80% of the BIM application
will be relating to railway operation and maintenance and 20% of the BIM application
will be relating to the construction phase of the project. The information collected
during the construction phase will provide a progressive assurance to all the asset of
the station, including civil/building/mechanical/electrical assets which we will
handover to Crossrail Operation and Maintenance Team once they are tested and
commissioned at end of the project. These information are crucial and will be
centrally stored which allows the Operator and Maintainer to identify the item via
digital/physical asset tagging (eg via a QR code), and bring up all information
(document, manual, drawings, specification etc) relating to that asset. This especially
allows the Maintainer to pinpoint the information required, correct
replacement/repair needed, correct parts obtained, or to ensure that regular
maintenance of assets is undertaken.

As for BIM application at the construction phase, for a programme/health/safety
point, you have already seen a BIM video been used at Paddington site as part of the
weekly project update, informing the site supervisors and operatives about the
activities and for them to be aware of the safety risks they face onsite. However, the
main usage of the BIM model at Paddington is for early clash detection of services.
This is used regularly in multidisciplinary interface meeting between
civil/mechanical/electrical/plumbing for cable/pipe routing during design phase,
where designers come together in front of the Paddington station BIM model to
discuss and resolve clashes. (using SMART board such as this one -
http://smarttech.com/Solutions/Business+Solutions/Products/8000+series+interacti
ve+flat+panels ) We also identified several potential clashes of the temporary props
installation required for excavation. This prevented additional cost for the project if
we had not detect these clashes in the BIM model.

In addition, the model receives regular update from the deisgn and construction
team. It can be used as an as-built condition of the station for programme purposes.
It is also used by the Quantity Surveyor to quantify and estimate the cost for specific
package of works.

Unfortuantely I am not expert in BIM application, but | do appreciate its use, as in

many aspects, it helped with a smooth project design and delivery. | hope the above

information obtained from our Innovation team and BIM manager had given you
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some ideas to be able to improve the Operation and Maintenance aspects of Taiwan

High Speed Rail and can be implemented in the future projects.

Attached link is an example of the BIM video, as this is the intellectural property for
our contractor, please exercise caution when using this information. Please let me

know if the link below does not work.

BIM Weekly Video 280217 mp4.mp4
<https://ukl.aconex.co.uk/GuestFileDownload?_action=downloadFile&fileld=28956
1448&value=0BmM7iuVIkxo3tiONeMpRmizDb2zu23B21iCLTmWGzxBJzMmtRCbgTkie
X3dcwS5Z/oClick here to download BIM Weekly Video 280217 mp4.mp4>
<https://ukl.aconex.co.uk/GuestFileDownload? action=downloadFile&fileld=28956
1448&value=0BmM7luVikxo3tiONeMpRmizDb2zu23B21iCLTMWGzxBJzMmtRCbgTkie
X3dcw5Z/oClick here to download BIM Weekly Video 280217 mp4.mp4> Kind
Regards

Andy Liao

From: wschang@hsr.gov.tw

To: wyaliao

Subject: Re: Visit to Paddington Crossrail Station
Date: Mon, 3 Mar 2014 17:19:28 +0000

Andy 'f'/"[’\'é(? :

AR E MR A EEBEF 2 EIE R T - THRE BIM EF - REE
EHEREZEEENERITMARBEEG AR R - BMHEE BIM - 3
FETREEBEREE - FEAEES mail 83 DUEFASSBESERETT » B
il

EFI_EQ;}”ZJTU:

ﬁ/\aﬁﬂ}}‘/

|mage.1peg<https://cid:3A07971E—9FE9-4616—82D0-ODA78C7FE06F>

TEERAY iPhone {E3%
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"Andy Liao" <wyaliao: - A 2014/3/3 T4 11:51 BHiE

Dear all,

It was a pleasure meeting all of you last Monday at Paddington. | was delighted
to meet many of the countrymen who are also working in and interested in the civil
and railway industry.

| hope that you had an enjoyable time at Paddington site and that all your
questions were answered. Although it was a short visit, | hope you found the visit to
be informative and can bring some of the ideas from here back to Taiwan. Please let
me know if you require any further information with regards to the project or the UK
railway industry in general. | will do my utmost to provide the info to the best of my
ability.

Hopefully you all had a fulfilling week in the UK and that your trip back to
Taiwan was a confortable one. Please do keep in touch and do let me know if you
need further information.

This is my personal email address. My Crossrail email address is as followed:

Andy Liao | Field Engineer — Paddington Station

Crossrail | Paddington House, Gate 4, Kingdom Street, Paddington Central,
London, W2 6BD

0207 4795228 | andyliac.

www.crossrail.co.uk <http://www.crossrail.co.uk/>

MOVING LONDON FORWARD

Kind Regards

Andy Liao
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Over 15 years of product deveizpment
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Cardiff, UK
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home  how |t worka  where it's used  the bensfits

ultra

giooal prt

our video archive

Heathrow pod on Channel 4 Newsy
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“ideos | Utra Glotal PRT

The Heathrow Pad (2012}

ULTra Promotional Video (2010)
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ALSD N THIE SESTICN.
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brochure

high resolution photos

Heathrow Passenger Trials (2016}

Journey at Heathrow (2009)

ULTra Inirs Video (2007)

videos_Ultra_Global_PRT by Ultra global prt Co
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Siemens Rail Automation
William Wilson

| SIEMENS
Table of content

- Rail Automation — who we are 4
- A taste of what we do 10

Pty 34 Wil Wilson, Rad Aulomebon UK

SIEMENS

Rail Automation is part of
the Infrastructure & Cities Sector

Energy SO |ndustry
l ERgL

— Foss Power Generaion — (magng & Trerapy — Indusby Automation |_ Ral Systems

— wind Pawer — Climcal Progucts — Drive Techndagies - Low & edum Voltage

— Solar & Hyaro Oiagnasics — Customer Services |- smartGng

— Power Transmisson — Customer Soutons — Bulldng Technalogies

— onaGas

~ Energy Senvice T T
I enes & e s
.

i:g
b 3 Fotamy 1018

Wdlam Wilson, Red Aulomaton UK

Siemens Rail Automation by William Wilson

SIEMENS

Siemens Rail Automation: a strong global footprint

Siemens *neme” courdries

Quner Siemens countries

etwsey 014

Rail Automation — £2 bn revenue and broad
customer base

Customers

Lidrde

Mubuwiait Wait
S e Maruboni

gBB QMTR & .

L AT — lﬁ T@

e BBAcsx -
v3

Q crTM M s
Zoer B CONENS

Fages ety 14

Rail Automation ~ 8,500 employees

<)
=r

=

Wil Wison, Rad Actomssen UK

SIEMENS

Revenue

Combined revenue in £ bn

F( 2008

FY2009  FY2010 Fram

Fr ooz

W
Wikam Witson, Red Aulomation UK

SIEMENS

Uk

1,450 600"
= Germany lF’ortugal

l 3,300 140
Switzerland . Fra no‘-e

r 650 380 Thaliere

.ﬁ Austria Rest of Europe
13025 i) 1680
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SIEMENS SIEMENS
Rail Automation: what we do... Taiwan’s Tao Yuan (TTY) Airport Line

51km long Tao Yuan (TTY) Airport Line,
connecting Taipei's airport to the city.

Assisting Marubeni in provision of signalling and
train control.

New build railway.

23 stations on the line; 7 underground equipped
with platform screen doors.

Trackguard WESTRACE interlockings.

DTG-R automatic train control, trackside and train-
carried equipment to support high density mixed
express and local traffic.

Control centre with automatic route setting and
automatic train reguation.

Trackside components inciuding point machines.
interface with platform screen doors.

Faet Fatrimry 2000 watam Wikon, Rad utomabon UK Fage 100 Witarn Witgon, Rad Automabon UK

SIEMENS SIEMENS

Victoria Line system overview

W INTERL OCKIND8 W CORTACL " DUAL RUNNMG INTERFAC E T £X15TND SIBNALLING
e vy e

et Ietsumy 304 VBam Wisn, Ra4 Autommon UK Pags 11 [— Wtarn Witson, Ried Automaton UK

SIEMENS SIEMENS

Victoria Line Signalling Upgrade

£10 billion, nine-year upgrade programme of the
Victoria Line.
Peak services increased from 28 to 33 trains per
hour.
Overlay delivery strategy allowed old and new
trains to run during the upgrade works.
Includes RailCom system integrating line
management, operational comms and signalling
systems.
Line remained operationa! during the day
throughout the project.

- Victoria Line is the busiest line of the London
Underground network, carrying over 183 million
passengers each year.

Pa sty 4 Wikam Wison, R Autoration UK " Fomrary e WYitem Wikson, Rod Aulonasan Uk
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SIEMENS

Thamaeslink

Resignalling of the Thamestlink line and London
Bridge area.

One of the most complex signaliing schemes in
Europe.

The transformation of London Bridge station, and
associated raitway work, is now fully underway and
is scheduled to be completed in 2018.

It will enabie the frequency of trains to increase
from 16 to 24 per hour, providing a much needed
capacity boost for increasing numbers of
passengers.

Bage 13 E— Wi Wison, Rad Auiomsbon UK

SIEMENS

Crossrail signalling, control and communications

Europe's largest construction project.

The route will pass through 37 stations and run
118km between Maidenhead, Heathrow, Shenfield
and Abbey Wood.

Will operate a 24 TPH service between Paddington
and Liverpool Street.

CBTC signalling and interlocking for the central
area of the Crossrail network.

Station management systems. including customer
information, public address and CCTV.

Rail and station SCADA systems includingtraction
power, tunnel lighting and drainage, station
equipment,

Radio systems.

Interfaces with raitways at each end.

e Fameamts I8 s Ve, B4 e (1
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' Rich Whitehead — Regional Construction Manager. 060314

BOHSR Off Site Testing Brief

Restricted | Slemens AG 205X All rights reserved

i

Videc_)lntrodut':t.ioﬁ:'i E=dlls i

siem ens.comianswers

| SIEMENS
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Development - Offsite
: 1

BOHSR Off Slte Tgstmg Brief 060314 — Off Site Data SIEMENS
flesting = Why 2458 :

Off site testing is prefera.ble because:

It allows the Train and SER data for the interlocking to be

safely tested without the risk.

« It can commence in advance ot site testing.

it will greatiy reduce the amount of on site testing.

Restricted & Siemens AG 20XX Al iights reserved
Paged Ik -

| SIEMENS

There are some defmute advantages to offsne testmg

= There are no site access restrictions

* With scripting testing can be 24 hours a day

Authar / Depaitment

*+ Can be performed in an office environment anywhere in the

world.

+ Error conditions can be injected to perform negative testing

easily.

Restricted * Siamens AG 20XX Al rights raservad.

