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Project Goals

Document current State DOT practices for:
e |dentifying HSIP projects
 Prioritizing HSIP projects
 Evaluating HSIP projects

Look for differences in:
 State vs. local projects

« Spot, systemic, and systematic approaches

e SYSTEMATIC

={ hb
vhb.



Approach

Three primary sources:

1.

Literature review

36 State HSIP/Safety Program manuals
State HSIP annual reports

Federal and State HSIP resources

2. Survey of State safety programs

3.

44 DQOTs (85% response rate)
In-depth interviews (case examples)

Maine, North Carolina, Oregon, Pennsylvania
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States included in:
* Interview (4)

® Survey (44)
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Project Evaluation Summary
1. State DOT guidance on project evaluations

« Ranges: no reference to detailed procedures

2. Evaluation methods
« Simple before-after is most common for project evaluations

e Some states use more reliable methods to develop CMFs

3. Differences by project type (e.g., spot vs. systemic or State vs. local road)

* Most states use same framework/method for evaluating all projects



={hb.
Survey Results

Project evaluation methods on State system

Method | Spot | Systemic_

Simple before-after 32 23
Empirical or Full Bayes before-after 10 9
Comparison group before-after 5 8
Regression cross-section 1 1
Other 4 6

We don't evaluate 5 9
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Survey Results

‘Other” methods

e (Colorado: has not determined a methodology for systemic projects yet
« Connecticut: plans to hire consultant to conduct before-after studies

« lllinois: depends on data availability

« Maryland: spot projects evaluated on case-by-case basis

« Massachusetts: EB method when possible; alternative methods as needed; no
evaluation of Every Day Counts initiatives and proven countermeasures

« Michigan: performs before-after studies separately for State and local projects

« Ohio: performs before-after studies with traffic volume correction
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Survey Results

Different evaluation method
on Local system? Project evaluation methods on Local system

s e s

Simple before-after

Empirical or Full Bayes before-after 2 1
Comparison group before-after 1 1
Regression cross-section

Other

A N O
w b~ O

We don't evaluate
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Survey Results

"Other” methods

« Maryland: developing program to allocate HSIP funds to locals starting in FY22. No
evaluations done yet.

« Michigan: performed analysis of FY 2013 local agency programs to assess program and
countermeasure effectiveness. Assessed projects, countermeasures, and program using
two techniques: simple before-after and Empirical Bayes before-after.

* New York: currently has Post Implementation Evaluation System. New safety management
system scheduled for implementation in Fall 2021 will be able to evaluate State and local

road projects.

« Washington: measures systemic projects on a larger scale (often agency wide) in a simple
before-after comparison.
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Noteworthy Examples, Challenges, and Opportunities

Noteworthy Examples

« Use simple methods for project evaluations

« Use advanced methods for systemic and countermeasure evaluations

« Focus on change in target crashes rather than total crashes for project evaluations
 Share evaluation results

* Develop tools/spreadsheet to facilitate EB analysis
* NC's spreadsheet tool updates CMFs automatically as new sites are added

* NY’s PIES tool automates process



Noteworthy Examples, Challenges, and Opportunities

Challenges

« May be difficult to identify specific project
locations for bundled systemic projects
(e.g., if project records indicate “multiple
locations” without listing specific sites)
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"Paperwork" by All Those Details is licensed under CC BY-ND 2.0



https://www.flickr.com/photos/76103999@N06/7665289260
https://www.flickr.com/photos/76103999@N06
https://creativecommons.org/licenses/by-nd/2.0/?ref=ccsearch&atype=rich

Noteworthy Examples, Challenges, and Opportunities

Challenges

* Time consuming to properly evaluate systemic projects

Large number of treated locations

={ hb
vhb.

Need to confirm associated data (e.g., construction date, locations, crash data)

May not be feasible to perform detailed crash analyses for each systemic site

e HOT-SPOT

e SYSTEMIC

e SYSTEMATIC
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Noteworthy Examples, Challenges, and Opportunities

Challenges

« Regression-to-the-mean

« Hot-spot: sites selected

7 Treatment
based on high crashes 6 . Installed
: : 3-yrAvg. |
before implementation 5 | . reliite ]| Observed
o . 8 Safety Effect
« Systemic: sites with few £ 47 Llong-TermAvg. ¢ ¢ . ' .
©
or no crashes before G 3 ¢ True §.7 3yrav.
, . 3-yr Avg. Saf |
implementation 7R IEEELELE . . afety o o
Effect |
1 . |
0 |

2006 2008 2010 2012 2014 2016 2018 2020

Year



Noteworthy Examples, Challenges, and Opportunities

Opportunities

» Use more rigorous methods
» Account for regression-to-the-mean

» Develop guidance or training
« Document nuances of evaluating systemic improvements

« Evaluate effectiveness of systemic countermeasures
« Determine if effectiveness remains as prevalence increases (i.e., is strategy
as effective at sites with lower potential for safety improvement)
* Share evaluation results
« Convince people (internal and external) of potential benefits of systemic
* Retain (and even increase) safety funding
* Increase confidence in investments

<=Uhb.
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lllinois Safety Evaluation

Overview

Data

Challenges and solutions
Methodology

Results

Communication and use of results
Future development of evaluation




Overview

e Objectives
— Understand the effectiveness of individual HSIP project investments,
countermeasures and overall program

— ldentify opportunities to improve HSIP allocation to maximize the return on
investment

— Inform future decisions regarding investment location, project type and conditions
— Use evaluation results to proactively enhance and improve the program

e Develop a tool to evaluate the effectiveness of all HSIP investments

— After SAFETEA-LU and the shift to reducing fatalities and serious injuries
— User friendly, versatile, informative
— Accessible by practitioners and leaders, state and local agencies




Data Summary

HSIP Applications Data

Over $300M in projects
1,037 HSIP Applications + Attachments
State and local jurisdiction segments, intersections, corridors

Contract Data

All Contracts Using Safety Funds and programmed after 2004
905 Programmed Contract Numbers
Approximately 2600 miles

Construction Data

Contract Plans
Contract Pay Items

Crash Data

KAB crash severities
2001 to 2016




Challenges & Solutions

Expansive range of roadway e Evaluation Based on Construction

conditions
. Data

Safety performance functions (SPFs) | |

_ — Improved location accuracy
available for state routes Only — Treatment based on plans and pay items
SPF were not calibrated for all of the e Large data over many years
years — Reduced the effect of regression to the
Data set too large, varied for mear

empirical bayes
Project data

— Actual contract may differ from HSIP
application in the geographical extent or
the scope of work

— Type of treatment was too general for the
purpose of evaluation




Summary of Contracts Evaluated

Number of Evaluated
Contracts

Total Completion Amount Total HSIP Funds

370 $314.9M $227.7M
309 (84%) $274.9M (87%) $203M (89%)
Local HSIP 61 (16%) $40.0M (13%) $24.7M (11%)
273 (74%) $238.7M (76%) $163.8M (72%)

Systemic 97 (26%) $76.2M (24%) $63.9M (28%)
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Analysis Methodology

» Benefit-Cost Analysis

— Total Completion Amounts (2019 Dollars): $367.96M

— Total HSIP Funds (2019 Dollars): $266.36M (72%)

— Total Statewide BC Ratio based on Completion Cost: 9.61
— Total Statewide BC Ratio based on HSIP Funds: 13.27

* Crash Modification Factor development
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Statewide CMFs by Overall Treatments and Crash Types (KAB)
Size Represents Significance Level (95%, 90%, 80%)
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Access Management

Guardrail\Attenuators

Lighting
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Pavement Marking
Roadside Improvement
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Sign Improvement

Turn Lane Improvements .

Widening and/or Resurfacing

Realignment/Reconstruction
Traffic Signal Improvements
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Summary

e Qutcomes

— Understand the effectiveness of individual HSIP project investments,
countermeasures and overall program

— ldentify opportunities to improve HSIP allocation
— Qutcomes are guiding future investments

e HSIP Investment Evaluation Tool

— User friendly, versatile, informative
— Review specific sites or group by attributes
— Online portal accessible by practitioners and leaders




Future Developments

e HSIP Safety Evaluation

— Add additional crash data through 2020

— Add additional construction contracts

— Updating local SPFs

— Compare state CMFs to CMF Clearinghouse; update IL Benefit Cost Tool

— Continue to integrate evaluation output in project programming and development

e Evaluation Highway Safety Program enforcement investments
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ncdot.gov

Safety Evaluation

NCDOT Traffic Safety Unit Org Chart

State Traffic
Safety Engineer

I |
Traffic Safety MO?;';:: e
Systems Section Informarion
= Safety Planning
— HSIP

‘ Safety

Evaluation

M&S Field
Operations
Western Region

Blue Ridge

High Country

Metrolina

MR&S Field
Operations
Central Region

M&S Field
Operations
Eastern Region

Cape Fear

Eastern/OBX
Sandhills




ncdot.gov Safety Evaluation

NCDOT Safety Evaluation Process

Counter
Measure

47

Location Specific Countermeasure Safety Program
Evaluation Reports Evaluations Evaluations

EB Analysis EB Analysis
(Simplistic Version) (Reference Group)

«----
«----

v v
Feedback to NCDOT Staff | Quick/Continuous NCDOT Program Assessment
& EHWA High Level Crash and Reporting
g Countermeasure Reduction
74 Safety Evaluation Website Assessment Factor Sheet
7 4
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ncdot.gov Safety Evaluation

NCDOT Safety Evaluation Process

Location Specific
Evaluation Reports

*----

Feedback to NCDOT Staff
& FHWA

Safety Evaluation Website

ARt RRR.
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ncdot.gov Safety Evaluation

Location Specific Safety Evaluations

Connect NC T Home Help
BUSINESS PARTNER RESOURCES

Doing Business Bidding & Letting Projects Resources Local Governments Search

Asset Management = Environmental =~ Geotechnical GIS Hydraulics Materials & Tests =~ Photogrammetry = Specifications  Structures SRSt

