
 

 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.  

Rate

Baseline 

($K) Change

Year-1 

(K$)

Revenue 100,000 2% 102,000

Cost of contracted work 85% 85,000 -2.0% 84,660

Cost of self-performed work 10% 10,000 2.0% 12,240

Gross Margin 5,000 5,100

Sales, G&A 2% 2,000 2,040

IT investment 70

Amortized costs of IT/yr 33% 23

Net income 3,000 3,037

Time to payback (years) 1.9

Net Income change (%) 1.2

*05-07-01

Finish

Final Program 

Confirmation with 

Pharmacology

Final Program 

confirmation with LAR

KPFF

SRG Lab Task 37 Task 44 Project Mgt AEI Core Task 41  Task26 H Block Crew Task 23
SRG / AEI 

Technical
AEI Core and

SRG Lab
HDCCO Costing

SRG

Technical
KPFF

AEI  Core 

and Tech
HDCCO Core

Code Rev

Consultant
Solvent Tarter

H Block Crew

& Tech

SRG

Landscape

Tele Data

Design
Code Rev

Furniture

37. 

*Reprogram 

B#15 Shafts

34. *Finalize 

Pharmacology 

Program

33. *Finalize 

LAR Program

32. *Finalize 

Bio-Organic 

Chemistry 

Program

35. *Finalize 

Protein Chemistry 

Program 20. *Determine Scope of 

package D including vivarium 

changes

45. *Complete all 

Basement/LAR Drawings

41. *Reprogram 

bookends B#13 and 

B#15

36. *Analyze 

structural impacts

12. *Complete UG 

utiliites

25. *Do Central Plant 

design changes

19. *Determine vertical 

utilities

22. *Complete catwalk drawings

52. Finalize landscape

26. *Finalize B#13 and 

B#15 

Exiting/architecural H 

occupancy concept

*Lab and 

vivarium  

Programming 

Complete

27. *Finalize B#13, 

15 Shaft Size & 

MEP Room 

Locations

31.* AEI & 

SRG 

Determine 

Design $/Time  

Impact of 

Change

23. *Reprogram 

B#13  and B#15 

Exterior Architecture

Bookend 

Programming 

Accepted by Genentech

Notice to proceed on 

structural changes

Architect 

program/MEP 

oncepts 

Established 

By Design 

Team

29. *Document 

lab plan

1. *Redesign main MEP 

distribution systems

SRG Management AEI Management

Genentech  PM

SRG Lab Plan 

Ken Mouchka

Task 27
Task 38

Organization

5. *Finalize lab & Equipment 

plans

Task 29

Task 28

30. *Approve 

Change to 

Design  

Contract

21. *Prepare Plan Views for 

Review of Concept w/City

39. *Finalize MEP 

distribution and 

section

Task4 Task22

Review 80% 

documents

48. *Develop exiting 

plan

49. Develop 

reflected ceiling 

plan

Turnover 

reflected 

ceiling plan to 

AEI

Detailed Design 80 PC 

Complete

3. Complete Tele Data Design

42. *Develop 

Execution 

Strategy

44. *Complete 

B#14 Officing 

Planning

18. *Detailed Lab 

Program  

Documentation

47. *Develop lab 

DD plan

28. *Determine 

segregation of lab 

and tech space

G accept lab 

equipment matrix

*Package B structural 

modifications (CCD3A)

13. *Code Consultants 

Review Concept for final 

city Presentation

14. *HDCCO update Estimate of cost 

of Program

Review skin changes w/db team

Lab Planning Program 

Meetings with 

Pharmacology

Lab planning Program Meeting with Protein 

Chemistry

BMS Controls Meetings 

(Weekly)

Lab Planning Program meeting with Bio 

Organic 80% Drawing Review

Tele Data Coordination MeetingsSteel Detailing 

Meetings

Genentech 80% Detailed Design 

Review

Final Program 

Confirmation with Officing

Weekly 

Coordination 

Meeting

Lab Planning Program 

Meetings with Directors

50. Designate size, location of 

13 MEP, teledata rooms

54. KPFF design 

stairs for 13/14
38. *SRG 

Reprogram 13/14 

interface, exiting, 

stairs

43. *Changes in Steel 

Forwarded to Steel 

Detailers

46. *RA Furnture 

Concept Complete

MEP, Teledata room design

*Design Budget & 

Schedule for Changes 

Approved

*Notice to proceed 

with detailed design

24. *Complete B13,4 H 

block occupancy 

requirements on MEP 

systems

17. *Risick 

reprogram solvent 

distribution and waste

Issue 80% 

MEP CDs

(20) Incorporate 

80% MEP review 

comments

(19) Genentech review 

80% drawings

53. Incorporate 

comments, complete 

Architectural detail

2. Initial redesign MEP branch 

lateral distribution

G accept 

13/14 

Interface

*City Accept 

exiting

*Package C 

skin 

modifications

55. KPFF design 

stairs for 15/14

40. *SRG 

Reprogram 15/14 

interface, exiting, 

stairs

B13 MEP HVAC, 

conduit, piping mains 

completed

MEP 80% Review 

comments 

incorporated

Package D and UG 

addendum issued: 

underground utilities, 

vivarium catwalk

10. Draft Alternate means

15. Jeff reprogram HMIS

(3) *AEI design MEP 

HVAC, Conduit & 

piping mains B13

16. *HDCCO Determine 

Schedule Impact

City Approval of 

Alternate Means 

for Program

8. Review Alternate 

Means w/impact on LEL 

and LFFH

(21-4) Finalize MEP Details, 

update specs and p&ID's

(8) *Revise 

MEP loads, 
MEP 

Equipment 

schedules 

finalized

(13,15,16) MEP specs, P&ID's, 

control sequences

Work Process

Meetings

(6) Coord B13 MEP 

floor section

4. complete all Interior Architcture

*Cal OSHA Recommend  

Determination of LFFH

51. Designate size, location 

of 14 MEP, teledata rooms G accept 

15/14 

Interface

*Accept project 

scope:budget  

by Genentech

*City Approval of 

H Concept

*Exterior 

Programming 

Accepted by Genentech

*Turnover lab and 

vivarium DD plan 

to AEI

Object Attribute
Requirement 

Relationship Requirement

Predicte

d value

Observed 

value -2 -1 0 1 2

Product

Product Scope 

Product Scope . Building Spaces includes -

Project Goals

Project Goal . Capacity (people) >= 60 - ?o

Project Goal . Cost (M$) = 70 - ?o

Building

Goal . Net Energy Use (K-

BTU/ft2) <= 250 - ?o

Building

Goal . Quality conformance 

(%) >= 12 - ?o

Organization Scope 

Organization Scope . Actors includes - -

Organization Goals

Organization Goal . Predicted . Cost (K$) - <= - ?o

Organization

Goal . Observed . Response 

Latency (days) 3 <= - ?o

Organization

Goal . Predicted . Peak 

Backlog (days) 3 <= - ?o

Organization

Goal . Predicted . rework 

(FTE-days) - <= - ?o

Process

Process Goals

Process Goal . Peak Quality Risk < 0.50 - -

Process

Goal . Schedule Growth 

(months) < - ?o

Process Goal . Completion Date <= 1/1/09 - ?o

Process Task . Action: Object 

Process Task . Design: Actor Actor that designs

Process Task . Predict: Actor Actor that predicts

Process Task . Assess: Actor Actor that assesses

Process Task . Build: Actor Actor that builds

Function Product Behavior

Organization

Qualitative Threshhold values

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

Day Take-home 

Tuesday Introduction:  

