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Objectives

m Background
= What is VE
m Why, When, What, & How to VE

m Potential Roles
m Relation to Other PM Tools

m References
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Background

= 1947 VE Process Established SQV'
= 1954 Adopted by US Navy : |
Adding Value. Enhancing ldeas.
= 1959 SAVE International
= 1970 Highway Act
= 1978 FDOT VE Program
= 1995 National Highway Systems Act
= 1997 Federal Regulation (23 CFR 627)
= 2005 SAFETEA-LU
L 2022 Lindatad Cadoral Daculation,
= 2012 MAP-21
2014 Updated Federal Regulation
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Background
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Background

= FHWA Requirements — 23CFR 627

» NHS Federal-Aid projects
> $50 million projects

> $40 million bridge projects
>

Federal-Aid Major project on or off
the NHS

> Not Design Build

» Any project FHWA determines
appropriate
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What is Value Engineering?

It IS not cost reduction!!!

Value Engineering Is the systematic
application of function-oriented
techniques by a multi-disciplined
team to analyze and improve the
value of a product, process or
service.
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What is Value Engineering?

It IS not cost reduction!!!

Value Engineering Is the systematic
application of function-oriented
techniques by a multi-disciplined
team to analyze and improve the
value of a product, process or
service.
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Why use VE?

= Shrinking Resources
> Do More with Less

» Put more product
on the street

= Bold, Innovative &
Inspirational

FDOT Florida Department of Transportation



Why use VE?

m Improve Project Schedule

m Improve Constructability

= Resolve Stakeholder Issues
= Reduce Operating Costs

m Reduce Overall Project Costs

= Mitigate Risks
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When to apply VE

Scope/Concept
Development

Design

Construction Operation &
Maintenance

Project Life Cycle »

Opportunity for
Change
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When to apply VE

» Planning

Typical Information Required :

» Traffic Information
* Aerial Photo
* ROW Information

* Preferred Alternative

FDOT Florida Department of Transportation



When to apply VE

» Project Development & Environmental

Typical Information Required :

* Construction Cost * Preliminary Plans
Estimates

e ROW Cost Estimates

 Business Damage
Estimates

e Traffic Analysis

 Environmental Impact
Analysis

 Summary of public
Involvement

FDOT Florida Department of Transportation



When to apply VE

» Design

Typical Information Required :

 Drainage Information < Cross Sections

* Typical Sections e Structure Info.

 Plan & Profile * Traffic Control Plans

* |ntersection &  Preliminary Cost
Interchange Layouts Estimate

FDOT Florida Department of Transportation



When to apply VE

» Design/Build Projects
*« 23 CFR 627.5 — FHWA Encourages

*« 23 CFR 627.9 - Conducted prior to release of
RFP document

Typical Information Required :

 RFP Package

FDOT Florida Department of Transportation



How is VE Done?

VE Job Plan
» Project Selection
Pre-Study
» Team Selection
» Information Phase
> » Function Analysis
-
) » Creative
S
@ » Evaluation
2
I-I>J » Development
» Presentation
» Implementation
Post-Study

» Report Results
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Projects Selected for VE (What)

= All projects over $25 million

= Large Right-of-Way Purchases

= Major Bridges
= Complex Projects
= Large Corridor & Multi-modal Projects

= Project Manager Requests
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Team Selection (Who)

m Team Leader
« Consultant
* In-house

= Design

m Construction
m Maintenance

m Specialized Expertise

FDOT Florida Department of Transportation



How is VE Done?

VE Job Plan
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» Team Selection
» Information Phase
> » Function Analysis
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S
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5 QUESTIONS

ASK DURING THE VE STUDY:

. What s it?

. What does it do?

. What does it cost?

. What else can do it?
. What does that cost?

Ul H WIN =
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How is VE Done?

VE Job Plan
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Pre-Study
» Team Selection
» Information Phase
> » Function Analysis
-
) » Creative
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Information Phase

 Review Project Information

— Discuss Design/Estimate

— Develop Questions for Design Team
e Constraints ?
 Major issues?
 What keeps you up at night?
e Significant Risks?