Completed Safety Project Evaluations Safety Eva I u at i O n We bs ite

Name Category SubCategory Division  County Analysis Type Location Type  Geometry

I Category : (1)

I Category : Advance Activated Wamning Sign (22)

# 4Category : All Way Stop (43)

¥ Division :

 Division : 04 (3)

I Division : 05 (6)

LOG200506184 *** Al Way Stop COverhead Flasher 05 Cumberland Intersection 4-leg f Lane @2
ane
O ! o 2L 2
LOG2005712004 *** Al Way Stop Qverhead Flasher 05 Robeson Intersection 4-Leg Lanine @
# S506-06-206\Web = Al way Stop Double Indicated STOP' g Cumberland Intersection 4-leg 2Lane @2
Signs Lane
5506-09-201 Web ==t All Way Stop 06 Harnett Intersection 4-legq f;‘:e L
2L 2
SS06-10-6676 """ All Way Stop 06 Robeson Intersection 4-leg Lane;ne e
5506-10-8042 "t All Way Stop D_ouble Indicated STOP 06 Robeson Intersection 4-leg 2lane @2
Signs Lans
S506-10-10039 Web "t All Way Stop D.ouble Indicated STOR 06 Hamett Intersection 4-leg 2lane @2
Signs Lans
https://connect.ncdot.gov/resources/safety/Pages/Safety-Evaluation.aspx 6

y o y y & y y & y 7 7 L s



ncdot.gov Safety Evaluation

Location Specific Safety Evaluations
Advance Activated Warning Sign Median Channelization Two-Way Center Turn Lane
All Way Stop Median Guardrail Vehicle Entering When Flashing
Bridge Fencing Merge Lane Modifications Widen Existing Travel Lanes
Bridge Removal/Replacement Modify Curb Radius Widening for Paved Shoulders
Clear Zone Improvements New Traffic Signal Work Zone Evaluations
Closed Loop Signal System Offset Left Turn Lane Other
Congestion Detection System Pavement Markings
Curve Superelevation Improvements Pedestrian Structure
Curve Wedging and Resurfacing Railroad Crossing
Deceleration Lane for Ramp Remove Access/Intersection
Directional Crossover Resurfacing
Drainage Improvements Right Turn Channelization 4
Driveway Channelization Right Turn Lane
Enforcement Programs Road Diet
Flashing Traffic Signal Rumble Strips
Grade Separation Shoulder Wedge
Guardrail Sidewalk
Horizontal Alignment Improvements Sight Distance Improvements
Incident Management Signalized Superstreet
Intersection Realignment Signing
Left Turn Lane Speed Tables
Lighting Traffic Signal Revisions
Median Berm Traffic Signal Revisions/Turn Lanes 7

e v e s



ncdot.gov Safety Evaluation

Location Specific Safety Evaluations

Preparation

Compile & Project Prepare & Discuss

Review Project Categorization Assumptions
Background Info

Evaluation

Complete

Compile Crash Data Evaluation Report

Dissemination

Evaluation Data Entry for

Distribution & Web Countermeasure &
Placement Program Evaluation
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Tables used for Multi-treatment EB analysis and CMF tracking - Please DO NOT edit or change any cells in this section
Before After

All - All -

Severity Total Target-1 | Target-2 | Targets Total Target-1 | Target-2 | Targets

K 1] 0 0 0 0 0 0 1]

A 0 0 0 0 0 0 0 0

B 1 1 o 1 1 0 o 1]

C ] 2 2 3 5 1 1 2

o 14 10 1 11 18 3 2 5

Total 21 13 3 15 24 4 3 7

5l 347 271 5.93 257 2.B5 285 3.47 3.11

2010 2011 2012 2013 2014
Total Frontal Rear Major Minor Total Frontal Rear Major Minar Total Frontal Rear Major Minor Total Frontal Rear Major Minor Total Frontal Rear Major Minor Total Frc
Crashes | Impacts Ends AADT AADT Crashes | Impacts Ends AADT AADT Crashes | Impacts Ends AADT AADT Crashes | Impacts Ends AADT AADT Crashes | Impacts Ends AADT AADT Crashes | Imj
5 3 2 11500 1600 3 2 1 11500 1575 3 3 0 11500 1550 g 5 3 11750 1675 4 0 4 12000 1800 8
C d Paste into Count Evaluation Workbook
Typical Target Crash Types Date Range and AADT Calculator Original Fiche Filtered Fiche Binned Crashes Before | After | 1 page results - 1 Target 1 page results - 2 Targets For NCDOT staff - for Tracking
A
e e v e - VOSSO SIS I I GSS Y Yd
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Location Specific Safety Evaluations

Location
Specific
Evaluation
Report

Order ID: 41000051484 . Percent Reduction (-
Project ID: AR Treatment Information Before After Percent Increase (i))
Sigmal ID: na Total Crashes 13 3 -76.92%
Total Severiry Index 6.12 28.73 100+%
- . |
Location: 5B 1002 (0ld Allenton Bd) at SE. 2104 (Szventh S5t Rd) Target Crashes 10 2 ~80.00%
Target Crazh Severity Index 6.18 42.60 100+%
PS5 Coordinates 34.615364, -78.001335
Comry: Fobeson Valume (2017, 2018} 5,200 5,000 -3.85%
City: East of Lumberton
Division: [ A | | Percent Reduction (-
Injury Crash Summary Before After Percent Increase (i))
Fatal Injury Crazhes 0 0 n'a
Class A Injury Crashes 0 1 o'z
Countermeasure(s): Convert from a two-way stop to an all-way stop |Class B Injury Crashes 3 0 -100.00%
Class C Injury Crashas ] 1 -83.33%
Property Damage Only 4 1 -75.00%
Project Cost 313,500
Tensh . Target Injury Crash Summary | Before After l:::::tﬂnl::::zl;_i?
Before Peniod 3y, Om. Fatal Injury Crashes 0 o n's
Construction Peried iy, Im. Class A Injury Crashes 0 1 o'z
After Perind 10v172017 3y, (m Clasz B Injury Crashas 2 o -100.00%
|Class C Injury Crashas | 1 -80.00%
Property Damage Only 3 0 -100.00%
Analysis Criteria: Treatment data cnn;jsts_ofa_]] m:hea within 150 fest of| _
’ the subject infarsection Addifional Information Before | After | »ereent Reduction ()
—— Percent Increase (+)
w3 a3
w'a na
Frontal Impact Crashes (lefi-urn, same roadway, left- '3 n/a
‘tarn, different readway; right- same roadway; rizht- n'a na
Target Crashes: e, different roadway: e o angle crashes) in
the infersection Map/Satellite Views
Project Development Comparison
Crashes FPer Year by Project Before After
Project Time Period Development Period Period
Tears 3 years 3 years
Siart Date /12014 10/1/2017
End Date 2312017 9/30/2020
Total 340 433 1.00 Fiscett
Fatal Injury 0.0 0.00 0.00 55 M
Class A Injury 0.20 000 0.33 ————
Class B Injury 0.60 1.00 0.00
Class C Injury 1.60 2.00 0.33
Property Damage Only 1.0 133 0.33
Items for Discussion

Thse single A-imjury crash in the after pariod Bvolved a wahicks failing to stop at the all way stop. This crash ccoumed in the fmt exonth of the after pericd afer the all way stop was in place. Theoe were

no crashes in the bt year of the seady after paried.

Tha ixxpl ioa of the

at this interwection significaztdy reduced tonal crashes (-77%) and tazget crashes (-307:), howevar, the avsrags soverity indsx signiScantly increased for bod

total and tamget crashes (100+% sach). Althomgh the total and tarpet crash severity indices increased after improvenseats were mads, thars was 2 decrsase i the Eequency of injery total and target

eraskas from the befors to the after periad. The severity indax is calenlated as 2 weighted average whars Faral and A injury crashes recaive the s2me weight (76.5) 2nd B and C infury crashes mcsdve the

sams weight (B.4). Even though thers was a reduction i B and C injury crashes, the one A Infery crach is the after pericd mads up 2 higher propertion of tofal and farget crashes &= the aftar paricd,
whizh led to the increased total and mrget severity indices.
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NCDOT Safety Evaluation Process
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Countermeasure Evaluations
CMF Workbook (Intersection - Simplistic)

