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Key learning objectives

At the end of this class, you will be able to:

Learn why the mandate for model-based project delivery is changing the
future of railway projects in the Nordics

Learn the necessary requirements for effective BIM-model-based
delivery mandated by the governmental agency in charge of the project

Understand the benefits of moving away from traditional delivery to
model-based delivery

Witness a successful project from the eyes of a stakeholder, and see
how you would use this in your business
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Background and
organization
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Background for the InterCity-project

= The InterCity strategy —
= 270 kilometers double track railway :‘ter¢'ty
= 22 new or changed station areas s
= Concept study completed 2012 ).
= Success criteria are: centrally located e —
stations and development of surrounding \ llllllll
areas, comprehensive service upgrades, "
much shorter journey times, frequent "
services, high punctuality levels,

oredictability

= Investment costs: Approximately € 12.5
nillion

The InterCity-project in Norway and population in major cities
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Norwegian Rallway
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BIM strategy and handbook

= B I M Strategy l HANDBOK DIGITAL PLANLEGGING I
_ JERNBANEVERKET
= Planned approved this year (hopefully)
= All projects as 3D and models before drawings

=  Handbook

= States formats but not programs >3 R

= Defines types of models and content of each ¥ '.
model :

= Objects as volume object and stake out data 8!
= Conflict control between disciplines :
= All disciplines modelled in 3D '

= Contractors build from models and updates to
as-built models

Handbook digital planning for Railway projects
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Workflow model based projects

Existing situation is New situation is The decision process:
modelled. Base models modelled: Discipline Coordinated model /

models

The contractor Approved changes are Data’F -
builds from the measured by the contractor ARLIOT TR
discipline models: and discipline models g ome M
Machin control changes status to «as-built» IO e a5 Bia

»
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The InterCity-project
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InterCity-project organization
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Principle: To do as much as possible one time as
well as unified and standardized

before starting to design each subproject
during the design of each subproject

Technique and Concept
» Conceptual choices Architecture
» Technical design base * Plan process

Project owner

Project director

Communication

Staff

Project control, time control, document control,

quality control and so on

Hub, Plan and

» Cooperation
agreements
» Architecture

Sub

projects

@stfoldbanen Sandbukta — Moss — Sastad
@stfoldbanen Haug — Seut og Seut - Fredrikstad
— Sarpsborg

@stfoldbanen Sarpsborg — Halden (- Goteborg)
Vestfoldbanen Drammen — Kobbervikdalen
Vestfoldbanen Nykirke — Barkaker
Vestfoldbanen Tensberg — Larvik og Porsgrunn
— Skien

Dovrebanen Venjar — Langset og Kleverud —
Sorli

Dovrebanen Serli — Hamar

Dovrebanen Hamar - Lillehammer
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Our motivation for 3D

= Better control and quality - more cost
effective projects

= Better focus on information for the existing
situation

=  Sharing data and knowledge with
everyone

= Inter discipline problems and challenges

= Competence in JBV - be a leading
organization for standardizing model
based project and work flow In
Infrastructure projects

lllustration Jernbaneverket.
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3D models in InterCity-project

= All subprojects designed in 3D from
the earliest plan phase to the
completed bullt projects

= BIM manual for the project

= Discipline models and coordinated
model Is adapted to the necessary

Example of coordinated model

detall level for each plan phase |
= Seamlessly from one plan phase to e

the next while enriching and updating
the detall levels

Example of presentation model
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Base models

Existing situation

InterCity Sarli-Lillehammer

@ Jernbaneverket
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Reference group

= We have created a discipline reference
group for BIM
= participants from all the subprojects

= work to include all necessary specification
and details we need to include models In

all aspects of the project

= details as layer names, file names,
software to use

= |evel of detall for disciplines and plan
phase

= check lists quality control for models

= new disciplines and themes in models

——
-_—
—
—
—
A—
—
—
——

Example of railway details in a presentation model
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New base models
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All details needed
Supplied with news themes and
detalls
The manual includes detalls
regarding:

