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Purpose and Need

* Road to Zero coalition seeks to eliminate traffic fatalities by 2050

* This has led to the Safe System Approach

* The purpose of this research was to:
 Evaluate guiding principles and elements of the Safe System Approach
* Determine how improvements can be made at intersections
* Investigate case studies of places that have adopted the Safe System Approach

* All with the goal for UDOT to continue to pursue: zero

Fatalities

A Goal We Can All Live With 4

AW Keeping Utah Moving
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The Safe System Approach
The method by which Vision Zero is Achieved

* Fundamental principle 1s to
eliminate death and serious injuries Traditional approach ~ Safe System approach
on the roadway Prevent crashes » Prevent death and serious injuries

° Understand that humans WIH make Improve human behavior == Design for human mistakes/limitations
mistakes and Crashes Wlll OCCur Control speeding » Reduce system kinetic energy

Individuals are responsible = Share responsibility

* Manage kinetic energy

React based on crash history =——» Proactively identify and address risks

* Systemic safety analysis
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The Safe System Approach

° ° \oUS INJURY IS iy 3
Principles Elements S =,
* Death/serious Injury is * Safe Road Users %,
Unacceptable e Safe Vehicles &, )
. ;_? Saae;:rusad Vehicles ?f“
* Humans Make Mistakes  « Safe Speeds § B
¢ HumaIlS arc Vlﬂnerable o Safe Roads ég SAFE SYSTEM o

APPROACH

* Responsibility 1s Shared e Post-Crash Care
* Safety 1s Proactive
* Redundancy 1s Crucial

R \8]
SSPONSIgILITY 15 SHARE
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FHWA Safe System at Intersections (SSI)
Methodology

* Method for quantifying how closely ]
an intersection layout aligns with

the Safe System Approach AADT -

* Inputs include: §

i AADT Posted Speed Step 3: Determine probability of
. . Limit fatal/severe crash for conflict points P(FSI)
* Posted speed limit

* Lane configuration

Step 4: Calculate exposure-severity-

* Intersection alternatives are given a e e | B,
score from 0 to 100

* The higher the score the closer
alignment to a Safe System E. interegetion or confict point ype  EEENALY
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FHWA Safe System Alignment Frameworks
Project-based Alignment Policy-based Alignment
Framework Framework
* Method for scoring projects — not * Helps agencies to see how well they
limited to intersections have integrated the Safe System
* Inputs are exposure, likelihood, and Approach
severity * Score seven criteria on a scale from
* Provides a score for how closely 0to 15
project aligns with a Safe System * A higher score indicates better
integration

* Contrary to SSI a lower score 1s
closer to a Safe System
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Vision Zero Communities and Action Plans

Vision Zero is how local municipalities are adopting the Safe
System Approach

* Vision Zero communities meet following requirements:
* Set clear goal of eliminating traffic fatalities
* Top official has publicly committed
* Vision Zero Action Plan 1n place or coming
* Key departments are engaged

/ERQ) &AF

A SAFE SYSTEM IS HOW WE GET THERE 1
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SSIINICEP rograms K —fos.

Florida DOT Georgia DOT

* Integrated SSI in ICE in 2022 * Integrated SSI in ICE in 2022

* Developed internally by consultant * Developed internally with consultant
support team assistance

* Used as an additional safety lens, not the * Determine roundabouts are more
deciding factor 1n alternative accurately 1dentified as a viable

* Has been received positively but there are alternative
some limitations with intersection type * Final alternative 1s based on engineering

judgement

* Working to make calculations more
transparent and convert ICE tool to web

based application .
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State DOTs Institutionalizing the Safe T
System Approach

* California DOT (Caltrans):

* Director’s Policy 36 — Mandates all Caltrans divisions align policies, programs, and
practices with the Safe System Approach

* Washington State DOT (WSDOT):
* Executive Order E 1085.01 Advancing the Safe System Approach for All Users —
directs WSDOT to revise policies/resources to align with the Safe System Approach

* Massachusetts DOT (MassDOT):

* Provided local jurisdictions with the MassDOT Safety Alternatives Analysis Guide
* Developed a speed management webpage