THIS SPREADSHEET I5A TOOL USED TO FACILITATE THE DEVELOPMENT OF CMFS FOR SPECIFIC PROJECT TYPES FUNDED THROUGH QUR SPOT SAFETY AND HAZARD ELIMINATION PROGRAMS. AS PROJECTS ARE EVALUATED AND
ADDED TO THE WEB, IT IS OUR INTENT TO UPDATE THIS SPREADSHEET WITH NEW SITES AND NEW COUNTERMEASURES., WE MAY DECIDE TO USE THE CMFS FOR A PARTICULAR COUNTERMEASURE ONCE WE HAVE ESTABLISHED
A LARGE ENOUGH SAMPLE SIZE AND NUMEER OF SITES.
EB CMFs Developed Simple B-A CMFs Developed
Intersection Countermeasures Classification on Web # Sites Total Frontal Impact Rear End Total Frontal Impact Rear End
CMF SE CMF SE CMF SE CMF SE CMF SE CMF SE
Stop Controlled Intersections
All Way Stop All Way Stop 32 0.42 0.04 0.36 0.04 0.97 0.15 0.32 0.03 0.24 0.03 0.84 0.21
Intersection Realignment Intersection Realignment 8 0.49 0.09 0.55 0.13 0.42 0.19 0.41 0.08 0.40 0.10 0.34 0.16
Intersection Signing/Marking Enhancement |Signing 5 0.69 0.15 0.439 0.18 0.24 0.18 0.59 0.14 0.43 0.17 0.16 0.13
Left Turn Lane Left Turn Lane 11 0.63 0.05 0.93 0.21 0.52 0.11 0.67 0.10 111 0.29 0.46 0.10
Median Channelization Median Channelization 4 0.52 0.16 0.49 0.17 0.46 0.48 0.35 0.12 0.30 0.11 0.45 0.45
Offset Left Turn Lane Offset Left Turn Lane 3 0.71 0.11 0.50 0.11 0.93 0.23 0.73 0.12 0.50 0.12 0.96 0.26
Sight Distance Improvements Sight Distance Improvements 3 0.45 0.20 0.55 0.32 0.39 0.26 0.63 0.32 0.88 0.64 0.39 0.27
VEWF Vehicle Entering When Flashing 16 113 0.12 1.35 0.16 1.14 0.23 0.76 0.11 0.86 0.13 0.45 0.16 v
Signalized Intersections
Advance Activated Warning Sign Advance Active Warning Sign 17 0.95 0.08 0.92 0.11 1.04 0.12 0.87 0.07 0.73 0.09 1.02 0.13
New Traffic Signal New Traffic Signal 23 0.45 0.03 0.44 0.05 0.45 0.04 0.51 0.03 0.40 0.05 0.48 0.04
Traffic Signal Revisions - Left Turn FYA Traffic Signal Revisions 21 0.80 0.05 0.71 0.06 0.83 0.09 0.91 0.06 0.77 0.07 1.08 0.13
Traffic Signal Revisions - Non-FYA Related Traffic Signal Revisions 17 0.88 0.06 0.72 0.08 1.06 0.12 0.96 0.07 0.76 0.09 1.26 0.16
Traffic Signal Revisions/Turn Lanes Traffic Signal Revisions/Turn Lanes 7 0.79 0.07 0.65 0.10 0.89 0.09 0.86 0.08 0.71 0.12 0.92 0.11
Unconventional Intersections
Directional Crossover Directional Crossover 13 0.93 0.09 0.39 0.07 1.48 0.20 0.95 0.09 0.42 0.08 1.46 0.22
Roundabout Roundabout 12 0.57 0.07 0.36 0.07 0.46 0.14 0.50 0.06 0.25 0.05 0.33 0.11
TOTAL 192

