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Multidimensional Building Information Modeling

Product
Modeling Analysis

Process
Modeling

Static Geometry

How the components 
and systems fit together

Analysis
Modeling

Measurement and Simulation

What the building costs and

Modeling
Construction Sequence

How the building comes 
together
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What the building costs and 
how it performs
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Product Modeling

• GC provides the Base Model
• Subs provide models of their systems
• GC integrates these models and uses 

automatic clash detection tools to find 
the conflicts before fabrication is begun
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Process Modeling

Location-based flow-line approach enables tighter scheduling and provides
• Better accuracy
• More reliable buy-in from Subcontractors
• Continuous workflow 
• Effective tracking and control during construction
• Effective schedule conflict resolution
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• Effective schedule conflict resolution



Analysis Modeling - Cost

• Building the model takes no more time than 2D-
based quantity take-off processes, yields more 
accurate and reliable quantities.

• Current tools accommodate a range of cost for each 
element, so the cost is accurately bounded.  
Precision increases as design progresses.

• Design team can see exactly where the cost can be 
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g y
affected by design changes.



Analysis Modeling - Sustainability

• Life Cycle Assessment
• Determining cost effective sustainability strategy• Determining cost-effective sustainability strategy
• Detailed planning of specific sustainability 

approaches (LEED, Carbon Footprint, etc)
• Tracking and documentation of selected approaches
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The Basic tool - Vico Constructor

ltidi i l t b  li it d d t  itMultidimensional Database - Unlimited data capacity

Concrete Column in 
th d lthe model More
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Multidimensional Processes

MEPS subcontractorsMEPS subcontractors 
create models of their 
systems.

• Early massing 
studies

• Visualization and 
coordination begins

• Architectural/ Structural 
coordination issues 
resolved

• MEPS coordination 
finalized with much 
greater reliability -
rework is eliminated

• Model resolves field 
questions

• As-built model can 
be delivered to 
owner for facility 
management and 
operations

• Overall Schedule, • 4D enables tighter • 4D enables early • Collaborative 4D flow- • 4D flow-line provides 

Pr
od

uc
t

ss project phasing construction schedule collaborative crew 
planning

line scheduling provides 
for trade commitment

more efficient trade 
coordination

• Conceptual 
Estimating

• Target Value Design 
allows resources to be 
focused on Owner’s 
priorities

• Estimate precision 
increases

• Support for project 
buyout

• Changes are 
evaluated against 
baseline model

Pr
oc

es
si

s

priorities

• Early sustainability 
options

• Early system selection, 
identification of LEED 
strategies

• Detailed cost/benefit 
analysis of 
sustainability strategies

• Planning for 
implementation of 
sustainability strategies

• LEED credit 
documentation

Conceptual Schematic Design Construction Field Facilities 

A
na

ly
s
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Preconstruction Construction Operation
Development Documents Management Operation



Product Modeling – System Coordination

12



Product Modeling – System Coordination
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3D  Product Modeling – System Coordination

Would have required 
lowering of ceiling in 
breach of pre-sale 
agreements

After completion of 2D coordination 
we found an average of 11 conflicts 
per floor.  

agreements

Conservative estimate:  $660,000 in 
rework, $600,000 in delay, or over
$1.2 million total.

Would have required 
moving of light 
fixture with adverse 
effect on 
architecture.Mechanical

Electrical
Pl bi
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Plumbing
Sprinklers
Clash



Process Modeling
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C ti l 4  h l

Process Modeling

Conventional 4D Technology

DESIGN
Documents 3D MODEL 

1D SCHEDULE
Model animation

(AVI-FILE)
4D4D
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Process Modeling

ltidi i l t bMultidimensional Database
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S h d li  

Process Modeling

5D Model
Scheduling 
Technology 
at Webcor

Estimate+
Schedule

DB

Model-based 
SchedulingMultidimensionalDB SchedulingMultidimensional 

Process Modeling

Production
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Control



Location-Based Line of Balance Scheduling

• Accuracy of task durations in schedule

i f• Buy in from Subcontractors

• Continuous workflow 

• Clear and Simple communication

• Effective Conflict Resolution

• Reduced Rework

• Reduced Energy and Resource consumption
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Analysis Modeling – Cost/Energy/Sustainability
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Analysis Modeling – Cost

ltidi i l t bMultidimensional Database
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Analysis Modeling – Cost

- Conceptual model can be created with minimal information.
- Site plan, building and garage floor plan given.
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- Interior program – i.e., clean room, cafeteria, conference rooms are not determined.
- Costs are $/system/sf of floor plate size and exterior skin area.