Theory: integrated multi -disciplinary performance VDC 

models   

Course:  learn by doing  

Before 

Thursday class 

POP Lab: How to create a simple integrated project model of 

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 

Object Attribute
Requirement 

Relationship Requirement

Predicte

d value

Observed 

value -2 -1 0 1 2

Product

Product Scope 

Product Scope . Building Spaces includes -

Project Goals

Project Goal . Capacity (people) >= 60 - ?o

Project Goal . Cost (M$) = 70 - ?o

Building

Goal . Net Energy Use (K-

BTU/ft2) <= 250 - ?o

Building

Goal . Quality conformance 

(%) >= 12 - ?o

Organization Scope 

Organization Scope . Actors includes - -

Organization Goals

Organization Goal . Predicted . Cost (K$) - <= - ?o

Organization

Goal . Observed . Response 

Latency (days) 3 <= - ?o

Organization

Goal . Predicted . Peak 

Backlog (days) 3 <= - ?o

Organization

Goal . Predicted . rework 

(FTE-days) - <= - ?o

Process

Process Goals

Process Goal . Peak Quality Risk < 0.50 - -

Process

Goal . Schedule Growth 

(months) < - ?o

Process Goal . Completion Date <= 1/1/09 - ?o

Process Task . Action: Object 

Process Task . Design: Actor Actor that designs

Process Task . Predict: Actor Actor that predicts

Process Task . Assess: Actor Actor that assesses

Process Task . Build: Actor Actor that builds

Function Product Behavior

Organization

Qualitative Threshhold values



10 January 2012 CEE 111/211 3 

This quarter we will é 

ÅDo 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 1 y Design; < .5 y Construct 

Cost Variance < 5% 

Function/ Scope 0 variance, by POE 

Safety Better 

Sustainability 25% better than 2002 

Globalization >= 50% of supply and sales 

VDC2.mov
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This quarter we will é 

ÅDevelop competencies é by experience 

 

 

 

 

 

 

 

 
 

ÅEmphasize experience, reading >> lectures 

 

 

Area Competence  

Breakdown 

structures 

Create, use collaboratively 

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, 

P(BIM), Org, 

Product, TEI 

Create; reference; add to; collaboratively 

manage creation and use over time 

M-B analyses Create, use collaboratively to predict behavior 

Proposals Create, present, critique 

VDC2.mov
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Week-1 Learning goals  

ÅGet basic familiarity with the POP project framework of 

VDC 

ÅProduct ï Organization ï Process (POP) 

ÅFunction ï Form ï Behavior (FFB) 

ÅUnderstand class organization, opportunities, methods 

and expectations 

ÅMotivate interest in MDA enabled by VDC:  

ÅMotivations and opportunities in practice, including 

2010/2015 CIFE objectives 

ÅFun, power and job opportunities of models, model-

based analyses 
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Notices 

ÅPlease complete online background assessment:  

ÅHomework due Tuesdays by 12:15 

ï Submit electronically via Coursework 

ÅDownload Revit if you want on your personal laptop: 

www.students.autodesk.com 

ÅThis 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. 

 

 

http://www.surveymk.com/s.aspx?sm=VA3aphqGaJlq2KH5rzKZ7Q_3d_3d
http://www.students.autodesk.com/
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CEE 111/211 Agenda: Jan 10 

ÅBig ideas: MDA; VDC; ICE  

ÅIntroductions 

ÅModels: how would you recognize one 

ÅBusiness objectives 

ÅCourse objectives (and non-objectives) 

ÅCourse Organization 

ÅExample:  Biotech lab 

Å+/D 

 

*05-07-01

Finish

Final Program 

Confirmation with 

Pharmacology

Final Program 

confirmation with LAR

KPFF

SRG Lab Task 37 Task 44 Project Mgt AEI Core Task 41  Task26 H Block Crew Task 23
SRG / AEI 

Technical
AEI Core and

SRG Lab
HDCCO Costing

SRG

Technical
KPFF

AEI  Core 

and Tech
HDCCO Core

Code Rev

Consultant
Solvent Tarter

H Block Crew

& Tech

SRG

Landscape

Tele Data

Design
Code Rev

Furniture

37. 

*Reprogram 

B#15 Shafts

34. *Finalize 

Pharmacology 

Program

33. *Finalize 

LAR Program

32. *Finalize 

Bio-Organic 

Chemistry 

Program

35. *Finalize 

Protein Chemistry 

Program 20. *Determine Scope of 

package D including vivarium 

changes

45. *Complete all 

Basement/LAR Drawings

41. *Reprogram 

bookends B#13 and 

B#15

36. *Analyze 

structural impacts

12. *Complete UG 

utiliites

25. *Do Central Plant 

design changes

19. *Determine vertical 

utilities

22. *Complete catwalk drawings

52. Finalize landscape

26. *Finalize B#13 and 

B#15 

Exiting/architecural H 

occupancy concept

*Lab and 

vivarium  

Programming 

Complete

27. *Finalize B#13, 

15 Shaft Size & 

MEP Room 

Locations

31.* AEI & 

SRG 

Determine 

Design $/Time  

Impact of 

Change

23. *Reprogram 

B#13  and B#15 

Exterior Architecture

Bookend 

Programming 

Accepted by Genentech

Notice to proceed on 

structural changes

Architect 

program/MEP 

oncepts 

Established 

By Design 

Team

29. *Document 

lab plan

1. *Redesign main MEP 

distribution systems

SRG Management AEI Management

Genentech  PM

SRG Lab Plan 

Ken Mouchka

Task 27
Task 38

Organization

5. *Finalize lab & Equipment 

plans

Task 29

Task 28

30. *Approve 

Change to 

Design  

Contract

21. *Prepare Plan Views for 

Review of Concept w/City

39. *Finalize MEP 

distribution and 

section

Task4 Task22

Review 80% 

documents

48. *Develop exiting 

plan

49. Develop 

reflected ceiling 

plan

Turnover 

reflected 

ceiling plan to 

AEI

Detailed Design 80 PC 

Complete

3. Complete Tele Data Design

42. *Develop 

Execution 

Strategy

44. *Complete 

B#14 Officing 

Planning

18. *Detailed Lab 

Program  

Documentation

47. *Develop lab 

DD plan

28. *Determine 

segregation of lab 

and tech space

G accept lab 

equipment matrix

*Package B structural 

modifications (CCD3A)

13. *Code Consultants 

Review Concept for final 

city Presentation

14. *HDCCO update Estimate of cost 

of Program

Review skin changes w/db team

Lab Planning Program 

Meetings with 

Pharmacology

Lab planning Program Meeting with Protein 

Chemistry

BMS Controls Meetings 

(Weekly)

Lab Planning Program meeting with Bio 

Organic 80% Drawing Review

Tele Data Coordination MeetingsSteel Detailing 

Meetings

Genentech 80% Detailed Design 

Review

Final Program 

Confirmation with Officing

Weekly 

Coordination 

Meeting

Lab Planning Program 

Meetings with Directors

50. Designate size, location of 

13 MEP, teledata rooms

54. KPFF design 

stairs for 13/14
38. *SRG 

Reprogram 13/14 

interface, exiting, 

stairs

43. *Changes in Steel 

Forwarded to Steel 

Detailers

46. *RA Furnture 

Concept Complete

MEP, Teledata room design

*Design Budget & 

Schedule for Changes 

Approved

*Notice to proceed 

with detailed design

24. *Complete B13,4 H 

block occupancy 

requirements on MEP 

systems

17. *Risick 

reprogram solvent 

distribution and waste

Issue 80% 

MEP CDs

(20) Incorporate 

80% MEP review 

comments

(19) Genentech review 

80% drawings

53. Incorporate 

comments, complete 

Architectural detail

2. Initial redesign MEP branch 

lateral distribution

G accept 

13/14 

Interface

*City Accept 

exiting

*Package C 

skin 

modifications

55. KPFF design 

stairs for 15/14

40. *SRG 

Reprogram 15/14 

interface, exiting, 

stairs

B13 MEP HVAC, 

conduit, piping mains 

completed

MEP 80% Review 

comments 

incorporated

Package D and UG 

addendum issued: 