* Includes All Projects Funded With Safety Dollars After 2008

% CMF Summary Data Input Sums Tab _
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COLOR KEY *note: only enter in volumes for years with crash data. For clarity, gray-out
User Input (From Project Files)
Automated Calculations B-¥rl
Major Minor Install | Before, Before, Before, | After, After, After, | Intersection | Total | Frontal | Rear | Major | Minor q
Project ID County GPS Project Cost Countermeasure Description e Grouping Speed Limit Speed Limit| Year ¥ri o w2 w3 | w1 w2 w3 Type | Crashes | Impacts | Ends ARDT AADT |cCra
13-11-215 SR 1510 at SR 1538 Rutherford 35.397670, -81.899940 540,000 | Installation of a four-way stop and inst: All Way Stop 55 55 2013 2010 | 2011 | 2012 | 2014 | 2015 | 2016 R2-45T 1 1 [} 3600 1500 | |
08-07-204-1 | SR 1413 atSR 1406 Hoke 34.98057,-79.10560 | $250,000 |Modify the grade on the western leg of All Way Stop 55 55 2012-2013| 2009 | 2010 | 2011 | 2014 | 2015 | 2016 | R2-4ST 1 0 0 3800 1100
07-08-203 SR 1539 at SR 1523 Guilford 34.98957,-79.10560 | 5154,000 |install dual mounted stop signs and “5] All Way Stop. 35 35 2012 | 2009 | 2000 | 2011 | 2013 | 2014 | 2015 | Ro-asT 2 7 0 2200 w0 | |
02-12-18731 SR 1760 at SR 1756 Pitr 35.55026,-77.25642 $8,500 _|Convert existing two-way stop to an all- All Way Stop 55 55 2012 | 2009 | 2010 | 2011 | 2013 | 2014 | 2015 | R2-4ST 1 1 0 2700 1300
07-09-1320  US 70 Bus at SR 1709 Orange. 36.060172,-79.065958 | 525,000 |Widen radii and install 4-way stop All Way Stop. 20 45 2011-2012| 2008 | 2009 | 2010 | 2013 | 2014 | 2005 | R2-asT 6 3 0 3400 2200
08-11-4840 SR 1140 atSR 1144 Lee 35.380792, -79.118550 | 518500 |Revise existing overhead actuated flast] All Way Stop 55 50 2012 | 2010 | 2011 2013 | 2014 | 2015 | Ra-asT 2 2 0 3800 B0 | |
10-09-202 SR 1003 at SR 1941 Union 34955469, -30.485285 | 535,000 |Convert the intersection 1o 5 4-way stop| All Way Stop. 45 45 2010 | 2007 | 2008 | 2009 | 2011 | 2012 | 2003 | R2-asT 4 4 0 4600 2100
09-07-217 SR 1221 at SR 1002 Rowan 35.521585,-80.532266 | $151,000 |Improve sight distance at intersection b| All Way Stop 55 45 2010 | 2007 | 2008 [ 2009 | 2011 | 2012 [ 2003 | Ra2-4sT F) 9 0 4200 3500 ||
08-10-4890 | SR 1406 at SR 1408 Hoke 34.986796,-79.167277 | $3L,000 |[install center concrete islands on SR 14] All Way Stop 35 55 2010 | 2007 | 2008 | 2009 | 2011 | 2012 | 2013 | R2-4ST 3 3 0 4500 3900 | |
08-07-201 SR 1001 at SR 1146 Lee 35.434974,-79.166373 | 513,000 |Convert to All-Way Stop Control All Way Stop. 55 45 2011 | 2000 | 2010 2012 | 2013 R2-45T 4 1 1 2500 200 | |
04-10-3980 | NC55atNC 111 Wayne 35.201104, -77.888144 | 530,000 |Install all-way stop by modifying existir] All Way Stop 55 55 2011 | 2008 | 2005 | 2010 | 2012 | 2013 | 2014 | R2-4ST El ) 0 4300 3100
06-10-8042 SR 1752 at SR 1758 Robeson 34.739303,79.053526 | $9,500 |Convert Intersection to All-Way Stop Cor| All Way Stop. 55 55 2011 | 2000 | 2010 2012 | 2013 | 2018 | Ro-ast 8 7 0 3100 990
06-10-6676 SR 1529 at SR 1752 Robeson 34702539,79.019224 | $9,500 |Convert Intersection to All-Way Stop Cor| All Way Stop 55 55 2010 | 2007 | 2008 | 2009 | 2011 | 2012 | 2013 | R2-4ST 5 4 0 4100 3100
04-10-6978  NC33atNC42 Edgecombe | 35.794834-77536604 | 560,000 |Install an all-way stop with advance sof All Way Stop. 55 55 2010 | 2008 | 2009 2011 | 2012 | 2013 | Ra-ast 5 4 1 3300 1500 | |
04-12-17473 NC 96 at SR 1934 (01d Beulah Roa Johnston 35.564715, -78.280736 597,000 |Convert existing intersection to all-way All Way Stop 55 55 2013 2010 2011 2012 2014 | 2015 | 2016 R2-45T 0 [1] [1] 2300 1900 | |
04-12-20572 | NC55 at NC 242 Johnston | 35.263332,-78.491946 | $65000 |Install an all-way stop with supplemen All Way Stop 55 55 2013 | 2010 | 2011 | 2012 | 2014 | 2015 | 2016 | R2-4ST 0 0 0 2800 1400
04-12-21408  NC96 at NC 231 Johnston | 35.733302,-78.297344 | 575,000 |Install an all-way stop, including revisi All Way Stop 45 55 2013 | 2010 | 2011 | 2012 | 2014 | 2015 | 2006 | R2-asT 3 2 0 2200 700 | |
06-10-10039 SR 1006 at SR 1505 Harnett 35.502720,-78.691507 | $9,500 |Convert to All-Way Stop with dual moun All Way Stop 55 55 2011 | 2008 | 2005 | 2010 | 2012 | 2013 | 2014 | R2-4ST 3 3 0 2700 1900
041427371 SR 1243 (Leggett Rd) at SR 1250 (S Edgecombe | 35.363595 -77.755167 | $22500 |Convert existing intersection to an all-w| All Way Stop. 25 45 2014 | 2012 | 2013 2015 | 2016 | 2017 | Ra-asT 2 1 0 2200 w0 | |
W-5011 NC49 at NC 119 Alamance | 36.189376,-79.282102 | $497,500 |[Install all-way stop and channelization; All Way Stop 55 55 2014 | 2011 | 2012 | 2013 | 2015 | 2016 | 2017 | R2-4ST 2 2 0 2400 2500
06-13-260B1 SR 1945 at SR 1984 / SR 2033 Robeson | 34.644264,-78573035 | 511,000 |Convert both intersections to All-Way St All Way Stop. 55 55 2014 | 2011 | 2012 | 2013 | 2015 | 206 | 2017 | Ra-ast 1 1 0 6700 2500 | |
06-13-26081 SR 1003 at SR 1339 Robeson | 34.649085,-79.176484 | 511,000 |Convert both intersections to All-Way St All Way Stop 55 55 2014 | 2011 [ 2012 [ 2013 | 2015 | 2016 [ 2007 | Ra2-4sT 5 3 0 3700 2600 | |
07-14-518 SR 1700 [Apple Street) at Richmon| Alamance | 36.105384,-79.427626 | $22,000 |Convert to all-way stop operations. Cong All Way Stop 35 35 2014 | 2011 | 2012 | 2013 | 2015 | 2016 | 2017 u-4sT 1 1 0 3500 1000
06-14-30492 | NC72 at SR 1515 (Union Chapel R Robeson | 34706017,-79.152864 | $6,500 |Convert the intersection to all-way stop All Way Stop. 55 55 2015 | 2012 | 2013 | 2014 | 2016 | 2017 | 2018 | Ro-asT 5 5 0 3000 a0 | |
06-16-30055 SR 1340 (Prospect Rd) atSR1515(y Robeson | 34.703303,-79.196785 | $80,000 |Install an all-way stop with concrete ch All Way Stop 55 45 2016 | 2014 | 2015 2017 | 2018 R2-45T 6 3 1 6300 2150
05-15-4144 SR 2724 (Banks Rd) at ChambersR|  Wake 35.635326, -78.708736 | 5150,000 |Convert to All-Way Stop with LED stop si| All Way Stop. 45 25 2015 | 2012 | 2013 | 2014 | 2016 | 207 | 2018 U-3sT 0 0 0 2350 1500 | |
05-15-5133  NC 96 a1 SR 1141 (Bruce Garner Rd|  Franklin 36.080596, 78540121 | $25,000 |Install All-Way Stop with LED Stop Signs| All Way Stop 55 45 2015 | 2012 | 2013 | 2014 | 2016 | 2017 | 2018 | R2-4ST 3 3 0 3800 1150
05-13-4973 SR 1518 [Newton Dairy Rd/Stewa Vance 36.329409, 78355086 | 512500 |Convert ro All-Way Stop and Revise Over| All Way Stop. 45 45 2015 | 2012 | 2013 | 2014 | 2016 | 2017 [ 2018 | Ro-asT 3 3 0 2700 1225
02-15-35606 SR 1700 (Old Tar Rd) at SR 1133 (M [( 35.528223,-77.384944 | 522500 [Install All-Way Stop All Way Stop 25 35 2015 | 2012 [ 2013 [ 2014 | 2016 | 2017 [ 2018 | Ra2-4sT 3 2 1 10900 3450
07-14-212 SR 1710 [Old NC 10) arSR1713 (Mo Orange 36.031468, -79.0218%0 | $30,010 |Installed Standard Flasher — Spot Safet) All Way Stop 45 40 2014 2013 | 2015 [ 2016 | 2017 [ Ra-ssT
06-17-48963 _ NC11(General Howe Rd) st NC87| Columbus | 34376289,-78277365 | 585,000 |Convert to all-way stop with overhead rq All Way Stop. 55 55 2017 2015 | 2016 | 2018 | 2019 R2-45T
12-14-402 US 321BUS/NC 155 [Dallas High SH  Gaston 35.375469, -81.207300 nfa__|Convert two-way stop to all-way stop co All Way Stop 45 45 2017 | 2014 | 2015 | 2016 | 2018 | 2019 | 2000 | R2-4ST 4 3 0 2100 3300
02-06-204 US 70 at SR 1147 Carteret 34747649, -76.835677 | 5130,000 |Construct a median island to allow onl| Directional Crossover 55 45 2013 | 2010 | 2011 | 2012 | 2014 | 2015 | 2006 | Re-3ST 2 1 1 32000 3200 | |
04-09-1131 SR 1165 (Forest Hills Rd) at Walgr|  Wilson 35718610,-77.952184 | $160,000 |[Install a median with a mainline direct| ectional Crossover 45 n/a 2013 | 2010 | 2011 | 2012 | 2014 | 2015 | 2016 u-4sT 2 2 0 20000 500
09-12-319 SR 4000 (University Parkway) at W{ _Forsyth 36.13741,-80.27189 | 5120,000 |install Directional Crossover Directional Crossover 45 25 2013 | 2010 | 2011 | 2012 | 2015 | 2016 | 2017 U-35T 5 0 5 18500 6500
W-5206C Int 1: NC 87 at SR 1155 (Cromartie | Bladen 34.625753, -78.651241 | $1,210,000 |Install limited movement crossovers wii Directional Crossover 55 45/55 2015 | 2009 [ 2010 [ 2011 | 2014 | 2015 [ 2016 | Re-asT 0 0 0 6600 10 | |
W-5206C Int 2: NC 87 at NC 87 Bus (Broad 5t|  Bladen 34.641920, -78.675824 = . ectional Crossover 55 55 2013 | 2009 | 2010 | 2011 | 2014 | 2015 | 2016 | Re-asT 1 0 1 10000 4300
061113090 NC24/NC 87 (Brage Blvd] at Barrin| Cumberland | 3507128 7892058 | $110,000 |Construct Directional Crossovers at both ectional Crossover 45 25 2013 | 2010 | 2011 | 2012 | 2014 | 2015 | 2016 U-asT 12 3 4 31000 1300 | |
06-11-13090 | NC 24/NC 87 (Bragg Blvd) at McPhe| Cumberland | 35.06994, -78.91684 | $110,000 |Construct Directional Crossovers at both| Directional Crossover 45 25 2013 | 2010 | 2011 | 2012 | 2014 | 2015 | 2016 u-4sT 4 0 3 31000 700
08-11-1536  US 74 at SR 1251 (Murdock St)/SR 1 Scotland 34.807112,-79.544368 | 5687,721 |Installed Directional Crossover ectional Crossover 55 35 2014 | 2010 | 2011 | 2012 | 2015 | 2016 [ 2017 | RessT 5 4 0 19000 500
W-5010 US 70 at SR 1234 (Ebenezer Church]  Wayne 35.443335, -78.103340 | $1,381,000 |Construct mainline directional crossove| ectional Crossover 55 45 2013 | 2009 | 2010 | 2011 | 2015 | 2016 | 2017 | Ra-asT El 4 0 20500 960
wesanar NP 24 (Fraadnm Wa ar <R 1724 Onclow 34716250 -77 207937 | SRRS.000 |Construct mainline direrrional crossouel Dirertional Crossouer 55 55 2014 | am1 [ ooz [ aniz [ oms [ ome [omz | paasr & 1 1 22250 250
CMF Summary | Data Inout | Sums Tah ()] [ O
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| | ]
CMF Workbook (Intersection - Detailed
A B C D E F G H 1 J K L M N o P Q R s T u v w X ¥ z A4 AB AC AD AE AF [a
1 |Step 1. Enter in the below information for each of the reference sites. Both of NOTE: This tab is set up to work wth 200 Reference sites. If rows are added in the case of NOTE: DO NOT insert in any rows below the red line at the bottom of this
2 |the Major and Minor roads of each reference site need an inputted volume having more than 200 reference sites, the automated formulas in the blue cells to the right tab. The automated formulas will work up until the red line. If more rows
3 |for EVERY year within the study's period. will need to be dragged/copied are needed, right click and "insert” new rows above the red line
4
5 |For Example, If your earliest before period year is 2005 and your latest after
6 |period year is 2018, then you need volumes for both the major and minor **Combined CMF default is 1, consult HSM for how to calculate a
7 |roads for every year within 2005 - 2018
8
9
10
1 Input Reference Site Major and Minor Approach Volumes below for every calender year that falls within the study
12 1959 2000 2001 2002 2003 2004 2005 2008
rarsaction 1988 | 1999 | 2000 | 2000 | 2000 | 2001 2002 | 2002 | 2003 | 2003 2004 | 2004 | 2005 | 2005 2008 2008 | 2009 2011
Major Road | MinerRoad |  County GPS Coordinates Type Wajor | Miner | Majer | Miner | Major | Minor | Major | Miner | Majer | Miner | Major | Miner | Majer | Miner Major Major | Minor Major
13 AADT | AADT | AADT | AADT | AADT | AADT | AADT | AADT | AADT | AADT | AADT | AADT | AADT | AADT AADT AADT
14 RefSitel |Examplel |Examplel County R2-45T 0.8 1,310 | 850 | 1,380 | s70 | 1570 | 8%0 | 1400 | 910 | 1450 [ 930 | 1,500 1,300 1,250
15 RefSite2  [Example2 |Example 2 County R2-45T 08 940 | 1,240 | 960 | 1270 | sso [ 1340 | 1000 | 1370 | 1200 | 1400 910 1,100
16 RefSite3  |Example3 |Example 3 County R2-45T 0.8 2,050 | 1,120 | 2,000 | 1,140 | 2350 | 1,360 | 2200 | 1,180 | 2,250 [ 1,200 2,700 2,800
17 RefSited  [Exampled  |Example 4 County R2-35T 1 5880 | 4040 | 6010 | 4130 | 5140 | 4220 | 6270 [ 4310 | 6400 5,525 5,000
18 RefSite5 |Example5 |Examples County R2-35T 1 5420 | 1480 | 5540 | 1510 | 5660 | 1540 | 5780 [ 1,570 | 5900 7,000 300
19 RefSite6  [Example6 |Example 6 County R2-35T 1 10560 | 1,860 | 10520 | 1,920 | 11,280 | 1,980 | 11,640 | 2,040 | 12000 12,000 | 2,030 11,500 11,000 12,000
20 |RefSite7  |Example7 |Example 7 County R2-45T 1 1,310 | 770 | 1,380 | 790 | 1570 | 810 | 1400 | 830 | 1,400 1,500 | 760 1,500 1,100 1,000
21|Retsite 8 |Example8  |Example 8 County R2-45T 1 2100 | 1,125 | 2150 | 1350 | 2200 | 1375 | 2250 | 1,200 | 2,300 2,25 | 1,000 201 2,500 E 2800 | 1080 | 2850 | 1100 | 2500
22 |RefSite® |Example9 |Example 9 County R2-45T 0.8 1,880 | 860 | 1920 | sso | 1960 | 900 | 2000 | 920 | 2,100 21— |C o .
23 |RetSite 10 [Example 10 |Example 10 County R2-35T 08 8,100 690 | 8175 | 705 | 8350 [ 720 | 855 | 735 | 8700 73
24 |RefSite11 |[Example 11 |Example 11 County R2-35T 0.8 10340 | 480 | 1560 | 490 | 10780 [ so0 | 1000 | 510 | 10000 11,000 100 Flnal' CaICUIatEd rESh MOdIflcatlon Factors
25 |RetSite 12 [Example 12 |Example 12 County R2-35T 08 595 | 2300 | 7200 | 2350 | 7.250 245 | 7200 | 2500 | 7000 | 2550 | 7100 | 2600 | 73
26 |RefSite 13 [Example 13 |Example 13 County R2-45T 0.8 7030 | s | 7120 | s | 7210 550 | 4400 | se0 | 4100 615 | 4300 670 | s9|EB Method /
27 RefSite 12 |Example 14 |Example 14 County R2-45T 08 2,200 920 2,250 940 2,300 980 2,400 875 33 |cmF =
28 |RefSite 15 [Example 15 |Example 15 County R2-45T 0.8 1,980 140 | 2020 185 | 2,060 150 | 2400 190 | 36 VAR(CMF) 0022
29 |RetSite 16 [Example 16 |Example 16 County R2-45T 035 2150 | 5% | 2,200 600 | 2250 620 | 2600 490 | 27
30 RefSite17 |Example 17 |Example 17 County R2-45T 095 2,085 | 1,100 | 2,130 [ 1,125 | 2,155 1,175 | 2,300 1,200 | 21 SE(CMF) =
31 RefSite 18 [Example 18 |Example 18 County R2-45T 035 3780 | 580 | 3860 | se0 [ 3sa0 610 | 4100 46
32 RefSite19 |Example 19 |Example 19 County R2-45T 0.8 2900 | 920 | s000 | 940 | 5100 980 | s200 [ 970 | s100 | 5.1 |Lower 35% confidence intervol = 0.39
33 RefSite20 |[Example 20 |Example 20 County R2-45T 08 4330 | 2400 | 4420 | 2450 | 4510 255 | 4100 | 2600 | 4300 44 |Upper 95% Confidence Interval = 0.97
34 RefSite21 |Example21 |Example 21 County R2-45T 0.8 11,280 | 1,040 | 11,520 | 1,060 | 11,760 1,200 | 12,000 | 1,050 | 10,000 120
35 RefSite22 |[Example 22 |Example 22 County R2-45T 08 3780 | 1,680 | 3,860 | 1720 | 3940 1,800 | 4100 24|, ower 0% Confidence Interval = 0.44
36 RefSite23 |Example 23 |Example 23 County R2-45T 0.8 2150 | 1610 | 2,200 | 1640 | 2,250 1,700 | 2,300 | 2.5 . _
37 RefSite 24 [Example 24 |Example 24 County R2-45T 08 4500 | 2080 | 4600 | 2120 | 4700 2,200 | 4800 5,.0{UPP er 90% Confidence Interval = 0.9z
38 RefSite 25 |Example 25 |Example 25 County R2-45T 0.8 9,400 | 1,210 | 9,600 | 1,240 | 9,800 1,300 | 8,000 | &2
39 |RefSite 26 |Example 26 |Example 26 County R2-45T 0.8 5310 | 3,220 | 6440 | 3290 | 6570 3,430 | 7,500 5,8 | Number of Treatment Sites = 10
40 RefSite27 |Example 27 |Example 27 County R2-35T 08 8660 | 3,090 | 8840 | 3,160 | 9,020 3,300 | 9,200 9,100 | 11,0 Total Observed After = 30
41|Retsite 28 [Example 28 |Example 28 County R2-35T 08 11,280 | 2940 | 11,520 | 3020 | 12,760 3,140 | 11,000 9,900 11,0 | Total Expected After = 43.49
42 |RefSite29 |Example 29 |Example 29 County R2-35T 0.8 7,720 | 1,510 | 7.880 | 1,540 | g.040 1,600 | 7,100 7,000 8100 | 1550 | 7.6
43 |RetSite 30 [Example 30 |Example 30 County R2-45T 08 3760 | 880 | 3840 [ so0 | 3e20 940 | 4600 4,900 5300 | 1050 | 58|, o Method
44 |RefSite 31 |[Example 31 |Example 31 County R2-45T 0.8 300 | 570 | 3160 [ seo | 3230 600 | 3350 3,400 3700 | 500 | 20
45 |RetSite 32 [Example 32 |Example 32 County R2-45T 08 3500 | 550 | 3580 | se0 | 3,660 s80 | 3820 3,900 4200 | 715 | 45|CMF=
46 |RefSite 33 |Example 33 |Example 33 County R2-45T 08 2100 | 730 | 4200 | 745 | a300 | 760 | 2400 [ 775 | 4500 4,600 4700 | s80 | 48 |VAR(CMF) 0.017
» Set-up - 1st steps Tool to Calc. Crash Proportions Formula Values Reference Site Volume Entry Reference Site Crash Data Calibration Factor Calculation Treatment Site Volume Entry SE(CMF) =
Lower 95% Confidence interval = 0.30
Upper 35% Confidence Interval = 0.81
Lower 90% Confidence interval = 0.34
Upper 30% Confidence Interval = 0.77
Y Number of Treatment Sites = 10
Total Observed After = 30
A Total Expected After = 52.75
/
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ncdot.gov

