Too Many Crashes at Your Roundabout?
Design Techniques to Optimize Safety
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TRB Annual Meeting — January, 2018, Washington, DC. Published in TRB Transportation Research Record 2018

Safety Impacts of Signing and Pavement Markings on Property-Damage-Only Crashes at Multi-lane Roundabouts
TRB Annual Meeting — January, 2019, Washington, DC. Published in TRB Transportation Research Record 2019




PRESENTATION OUTLINE

1) ‘Foundational’ - Safety
Design Principles

— Importance
— Successful Projects

2) Design Optimization
Bringing it all together

3)Signing and Markings:

You'll have to

Oops, No )
| meant go round again
“the First (M32, M4)
(M32)
Don Quixote by Pablo Picasso Take the Look | said
second exit | was Sorry
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Roundabout Design for Safety - INTRODUCTION

Safety and Operations:

1.

Understand Strengths and weaknesses' of Operational Tools
— Accuracy in Predictions (Gap, Empirical, Micro Sim)

I.  Whatis an acceptable LOS on Design Year Traffic

ii.  Avoid Over or Under Design (Expandable Capacity)

lii. Select safe geometrics (flared entries, channelization and RT lanes)

OPTIMIZATION

Adhere to Principles - Not prescribed methods
I. Offset left , radial, lane widths, ICD must = X for....
li.  Use design flexibility to meet Safety Principles

Signs
/Markings

Information Processing — Signing Markings
/ Way finding..
I.  Too much/little no good
li.  Must be correct for the project/context (lanes directions ect.) not
always the same
lii. Human Factors Principles vs prescribed standards to achieve optimal
results




Roundabout Design for Safety - INTRODUCTION

UMAN FACTORS RESEARCH

Information Processing

> “Negotiating intersections involves
the absorption and processing of
visual information presented to the ./
driver, via Geometrics Signs and
Pavement Markings”




- WHY?

Foundational - Safety Design Principles
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Roundabout Design for Safety - INTRODUCTION

Safety Design Principles

160 PDO crashes in first year of operation
roundabout most accident-prone in

Ty
i

- : - — e e
OX 2
MRS,  NAMED MOST CRASH-PRONE IN STATE

~130 PDO collisions ] . ‘
“This roundabout must be fixed” Source: Roundabout List Serve  -~110 PDO collisions/year opened
NOT MTJ DESIGNS August 2014




Roundabout Design for Safety - INTRODUCTION

Rural High Speed Application: Single Vehicle Fatalities

woman killed in

roundabout wreck traffic circle

By: leff Stahl =5 | Thalia Bricker =&
Posted: Aug 01, 2019 07:27 AM PDT
Updated: Aug 01, 2019 08:13 AM PDT

by Brittany Reese Wednesday, July 24th 2019

2 dead after car hits boulders, catches fire in

VIEW ALL PHOTOS




POLL QUESTION #1




HOW

Foundational - Safety Design Principles
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Roundabout Design for Safety — Urban Multi-Lane
Average < 5 crashes/yr Adherence to
g, ] O e M) i Foundational Safety
: ' Design Principles:

Average < 20 cras_hes/yr

! ’ .
- . L . i ,
e -'.E.-
i = - =

: L
Average < 7 crashes/yr,




Roundabout Design for Safety — Urban Multi-Lane

Average <15 crashes/yr (5 yrs of data) Three-Lane Entry:
—_—— & Ave annual PDO

—_— 1
—
——

.~ == crashes ~ 15 crashes
' g ber year (over 5 year
period). 40k ADT




Roundabout Design for Safety — Rural Multi-Lane
Rural High Speed Application Ave 3 PDO crashes per year,