13
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Safe System Design Tools

Safe System Roadway Design Safe System Approach
Hierarchy Framework

SAFE SYSTEM
ROADWAY DESIGN
HIERARCHY

THE SAFE SYSTEM APPROACH

TIER | REMOVE SEVERE
CONFLICTS

ACCOMMODATE

T‘ER‘ REDUCE VEHICLE
2 SPEEDS

ANTICIPATE HUMAN INJURY
HUMAN ERROR TOLERANCES

TIER | MANAGE CONFLICTS
3 IN TIME
SEPARATE SEPARATE INCREASE REDUCE REDUCE
USERS USERS ATTENTIVENESS SPEEDS IMPACT
INCREASE ATTENTIVENESS IN SPACE IN TIME AND FORCES
AWARENESS

TIER
4 ‘ AND AWARENESS

14
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Physical Countermeasures for Intersections

Reduced left turn conflict intersections
 RCUT
e MUT

* Channelized right turns
* Corridor access management

* Dedicated left and right turn lanes
edicated left and right turn . Roundabouts

 Hash marks on intersection approaches . : .
PP * Signal backplate with retroreflective border

* Intersection conflict warning systems (ICWS) + Speed safety cameras

e |eadi destrian interval (LPI -
cading pedestrian interval (LPI) « Systemic application of multiple low-cost

* Lighting countermeasures at stop-controlled intersections
* Pedestrian scramble e Turn calming
* Protected intersections * Variable speed limits on intersection
* Raised crosswalks approaches
e Raised intersection * Vehicle activated signs at intersections
15

* Yellow change intervals
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Organization of Countermeasures and Strategies

Countermeasures and strategies were organized into categories
according to satety benefit
* Policies, programs, and practices

* Universal physical measures
* Signalized intersections

* Unsignalized intersections

* Geometric features

* Vulnerable road user focused
* Quick build

* Further research safety benefits or implement pilot program
17



Table 4.1 Policies, Programs, and Practices for Implementing the Safe System Approach

Safe System Approach

and policy reviews

e Safety is Proactive

Safe System Approach | Section(s)
Strategy Why How Principles and Elements | Discussed
Principles
Change mindset Invite municipalities | ® Death/Serious Injury is
Vision Zero surrounding traffic in Utah to become Unacceptable 33
Action Plans crashes and promote a Vision Zero e Responsibility is Shared '
traffic safety culture communities e Safety is Proactive
e Redundancy is Crucial
Evaluate how different Principles
FHWA SSI mters.ectlon Implement S.SI e Safety is Proactive 27
Methodology configurations adhere methodology into e Humans are Vulnerable 35
to the Safe System SPICE Spreadsheet Elements '
Approach e Safe Roads
Principles
, Death/Serious Injury i
: Establish the Safe Mandate the Safe ® CalySEIITs TJuy 18
DOT Executive System Approach be Unacceptable
System Approach as a . : el s 3.6
Order . considered 1n all ¢ Responsibility 1s Shared
priority for UDOT . . .
projects e Safety is Proactive
¢ Redundancy is Crucial
ol he Saf Principles
Evaluate how roadway mplement the Sale e Death/Serious Injury 1s
Safe System : . System Alignment
) projects, policies, and Unacceptable 2.8.1
Alignment Frameworks as part of ey
programs adhere to the ) : : e Responsibility is Shared 2.8.2
Frameworks Intersection projects

e Redundancy is Crucial

Construction
ering

7




Table 4.2 Physical Measures to Implement the Safe System Approach at All Intersections
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Countermeasure Safe System How Safe System Approach | Section(s) Engineering
Approach Framework Principles and Elements | Discussed
Tier 1: Remove Severe Conflicts
Principles LITDOOT
. e Death/Serious Injury is M eente Lt
e Separate users in U
nacceptable
space Implement roundabout
. . e Humans are Vulnerable
,4 | ®Increase attentiveness | program; emphasize . . 34.1
Roundabouts . e Redundancy is Crucial
and awareness roundabouts in ICE 3.9.15
e Red d rogram Elements
. Re duce spee St P prog ¢ Safe Road Users
educe impact forces  Safe Speeds
e Safe Roads
¢ Separate users in Principles
space Install RCUTs; ¢ Humans are Vulnerable
RCUT23 e Increase attentiveness | guidance provided in | e Redundancy is Crucial 39141
and awareness FHWA informational | Elements T
e Reduce speeds guide e Safe Speeds
e Reduce impact forces e Safe Roads
e Separate users in Principles
space Install MUTs; e Humans are Vulnerable
MUT234 e Increase attentiveness | guidance provided in | e Redundancy is Crucial 3.9.14.2
and awareness FHWA informational | Elements o
e Reduce speeds guide e Safe Speeds
¢ Reduce impact forces ¢ Safe Roads
Tier 2: Reduce Vehicle Speeds
Hash Marks on e Increase attentiveness Tmp lem_ent hash_ marks Elements
. near intersections;
Intersection and awareness guidance provided by e Safe Speeds 395
4
Approaches e Reduce speeds the MUTCD e Safe Roads
Principles
¢ Humans Make Mistakes
. e Humans are Vulnerable
e Increase attentiveness Install protected . .
) . . e Safety 1s Proactive
Protected and awareness intersections; guidance o Redund ‘< Crucial 3.8.24
Intersections* e Reduce speeds provided in Urban cdundancy 1s LIucia 3.9.10
¢ Reduce impact forces Street Design Guide Elements
e Safe Road Users 19
e Safe Speeds
¢ Safe Roads




