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CEE 111/211Agenda Week 3 

–Questions, comments, concerns 

–Reliability and Checklists 

–4D animations 

–Breakdown structures 

–Meetings 

–Disruption 
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This week overview 

Big ideas 

Checklists, built based on product, organization and 
process models, can help multi - stakeholder teams 
increase process reliability  

 

Breakdown Structures guide POP design and, 
implemented well, allow reliable management of multi -
disciplinary analyses  
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Questions, comments, concerns 

•Observation: we have done trivial examples so far in 

class ICE sessions and homework 

•Reflection +: we have done some project examples 

already in class 

•Reflection æ: they are trivial 

• Interpretation:  

 

•Decision: 
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Thursday on WTC 

4 slides: 

•Architectural program 

•Models: POP, BIM, Organization + Process 

•Analysis results: BIMx2, SimVisionx2, MACDADI 

•Assessment and plan 

–What is believable, what is not 

–Recommended next modeling and analysis steps 
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Assessment 
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Assessment 

CEE111/211 7 

OR 



Assessment 
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Class project 

• Beck (Dallas): operational efficiency and effectiveness of a wing 

of a hospital (general medical or ICU) 

– Analysis, optimization and template design of structure, energy, 

spaces (patient, nurse station, circulation), headwalls, bathrooms 

– Consider engineering and construction (structure, energy, cost, 

construction duration), staff operations (staff, equipment and patient 

movement) and maintenance  performance and efficiency 

– Valuable skill: hospital design   
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Class project 

• DPR (Redwood City): 

• Valuable skill:    
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Class project 

• NCC (Stockholm):    

• Valuable skill: 
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Class project 
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• PB (San Francisco): Bay bridge toll plaza renovation project 

–Replace existing metal cladding over existing toll booth w/new white metal 

cladding that matches admin building next door.   

– Repave 20 lanes ½ mile either direction from toll booth  

– Location: busiest bridge entrance in world 

– Goal: highly reliable night construction w/o change to lane structure to 

preserve highway operations, no laydown space Ą production risk 

management challenge 

– Focus: Master schedule plus lots of analysis of short-interval production 

schedules to enable production contingency management Ą 

•Candidate methods: DSS w/analytics including  cost; logistics; daily 

schedule reliability; logistics and delivery risk;  

–Contingencies: scaffolding to enable daytime work; production variability; 

prefabrication 

– Valuable skill: construction experience 

 

 



Class project 

• WDI (Burbank): Within Tomorrowland at Shanghai Disneyland, we will 

have an Attraction based on TRON.  Utilizing a high energy ride 

system, it will be one of the hallmark attractions in our new Park.   

• Analyses: pre-fab opportunities, construction staging and logistics, 

building access for ride installation, safety  

• building located on a tight site,  

• Valuable skill: construction  
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Class project 

• Slavenburg (Amsterdam): template product, organization and 

process models to redevelop existing "lost generation" buildings 

... Driven by sustainability, high vacancy rates (Amsterdam: 19% 

today)  

 … theme is hot, the project is real. 

• Goals: better sustainability, energy, look today (facelift), 

flexibility 

• Valuable skill: logistics 
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Reliability 

Data from Chile post-earthquake 

–~500K/~5M homes 

damaged or destroyed: <2σ 

–~4 joint failures /~100 in 

(collapsed) buildings: 2σ 

–4/~10,000 post-1985 

buildings collapsed in major 

damage area: >3σ 

Conclusions: Chile and 

developed economies 

•We can design and 

construct structures well 

• For structures,  

–Statistical performance 

OK to good 

–Society needs higher 

reliability from AEC 

–Reliability of (design-

construction-operation) 

management is the issue 
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• Spectrum of task types:  

–Simple: many people can quickly learn to do the 

work, e.g., shovel gravel 

–Specialized: large amounts of training need to learn 

to do the (virtuoso) work, e.g., Master-builder 

(pilot/surgeon); high strength welding  

–Complex: High uncertainty and knowledge required 

exceeds that of any individual, e.g., construction 

(flight/surgical) team; design structural system 

• Reliability management a requirement in situations with complexity: 