— ldentify any missing information

 Team Briefing
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Information Phase

e Site Visit
— Meet at site and walk the site as a team
— Record any observations
— Take Pictures

* Post Site Visit
— Collect group observations
— Review Cost Model
— Areas of Review

FDOT Florida Department of Transportation



Cost Model Pareto

20% of functions contain 80% of cost
Cost Model

$12,000,000.00

$10,000,000.00

Total Estimated Cost: $49.5 million

$8,000,000.0

$6,000,000000

$4,000,000.80

$2,000,000.90
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How is VE Done?

VE Job Plan
» Project Selection
Pre-Study
» Team Selection
» Information Phase
> » Function Analysis
-
) » Creative
S
@ » Evaluation
2
I-I>J » Development
» Presentation
» Implementation
Post-Study

» Report Results
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Function Analysis

What is Function?

* Intent or purpose that a product or service is
expected to perform.

 Expressed in 2 words, active verb and
measurable noun.

WHAT DOES IT DO?
WHAT DOES ITDO ITTO?
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Function Analysis

Calling ‘timeout’ in
football results in
various actions.
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Function Analysis

ACTIONASEFUNCTION

Stop Clock
Substitute Players
Change Play

. Conserve Time
. Convey Strategy
. Avoid Errors

. Modify Strategy

FDOT Florida Department of Transportation



Function Analysis

Time out

How many reasons (Functions)
are behind any timeout call by
either player, coach or officials?
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Function Analysis

ACTIONASEFUNCTION

Throw Flag

5. Challenge Decision
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Function Analysis

ACTIONASEFUNCTION

6. Prevent Scoring
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Function Analysis

ACTIONASEFUNCTION

Change Play

7. Establish Authority
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Function Analysis

ACTIONASEFUNCTION

Coach Players

8. Improve Performance
9. Prevent Errors
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Function Analysis

ACTIONRAAEFUNCTION

10. Challenge Decision
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Function Analysis

ACTIONASEFUNCTION

Measure Distance

11. Determine Advancement
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Function Analysis

ACTIONASEFUNCTION

Assist Player

12. Protect Player
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Function Analysis

ACTIONASEFUNCTION

Resolve Disagreement

13. Finalize Judgment
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Function Analysis

ACTIONASEFUNCTION

Stop Fight

14. Minimize Disruptions

15. Prevent Injury
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Function Analysis

ACTIONRAARFUNCTION

16. Entertain People
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Function Analysis

ACTIONNANFUNCTION

v

View Commercic

THE PER,
FOR WHATEVER HAPPENS

#FLIBFoRrWHATEVER

17. Promote Sponsors
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Function Analysis

Random Function Generation

Guardrail Re-direct Vehicle
Door Control Access
Electric Switch Interrupt Current
Screwdriver Transmit Torque
Column Transfer Load

Light lluminate Area

Fence Enclose Area
Landscaping Improve Appearance
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Function Analysis

What is the function of this pencil?

“make marks”

Band: Secure Eraser
— Barrel: Support Lead,

Accommodate Grip,
/ Transmit Force

Paint: Protect Wood, Improve

Appearance /

Graphite: Make Marks

Eraser: Remove Marks /

FDOT Florida Department of Transportation



Function Analysis

e Classifying Functions

— Basic: Specific purpose for which something exists
1. Primary purpose and intent
2. If you can eliminate it is not basic
3. Loss of Basic Function will cause loss in value
4. Customer must be willing to pay for it

— Secondary: Supports the basic function

1. May or may not add value

2. Contribute to cost and may not be essential to the
performance of the basic function

FDOT Florida Department of Transportation



Function Analysis

Classifying Functions: Pencil

ITEM VERB m BASIC/SEC

Eraser Remove Marks Secondary
Band Secure Eraser Secondary
Barrel Supports Lead Secondary
Accommodates Grip Secondary
Transmit Force Secondary
Paint Protects Wood Secondary
Improves Appearance Secondary
Graphite Makes Mark Basic