Address Context/Driver Expectancy =~ RGO



1) Foundational -
Safety Design
Principles

Safety Principles Research Basis
Summary of Each Foundational Principle




Roundabout Design — Principles — NCHRP 672

NCHRP

REPORT 672

Roundahouts:
An Informational Guide

I
af Trs

Second Edition  [[eNp

Administration

TRAMSPORTATION .R_E;EAECH BOARD

FHWA DESIGN PRINCIPLES
6.3.3 - Angles Between Approach Alignment @

g Eh:ulatlm siream digtance

Anernative 1: Offset Allgnment to the Laft of Canter

ADVANTAGES:
«  Allows Tor Increased defacton
« Beneficlal Tor accommodating lange Tucks with small
Inscnbed circle diamatar—allows Tor [angar antry
radius while maintaining daflaction and spaad contral
« May reduce Impacts to fght-elde of roadway

TRADE-OFFS
» Increased exit radius or tangantal exit reduces
control of exit speads and accaleration through
crosswalk area
» May croate greater Impacts to the ot skle of the
roacway

Problematic Geometry - Paths Merging
Ex. 6-33 {Large separation between approach alignment)

Sounce: Calomiz Desermant of Transparadon (1)

Recommended Geomeatry - Paths Crossing
Ex. 6-35 {Closer 10 907)



Roundabout Design For Safety and Operations -Design Principles

- Accidents At 4-Arm Roundabouts, TRRL
o Lg_gKﬁogoeSSCOenag.gglgn E|21:S_IS Report LR 1120, 1984. (Maycock, G and Hall, RD)

national imperative in the UK Database for Safety Principles:
z * 84 roundabouts were studied
e 1,427 injury accidents studied

» Over 5 years of accident data at each
roundabout

» Very Large Data Base/Statistically Valid

« Significant design
experimentation was
conducted

« DESIGN AND ANALYSIS
methodology anchored to the
geometrics to address high
flow, and constrained
conditions




Roundabout Design Principles

1. Foundational Safety Principles: . ...

A.

Minimize Conflict Pts / Operational
Analysis (minimize # of arms (3 vs 6))

Speed Control

Maximize angle between approach
alignments (90 deg)

Entry (Phi) / View Angle Left

Approach Alignment & Driver Expectancy
(high speed applications)

Accidents at Four Arm Roundabouts,
Maycock and Hall, LR1120, TRL, 1984

FHWA Roundabout Guide (NCHRP 672)




POLL QUESTION #2




A. MINIMIZE CONFLICT PTS

Operational Analysis
Match Capacity to Demand / Avoid under or over design




Operational Analysis

Safety and Operations:

A. Understand Strengths and weaknesses' of Operational Tools
— Accuracy in Predictions (Gap, Empirical, Micro Sim)
I.  Whatis an acceptable LOS on Design Year Traffic
ii.  Avoid Over or Under Design (Expandable Capacity)
lii. Select safe geometrics (flared entries, channelization and RT lanes)

OPTIMIZATION

Signs
/Markings



Foundational Design Principles —
A) Minimize Conflict Points

Effective Geometry

for Operations-
Ineffective Lane
Utilization

|
N




Foundational Design Principles —

Misaligned entry and pavement marking

FEEEma

! ll;ll !

Ineffective
Lane Utilization

Underutilized right lane in two-lane flared entry roundabout.
Ira Needles Blvd. & Erb St., Kitchener, ON. Source: Region of Waterloo, ON

https://www.mtjengineering.com/synt
hesis-roundabout-design-operations-
multi-lane-flared-entries/

mROUNDABOUT
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https://www.mtjengineering.com/synthesis-roundabout-design-operations-multi-lane-flared-entries/

INTRO

Geometric Variation

Small Urban Compact

Larger CurV|I|near Single-Lane

“S—— =i R ol

« 80'ICD « 145'ICD

« Narrow entry width E= 12’  Wider entry width E = 14’

« Small entry radii R = 25’ e Larger entry radii R = 60’

« Perpendicular entries Phi ~ 60 deg. e Curvilinear entry Phi ~ 20 deg.

WORMTS



Geometric Variation

« 125'ICD « 225'ICD
* Flared Two-Lane Entry * Flared Off-Ramp Entry
« Single-Lane Entry  Two and Three-Lane

 Aux RT Lanes (two types)  Aux RT Lanes (two types)




B-2) KIMBERS
GEOMETRIC MODEL
OVERVIEW




Basis of Geometric Model

Kimber’s Equations

Driver behavior
/capacity via the
geometrics
directly




Basis of Geometric Model

Geometric capacity model developed by Kimber and Hollis ‘80 (LR 942)

6 Geometric Inputs

« Kimber’s analytical framework based on
statistical-regression analysis methodology

 Model derives Capacity from 6 geometric
Parameters

 This diverged from ex. gap based traffic
theoretical models.

