Safe System
Approach

Brandon Telford, P.E.

& ENGINEERING



Safe System Approach

Safe System Approach
Principals of the Safe System Approach

Objectives of the Safe System Approach
Crash Reduction (Traditional Approach)
Safer Speeds

Safer Roads
Anticipate Human Error
Accommodate Human Injury Tolerances

Post-Crash Care

Vision Zero Lesson from Finland

aI0US INJURIES g g

3
g%f =
&%{ﬁt!‘_ o
\.f:'.' ,fé} J-"l‘:. :{
& ~'-:"',l-'j g2
S8 '- A%
L . I
{-3‘ f
=
3 SAFE
§ - SYSTEM
- m APPROACH |
; ® ®
¥4 Post-Crash
E\ "
o
(1
%




Principals of
the Safe

System
Approach

Responsibility
is Shared

Humans
Make
Mistakes

Principles of a
Safe System
Approach




Objectives of a

Safe System
Approach

* Encourage safe, responsible driving and behavior by people who use our roads and
create conditions that prioritize their ability to reach their destination unharmed.

* Expand the availability of vehicle systems and features that help to prevent crashes and
minimize the impact of crashes on both occupants and non-occupants.

Safer Speeds

Safer Roads

e Promote safer speeds in all roadway environments through a combination of
thoughtful, equitable, context-appropriate roadway design, appropriate speed-limit
setting, targeted education, outreach campaigns, and enforcement.
x

* Design roadway environments to mitigate human mistakes and account for injury
tolerances, to encourage safer behaviors, and to facilitate safe travel by the most
vulnerable users.

~ » Enhance the survivability of crashes through expedient access to emergency medical

care, while creating a safe working environment for vital first responders and preventing
secondary crashes through robust traffic incident management practices. Py




Traditional Approach Safe System Approach

Sis/=ie @ Eniss e Prevent Death and Serious Injury

Bl=islelalield Zelgizie o Design for Human
Behavior Mistakes/Limitations

Safe System
Approach vs

Accommodate

Traditional e Reduce System Kinetic Energy

Approach

High Speeds

Individual o
Responsibility Shared Responsibility
Reactive to Crash

History e Proactively Identify and Address Risks




* Crash Modification Factor

- A multiplicative factor that indicates
the proportion of crashes that would
be expected after implementing a

HIGHWAY
S nterm re.
Traditional . CMF <2 reduction SAFETY |
Road SafEty * CMF =1 =no change 1st Edition = 2010

* CMF > 1 =increase

Approach
-Crash
Reduction

* Crash Reduction Factor

- Another way of representing the
expected effect of a countermeasure
in terms of the percentage decrease
in crashes

* CRF > 0% = reduction
* CRF =0% =no change

* CRF < 0% = increase




Traditional
Road Safety
Approach

-Spenard
Project
Example

Spenard Rd 2011

Traditional Approach

Spenard Rd 2025




Traditional

Road Diet
19-47% Reduction in Total
Crashes

n Safet
Counrermeusures

Road Diets

(Roadway Reconfiguration)

A Rood Diet, of roadway reconfiguialion. can improve safety, caim fioffic.
ot

o
aually of ife. A Rood Diet typically involves converting on exisfing four-ione

Pedestrian Refuge Island
46% Reduction in Pedestrian
Crashes

Countermeasures

Medians and
Pedestrian Refuge Islands in Urban

and Suburban Areas

A median & ihe oea between ' opposing lanes of traffic. excluding turn

lanes, Medians in aeas can P
markings. or sands ond non

1o through lanes

toa
@nd a center two-way lefi-umn lane (TWLIL).

A pedestrian refuge Island (or crosing are) ks & median with o refuge area
that & intended 10 help protect pedestrions who ore crossing o 1e0d.

