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Sustaining Infrastructure

From BIM to ALIM
Generating value by connecting (building) information models
with asset lifecycle and performance management

Lutz Bettels, Industry Sales Director Building CEE, Bentley Systems



Agenda

Setting the stage

BIM authoring for owner/operators

Aggregating and transforming BIM information for construction and operation

Maintaining the BIM model through construction

Connecting the as-built BIM model with operational systems

Leveraging an up to date IM to optimize asset performance
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London 2012

Sustaining the Infrastructure of ‘London 2012’

Leading AECO organizations, empowered by Bentley Systems software and services, have been
instrumental in shaping and sustaining London’s infrastructure for close to 30 years. Among their
contributions shown here are significant structures within London's skyline and the facilities and
transportation systems that helped make the London Olympics such a big success.

CLM, Populous, Allie
Marrison, Hopkins Architects,
Witkinson Eyre, Make Architects

URS/Scott Witson
London exemplifies the United Kingdom’s steadfast commitment to infrastructure development as a
key driver of long-term economic growth. And its leadership in the adoption of innovations such as

£S5 1182 for managing construction information to help achieve fully collaborative Building inferimation
Maodeling by 2016, generative design, and intelligent asset management underpins that strategy.
Bentley and AECO organizations wo in London and across the U.K. will continue to further: Farm
advance the use of these innovations in the development of intelligent infrastructure for improved
guality of life while increasing the competitiveness of "U.K. PLC" worldwide.
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BIM authoring for owner/operators
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BIM Authoring Tools

Deliver High Performance Buildings through interdisciplinary building design, analysis, simulation and the production of
high quality building and project documentation.

AECOsim Building Designer
Interdisciplinary Building Information Modeling

Architectural Structural
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Hybrid Planning 3D models in Point Clouds

N {7

DEMOLITION HIGHLIGHTED

725 Bentley
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Hybrid Planning 3D models in Point Clouds
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British BIM Standard BS1192

Level O Level 1 Level 2 Level 3
=
@
5
-
iBIM =4
—
(2~}
BiIMs E
P
o
=|= &
2D 3D ===z IFD @
| e o IFC %
cPiC D
AVANTI oo =
CAD BS 1192:2007 _ ISO BIM
User Guides CPIC, Avanti, BSI| @ 2008 / 13 Bew-Richards
Drawings, lines, arcs, text etc. Models, objects, collaboration integrated, interoperable data
Standards | BS 1192 : 2007 |
PAS1192-2|
I 2013 Ag‘F}gi‘:’ml
CAPEX
| BS 1192-4° |
| Bss8sa1-2:2011 | | BS 8541-1:2012, BS 8541-3:2012, BS 8541-4:2012 |
| BS 7000-a™ |
| IFC: BS ISO 16739:2013 |
| IDM: BS ISO 29481-1:2010 |
| IFD: BS ISO 12006-3:2007 |
Guides I Bullding Information Management Inc Gulde to BS 1192 I
| Guide 1 1 1 Guide 2 111 Guide 3 |
Classification I CPIl Uniclass / CAWS I I New classification to assist lifecycle delivery I
CPI / RIBA/ ACE / CIBSE / BSRIA Plan of work
Dsliveaiy I Includes contractual and level of detail
Increase level of detail and content as lifecycle
knowledge grows
w
BASHIDCOn | NRM = CESSM etc. |
= >

essure — = Bentley

Sustaining Infrastructure



British BIM Standard BS1192
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(B)IM Standards of Owner/Operators

 Auch Industrieunter-nehmen haben
Ihre (B)IM Standards definiert

« Schreiben diese ihren Planern und
Lieferanten verbindlich vor

DAIMLER

Guideline for CAD-Based Plant Planning

Plandarstellungsrichtlinie

)JL.__
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nnnnnnnnnnnnnnnnnnnnnn
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Technologie Montage
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Multi-source Project Integration

Geotechnical Data Point Clouds
Engineering Models -

B

GIS and Map Data aCEE

Detailing

Fabrication Paper Drawings

7= Bentle
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Multi-source Project Integration

Geotechnical Data POi”t Clouds LiDAR
Engineering Models |

Industry Standards

OPEMN
AL L

— — ; PDF,

..... ] s ; o DGN,
i = DXF, DWG,

RVT word, excel, ...

GIS and Map Data

Detailing

Fabrication Paper Drawings
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Project Controller

Referencing technology and the controlled environment
for sharing ensures everybody has the up-to-date model
and information

Bentley

Sustaining Infrastructure
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ProjectWise Core Capabilities

« Core capabilities enable project teams to...