FDOT Florida Department of Transportation



Function Analysis

e Classifying Functions

— Higher Order: Specific need that causes the Basic
function to exist. Describe the outcome or result
of the Basic function

— Lower Order: Describe required inputs for a
project, product or process.
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Function Analysis

Function Analysis System Technique (FAST)

HOW

—

WHY

<4

SCOPE OF PROBLEM UNDER STUDY
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Function Analysis

Function Analysis System Technique (FAST)

Pencil
HOW WHY

— —
o~ o

FDOT Florida Department of Transportation



Function Analysis

Function Analysis System Technique (FAST)

Pencil
HOW WHY
) <4
HIGHER LOWER

ORDER

SECONDARY ORDER

BASIC ‘

SCOPE OF PROBLEM UNDER STUDY
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How is VE Done?

VE Job Plan
» Project Selection
Pre-Study
» Team Selection
» Information Phase
> » Function Analysis
-
) » Creative
S
@ » Evaluation
2
I-I>J » Development
» Presentation
» Implementation
Post-Study

» Report Results
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Creative Phase
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Creative Phase

Exercise




Creative Phase

Search Figure Skating Hole in one RAILROAD
Search High and Low SI(&TiI\g OHOLENE
Elevated Railroad
And
End over End _ 3 ring circus No room at the inn
End One atatime © HOROOM TEL
End 1 at 3:46 000 CIRCUS MOROOMTEL
INN
Breed E %,
A breed apart Createst g "¢ 474,9 ¢ Ooo.\é
of Ease E E e S
Breed E E ’r ©%
— E E (Io s
Breed g E Corner the market
Breed Cross Country
] ; Step above the rest
acrosse Down to Earth Tr, um ph Step
E
LAlS = : Step  Step
T Arch of Triumph Step Step Step
4
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Creative Phase
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Creative Phase

Brainstorming

* A technique to get bigger and better ideas

* Free flow of creative ideas not bound by
barriers

* Challenges traditional thinking

WHAT ELSE CAN DO IT?

FDOT Florida Department of Transportation




Creative Phase

* Ildeas flow freely

* No debating or evaluating ideas
e Build on other ideas

 Think of new ways

 Be humorous and creative
 Everyone participates

* There are no bad ideas

FDOT Florida Department of Transportation



How is VE Done?

VE Job Plan
» Project Selection
Pre-Study
» Team Selection
» Information Phase
> » Function Analysis
-
) » Creative
S
@ » Evaluation
2
I-I>J » Development
» Presentation
» Implementation
Post-Study

» Report Results

FDOT Florida Department of Transportation



Evaluation Phase

* Eliminate ideas
e Combine ideas

e Evaluate remaining ideas
— Weighted Matrix
— Multi-Voting
— Team Consensus

FDOT Florida Department of Transportation



Evaluation Phase

What is an Evaluation Matrix?

Matrix used to evaluate ideas against the
proposed design using the same criteria.
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Evaluation Phase

 Determine Evaluation Criteria
* Use paired comparison to weight criteria.

e Evaluate each alternative/idea based on
criteria
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Evaluation Phase

e Typical Criteria:
— Costs
— Operations
— Constructability
— Maintenance
— Environmental
— Aesthetics
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Evaluation Phase

Paired Comparison

e
(A) (B) (C) (D) (3]
Costs
- (B) (€) (A) (A)

(A)

Operations

(B)

Constructability
(€)

Maintenance

(D)

Aesthetics

(E)
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Evaluation Phase
Criteria Weightings

Costs (A)
Operations (B)
Constructability (C)
Maintenance (D)

Aesthetics (E)

FDOT Florida Department of Transportation

3=(2)

5=(4)

4=(3)

2=(1)

1=(0)



Evaluation Phase

Weighted Matrix

RATINGS:

EXCELLENT -4
GOOD -3
FAIR -2
POOR-1

MAINTNANCE

CONSTRUCTABILITY

OPERATIONS

2]
=
[
Ll
=5
[
(%)
Ll
<

ALTERNATIVES/
WEIGHTING
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Evaluation Phase

Multi-Voting
What is it?