= Codes for each subproject

= File names, types of models and
definition of models used

= Layer names for base models and
discipline models

= Standardized code list for layer
names and stake out data

= Coordinate reference system

'. 7}& AUTODESK UNIVERSITY 2016

BIM manual for InterCity-project

Level of detall for base models for
each plan level

Level of detail for discipline models
for each plan level

Descriptions and specifications for
new models like environment, RAMS
and so on

Specifying which discipline model to
produce for each plan level

Defining the number of drawings for
each discipline and plan level

How to create and credit films and
other presentations

Delivery format for each discipline in

regard to models and design tools
{\ AUTODESK.



Plan phases

W O T K
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FAG FIL_NAVN Forstudiet Hovedplan Detaljplan MERKNAD
TERRENG- NN_G_TERRENG_XX Knutepunkt: Etableres basert p& 1 meters Frilinje: Etableres basertpa 1‘ meters koter, Vurde:e supplering av modelliform av Viser dagens terreng med data fra kart og
OVERFLATE koter, veg, vann eller Lsserdetagsv veg, vann aller lsseidsta av tilsvarende landmalte dats og/elieriaserdataforvaigt supplerende innmalinger.
tisvarende noysktighet 2pktim* aller5 neysktighet 2pkt/m* trase ihht krav fra geomastikk og revidert
pkt/m* derdet ertilgiengelig. handbok
Knutepunkt: Triangeimodellavoverflaten |
Frilinje: Etableres basert pa Smeters koter, Som for frilinj2, men benytteriaserdats kjemeomradet.
veg, vann. | yiterkant av trase vurderes tilsvarende neysktighet 5 pkt/m* derdeter
noyaktighet. tilgjengelg.
GRUNNFORHOLD NN_G_GRUNN_XX Art-H st et At s e e FoAmM st e e e e ettt e e e Grunnliagsdats (eks. rapporterog kart).
tilg . Grunniasgsmalingerog preveboringer, dybde
St fizll, seismiske undersgkelsaerog visuelle
av vurderinger.
B¢
te
B¢
KONSTRUK- NN_G_KON_XX St = = Alle relevante eksisterende konstruksjoner
SJONER s0 som volummodell.
= Eksisterende undernordiske anlegg,
ks infrastruktur, brennerog grunniagingav
kn boliginnomen £50meters sone fra
yembane.
VA NN_G_VA_XX St Innhentes fra kommunens VA-avdeling
=T samt eventuelle innmalinger.
ku
kri
K
kn
Le
ek
KABLER NN_G_KABEL_XX Hs a I l aS e Alle relevante eksisterende kabler
ov Innhentes fra kabeleiere samt eventuslle
va innmalinger
Kan skille 1 detaljenngsgrad meliom
knutepunkt og frilinje
ANDRE NN_G_EKSIST_XX Eksisterende bygningeritraseene som Som forstudiet Alle eksisterende objekiersom kraver Hentes primsert fra FKB data samt
EKSISTERENDE volum. Viktige objektersomer vemet, endrnng svaraal eventuelle innmalinger
OBJEKTER eksempeltrser, slie, konstruksjon Eksisterende bygninger, steyskjermer,
beplantning, gjerder, stasjonsomrader, veier
og p-plasser
Eksisterende jambanetsseerog
stasjonsomrader
ADMINISTRATIVE NN_G_ADM_XX Kommunegrenserog fylkesgrenser, vurdem | Som forstudiet formalsgrenser, reguleringsgrenser, bruks- Registrarie grunnlagsdstsom

FORHOLD

eiendomsgrenser

og gardsnummeretc.

eiendomsgrenseretc.

