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PDH Certification Information

1.5 Professional Development Hours (PDH) — see follow-up email

You must attend the entire webinar.

Questions? Contact Andie Pitchford at TRBwebinar@nas.edu

The Transportation Research Board has met the standards and requirements of the
Registered Continuing Education Program. Credit earned on completion of this program
will be reported to RCEP at RCEP.net. A certificate of completion will be issued to each
participant. As such, it does not include content that may be deemed or construed to be an

approval or endorsement by the RCEP.
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Purpose Statement

This webinar will provide an overview of NCHRP Research Report 1050: Wrong-Way Driving
Solutions Handbook that provides the latest solutions to wrong-way driving incidents and
crashes on roadways. Presenters will share experiences, challenges, and successful
strategies employed by the lowa Department of Transportation (DOT). Presenters will also
discuss how to secure funding, collect incident data, conduct a statewide network screening,
and implement effective, low-cost countermeasures at ramp terminals and unsignalized
intersections on divided highways.

Learning Objectives

At the end of this webinar, you will be able to:

* Apply low-cost countermeasures, advanced technologies, geometric design elements,
education, and enforcement strategies to reduce wrong-way driving incidents and crashes

* Apply insights from the Wrong-Way Driving Solutions Handbook to conduct a
comprehensive statewide study of wrong-way driving incidents and crashes

» Gain valuable perspectives on experiences, challenges, and lessons learned from lowa
DOT'’s successful initiatives

N AT I O N A L Zf‘li;?ncsesring
/\C/\ D E M I ES Medicine



File View Help &b~ B I

Questions and Answers _—

(=) Computer audio

{_) Phone call
& MUTED
] . . Micrephone (USE Audia Device) S
* Please type your questions into your webinar
control panel Speakers (USB Audic Device) »
* We will read your questions out loud, and — =

answer as many as time allows \

[Enter a question for staff]

[send)
P

Webinar ID: 922-070-995

&) Galo\Webinar




Today’s presenters

Willy Sorenson
willy.sorenson@iowadot.us

|OWA
DOT

Richard Retting
rretting@nas.edu

TIRIES

Priscilla Tobias
ptobias@arorapc.com

Huaguo Zhou
zhouhugo@auburn.edu

ARORA and ASSOCIATES, P.C.

§ Consulting Engineers

NATIONAL Scimee

Engineering

ACAD E Ml ES Medicine

| TRANSPORTATION RESEARCH BOARD


mailto:rretting@nas.edu
mailto:zhouhugo@auburn.edu
mailto:willy.sorenson@iowadot.us
mailto:ptobias@arorapc.com

NCHRP Research Report 1050
Wrong-Way Driving Solutions Handbook

H. Hugo Zhou, Ph.D., P.E.
Elton Z. and Lois G. Huff Professor
Highway Research Center
Department of Civil and Environmental Engineering
Auburn University
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'// National Trend of WWD Fatal Crashes

FARS DATA 2004-2020

WWD Fatal Crashes VS. Overall Fatal Crashes
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'/// Background

"
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6. Recommendations

As a result of this special investigation, the National Transportation Safety Board makes
the following safety recommendations:

To the Federal Highway Administration:

Work with the National Highway Traffic Safety Administration to (1) identify
efforts to reduce the involvement of older drivers in wrong-way collisions and
(2) publish the findings in a report that includes consideration of Strategic
Highway Safety Plan countermeasures that have been effective. (H-12-38)

Develop an assessment tool that the states can use to select appropriate
countermeasures for problematic controlled-access highway locations that is
based on a review of (1) state research concerning wrong-way driving and
(2) countermeasures found to be effective by the states in reducing the
instances of wrong-way driving. (H-12-39)

Develop and distribute to the states a manual they can use as a resource
document when implementing strategies and countermeasures to reduce the
instances of drivers traveling the wrong way on divided highways. At a
minimum, such a manual should provide solutions that would (1) prevent
drivers from entering an access ramp that would allow them to travel in the
wrong direction on a divided highway, (2) alert drivers to their error should
they enter a ramp while traveling in the wrong direction, (3) allow drivers to
correct for traveling in the wrong direction while on an access ramp, and
(4) alert drivers to their error if they are traveling the wrong way on a divided
highway. (H-12-40)




'/// NCHRP 03-135 Project Objectives

To develop a handbook that guides uniformly implementing safety
v = countermeasures to significantly reduce the number of WWD
incidents and crashes on divided highways

Q The project period (July 2019- December 2022)

= Phase 1 identified current practices; determined
the handbook contents; collected incident and
crash data for evaluating countermeasures

= Phase 2 organized a workshop to gather feedback & Sty
on the draft handbook on August 4-5, 2022 :

4 TRB WEBINAR ON MARCH 27, 2024



'/// NCHRP Reports 357 and 1050
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'/// Ranking of Topics for the Handbook

Subet | fank | Related Chapte

Guidelines for low-cost countermeasures 1 Chapter 3
Network screening tools to identify high-risk ramp terminals for WWD 2 Chapter 2
Guidelines for advanced ITS countermeasures 3 Chapter 4
Guidelines for geometric design elements and access control techniques 4 Chapter 5
Guidelines for mitigating WWD on multi-lane divided highways 5 Chapter 3
Methods to quantify the safety effectiveness of countermeasures 6 Chapter 6
Comprehensive field investigation checklist 7 Appendix A
Strategies for enforcement and education program 8 Chapter 7
Relationship between WWD incidents and crashes 9 Chapter 6

National WWD crash history 10 Chapter 1

6 TRB WEBINAR ON MARCH 27, 2024
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'/// Handbook Content: Chapters 1 and 2