Safety Evaluation

Countermeasure Evaluations

NCDOT Traffic Safety Unit Programs

Evaluation of Roundahouts on High-Speed Roadways
NCDOT completed a safety study of 13 intersections in North Carolina where a high speed (at
least one 55 mph approach) roundabout was installed. A majority of the study locations were
converted from a stop-controlled intersection to a roundabout as a safety countermeasure to
mitigate frontal impact crashes.

Background

All of the roundabouts included in this study effort were
located in rural areas and were converted from minor road
stop-controlled intersections. Additionally, all of the
roundabouts in the study were single lane and had at least
one leg with an approaching speed limit of 55 mph. The
included roundabouts had inscribed circle diameters
between 100 and 160 feet and had an average major road
volume of 6,000 AADT and an average minor road volume of
3,600 AADT.

The Empirical Bayes methodology was utilized to provide a
more robust statistical analysis of the data. The purpose of
the evaluation is to measure changes in total intersection
crashes, fatal and injury crashes, and frontal impact crashes
after intersections were converted to roundabouts.

The overall results from all study locations indicate a:
41% Reduction in Total Crashes,
79% Reduction in Fatal and Injury Crashes, and
62% Reduction in Frontal Impact Crashes.

Other key points of the study:
e The results are similar to the crash reductions

previously determined in an NCDOT study of 30
intersections converted from two-way stop sign
control or from signalization to a roundabout in urban,
suburban and rural areas with varying ranges of
volumes and approach speeds. Top: Aerial View of a rural roundabout included in the study
The reductions in Total Crashes were similar Middle: Roundabout located near South Stanly High School in Non
regardless of whether the intersection has three Bortom: Roundabout located in Clzmmans
legs or four legs.

North Carolina Project Development

Crash Reduction Factor (CRF) Information

Y

2 &
\é@r OF l@}i?y

North Carolina Department of Transportation
Traffic Safety Unit

https://connect.ncdot.gov/resources/safety/Traffi
cSafetyResources/NCDOT%20CRF%20Update.pdf
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Countermeasure Evaluations
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ncdot.gov Safety Evaluation

NCDOT Safety Evaluation Process

Safety Program
Evaluations

*----

Program Assessment
and Reporting

ARt RRR.
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ncdot.gov Safety Evaluation

EE; I lt I [EE I .t.
c E F & I J jy/ K S;l N i P 0 R u %
Project Project N . "
; : Project Cost Pedestrian Aspect - . - ) ' Evaluation Report
1 ::::mg . gna[ll;plellon o T . TIP# . Treatment Category . Treatment Subcategory Bfrevieesas Project Improvement Description . County . Location Description . Analysis Type . Location Type . Geometry | completan Date Study Years
2014 22-Sep-15 $28,518.00 8S-4903BM Traffic Signal Revisions Restin Red Adjust signal to rest in red from 11 pm to 6 am |New Hanover US 17 Business (Market Street) at 5th Street  Intersection 4-leg 4lane @ 4 Lane  |4/12/2021 525
which requires additional traffic detection. (non-system) in Wilmington at the Kenan
1 Fountain.
2011 01-Oct-14 5$176,000.00 S5-4006BA Road Diet Multiple Other Change lane marking pattern from 4 lanes to Harnett SR 1718 (Dunn-Erwin Rd) at Powell Avenue, in Section 3 Lane 2/12/2021 6.08
Countermeasures an offset left turn lane and one through lane the Town of Dunn
- in sach direction. Project includes resurfacing
2012 06-Now-15 | 5265,000.00 S5-4001AG Curve Superelevation Improve superelevation. o Hertford SR 1108 (Boone Farm Road) between 500 Section 2lane Undivided 2 lane 5/14/2021 5.00
Improvements north and 500' south of SR 1123 (Rea Road)
13
2015 18-Jul-15 $85,000.00 55-4304DF Traffic Signal Revisions  Multiple Other (1) Install sdvance shoulder-maunted "Be Wayne (1) US 70 3t NC 581 (SIN 04-0279), (2) NC 581 at Intersection aleg-2 N/A 2/22/2021 533
Countermeasures Prepared to Stop” sign and flasher assemblies SR 2075 [Ashe Street) and NC 581 Connector Intersections
1 on both approaches of US 70. (SIN 04-1279)
2014 11-Aug-16 $860,000.00 W-5601N Roundabout é::;nstruct a rnumﬁa‘bu‘ut - S Pitt SR 1774 (Mills Road) at SR 2241 (Ivy Road). Intersection 4-leg 2lane @ 2lane |2/15/2021 435
15
2014 10-Feb-16 5475,000.00 SS5-400BAL Roundabout Construct a roundabout. Randolph US 220 Business at SR 2114 (Providence intersection 3-leg 2lane @ 2Lane |2/25/2021 525
Church Rd)
16
2016 14Decl7 547460000 w-57024 Left Tum Lane Multiple Other Construct Ieft tumn lanes on US 13 in bath Greene US 13 3t5R 1151 (Burrelifield Road] and SR Intersection 4leg 2lane @ 2lane |3/3/2021 3
Countermeasures directions, splitter islands on side roads with 1202 {Corbett Town Road)
17 additional stop signs, and channelize parking
2015 11-Dec-15 525,000.00 S5-4912BK Traffic Signal Revisions Multiple Other -PED 1 COI’\V‘EI‘[[I’\E NB NC 127 E-S-E n I’;EEﬂ for left|Catawba NC 127 @ SR 1314 (3rd Ave. NE) Intersection 4-leg 4lane @ 2Llane |[4/12/2021 5.00
Countermeasures turns to a 4-section Flashing Yellow Arrow.
18 2. Install backplates with reflective borders for
2014 31-0ct-15 535,000.00 85-4905C) Median Channelization Inst‘al-l a rais_ed-(umzrete i‘slamﬂ Durham US 70 at SR 1957 (Peyton Avenue) Intersection 4-leg 5lane @ 2Llane [2/16/2021 5.08
18
2015 11-Sep-15  5310,000.00 55-4008AV New Traffic Signal Crosswalk PED Install a traffic signal with pedestrian Moore SR 1309 (Morganton Rd) at Fire Lane. Intersection / Sectic Multiple NJA 6/23/2021 55
countdown heads and construct a mid-block Intersections
- rossing with @ pedesirian refuge island on SR
2013 lanls  5338,00000 s5-42138M Sidewalk Crosswalk PED Construct sidewallk, install crosswalk and add |Rutherford SR 2241 (Oak 5¢) from SR 2178 across US 74A  Imtersection / SecticMultilane 5lane 2/17/2021 625
oedestrian sienal heads and phasine to to Plaza Drive in Forest Citv. Leneth = 0.849 Uni ded
Y Z A, AB AC AD AE AF AG AH Al AJ AR AL AM AN Al AP Al AR AS AT Al AY A AR A AZ y
TOB TAB TOA TAA
Total Before TOBF TOBA TOBB TOBC - TargetBefore TABF TABA TABB TABC - TotalAfter  TOAF TOAA TOAB TOAC - TargetAfter TAAF TARA TAAB TAAC o ADT Year Before ADT Before  ADT Year After ADT After
73 o o 3 20 50 51 0 0 2 18 a0 31 0o o 2 B 2 (20 0o o 1 B 1 2013 16000 2017 14400
50 0 1 3 1 35 b3 0 0 2 9 719 0 o 2 5 12 |1 0o o 1 5 2 2014 10400 2016 11300
3 [ 1 1 1 2 0 0 1 0 1 4 10 1 0 2 2 1 o 1 0 0 2015 2700 2019 3700
116 21 7 35 7 27 1 1 6 18 [T 0 1 4 26 6 20 o o 2 0 8 2015 22000 2018 23100
18 1 o 3 5 ] 12 1 0 2 N 5 5 0o o 0 1 4 0 0o o 0 0 0 2014 5800 2016 8300
20 o o 3 7 10 B 0 0 3 1 N 23 0o o 3 2 1 2 o o o 0 2 2015 5400 2019 5500
4 o o 0 2 ) 3 0 0 0 2 1 4 10 0 1 2 1 0o o 0 1 0 2017 7500 2019 7000
28 1 o R 10 33 2 1 0 3 5 13 58 0 0 0 10 % 9 [ 0 2 7 2015 29800 2017 30600
g [ o o 5 14 7 59 0 0 4 9 % 5 0o o 3 13 3% 16 o o 2 3 11 2015 20000 2017 43500
10 2 o 2 2 4 B 2 0 2 1 3 1 0o o 3 5 3 4 o o 2 2 0 2015 18800 2019 22000

