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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 a: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

2. The CIFE ICE process is explicitly modeled after the JPL Team-X process, with which it shares which of the following features?
a) Same number of large shared display screens
b) Multiple co-located design participants who work with specialized modeling and simulation software

c) Someone (called a facilitator in the paper) focuses group attention on issues, suggests that several disciplines resolve issues of shared interest, and directs
attention of particular participants to specific issues as they emerge

d) Uses an information network that is “closed” in the sense that the participants collectively have the knowledge, skills and authority to model, simulate and make
decisions about the project design

T &) All of a - d

f) Options a, ¢

g) Options a, b, ¢
h) Mone ofa—d

3. The ICE discussion in the VDC paper defines a number of enabling factors for successful ICE including which of the following?
a) High independence of management structure, i.e_, individual designers can work in relative autonomy without much oversight

b) Open or "Pooled” stakeholder social nefwork that includes collocated participants resolving problems quickly in groups of two or more

)
)
c) Rich communications media, fundamentally shared visual models that show requirements, choices and predicted behaviors.
d) Committed design staff focus, i.e_, participants who are simultaneously committed to multiple tasks on multiple projects
e)Allofa-d

f) Options a, ¢
™\ ) g)Options a, b, ¢

h) Mone ofa—d
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Assessment

OR

=

4. The VDC paper defines decision latency as the time between posing a question and having information with sufficient quality that
it can be used to make a design decision. The paper claims that latency

T

_) a)ls a fundamental theoretical concept about process performance that drives design of the physical, social and technical coordination environment in which the
design team works

b) Has some but neither dramatic nor primary effect on routine (non-ICE) design session duration
c) Ranges from seconds to a few hours in well-functioning ICE sessions
d) Usually ranges from minutes to a few hours in routine engineering practice
e)Allofa-d

f) Options a, ¢

g) Options a, b, c

h) Mone of a — d

5. Which of the following statements are true about the VDC objectives framework?

a) Project controllable factors include decisions that a manager makes frequently or daily, e.g., model scope

b) Project process objectives are measurable and should be defined and then measured and reporfed monthly, e.g, stakeholder lafency
c) Project outcome objectives are measurable af the end of the project, e.g., project cost

d) Example controllable factors include the VDC modeling and analysis strateqy, process objectives to measure, latency and project cost
elallofa-d

f) Options a, ¢

g) Options a, b, ¢

h) None of a-d
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Assessment

6. The Kunz and Fischer paper claims that integrated product, organization and process modeling of a project is feasible and
valuable in practice today, However, a CAD model or a BIM and a process task model can each have thousands or tens of
thousands of elements, which surely means that it takes a long time and lots of effort to develop such models. Which of the
methods below do the papers suggest might help a project team to develop and models in practice today?

a) ABC analysis to systematically model and analyze the most important elements before elaborating detail
b) Automated design methods that take a generic design and automatically create details
c) Integrated modeling of product, organization and process so that the models are consistent and the analyses are mutually supportive

d) 4D animation and analysis, which shows the process to build something quickly and allows a set of stakeholders to identify constructability problems quickly

and easily and thereby obviates the need for detailed models
g) Allofa-d

X | f) Options a, ¢

g) Options a. b, c

h) Mone ofa —d
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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:

CEE111/211
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Class project

NCC (Stockholm):
Valuable skill:

CEE111/211
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Class project

 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 Y2 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 A production risk
management challenge

Focus: Master schedule plus lots of analysis of short-interval production
schedules to enable production contingency management A

« 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

CEE111/211
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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)

t h asrhat, the projectis real.
Goals: better sustainability, energy, look today (facelift),
flexibility
Valuable skill: logistics

CEE111/211 14




Reliability

Data from Chile post-earthquake Conclusions: Chile and

— ~500K/~5M homes developed economies
damaged or destroyed: < 2 o ¢« We can design and

— ~4 joint failures /~100 in construct structures well
(collapsed) buildings: 2 o e [For structures,

— 4/~10,000 post-1985 — Statistical performance
buildings collapsed in major OK to good
damage area: > 3 O — Society needs higher

reliability from AEC

— Reliablility of (design-
construction-operation)
management is the issue

15



Reliablility issues

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

CEE111/211
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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
e 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
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Checklists address the competence problem

Good Checklists foster teamwork and discipline. They
 Define
—Tasks (“stupi d” 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