= A decision-making tool that enables a team
to reduce a long list of ideas to a
manageable number of ideas.
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Evaluation Phase

Team Consensus

What is it?
= As a group decide:

1. Which ideas to move forward for
development

2. Which ideas to combine
3. Which ideas to eliminate
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How is VE Done?

VE Job Plan
» Project Selection
Pre-Study
» Team Selection
» Information Phase
> » Function Analysis
-
) » Creative
S
@ » Evaluation
2
I-I>J » Development
» Presentation
» Implementation
Post-Study

» Report Results
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Development Phase

Write-up Ideas

* Descriptions

e Sketches

e Calculations

 Advantages & Disadvantages
e Cost Analysis (Life Cycle Costs)

FDOT Florida Department of Transportation



Development Phase

Write-up Ideas

* Descriptions

Clear Descriptions of both the
proposed design and the VE
alternative

FDOT Florida Department of Transportation



Development Phase

Write-up Ideas

* Descriptions
o Sketches

Sketches to help visualize the
VE alternative that is being
presented

FDOT Florida Department of Transportation



Development Phase

Write-up Ideas

 Descriptions
e Sketches
e Calculations

Advantages & Disadvantages
A Calculations that help support

the VE Alternative

FDOT Florida Department of Transportation



Development Phase

Write-up Ideas

Advant‘ages and Disadvantages

of the VE Alternative
alculations

 Advantages & Disadvantages
e Cost Analysis (Life Cycle Costs)

FDOT Florida Department of Transportation



Development Phase

Write-up Ideas

 Descriptions

. Life Cycle Cost Analysis

e Calculations
 Advantages & Disadvantages
e Cost Analysis (Life Cycle Costs)

FDOT Florida Department of Transportation



Development Phase

Life Cycle Cost Analysis
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Development Phase
What is Life Cycle Cost Analysis?

A tool to determine the most cost-effective option
among different competing alternatives to purchase,
own, operate, maintain and finally dispose of an
object when each is equally appropriate to be

implemented. All the costs are typically discounted to
Net Present Value (NPV).
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Development Phase

Life Cycle Cost Analysis

Salvage (S)

Year of Expenditure 4

0 5 10 15 20 25 30 35 40

I T R B B B
Annual Operating Cost (OC)

v
Rebuild Cost (RC)

v
Initial Cost(IC)

PW=IC + OC*(P/A,i,n)+ RC*(P/F,i,n)- S*(P/F,i,n)
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Development Phase

Life Cycle Cost Analysis

Salvage
S5 M
Year of Expenditure 4
0 5 10 15 20 25 30 35 40
I
Annual Operating Cost
Rebuild Cost 3 5K
! S10 M
Initial Cost
S50 M

PW= S50M+S5K(P/A,3%,40)+S10M(P/F,3%,20)-S5M(P/F,3%,40)
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Development Phase

Life Cycle Cost Analysis

Salvage
S5 M
Year of Expenditure 4
0 5 10 15 20 25 30 35 40
I
\ )
|
Annual Operating Cost
Rebuild Cost 3 5K
S10 M
v
Initial Cost PW=S50M+55K(22.95)+5$10M(0.55)-55M(0.30)
>S50 M PW=$50M+$114.75K+$5.5M-$1.5M
PW=554.11M
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How is VE Done?

VE Job Plan
» Project Selection
Pre-Study
» Team Selection
» Information Phase
> » Function Analysis
-
) » Creative
S
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2
I-I>J » Development
» Presentation
» Implementation
Post-Study

» Report Results
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Presentation Phase

* Present results to Mmanagement

* Either last day of study or scheduled
separately by District VE coordinator.

* Multiple presenters
* Dress rehearsal

FDOT Florida Department of Transportation



How is VE Done?

