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What is our ability to...

...do things correctly the first time and as efficiently as possible?

...measure performance to see trends and challenges in time to fix them?

...support efficient work methods with appropriate technology?
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Virtual Design and Construction (VDC)

Framework for designing, planning and executing construction projects using modern
methods and tools.

Client Objectives

Project Objectives

LPS

Last Planner Integrated Concurrent Bygningsinformasjons-
System Engineering modellering
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VDC integrates modern practices

Design Production
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Footprint and benefits of VDC

LPS: More reliable plan

LPS: Facilitator ensured good
group process

LPS: Better commitments
LPS: Transparent plan
ICE: Others prepared

ICE: Efficient session

ICE: Contributed themselves

Pull-plannings
Production: 19
Design: 36

Plan checks
Production; 27
Design: 41

Big Rooms
On site: 10

Touch screens: 18
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CIFE/Stanford VDC Certificate Program
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CIFE/Stanford VDC Certificate Program




Creating High-Performing Buildings with
VDC

MARTIN FISCHER
PROFESSOR, CIVIL & ENVIRONMENTAL ENGINEERING, STANFORD UNIVERSITY
DIRECTOR, CENTER FOR INTEGRATED FACILITY ENGINEERING (CIFE)

©2017 d)CIFE
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Vision —
A future | would like to make happen

Every workhour
builds the right product
safely and productively

Definition of Vision by Robert Burgelman, GSB, Stanford >
¢ CIFE



We still produce too much rework ...

&”CIFE

©2017



We see many new practices

Bricks and Mortar: Projected Estimate progress toward Budget 2 = Target Budget
. s Curert Estimate Construstion
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Pictures courtesy DPR and Max Bag| & CIFE
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VDC method gave the client everything he wanted

Open whole scope of hospital on

budget and 30% earlier than typical

)

Highly reliable
construction

Confirm
constructability
of detailed

& design

Combine 3% Everyone

everyone’s % works with

detailed = the same
design < plan

&”CIFE
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lllustrations of good VDC practice
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Impact of good VDC practice

& CIFE
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DeSIQn and Objectives Buildable
Construction
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Engineéring
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Project
Production
Management
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The Simple Framework for IPD

R

Measurable Production Collaboration Simulation
Value Management Colocation Visualization

High Integrated Process Integrated Integrated

I:gﬁﬁérirrl]lgg “— Systems ©  Integration ©_ Organization <_Informatior;

Agreement/ Framework

&”CIFE
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MEASURABLE VALUE

Bricks and Mortar: Projected Estimate progress toward Budget

== = Target Budget

=== Current Estimate Construction

®
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Reduced conduit,
wiring

and circuits by
3,000 linear feet,
saving $500,000

Reduced
ductwork by
100,000 pounds
and piping by
7,000 linear feet,
saving $2M

Project PPC
UCSF Medical Center at Mission Bay

# of Tasks (Weekly)

YIAL Y1411 Y2111 12811 241

- otal  of Tasks (Weekly)

21111 /181 /2511 3/04/11 31111 3I8/11 3/25/11 4/01/11 4/08/11 4/15/11

= 17 of Tasks Complete (Weekly)  ====PPCTo Date (Overall)



VISUALIZATON | SIMULATION
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INTEGRATED INFORMATION

CIFE

%




INTEGRATED ORGANIZATION

Collaborate,
Really Coilaborate

Increase Optimize
Relatedness The Whole

Projects as

Networks of Tightly Couple

Commitment Learning w/ Action

& CIFE



PROCESS INTEGRATION

DEFINE USER VALUE
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COLLABORATION | CO-LOCATION
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PRODUCTION MANAGEMENT

mmmmmmmmmmmmmmm Project Management

EEm
238 .
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& CIFE

Production Planning Execute Work
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INTEGRATED SYSTEMS