CEE111/211
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Reliability in other industries

e Airline operations, surgery:

— Lots of performance data, e.g.,on-t i me r ecor ds,;
based medicine”

— CheckKlists, e.qg.,

 Flight checklist for entire aircraft crew; Pause time for
checks in surgery

o 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

CEE111/211
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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

CEE111/211
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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

A more engagement in checklist use
o Of marginal help, at best

— Published books of standards

— Financial incentive for performance

CEE111/211
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Effective Checklists

Precise: Clear, relatively short (~5-9 major steps), uncluttered
— I nclude “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 developgqieﬂtll/211
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AEC Checklists that can help reliability

(Partial) examples:
— Gantt charts, deliverable schedules, punch lists, w/
o 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

CEE111/211 23



AEC Reliablility 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
-88 86 83 79 71 68 64 63 59 54
— Process reliability data largely invisible, even within companies

— Process reliability must Dbe except
acceptable lifecycle product reliability

CEE111/211 24



Management Quality Survey: 20 questions in
three broad areas [Bloom]

Management
practices

Hospital
Operations
Management

Performance
and target
management

Talent and People
management

Example dimensions
evaluated

Performance dialogue
and review

Interconnection
of targets

Dimension
Scoring criteria

1) Measures tracked do not
indicate directly if overall
hospital objectives are
being met. Tracking is

ad hioc

Performance tracking

Target balance

Consequence
measurement

3) Most key performance
indicators are tracked
formally. Tracking is
overseen by senior staff

5) Performance is
continuously tracked and
communicated, formally
and informally, to all staff
using a range of visual
management tools

Bloom framework suggests quality conformance check measurements

CEE111/211
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Intervention aimed to improve 38 core textile

India project

management practices in 6 areas — for example:

Area Specific practice

Preventive maintenance 1s carried out for the machines

Preventive maintenance is carried out per manufacturer's recommendations
The shop floor 1s marked clearly for where each machine should be

The shop floor 1s clear of waste and obstacles

Machine downtime is recorded

Machine downtime reasons are momnitored daily

Machine downtime is analyzed at least fortnightly & action plans created and
mmplemented to try to reduce this

Daily meetings take place that discuss efficiency with the production team
Written procedures for warping, drawing, weaving & beam gaiting are displayed
Visual aids display daily efficiency loomwise and weaverwise

These visual aids are updated on a daily basis

Spares stored in a systematic basis (labeling and demarked locations)

Spares purchases and consumption are recorded and monitored

Scientific methods are used to define inventory norms for spares

Factory
Operations

Quality defects are recorded

Quality defects are recorded defect wise

Quality defects are monitored on a daily basis
Quality There 1s an analysis and action plan based on defects data
Control There 1s a fabric eradation svstem

Bloom framework suggests guality conformance check measurements

Standard 0pe1 ating pr rocedures are displayed for (_]u"lllh’ supervisors & checkers




India project

Intervention aimed to improve 38 core textile
management practices in 6 areas — for example:

Frequent monitoring
Management Context

Area Specific practice

Preventive maintenance 1s carried out for the machines

Preventive maintenance is carried out per manufacturer's recommendations
The shop floor 1s marked clearly for where each machine should be

The shop floor 1s clear of waste and obstacles

Machine downtime 1s recorded

Machine downtime reasons are momnitored daily
Factory }t[achiue downtime 1s analyzed at least fortnightly & action plans created and
Operations 11111.:lle111e11te.d to try to reduce Thlfs.
Written procedures for warping, drawing, weaving & beam gaiting are displayed
Visual aids display daily efficiency loomwise and weaverwise
These visual aids are updated on a daily basis
Spares stored m a systematic basis (labeling and demarked locations)
Spares purchases and consumption are recorded and monitored
Scientific methods are used to define inventory norms for spares
Quality defects are recorded
Quality defects are recorded defect wise
Quality defects are monitored on a daily basis
Quality There 1s an analysis and action plan based on detects data
Control There 1s a fabric eradation svstem

Bloom framework suggests guality conformance check measurements

Standard 0pe1 ating pr rocedures are displayed for L]ll’lllh supervisors & checkers




India project

Experiment gave treatment plants free consulting for 5 months
- adoption of these 38 management practices rose

Share of 38 management practices adopted

© [
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0
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< e . . .
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o
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~
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India project

Performance improved — e.g., quality defects down 50%

Start of
Implementation

0
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S N— N — —— 2.5 percentile
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Use of checklist conformance tracking improves outcome performance
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Step in detailed
schedule

Before induction of anaesthesia

(with at least nurse and anaesthetist)

Checks to make
before start of step

gefore skin incision

(with nurse, anaesthetist and surgeon)

O Confirm all team members have
Introduced themselves by name and role.