Bage s B0 W Author / Gepartment

BOHSR Off Slte Testlng Brlef 060314 Data | SIEMENS

Tram and SERIWav5|de Data are developed ina 5|mple cycle
* The data is designed against the results of client supplied
information and site survey information by the engineering
application data team.
« This data is then passed to systems test for offsite testing
where it is:
. Set to Work (powered up and basic check)
M LR (R MBS )
< Principles Tested - to ensure the interlocking performs in

accordance with the engineering specification
HIERAV IR AN - FERIHEIR IR TS TISIRE

y 1 ! £
A Lt L k

|



BOHSR Off Site Testing Brief 060314 — Data
Development - Offsite

HRAE R - H

When the Set to Work and Principles testing is complete any
issues are raised on test logs.

FERIE R LIERIFIEER ., TERIRARIER LRI RE

The data and logs are returned to the engineering application
data team. The issues are resolved and then then the data is
tested again.

HEE RS R St AR AR, AR, TS EA e
The amount of retesting required is dependent on the severity

of the issues raised.
B A AR AR E T E

SIEMENS

T Author / Depattment

BOHSR Off Site Testing Brief 060314 — Data
Development - Onsite

HRRERE - Bl
On site data testing is executed in 4 phases:
BB ROAIE 57 A AP B T

*Phase T — Set to Work
HE—PEEY - EHT(F
*Phase 2 - Functional
EETIEES - ThREHIRA o o
*Phase 3 — Mainline Commissioning (Principles)
SBPEE - ERRAEH (REIE)
«Phase 4 — Trajn Testing
SETHPEES - F B

SIEMENS

For each of these phases off site data is released to site for

testing.
SN & W R S AR ER R B R

Fagrd PR Author / Department

BOHSR Off Site Testing Brief 060314 — Train Data
Testing

PSS =g 3T
Train data is tested using 2 different test tools (rigs)
%ﬁ@&l@?&lﬁ(?ﬁ)&ﬁﬂ%ﬁﬂﬁﬁﬂ

HhEEERRRE
System Test Facility
R AR ERE

SIEMENS

Team of 6 testers testing the train data based in Chippenham

and London
TEGSINET A e 2R S RIER T B okt

BOHSR Off Site Testing Brief 060314 — Wayside SER
Data Testing

IR RS (SERERHHIEA
WESTRACE, MCT, SAW and DMC data is tested using 2 test tools
o) LA IR T B (FE) HIEAWE STRACE MCT (4 &2
9% fess) SAW (1575 B T 1) DMC(S LB 1R 1152 k)
© (GSIM) HiEEE# S

+ TSS (Training Simulator System) Rig
TSS(HIEHEERR)TE

SIEMENS

7 IRSE licensed principle testers based in the Chippenham, York

and Portugal testing the data
TRIRSERFEHAGASEFERE. Wi, WRFfEEs

Fage 1D 0L Author / Departrment

BOHSR Off Site Testing Brief 060314 — Test Tools | e

(Rigs) A TE(FA)

GDSIM (Geographical Data Simulator) test rig

* The GSDiM test rig based on the ATO and ATP software
LIATO(B B3 B EEFIATP( B B3 B3 A B GDS IMEER &

+ lest the logic ot the data (notin real time)
FIEE AR GRENREH) .

= Scenario based scripts enables 2417 testing
LSRR E Ty — B LR 24/ NRERRIBHIRL

GSIM test ria

« PC Based test rig
EEANER _ LAHETE )

« Tests the WESTRACE ladder logic
HIEXWESTRACERIRS B #i

- Interfaces to real MCT ,SAW and DMC to enable

MCT/DMC/SAW data
M EEEFEBENIMOTHE SR ), SAW(HS R T
e 1), DMC (27T B 1R B8 ), LA EIMCT/DMC/S AW

BOHSR Off Site Testing Brief 060314 — Test Tools SUENTENE

Rigs) HIEX T E(F-H)

TSS (Training Simulator System)

PC based test rig Used for functional software and data
testing of the ATS systems

BABRAG TG, HREATS(H B YEE &)HE A AR 3
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BOHSR Off Site Testing Brief 060314 — Test Tools SIEMEN

(Rigs) i34 T H (E4)

Uses TTY Project Hardware {£F#kEERZRAYRIRY
SIEATO(E BYFEAREL). ATP(EIEHFIH{RAE). CIB(CMS Interface
Box, ZHIBERHN TN E). DDUFIIBEEETEE). EBNE)
SER(HAEME )IRFR(MCT (HEISHEHI SR I8) SAW(HSTEE T
1), DMC(ZTeBE IR FEHIEE). ATP-BP( [ BhY1| 88 {5361 R i 38
#8). ERG. MEfE) LSC(HHIBIHERE) fIATS
* Used for functional software and System Integration

testing St REERBENR IS MR

Author / Department

BOHSR Off Site Testing Brief 060314 — Test Tools [EENEN

(Rigs) HEAT-E ()

+ PC Rased test ria includina 3 x PC
ZaEABRERNET 5
« Tests ATS System Geographical Data

HERAT SHHEEE A

o LSRR E S

- Tests whole svstem configuration
PG 25 B

« 8 x Engineers in the ATS Team
ATSHEFH 8% T2

Author / Geparment

BOHSR Off Site Testing Brief 060314 — Test Tools CRRENG

(Rigs) JHIEA T B (FH)

Control Centre and Signalling Equipment Room
Integration Test System - (CASITS) “The Big Rig”

* Provides a larger geographical area than the Taiwan

System Test Facility (STF)
e BRI A LS TR I E AR R 13
- Enables testina across all trackside subsystems
A LOBERRTE I35 R4
- Can be recontfigured to represent any location on the

raitway.

FILAHRERE, SRR LS

BOHSR Off Site Testing Brief 060314 — Test Tools ACHERS

(Rigs) AT EL(T- )

Consisting of &#:

3 x SERs (Each with MCT. SAW and DMC)
SRR E (EMAEMCT. SAWHIDMC)

. f%mﬁﬁﬂﬁ%ﬁﬂ LI GSIMEEHE 1 ERLSC(Fitth R 1 B ) & 8
LSCHE TS

« ATS (OWS, OVW, CSP #1 - TDS)
- 2fHATP-BP

Fage |6 038 0 Aulhar / Department

BOHSR Off Site Testing Brief 060314 — Off Site Data
Issued to Site

it FTEBUGAY S5 9V 2R

When data is required at site it is issued across the Siemens
Secure Network

R BERRIE, hPir L SR

itis issued with a the following paperwork:

-Document Transmittal Form (DTF) ZHLAT

*Design Check Certificate (DCQC) - EDTF AL

- &7 FRaE(DCC
*Updated configuration statement. _ %gﬁﬁ%ggg% )

SIEMENS

The data is then down loaded in the site office and taken to the

relevant SER and uploaded for testing
TR A B T IRIELER, E#Bﬂﬁﬂ’];ﬁ’*f&%t@ BRER, T

Author { Department

BOHSR Off Site Testing Brief 060314 — Off Site Data
Testing Status

o AR IR

All station sites from A21 to A2, SER and Wayside have now
been tested offsite and are in the later stages of development.
A1EIA2EG, SREME. NENENES, BEMEE YEBEBELE
Both 4 and 5 car line wide data has been issued and is being
dynamically tested on site.

ABANSERR AR CAE, 1 C IR B MEhRERIE

ATS Data A16 to A11 is delivered from off site test to site.
A16EIATTESIAT SR EL TG I R 2R

SIEMENS
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BOHSR Off Site Testing Brief 060314 — Off Site Data
Testing Status

iiﬁﬂﬁ*‘l‘ YHIJ HIHE ?5 d

SIEMENS

Off site data is issued Lo site when the site is ready for testing.

IRAGHEHATES. MG 5o RSB R

SRA have recently converted the Victoria Line Control Centre
and Signalling Equipment Room Integration Test System —
(CASITS) to be used on TTY and this will further reduce the

duration of Mainline Commissioning testing on site.

SRAFIELL 1 #ES T RIARAY eI U R SRS B B IR Ay
CASITS, FITERGEL, iEIHME— S e S s s s i

Fage 1 IO

. ‘TestmgStatus R

]

Thank You

Page 20 20XXXH-XK

BOHSR Off Slte Testlng Bnef 060314 Off Slte Data

Avtnar / Department

| SIEMENS

Author / Department
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MfE3.5-01 ©  Mott MacDonalt presentation

Mott MacDonald welcomes In-bound
Delegation from Taiwan

Mott MacDonald

Mott MacDonald Presentation Team

Dick Dumolo - Technical Director (Railways)
Gareth Mainwaring - Business Development Director (Metros and Civil)
Karl King - Head of Train Control Systems

Mott MacDonald

Presentation Content

Introduction to Mott MacDonald

Introduction to Railways

Light Rail Credentials

Mott MacDonald contribution to Cross Rail
= Train Control Systems

= Open Discussion

Mott MacDonald

What is Mott MacDonald?

One of the world’s largest management,
engineering and development consultancies

Mott MocDonald

Multinational

Mott MacDonald

Multisector

It's the sheer diversity of our work
that makes us unique Mott MucDonald
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What we do

We use our worldwide resources and experience to:

Plan, design, procure and deliver projects of
any type on any scale

Our independent and proud
heritage in Railways

Sir Basil Mott’s innovative part in the
development of London’s underground railway.
The first in the world and we are still improving
and growing this system and other metros
worldwide

Our independence through being owned by our
staff means that we bring totally impartial
expertise to our clients totally unfettered by
national, industrial or shareholder pressures.
Many competitors’ advice is subject to these
pressures

We believe in the deep core values of PRIDE .'9& [ '
I ¢

s

Progress Respect Integrity Drive Excellence

Mott MacDonald

Principal offices

Mottt MacDonald

Railways Capability

Mott MacDonald

B89

Mott MacDonald

Scope

Working in over 120 countries worldwide

Over 2,500 out of Mott MacDonald’s 14,700 staff are working in
rail

We comprehensively cover:
High Speed Rail
Heavy Rail
Freight
Metros
Light Rail
Monorail

There is no sector of the rail industry our 2500
professionals do not cover

Mott MacDonald

Clients Globally

BART — USA - MOR - INDIA
BMRC - INDIA - MOT -EGYPT

CALTRANS ~ USA © MRT - THAILAND

DIT - UK - MTR — HONG KONG

DMRC — INDIA - NAKHEEL — DUBA!