Physics 101: what teams must produce and deliver

Summer

Solar Chimney R Winter
olatubes

75 KW

&”CIFE



The Simple Framework for IPD

Praojact Management

~ Measurable roduction Collaboration Simulation
Value Management Colocation Visualization

High
Performing
Building

Integrated Process ___ Integrated __ Integrated
Systems Integration Organization Information

AAgreement/ Framework

©2017



ntegrated Integrating Project Delivery

Combines

* many practitioners’ experiences with
integrated practices compiled by DPR,

« Howard Ashcraft’'s experience with IPD
contracts, and

Intggrating - almost 30 years of CIFE research
Project Delivery g

« a book that describes how projects should
be done.

PROJECTS EXAMPLES FIGURES FEATURES

50 123 189 33

&”CIFE
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Key technology and management developments

Mobile Robatics, additive manufacturing

« from just-in-case to just-the ig@o \Qstu < - real, safety,
Information nvironmental impact

O
Cloud fbsS} ((\%1‘[ et of Things (loT)

« anytime (push andp \%\i-\oQ . O’&lrtual < - real
directional, "unhm &Y AQ K i i ents
Parallelization bg :

* |ower uncertainty, lower risk,

ofi-site / on-site customer, pull, purpose - value

Machine learning
« experience and data

©2017

& CIFE



REDUCING THE COST OF STEEL STRUCTURES USING
COMPUTATIONAL DESIGN OPTIMIZATION

Work by Forest Flager in Collaboration with Arup
and John Haymaker

CAsE STubDY RESULTS

DESIGN PROBLEM

Objective: Minimize steel weight conveqtional FCD
design (128 cpu)
Constraints: Safety and serviceability method design
Variables: 1955 size and shape variables method
Possible design alternatives: ~ 10243>
. PROCESS
BiOPT METHOD . .
http://cife.stanford.edu/sites/default/files/TR202.pdf Design cycle time 4 hrs 3 sec
Alternatives
A evaluated 39 12,800
- Total design time 216 hrs 151 hrs
ANALYTIC PRODUCT
—— _ 2,728 mett 2,292 met t
Total steel weight
OPTIMIZE Est. cost saving - $4 M (-19%)
SIZING ! (USD)
SO * Orders of magnitude reduction in design cycle time
SEQOPT Algorithm SHAvE 4 * Evaluation of a greater number of design alternatives
(Booker, et al. . gy
iaﬁgﬁizing Algorithm : Improved prOdUCt quallty éjc I F E

http://cife.stanford.edu/sites/default/files/TR201_0.pdf



Interact In a
— virtual
B environment

¢ oerend
Screenshots courtesy
Brandon Fischer

« Rapidly
understand
target, team,
roles, progress,
obstacles,
challenges

* Frequent
communication,
feedback

SECURE coe
WATCHING
rirapp14

& CIFE




0Oslo Bars: 11-55
Indeks:

.' mens Perspemi“ LOGGINN  BLIABONNENT ~UKEAVISENLEDELSE | @

LEDELSE ~ SAMFUNMSSTYRING ~ NYSKAPING  ARBEIDSLIV ~ EKSISTENS  SYNSPUNKT

Annonse

Béasta sparkonto: 10% @ "

Pa Skanska er grensene mellom virkelighet og fiksjon litt slarete. Bak f.v Fredrik Antonsen, Henning
Habberstad. Peder Bogsti. Foran f.v: Rekrutteringssjef Christian Scheen og direktor i Skanska teknikk Rune
Stene. Foto: Mikaela Berg.

Talent Spilltelnologi

Na tar Skanskainn gamere

Byggebransjen saker etter folk med spillbakgrunn. Slik skal de holde tritt med
den teknologiske utviklingen.

En stillingsutlysning trakk et tjuetalls interesserte til gaming-kveld hos byggentrepreneren Skanska. Foto: Aurora Hannisdal.

ARBEIDSLIV
NYSKARING

Rekruttering| Spiller seg til stilling

Nar bygg- og anleggsbransjen skal hente inn ny IKT-kompetanse, ma de lete i helt nye miljper.