[ Confirm the patient's name, procedure,
and where the incision will be made,

Has antiblotic prophylaxis been given within
the last 60 minutes?

[ Yes
O Mot applicable

Example Checklist - surgery

4 World Health
Drgamza‘tlun

Patient Safety

AWl M tar St Hilth Care

Before patient leaves operating room

(with nurse, anassthetist and surgeon)

Nurse Verbally Confirms:

[0 The name of the procedure

[0 Completion of instrument, sponge and needle
counts

[0 Specimen labelling (read specimen labels aloud,
including patient name)

[0 Whether there are any equipment problems to be
addressed

Anticipated Critical Events

To Surgeon:

[ What are the critical or non-routine steps?
0 How long will the case take?

) What is the anticipated blood loss?

To Anaesthetist:
[0 Are there any patient-specific concems?

To Nursing Team:

[ Has sterility {including indicator results)
been confirmed?

[0 Are there equipment issues or any concerns?

Is essentlal imaging displayed?
O Yes
[ Mot applicable

To Surgeon, Anaesthetist and Nurse:

O What are the kﬁfr,r concermns farremueryaﬂd
management of this patient?

30



Step in detailed
schedule

B

Befol /Birth | saFE CHILDBIRTH CHECKLIST - GOKAK PILOT

1. On Admission

Example Checklist - childbirth

PATIENT:

CASE NOTE ID#:

(@Y World Health
&Y Organization

O No
O Yes, contacted

O Yes

Antibiotics?
0 No
O Yes, given

0 No
O Yes, given

Nevirapine?
0 No
O Yes, given

Completed by:

This checklist is not intended to be comprehensive and should not replace patient chart or partograph. Additions and modifications to fit local practice are encouraged.

Does Mother need obstetric review?

Partograph started?
0 No: Will start when = 4 cm

Does Mother need to start:

Magnesium sulfate?

O Confirm that Mother or
Companion knows nurse’s
name and will call for help
during labor if needed

Check criteria on poster

Start plotting when cervix 24 cm,

then cervix should dilate 21 cm/hr

+ Every 30 min: plot HR, contractions, FHR
* Every 2 hrs: plot temperature

+ Every 4 hrs: plot BP

Give antibiotics to Mother if any of:

* Mother’s temperature 2100.4°F

+ History of foul-smelling vaginal discharge

+ Rupture of membranes at home

« Labor >24 hrs (primis) or > 12 hours (multips)

* Premature rupture (membranes ruptured, no labor)

Give magnesium sulfate to Mother if any of:

+ Diastolic BP 2100 mmHg

« Diastolic BP 290 mmHg, 2+ proteinuria,
and any: severe headache, visual disturbance,
epigastric pain

Give nevirapine to Mother if
* Mother is HIV+ and in labor

0 Confirm supplies are available near bedside to clean hands and wear
gloves for each vaginal exam

0 Encourage Birth Companion to be present (ASHA or family member)

Call for help if any of:

+ Bleeding

+ Severe abdominal pain

+ Severe headache or visual disturbance
* Urge to push

« Cannot empty bladder every 2 hours

2. Just Before Pushing (or Before Cesarean)

Does Mother need to start:

for Mother
O Gloves
O Soap and clean water

for Baby

0 Clean towel

O Sterile blade to cut cord
O Suction device

O Bag-and-mask

at birth if needed?

Completed by

N

Checks to make  p«r
before start of step |

ny of:

arge

Confirm essential supplies are at bedside:

0 Oxytocin 10 units in syringe

O Assistant identified and informed to be ready to help

Give magnesium sulfate to Mother if any of:

« Diastolic BP 2100 mmHg

+ Diastolic BP 290 mmHg, 2+ proteinuria,
and any: severe headache, visual disturbance,
epigastric pain

Prepare to care for Mother

immediately after birth

1. Confirm single baby only (not multiple birth)
2. Give oxytocin within 1 minute

3. Controlled cord traction to deliver placenta

4. Massage uterus after placenta is delivered

Prepare to care for Baby
immediately after birth
1. Dry baby and keep warm
2. If not breathing: clear airway and stimulate
3. If still not breathing:
- cut cord
- ventilate with bag-and-mask
— shout for help