Analysis Modeling – Cost

Conceptual
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Analysis Modeling – Cost

Conceptual
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Analysis Modeling – Cost/Energy/Sustainability

ltidi i l t bMultidimensional Database
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Analysis Modeling – Cost/Energy/Sustainability

Schematic
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Analysis Modeling – Cost/Energy/Sustainability

DD - CD

- Quantities used to verify subcontractors 
pricing and quantities.

- Interiors modeled and ready for 3D 
C di ti
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Coordination.
- Sustainability metrics ready for tracking.
- Flow line schedule generated by model.
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Integrated Project Delivery - Origins

Construction Users Roundtable (CURT)
Organization of large facility owners (Boeing, Cisco, IBM, Intel, GSA, etc)

White Paper 1202 (“The CURT Report”) published August 2004

“Owners regularly experience cost and 
schedule overruns and must demand 
collaboration, open information sharing and 
appropriate technology”pp p gy

• Owner Leadership

• Integrated Project Structure

• Open Information Sharing

• Virtual Building Information Models
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Integrated Project Delivery - Origins

AIA Response
February 2005 – Integrated Practice Strategy Working Group (IPSWG) formed
December 2005 – AIA adopts Integrated Practice, Sustainability, and Diversity as their three 
St t i I iti ti

2007 – AIACC publishes two editions of Integrated 
Project Delivery: a Working Definition  
http://ipd-ca.net

Strategic Initiatives

http://ipd ca.net
November 2007 – AIA Contract Documents 

Committee and AIACC publish Integrated 
Project Delivery: a Guide
http://aia.org/ipdg

November 2007 – ConsensusDocs publishes 
ConsensusDocs 300
http://www.consensusdocs.org

May 2008 - AIA Publishes  A195/B195/B295 
transitional
C195 SPE contracts
http://aia.org/docs
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Project Effort and Impact

1

2
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fe

ct

Ability to impact cost and 
functional capabilities1
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fo
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Cost of design changes2

Traditional design
process3
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IPD design
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Graphic originated by Conceptualization Criteia Implementation Agency Coord / ConstructionDetailed

Predesign Schematic
Design

Construction
Documents

Agency Permit /
Bidding

ConstructionDesign
Development

31

Graphic originated by 
Patrick MacLeamy, FAIA
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Delivery Process

WHO

REALIZE
HOW

WHAT

Agency
Owner
A hit t

Predesign Schematic 
Design

Design 
Development

Construction 
Documents

Agency Permit / 
Bidding

Construction Closeout

WHO

Traditional

Architect
Engineers

GC
Subs

Conceptual Criteria Design Detailed Design Implementation Agency Coord / Construction Closeout

Agency
Owner
Architect

Engineers
GC

Conceptual-
ization

Criteria Design Detailed Design Implementation 
Documents

Agency Coord / 
Final Buyout

Construction Closeout

WHAT
WHO

HOW

GC
Subs

REALIZE

Integrated
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WHAT REALIZE
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SUSTAINABILITY – “BUILT IN vs. BOLTED ON”

1. Early Sustainable Design collaboration: 
- Building orientation - Envelope

HVAC E- HVAC - Energy
- Lighting - Daylighting
- Photovoltaic - Wind 
- Water - Carbon

2 Innovative Product Solutions2. Innovative Product Solutions

3. Carbon Footprint & Embodied Energy

4. LEED Credit Frequency Matrix Analysis
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5. LEED Documentation Management



THE WAY WE BUILD IS CHANGING

Why are we here today?
- Recognize we have an environmental responsibility to g p y

improve the way we build
- Manage finite resources of our planet in a sustainable way:

- Energy (consumption and embodied)
- Water

Air quality- Air quality
- Others…
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RESPONSIBLE RESOURCE MANAGEMENT

O th Lif f B ildi• Over the Lifespan of a Building
• Life-Cycle Energy Assessment (LCA)
• Carbon Footprint Measurement• Carbon Footprint Measurement
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HOW IS SUSTAINABILITY MEASURED?

