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Analysis Techniques

There are a number of analysis techniques, but the ones most
commonly used by the NCDOT Traffic Safety Unit are the following:

e Severity

* Fregquency

* Cluster/Concentration
* Crash Rates

* Critical Crash Rates

Keep in mind
» Sliding Scale statistical
significance!

* Collision Diagram



Analysis Techniques (Cont.)

The analysis of crash data is used to identify where, when, and why
crashes are occurring, which can then lead to mitigation of the crash
Issues through a determination of potential countermeasures such
as the following:

* Installation/adjustment of auxiliary lanes (left turn, right turn, etc.)

* Installation or removal of a traffic signal

« Adjustment of signal phasing, timing, and/or system

 Install or widen shoulders

 Installation of median islands, leftovers, etc.



Severity Analysis

Remember that the equivalent property damage only (EPDO)
value for moderate (B) and minor (C) injury types was equal to 8.4

property damage only (PDO) crashes.

Therefore,

...locations with a severity index (Sl) greater than 8.4 tend to
have more severe injuries sustained in crashes.

...locations with a severity index (Sl) less than 8.4 tend to have
less severe and/or infrequent injuries sustained in crashes.



Severity Analysis (Cont.)

Exception 1

Approximately 99% of all pedestrians involved in crashes sustain
some type of injury. Therefore, the normal severity index (Sl) for
pedestrian crashes is approximately 13.4

Exception 2

Approximately 92% of all bicyclists involved in crashes sustain
some type of injury. Therefore, the normal severity index (Sl) for
bicycle crashes is approximately 11.3



Severity Analysis Example

This example is based on an analysis of TIP Project R-2237C
(saved under the study name of “TROY200412077X"). The
location was on US 321 in Watauga County, in the Town of Blowing
Rock. This analysis identified 104 crashes within the municipal
limits between 6/1/2001 and 5/31/2004.

Crash Severity Summary

Number of Percent

Crash Type Crashes  of Total
Total Crashses 104 100.040
Fatal Crashes 0 0.00
Class A Crashes 1 0.96
Class B Crashes 7 £.73
Clags C Crashes 13 18.27

Proparty Damagse <only Crashes 77 74.04




Severity Analysis Example (Cont.)

(O K crashes + 1 Acrash) * 76.8 = 1*76.8 = 76.8
(7 B crashes + 19 C crashes) *84 = 26*8.4 = 218.4
(77 O crashes+0Ucrashes)*1 = 77*1.0 = 77.0
Total EPDO = 372.2
Total EPDO 372.2
Severity Index = = = 3.58
Total Crashes 104
Saverity Index = 3.58
EFDO Crash Indsax = 372.20
Estimated Property Damags Totbtal = & T796246.00

Therefore, this location tends to have less severe crashes.



Frequency Analysis

Frequency analyses are exactly what they appear to be -
how often does something occur? These type of
analyses can be useful in identifying recurring issues
which may be trends and patterns.

« Crash Type
* Time (month, day, hour)
* Vehicle Type

e Others



Frequency Analysis Example

Accident Type Summary
Number of Percent
Accident Type Crashes  of Total
AMNGLE 3 2.88
ANTIHMAL 1 0.%c
BACEING TR 1 0.%c
FIXED OBJECT [ 5.77
HEAD ON 2 1.82
LEFT TUEH, DIFFEERENT ECRADWRYS 2 1l.22
LEFT TUEW, SAME ROADWAY 3 Z2.88
MOWVAELE CBJECT 1 0.2
OTHEE COLLISION WITH WVEHICLE 3 Z.88
OTHEE HMOMN-COLLISION 1 0.%a
OVERTUEN /EOLLOVER 1 0.2
PARKED MOTOE WVEHICLE 1 0.%c
EAN OFF ROAD - LEFT 3 Z.88
EaN OFF RCOAD - RIGHT 14 13.45
EERE EMND, ESELOW OFE STOP S0 48.08
EERE END, TUEM 1 0.%c
EIGHT TURM, DIFFEREENT ROADWAYS 4 1,85
SIDESWIPE, OQOFPOSITE DIRECTION 5 4.81
SIDESWIPE, SAME DIREECTION 2 1.82




Frequency Analysis Example (Cont.)