g 7 7 TIT77777 7 y o y o 7 y o 7 7 y v A A e



ncdot.gov Safety Evaluation

Safety Program Evaluations

200 .
— Safety Countermeasures — Benefit Cost
—a#— Before Fatal and A Injuries
Evaluation of NC’s Spot Safety Program yielding 14:1 B/C

800 —e After Fatal and A Injuries

* Reviewed Before and After Crash Data (4.7 years of data)

763

= One Time Project Cost of $50 Million (for 611 projects reviewed)

F00

« Crash Costs Savings of $688 Million (using 2005 dollars)

600

500

400

Fatal and Class-A Injuries

300

200

161

100

Pre 2000 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Funding Year of Projects 20
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ncdot.gov Safety Evaluation

Carrie L. Simpson, PE clsimpson@ncdot.gov
NCDOT Safety Evaluation Engineer 919-814-4958
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PennDOT’s Highway Safety Improvement Program
Project Evaluations
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Today’s PennDOT Speaker

Jason Hershock
Manager — Safety Engineering & Risk Management Unit
Pennsylvania Department of Transportation
Highway Safety & Traffic Operations Division
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Today’s Presentation

Overview of HSIP Project Evaluation Process
« Data Collection Process
« Tools for Evaluation Process

Methodology- Systemic & Spot Locations

Utilizing the Results

Challenges to the Analysis

Next Steps and Future Evaluations




Data Collection

 Funding by MPO, District, and
Countermeasure types

« Use PennDOT's MPMS and ECMS
systems for project information

« Review of 424 projects from
2002 to 2017 (over $560
million in HSIP funds)

« Analysis of fatal and serious
injury crashes

e Pull from CDART and PCIT

« Use Pennsylvania SPFs for
base conditions

« Refer to CMF clearinghouse
for expected performance of
countermeasures and
compare project results

« Video log, RMS, and TIRe

« Contains project locations,
« Scope of work descriptions,
« Special provisions,

» Project plans and drawings,

« Itemized costs for
countermeasures,

» Project let or Notice to proceed
dates, open to traffic w:es (OTT)

pennsylvania
0]
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Analysis Tools

No special off-the-shelf tool.

PennDOT developed our own tools to complete the HSIP project
evaluations

Consultants developed large workbook with multiple spreadsheets
With VB COding Table 2-27. HSIP Funds Spent by Improvement Type (2002-2015)

Alignment $2,199,882 $184,043 $2,459,193 | $1,908,199 $31,017 $11,368,853 $0 31,507,828 | $6,487,081 | $26,146,096
Auxiliary Lanes $17,833,761 | $1,778,443 | $1,160,033 | $1,604,365 $795,582 $2,305,619 | $23,807,790 | $15,711,708 | $1,147,829 | $66,145,129
Barrier $15,161,211 $0 $898,803 $3,708,005 | $1,946,847 | $3,831,060 $0 $817,860 | $14,733,210 | $41,096,996
Bridge Deicing System or Overlay $534,000 S0 S0 $0 $917,432 S0 S0 50 $0 $1,451,432
Bridge Repairs $0 $0 $0 $364,414 $0 $0 $0 $450,000 $0 $814,414
Delineators $315,000 $0 50 $219,332 S0 $0 ) 50 $o $534,332
Drainage 40 S0 $0 $0 s0 $99,862 $0 50 $0 $99,862
Dynamic Message Signs 40 S0 50 $0 s0 61,832,916 $0 50 $0 $1,832,916
High Friction Surface Treatment $0 $0 $0 $0 $0 $629,765 $0 $576,596 $5,726,756 | $6,933,117
Interchange Geometry $276,000 $0 $0 $1,006,341 $0 $2,160,118 $0 $6,385,913 | $3,944,907 | $13,773,278
Intersection Geometry $26,811,710 $775,269 $1,843,133 | $1,229,227 $502,074 $195,695 $1,347,400 | $25,830,863 | $4,146,618 | $62,681,989
Lighting (interchange) 40 S0 $458,000 S0 S0 S0 $0 50 $0 $458,000
Modify Traffic Signal $6,342,877 $192,500 $0 $8,327,399 | $2,144,481 | 511,286,083 | $4,383,050 | $5,491,479 | $2,831,276 | $40,999,146
New Traffic Signal $2,761,000 | $3,475514 | $7,695624 | $5,594,438 | $3,814,499 | $6,308,126 $4,957217 | $2,874900 | $1,581,882 | $39,063,199
pavement Surface $0 $3,755,547 $601,293 30 $1,998,550 30 $373,438 $2,475,967 $0 $9,204,794
Pedestrian and Bicycle $350,000 $0 $0 $0 $256,494 $0 $3,578,692 $0 s0 $4,185,186
Roadside $1,121,000 30 $0 30 $0 30 $0 %0 $214,652 $1,335,652
Roadway - Other $858,337 30 $0 30 $8,941,749 $860,813 $11,336,851 %0 $9,339,124 | $31,336,873
Roadway Widening - add lane(s) | $20,129,949 $0 $0 $1,865,333 $0 $0 $0 $6,548,424 $0 $28,543,705
Roundabout $0 30 $0 30 $0 30 $0 %0 $872,591 $872,591
Rumble Strips $636,661 $1,197,943 $135,038 $269,370 $252,043 $4,258,456 $830,000 $525,000 $1,701,892 | $9,806,410
Shoulder Widening $0 30 $0 $0 $659,336 30 $0 $0 $1,385,457 $2,044,793
signing and Pavement Markings | $3,245,973 $829,709 $2,679,967 $106,673 $0 $85,745 $0 $891,220 $4,643,012 | $12,482,209
Truck Pull-off and Escape Ramps S0 S0 S0 S0 $1,731,621 S0 $o 50 $o $1,731,621
Wrong-Way Ramp Treatments $520,063 S0 $0 S0 40 30 $0 50 $1,256,974 $1,777,037
Total $99,007,423 | $12,188,969 | $17,931,082 | $26,203,005 | $23,991,730 | $45,223,110 | $50,614,438 | $70,087,758 | $60,013,261 | $405,350,866