Road Safety
Approach

Pedestrian crathes account for jways. parficulory in areas wiln
approximotely 17 percent of ol froffic usgmrs:um i of pedesion ond
foraities annuolly, and 74 parcent  vehicia traffe, irafic
of et occ ol noninteRscion 5000 verucies par Gy, onc iouel
locotions.! For pedestnans fo $peads 35 mph o greater. Medkans,

safely cross a roadway, they must rafuga tsiands should bo at least
esvknc!evahclespseds Sotarmine &8 wido bt peforcbiy 81 for

o

Road Diet Conversions

Lol

s fom
vmoolhs Instoling o median medians or pedestiian refuge iands.
Einrel inckgle

-Spenard
Project
Example

Crosswalk Visibility Enhancement
40% Reduction in Pedestrian
Crashes

Proven Safety
Countermeasures

Crosswalk Visibility
Enhancements

o oostruct

STy O CIOSwWaks,

fo safety ssues. For
i oxcass of 10000 Avoroge Annual Dol iae (ADT, & mered! erosswolk
ione & typicaly ot sufficient. Lindiar such condtions. mors substantiol

potential
and the
pedestnions, DICyClsts, whaskhair dhd D‘P\e( MO device users, and frang?
Safety Benefits: wsers using them more viske fo ditvers. These inchude high-visbilty Crosswaks.
Iighting. ond sigring ond px ‘markings. ments can also
High-visibility et sers s
can reduce in incicate

ury
crashes up fo: location for users fo crass.

40%'

indicate
where o driver should stop of yield 1o




Conversion of Intersection to Roundabout
CMF = 1.58 CRF =-58%

Traditional
Road Safety
Approach
-Crash

Reduction vs
Crash Severity

Source: Evaluating the Performance and Safety Effectiveness of Roundabouts — An Update, Savolainen, et al, June 2023



Traditional
Road Safety
Approach

-Crash
Reduction vs
Crash Severity

Table 23 Crash Severity Distribution Before and After Roundabout Construction

Severity Type Before Period After Period

Frequency | Percentage of Total | Frequency | Percentage of Total

Single and Double Lane Roundabouts

Fatal 21 0.26% 5 0.06%
A-Level 129 1.62% 58 0.65%
B-Level 374 4.71% 192 2.14%
C-Level 1154 14.53% 577 6.42%
PDO 6265 78.87% 8160 90.75%
Total 7943 100.00% 8992 100.00%

A —Serious Injury B — Minor Injury C — Possible Injury PDO — Property Damage Only

Source: Evaluating the Performance and Safety Effectiveness of Roundabouts — An Update, Savolainen, et al, June 2023




Objectives of a
Safe System
Approach,
Safer Speeds

* Why focus on Lower Speeds?

- Safe System Approach focuses on the forces involved in a crash,
reducing those forces to improve survivability.

. If hit by a person driving at . Person Survives the Collision . Results in a Fatality
20 M PH s > & & ® ® & & & » |
riiie AARA %‘ Ak AR ﬂ
30 MPH
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* Kinetic energy reduction through reduced speed (v) is not linear.

KE = = mv?
va

m=mass (slugs)
v=velocity (ft/s)
KE=Kinetic energy (Ib-ft)

Toyota RAV 4 Speed vs Kinetic Energy

600,000

Objectives of a
Safe System
Approach,
Safer Speeds

500,000

400,000

300,000

Kinetic Energy (ft-1b)

200,000

100,000

20 25 30 35 40 45 50 55 60 65
Speed (mph)



- New Zealand Road Safety: Mistakes

Trigger
Warning

https://www.youtube.com/watch?v=B2rFTbvwteo



https://www.youtube.com/watch?v=B2rFTbvwteo

Objectives of a
Safe System
Approach,
Safer Speeds




THE SAFE SYSTEM APPROACH
(Safer Roads)

ACCOMMODATE
HUMAN INJURY

TOLERANCES
(Humans Make Mistakes) (Humans Are Vulnerable)

ANTICIPATE
HUMAN ERROR

SEPARATE SEPARATE INCREASE REDUCE REDUCE

USERS USERS ATTENTIVENESS SPEEDS IMPACT

IN SPACE IN TIME AND FORCES
AWARENESS

Source: Toole Design Group



Objectives of a
Safe System
Approach,
Safer Roads

Anticipate Human Error

Separate Users in Space



THE SAFE SYSTEM APPROACH

ANTICIPATE
HUMAN ERROR

Objectives of
afe Syste

Approach,
Safer Roads

Anticipate Human Error

Separate Users in Time

For more information on i

and other FHWA Proven Safely
Counlermeasures, please visit
hitps:/ [highways.dol.gov/
safety/proven-safety-counter
measures and hitps:/ /high
ways.dol.gov/sites/hwa.dol.
govifiles/2022-06/
hwasa 8064, pat