— Connect easily with project information for collaboration
— Federate management, publishing, and review services
— Optimize information access to accelerate workflow

Federated Content S, — Optimized Information

Services Workflow

| WWW.BENTLEY.COM | © 2012 Bentley Systems, Incorporated -’ e e
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Sharing, Review & Publishing for Infrastructure

Smart Sharing Flexible

Publishing

Design Team | Engineering " Stakeholders
Content

&

L J R —— 7'0-;_

‘%ﬁa

Dynamic
Review

Reviewers
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Smart Sharing

 Cooperate through a single source of truth for distributed projects

...where the right people
quickly and reliably
accelerate work-in-progress
using infrastructure tools | |
and workflows of choice. - /

Engineering
Content

| WWW.BENTLEY.COM | 2012 Bentley Systems, Incorporated 5 Sustaining Infrastructure U



Smart Sharing

« Work in an infrastructure-specific project environment:

MicroStation” V81
RAM Structural System V8:

OpenPlant

~o.Office
AutoCAD ‘mvu @ esri'
*Projects of all sizes ..\ ngineering

Content

e|nter-related, federated data
eCommon infrastructure tools in defined workflows

E{IRCTNG Y

| WWW.BENTLEY.COM | © 2012 Bentley Systems, Incorporated



Flexible Publishing

* Inform project stakeholders

...In a more consistent,
timely and predictable
manner using high
impact deliverables.

Engineering
Content

SRS
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Flexible Publishing

* Produce standards-based documents

.

-
- -H i-model

> * Automated or on demand
%‘ee””g « User-defined standards
Content

* All media types
* All device types

| WWW.BENTLEY.COM | © 2012 Bentley Systems, Incorporated
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Dynamic Review

Synchronize comments
to resolve issues
quickly and effectively

...In a ‘closed-loop’, returning
feedback in context to all the relevant
designers so as to be actionable.

| WWW.BENTLEY.COM | © 2012 Bentley Systems, Incorporated
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Dynamic Review

» Synchronize Mark-ups with re....
Bentley Navigator or Acrobat PP, Content

* Feedback captured anywhere

» Computer or iPad .ii!
« PDF or Model-based Adobe I
! i-model

! i-model

Synchronize

 Audit trall

| ~ ‘ Adobe obat'“%

Navigator

Mark-up

| WWW.BENTLEY.COM | © 2012 Bentley Systems, Incorporated



Dynamic Review

Synchronize Mark-ups
With Pen and Paper

* Dynamic Plots

* Smart Pens

* Traditional workflow
* “Redlines”

29 | WWW.BENTLEY.COM | © 2012 Bentley Systems, Incorporated
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Aggregating and Transforming BIM
Information for Construction and Operation

I-model - Currency for Information Exchange

=yeehiing
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I-models: Containers for Information Exchange

A key differentiating technology from Bentley

Multi-Discipline

= <« Clash Resolution

LW < Structural Analysis
SR

Br = B o e o
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Pl B £ =i e G L ¥
. e, e
Drawings o " E < Schedule Optimization
Data

Portable - Self-Describing - Secure - Provenance

EISRINEY



I-model Creation

Structural

=1 + Optimized 10 Teviewing ree
Dynamic Reviewing process = ' Schedule Simulation

Supporting the whole Lifecycle
PP g y *® Secure format also for archiving

32 | WIWWBENTLEY.COM | © 2012 Bentley Systems, Incorporated -’
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Interoperability

i-model Container for
Information Exchange

: S ‘ B 'P:wenanée |
HE R i_mdel = Bentley iWare

Self-Describing

e Models

Extending the reach and value of information models

Zz Bentley

Sustaining Infrastructure
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Versatile Content Re-use
I-model Plug-In for Adobe Reader

Available as free plug-in for

Adobe Reader and Bluebeam
PDF Revu

« Bentley iWare

SRS



. I-models in Excel
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i-models in Access
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I-models in Crystal Reports
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I-models in Visual Studio (VB, C#
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I-model Transformer
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Maintaining the BIM model through
construction

Transforming BIM into VCM and manage the Information Model
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Project Scope and

Design for Construction

3D Visualisation

Clash Management

Schedule simulation

Structural Steel

== e

QTO/Estimating

Change Control

Procurement

=

Work Package
Management

Work Face Planning

Machine Control/Stake
Out

L

Cost Management

VCM has many downstream benefits

=2 |
Construction

Design and Engineering factory model

Tools for breaking up the

Attributes models Project Control

A)
W
®
=
®

B
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ProjectWise

Construction Work Package All work package data
server accessible in one place

Project info Engineering Work packaging Construction Progress

* Im t P
* Engineering work

g Bentlcgg"

Sustaining Infrastru
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Work Package Definition
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Information distribution workflow ...

