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North Carolina Project Development Crash Reduction Factor (CRF) Information

Introduction

The North Carolina Project Development Crash Reduction Factor (CRF) Information document is a directory with common CRFs
applicable to North Carolina.

Many safety professionals use the term Crash Modification Factor (CMF), which is a multiplicative factor that indicates the proportion
of crashes that would be expected after implementing a countermeasure. A CRF is another way of representing the expected effect
of a countermeasure in terms of the percentage decrease in crashes. A CRF is equal to 100*(1-CMF) . The CRF is used in this
document because it is an easy way for practitioners to communicate safety improvements.

The purpose of the document is to provide the expected crash reductions for specific countermeasure types used in the project
development process. These CRFs are used by the NCDOT to evaluate and compare the cost-effectiveness of alternatives for
safety improvements. Research is reviewed at the State and National level to determine which CRFs are most appropriate and
applicable for North Carolina roadways.

@ Source: http://www.cmfclearinghouse.org/userguide CMF.cfm

Safety Treatment Categories

There are currently 10 categories of safety treatments in the North Carolina CREF list: (1) Traffic Signals, (2) Reduce Conflicts, (3)
Turn Lanes & Ramps, (4) Roadway Improvements, (5) Roadside Improvements, (6) Alignment & Sight Distance, (7) Signing,
Delineation & lllumination, (8) Pedestrian & Bicycle, (9) Railroad Crossing, and (10) Work Zones.

CRF Sources

The Crash Modification Factors Clearinghouse and individual research documents were reviewed to determine which CRFs were the
highest quality and most applicable for each countermeasure. The Crash Modification Factors Clearinghouse, which serves as a
central, web-based repository of CMFs from across the world, provides star ratings that were taken into consideration. Generally, the
higher the rating, the more robust the study. http://www.cmfclearinghouse.org/

The Crash Modification Factors Clearinghouse was last downloaded in December 2021. The Clearinghouse rating values are
reflective of the Clearinghouse's transition to the CMF rating criteria developed as part of the NCHRP 17-72 project for the 2nd
edition of the Highway Safety Manual.
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North Carolina Project Development Crash Reduction Factor (CRF) Information

CRF Approvals

Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. The CRF Committee
is comprised of all NCDOT Regional Traffic Engineers and the NCDOT Safety Evaluation Engineer.

Definitions and Helpful Information

NCDOT Reference Number is provided for each CRF in the first column.

= |f a Reference Number is followed by a Letter (i.e. 1.1.1A and 1.1.1B), the CRFs should be used together. To aid in the
identification of CRFs that should be used together, "A", "B" and "C" labels have been added adjacent to the CRF values that
go together.

Countermeasure Location Type is provided to help users identify where the countermeasure is typically applied.

Countermeasure Target Crash is provided to guide users on the crash type(s) that the countermeasure is typically installed to treat
and target.

Refer to the CRF Site Specifications, CRF Crash Pattern Affected and CRF Context for information on where and how to apply a
specific CRF. Research reports were reviewed to provide context where possible. Context is provided for many but not all CRFs.

Refer to the Status to see if a CRF is denoted as "Subjective" or "Interim".

= "Subjective" CRFs are determined when no data is available and the committee has agreed upon a subjective value.

= ‘"Interim" CRFs are determined when limited data is available but a robust study has not been performed or the study from
past research summaries could not be found.

= Both "Subjective" and "Interim" CRFs may be used until a more statistically reliable CRF becomes available.

= |tems with a Status note in RED are revisions or new additions from the prior version of the CRF Sheet.

Information used to perform a benefit cost analysis are provided in the last columns for each CRF, which includes Service Life,
Annual Maintenance, Utility Costs, Crash Costs F+A, Crash Costs B+C, and Crash Costs PDO. The Crash Costs are specific
to the CRF crash pattern affected and use 2024 values.

LAST UPDATED: 6/6/2025



1 - Traffic Signals
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North Carolina Project Development Crash Reduction Factor Information
LAST UPDATED: 6/6/2025

Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective
and Interim CRFs may be used until a more statistically reliable CRF becomes available.

1 - Traffic Signals

1.1 - New Traffic Signal

Include All Angle Crashes in Intersection: May include Angle, LTDR and

111A Intersection Frontal Impact New Traffic Signal 3-leg Urban Intersection Angle Injury Crashes RTDR Crash Types. Injury includes fatality and injury crashes. Use A 34 10 $ 2,700 $ 475 . Frontal Impact =~ $ 4,216,000 $ 213,000  $ 15,100
1.1.1A and 1.1.1B together. Apply 50 yr service life if metal poles used.
1118 Intersection Frontal Impact New Traffic Signal 3-leg Urban Intersection Rear End Injury Crashes gy ettt e iy Greeesites, W 1 L e 1.1.13 B -50 10 $ 2700 $ 475  RearEnd  $ 4018000 $ 186,000 $ 15100

together. Apply 50 yr service life if metal poles used.

Include All Angle Crashes in Intersection: May include Angle, LTDR and
11.2A Intersection Frontal Impact New Traffic Signal 4-leg Urban Intersection Angle Injury Crashes RTDR Crash Types. Injury includes fatality and injury crashes. Use 1.1.2A° A 67 10 $ 2,700 $ 47!
and 1.1.2B together. Apply 50 yr service life if metal poles used.

