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Strategic Highway Safety Plans
SHSP

Safety Efforts

Countermeasures

Education Campaigns

Road Safety Audits (RSA)

Targeted Enforcement

EMS improvements
etc...




QO arisvey  pPROBLEM  IDENTIFICATION

WARNING: DO NOT Assume!
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Assume

1. First ID Problems & Risks
2. Then, develop solutions
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For each safety issue, the audit team may provide suggestions or possible
solutions to reduce collision frequency and/or severity.

Suggestions should be:
address the safety issue
appropriate for stage of audit
appropriate for all road users
may range between low and high cost
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Q¥ Feceral Highway Low-Cost Countermeasures

Crash Reduction Factor (CRF):

Represent the quantitative results from research
studies, indicating the percentage reduction in
crashes that can be expected after
implementation of the treatment

The following slides show low cost countermeasures
with CRFs
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e AASHTO Roadside Design Guide
e CRFWarehouse.org

e NCHRP 500 Series

 Highway Safety Manual




= 1/2 at night
= 2/3 on 2-lane rural roads




AT Fatal Crash Types

kg%/ — | % of Total Fatal Crashes
Pedestrlans
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Lane Departure Crash —

A non-intersection crash in which a vehicle leaves
the travel lane to the left or right.
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& ciminisiciior Lane Departure

Lane Departure
= 539 of all Road Fatalities Nationwide

= 48% in California




AL Roadway Departure

Percent of Fatal Crashes
2006-2008 Averages
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Why do drivers leave the road?

e Road Condition
e Collision Avoidance

e Vehicle Component
Failure

e Driver Error
* Driver Impairment

e Human Factors Violatio

1-15
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NCHRP 500 NCHRP S
Volume 6 '

Guide for Addressing
Run-Off-Road Collisions

17
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Addressing Risk Factors

Enforcement/Education
actions to keep vehicles

on roadway:

— Change driver behavior
(DUI, speeding, fatigue, distractions)

— Spot enforcement
— Targeted education efforts
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Addressing Risk Factors

* Engineering Strategies for Road Departure
e Keep on Road

e Lessen Severity After Departure
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Keep Vehicles on Road — ngherCost

— High friction overlays

— Wider travel lanes

— Paved shoulders

— Provide new super elevation

— Oil & Chip Gravel Roads

— Widen shoulders

— Flatten curves (increase radius)
— Maintenance of Superelevation



- .5, Department of Transporkation
e Federal Highway

J Administration

Keep vehicles on Road — Low Cost

e Pavement Markings
e Pavement Rumble Strip(e)s
e Safety Edge

e Signs

 Delineators

 Adequate sight distance for alignment changes
e Curves: delineation, warning, super-elevation
e Clear Zones



QD Fedrai fighiay Percent Curve Crashes

2006-2008 Average
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~ Warning Signs
. Wideping -
~ Realignment =




Qs Low Cost: Signs & Delineation

http://MUTCD.FHWA.DOT.GOV
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2009 MUTCD on Curves

e Compliance Date 12/31/2019
e 2009 MUTCD Table 2C-5
 Not required for roads with <400 ADT

Table 2C-5. Horizontal Alignment Sign Selection

Type of Horizontal

Difference Between Speed Limit and Advisory Speed

Alignment Sign

5 mph 10 mph

15 mph

20 mph

25 mph or
more

Turn (W1-1), Curve (W1-
2), Reverse Turn (W1-3),
Reverse Curve (W1-4),
Winding Road (W1-5), and
Combination Horizontal
Alignment/Intersection
WA10-1

Recommended Required

(
(see Section 2C.07 to
determine which sign to use)

Required

Required

Required

dH-EHM

(N

Recommended

Advisory Speed Plaque
(W13-1P) Required

Required

Required

Required

Chevrons (W1-8) and/or One

Direction Large Arrow (W1-6) Optional

Recommended

Required

Required

Required

— g

{reuonde)
WM

1k e

GRS 0 LR
R

s

Exit Speed (W13-2) and
Ramp Speed (W13-3) on

Optional
exit ramp

Optional

Recommended

Required

Required

Note: Required means that the sign and/or plague shall be used, recommended means that the sign and/or plaque
should be used, and optional means that the sign and/or plaque may be used.

See Section 2C.06 for roadways with less than 1,000 ADT.
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2009 MUTCD Option for fluorescent colors

— Florescent Yellow Chevrons on high risk curves
— 20% reduction in crashes (lowa DOT)

orescent yellow
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QN eceral Highway Rumble Strip

* Injury crash reduction

— 18% on rural two-lane
highways.

— 17% on rural multi-lane
divided highways.

e Reduction in run-off-road
crashes of 38% on freeways.
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LANE DEPARTURE

Edge Rumble Stripes

30
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Safety Edge

Overcorrecting — a fatal mistake
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Safety Edge

e Saves Lives

 Improves Compaction

 Reduces Maintenance Expense

 Adds Less than 1% to Pavement Resurfacing
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However, some drivers will still leave the
road and...