CHAPTER 1: INTRODUCTION

CHAPTER 2: DATA ANALYSIS AND NETWORK SCREENING METHODS
SECTION 2.1 DISCUSSION
SECTION 2.2 STATE-LEVEL NETWORK SCREENING METHODS
SECTION 2.3 SEGMENT-LEVEL NETWORK SCREENING METHODS
SECTION 2.4 SITE-SPECIFIC NETWORK SCREENING METHODS

stop sign O

Ty
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'///Handbook Content: Chapter 3

CHAPTER 3: SIGNS, PAVEMENT MARKING, AND SIGNALS

SECTION 3.1 SIGNS

SECTION 3.2 PAVEMENT MARKINGS

SECTION 3.3 TRAFFIC SIGNALS

SECTION 3.4 SIGNING AND PAVEMENT MARKINGS AT OFF-RAMP
TERMINALS FOR DIFFERENT INTERCHANGE TYPES

SECTION 3.5 SIGNAGE AND PAVEMENT MARKINGS ON MULTILANE

DIVIDED HIGHWAYS

Freeway Mainline —Lramc Flow =~
[T11]

S 111111
DO NOT Pattern E. 1
i 11
= o
; n W 1]
Pat

. WWArr Pattern C WW Arrow
emD3 i RRPMs with RRPMs
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'/// Handbook Content: Chapter 4

CHAPTER 4: ADVANCED TECHNOLOGIES

SECTION 4.1 ADVANCED TECHNOLOGIES
DETECTION
IN-ROADWAY SENSOR TECHNOLOGIES

SECTION 4.2 EXAMPLES OF APPLICATION OF ITS
TECHNOLOGIES

ADOT GUIDELINE ON WWD ITS SYSTEM

FDOT DISTRICT 5 DESIGN GUIDANCE ON WWD
DETECTION SYSTEM

HARRIS COUNTY TOLL ROAD AUTHORITY
IMPLEMENTATION OF RADAR DETECTION
SYSTEM

SECTION 4.3 GUIDELINE FOR WWD DETECTION IN
CONNECTED VEHICLE ENVIRONMENT

Red RRFBs

LED lights around
WW signs

Blank-out WW signs

Delineators

Red flush-mount IIRPMs

7

Wigwag flashing beacons
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/// Evaluation of Advanced TCDs through Nationwide
Follow-up Surveys

Newly Developed Signing and Pavement (S&PM) Standard

4.17%

33.33%
16.6/% 16.67%
12.50% 12.50%
4.17%
3 5 b 7 8 10

Effectiveness Rating
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'/// Handbook Content: Chapter 5

CHAPTER 5: GEOMETRIC DESIGN ELEMENTS

SECTION 5.1 GEOMETRIC DESIGN ELEMENTS
SECTION 5.2 GEOMETRIC DESIGN ELEMENTS AT OFF-RAMP
PARTIAL CLOVERLEAF INTERCHANGE

DIAMOND INTERCHANGE WITH CONTINUOUS FRONTAGE ROAD

CONVENTIONAL DIAMOND INTERCHANGE

Proper Direction of Travel

PN
Wrong-way Movement
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Proper Direction of Travel

-
Wrong-way Movement
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'// Parclo A vs. Parclo B

B 88% of High-risk Locations are Parclo B

a: Parclo A

f —\/

c: Parclo AB

d: Diamond

7 12 Low-frequency locations 16 High-frequency locations

.. Mean (Min, Max) Mean (Min, Max)
Numb f WWD dent
umber o incidents 1 (11) B (3, 28)

Corner Radius Mean Std. Mean Std.
50.55 15.29 48.56 17.96

Median on the crossroad
Count Percentage Count Percentage

3 25% 1 6%
75% 94%

Covered (0)
Not covered (2)

92%

| 2ormore(2) | 8% : 25%
Interchange design type
50% 2 13%
50% 14 88%
Channelized Island on the off-ramp
| Exist 50% 11 69%
50% 5 31%
Control Type
25% 5 31%
75% 11 69%
Sign Enhancement
50% 8 50%
| Enhanced 50% 8 50%
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'/// Handbook Content: Chapter 6

CHAPTER 6: COUNTERMEASURE
EFFECTIVENESS EVALUATION
SECTION 6.1 PROPOSED METHOD

SECTION 6.2 CASE STUDY 1: RRPM IN CALIFORNIA
SECTION 6.3 CASE STUDY 2: WIGWAG FLASHING

BEACONS AND MEDIAN EXTENSION IN FLORIDA
SECTION 6.4 CASE STUDY 3: RRFB IN FLORIDA

WWD Incidents on freeway
mainline (100~150)

Recurring WW entries (1000~1500)

14
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'/// Handbook Content: Chapter 7

CHAPTER 7: ENFORCEMENT AND EDUCATION
SECTION 7.1 ENFORCEMENT SAFE

SYSTEM

DATA-DRIVEN ENFORCEMENT E&, | erroacn
METHODS TO STOP WW VEHICLES :
WWD CRASH REPORTING
TECHNIQUES FOR USE WITH DUI OFFENDERS
SECTION 7.2 EDUCATION
SECTION 7.3 COMMUNICATIONS WITH MEDIA ON WWD CRASHES

15 TRB WEBINAR ON MARCH 27, 2024



'/// Handbook in the Six Steps of Road Safety Management

Process
Chapter 2
Network
) Screening
Safety Appendix A
Effectiveness Diagnosis
Evaluation
Chapter 6
[ Project Countermeasure ]
Prioritization Selection
Chapters 3, 4,5, & 7
Chapter 6
Economic
Appraisal