o

Frontal Impact = $ 4,216,000 $ 213,000 @ $ 15,100

Injury includes fatality and injury crashes. Use 1.1.2A and 1.1.2B

11.2B Intersection Frontal Impact New Traffic Signal 4-leg Urban Intersection Rear End Injury Crashes together. Apply 50 yr service life if metal poles used. B -38 10 $ 2,700 $ 475 Rear End $ 4,018,000 $ 186,000 $ 15,100
. . o Include All Angle and Left Turn Crashes in Intersection: May include
113A Intersection Frontal Impact NeyraficSignalWithoutAdditiontol 3-Leg and 4-Leg Rural Intersection ‘Angle and Left Turn Crashes Angle, LTSR, LTDR, and RTDR Crash Types. Use 1.1.3A and 1.1.3B A 58 10 $ 2,700 @ $ 475 = Frontal Impact = $ 4,216,000 $ 213,000 - $ 15,100
New Left Turn Lanes S [T
together. Apply 50 yr service life if metal poles used.
. New Traffic Signal Without Addition of . Include all Rear End Crashes in Intersection. Use 1.1.3A and 1.1.3B
11.3B Intersection Frontal Impact New Left Turn Lanes 3-Leg and 4-Leg Rural Intersection ‘Rear End Crashes together. Apply 50 yr service life if metal poles used. B -43 10 $ 2,700 : $ 475 Rear End $ 4,018,000  $ 186,000 : $ 15,100
New Traffic Signal with New Left Turn Include All Angle and Left Turn Crashes in Intersection: May include
114A Intersection Frontal Impact Lane(s) 9 3-Leg and 4-Leg Rural Intersection ‘Angle and Left Turn Crashes Angle, LTSR, LTDR, and RTDR Crash Types. Use 1.1.4A and 1.1.4B A 61 10 $ 2,700 $ 475 - Frontal Impact $ 4,216,000 $ 213,000 $ 15,100
together. Apply 50 yr service life if metal poles used.
. New Traffic Signal with New Left Turn . Include all Rear End Crashes in Intersection. Use 1.1.4A and 1.1.4B
114B Intersection Frontal Impact Lane(s) 3-Leg and 4-Leg Rural Intersection Rear End Crashes o Ay 50w S T i il P B UBes) B 29 10 $ 2,700 $ 475 Rear End $ 4,018,000 $ 186,000 $ 15,100
1.2 - Upgrade Traffic Signal
1.2.1 Intersection Al Upgrade Traffic Signal Al Total Crashes gt':j'zt:‘;: Lrien 5 (3t CoMal D SV (e e i 14 Interim 10 $ -8 > Total $ 4129000 $ 187,000 $ 15100
1.3 - Change to Protected Left Turn
Change from Permitted or Permitted- *Modified from Study. Include only LTSR crashes on treated approaches.
1.3.1 Intersection Left Turn 9 Urban Left Turn Same Roadway Crashes* For Time of Day applications, apply CRF during times it is in protected 99 10 $ = $ - Frontal Impact = $ 4,216,000 $ 213,000 $ 15,100
Protected to Protected-Only Left Turn oparation
Change from Permitted or Permitted- *Modified from Study. Include only LTSR crashes on treated approaches.
. . I - R L . _ _
1.3.2 Intersection Left Turn Protected to Protected-Only Left Turn Not Specified Left Turn Same Roadway Crashes’ z;; r'l:;;'l; of Day applications, apply CRF during times it is in protected 70 Interim 10 $ $ Frontal Impact - $ 4,216,000 $ 213,000 - $ 15,100
1.4 - Convert Signal to Mast Arm
1.4.1 tereetion Frontal Impact Convert Signal from Span Wire to Mast Al Angle Crashes Include All Angle Crashes in Intersection: May include Angle, LTDR and 5 50 $ 200 $ - Frontallmpact ~$ 4216000 $ 213000 $ 15,100

Arm RTDR Crash Types

1.5 - Install Near Side Signal Head

1.5.1 Intersection Frontal Impact Install Near Side Signal Head All Target Frontal Impact Crashes Target = Red Light Run Crashes on Treated Approaches 30 Interim 10 $ - $ - Frontal Impact = $ 4,216,000 $ 213,000 $ 15,100

1.6 - Pretimed to Actuated Signal

Include All Angle Crashes in Intersection: May include Angle, LTDR and
RTDR Crash Types

1.6.1 Intersection Frontal Impact Pretimed to Actuated Signal Not Specified Angle Crashes 10 Interim 10 $ - 8 Frontal Impact = $ 4,216,000 $ 213,000 ' $ 15,100

1.7 - Closed Loop Signal System

$1000 x # of signals

et Al Int / Section All Closed Loop Signal System Not Specified Total Crashes 15 Interim 10 i ey $ 480 Total $ 4,129,000 $ 187,000 @ $ 15,100
1.8 - Improve Signal Timing
1.8.1 Intersection Al Improve Signal Timing Not Specified Total Crashes 15 Interim 10 $ - $ - Total $ 4,129,000 $ 187,000  $ 15,100

1.9 - Replace 8-inch Signal Heads with 12-inch Signal Heads

Replace 8-inch Signal Heads with 12-inch
Signal Heads

Include All Angle Crashes in Intersection: May include Angle, LTDR and

1.9.1 Intersection Frontal Impact RTDR Crash Types

Urban Angle Crashes 42 10 $ - $ - Frontal Impact - $ 4,216,000 $ 213,000 $ 15,100
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LAST UPDATED: 6/6/2025

Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective
and Interim CRFs may be used until a more statistically reliable CRF becomes available.

1 - Traffic Signals

1.10 - Add Long Vehicle Detection

1.10.1 Intersection

1.11 - Add Advanced Dilemma Zone Detectio

Truck

Add Long Vehicle Detection

All

Rural High Speed Approaches - 4-

Total Crashes

Interim

250

Total

$ 4,129,000

$

187,000

$

15,100

: a d Dil Detecti . — . - )
1111 Intersection Frontal Impact Add A Zone Leg (Major ADT 10,900 to 43,300) Injury Crashes Injury includes fatality and injury crashes 39 10 250 - $ Total $ 4,129,000 : $ 187,000 : $ 15,100
1.12 - Add/Revise Signal Back Plates
. . e Include All Angle Crashes on Approaches Addressed by Treatment: May . _ R
1.12.1 Intersection Frontal Impact Install New Signal Back Plates Not Specified Angle Crashes include Angle, LTDR and RTDR Crash Types 20 Interim 10 $ Frontal Impact - $ 4,216,000 $ 213,000 $ 15,100
Add 3-Inch Yellow Micro-prismatic
1.12.2 Intersection Frontal Impact Retroreflective Sheeting to Signal Back All Total Crashes 15 10 - $ - Total $ 4,129,000 $ 187,000 $ 15,100
Plates
1.13 - Install Dual Red Signal Indication
May apply to T or stacked red display. Include All Angle Crashes on
1.13.1 Intersection Frontal Impact Install Dual Red Signal Indication Not Specified Angle Crashes Approaches Addressed by Treatment: May include Angle, LTDR and 33 Interim 10 - $ - Frontal Impact - $ 4,216,000 $ 213,000 $ 15,100
RTDR Crash Types.
1.14 - Flashing Yellow Arrow
R . . Injury includes fatality and injury crashes. Include only LTSR crashes on
1.14.1 Intersection Left Turn IERRRIIEEO Gy BRAR o L Ut S (et [y approaches treated with FYA. CRF may be applied to revision from 4 10 - 8 > Frontal Impact ~ $ 4,216,000 $ 213,000 $ 15100
Protected-Permitted Crashes . . .
Permissive FYA (3-section) to Protected-Permitted FYA.
114.2 Intersection Left Turn Install FYA - Pro_tected Only to FYA Al Left Turn Same Roadway Injury Injury includes fatality .and injury crashes. Include only LTSR crashes on 378 10 _ $ _ Frontal Impact ~ $ 4,216,000 $ 213,000 $ 15,100
Protected-Permitted Crashes approaches treated with FYA.
q Install FYA - Protected Only to FYA Left Turn Same Roadway Injury Injury includes fatality and injury crashes. Include only LTSR crashes on
1.14.3 Intersection Left Turn Protected-Permitted with TOD All FrTlrr approaches treatad with EYA. 292 10 - $ - Frontal Impact = $ 4,216,000 $ 213,000  $ 15,100
. Install FYA - "Doghouse" Protected- Left Turn Same Roadway Injury Injury includes fatality and injury crashes. Include only LTSR crashes on _ _
1.14.4 Intersection Left Turn Permitted to FYA Protected-Permitted All Crashes E Pproachoa eatadlwihiEYAY 25 10 $ Frontal Impact - $ 4,216,000 $ 213,000 - $ 15,100
1.14.5 . Left Turn Instal'l FYA - Permissive Only to FYA Al Left Turn Same Roadway Injury Injury includes fatality gnd injury crashes. Include only LTSR crashes on 65 10 _ $ B Frontal Impact ~ $ 4,216,000 $ 213,000 $ 15,100
Permissive Only Crashes approaches treated with FYA.
1.15 - Install Activated Advance Warning Flashers for Signal
1151 A Intersection Frontal Impact B e e dvenc el e Al Target Frontal Impact Crashes et (RG] gt (R Cleeliss @ esisd eppeeeics: U 1asia 30 10 500 - $ 100 Frontalimpact $ 4216000 § 213,000 $ 15,100
Flashers for Signal and 1.15.1B together.
. Install Activated Advance Warning Target = Rear End Crashes approaching signal on treated approaches.
1151 B Intersection Frontal Impact Flashers for Signal Al Target Rear-End Crashes Use 1.15.1A and 1.15.1B together. 22 10 500 $ 100 Rear End $ 4,018,000 $ 186,000 $ 15,100
1.16 - Install Left Turn Yield Blank Out Sign
1.16.1 Intersection Left Turn Install Left Turn Yield Blank Out Sign All Total Crashes 15 Subjective 10 25: % 100 Total $ 4,129,000 : $ 187,000 : $ 15,100