underground utilities, 

vivarium catwalk

10. Draft Alternate means

15. Jeff reprogram HMIS

(3) *AEI design MEP 

HVAC, Conduit & 

piping mains B13

16. *HDCCO Determine 

Schedule Impact

City Approval of 

Alternate Means 

for Program

8. Review Alternate 

Means w/impact on LEL 

and LFFH

(21-4) Finalize MEP Details, 

update specs and p&ID's

(8) *Revise 

MEP loads, 
MEP 

Equipment 

schedules 

finalized

(13,15,16) MEP specs, P&ID's, 

control sequences

Work Process

Meetings

(6) Coord B13 MEP 

floor section

4. complete all Interior Architcture

*Cal OSHA Recommend  

Determination of LFFH

51. Designate size, location 

of 14 MEP, teledata rooms G accept 

15/14 

Interface

*Accept project 

scope:budget  

by Genentech

*City Approval of 

H Concept

*Exterior 

Programming 

Accepted by Genentech

*Turnover lab and 

vivarium DD plan 

to AEI

Object Attribute
Requirement 

Relationship Requirement

Predicte

d value

Observed 

value -2 -1 0 1 2

Product

Product Scope 

Product Scope . Building Spaces includes -

Project Goals

Project Goal . Capacity (people) >= 60 - ?o

Project Goal . Cost (M$) = 70 - ?o

Building

Goal . Net Energy Use (K-

BTU/ft2) <= 250 - ?o

Building

Goal . Quality conformance 

(%) >= 12 - ?o

Organization Scope 

Organization Scope . Actors includes - -

Organization Goals

Organization Goal . Predicted . Cost (K$) - <= - ?o

Organization

Goal . Observed . Response 

Latency (days) 3 <= - ?o

Organization

Goal . Predicted . Peak 

Backlog (days) 3 <= - ?o

Organization

Goal . Predicted . rework 

(FTE-days) - <= - ?o

Process

Process Goals

Process Goal . Peak Quality Risk < 0.50 - -

Process

Goal . Schedule Growth 

(months) < - ?o

Process Goal . Completion Date <= 1/1/09 - ?o

Process Task . Action: Object 

Process Task . Design: Actor Actor that designs

Process Task . Predict: Actor Actor that predicts

Process Task . Assess: Actor Actor that assesses

Process Task . Build: Actor Actor that builds

Function Product Behavior

Organization

Qualitative Threshhold values
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Traditional building models 

+: Work in practice 

D: Ambiguities to 

stakeholders 

D: computer analysis ...? 

ïShow value to owner 

ïList components 

ïEstimate cost 

ïPlan construction 

ïIdentify interferences 
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Models 

ÅPhysical 

ÅStatistical 

ÅMathematical 

üSymbolic 

üGraphic 

*05-07-01

Finish

Final Program 

Confirmation with 

Pharmacology

Final Program 

confirmation with LAR

KPFF

SRG Lab Task 37 Task 44 Project Mgt AEI Core Task 41  Task26 H Block Crew Task 23
SRG / AEI 

Technical
AEI Core and

SRG Lab
HDCCO Costing

SRG

Technical
KPFF

AEI  Core 

and Tech
HDCCO Core

Code Rev

Consultant
Solvent Tarter

H Block Crew

& Tech

SRG

Landscape

Tele Data

Design
Code Rev

Furniture

37. 

*Reprogram 

B#15 Shafts

34. *Finalize 

Pharmacology 

Program

33. *Finalize 

LAR Program

32. *Finalize 

Bio-Organic 

Chemistry 

Program

35. *Finalize 

Protein Chemistry 

Program 20. *Determine Scope of 

package D including vivarium 

changes

45. *Complete all 

Basement/LAR Drawings

41. *Reprogram 

bookends B#13 and 

B#15

36. *Analyze 

structural impacts

12. *Complete UG 

utiliites

25. *Do Central Plant 

design changes

19. *Determine vertical 

utilities

22. *Complete catwalk drawings

52. Finalize landscape

26. *Finalize B#13 and 

B#15 

Exiting/architecural H 

occupancy concept

*Lab and 

vivarium  

Programming 

Complete

27. *Finalize B#13, 

15 Shaft Size & 

MEP Room 

Locations

31.* AEI & 

SRG 

Determine 

Design $/Time  

Impact of 

Change

23. *Reprogram 

B#13  and B#15 

Exterior Architecture

Bookend 

Programming 

Accepted by Genentech

Notice to proceed on 

structural changes

Architect 

program/MEP 

oncepts 

Established 

By Design 

Team

29. *Document 

lab plan

1. *Redesign main MEP 

distribution systems

SRG Management AEI Management

Genentech  PM

SRG Lab Plan 

Ken Mouchka

Task 27
Task 38

Organization

5. *Finalize lab & Equipment 

plans

Task 29

Task 28

30. *Approve 

Change to 

Design  

Contract

21. *Prepare Plan Views for 

Review of Concept w/City

39. *Finalize MEP 

distribution and 

section

Task4 Task22

Review 80% 

documents

48. *Develop exiting 

plan

49. Develop 

reflected ceiling 

plan

Turnover 

reflected 

ceiling plan to 

AEI

Detailed Design 80 PC 

Complete

3. Complete Tele Data Design

42. *Develop 

Execution 

Strategy

44. *Complete 

B#14 Officing 

Planning

18. *Detailed Lab 

Program  

Documentation

47. *Develop lab 

DD plan

28. *Determine 

segregation of lab 

and tech space

G accept lab 

equipment matrix

*Package B structural 

modifications (CCD3A)

13. *Code Consultants 

Review Concept for final 

city Presentation

14. *HDCCO update Estimate of cost 

of Program

Review skin changes w/db team

Lab Planning Program 

Meetings with 

Pharmacology

Lab planning Program Meeting with Protein 

Chemistry

BMS Controls Meetings 

(Weekly)

Lab Planning Program meeting with Bio 

Organic 80% Drawing Review

Tele Data Coordination MeetingsSteel Detailing 

Meetings

Genentech 80% Detailed Design 

Review

Final Program 

Confirmation with Officing

Weekly 

Coordination 

Meeting

Lab Planning Program 

Meetings with Directors

50. Designate size, location of 

13 MEP, teledata rooms

54. KPFF design 

stairs for 13/14
38. *SRG 

Reprogram 13/14 

interface, exiting, 

stairs

43. *Changes in Steel 

Forwarded to Steel 

Detailers

46. *RA Furnture 

Concept Complete

MEP, Teledata room design

*Design Budget & 

Schedule for Changes 

Approved

*Notice to proceed 

with detailed design

24. *Complete B13,4 H 

block occupancy 

requirements on MEP 

systems

17. *Risick 

reprogram solvent 

distribution and waste

Issue 80% 

MEP CDs

(20) Incorporate 

80% MEP review 

comments

(19) Genentech review 

80% drawings

53. Incorporate 

comments, complete 

Architectural detail

2. Initial redesign MEP branch 

lateral distribution

G accept 

13/14 

Interface

*City Accept 

exiting

*Package C 

skin 

modifications

55. KPFF design 

stairs for 15/14

40. *SRG 

Reprogram 15/14 

interface, exiting, 

stairs

B13 MEP HVAC, 

conduit, piping mains 

completed

MEP 80% Review 

comments 

incorporated

Package D and UG 

addendum issued: 

underground utilities, 

vivarium catwalk

10. Draft Alternate means

15. Jeff reprogram HMIS

(3) *AEI design MEP 

HVAC, Conduit & 

piping mains B13

16. *HDCCO Determine 

Schedule Impact

City Approval of 

Alternate Means 

for Program

8. Review Alternate 

Means w/impact on LEL 

and LFFH

(21-4) Finalize MEP Details, 

update specs and p&ID's

(8) *Revise 

MEP loads, 
MEP 

Equipment 

schedules 

finalized

(13,15,16) MEP specs, P&ID's, 

control sequences

Work Process

Meetings

(6) Coord B13 MEP 

floor section

4. complete all Interior Architcture

*Cal OSHA Recommend  

Determination of LFFH

51. Designate size, location 

of 14 MEP, teledata rooms G accept 

15/14 

Interface

*Accept project 

scope:budget  

by Genentech

*City Approval of 

H Concept

*Exterior 

Programming 

Accepted by Genentech

*Turnover lab and 

vivarium DD plan 

to AEI

Object Attribute
Requirement 

Relationship Requirement

Predicte

d value

Observed 

value -2 -1 0 1 2

Product

Product Scope 

Product Scope . Building Spaces includes -

Project Goals

Project Goal . Capacity (people) >= 60 - ?o

Project Goal . Cost (M$) = 70 - ?o

Building

Goal . Net Energy Use (K-

BTU/ft2) <= 250 - ?o

Building

Goal . Quality conformance 

(%) >= 12 - ?o

Organization Scope 

Organization Scope . Actors includes - -

Organization Goals

Organization Goal . Predicted . Cost (K$) - <= - ?o

Organization

Goal . Observed . Response 

Latency (days) 3 <= - ?o

Organization

Goal . Predicted . Peak 

Backlog (days) 3 <= - ?o

Organization

Goal . Predicted . rework 

(FTE-days) - <= - ?o

Process

Process Goals

Process Goal . Peak Quality Risk < 0.50 - -

Process

Goal . Schedule Growth 

(months) < - ?o

Process Goal . Completion Date <= 1/1/09 - ?o

Process Task . Action: Object 

Process Task . Design: Actor Actor that designs

Process Task . Predict: Actor Actor that predicts

Process Task . Assess: Actor Actor that assesses

Process Task . Build: Actor Actor that builds

Function Product Behavior

Organization

Qualitative Threshhold values
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Multidisciplinary Design and Analysis ï using VDC 

