Multidisciplinary Design and Analysis --
using VDC

John Kunz

The big ideas:
Enabled by VDC, Multidisciplinary Design and Analysis can
support, at least, A, E& C

Virtual Design and Construction (VDC) is use of integrated multi-
disciplinary performance models of design-construction
projects to support (explicit, public) business objectives.



http://www.stanford.edu/group/CIFE/images/VDC2.mov

This week overview

Day Take-home
Tuesday Introduction:
Theory: integrated multi  -disciplinary performance VDC
models
Course: learn by doing
Before POP Lab: How to create a simple integrated project model of

Thursday class | the product, organization, process (POP) models of function
(intent), choice (form) and predicted behavior

Thursday ICE to apply POP/MACDADI in an hour; discuss what we did
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Thi s quarter we Wwi

A Do MDA with VDC and the ABC of your POP
- FFB based on a PBS, OBS and WBS using
ICE, DEEPAND and MACDADI in CEE
111/ 211 ¢é

Goal: 2015
Schedule 1y Design; < .5y Construct
Cost Variance < 5%

Function/ Scope 0 variance, by POE

Safety Better
Sustainability 25% better than 2002
Globalization >= 50% of supply and sales

10 January 2012 CEE 111/211



VDC2.mov

Thi s

guarter we Wwi

ADevel

Op competencil es e
Area Competence

Breakdown Create, use collaboratively

structures

Checklists Create, use collaboratively

ICE Participate; facilitate

LOD Define; manage models and analyses using it

MACDADI Create, use collaboratively to evaluate goodness

Metrics Create, use collaboratively

Models: POP, | Create; reference; add to; collaboratively

P(BIM), Org, manage creation and use over time

Product, TEI

M-B analyses

Create, use collaboratively to predict behavior

Proposals

Create, present, critique

A Emphasize experience, reading >> lectures

CEE 111/211
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VDC2.mov

Week-1 Learning goals

A Get basic familiarity with the POP project framework of
VDC

A Product i Organization i Process (POP)
A Function i Form i Behavior (FFB)

A Understand class organization, opportunities, methods
and expectations

A Motivate interest in MDA enabled by VDC:

A Motivations and opportunities in practice, including
2010/2015 CIFE objectives

A Fun, power and job opportunities of models, model-
based analyses

10 January 2012 CEE 111/211



Notices

A Please complete online background

A Homework due Tuesdays by 12:15
I Submit electronically via Coursework

A Download Revit if you want on your personal laptop:

A This class assumes you have basic skills to build and
Interpret a BIM, schedule, 4D animation and
organization-process model (CEE 210, 242 or
equivalent). Optional labs can help refresh your skills.

CEE 111/211



http://www.surveymk.com/s.aspx?sm=VA3aphqGaJlq2KH5rzKZ7Q_3d_3d
http://www.students.autodesk.com/

CEE 111/211 Agenda: Jan 10

A Big ideas: MDA; VDC; ICE

A Introductions

A Models: how would you recognize one
A Business objectives

A Course objectives (and non-objectives)

A Course Organization =
A Example: Biotech lab )]

A +/D

10 January 2012




Traditional building models

+: Work in practice

D: Ambiguities to
stakeholders

D: computer analysis ...?
I Show value to owner
I List components
I Estimate cost
I Plan construction
I Identify interferences

ENLARGED PLAN - BUILDIMNG 1Y - FLOOR 2
FHAFMAC OLOGY, POON - FESE ARCH QPOUT

10 January 2012 CEE 111/211
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CEE 111/211

A Physical

A Statistical

A Mathematical
U Symbolic

U Graphic

10 January 2012



Multidisciplinary Design and Analysis i using VDC

Disciplines:
AArchitecture
AEngineering
AConstruction
AOperations

Stakeholders:
AProfessional AEC
AOwner

AOthers

Design
AVirtual
AGraphical
AObject-based

Analysis
AModel-based
when possible

AQuantitative
when possible

AMulti-
Stakeholder

AGraphical
description

10 January 2012
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Virtual Design and Construction:
Fundamental method of MDA

A Use of integrated multi-disciplinary computer-based

performance models and analyses of designi
construction projects

I Product (building)

I Organization |

I Work Process i

A to support (explicit, public) business
objectives

i Describe: Visualize and describe project
I Explain reasons for designs and choices

SSE AT
e L) )/ )

I Evaluate choices
I Predict project performance

10 January 2012 CEE 111/211




MDA Big ldeas

A Build VDC project models early, often and collaboratively
I Before committing large money or time
A What

I Objectives, Designs and Behaviors of Product, process,
organization

A How:

i Detailed: to show the product, process, organization entities that
use > 10% of project time, money

Virtual: in the computer

Visual: multi-discipline, multi-view, for multiple stakeholders
Integrated: relating the product, organization and process
Objective-based: set and track explicit public objectives