Pedestrian Hybrid
Beacons

strian hybrid beacon (PHE

Proven Safety
Countermeasures

3 Q troff
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Noarly 74 parcen? of pecostnian
pocur ot nondntesect

fotaitie:

OCONON. ONd VO IHeeds
offen a major NG factor
As a safety strategy 10 address this
pedestrion crash rak. the PHE s an
nfetmediate option between a
fashing beacon and o full pedestrian
signal because it asigns Aght

S0 alows Mol
he podestion hos ¢
f the travel k
ok

Transportation agencies should rafer
o the Manual on Uniform Traflc Control
Devices (MUTCD) for informaion

on the appication
TrGnagaraton agencios iy
pedestian Sgnas 10 be accesibie for
il L

in genoral PHB: are used whote
s dificult for pedestiions fo cross
Q 1OOUWDY. WICH G5 Whan Qaps in
afic are nof sufficient o speed
lirits @xcead 35 miles par hour
They are very effective ot locations
whare fhe lanes will

VORIMES 016

wal average daly

Instailation of 0 PHB must

also Inchudte O Marked Crosswak

and padestiian countaown iignol

If PHBs are not already familar 1o a

communiy, 0Qencies houkd conduc!
CONON Gnd oueach

ZERRS

e

i seacl Proven Safety
: Countermeasures

Leading Pedestrian
Interval

4 pedetinans

3-7 seconds bef

FHWA s Hondibook for Designing
Roacways for the Aging Popeianon
FBCOMMBNdS the use of the LA ot
INeroctions with high NIming vehicle
mes. Iransportation agencies

and vehicie. should 10 the Manual on Uniform
Traffic Control Devices 101 GuAIGNCe Gn
LA timing ond ondure Ihat posestron
sgnok are accessibio for ol userns
Costs fot implementing LPs are very
1ow whion only ignal timing alleration
s requined

* Reduced conficts botween

* Enhanced satety for pedestrians
who may be siower 10 start info the
Flersechor

For more information on this
and other FHWA Proven Salety
Countermeasures, please v

hitps:{ I highways.dot.gov/
satety/proven-satety-counter

measures and hitps:/ /highways.
dol.gov/sites/thwa.dol.gov.
files/ 2022-06 /thwasa | 9040, pdt.




THE SAFE SYSTEM APPROACH

ACCOMMODATE
HUMAN INJURY
TOLERANCES

ANTICIPATE
HUMAN ERROR

1 SPACE T

Objectives o
Safe System
Approach,

Safer Roads

Anticipate Human Error

Increase Attentiveness and
Awareness

(varies by speed limit, number
of lanes. crossing distance,
and time of day).”

Rectangular Rapid

Prov'énlSafefy
Countermeasures

Flashing Beacons (RRFE)

A marked crosswalk o POGESITIan woming SigN Con impro
pedestiions crossing the ©0od. but at times may not be sulicient fc
fo vaibly locate crossng locations and yield 1o pedestrians. Ta onha

pedestrian conspicuty and increase driver aworeness of uncontrobed

ko Crosswaks, transporahon ogencies con iy

i 0 pedestrion

actuated Rectangular Rapid Fiashing Baacon (RRFB) fo accompany a

podestian watning ugn. REFBs consst of two. fa

tonguicr- thaped yellow

incications, each with o ight-emitting diode (LED)-amay-based ight source:
RRFB fash with an alfenating high freguency when octivated 1o enhance
conspiculty of padesirions ot the crossing fo drivers.