M

il "L

|2

| S

(l

TRL Kimber / Hollis (LR 942)




3 Major Capacity Variables
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Entry Width (=)

e Approach Width (/)
Effective Flare Length (|
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3 Minor Capacity Variables
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Basis of Geometric Model

3 Major Capacity Variables

Entry Width
B
Ll
Flare Length (L)

r(E+V)
2
E = Effective entry
width
L’ = Flare length
N V = Approach
V roadway width

Approach Width




Basis of Geometric Model

Minor Capacity Variables

Entry Angle

“Phi” is half
the
measured
angle

p—




Basis of Geometric Model

4 -IIH-I .
: Exit Rga_dwayV\liEth (Ex)
5.2« Number of Lanes (n)
> N

Circulatory Roadway Width (c) —
A =

, Number of Lanes (n)

 Width (E)
Imber of Lanes (n)

I e cBINS BB
: 3 R -. _.:_ % |
. Approach Width (V)
Number of Laﬁ s (n) 1 :
Roundabout Roundabout




Foundational Design Principles — Evaluation of Design Traffic Flows
A) Minimize Conflict Points

* Operational
Analysis is
Foundational

e Minimize Conflicts 'R ‘ 8 B
| # of Lanes B o 22Rebt

» Acceptable LOS?

NTRANCE RAMP

SOUTHBOUND El

A PRELIMINARY ENGINEERING DRAWING
ROUNDABOUT INTERCHANGE
RAILROAD CANYON ROAD

NO SCALE

PE-B |

Laneage = 98 Conflict Points

mROUNDABOUT
engineering



Foundational Safety Design Principles
A) Minimize Conflict Points

* Operational
Analysis: Rodel

* 48% less e
conflicts W Y

« Phased _ M
Implementations "=\

i
4%

« Match Capacity t0 1jane @
Demand AP
 Allow for capacity 4

expansion

Revised Laneage = 51 Conflict Points = 48% Reduction

ITE 2020 Annual Meeting and Exhibition - #ITE2020 m b



POLL QUESTION #3




B. SPEED CONTROL
(FAST PATH CRITERIA)




Foundational Safety Design Principles
B) Speed Control

a - The radius should be measured over a distance of 65 to 80 feet. It is the minimum that occurs along
the approach entry path near the yield point but not more than 165 feet in advance of it

M
engineering



C. MAXIMIZE ANGLE BETWEEN
APPROACH ALIGNMENTS (90
DEG)




Foundational Safety Design Principles —
C) Angle Between Legs / Alighments

FHWA DESIGN PRINCIPLES
6.3.3 - Angles Between Approach Alignment @

TE -
. 4
:- A e e,
.'f 2y
: 5 %
' 3

Eounce: Calfomin Department of Tranepariefion (1)

MT) B
engineerin g




Foundational Safety Design Principles —
C) Angle Between Legs / Alighments

MTJ ENGINEERING
T o eaupme e "ONCEF T REDESIGN =
_—
e ;

Speed Path (Rad)
300’ (32 mph)

)
Use design flexibility to meet . i

Safety Principles MTD

OOOOOOOOOO

e e O g



Foundational Safety Design Principles —
C) Angle Between Leg Alighments
MTJ ENGINEERING

CONCEFT REDESIGN
B | T : ;
NN D { _—_r_/;i;,:z_/_ L
Recommended Geametry - Paths Crossing —-“"'; .-"‘r —_“i'\ F_ == ;.IH RT S d P th R d
Ex. 6-35{Closer to 90° .
¢ ) ﬂf_/ﬂﬁf % pee a ( a )