Disciplines: 

ÅArchitecture 

ÅEngineering 

ÅConstruction 

ÅOperations 

 

Stakeholders: 

ÅProfessional AEC 

ÅOwner 

ÅOthers 

Design 

ÅVirtual 

ÅGraphical 

ÅObject-based 

Analysis 

ÅModel-based 

when possible 

ÅQuantitative 

when possible 

ÅMulti-

Stakeholder  

ÅGraphical 

description 
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Virtual Design and Construction:  

Fundamental method of MDA 

ÅUse of integrated multi-disciplinary computer-based 
performance models and analyses of designï
construction projects 
ïProduct (building) 

ïOrganization  

ïWork Process 

Åto support (explicit, public) business  

 objectives 
ïDescribe: Visualize and describe project 

ïExplain reasons for designs and choices 

ïEvaluate choices 

ïPredict project performance 

*05-07-01

Finish

Final Program 

Confirmation with 

Pharmacology

Final Program 

confirmation with LAR

KPFF

SRG Lab Task 37 Task 44 Project Mgt AEI Core Task 41  Task26 H Block Crew Task 23
SRG / AEI 

Technical
AEI Core and

SRG Lab
HDCCO Costing

SRG

Technical
KPFF

AEI  Core 

and Tech
HDCCO Core

Code Rev

Consultant
Solvent Tarter

H Block Crew

& Tech

SRG

Landscape

Tele Data

Design
Code Rev

Furniture

37. 

*Reprogram 

B#15 Shafts

34. *Finalize 

Pharmacology 

Program

33. *Finalize 

LAR Program

32. *Finalize 

Bio-Organic 

Chemistry 

Program

35. *Finalize 

Protein Chemistry 

Program 20. *Determine Scope of 

package D including vivarium 

changes

45. *Complete all 

Basement/LAR Drawings

41. *Reprogram 

bookends B#13 and 

B#15

36. *Analyze 

structural impacts

12. *Complete UG 

utiliites

25. *Do Central Plant 

design changes

19. *Determine vertical 

utilities

22. *Complete catwalk drawings

52. Finalize landscape

26. *Finalize B#13 and 

B#15 

Exiting/architecural H 

occupancy concept

*Lab and 

vivarium  

Programming 

Complete

27. *Finalize B#13, 

15 Shaft Size & 

MEP Room 

Locations

31.* AEI & 

SRG 

Determine 

Design $/Time  

Impact of 

Change

23. *Reprogram 

B#13  and B#15 

Exterior Architecture

Bookend 

Programming 

Accepted by Genentech

Notice to proceed on 

structural changes

Architect 

program/MEP 

oncepts 

Established 

By Design 

Team

29. *Document 

lab plan

1. *Redesign main MEP 

distribution systems

SRG Management AEI Management

Genentech  PM

SRG Lab Plan 

Ken Mouchka

Task 27
Task 38

Organization

5. *Finalize lab & Equipment 

plans

Task 29

Task 28

30. *Approve 

Change to 

Design  

Contract

21. *Prepare Plan Views for 

Review of Concept w/City

39. *Finalize MEP 

distribution and 

section

Task4 Task22

Review 80% 

documents

48. *Develop exiting 

plan

49. Develop 

reflected ceiling 

plan

Turnover 

reflected 

ceiling plan to 

AEI

Detailed Design 80 PC 

Complete

3. Complete Tele Data Design

42. *Develop 

Execution 

Strategy

44. *Complete 

B#14 Officing 

Planning

18. *Detailed Lab 

Program  

Documentation

47. *Develop lab 

DD plan

28. *Determine 

segregation of lab 

and tech space

G accept lab 

equipment matrix

*Package B structural 

modifications (CCD3A)

13. *Code Consultants 

Review Concept for final 

city Presentation

14. *HDCCO update Estimate of cost 

of Program

Review skin changes w/db team

Lab Planning Program 

Meetings with 

Pharmacology

Lab planning Program Meeting with Protein 

Chemistry

BMS Controls Meetings 

(Weekly)

Lab Planning Program meeting with Bio 

Organic 80% Drawing Review

Tele Data Coordination MeetingsSteel Detailing 

Meetings

Genentech 80% Detailed Design 

Review

Final Program 

Confirmation with Officing

Weekly 

Coordination 

Meeting

Lab Planning Program 

Meetings with Directors

50. Designate size, location of 

13 MEP, teledata rooms

54. KPFF design 

stairs for 13/14
38. *SRG 

Reprogram 13/14 

interface, exiting, 

stairs

43. *Changes in Steel 

Forwarded to Steel 

Detailers

46. *RA Furnture 

Concept Complete

MEP, Teledata room design

*Design Budget & 

Schedule for Changes 

Approved

*Notice to proceed 

with detailed design

24. *Complete B13,4 H 

block occupancy 

requirements on MEP 

systems

17. *Risick 

reprogram solvent 

distribution and waste

Issue 80% 

MEP CDs

(20) Incorporate 

80% MEP review 

comments

(19) Genentech review 

80% drawings

53. Incorporate 

comments, complete 

Architectural detail

2. Initial redesign MEP branch 

lateral distribution

G accept 

13/14 

Interface

*City Accept 

exiting

*Package C 

skin 

modifications

55. KPFF design 

stairs for 15/14

40. *SRG 

Reprogram 15/14 

interface, exiting, 

stairs

B13 MEP HVAC, 

conduit, piping mains 

completed

MEP 80% Review 

comments 

incorporated

Package D and UG 

addendum issued: 

underground utilities, 

vivarium catwalk

10. Draft Alternate means

15. Jeff reprogram HMIS

(3) *AEI design MEP 

HVAC, Conduit & 

piping mains B13

16. *HDCCO Determine 

Schedule Impact

City Approval of 

Alternate Means 

for Program

8. Review Alternate 

Means w/impact on LEL 

and LFFH

(21-4) Finalize MEP Details, 

update specs and p&ID's

(8) *Revise 

MEP loads, 
MEP 

Equipment 

schedules 

finalized

(13,15,16) MEP specs, P&ID's, 

control sequences

Work Process

Meetings

(6) Coord B13 MEP 

floor section

4. complete all Interior Architcture

*Cal OSHA Recommend  

Determination of LFFH

51. Designate size, location 

of 14 MEP, teledata rooms G accept 

15/14 

Interface

*Accept project 

scope:budget  

by Genentech

*City Approval of 

H Concept

*Exterior 

Programming 

Accepted by Genentech

*Turnover lab and 

vivarium DD plan 

to AEI

AEC IT investment by General Contractor

Rate

Baseline 

($M) Change

Revenue 100,000 22%

Cost of work 85% 85,000 -2.0%

CM, Design, GC fees 10% 10,000 2.0%

Gross Margin 5,000

Sales, G&A 2% 2,000

IT investment 1,000

Amortized costs of IT/yr 33%

Net income 3,000

Time to payback (years)