–w/complexity, checklists required for success  

 

Reliability issues 

16 
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Causes of low-reliability 

• Knowledge missing: we do not know how to do something we 

are trying to do 

–The fact that virtually all buildings have actual 

energy >> predicted suggests that we lack some 

important knowledge   

• Incompetence: we do not do something we know how to do 

–The fact that most buildings in Chile withstood big 

earthquakes suggests that we know how to design 

and build for earthquake performance 

CEE111/211 



Checklists address the competence problem 

Good Checklists foster teamwork and discipline.  They 

• Define 

–Tasks (“stupid” things) to do 

–Collaboration (Information to exchange) among multiple 

responsible stakeholders 

• Allow specialists freedom to manage unpredicted conditions 

• Need to balance 

–Freedom (judgment) vs. discipline (procedure) 

–Craft flexibility vs. protocol structure 

–Specialty action vs. group collaboration  
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Reliability in other industries 

•Airline operations, surgery: 

–Lots of performance data, e.g., on-time records; “evidence 

based medicine” 

–Checklists, e.g.,  

•Flight checklist for entire aircraft crew; Pause time for 

checks in surgery 

•Carefully crafted by industry, company, local groups 

•Apply to very small steps in processes that have 

statistical reliability problems; not used for many steps 

•Designed to provide structure and professional flexibility 

•Enable extremely high process reliability when used 

broadly 
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Culture of effective Checklist use 

•Power: for complex, non-routine problems, push to source 

of greatest actionability: the periphery  

–Away from center 

• Senior management: 

–Sets goals and objectives 

–Measures progress 

–Facilitates (and assures) communication 

• Team members:  

–Have shared responsibility to act, to check 

–Act professionally: selfless, skilled, trustworthy, 

disciplined 

20 
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Culture of effective Checklist use 

•Initiate activation phenomenon 

–Share names (if not already known) 

–Share concerns and observations at start of each 

major activity, e.g., the day 

Ąmore engagement in checklist use 

•Of marginal help, at best 

–Published books of standards 

–Financial incentive for performance 

 

21 
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Effective Checklists 

• Precise: Clear, relatively short (~5-9 major steps), uncluttered 

–Include “Do Confirm” steps 

• Often part of a family of checklists, e.g., checklist for each day, for 

different circumstances 

• Have strengths: 

– Help experts remember important steps in complex procedures 

– Clarify priorities and sequences 

– Prompt teamwork 

– Enable rapid dissemination of new knowledge 

– Do work – often dramatically 

• Have limits: 

– Cannot do skilled work 

– Cannot force conformance 

– Require training 

– Require careful development 

 

 

22 
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AEC Checklists that can help reliability 

• (Partial) examples: 

–Gantt charts, deliverable schedules, punch lists, w/ 

•Tasks (process steps)  

•Implicitly: checks, e.g., availability of responsible parties 

and resources, task acceptance criteria 

–Commitments: 

•Formal: RFIs, formal meetings, punch lists 

•Informal:  emails, informal meetings 

•Implicitly: checks, e.g., available budget, materials, 

information, etc.,  to meet commitment; acceptance 

criteria 
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AEC Reliability data 

• Large amounts of data are needed to identify process steps that affect life 

or company health and safety 

– Some industries have accident cause data, e.g., OSHA, NTSB 

– Some performance data exist in AEC, e.g.,  

•RS Means cost 

•OSHA Total Construction safety Incidence Rates per 100 

Full-time Workers: 