Table 4.3 Measures to Implement the Safe System Approach at Signalized Intersections

BYU Civil & Construction

Engineering
Countermeasure Safe System How Safe System Approach | Section(s)
Approach Framework Principles and Elements | Discussed
Tier 2: Reduce Vehicle Speeds m
Principl WA Keeping Utah Moving
Research dwell-on- rnep gs .
red: potentiall e Safety is Proactive
Dwell-on-Red e Reduce speeds » P Y Elements 3.94

implement a pilot

program e Safe Speeds

e Safe Roads
Tier 3: Manage Conflicts in Time

Principles 3332
. e Separate users in time Research LF.’IS. and e Humans are Vulnerable 3333
LPI or Similar ol ttent; RTOR restrictions; Elements 3335
Treatments* ficrease atientiveness |-, tentially implement Y
and awareness a pilot program e Safe Road Users 3.6.2

e Safe Roads 3.9.7

R I pedestri Principles
. e Separate users in time esearch pedestilal |- o Humans are Vulnerable
Pedestrian ol ttenti scramble; potentially Elements 39.9
Scramble* nerease attentiveness implement a pilot o

and awareness e Safe Road Users

program e Safe Roads
Principles
e Death/Serious Injury is
d Lef Review UDOT Unacceptable
P;zzic;ehagigt' e Separate users in time protected left-turn e Humans Make Mistakes 3.9.11
standards e Humans are Vulnerable
Elements
e Safe Roads
Tier 4: Increase Attentiveness and Awareness
Use retroreflective Principles
Signal Backplates borders on all UDOT | ¢ Humans Make Mistakes
with e Increase attentiveness | signal heads; guidance | e Safety is Proactive 3.0.16
Retroreflective and awareness provided in Signalized | e Redundancy is Crucial o
Borders Intersections Design | Elements 20

Manual ¢ Safe Roads




Table 4.4 Measures to Implement the Safe System Approach at Unsignalized Intersections

Countermeasure Safe System How Safe System Approach | Section(s)
Approach Framework Principles and Elements | Discussed
Tier 2: Reduce Vehicle Speeds
Principles
R h vehicl e Humans Make Mistakes
esearch vehicle
. ) . ) ) e Humans are Vulnerable
Vehicle Activated | e Increase attentiveness activated signs at o Resnonsibility is Shared
Signs at and awareness intersections; S fp i P ty , 3.9.21
Intersections® e Reduce speeds potentially implement ¢ Salety 1s Froactive
a pilot program Elements
e Safe Road Users
e Safe Roads
Tier 4: Increase Attentiveness and Awareness
Principles
Restrict trect e Humans Make Mistakes
estrict on-stree
C o : H Vul bl
Daylighting ¢ Increase attentiveness parking near : 3 u;r}[ an.s z;'e li.nera © 343
Intersections and awareness crosswalks and Ele?nzztlss roactive T
intersections
e Safe Road Users
e Safe Roads
Principles
Install ICWS on both | e Responsibility is Shared
ICWS e Increase attentiveness major and minor e Safety is Proactive 306
and awareness intersection Elements o
approaches e Safe Road Users
e Safe Roads
Systemic
Application of Principles
Multiple Low- Create program for o Humans Make Mistakes
Cost e Increase attentiveness implementing low- e Redundancy is Crucial 3918
Countermeasures and awareness cost countermeasures Y o
) . Elements
at Stop- at intersections
Controlled * Safe Roads