DOT — ABU DHABI 4 RS

KMRT — TAIWAN © PKP-POLAND

LTA — SINGAPORE - SOUND TRANSIT — USA

LUL - UK - THRSC - TAWAN

MOR — CHINA - TRANSNET ~ SOUTH AFRICA

Mott MacDonald



Full Life Service Global comprehensive service

. ' 2 — International work emphasises our
m» top-end and front end skills

PPP/PF| Technical Advisors

1} Plan the Concept and Assess Economics Due Diligence

2) Operational Strategy and Functional Specifications Business case

3) Finance, tender and procure Institutional Development
Resource accounting/asset

4) Design, supervise, verify, certify

management
5)  Commission Procurement advice
6) Advisor to those who own, operate, maintain and renew raif assets Revenue forecasting
Supporting clients throughout the raitway's whole life Our practical doing of railway work globally
cycle ¥ Y ) ensures our front end skills are for real XY Y
Mott MacDonald Mott MocDonald
Comprehensive system capabilities in Railways Global comprehensive service

Railway Systems — 500 staff

Advanced simutation Human factors & ergonomics
Mset management ) &
F & service & Op &
| VEHICLESNV I OCOMOTIVES | TRACK ” OWER I TRAIN Eomnﬁcw:ns acnd;ontrol systems maintenance x
. | , finance ger flos g
AGONS | I CONTROL Electrification Permanent Way
= - e = Electronic signage Rolling stock & whole life maintenance
Systems engineering & assurance Safety & rellability
Electromagnetic compatibility Signalting
Fire & evacusation Traction power
Freight g &p g Tunnel &

Railway Infrastructure — 2,000 staff

e e o Airport Interf: d remote b Project and nt
PASSENGER DRIVERS ikt b s e B Gl R i)
MANAGEMENT OPERATORS Environmental Impacts Raltway bridges and structures
e Fuels, energy & power Raliway geo-technics
Organisation development & training Rallway tunnets
Planning & economics Social & sustainability analysis
__ Project finance Stations, terminals & depots
There is no aspect of the railway’s physical ] TOTAL CAPABILITY from 2,500 railway
s 00 1 0 not i i
ystems our 2500 professionals d cover | econa professionals .
Global Expertise Summary
y orld Experts (1-2%) « A hugely capable, global company with a proud heritage in
b ) all types and aspects of railways

High calibre, up to date, international staff independently

sl gl providing impartial and authoritative advice

* We cover the hard engineering skills as well as the softer
Local Specialists (15%) implementation and operational people skills

= We work with partners and clients in a uniquely close and
\ integrated way so that the team result is distinctive
\Generahsts 75%)

World class expertise plus local specialists
and capacity on-tap Mott MacDonald Mott MacDonald
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Light Rapid Transit Credentials

Mott MacDonald

Mott MacDonald LRT credentials

Over 500 staff contributing to light rail development
Wide ranging project experience around the world
Staff Experience - Technical, operational and management

Expertise covers whole project life — from concept to
operation and rolling stock, including asset management

Mott MacDonald

Over 40 LRT projects since 2012

Nottingham Blackpool Bergen
Rotterdam Seattle Blackpool
Vancouver Salt Lake City Wirral, Liverpool
Manchester London (Croydon) Honolulu

Toronto Edmonton London Docklands Light Rati
Antwerp Calgary Waterloo, Ontario
Birmingham Dublin San Jose

Utrectt Kuala Lumpur Groningen
Kaohsiung Nijmegen-Kleve Sacremento

Leeds NGT Los Angeles Pittsburgh
Portiand, Oregon Boston Hasmitton, Ontario#

Rotherham-Sheffleid Ufa, Russia T

Mott MacDonald

Consultant of the
Year

Supplier of the Year

Award Winning Team

Judges Comments: 2013

“Mott MacDonald have the
magic touch in the light rail
business and as one of their
clients told us ‘“It's a delight to
work with such consistent
professionals”. We're sure
this is echoed across the
many systems across the
world that have had input
from this ever-expanding

of the Year organisation”.

Worldwide Project

Mott MacDonald

Mott MacDonald Contribution to CrossRail

Currently the largest
infrastructure project
being undertaken in
Europe.

Mott MacDonald have
had continuous
involvement since
2001

Mott MocDonald

Brief History of CrossRail

Scheme first proposed in the “County of London Plan” in 1943 as an
underground railway from Paddington to Liverpool Street. Final report
completedin 1948 and also considered north-south routes.

1974 - London Rail Study Report. Also included Jubilee Line and Chelsea-
Hackney Line Mott MacDonald have had detailed involvement with both
schemes.

1988 — Scheme resurrected and Bill submitied to Parliament in 1991, but
rejected in 1994. Molt MacDonald first involvement with detailed design of
Tottenham Court Road Station (TCR) and tunnels from TCR to Allen Gardens

2001 - Present, Current Scheme  Continuous Mott MacDaonald involvement,
Over 700 staff have been engaged

Mott MacDonald



Mott MacDonald Roles in Current Phase Train Control Systems

2001 — First commission Feasibility Study for alignment east of Liverpoo! Strest

Station
Line Controiter

2002 ~ 2008 Led preparation of Hybrid Bill with preparation of Concept Design
for alignment. tunnels. 8 underground stations:architecture:- construction

methodology & construction programme. Most common SYSte ms used

Royal Assent (Parliamentary Approval) granted in 2008. today are:
2006 - 2009. Developed Reference Dsigns for 3 stations (Farringdon ERTMS/ETCS
Liverpool Street & Whitechapal), «100-strong team co-located for design
process : PTC
2007 Appointédifor thé design of Rolling Stock and Raif Systems ~ covering CBTC
trackform.and alignment, tunnel and station ventilation system, tunnel and 3
station aerodynamic modelling, M&E systems. communications and controls Train Operator §:
including SCADA, signalling. traction power supply. and platform screen doors.
Mott MacDonald Mott MacDonald
Mott MacDonald Roles in Current Phase ERTMS/ETCS
: NG : _ In-cab signalling & train
() i ) protection system
Crossruil Design Package Contracts - 18 Februsry 2418 Crossrail Design Package Contracts - 18 February 2011 il
* Interoperability
| et St e R [pr— oo o] :
o e 1= el e * MM Projects
=1 [m=]  jejmem :;‘; = -~ Netherlands Pilot
ey i E ™ [ oSy 'm-‘n_t- | o | 4 o
[ ] s [y ] — Malaysia Feasibility Study
[0 rmmepmrn e R S T — - | :
[ - [ Lo (& ot e | e Thameslink
[EA——— | i e o [———— —— 1 -
" — —e e o i

UK Rolling Stock

5 out of 22 Design Contracts awarded to Mott MacDonald “ g R R
- more than any other consultant Mott MacDonald Mott MacDonald

Current Assignments CBTC

Crossrait
+ Design work ongoing
» Construction Supervision Ongoing

Automatic Train Operation
Moving Block Systems
+ Traffic Management Optimisation
« MM Projects

- Crossrail

Edmonton LRT

Also undertaking Feasibility Study for
Crosstail 2 — assessing various
) routes across London, including cost
— : estimate and programme as input to
the TfL (Transport for London)
Business Case

- Victoria Line Upgrade
NR Traffic Management

Mott MacDonald Mott MacDonald
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Train Control Capability & Services

Full System Solutions
Feasibility Studies
Technical Advisor
Signalling Design
Rolling Stock Specificaticns
Communications Surveys
Power Surveys

Assurance/Approvals
Notified Body (NoBo)
Designated Body (DeBo)
Assessment Body (AsBo)
Independent Safety Assessor (ISA)

"

Mott MacDonald

Thank You

Questions
and

Open Discussion

Mott MacDonald

Mott MacDonald
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Introduction to Transportation

Paul Seber, 28 Febnary 2014

Wotking together
for a safer world

Uoyds Register
Rail

Lloyds Register RailZ\ =] Introduction to Transportation

riew of Transportation capability

Assurance:
Independent assurance of projects
Product certification
Softwale assurance

Expert advice.
Speciality Engineenng
Operations and Maintenance services
Railway Asset Management
Inteiligent Rail

Training services

Lioyd s Regrsier Ratt - Operators O.arey

The Lloyd's Register Group

sportation Capability

Lioyd's Register (LR) provides Independent Assurance and Expert
MAdvice to companies operating high risk, capital intensive assets, to
enhance the safety of life, property and the environment

Since 1760 - 253 years of independence

No owners. no shareholders. Free from government and commercial
pressure

Uniquely positioned to provide impartial and transparent service and
advice

Loy s Regrsier Rai - Operatone Orewviers

Lioyd's Regrsier Raif - Operators Ovarve

Our Coverage

Assurance

Global
Employees ~ 0.000
Countries - 78

Asia Pacific Region
Employees ~ 2,200
Countries - 17

To ensure, from day one of a project. that future construction and
operational risks are fully understood with proportionate
management plans in place to get things right first time’,

Lieyds RegsesRail - Creates Overves

B94




Assurance

Independent Safety Assessment
Product Certification

Software assurance

Independent Verification and Validation
Vehicle acceptance

Asset Management

Notified Body & Designated Body

Lloyd's Register accreditationexamples

Lioyd s RegesrRau - Opemians Oversew

Expert advice - System Assurance and Asset Management

System Assurance and RAMS Consultancy
- System Assurance
Full systom, Rolli) Stock Sigrailing, Traction, Elsctrification etg
Full RAMS Lifecycle consutancy

Risk based safety management advice
. Dewelop /Support Safety Cases
« Risk assessment, SMS

Asset Management
- Asset conbrol, Maintenance Optimization
- Real time condition monitoring. Fleet Performance
+ Life Cycle Cost analysis
+ Energy Efficiency
Procurement Aduce, Supply Chain Assurance. Quality and Inspection Servces

Lioya's RegsierRail - Operators Oven en

Expert advice

International teams of highly experienced rail engineers who
develop tailored solutions that add value by improving
performance and maximising efficiencies

Lioyd's Regrsier Raii - Oparstars Ovarvew

- Requirements capture and managemont

+ Full EMC Consulancy. Measurement. Simulations

Expert advice - Speciality Engineering

Specialist Design (e.g bogles, wagors ) Nuclear waste wagons Design

Project Progct C

- Software, Hardware Engineoring support

Full Secondment of key personnel to Projects

C: and Expert Mo 1Testing

Notse and Vibration, Fire Engineering

Emergency and contingency planning

Uoyd s Regrsier Rail - Operabons Overviow

Expert advice - general

System assurance

design engineering

Signailing and train conirol

Vehicle design

Fleet performance

Condition monitoring

Human factors

Railway operations

Noise vibration and envronmental studies
Asset management

Loy s Pegrser Ral - Operatars Overven

Expert advice -

tmprove ssfety planning &
repering

Cptimiss assst psriormancs

et et

—

> tmprove opsrabiity

Dstermine hest cotions for
future operation

Loy s Fegsir Aai - Oparazems Ovarsmw

PR
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Expert advice - Intelligent Rail (Smartfleet)

SmartFlest Improves your asset availability by smart use
of actual failure data in the daily operation leading to more
efficiency and cost reduction.

