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Big breakthroughs
happen when what
IS suddenly
possible meets
what Is desperately
necessary.

Thomas Friedman
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Construction productivity 1950-2012

Real productivity (GDP value-add per employee) by industry in the US
Indexed; 1950 = 1.0
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SOURCE: Bureau of Economic Analysis (BEA), Hideyuki (2011)
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A Challenged History:

Built-in Inefficiency

AWeather-based delays
and shutdowns

ALinear Process

ARaw materials to
finished product under
difficult conditions

Skill Degradation

AExtreme personnel
turnover rates (20%-
60%)

AMaijority of workers
have minimal education

ALack of education, skills
& attitude for new
demands

AMinimal or zero
requirements

Poor Quality
ABuildings are the most
defective products
consumers purchase.
A15% - 80% serious
defect rate
ADecades-long industry
culture of accepted
compromise
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CHALLENGES:

Field Labor
AAvailability

ASKkill
ACost
AProductivity

Construction
Materials

ACost
AAvailability
ASustainability



SOLUTIONS:

Fully nDigitizedn
AModel based survey & layout
ASubtrade Coordination

AMachine Files

AOff-site fabrication

Collaborative Delivery
ADesign team buy-in
AContractor buy-in
AEarly trade partners

A Fully digitized concrete structure AAIl elements modeled

A 100% prefab facade without the AEarly and continuous planning
possibility of field verification

A 2014, Portland, OR




Other Industries Get It

Cruise ship bathroom pod Subassemblies built in a controlled environment 5



Learn From Everywhere

SCANDINAVIA NEW ENGLAND
Optimization TF Legacy Building

RIS Off-site Benefits and
Construction Appropriate Skills

Technology Best Energy 3D Modeling Value
Standard Building Discipline of Connections
Science _ Site Efficiency
Montage Design Tools & Logistics
Discipline & Skills

GERMANY | AUSTRIA |

DIGITAL

SWITZERLAND DESIGN | BUILD JAPAN
CNC Tools | Lean Manufacturing
Software Lead Kaizen
Technology Adaptation Precision

Modern Manufacturing
Advanced Education for Trades
Durable Building Standard

Power of Modularity
Tradition of Perfection

HOLLAND

Open Building
Lives Must Prevail
Rational Design &

FRANCE
Pride in Craft/Training
Craft Knowledge

Building Personal Discipline
Time based organization Humility
Sustainability through Historical Perspective
Adaptability

Dimensional Coordination



Elsewhere: European Mass Timber

Hermann Blumer,
Timber Engineer wr
Switzerland | \

Models are an extension of their design and carpentry expertise. ;



Switzerland™ _
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Everything Modeled THE POWER OF BIM
Plan, Deliver, and LEAD A Design = simulated building

A Automated PM information -
costs, supply chain, shipping, etc.

A Automated cutting and shaping
machine code



Models now drive woodworking tools and off-site fabrication -
from cheese boards, to shear walls, to facade panels.
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BIM to CNC

Our Tireless Workers

A wal pol e,

NBensonwood

A Keene,
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THE MODEL BECOMES THE BUILDING

AThe shared work space for all contributors & team members
AFirst built in the model, and then assembled in the field
AMachine files are as close as we can get to 3D printing

Model based timber designs - Northern Italy



BN Gase &
‘ W AR 3
WAWEIET dhtllanw § [ sC
R e &
L b I SRR . w -~
i an 'Q!l' 1 “ ——r
LU ELAIN Y -
—— -

Layout, cutting &
optimization
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Case Studies
& Examples

Rocking Shearwalls i Shop installation

Boundary Anchorage and Energy Dissipation System
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