–1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

–8.8  8.6  8.3  7.9  7.1  6.8  6.4  6.3  5.9  5.4 

– Process reliability data largely invisible, even within companies 

–Process reliability must be exceptionally high (> 6σ) to assure 

acceptable lifecycle product reliability 
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Management  

practices 

Hospital 

Operations 

Management 

Performance  

and target 

management 

Talent and People 

management 

Example dimensions 

evaluated 

Performance dialogue 

and review 

Interconnection  

of targets 

Consequence 

measurement 

Target balance 

Performance tracking 

3.5) Performance is 

continuously tracked and 

communicated, formally 

and informally, to all staff 

using a range of visual 

management tools  

1.1) Measures tracked do not 

indicate directly if overall 

hospital objectives are 

being met. Tracking is   

ad hoc 

2.3) Most key performance 

indicators are tracked 

formally. Tracking is 

overseen by senior staff  

Dimension 

Scoring criteria 

Management Quality Survey: 20 questions in 

three broad areas [Bloom] 
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Bloom framework suggests  quality conformance check measurements 



26 

Intervention aimed to improve 38 core textile 

management practices in 6 areas – for example: 

India project 

26 
Bloom framework suggests  quality conformance check measurements 
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Intervention aimed to improve 38 core textile 

management practices in 6 areas – for example: 

27 

Frequent monitoring 

Management Context  

India project 

Bloom framework suggests  quality conformance check measurements 
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India project 
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Use of checklist conformance tracking improves outcome performance 



Example Checklist - surgery Step in detailed 

schedule 
Checks to make 

before start of step 

30 



Example Checklist - childbirth 
Step in detailed 

schedule 

Checks to make 

before start of step 
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Example Checklist –  

Routine commercial aircraft procedures 

Step in detailed 

schedule 

Checks to make 

before start of step 

32 



Example Checklist –  

Emergency commercial aircraft procedures 

Step in detailed 

schedule 

Checks to make 

before start of step 

33 



Impacts of Safe Childbirth Checklist 
 

Single centre testing, Gokak, India  

Preliminary findings 

•3 months of pre-

intervention data  

•Data on ~400 

childbirths collected 

(admission to 

discharge)  

•3 weeks of checklist 

implementation data 

Indicator (selection) Baseline Post-

Intervention 

Washing hands and 

wearing gloves when 

doing vaginal examination 

or delivery 

<10% >90% 

Checking baby’s 

temperature after birth 
<5% >90% 

Routinely administering 

Oxytocin within 1 minute 

after birth 

<5% >90% 

CEE111/211 34 Use of checklist conformance tracking improves outcome performance 



In-class exercise: BIM guidelines 

•Create a checklist to help projects create a BIM that 

enables multiple analyses -- reliably 

–Include 6-10 steps; checks at start of each step 

–Consider: 

•Product (a BIM) 

•Organization: stakeholders who specify, review, analyze and 

approve a BIM 

•Process (create and analyze a BIM) 

CEE111/211 35 



CEE111/211 36 

CEE 111/211 Agenda 

–Questions, comments, concerns 

–Reliability and Checklists 

–4D animations 

–Breakdown structures 

–Meetings 

–Disruption 

*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
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4D model: so what 

Issues 

•Time-space conflicts? 

•Temporary structures, 

laydown issues? 

•Latency and fast-track 

opportunities? 

 

• Caltrans example 

Questions 

•How detect issues - in 

master or look-ahead 

schedules? 

•How team can build 

product and process 

models to expose (real 

or potential) time-space 

conflicts? 

../SBBT_comparison.wmv
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CEE 111/211 Agenda 

–Questions, comments, concerns 

–Reliability and Checklists 

–4D animations 

–Breakdown structures 

–Meetings 

–Disruption 

*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
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The big idea 

•Breakdown Structures specify the types of conceptual 
components of a design 

–For VDC, useful breakdown structures include 
P,O, P:  

•BSs represent the generic types of Product, 
Organization, Process (Work) 

–Product components, types of VDC teams, 
types of work 

–Breakdown structures represent the generic form 
semantics of POP models 

•A POP model with instances is a specialization 
of a generic POP model 
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Breakdown structures in VDC 

Product 

Breakdown 

Structure 

(PBS) 

• Major types of 

components 

Organization 

Breakdown 

Structure 

(OBS) 

