
FLEXIBLE DESIGN 
IN KENTUCKY



Think like a farmer!

My Thoughts On Flexible Design

You Missed a spot



• Limited Resources

• Limited Funding

• A great deal of needs

Farm Versus DOT’s



• Purchase one new 
piece of equipment 
or look at upgrading 
all equipment

Farm 
Equipment 

Transportation 
System

• Build one “Cadillac” 
project or upgrade 
the system
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It’s time to Preserve!

• KYTC maintains 28,000 centerline miles of 
roadway and 8,843 bridges



FLEXIBLE DESIGN IN KY

• Performance Based Flexible Solutions 
(PBFS) (2016) – “Bottom Up Approach”



Bridging Kentucky

• Six year program to improve the safety and 
soundness of over 1,000 bridges across the state.

• Investing $700 million

• Rehabilitate, repair, or replace deficient/sub-
standard structures



Existing
Cross  Section

Crash
Rate

(C/MV)

Travel  
Speed
(mph)
41.42 Lane, 10 ft L, 2 ft S 5.4

KY Transportation Center Study



Cross  
Section

Crash
Rate

(C/MV)
Cost/Mile
(millions)

Travel
Speed
(mph) Miles

2 Lane         
12 ft L, 8 ft S

2.9 $7.2 46.7 69.4

KY Transportation Center 
Study

Miles improved w/$500 m



Cross  Section

Crash
Rate

(C/MV)
Cost/Mile
(millions)

Travel 
Speed
(mph) Miles

4 Lane          
12 ft L,   8 ft S

2.4 $21.5 55.9 23.3

Miles improved w/$500 m

KY Transportation Center 
Study



KY Transportation Center Study

More miles, fewer crashes and fewer 
delays for same budget!

Design

Miles
Improved

w/ $500 m

Crash     
Rate

Reduction

Travel 
Speed

Increase

Total Gains w/ 
$500 m

Crash 
Reduction

Travel 
Time 

Reduction
Practical 69.4 2.5 5.3 173.5 367.8
Typical 23.3 3.0 14.5 69.9 337.9



Changing the way we 
determine design criteria?

New Approach

1. Existing operating speed. What is the 
speed based on existing geometrics

2. 5,10,15, or 20 year traffic forecast

Old Approach

1. Design speed influenced by posted or 
statutory speed limit

2. 20 year traffic forecast



I-64/I-265 SYSTEM INTERCHANGE



I-64/I-265 PREFERRED ALTERNATIVE



CHALLENGES

Safety
Mobility
Economic development
Utilities
Right of Way
Local officials Interest
Public input
Environmental

Project 
Budget



MOVING FORWARD
• Well defined Purpose and Need –

Planning Phase

• Training for Project Managers

• Design Executive Summary 
documentation

• Evaluation of past Flexible Design 
projects that have been 
constructed



IN CONCLUSION

• Look at the big 
picture

• Collaboration 
between all 
Stakeholders (State, 
FHWA, Public)

• Think like a Farmer!
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VDOT Performance-Based Practical Design

Philosophy, Process and Implementation



• Making the most of limited funding (Return on Investment)
• Improving safety and mobility
• Increasing public engagement and improving public satisfaction
• Ensuring projects are appropriate to their surroundings

Why did this happen?

AASHTO Committee on Design 2019

Performance 
Based 

Practical 
Design

Design
Flexibility

“Limited transportation dollars have consequences.”
~Former Virginia Secretary of Transportation Aubrey Layne



• Design standards dictate the project scope
• Strip down to meet budget
• Limited use of Design Exceptions and Waivers

---------------------------------------------------------------------------

• Purpose & Need dictate the project scope
• Builds up from existing conditions to meet the project 

purpose & need
• Makes efficient use of Design Exceptions and Waivers

What is it exactly?

AASHTO Committee on Design 2019

Project Scope

Design Standards

Well Defined Project 
Purpose & Need

Performance 
Based 
Design

Old
Practice



Performance-Based Planning

New 
Engine

New 
Car

Does this 
decision tree 
make sense?
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Performance-Based Planning

Understand 
the problem

Develop/Test 
Solutions

Or is this 
more logical...

AASHTO Committee on Design 2019



Key Principles

• Identify the project specific need(s) to address

• Consider options using and improving existing transportation system
• Operational improvements
• Transportation demand management
• Innovative intersections
• Reallocation of existing typical sections and right of way

• Expand the transportation system when the above options do not provide a 
solution

Performance-Based Planning
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Needs → Solutions

• Process of planning and developing performance driven solutions 
improves chance of project funding

• Focus on planning and project development feeds cost effective 
solutions into the project evaluation process

• Existing projects are re-evaluated for more cost effective solutions

AASHTO Committee on Design 2019

Needs drive toward solutions 
as opposed to 

Solutions in search of a need



VDOT’s Focus

To Create, Maintain and Nurture an 
Environment of Problem Solving

• Adjust standards and policies to provide flexibility
• Encourage early alternate design investigation 
• Support designer creativity using knowledge and experience
• Focus on economic, innovative and practical solutions

