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How much do you
want to earn per
hour?



More than 11.9
cents?

1 computing hour In
the cloud costs 12
cents.



What can you do
with 3.5 Million data
points per day for a
building?

(Y2E2 Building
Stanford)



Or 500 Million data
points per day for a
campus?
(Microsoft Puget
Sound)
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Reversing our climate
change trajectory




Huge changes are required to lower carbon footprint:
Predicted impact of global warming

US: ~24
tCO2/ y per
person

tCO»/y per person

2000 2050 2100

Source: Sustainable Energy — without the hot air:
MacKay, 2008, based on Baer and Mastrandfea (2006)



Global Trends that will affect
Construction dramatically

« Computing Is (almost) free
« Computing Is mobile
« Data are abundant

- “What you see is what you get” is today’s
good practice

* Projects must be economically,
environmentally, and socially sustainable

» All this is normal for today’s high school
students



A good design ...

IS buildable
can be operated efficiently
makes the users of the faclility productive

enhances its environmental and social
context

and contributes to learning how to do it
even better next time.



Is this the best we can do?

1,000s of construction activities don’t get done as scheduled
(practice on well-managed projects)

Unforeseen Site
SPS 2001-200, ditions: 73 (1%)

Site Access: 563 (5%) Safety/Incident: 0 (0%)

Information: 676 (6%) Directive/Plan: 2524

(23%)

Equipment/Plant: 1058
(10%)

Weather: 1144 (10%)

Labor: 2118 (19%)

Material: 1395 (13%)

Prerequisite: 1434 (13%)



CIFE Development and Background

100% funded by industry
— Building owners
— Design and construction companies
— Software and hardware vendors
— Seed projects and implementation

— Leveraged with government and other
funding

1988-2000
— Building Information Modeling (BIM)
2000-2010

— Virtual Design and Construction
(VDC)

2010+
— Integrated Facility Engineering
— Breakthrough performance




The CIFE community (industry, academia)
invents the next practice together

Practice

Research

Education /



Virtual Design and Construction (VDC)

uuuuuuuu El m - El Existing Process - 6 weeks
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Combining data and visualization

Social Interface with Stakeholders

Visualization

Conceptual project Design
planning & design

Procurement

Construction

Start-up ‘ Operations

Data

>

Interface with Engineering and Project Control and Management Systems

(c) 2012
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Past 2 Present =2 Future

* Yesterday’s practice:
YCASWYG
You can’t always see what you get

* Today’s practice:
WYSIWYG
What you see is what you get

* Next practice: £ | |
WYMIWYG g o
. & 151
What you model is what you get o
performance "§855235389883|..
Ll S SR < 4@ Y Z | Scofield 2002
15

(c) 2010


../../../T5/Civils Demand Fulfillment/Digital Prototyping/Rebar/Videos & Animations/pre fab corner cage ms.exe
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Value Production Collaboration Simulation
(Metrics) Management Colocation Visualization
(ICE)
) Integrated
High g : Integrated Integrated
Building Integrated .
Performance [ €« — Team <« Information
Buildin systems Process (O ization) (BIM+)
g (Product) rganization

Agreement/Framework
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PUBLIC, TRANSPARENT
PERFORMANCE METRICS
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DPR Drywall
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Mechanical
Engineer

Project Engineer




Very Detailed Process Mapping —
Every 2 weeks
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Everything above 1.0 cm was modeled in 3D
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refabricated Bathrooms

(

BIM LESSONS LEARNED DISCUSSION WITH ARUP | MARCH 21, 2011 QR{E



Actual Fabricated Panel Installation

BIM LESSONS LEARNED DISCUSSION WITH ARUP | MARCH 21, 2011 /DPR



@ (At- 8] Steel
. [A1- 8] Safety
0 [A1- 51 Steel
O [A1-B] - Steel
0

[M 8] Cafponter

‘ [All] Safoty

[ FieldLink

The wobile app to record, track and share
information in the field

Just imagine a task list.
You can also look at it as...




[ FieldLink

The wobile app to record, track and share
information in the field

...a floorplan.

Reporting a new task is very easy, just
tap the location and a pin appears.




(2] FieldLink

The wobile app to record, track and share
information in the field

. [A1-B] - Safety O

@yvesfrinault : Opened new task

@yvesfrinault : The rebars are not |
covered. Fix ASAP |

@yvesirinault : Brian do you stili

Then, just type a little text and send it.
have one of your guys in site ? ‘

It's immediately shared around the
entire site.