• Major types of 

organization 

components 

Process (Work) 

Breakdown 

Structure 

(WBS) 

• Major types of 

tasks 

Breakdown structures 

ÂHierarchical 

ÂRelate to each other 

ÂTypes, not instances 
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Levels of Breakdown Structures 

•Level-A: typically ~1 element  
–Highest level: the project  

•Level-B: about 10 elements 
–Systems (NASA), 

•Level-C: about 100 elements 
–Segments (NASA) 

•… 
–Parts (NASA) 

 

•For PBS, OBS, WBS  
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Levels of Breakdown Structures 

•Level-A: typically ~1 element  
–Highest level: the project  

•Level-B: about 10 elements 
–Systems (NASA), 

 

•Dropdown in POP function or form 
–Shows PBS choices 

–Built from Element options list 

–Based on BS content 

•Similar for PBS, OBS, WBS  



To make POP entry refer to BS 

1. Select segment of POP that should have a BS as 

content, e.g., Functional specification for Process tasks 

2. On Excel Data tab, select Data Validation tool 

3. Allow values: List 

4. Source: BS 

Ą5.   Dropdown menu 

    content 

 

 
1 

2 

3 

4 

5 

2 
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Product Breakdown Structure (PBS) 

•PBS: hierarchical breakdown of the types of spaces, 

components and systems physically present in a 

facility 

–Types: 

•Architectural elements: spaces 

•Physical elements: components and systems 

•Functional elements, e.g., energy/security zones 

–Shows deliverable components and functional 

features (delivered by OBS performing WBS 

tasks) 
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Organization Breakdown Structure (OBS) 

•OBS: hierarchical breakdown of the types of workers 

necessary to complete a project 

–Design and Construction (to support VDC) 

–Of product components and systems (wrt PBS) 

–OBS elements have responsibility for deliverable 

elements and services (as they do WBS tasks) 
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Work Breakdown Structure (WBS) 

•WBS: hierarchical breakdown of the 

work necessary to complete a project 

–Product-based (wrt PBS) 

–Work done by organization components 

(wrt OBS) 
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Product Breakdown Structure 

Product 

Slabs Columns Walls Roofs Openings 

Rebar Concrete Door Window 

Part or Component 
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Organization breakdown (Design phase) 

Product Design Team  

Slab Design  
Team 

Column Design  
Team 

Wall Design 
Team 

Roof Design 
Team 

Opening Design 
Team 

Design 
Rebar 

Design 
Concrete 

Choose 
Doors 

Choose 
Windows 

Create Project 

Construction Team 

Detail not elaborated 

Part or Component 
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Process (W) breakdown (Design phase) 

Design  
Product 

Design 
Slabs 

Design  
Columns 

Design 
Walls 

Design 
Roofs 

Design 
Openings 

Design 
Rebar 

Design 
Concrete 

Design 
Doors 

Design 
Window 

Create  
Project 

Construct  
Product 

Detail not elaborated 

Part or Component 
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Process (W) breakdown (Construction phase) 

Construct  
Product 

Construct 
Slabs 

Construct  
Columns 

Construct 
Walls 

Construct 
Roofs 

Install 
Openings 

Place 
Rebar 

Pour 
Concrete 

Install 
Doors 

Install 
Window 

Create  
Project 

Design  
Product 

Detail not elaborated 

Part or Component 
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Simple example … 

•Project Product, Organization, 

Work breakdown structures 

Designed forms [~10 for  

level-B] 

Generic  

physical  

Designed  

Organization  

actors 

Designed  

process  

activities 

Top level  Product Organization Process 

First level Design Team Design 

Construction  

Team Construction 

Second level Slab Concrete team Pour slab 

Columns Column team Erect columns 

Walls Wall team Erect walls 

Roof Roof team Erect roof 

Doors Installation team Install doors 

Windows Installation team Install windows 

Breakdown Structure 
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Organization Breakdown Structure (OBS) 

defines Actors (Groups) 

