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80,000 &=
13,500 ericoes

The Division of Highways supports the delivery of statewide
transportation projects and is responsible for nearly 80,000 miles
of road in North Carolina, making it the nation’s second largest
state-maintained highway system.
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Rural Intersection Safety in North Carolina

Fatalities
North Carolina Fatality Trends Since 2002
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2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
—Fatalities| 1,580 | 1,562 | 1,579 | 1,552 | 1,560 | 1,704 | 1,465 | 1,347 | 1,329 | 1,225 | 1,275 | 1,284 | 1,284 | 1,388 | 1,442 | 1,402 | 1,452 | 1,482 | 1,675 | 1,800 | 1,784

Time to Next Fatality
or Serious Injury in NC
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North Carolina Intersection Crash Trends

Frontal Impact — Fatal and Serious Injuries
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Safest Feasible Intersection Design (SaFID)

For two-lane major and minor streets

USeS Safety &Moblllty Data tO Major street demand, veh/day, thousands F//’St pubhshed May2020 ITE jOUI’ﬂO/
0 Dr. Joseph Hummer

provide guidance on best design Twse
based on intersection Ccross-
section and volumes. All-way sto

control

(AWSC

o

10

For2 Lane @ 2 Lane intersections:
« AWSC is SaFID where major & et
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minor streets carry <7,500 vpd. g Developing, Using, and Improving Tables
’ Trpffic Showing the Safest Feasible Intersection Design

Pushing AWSC feasibility above e B ossra £ Hosoue. PE. P, (1)
ith left n recent years, the Federal Highway Administration (FHWA) and the states have
t h a t 20 turn lanes inve: s of dolla f asures
e Traffic I i
O O-1 ()

. Muc
signal o
. with left Clearinghou ins thousands of r fined as
[ J A b O\/e t h a t fu | | - S | Z e O n e - | a n e 25 RIRO and rllght the ratio of the estimated crash frequency after an intervention to the crash frequency before the
! YT Ianes intervention. A CMF below one thus means the intervention helped. Happily, researchers have

r O u n d a b O u t ( u p t O N-l 5 O O O v p d ) rated the quality of each CMF in the Clearinghouse, on a scale of zero stars (poor or unknown
1] oo

quality, result should not be trusted) to five stars (excellent quality, trustworthy result), so that

consumers of the information do not have to make that judgment. The library of CMFs, each

30 with a quality rating, is a tremendous resource.

* Then a traffic sighal above one- — , E—
https://connect.ncdot.gov/resources/safety/Teppl/TEPPL

|a Nne roun d 3 bo Ut ca a C|ty %20A11%20Documents%20L ibrary/C62_Guidance.pdf
35

https://www.ite.org/ITEORG/assets/File/ITEJ%20Publishe
0 5 10 15 20 d/2020/ITE_ITE_May2020.pdf
Minor street demand, veh/day, thousands 5

Figure 2. SaFID chart for two-lane major and minor streets.


https://connect.ncdot.gov/resources/safety/Teppl/TEPPL%20All%20Documents%20Library/C62_Guidance.pdf
https://www.ite.org/ITEORG/assets/File/ITEJ%20Published/2020/ITE_ITE_May2020.pdf
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Roundabouts in NC

Over 600 Roundabouts in North Carolina

One of 7 states with > 600

NC Roundabout Timeline

40
30
20

10

Mumber of Roundabouts{Traffic Circlas

1930 1995 1996 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2007 2018 2019 2020 2021 2022
Year
]
© 2023 - Kittelson & Associates, Inc.
Source: Kittelson Roundabouts Database .
First safety study of Rural roundabouts safety
roundabouts in NC study in NC
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Roundabouts In NC
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2011 NC roundabouts safety study: e NN .\)
« Studied 30 roundabouts in NC o g &0 |
Mostly installed for operational benefits p

i Carolina Beach shown|to reduce
Shallotte W f deathsfandlinjuries|by.

