
Data-Driven Safety Analysis –
Nominal  vs. Substantive Safety.

Integrating Safety Performance into 
ALL Highway Investment Decisions



“Safety”

• A core value for all transportation agencies
• Our customers have been assured that 

maintaining and improving safety is a top 
priority

• Much of an agency’s investments are 
intended to produce a “safe” highway or 
system

• “Safety” has traditionally been incorporated 
in highway programs and projects within a 
standards-based framework
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Nominal 
Safety Substantive 

Safety

Examined in 
reference to 
compliance with 
standards, warrants, 
guidelines and 
sanctioned design 
procedures

The actual or 
expected 

performance in 
terms of crash 
frequency and 

severity

Approaches for Considering Safety 

Source: AASHTO Source: AASHTO

*Adapted from Ezra Hauer, ITE Traffic Safety Toolbox Introduction, 1999
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Nominal vs Substantive Safety

4
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FHWA Adopts AASHTO for NHS

AASHTO Policies on 
Geometric Design



Defining the Function



Functional Classification

Higher class roads
carry greater traffic 
volumes for greater 
distances
(including more
unfamiliar drivers)
at higher speeds

Lower class roads
carry lower volumes
with more familiar drivers 
shorter distances at lower speeds
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FHWA Standards Only for NHS



States Designate Standards Off NHS
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A Predictive Illustration…

All three of these meet design standards…
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45 fatal and injury crashes/year 110 fatal & injury crashes/year 65 fatal & injury crashes/year 

Alt 2Alt 1No-Build

but predictive analysis tells us they would perform 
very differently from a safety perspective. 

Source: CH2MHILL



The EDC Data-Driven Safety Analysis Initiative…

• Goal: Integrate safety performance into 
ALL highway investment decisions
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What is the HSM?
• A tool that applies an evidence-

based technical approach to safety analysis 
• Provides reliable estimates of an 

existing or proposed roadway’s 
expected safety performance. 

• Helps agencies quantify the safety impacts of 
transportation decisions, similar to the way 
agencies quantify:
– traffic growth
– environmental impacts
– traffic operations
– pavement life
– construction costs
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A Document Akin To the HCM…

Definitive; represents 
quantitative ‘state-of-
the-art’ information

Widely accepted within 
professional practice of 

transportation 
engineering

Science-based; 
updated regularly to 

reflect research

1
2
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The Vision for the HSM
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AASHTO Highway Safety Manual, First Edition

2010 Release:
• Rural Two-Lane Roads
• Multilane Rural Highways
• Urban/Suburban Arterials

2014 Supplement:
• Freeway Segments
• Ramps
• Ramp Terminals
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Highway Safety Manual Organization

Part 
A

Part 
B

Part 
C

Part 
D

Introduction, 
Human Factors  
& Fundamentals
Safety 
Management 
Process
Predictive 
Methods

Crash 
Modification 
Factors
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HSM Companion Software
HSM Part Supporting Tool

PART B: 
Roadway Safety 
Management 
Process

AASHTOWare SafetyAnalyst
Agile Assets Safety Analyst
CARE
Numetric
usRAP
Vision Zero Suite
Other commercial…
State-Developed

PART C: 
Predictive Methods

HSM & ISATe Spreadsheets
IHSDM 

PART D: 
CMFs FHWA CMF Clearinghouse
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Design Practice Involves Risk

• Two fundamental types of risk:

– Risk of tort lawsuits arising from crashes alleged to 
be associated with a design (“Tort Risk”)

– Risk of the solution not performing as expected in 
terms of safety and operations (“Engineering Risk”)
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Tort Risk

• Adherence to 
criteria does not 
automatically 
prove reasonable 
care

• Deviation from 
criteria does not 
automatically 
prove negligence

B-21



Tort Risk

• In most jurisdictions, the 
Court does not have 
authority to rule that 
the design decision was 
the “correct” choice

• The Court can only 
render judgment on 
whether the process
was complete and 
whether the outcome 
was reasonable given 
the process
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Meeting Design Criteria Important

• “Transportation agencies limit greatly the risk 
of a successful tort suit by focusing on 
design solutions that are proven, i.e., that 
are within current design guidelines and 
criteria”. 

• “Providing a nominally safe design is the first 
and major step toward minimizing tort risk”.