Lioya s Regster Rai- Craratons Ovorew

Transportation Academy

Over 70 courses which provide an
environment for transport professionals and
their suppliers to:

Keep up-to-date with regulations, technologies
and practices

Share experiences
Exchange views

Improve practlices

Expert advice - Intelligent Rail (Smartfleet)

Pilot an 20 VIRM Intercily-irains 2010-20114
Result: business case and implementation plan for 2 Dutch Railway fleets

Benefits

Reduction of defects
8% unplanned maintenance depot visits
10% trains failed in service
10% reoccurring failures after repair (First Time Right repair)

Efficiency of corrective maintenance improvement
20% recovery actions
100 material usage

Efficiency of maintenance improvement

Condition Based Mamtenance concept in between peaks

Liojo's RegaerRai - Oparatons Ovenview

The major rail suppliers we work for

HTASHL  ALSTOM  THALES  CRAF
EREN—
SIEMENS =i o = A

INSIGM A/,

CINI? K2 "Rofem

n&-:m
Em S &

Looyd's RegaerRail - Oparatans Overvew

Training

Courses developed and delivered by industry experts based upon
experience of

Lioye s RegmerRal-Crenic Orerien

Some of the owners | operators we work for

OMTR RioTinto

ProRail o
r Aog e
ST .

o kel
=T
‘@ f K@RAIL E
Lio,0'5 Regaier sy - Oreraters Ouirvew

NetworkRed
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Appendix - examples

Lioyd & Regsier Rail - Oacators O enws

i ove safety planning & ri elements to consider

Sakaly Marngenant
Enaure aporanons are munaged safely day 1 dn,

Ensure changes do not impect adiersely on e sakety
of e rluay

[ P—r—
Kentty #na manaze ke 1 operatanal peiery

How 12 (nlegme nsk management b day b day
operatons

Vhatshoukd be meagurd?

Vina: gues e n? Does flmflect actonl kesety
Aoma

Whet sately perdormance leoxis should be 117
How do jou ensure ety levols o1 natexeeded®

Vivatare the underipng Tends?

Kentdy ot couees ataccdenss

1Senth presermive meazures 3608 woeat

Ensure enbre orgenceton mcluding leadery
supportand encourage opsratonetatety

How aes T3 uppant i, mporbng § planmng?

Case Study - rolling stock manufacturing & supply

Had to comply with the very stringent requirements of MTR:
Hony Kong WIL, SILand SSLinHong Kong, Mewa stio Brazil totic
Syslenis enginisting, RAMS, Hunan factars, Noiss arst “ibiation Fue
sumsering, EMCEM, sofwars, Poet namagemsnt, Mrsron.s plig
Involved in setting up and implementing management tashs.

Puojort Maragenert, Corfigution inanoyensrt,
Syslown engineenng narayen

Businssg assunnie
Bid Suppon
TAL plning + Sila verk lean: suppart

Mix of consulting and secondment depending on the need

Suceessful Integration of Chinese. Japanese European style

%21 Rail - Operatans Grerew

Optimise asset performance - efements to constder

WTa(does e datm mean?
How can the daa imfarm operabanal daci on making’!

Ao e 3308 baing maneged cansamnty &
semmascaly

How ar Irseriace 13 es being addressea?
Coss s slem lallow mermatonas bes pacta e
What improwments a® needed?

Vihat a1 mpact on ogenasbonabectnes?

Aia the AghL NG beir maintained 81t nghttime?)

Can oe @duce mw frequency of meimiasance!
o4 prctan?

What = causing the perdormance problems?

Would changing maminance actnety resahe
eroziems?

What conason en your assck?
8 thery eay un-expacied candion tel neads © be
Tea?

Vet an inepectonactity & missed? Whats the
impact

How does condrton mondonng Ink © jour
mawienance planning®

Case Study - BMCL

2010-2011

2008:2010
.
20052007 | Swrtinitiativas |
| onHuman
Factors
Wostfy areas
for Davalop Risk
improvemert Management
processas
Review /
Devebpintial | Dewslop BMCL
palicias ard StaffRisk
processes Management
| knowldge

L PeginePey - Create Oisrven

2013-2014

03w designsuppors sak opepion

Ensure peape ere sate 1o an ememency

Lok $um people heve tha ngnd kil knowiedge
% expenerca b carmy 0.1 93k Nque sally
Eraum 1ulhawe te swanenass of ey acton
e i pacton o e opesstan

Haa e desip & ma Men campeieace

core >

Eneg sersne nan conine ater an incgent

Ersure smoothhanagve- beteeen pm,ect &
peratans
Neasceiems roauces ratel; eficet &
eectaly

Enewe ope-aronainies ae 1 7 purpore
a7 plact 4 weet sUdaris
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Paul Seller

Transportation Drector
T +34 (0)208 423 1950 E

Lloyd's Register Group Servces Lid
71 Fenchurch Street, London EC3M 3B8S

Loy Regster Waorking together
Ra:rm for a safer world

M afitams

Lioyd s Regwierand vanantsof d are trading of Lioyds Lided
Copyrght © Loyd's Regster (Entdy] 2013 Amember of the Lioyd Regaier grovp
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Ff44.1-01 :  Trapeze /X E]EATimetableZ i % - york-27021 published
((_?rapeze ' «-Trapeze'

« Trapeze Group Rail Ltd.

Taiwan - Delegation Visit
York, February 2014 + Ian Brown — Managing Director

N

Mike Drury ~ International Business Development Manager

Mike Stallybrass - Principat Consultant

Agenda (i Trapeze™ @rapele

= Trapeze Group Rail introductions

4 Corporate overview BB = ~ Company Overview

Software demonstration

www.trapezegroup.com

CCirapeze Corporate Structure CCrrspere

Constellation
Software Inc
e |
Other CSI Volass Group
Companies Inc
TR i
Other Volaris Trapeze
Companies Software ULC
|
tapeze Group
urope Holding
A5
I
r T T L) 1
www.trapezegroup.com e aropeze I Tvapere Group [l Tapeze Group Sl Trapeze Group
GrobH Nederiand B.v. UK Ltd Rail Ltd Europe A/S
Trapeze Group
Sweden AB
Trapeze Group

Introductions
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Constellation Software Inc.

@rapeze' mrapeze"

Trapeze Projects

Acquires, manages and builds vertical market software (VMS) businesses

Headquartered in Toronto with over 80 offices and 4,700 employees worldwide
6 operating groups with customers in 56 countries
Listed on Toronto Stock Exchange (CSU)

Revenue: $891 million USD (2012)
EBITA: $186 million USD (2012)
Market Cap: $4.5 billion USD

_u\,,'

/.w

R "IV S N R R

Markets Served

UK France India
Spain

Scotland

Austria (_(bfrapeze"

Germany  gjovenia

New Zealand

2,500+ Trapeze customers worldwide

150 ITS systems in daily operation

witzerland Poland Iceland
Sweden Australia | xemburg
Demand Fixed Route
Respanse L Norway — Denmark ptajy  North America

We are dedicated to making transpont safer and more efficient across many transportation sectors. A .

Trapeze Rail Enterprise

@rapeze" @rapeze’

Wide Rail Customer Base

Selected Customers

B

Bus Replacement M‘:::ﬁ";z! ‘
s g T, TRAFIKVERKET serco
m -
E@ e L= NSB_ MM green  NJTRANST  §
R y . \};;.\\ Tr)  srtovention Jembaneverket cargo TR e o
1! ‘ ¥ tor AMTRAK
g ) == SRELRNNNS T N
Resource Management B3k g o EAM :
- e » scotias
»
Plnning Fuel & Fluid asCLaany LA by ARUDP 9 MTR
Vanagement
ﬁ
BRNCKERHOFF Ea':m ;@ hc, Yy
“Thed-Party :  —
LR Reporting and Handling
Analysis
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CCarpere’ Modelling — PowerPlan CCirapere

Fully integrated with RailPlan, this tool
models the electrical supply network | |
and the electrical requirements of trains [ | ‘

«  Use of this tool hielps identify

i weaknesses and hotspots in the power i

Trapeze Rail Group Ltd s o rowpos nthegover [ i

H «  Simulate and analyse the electrical

PrOd UCt OVeereW network(s) overlak);son RaifPlan model e A

= Can model AC and DC networks |

Interactive feedback with RailPlan LA .

affecting train performance |
Full network analysis or single train, as i

t well as Perturbed running
www.lrapezegroup.com = Electrical outage/emergency scenarios

possible |
Regenerative braking and Energy | | it
Storage Systems L L1 }d.li{
o ﬁ %
i

Trapeze Group Rail’s Product Suite CCrvapeze” RailPlan / PowerPlan CCrpere’

+ Simulation based on first principles

, PowerPlan Il « Extremely useful when about to invest in high cost
U {Demands on energy consumption) E ) pl’O] eCtS.
TR R A b + Can calculate train running times
TrainF% ' {Tosting of tmstable bustness al perturbations) ‘!; - Gradient, speed limits, curvature
{rmazamemnsumqn nciuding confict = - Mass, Acceleration & Braking characteristics
Qoteoog /confictieeoiivog) iy A?;e:suif?am, =i g - Integrel part of TrainPlan.
== E @ . . : .
= [l = + Can simulate multiple train scenarios
T i 3 = Signal positions,
ResourcePlan Optimiser f e
i, Qe I - S
m

€3 o

ResourceManager Rolling Stock Register L

(O"megz'g‘zg:m'gaye ia g stack managament and coniguratan) g‘ J o

Modelling — RaitPlan CCispeze Trapeze Group Rail’s Product Suite CCrrapeze

+  Powerfuf simulation tool that enables rail experts and engineers to predict the
behaviour of rofiing stock, signalling systems and power supply networks

Advanced graphical user interface and capability to identify and manage conflicts = =z 3
RaiPian PowerPlan g n
icati .g. ini i 1emg catcutatons / 5
Broad range of applications, e.g. determining signal headways, assessing the {R‘:mg:ons:nuam)‘ {Domands 09 energy censumpion) g

locations of points and crossings and validating the viabitity of timetables

Examine impact of different infrastructure parameters /

Timetable Robustness Analyser \
(7 ] (estogof tmetase robustness at prturssions)
~ AccessPlan
(Nagotiaton of tack access)

Crew Optimiser
{Automaled generation of crew schedules)

Examine impact of signalling changes to proposed train service

«  Explore junction conflicts and design to minimise disturbance
Examine the performance of different rolling stock on specific infrastructure

Bujuue|d

Explore service the performance of a proposed train service for a given infrastructure

configuration and rolling stock
ig 9 ResourcePlan £y

Explore service resilience by simulating perturbed operation {Vehcie & crow sci

suipwi] busuueld

ResourceManager Rolli
olling Stock Register

(On-tha-dey manegement ofrailng (o 3
ot o 9 {Roling stock management and configuraion)

suoneiadg \\




@ra peze”

Planning — Train Plan

*  With more than 500 iicenses globally,
TrainPlan is amongst the world’s
most-used timetable development
tools

*  Advanced train scheduling and
timetabting system which provides
complete support to the railway
operations planning process

Powerful graphic and tabular displays
with complete display of service
* schedule information

*  Integration with simulations for “what
if” scenario planning and Running
Time Calculations