This provides transparency

Programp ~roject
?‘.gement

=R  ery Company .

Major Construction

Major Const tion
‘ ® Contractor

()
Contr R or
&’

Sy
o . g - ol
Facinge Sarg: e

Specialist / Tradeo
Sub-Contractoi g
4

Specialist / Trade Specialist / Trade
Sub-Contractor » Sub-Contractor

Specialist / Trade
Sub-Contractor

Specialist ) Spta:i;.: - Specialist Specialist Specialist Specialist | Specialist Specialist
Fabricator & Fabi® % Fabricator Fabricator Fabricator f@Fabricator Fabricator Fabricator

Component
Supply Chain

Component
Supply Chain

Component
Supply Chain
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Engineering
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Package
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Progress,

QA/QC
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Types of Bentley Apps

Inspections

Graphically Rich

A e

Project Data Access _ ===

Mospital Ta  Sckags pewiem
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Bentley Mobile Apps

Q APM Supervisor Dashboard

Field Supervisor

InspectTech Collector Mobile

Bentley Map Mobile

Navigator Mobile
Navigator Pano Review

ProjectWise Explorer Mobile

Structural Synchronizer View

At-a-glance, actionable, 24x7 view of asset health

Create personalized views into project data

Inspect transportation assets, capture photos, and create reports

View Bentley Map information models

Review 3D models and documents
Review 3D design models

Create, browse, and view ProjectWise documents

View structural models
2 Benfley



PrOjeCtWISG Home Engineering W Fk paciading i Dot Chiklit Help ADMIN person Log off

Construction Work Package :
server
1all535 -
General information Schedule Contract Tasks Drawings Documents

Mark as completed

01

0D3A-45383-(

03A-45384-02

R " : B Quanti es can either be
review :d or progressed

Details of comy « nents Hours can eithel be
and associater tasks | reviewed or progr 'ssed

Percent complete can either
be reviewed or progressed

14.7 LF
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Status Visualization

= View1, Defautt [Displayset]

]

Status Visualization

£ Status Model Selection Component Status
Colorize
Component Type: SPOOL STRTYPE ~
[pree -] llsPocL PassAGD-1B-11341.01-5PL1  PIPE_SPOOL 3
. Status Type: lsPo0L PaAAADD-1B-11345.01-5PL1  PIPE_SPOOL
[Spool Fabrication = PIPE_SPOOL ] Unselect
SPOOL PAAAAOD-1B-11349,01-PL1  PIPE_SPOCL
Status Fields: [[]spooL Paassn0-18-11350.01-5PL1  PIPE_SPOOL [Jtncremental
Title [BsPo0L PAAAADD-1B-11350.01-5PL2  PIPE_SPOOL
= Spool Fabrication-All llsPo0L PAAAADD-1B-11351.01-5PL1  PIPE_SPOOL
DWG_NOT_YET_R. [[spooL Paassn0-1B-11351.01-5PL2  PIPE_SPOOL Focus
DWG_RECEIVED [[]spooL PAAAADD-1B-11352.01-5PL1  PIPE_SPOOL Focus Al
IN_SHOP [[]spooL Paassno-18-11352.01-5PL2  PIPE_SPOOL
SHOP_COMPLETED |l 0 [[]spooL paassn0-18-11353.01-5PL1  PIPE_SPOOL Focus Selected
SHIFPED llsPo0L PAAAADD-1B-11353.01-5PL2  PIPE_SPOOL
NO_DATA lsPo0L PaAAADD-1B-11354.01-5PL1  PIPE_SPOOL
=001 PaAAADD-1B-11354.01-5PL2  PIPE_SPOOL
lsPo0L PAAAADD-1B-11355.01-5PL1  PIPE_SPOOL - Configure ...
Find Components: Find Mext
Apply Color Changes
Mumber of components listed: 405 Close
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Reporting Progress vs. Plan

Construction Work Package Progress _
Cumulative
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Project Months

[N

Plan\Actual
N

Period
Cumulative
Plan\Actual

Cumulative
Execution
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Concrete Contractor Evaluation Dashboard

BGRO1 W | Reports -

WorkPackage Performance vs.