AASHTO Committee on Design 2019



Roadblocks

AASHTO Committee on Design 2019

• Overly conservative practices and rigid standards

• Perception that flexibility contradicts safety (Nominal vs. Substantive)

• Inconsistent application across Districts, personnel and projects

• Eliminating decisions in silos (disciplines, divisions, districts)

• Lack of technical knowledge, experience and understanding

• Conflicting project, corridor and political goals



Performance-Based Planning and Programming

• Performance based programming
• SMART SCALE
• State of Good Repair
• Highway Safety Improvement Program

• Performance Based Planning/Project Development
• Philosophy
• Innovative thinking to solve transportation problems

Success here 
depends on...

Effort 
here

AASHTO Committee on Design 2019
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Cost Matters
• SMART SCALE requires project assessment based on benefits relative to cost

• Incentive to be cost effective

• Incentive to find creative solutions

• Encourages efficient use of existing facilities

Official SMART SCALE Score is

Benefit
Requested $



Measures of Benefit (Scoring)

• Safety
• Congestion Mitigation
• Accessibility
• Environmental Quality
• Economic Development
• Land Use Coordination
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• Better chance of realizing success when funding with performance-based 
planning

• Approach every transportation problem with goal to find cost-effective 
solutions

• Convince local/regional decision makers and public to see innovative 
solutions rather than settling for a less than optimal project (bandaids)

• Performance-based programming processes fed by performance-based 
planning process

Strengthening the Planning Process
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• Needs to reduce accidents, reduce congestion and improve system linkage
• Initial project full diamond interchange with >$45M estimate
• Significant bridge costs and ramp widths to accommodate volumes
• Alternate ramp design reduced right of way and gas transmission impacts
• Retaining walls eliminated
• Budget was reduced to $27M
• Still met the same needs/benefits

Success Story

AASHTO Committee on Design 2019

Warrenton Southern Interchange – Culpeper District



Existing Conditions

• Poor pavement markings
• Need for signage upgrades
• Sight distance issues
• Deficient traffic control elements
• Rear-end/Fixed object off-road crashes
• 121 crashes over 5-year period
• Localized congestion at Rt 79 intersection only

Success Story

High Knob Rd

Leach Run Hillandale

East of Massanutten 
Mountain Drive

Massanutten 
Mountain Drive

Rt 651 (Gore Rd)

Rt 79 (Apple 
Mountain Rd)

Dismal Hollow Rd

AASHTO Committee on Design 2019

Route 55 East/John Marshall Highway – Staunton District



Rounds 1 and 2
● Widen to 4-lane divided
● $24-32 million
● Benefit points less than 1
● SMART SCALE score <0.5
● Near bottom in District 

rankings

Round 3
● Added targeted spot safety 

improvements
● $1.6 million
● Benefit points > 4
● SMART SCALE score > 25
● 3rd highest ranked project in 

district

• Rumble strips
• Raised pavement markings
• Guardrail improvements
• Sign improvements
• Speed feedback signage
• Variable message boards
• Fixed object removal

Comprehensive Plan 
Update

SMART SCALE
Round 1 Application

SMART SCALE
Round 2 Application

SMART SCALE
Round 3 Application

SMART SCALE
Round 3 Application
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Success Story
Route 55 East/John Marshall Highway – Staunton District
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Success Story
Route 624 Morgans Ford Bridge – Staunton District

Maintenance, Safety and Capacity Needs

• Replacement of low water crossing bridge
• Structurally deficient
• Sufficiency rating 2 out of 100
• Raise bridge and realign substandard curves
• Three deaths over two years
• One lane existing but ADT exceeds one lane volumes
• Environmental, historical and constructability constraints
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Success Story
Route 624 Morgans Ford Bridge – Staunton District

Solutions

• Reduce speed limit
• Add truck restrictions
• Add Heritage tourism signage
• Aesthetic treatments to bridge
• Widen for need rather than standard
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Summary
• VDOT is constantly evolving and adapting
• Performance Based Design is a continuous process
• It’s all about being problem solvers 
• Don’t let the standards get in the way of safe common sense solutions
• Experience and courage lead to innovation 
• Ability to think outside the norms 

“The definition of 
insanity is doing 
something over 
and over again and 
expecting a 
different result.”
- Albert Einstein 

“The problem is 
that agencies 
sometimes lose 
sight of common 
sense as they 
create regulations.”
-Fred Thompson



Questions?
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Implementing Practical Design
Christopher Rudd, PE

Asst. State Roadway Design Engineer



Practical Design
Why Implement?

Practical Design

Georgia passes HB170 with 
additional funding for transportation

HB 170

TIA

Three Regions in Georgia 
pass a 1% TSPLOST 

Value Engineering

Complete Streets

Context Sensitivity

1998 2006 2012 2015 2020?



a systematic process of review 
and analysis of a project, during 
the concept and design phases, 
by a multidiscipline team of 
persons not involved in the 
project, that is conducted to 
provide recommendations for:

1. providing the needed 
functions [of the project] 
safely, reliably, efficiently, 
and at the lowest overall 
cost;

2. improving the value and 
quality of the project; and

3. reducing the time to complete 
the project.