J

Rev 068
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Step in detailed Example Checklist —

schedule

. Routine commercial aircraft procedures

N\

ewwites N\ B767 52K NORMAL CHECKLISTS 10Ec o8
R - nmnmmm -
......................... ... Complete [C) TN RS TP AR
;;c;m ................... W.‘l&va[g .......
R s i “"m"‘g """ Checksto make |~
oty e T bef f
SEes sl efore start of step |
Oxygencheck ... ............ Comgilate [C. ® FMCS. radios . .................. Frogrammed set for agproach
OUQUBNIRY .. ...vvvviecinnronee e «« «Normal [C) SEGPWS, raderdisplays . .. .................... Terrarvweatner
Autobrakes. . ............ - D i hbbrd . SRR e s A R Recaled. canceled
Porking brake............ ... 3"-"""'":""‘"‘%’ SRR v s s mam i dab e A e s e B b Set
Aosadte | e | DA O s o W
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Example Checklist —
Emergency commercial aircraft procedures

Step in detailed
schedule

Checks to make
before start of step

-~

PN e uni IRy 1 vEL W

B757/B767 EMERGENCY

QUICK REFERENCE CHECKLIST

FLY THE AIRPLANE - SILENCE THE WARNING -
CONFIRM THE EMERGENCY

ABNORMAL ENGINE START v ENGINE LIMIT/SURGE/STALL v

I_Fgol_eoinr_v_ugﬂ_tcl_l_.._.._._.:.:; ._..L_cg_ |I Autothrottle arm switch ... ............. '
------ Refer to Refarence Action FM page 16.20.1 «-«vvue |I Throttle W'
| Retard until indications remain within appropriate |

R A i o o a

------ Refer to Reference Action FM page 15.30,11 -------

T T Raforto Refererice Action FM page 15.20.3 —------ L (R) ENGINE FIRE)
SEVERE DAMAGE/SEPARATION u
W Autothrottle arm switch . ................. Off
L (R) STARTER CUTOUT/ W TONOMO. v s vy s in s osvapaansasans Idle
START SELECTOR REMAINS IN GND v g R PR SO Confirm, cut off
.................... ® Engine fire handle...............Confirm, pull
If engine fire handle light is illuminated:
m Enginefirebhandle ................. Rotate
If engine fire handie light remains iluminated after
seconds:
®m Engine fire
handle......... Rotate in opposite direction
........................... - Action FM pego 15,504 -
DRIFTDOWN u
B Autothrottle arm switch .................. off
.............. ® Thrust (op g Sogine). . . M monkh
""""""" WRAIION oo v o vonasrayinessssssanssssssTOM
EMCP BRI, . o s« o v ooonronsesasnmsnsnnse Set
B FLCHOMtoh. . . iocoacinrsaanoannsnass Push
LOSS OF ALL ENGINES v IO N s i sions Ve s A A S Set
= Engine start $610Ctors ., ............... Flight ®Heading ...............ooiiiis As required
O TR e s e s idie BATC.....ccccoiviriierirerennennes Advise
® Fuel control switches. ........ Cutoff,thenrun “*"""" Mbmwmmmmr .......
If engine appears stalled or EGT ches the
Standby Engine Indicator placard limit:
Ropest the provious siop on afscied enginats) Ths [N
reduces EGT and improves airflow,
______ R FMpoge 15,3013 ----- ® APUfire handle ............... Pull and rotate
------ Refer to Referance Action FM page 15801 «««vuee
FAA APPROVED

—
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Single centre testing, Gokak, India
Preliminary findings

Impacts of Safe Childbirth Checklist

* 3 months of pre- Indicator (selection) Baseline | Post-
intervention data intervention
_ Washing hands and <10% >90%
¢ Da_-ta C.)ﬂ 400 wearing gloves when
childbirths collected doing vaginal examination
(admission to gr:e"ver: _ = —
i ecking a b y<59% > 0
discharge) temperature after birth
» 3 weeks of checklist
>90%

implementation data Routinely administering <5%
Oxytocin within 1 minute

after birth

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
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4D model: so what

Issues Questions
Time-space conflicts? « How detect issues - in
Temporary structures, master or look-ahead
laydown issues? schedules?