1.17 - Remove Unwarranted Signal

1171 Intersection

Alesil/72 Intersection

1.18 - Add Primary Signal Head

118.1A Intersection

1.181B Intersection

Rear End

Frontal Impact

Frontal Impact

Frontal Impact

Remove Unwarranted Signal and
Replace with Minor Road Stop Control

Remove Unwarranted Signal and
Replace with All Way Stop Control

Add Primary Signal Head

Add Primary Signal Head

Urban

Urban

Rear End Crashes

Frontal Impact Crashes

Injury Crashes

PDO Crashes

Include Only Rear Ends on Major Road approaches

Injury includes fatality and injury crashes. Use 1.18.1A and 1.18.1B
together.

Use 1.18.1A and 1.18.1B together

90

33

31

Interim

Interim

20

20

(2,700)

(2,700)

$

$

(475)

(475)

Rear End

Frontal Impact

Total

Total

$ 4,018,000

$ 4,216,000

$ 4,129,000

$ 4,129,000

$

$

$

$

186,000

213,000

187,000

187,000

$

$

$

$

15,100

15,100

15,100

15,100
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective
and Interim CRFs may be used until a more statistically reliable CRF becomes available.

1 - Traffic Signals

1.19 - Add Split Side Street Signal Phasing

1.19.1 Intersection Left Turn Add Split Side Street Signal Phasing All Left Turn Same Roadway Crashes Include Only LTSR Crashes on Side Streets 70 Subjective 10 $ - $ - Frontal Impact = $ 4,216,000 $ 213,000  $ 15,100

amic Red Extension

1.20.1 Intersection Frontal Impact Add Dynamic Red Extension Rural, Isolated Target Frontal Impact Crashes Target = Red Light Run Crashes on Treated Approaches 25 Interim 10 $ 125§ - Frontal Impact @ $ 4,216,000 @ $ 213,000 : $ 15,100

1.21 - Overhead Intersection Flashing Beacons (Non-Actuated)

1.211 Intersection Frontal Impact O e rpsadinte ) o 2-lane at 2-lane Rural Intersection Frontal Impact Crashes W 1211 GIR 1.2112= 0 (et comiine ticm. Islies el e 9 10 $ 300 $ 260  FrontalImpact = $ 4,216,000 $ 213,000 $ 15,100
(Non-Actuated) Crash Types
1.21.2 Intersection Frontal Impact Overhead Intersection|Flashing|Beacons /1o o hane RurallIntersection’"Ran|Stop/Sign?Crashes Use 1.21.1 OR 1.21.2 - Do Not combine them 26 10 $ 300 $ 260 . Frontallmpact = $ 4,216,000 $ 213,000 $ 15,100

(Non-Actuated)

1.22 - Implement Rest in Red

1.22.1 Intersection Frontal Impact Implement Rest in Red All Frontal Impact Crashes 51 Interim 10 $ - $ - Frontal Impact - $ 4,216,000 $ 213,000 $ 15,100




2 - Reduce Conflicts

o
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LAST UPDATED: 6/6/2025

Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a mor:
statistically reliable CRF becomes available.

2 - Reduce Conflicts

2.1 - Single-Lane Roundabout

211 Intersection Frontal Impact Two-Way Stop to One-Lane Roundabout Urban and Suburban Injury Crashes Injury includes fatality and injury crashes 78 25 $ 2,500 $ - Total $ 4,129,000 : $ 187,000 : $ 15,100
21.2 Intersection Frontal Impact Two-Way Stop to One-Lane Roundabout Rural, At least one 55 mph approach Injury Crashes Injury includes fatality and injury crashes 79 25 $ 2,500 $ - Total $ 4,129,000 - $ 187,000  $ 15,100
213 Intersection Frontal Impact Two-Way Stop to One-Lane Roundabout Urban and Rural - 3-Leg Injury Crashes Ia':jg?ei;?:::;izt::g T oy i, Wst it o siielt 20, il e ok el 61 NEW 25 $ 2,500 : $ - Total $ 4,129,000 : $ 187,000 : $ 15,100
21.4 Intersection Frontal Impact Signal to One-Lane Roundabout Urban and Suburban Injury Crashes Injury includes fatality and injury crashes 55 25 $ (200) $ (475) Total $ 4,129,000 $ 187,000 $ 15,100
2.1.5A Intersection Frontal Impact Two-Way Stop to Mini-R iab All Injury Crashes Injury includes fatality and injury crashes. Use 2.1.4A and 2.1.4B together. A 61 Revised 25 $ 2,500 : $ = Total $ 4,129,000 : $ 187,000 - § 15,100
2.1.5B Intersection Frontal Impact Two-Way Stop to Mini-R jab All PDO Crashes Use 2.1.4A and 2.1.4B together. B -8 Revised 25 $ 2,500 - $ - Total $ 4,129,000 : $ 187,000 : § 15,100

2.2 - Multi-Lane Roundabout

221A Intersection Frontal Impact Two-Way Stop to Two-Lane Roundabout All Injury Crashes Injury includes fatality and injury crashes. Use 2.2.1A and 2.2.1B together. A 84 Interim 25 $ 2,500 : $ = Total $ 4,129,000 $ 187,000 : § 15,100
2.2.1B Intersection Frontal Impact Two-Way Stop to Two-Lane Roundabout All PDO Crashes Use 2.2.1A and 2.2.1B together. B -71 Interim 25 $ 2,500 $ - Total $ 3,570,000 : $ 151,000 : $ 12,400
2.2.2 Intersection Frontal Impact Signal to Two-Lane Roundabout Urban and Suburban Injury Crashes Injury includes fatality and injury crashes 7 25 $ (200): $ (475) Total $ 4,129,000 - $ 187,000 - $ 15,100
223 Intersection Frontalllmgact SianalltolimolanelRoandabout Urban and Rural - 4-Leg Injury Crashes t’:srf]‘;’s’”’a' eIl (et ol oy (R 21222 oy el e o Tty sl 65 25 $ @00) $  (475) Total $ 4120000 $ 187,000 § 15,100
224A Intersection Frontal Impact z:;"fng::;’u"t' ;:’;";"::)".I.':’r;ﬁl"g"’ Lane Al Injury Crashes L’;‘:}"g’é il';‘;':d:z:':l')i;yc;’:’t;"'ijn”gr;aj;eesl'ocs;:gzsif‘"L'J”s‘f’g;’_z‘A";[l‘;“gi';';mf and 5 65 25 $ 2500 § 8 Total $ 4120000 $ 187,000 $ 15,100
2248 I i Frontal Impact R ;:gﬂsﬁt;:ﬂ"g" (0 Al PDO Crashes L e ;‘g‘gat":ggﬁz_a“d SEDEDRIDPEBBHEEEID g 33 25 $ 2500 § - Total $ 4129000 § 187,000 § 15100
2.2.5A Intersection Frontalllimgact Signal to Multilane Roundabout at Ramp Terminal Al Injury Crashes 'S':i:gﬁ';‘ft')“ﬁ;;‘:gg;’;ga':g’gﬁzhzesz52";"’1;“;'1'[';';9‘“?3 ncliceclnEE A #“ 25 $ @00) $  (475) Total $ 4120000 $ 187,000 § 15,100
2258 Intersection Frontalllimgact Signal to Multilane Roundabout at Ramp Terminal Al PDO Crashes g':g’;;:gi:f”e RS telurlere] T vy, Sfreeife (o it g (e, Wso 2284 e 14 25 $ @00) $  (475) Total $ 4120000 $ 187,000 § 15,100
2.3 - Unsignalized Reduced Conflict Intersection (RCI)