Monthly Summary

Number of Percent

Month  ¢iaches  of Total
Janl C 4.81
Fah & .77
Mar G 4.81
LpT 5 5.77
May 10 9,52
JUTI o g.akbk
Jul 11 10.58
mug g B.55
Sep 10 9,52
aTal 13 12.54
How 9 2.65
DeC 11 10.58

Daily Summary

Number of Percent
Day Crashes  of Total
Mon o 3.65
Tue 18 17.31
Wad o 3.65
Thu 11 10.58
Fri 1la 1.8
sat 18 17.2321
SUr 23 22.12




Frequency Analysis Example (Cont.)

Hourly Summary

NMumber of  Percent
Hour Crashes  of Total
aoao-0053 o 0.a0
Q1a0-01539 2 1.52
QzZ00-0259 2 1.92
Q300-03539 o o.ao
0400-04539 o 0.a0
a500-0559 o 0.ao
Qed0-06539 1 0.96
a7a0-07539 1 0.96
Q800-08E539 = 4.31
a500-059539 2 T.65
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Frequency Analysis Example (Cont.)

Note: heavy trucks (truck/trailer, truck/tractor, tractor/semi-trailer,
tractor/doubles, and unknown heavy truck) are involved in crashes
approximately 1.7% of the time.

Vehicle Type Summary

NMumber Percent
Vehicle Type Involved  of Total
LIGHT TEUCE (MINI-VAN, PANEL) 4 2.08
MOTORCY CLE 3 1.5E
PLSSENGER AR 10858 LE.&7
PICKEUE 31 15.938
SFEoORT UTILITY 34 17.53
TRACTOR/SEMI-TREAILER 2 1.03
TEUCE,/TEAILER 1 0.52
T FERIOWE 2 1.403
THNEMOWH HEAYWY TEUCE 1 0.52
VAN 5 4.12

2.07% (However, is this statistically significant with 194 total vehicles?)



Cluster/Concentration Analysis

A cluster (or concentration) analysis identifies locations
where crashes are grouped together in close proximity to
each other. Examples of these locations are:

* Intersections of roadways
 Access points (shopping center entrances, etc.)
 Access strips (commercially built up roads, etc.)

» Roadway features (curves, bridges, etc.)



Cluster/Concentration Analysis
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Cluster/Concentration Analysis Example
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Crash Rates

 Crash rates involve combining crash frequency with
vehicle exposure (traffic volumes) and are expressed as
crashes per 100 million vehicle miles traveled (MVMT).

* In North Carolina, we typically only look at rates for
total crashes, fatal crashes, non-fatal injury crashes,
night crashes, and wet crashes.

 Crash rates are currently calculated for strip locations
over a three year period with no Y-line (0 feet) and
separated by locality (urban vs. rural) and road
classification (I.e. two lane undivided, four lane divided,
etc.).



Crash Rates (Cont.)

The formula for calculating crash rates is:

Crashes

Crash Rate
Exposure

Where exposure is determined as:

~ N\ N\ N\ ( )
Vehicles 365 Days| |3 Years Miles

\DayJ\Yearjkl)\lj

|

AADT Length of road where rate is being calculated




Crash Rates (Cont.)