Wtk =7 30.Day Look Back [ T ® Plan

Overall Completed Performance

Completed

m

Issued Work Packages Contractor Performance
Install work Package & Status = % Complete o General Foremanm\Crew = Issued Completed In Progress On Schedule Late

C-'WP-BGR-001-A Completed 100% Redknapp =] 6 o o o

CIWP-BGR-D06-C In Progress 25% Souness 12 4 3 2 3

C-IWP-BGR-011-A In Progress 89% Alonso 3 1 1 o

C-IWP-BGR-016-B Completed 100% Gerrard E] 2 3 3 1
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Configurable Reports / Scorecards

aterial Lists Progress Test Certificate

5 Bentley
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Solution Overview

Field Execution &
Communications with
Owner\Supply Chain

Construction

Engineering Management

Estimation, Project Contrals,
Scheduling

Consume install work

& —

Construction Labor

Generate i-models for

Enterprise Connectors

i-model Composition Server Work Package

Lifecycle

Management
ProjectWise/integration Server

ﬁmcdel Compaosition

Service

Field Progressing and

A Inspection

Field Supervisor

Consume install work <
@/ packages -

Subcontractors

Manage engineering design

Bentley Connect

Reports and
dashboards

SpecWave

construction content

Handover of issued for |

30 Interface for Work Waork Package Template
Packages Authoring

Owners and Suppliers
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Courtesy of Volvo Cars
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Compare As-Designed vs. As-Built

Courtesy of Volvo Cars

725 Bentley
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Connecting the as-built BIM model with
operational systems
enterprise Bridge (eB) — bridging the information gap

=yeehiing



Use of Planning Information for Documentation and Asset Lifecycle Management

BIM IPD ALIM

Building Asset and Facility Information Building Lifecycle Management

n—_ - Desktop Application Integration Management

Engineering Content Management

T—
|
|
\

\ [} -
\ Project Collaboration L 2 Space Management
T \ — (=
I\ (&) .
| 8 g o Cleaning Management =
— g £ ="
: > @ [} ="
Ea Components [T S ] E—
i) Buiding ?, :;-;_ :i-’; Helpdesk Management =
i Are @ & Security Management = —
Analyze
B-23 Mech Maintenance Management
: L
g Regulatory Management
o
: ‘g Change Management
SRR = ©
- Ll Columns _—_-— = i/n'
[E20 Cign Indexing = - =
Lo 8 Nuclear ‘"’f E ,l
L

NE
==L

— -
— -
—

‘ ._ . . Asset Information ]
Intelligent information Central managed Asset Lifecycle Management
Management . .
environment o Reuse and extend BIM information for ALIM

rich designs
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eB - enterprise solution architecture

' ' ' ' *Maintain
g Reoa
$Pracess $Pracess WPacess ®Ppacess ®Pracess eparr
*Inspect
Office MRO ERP PLM Facility Management ‘Replace
*Document
*Invoice
iy _ = . = . g A *Plan

Bentley eB Insight

(")
awabeuely
oew.oju| 9j9K28)17 1essv/ suonelado

b
£
&

e
Incident ]

K [ Master Asset Register ] [ Transmittal ] [ Configuration ] [ Change control ] [ Document control ] [
Management
&

‘?.‘ess *Enhance

*Renovate

\&

Publish

pa

Design / WIP / Plan *Renew
ProjectWise *Modernize

sjopow ufisa@ /

eImprove

k cetc /
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-y ROP
-y ROP
-y ROP
-y ROP
-y ROP
-y ROP
-y ROP
-y ROP
-y ROP
-y ROP

=@ ROP

Location

Where is the asset?

p— - - -
-lexibilit
L:_|° Royal Oak Portal

=@ Royal Oak Portal Level 1
@ ROP -L1 - Access Corridor

-L1
-L1
-L1
-L1
-L1
-L1
-L1
-L1
-L1
-L1
-L1
-L1
-L1
-L1

Communications Equipment Roor
Emergency Switch Room
Escape Landing

Fan Room

Fire Equipment Room
Fire Suppression Room 1
Fire Suppression Room 2
HWV Switch Room 1

HWV Switch Room 2
Interventon Corridor
Interventon Stairs

LV Switch Room 1

LV Switch Room 2

Motor Control Centre

Classification
What type of asset is it?