Year-1

122,000

101,260

14,640

6,100

2,440

333

3,327

3.1

3-

year 

payb

ack 

Object Attribute
Requirement 

Relationship Requirement

Predicte

d value

Observed 

value -2 -1 0 1 2

Product

Product Scope 

Product Scope . Building Spaces includes -

Project Goals

Project Goal . Capacity (people) >= 60 - ?o

Project Goal . Cost (M$) = 70 - ?o

Building

Goal . Net Energy Use (K-

BTU/ft2) <= 250 - ?o

Building

Goal . Quality conformance 

(%) >= 12 - ?o

Organization Scope 

Organization Scope . Actors includes - -

Organization Goals

Organization Goal . Predicted . Cost (K$) - <= - ?o

Organization

Goal . Observed . Response 

Latency (days) 3 <= - ?o

Organization

Goal . Predicted . Peak 

Backlog (days) 3 <= - ?o

Organization

Goal . Predicted . rework 

(FTE-days) - <= - ?o

Process

Process Goals

Process Goal . Peak Quality Risk < 0.50 - -

Process

Goal . Schedule Growth 

(months) < - ?o

Process Goal . Completion Date <= 1/1/09 - ?o

Process Task . Action: Object 

Process Task . Design: Actor Actor that designs

Process Task . Predict: Actor Actor that predicts

Process Task . Assess: Actor Actor that assesses

Process Task . Build: Actor Actor that builds

Function Product Behavior

Organization

Qualitative Threshhold values
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MDA Big Ideas  

Å Build VDC project models early, often and collaboratively 

ïBefore committing large money or time 

Å What 

ïObjectives, Designs and Behaviors of Product, process, 
organization 

Å How:  

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

ïVirtual: in the computer 

ïVisual: multi-discipline, multi-view, for multiple stakeholders 

ï Integrated: relating the product, organization and process 

ïObjective-based: set and track explicit public objectives 
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Opportunity: Mini internship Spring break 

  Examples 

Å Obayashi 

ï Tokyo train station track movement 

Å Swinerton 

ï Template hospital 

Å CCC 

ï Build ammonia plant in Oman 

Å Webcor 

ïRoof construction for new Renzo Piano 
Academy of Sciences building 

Å WDI 

ï Space mountain track replacement 
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Plus-Delta of Civil Engineering 

ÅProvides fixed physical 

wealth of society 

ÅHigh global demand for 

infrastructure and 

housing 

ÅOpportunity to impact 

global climate challenge 

significantly 
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Plus-Delta of Civil Engineering 

ÅProvides fixed physical 

wealth of society 

ÅHigh global demand for 

infrastructure and 

housing 

ÅOpportunity to impact 

global climate challenge 

significantly 

ÅLow productivity Ą 

compete with other ways 

to spend $ 

 

 

ÅHigh energy use and 

rising energy costs 

 

 

 

 

ÅStructural reliability << 

societal need (Chile) 

Persson, Sustainable City of 

Tomorrow 

  

Guilllermo Gomez, PUChile  

US Department of Commerce, 

compiled by P. Teicholz 



Fundamental issue: outcome reliability 

ÅStructures (Chile, post-earthquake) -- good: 

ï~500K/~5M homes damaged or destroyed: <2ů 

ï~4 joint failures /~100 in (collapsed) buildings: 2ů 

ï4/~10,000 post-1985 buildings collapsed in major 

damage area: >3ů 

Å Energy ï not good: 

ï20/20 buildings used more energy than predicted ï 

Malmo, Sweden, 2001 (range 70 ï 340% greater)  

ï121 LEED buildings use 30% more energy per 

square foot than average for U.S. buildings 

ÅNeither structure nor energy performance meets 

societal needs 

 16 



Fundamental issue: process reliability 

ÅStructures (Chile, post-earthquake) 

ï~4 joint failures /~100 in (collapsed) buildings: 2ů 

ÅSources of failure - infrequent but important problems: 

quality of joint construction, material composition, soft story 

design, asymmetrical designs 

Å  Energy:  

ïŷ prediction variability: 

Åŷ Inter-tool with same designer 

Åŷ Inter-consultant with same tool 

ïŷ component performance variability, e.g., infiltration from 

leaky building joints (Malmo) 

ÅStructure and energy performance: 

ïGood (historically), but 

ïNeither meets societal needs 

 

17 
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AEC Problem: Productivity (1964-2011) 

ÅIncremental, local innovations drove productivity trends 

for AEC since 1950s  

ÅFewer workers available in aging societies to ñbuyò new 

infrastructure Ą cost pressure 

ÅOther ways to spend money become relatively more 

competitive with AEC, e.g., health, education, retirement 

savings, travel, manufactured goods Ą cost pressure 

ÅMost of the AEC workers of 2015 are in practice today 
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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 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 é  
 

 é to support exceptionally reliable engineering and 

management processes to plan, design, construct and 

operate sustainable facilities  
20 

The CIFE mission 



  

 

 

Is there a better option é 

ÅFor our research? 

ÅFor you? 

 

 

 

 
 

 é to support exceptionally reliable engineering and 

management processes to plan, design, construct and 

operate sustainable facilities  
21 
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CIFE 2015 Breakthrough Objectives 

CIFE Breakthrough Objectives 

ÅManage projects and the business to 

maximize measurable business objectives, 

e.g.,  

ïSchedule 

ïCost 

ïScope 

ïSafety 

ïSustainability  

ïGlobalization 



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

23 

Controllable Process  

[Conformance to plans] 

Outcome 

[Performance] 

Product, organization, 

process designs  

Latency: mean <= 1; 95% within 2 

working days 

Safety: 0 lost hours  

Coordination activity: 
planned, explicit, public, 

informed > 90% 

Field-generated Requests for 

Information: 0 

Schedule: 1 y Design 

< .5 y 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 



Incremental Business Objectives for CIFE members 

2010 
V Strategic plan to 

implement VDC broadly; 
manage by public and 
explicit metrics;  

Å Serve >= 5 objectives 
w/VDC on >=10 major 
projects 

Å Automate >30% of 
routine design & 
construction on > 2 pilots 

Å Staff each project with 4 
VDC trained engineers  

 

2006 

VOperate with a strategic 

plan to implement VDC 

incrementally 

V Use first (BIM 

visualization) stage of 

VDC confidently 

Å Staff each project with 4 

VDC trained engineers 

24 

111/211 focus 
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Wasted human, technical, and biological resources 

Photos: Courtesy SPS 

Source: http://mainegov -

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

Organization

Project specifications Revit

Bentley 

Architecture

Tekla 

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

Product Process Integrated project

Models
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VDC analyses use and require lots of tools 

Organization

Project specifications Revit

Bentley 

Architecture

Tekla 

Structures VDT MSP P6 POP MACDADI

Model-based analysis

Product component interference (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

Product Process Integrated project

Models



VDC BIM and analyses require and use lots of tools 
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BIM  

Energy  
 

Structure  

Spaces  

Etc.  

Schedule  

3D  
Clashes  

QTO 
QTO Cost  

VModels: 

Easy  

V Internal BIM 

Analyses: Not 
hard  

V External 
BIM Analyses: 

Harder  

4D  

LCA 



Keys to successful BIM + >5 analyses 

ÅClearly define functional objectives: POP 

ÅIdentify and engage expertise in building 

design and analysis objectives: ICE 

ÅEstablish Product, Organization, Process 

structures (PBS, OBS, WBS) 

ÅEarly and frequent modeling, analysis and 

review: ICE 

 

ÅUse templates and checklists to work quickly 

and reliability 
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Big Ideas: VDC/BIM  

2006 Results (n = 40) 

Å Now used across all phases of 

design and construction 

ï VDC now addresses key process 

problems cited by respondents 

ï Most respondents perceive high 

value but cannot quantify the 

benefit 

ï Established programs plan future 

expansion 

ï Impediments exist but do not 

stop progress 

Å CIFE members report dramatic 

success and plans 

2007 Results (n=174) 

Å Dramatic and dramatically 

increased VDC use across all 

phases of design and 

construction 

Å Qualitative perceived value 

increased 

Å Quantitative impacts remain 

largely invisible 

The emergence of VDC seems to be the biggest 

change in AEC in more than a generation 
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Will current practice get us there? 
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MDA ï using VDC ï provides 

ÅIntegrating theoretical framework to  

ÅPredict engineering behaviors, and  

ÅSystematically manage projects and the 

business using the predictions and observed 

data, to  

ÅAchieve measurable business objectives 
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MDA class content 

ÅModeling methods: product, organization, process 

ÅVisualization methods: designs, behaviors 

ÅAnalysis methods (model-based): schedule, cost, 4D 
interactions, process risks, é 
ïTo support integration, automation 

ÅBusiness metrics, strategic management 

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

 

ïModern network-based IT is a major enabler 
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Barriers to effective use of VDC 

ÅOwners (CFOs) assess costs, not value of 
projects 

ÅAEC industry culture and methods minimize 
cost, not maximize value 

ÅSharp theoretical basis  

ÅUse that leads to improvement in the process 
and theory  

ÅIntegrated tools 

ÅSkilled and empowered users 
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POP model content 

Å Columns: 

ï Functions 

ÅProgram Function, 
Schedule, Cost, 
Sustainability, é. 