100’ (20mph) 35% Reduction

A | Sou.trce: MTL)——



D) ENTRY ANGLE (PHI) & VIEW
ANGLE LEFT




Foundational Safety Design Principles —

D) Entry Angle (Phi) & View Angle Left

Source WIDOT Guide

BEST FIT ARC LDCATED IN
THE CEMTER QF THE ENTRY

BEGIN LIME [o-b} AT THE INTERSELCTIDN

OF THE ARC LQCATEDR LN THE CENTER ©QF
ENTRY AMD FACE QF CURB OF THE SPLITTER
ISLAND EXTENDED. LINE [a-bd 15 PROJECTED
TAWGEMT FROWM THE ARC LOCATED IM
THE CENWTER OF THE ENTRY TOWARDS
THE CIRCULATING ROADHAY.

Source MTJ

Phi=44"+2 =22°

SR A DESIGN PRINCIPLES
6.5.4- Entry Geometry &Approach Alignment

v aka Flat Entry Angles

1=y PHI ANGLES RECOMMENDATION
| [.-" Preferred Minimum
REINE Phi =40° + 2=20°
C *Abselute Minimum 16

| | I.l I
Source MTJ i r1- i1 Phi =Actual measured antry angle = 2
_.;:'; | " | 6.7.4- View Angles toLeft
1; () ¢ VIEW ANGLES RECOMMENDAT KON
i/ 713 Preferrad Maximum
I 1] &2 17
[ R
';|I-.. ¥ -_-r::'

ROUNDABOUT

engineering
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Roundabout Design Opt

Alignmn Angle

Speed Control




|

Roundabout Design Opt

Entry Angle (Phi

View Angle Left




Roundabout Design Optimization
Revised Concept

Alignment / Angle between Legs

== e | ST — — W
WSy T ! \ [ Tinibe <O
LW 2 Ve - i - . v N
¥ S LI ;‘M N\ PN S _ ) el ¥
g ¢ 8 ey -.
L - |

At Reduced Skewed Angle  {ipree




Roundabout Design Optimization

Entry Angle (Phi) & View Angle Improved =

Correct Priority Message




Roundabout Design Optimization

Slower Vehicular speeds =

Improved Safety for all users

\
mROUNDABOUT
engineering




E) APPROACH ALIGNMENT &
DRIVER EXPECTANCY

Context:
» Rural High Speed
» Transitional Speed Applications (Suburban/Ex Urban)




Foundational Safety Design Principles —
E) Approach Alignment & Driver Expectancy

Rural / High Speed Applications

Roundabout out of Approach
Drivers Line of Sight

ROUNDABOUT
engineerin g




Foundational Safety Design Principles —
E) Approach Alignment & Driver Expectancy

Rural / High Speed Applications

Approach Drivers Line of Sight ! |
= Driver Expectancy Principle [ f | |
Terminal Vista “

\

i . ‘yﬁ-[ = :[ I[
\
\
\ “
v
5\
%
A\

\ ! IIII'-_ ‘I

h m ROUNDABQUT
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Conspicuity on Approach
for high/Transitional speed applications

VIBURNUM (%)

BR:LLIANT RED

Central Island Landscaping: / s o

» Mounded £ |
» Appropriate Plant Materials : ﬂ

Lot W Y i“_}} CHOKEBERRY (8)
r,w.’ NL I ‘%‘
LA SRR G
Co.75 srLect ‘i"‘#&"’-“ﬁg.g'#‘“t /
SSSSSS £BERRY (3} ﬂ.ﬁd"ﬁr‘-# /
Vs annn
5 “ % \ £

G

/,/ DIABLD SINEBARK (91
\_/ LOW GROW FRACRANT SUMAC (26
NNNNNNNN
VIBLRNUM (51




2) Design
Composition

Don Quixote by Pablo Picasso




Example #1

Ex Urban Transitional Speed Context




Roundabout Design for Safety and Operations

ICD and Placement

125" 1ICD 150" ICD




THIS IS THE CRITICAL APPROACH
- ACHIEVING FAST PATH CRITERIA

[TH THE REVERSE CAMBER CURVE DICTATES THE DESIGN

400" Rad

o

RCUNDABOUT

engineering
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engineering

Photo: Google Maps 3



Example #2

High Speed Example

61




High Speed Example

of Dodgeville

S U SRTR)