Transportation ogen

s should refer 10 the Manual on Unform Trafc Control

Devices (MUTCD) for Information on o oppication of RRFSS

Applications
The RRFS is appiicabie 1o many
Ty Of CaCESINGn COMINGS but i
paticuiany efflective of multiane
CIOSSINGS WITh 300631 Wit ks
than 40 miles per howr ! Ressarch
suQgQests RRFBE can result in motorist
yielcing rates a3 high af 98 percent
at marked crosswolks. but vones
depending on the location. posted
spead imi, padestnon crossing
HIONCH, 0N VOTELS Two-way 100dl
QN the NUMDG of ravel ones.*
RRFBs can also accompany school of
tral Crossing warming sgns.
RRFBs a1 pIaCed on Dot 3068 of
@ croswak below the pedestrion
crossing ign and above e

oNdHl Cownward arow pIoque
pointing of the crossing.' The flashing
pattern can be octivated with
pushbutions of passive (e 9. video of

infrored) . and
shauks De unit whan nat activated

FHWASA-2)053

Considerations.

Agencies should:*

* Ingtall RRFBS in the Mecion rather
than the far-scde of the roodway
if there & G pedestrian ehge of
Ofher type of medkon

* Use solor-power panels 1o eliminate
he nead for O POWer JOUCe.

* Resarve the use of RRFBS for
lacations with ugniicant pedestian
safety 5sues. O3 Over-use of RRFE
fractments may ciminish thes
effactivonos.

Agencies shall not:'

* Use RRFBS without e presence of
@ padesmion, school o ol crossing
waming sgn.

* Use RRFBS for crosswolks Octoss
approoches confroled by VIELD
sigra. STOP sgns. frafic confrol
signals. or pedestrian hybrid
beacons excep! for he approach
o agress from o rundabout

ZERqsL

Q

Pt vy At on

Safety Benefits:
High-visibility crosswalks
ecan reduce pedestrian injury

For this

more information on
‘and other FHWA Proven Safety
Countermeasures, please

Proven '.Sofety
Countermeasures

Crosswalk Visibility
Enhancements

Poox lighting condiions, obstructions s4ch as parked cors, and horizontal or
vertical readway curvature can reduce visioiity of crosswalks, confributing

1o safety issuas. For muitiane roOdway Crossings whare vehicke volumes are

In excess of 10,000 Average Annual Dally Traffic (AADT). a marked crosswolk
alona is fypicotly nof suficient. Under such condifions, more substantiol
Crossng Improvements could prevent on inCredse In pedestrian crash
potentiol

Thves main crosswalk visibilty enhancements help make Crosswalks ond the
pedestrians. isfs. wheslchair and other mobiity devics users. and transit
usars usng them maore visibie to drivers. These include high-visibiity crosswalks.
fighting. and signing and pavemant markings. These enhancemants can also
ansist users in deciding where to cross. Agencies con implemant thesa features
1 standalons of combinafion enhancemants 1o Indicate Me prefened
location for users fo cross

g

High-visibility crosswalks @ morked crosswak fo indicate
High-visioilty Croswalks use pafterms  Where 0 driver shouid stop of yield to
0.0 bex pak, continentol, ladden {l:moemuns depending on State law.
o supplement the signing. agencies

" 1 th ariver

e b can also install @ STOP or YIELD bar
(commonly referred 10 a3 “shark's
trarsverse ine crosswoks. Thay fesih’) pavament markings.
should be considered at al In-streat signing, such as “STOP Here
midblock pedastrian crossings and for Pedestrians” or “YIELD Here to
unconfroled infersections. Agencies  Pedestrians’ may be oppropriate on
Should Use matenals such s inky of 1oacs with two- of thiee-lone roads
hermopiastic tape., instead of paint where speed imits are 30 miles per
or brick. for highly reflective crosswalk  hour of less.
markings.
Improved Lighting
The goal of crosswalk ight
should be 1o lluminate with positive
confrast 1o make it easier for a driver
fo visually identify the pedestrian,
This involves caratully piocing the
luminaites in forward locations 1o
avoid a sihoustie effect of the
pedestrian
Enhanced Signing and
Pavement Markings
On multilane roadways. agencies
can use "YIELD Here to Pedestrians™
or "STOP Hare for Pedestrians™
signs 20 16 50 fee! in advance of Source: FHWA

measures and https://high
sifes/fhwa.dot.