...the "cbn'sequences can be severe.
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After Departure

Strategy to minimize severity:

Remove / Redesign
Relocate Hazards

Protect / Reduce Se
Delineate Hazards

SSOUDAIII3YT
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10 to 35 feet minimum
depending on speed and slope.
(See AASHTO Roadside Design Guide)
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@ Fecerairighay Remove Hazards

e Slopes & Embankments
e Recoverable: <=4H:1V
e Traversable: 4H:1V to 3H:1V
e Unrecoverable: >3H:1V
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Remove Hazards
* Fixed Objects s
O Cattle Grates .*f
O Trees / Vegetation TP
O (>4” diam.)
O Non-breakaway posts

O Fences, especially with top rail
O Non-crashworthy barrier
O Drainage structures

O Boulders

0 Monument Mailboxes
40% reduction in Fatal/Inj crashes



QR Feceral fighvay Roadside Hazard Fatalities

Guardrail/
Barrier

14% Sign Post

6%

— Drainage
Features
10% 199%0

Embankment

Utility Pole
9%




QY redewarigivay “Crashworthy”
Crashworthy - o

Term to describe
device that have
passed crash testing

standards. = - Manual for
Assessing

i Safety 00
Crash Test Standards — Hardware

NCHRP-350
MASH

l'..'.-'\ T
' . 2
- . i



DN Federal Highway
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- Administration

— Moving hazards out of the “clear zone” lessens the likely
hood that they will be involved in a crash.

— Crashes outside the clear zone are likely to be less severe
than if the object was right off the shoulder.




. U.5. Department of .[l'-'IJ naporkation
' Federal Highway
@ Administration

Protect /
Shield

* Protect objects

— Slopes
— Fixed objects

e Grading to lessen severity
— Drainage structures
— Crossroads & Driveways
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* Crashworthy
—NCHRP 350
— MASH

e Deflection
e End Treatments

e |nstallation Standards



AT Longitudinal Barriers
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Flﬁed EEHEDT Bridges columns,
wﬁrhm sign support, etc.)
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ADIEM II ~  QUADGUARD -
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Blunt Ends Turn Down Terminals
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i on Installation Standards

e CalTrans Standard Plans Online
e Manufacturer/Supplier Installation Guides

Leas than c-?-.
But et Isa
[

? maos okt whn,
"‘ll"d | —LIQ'-W"J-'F-M 1‘ with
- LSme bohe Mﬁlﬂﬂ"' xl-Emcdblr:: S Hote 11)
Hote &, For a I-tl'l#l DF f'l-l!li b fpets (bridge solunis, D‘Bmd &ln D-M"-H il
adi+ioral fi g Toay wivh B0 eand E ek
=1 c-rrm- -m m apaing url 1-u uo -u :-huu LIEE] :.p:f.

STREMGTHEWED RAILIMG SECTIONS

FOR FIXED CBJECT

Use sdrengtbamed ralllna sectlors with Layod T 1eH w nininue «learancs b'ﬂ-nn Hu foce
af the gurd rafling and Tlesd shisctisl [5 |ses A=t%, it rat |=ss than 2-3°, B Kets 4,

Fromrt Pacs of
#nd post-

Gl Taper to ¥ Typ from n\'
cerdel of and poet o

r‘ [0 T i
(?- FI-N nt;lcﬁt [Erldge Gnlllm;-. 1ol e

dian ot :1» _rn e

B A I

Hings

II,/,.c.p.-'r 3 e ' o Himae paint

Ha Dk —___ B " A

= offast |ine of frovelsd way =

E% Tlarter =lops

JHYQNYLE JiSIAEY 800T

|
=T 101 er [ Ede of paviel ahellBl o
1

=
. (T h.'_“_‘?# & - Zaltrans opproved Flarsd Tsrningd Speten End Traataerdt
L] nas Note T

Huit DIk, Tepes Foi, Hua Dlkse Tipe ©
e ke (0¥ — oew hote 10
R

TYFE 1EH LAYOUT

H-I-IFU FIILN' JH’-'I'i-LI..iTIM J.'I' P!‘ll!!ﬂ'.l! FI!EI'.I ﬂﬂlErT R SRJESTE
& FLATE| e T THE ERDS OF MALDNG)

& -l 1IH|II1.II :urhll Elid Trac it dbe Used alefs &lte oshdltdm
wlll nat a medate a flarsd el treatent,

port; blocks ad harders = be deed are shem on Standrd Flane 43741, o The hape of Harminal syehan +o b used slll b ahoti s Hhe Praject Plane,