Crash rate information is located at the following URL.:

https://connect.ncdot.gov/resources/safety/Pages/Crash-Data.aspx

Example:
URBAN UNITED STATES ROUTES
SYSTEM NON-FATAL

ROAD TYPE MILES TOTAL FATAL INJURY NIGHT WET
2 LAMES COMT. LEFT TURM LAME® 9 219.28 0.86 68.79 36.12 36.98
3 LANMES UNDIVIDED® 5 336.28 1.71 124.61 69.99 47.80
4 OR MORE LAMES UNDIVIDED 119 631.41 1.49 235.78 120.71 109.43
4+ LANES CONT. LEFT TURN LAME 249 374.08 1.19 138.79 75.20 69.30

4 OR MORE LAMES DIVIDED WITH
NO CONTROL ACCESS 192 432.42 1.23 145.91 91.93 72.71
PARTIAL CONTROL ACCESS 112 245.66 0.76 85.97 51.56 44,10
FULL CONTROL ACCESS 08 155.81 0.89 51.24 36.08 30.96
TOTAL 1,278 346.74 1.08 123.47 70.88 61.07




Crash Rate Analysis Example

* Crashes on US 321 in Blowing Rock (Watauga County)
» Urban section (2 lanes undivided)
« June 1, 2001 - May 31, 2004

Hate Crashes | Crashes per 100 MYM | Statewide Hate 1
Total 104 407 70 a421.84
Fatal [ 0.0o 0495
Mon-Fatal [njury 27 0584 117.08
[<ight 25 45.00 b2 B2
Wiyt 20 1049 7h 387

2000-200% statewiide crash rate for urban 2-lane undivided LIS routes
I Marth Caraling

Note - crashes at locations exceeding statewide rates
may or may not be random occurrences.



Critical Crash Rates

* Critical crash rates are crash rates that have been
statistically adjusted, based on other roads with similar
characteristics (i.e. all urban sections of 2-lane undivided
US roads in the state), to remove the elements of
chance and randomness.

* This is a check to determine if the “rate at a particular
location is significantly higher than a predetermined
average rate for locations of similar characteristics,
based on Poisson’s distribution.

* Also called the “Rate Quality Control Method”.

1 Khisty, C. Jostin and B. Kent Lall. Transportation Engineering, An Introduction. 2nd ed. 1998.




Critical Crash Rates (Cont.)

The formula for calculating critical crash rates Is:

/‘

Critical Rate = Crash Rate + K

-

\

Crash Rate

Exposure

_/

o )
(2)(Exposure)
- _/

Where the probability factor (K) is equal to 1.645 (which is
considered to be a 95% level of confidence), and exposure is

determined as follows:

N )
Vehicles 365 Days

\_ Day/ \Year/

AADT —T

4 N 4 N
3 Years Miles
X
. 1 _J U1

| Length of road where
rate is being calculated



Critical Crash Rate Analysis Example

* Crashes on US 321 in Blowing Rock (Watauga County)

 Urban section

* June 1, 2001 - May 31, 2004

FHate Crashes | Crashes per 100 MYM | Statewide Hate 1 | Critical Fate <
Tatal 104 407 71 a21 .84 ah2 23
Fatal 0 0.00 0.98 B.16
Mon-Fatal Injury | 27 105 .84 117.08 184 28
[ight 25 48.00 b2 62 H0.3%
Wiet 20 10976 H3.87 79.74

V2000-2002 statewide crash rate for urban 2-lane undivided LS routes

in Marth Caraling

“HBased on the statewide crash rate (959% level of confidence).

Note - crashes at locations exceeding critical rates are
generally not random occurrences.