231 Intersection Frontal Impact Two-Way Stop to Unsignalized RCI All Total Crashes Research includes crashes within 150' of main intersection. 50 NEW 20 $ 800: $ - Total $ 4,129,000 : $ 187,000 : $ 15,100
23.2 Intersection Frontal Impact Signal to Unsignalized RCI All Injury Crashes Injury includes fatality and injury crashes 50 Interim 20 $ (2,700). $ (475) Total $ 4,129,000 - $ 187,000 - $ 15,100

2.4 - Signalized Reduced Conflict Intersection (RCI)

Injury includes fatal and injury crashes. Research collected crashes within 1500' of
241 Intersection Frontal Impact Signal to Signalized RCI Suburban Injury Crashes main intersection along major street & 500' along minor street. Can be combined with 22 20 $ 800 § - Total $ 4,129,000 : $ 187,000 : $ 15,100
ped CRFs if features added.

242 Intersection Frontal Impact Two-Way Stop to Signalized RCI All Injury Crashes 'a':;:’eyd'"c'”des e e Ty CReElies, Cm {5 Eamiie it (30 GRS itz ives 40 Interim 20 $ 3,500 $ 475 Total $ 4120000 $ 187,000 $ 15,100
243 Intersection Frontal Impact Unsignalized RCI to Signalized RCI All Frontal Impact Crashes Can be combined with ped CRFs if features added. 65 Subjective 20 $ 2,700 - $ 475 Frontal Impact : § 4,216,000 - $ 213,000 : $ 15,100

2.5 - Median U-Turn

MUT intersection with median U-turn crossovers downstream of the main intersection
251 Intersection Frontal Impact Signal to Median U-Turn Urban and Suburban Total Crashes for both directions. Research included crashes within 250" of main intersection and 50 37 20 $ 800 § - Total $ 4,129,000 : $ 187,000 : $ 15,100
of median U-turns.

MUT intersection with median U-turn crossovers downstream of the main intersection

4 Lane Divided Major Roads with speed

2.5.2A Intersection Frontal Impact Two-Way Stop to Unsignalized Median U-Turn mits of 35-65 mph Injury Crashes for both directions. Research included crashes within 1,070' on major approaches and 31 NEW 20 $ 800 $ - Total $ 4,129,000 $ 187,000 - $ 15,100
300' on minor approaches. Injury includes fatal and injury crashes.
. : . . Lane Divided Major Roads with speed MUT interlsect_ion with median' U-turn crossovers _do_wnstream of thc'e main intersection
2.5.2A Intersection Frontal Impact Two-Way Stop to Unsignalized Median U-Turn PDO Crashes for both directions. Research included crashes within 1,070' on major approaches and -33 NEW 20 $ 800 $ - Total $ 4,129,000 - $ 187,000  $ 15,100

E mits of 35-65 mph 300" on minor approaches.
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a mor:
statistically reliable CRF becomes available.

2 - Reduce Conflicts

2.6 - Offset T Intersection

26.1A Intersection Frontal Impact e e S Urban Injury Crashes 2’12‘{?;‘;2";_2’?&232325 feiitnieriainiircudesialandninylciastiesdlse 33 20 $ -8 . Total $ 4129000 § 187,000 § 15100

2.6.1B Intersection Frontal Impact ﬁ::r‘;ee:;:::l'eg nteissctionlintollvolly Urban PDO Crashes Minor Road Traffic >30% of Total Entering. Use 2.6.1A and 2.6.1B together. B 10 20 $ -8 - Total $ 4,129,000 : $ 187,000 - § 15,100

262 Intersection Frontal Impact e A S U1 Rural Total Crashes 70 Interim 20 $ -5 - Total $ 4129000 § 187,000 § 15100

2.7 - Continuous Green T

271 Intersection Frontal Impact Signal to Continuous Green T 3-Leg Intersection Injury Crashes Injury includes fatal and injury crashes 15 20 $ 800 § - Total $ 4,129,000 : $ 187,000 : $ 15,100

2.8 - Continuous Flow Intersection (CFI)

28.1 Intersection Frontal Impact Signal to Conti Flow | i Al Total Crashes L’L::;SD;‘;S:;:fe"at:’;a;’;?fc)'gi"g:gkcgf::sm within 150" fom the lefttum cross-over 12 20 $ 6200 $ 950 Total $ 4129000 § 187,000 § 15100

2.9 - Remove Leg from Intersection

291 Intersection Frontal Impact R Leg from | i All Total Crashes involving the Treated Leg 100 Subjective 20 $ - $ - Total $ 4,129,000 : $ 187,000 : $ 15,100

2.10 - Remove Crossover

2101 Intersection All Remove Crossover All Total Crashes 90 Subjective 20 $ -8 - Total $ 4,129,000 : $ 187,000 : $ 15,100

2.11 - Access Management near Intersections

21141 I i Frontal Impact 11 ion Ch lizati All Total Crashes 25 Interim 20 $ 800 $ = Total $ 4,129,000 : $ 187,000 - § 15,100
eseeton Frontalllimgact ‘Median Channelization near Signals Urban / Suburban Total Crashes i’:’;fa"l’léz it (et TR e 6 e (e T el erenmeE e il 27 Interim 20 $ 800 § - Total $ 4120000 $ 187,000 § 15,100

2.12 - Raised Median

2424A Section Al Provide a Raised Median Urban Multilane Arterial Injury Crashes e :‘;’ﬁ'g:g;:g;"y CEEID D beih o end timeeimg: WD £ 22 20 $ 800 § . Total $ 4129000 § 187,000 § 15100

212.1B Section All Provide a Raised Median Urban Multilane Arterial PDO Crashes Include both section and intersection crashes. Use 2.12.1A and 2.12.1B together. B -9 20 $ 800 : $ - Total $ 4,129,000 : $ 187,000 - § 15,100

212.2A Section All Provide a Raised Median Rural Multilane Arterial Injury Crashes '2"’1”2“’2'2‘:‘;3925 E‘_"‘z'liatyt:;‘:tri"g:"“’ Gl (e bl el et hisees), Ue ;| 12 20 $ 800 $ - Total $ 4120000 § 187,000 $ 15,100

2.12.2B Section All Provide a Raised Median Rural Multilane Arterial PDO Crashes Include both section and intersection crashes. Use 2.12.2A and 2.12.2B together. B 18 20 $ 800 $ - Total $ 4,129,000 $ 187,000  $ 15,100

2123 Section All Provide a Raised Median Urban Two-Lane Roadway Injury Crashes Injury includes fatality and injury crashes (include both section and intersection) 39 20 $ 800 : $ - Total $ 4,129,000 - $ 187,000 : § 15,100

2131 Intersection All Grade Separation - No Interchange All Total Crashes 90 Subjective 50 $ 2,000 : $ - Total $ 4,129,000 : $ 187,000 : $ 15,100




North Carolina Project Devel Crash R ion Factor Information

LAST UPDATED: 6/6/2025

Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a mor:
statistically reliable CRF becomes available.