Latency and fast-track ~ * How team can build
opportunities? product and process

models to expose (real
or potential) time-space
conflicts?
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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 specializatio

of a generic POP model /'\

CEE111/211 /\ 39




Breakdown structures in VDC

Product
Breakdown
Structure
(PBS)

e Major types of
components

Organization
Breakdown
Structure
(OBS)

e Major types of
organization
components

Process (Work)
Breakdown
Structure

(WBS)

e Major types of
tasks

Breakdown structures

A Hierarchical

A Relate to each other

__TN

A Types, not instances

ANERS




L evels of Breakdown Structures

Level-A: typically ~1 element g

— Highest level: the project A

Level-B: about 10 elements— VAN
— Systems (NASA),

Level-C: about 100 elements/
— Segments (NASA)

— Parts (NASA)

For PBS, OBS, WBS
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L evels of Breakdown Structures

Level-A: typically ~1 element g
— Highest level: the project A
Level-B: about 10 elements— x

/ N\

— Systems (NASA),

L

Dropdown in POP function or form

| e e e WP |||

] \\| e T s o]
o

— Shows PBS choices JEE

— Built from Element options list| ===

— Based on BS content

e ]
# T AN
s | e | | memeean N it
. s R,
- - H W _E
‘
) ]
3
s
;
:
:
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To make POP entry refer to BS

Select segment of POP that should have a BS as
content, e.g., Functional specification for Process tasks

On Excel Data tab, select Data Validation tool

Allow values: List
Source: BS
Dropdown menu
content

g Home Insert Page Layout

xternal Data

- F | Desi

RoomPOP - Microsoft Excel

2 View Acrobat

Formulas

{fh] From Access By B ﬂ [ERes Lr7 g 7;_ ==

, X =i = =] . ==
5 From Web

. From Other Existing Refresh %] sort Filter . Textto Remove
[ fromText  sources - Connections | Allw =  Advanced | columns Duplicates

chuilk,

> @
> -0} BIE @rE °E
e 2 W W 8

onsolidate What-If  Group Ungroup Subr
Analysis © ©

Qutline

Co

Data Validation

E .

A ] =
B |57 _Br
- Praduct Obiectives

‘alidation criteria

L ] 0] o F
\\\\\\\\\\\\\\\\\\\\\\\\\\\N1

Allow:
Process Element (Task Actior] gl List E ; *
78 D}
- ydown
Ho[E A [ -
. ¥ hebaoo
a4 Process Dlesign ix ke
. 3 Source:
a5 Pracess Pradict mods| behaviar sof —EN$119:$N5126
. A Erf
Biuild - direct work o
i Frocess Build - direct work
a Apply these changes to all other cells with the same settings
38 Frocess Fabiicate Fi pely 9 9
i
a3
H [5_8
o e Clear All
- Process Objectives
H |6 iliated goodness ] Me asurement Dite:
17 Lege Elemen:
8 Arlevel model elements Product ization Process
hi] e needs o assian Spaces Designer_|Appr
120 e copisd slysiz page th dzto check 4 Systems EuilderGC| Assess qualty
Physical
121 C db dshest; changs formuls 2z nesded Elements Euilder-Sub| Build - direct work
Modell T
M 4 » M| Home | POPV1 ~POPV2 - Analyses ProductConformance RentableArea ProductCost Produd]] 4
Ready | Count:5 |[HE|E s0% (——1L}




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)

e 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 Part or Component

—

Columns Slabs Walls Roofs Openin

Rebar|| Concrete Door | Window
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Organization breakdown (Design phase)

Create Project

———

|
Product Design Team Construction Team

— /R —

Part or Component

Column Design| |Slab Design! Wall Design Roof Design |[Opening Desigr
Team Team Team Team Team

N _— \

Choose
Doors

Choose
Windows

Design Design
Rebar || Concrete

Detail not elaborated
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Process (W) breakdown (Design phase)

Create
Project

|

Design
Product

|

Design Design Design
Columns Slabs Walls

N

Design Design
Rebar || Concrete

Detail not elaborated

CEE111/211

Part or Component

Construct
Product

Design
Roofs

Openings

Design
Window

Design
Doors




Process (W) breakdown (Construction phase)