Chapter 6

16 TRB WEBINAR ON MARCH 27, 2024



'// Panel Members

Eric Hemphill, North Texas Tollway Authority, Chair

Richard Retting, TRB, TRB Staff Representative

William Rogers, TRB, TRB Staff Representative

Jeffrey Shaw, Federal Highway Administration, FHWA Liaison
Joseph Horton, California Department of Transportation

F. Bryan Homayouni, Central Florida Expressway Authority
Tymli Frierson, Arkansas Department of Transportation
Michael McNeill, Ohio Department of Transportation

Scott Neidert, Delaware Department of Transportation

Heidi Spangler, Michigan Department of Transportation

Paul Steinman, HNTB Corporation

Brian Ness, Idaho Department of Transportation, AASHTO Monitor
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zhouhugo@auburn.edu
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Implementation of
Wrong Way Driving
Countermeasures

Priscilla A. Tobias, Pe, RSP2IB
Vice President, Midwest Operations
Arora and Associates, P.C.




I Wrong Way Driving and the Safe System Approach Principles

* Responsibility is shared

¥

QO >

e Death and injury are unacceptable
* Humans are vulnerable—kinetic energy f’
&)
* Humans make mistakes §
5
=

SAFE
SYSTEM

m APPROACH
[ ] [ ]

e Safety is proactive

* Redundancy is crucial




Redundancy

Provide good

Ramp Entry/Exit
guidance with g i

. Treatments _ |

signing, pavement _ ITS Detection Intervention
markings, WWD Signs/Do NOT
geometrics ENTER, Lane Arrows

o : ) e
1t line of defense T ([ —— Sign #1 Sign #2 Communlcatlng to
for WWD Turnaround Turnaround Agency, Motorists,

and WWD DMS

Communicate and Stop WWD




Number of responses to the Online Survey and
geographic distribution of interview respondents

2 8 B
01 2 3 4 8

Number of response for
online survey

Interview with state DOTs

L[ :
HI - and local agencies




I WWD Mitigation Needs

Specific Needs/Concerns

Further research on impaired drivers and their perception of different wrong way driver
countermeasures

Provide a history of how the WW problem has evolved and how DOTs have been
addressing WW

State DOTs

O
>

Ranking tool to identify the effectiveness of WWD countermeasures

gyl WWD mitigation techniques including the location to implement countermeasures

GA
A

Separate guideline based on roadway type or interchange design

<

Further research on DDI interchange and guidelines

Criteria to identify risk factors, suggested countermeasures to address those risk factors
(hotspot and systemic approaches) and methods to prioritize locations

PSA and educational goals to inform the public of recommended countermeasures when
they encounter WWDs

—
>

NV Testing procedures for advanced ITS countermeasures and protocols



Best Practices, Existing Policy, and Guidance

m Partnerships with enforcement to understand
where/if there was a WWD issue and responding
to it.

m Incident data can help an agency better
understand the WWD issue and identify locations
with a higher potential of WWD.

m Heat maps based on WWD crashes and incidents
help identify locations and patterns.

Traffic Flow —#

' | | | N
Pattern E. 1
ENTER WAY

Freeway Mainline

= WWD Checklist to evaluate multiple factors.

m Additional geometrics combined with signing and

Ny 7&_\\ pavement markings installations that direct

E ‘ " i \i i motorists to a WW entry point.

] == | . -

5= T ,"m" Il L1 | : m Tiered systemic approach to WWD mitigation
\

Pattern D3 vitn W, Pattern € with RRPMSs = |TS systems are being used more frequently at

targeted locations to mitigate WWD, especially in

urban areas. -



Best Practices, Existing Policy, and Guidance

m Network Screening--GIS maps

Data since year 2000.
Incident

Using “close call” data
Customer concern calls

Crashes




I Network Screening-Heat Maps
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Alcohol-related WWD Density
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Low
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I
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Drinking Establishment vs Impaired Driving WWD incidents and crashes

Older population vs. WWD

Source: Florida DOT




I Monitor and Video Analytics (Pre-Permanent ITS Solution)

m |TS systems are being used more frequently at
targeted locations to mitigate WWD, especially in

urban areas.

m Temporary monitoring — Basic, temporary video
camera with a trailer

s Near miss/conflict video

Source: Maine DOT



I Conflicting Guidance and Human Error




Positive Guidance to Mitigate Human Error

AT EXIT RAMP INTERSECTIONS

-5

L 2]
S ﬂ”; T
1
o~ 14
'|II. ca ol &3
b b ..Ii\.dr

X N
'-u\\ i
b

b

Source: Florida DOT (2022a).
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I Signing and Pavement Mark




I Resources

Box 3-8. Design Guidelines for Limited Sight Distance (Continued)

R5-1B

R5-8A

R5-9A

Source: W. Sorenson.

Figure 3-48. Signage and pavement markings at at-grade intersections on divided highw:

al-5d

Wrong-Way Entry Checklist Field

Inspection Sheet

WRONG-WAY DRIVING FIELD INSPECTION SHEET

DO NOT  |Minimum guantity present?

ENTER |Geod visibility at night?

(R5-1) [Faced to the intended motorists ?

Standard mounting height?

Wrong-Way Arrows

Inspector |
Route information Date
Ramp Description Tirne
Sign Pavement Markings

Present?

In good condition?

First set within 100 f?

RPM around the edge of the armow?

A A Y [Enlarged size?

Present on both side of exit ramp?

WRONG- |Minimum guantity present?

Double Yellow Line on
the Crossroad

DO NOT Retrareflective tape on the sign post? Skip Stripping for  |Present?
 B|LED border present? Turning Guidance  [In good condition?
Prosent?