Rating systems help address sustainable impact of energy 
consumption of the building:p g

- LEED
- GPR
- Green Globes
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UNDERSTANDING WHAT WORKS & WHERE 
LEED CREDIT FREQUENCY MATRIX

Sustainable Site Credit 4.3 – Alternative Transportation: Low-Emitting & Fuel-Efficient Vehicles 96%

Energy & Atmosphere credit 3: Enhanced Commissioning 87%

Materials & Resources credit 2 2: Construction Waste Management: Divert 75% 100%

Energy & Atmosphere credit 3: Enhanced Commissioning 87%

Indoor Environmental Quality credit 4.2: Low-Emitting Materials: Paints & Coatings 93%

Materials & Resources credit 2.2: Construction Waste Management: Divert 75% 100%

38Innovation & Design credit 2: LEED AP 100%



WHAT IS LIFE-CYCLE ASSESSMENT?

Managing Life-Cycle Assessment (LCA) 
- Cradle-to-Cradle vs. Cradle-to-Grave vs. simple pay back
- First Cost & First Carbon vs. Future Cost & Future Carbon
- Multi-dimensional perspective (subcontractors, consultants, 

team members, owners, etc)
- Modeling the Built-EnvironmentModeling the Built Environment

Life-Cycle 
Assessment
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LIFE-CYCLE ASSESSMENT DIAGRAM

Fuel Usable Products

INPUT OUTPUT

Energy Water EmissionsDesign + Construction 

Raw Materials Greenhouse Gas

Activities

Water Solid Waste
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LIFE-CYCLE ASSESSMENT CALCULATION

What is the TOTAL LCA that a building will use over the 
lif f th b ildi ?life of the building?

(Embodied energy/carbon of materials/project/construction)

+
(Building energy/carbon generation)  X  (Life-cycle duration of building)

=

(Total energy/carbon generation over life time of building)

=
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MEASURABLE RESOURCES

- Energy reduction
- Energy modeling

= Carbon Footprint Analysis

- Fuel consumption
- Building envelope 

efficiencyefficiency
- Water usage
- On-site power generationp g
- Lighting needs
- Building materials
- Material extraction
- Material fabrication

M t i l t t ti
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- Material transportation
- Installation process



EMBODIED ENERGY: WHAT IS IT, HOW IS IT MEASURED?

E b di d E h i i it?• Embodied Energy – who is measuring it?

• How do Virtual Building tools address energy g gy
consumption analysis?

What’s in the project?• What s in the project?

• How is it designed?g

• How is it build in?

• How is it maintained and operated?
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• What is the overall sustainability impact of the building?



MODELING FUNCTIONALITY – SUSTAINABILITY & BIM
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Analysis Modeling - Sustainability

ltidi i l t bMultidimensional Database
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Multi-Dimensional Design & Construction modeling simulates and analyzes the

MULTI-DIMENSIONAL MODELING FUNCTIONALITY

Multi-Dimensional Design & Construction modeling simulates and analyzes the 
performance of a building to provide:

- Energy use
- Fuel useFuel use

- Water use
- Carbon footprint

- Lifecycle AnalysisLifecycle Analysis
- LEED documentation
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MODELING THE BUILT ENVIRONMENT

Interior HVAC 
zones

Rotated 
30º

Perimeter 
HVAC zones

Isolated perimeter and 
interior HVAC zones 
provide thermal heat 

i & h t l
Rotated 

90º
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gain & heat loss 
predictions on the 

building

90º



MODELING THE BUILT ENVIRONMENT

Building orientation determines 
l t di t l
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solar exposure to predict solar 
heat gain



MODELING THE BUILT ENVIRONMENT

Rotation of the building on its site 
will have a direct impact on the 
building’s energy performancebuilding s energy performance 
and identify solar shading 
benefits
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Performance based modeling provides energy calculations for both annual and

MOVING TOWARDS CARBON NEUTRAL DESIGN STRATEGIES

Performance based modeling provides energy calculations for both annual and 
lifecycle costs and the building’s resulting CO2 emissions
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MOVING TOWARDS CARBON NEUTRAL DESIGN STRATEGIES
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Water Photovoltaic potential and daylighting calculations are