Create
Project

Design
Product

Construct Construct! Construct

Columns Slab

Place
Rebar

S Walls

AN

Pour
Concrete

Detail not elaborated

CEE111/211

Part or Component

Construct
Product

Construct
Roofs

Install
Openings

Install
Window

Install




SI mpl e

exampl

* Project Product, Organization,

Work breakdown structures

Designed Designed
Designed forms [~10 for |Generic Organization process
level-B] physical actors activities
Breakdown Structure
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
Windess11/211 |Installation team |Install windows
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Organization Breakdown Structure (OBS)
defines Actors (Groups)

 OL-A: Project Sponsor / Executive A

focus of L-A POP

A focus of
L-B POP

—OL-B: Project Manager F

e OL-B: Area/ Discipline Managers
— OL-C: Group Leader / Crew Foreman
» OL-E: Engineers, Workers

CEE111/211 52



Bay Street OBS Example

 OL-A: Developer

A focus of
L-B POP

—OL-B: Project Manager
 OL-B: Superintendents

f

—OL-C: Concrete Foreman
» OQL-E: Concrete Laborer

CEE111/211
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In-c | as s

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.qg.,
— Relate to sketches of your product,

organization and process A g
2. Create A+ level POP model A
3. Annotate consistency of POP functions —
and forms with BSs A+ /\
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o To o T

Cost Breakdown Structure (CBS)

e CL-A: Project
—CL-B: Concrete

e CL-B: Formwork
— CL-C: Wall Forms

Organized according to the CSI (Construction Specifications Institute)
Masterformat (16 Divisions) -> organized by type of work.
Sets up job cost and accounting items.
Organizes historical cost.
Links to WBS as follows:
A CLB->WLC, WL-E
A CL-B, CL-C-> WL-G

CEE111/211

62




CSibased

organization of cost

Information

(Source: Means

Building

Construction Cost

Data)