10 January 2012 CEE 111/211 12



Opportunity: Mini internship Spring break

A Obayashi

A Slwinerton

A CICC

A V{/ebcor
,

A WDI
,

Examples
Tokyo train station track movement
Template hospital
Build ammonia plant in Oman

Roof construction for new Renzo Piano
Academy of Sciences building

Space mountain track replacement




Plus-Delta of Civil Engineering

A Provides fixed physical
wealth of society

A High global demand for
Infrastructure and
housing

A Opportunity to impact
global climate challenge
significantly

14



Plus-Delta of Civil Engineering

A Provides fixed physical A Low productivity A

wealth of society compete with other Ways

A High global demand for to spend $ .
Infrastructure and i e
housing o B e |

A Opportunity to impact

A High energy use and
global climate challenge

rising energy costs

significantly

Koprumensden Virwe  Tegedorgen Mrvwngen  Togo  Mavewset Kaiiats 01 Er

PerssonSustainable City of
Tomorrow

f A Structural reliability <<
15 societal need (Chile)



Fundamental issue: outcome reliabllity

A Structures (Chile, post-earthquake) -- good: oy
i ~500K/~5M homes damaged or destroyed: < 2 S
i ~4 joint failures /~100 in (collapsed) buildings: 2 (i
I 4/~10,000 post-1985 buildings collapsed in major
damage area: > 3 U
A Energy i not good:

I 20/20 buildings used more energy than predicted i
Malmo, Sweden, 2001 (range 70 i 340% greater)

I 121 LEED buildings use 30% more energy per
square foot than average for U.S. buildings

A Neither structure nor energy performance meets
socletal needs

16



Fundamental issue: process reliability

A Structures (Chile, post-earthquake)
i ~4 joint failures /~100 in (collapsed) buildings: 2
A Sources of failure - infrequent but important problems:

guality of joint construction, material composition, soft story
design, asymmetrical designs

A Energy:
Iy prediction variability:
Ay | 4obl with same designer
Ay | wansultant with same tool

Iy component performance var.l
leaky building joints (Malmo)

A Structure and energy performance:
i Good (historically), but
17 I Neither meets societal needs




AEC Problem: Productivity (1964-2011)

A Incremental, local innovations drove productivity trends
for AEC since 1950s

AFewer

workers availlabl e 1 n

Infrastructure A cost pressure

A Other ways to spend money become relatively more
competitive with AEC, e.g., health, education, retirement
savings, travel, manufactured goods A cost pressure

A Most of the AEC workers of 2015 are in practice today

10 January 2012
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The CIFE mission

19

to be the world's premier academic research center for
Virtual Design and Construction of Architecture -
Engineering - Construction (AEC) industry projects.

Virtual Design and Construction (VDC) is the use of multi-
disciplinary performance models of design-construction
projects, including the Product (i.e., facilities),
Organization of the design - construction - operation team
and Work Processes in order to support business
objectives




The CIFE mission

to be the world's premier academic research center for
Virtual Design and Construction of Architecture -
Engineering - Construction (AEC) industry projects.

Virtual Design and Construction (VDC) is the use of multi-
disciplinary performance models of design-construction
projects, including the Product (i.e., facilities),
Organization of the design - construction - operation team
and Work Processes in order to support business
objectives &

€ to support exceptionally reliable engineering and
management processes to plan, design, construct and
operate sustainable facilities




there a better option e

| s
A For our research?
A For you?

€ to support exceptionally reliable engineering and
management processes to plan, design, construct and
operate sustainable facilities




CIFE Breakthrough Objectives

A Manage projects and the business to
maximize measurable business objectives,
e.g.,

I Schedule

I Cost

I Scope

I Safety

I Sustainability
I Globalization

CIFE 2015 Breakthrough Objectives

10 January 2012 CEE 111/211 22



AEC Breakthrough Objectives
MDA + VDC = enabling technology; class will look at > 5

Controllable

Process
[Conformance to plans]

Outcome
[Performance]

Product, organization,
process designs

Latency: mean <=1; 95% within 2
working days

Safety: 0O lost hours

Coordination activity:
planned, explicit, public,
informed > 90%

Field-generated Requests for
Information: 0

Schedule: 1y Design
< .5y Construct
95% on-time performance

Facility managed Scope:
100% of items with > 2% of
value, time, cost or energy

Rework volume: 0 (for field
construction work); objective = 10-20%
(virtual work)

Cost: >= 95% of budgeted
items within 2% of budgeted
cost

Prediction basis: > 80% of
predictions founded

*Function (quality) conformance
(%): >=99%

Quality - Delivered Scope:
100% satisfaction by POE

Design versions: 2 or more
>= 80%

Schedule conformance (%): >=
80%

*Sustainability: >75% better
energy, water, materials, than
2002, profitably

Staff trained in VDC: >=
4/project

Cost conformance (%): >=95%

Globalization: >= 50% of
supply and sales

23



Incremental Business Objectives for CIFE members

2010 2006

V Strategic plan to V Operate with a strategic

. e
implement VDC broadly; plan to implement VDC
manage by public and _ _
explicit metrics; Incrementally