In good condition?

Extended to intersection functional area?

WAy Good visibility at night?

(R5-1a) |Combined with DO NOT ENTER sign?

Faced to the intended motorists?

STOP bar on the exit
ramp throat

Present?

In good condition?

RPM with STOP bar?

WRONG Standard mounting height?

Retroreflective tape on the sign post?
WAY £

Lane use arrow for exit
ramp lanes

Present?

In good condition?

First set within 100 feet?

Second set present?

LED border present?

Enlarged size?

Present on both side of exit ramp?

Type of median on the
crossroad?

Any Enhancement? (Wider, directional rumble strips, ete.)

Geometric Design Features

Traversable?

Extended to intersection functional area to
make left-turn wrong-way movements
uncomfortable?

(RE-1) Enlarged size?

Red delineators on the median concrete barrier?

Is there a median opening at the on/foff ramp gore area?

Entrance Ramp

Channelizing Island on [None?
KEEP RIGHT |Present? the exit ramp Traversable?
(Ra-7) Located on the nose of median? approach? Length?
Located on the gore area? - <501t
@ Enlarged size? Corner ”'"'":;"’ ™ [51a00f
Any obstruction to sight distance of entrance ramp? Width of median Traversable?
Is there a grade change that may cause sight distance issue? between two-way < 30 ft
Exit ramp terminal s signalized? ramp? 30 - 60 ft
Any bars or pub located nearby? =60t
Any schools or colleges located nearby? Are there any access |0
Any truck rest area nearby? points/driveways close |1 - 500 ft
Is there lighting around the exit ramp terminal? to the ramp terminal? |> 500 ft

Traffic Volume

Yield line or stop bar at the end of the off ramp?

Exit Ramp




Approaches to Implementation

m [ier System
m Tier 1 Sign and pavement marking package at interchanges.
m Tier 2 Locations with increased exposure to WWD incidents—in-laid pavement markers with arrows.

m Tier 3 Unique geometrics — Detection systems.

m Multi-phase ITS implementation
= Implementing WWD mitigation on every project..
= Incident
= Using “close call” data
m Customer concern calls

m Crashes




Priscilla Tobias, PE, RSP2IB
ptobias@arorapc.com
217-622-2676
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Network Screening for Wrong Way Driving

How we did 1t & How we did

Willy Sorenson, P.E. I.WA | DOT

Special Projects Engineer March 27,2024



Agenda

Network Screening
How we ranked 472 Interchanges

What we did
Brief overview of our Signing and Pavement Markings layouts

How we measured success/failure
Installed wrong way detection 62 cameras

How we did after 2 % years
A before/after overview of WWD events and crash history

Additional Treatments
When initial treatments needed more

What to take notes on and tell your boss
2 low-cost treatments that showed very good success

3 other low-cost treatments that showed promise (just need more time)

WWD Solutions Handbook — TRB Webinar



After collection WWD Data for 10 years with $0
budget...

* We got $1.5 Million of Safety funding (HSIP)

* Choice:
* 340 locations enhanced signing & pavement markings

OR
* 15 locations Full ITS camera detection and LED Blinking signs

* We went with Systemic approach
* (Enhanced Signing & Pavement Markings)

D Solutions Handbook — TRB Webinar
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Use our Study! - TRR

Transportation Research Record

2018, Vol. 2672(17) 3547

Modeling the Risk of Wrong-Way Driving © Natioral Academy of Scences

Transportation Research Board 2018
Article reuse guidelines:

. Entry at the Exit Ramp Terminals of Full sgepucomurmals porisios
By Dr. Huaguo Zhou & Md Atiguzzaman

Diamond Interchanges %néﬂ,:é?m

e Auburn University
* Based on Risk Factors

Md Atiquzzaman' and Huaguo Zhou'

WWD Solutions Handbook — TRB Webinar

journals.sagepub.com/doi/pdf/10.11/7/0361198118/83152


https://journals.sagepub.com/doi/pdf/10.1177/0361198118783152

lowa’s Modifications

. Scoring System
e WWD Crash History
Urban Lecation - W ‘r:ﬂngh"u'.’ay
. 20% rashes
* Traffic Volumes N 25
 (Mainline and Sideroad) |
Mon-Crash
* Interchange Geometry e
* Proximity to Liquor License -
* (Urban/Rural) 108
Unigue -
 Non-crash WWD Reports e aness = Gide Road AADT
12.5%

WWD Solutions Handbook — TRB Webinar




Scoring Process

e Pages 17 — 20 of the Handbook

e Geometry example

* Folded Diamond (Parclo) & ‘Unique’ get 50 points

WWD Solutions Handbook — TRB Webinar

Table 2-2. Sample spreadsheet of scoring criteria.

Category Points
Crash history
O R O et e e et e e add 0 points
0.125 to 0.25 crashes add 5 points
02510 05 crashes ... ...add 10 points
0.5 to 0.99 crashes.... ...add 15 points
000 t0 1.8 CrasEs . e add 20 points
1. G Cras eSO MO e add 25 points
Fatal CIasN e add 75 points
History of noncrash events
Per event (first five events) .o add 10 points _—
Interchange geometry
nigue design e et add 50 points
Folded diamond with exit ramp on inside ... add 50 points
Split interchange ... add 25 points -
L L= == | SOV OSSO add 0 points
Proximity to an address with a liquor license
IR O IS e add 10 points
Between 0.7 and 2.0 miles ...add 5 points e
VBT 2.0 MBS e et oo ee e add 0 points
Traffic Violume
Mainline AADT
10th percentile [1 1o 7,820 o add 1 point
20th percentile [7.8271 10 9.800] ..o add 2 points
30th percentile [9,601 to 11,9800 add 3 points

