Completing the Elizabeth line
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Design Overview & Integration

Chris Binns Former Chief Engineer




Scheme Development
Crossrail Programme Remit/Employers Requirements

Business Case and Pre-Bill
Consultation

Crossrail (Hybrid) Bill and
Reference Designs

Sponsors Requirements

Sponsor’s Requirements Environmental Minimum CPFR baseline & approved CRL New Works Standards
Requirements changes in DOORS Baseline

Stakeholders and

Programme Partners

Consultation Central Section RAM ONFR baseline & approved

Maintenance Strategy Requirements changes

Crossrail Programme
Functional Requirements

(CPFR) : Supporting Documents :
I : . : I

Operations Concepts Design Demarcation ;
: (various chapters) Drawings IM Boundaries :

Requirements Management
established from the outset
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Programme

Remit/Employers
Requirements

Supports
Satisfies through certification)
||

Verification of Test specifications/Plan

Ops Trial Runs

Validates |

Requirements

DOORS Implementation

Performance Specification/
Work Package
Specification (s)

{Dutputs from RIBA E/F or GRIP3/4)

Validate Projects/Systems

A clear engineering lifecycle

Com pliance and

was developed, Technical Reviews Testing
implemented and built into [ 3
ontractors’
the Overa” programme Specification(s)/ System / Validate Sub
schedule Sub-system alidate Sub-systems
Requirements

Crossrail Test & Commissioning Strategy/

Suppliers test Plans

22 Compliance and _
';E; < Technical Reviews Testing
=3 .
g 222 I
A@g5
= %E 2 Dasign / Build & Validate Components of
1 Z8 Construction System/Subsystem and
i g_:'g Specification (s) Work Packages
£ 0
T P
Ll

Review/Testing

< CRL Design, Built & Construction Supply Chain >><J CRL Systems Integration l[>
o
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Final completionr

- c @c& B
Engineering
i = Hold point = passiail
F oun d at ion Substantiol Completion e Readiness 1o start o
o Trinl Cperarions
& q\f
H & Hold point = pass/fail
DGSlgn GateS 1 y 2 & 3 ; MM and;rn Start Trial | 4
1 . " Rurning
leading to: &G
0 . cﬁf Hald point = passfall
CO nce pt DeS|g n Ove rview N @ Dynamic Testing Readiness Review |:-c z Eﬂfﬂl' TG’IES:Z i
o 8 ¢ all zones)
: : : & A Hold potnt - pass il
Interim Design Overview £ o Energisation Readiness Review X2 (1 per Energisation event
a3 lan B 1} Ready 10 energise Zones 183
. . . \DO-Interi (Troction Powed 2 Read: toenerglse zones 3
Flnal DeS|gn OVerVIeW EJE'S Assessment polnt
Element Readiness Rewew

finterim acceptance)

Design baselines updated
as details were worked, with
Final Design Submission
Addenda produced all the
way through the life-cycle
up to As-Built status.

Gate 3

& WS =i

Final Besign Overview (FOO)

Etasian FIBA F[2] Pasign

~FAIRR( & SIRFA with Outputs Incorgorated
~Systervwlide Designs (G0%/00%)

~Traln Detalled Deslgn

=Interim Certificate of VerificationACanfirmation from =
T

~HRAGL
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Design Gates and the Final Design Overview

» During design phase the Contractors presented design assurance to CRL at 3 ‘Gates’

» The following table provides details of the Crossrail Gates 1, 2 and 3 and the equivalent stages under
other familiar processes:

RIBA Stage | GRIP Stage LU Stage

Conceptual Design Statement o . . .
CorD 3 Ref Clause 3.15 — S1538 20% Design Final Scheme design
m E 4 60% Design Development of single option

Compliance Submission 0 . Detailed design; tender documents
IM A
m j > Ref Clause 3.17 - 5153 007 Design and production information ssurance

Gate 1s
» Wrap-up Gate was used to bring together a Contractor’s Gate 2s .
Gate 3 submissions to demonstrate a complete design. Satess Wrap-up
» The Handover strategy was based around Elements, and not S
Contracts, so CRL needed to test the Designs from an Element level.
» This led to the Final Design Overview Process Other CRL

Integration
Evidence




Integration
Model

Four Pillars

Collectively Safe
Collectively Performs
Collectively Operable
Collectively Maintainable

Stations, Portals,
Shafts & Tunnels

NR on-network
works

Rail Systems

Rolling Stock

Operations

Maintenance

People Readiness

INTEGRATION

1. Performance

. Design Integration

2
3. Interface Management
4

. Systems Integration
5. Integrated Assurance
6. Operational Integration

7. Handover and Bringing Into Use

8. Integrated Programme and Opening
Sequence

ELIZABETH LINE

OUTCOMES

Collectively Safe

Collectively
Performs

Collectively
Operable

Collectively

Maintainable

Metrics / Risks /
Issues

Sponsors’

Req’'ts

=

o

Crossrail
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FINAL DESIGN
OVERVIEWS (FDO)

Outputs:

Completion and
acceptance of 32 FDO
Reports

Completion and approval
of over 1,000 FDO
evidence documents

Close out of over 2,000
FDO issues raised
during the review
process

Programme FDO

RFLI* Railwa
Shafts Portals LU* Stns y Other
Stns Systems
: Victona Dock : : : =
Mile End Shaft Portal Whitechapel FPaddington Main Body '"h"‘irgﬁﬁfg?“'“
Fizsher Strest Pudding Mill . Plumstead Sub
Shaft Lane Bond Strest Woaohwich Ch1Track St=tion
. Liverpool Ch2 Platform Tunnel &Line
- . Strest ConaeViab| | o el Mok
Eleanor Street Wg:hth:jr?c:h Tottenham C ustom House Ch2 Comms & Connaught
Shaft S Court Road Control Headhouse
Chi3a Rowe Control
CentreBadk Up
Stepney Green Royal Oalk .
Farringdon
Shatt Portal ChaTunnd
. N Systems &
-
*Infrastructure Managers
Ch5 Signalling
LU - London Underground
) -
RFLI - Rall for London Infrastructure
Ch6 Erergy
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Systems Integration — Many Layers of Integration
Authorisation Into Service
[ L= Test & Commission
il * |ltcos)
@H

Requirements & Performance

Authorisation

Design / Interface
Management

Layer
Design Specifications, Drawings Per Contract

LEARNING
LECACY




Processes
supporting
Integration

Four Pillars

Collectively Safe
Collectively Operable
Collectively Maintainable
Collectively Performs

P These are the key processes that provide CRL with the “four pillars”

Contractor
Integration Activity Performance | Operations | Maintenance Safety Involvement?
Collectively Safe
= Hazard management process X X
= Design and Engineering safety justifications {DES)s and ESJs) X X
« Focussed Quantified Risk Assessments X CRL
= Intercperability - TSI Compliance (MNoBo) and NNTRs X X
= {5M compliance — AsBo reports X X
» Interface Hazard Analyses X X
= Safety Justifications (per Element) X CRL
= Owverall end to end railway safety justification (one line-wide) X CRL
Collectively Operable
= System Integration Review Panel Qutputs X X
= (PFR requirements compliance X X X X
Collectively Maintainable
=  Maintenance Integration Review Panel Qutputs X X
= Maintenance boundaries definition X X CRL
=  Maintenance Plan (per station and system) X CRL
=  RAM analysis b b X X
Collectively Performs
= Simulation / modelling X x
= Test & Commissioning certificates (integration, dynamic testing, trial running) X X
Technical Assurance
= Design Assurance oufputs X X X X X
= Architectural assurance X X
= Materials Compliance X X X
* Requirements Management X X X X X
= EMC Management X X X
= 1D0 and FDO reviews X X X X CRL
= Progressive Assurance (inspections) X CRL
= Test & Commissioning certificates (integration, dynamic testing, trial running) X X




Operations & Maintenance Integration

e WAREZ Actions Cosure (2017/2015) SIRP and MIRP workshops brought
project and operational personnel

15 a1 Mar I8 Ap18 M8 dom 28 * Actions tracked and subject to rigorous
closure process
Earlier SIRP 0&1 series similarly
managed

. together for facilitated scenario-based
?:L‘; discussion
SIRP 2
> » 64 workshops run 2016/7
* Emphasis on operability

* Emphasis on design alignment with

SIRP2 Actions Closure (2017/2018) O pe rationa I Conce pts

. MIRP 1 and 2

* 61 workshops run
« Similar closure tracking process
ﬁm Statements of Operability Assessment
i“ and Holistic Maintenance Plans
represent the final outputs, and act as a
condition to design approval at FDO
The workshops served also as an input

for operator preparation of procedures
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Crossrail Engineering
Safety and Assurance
Case (CESAC)

Marshalling the
Evidence:

The CESAC was the top
level summary assurance
case

Complete argument drawn
from CRL, RFLI, MTR-EL,
LUL, BT and NR to
demonstrate that:

* The minimum scope and
functionality conditions for
each stage had been met

The delivered scope and
functionality was
sufficiently integrated and
assured for the
subsequent stage

The IM’s and Operators
were ready

©

Trial Running

Objective achieved

.

. GO0 |[CESAC Par 1 1
Conteaxt 1: Assume the Eabesd 1 Cortexd 2. Sponsor reguansments
Ipaning Prograsnme [ECP) log i—’ m‘;’:::meg}m?“ﬂ | and CPER dafine end-siate sought

1] quwmm-mmmm_mmuﬁm;um_mm
eihers complels their obigations Lo enabla COMmBncament of passanger Tendce

2] mmm CHRL's nblgatio uhwﬂmuﬁumﬁm that 15 &
radwary transport system capable of operating serices fom Maidenhaad and Heathow Ai

: IMs and Operators demonstrate
readiness for Trial Running on the
basis of the scope and functionality
mi delivered, integrated and assured
|

Minimum conditions for % The status achieved
Trial Running are validated g for Trial Running is
and agreed it satisfactory

G010 3 G002 eirdi) ]
leﬂmmls \."muty.ﬁrg.-mu'd Rggarements Satisiacion Aegumant Process Argement [CESAC Pat §)
Trial Running Requrements have been satisfied et S A
The actual scope and [ ; pncess. ol md compmnce
2 g " assure the Elizabeth Lims for Tral
functionality delivered for e I Nt vseyn I -7
a " required for Teial Running has delwsred for Trial Running Fus operate and maintain the scope
Trial Running meets the sl il e e ot
minimum co.ndltions and ez e e L[ e |
any +/- delta is understood B— I
—® cdl:huemrd%rmopﬂhaw E — BT is ready
S N ﬁ“ﬁ%’ MR 1 eady
1 “2tow Trial Rizevin m:;u m:m'lrmmE
The actual scope and commtoce s satied
- . - G 02 02 02
functionality for Trial e B o B e B W supports the
4 I 3 B0 o the required capabsity NR i ey "
Running is integrated and ] it dered CE— technical
g S T DR
assured L WTEGAATED argument
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