£

- engineering

{ Imagery £2019 Google. Imagery ©2019 Maxar Technologies, USDA Farm Senvice Agency, Map data 2019 United States  Terms S




High Speed Example

ROUNDABOUT
engineering




High Speed Example — Placement-Sight Lines

engineerin g




Roundabout Design for Safety
Adherence to Foundational Safety Principles:
Rural ngH‘Speed Appllcati‘d‘n 7 W Ave 3 PDO crashes per year,

https: //drlve googlet-com/fll {f 5hST2KLDGW e S\ o\ ——
5IFxIMLRI8JgewI/view?usp-" “ﬂﬂ ‘ - \ TR ; _

o e M 1 | T




Example #3

Meeting All Geometric Principles Simultaneously

66




Design Principles for Safety and Operations

IH94 Cottage Grove WI

Optimization
|

ROUNDABOUT
engineerin g




Design Principles for Safety and Operations

IH94 Cottage Grove WI
(Overlay)

ﬂ% ? S

m SO
engineerin g




Design Principles for Safety and Operations

-.;“-""-::"‘-'\-r i’ -.'a.-_i
. e e

- .

i
- i

» Ensure Optimal safety and ease of use and comfort for all modes

. . . . 5 5 NDABOUT
» Incorporate operational benefits into our traffic planning/design processes ineering

> Ensure public acceptance




POLL QUESTION #4




3) SIGNING AND
MARKINGS

https://www.mtjengineering.com/safety-
Impacts-of-signing-and-pavement-markings-
on-property-damage-only-crashes-at-multi-
lane-roundabouts/

m ROUNDABQUT
engineerin g

You'll have to

Oops, No .

| meant go round again

the First
Take the Look | said
second exit | was Sorry



https://www.mtjengineering.com/safety-impacts-of-signing-and-pavement-markings-on-property-damage-only-crashes-at-multi-lane-roundabouts/

INTRODUCTION

Key Principles:
= Simplify Decision-Making

HUMAN FACTORS RESEARCH

B Clear - Concise Information

»

" Minimize detection, reading and
processing time

" Intuitive & Easy to Understand




You'll have to

Oops, No %
| meant go round again
the First (M32,M4)
| (M32)
|
|
Take the Look | said
second exit | was Sorry

73



Information Processing

i

£ village
"!__._E Place Blvd

SOUTH
¥ whitmore

W

1ol o .
'.I.F;Il- iy ] }}}:_}}w;q-}t-}u- .

e i —— 1 Ny i e
" — T *d:. ":J-__-‘-.--—--'h-._. -

> Information Overload
il .‘ i - y . .IJ- : :




Information Processing

47
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> Information Overload

Information Processing




Information Processing

Advance Directional Signing

Y (5
S, | Leicester
McKenzie - Glenfield

Towne Blvd

McKenzie Prestwick | Leicester N
Towne Gate Blvd BETE

{

N

L




Roundabout Design - Information Processing

EAST BOUND DECTSION POINT

03

SIGNAGE OPTIONS

=B « st st

A | ONLY
R
| g ONLY
ia| i
3
OPTION A |
Y 5 Ak
o P
1 3 --’-:r 4 S
OPTION B | | v i Do
Non e
5 = 27 o j
; I
r 3 ==
= —

OPTIONC & D

O om

KEY MAP

9,

SR68 & 17 MILE DRIVE SIGNAGE ALTERNATIVES EXHIBIT

SHEET
Manterey. California 01.14.2014 05

I .
M J EMGINEERS PLANNERS
ENGINEERING







MUTCD 2009

1. Lane Use Assignment

. Fish Hook or
. Standard

2. Circulatory Roadway Markings

e Solid/Skip vs
. Consistent Line

3. Yield/ Entry Markings

« Edge Line Extended, and Sharks Teeth
e vs Singular Heavy Demarcation

m ROUNDABQUT
engineerin g



ite=
2020 Annual Meeting
81 and Exhibition




1. MUTCD Lane Use Assignment

Standard

' Familiar Driver
) Convention

Fish Hook Style

New Convention

Not used at other
-~ Intersections



1. MUTCD Lane Use Assignment

Standard Pavement M

:.:.EM 5 ‘

| | “E il | )
LA e l&itrq] - | —.
\ \d > 5 ¥

H”-’H
N -
By - fun /|

4
o
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Wl

- S
a
gl-
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Solid / Skip = Problematic - Violates
Driver Expectancy