Critical Crash Rate Analysis Example

Category Iltem Count | Analysis| State + /-
ROAD SURFACE CONDITION DRY 66 63.5% 81.7% -25.1%
ROAD SURFACE CONDITION WET 28 26.9% 15.2% 55.4%
ROAD SURFACE CONDITION ICE 5 4.8% 0.9%| 138.1%
ROAD SURFACE CONDITION SNOW 4 3.8% 0.6%]| 145.1%
ROAD SURFACE CONDITION SAND, MUD, DIRT, GRAVEL 1 1.0% 0.2%| 144.1%
WEATHER CONDITION CLEAR 65 50.4% 67.8%| -29.4%
WEATHER CONDITION CLOUDY 18 14.0% 19.1%| -31.3%
WEATHER CONDITION RAIN 22 17.1% 10.6% 46.3%
WEATHER CONDITION SNOW 5 3.9% 0.9%| 123.6%
WEATHER CONDITION FOG, SMOG, SMOKE 14 10.9% 0.6%| 180.2%
WEATHER CONDITION SLEET, HAIL, FREEZING RAIN/DRIZZLE 1 0.8% 0.5% 46.3%
WEATHER CONDITION SEVERE CROSSWINDS 4 3.1% 0.1%| 190.8%
WEATHER CONTRIBUTED TO THE CRASH |YES 24 24.0% 5.7%| 123.8%
WEATHER CONTRIBUTED TO THE CRASH |UNKNOWN 76 76.0% 94.3% -21.5%
AMBIENT LIGHT DAYLIGHT 75 72.1% 74.9% -3.8%
AMBIENT LIGHT DUSK 3 2.9% 2.9% -0.5%
AMBIENT LIGHT DARK - LIGHTED ROADWAY 4 3.8% 15.0%| -118.4%
AMBIENT LIGHT DARK - ROADWAY NOT LIGHTED 19 18.3% 4.8%| 116.7%
AMBIENT LIGHT DARK - UNKNOWN LIGHTING 2 1.9% 0.3%| 142.6%
AMBIENT LIGHT OTHER 1 1.0% 0.1%| 151.4%
VEHICLE MANEUVER/ACTION STOPPED IN TRAVEL LANE 32 16.5% 12.3% 28.8%
VEHICLE MANEUVER/ACTION PARKED OUT OF TRAVEL LANES S 2.6% 5.1% -65.8%
VEHICLE MANEUVER/ACTION GOING STRAIGHT AHEAD 90 46.4% 46.6% -0.5%
VEHICLE MANEUVER/ACTION MAKING RIGHT TURN 8 4.1% 3.9% 6.1%
VEHICLE MANEUVER/ACTION MAKING LEFT TURN 21 10.8% 11.2% -3.1%
VEHICLE MANEUVER/ACTION MAKING U TURN 1 0.5% 0.3% 40.6%
VEHICLE MANEUVER/ACTION BACKING 1 0.5% 4.2%)| -156.7%
VEHICLE MANEUVER/ACTION SLOWING OR STOPPING 28 14.4% 6.3% 78.4%
VEHICLE MANEUVER/ACTION STARTING IN ROADWAY 5 2.6% 2.6% -1.4%
VEHICLE MANEUVER/ACTION OTHER 3 1.5% 2.3%| -40.9%




Crash Rate Resources

Connect NCDOT
BUSINESS PARTNER RESOURCES
1280 Crash Rates

Doing Business  Bidding & Letting Projects = Resources Loc ernments

1882 Crash Rates
CADD Environmental Geotechnical Hydraulics  Materials & Tests  Products | Specifications  State R
1584 Crash Rates

1285 Crash Rates

1986 Crash Rates

Crash Data and Maps

Crash data, organized by type, ranking, overall cost, and maps and other
1986-1988 Crash Rates

resources for analysis.

1887 Crash Rates

# » Rescurces » Trafiic Safety » Crash Dats and Maps
1987-1289 Crash Rates

1988-1990 Crash Rates

Crash Data, Facts and Statistics

1920-1992 Crash Rates

City Rankings are based on the following criteria: Total Crashes, Total Non-Fatal Injury Crashes, Total Fatal 1991-1993 Crash Rates

Crashes, Annual Crazhes Per 1000 Persons, Annual Non-Fatal Injury Crashes Per 1000 Personz, Annual Fatal

Crashes Per 1000 People, EFDO (equivalent property damage), Severity Index, Average Annual Crash Cost 15992-1224 Crash Rates

and Average Annual Crash Cost Per Perzon

County Rankings are based the following criteria: Total Crash Rate, Fatal Crash Rate, Nen-Fatal Injury Crazh 1984-1598 Crash Rates

Rate, Crash Injuries Per 1000 Pecple, Fatal Crash Injuries Per 1000 People, Non-Fatal Injuries Per 1000 People, 1995-1997 Crash Rates
Total Craghes Per 1000 Registered Vehicles, Fatal Crazhes Per 1000 Registered Vehicles, Mon-Fatal Injury
Crashes Per 1000 Registered Vehicles, Percent Alcochol-Related Crashes, Severity Index, Annual Cost Per 1996-1998 Crash Rates