All location types, cross sections, and speeds: ;hm,,t. TR, W >79%7
« Total Crashes: 46% Reduction

Fatal and Injury Crashes: 75% Reduction

Frontal Impact Crashes: 76% Reduction
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Watch our videos on how
to navigate through them

* All Statistically significant at 95% Confidence Interval
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NC Rural Roundabout Evaluation
2020 — Daniell Bagley — NCDOT Safety Evaluation Group

» Studied 13 intersections that were converted to Roundabouts (EB)

« Allsites installed between 2006 and 2016
« All sites converted from 2-way stop control

« Allsites were 2-Lane @ 2-Lane intersections with at
least 1leg with an approaching speed of 55 mph

« All sites had inscribed circle diameters between 100" and 160’

* Average Major Road AADT of 6,000 vpd.
Average Minor Road AADT of 3,600 vpd.

|

Note: 2006 — 2016 timeframe... pre SaFID..
some in the SaFID range for AWSC
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NC Rural Roundabout Evaluation

Overall Results
 Total Crashes: 41% Reduction

« Fatal and Injury Crashes: 78% Reduction

« Frontal Impact Crashes: 62% Reduction

Other Key Takeaways

« Similar results to 2011 roundabout evaluation

« Similar evaluation results between the four 3-leg
roundabouts vs. the nine 4-leg roundabouts

« More rural RAB installed/planned since study

* All Statistically significant at 95% Confidence Interval

Rural Roundabouts

* Statistically significant at 95% Cl

9
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NCDOT Rural Roundabout Evaluation

Half with intersection lighting (in at least one quadrant)

Some differences in signing/marking beyond base signage:

« Half with ‘keep right’ signs on median approaches — left photo

 Couple with pavement arrows - middle photo

« Half with posted advisory speeds (on at least one approach) —right photo

« Typically, not a “step down" of speed |limits on approach... Use advisory speed 0
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o o Note: Interim
—_ ?

Modular Minis - The Future~ AWSE While

<90’ Inscribed Circle Diameter, Traversable Center Island Waiting

=

35 mph approaches

CONSTRUCTION TIME ~ 1 MONTH

Day 1= Traffic in circular roundabout pattern _
Day 5 = Roundabout installation substantially complete COST = $185,000

Day 30 = Final signs and pavement markings complete FUNDED 2022 —> CONSTRUCTED 202‘7’“
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Comparison of

Roundabouts,

Traffic Signals, and

AWSC

AVERAGE TIME TO COMPLETION: > 3 YEARS* 1-2 YEARS <1YEAR
AVERAGE COST: > $1-3 M* $200,000 $30,000
FXPECTED FATAL AND SEVERE >90% ~ 50% >90%

INJURY CRASH REDUCTION:

In its SaFID niche, AWSC is strong:

d Time

0 Cost

Qd Safety

(& Mobility NOT degraded) 12

*Full Size, One-Lane Roundabout (>90' inscribed circle diameter)
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North Carolina
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Between 2020-22, NCDOT allocated > $10 Million to RURAL AWSC

ALL WAY STOP: SR 1603 (Old Carriage Road) at SR 1604 (Hunter Hill Road), Nash County, North Carolina

16
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NCDOT HSIP Warranting Criteria for AWSC

Highway Safety Improvement Program (HSIP) flags sites meeting certain criteria:

v Intersection of 2-lane roadways

10

v AADT under 7,500 vehicles per day on all approaches .
v' At least 6 frontal impact crashes in 5-years

v' Qutside Urban Boundaries (Most 45 — 55 mph) i

Frontal Impacts

Left Turn Right Turn

Different Roadway Different Roadway Angle

Left Turn Right Turn Head-On

Same Roadway Same Roadway
D @ @ * W
[ 30 \/ * *|o
<@ e > o] O
[=]

®

Frontal Impact Crashes Per Intersection
(5-Year Period)

/

58X
Higher

-

HSIP - AWS Statewide

17
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I AT

Identified hundreds of intersections

10 Year Crash History ("“Before”)
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Why Not Just Enhanced Signing?
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Why Not Actuated Flashers?

21
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Why Not Actuated Flashers?

All Way Stop Control Safety Initiative

With AWSC => 60% Reduction in Total Crashes, 79% Reduction in Frontal Impact Crashes, 89% Reduction in Injury Crashes

LELENU

o-fDs- @O E

e -
44—9-_ _.'d — B
A T I ML

SS* 04-12-21408
Order® 41000044034
Johnston County
BEFORE Period
09/01/709 - 06/30/13

School Notes:
Access to Corinth-Holders Elementary
Sehool 15 spproximately 408 west of
study intersection off of NC 231
School zone extends from
approxamately 0.3 mles west of
intersection to 330 east of
intersection aleng NC 231, Schoal zone

speed alse provided in parenthesis.

School Notes:
ficcess to Corinth-Folders Elementary
School 15 approximately 400 west of
study 1ntersection of f of NC 231
School zane extends from
approxinately 8.3 miles west of
intersection to 330" east of
intersection along NC 231 School zone
speed also provided 1n parenthesis.