VE Job Plan
» Project Selection
Pre-Study
» Team Selection
» Information Phase
> » Function Analysis
-
) » Creative
S
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2
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» Presentation
» Implementation
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» Report Results
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Report Results

* Results are reported at the
Monthly Performance Meeting

* Results are reported on an Annual
Basis to FHWA

 Annual Report is developed with
Statewide and District Results

FDOT Florida Department of Transportation



Report Results
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Report Results
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Report Results
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FDOT VE Program Results

e FY 2007/2008 — FY 2016/2017
— Conducted 265 studies

— Approved 913 recommendations

— $2.77 billion Cost Avoidance/Savings
— 51% Adoption Rate

— 7.3% Project Saved

— 246 Approved CSlI's (VECP’s)

— $58.8 million Savings

FDOT Florida Department of Transportation



Team Member Role

v Review pre-study information
v Fully participate during study

v Review & comment study report

FDOT Florida Department of Transportation



Project Manager Role

Pre — Study Activities :

v Provide input during Project
Selection Phase.

v Provide input during Team
Selection Phase.

v Provide all available information
on the project prior to study.

FDOT Florida Department of Transportation



Project Manager Role

Study Activities :

v’ Brief the team on first day of the
study.

v Be available during the week to
answer questions.

v Attend team presentation of
recommendations.
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Project Manager Role

Post — Study Activities :

v Participate in the resolution of
recommendations.

v Inform everyone involved in
the project, in writing, of all
accepted recommendations.

FDOT Florida Department of Transportation



VE & Project Management

Triple Constraint

Scope
Qualty = N\,
Time <«=mp Cost

Project Quality Is affected by
balancing Scope, Time, & Cost
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Project Management Body of Knowledge

* Five Project Management
Process Groups

* Ten Knowledge Areas

FDOT Florida Department of Transportation



10 Knowledge Areas

Integration
Scope
Time

Cost
Quality

i & W DK

FDOT Florida Department of Transportation

Human Resources
Communications
Risk

. Procurement

10.Stakeholder
Management

© © N O



10 Knowledge Areas

1. Integration 6. Human Resources

2. Scope /. Communications

3. Time 8. Risk

4. Cost 9. Procurement

5. Quality 10.5takeholder
Management

Areas that VE can help improve

FDOT Florida Department of Transportation



10 Knowledge Areas

How can VE help?

m

Im

orove Project Schedule Time

orove Constructability Quality

= Resolve Stakeholder Issues Scope

= Reduce Operating Costs Cost

= Reduce Overall Project Costs Cost

= Mitigate Risks RIisk

FDOT Florida Department of Transportation



Florida Department of

TRANSPORTATION

Risk Management Overview




Risk Management Overview

Risk Management is the systematic process

of identifying, assessing, and responding to risks
in order to manage or reduce potential adverse
effects on the achievement of project goals.

Project Risk Risk Response Risk
Purpose Identification & Mitigation Tracking &
& Needs Assessment Strategies Monitoring

Continuous lterative
Process

FDOT Florida Department of Transportation



What is Risk?

**Project Management Institute (PMI) Says:

“An uncertain event or condition that, if it occurs,
has a positive or negative effect on the project’s
objectives.”
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Cost Estimating Strategies

Traditional Estimating Risk-Based Estimating

Risk are clearly identified and
quantified in estimate

*

¢ Contingency is intended to include
all risk known/unknown

¢ Little control of cost and schedule ¢ Reasonable control of cost and
schedule
¢ Reactive
¢ Proactive
Threat
1, 2,3,etc
) NS

3 .
2 $/ = = Contingency

,\
#
+

Opportunity
1, 2, 3, etc
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Why Risk Analysis?

* Improved cost estimates and schedules
= Validate cost & schedule
" Risk-based project contingency

* Implement Risk Assessment/Mitigation
activities

* Meet FHWA financial plan requirement

Maximizes the Likelihood of Meeting
Budget & Project Delivery Goals

FDOT Florida Department of Transportation



Project Selection Guidelines — Risk Analysis

* Complex project or total project cost greater than S500
Million — Consultant-led Independent Risk Analysis
Workshop

* Total project cost between $S100 - S500 million - Risk
Analysis Workshop using commercial risk modeling
program

* Projects not requiring a formal workshop - Risk
Analysis Modeling Tool by HDR

* (Qualitative Risk Analysis - Risk Based Graded Approach
Worksheet

FDOT ) Florida Department of Transportation




Risk Analysis Workshops

e 2 to 3 day structured
event

* |dentify and quantify
threats and opportunities

e |dentify risk management
strategies

e Collaborative team
approach!