Methodology

e Gather complete list of all HSIP Projects from 2002 up to 2017
e Determine countermeasures used in every project

e Exclude construction by identifying the NTP and OTT dates for

every project
e Compare observed data to
predicted models if CMFs exist
for improvement
e Assess project successes and
failures
e Systemic projects assessed

network wide, not by site alone
— Allocated costs proportionally

. HSIP Leng
Proj. . P Beg | Beg | End | End
D PtllJE)eel PennDOT Description County | SR | o 7| e | go~ | O#* "I:h AADT
0267 | 0000 0261 2470 2410 | 1546
) - . 0220 | 2092 | 0220 | 2402 | 1210 | 15096
78565 | 78555000 Intersechon Upgrade & Signalization Lehigh 0100 0230 | 0000 | 0230 nas | a6 [ 13563
J00 |0060 | 0000 | 000 [ 1837 | 37 | 13508
48418 48478000 c Qo070 | 0000 0070 26N 261 | 12057
Intersechon Improvernent tontgornery - o030 o000 1 o030 T 2268 T 268 | 4733
0040 | 0001 | 0040 | 3826 | 2825 | 7974
35331.000 0051 | 0031 | 0000 0091 3626 | 3626 | V28R
95391.001 Favette 023 0020 | o000 | 0020 | 768 | 1768 | 5945
T om0 | oooo | oo | 3100 | 300 | 0ses
- 0020 | 00O | D020 | 2905 | 2905 | 0S89
95391003 0120 | oooo | o120 | 2920 | 2920 | 0688
95391004 0300 | 0000 | 0300 | 2880 | 2880 | 5084
Greene
0360 | DOOD | 0360 | 2890 | 2890 | 3073
95391005 0013 | 0370 | 0000 | O370 | 2638 | 2638 | 3073
0380 | 00O | 0380 | 1482 | 1482 | 3073
35391006 0021 | o170 | ooOD | o170 | 2806 | 2805 | 2382
95331.007 070 | o000 | o7 | 2702 | 2702 | 2694
95331.008 0230 | oooo | o230 | 304 | 304 | 2998
95391 | 95391.008 Systemnatic mitigation on a corridor biasis to remove non- oote | 0300 | oooo | osoo | 2085 | 2035 | G4z
95391010 compliant rumble strips. 0510 | 000D | 0510 | 2329 | 2329 | 7200




e Many ways to present data analysis
— Statewide
— Districts
- MPOs and RPOs
— Counties
— Funds spent on focus areas vs. needs
— Predicted vs. Observed crashes
— Benefit Cost Analysis
— Countermeasure Analysis
— Systemic vs. Spot Locations
— Urban vs. Rural
— Roadway Classifications
— Exposure to Licensed Drivers

pennsylvania
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Statewide HSIP Spending: SHSP Priority Focus Area

SHSP Priority Focus Area N::;J!’eirt:f Number of Sites AL F(u;ﬂ; SRER
Intersection Safety 198 1,176 $302.9
Lane Departures 156 2,660 $148.0
Pedestrians and Bicyclists 4 4 $4.3
Other Priorities 66 140 $107.1
TOTAL 424 3,980 $562.3

pennsylvania
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Statewide Crashes — for comparison to spending

5-Year Average Percent of Crashes
Crash Type (2016-2020) (2016-2020)

Fatalities SSI Fatalities SSI

Intersections 24%0
Signalized 103 575 9% 13%

Lane Departures 588 1,869 529% 429% o

Single Vehicle Run-Off-Road 491 1,780 43% 40% 52 /OOf
Hit Fixed Object 386 1,369 34% 31% HSIP
Head On / Opp Dir Side Swipe 153 614 13% 14% Spending
Pedestrians & Bicyclists 184 551 16% 12%

Pedestrians 165 457 14% 10%

Bicyclists 19 94 2% 2%

pennsylvania
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Statewide HSIP Spending: Project Performance

Projects HSIP Funds Spent Before F+SSI  After F+SSI % Change

Completed (Millions) Cra;sér;?‘s/ Craser::s/ Cl:;ssl'nsels
2002-2007 100 $99.1 601 531 -12%
2008 26 $12.2 259 215 -17%
2009 21 $17.9 31 22 -29%
2010 24 $26.2 130 107 -18%
2011 28 $24.0 85 88 4%
2012 28 $45.2 196 151 -23%
2013 20 $50.6 98 112 14%
2014 32 $70.1 67 68 1%
2015 45 $60.0 271 255 -6%
2016 53 $67.4 326 289 -11%
2017 47 $89.6 432 456 6%
Total 424 $562.4 2,436 2,295 -6%
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Statewide HSIP Spending: Spot vs Systemic

Cost per
Before After
Type of Projects Al UG F+SSI F+SSI F+SS.I
Spent (3M) Crashes Crashes L
(sM)
: Spot $390.0 469 442 $14.44
mprovements
Systemic $172.3 1,967 1,852 $1.50
Total $562.3 2,436 2,294 $3.96
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Statewide HSIP: Spot vs. Systemic—Benefit/Cost Ratio

Spot
Projects

Systemic
Projects

2002

2004-2007

2010
2011
2012

4
Benefit Cost Ratio

2013

2014

2015

2016

<
©

1.7
(V)]
ok
- )
N >
<
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Statewide HSIP Performance: Functional Classification

. .- . HSIP Funds Before F+SSI After F+SSI F+SSI Crash
Functional Classification

Spent ($M) Crashes Crashes Change (%)
Rural Minor Collectors $12.6 82 52 -37%
Rural Major Collectors $41.0 186 124 -33%
Rural Other Principle Arterials $91.8 245 189 -23%
Rural Local Roads $11.6 24 19 -21%
Rural Minor Arterials $81.7 363 291 -20%
Urban Major Collectors $25.8 85 78 -8%
Undefined $3.9 128 122 -5%
Urban Minor Arterials $82.3 217 208 -4%
Rural Interstate $20.6 447 434 -3%
Urban Minor Collectors $0.0 0 0 0%
Urban Other Principle Arterials $153.5 536 564 5%
Urban Interstate $13.6 53 57 8%
Urban Other Freeways and Expressways $20.4 124 145 17%
Urban Local Roads $3.5 6 11 83%




Statewide HSIP Project Performance: Urban vs Rural

HSIP Funds Spent Before F+SSI After F+SSI % Change F+SSI

($M) Crashes Crashes Crashes

Urban $299.1 1,021 1,062 +4%
Rural $259.3 1,347 1,109 -18%
Not Defined $3.9 128 123 -4%
Total $562.3 2,496 2,294 -8%

Lesson: Safety improvements on rural roads were much more effective
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Predicted vs. Observed Performance

After F+l
Improvement Type Improvement Sub-Type Before F+l After F+l with CMF . . .
Alignment : 199 % 2| ¢ Used dominant CMF for project analysis
Auxiliary Lanes Add Left-Turn Lane 321 233 254 H ’ H
ey _ * For analysis of PennDOT’s HSIP projects, CMFs
Auxiliary Lanes Add Right-Turn Lane 92 116 69 .
Ailiary Lanes Extend Exsting Left-Tum Lane 316 244 22 applicable to all crash types were selected
Auxiliary Lanes Other/Unknown 377 332 288 .
when possible
Barrier Guiderail Replacement with New W-beam 2,575 2,537 2,405 p
Barrier High Tension Cable Median Barrier 387 451 226
Barrier Median - Concrete 509 484 55 After F+l
Improvement Type Improvement Sub-Type Before F+l After F+l with CMF
Barrier Median - W-beam 56 97 49 ———
Lighting (interchange) - 4 10 3
Barrier Mew Guiderail at Unprotected Bridge Ends 10 4 8 - — — —
- Modify Traffic Signal Coordination/Timing 457 463 418
Barrier Other 3 7 0 Madify Traffic Signal Replace Existing Indications 521 483 544
Barrier Remove Guiderail 1 1 0 New Traffic Signal 3 201 264 291
Delineators - 101 120 &3 Pavement Surface Resurfacing 222 249 176
High Friction Surface Treatment - 447 250 189 Pedestrian and Bicycle Pedestrian Signal 991 1,064 943
Intersection Geometry - 474 272 350 Roadway Widening - add lana(s) - 181 113 103
' ' ' ' Roundabout - 7 3 6
Rumble Strips Canter Line 1,326 956 866
. . Rumble Strips Edge Line 241 233 152
* CMFs for fatal and injury crashes were used rather than Rumble Strips Gnknown or Bath o5 52 =
: Rumble Strips Remove Non-Compliant Rumble Strips 6 9 5
CMFs for total crashes for severity e
Shoulder Widening - 65 &7 23
* For consistency, these results used Fatal and injury Signing and Pavement Markings Curve-Related 1,168 891 1119
Signing and Pavement Markings Intersection-Related 431 354 392
cras h es Signing and Pavement Markings Interstate Signs 2,209 1,963 2,193
Signing and Pavement Markings Other/Unknown 190 244 167
Signing and Pavement Markings Raised Pavemeant Markers 4,384 4,151 3,555
Signing and Pavement Markings With Flashers 23 12 23




Most Effective Safety Countermeasures

Before

After

Cost to

Improvement Type Improvement Sub-Type F+SSI F+SSI Project Cost Eliminatea Net Benefit F+SSI.
B/C Ratio

Crashes Crashes F+SSI

Rumble Strips Unknown or Both 116 110 $700,000 $116,667 $46,491,600 66.4

Signing and Pavement | o polated 124 82 $4,373,383 $104,128 |$260,637,434 | 59.6

Markings

Modify Traffic Signal Replace Existing Indications 28 17 $616,787 $56,072 $26,680,853 43.3

Rumble Strips Center Line 116 86 $4,257,153 $141,905 $154,526,315 36.3

I\S,I'gr”i:i”ngg:”d Pavement Intersection-Related 48 34 $3,462,916 $247,351 |$115,801,524 33.4

Rumble Strips Edge Line 29 24 $4,816,057 $963,211 $56,582,863 11.8

High Friction Surface ; 26 19 $6,933,117 | $990,445 | $47,146,600 6.8

Treatment

|\S4|§rnklinngg :”d Pavement | 1 terstate Signs 184 175 $1,434,906 | $159,434 | $8,103,725 5.7
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Least Effective Safety Countermeasures

Before After Cost to F+SSI B/C

Improvement Type Improvement Sub-Type F+SSI F+SSI Project Cost Eliminate Net Benefit .
Ratio