A Serve >=5 objectives - V Use first (BIM
w/VDC on >=10 major visualization) stage of
projects VDC confidentl

A Automate >30% of contigently
routine design & A Staff each project with 4

construction on > 2 pilots

A Staff each project with 4
VDC trained engineers

VDC trained engineers

24




Wasted human, technical, and biological resources

CEE 1114%}‘:1‘ http://mainegov -

images.informe.org/spo/recycle/focus/midmaine/landfill.jpg
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VDC models use and require lots of tools

Models
Product Organization Process Integrated project
Bentley Tekla

Project specifications Revit | Architecture | Structures VDT MSP | P6 POP MACDADI
Product functional objectives (goals) yes yes
Product systems and components scope yes yes some names
Product behavior specification and values yes yes
Organization functional objectives (goals) yes yes
Organization responsibility for components, systems
& tasks yes
Organization scope yes names names
Organization behavior specification and values yes yes
Process Task functional objectives (scope) yes yes
Process Task scope yes yes | yes | names
Process behavior specification and values yes yes
Project goals and assessed goodness yes yes
Project options yes
Project preferences, qualitative threshold values yes

10 January 2012 CEE 111/211 26



VDC analyses use and require lots of tools

Models
Product Organization | Process | Integrated project
Bentley Tekla
Project specifications Revit [Architecture [Structures VDT MSP | P6 | POP | MACDADI
Model-based analysis
Product componentinterference (3D) yes yes
Product cost estimation - BldgExplorer IFC
Product daylight - Ecotect gbXML
Product energy - Bentley/EDSL Tas n/a direct
Product energy - Ecotect gbXML
Product energy - Equest IFC
Product energy - GBS gbXML
Product energy - IES plugin
Product energy - Riuska IFC
Product Quantity Takeoff (QTO) yes yes
Product Rentable space yes yes
Product Structural analysis - Revit Structures direct
Product Structural analysis -Tekla yes
Project actor risk yes
Project cost yes
Project task schedule risk yes
Project Time-space conflict (4D) - Jetstream direct

10 January 2012 CEE 111/211




VDC BIM and analyses require and use lots of tools

V Models:
Easy

V Internal BIM

Analyses: Not
hard

V External
BIM Analyses:
Harder

10 January 2012 CEE 111/211
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Keys to successful BIM + >5 analyses

A Clearly define functional objectives: POP

A ldentify and engage expertise in building
design and analysis objectives: ICE

A Establish Product, Organization, Process
structures (PBS, OBS, WBS)

A Early and frequent modeling, analysis and
review: ICE

A Usejtemplateslandichecklistsito work quickly
and reliability

10 January 2012 CEE 111/211
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Big Ideas: VDC/BIM

2006 Results (n = 40) 2007 Results (n=174)
A Now used across all phases of A Dramatic and dramatically
design and construction increased VDC use across all

i VDC now addresses key process phases of design and

problems cited by respondents construction
i Most respondents perceive high A Qualitative perceived value

value but cannot quantify the increased

benefit . :
) | A Quantitative impacts remain
I Established programs plan future | v invisibl

expansion argely invisible

I Impediments exist but do not
stop progress

A CIFE members report dramatic
success and plans

The emergence of VDC seems to be the biggest
change in AEC in more than a generation

10 January 2012 CEE 111/211
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Will current practice get us there?

ey Sy -
R Y AR N T

~on time?on budget?
Lngth this schedule?

10 January ¢cuiz CEE 111/211
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MDA 1 using VDC T provides

A Integrating theoretical framework to
A Predict engineering behaviors, and

A Systematically manage projects and the
business using the predictions and observed
data, to

A Achieve measurable business objectives

10 January 2012 CEE 111/211
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MDA class content

A Modeling methods: product, organization, process
A Visualization methods: designs, behaviors

A Analysis methods (model-based): schedule, cost, 4D
|l nteractions, process ri sk
I To support integration, automation

A Business metrics, strategic management

A Economic Impact (i.e., model of both cost and value
of capital investments)

I Modern network-based IT is a major enabler

10 January 2012 CEE 111/211 33



Barriers to effective use of VDC

A Owners (CFOs) assess costs, not value of
projects

A AEC industry culture and methods minimize
cost, not maximize value

A Sharp theoretical basis

A Use that leads to improvement in the process
and theory

A Integrated tools
A Skilled and empowered users

10 January 2012 CEE 111/211

34



POP model content

A Rows

I Product

I Organization
I Process (design +

truction)
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A Columns:

CEE 111/211

Functions

A Program Function,
Schedule, Cost,
Sustainability,

Scope (Forms) (design choices)
A L-A: ~1; L-B: ~10
A Product forms = content of a
ABIlI MO
Behaviors (predicted, observed)
A Functional performance
A Cost
A Value
A Schedule
Aé

POP Template 35




In-class exercise:
teams of ~2

A Sketch your version of the CIFE iRoom
A Define (3-5 each):
I Functions: design intent, to include
A Large and small interaction and meeting spaces
A Main mass elements, including floor and ceiling;

A Technology to support modeling, analysis and
Interaction

I Design Forms: designed and built scope, e.g., rooms,
actors, tasks

I Behaviors: observable (or estimated) performance, e.g.,
room capacity = 50

A See http://www.stanford.edu/class/ceelll/Labs/POPLab.htm

10 January 2012 CEE 111/211
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In-class exercise:
Content to consider

A Name of (at least one) intended:

I Space (Product)

I Participant (Organization)

I Task (Process)

A Name of (at least one) planned:

I  Space
I Participant
I Task

A Name of (at least one) relevant property that you can predict for

the planned
I Space
I Participant
I Task

10 January 2012

CEE 111/211
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Class mechanics

A All class
materials on
the

http://www.stanford.

edu/class/ceelll/

Register:
CourseWork

10 January 2012

CEE 111/211 overview - Mozilla
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CEE 111/211: Multidisciplinary Modeling and &Analysis

Oueriew
Objectives
Agenda
Organization
Prerequisites
Evaluation
Reading

IMini Internships

Learn to use the emerging method of virtual {computer-based) models in AEC design and
construction. Yirtual Design and Construction (VDC) is the use of multidisciplinary performance
models of design-construction projects, including the Product (i.e., facilities), Work Processes,
Crganization of the design - construction - operation team, and Economic Impact (i.e., model of
both cost and value of capital investments) in order to support business objectives. This 4 unit
laboratory and project dass will introduce students to multidisciplinary modeling and analysis of
AEC projects using WDC methods,

An important focus for the class is to give students specific theoretical and practical experience in
addressing CIFE 2010 objectives, which are intermediate to the 2015 breakthrough objectives,
both described in the CIFE mission.

Successful winter quarter cass participation may allow students the opportunity for a 4-day
mini-internship at a AEC company or agency over Spring break. Students who are interested and
selected will do class projects with a small project with support of their sponsor. They will then
test, extend and present their project models to their sponsoring partners during the
mini-internship.

Since we learn best by having different learning experiences, the class will use the classic learn;
do; teach method. Participants will be expected to partidipate actively to learn, apply and teach
use of virtual models of building design and construction. The class is inherently multidisciplinary:
it will explicitly consider issues of engineering and architecture, symbolic models, human-
computer interaction, and business economics, The dass is designed for both undergraduate and
graduate students with curiosity about visualization, use and design of integrated symbolic and
simple quantitative models in engineering practice.

Done

Last updated 18 December 2008
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http://www.stanford.edu/class/cee111/

Lab: only a few required

Assumptions:
I Use CIFE lab computers
I You know basic Windows

T You wi | | |l ear n |

ot s é

5 CEE 111/211 Agenda - Mozilla fox

L] Ele Edit wiew Higtory Bookmarks Iools Help
O S ar » 6 - C a1 [ B | htip:fwww.stanford eduyclass/cee111 agenda bt 77+ | |[Gl+ | stanford univers
4 £ZzZimbra: L. | ECEE 1.8 | | Eleevier E... | ] Veiddl Bing Over...| | ] 250989.p... [S|ANINST# -
.I. LO in On ( :I I E P( :- Cee: !4: ; CEE 111/211: Multidisciplina| ign and Analysis
g . (Tentative) Agend. er 2009
L] = Iini
i Lab write-ups on agenda, Lab e TN
]
CO I u l I I n Assignments:
Lab Queries
Week Tuesday Thursday Reading normally due
. Use start of class
I Explore and Discover e
Course
POP lab
POP/MACDADL
Week-1 Introduction (doin [Kunz & Fischer PC‘)EFE) zﬁ;&im
{Jan 6) |VDC, ICE, Models, | Example pop  [week-1) %4 skim al, | Gt of
» . - POP, FFB, model for lab Tis read pp. 1-20 |- cq Thursday
uppor eanesdays 1 | =
L] L
asi’;‘iﬁim Intro to |Kunz & Fischer
Week-2 CAD  [2007; read pp. 01 (VDT
l I I (Jan 13)|  POP Models, ICE-1 P POCY:
Metrics; ICE; WDC Irw—
POP
phases;
MACDADI to .
Document project | Student WTC Haymekerand | Q2: (WTC
Week-3 Chachere rmodel)
(Jan 20) performance design 40-2
presentations
Org models
Week-4 .
(Jan 27) Daylight analysis ICE-2 SV Read-4 93 (30 and
4D rmodels)
Done

~

10 January 2012 CEE 111/211
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Lab-1 and Query-1: Build POP model of a new iRoom

Assume that your physical project includes the following
specifications (i.e., Product Functions):

A Large and small interaction and meeting spaces

A Space has 4-5 main mass elements, including the main
spaces, floor and ceiling and at least one additional mass
element;

A Space has technology to support modeling, analysis and
Interaction

Similar for functions of Organization and Process

10 January 2012 CEE 111/211 40



Use of the IRoom

Computer cables
Computer use

Cluster computer
problems

Project your desktop or
laptop to the main
IROOmM screen

Room layout

o Io Do To Ix

10 January 2012 CEE 111/211

Lab etiquette A See Lab use guidelines
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(Tentative) Agend.