MOVING TOWARDS CARBON NEUTRAL DESIGN STRATEGIES

Water, Photovoltaic potential and daylighting calculations are 
assessed for the model
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Performance based modeling produces estimated Carbon Footprint

MOVING TOWARDS CARBON NEUTRAL DESIGN STRATEGIES

Performance based modeling produces estimated Carbon Footprint 
based on the net CO2 emissions expected from the building’s 
current design.  Building design modifications can potentially 

reduce CO2 footprint
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DEVELOPING MATERIAL CARBON FOOTPRINT TOOLS

What are the project goals and what do they include?
- Minimize construction waste

L th b di d- Lower the embodied energy
- Minimize raw material usage
- Reduce resource consumption- Reduce resource consumption

EARLY INVOLVEMENT OF A WELL-EDUCATED TEAM!
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CURRENT CARBON RECIPES ARE NOT GOOD ENOUGH

• BIM model provides quantities volume
• Various external public Carbon footprint calculators identify 

t i l ’ b di d t d GWP (Gl b lmaterials’ embodied energy as systems and GWP (Global 
Warming Potential)

• Is this accurate enough?Is this accurate enough?
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CREATING ACCURATE CARBON FOOTPRINT CALCULATORS

Webcor’s internal Carbon calculator allows us to build systems by componentWebcor s internal Carbon calculator allows us to build systems by component
to gain the most accurate Carbon numbers and GWP figures
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MATERIAL RECIPES TO ACCURATE CARBON CALCULATION

M t i l’Material’s 
Methods & 

Recipes
ResourcesResources
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CUSTOMIZED CARBON FOOTPRINTING ANALYSIS

Global Warming Potential (GWP)

Webcor’s Carbon calculator compares 
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p
building systems resulting in the most 

accurate Carbon figures



INNOVATION: ALTERNATIVE MATERIALS

I d D ll O i E R k C b N l d ll• Improved Drywall Options – Eco-Rock, Carbon-Neutral drywall 
product

• Integrity Block – CMU block alternative made with 50% pre-recycled 
content and requires 40% less energy to manufactureq gy

• Vertical “PT” solutions
• Sudaglass – non-ferrous concrete reinforcement, basalt-based fiber 

technology
S i M t i l d d f i dl t i l f t i bl• Serious Materials – advanced eco-friendly materials for sustainable 
development
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S t i bl F I l i S t d i hi h d t l

INNOVATION: NEW PRODUCT SOLUTIONS

• Sustainable Form Inclusion Systems reducing which reduce cement volume 
in concrete mix designs and utilize slab alternatives such as Bubble Deck, 
styrofoam, recycled plastics, rubber tires, wax cardboard, etc…options

• iCrete Products – mix design identifies appropriate aggregate distribution toiCrete Products mix design identifies appropriate aggregate distribution to 
reduce cement use up to 30%

• Strategic relationship with Venture Capital  firms: Navitas Capital
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INNOVATION: NEW STRUCTURAL SYSTEMS

Greater structural efficiency and longevity 
focused on reducing the CARBON FOOTPRINT 

and increasing livability of buildings

• Vertical “PT” solutions – reducing steel rebar in 
structural concrete by 45%structural concrete by 45%

• High strength concrete (5,000 psi vs. 15,000 psi) 

• Reduced material (sand aggregate and steel) 

• Reduced cement (CO2)

• SFIS (Sustainable form inclusion systems) 
utilizing “waste stream”….Styrofoam, recycled 
plastics, rubber tires, etc…options… to displace
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plastics, rubber tires, etc…options… to displace 
concrete



INNOVATION: ADVANCING TECHNOLOGIES

• Adura Wireless Lighting Controls
Wi l HVAC l• Wireless HVAC controls

• GE Zenon Water Products – onsite gray, black and rain water 
filtration systems

• Skywater products dehumidifier condenser unit creates• Skywater products – dehumidifier condenser unit creates 
potable water

• Valence Energy – lithium phosphate energy storage solutions
• Finelite – high-performance energy efficient illuminationFinelite high performance, energy efficient illumination
• Control4 – innovative home automation solutions
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SIMPLIFIED & MORE ACCURATE LEED DOCUMENTION

D t b P kDatabase vs. Paperwork
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