100 Wiles Traveled, Annual Cost Per Person and Annual Cost Per WVehicle.
2001 Crash Rates

Crash Data List

2002 Crash Rates

Type Mame
r hix 2002 Crash Rates

@l Crash Type : Crash By Ranking {27}
2005 Crash Rates

[#® Crash Type : Crash Costs {14)
2006 Crash Rates

[® Crash Type : Crash Faets by Year {50}
2007 Crash Rates

[# Crash Type : Crash Profile {10}
2008 Crash Rates

[3 Crash Type : Crash Rates (24)
2009 Crash Rates

2010 Crash Rates

B2 83 3 325 3 3 333 3 333 3 3253 3 33 3 3

https://connect.ncdot.gov/resources/safety/Pages/Crash-Data.aspx



Sliding Scale Analysis

A sliding scale analysis is a way of identifying crash
concentrations based on a predetermined minimum number of
crashes along a given length of road. The scale “slides” along a
road and identifies all locations along that road that meet the
predetermined criteria. The final location(s) identified will be on
segments that are at least as long as the initial length of road
criteria.

» For example, if the minimum number of crashes was set at 5,
and the maximum length of road was set at 0.5 miles, then the
scale would start at the beginning of the road (thereby covering
the first half-mile of the road from 0.0 to 0.5 miles) and “slide”
along the road identifying any locations that had at least 5
crashes. The length of these locations may increase if the criteria
IS continuously met.



Sliding Scale Analysis Example

Minimum Criteria:

Crashes =4
Scale = 0.5 miles

0.0\ 0.5 1.0 1.5 /
Start A End

Two locations were identified. Location ‘A’ had 4 crashes within 0.5
miles (mileposts 0.4 to 0.9) and location ‘B’ had 8 crashes within 1
mile (mileposts 1.6 to 2.6).



HSIP Safety Warrants

« HSIP = Highway Safety Improvement Program

« Statistically identified minimum crash data thresholds for potentially hazardous
(PH) locations

« Safety warrants address intersection, strip, and bridge locations for all motor
vehicle crashes

» Safety warrants also address intersection and strip locations for pedestrian
and bicycle crashes

« Example: Warrant I-1 (frontal impact crashes) addresses locations with a
minimum of 25 crashes in the most recent 5-year period, a minimum of 50% of
all crashes were frontal impact, and a minimum of 25% of the total crashes
occurred in the last 2 years.



HSIP Safety Warrants Example

MNorth Carolina Highway Safety Improvement Program
Potentially Hazardous Intersection Locations in Morth Carolina - Statewide Rank of 400 or Higher

2010 Cycle
PH Number Orhverall
State Total Divisan Crashes
Rank Weight SHP Troop Region Location Severnty Index
S4100433 2 CAPE FEAR NEW HANOVER (WILMINGTON) 81 WARRANT INFORMATION
1 12.28 B US 117 (MP 5.10) AT HOGGARD 7.94 Warrant Crashes Percent Severty Weight
Excluded: [] Comments: 1 E5 B7.0% B3 352
4 31 383% 1144 340
30100028 3 CAPE FEAR DUPLIN {RURAL) 100 WARRANT INFORMATICN
2 10,83 B | 40 (MP 12.97) AT NC 24 (MP 9.81) * POSSIBLE 7.07 Wamant Crashes Percent Severty Weight
LOOF * -1 B2 62.0% oD 417
Excluded: [] Gomments: -3 45 45.0% 797 255
40iooas 7 TRIAD GUILFCRD (RURAL) 78 WARRANT INFORMATION
3 10.3 D US 70 (MP 21.10) AT ENGLISH (MP 12.33) 8.67 Warrant Crashes Percent Severty Weight
Excluded: L] Comments: -1 a1 51.0% 7 213
3 22 40.5% BET 152
4 32 405% 1043 3.18
selon1es 3 CAPE FEAR ONSLOW (JACKSONVILLE) 80 WARRANT INFORMATION
4 7.39 B SR 1336 (MP 0.00) AT SR 1470 (MP 1.69) 6.8 Warrant Crashes Percent Severity Weight
Excluded: [] Gomments: 2 30 37 5% 873 3.3
3 45 58.2% 88 218
30100052 3 CAPE FEAR DUPLIN (WARSAW) 33 WARRANT INFORMATION
5 8.01 B | 40 (MP 4.50) AT NC 248 (MP 0.00) * POSSIBLE 10.1 Wamant Crashes Percent Severty Weight
LOOF * 2 12 36 4% 218 430
Excluded: [] Gomments: -3 19 576% 1013 1.37
64100435 3 CAPE FEAR NEW HANOVER (RURAL) &7 WARRANT INFORMATION
8 5.09 B US 78 (MP 1.87) AT SR 1218 (MP 0.08) 8.49 Warrant Crashes Percent Severity Weight
Excluded: [] Gomments: -1 57 685.5% 788 324
13 40 46.0% 640 1.85