9DLLY d4d6H NYd

Bt ralling post apacing 45 be §=3" cantar 42 cartar, aucapt an wiharsiss m:iz'.m“'&j-?:tr“.'r'm.m T i Syl Yo"

E rultipie sucspt ae speciried

:r:::. |rwn¢|||-|- ‘_ I Il'=§~ICH‘==¢ muf'xlul—rm Snﬁ:_?;pminm
] " In with &" = &" « 0}

blsckear mﬂ‘“lw "'47& e rar bkl e % Lnyout Types 160 theagh 1L, st on the 8775 Sarias ot Revived DEPARTWEM! SR

T ""‘*".E’."’fr...'"w..em. b ﬂ.« mcttind. S R IR MRS IR M,:m:'mm METAL BEAM GAUARD RAILING
for both di

4 r-hninjmn sleames (s reqired betn the Toce T frn:rrvvh_:ﬂm_ . m'“'“l s - :m:T '"'I I _—— TYPIGAL LAYOUTE FOR
fack of et 0 vl , C
AL LS e S P S e T P o AT e e ROADSIDE FIXED OBJECTS

Llu bttt H ‘k_h.:vfﬂ-lulghlni hd He foce Jfl:u-uou et s 11 W6 x (8 stes] post, B-0 In (sngth, vith l'w-l-'r1-z'ncvhm-t1vm4 HO SCalE

Yess fhen 4oh, BT hot Ises Hn 2 lere e clearaes (s lses I ok or neteed R s Lied |

o concrerhs wall e barriar should be conetrushed o shisld He fiesd cbjschsl. IEE‘, LA E:Hm‘"n'g. b e s AL - I‘u.TEEH:IFI "7"“&2‘3'ﬁlgﬁ"gﬁéﬁsﬁﬁfl':?g‘%:&rxf —
Bu Direstion of s[acnt trfls INAIGTred BY el A

g thenmd Railing
REVIEED STANDARD PLAN REP ATTQSE

PRTeL)




; U.5. Department of _[r-.-:rm:}ar!f;:ricxr:
Q Federal Highway

Administration

Delineate - Last Resort

* Objects
e Adverse / unexpected alignment
 Non-traversable slopes

1-52

Figure 2C-13. Object Markers

Type 1 Object Markers
(ebstructions within the roadway)

O
O O
0 0 0O
o o
0
OM1-1

Ok1-2 OM1-3
Type 2 Object Markers
(obstructions adjacent to the roadway)

o

@ D oo ()

OMz-1V OMz-2V OMz-1H Obz-2H
Type 3 Object Markers

[chstructions adjacent to or within the roadway)
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Ri=eiiver  Review: Road Departure

Prevent Lane Departure:
- Combat Distracted, Drowsy, Impaired Driving
- Correct Geometric Deficiencies

After Roadway Departure:

) 1. Remove

§, 2. Relocate

% 3. Protect / Shield
2 4. Delineate
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Angle crashes account
for over 40% of fatal
crashes at

intersections

55



L.5. Department of Transporkation

A Intersection Safety Facts

Administration

Left turn crashes
account for over 20% of

fatal crashes at
intersections
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Qiceeiovay  |ntersection Safety Facts

Ped/Bike crashes
account for 25% of fatal

crashes at signalized
intersections
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 Manage conflict points

 Adequate sight distance

* Provide advance warning & navigation
* |ncrease intersection conspicuity

e Minimize road user delay




Q=i Intersection Conflict Points

Conventional intersection

Conflict Types

Diverge: 8

* Merge: 8

Crossing: 16

Total: 32

= Eliminate conflict points
= Separate conflicts in space or time
= Control the type/severity of conflict




R Conventional vs. Roundabout

Conflict Points:
Conventional Intersection 32

Roundabouts 8




A
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NCHRP

REPORT 672

Aoundabouts:
An imformational Guide

Sripom! Fdtan

L PR
i LLLE
g e (AT

i e i

=
g
=

Public Outreach
Legal issues

Planning

»Operations
»Safety
»Design
»Construction



Q¥ Fociral Highway J-Turn Intersection




A Jug Handle Intersection

Separate conflicts

Improves signal operations |
by eliminating left turns




; U.5. Department of _[r-.-:rm:}ar!f;:ricxr:
‘ Federal Highway

. Administration C e S S C O n t rO I

MODERATE ACCESS
CONTROL

NO ACCESS
CONTROL

Consolidate Conflict Points with Access Control.

Photo: T. Welch

Improve safety, operations of road.
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Magic Bullet?