Intersections

BYU Civil & Construction

Engineering

LIOT

AW Keeping Utah Moving
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Table 4.5 Geometric Measures
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Countermeasure Safe System How Safe System Approach | Section(s) I
Approach Framework Principles and Elements | Discussed
Tier 1: Remove Severe Conflicts YH /> /8
Channelized e Separate users in Channelize right turns; | gy o o
Rioht Turns guidance provided by « Safe Road 3.9.1
g space NCHRP afe Roads
Review UDOT access
management standards | Principles
Corridor Access « Reduce impact forces in Administrative Rule | e Redundancy is Crucial 309
Management R930-6; only approve | Elements o
variances when e Safe Roads
necessary
Review UDOT turn
Dedicated Left- lane standards;
and Right-Turn | e Separate users in guidance provided by | Elements 393
Lanes at space Administrative Rule | e Safe Roads .
Intersections R930-6; revise as
necessary
Principles
« Separate users in e Death/Serious Injury is
space Implement roundabout | gﬂ?::;fizlf\:fulnerable
Roundabouts* ¢ Increase attentiveness program,; emphasize « Redundancy is Crucial 34.1
and awareness roundabouts in ICE Elements 3.9.15
* Reduce speeds program e Safe Road Users
e Reduce impact forces « Safe Speeds
e Safe Roads
e Separate users in Principles
space Install RCUTs; e Humans are Vulnerable
RCUT234 e Increase attentiveness guidancg providc.:d in | e Redundancy is Crucial 39141
and awareness FHWA informational | Elements T 22
¢ Reduce speeds guide e Safe Speeds
e Reduce impact forces e Safe Roads




Table 4.6 Vulnerable Road User Focused Measures

BYU Civil & Construction

Countermeasure Safe System How Safe System Approach | Section(s) Engineering
‘ Approach Framework Principles and Elements | Discussed
Tier 1: Remove Severe Conflicts m
PriDCip]es AW Keeping Utah Moving
Separate USers ; e Death/Serious Injury is
¢ >epat s Unacceptable
space Implement roundabout o Hum anf are Vulnerable
Roundabouts® e Increase attentiveness program; emphasize o Redundancy is Crucial 34.1
oundabouts and awareness roundabouts in ICE Elements y1 ! 3.9.15
e Reduce speeds program e Safe Road Users
e Reduce impact forces e Safe Speeds
¢ Safe Roads
Tier 2: Reduce Vehicle Speeds
Principles
e Humans Make Mistakes
: H Vulnerabl
e Increase attentiveness Install protected : S;l;en tr;niss Eg:oa‘;izim ©
Protected and awareness intersections; guidance o Redund . Crucial 3.8.24
Intersections* ¢ Reduce speeds provided in Urban El € unt ancy 1s Lrucia 3.9.10
¢ Reduce impact forces Street Design Guide ements
e Safe Road Users
e Safe Speeds
e Safe Roads
Principles
o1 ttenti e Humans are Vulnerable
Raised fierease atiehittveness Install raised Elements
4 and awareness 3.9.12
Crosswalks o Red J crosswalks ¢ Safe Road Users
educe speeds e Safe Speeds
e Safe Roads
Principles
) Install raised e Humans are Vulnerable
. e Increase attentiveness | . . .
Raised d intersections; guidance | Elements 39.13
Intersections* . ?{n dawarenezs provided in Urban e Safe Road Users o 23
cauce speeds Street Design Guide | e Safe Speeds
e Safe Roads




Table 4.7 Quick Build Measures
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Safe S Sate S A - S ( Engineering
y afe System afe System roac ection(s
Countermeasure Approach Fyramework How Princip};es and Efements Discusse(i
Tier 2: Reduce Vehicle Speeds m
Princ ipl es B Keeping Utah Moving
¢ Humans Make Mistakes
: e Humans are Vulnerable
e Increase attentiveness Install protected Safetv is Proact;
Protected and awareness intersections; guidance * Salety 1s roacuve 3.8.24
Intersections® e Reduce speeds provided in Urban ¢ Redundancy is Crucial 3.9.10
e Reduce impact forces | Street Design Guide Elements
e Safe Road Users
e Safe Speeds
e Safe Roads
Principles
Install e Humans Make Mistakes
countermeasures that | © Humans are Vulnerable 34
Turn Calming ¢ Reduce speeds reduce vehicle turn Elements 3 9 1 9
radius or speeds at ¢ Safe Road Users o
intersections e Safe Speeds
e Safe Roads
Research current Principles
'ye‘llow 1ntferval e Humans Make Mistakes
Yellow Change Red J timings; guidance Elements 3992
Intervals ¢ feduce speeds provided in Guidelines o
for Traffic Signal * Safe Speeds
Timing in Utah * Safe Roads
Tier 3: Manage Conflicts in Time
Principles
e Decath/Serious Injury 1s
Protected Lefi- Review UDOT Unacceptable .
Turn Phasi e Separate users in time protected left-turn ¢ Humans Make Mistakes 3.9.11
urn Phasing
standards e Humans are Vulnerable 24
Elements
¢ Safe Roads