2 - Reduce Conflicts

2.14 - Grade-Separated Interchange

214.1A Intersection All oot suciaceltesectioniiclbiament Secdlnioiecticn Stepieysignal Injury Crashes Injury includes fatality and injury crashes. Use 2.14.1A and 2.14.1B together. A 29 NEW 50 s 2,000 § . Total § 41209000 $ 187,000 § 15100

Interchange Controlled
" Convert At-Grade Intersection to Diamond 4-Leg Intersection, Stop or Signal .

2.14.1B Intersection All Interchange Controlled PDO Crashes Use 2.14.1A and 2.14.1B together B 11 NEW 50 $ 2,000 $ - Total $ 4,129,000 - $ 187,000 - $ 15,100

214.2A e All Convert At-Grade Intersection to Grade-Separated lealintersection InjuryICrashes !njury |np|udes fatality aqd injury crashes. U§e ?.14.2A and 2.14.2B tqgether. Only use A 57 50 $ 2000 § ~ Total $ 4129000 $ 187,000 $ 15,100
Interchange if there is not a CRF available for your specific interchange configuration.

21428 e All Convert At-Grade Intersection to Grade-Separated Slealintersection PDO Crashes Use ?.14.2A and 2.14.2B togetlher. Only use if there is not a CRF available for your B 36 50 $ 2000 § ~ Total $ 4129000 $ 187,000 $ 15,100
Interchange specific interchange configuration.

Int, o Gradi

2143 eseeton Al ﬁl‘t’;‘r";’; ::f“d“ © P 3-Leg Intersection Total Crashes Only use if there is not a CRF available for your specific interchange configuration. 16 50 s 2,000 § . Total § 4120000 $ 187,000 § 15,100

2.15 - Diverging Diamond Interchange (DDI)

24151 Intersection Al Copuene onaliDianond geto Injury Crashes Injury includes fatality and injury crashes 54 50 $ -8 - Total $ 4120000 § 187,000 $ 15,100

o Diverging Diamond Interchange (DDI) B ’ g




3 - Turn Lanes & Ramps




North Carolina Project Development Crash Reduction Factor Information

LAST UPDATED: 6/6/2025

Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a more statistically reliable

CRF becomes available.

3 - Turn Lanes & Ramps

NCDOT Ci
Number Location Type

3.1 - Install Left Turn Lane at an Intersection

3.1.1 Intersection
31.2 Intersection
3.1.3 Intersection
3.1.4 Intersection
3.1.5 Intersection
3.1.6 Intersection
317 Intersection
3.1.8 Intersection
3.1.9 Intersection
3.1.10 I

311 Intersection
3.1.12 Intersection
3.1.13 Intersection

3.2 - Install Right Turn Lane at an Intersection

3.21 Intersection
3.22 Intersection
3.23 Intersection
3.24 Intersection
3.25 Intersection

3.3 - Add Dual Left Turn Lanes at an Intersection

Countermeasure Target Crash

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Left Turn

Rear End / Sideswipe

Rear End / Sideswipe

Rear End / Sideswipe

Rear End / Sideswipe

Rear End / Sideswipe

Countermeasure

Left Turn Lane at a Signal Controlled Intersection

Left Turn Lane at a Signal Controlled Intersection

Left Turn Lane at a Signal Controlled Intersection

Left Turn Lane at a Signal Controlled Intersection

Left Turn Lane at a Signal Controlled Intersection

Left Turn Lane at a Signal Controlled Intersection

Left Turn Lane at a Stop Sign Controlled
Intersection

Left Turn Lane at a Stop Sign Controlled
Intersection

Left Turn Lane at a Stop Sign Controlled
Intersection

Left Turn Lane at a Stop Sign Controlled
Intersection

Left Turn Lane at a Stop Sign Controlled
Intersection

Left Turn Lane at a Stop Sign Controlled
Intersection

Left Turn Lane at an Intersection Without Signal

Right Turn Lane at a Signal Controlled Intersection

Right Turn Lane at a Signal Controlled Intersection

Right Turn Lane at a Stop Sign Controlled
Intersection

Right Turn Lane at a Stop Sign Controlled
Intersection

Right Turn Lane at an Intersection

CRF Site Specifications

4-leg Urban

4-leg Urban

3-leg Urban

4-leg Rural

3-leg Rural

Not Specified

4-leg Urban

4-leg Urban

3-leg Urban

4-leg Rural

4-leg Rural

3-leg Rural

Not Specified

Rural and Urban

Rural and Urban

Rural and Urban

Rural and Urban

Not Specified

CRF Crash Pattern Affected

Target Left Turn-Same Road and Rear-
End Crashes

Target Left Turn-Same Road and Rear-
‘End Crashes

Total Crashes

Rear End Crashes

Rear End Crashes

Target Left Turn-Same Road and Rear-
:End Crashes

Target Left Turn-Same Road and Rear-
End Crashes

Target Left Turn-Same Road and Rear-
-End Crashes

Total Crashes

Target Left Turn-Same Road and Rear-
‘End Crashes

Target Left Turn-Same Road and Rear-
End Crashes

Target Left Turn-Same Road and Rear-
‘End Crashes

Target Left Turn-Same Road and Rear-
End Crashes

Total Crashes

Total Crashes

Total Crashes

Total Crashes

Target Right Turn Crashes

CRF Context

Both Approaches on Major Road received LTL - Include treatable
LTSR and Rear End Crashes on targeted approach

1 Approach on Major Road received LTL - Include treatable LTSR
and Rear End Crashes on targeted approach

1 Approach on Major Road received LTL

Major Road received LTL (1 or Both Approaches) - Include all Rear
End Crashes in intersection

1 Approach on Major Road received LTL - Include all Rear End
Crashes in intersection

*Modified from Study. Include treatable LTSR and Rear End Crashes
on targeted approaches. Only use this CRF when no others are
applicable.