40th percentile [11,931 1o 15,800].....
50th percentile [15,801 to 20,400]...
60th percentile [20,401 to 24,820]
70th percentile [24,821 10 20, 77 0] oo
80th percentile [29,771 to 36,180] ...
90th percentile [36,181 to 67,180] ._.. .
100th percentile [267, 181 .. e

....add 4 points
...add 5 points

add & points
add 7 points

....add 8 points
...add 9 points
-.add 10 points

Side road AADT
10th percentile [1 10 826 ... add 1 point
20th percentile [827 to 1,662] ....add 2 points
30th percentile [1,663 10 2,580 . add 3 points
40th percentile [2,590 10 3,400 . add 4 points
50th percentile [3,401 to 4,670]......... ....add 5 points
60th percentile [4,671 to 6,500]......... ...add & points

70th percentile [6,5071 10 8,400 ..o
80th percentile [8,401 to 11 460] ..
90th percentile [11,161 to 19,400].._..
100th percentile [=19401]............ .
Both mainline and side road in the top 30% .

add 7 points
add & points

....add 9 points
...add 10 points

add & points

TOTAL SCORE




Quail Ave/ R27 / Snedden Dr./US 30

3/8/2016 WWD#36
/6/2016  WWD#41
2016 WWD# 56

/3/2018 WWD #119
11/1/2018" WWD #129

i - = e e — e e —

WWD Solutions Handbook — TRB Webinar

Don’t Forget about
At-Grade Intersections

Expressways

This Point of Entry is more
common than you think!

About 99.5% of At-Grade
WWD start by “Turning Short”
(Left)

About 0.5% start by “Turning
Long” and Right
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General
Signing
Philosophy

Signs:
Placement
Angle
Size

Pavement Markings: :
Wrong Way Arrows 00 4
Edge Line |5
Extensions L N R




WWD Solutions

Parclo Interchange

* Create a “Gateway”

* Provide “Positive Guidance” also
* We tend only to give negative guidance
 ...and assume drivers will figure it out

 Double up important signs
e Upsize to 48"x48”

* (Do Not Enters)

Handbook — TRB Webinar

it

A5-3A h‘“\

il

Returning to this area requires
re—ent?y through security




e Before




Diamond Interchange

* Who do you want to see
the signs?

e Set them back from Stop
Line

 Angle to the approaching
Traffic

¢ Upsize to 48"x48"” (Do Not Enters)

* No Right Turn 36”x36”




Diamond
Interchange

Who do you want to
see the signs?

e Set them back from
Stop Line

 Angle to the
approaching Traffic

* Upsize to 48”x48"
* (Do Not Enters)

No Right Turn 36”x36”

WWD Solutions Handbook — TRB Webinar



At-Grade

Intersections

* Positioned & Angled the
“Keep Right”

* Converting to Text Version
of “Keep Right”

 Angle Do Not Enter to the
approaching Traffic

* Upsize to 48”x48” (po Not

Enters)

 Added Wrong Way Signs

WWD Solutions Handbook — TRB Webinar

|—-— 135 FT W0 FTa
e @
g @5’:} ( R51A \
\*’:"ﬁ? - L @ - -

1 .q'j-_‘?
> A’
== ) N

< 1 A

g 4
L* Pl
ot _
e
WL -I g
g

2

[Eg]
[5 8

35 Fla— =

Updated from image on
page 67 /153 of Handbook




* Before

S S s o After w/
a0 T ~ TextVersion



FEVISICNS Y
W =]
l& SROJECT IDENTIFICATION MUMSER
[} % 18-00-000-030
5] I3 PROJECT MNUMBER
1
E 1) HS1F¥—-000-Ti3--3L-00
[ * LA A0, PROJECT NUMBER
g Highway Division
PLANS OF PROPOSED IMPROVEMENT OM THE ) L 1 h
S , ocations have
PRIMARY ROAD SYSTEM
o il U x: Ol e / INDEX OF SHEETS
' - been set
1 N DESCRIPTION
™ A Sheets Title Sheets
I Al Title Shest
1 caz-3 Locaticn Map Sheet
_— B Sheets Typical Cross Sections and Details °
™ *B1-5 Typical Cross Sectioas and Details a n S re a te
S C Sheets Quantities and General Information
c.1 Estimated Project Quantities
||_ SCALES: £ Motad .1 Estimate Reference Infarnatian
€1 Standard Boad Plans
o C.z8 Signing Mates
O || Fiefer to the Propusal Form for list of spolicsble spectflcations, " IOWA_ c.x - Tabulations (beg. with tab. of incidentals if mesded)
() 1 Sheets Traffic Control and Staging Sheets
] || Vake Englsering Saves. Mafer to Article 110504 of the Speciileatiors. || @[N]E @&llll N S.h] '1‘:' 3 TT“‘::_:‘_‘ c"s"‘_"“]_pl"" Sheet
. eats ra :.LC - :lsnlns eats
v |-3W292-3939| E? - o9s Traffic Signing Sheets
o s, * Calar Plan Shaets
By
(%2]
I

36 At-Grade Intersections [ hereby certify that this engineering docunent. vas prenéred
444 [N direct 1 il 3 that [
129 Interchanges INDEX OF SEALS o o iy Bneed rfemsseal Egiree e the I of ke

SHEET HO. NAME T¥PE " Zuchory K. Stad

[N
Al Zachary K. Abrams Primary Stgnature Black ;,!" ?&":‘J;E ~d (‘//(_,H._,/”' |2-25-2080
[T
> - Abeams
o Typed Mams:

My licarse renewal date 18 Oecember 31, 70 £
Pages or sheets coversd by this seal; _ ALl SHEFTS

STATEWIDE

[ T neees A1 |

pwush | cestah TEw ABRAMSN\SORENSON\HAUGH | STATEWIDE _cowr

3 PAIJECT NUMSER
——
2135114 P 1272972020 zabrams pwihintPulnt l.dot.int. laniPWMalniDocument s\F ro jects\0000D030 18\ Traf ficAndSafety’Traf flcEngl neering\Signing\ 0000000340 L.sht

HSIPX--000-T(3)--3L-00

WWD Solutions Handbook — TRB Webinar



How we
Measured

Success or Failures using: - ™
iy
™™ cs Maoines

=
.'l.f""ifi-‘;edaf Rapids

62 WWD Detection Cameras |

WWD Crash Reports
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4 e-malls show up within seconds

—

[I]J BoschWWD70_|@iowadot.us WWD Detected at 1-29 & Wesley Plowy (1) Fri 3/8/2024 11:51 AM 32..
[I]J BoschWWDT0D_|l@iowadot.us WWD Detected at 1-29 & Wesley Pkwy [I] Fri 3/8/2024 11:51 AM 32..
[I]J BoschWWD70_lll@iowadot.us WWD Detected at 1-29 & Wesley Plowy (l11) Fri 3/8/2024 11:571 AM 33...

[I]J BoschWWD70_IVi@iowadot.us

WWD Detected at 1-29 & Wesley Pkwy [IV] Fri 3/8/2024 11:51 AM 37...

WWD Detected at [-29 & Wesley Pkwy (1)

B

BoschWWD70_l@iowadot.us
° To Serenson, Willy

== 20240308_115042_Image Lipg
f— 253 KB

Alarm Mail from BoschWWD70 |@iowadot.us

Unit name: WWD70-5CTV10
Local Unit time: 03/08/2024 11:50:42

Condition of the alarm inputs (logical states):

Local Input 01 'Input 1 “:idle
Local Input 02 'Input 2 ":idle
VCA alarm cam 1: vidle
Virtual alarm input 1: vidle
Virtual alarm input 2: vidle
Virtual alarm input 3: vidle
Virtual alarm input 4: vidle
Virtual alarm input 5: ridle
6:
7
8:

Virtual alarm input tidle
Virtual alarm input vidle
Virtual alarm input ridle
Virtual alarm input 9: ridle
Virtual alarm input 10: ridle
Virtual alarm input 11: ridle
Virtual alarm input 12: tidle

Virtual alarm input 13: ridle
Virtual alarm input 14: tidle
Virtual alarm input 15: tidle
Virtual alarm input 16: ridle
Audio alarm input 1: vidle
Manipulation alarm 1: vidle
Manipulation alarm 2: vidle




Too Many False Calls to Dispatch 911

(From these 3 year old cameras/firmware & position)

« Shadows, Clouds, Reflections, Headlight blooming, etc.
Maintenance vehicles, mowers, tow trucks, law enforcement, helpful neighbors, etc.

Top 15 (False)
% 0 @ From Subject

wFavorites WWD Alarms that need Help Solving wFavorites
1% [0 @ From Subject Received & Sent ltems

Sent tems

Detected at
[} Boschwwp22_ V@iowad... WWD Detected at I-280 & Kimberly Road ML (V) Thu 3/21/2024 6:33 PM Deleted Item: TV
Deleted Items [} BoschwwD37_v@iowad.. WWD Detected on GPP [V) Thu 3/21/2¢ . ;
I : bl g e e vil ATl ;i e g = Inbox
Statewide Ban

Internal/Exter
LCS Developn
On-Line Subn
WWD Alarms
Top 15 (False’

Concept for V‘-;'h =

Lone Tree (la J: -
ab7) Verkada ;
Bad Image frc.
Events at TRE
ATSSA ‘24 Pec
WWD31 & W)
2024 MUTCD ¢
Legislative Nc

v Willy.Sorer
Snoozed

> Inbox
Drafts

Sent ltems

Deleted ltems * .
Archive L 3 i ; = e s ek ¥ i _Z?_l : . ;

» Conversation : . E 4 ; z ,'_. -'. ¥ ; : = : 03!’21}'2024 10:01:

> Crash Reports g T, ' ; - o, R TR

> DM GPS Project ~ Yesterday

> DTS

AlertsProcessedConfirmed @ BoschWWD51_|@iowado... WWD Detected at US 30 & 580th (WE in EB} (I) Sat 3/23/2024 11:49 PM

AlertsProcessedConfirmed

P raread There are mol  AlertcDrncaccand

There are more items in this folder on t

=: . = e o
L R) s Ciick _ereto 5 s © ick here to view more on Microsoft E

ltems: 7,105  Unread: /701 [l Reminders: 136 Items: 1,904  Unread: [\ Reminders: 136
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QUICK FACTS
Existing Conditions

« lowa has 55 Parclo “B” or Parclo “AB™
interchanges.

« |n 2021, 43 of them received enhanced
signing and pavement markings.

Crashes the last 10 years

+ Between 2010-2020, there were 36 WWD
crashes associated with a Parclo “B” or "AB."

s January 1, 2021 to October 1, 2022, there
have been 0 WWD crashes where the
POE was from one of these 43 treated
interchanges.

WWD Events Recorded using Video Analytics

* In Summer 2021, cameras with the ability to
detect WWD were installed at 7 locations

and record constantly.