+  Conflict detection and resolution
tanguage configurable ¥ ¥ |

Comprehensive reporting, printing, &
publishing and data integration to e =il
downstream systems

Trapeze Group Rail's Product Suite CCroapere”

W
J

RalPlan PowerPlan

(Demands on enerqy consumplion}

/ Bugapoj
\

auipui] butuueld

- Timetable Robustness Anayser
TrainPlan ‘ {Tasing of tmolable mb: ubations)
{Timetabie construction Ficixting confict

detochan /confic resolution) ~ AccessPlan

(Negatizhon of imck access)

Buiuuejq

Crew Optimiser
{Autornated generalion of Crew s jes,

ResourceManager " X 2

{On-the-day management of rafling
stock and aew}

“
\e

stack management and covfiguraton)

suopuedp \

-

((_’;’rapeze'

ma b LA Bl

Planning — ResourcePlan

Highly valuable solution for fleet
planning and crew scheduting
. Integration with train schedule planning
{e.g. TrainPlan), eliminating data re-
entry and flagging of resource records "
when schedules change
Customisable for business process
fAexibility
Flexible calendar functions allow easy
creation and management of dates of
operation
= Tracking of fuel, maintenance distances
and crew hours R b . -
«  Vehicle depot balance validation = = .
Wide range of reports and statistical o
summaries i : 3

Trapeze Group Rail's Product Suite

((-Trapeze"

PowerPlan
(Demands on anergy cansumplion)

Bupiapop

TrainPian

{Timetablo construction ncluding contict
detachon /conflict resolution)

/\

suipui) Guiuue|y

Bujuuery

ResourceManager Rolli )
olling Stock Register
(On-tho-day management of Time table e y
Roling stock Craw) {Rolling stock management and configurason)

A

suogeradQ

.

Planning
Timetable Robustness Analyser

@rapeu'

For any given timetabte, the designer
wants to know how well the timetable
is likely to perform

Timetable Robustiness Analyser
(TTRA) allows this to be done quickly
and effectively for any timetable

The timetable can be analysed ‘as 5",
This will show if it conforms with the
relevant planning rules

Using a Monte Carlo simulation
technique, it models dynamic
behavior

Various random perturbations can be
applied to the timetable; this can
show how robust the timetable will be
in practice

Provides network capacity
optimisation

A bad’ timetable on paper may, In
reality, perform better than a 'good”
one!

Trapeze Group Rail’s Product Suite

C i Trapeze™

RailPtan
(Runang teme cakuatons.
oparalons st

Bunapo

Timetable Robustness Analyser
‘ (Testing of tinetable rabusinass at parturdations)

AccessPlan
(Negotauon of track access)

TramPlan
{Timetatie constrton actuding confict
dotecson /conict rsohution) =

ResourcePlan
(Vohicie & craw scimcharg

Buuw) g
A

A

ResotrceManager
{On-the-day management of Time table -
Roling stock and Crew}

Roliing Stock Register

(Roling stock management and Ur3yon,

— 4

suogriad0

.

aupwi} Huluue|d



Planning — Optimiser Cnpere’ Planning Solution — context CCrrapere”

A powerful toot for the automatic and “cost effective” creation of diagrams which is
suitable for strategic, iong and short-term planning . Optimisation
The too! continually monitors progress and can provide samples of the output at any Timetable Planning
time. This alows for rapid generation of solutions when tinme is short
Diagrams generated by Optimiser are quicker and more cost effective than generated
by planning staff
Resourcs Planning
Anonymous Vehicles, Crews
n » |
esource ageme =
ostering
— s Dyna bling a
b - olling stock allocatio
amed Vehicles, Cre
P R fa ] - ¢ < osie
i eal ime - Post Processing

-_— —

Trapeze Group Rail's Product Suite CCirspeze” CCirapere

RalPtan H
AP L PowerPlan ]
m:;ﬁx;ﬂf:;’" {Demands on energy consumptionf % |
. A Thank You
(Timetable consiruction inchuding conflict 2
detecton /confict rasoltion) AccessPlan | 3,
(Negotiaiion of track 8c0ess) = | 3
H &
2 | =}
ResourcePlan = Optimiser l a
ctomaled gpoarsionot echechies) S www.trapezegroup.com
/ ®
ResourceManager Roliing S ? |
g Stock Ry )
| {On—lhogzmlzwam of Time table " (R0l stock man: ang configucaton) g ) {’
- —
Operational Planning -
ResourceManager CCrrspeze

Real-time Intelligent Decision Support
Live Information Data Interfaces (e.g.
Delays, Crew Attendance)

Conflict Alerts (Timetable, Platforming,
Vehicle type & Crew skill conflicts)
Forecasts & Predictions

Re-Routing and Re-Scheduling
Automatic Validation of re-pianning

IRNES IR

|

Identifying Requirements and Allocating - e ~:
Resource
Vehicle and Crew Management e e —
Managing Consists and Set Formation % |
%

Maintenance planning for Balanced
Operation
Incident Management and Reporting
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B#44.2-01 : LPA-Excil Electronics- LED Technology Overview

LPA Excil Electronics {B'-\\

LPA EXCIL ELECTRONICS - - ey
i Overview

Ong Lite Redotity
s et it g e

m Our current market sector involvement includes
rolling stock interior lighting, transport infrastructure,
Industrial/OEM and selected commercial applications.

s The company was formed in 1982 and joined the
LPA Group PLC in July 2000.

= Located in Normanton, West Yorkshire, UK, where all
design and manufacture is performed.

m EN ISO 9001 certified.

February 2014

. I-FA Brief Technology Overview . {H\
Group Structure  fun \ gy ik 5
Lo Power ' o Chip sk D
LED ¥, K LED

LPA Group P

|

Company Locations

o

LED Emitter Examples

The LED is a totally solid state “PN junction” device.

There are no fragile filaments or gas discharge processes
to fail.

When a current is passed through the PN junction,
photons are released. The colour temperature of white
tight emitted is determined by a phosphor coating.

Yellow: LPA Excil Electronics
Blue:  LPA-Channet Electric
Red: LPA-Niphan Systems
Black: LPA-Haswell Engineers

The extremely high reliability potential results in lighting
systems with significantly reduced maintenance costs.

The high luminous efficacy levels compared to traditional
light sources results in significant energy savings.

Technology Update {B\\

Long Lite Redouaty
1o a7 08t e e

LED technology has progressed rapidly in recent years.

LED Lighting

m LPA Excil Electronics is a designer and manufacturer

of technology leading LED lighting solutions. Efficacy levels of 140 ImMV are now being achieved.

Ty <
1l
20
(]
49
Wl
, B

006 2003 07 2008 2009 2010 28 2012 043

® Our expertise includes design and manufacture of
LED light engines, drive electronics and control
systems, through to complete luminaire and lighting
solutions.

m [ PA Excil LED Lighting has a reputation for high
reliability with a wide portfolio of highly successful
installations across a wide range of industries and
blue chip companies.

This compares to 15 Im/W for halogen and 90 ImAW for fluorescent.
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Colour rendering has improved from around 65 to 85+

Technology Update

Long Life Ressbity
ey rat co tne meris

Comparison between Lamps with CRI rating of 90 and 70

CRI: 80

CRI: 70

fef Dvgited Lunmimation'™

CIEY

G238

Long service life:

Colour temperature control has improved radically.

o

(o

Technology Update

J

e

Long Ute XedcbRy
Wom 0! CON e 0T

Hlustration courtesy of
Seoul Semiconductors

T T T T T T T T T U
023 030 0632 034 036 033 040 042 044 046 048 050
CIE X

Technology Benefits {FA\

-

Long Lite tedatity
When used in conjunction with an optimally designed ™~~~
thermal solution and well designed drive electronics, LED
solutions can offer 100,000 hours to the point of 70% initial
lumen output.

Sr1E STAIemmoner 3o L St

% bbb ais
— -\ | —raeowi
- ‘i Graph illustrating
e kLY the importance of
‘ S considered thermal
G Y- management
pin NN

T

e Et Tymemecie et )

This compares to 3000 hours life for halogen and 15,000
hours life for fluorescent technology.
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Technology Benefits

-
LONG Liter Rebo Mt ¢
e e ot e e

Significant Energy Savings:

The high luminous efficacy level results in significant energy
savings compared to traditional incandescent, halogen and
fluorescent light sources.

A typical LPA-Excil LumiMatrix solution would offer around a
45% power saving compared to a conventional fluorescent
system

A typical LPA-Excil LumiSpot down light solution would offer an
80% power saving compared to a conventional halogen down
light solution.

Technology Benefits

Long Ut Relotsry
Coes et ottty oo

Full control of iighting levels via dimming including DAL
interfaces.

Ambient light responsive control systems.
Both of the above significantly increase LED life expectancy.

Total freedom from infra-red and uliraviolet content in the light
beam resulting in a cool to touch light source which does not
degrade polycarbonate diffusers.

Environmentally friendly, no lamp disposals

o

2 ., S35
Long Ll Rebctsty
0w ner okt e oo

LumiMatrix

= Uses hundreds of chip LEDs
achieving extremely high levels of
uniformity.

« Available as a complete
luminaire or in component form.

» Luminaire just 30 mm thick.
» Flexible LED pitch and form.
* Built in drive electronics &

optional emergency battery back-
up.

- Connects direct to the available
power source.

* Up to 40% energy saving.




Configuration Flexibility . ‘_[_m‘\

LumiTray {Pﬂ&

« LED retrofit lighting gear tray.

« Up to 50% energy saving compared ta
fluorescent technology.

« Replaces singte and twin lamp
fluorescent variants.

+ 80,000 hours to 70% initial lumen
output.

* UMSUG listed/approved.
» 5 year warranty.

» DALI compatibie.

- Available in cool, natural and warm
white.

LumiTile

- 600 x 600mm standard ceiling tile
format.

« Uses hundreds of chip LEDs to create
a homogenous light source.

+ Variants with 3150 and 4650 lumen
output.

« Luminaire efficacy is an industry
teading 75 Im/W.

» Up to 30% energy saving compared
to fluorescent.

« 80,000 hours to 70% initial lumen
output.

« Integrated drive electronics for direct
connection to 230V AC.

« Emergency and DAL compatible
variants available.

B106

LumiPanel

+ Luminaire just 20 mm thick.

« Built in drive electronics,
connects directly to the available
power source (AC or DC).

+ 100,000 hours to 70% initial
fumen output,

« Up to 30% energy saving.

« Vandal resistant (IK10 rated-
5Kg from 400mm).

« IP65 sealed.

« Typically applied in tunnels and
underpasses.

+ BS6853 cat 1a fire compliant.

Fal
LumiStrip im\

Long Lie Sylcitaity
e n0r CTNT e T

» Built in drive electronics, connects
direct to the power source.
» Fixes directly to the gear tray.

« Suitable for indirect lighting
applications.

+ 100,000 hours to 70% initial
tumen output.