Owervienw

Ilini
Lraanization |Prerequisites o
Obijectives | Qrganization [Prerequisites Internships

Assignments:
Queries
Week Tuesday Thursday Reading normally due
Use start of class
Tuesday
Course
POP lab
Introduction POP/MACDADL
Week-1 (doin [Kunz 8 Fischer 2b analysis
{Jan 6) |VDC, ICE, Models, | Example pop  [week-1) %« skim al, | "
FOP, FFB, model for lab Tis read pp, 1-20 | oo Thursday
MACDADI Aps
asi’iiﬁim Intro to |Kunz & Fischer
Week-2 CAD  [2007; read pp. 01 (VDT
(Jan 13)|  POP Models, ICE-1 80 b 20-32 POC):
Metrics; ICE; WDC “oop
phases; B
MACDADI to
Haymaxer and :
Document project | Student WTC Haymaker and | Q2: (WTC
Week-3 Chachere model)
(Jan 20) performance design 4D-2
presentations
Org models
(VJ\’::E;B Daylight analysis ICE-2 = Read-4 @5 (30 and
4D rmodels)
v
Done
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(AR Driveo)

A Create your own subdirectory under Ceel11
directory of the R drive

A Use for your lab, homework, project
I Backed up regularly

10 January 2012

CEE 111/211
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POP models

Worksheets

Baseline POP model, which includes: Product -
Organization - Process and Function - Form (Scope) -
Behavior format of POP models

Version-2 model, based on change(s) to baseline

Table and charts of project goodness based on POP
functional objectives, predicted or measured values
and relative weights of objectives; cost-value 2x2

Metric worksheets

Templates and Checklists

10 January 2012

CEE 111/211

A Navigate to
different
sheets from
Home page
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C:/Users/kunz/AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.MSO/Metrics Template
C:/Users/kunz/AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.MSO/MACDADI-SHORT
C:/Users/kunz/AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.MSO/MACDADI-SHORT
C:/Users/kunz/AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.MSO/MACDADI-SHORT

POP model content

A ROWS A Columns:

I Product

I Organization

I Process (design +
construction)

uuuuu ot Objectives Predicted! | pssessed
nnnnnnn

eeeeeeeee
eeeeeee Assessed

nnnnnnnnnnnnnnnnnnn

L

[ —y
lemant opton

10 January 2012 CEE 111/211

Functions

A Program Function,
Schedule, Cost,

Sustainability,
Scope (Forms) (design
choices)
A L-B: x10

A Product forms = content
of a nBl Mo

Behaviors (predicted,
observed)
A Functional performance
A Cost
A Value
A Schedule
A é

POP Template 44




Business uses of POP models

A At a glance, identify:

I Most important (e.g., top-10) Functions and Scope (Forms)
of the Product, Organization, Process

I Metrics to measure; objectives for and predicted values of
behaviors

A Identify product, organization and process elements with
greatest risk.

A Check the extent to which

I there are defined tasks to work on product elements, such
as design and build them

I there are actors to take responsibility for the defined tasks

I all the actors have a task to work on
A Evaluate goodness of design re objectives, alternatives

WACDADI Evalution of Relstie Design Option Goadness {4« good]
Evaluated goodness (high is good)
20
IIIIIIIIIII i
§is oo
g vt
,,,,,,, 1 8 -
i & L i i ‘-
& i J—
LT e
0
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ICE to apply POP/MACDADI in an hour

In small groups (2 to 3)
A Sketch your version of the CIFE iRoom
A Define (~3 each):
I Functions: design intent, to include
A Large and small interaction and meeting spaces

A Physical main mass elements, including floor and ceiling;
A Technology to support modeling, analysis and interaction