#

Bsize 121" Lotrar Staer8*

Double Spen Wire. [} WEHICLE ENTERING ia]
1z e 12w

i

SIGNAL FACE 1.0. | Mc.

of TRANSPORTATIO}

04-1319 DIVISION of HIGHWAYS
M1 o L0 TRANSPORTATION MOBILITY and
2 120 SAFETY DIVISION

.’:& Frontalimpact

@ Frontaimpact
Taraet Crashes

TRAFFIC SAFETY UNIT

Target Croshes

S =
= == - =
o e s Bt
e TAE e e

WV i — | easm
- T = = 0 -

SS* 04-12-21408
Order® 41000044034
Johnston County
AFTER Period
I0/01/13 - O7/31/17

Countermeasure:

Convert 1ntersection to all-way
stop. Including revision of

° existing overhead flasher to red

indications on all approaches and

construction of spproach splitter

1slends 1n the existing left-turn

3\3,] lanes on all spproaches.

5
,DG@O’)

SICNAL FACE 1.D. | N.C. DEPARTMENT of TRANSPORTATIO.
04-1319 DIVISION of HIGHWAYS
AN oot LLE.D. TRANSPORTATION MOBILITY and
. TY DIVISION
TRAFFIC SAFETY UNIT
1,12 21,22
1304 2324 Date: 16-12-2007 [ e

https://connect.ncdot.gov/resources/safety/Safety%20Evaluation%20Completed%20Projects/SS%2004-12-21408%20Web.pdf
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AWSC Safety Evaluation

Evaluated 348 rural intersections converted from minor road stop control to AWSC thru HSIP

All Way Stops in North Carolina: Evaluated Sites

2020: HSIP AWS Initiative Kick-Off

Number of AWS Installed

v---.--—_-_

2022 (To Fall 2021 2020 2019 2018 2017 2016 2015 2014 2013 2012 2011 2010 and
2022) prior

Installation Year

These are just sites installed through late 2022. More are underway....
As of early 2023, ~450 AWSC funded as safety projects in North Carolina.
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AWSC Safety Evaluation

Overall Results from 348 Intersections Indicate Significant Crash Reductions with AWS:

e Total crashes per year: 55% Reduction
e Frontal Impact crashes per year: 65% Reduction

Overwhelming Effectiveness Across AWS Sites:
e 84% of intersections saw reductions in total crashes
e 89% of intersections saw reductions in frontal impact crashes

Remember... High Speed Roundabouts saw:
« Total Crashes — 41% Reduction
« Frontal Impact Crashes — 62% Reduction

24



ncdot.gov All Way Stop Control Safety Initiative

AWSC Safety Evaluation

Overall Results from 348 Intersections Indicate Significant Crash Reductions with AWS:

Injury Crashes Significantly Reduced with AWS:
e Fatal and Class-A injury crashes per year: 92% Reductinn*

e Class-B and Class-C injury crashes per year: 72% Reduction
e Before AWS, there were 81 fatal crashes and 165 Class-A injury crashes
e After AWS, there were NO fatal crashes and 8 Class-A injury crashes

Overwhelming Effectiveness Across AWS Sites:
e 90% of intersections saw reductions in fatal and injury crashes

25
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Mobility Impacts

Under lower volume conditions, AWSC does not pose a threat to operations

Major Road

AADT 15.000 SaFID for all crashes = One-lane Roundabout Major street Minor street ‘u"1.fhere_delayr s Average delay, sec/veh
demand, veh/day | demand, veh/day expernienced TWSC AWSC
Upper Limit for AWSC operations is when both roadways have an AADT of 7 500 1000 1,000 Major street 2 7
_ vehicles per day assuming typical conditions Minor street 10 7
Major Road Overal 5 7
AADT 7,500 =
SaFID for all crashes = AWS 4,000 1,000 Major street 1 9
Minor street 12 B
Further capacity analysis may be Queral 3 2
warranted to verify operation of AWS 4,000 4,000 Major street 3 10
Minor street 17 10
QOverall 10 10
Major Road £.500 1,000 Major street 1 12
AADT 4,000 SaFID for all crashes= AWS Minor street 16 9
QOverall 2 12
AWS e){pgded to operate at an ?,500 4,000 Major strest 2 20
acceptable LOS without need for Minor street 42 13
additional capacity analysis Overall 16 17
7,500 7,500 Major street 3 21
Minor street 220 18
Overall 260 20
- . Delay estimates for representative demands at the intersection of two-lane roads
Minor Road Minor Road Minor Road
AADT 4,000 AADT 7,500 AADT 15,000

Operational analysis run for some (approaching 7,500 vpd or heavily unbalanced volumes)
26
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Unbalanced Volumes

Don't disregard AWSC just because of unbalanced volumes.