31LTUINOD E

DAILY |LABOR- 2000 BARE COSTS TOTAL
03310 | Structural Concrete cRew jourpur wouRs| unT [ war | weoR | Equp | Tom | mciow
240] 1540 Maximum reinforcing rocaro] | C14A | 2284 | 8757 | CY. 35 248 30.50 653.50 84
1900 Elevated slabs, flat slab, 125 psf Sup. Load, 20" span 010 _|]C148 | 3845 | 5410 143 153 18.05 14.05 420
1950 30" span R0G310 | 50.99 | 4079 131 115 1360 259.€0 340
2100 Flat plate, 125 psf Sup. Load, 15’ span IE ‘ 30.24 | 6.878 152 194 23 369 500
2150 25" span 03350 | 4960 | 4.194 125 118 14 257 340
2300 Wafle const., 30" domes, 125 psf Sup. Load, 20" span |-130 37.07 | 5611 188 158 18.75 364.75 480
2350 30° span Iﬁ 44.07 | 4.720 170 133 15.75 318.75 415
2500 One way joists, 30" pans, 125 psf Sup. Load, 15" span | -058 27.38 | 7.597 219 214 25.50 45850 610
2550 25" span 3115 | 6677 205 189 22.50 416.50 550
2700 One way beam & slab, 125 psf Sup. Load, 15’ span 2059 (10.102 1713 285 3350 491.50 685
2750 25" span 28.36 | 7.334 158 207 2450 389.50 530
2900 Two way beam & slab, 125 psf Sup. Load, 15' span 24.04 | 8652 163 244 29 436 600
2950 25’ span v |3B87[|579) ¢ 137 164 19.35 320.35 43
3100 Elevated slabs including finish, not
3110 including forms or reinforcing
3150 Reguiar concrete, 4" slab C8 [2613| .021 | SF 84 .53 25 1.62 202
3200 6" slab 2585 | .022 1.30 54 25 2.09 254
3250 2-1/2" thick floor fill 2,685 | .021 57 52 24 133 L7
3300 Lightweight, 110# per C.F., 2-1/2" thick floor fill 2585 | .022 67 54 25 126 1.85
3400 Celiular concrete, 1-5/8" fill, under 5000 S.F. 2,000 | .028 46 70 33 149 1.9
3450 Over 10,000 SF. 2,200 | .025 36 63 30 1.29 1.70
3500 Add per floor for 3 to 6 stories high 31,800| .002 04 02 06 09
3520 For 7 to 20 stories high v |21.200] 003 | ¢ 07 03 10 13
3800 Footings, spread under 1 C.Y. C14C | 3807 | 2942 CY. 92.50 79.50 1 173 229
3850 Over5CY. 81.04 | 1.382 8 3750 A7 12287 154
3900 Footings, strip, 18" x 9", plain 4104 | 2729 84 7350 93 158.43 211
3950 36" x 12", reinforced 61.55 | 1.820 85.50 43 62 135.12 173
4000 Foundation mat, under 10 C.Y. 3867 | 2.89 116 8 98 194.28 254
4050 Over 20 C.Y. v | 5640 1986 103 5350 68 157.18 199
4200 Grade walls, 8" thick, 8' high C-14D | 4583 | 4.364 105 122 1515 242.15 325
4250 14" high 21.26 | 7.337 131 206 25.50 362.50 495
4260 12" thick, 8" high 64.32 | 3.109 9% 87 10.80 192.80 254
4270 14’ high 4001 | 4.999 105 140 17.35 262.35 355
4300 15" thick, 8’ high 80.02 | 2499 0 70 865 168.65 220
4350 12" high 51.26 | 3.902 93.50 109 1355 216.05 291
4500 18’ high v |2885|404] ¢ 104 115 14.20 23320 310
4520 Handicap accass ramp, raiing both sides, 3' wide Cl4H| 1458 (3292 LF. 97 92 260 191.60 256
4525 5’ wide 1222 | 3.928 111 109 310 22310 299
4530 With cheek walls and rails both sides, 3' wide 855 | 5614 99.50 156 444 259.94 360
4535 5 wide v | 731 |6566] ¢ 100 183 5.20 288.20 405
4650 Slab on grade, not including finish, 4" thick C14E | 6075 | 1.443 ] CY. 7 4050 62 118.12 151
4700 6" thick " 92 | .957 ’ 74 26.50 41 100.91 125
4751 Slab on grade, incl. troweled finish, not incl. forms
4760 or reinforcing, over 10,000 SF., 47 thick slab Cl4F (34251 021 | SF. 84 54 01 139 1.75
4820 6" thick slab 3350 | 021 122 55 01 1.78 218
4840 8" thick slab 3184 | 023 167 58 01 2.26 273
4900 12" thick slab 2,734 | .02 .51 68 01 320 380
4950 15" thick slab v [2505] 08| ¢ 315 J4 02 391 160
5000 Slab on grade, incl. textured finish, not incl. forms
5001 or reinforcing, 4” thick slab C14G| 2873 | 019 | SF. 82 49 01 1.32 1.66
5010 ©" thick 2590 | .022 1.28 .55 01 1.84 225
5020 8" thick v 230 04| ¢ 166 6l 02 229 278
5200 Lift slab in place above the foundation, incl. forms,
5210 renforcing, concrete and columns, minimum Cl4B(2113| .098 | SF. 4.75 2.78 33 7.86 10
5250 Average 1,650 | .126 : 540 3.56 42 9.38 12
5300 Maximum v ‘L 1500 139 ] ¢ 6.151 391 46 10.52 1350 |




Common Breakdown Structure Pitfalls

e Data silos
— CAD drawings/BIMs
— Estimate
— Master schedule
— Look-ahead schedule
— Accounting
— Dally Reports
U No common, shared structure for project information
U Difficult to assess model conformance to BSs
U Reconstruction and reentry of data

— Difficult to simulate (plan) project for multiple
perspectives (e.g., to consider the organizational, cost,
and schedule impacts gf.sglecting a particular scope),,




\~ 4

Common WBS Pi1tfal l s

WBS organized by system (easy to do because one can just follow the
PBS), e.qg.,
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.
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CEE 111/211 Agenda

Questions, comments, concerns

Reliability and Checklists
4D animations
Breakdown structures
Meetings

Disruption

1 i

ill] nu;:;w
L P

05.07.01 0510
40, *SRG Reprogram 15/ 85
51. Designate size, locat 85
55. KPFF design stairs 129
G accept 1514 Interfac 100!
Architect program/MEP 100
(8) *Revise MEF loads, |20
MEP Equipment sched | 10/31
(13,15,18) MEP specs, |7
Detailed Design 80 PC | 11/01
Issue 80% MEP CDs | 1101
(19) Genentech review 802
(20) Incorporate B0% ME B
MEP 80% Review com 111
(21-4) Finalize MEP Deta 25
Finish 1w
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*
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DEEPAND

PREDICTIVE (10%)

allow steel topoff?