Grunnlasgsdsatatypens « Tematske geodstiss
og «Dokumentasjon fra tidligers
prosjekifasers dannerutgangspunkt for
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Plan phases

D Tema fag Filnavn Forstudiet Hovedplan Detaljplan MERKNAD
TRASE NN_F_SPOR_XX Spor Somforstudiet Somforstudiet Trase sentersporav nye prosjiekterte
. Knutepunkt lesninger
I Sporveksel fra JBVs objektbibliotek, Hvert sporskaiha sin egen filmad
spormmummer.
S OVERBYGNING NN_F_0OB_XX av ballast, sporog sviller
[ | veksler, skjeter, sveiser,
C UNDERBYGNING NN_F_UB_XX I e V e I O I d e t a I I underbygning med
yunn, frostsikringslag,
. kjseninger,
| isaroppbygging av
| | ra
runniag.
p FELLES ELEKTRO | NN_F_ELEKTRO_XX I I amenter, elteknisk hus,
1ger. Alle kabelkansler,
I irrmed kummer skal
[ ] [ ] [ ]
. TELE NN_F_TELE_XX
I I S ‘ I p I I l e S I I l O e iterne kabeltraseermed
n LAVSPENNING NN_F_LSPENNING_XX :gg. Belysning,
Jorvekselvarme med
LEDNING it, kabelfgringar
e m g = —-.-1Q2T, Drytere, sutotrafo,
P& stasjonene settes inn 8k og fundament sugetransformator, reservestroamstrafo
m fra JB\V s objektbibliotek m.m.
SIGNAL NN_F_SIGNAL_XX Signslerfra JBVs. abjekthibliotek ma Klasse B signalanlegg. Hovedsignal Signalaniegg
plasseres ut etterbeste antakelse spesielt | plasseres som kontrollfor sporplan Alle signalermad kabling til skinner,
O pa stasjonsomrader. Dette gjelderogsa Viktig & aviiare sikt til signal. drivmaskiner, sikringsanlegg og skap
skravur elleromnss av antatte
sikkerhetssonerforsignsl.
d GRUNNERVERV NN_F_GRUNNERVERV Alle bygninger somm3 erverves eller Standard fargersomskslbenyites er
_XX vurderas ervervet skalvises i modellen. Red = forbeholdes fredede bygningar
e Innigste bygningermé igge psen egen Oransje=Bygningersomm§ innleses
gruppe imodellen slik st de kan skrusav/ S
pd Lys grenne = bygningersomervurdert
I innlgst, men som ikke trenger & innigses
KONSTRUK- NN_F_KON_XX Alle store konstruksjonersomksn avgjere | Som forstudiet Alle konstruksjonersom krever aresl Alle konstruksjoneriforbindelse mad
SJONER valg avtrase. trasean.
S Konstruksjonerleveres fra prosjekterande
konsulent
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Models and

drawings

Table of
drawings in

Fag- | _Eaglamendelse Forstudiet Hovedplan Detaljplan Bygze planutfgrelses-entreprise Totalentreprise /Byggherre sin

kode ]f_ leweranse til entreprengr, er

prosjektavhengig

B Oversiktsplan og Malestokk tilpasses =ik atalt kommerinn | Som forstudiet Malestokk tilpasses zlik ataklt kommerinn | Kun helt ngdvendige oppdateringav | Som byggeplan og entreprengr far
situazjonsplan for hver pa en tegning om I'I‘I.J|ig. Lezbarhet ma pa en tegning om I'I‘I.J|ig. Lezbarhet ma tegningane fraforrige planfase, og tezningene bide som DWG og POF.
delparz=ll varetas, anbefalt malestokk 1: 10000, varetas, anbefalt malestokk fra milestokk vurderas sv prosjektet.

1; 20000 eller 1:50000 [A1). 1:5000,1; 1000 til 1:50000,/1: L0000 [Al).