&”CIFE
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Every workhour
builds the right product
safely and productively

& CIFE



Creating the right building safely and productively

S~ N

Measurable Production Collaboration Simulation
Value Management Colocation Visualization

High Integrated Process Integrated Integrated

I:gﬁﬁérirrl]lgg “— Systems © Integration ©_ Organization <_Informatior;

Agreement/ Framework

&”CIFE

©2017



BIM and VDC, the way to production
Henning Habberstad, Skanska Teknikk - BIM
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Visualization

Calculation Site Plan

Safety BIM  Quality

. Assurance LCC
Planning SREEAM LCA

Procurement Quantities
AR/VR
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Digitalization in Skanska

) Solibri Model Checker - TF4_Armering
File Model Checking Communication Information Takeoff Mete 3D Stor ITO + L

& 30

Armering Bestiling Celsa_Tekla updated with all components
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Digitalization in Skanska

D

=+ Prosjekt navn

Skanska prosjekt nummer :

Celsa prosjekt nummer

Bestillings dato
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Digitalization in Skanska
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Digitalization in Skanska
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Tensbergprosjektet

Presentasjon 14.06.17

Sykehuset i Vestfold



The Tgnsberg Project "oy rontergprosie

Project owner:
Sykehuset i Vestfold HF (Vestfold Hospital Trust)

Scope:
* Total ca 45.000 m2
- Psychiatric building - 12.000 m2 — Finished in 2019
- Somatic building-  33.000 m2 — Finished in 2021
e Ca 2,7 Billion NOK
* Project period : 2015 - 2021

Project goals:

- Zero injuries — no workplace crime

- Zero building defects

- 10% lower cost than comparable projects

- Built 50 % faster than comparable traditional projects (above ground)
- Use of openBIM (6D +)

- Industrialized building process

Sykehuset i Vestfold C U R /| SKANSKA



TP Tonsbergprosjektet

Contract Strategi
IPD

TP Tensbergprosjektet Svkehuset i Vestfold



The Tgnsberg Project — An IPD project i T wrssersprosiee
Integrated Project Delivery (IPD) Principles:

* Mutual Respect and Trust

e Mutual Benefit and Reward

* Collaborative Innovation and Decision making
* Early Involvement of Key Participants

* Early Goal Definition

* Intensified Planning

* Open Communication

e Appropriate Technology

e Organization and Leadership

Sykehuset i Vestfold CURA SKANSKA



TP Tonsbergprosjektet

IPD Strategies

* Early contribution of expertise (Early Involvement of Key Participants)

* BIM - virtual rehearsal of construction and ongoing constructability reviews
e Lean Construction Processes

» Co-location

* Champion/ Facilitator (Leadership by All)

» Key Participants Bound Together as Equals (Multi-party Agreement)
e Budget & create team for design intensive work

* Shared Financial Risk and Reward Based on Project Outcome
 Liability Waivers between Key Participants

 Fiscal Transparency between Key Participants

Sykehuset i Vestfold CURA SKANSKA




TP Tensbergprosjektet

I'm sure glad the
hole isn’t in our end...

Sykehuset i Vestfold SKANSKA



TP Tensbergprosjektet

How did you end up here?

Award Criterion
«Key Personnel's Qualifications» - 40%

v' Design Team Leader

v Discipline Leader Architect

v Discipline Leader Electro

v Discipline Leader HVAC

v Leader Technical integration and completion
v Leader Design for manufacturing

v" QOpenBIM manager/coordinator

v Discipline Leader Construction

v" Collaboration including Integrated Project Delivery (IPD), cooperation with the design and build
contractor and the Contracting Entity and Co-localization

v" Use of BIM - particularly open BIM
v"  Lean construction
v Breeam

v Projects with industrial implementation, such as use of modules and prefabricated solutions

Sykehuset i Vestfold C U R /| SKANSKA




TP Tensbergprosjektet

How did you end up here?