ï Scope (Forms) (design choices)  

ÅL-A: ~1; L-B: ~10 

ÅProduct forms = content of a 
ñBIMò 

ï Behaviors (predicted, observed) 

ÅFunctional performance 

ÅCost  

ÅValue 

ÅSchedule 

Åé  

ÅRows 

ïProduct  

ïOrganization 

ïProcess (design + 

construction) 

POP Template 
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In-class exercise: 
teams of ~2 

ÅSketch your version of the CIFE iRoom 

ÅDefine (3-5 each): 

ïFunctions: design intent, to include 

ÅLarge and small interaction and meeting spaces 

ÅMain mass elements, including floor and ceiling; 

ÅTechnology to support modeling, analysis and 
interaction  

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

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

 

ÅSee http://www.stanford.edu/class/cee111/Labs/POPLab.htm 

 



In-class exercise: 
Content to consider 

Å Name of (at least one) intended: 
ï Space (Product) 

ï Participant (Organization) 

ï Task (Process) 

Å Name of (at least one) planned: 
ï Space 

ï Participant 

ï Task 

Å Name of (at least one) relevant property that you can predict for 
the planned 
ï Space 

ï Participant 

ï Task 
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Class mechanics 

ÅAll class 

materials on 

the web 

 http://www.stanford.

edu/class/cee111/ 

 

ÅRegister: 

CourseWork 

 

http://www.stanford.edu/class/cee111/
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Lab: only a few required 

Assumptions:  
ïUse CIFE lab computers 

ïYou know basic Windows 

ïYou will learn lotsé 

ÅTo start:  
ïLogin on CIFE PC: cee243 

ïLab write-ups on agenda, Lab 
column 

ïExplore and Discover  

ÅSupport: Wednesdays 1 ï 2:30 
pm 
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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): 

ÅLarge and small interaction and meeting spaces 

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

ÅSpace has technology to support modeling, analysis and 
interaction  

 

Similar for functions of Organization and Process 
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Use of the iRoom 

ÅLab etiquette 

ÅComputer cables 

ÅComputer use 

ÅCluster computer 

problems 

ÅProject your desktop or 

laptop to the main 

iRoom screen 

ÅRoom layout 

 

ÅSee Lab use guidelines 
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(ñR Driveò) 

ÅCreate your own subdirectory under Cee111 

directory of the R drive  

ÅUse for your lab, homework, project  

ïBacked up regularly 



POP models 

Worksheets 

POP Version 1 
Baseline POP model, which includes: Product - 

Organization - Process and Function - Form (Scope) - 

Behavior format of POP models 

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

Analyses 
Table and charts of project goodness based on POP 

functional objectives, predicted or measured values 

and relative weights of objectives; cost-value 2x2 

Product Conformance 

Metric worksheets 

Rentable Area 

Product Cost 

Product Energy 

Conformance (Actor assignment to 

Organization Function) (%) 

Organization Cost (K$) 

 Actor Backlog/ Latency (days) 

Safety: near-risk incidents / week 

Rework volume - construction phase (%) 

Schedule Conformance (Actual 1-day 

schedule to look-ahead plan)  (%) 

Cost conformance to weekly budget (%) 
Commitment templates 

Templates and Checklists 
Metrics template 

Risk template 

POP creation template 

MACDADI-SHORT 

Å 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
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POP model content 

ÅColumns: 

ï Functions 

ÅProgram Function, 
Schedule, Cost, 
Sustainability, é. 

ï Scope (Forms) (design 
choices)  

ÅL-B: x10 

ÅProduct forms = content 
of a ñBIMò 

ï Behaviors (predicted, 
observed) 

ÅFunctional performance 

ÅCost  

ÅValue 

ÅSchedule 

Åé  

ÅRows 

ïProduct  

ïOrganization 

ïProcess (design + 

construction) 

POP Template 

+ to expand detail 
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Business uses of POP models 

Å At a glance, identify: 

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

ïMetrics to measure; objectives for and predicted values of 
behaviors 

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

Å Check the extent to which  

ïthere are defined tasks to work on product elements, such 

as design and build them 

ïthere are actors to take responsibility for the defined tasks 

ïall the actors have a task to work on 

Å Evaluate goodness of design re objectives, alternatives 

 



ICE to apply POP/MACDADI in an hour 

In small groups (2 to 3) 

Å Sketch your version of the CIFE iRoom 

Å Define (~3 each): 

ïFunctions: design intent, to include 

ÅLarge and small interaction and meeting spaces 

ÅPhysical main mass elements, including floor and ceiling; 

ÅTechnology to support modeling, analysis and interaction  

ïDesign Forms: designed and built scope, e.g., rooms, 

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

Å Implement as a Level A POP model: POPV1 

ïnote Analyses sheet 

 

Å See http://www.stanford.edu/class/cee111/Labs/POPLab.htm 

 
46 



ORID +/æ Analysis 
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Level of 
Questions  

Purpose Questions to Answer  

O 
Objective 

Level 

V To examine the data  

V To identify factual 
information  

V What do you see?  

V What factual statements can 
you make based on the data?  

R 
Reflective 

Level 

V To encourage connections  

V To encourage free flow of 
ideas and imagination  

V What surprised you?  

V What encouraged you?  

V What discouraged you?  

V How does this make you feel?  

I  
Interpretive 

Level 

V To identify patterns and 
determine their 
significance or meaning  

V To articulate underlying 
insights  

V What does the data tell us?  
V What are insights for you?  

V What is the good news?  

V What are limits?  
V What  else is there to learn ? 

D 
Decisional 

Level 

V To propose next steps  

V To develop an action plan  

V To make decisions 

V To experience òcoming 
togetheró 

V What are next steps?  

V What decisions can we make?  

V What is our action plan for 
moving forward?  



ORID +/æ: Focused Conversation and Analysis 

Objective 

What do you 

recall seeing? 

Reflective 

Positive 

What do you 

feel positive 

about? 

Reflective 

Negative 

What do you 

find negative? 

Interpretive 

What sense do 

you make of it? 

Decisional 

What 

agreements 

can be made 

now? 

(c) 2011 48 



Thursday 
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Comment from a recent class participant é 

 Doing the project for this class, I felt for the first time as if I were 
an engineer. 
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Note from a Sacramento architect é 

 Greetings- Iôm writing to give complements and to donate 
research opportunities for a VDC student.   
 
Our firm has been blinded by the benefits of BIM and VDC over 
the past year.  Personally I 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, I want to take this chance to 
say the long overdue ñthank youò to you for playing a part 
in one of the best experiences I had at Stanford.  Iôm 
referring to the VDC class and the ensuing internship I 
took with you in 2006. Those were my first real looks at 
new technology in an engineering company environment, 
and I gained much professional and personal growth 
through them.  Even though I switched to Mechanical 
Engineering academically, I 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:  
ï é that they will not give or receive unpermitted aid 
in class work, in the preparation of reports é;  

ï that they will do their share and take an active part 
in 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. é the students and faculty will work together 
to establish optimal conditions for honorable 
academic work. 
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Stanford honor code:  

Collaboration in this class 

dos é 

ÅTalk with each other 

ÅHelp each other 

ÅMake shared 
submissions for 
team assignments 

ÅUse your notes in 
composing 
assignments  

 

 

é and donôts 

ÅCopy work of 

members of other 

teams 



Opportunity: Stanford VDC Certification 

Requirements for students: 

ÅCourses: 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  

ÅVDC 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. 