# WWD & WWD
ff Maonths Events # Months  Events
"Before”  Before "After" After

Signing  Signing Signing Signing

Interchange - |Type of Unigl¥| Camera.T| Added ¥-| Adde -  Added [-| Addei- L o dasa
I-35 & US-34 Parc-Lo"AR" WWD5S5 1 1 18 ] :
L5151 & 181 Farc-Lo "B" WWD0 1 1 15 1

(1) Add 2" red Censpleulty Tape en each slan post T

(Z) Place Do Mt Enter slgn half the dlstance LS-30 & C 5t tw‘H Enit ||JCI|:I} Farc-Lo "B WwWnla Z 2 13 1

h‘.--.]m-rl. I..LI—.--.-.e-.llm. and Llu;llr'"lr;g of curve LIS-30 & C 5t (EB Exit Loog) Parc-Lo "B" WADHS o 0 19 o

i) Omit mldpolnt Do Not Enter slgn |1 throat
""rg'-l'l' \': “ ;‘-"‘ LID '““'-. R UE-30 & WACONIA AVE/STH 5T 5W |Parc-Lo “AB" WWDos 3 4 12 4 . quding all of the months where a camera
S LA-141 & |1A-415 Parc-lo"aB" wnDag L 2 19 o was monitoring existing conditions and
US-30 & 19th St Parc-Lo "AB" Wwh62 B 2 23 o comparing to approximately 18 months of
monitoring after enhanced signing was added

*0Only the months whers the WWD detection cam ery Totals 16 12 131 3

detection tamera was installed before signing added. shows a 93.9% decrease of D events.

Before After

WwWDMonth WWD/Month U
0.76 0.05 u
Q4% Decrease Updated 1172033 [ |

DECREASE IN WWD EVENTS

PAGE 1 OF 2



Before -~ CAfter” “After”

Enhanced Signing and Adding RAMP sign under DNE
Pavement Marking Package

1-29 & la 175 -54% 0% | -54%

129 & Singing Hills 2.31 0.91 -61% 0.42 -21%|-82%

la 60 & US 18 3.08 2.85 -7% 1.71 -37% | -44%



We only tested 1n urban
areas when an access point
to was nearby.

May not want to use in
areas where drivers are
looking for a ramp
entrance.




Befo re “After” “After”
Enhanced Signing and Switching Keep Right Sign
Pavement Marking Package from Graphic to Text version
la 60 & 400th 4 1.81 -25% 0.9 -37% /-62%

Need more time.

Swapping 10
more locations in
2024



Additional Treatments
Attempted

* Diverging Diamond Interchanges

e Lane Line Extensions

prniT  Add Do Not Enters for Drivers already
WWD and last abilit to stop them.
ENTER s

WWD Solutions Handbook — TRB Webinar



DIVERGING DIAMOND INTERSECTIONS

— Page 61/ 153
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Additional Treatments
Attempted

* Green Up Arrows

* 3 locations
e 21 months of “Before data”

e 7 % month of “After data”

| 7 1/2 months

o

21 month average = 1.4

WWD/manth Since Bosch N
4.00 camera installed I

i

=

=1
1

-_h_-'-"‘-'-t-__. - e
0.00 () o
- S n A A N A A e 3 i 5 :. % o S
o e ) A ) v A i L N P
N”\?v I T U A M. U . \*\P\'\?v SV T e NS W G \’\P\D, B
AN & o g T A UM o A PO S M Ao ) wooa X e o AN & o
iIme




e '
=
—

-

1 | - N e ” e ¢
Before fter After”
Green Up Arrows Adding RAMP sign under DNE
US 30 & University 1.02 0.68 33% 0.30 57% | 70%
US 30 & Duff Ave 1.06 0.56 47% 0.08 39% | 86%

US 30 & Dayton 1.55 1.36 12% 0.40 59% | 71%



Case Study

US 30 & l1a 330

9/29/21

12/6/21 47122 (1)

1011721
10/9/21 (1 . .
1010218 Hypothesis to test:
10/11121 o R

10/21121

e g Corected ey C

11128121 3128122 "Qutside of : . ¥ o an yO Uu use

-

1211021 47122 (2) e // :

12111721 21122 : dayt|me WWD
12/16121 5(;’!259;;222 RS I "ﬁ'l

12/19/21 ©F L, )

122811 ) 7% events that self

e
S .:,‘.

A115/22

w Nelson Fabncatmn' . .
% - = correct within
sumers Eneggy*Codperat s

oty /P’ﬂ&%s&zg} s - /
M 1522 l & 1,000 as a

: 27122
8121121 (1) 910722 (1)

/ 8/2121(2) 2110122 (2) 5122122 : sur rogate tO

312123
3131/23
4/13/23

._,,'. 3!12;:::253} 211122 6/12/22
Z 2113122 6/17/22 I
10/9/21 (2) 2/20/22 715122 re d u C | n g WW D
10/10/21 2126122 7120122

10112121 (1) 355022 (1)  7/21/22

Result UNKOWN 10112121 (2)  3/5/92 Ez} 8/15/22
10/17/21 3/5/22 (3)  9/4/22

10/19/21 (1) 3/13/22 12/8/22

10119121 (2) 330122 12/17/22

events that “Keep
going”?