y with Data

Pool of Asset Tags

Els,[:J L - Construction Products
=2 L1 - Ground treatment and retention products

e[l L11 - Ground anchorages
5[::| L12 - Ground improwvemesnt
-2l L13 - Land/ffield drainage
-] L14 - Sheeting, revetments

a2 Crossrail Functional Breakdown
=5 FB-BS - Building Systems

=% SB-BS-C - Cable Routing
¥ SB-BS-DR - Drainage rain water
SB-B5-DW - Drainage waste water
SB-BS-E - Electrical
SB-BS-EL - Emergency Lighting
SB-BS-ES - Escalator
SB-B5-FD - Fire Detection
SBE-BS-FS - Fire Suppression
SB-BS-H - HVAC
=% SB-B5-L -Lift
=¥ SB-B5-G - Lighting

Function

What is the asset
designed to perform?
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Bentley eB bridging the information gap

Changyssevents Master Asset
Register

Drawings Federated BIM world
Requirements

@ I[mpact analysis

SfSenney



- Solution Architecture — Incident Management

Work Management

Change Request Schedule & Plan Work

Asset Released for Work

Implement Change
Work Packages Created

Work Scheduled

Change Order

Create
Work Order(s)

Plant (MEL) Configuration,

Documents,
Design Base,

Supporting Documents

CLJd

Version MEL Configuration Relate Work Order
Change Status of Work Order
Update Drawings

Work Package

to Change Order

“Plant (MEL) Configuration

Update Procedures, etc. Documents

. Work Order Complete
Notify Users

“Design Base

Update Design Basis “Supporting Documents

Complete Records
Update KPlIs if required

Do Work
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Leveraging an up to date IM to optimize
asset performance

Asset Performance Management with lvara
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<}

SNOISIO3a
Q3IWHONI

PERFORMANCE

A comprehensive process MANAGEMENT
comprising the stages and
activities required to effectively |
manage physical asset OPTMIZATION
performance ' |

STRATEGY
DEVELOPMENT
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Strategy Development

+ Develop business case

+ Objectively guantify operational and
non-operational risks

+ Analyze assets and manage failure
modes

+ Develop action plans

Condition Da¢,
Analyze
Performance Gaps

consolidate & Prog,

STRATEGY
DEVELOPMENT

| WWW.BENTLEY.COM | © 2012 Bentley Systems, Incorporated



Reliability Program Implementation

+ Rapidly implement a sustainable

program g,
&
g5 §
_ 'g E RELIABILITY 2%
+ Collect, consolidate and analyze 29 TN \vpLEMENTATION 4 -
© 5

equipment condition data

g Bentulﬁg‘

Sustaining Infrastr
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Performance Management

+ Control asset and plant
performance

+ Drive accountability to overall
business goals

+ Automatically trigger work
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PERFORMANCE
MANAGEMENT

3

SNOISIO3a

G3INHO4NI

Analyze
P €rformance Gaps
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Work Management

+ Synchronize with EAM / CMMS

* Pre-planned jobs triggered from
EXP are reviewed and scheduled

+ Work completion is tied back to
EXP
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Analysis & Optimization

+ Analyze and evaluate data

+ |dentify opportunities for
Improvement
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Analyze
P ®rformance Gaps

ANALYSIS &
OPTIMIZATION

Condition Daf: 885

onsolidate & Prop,.

|

ey B
ldeﬂtﬁ‘{‘s\‘ 2
Performanc®
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lvara® EXP and Asset Performance

EXP provides technology, processes and practices to maximize Asset Performance

—— o — oy,

P - , P N
/ ASSET v , ] ANY ¥
| CONDITION | - ! ,
| DATA 1 82 ] EAM/CMMS |
1 1 g ‘é I :
I = ) : PERFORMANCE | 15 H‘ = I
1 E MANAGEMENT | I
1 U y |* |
| Inspection Data : | :
! HI
1 r y I I ) . 1
| L~ sy | SAP Certified !
1 I ‘ ’ 1 Powered by SAP NetWeaver® |
1 Online Data | 1 \
| (Data Historian, |* I :
1 SCADA) ! 1 mMaximo
' : ! :
1 I IEEE | Tivoli.

I | ! STRATEGY I '
1 @ | DEVELOPMENT 1 :
! Predictive : 1 |
|\ Technologies ] | |
\
D S A 4 S . /
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Bentley Is an ALIM Solutions Provider

™
o M G £ Project
' e ' ‘% Information
; Y Q Management
. (PIM)

Management
(Al I

0 tlmlze or
-mm
Asset& Project ! —

J = 745

Portfolio Info A 4
Management 7 S
(APPIM)
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ConstructSim
ProjectWise
Navigator
ProStructures
MicroStation
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Questions & Answers

Lutz Bettels, Industry Sales Director Building CEE, Bentley Systems