We have some with 70/30, 80/20 or even 90/10 that work.

80/20-90/10
Volume Share N

2009 MUTCD, Section 2B.07 (01) “Multi-way stop control is used
where the volume of traffic on the intersecting roads is
approximately equal.”

The MUTCD content related to selection of traffic control in Part
2B has seen only minor changes since 1971.

Research has shown under certain traffic conditions AWSC is “no
less effective when approach volumes are unbalanced as when
they are equal on all approaches” (Persaud 1986).

NCHRP 03-109 (2015) created proposed MUTCD criteria for
determining appropriate traffic control at unsignalized
Intersections. In the AWS criteria, all language pertaining to
unbalanced volumes was removed. (Note: | was a panel member.)

27
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Other Concerns

Other Questions/Concerns We've Had to Field fromm Engineers:

» Stopping Traffic on Primary Routes
» Locations with High Truck Traffic

> Use as Interim Solution

28
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Other Concerns

Other Questions/Concerns We've Had to Field from Engineers:

> Skewed Intersection

> Unigque Configurations
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Other Concerns

Other Questions/Concerns We've Had to Field from Engineers:

» Three Leg Intersection
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Really Good Safety Solution... But Not Perfect Everywhere

Where Strong Peak Hours or AADTs exceeding SaFID thresholds

 Run operational analysis to check!

Sometimes we know it's not a perfect operational fit but...

« |t'sserving to reduce crash severities as an interim treatment until Roundabout is built.

It may have worked great for years, but now there's growth...

* |nour growing areas, we have had some that don't work operationally anymore and need
to be stepped up to a Roundabout.

Sometimes operations are ok, but crash totals have not reduced as dramatically as expected
* Review crashes and take another look at signing and marking.

« |fsevere crashes have decreased, it's probably still worth keeping.
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Synergistic ASWC + Other Enhancements

.

SR 1604 (Hunter Hill Road) looking west toward SR 1603 (Old Carriage Road), Nash County, North Carolina
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Synergistic ASWC + Other Enhancements

SR 1604 (Hunter Hill Road) looking west toward SR 1603 (Old Carriage Road), Nash County, North Carolina 33



ncdot.gov All Way Stop Control Safety Initiative

Synergistic ASWC + Other Enhancements

SR 1604 (Hunter Hill Road) looking west toward SR 1603 (Old Carriage Road), Nash County, North Carolina
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Synergistic ASWC + Other Enhancements

Double Indicating Stop Signs

Double Indicating Stop Ahead Signs

Adding Distance Plagues to Stop Ahead Signs
Oversized Signs

Reflective Strips on Signs

Flagging on Signs

STOP and STOP AHEAD pavement markings
Flashers on Signs

Overhead Flashers

Transverse Pavement Markings (Thermoplastic) §
Temporary — Portable Dynamic Message Signs
Temporary — “New Traffic Pattern” Signs

*Varies by Region and Location
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Synergistic ASWC + Other Enhancements

2010 NCDOT Research on Safety at 53 AWSC Intersections:

« AWSC where overhead flashers added with project saw greater reductions in total,
iNnjury and frontal impact crashes than AWSC without overhead flasher.

« Total Crashes = 82% vs 61%
e Injury Crashes =87% vs 72%
« Frontal Impact Crashes = 86% vs 70%

« Also saw reductions in STOP sign running crashes
« Signing/Marking Inventory underway for 350 AWSC to update this work
Enhancements add $. Added benefit?

Simpson & Hummer, Journal of Transportation Safety & Security (2010)
https://connect.ncdot.gov/resources/safety/Safety%20Evaluation%20Projects/Four-Wav%20Final%20Report.pdf 36



https://connect.ncdot.gov/resources/safety/Safety%20Evaluation%20Projects/Four-Way%20Final%20Report.pdf
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Outreach & Education Needs
SPREADING THE WORD

All Way Stop Control Safety Initiative

Information sharing at multiple levels to make a successful AWSC program

« Webinars with NCDOT engineers and decision makers @ HSIP Initiative Kick-Off (Back in 2020)

How Many Crashes Can We Potentially Save?