10/21/21 4/3/22 2/5/23
10/24/21 4/6/22 2017123 -
10/31/21 414122 3/11/23
1117121 4/116/22
11727121 421122
11/28/21 5/7/22
12124121 5/15/22

5/16/22

32

o
I 2 G O VW R G E———

G









AXISTITLE

13.00

900

500

3.00 -

100

Nightime
Average =9.1

Yellow Edge Line

WWD46-47 US 30 & 1A 330

Disconnected Street

Light 3/4/22 Added 5/5/23
"After WWD" = ‘
7.1 WWD/Month
62% Reduction
R Y yo P P F P P o A > P g @ P g & @ S
,..-Q'\:p .ﬂ"‘«‘[’b .{\‘?’ oy J ,{'\f& ,9";]'& _3\'9 '{){& ,9"?’& A '\\"'6 A% ¢ ..-D‘;P ,ﬁ‘;& .{'\"?9 i ,ﬁ‘:"ﬁ .{}QE’: .9‘39 ; ﬂ‘?’g ,.L{‘;‘I z{‘?’t 1\"9 A & 1 @E': ,ﬁC’G
§ e oY i o & i o I 5 @&k K 4 & Es i e o &5 £

Streetlight
Average = 6.2
32% Reduction




When you have a
known Impairment
problem location

Over 2x limit
(around 0.16 and up)

Consider ITS







Summary ltems to tell your Boss

| * Add this “Gateway” countermeasure to your
Parclo “B” interchanges

* Look at your Diverging Diamond Interchanges

e Add Lane Line Extensions at DDI Cross overs

 Add the 2 Do Not Enters for WWD on the sideroad
to stop them from getting on Mainline






The future of network screening!!

Connected
Vehicle Data

Example from Michelin Vehicle Smart Phone Data
Iowa will be looking into this

Wrong Way Driving Hotspots



Questions?

Willy Sorenson, P.E.

(515)-669-4628

Willy.Sorenson@lowadot.gov

lowadot.gov

WWD Solutions Handbook — TRB Webinar




Today’s presenters

Willy Sorenson
willy.sorenson@iowadot.us

|OWA
DOT

Richard Retting
rretting@nas.edu

TIRIES

Priscilla Tobias
ptobias@arorapc.com

Huaguo Zhou
zhouhugo@auburn.edu

ARORA and ASSOCIATES, P.C.

§ Consulting Engineers

NATIONAL Scimee

Engineering

ACAD E Ml ES Medicine

| TRANSPORTATION RESEARCH BOARD
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Upcoming events for you

April 15th, 2024

TRB Webinar: Design Strategies for
Stated Choice Experiments

June 23-26, 2024

2nd International Roadside Safety
Conference

NATIONAL e
A CA D' E M | ES .'\-ie_r.iicir_ie )

|| TRANSPORTATION RESEARCH BOARD



https://www.nationalacademies.org/trb/events
https://www.nationalacademies.org/trb/events

Subscribe to TRB Weekly

If your agency, university, or organization
perform transportation research, you and
your colleagues need the TRB Weekly
newsletter in your inboxes!

Each Tuesday, we announce the latest:

RFPs

TRB's many industry-focused webinars
and events

3-5 new TRB reports each week

Top research across the industry

NATIONAL e
A C A D E M | E S .'\-'le_r.iicir_ie

TRANSPORTATIOM RESEARCH BOARD

g

NATIONAL oo |
ACADEMIES nesicine

PR TRANSPORTATION RESEARCH BOARD
TRB Weekly covers the latest in transportation research.
*IDATE:Fj, YI* U |

pdate Your Preferences

AR [N
NATIONAL  fomes \
ACADEMIES ine
TR TLASAORIAION HSEARCH BOARD
RB Weekly covers the latest in transportation

T cover:

Spread the word and subscribe!

https://bit.ly/ResubscribeTRB
Weekly



https://bit.ly/ResubscribeTRBWeekly
https://bit.ly/ResubscribeTRBWeekly

Discover new
TRB Webinars weekly

Set your preferred topics to get the latest
listed webinars and those coming up soon
every Wednesday, curated especially for
you!

And follow #TRBwebinar on social media

NATIONAL e
A C A D E M | E S .'\-'le_r.iicir_ie

TRANSPORTATIOM RESEARCH BOARD

g

NATIONAL

ACADEMIES hime™ Upcoming
XFUER TRANSPORTATION RESEARCH BOARD TR B Webi n a rs

Update Your Preferences

View this email in your browser

Supply Chain Risk and Resilience—Linking
Transportation and Economic Models

Thursday, October 6,2:30- 4 PMET

Disruptions to transportation supply chains can cause
cascading effects globally and socioeconomically. This
webinar will discuss leading-edge technologies and the
impacts logistics modeling with artificial intelligence and
resilience analytics can have on a larger scale.

W @NASEMTRB
¢) @NASEMTRB

Transportation
. Research Board

N ATIO N AL Engineerine
ACADEMIES atdicne

“TXeER TRANSPORTATION RESEARCH BOARD

Upcoming
TRB Webinars

Update Your Preferences

View this email in your br r



https://mailchi.mp/nas.edu/trbwebinars

Get involved

TRB mobilizes expertise, experience, and knowledge to
anticipate and solve complex transportation-related challenges.

TRB’s mission is accomplished through the hard work and
dedication of more than 8,000 volunteers.

https://www.nationalacademies.org/trb/get-involved

NATIONAL
ACADEMIES TRANSPORTATION RESEARCH BOARD

Welcome to MyTRB!

Log in or create an account to access the following:

“ S m

TRB's work relies on volunteers and seeks to involve transportation professionals at every stage of their career. Get involved with TRB today.
+ Become a TRB Affiliate + Manage Your MyTRB Profile

+ Update Your Interests + Visit the Career Center

+ Become a Friend of a Technical Committee

NATIONAL  sences

Engineering

ACADEM I ES Medicine

[z | TRANSPORTATION RESEARCH BOARD


https://www.nationalacademies.org/trb/get-involved

We want to hear from you

Take our survey

 Tell us how you use; 'B Weblnars in ytuT

N

—

NATIONAL
ACADEMIES

e ——————
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