C Flan og profil jernbans Plan: Tydeliz framstilling av sporgeometri | Som forstudist Kun helt ngdvendize oppdatering av Kun helt ngdvendige oppdateringav | Som byggeplan ogentreprengr far
Profil: Allinformasjon i kurvebindet skal tegningene fra forrige planfase, og tegninzene fraforrige planfase, ag tesninzene bide som DWG ag PDF.
vare pafigrt [overhgyde, hastighet mm) malestokk vurderes av prosjektet. mélestakk vurderas 2v prosjektet.

Malestokk 1:2000 f 1:200 (A1).
Tegningen md i fillexg vise alle
arealinngrep som skraningsutslag, veger,
konstruksjoner (bruer, tunneler,
plattformer], starre v A-ledninger oz
hgyspentledninger.

¥] Flan og profil veger. Kun vise omlegging av store veger som er | Som forstudist Wise omlegging av alle veger som krever | Kun helt ngdvendige oppdateringav | Som byggeplan og entreprengr far
x-lktlgf?r W'j-ur::lsrlnér av artsrl.'uatn-sr sller arzal. Malestokk 1:1000/1:200 tegningane fraforrige planni'-.r.éa. tezningene bide som DWG og POF.
zom ma vises at det er teknisk
gjennomfgrbart.

E Deetaljer Ma vurderes M2 vurderes, og bgr unngas. Som bygeeplan

F mMormalprofiler og normalprofil, felles for alle alternativ om | Som forstudiet Kun npdvendige oppdatering o Brukes om kontraktiegning internt i JEW. som byggeplan og entreprengr far
typizke smitt ikke alternativens er forskjellize. detaljeringer i forhold til forrize planniva. tegninzene bide som DWE og POF.

niormalprofil skal vise fylling, 13 vurdere om det er behov for

jordskj=ring, figlkkkjzring samt tverrsnitt niormalprofil for breer, tunneler oz veger.

ved plattformer/heis/ underganger og

andre intereszante steder.

= Drensrinzsplansr Prinzippskizze kun for store omlegzingsr | &lle kummer oz ledninger legges inn i Som for detaljplan. kumskizzer som bestillingsverktay, lages

modelien, Tegninger mi vurderes ved av entreprengr zom md f3 VA
spesielt tifeller. Malestokk 1:2000 (A1) prosjekterte data [modellen fra
prinzippskizze for kumplaszering og evt. Movapoint] og kan gensre kumskizzer
renseanlegs md vurderes, automatizk.

H WaA-ledninger Frinsippskizze kun for store omleggingsr | alle kummer og ledninger leggesinn i krav fra eier av ledninger styrer dette. kumskizzer som bestillingzverkigy, lages

madellen. Ellers likt zom for fagkods D oz &. av entreprengr zom md f3 VA

Tegninger lages dersom andre etater prosjekterts data [modellsn fra

trenger dette. Movapoint] og kan gensre kumskizzer
automatizh.

] Fagringsveier, Frinzippskizze kun for store omleggingsr | &k skalinn i modelizn. Systemskizzer for eksterns parter og for Systemskizzer zom bestillingsverktay,
fundamenter, Tegninger for eksterne vurderes lik som IEW. lages av entreprengr com md f3
kabeltrazer for 1BV for Doz & M3 avklares for hvert prosjekt. prosjekterts data [modellsn fra

Mowapoint) slik 3t mest mulig kan
gensrerss automatizk.
ggeteknizke detaljer Kun store konstruksjoner som er viktig for | Som forstudiet Begrenze plantegninger, men ma ha med | Fundamenttype for gjerder. Prinsippens Leverandgrmessige detaljer
valg av alternativ npdvendize detaljtegninger. md vises.

Gjgrdedetaljer, teknizke hus oz annst redusere informasjonen oz tekst pd

zom md bygzesaksbehandies. t=gningsne.

Stgyzkjermer pd inngiden av shyngfettet

for komtaktiedning — her ma det vises

detaljer for lgEning.

Oversikt nisjer i tunnel ma vurderes.