= Offers up to 25% energy saving
compared to fluorescent.

* Rolling stock DC and commerciat
AC versions available.

LumiBay {B"l\\

-
LonG Ute Rmicabty
ooe rat <ot e e

« Robust IP65 high bay fuminaire.

« Over 50% energy saving compared to
traditional light sources.

» Replaces mercury and SON iamp based
fittings.

= 100,000 hours to 70% initial lumen
output.

« 5 year warranty.
« Fit and forget.

« CRI better than 80.

« Overall total fuminous efficacy 100 Im/W.



LumiSpot

Integrated Drive Electronics or
Centralised Power Distribution

+ Halogen replacement.

» 100,000 hours to 70% initial fumen
output.

+ 80% energy saving compared to
halogen.

* Rolling stock DC voltages and
commercial AC voltages available.

Bespoke Solutions {M
» LPA-Excil is also a solutions provider Long Ue ettty

Doty n? cOR e 00y

n Example of an IP66 sealed LED tunnel luminaire

n Bespoke optical solution employed to extend
luminaire placement pitch

Compliance {B_“\\

tong Liw Febotm®

= Rolling stock lighting:
n EN50121-3-2 (EMC) o
m EN50155 (Performance)
®» EN61373 {Shock and vibration)
» BRB/LUL/RIA12-Selected products (UK historic standard)
® BS6853 (Fire compliance)

m Industrial/Commercial/Infrastructure:

ULB750,EN61347-1, EN61347-2-13, UL60950-1,
TUVEN60950-1 (Safety)

ENS5015, EN61000-3-2 Class C, EN61000-3-3 {EMC
emission]

EN61090-4-2,3,4,5,6,8,11, EN61547, EN55024 {(EMC
immunity)

Working on section 12 {Fire compliance).
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Applications {ao&

Long Lite Fedcisst,

Waratah/Downer EDi Rail 1t v cemi e o
LumiStrip Interior Lighting Solution

Blackfriars-London {m\

New Ticket Barrier Area + Subway wn &=
and Road Underpass Long e bwiqtiry

0w P cour e @

Long Lte Pasataty
own rar Coat e are

Siemens-Warsaw and Munich Metro

Warsaw Metro

Munich Metro




Trackside Maintenance {m

Lighting -—

Saira Seats
LED Reading lights

Ballast Dispenser Wagon l \‘_
High Output LED Flood Light Long te Ersabars

Gowe ro cout me ey

SNCF- Le Rayon Vert

LED Down lights and Fluorescent Lo ettty
Replacements

00 a* COR e w0

Balcony Light {FA\

Oasis Of The Seas L0 Le oSNy

LTA / Singapore {Ff*

LumiStrips .




Javelin Class 395- {p:\\

Hitachi -

Long Ute Tedistdity

Fluorescent/LED T
solution

London Underground {FA\
.

Central Line LumiPanel

Long Lite Redot sty
9008 et cout g were

East Coast MK3 {fﬁ\

Fluorescent/LED tonguse vty
Solution

AGC - BOMBARDIER {FA\

SNCF -
Long Ute Redotlity
ot

TGV R/ SNCF {M

LumiSpots -

Long ife Rebodity
o e cout e war

RFU Reception Area Twickenham {M

-
LumiStrip Ceiling Backlighting vl

- T acren

B109



Panorama Car/VIA Rail {m\\
Canada A

100G Lite Kehatwty
oo e 007 e e

LumiSpot

Major LumiMatrix {m\

Opportunities

« Crossrail platform illumination.

- Crossrail Liverpool Street.

Conclusions {m

A%
tong Lite Redatary

LPA LED Lighting Systems offer: comnt com e s

= Ultra high reliability offering reduced maintenance and
operating costs.

= Low power consumption resulting in significant energy
savings.

m Low temperature light beam resulting in a more
lconafortab!e environment and reduced air conditioning
oad.

A variety of control options including dimming, pre-set
emergency levels and response to ambient Iight
conditions.

Long life, green solution.
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Why LPA ? {p)

10ng Lites Resbot it
e et £Oat e ouwre

30 years experience in designing and manufacturing efectronic and
lighting solutions for the Rail thdustry and other high reliabitity
markets, woridwide.

10 years experience in designing and manufacturing LED lighting
products and solutions.

Have gained a reputation for supplying high quality, reliable and
long life products and solttions.

Familiar with rolling stock, commercial and industriat specifications.
Experienced in supplying technical solutions for OEMs.

Part of LPA Group and thus able to use group expertise and
manufacturing facilities.

Experienced in managing multi-mitlion pound contracts.

UK design and manufacture of cost effective, reliable, safe and
sustainable products

Long Life Redobaty
Oes et Conr e e

Thank You

LPA EXCIL ELECTRONICS

www.lpa-group.com
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Company Profile MECHAN

// UK based and privately owned
// Over 40 years experience

// Extensive product knowledge

// In-depth Industry understanding
// World leader in our field

[/ Sales and service capabilities

MECHAN Company Brief

B111

/RN
MECHAN

Serenga Barned Tocrrasp,

Product Summary

+ RAIL JACKS

Mechan's improssiva range of raikar lifling jack

, but the jewel in the company’s crown
is its uniqus Moga-Link control system, which has set new industry standards in jack cantrols, Mega-Link enablesoperatives
ta plug into any jack and contro! the entirs system. Using a networked control system, data can be passed between jacksona
single cable giving the bollowing benefits:

teven the toughest

# User friendly - the software gives simple & intuitive step by step instructions lo the operator
1 Jacks can be used without cable installation in tha floor

! The system is expandabis - it can conlrol up to 48 jacks as standard from a single Mega-Link contro) box

Header pictum: Mechan 15 Rail Jacks Altom Lorgsght
UK

1 Software can b muliingual

£\
MECHAN

MEGA-LINK CONTROL SYSTEM

The most advancad Jack Control system on the market
Magalink control system advantages that put Mechan ahead of the competition.

Simpla installation.

Full diagnostic display.

Reduced powst consumption for depat.

Simple witing with only ona twin core control cable linking jack to jack.

It is easy to bring the power supply in at intervals along the set of jacks.

The number of jacks can be increasad without problems and at a reasonable cost.
Reduced civil enginesring costs at depot dua to the smail number of cables.

The operator conlrol postion can ba at any point on the setaf jacks to give the eal position for svary situation
The menu based controdle is easy to use




RAIL  BOGIE | WHEELSET DROP

RAIL  [JACKS /'Ix\\\
MECHAN

“A Different Class of Jack”

/ Mobile jacks, moving anvil

// Mobile jacks, fixed anvil

+ BOGIE | WHEELSET DROP SYSTEMS

/ Rail mounted jacks, moving anvii Bogie Drop Systems
Mechan's bogie drop systems allow the safe emaval and replacemask of complata bogies, wheeisats and undarcar
) ) equipmant from coupled rarl vehicles.
/1 Offering multiple advantages Apit continuation givas fu clarance undat the bogie and side plationms offer a-round access 1o 1he ilerm baing changed,

over aiternative lifting choices.....
4 Mchan provides bogie drops with either a hydrautic sclssor typs lifting mechanism of the recently developed intetfigent
screw jack lifting system, which oflers a rediced pit depth and greatly minimises installationcosts.

Wheel Diop Systems
Whaelset drop systoms allow the safe removal and raplacement of wheolsats orly from coupled rail vehicias.
Like the bogie drops, the road is safe for olher traflic when the systam is not in use

Available as simple tablatop syslams o with pit continuation for full access under the bogie.

Adjustabla bogie jacks are ircluded to provida support during removal of the whastsst

Header prium  Mecian scrw typo boge drop with iy
movable oo Siemu s TraneParine € apmas_Manchoster L

/—A\ RAIL | BOGIE f WHEELSET DROP /;\ \
MECHAN MECHAN

L e

e G Tacremnpy

Hydraulic scissor type bogie drop, First Great
Western Depot, Old Oak Common

- [ ean | socievieeiseroror | :
£ AN S AN
MECHAN Eurostar Depot Bogie Drop

+ ENGINE REMOVAL TABLES

Mechan's engine removal tables are design
specifically to work in conjunction with rail jack
lifting systems in depots with flat ficors,

/] Canbe used to complement Mechan jack sets

|| Offers an alternative te under floor systems

Lateral & longitudinal adjustments

Central slew

Bogie drop system comprising two working roads & one exchange road.

Streamlined removal and exchange of wheelsets and bogies at the £400-millon Ewostar Templo Mills depot is enabled by
a stato-otha-art double bogie drop manufactured and installed by Mechan Limited

Incorporating Mechan's ‘intelligent screw jack system and compatible with Europeangauging. the Temple Mills bogie drop
is a self d assemb bies traclk units and air ipmant

wheslsets and bogies, ta be switched withaut iting of spliting the formation., Instaiad beneath two dapot roads and an
exchange road, tho assambly has twa bridges, one of which can pass beneath the othar whilst conveying a bogis without
interrupting altasnative use of the other road. Sophisticated interkocking systaims and other safaly measures help to
safeguard depot parsonnel

Engine Removal Table for Irish Rail in raised position

B112



21 oocic woune | X\ [ ox1 oo stomce | 7K\

+ TURNTABLES MEQ..HAN + BOGIE STORAGE _ M %C..HAN

WELSET D@ o i
Meachan turntables are used to aid the ransfer of bogias
and whealsais batween roads within maintenance
facilie s,

The 1 Ly i normally fitted with double cross —
rails to allow bogies to run across the surface and can be
operated wih either a manual push handle or elactricaly
if raquired

The etasitiat Iy 118 sat up fo allow wheslsats to
itin a cross ~track the unit

rolling on its flanges as it ravarses the tumiables. It is

operaled manually by pushing the end of the whaelsal

Machan produce a vast ranga of aquipment for stacking
: lifting ard storing boges, whealsets, engines _traction
Options Avallable: motors and ancillary equipmant

1 Bogie or Whoalsat -

i Powsed of Manual

1 Double Gross Raits
Advantages:

I Simple Construction

i Shallow pit installation

i Extremely low maintenance

Gptiane
Stacking frames

' Bogie Stands

Low and high level slorage stands

Wheelset lifting bsams

+ BOGIE RQTATORS s Bt Tochasiogy

Bagie frame rofators are designed to lif and rotats & bogie
during mainteranca and refutbighiment, providing access to all
areas in an ergenomic and safe mannet.

Thay are fitled wilh rolating facepiatas on the front of the liting
carriages and have modified foat to provide a wide and stable
baso Thase rotators work in pairs, controtlad from a single panel
mounted atihe rear of the master unit

1 Suits all bogie types

+ TRAVERSERS

11 Self sustaining with power off

11 Fully synchronised

1/ 360 Degree Rotation in both directions I/ Mechan offers clients a completely bespoke service for the design and specification of

He vehide traversers and turntables.
apacities up to 10t

J/ From concept to manufacture and installation, we can produce traversers that meet
individual workshop designs and vehicle requirements, Sizes range from 60 tonne units,
capable of lifting a single rail vehicle, to 170 tonne capacity freight tocomotive versions.