0
Analyzéo find what is implicit D ESCRIPTIVE (40%)

Visualizavhat isexplicit

AHow much earlier does change\ AWhen is there access to

Building 147

[

\ AWhat floor areas do these

EXPLANATIVE (20%)
User Interprets
AWhy area finish times?

numbers refer to?

User Judgment

ADoes finish milestone meet contract?
AHow is option 2 different than 1? 67

EVALUATIVE (30%)




How we spend time In projects: DEEPAND

For an existing design:
« Describe

* EXxplain

 Evaluate

* Predict

For new designs

o Alternative formulation of
new solutions

 Decide: select solutions

For engineering
* Negotiate responsibilities

CEE111/211

DEEPAND is part of
VDC conceptual
framewor k...

DEEPAND applies to
time reviewing existing
desi gns ..

— Important in construction
phase
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Where is the value? -- DEEPAND

For an existing design:
« Describe

* EXxplain

 Evaluate

* Predict

For new designs

o Alternative formulation of
new solutions

 Decide: select solutions

For engineering
* Negotiate responsibilities

CEE111/211
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Meeting Performance

e Usual Project

Negotiate

Decide

&)

4

o>

\/ rede

Alterna]y\_/e
e Red: fraction o

Describe

CEE111/211

Tri pod”

Alternative

Inquires of each DEEPAND type

« Blue: fraction inquiries that received timely and
satisfactory response

Explain&Eval
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Classifying utterances

e perlocution = effect of utterance on hearer

Participant Utterance Meeting
perlocution
classification
Project What is up John éarc_hitect)? Any news from the Des$
Manager |r o o ms ' [Explicityweguesting information] \
Architect | As you can see in the new set of drawings N A\
<architect points to an area in the drawings>, | am
proposing a new room layout. [Providing an
Alternative solution for the issue]
Owner P?

Will this option impact the total cost? [Requesting a
predmtmn?

CEE111/211
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CEE 111/211Agenda

Questions, comments, concerns

Reliability and Checklists
4D animations
Breakdown structures
Meetings

Disruption

1 i

ill] nu;:;w
L P

05.07.01 0510
40, *SRG Reprogram 15/ 85
51. Designate size, locat 85
55. KPFF design stairs 129
G accept 1514 Interfac 100!
Architect program/MEP 100
(8) *Revise MEF loads, |20
MEP Equipment sched | 10/31
(13,15,18) MEP specs, |7
Detailed Design 80 PC | 11/01
Issue 80% MEP CDs | 1101
(19) Genentech review 802
(20) Incorporate B0% ME B
MEP 80% Review com 111
(21-4) Finalize MEP Deta 25
Finish 1w
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*
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Disruptive innovation

©
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=
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Source: Wlklpedla CEE111/211



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

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
e Sustaining technology: successive incremental

Improvements that market incumbents add into

existing product.
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Disruptive Innovation

e “Di srupt i v edefinedl bynChagtdno g vy
Christensen:The Innovator's Dilemma.

e A DI sruptive 1T nnovationdc
— 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

—ramework
. 'FB }
 DEEPAND

Objectives, metrics

é@

CEE111/211

Framework

impl

e Mod

met

ications
eling
nodology

« MoC

eling and

Interaction skills

VDC model content
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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

CEE111/211
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ORI D +/ A Anal ys|

jl O V  To examine the data V  What do you see?
= V  To identify factual V  What factual statements can
/ \ Objective information you make based on the data?
Level
V  To encourage connections |V  What surprised you?
R V  To encourage free flow of V  What encouraged you?
Reflective ideas and imagination V  What discouraged you?
Level V  How does this make you feel?
V  To identify patterns and V  What does the data tell us?
I determine their V  What are insights for you?
Interpretive signifi_cance or mean_ing V  What is th(_e good news?
Level V  To articulate underlying V  What are limits?
insights V  What else is there to learn ?
V  To propose next steps V  What are next steps?
D V To develop an action plan |V  What decisions can we make?
Decisional V  To make decisions_ Vv Whgt i'_s our action plan for
Level V To experience| 0 wmovingfongard?
toget her o
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ORI D +/ A: Focused Con

Reflective _ Decisional
o . Reflective _
Objective Positive _ Interpretive What
Negative
What do you What do you What sense do| agreements
_ N What do you _
recall seeing? | feel positive | . _ you make of it? | can be made
find negative?
about? now-?

79

CEE 111/211

e