(9] FieldLink

The wobile app to record, track and share
information in the field

It's too long to explain it in a few words?
What about you snap a picture or draw
a little sketch over the floor plan.
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Design Problem

SCOPE

(1)Facade
(2)MEP System

OBJECTIVES

(1)Minimize total cost of
ownership

(2) Minimize carbon footprint
(3)Minimize energy
consumption
VARIABLES

(1)Building Orientation

(2)Glazing type

(3)Glazing percentage by
facade

(4)Shading elements by
facade

DESIGN SPACE

Possible design
configurations: TBD



Method

material
guantities
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OPT 2+4: LCC vS. ENERGY COsT

M.LLife Cycle Cost USD vs. M.L.Annual_Energy Cost USD
1.020E7

5.893E8

0- Baseline Design

(]
n
=
T
[
Q
o

- + = Pareto Optimal Design

9.584E8]

ycle

M.L.Life_C

bt
I

-]
=]
A

+ |
1.038E5 1.048E5 1.080E8] 1.070ES 1.081E5

M.L.Annual_Energy Cost USD Preference Shading

Warst [ B st




(asn)1sod
ASJ43u3 |enuuy

u Best

Preference Shading

% 3ulze|
apeded 1S9\

% 3ulze|9
apeded isej

9% 3ulze|o
apede yinos

Baseline Design Configuration

9% 3ulze|o
apedeq yyonN

—l
O
—
al
%)
LL]
—l
<
<
O
oz
O
O
O
1
LL]
—
_
<
4
<
Al

/
/

Ort 1

(3ap)
uonyeuallo 8uipjing




Industry Case Studies
(with Benjamin Welle)

Case Study #1: GSA Office Building Case Study #2: GSA Border Station

Optimization GUI

ModelCenter L

(
L h o I

v

IFC Plugin
Plugin

@

Digital Project
Plugin

[T | | optimizer
oA *

Precourt Energy
Efficiency Center

CIFE

Center for Integrated Facility Engineering

W)



Next Steps....

-
Simulate each of the 30
spaces in porallel over a
30 Spaces with distributed cluster
Inference Engine Unique Daylighting Profiles
accesses daylighting
Knowledge Base for
MDQO problem

formulation

Application of Artificial Intelligence
(Knowledge-Based Systems) and
Distributed Computing to Daylighting MDO

Scale results of 30 spoces to all 300 spaces for
total building daylighting performance
C

. &5
CIFE e recourt Energy
Center for Integrated Facility Engineering #= Efficiency Center



FSTANFORD . ’
CIVIL & ENVIRONMENTAL Why current pra ctices aren't green

ENGINEERING

Is this the best we can do?

11
i

Flager, F. and J. Haymaker (2007). “Comparison of Multidisciplinary Design, Analysis and Optimization Processes in the Building Construction and
Aerospace Industries.” 24th International Conference on Information Technology in Construction. I. Smith. Maribor, Slovenia: p. 625-630

6 designers work for information
(information/data management)

Making Green Buildings | Martin Fischer 47



Team-Information Interaction Sequence (TIIS) for 1 year
# of files written by

Plumbing

General Contractol
Electrical Subcontractol
Project Architec

Structural Engineel

HVAC Subcontractol

MEP Designers

Project Architect (Interiors)
Fire Protection

Pneumatic Tube

IT Consultant

Misc. Metals/ Stairs
Medical Equipment Designer
Equipment Connections
GFRC & Precast
Equipment Supplier
Printing

Site Civil Engineer
Lighting Consultant
Elevator Consultant
Glass & Glazing Structure
Foodservice Designer

# of files read by

BB EEEE General Contractor

o
c
e}
£
=)
o
4

Landscape Architect

preliminary results from 403,607 digital interactions during the design of a California hospital using Bentley Projectwise (October2010 to November 2011)

© 2012 by Reid Senescu

Project Architect (Interiors

Fire Protection

IR stuctural Engineer
. ... HVAC Subcontractor

HEBEEEE ~oject Architect

.-.-.-. Electrical Subcontractor

Pneumatic Tube
IT Consultant

Misc. Metals/ Stairs

January 22, 2012

Medical Equipment Designer
Equipment Connections

GFRC & Precast

Equipment Supplier

Printing

Site CiviNEngineer

Lighting Cansultant

Elevator Consultant

Glass & Glazing Structure

Foodservice Designer
Landscape Architect

HEN
NUEN

3

HN

4

/|

Core Disciplines
exchanged much
information

Many disciplines
exchanged little

information with each

other

Legend

# of interactions
0
1to 4
5 to 26
27 to 96
97 to 386
387 to 22742




Opaque Workflows Inhibit
Learning from Past Projects

Repeating workflow mistakes
costs companies .. air duct ¢
money, time, and reputation.

On my last two projects, this
mechanical contractor never
looked at the column layout!

column

Project Manager

*Khanzode and Fischer (2000), “Potential Savings from Standardized Electronic Information Exchange: A Case Study for the Steel Structure of a Medical Office
Building,” Stanford University, CIFE TR 121.

© 2012 by CloudLeaps, Inc. January 31, 2012 49



Technische Universitat Minchen « Computational Modeling and Simulation Group m

2 staircases 3 staircases

Integration of Design
and Simulation

= Comparison of the simulation
runs shows that the
evacuation might become
critical in the case of the
2 staircases option

15s




| have made all my

generals out of mud.
Napoleon
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