ÅIntegration experience 

 

See Course Goals on class web site 
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CEE 111/211 Homework 

 

Homework grading:  

ÅMostly check for completion  

 Ý ñfollow the instructions!ò 

ÅPromptness pays 



Learning styles 

ÅStyles 

 

 

ÅComments  
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ICE to apply MACDADI in an hour 

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

Å Assume that your physical Product (space) includes the 

following specifications (i.e., Product Functions): 

ïLarge and small interaction and meeting spaces (x4-6)  

ïSeparate (x4-6) main mass elements, including floor, ceiling 

and at least two additional mass elements; 

ïSupport thermal comfort, lighting, modeling, analysis and 

interaction 

Å Assume enabling functions for (design-build) Organization and 

Process  
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ICE to apply MACDADI in an hour 

Å Stations and Deliverables: 

ïPOP model, which you started in the POP lab 

ïProduct model:  sketch, 3D BIM 

ïOrganization model, e.g., that you draw in PowerPoint 

ïProcess model, represented as a Gantt chart that you 

draw with your favorite tool 

ïOwner and Facilitator:  

ÅSeek POP and VDC model consistency and quality; 

resolve issues;  

ÅMACDADI  analyses (Analyses sheet) 

ÅPowerPoint summary presentation of models for group;  
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http://www.stanford.edu/class/cee111/Labs/POPLab.htm


ICE to apply MACDADI in an hour 

Å Budget 

ïGroups of ~5: different than previous 

ï45 minutes for ICE interaction 

ï40 minutes for presentations, discussion 
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ICE to apply MACDADI in an hour 

ÅAssessment at end of the ICE session 
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ORID +/æ Analysis 
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Level of 
Questions  

Purpose Questions to Answer  

O 
Objective 

Level 

V To examine the data  

V To identify factual 
information  

V What do you see?  

V What factual statements can 
you make based on the data?  

R 
Reflective 

Level 

V To encourage connections  

V To encourage free flow of 
ideas and imagination  

V What surprised you?  

V What encouraged you?  

V What discouraged you?  

V How does this make you feel?  

I  
Interpretive 

Level 

V To identify patterns and 
determine their 
significance or meaning  

V To articulate underlying 
insights  

V What does the data tell us?  
V What are insights for you?  

V What is the good news?  

V What are limits?  
V What  else is there to learn ? 

D 
Decisional 

Level 

V To propose next steps  

V To develop an action plan  

V To make decisions 

V To experience òcoming 
togetheró 

V What are next steps?  

V What decisions can we make?  

V What is our action plan for 
moving forward?  



ORID +/æ: Focused Conversation and Analysis 

Objective 

What do you 

recall seeing? 

Reflective 

Positive 

What do you 

feel positive 

about? 

Reflective 

Negative 

What do you 

find negative? 

Interpretive 

What sense do 

you make of it? 

Decisional 

What 

commitments 

can you make 

now? 
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ORID +/æ: Focused Conversation and Analysis:  

Objective - What do you recall seeing? 

Å  

(c) 2011 64 



ORID +/æ: Focused Conversation and Analysis:  

Reflective Positive: what was cool, surprising? 

Å  

(c) 2011 65 



ORID +/æ: Focused Conversation and Analysis:  

Reflective Negative: What confused, irritated you? 

Å  

(c) 2011 66 



ORID +/æ: Focused Conversation and Analysis:  

Interpretive: What sense do you make of it? 

Å  
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ORID +/æ: Focused Conversation and Analysis:  

 Decisional: What commitments can you make now? 

10 January 2012 CEE 111/211 68 



10 January 2012 CEE 111/211 69 

Skills for success 

ÅGood engineer: design, analyze, manage 

ÅResearch methods 

ÅCommunication 

ïWritten/Oral 

ïProgramming 

ïColleagues, sponsors, stakeholders 

ÅIntegrated use of quick-response, careful 

analysis, reflection 
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Speculations: VDC  

Symbolic Model  
 Å Objectives  
 Å Testing  
 Å Representation  
 Å Reasoning  
 Å User Interfaces  
 Å Systems Interfaces 

P
ro

je
c
t P

h
a
s
e
 

Discipline 

VDC will enable a small number of collaborating stakeholders  

to do rapid Multidisciplinary Design and Analysis 

http://www.stanford.edu/group/CIFE/images/VDC2.mov
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Week-1 Learning goals  

ÅGet basic familiarity with the POP project framework of 

VDC 

ÅProduct ï Organization ï Process (POP) 

ÅFunction ï Form ï Behavior (FFB) 

ÅUnderstand class organization, opportunities, methods 

and expectations 

ÅMotivate interest in MDA enabled by VDC:  

ÅMotivations and opportunities in practice, including 

2010/2015 CIFE objectives 

ÅFun, power and job opportunities of models, model-

based analyses 
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2011?, é 2015? 

2011?, é 2015? 

What do you have? é What do you want? 

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.  

Rate

Baseline 

($K) Change

Year-1 

(K$)

Revenue 100,000 2% 102,000

Cost of contracted work 85% 85,000 -2.0% 84,660

Cost of self-performed work 10% 10,000 2.0% 12,240

Gross Margin 5,000 5,100

Sales, G&A 2% 2,000 2,040

IT investment 70

Amortized costs of IT/yr 33% 23

Net income 3,000 3,037

Time to payback (years) 1.9

Net Income change (%) 1.2

*05-07-01

Finish

Final Program 

Confirmation with 

Pharmacology

Final Program 

confirmation with LAR

KPFF

SRG Lab Task 37 Task 44 Project Mgt AEI Core Task 41  Task26 H Block Crew Task 23
SRG / AEI 

Technical
AEI Core and

SRG Lab
HDCCO Costing

SRG

Technical
KPFF

AEI  Core 

and Tech
HDCCO Core

Code Rev

Consultant
Solvent Tarter

H Block Crew

& Tech

SRG

Landscape

Tele Data

Design
Code Rev

Furniture

37. 

*Reprogram 

B#15 Shafts

34. *Finalize 

Pharmacology 

Program

33. *Finalize 

LAR Program

32. *Finalize 

Bio-Organic 

Chemistry 

Program

35. *Finalize 

Protein Chemistry 

Program 20. *Determine Scope of 

package D including vivarium 

changes

45. *Complete all 

Basement/LAR Drawings

41. *Reprogram 

bookends B#13 and 

B#15

36. *Analyze 

structural impacts

12. *Complete UG 

utiliites

25. *Do Central Plant 

design changes

19. *Determine vertical 

utilities

22. *Complete catwalk drawings

52. Finalize landscape

26. *Finalize B#13 and 

B#15 

Exiting/architecural H 

occupancy concept

*Lab and 

vivarium  

Programming 

Complete

27. *Finalize B#13, 

15 Shaft Size & 

MEP Room 

Locations

31.* AEI & 

SRG 

Determine 

Design $/Time  

Impact of 

Change

23. *Reprogram 

B#13  and B#15 

Exterior Architecture

Bookend 

Programming 

Accepted by Genentech

Notice to proceed on 

structural changes

Architect 

program/MEP 

oncepts 

Established 

By Design 

Team

29. *Document 

lab plan

1. *Redesign main MEP 

distribution systems

SRG Management AEI Management

Genentech  PM

SRG Lab Plan 

Ken Mouchka

Task 27
Task 38

Organization

5. *Finalize lab & Equipment 

plans

Task 29

Task 28

30. *Approve 

Change to 

Design  

Contract

21. *Prepare Plan Views for 

Review of Concept w/City

39. *Finalize MEP 

distribution and 

section

Task4 Task22

Review 80% 

documents

48. *Develop exiting 

plan

49. Develop 

reflected ceiling 

plan

Turnover 

reflected 

ceiling plan to 

AEI

Detailed Design 80 PC 

Complete

3. Complete Tele Data Design

42. *Develop 

Execution 

Strategy

44. *Complete 

B#14 Officing 

Planning

18. *Detailed Lab 

Program  

Documentation

47. *Develop lab 

DD plan

28. *Determine 

segregation of lab 

and tech space

G accept lab 

equipment matrix

*Package B structural 

modifications (CCD3A)

13. *Code Consultants 

Review Concept for final 

city Presentation

14. *HDCCO update Estimate of cost 

of Program

Review skin changes w/db team

Lab Planning Program 

Meetings with 

Pharmacology

Lab planning Program Meeting with Protein 

Chemistry

BMS Controls Meetings 

(Weekly)