1 Approach on Major Road received LTL - Include treatable LTSR
and Rear End Crashes on targeted approach

Both Approaches on Major Road received LTL - Include treatable
LTSR and Rear End Crashes on targeted approaches

1 Approach on Major Road received LTL - Include treatable LTSR
and Rear End Crashes on targeted approach

1 Approach on Major Road received LTL - Include treatable LTSR
and Rear End Crashes on targeted approach

Both Approaches on Major Road received LTL - Include treatable
LTSR and Rear End Crashes on targeted approaches

1 Approach on Major Road received LTL - Include treatable LTSR
and Rear End Crashes on targeted approach

*Modified from Study. Include treatable LTSR and Rear End Crashes
on targeted approaches. Only use this CRF when no others are
applicable.

1 Approach on Major Road received RTL

Both Approaches on Major Road received RTL

1 Approach on Major Road received RTL

Both Approaches on Major Road received RTL

*Modified from Study. Include only RTDR and Right Turning Rear

End crashes on treated approaches. Only use this CRF when no
others are applicable.

CRF

24

13

59

25

33

37

60

62

50

14

26

50

Status

Interim

Interim

Interim

Service Life

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

Annual Maintenance

250

250

250

250

250

250

250

250

250

250

250

250

250

250

250

250

250

250

Utility Costs

$ -

»

»

Crash Cost Type

Frontal Impact

Frontal Impact

Total

Rear End

Rear End

Frontal Impact

Frontal Impact

Frontal Impact

Total

Frontal Impact

Frontal Impact

Frontal Impact

Frontal Impact

Total

Total

Total

Total

Frontal Impact

Crash Costs
F+A
$ 4,216,000
$ 4,216,000
$ 4,129,000
$ 4,018,000
$ 4,018,000
$ 4,216,000
$ 4,216,000
$ 4,216,000
$ 4,129,000
$ 4,216,000
$ 4,216,000
$ 4,216,000
$ 4,216,000
$ 4,129,000
$ 4,129,000
$ 4,129,000
$ 4,129,000
$ 4,216,000

Crash Costs
B+C
$ 213,000
$ 213,000
$ 187,000
$ 186,000
$ 186,000
$ 213,000
$ 213,000
$ 213,000
$ 187,000
$ 213,000
$ 213,000
$ 213,000
$ 213,000
$ 187,000
$ 187,000
$ 187,000
$ 187,000
$ 213,000

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

Crash Costs
PDO

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

15,100

3.3.1A Intersection

3.3.1B Intersection

3.4 - Add Dual Right Turn Lane at an Intersection

Rear End / Left Turn

Rear End / Left Turn

Dual Left Turn Lanes at a Signal Controlled
Intersection

Dual Left Turn Lanes at a Signal Controlled
Intersection

All

Al

Injury Crashes

PDO Crashes

Injury includes fatal and injury crashes. Use 3.3.1A and 3.3.1B
together. Installing dual LT on 1 or 2 approaches with protected LT
phasing before and after.

Use 3.3.1A and 3.3.1B together. Installing dual LT on 1 or 2
approaches with protected LT phasing before and after.

16

20

20

250

250

Total

Total

$ 4,129,000

$ 4,129,000

$ 187,000

$ 187,000

$

$

15,100

15,100

3.4.1 Intersection

3.5 - Provide Positive Offset for Left Turn Lanes

Rear End / Sideswipe

Install Dual Right Turn Lane

All

Total Crashes

15

Subjective

20

250

Total

$ 4,129,000

$ 187,000

$

15,100

3.5.1A Intersection
3.5.1B Intersection
352 Intersection
353 Intersection

Left Turn

Left Turn

Left Turn

Left Turn

Improve Left Turn Lane Offset to Create Positive
Offset at Signalized Intersection

Improve Left Turn Lane Offset to Create Positive
Offset at Signalized Intersection

Improve Left Turn Lane Offset to Create Positive
Offset at Unsignalized Intersection

Positive Offset for New Left Turn Lanes

Not Specified

Not Specified

:Multilane Divided Facilities

All

Left Turn Same Roadway Crashes

Rear End Crashes

Left Turn Same Roadway Crashes

Total Crashes

Include only LTSR crashes on treated approaches. Use 3.5.1A and
3.5.1B together.

Include only RE crashes on treated approaches. Use 3.5.1A and
3.5.1B together.

Include only LTSR crashes on treated approaches

38

32

85

10

Interim

Subjective

20

20

20

20

Frontal Impact

Rear End

Frontal Impact

Total

$ 4,216,000
$ 4,018,000
$ 4,216,000
$ 4,129,000

$ 213,000
$ 186,000
$ 213,000
$ 187,000

$

$

$

15,100

15,100

15,100

15,100



North Carolina Project Development Crash Reduction Factor Information
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a more statistically reliable
CRF becomes available.

3 - Turn Lanes & Ramps

3.6 - Install Offset Right Turn Lane

3.7 - Increase Length of

Intersection

Frontal Impact

Left or Right Turn Lane at an Intersection

Install Offset Right Turn Lane at Unsignalized
Intersection

Increase Length of Left or Right Turn Lane at an

Target Frontal Impact Crashes

Target = Frontal Impact crashes caused by mainline right turners
blocking line of sight

Interim

Frontal Impact

4,216,000

$ 213,000

15,100

3.71 Intersection Rear End / Sideswipe Intersection Not Specified Total Crashes 15 Interim 20 $ 100 : § Total $ 4129,000:$ 187,000 : $ 15,100

3.8 - Install Continuous Two-Way Left Turn Lane

3.8.1 Section Rear End / Left Turn ;‘::’" IR CvefaviLettivmitansloniZlanshiy) KAB Injury Crashes 26 20 :g:ggg od mie ngﬁa";?“’) $ Total $ 4120000 § 187,000 $ 15,100

3.82 Section Rear End / Left Turn :;‘::' REIRIRCaviLellmlanalieni2llan sl i) KAB Injury Crashes 35 20 :g:ggg o mie Eﬁ;::;‘;ry’ $ Total § 4120000 § 187,000 § 15,100
Section Rear End / Left Turn netalWERRwoNayiLs iepitancioniyans): e Non-Intersection Crashes 32500 peimicSecondar) Total 4129000 $ 187,000 15,100

Road

$8,000 per mile (Primary)

3.9 - 4 Lane to 3 Lane Conversion with TWLTL

Section Rear End / Left Turn 4 Lane to 3 Lane Conversion with TWLTL Urban Minor Arterial Total Crashes - - Total 4,129,000 187,000 15,100

3.10 - Revise Interchange Ramps

Injury includes fatal and injury crashes. CMFunction where Lnew = $4,500 per mile (Secondary)

3.10.1 Ramp Rear End / Sideswipe Modify Length of Acceleration Lane Principal Arterial Interstate :Injury Crashes new length of accel lane in miles and Lexist = existing length of accel CRF = (1-e*(-4.55*(Lnew-Lexist)))*100 $8,000 per mile (Primary) - Total 4,129,000 187,000 15,100
lane in miles. May be applicable to work zones.
May be extrapolated in proportion to change in length for increases of

3.10.2 Ramp Rear End / Sideswipe ‘Extend Deceleration Lane by approx. 100 Ft Not Specified Total Crashes less than or more than 100 Ft as long as resulting decel length does 7 20 $ 100 - $ = Total $ 4,129,000 $ 187,000 $ 15,100
not exceed 790 Ft. May be applicable to work zones.