gov/files/

FHWA-5A-21-049

€ Chan 1 B Bk, T kol Efoclirmroem of Pecst
# etom miunocions - Lewons o 2 Heew Wi CBy froermeece, (0
3 Vo 1 ot of oo Saluty Wedmas

L T rer—)

Morncs o Un
T TN —
EE

ZERqESL




THE SAFE SYSTEM APPROACH

ACCOMMODATE
HUMAN INIURY
TOLERANCES

Objectives of a
Safe System
Approach,
Safer Roads

Accommodate Human Injury
Tolerances,

Reduce Speeds

Image Source: ChatGPT



. If hit by a person driving a . Person Survives the Collision . Res
20 MPH

ridire ﬂﬁﬂkﬂ\‘k%‘ﬂﬂ

30 MPH ........

Objectivesofa '@‘ ﬁﬂﬂﬂﬂﬂﬂkﬂk
Safe System 10 1P

ApprQaChl rie ﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂ
Safer Roads * The Challenge Average Operating Speeds for MOA

- Anchorage High Crash Network [SRSANGECRIERICEERNETEILSHEE

Accommodate Human Injury roads operate at_fs_peeds_tlﬁat Posted | Avg85% | Avgs50%
Tolerances, rpaa\e%r::ter?;nasﬂgm Icant risk to Speed Speed Speed

Reduce Speeds - Significant speed reductions 30 39 33
are required to achieve speeds 35 41 35
that accommodate human
injury tolerances. 40 45 39

45 50 b

Source: Inrix 1Q



THE SAFE SYSTEM APPROACH

ANTICIPATE ACCOMMODATE

HUMAN ERROR il ¢ The GOOd NeWS
: * Reducing speed is possible even on urban arterials.

* Reducing speed may even benefit traffic capacity on urban
arterials.

O b-j e Ct i Ve S Of a Figure 14 Traffic Volumes Versus Speed for Urban Arterials and Highways
Safe System ol

Grade-Separated
Highways

Approach,
Safer Roads

Urban Arterials

Vehicles Per Lane-Hour
]
(-]

Accommodate Human Injury
Tolerances, 2001

Capacity-Maximizing Speeds
A A
f B | )|

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Miles Per Hour

Since faster traffic requires more shy distance (separation) between vehicles, roadway capacity declines as speeds

increase. Under optimal (dry, clear and level) conditions capacity typically peaks at 25-35 mph (40-60 kph) on

urban arterials and 35-50 mph (60-80 kph) on grade-separated highways, reflecting LOS C-D. Capacity-optimizing

speeds tend to decline with more interchanges and denser traffic.

Reduce Speeds

Source: Traffic Speed Versus Roadway Capacity; Evaluating how tariff speeds affect vehicle flows and congestion costs,
Victoria Transport Policy Institute, 2025



THE SAFE SYSTEM APPROACH

ACCOMMODATE
HUMAN INJURY
TOLERANCES

ANTICIPATE
HUMAN ERROR

* The Other News

* Research shows that significant speed reductions are not achieved when
only one speed management tool is deployed.

O bJECtlves Of d * Significant speed reductions require multiple tools deployed together, in a
context appropriate way.
Safe System

Pedestrian and
Bicycle
Countermeasures

Approach,
Safer Roads

Lane Width Reduced Posted
Reduction Speed

Street Network
Design

Roadway Cross-
Section Enforcement
Reallocation

Accommodate Human Injury
Tolerances,

Messaging &

Education Street Trees

Reduce Speeds

Coordinated Traffic Calming
Signals Devices

On-Street Parking




THE SAFE SYSTEM APPROACH

ACCOMMODATE
HUMAN INJURY
TOLERANCES

ANTICIPATE
HUMAN ERROR

SEPARATE

REDUCE
USERS IMPACT
IN TIME FORCES

Objectivesof a
System Approach,
Safer Roads

Accommodate Human Injury
Tolerances,

Reduce Impact Forces

F;r(l)'\}en Safety

Countermeasures

AOIOCkwss fiow (RN O CoNtIC Band
t Wi $p00ds and reduced
whore Crashos hat couse

ot oy G sofer
orx thary are o
rrs Of kivering peopio
g. Evon whie cakming

they con reduce dekay or
whon Companed 10 ofher
ofternatves Funtr
vehiculor e o
confict ervronmont can creato