I Design Forms: designed and built scope, e.g., rooms,

I Behaviors: observable (or estimated) performance, e.g., room

capacity = 50
A Implement as a Level A POP model: POPV1
I note Analyses sheet

A See http://www.stanford.edu/class/ceel11/Labs/POPLab.htm




ORI D +/ & Anal ysi g

jl O V  To examine the data V  What do you see?
= V  To identify factual V  What factual statements can
/ \ Objective information you make based on the data?
Level
V  To encourage connections |V  What surprised you?
R V  To encourage free flow of V  What encouraged you?
Reflective ideas and imagination V  What discouraged you?
Level V  How does this make you feel?
V  To identify patterns and V  What does the data tell us?
I determine their V  What are insights for you?
Interpretive signifi_cance or mean_ing V  What is thg good news?
Level V  To articulate underlying V  What are limits?
insights V  What else is there to learn ?
V  To propose next steps V  What are next steps?
D V  To develop an action plan |V  What decisions can we make?
Decisional V  To make decisions_ Vv Wha_t i_s our action plan for
Level V. To experi ence| 0 eoving forgard?
toget her o

10 January 2012 CEE 111/211




ORI D +/ &®: Focused Convers
Reflective _ Decisional
o . Reflective _
Objective Positive _ Interpretive What
Negative
What do you What do you What sense do| agreements
_ N What do you _
recall seeing? | feel positive | . , you make of it? | can be made
find negative?
about? now-?

(c) 2011

48
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Thursday




Comment

from a

recent

Doing the project for this class, | felt for the first time as if | were

an engineer.

10 Jan 11

CEE 111/211
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Not e from a Sacr ament

Greetings-1 6 m writing to give compl
research opportunities for a VDC student.

Our firm has been blinded by the benefits of BIM and VDC over
the past year. Personally | am thrilled by the BIM culture at
large, the freedom of interoperability and the rapid tempo that
technology will afford the building industry. We have had the
recent pleasure of collaborating with Skanska (one of your
members) while building the DGS Central Utility Plant in

Revit. This month we will be transitioning the remaining sectors
of our office to BIM (Healthcare, Education, Corrections).

é

My sincere complements to your group for pioneering this
field. We will be eagerly tracking progress as our field merges
into this new wave of building. Hopefully our situation can
contribute to your efforts.
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Note from a recent grad

Dear John:

As a graduate from Stanford, | want to take this chance to

say the
Il n one

| ong overdu
of the Dbest

e At hank
experienc

referring to the VDC class and the ensuing internship |
took with you in 2006. Those were my first real looks at
new technology in an engineering company environment,
and | gained much professional and personal growth
through them. Even though | switched to Mechanical
Engineering academically, | think the knowledge from
those experiences were really important parts of my
Stanford education. Thank you for you patience in
teaching me the VDC concepts and your efforts to set up

the internship.
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Stanford honor code

1. The Honor Code is an undertaking of the
students, individually and collectively:
i é that they will not gi ve
I n class work, 1 n the pr

I that they will do their share and take an active part
INn seeing to it that others as well as themselves
uphold the spirit and letter of the Honor Code.
2. The faculty on its part manifests its
confidence in the honor of its students ...

3. € the student swoakrodethéra c
to establish optimal conditions for honorable
academic work.

10 Jan 11 CEE 111/211 33



Stanford honor code:

Collaboration In this class

dos ¢é ¢ and donot s
A Talk with each other A Copy work of

A Help each other members of other

A Make shared teams

submissions for
team assignments

A Use your notes in
composing
assignments

10 Jan 11 CEE 111/211
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Opportunity: Stanford VDC Certification

Requirements for students:

A Courses: 211 plus any four of CEE 222 (A and B),
241, 242, 243, 259 C or D or approval to substitute
an equivalent class or experience

A VDC application: at least six months doing work
related to application of VDC, completed either as
Internship work within the Master's program or in a
permanent job within one year of graduation.

A Integration experience

See Course Goals on class web site

10 January 2012 CEE 111/211
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CEE 111/211 Homework

Homework grading:
A Mostly check for completion

Yfifoll ow the instructions!
A Promptness pays
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Learning styles

A Styles

A Comments

10 January 2012
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ICE to apply MACDADI in an hour

A Task: Based on the existing CIFE iRoom, design a new iRoom

A Assume that your physical Product (space) includes the
following specifications (i.e., Product Functions):

I Large and small interaction and meeting spaces (x4-6)

I Separate (x4-6) main mass elements, including floor, ceiling
and at least two additional mass elements:

I Support thermal comfort, lighting, modeling, analysis and
Interaction

A Assume enabling functions for (design-build) Organization and
Process

10 January 2012 CEE 111/211
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ICE to apply MACDADI in an hour

A Stations and Deliverables:

POP model, which you started in the
Product model: sketch, 3D BIM
Organization model, e.qg., that you draw in PowerPoint

Process model, represented as a Gantt chart that you
draw with your favorite tool

Owner and Facilitator:

A Seek POP and VDC model consistency and quality;
resolve ISSues;

A MACDADI analyses (Analyses sheet)
A PowerPoint summary presentation of models for group;

10 January 2012 CEE 111/211
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http://www.stanford.edu/class/cee111/Labs/POPLab.htm

ICE to apply MACDADI in an hour

A Budget
I Groups of ~5: different than previous
I 45 minutes for ICE interaction
I 40 minutes for presentations, discussion
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CEE 111/211