1,252 Intersections met 2020 HSIP — AWS Warrant

In the next 5-years with AWS we can potentially SAVE:
v" 10,770 Total Crashes » 7
v’ 8,376 Frontal Impact Crashes

v’ 5,235 Injury Crashes

v’ 124 Fatal Crashes

St. Louis Post-Dispatch

As of 2019, over 150 AWS conversions have been funded as safety projects across
11 Divisions in North Carolina.
There has been a pronounced increase in projects for funding years 2016 — 2019.

KINGSPOIt o=z dr " 47
LY % R p— I T ‘) ~
i Blue Bidrds | ' i ey P ™, 1
Johnson (1% A { . I[ el BLA! [, 7R :'\\ LR
AR T A NOE S e Jilag | & Y\ fe SN )‘\“'z !
AN SR = U S e T\ &
; 4 Tl kgt o R B KRB
grnonvike L “‘V e e SN L WY s el
WY R, [ = (X oy 1 ¥ 7 \
.-;Pn e Y "f"“""'f o"%,/’\ acalh AT B L
s N ~ i & i J 3 o \. AN pm———de 5 A
s A0 S A (AN R Ty Y TP g
et o8 D e e \ ‘ Vi AT AN N \ \
oC/ ‘\g i "_"Lv'_"‘ = o ?) v lr-| R < > !
T '%\\ b*r |_ l Ny 1 ¥4 \] ERTOC 5 ® / \_\/\’)\ _,'.,\ X\ pami'co }'
Sty S OVATNR B VAR
-0 P AV QT T el N SN 0T N A
NN, S MR e O Y
o ) B i LY . y i 2 ¢
Greenville NMe | ;'0_} I "___\.\ J Rz L TR
11111 hee - i G T, | ‘ { ¢ Jaoczege /
al Forest A 'e \\/‘;"""—"-\ N = ~/
A, ; \ .7
\'\ ‘i;\ Y \:’/
'\'. -‘-‘/.\;W-)fngtm
- - i’
; N !
Athens oColumbla o }'f
N
Adanta S il

2020 Presentation Slides

37



ncdot.gov All Way Stop Control Safety Initiative
I

] ALL-WAY
Outreach & Education Needs STOPS

s P R EAD I N G T H E WO R D An effectti:fnisgot‘:':s:::fti:ient way

They have been shown to reduce All'way StOpS
* Presentations at various State, Regional, and National deaths and Injuries by 7795

The N.C. Department
1 . of Transportation
m eet | n g S recommends an
all-way stop only

1 ey after a thorou Using An All-Wa: Intersection ,,o el
.« Webinars, ITE, FHWA NCHRP Pooled Fund, Cities Nt iy w

News & Events v Divisions v Initiatives & Policies v Travel & Maps v

the Intersectlon.

 Resources developed to share with stakeholders:
« All Way Stop Webpage
« All Way Stop Presentations and Documents
* Project Press Releases
 YouTube Videos

ALL-WAY

Watch on (88 Voulube

 One Page Safety Summaries for each Division to show
benefits specific to their area.

‘ 6 A tremendous countermeasure
in reducing crashes, injuries
and fatalities.”

* Received 2023 National Roadway Safety Award

https.//voutu.be/WK3OtyFsvfk

ind 17 Class-A injury crashes
and 1 Class-A injury crash

https://connect.ncdot.gov/resources/safety/TrafficSafetyResources/All%20Way%20Stop%20Summary%20Brief.pdf



https://www.ncdot.gov/initiatives-policies/Transportation/safety-mobility/all-way-stops/Pages/default.aspx
https://www.youtube.com/watch?v=qEPsXU5OqRE

ncdot.gov

Questions?

All Way Stop Control Safety Initiative

Contact Information:

Carrie L. Simpson, PE

Safety Evaluation Engineer
Transportation Mobility & Safety Division

North Carolina Department of Transportation

".I.'
H-

919 814 4958 office

clsimpson@ncdot.gov
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AWSC Conclusions

v Why AWSC?

In Niche: Low Cost, Quick to Implement, Systemic, Safe, Minimal Mobility Impact
v Where is the AWSC niche?

Max 7,500 vpd for major and minor approaches, 2 Lane @ 2 Lane
v What are the AWSC safety initiative warrants?

Volume and geometry constraints above, also crash pattern present and rural
v What are the safety effects of AWSC?

>90% Reduction in Fatal & Injury Crashes
v What are the mobility impacts of AWSC?

In Niche: maybe a few added seconds per vehicle
v What does it take to build a successful program?

Communication, Education, Acceptance and Time/Patience (Build the case) 40