NCHRP Report  480, A Guide to Best Practices for Achieving Context Sensitive Solutions
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Engineering Risk

• How good (or poor) is 
the existing substantive 
safety performance?

• What should the long 
term safety 
performance of the 
roadway be?

• What is the difference 
in expected substantive 
safety if the exception is 
implemented?
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http://www.wsdot.wa.gov/partners/hsm/public/Home/Home.html
http://www.wsdot.wa.gov/partners/hsm/public/Home/Home.html


Engineering Risk

• What is the degree to 
which a standard is 
being reduced?

• Will the exception 
affect other geometric 
elements? 

• What additional 
features will be 
introduced, (e.g., 
signing or delineation) 
that would mitigate the 
potential adverse 
effects of the 
exception?
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CSS Approach Helps Minimize Risk

• It is an unavoidable fact that DOTs face 
public and legal scrutiny for virtually all their 
actions. 

• However, if a design team works closely with 
stakeholders, is creative within the bounds of 
good engineering practice, and fully 
documents all decisions, they will have gone 
a long way toward minimizing the risk 
associated with a future tort action should 
that occur

A Guide to Achieving Flexibility in Highway Design, AASHTO 2004
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Parameters 
for Existing & 
Proposed 
Conditions:
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• Used IHSDM to 
perform safety 
analysis

Case Study – Arizona DOT
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Source: Arizona DOT



Plot of Geometric Features and Expected Crashes 
Case Study – Arizona DOT
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Source: Arizona DOT



Crash Prediction Results
Case Study – Arizona DOT

• IHSDM Safety Analysis:
– Model was un-calibrated as used (not necessary for 

comparative alternatives analysis)
– Alternative B (8-ft shoulders) would reduce crashes 

by 4 percent more than Alternative A (5-ft shoulders)
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Case Study – Arizona DOT

• Economic analysis:
– Although Alternative B (8-ft shoulders) could 

provide the greater benefit in reduction in 
fatal and injury crashes, Alternative A (5-ft 
shoulders) would provide the greater return 
on investment and was selected as the 
preferred alternative.
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Example – Stopping Sight Distance (SSD)

Distance required to perceive an object in roadway 
and bring vehicle to a stop

“… the sight distance at every point along a 
roadway should be at least that needed for a 
below-average driver or vehicle to stop.”

AASHTO Green Book Chapter 3

F-31/24



SSD = perception reaction distance + braking distance
SSD = 1.47 V t + (1.075 V2 / a)

V = design speed in mph
t = percept reaction time (2.5 sec)
a = deceleration rate (11.2 ft/sec2)

SSD Conceptual Model
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SSD Conceptual Model
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From Exhibit 3-1, AASHTO Green Book

Level Terrain

From Exhibit 3-2, AASHTO Green Book

SSD on Grades

SSD Design Values

F-34/24



From Exhibit 3-1, AASHTO Green Book

Level Terrain

From Exhibit 3-2, AASHTO Green Book

SSD on Grades

SSD Design Values
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“Stopping sight distances exceeding those 
shown in Exhibit 3-1 should be used as the 
basis for design wherever practical. Use of 
longer stopping sight distances increases the 
margin of safety for all drivers …”

“The recommended stopping sight distances 
are based on passenger car operations and 
do not explicitly consider design for truck 
operation.” 

AASHTO Green Book

SSD Design Recommendations
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Conceptual Safety Relationship?

Past studies that 
examined the 
relationship 
between SSD and 
safety have been 
inconsistent and 
inconclusive

NCHRP 400
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Conceptual Safety Relationship?

Table 1- NCHRP 400 F-38/24



Conceptual Safety Relationship?
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Risk Assessment Guidelines

• Assess the risk of a location with SSD 
below current criteria.  Risk is related to 
traffic volume (exposure) and other 
features within the sight restriction 
(intersections, narrow bridges, high-
volume driveways, sharp curvature)

• “Where no high-risk features exist within 
the sight restriction, nominal 
deficiencies as great as 5-10 mph may 
not create an undue risk of increased 
crashes.”

Guide for Achieving Flexibility in Highway Design AASHTO 
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Questions & Answers
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John McFadden, P.E.
john.mcfadden@dot.gov

mailto:jerry.roche@dot.gov
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