HSIP Resou

S
BUSINESS PARTNER RESOUR

Doing Business  Bidding etting rgj = al Governments

rCeS

CADD | Environmentsl | Geotechnical | Hydraulics | Materisls & Tests | Products | Specifications | State Roads | Structures EETTRE1E0

Highway Safety Programs and Projects
Information about programs and projects designed to improve safety on
Morth Carolina’s roadways.

A » Fesources e Traflc Sakty b H

NC Highway Safety Improvement Program

The purpose of the Morth Carolina Highway Safety Improvement Program {HSIP) is to provide 3
continuous and systematic process that identifies rew S22 g
concems throughout the state. The program is structured in sev

distinct phases:

= A system of safety wamants is

developed to identify locations that are possibhy deficient.
- Locations that me are categorized as potentislhy hazardous (PH) locations.
= D=tail h anahyses are performed on the PH locations with the more severe and
comectable crash pattems.
- The Regianal Tr:
= The Regionsl Tra

ering staff perfarms engineering inv estigations.

g staff utilizes Benefit: Cost studies and other tools to

lations.

= Depending on the cost and naturs of the countermessures, the investigations may result in
requesting Division maintenance forces to make adjustments or repairs,
Safety projects, developing Hazard Elimination projects, making adj
project plans or utilzing other fis

- Sele

develop safety recommen

=veloping Spot
tments to current TIF
SOUICES to initizte countermeassures.

d projects are evalested to determine the of eness of countermessures.

The ultimate goal of the HSIP is to reduce the number of tra crashes, injuries
and fatalities by reducing the potentisl for and the severity of these incidents on
public roadway's.

HSIP Detailed Reports
HSIP Potentially Hazardous Location Reports by Year and County

FLT-3-L G Intersection Reports  Bike-FedIntersection Reports  Warrants, Overview and

Name Year

@ Year : 212 (81)

© Year : 2041 {100}

@ Year - 240 {73}

https://connect.ncdot.gov/resources/safety/Pages/NC-Highway-Safety-Program-and-Projects.aspx

% Employee Directory

Staff contacts for Trensporiation
Safety and Mobility.

Hazard Elimination Project

The Hazard Elimination Frogram is used to
velop T improvement projects to

ess safety and potentisl safety issues.

ith S0

Elimination Program projects typicalhy ranges
between 400,000 and $1 million. A Sai
Owersight Committee {SOC) revies

recommends Hazard Eliminstion projects to the

Board of Transportation (BOT) fior approval and
funding. These projects are prionitzed for

funding according to 3 safety benefit to cost
{B/C) ratio, with the safety benefit being ba:
on crash reduction. Once approved and
by the BOT, these projects become part of the
department’s State Transportation
Improvement Frogram (STIF).

State Transportatien m =
(STIF




Collision Diagram

A collision diagram is a visual representation of crash
Information identified by the study.