Table 4.8 Measures to Research Further or Implement a Pilot Program
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] ] Safe System Safe System Approach | Section(s) Engineering
Countermeasure Approach Framework How Principles and Elements | Discussed
Identify locations Research near miss Principles
Near Miss where near miss metrics; potentially .
Metrics conflicts occur, but not implement a pilot * Human.s Make Mlstakes 344 m
necessarily crashes program * Safety is Proactive B Keening Lo Moo
Tier 1: Remove Severe Conflicts
Review UDOT access
management standards | Principles
Corridor Access « Reduce impact forces in Administrative Rule | e Redundancy is Crucial 392
Management mp r R930-6; only approve | Elements o
variances when e Safe Roads
necessary
Review UDOT turn
Dedicated Left- lane standards;
and Right-Turn | e Separate users in guidance provided by | Elements 3.9.3
Lanes at space Administrative Rule | e Safe Roads o
Intersections R930-6; revise as
necessary
Tier 2: Reduce Vehicle Speeds
Principl
Research dwell-on- nneiptes .
d: potentiall o Safety is Proactive
Dwell-on-Red ¢ Reduce speeds Lo POreaty Elements 394
implement a pilot
roeram o Safe Speeds
Prog ¢ Safe Roads
Principl
Research speed safety R lSl:g tl; TSS Proactive
Speed Safety cameras; potentially El ¢ 3.335
Cameras * Reduce speeds implement a pilot ements 3.9.17
roeram ¢ Safe Road Users
pIog ¢ Safe Speeds
Principles
R h vehicl ¢ Humans Make Mistakes
esearch vehicle
. . . . . H Vulnerabl
Vehicle Activated | e Increase attentiveness activated signs at : R:;naoil;i?ori‘lai tyuismSE;Zreil
Signs at and awareness intersections; pon . 3.9.21
N . . e Safety 1s Proactive
Intersections ¢ Reduce speeds potentially implement El .
a pilot program ements
¢ Safe Road Users
¢ Safe Roads
Resltlzarch cturrerllt Principles
yellow interva .
Yellow Change timings; guidance * Humans Make Mistakes 2 5
Reduce speeds . . 1 Elements 3.9.22
Intervals provided in Guidelines « Safe Speed
for Traffic Signal Sa fe Rp ez s
Timing in Utah ¢ »ale Roads
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Findings

Tools for adopting the Sate System Approach at intersections

* SSI methodology
* Safe System Project-based Alignment Framework

27
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Findings
Tools for adopting the Sate System Approach generally

 Safe System Policy-based Alignment Framework
 State DOT executive order or director’s policy
* Incorporating the Safe System Approach in the SHSP or HSIP

* Organizational Safety Culture Self-Assessment

* Safe System Roadway Design Hierarchy

VISION
ZERO

do f @R

NO MORE TRAFFIC DEATHS

* Safe System Approach Framework

28



Limitations and Challenges

* Impacts of COVID-19 on Vision Zero communities:

* Decrease 1n fatalities from 2019 to 2020, followed by an increase in 2021

* Many case studies and FHWA publications are relatively recent
(as recent as June 2024)

BYU Civil & Construction

Engineering

5&“‘005 INJURY IS UNACCS
| Py

48,

 Some findings are limited due to recency and ;7 had
long-term 1impacts are not yet fully known O?i-.,.ma:“

THE
SAFE SYSTEM
ity APPROACH

Vehicles

R, \°]
ESPONSIBI Ty 15 SHARE 29
Source: FHWA.
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Recommendations

* Encouraging communities to become Vision Zero communities
* Incorporating the SSI Method into ICE Program

* Institutionalizing the Safe System Approach:
* Updating SHSP to incorporate Safe System Approach principles and elements

* Administer Organizational Safety Culture Self-Assessment and/or Safe System
Policy-based Alignment Framework

* Place strong emphasis on roundabouts or other intersections to reduce conflict points

* Be aware of NCHRP 17-125 “Guide for Applying Safe System Principles in the Road
Safety Audit Process” (2026)

* Be aware of NCHRP 17-132 “Tools to Support State DOT Implementation of the Safe
System Approach” (fiscal year 2025)
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