•OL-A: Project Sponsor / Executive Ą 

focus of L-A POP 

–OL-B: Project Manager   

• OL-B: Area / Discipline Managers 

–OL-C: Group Leader / Crew Foreman 

»  OL-E: Engineers, Workers 

Ą focus of 

L-B POP 
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Bay Street OBS Example 

•OL-A: Developer 

–OL-B: Project Manager 

• OL-B: Superintendents 

–OL-C: Concrete Foreman 

» OL-E: Concrete Laborer 

 

Ą focus of 

L-B POP 
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In-class … 

Working in teams of ~3 

1. Create A+ level Product, Organization, 

Process (Work) breakdown structures for 

WTC project 

–To support > 5 analyses (name them) 

–Sketch tree structures for the P, O and P 

component types 

–Annotate A, B, etc. level elements, e.g., 

–Relate to sketches of your product, 

organization and process 

2. Create A+ level POP model 

3. Annotate consistency of POP functions 

and forms with BSs 

 

 

A+ 

A 

B 
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Cost Breakdown Structure (CBS) 

•CL-A: Project 

–CL-B: Concrete 

•CL-B: Formwork 
–CL-C: Wall Forms 

Å Organized according to the CSI (Construction Specifications Institute) 

Masterformat  (16 Divisions) -> organized by type of work.  

Å Sets up job cost and accounting items.  

Å Organizes historical cost.  

Å Links to WBS as follows: 

Å CL-B -> WL-C, WL-E 

Å CL-B, CL-C -> WL-G 
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CSI-based 

organization of cost 

information  

(Source: Means 

Building 

Construction Cost 

Data) 
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Common Breakdown Structure Pitfalls 

•Data silos 

–CAD drawings/BIMs 

–Estimate 

–Master schedule 

–Look-ahead schedule 

–Accounting 

–Daily Reports 

–…. 

üNo common, shared structure for project information 

üDifficult to assess model conformance to BSs 

üReconstruction and reentry of data 

–Difficult to simulate (plan) project for multiple 
perspectives (e.g., to consider the organizational, cost, 
and schedule impacts of selecting a particular scope) 
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Common WBS Pitfalls (cont’d) 

• WBS organized by system (easy to do because one can just follow the 
PBS), e.g., 

• WL-B: Telecom system 
–  WL-C: Telecom cable 

•WL-E: Install telecom cable 
–WL-F: Install telecom cable in area 12 

» WL-G: Procure telecom cable for area 12 

» WL-G: Open trench for telecom cable in area 12 

» WL-G: Place telecom cable in area 12 in trench 

» WL-G: Backfill trench in area 12 

–WL-C: Alarm cable 
•WL-E: Install alarm cable 

–WL-F: Install alarm cable in area 12 

» WL-G: Procure alarm cable for area 12 

» WL-G: Open trench for alarm cable in area 12 

» WL-G: Place alarm cable in area 12 in trench 

» WL-G: Backfill trench in area 12 

• Problem:  trench in area 12 may be opened up twice, w/ system-driven and 
not construction-driven WBS 

• Construction-driven WBS would switch LOD in WBS between trench and 
cables, so cables show up as part of trench activity in area 12. 



CEE111/211 66 

CEE 111/211 Agenda 

–Questions, comments, concerns 

–Reliability and Checklists 

–4D animations 

–Breakdown structures 

–Meetings 

–Disruption 

*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
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DEEPAND 

DESCRIPTIVE (40%) 
Visualize what is explicit 

Å When is there access to 

Building 14? 

Å What floor areas do these 

numbers refer to? 
EXPLANATIVE (20%)  

User Interprets 

Å Why area finish times? 

PREDICTIVE (10%)  

Analyze to find what is implicit 

Å How much earlier does change 

allow steel top-off? 

EVALUATIVE (30%)  

 User Judgment 

Å Does finish milestone meet contract? 