FDOT Florida Department of Transportation



Who participates in a Risk Workshop

* Project Managerand  * Disciplines
Design Team — Construction

— Bridge & Structures
— Environmental

— Right of Way

— Geotechnical

— Construction

— Utilities

— Local agencies

— Others depending on
project scope

e External Subject Matter
Experts

* |nternal and External
Stakeholders

FDOT Florida Department of Transportation



Quantifying Risks

m Probability of Potential Impacts
Occurrence

Y

Incremental Incremental
Overall Effect on Increase Cost Schedule
the Delay

Project Cost

A

L

A

A
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Risk Modeling - Monte-Carlo Simulation

o, n

y=f(x) or “y”isafunction of “x”

Outputs = {_‘_ _A_ _A_

I t Unit $ Risk Inflation }

%

)
C
S
o)
O /_
o /
o
o o o
o o o
o ([ o ([ o
o o o o o . -
| | | | | Inputs: Sampled Values
R1 R2 R3 R4 R5

Outputs: Binned Results
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Risk Assessment Results

100% -
90% - N :
o
o <
80% - & z
W 70%
] .
- . Contingency
= 60% - $635.0 - $605.3 = $29.7
°
Z 50%
o
Fo
= 40% -
] ==@==Alternative 1 - Risk-Based Total Cost
o
o (Pre-Response)
a 30% -
Alternative 1 - Base Cost Estimate
20% - (mean value, 2010 $)
10% - $533.2 Alternative 1 - Base Cost Estimate
(mean value, escalated)
0% T T T T T
$250.0 $350.0 $450.0 $550.0 $650.0 $750.0
Project Cost, Millions of Dollars
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Risk Assessment Results

ENV 20.03al - Determination of directimpacts to wetlands - Alt 1 $51.0

ENV 20.04al - Determination of indirectimpacts to wetlands - Alt 1
CNS 30.01 - Excavation impacts during construction due to weather

ENV 10.01al - Determination of Significance Requiring EIS - Alt 1

STG 10.01 - Design Changes on Bridge or Overpass $2.3
ENV 60.06al - Development of mitigation plan to offset impacts to $2 3
publiclands - Alt 1 ’

ENV 80.01 - New Storm water Rule - Water quantity and quality $1.9
issues ‘

RR 20 .01 - Cost for Railroad Flaggers $1.7

ENV 30.01a12 - Expected Controversy on Environmental Grounds - Alt $1.5
1/2 '

MGT 900.03 - Loss of Toll Revenue due to complex MOT $1.4

$0.00 $10.00 $20.00 $30.00 $40.00 $50.00 $60.00

Expected Value Cost Impact ($ millions)
M Alternative 1 - Cost EV (SM) (Pre-Response)

Based on Risks that Impact Alternative 1 Activities
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Risk Workshop Deliverables

* Final report detailing the results of the
workshop

* Final Risk Register for Project Manager to use
managing the identified risks

FDOT Florida Department of Transportation



Cost Risk Analysis & Value Engineering

e CRA Process & VE Process are
complimentary

— Use the VE process to develop
risk response strategies

— Use the CRA process on the VE
recommendations to evaluate
the risks and their impact on
the cost & schedule

FDOT Florida Department of Transportation



References

 FDOT Value Engineering web site
 FDOT Value Engineering Procedure 625-030-002
e FHWA Value Engineering web site

e SAVE International web site
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http://www.fdot.gov/designsupport/ProjectReview/ValueEng/default.shtm
http://fdotwp1.dot.state.fl.us/ProceduresInformationManagementSystemInternet/FormsAndProcedures/ViewDocument?topicNum=625-030-002
https://www.fhwa.dot.gov/ve/
http://www.value-eng.org/default.asp

Questions
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Thank you

Kurt Lieblong, PE, CVS
State Value Engineer

kurt.lieblong@dot.state.fl.us
(850) 414-4787
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