f— e — — ——

*Strang" white dotted line
6ft (1.8 m)line and 3 1t (0.9 m) gap



2. MUTCD Circulatory Roadway Markings

Circulating Marking Type and Alignment

Existing Confusing Messaging Clarity in Pri'ority Messaging

- o [l v AL

Before

ROUNDABOUT Driver Messaging via Pavement Markings

engineerin g
ROUNDABOUT
eeeeeeeeeee




2. MUTCD Circulatory Roadway Markings

Consistent Circulatory
Markings

11’ Inside
17’ Outside

- Effective lane utilization at |
entry '

- Improved Entry/View
Angles at entry

- Correct Priority Message,
Yielding Behavior







3.MUTCD Entry Markings - Yield Lines

» “edge line extended” line guidance on a
highway -

» exacerbates poor view angle left, = flatter
entries=merging = Priority Message
confused

» Too much information compressed into
short distance =Information Overload

Edge Line Extended,
and Sharks Teeth

m ROUNDABOUT
engineerin g



3. MUTCD Entry Markings - Yield LIN€S orvervessaging via pave

CLEAR MESSAGE AT ENTRY

Existing Confusing Messaging Singular Bold Pri'c')ri‘t; Line

Singular
Bold

-

- - -
& e
——
- — —
— E — mmeew = s
a - st
z — - 3




» Simplified Messaging via line types
weights & arrangement. AR
> Improves view angle left, ! [ 7. Bold
> Entry priority clear \ | Priority
| L.ine

[
e

'

y .




3.MUTCD Entry Markings - Yield Lines
‘%’

011 ) HDTE G _
. S >

‘ -:" _,-«".'- ' J‘“‘ q :l.‘ > - :
£ . s D

» Ny -

¥

it Ranp

e T AT T e
7 g way 2 l.-

1%
ROUNDABOUT i T

engineering A a
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Roundabout Design — Safety

80% Reduction of wrong
movements from outside lane

1T T O
[

Consistent circulating markings

mROUNDABOUT
engineering



Roundabout Design|-

Alternative
Solution

25-30% IMPROVEMENT YIELDING RATES w/R1-6

Source: John Hourdos
Minnesota Traffic Observatory, University of MN

m o
engineering



POLL QUESTION #5




SUMMARY

Oops, No You'll have tq
| meant go round again
the First
(M32)
Take the Look | said
second exit | was Sorry

Don Quixote by Pablo
Picasso

mROUNDABOUT
engineering




Summary

Design For Safety and Operations:

A. Match Capacity to Demand / Avoid under or over
design.
I.  Appropriate LOS?
li. Understand strengths and weaknesses of operational tools

B. Adhere to Foundational Safety Design Principles —
I Not prescribed methods

C. Composition —“Bringing it All Together”
I.  Design for Context
li. Roadway and Roundabout Working Together

Don Quixote by Pablo
You'll have to |Picasso

.. . . . . Oops, No g
D. Optimize Information Processing - Signing- | meant go round again
Markings /Way finding “HheTig 2)

I Must be correct for the project/context
li.  Not always the same implement principles

Take the Look | said
m ROUNDABOUT second exit | was Sorry
engineering




SUMMARY - Signs and Markings

Driver behavior is strongly hrgg rza.. S
influenced by signs and pavement XT B ( J;

markings.

SRS, ,f-

» Simplify Decision-Making

» Provide Clear - Concise Information
> Intuitive & Easy to Understand

» Adhere to Driver Expectations




THE LEADER IN PROFESSIONAL ROUNDABOUT TRAINING

Customizable to Meet Your Needs

Thank You/
Questions

Mark T. Johnson
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