Å How is option 2 different than 1? 
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How we spend time in projects: DEEPAND 

For an existing design: 
• Describe  

• Explain 

• Evaluate  

• Predict 

For new designs 
• Alternative formulation of 

new solutions 

• Decide: select solutions 

For engineering 
• Negotiate responsibilities 

•DEEPAND is part of 

VDC conceptual 

framework… 

•DEEPAND applies to 

time reviewing existing 

designs… 

–Important in construction 

phase 
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Where is the value? -- DEEPAND 

For an existing design: 
• Describe  

• Explain 

• Evaluate  

• Predict 

For new designs 
• Alternative formulation of 

new solutions 

• Decide: select solutions 

For engineering 
• Negotiate responsibilities 

•DEEPAND is part of 

VDC conceptual 

framework… 

•DEEPAND applies to 

time reviewing existing 

designs… 

–Important in construction 

phase 



0%

10%

20%

30%

40%

50%

Describe

Explain&Eval

Predict

Alternative

Decide

Negotiate
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Meeting Performance 

•Usual Project   “Tripod” ICE 

 

 

 

 

 

 

 

 

 

•Red: fraction of inquires of each DEEPAND type  

•Blue: fraction inquiries that received timely and 
satisfactory response 

0%

20%

40%

60%

Describe

Explain&Eval

Predict

Alt ernat ive

Decide

Negot iat e



CEE111/211 71 

Classifying utterances 

•perlocution = effect of utterance on hearer 

 Participant Utterance Meeting 
perlocution 

classification 

Project 
Manager 

What is up John (architect)? Any news from the 
rooms’ layout? [Explicitly requesting information] 

Des?  

Architect As you can see in the new set of drawings 
<architect points to an area in the drawings>, I am 
proposing a new room layout. [Providing an 
Alternative solution for the issue] 

 A 

Owner Will this option impact the total cost? [Requesting a 
prediction] 

P?  
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CEE 111/211Agenda 

–Questions, comments, concerns 

–Reliability and Checklists 

–4D animations 

–Breakdown structures 

–Meetings 

–Disruption 

*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
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Disruptive innovation 

Source: Wikipedia 

http://en.wikipedia.org/wiki/Image:Disruptivetechnology.gif
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Disruptive Innovation 

• Disruptive technology:  new technological 
innovation, product, or service that overturns 
existing dominant technology in the market,  
– Initially radically different from the leading technology  

– Often initially performs worse than the leading technology 
per existing measures of performance.  

• Sequence: fill 
1. Overserved niche (with lower cost) 

2. Underserved niche (higher performance) 

– E.g., small hard disks, digital photography 

• Sustaining technology: successive incremental 
improvements that market incumbents add into 
existing product. 
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Disruptive Innovation 

•“Disruptive technologyò defined by Clayton 

Christensen:The Innovator's Dilemma.  

•ñDisruptive innovationò = replacement term 

–Few technologies are intrinsically disruptive or 

sustaining  

–Strategy creates disruptive impact! 

 

–Source: The Innovator's Solution 
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VDC Conceptual framework 

VDC Conceptual 
Framework 

•POP 

•FFB  

•DEEPAND 

•Objectives, metrics 

 

 

Framework 

implications 

•Modeling 

methodology 

•Modeling and 

interaction skills 

•VDC model content 

Safety: 0 lost hours 

Schedule: 95% on-time performance 

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

Delivered Scope: 100% satisfaction 

Sustainability:     

Decision latency (Decision-making promptness): 

Response latency (Decision-making no earlier than 

necessary):   

Field-generated Requests for Information:  

Rework volume:   

Meeting effectiveness: 

Meeting efficiency:   

Coordination activity: 

Facility managed Scope: 

Prediction basis: 

Design versions: 



CEE111/211 77 

This week overview 

Big ideas 

Checklists, built based on product, organization and 
process models, can help multi - stakeholder teams 
increase process reliability  

 

Breakdown Structures guide POP design and, 
implemented well, allow reliable management of multi -
disciplinary analyses  

 



ORID +/∆ 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 +/∆: 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? 
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