K Konstruksjonsr og Stikningzdata =kal ligge i modellen og Krever mer wurdering. Vil komme med i Krever mer vurdering. Vil komme med i
plattformdetaljer koordinatlister skal flgrnes fra tegninger. neste revisjon av dette dokumentet neste revisjon av dette dokumentet

!}/'Q AUTODESK UNIVERSITY 2016

regard to plan
phase

Next process Is
to challenge
drawings as
maintenance
documentation
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The main focus so far

= Get all disciplines to deliver in 3D
= The models is a tool used to give
everyone involved a complete overview
= All members of the project team
= All external stakeholders
= No loss of data from one plan phase to the
next
= Standardized and unified models for a
discipline across all subprojects
= Efficiency Iin reducing the number of
drawings - faster design process, less
errors and better inter discipline design

Photo: Anne Mette Storvik, Jernbaneverket

AUTODESK UNIVERSITY 2016 A AUTODESK.



New discipline models

Fare-beskrivelse Avsporing ved sporveksel i tunnel kulvert

Arsaker Det er sporveksler i tunnel/kulvert. Sporveksler gker sannsynligheten for avsporing

o e ek s e Newest discipline model is

ha svaert store konsekvenser,

Ber av fare Prosjektieder

i SHA (safety, Health and Work

environment)

Action points in Excel with
Standard symbol that is easy
to understand. Colors defined
by status
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What are the next models?

= Land acquisition
= Noise
= Construction completion

= Quality control
= Time estimates (4D)

Example from a coordineted model
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Our experiences so far

= Challenge for some subprojects
and disciplines to deliver base
models as early as wished

= All disciplines now delivers, also
new none technical disciplines

=  Continued focus on principle that
all models should at all times show
the status of the project

= A project manager can at all times
open a coordinated model and see
the status of each discipline

= This has gotten better, but still
needs focus

'@k AUTODESK UNIVERSITY 2016

Some disciplines now deliver
design in an earlier plan level that
before

= One example is sight to signals
Agreeing on level of detail for each
discipline for each plan phase is a
challenge
Getting everyone to use models
(project managers, discipline
eaders and so on)
Jsing models in every meeting
noth internal and external

{\ AUTODESK.



Advantages with models

= Communication

=  Specially In meeting with external
stake holders

= (Glves us a better inter discipline
concept

= Increased focus on base models
and base information for design

= Reducing the numbers of drawings
produced

= JBV demands all data on both
delivery format and original formats
- to use models as basis for tender
documents and cost estimates

'@k AUTODESK UNIVERSITY 2016

The work on models in early plan
phases will give us an direct cost
effect in the building phase In
conflict control, stake out data and
building with machine control

JBV is very clear in our demands —
this gives a positive feed back and
pushed both the consultants and
us in building competence and
experience.

{\ AUTODESK.



Effects of model based
project
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Positive effects with model based projects

= The overall goal is better control, higher quality and fewer inter discipline
conflicts

= Qverall goal is zero conflicts during the construction phase

= Modelled based projects will reduce the number of errors and missing
iInformation/ objects in the design basis. This will make it faster to build the
project and reduce the cost

= Greater focus on the quality and detall of the information and objects in the
base models, and specifically the sub surface models can reduce the
number of unforeseen change orders during the building phase

= Avoiding outdated drawings by building directly from the models

= Building with iPads and machine control — not drawings

m AUTODESK UNIVERSITY 2016 :\ AUTODESK.



Cost effects

= The road administration (Vegdirektoratet) AN RN DO Lo
ran a survey a few years ago where they
measured the number and size of change
orders on drawing based projects and
model based projects.

= They found a average reduction on 11%
from drawing based to model based
projects.