Increase
Rear end crashes by 50%

Decrease
Angle crashes by 65%
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INTERSECTIONS

LEFT
TURN
SIGNAL

Change Permissive LT Phase to Protected-Only LT Phase:
CRF 97% (Left-Turning Crashes)

ITE/FHWA Intersection Toolbox of Safety Countermeasures, Briefing Sheet #8
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Flashing yellow arrow for permissive turns
~20% CRF for Fatal & Injury Crashes
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INTERSECTIONS

Enhance Traffic Signal Visibility:
Replace Post-mounted w/ Mast Arms:
CRF 25% to 32% (All Crashes)?
Increase Head Diameter from 8” to 12”:
CRF 33% to 47% (Angle Crashes)?

1. Winston-Salem NC Study
»2. ITE RLR Handbook (lowa, Kansas City MO study locations)
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INTERSECTIONS

‘ 9
Enhance Traffic Signal Visibility - One Signal Head per Lane:
CRF 22% (All Crashes) CRF 47% (Angle Crashes)

ICBC, Winston-Salem NC
70
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INTERSECTIONS

B &

Enhance Traffic Sig‘na‘I-VisibiIity — Supplemental Heads
CRF 15% (All Crashes) CRF 47% (Angle Crashes)

71
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INTERSECTIONS

Enhance Traffic Signal Visibility — Add Backplates:
CRF 2% to 24% (All Crashes) CRF 32% (Angle Crashes)
CRF 50% (Red Light Running Frequency)

72



Enhance Traffic Signal Visibility — Retroreflectorized Border:
CRF 24% (All Crashes) CRF 16% (Injury/Fatal Crashes)

e Benefits color blind individuals at night
e Improved safety during power outages

4D.12
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Intersection Sight Distance
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Intersection Sight Distance
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@ Provide Sight Distance

Positive 6 ft offset Positive 12 ft offset




Y Proyvide Sight Distance

20-26%
Crash
Reduction

Positive 12 ft offset

79
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For correct decision making, a M .
anual on Uniform
driver must: Traffic Control Devices

for Streets and Highways

1. Receive a message. 2009 Edition
2. Understand the message.
3. Have time to react.

Toll Pass

EXPRESS |
LANE
ENTRANCE

Standard symbols convey
a recognized message

www.MUTCD.FHWA.DOT. GOV
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Advance Warning Signs
40% Crash Reduction

MUTCD 2C-46

1 {COLLEGE 0

www.MUTCD.FHWA.DOT.GOV
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A -W16-15P plaque above B - Red or orange flags C - W16-18P plague above

a regulatory or warning above a regulatory, a regulatory sign
Nﬂg- or guide sign ‘ S ————

@ SPEED | WEIGHT
LIMIT LIMIT

10
35 TONS

D - Solid yellow, solid fluorescent E - Vertical retroreflective F = Supplemental beacon

llow, or diagonally striped strip on sign support

e ™
MUTCD Section 2A.15
12-58% Reduction in Angle Crashes

retroreflective shesting
around a warming sign

rF AW A A




QY rodeal gty Increased Sign Conspicuity

Enhanced TCDs - Doubled-Up Signs': CRF 31% (All Crashes)

Winston, NC Study of Supplementary Signage
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EAST
FRONTAGE

HAPPY
VALLEY

EAST

[ONLY

Advance Lane Assignment Signs: CRF 15% (All Crashes)
FHWA/ITE Intersection Safety Briefing Sheet #8

@
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Transverse Rumbles

CRF ~30%

In advance of STOP or YIELD Sign
Place Rumbles AT the advance warning sign



AL T Intersection Conspicuity

-

Lighting
CRF 38%

for Dark lighting crashes.
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INTERSECTION CONSPICUITY

5 '-E i -f*ri.‘r f]:tr.H
“-’i““""‘-

Provide Stop Bars: CRF O to 25% (All Crashes)

NCHRP 500 Volume 6 “Guide for Addressing Unsignalized Intersection Collisions”
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* 4,654 Pedestrians Killed/year (~12 % of all traffic fatalities)
— 58% are adults

— 23% are older citizens
— 19% are children

- A pedestrian is killed or injured every 4 minutes
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e Separate conflicts in time and space

e Reduce Pedestrian duration of
conflicts.

 Improve sight distance —see & be seen

 Reduce Vehicle Speed how & when
appropriate

e |Improve Pedestrian Safety Awareness /
Education

93



Federal Highway

@ receral figh Countermeasures

“with a sidewalk being a crash site was 88 percent lower risk”
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Reduce, Eliminate, and Separate
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Multiple threat crash solution

Advance stop/yield line
15t car stops further back

15t car no longer masks 2" car, which
can be seen by pedestrian
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A curb extension at a mid-
block crosswalk

A median island with a raised =
mid-block crosswalk
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< e | : ~ Reduce Crossing Distance

Bulb Outs
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Qg Road Diet (Orlando FL)

Shorten Crossing Distance,

Reduces the number of conflicts,
& Provides opportunity for refuge.

(Also reduces rear-end & sideswipe crashes related to turning vehicles.

Before Concept
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Night pedestrian crashes
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