3.10.3 Provide Straight Ramp Instead of Cloverleaf Ramp :Not Specified Total Crashes - Total 4,129,000 187,000 15,100

3.11 - Ramp Queue Detection

3111 Ramp Ramp Queue Detection Total Crashes Subjective - Total 4,129,000 187,000 15,100




4 - Roadway Improvements
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a more

y reliable CRF b ilable.

4 - Roadway Improvements

4.1 - Shoulder Rumble Strips / Stripes

Install Milled-In Shoulder Rumble Strips / Stripes

Include all lane departure crashes. Includes shoulder or edgeline. Multilane

411 Section Lane Departure g Rural 2-lane Roads Lane Departure Crashes undivided roads not included in study but can use in interim. Standard or sinusoidal 23 Interim 10 - . LaneDeparture = $  4,126,000: $ 165,000 : $ 15,100
on Existing Shoulder P I P y A
in interim. May use for vibraline as an interim value (with 5 year service life).
n Install Milled-In Shoulder Rumble Strips on q o N q Vehi _Off. Injury includes fatality and injury crashes. May be used for vibraline as an interim _
4.1.2 Section Lane Departure Existing Shoulder Rural Multilane Divided Roads Injury Single-Vehicle Run-Off-Road Crashes value (with 5 year service life). 22 10 Lane Departure = $ 4,126,000 $ 165,000 $ 15,100
413 Section IanelDeparture AT S By mED SO SHES S q e mrmmrs Injury Single-Vehicle Run-Off-Road Crashes ity IEVGRIES iy s Ty GRS, (Haflh Slimuistar Runl SHips s 17 10 - LaneDeparture $ 4,126,000 $ 165000 $ 15100
on Existing Shoulder edgeline Rumble Stripes included in estimate.
4.1.4 Section Lane Departure :IE':S‘::::;::L::‘“M" RuTbleStizelon Urban Freeways Injury Single-Vehicle Run-Off-Road Crashes Injury includes fatality and injury crashes 7 10 - LaneDeparture = $ 4,126,000 $ 165,000 $ 15,100
4.2 - Shoulder Rumble Strips / Stripes and Shoulder Widening
. Install Should Stripes, Should . - . L "
4.21 Section Lane Departure Widening and Resurface Pavement Rural 2-lane Roads Injury Head-on and Run-off-Road Crashes Injury includes fatality and injury crashes 27 20 - $500 per Mile - LaneDeparture - $ 4,126,000 $ 165,000 $ 15,100
422 Section Lane Departure pstelLonoutder Etibsinicen Principal Arterial Freeway or Expressway Run Off Road Crashes 13 20 - $500 per Mile - LaneDeparture § 4,126,000 § 165000 § 15100
& P! with Shoulder Widening P: Y or Exp Y P P ouAcl i b
4.3 - Centerline Rumble Strips
4.31 Section Lane Departure Install Centerline Rumble Strips Rural 2-lane Roads Lane Departure Crashes ::g:?: cllllEme Gpanie EEsies, Ao SEmeEE £ Shuse el RS intie 28 Interim 10 - LaneDeparture - $ 4,126,000 $ 165,000  $ 15,100
432 Section anelDepartire Install Centerline Rumble Strips Urban 2-lane Roads g:::l:: @udiSice=wipaiQpEcsiiaiiisction z“t':z ﬁ;"e:ﬁ: Tieleet RORHLE Cslizs.  Applieetil o simsizie) e sl R 40 10 - LaneDeparture § 4,126,000 $ 165000 $ 15,100
. e 0 . . —_ )
433 Section IanelDeparture Install Centerline Rumble Strips Multilane Undivided Roads (R elDREREIRD iy IS MUEETED W CEElile GERiEs (© mEEn 482, AepiEkbio 40 Interim 10 - LaneDeparture $ 4,126,000 $ 165000 $ 15100
Crashes standard and sinusoidal RS in the interim.
" " " o Include all lane departure crashes. Applicable to standard and sinusoidal RS in the . _
4.34 Section Lane Departure Install Centerline and Shoulder Rumble Strips Rural 2-lane Roads Lane Departure Crashes it AmlEH @ e ok rees e i 36 Interim 10 Lane Departure = $ 4,126,000 $ 165,000  $ 15,100
4.4 - Install Transverse Rumble Strips at Intersection
4.41 o Frontalllmgact Install Transverse Rumblg Strips at Minor Road Rural - 3-Leg KAB Injury Crashes Although study applies toAmln.or road stop controlled intersections, CRF may be 10 5 B Total $ 4129000 $ 187,000 $ 15,100
Stop Controlled Intersection used for all way stop applications.
442 e Frontalllimgact Install Transverse Rumble Strips at Minor Road Rural - 4-Leg KAB Injury Crashes Although study applies to minor road stop controlled intersections, CRF may be 25 5 ~ Total $ 4129000 $ 187,000 $ 15,100

4.5 - Groove Pavement

4.5.1 Section

4.6 - Diamond Grinding

4.6.1 Section

4.7 - Open Graded Friction Course

4.71 Section

4.7.2 Section

4.8 - Microsurfacing

4.8.1 Section

4.8.2 Section

4.9 - Slurry Seal

4.9.1 Section

Wet

Wet

Wet

Wet

Wet

Wet

Wet

Stop Controlled Intersection

Groove Pavement

Diamond Grinding

Open Graded Friction Course (OGFC)

Open Graded Friction Course (OGFC)

icrosurfacing

Not Specified

Freeways

Freeways

Non-Freeways

EMuItiIam—) Roads

2-lane Roads

2-lane Roads

Wet Crashes

Wet Crashes

Wet Crashes

Wet Crashes

Wet Crashes

Wet Crashes

Wet Crashes

used for all way stop applications.

Includes 2-Lane, Multilane Undivided & Divided Road

50

13

49

70

21

438

20

Interim

10

10

10

10

Total

Total

Total

Total

Total

Total

Total

$

$

$

$

$

$

$

4,129,000

4,129,000

4,129,000

4,129,000

4,129,000

4,129,000

4,129,000

$

$

$

$

$

$

$

187,000

187,000

187,000

187,000

187,000

187,000

187,000

$

$

$

$

$

$

$

15,100

15,100

15,100

15,100

15,100

15,100

15,100
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4 - Roadway Improvements

4.10 - Chip Seal
4.10.1 Section Wet Chip Seal Multilane Roads Wet Crashes 22 10 $ -8 - Total $ 4,129,000 $ 187,000  $ 15,100
4.10.2 Section Wet Chip Seal 2-lane Roads Wet Crashes 35 10 $ -3 - Total $ 4,129,000 $ 187,000 $ 15,100

4.11 - Ultra-Thin Bonded Wearing Course

4111 Section Wet Ultra-Thin Bonded Wearing Course (UTBWC) Freeways Wet Crashes 40 Subjective 10 $ -8 - Total $ 4,129,000: $ 187,000 $ 15,100

4.11.2 Section Wet Ultra-Thin Bonded Wearing Course (UTBWC) 2-lane Roads Wet Crashes 31 10 $ -8 - Total $ 4,129,000 $ 187,000 $ 15,100