= JBV has reason to believe we will find a
similar trend on our projects

Tradisjonell is drawing based projects and modell is model based
projects
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Cost reduction In InterCity so far

= Level of detalls for all subprojects
= Same level for detall for all project in
same plan level
= Evaluate number of necessary drawings

= We produce just the drawings we need
=  We control the delivery of project based
data for each discipline.
= We have all the data in our technical
archive when we transfer the project to

the development departments in JBV or if
we should wish to select a different

consultant

lllustration: Jernbaneverket
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Competence

= Our competence department is planning to make a basic course for 3D/BIM.
This course will be available to everyone in JBV. The InterCity-project is
working with them to decide on the program and find the best qualified
lecturers

= |tis important that JBV work to share information and experience between
departments and project. This work has already started, but need even more
focus in the coming years

= Some consultants and contractors also need to build up more knowledge

and experience in working with model based projects. One way JBV can
contribute Is with clear and concise contracts

P AUTODESK UNIVERSITY 2016 {\ AUTODESK.
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lllustration: Jernbaneverket
New station building in the city of Moss

; tx N e
R 7 o s

Other processes in JBV
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On the track to full BIM

JBV

Delivery InterCity
-project
| Projectsupport
I
3D BIM

Research and develop
orojects

ent ¢

3D

2D

lllustration: Jernbaneverket
Based on a figure in British Government BIM Strategy



JBV has for the last four years had
a research and development
program for software design.

= Design tools for Catenary design,
Cable canals and Signals

= Export functions from as-built
discipline models more directly to
our maintenance database

= Developing a maintenance database
for track alignment. This database
will be connected to the main
maintenance database.

w AUTODESK UNIVERSITY 2016
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Integrated concurrent engineering

= Integrated concurrent engineering IS
defined as work sessions where complex
Inter discipline cases need to be solved.
The work session need to be well planned,
well defined and all involved must

= The major goal for a work session Is to
solve the problem, and make all necessary
decisions during the work session

= 4 year project using four subprojects as
test cases for creating a standard adapted
to infrastructure project reducing project
calendar time by 50%
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Rambgl - Sweco - Jernbaneverket
ICE-mote
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Nordic BIM collaboration

= This Is a new Initiative that started in the end of 2015, and includes

the BIM managers for road and railway public authorities in the four
Nordic countries (Denmark, Sweden, Finland and Norway). It is an
iInformal forum, we meet 2-3 times a year and our goal Is to
coordinate and help each other in all tasks regarding BIM.

= Contracts

= Open formats

= Education and competence

= Standardization and so on

P AUTODESK UNIVERSITY 2016 {\ AUTODESK.



Challenges ahead

E6 Dovrebanen

.\ : \‘\\
4\\ _

-\ ;

lo

\

\\
\
\\

Y

~

l

\\ .‘\‘
\
AR

lllustration: Jernbaneverket
AUTODESK UNIVERSITY 2016 Common road and railway project. Completed in 2015 {\ AUTODESK.




What will JBV work on the next years?

The next 1-3 years: After that:
= Approved BIM strategy for JBV = Direct transfer from models to
= More disciplines in models maintenance database (our first
- Standardized properties / project is completed Iin 2024)

attributes for all railway project
= Better functionality in all
software based on our input
= Open format for Railway
= Building competence for every " ottt
level In JBV
= Common handbook for both
road and rail in Norway

= Complete 4D

= Open standard for all
iInfrastructure in Norway

m AUTODESK UNIVERSITY 2016 :\ AUTODESK.



What would we have done different?

= Even more focus on base models and
Information, specifically sub surface layers
and themes

=  Building even more competence in all
levels — training for everyone!

= Even clearer demand on the use of
models In every meeting and for project
managers, discipline leaders and so on

lllustration: Jernbaneverket
Base model Hamar
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Information about InterCity

Web adress
www.jernbaneverket.no/intercity

Follow us on Facebook
Jernbaneverket: InterCity

For more information about BIM in the InterCity-project contact:
Kristin Lysebo, BIM manager InterCity-project Jernbaneverket
E-mail: kristin.lysebo@jbv.no

[3, AUTODESK UNIVERSITY 2016 A AUTODESK.
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Questions?

Thank you for your time and attention
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