Award Criterion
«Key Personnel's Qualifications» — 40%

v Project Director/Manager
v Project Manager psychiatric building
v" Lead Planner

v Lead Design and engineering

v Lead Industrialization

v Collaboration including Integrated Project Delivery (IPD), cooperation with the Design and
Engineering Team, and Co-localization

v" Lead Production

v Lead Electro _
v' Complex and large projects

v' Lead HVAC

v" Lean Construction

v Projects with industrialized implementation, such as use of modules and prefabricated
solutions

v Use of BIM/open BIM - including 4D and 5D

v' BREEAM

Sykehuset i Vestfold C U R /| SKANSKA
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TP Tensbergprosjektet

Multiparty Agreement e
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Vestfold Hospital Trust J o

Siv
TP Tensbergprosjektet

Siv
Project Steering Board J

-,

- Integrated Project Delivery -

Project Steering Committee

f PSC

N

Definition: Risk Reward Team
consists of representatives
from all parties, each of whom
have placed their respective
profit at risk and are eligible to

RIsk/Reward Team a defined share in the ICL
All 18 CCC Champions. hMust in addition include at least one . R
(Incentive Compensation

representative from all Risk/Reward Team contractors

(8kanska - Cura - Bravida - Haaland - Assemblin) Layer}, Supplemented by all
Core, Cluster and Consultant
(CCC) groups Champions.

Sykehuset i Vestfold C U R /| SKANSKA



IPD so far...

* Early Involvement of Key Participants
* Appropriate Technology
e Early Goal Definition

 Mutual Benefit and Reward

e Mutual Respect and Trust

* Open Communication

e Organization and Leaders

* Collaborative Innovation and Decision making

 Intensified Planning

Sykehuset i Vestfold

CURA

8: T? Tensbergprosjektet

SKANSKA



IPD so far...

* Co-location

* |PD Contract
 Last Planner

* ICE

» Target Value Design

* Onboarding

* Training

e Decision making
* Reporting

e KPI

Sykehuset i Vestfold

CURA

3: TP Tensbergprosjektet

SKANSKA



TP Tonsbergprosjektet

Arbeidsprosesser
Samhandling
Lean

TP Tensbergprosjektet Svkehuset i Vestfold



TP Tensbergprosjektet

The Lean Construction Triangle
(L. Koskela, Grimstad February 2016)

Production

Sykehuset i Vestfold C U R /| SKANSKA



Tradisjonell prosjektleveranse To Tonsbergprosjeldet

Single party kontrakter
Utvelgelse etter laveste pris
Individuelle KPI-er
Sub-optimalisering

Silostruktur

Vertikal kommunikasjon
Isolerte beslutninger
Vertikal oppfalging

Push-planlegging
Kostnadsbasert (ikke
verdibasert) styring Operativsystem
Ikke samstemt teknologi

Ikke virkelig samhandling Fra Thomsen et al., 2009

Sykehuset i Vestfold C U R /| SKANSKA



‘. TP Tensbergprosjektet

Integrert prosjektleveranse (IPD)

Multiparty kontrakter
Utvelgelse av beste deltaker

Tverrfaglig struktur
Felles oppgaveforstaelse/mal

Apen beslutningsprosess §0’ Felles smerte og gevinst
Gjennomsiktig oppfelging .eéz' Felles KPI-er
Big Room samlokalisering ég

@)

BIM

Target Value Design

® A3

® Choosing By Advantages
® Set Based Design

Last Planner/PPC Fra Thomsen et al., 2009
Value Stream Mapping

Look-ahead/pull-planlegging

Fra kontroll av hva som er gjort til

a fa ting til a skje

Sykehuset i Vestfold C U R /I SKANSKA

Operativsystem



Sykehuset

TP Tensbergprosjektet

Integrated Project Delivery Process
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