60



ICE to apply MACDADI in an hour

A Assessment at end of the ICE session

10 January 2012
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ORI D +/ & Anal ysi g

jl O V  To examine the data V  What do you see?
= V  To identify factual V  What factual statements can
/ \ Objective information you make based on the data?
Level
V  To encourage connections |V  What surprised you?
R V  To encourage free flow of V  What encouraged you?
Reflective ideas and imagination V  What discouraged you?
Level V  How does this make you feel?
V  To identify patterns and V  What does the data tell us?
I determine their V  What are insights for you?
Interpretive signifi_cance or mean_ing V  What is thg good news?
Level V  To articulate underlying V  What are limits?
insights V  What else is there to learn ?
V  To propose next steps V  What are next steps?
D V  To develop an action plan |V  What decisions can we make?
Decisional V  To make decisions_ Vv Wha_t i_s our action plan for
Level V. To experi ence| 0 eoving forgard?
toget her o
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ORI D +/ &®: Focused Convers
Reflective _ Decisional
o . Reflective _
Objective Positive _ Interpretive What
Negative _
What do you What do you What sense do | commitments
_ N What do you _
recall seeing? | feel positive | . , you make of it? | can you make
find negative?
about? now?

(c) 2011
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ORI D +/ ee: Focused Conver s|¢
Objective - What do you recall seeing?

A Ok «n TEAMS 'F&S o Wi
 SE /vw,Hip)e A ppe [ el
TRUST Tefvumates 4 kv g
_r\""n@ /V\hwaa—ewzut
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ORI D +/ &®: Focused Conver sc
Reflective Positive: what was cool, surprising?

AA"‘-DUJ\* o apn, Aot +ime
GH éiéMtL7

E&L fodl ok ac e & Devien
[Tera =
GQm?&\ND\V\DW‘l ka
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ORI D +/ ee: Focused Convers
Reflective Negative: What confused, irritated you?

A a4t STat weulve hld net 4y

Ai{(hﬁ(- S H'ﬁCkiN3

Moe timg
Lots of PcSSw«p‘\iNi# UN c“’\h‘-!\l‘h’q )
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ORI D +/ &®: Focused Conver sc
Interpretive: What sense do you make of it?
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ORI D +/ &:. Focused Convers
Decisional: What commitments can you make now?

v Prejedt spec e

10 January 2012 CEE 111/211
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Skills for success

A Good engineer: design, analyze, manage
A Research methods

A Communication
I Written/Oral
I Programming
I Colleagues, sponsors, stakeholders

A Integrated use of quick-response, careful
analysis, reflection
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Speculations: VDC
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VDC will enable a small number of collaborating stakeholders
to do rapid Multidisciplinary Design and Analysis

10 January 2012 CEE 111/211
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http://www.stanford.edu/group/CIFE/images/VDC2.mov

Week-1 Learning goals

A Get basic familiarity with the POP project framework of
VDC

A Product i Organization i Process (POP)
A Function i Form i Behavior (FFB)

A Understand class organization, opportunities, methods
and expectations

A Motivate interest in MDA enabled by VDC:

A Motivations and opportunities in practice, including
2010/2015 CIFE objectives

A Fun, power and job opportunities of models, model-
based analyses

10 January 2012 CEE 111/211
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What do you have? ¢é& Whi:

20117, ¢ 20157

20117, ¢ 2015
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http://www.stanford.edu/group/CIFE/images/VDC2.mov

Multidisciplinary Design and Analysis --
using VDC

John Kunz

=

The big ideas:
Enabled by VDC, Multidisciplinary Design and Analysis can
support, at least, A, E& C

Virtual Design and Construction (VDC) is use of integrated multi-
disciplinary performance models of design-construction
projects to support (explicit, public) business objectives.



http://www.stanford.edu/group/CIFE/images/VDC2.mov

Explanatory background

10 January 2012
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Course Organization

Units: 4 (meets SOE lab requirement; meets CEM-DCI integration
requirement)

Class meetings: 12:157 2:05, Tues T Thurs, CIFE Lab
Office Hours: 10-12 Tuesdays, after class
TA: Henning Rodel (hrodel@stanford)
Lab: CIFE Lab
Course URLs:
http://www.stanford.edu/class/ceel11/
http://coursework.stanford.edu/
A Please add yourself to the class list if not registered in Axess

I Class Assignments: (A little) Reading; Assessments; Queries

Grading: homework (includes project), assessments + discretion (a
little)

Note: effort is front-loaded (by design)

10 January 2012 CEE 111/211
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Course Objective: Discover how and why (value) of
Multidisciplinary Design and Analysis -- using VDC

A Effectively and quickly use methods and technology
to do multidisciplinary modeling and analysis,
iIncluding abillity to interpret and build project:

A Develop confidence
I ICE sessions in class
I Queries; Assessments; Project
I Optional mini-internship
A Theory: theory of multidisciplinary modeling and
analysis, VDC, ICE and their application in practice.