Crashes Crashes a F+SSI
|\S4|ag:klinngg:nd Pavement | poised Pavement Markers 295 306 | $2,028,000 -$184,364  |-$52,713,043 -26.0
Pedestrian and Bicycle | Pedestrian Signal 51 57 $3,835,186 -$639,198 -$34,203,386 -8.9
Barrier g;—qrrr‘igfns'on Cable Median 30% 37% | $7,295,629 | -$1,042,233 |-$57,190,617 7.8
Auxiliary Lanes Other/Unknown 15 22 $8,114,334 -$1,159,191 -$25,971,663 -3.2
Modify Traffic Signal Coordination/Timing 13 23 $6,012,716 -$601,272 -$12,580,345 -2.1
Modify Traffic Signal Replacement 44 41 $22,503,950 $7,501,317 -$38,948,786 -1.7
Auxiliary Lanes Add Right-Turn Lane 8 12 $15,715,364 -$3,928,841 -$12,436,493 -0.8

* Values reflects total crashes, and are not isolated to Cross Median crash events
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Challenges to Analysis

e Over the last two decades there have been several personnel
changes and policy changes

e Project justification for project from years ago
— How projects qualified for HSIP funds has changed

— At least 95 projects did not have an apparent safety justification
e Bridges, bridge de-icing, , and others

e Older projects’ data had broad scope

e QOlder projects did have some changes to segment and offset due
to alignment projects

e Some Routes had changed route numbers
e Change in the definition of serious injuries in 2016

e Limited crash data for some years
— Older projects and newest projects (Only keep 20 years of crash da&)
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Next Steps

e Update HSIP project analysis annually

e Use analysis data to make changes to the HSIP

e Include more systemic safety projects

e Determine better options for safety projects in urban areas

e Complete more detailed analysis on specific countermeasures
— Like ATSCs and HTCMBs

e Mandated HSM based project justification for any spot location
project

e Expand State’s Highway Safety Network Screening to local roads

e Make data sets easier to combine for future analysis

e Create a new HSIP project applications website
— Current SharePoint site is at critical point/maximum ability




Final Lesson Learned

We also found from 2002 to 2017
there were no reported cases of
Grandma getting runover by a
reindeer in Pennsylvania
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Background

Goal: Evaluate how effective safety $ spent for hot spot projects

Technique for evaluating safety: Empirical Bayes (for B/A studies)

* Results in CMFs
« RTM
 Traffic Volume Changes

7 WSDOT 2



Why Local CMFs?

« Evaluate effectiveness of safety $
» WA specific driving behavior and conditions

« Assists in choosing a national level CMF when there are many CMFs

* Contribute to national literature
— Not all countermeasures have a CMF defined € M 'F (RASHMODIFICATION FACTORS CLEARINGHOUSE
» Road types, crash types, # lanes, etc

— Strengthen Existing CMFs

Better Data = Better Decisions

> WSDOT



CMF Formation Tool

« WSDOT created a Microsoft Excel template to calculate the CMF
— Methodology from HSM Chapter 9
— Supports between 1-1,000 sites
— Supportsupto 10 yrs B & 5yrs A
— SPFs as Reference Group

— Adjustment Factors (HSM Part C CMFs) to adjust for SPF

baseline conditions

— Calibration Factors

> WSDOT
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CMF Formation Tool

General Information

MNumber of Sites: X h

*Screenshots of tool are from
different studies. Used strictly to
observe tool, not specific numbers.

Setup Tool ‘ Unhide All Rows

Description of Project & Location of Sites:
X

Mumber of Years in the Before Period X
Mumber of Years in the After Period: X

AADT Before is the same for all Before years? X
AADT After is the same for all After years? x

site Information
1 2 3a 3b 3c 3d 32 | 3 | 3 | 3n 3i 3] 43 ap | ac | ad e
AMDT (veh/day) - Before A8DT jveh/day) - After
Eite
length i
Site No. Em"fles'” ¥l 2 3 ¥4 Y5 Y6 Y7 8 Y9 Y10 ¥l Y2 3 Y4 Y5

iLi
1 0.029 2293 | 2,293 | 2,293 - - - - - - - 2,293 2,293 2,293
2 0.021 2293 | 2293 | 2,293 - - - - - - - 2,293 2,293 2,293
3 0.045 624 624 624 - - - - - - - 693 693 693
4 0.122 1886 | 1,886 | 1,886 - - - - - - - 1,886 1886 | 1,886
= n1cg 13117 1 117 17117 - - - - - - - 1 217 17117 1 17
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SPF, CMF (Adjustment Factors),

CM F FOrmatiOn TOOI E(c\glﬂlr?:lobr?\lrzi:]ts indicate

formulas/methods used

Observed Crashes /
1 5 B 7 ] 9a ob 9c 5d e | o [S10 11 | 12a | 129 ] 12¢ | 124 13
Observed before total crash frequency by year / Observed after total cragh frequency by year
N-D:\'n.""n -
Site No.| Y1 Y2 ¥3 ¥4 ¥5 Y6 ¥7 Y8 Yo % Mosoos ¥1 ¥2 ¥3 ¥4 ¥5 =
y. &
1 0 1 2 - - - - - - - 3 0 of| o - - 0
2 0 0 1 - - - - - 4 - 1 1 V4 0 . - 1
N|J|edicted_. Before / Nex:ectecl. Before
1 14 15 16 17 18a 18 | 18c | #A&d | 18 | 18f 19 / 20 21 22
Applicable SPF: See Cell Comments Applicable k:
Applicable CMFs: See Cell Comments See Cell
Applicable C;: C, = 1.0 Comments
Site No. Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 | Npregiceed s k w Nespected, 5
1 19.97 19.97 19.97 - - - - - - - 59.92 0.28 0.06 31.70
2.73 2.73 2.73 - - - - - - - 8.20 0.11 0.53 8.11 E B B
Npredicted_. After Nexpected, A, no treatment Site OUtpUt
23 24a 24b 24c 24d 25 26 27 28 29 30

Applicable SPF (If No Treatment): Same as Before Period, unless cell comments
indicate otherwise.
Applicable CMFs: Same as Before Period, unless cell comments indicate
otherwise.

Applicable C,: ¢, = 1.0

Safety Var
Y1 Y2 Y3 Y4 Y5 Npred N OR
predicted, A r expected, &, no treatment eﬂ:ect iveness (Nexpected. ,q}
20.50 20.50 20.50 - - 61.50 1.03 32.54 0.55 45% 31.496
2.78 2.78 2.78 - - 8.35 1.02 8.25 0.24 76% 3.982
H B B

7 WSDOT o



CMF Formation Tool - predicted crashes cell
comments

C2042 v Jx =EXP(-5.13+0.6*LN(D30)+0.2*LN('Minor Rd AADT'ISB3))*0.67*0.92*0.89

A B C D E F G H | J K L M

2038 1 14 15 16 17 18a 18b 18c 18d 18e 18f 19
Applicable SPF: See Cell Comments
Applicable CMFs: See Cell Comments
Applicable C: C, = 1.0
2039
Site No. Y1 Y2 Y3 Y4 Y5 Yo Y7 Y8 Y9 Y10 N, edicated, 3

2040
2041 10 Q7 10 7 O Q7
2042 SPF: HSM EQN 10-10
2043 CMF1i = 1.0 (For all 45G intersections in Chapter 10)
2044 CMF2i = 0.67 (2 approaches with a left turn lane)
2045 CMF3i = 0.92 (2 approaches with a right turn lane)
2046 CMF4i = 0.89 (Lighting is present for a 45G intersection)
2047
2048

7 WSDOT ¢



CMF Formation Tool

Before Treatment Crashes
Safety Potential = Expected — Predicted

\3.5 =41-0.6
AN
AN
AN

® Predicted
Observed
m Expected

4.0 \
34
1.4
. 0.2
00 01 0.1 oo 0.1 .
] I = — —
5 6 7

4
Site Number
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CMF Formation Tool

After Treatment Crashes
Safety Effect’ in crashes = Expected -
CMF of induvial site = / Expected

m Expected if No Treatment
Observed

Site Number 'Biased Safety Effect

7 WSDOT 2



CMF Formation Tool

> WSDOT

Results

Step 8: Site Combined Crash Modification Factor (CMF) - Biased
CMF (Biased) = 0.757

Step 9: Site Combined Crash Modification Factor (CMF) - Unbiased
CMF = 0.751

|

Step 10: Site Combined Safety Effectiveness - Unbiased
Safety Effectiveness = 24.9% reduction in crashes on average

Step 11 & 12: Variance of Unbiased CMF & Standard Error of Unbiased CMF
Variance (CMF) = 0.012 SE(CMF) = 0.109

Step 13 & 14: Statistical Significance
CMF Lower-Bound | CMF Upper-Bound of Statistically

Confidence Interval: of Cl: Cl: Significant:
50% Cl 0.675 0.827 yes
80% ClI 0.622 0.880 yes
90% Cl 0.572 0.930 yes
95% Cl 0.538 0.964 yes
99% ClI 0.471 1.031 no




Outcomes

Evaluated 7 countermeasures

Affects decision making for future projects

Plan to continue development of CMFs
— Increase sample size over time
— Report to CMF Clearinghouse?

Challenges
— Obtaining minor road counts
— Time Consuming

> WSDOT



Questions/Feedback

Contact:
Kelvin Daratha, PE, PTOE DarathK@wsdot.wa.gov, 360-705-7929

Clay Peterman, PE, PTOE PetermC@wsdot.wa.gov, 360-705-7994

Dina Swires, PE SwiresD@wsdot.wa.gov, 206-276-5763

Mike Dornfeld DornfeM@wsdot.wa.gov, 360-705-7288

John Milton, PhD, PE, RSP2IB, PTOE MiltonJ@wsdot.wa.gov, 360-704-6363

Under 23 U.S. Code § 409 and 23 U.S. Code § 148, safety data, reports, surveys, schedules, lists compiled or collected for the purpose of
identifying, evaluating, or planning the safety enhancement of potential crash sites, hazardous roadway conditions, or railway-highway crossings are

not subject to discovery or admitted into evidence in a Federal or State court proceeding or considered for other purposes in any action for damages
arising from any occurrence at a location mentioned or addressed in such reports, surveys, schedules, lists, or data.
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