Value Engineering

a "design up" approach where 
transportation decision makers 
exercise engineering judgment 
to build up the improvements 
from existing conditions to meet 
both project and system 
objectives. PBPD uses 
appropriate performance-
analysis tools, considers both 
short and long term project and 
system goals while addressing 
project purpose and need.

Performance-Based
Practical Design



a collaborative, interdisciplinary 
approach that involves all 
stakeholders in providing a 
transportation facility that fits its 
setting. It is an approach that 
leads to preserving and 
enhancing scenic, aesthetic, 
historic, community, and 
environmental resources, while 
improving or maintaining safety, 
mobility, and infrastructure 
conditions.

Context Sensitive 
Solutions

streets designed and operated to 
enable safe use and support 
mobility for all users. Those 
include people of all ages and 
abilities, regardless of whether 
they are travelling as drivers, 
pedestrians, bicyclists, or public 
transportation riders.

approaches vary based on 
community context. They may 
address a wide range of 
elements, such as sidewalks, 
bicycle lanes, bus lanes, public 
transportation stops, crossing 
opportunities, median islands, 
accessible pedestrian signals, 
curb extensions, modified vehicle 
travel lanes, streetscape, and 
landscape treatments.

Complete
Streets

a "design up" approach where 
transportation decision makers 
exercise engineering judgment 
to build up the improvements 
from existing conditions to meet 
both project and system 
objectives. PBPD uses 
appropriate performance-
analysis tools, considers both 
short and long term project and 
system goals while addressing 
project purpose and need.

Performance-Based
Practical Design



What it is NOT What it IS

Compromise of Safety

Design to Budget

Reducing Costs ‘At All Costs’

Indifferent to Context

Elimination of Standards

Focus on Need and Purpose

Emphasis on Engineering Judgement

Balancing of Project Measures

Enhancement of Overall Program



Areas of Influence

Scope Conformance
Making design decision that have 
their root in the Need & Purpose 
of the project

Process Refinement
Method of development 
of plans and studies

Design Features
Review of the Process by which 
design features are selected

Decision Documentation
Method (and efficiency) of development 
of plan decision documentation / reports



Process Refinement
In the Plan Development Phase



Process Refinement
In the Plan Development Phase



Process Refinement
In the Plan Development Phase

Soil Surveys

Traffic Studies

Pavement Studies

Wall Designs/Studies

Right of Way



Scope Conformance
Need & Purpose

Identify 
Need

Establish 
Goals & 

Priorities
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Scope Conformance
Need & Purpose

Identify 
Need

Establish 
Goals & 

Priorities

Include All 
Modes



Scope Conformance
Need & Purpose

Identify 
Need

Establish 
Goals & 

Priorities

Include All 
Modes



Scope Conformance
Need & Purpose
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Scope Conformance
Need & Purpose
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ls

?



Design Features
Selection of Alternatives

New Construction Reconstruction Existing Roads

• No Existing Road
• Fewer Constraints
• No Existing Performance

• Use Existing Alignment
• Changes Basic Road Type
• Existing Constraints 

Present

• On Existing Road
• No Change to Road Type
• Generally Retain Design 

Features



Design Features
Selection of Alternatives

- AASHTO Greenbook 1.7.2



Design Features
Selection of Alternatives

- AASHTO Greenbook 1.7.3



Documentation
Safety Analysis

• Identify Need(s)
• Establish Goals
• Encompass All 

Modes (Context)

Need & 
Purpose

Exceptions / 
Variances

Engineering
Studies

• Clearly Meets 
Dept. Priorities

• Balances Multiple 
/ Competing Goals

• Recommendations 
Balance Project / 
Program Priorities



Challenges
Potential Obstacles

Increased 
Project-Level Risk

Leverage small project level risk(s) to reduce large program level risk(s)

Increased 
Risk to Designer

Design Exception / Variances necessary to document flexibility 
sometimes take considerable design resources to complete

Lack of 
Research

Research in some areas is still needed to determine the total affect of 
flexible design particularly when used in concert with multiple features

Inconsistent
Application

State priorities should be clearly established so that designers and other 
SMEs can make consistent project level decisions and avoid rework

Lack of 
Adoption by Staff

Success Measures should be established to promote adoption of policy



Expectations
Measures of Success

Costs
• Reduced Project Costs
• Greater Benefit-Cost Ratio
• Reduced Design Phase 

Cost Swings

Safety
• Increased System-Wide 

Safety

Design Effort
• Increased Design 

Duration/Cost
• Increased Number of 

DEs/DVs

Schedules
• Reduced Schedule 

Durations
• Reduced Letting Delays



Implementing Practical Design
Christopher Rudd, PE

Asst. State Roadway Design Engineer
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