Lab Planning Program meeting with Bio 

Organic 80% Drawing Review

Tele Data Coordination MeetingsSteel Detailing 

Meetings

Genentech 80% Detailed Design 

Review

Final Program 

Confirmation with Officing

Weekly 

Coordination 

Meeting

Lab Planning Program 

Meetings with Directors

50. Designate size, location of 

13 MEP, teledata rooms

54. KPFF design 

stairs for 13/14
38. *SRG 

Reprogram 13/14 

interface, exiting, 

stairs

43. *Changes in Steel 

Forwarded to Steel 

Detailers

46. *RA Furnture 

Concept Complete

MEP, Teledata room design

*Design Budget & 

Schedule for Changes 

Approved

*Notice to proceed 

with detailed design

24. *Complete B13,4 H 

block occupancy 

requirements on MEP 

systems

17. *Risick 

reprogram solvent 

distribution and waste

Issue 80% 

MEP CDs

(20) Incorporate 

80% MEP review 

comments

(19) Genentech review 

80% drawings

53. Incorporate 

comments, complete 

Architectural detail

2. Initial redesign MEP branch 

lateral distribution

G accept 

13/14 

Interface

*City Accept 

exiting

*Package C 

skin 

modifications

55. KPFF design 

stairs for 15/14

40. *SRG 

Reprogram 15/14 

interface, exiting, 

stairs

B13 MEP HVAC, 

conduit, piping mains 

completed

MEP 80% Review 

comments 

incorporated

Package D and UG 

addendum issued: 

underground utilities, 

vivarium catwalk

10. Draft Alternate means

15. Jeff reprogram HMIS

(3) *AEI design MEP 

HVAC, Conduit & 

piping mains B13

16. *HDCCO Determine 

Schedule Impact

City Approval of 

Alternate Means 

for Program

8. Review Alternate 

Means w/impact on LEL 

and LFFH

(21-4) Finalize MEP Details, 

update specs and p&ID's

(8) *Revise 

MEP loads, 
MEP 

Equipment 

schedules 

finalized

(13,15,16) MEP specs, P&ID's, 

control sequences

Work Process

Meetings

(6) Coord B13 MEP 

floor section

4. complete all Interior Architcture

*Cal OSHA Recommend  

Determination of LFFH

51. Designate size, location 

of 14 MEP, teledata rooms G accept 

15/14 

Interface

*Accept project 

scope:budget  

by Genentech

*City Approval of 

H Concept

*Exterior 

Programming 

Accepted by Genentech

*Turnover lab and 

vivarium DD plan 

to AEI

Object Attribute
Requirement 

Relationship Requirement

Predicte

d value

Observed 

value -2 -1 0 1 2

Product

Product Scope 

Product Scope . Building Spaces includes -

Project Goals

Project Goal . Capacity (people) >= 60 - ?o

Project Goal . Cost (M$) = 70 - ?o

Building

Goal . Net Energy Use (K-

BTU/ft2) <= 250 - ?o

Building

Goal . Quality conformance 

(%) >= 12 - ?o

Organization Scope 

Organization Scope . Actors includes - -

Organization Goals

Organization Goal . Predicted . Cost (K$) - <= - ?o

Organization

Goal . Observed . Response 

Latency (days) 3 <= - ?o

Organization

Goal . Predicted . Peak 

Backlog (days) 3 <= - ?o

Organization

Goal . Predicted . rework 

(FTE-days) - <= - ?o

Process

Process Goals

Process Goal . Peak Quality Risk < 0.50 - -

Process

Goal . Schedule Growth 

(months) < - ?o

Process Goal . Completion Date <= 1/1/09 - ?o

Process Task . Action: Object 

Process Task . Design: Actor Actor that designs

Process Task . Predict: Actor Actor that predicts

Process Task . Assess: Actor Actor that assesses

Process Task . Build: Actor Actor that builds

Function Product Behavior

Organization

Qualitative Threshhold values

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


Explanatory background 
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Course Organization  

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

requirement) 

Class meetings: 12:15 ï 2:05, Tues ï 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/cee111/ 

 http://coursework.stanford.edu/ 

ÅPlease add yourself to the class list if not registered in Axess 

ïClass Assignments: (A little) Reading; Assessments; Queries 

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

Note: effort is front-loaded (by design) 
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Course Objective: Discover how and why (value) of 

Multidisciplinary Design and Analysis -- using VDC 

ÅEffectively and quickly use methods and technology 

to do multidisciplinary modeling and analysis, 

including ability to interpret and build project:  

ÅDevelop confidence  

ïICE sessions in class 

ïQueries; Assessments; Project  

ïOptional mini-internship 

ÅTheory: theory of multidisciplinary modeling and 

analysis, VDC, ICE and their application in practice. 

ÅLead: bring VDC to your work.  

ïCertification available  



10 January 2012 CEE 111/211 77 

Course objectives (continued) 

Å Work effectively in teams:  

ïstudy sections 

ïproject with both small and large-group collaboration 

Å Use critical judgment  

Å Learn by doing 

ïActive student classroom participation 

ïICE, problem sets, labs, project 

ïStudent portfolios 

Å Present effectively 

ïVisual presentation of engineering ñstoryò 

ïExtensive critiques 

ïShared (class web site) 

Å Help prepare you as a VDC certified professional 



10 January 2012 CEE 111/211 78 

Course Non-objectives 

ÅStudy every system ever built 

ÅStudy every visualization/AI/design/planning 

technology 

ÅDevelopment expertise 

ÅPreparation for technology research 

ÅSurvey understanding only 

ÅExcessive work 
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Agenda (Approximate) 
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Grading 

ÅLaboratory submissions (0% of class grade): Required 

ÅWeekly submissions: 1 point = 1 point 
ïLaboratory: no submissions (0% of class grade). Optional 

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

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

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

ÅTeam project (~4 queries; ~35%) 

ïWeekly short assessments; ~25% 

ïInstructor discretion (<= 5% of class grade) 
 

Å"Añ: final class score >= 90% of maximum total points 

Å"Bñ: 90% < maximum class score <= 80%.  

Å"Cñ: 80% < maximum class score <= 70%.  
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Short (in class) Assessments: 

ÅPurpose:  

ïHelp you understand what you do (and do not yet) know 

ïAllow class time with more interaction, less lecture  

Å1-2/week, based on reading for week 

ï<=5 questions/assessment 

ïBased on reading 

ïQuick (< 10 minutes)  

ïTop n-1 count 

ïOn-line  

ïOften in class 
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Model and Analysis types in CEE 111/211 

Conceptual models w/software 

Å POP 

Å Product (3D BIM) 

Å Organization (SV) 

Å Process  

Å 4D (Navisworks) 

Å Total Economic Impact 

Å Conformance (Solibri) 

 

Model-based Analyses 

Å Product, e.g., area, clashes, 
cost, energy, QTO (ñschedulesò) 

Å Organization, e.g., backlog, cost 

Å Process, e.g., duration, delay 
risk 

 

Conceptual models w/o 
software 

Å VDC modeling using ABC 
analysis 

Å Integrated Concurrent 
Engineering  

Å Meeting activities 

 

Non-MB Analyses 

Å Judgment of goodness 

Å Experience-based estimates, 
e.g., constructability risks 
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Generic Project POP model: 

Learn the meanings of all these terms 

ÅPOP lab: 
http://www.stanford.edu/class/

cee111/Labs/POPLab.htm 

 

Å Follow links 

Å Function  

Å Scope, or Form  

Å Behavior  

Å Product  

Å Organization  

Å Process  

Å Project  

Å Objective Weight  

Å Qualitative Threshold 
values  

Å Assessed Behavior value  

Å Weighted Assessment  

Å MACDADI Analyses  

Å é 

 

http://www.stanford.edu/class/cee111/Labs/POPLab.htm
http://www.stanford.edu/class/cee111/Labs/POPLab.htm
http://www.stanford.edu/class/cee111/Labs/POPLab.htm
http://www.stanford.edu/class/cee111/Labs/POPLab.htm


A-level Product and POP models 

10 January 2012 CEE 111/211 84 

Å Note consistency of POP Product form and BIM 

Å POP Organization and Process forms should have similar 

consistency w/corresponding models 

 