A Lead: bring VDC to your work.
I Certification available
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Course objectives (continued)

A Work effectively in teams:
I study sections
I project with both small and large-group collaboration
A Use critical judgment
A Learn by doing
I Active student classroom participation
I ICE, problem sets, labs, project
I Student portfolios
A Present effectively
I Vi sual presentation of
I Extensive critiques
I Shared (class web site)
A Help prepare you as a VDC certified professional

10 January 2012
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Course Non-objectives

A Study every system ever built

A Study every visualization/Al/design/planning
technology

A Development expertise

A Preparation for technology research
A Survey understanding only

A Excessive work

10 January 2012 CEE 111/211
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10 January 2012

E Zimbr... [ % Search.. = ' [FJ CEEll.. * | [ Recent.. » ' [F] CEE32.. = ' [ Dandr.. =
€« C @ www.stanford.edu/class/ceel11/Agenda.htm Pkt §
CEE 111/211: Multidisciplinary Design and Analysis =
(Tentative) Agenda: Winter 2011
. — . . . . . Mini
Overview|Objectives Oraan|zat|onHPrereqw5|tes EvaluatlonHReadlnq Internships
Assignments:
Lab Queries
Week Tuesday Thursday Reading normally due
Use start of class
Tuesday
POP lab Kunz &
Course Introduction CE-1: (Required||Eischer 2009
Week-1 POP/MACDADI in | M Week- Assessment
(Jan 3) |VDC, ICE, BIMs and h 1) Skim all; Heseasl et
analyses, POP, FFB an hour read pp. 1-
Tips 20
Project Definition
Optional Kunz &
Week-2 MACDADI . Fischer
(Jan 10) 1CE2 'atbS-CIR% 2000; read | QL (VBC POC)
In-class Lo LAY 1\ pp. 20 - 32
assessment sv
Kunz &
Fischer Q2: (WTC
|| PIP: Reid Senescu Student WTC 2009; read model)
Week-3 desi sections on
Jan 17) esign SO
( Assessment presentations Objectives Past
and ICEpp | Submissions
21-34
_ QOrg models
(\fJVaeneI;;l) Read-4
Metrics ICE-3
Assessment
Week-5 .
(Jan 31) Checklists ICE-4 Read-5
ICE methods
www.stanford.edu/class/ceelll/ _ -

Agenda (Approximate)

E=rE
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Grading

A Laboratory submissions (0% of class grade): Required
A Weekly submissions: 1 point = 1 point
I Laboratory: no submissions (0% of class grade). Optional

I Weekly queries on theory and concepts (~ 70% of class grade)

A Multiple choice assessments of your understanding the reading and
presented materials (~ 30%)

A Short answer queries on the theoretical and conceptual content of
the class (30%)

A Team project (~4 queries; ~35%)
I Weekly short assessments; ~25%
I Instructor discretion (<= 5% of class grade)

A" AR final c¢class score >-=
A"BfAi: 90% < maxi mum c¢cl ass
A"CiA: 80% < maxi mum c¢cl ass

10 January 2012 CEE 111/211
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Short (in class) Assessments:

A Purpose:
I Help you understand what you do (and do not yet) know
I Allow class time with more interaction, less lecture

A 1-2/week, based on reading for week
I <=5 questions/assessment
I Based on reading
I Quick (< 10 minutes)
I Top n-1 count
I On-line
I Oftenin class
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Model and Analysis types in CEE 111/211

Conceptual models w/software Conceptual models w/o
A POP software
A Product (3D BIM) A VDC modeling using ABC
A Organization (SV) analysis
A Process A Integrated Concurrent

Engineerin
A 4D (Navisworks) ol J
_ A Meeting activities

A Total Economic Impact
A Conformance (Solibri)

Non-MB Analyses

A Jud t of good
Model-based Analyses udgment 0T goodness

A Product, e.g., area, clashes, .., constructablllty risks
cost,energy, QT O (Aschedu

A Organization, e.g., backlog, cost

A Process, e.g., duration, delay
risk
10 January 2012 CEE 111/211
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Generic Project POP model:
Learn the meanings of all these terms

Function

Scope, or Form
Behavior

Product
Organization
Process

Project

Objective Weight

Qualitative Threshold
values

Assessed Behavior value
Weighted Assessment
MACDADI Analyses

é

A POP lab:

A Follow links

o Bo Po Po I Io Do o o Do Do Do I

10 January 2012 CEE 111/211
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http://www.stanford.edu/class/cee111/Labs/POPLab.htm
http://www.stanford.edu/class/cee111/Labs/POPLab.htm
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A-level Product and POP models

b=

I

A Note consistency of POP Product form and BIM

A POP Organization and Process forms should have similar

consistency w/corresponding models
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