Safety Benefits

Two-Way Stop-Confrolled Flatten sideslope from
Intersection 1o @ Roundabout

TV:3H fo 1V:4H:
8%

OO KANGDIS GOVONMant for
wailking and bicycing .
Roundabouts can b implemented 4
in both urban and il Greas under
a wide range of hraftc condifions
Qro, tws

ok, ane ol way

Fiatten sidesiope from
TV:4H fo 1V:6H:

o

They con repioc

reduction in fotal
and injury Crashe

an
OO for Managng et
Famoning haffc fom hgh
AR DIVAORTRIO,
SUCH 8 froewCry INNOICHaNG Mg

signalized Intersection 1o a
Roundabout

Increase the distance fo
roadside features from
33fti0 167 1

22%

Increase the distance to
roadside features from
16.7 ft 1o 30 ft
O
44%

information on this
and other FHWA Proven
Satety Countermeasures
plecse visit hitps://highways.
dot.gov/satety/proven-
safety-Countermeasures and
hips:/ [ highways.daot.gov/
safety/infersection-satety/
Intersection-types/ roundabouts.

For more information on this
and ofher FHWA Proven Safety
Countermeasures, please

hitps:/ fhighways.dot.gov/
safetyfproven-satety-counter

measures and hitps://
highways.det.gov/satety/
rwd/provide-safe-recovery/

clearzones/clearzones.

JFFICE OF SAFETY

Proven Safety

Countermeasures

Roadside Design

Improvements at Curves

Hortzonfol curves occount

7 percent of al
Iwi

severily

Roadside design improvemar
and are particulorny recom
2 higher risk fof roaciway departure f

Roadside Design improvements o
Provide for a Safe Recovery
In coses whoro o vehicie lecves

ha roadway. having sirategic:

roodside design slements. Incuding

sciod or widened shouider,
flattened sidesiopes. of @ widened
clecr 20n6 can provide dniva
an opportunity fa tegain contral and

fo-enter the 10OMway in thel lane o

come 1o a safe stop before roling

oven or encountering @ fsed object

+ A clear 1one i on unobstnucted
fraversable roadside area that
Giows @ diiver 10 stop safely of
regoin control of 0 veticle that hos
loft ihe roociway. Agencies should
avoid aadng naw fed object
such as freas and utiity cabinats of
poles in the clear 2one. AASHTO's
Roagside Design Guide do1ols the
clear zone width odjustment factors
10 be apphed af horzontal curves.

. Slope flattening rodices ihe
sleapness of the sdesiope fo
Increase divers’ abiity fo keep the
vahicia stobie, regain control of the
vehicie, and avoid obsfocles. Sopes
of 1V:4H ot fiatter ore considered

coverable (Le.. drvers con retain

i of G vehicle by sowing or

stopping). Siopos betwean 1V:3H

and 1V.4H are generally conside
fravenable, buf nan-recoverable

(le., mrant vehicle wil confinue o

the Dottom of he Hope).

ombintion,
where data indicates

aifies and serk s

- Adding or widening shoulders
gives drivers more recovery area
10 regain confrol in the event of @
toodway deparfue.

Roadside Design Improvements 1o

Reduce Crash Severity

Since not all roadsicle hazards can be

temoved, relocated of recesgned

ol curves. Instaling roadside barrers

10 shieid nmovable objects ¢ steep

@mbankments may be an appropdats

treatment. Thise common types of

100dside bamers an

+ Cable barrker is a flsxibie barror
made from steel cables mounted
on weok steel posts. Flexbls borriers
are more forgiving and have ihe
most deflection

- Metal-beam guardrall i o semi-
figict barmier where G W-beam of
box-beam s mounted on steel

o timber posts. These deflect less
han cable barman, 50 thay can

be located closer o cbjects where
ace i Imited.

Concrete s @ rigid barrier
hat has itfie 1o o celection.

ha
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Objectives of a
Safe System
Approach,
Post-Crash Care




Vision Zero Lesson from Finland