Headet pctise:
$achan 170 1one Port of Fehapwe.

POT EQUIPMENT

/RN

oo feard Tersromg,

+ DEPQOT EQUIPMENT MEC HAN

+ BOGIE TEST MACHINES

Bogie tast machines / bogie presses are usad to set up bogies after build, repair of refurbishment

The Bogie test machine / press applies waight to the bogie to mimic ihe loads imposed by the rail vehick and to sefiis iha
suspension. This allows the ride height 1o be set corractly 30 no further adjustment is needed whan the body is fitta.
Bogie presses bridge the rails and consist of cytinder(s) that apply the kad to the suspension points.

Bogis presses can inciuds ths following options:

Single pressing cykinder with guided spreader beam

; : ! Machan offer a wida variaty of baspoke
Twin pressing cylinders with independent load application Depot squipmant

Load measurerment by hydraulic pressure ar sokd siate kbad calls

Wheel kad measurement ta check load distribution

Undercar Module Removal Systams — mobiks / pit mounted / rail mounted
Bogie ride height measuramant Vehicle / Bogie Workstands

Powot foad for bogies inlo prass | Accommodation Bogies

Auxliary rails lo mave bogie into prass position I Storage Systems.

Automation of some or all functions 1 Coupler ramoval 100

Data logging with report print out and storage Hoader pictime  Mechan 122 twh rxm bogis prass
tondan Lk wriowd . Stratbrd Meckat

B113



. CNE DIVISON /)\\
o REFERENCES INCLUDE: MECHAN

Brrunger Beneut 1oty

Networ%l A LST61M
ey [ el
+ UAlI SAFETY ND RELIABLITY o S FN Grea'v\,es‘e.r BOMBAHDIER

Mechan designs, develops and manufactures an impressive range of standard and bespoke handling equipment
that extends far beyond the simple jib crane.

Ny R

// Manual or Powered slewing
/7 Free standing / Wall Mounted

1/ Heights / Radius to customer requirement -‘- FITZPATRICK B & Rolls-Royce
// indoor/ Qutdoor/ Offshore/ Marine applications -
HTY

// Designed to British standard BS7333: 1990
SerCO et zramcrmn

f Q-

;

|

3

/01

¢
0

/AN
MECHAN

N —

270 Degree Powsred slewing Rail depot Jib Crane - Designed o
pass under ovarhead tine

) /AN
Complete Customer Service MECHAN

(/ In house design
/ Instattation and commissioning
Equipment training and certification
Dedicated service engineers; mechanical, electrical and electronic

Refurbishment and Service schedules offered on non Mechan equipment

Rail Foruritp >

4,
B v
2001 7008 lm F'nk‘ug”‘ .____q/ %r lalliance
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Ballour Beatty
Rail

Balfour Beatty Rail

Engineering and Technology Solutions

" ‘Delivering the benefits of technolagyto infrastructure asset management

Balfour Beatty

Agenda

» Welcome and introductions
» Overview of Balfour Beatty Rait Engineering and Technology Solutions
» Company information
» Measunng and visualising infrastructure condition
» Cost-effective capacity improvement
» Signalling monitoring
» lnovative track solutions

» Questions

Balfour Beatty Rail Engineering and Technology Solutions

Balfour Beatty Rail Technologies

» Partofthe Balfour Beatty Rail UK
» 130 professional engineering staft

» Core businessis the application of
technologyto improve infrastructure
asset management

[ bonsoces | wainine | gomnste | ieto gk}

Faight

Industry.

Asset Management Focus

» Innovative solutions that help deliver more
reliable, safer railinfrastructure atreduced
lifacycle cost

d

» M systems for

visualisation, decision supportand planning

» Systems developed fromknowledge ofbeing a
maintainer of the UK’s 150 year old rail
infrastructure

It o g ot WP Y
- e b

B

» Service provenmeasurementand data
acquisition systems

v Applicationsinclude track, overhead line,
conductor rail, switches and signalling systems

[ icnaees | thacing | comm.co | houns LR

[ty Fwght

Balfour Beatty

Quoted on the London Stock Exchange
An international infrastructure business
» UK plc butwith around half the
business now overseas
» Significant operations i the US,
Middle Eas, Far East and Austraka
Four business areas

Constiucton sences.
2011 Revenue
£7.050m - EUR 8.440m

Infrasinecturs nvesiments.
2011 Investments Resuls
£71m - EUR 84m

Professional services
Construction services
Support services

3
»
»
> Infrastructure invesiments

Lifecycle approach deliver services i " ‘
essentiat to the development, creation
and care of infrastructure assets

Professional services
2011 Reverue
£1,645m - FUR 1.068m

2011 Revenue £11.035m — EUR 13210m

£1.584m - EUR 1,896m

50,000 employees worldwide

Acquired Parsons Brinckerhoti in
Qctober 2009

The Business Case for Rail Infrastructure Asset Management

The results show that some of the bettes perfermersachieve this through having
better information with which to drive the maintenance process

Assetmanagementtypically costs about2% to 3% of the cost of maintenance

Properlyimplemented it can defiver a 10% to 20% maintenance cost
reduction. . .....asignificantreturn on investment
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Balfour Beatty
Rail

Measuring and Visualising Infrastructure Condition

Attended Measurement Systems

London Underground - Tubelines Asset laspection Train "

Profile/Geometry!
Corugauon®
Tumned Frafile(*}

(P tased Socamnn
Inerminl 1 ek Geometry.

Unattended Track Geometry Measurement

» New track gecmelry measurementequipment
compactand automated for fitment to normal service
trains:

» Dramatically reduced cost
= Much more frequent measurement
+ Mandated for all new fleets by DIT

Frequentmeasurementprovidesan earlyindication of h ‘

developing faults and a clearer understanding of
deteriorationratesand causes

This allows the nghtmaintenance tobe carried outat
the optimum time

Al an early stage where it can be seen to be cost
effective

Where safe, as lale as possible 1o mnimise
Inlervention costs

Ultrasonic Rail Testing

» Balfour Beatty Rail 1s working in exclusive partnership
with RTI, one of the leadingultrasonic testing
arganisations, to deliver the 8000SX™ testing system

Total Flexibility - service or productoffering

Trainborng, RRV or trailer mounted

Veryaccurate detection and discrimination of rail
faults - ensuring the highest Probability of Detection
{POD) with the lowestFalse Call Rate (FCR}

Survey to survey comparison to assess defect growth

-

Proven with some of the most demanding railwaysin
the world

Rail Infrastructure Measurement

Averylarge partof the UK Network is now
measured with Baliour Beatty Rail systems

v

Track Geometry Measurement
» TRC
v PLPR1&2

Overheadline Measurement
» Mentor upgrade

Structure Gauge Measurement
» LaserFlex on SGT1
» and soon on SGT2

Data Management Challenge

» More frequentmeasurementand earlier identfication of faults placesgreater
demands on data managementsystems

Systems must be more avtomated and ensure excellentposttional repeatability to
give confidence in early fault detection and allow right first ime intervention
» Isthat a series of detects, or just one maccurately located?

Thisled usto develop DataMap™ an asset condition visualisation system, builton a
location based model of the network with automated tools to “fit’ data steams with
anaccuracyof0.5m even undeiground
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viap™ support
condition information

Track geomatry
Ride quality
Overhiead live
Lineside siructures.
Siructure gauging

Key Benefits of DataMap™
Reduces mamienance Costs

Enatles ife extension i atner than
reaewal
Improves

of a

» Ratl profile & waar
+ Conductor ral

» Noise

» Corrugation

» Ratl flaw

Enables virtual uack walking
Supporss mate effectve mamtenance
Bettsr uthsauor of cosily plant

Scalable sotuvon from ndwidunt
line 10 navanalnetwork
Infuimation access fiom lul .
catjorateto mdrdus tac kside
PLA

Heizs the uer make sense of measurement
informaven

Reduce levels of analyss and management
More pro-actve maintenance moniloting,
fmpiovi d planning [tamping, grnding batast)

Cost effectve
condion
Identfy opetatonalan
performance siprovement

auset

Helps conuactor

Support acceptanc e warrantymanagementfor

aowines

range of asset

Traction supply

Video

Ground Penetrating Radar
Thermal imaging

Ballast profile

A Synchronised View

UK Structure Gauging

» Theneed to cost-effectively run Jarger and faster vehicles through tight
infrastructure, has led the UK to develop the most advanced approach to tlgatance
assessmentin the world

-

Over the past 15 years ithasbeen possible to ccommodate fasger and faster
vehicles, whilst at the same tme minimising expensive infrastructure changesand
managing risk

Thishas been done by impsoving the analytical methods used in clearance
assessment, in conjunction with highlyaccurate measurementsystems

! and Absol

Traditionally, most raitways adopta processcalled static gauging whichis simple
butuses worst case conditionsand generousallowances

Static gauging over-predictsand can ‘waste’ up to 300mm of usable space

Increasing capacity {larger or faster trains} involves significantcivil engineering
works so this conservative approachis a very expensive option

The UK nowuses accurate measurementand enhancedanalysis to understand the
true clearancesrequired, an approachknewn as absolute gauging

The actual space required torun each type of vehicle alonga route is compared
with the actual size of structuresand the position of adjacenttracks

Balfour Beatty
Rail

Structure Gauge Measurement
» Any required platform
» High accuracy itegration with track geometry data

» Qutput mformation compatible with industry
standard CAD packages and w-house
databases and clearance analysis

» Supporting the UK’s leading approach to
clearance gaugig, gving more space for
vehicle operation than any cther method

References
» LaserFlex - tugh speed tram based
measutement for Network Rail, TTC,
PATH

b LGV - RRV based measurement
services for Network Rail

¥ LaserSweep - manual mrasurement
equipment safes, hwre and services
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TrackRoute™
3D Infrastructure Database

» Used to manage ali Network Rail
gauging measurements

» Developed and hosted by BBR

» Links various fields such as profile,
location, speed & track geometry

» Directoutputto ClearRoute for
cleatanceanalysis

» Supported by BBR for over 15 years

The Business Case — Infrastructure Benefits

v Ifitall seemsto be much more complicated you would be right
» It's a significant exercisein infrastructure data coltection and management.
» Soisit worthit? . UK experience says yes, very much so

very significant savings for infrastructure owners

gaugeon a 150 mile route with 2187 stuctures
» Using a static gauging approach, 66 struclures would need to be modifiert

+ Using an ahsolute gauging assessmenl only 48 structures need be modified

» The saving from nothaving to modify 18 structures was estimated to be £25m

occur

ClearRoute™
Clearance Assessment

» Clearanceshetweeninfrastucture
and vehicle and between vehicles

» Static gauging and dynamic gauging
with vehicle models

» UIC kinematic gauging
» Platform stepping calculatons

» Allows complete route assessment

» Compliantwith ali relevantstandards erxr

Rail

Signalling Monitoring

Gauging Services
Srapialict Lauming [

P ging ¥

» The consultants’ consultant

+ Advanced teolbox
» ClearRoute+ and HyperRoute

» Specialistknowledge
» Proactive projectinvolvement

» Full service - measurementthrough
1o certification

» Jnvolved in all newtrains for the UK
since privatisation

Signalling Monitoring

» The analysis of rue clearancesreduces expensive modification work, resufing in

» An analysislooked at the need for stucture modification to accommodate the W10

»  With further savings from reducing the extent of the modification that sult needs to

Balfour Beatty

AssetView s an eventmonitoring and analysis
system that automatically analyses the resulits
from anaiogue and digital eventrecorders,

including data driven systems such as Solid
State Interlocking

-

Embeddedsignalling engineer know-how’

Diagnostic and prognostic

Now covers around 40% of the UK network —— [

Business case driven, primarily by deiay =
minute reduction
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Intelligent Analysis

» AssetView processesdata from a range of sourcesto provide meaningfulinformation
on the performance of the asset.
+ Point machine operating statistics
Signal lamp / LED burn tsmes and operations
Graphicai replay for incident reafay and route cause wentiication
Operational performance statistics - e.g: aspect shown to approaching trams, direction o
trans over switches
Predictive and reactive failure alerts - e g SPAD, Change of Aspect and assel laiure aleris

Trams Ovec Poins

Delay Reduction Focus

Benefits provided in a range of areas including op and
operatonal planning

The main focus however is on delay minute reduction, speeding up accessto
data, aiding diagnosis and demonstrating whatreally happened to help with
driver 'management’

Innovative Track Solutions

Balfour Beatty
Rail

XiTRACK®
Eliminating the Cost of Ballast Maintenance

» Polyurethane providesa strengthening ‘cage’
» Free draining matrix

» Ballast degradatonehiminated

» Ballast movementeliminated

» Trackstiffness consistentznd sustained

Delivering Benefits

» AtakeyLondon station the system provided circa 10,000 minutes (£600.000) delay
savings over 18 months by
{dentifying the root cause of a Change of Aspect tault without testing

Early detection of stowing peints at a key Junction

tdentifying point deteetion flicking under passing tram - preventing a potential Change of
Aspect fault

Diagnosing the root cause of a Signal Passed at Danger at a key location

XiTRACK Examples of Use

HeavyHaul/ High Speed/ Light Rail/ Metrn

No Ballast Maintenance Required

No Tampingof S&C §

e

TrackSupportat T

E “ Lateral End Restraint for
A&C Canves

ldeal for High Speed with
“rossing Teaffic

Controlofballaston
embankmentsand
reducingdynamic

foadson
embankments
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Summary
» Secureand financially stable international company

» Aunique combination of railinfrastructure domainknowledge and technology
capability

» Provenmeasurement systems

» State-of-the-artcondi lisation software

» Innovative track solutions

» Provendelivery of sigmficantclientbenefit

Ballour Beatty
|

Balfour Beatty Rail

Engineering and Technology Solutions

Dolivering the benefits of tachnologyto infrastructure asset management’
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(tim.gray@trerail.co.uk)
Jan 2014

TRE Products
and Services

Hi84.5-01 -

Tim Gray

Introduction to TRE

Introduction

TRE background
Company Metrics
UK/Overseas activity
Hitachi acquisition

Organization Structure

' ? x
Hitachi Ltd
Infrastructure Rail §
ai m
Systems Company ooy ystems .
Business and Technology Centre for | “global rail Company Syl |
UErmmiman Qo S business | Business Srategr and Commercial Company
Qffice for Global Rail Market
Power || Urban | eee
N
enan
1 |
) ——
Hitachi Europe Ltd Hitachi | | Hitachi
(HEU) America India
Regional Headauarior Ltd PvtLtd
. CZIond cddquiarier (HAL) (HIL)
”:f:"'llfzi Shareholder, Business
Operation support owner
e T HRE ropresens Hitachi Rail
‘o commercial
sl aotiiics Europe (HRE)
- Regional Strategy and
MARAT VAL Sharing market Commercial Office for
nformation Erropean Rail Market
» ;__) N/
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TRE Productsand Services by Tim Gray

Introduction to TRE

* Introduction

» TRE background

= Company Metrics

* UK/Overseas activity

» Hitachi acquisition

* Simulate, Validate & Control

* Simulate - TREsim high fidelity simulators for training
* Validate - Modelling and decision support
» Control - TREsa Automatic Route Setting

TRE Products

1 v o
T

Pock Junchon
b

Intenunco Summg

FAFF LOCKDUT

pas

& '
= *

TRE

TREsim - High fidelity simulators

.

Mandated in UK following Ladbroke Grove
100% replica, safe off-line environment
Training & assessment
Practice response to disruption/emergency
¢.140 TREsims now installed in NR
>90% of VDU signalling systems simulated
Product Acceptance granted for WestCad,
MCS, IECC, EBICOS & VICOS Control
Centres
+ + accurate model! of interlocking - Relay,
SSI, Westlock, Smartlock, SIMIS C +
« Afully controlled virtual railway
+ Combined Dispatcher/Driver Simulator
+ Modelling and decision supportt....

.

.

.
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NAPKEY

Signaller/Dispatcher Desk

— e e
PRESM (vedCod Mecposed
— T e
— T D G Provensn
— g -y
L
e Mg Gt At
— mesavcs
TR 3A NCS Proponec
— TRER P STCAD
— TR LA WESTIAD Arcpnned

TREsa TRESIM Trainer / Assessor Interface

el

Ty

[P
3

TREsa is TRE’s Automatic Route Setting System;

= Compliant with the NR ARS+ specification

® Developed with GETS and roll out programme agreed
® Now also installed with Siemens and progressing well

®* NR stated intent to include ARS in all new schemes and
Regional Operating Centres

= ASIL2 system talking directly with the interlocking
control system

= Provides some future opportunity for train management

TREsim Block Diagram Example of Failures Introduced

Trainer / Assessor

4 Signaller / Trainee
Workstation

Workstation S Example shows some

(20109 AFCSR Auto Calls Disabled typical asset faitures

= 06:0355 CSR Auto Calls Disabled for (200 introduced by the
iterlocking Simulation = 2 05 Signal SFY35 held at most restrictive aspect
4 e Duplicate Dispatcher Display & Points P633 disabled normal detection Assessol
tor// Editar {eyeee CSR Auto Calls Disabled for (200 In this example, a
\Movement fiato SSI Diagnostic Critical Faflure raised for Stckejen: PO i€
el b utal B fefed ‘Coemmunication 551 Diagnostic Critical Failute raised for Kidsgiove. 51 number of points and
Faulting X, 3 S8 Diagnostic Critical Fatture cleared for Kidsgrove: ¢ signals have had
2 and Scenarlos ‘Level Crossing Contro Signal SFY35 no longer held at most restrictive aspec failures introduced and

= = 2 Poris PE314 disabled nomal detection S$SI TFM modules

CSR Auto Calls Disabled for 4F84
SSI Diagnostic Ciitical Fatlure raised for Slckeicn: PO
SSI Diagnostic Critical Failuie raised for Stckejen: SIC
Sinadl S264 R, Y, YY, G taled lamp proving

| i i

w



Disturbance Selection Control Stockholm Prototype system

The Assessor may select

EJpesturbation Scenario Options B _1 0l xi
anumber of

Preset Perturbation Scenaiios Delay Saverty Low automatically generated

[ | conditions for service

delays to beintroduced
in a session.

Medum perturbation
High perturbation

Bad weather and hagh HEARREE Y VS
Timetable teshing with no delays ]

Additionally weather
and poor raithead
conditions can be
introduced.

Rat-head Condtion. Good

Lo ] coma |

Combined driving/signalling simulation

East Midlands WestCad Simulator NJSK Norway Combined Simulator

TRE Traffic Simulators KB/Sydac Cab Simulators

B123



Validation, Design & Optimisation ~ London Bridge

In Addition to Training and Competence Management;

» Service reliability

» Design verification — new/upgrade schemes
« Construction programme evaluation

+ Performance validation

» Timetable testing

» Track and depot infrastructure

+ In fact, simulate throughout the life cycle

Validation Process Scheme Design Evaluation

Business Concept Work Scheme Final Pre- Operational Future
Case Operations Station Optioneering Design/  Commissioning Phase Change
Evaluation / Data Test Training

Human
Factors

Validation, Design & Optimisation London Bridge Thameslink 2018!

In Addition to Training and Competence Management;

+ Some Examples;
- London Bridge
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Validation

In Addition to Training and Competence Management;

¢+ Service reliability

+  Design verification

«  Build programme evaluation
+ Performance testing

+ Timetable tesling

*  Maintenance depots

« Some Examples:
- London Bridge
— 2012 Olympics Timetable
- Network Rail TMS Programme

Network Rail Traffic Management System

+ NRimplementing a national Traffic Management System
* TREsim is being used to evaluate TMS

+ Three prototype suppliers — SSL (Alstom), Thales, Hitachi
+ Existing TRE simulations used — Thameslink/Leeds

Network Rail Traffic Management System

Prototype Simulator
Data Scope (Leeds)

B .

Network Rail Traffic Management System

+ NR implementing a national Traffic Management System
+ TREsim is being used to evaluate TMS

« Three prototype suppliers — SSL, Thales, Hitachi

+ Existing TRE simulations used — Thameslink/Leeds

* Leeds area is virtual test bed for the prototypes

= Complex joining of 4 workstation areas/24 hour timetable
* NR plan first deployment, then roll out in ROCs

4.2 Hitachi to Contribute NR’s TMS Strategy HITACH!

Inspire the Next
B 2 o S i e e LT o]
@ With know-how of Japanese system, Hitachi will customise TMS for the UK. /
#Throughout developing Prototype, Hitachi will customise TMS for the UK.
@Hitachi will make long term partnerships with NR and UK companies.

) A== = %

. New Control
Centre

J'I] a Japanese System b 2030

duli Knnw—how,Experience/

-Over 24 tph operation * | ——

-Long-term (for 20 years) | UK P ”t o ol
Development h."j s
+Managing Disruption ~ \

Customise TMS for the UK.
Verification of system.

4y, B2

#R3D Centre, TMS Maintenance Centre in the UK. il
@Partnership with NR and UK companies.

Hitachi Traffic Management
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Hitachi TMS - Model Office

Contact

Tim Gray MSc, BSc, CEng, MIET

Sales & Marketing Director

T +44(0) 1225 860 140 E tim.gray@trerail.co.uk

F+44 (0) 1225 867 698 W www.trerail.co.uk

M +44 (0) 7725 203 382

A Manvers House, Kingston Road, Bradford-on-Avon, Wiltshire,
BA15 1AB, UK
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