4.12 - Thin HMA

4121 Section Wet Thin HMA Freeways Wet Crashes This is a conventional thin HMA overlay 9 10 $ -8 - Total $ 4,129,000 $ 187,000 $ 15,100
4122 Section Wet Thin HMA ‘Multilane Roads Wet Crashes This is a conventional thin HMA overlay 13 10 $ -8 - Total $ 4,129,000 $ 187,000 $ 15,100
4123 Section Wet Thin HMA 2-lane Roads Wet Crashes This is a conventional thin HMA overlay -26 10 $ -8 - Total $ 4,129,000 $ 187,000 : $ 15,100

4.13 - High Friction - Spot Treatments

Increase Pavement Friction at Intersection

4.131 Intersection Wet RS All Wet Crashes Includes stop controlled, yield controlled, and signalized intersections 57 10 $ -8 - Total $ 4,129,000 $ 187,000 $ 15,100
4.13.2 Section Wet High Friction Surfacing at Curves All Wet Crashes 52 10 $ -8 - Total $ 4,129,000 $ 187,000 $ 15,100
4.13.3 Ramp Wet High Friction Surfacing at Ramps All Wet Crashes 86 10 $ -8 - Total $ 4,129,000 $ 187,000 $ 15,100
4.14 - Resurfacing with Safety Edge

4.141 Section Lane Departure Resurfacing with Safety Edge Rural 2-Lane Run Off Road and Rollover Crashes Intersection-related and animal crashes were excluded from the data. 3 Interim 10 $ -8 - LaneDeparture :$ 4,126,000  $ 165,000 @ $ 15,100

4.15 - Pavement Widening

415.1 Section IanelDeparture Increase Shoulder Widths by 2° Rural 2-Lane Lane Departure Crashes Ziﬁe&i’li?;‘féi&'”fﬁﬁf&ﬂf“ﬁ??;173309"' ol Cpppesiio IEsien, 13 20 - $500 per Mile $ - LaneDeparture § 4,126,000 $ 165000 $ 15,100
4152 Section anelDepartire Increase Shoulder Widths by 4' Rural 2-Lane IanelDeparturelC rashes :ﬁgesf;zz:'i‘:;esigﬁ:‘:’;ﬁ;ﬁ;ﬁ"&gﬁ;*'z‘fggo?"' Sl Opfzeris D@, 23 20 - $500 per Mile $ - LaneDeparture § 4,126,000 $ 165000 $ 15,100
4153 Section IanelDeparture Increase Shoulder Widths by 6' Rural 2-Lane Lane Departure Crashes ';ﬁzes';‘:':v'i‘:;esi:;";dsis:czgfﬁ;‘;?;'*;ggo?"' Stdoseuilgs Opppesiio iEsien, 33 20 - $500 per Mile $ - LaneDeparture | § 4,126,000 § 165000 $ 15,100
4.15.4 Secti Lane Departure I Shoulder Widths by 2' Urban Arterials Injury Crashes Injury includes fatality and injury crashes 7 20 - $500 per Mile $ - Total $ 4,129,000 $ 187,000 $ 15,100
4.15.5 Section Lane Departure Increase Shoulder Widths by 4' Urban Arterials Injury Crashes Injury includes fatality and injury crashes 13 20 - $500 per Mile $ - Total $ 4,129,000 $ 187,000  $ 15,100
4.15.6 Section Lane Departure Increase Shoulder Widths by 6" Urban Arterials Injury Crashes Injury includes fatality and injury crashes 19 20 - $500 per Mile $ - Total $ 4,129,000 $ 187,000 $ 15,100
44157 Section Al Widening for an Additional Thru Lane Not Specified Total Crashes 10 Subjective 20 S ity (Semity) $ . Total $ 4129000 $ 187,000 $ 15,100
$8,000 per mile (Primary)
4.15.8 Section Lane Departure Increase Shoulder Widths Rural Multilane Highways Total Crashes Applies to 45 - 70 mph speed limit roadways. Shoulder widths not specified. 18 20 - $500 per Mile $ - Total $ 4,129,000 $ 187,000 $ 15,100

4.16 - Add Passing Lane:

#

4.16.1 Section All Add Passing Lanes (Single Direction of Travel) Rural 2-Lane Total Crashes Include crashes in both directions of travel over the length of the passing lane 25 20 :gggg gz: z::: %gz;o:;?ry) $ = Total $ 4,129,000 $ 187,000 $ 15,100

$4,500 per mile (Secondary)
$8,000 per mile (Primary)

©@
'

4.16.2 Section All Add Passing Lanes (Both Directions of Travel) Rural 2-Lane Total Crashes Include crashes in both directions of travel over the length of the passing lane 35 20 Total $ 4,129,000 $ 187,000 $ 15,100
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a more
i y reliable CRF b i

4 - Roadway Improvements

7 - Gateway Treatments

Research specific to gateway monuments but may include other items such as
Fatal and Class A Injury Crashes signs, medians or landscaping. Study included crashes for both directions of travel 17 Interim 20 1.66% of initial cost $
if visible. i i H

ge Ramps, and Non

iz 2l L 2l vilisatnents Freeway Sections with Speed Transitions

Total $ 4,129,000 $ 187,000 $ 15,100




5 - Roadside Improvements
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a more statistically reliable
CRF becomes available.

5 - Roadside Improvements

5.1 - New or Upgraded Guardrail

5.1.1A Section Lane Departure New or Upgraded Guardrail Rural 2-lane Fatal and Class A Injury Crashes Use 5.1.1A, 5.1.1B and 5.1.1C together A 56 Interim 20 See Example Below $ - Total $ 4,129,000 $ 187,000  $ 15,100
5.1.1B Section Lane Departure New or Upgraded Guardrail Rural 2-lane Class B and C Injury Crashes Use 5.1.1A, 5.1.1B and 5.1.1C together B 8 Interim 20 See Example Below $ = Total $ 4,129,000 $ 187,000 $ 15,100
5.1.1C Section Lane Departure New or Upgraded Guardrail Rural 2-lane PDO Crashes Use 5.1.1A, 5.1.1B and 5.1.1C together Cc -1 Interim 20 See Example Below $ - Total $ 4129000 $ 187,000 $ 15,100
5.1.2A Section Lane Departure New or Upgraded Guardrail Rural 4-lane Undivided Fatal Crashes Use 5.1.2A, 5.1.2B and 5.1.2C together A 44 Interim 20 See Example Below $ - Total $ 4,129,000 $ 187,000 $ 15,100
5.1.2B Section Lane Departure New or Upgraded Guardrail Rural 4-lane Undivided Non-Fatal Injury Crashes Use 5.1.2A, 5.1.2B and 5.1.2C together B 23 Interim 20 See Example Below $ - Total $ 4,129,000 $ 187,000 $ 15,100
5.1.2C Section Lane Departure New or Upgraded Guardrail Rural 4-lane Undivided PDO Crashes Use 5.1.2A, 5.1.2B and 5.1.2C together C 44 Interim 20 See Example Below $ - Total $ 4,129,000 $ 187,000 $ 15,100
5.1.3A Section Lane Departure New or Upgraded Guardrail Rural 4-lane Divided Fatal Crashes Use 5.1.3A and 5.1.3B together A 46 Interim 20 See Example Below $ - Total $ 4129000 $ 187,000 : $ 15,100
5.1.3B Section Lane Departure New or Upgraded Guardrail Rural 4-lane Divided Non-Fatal Injury Crashes Use 5.1.3A and 5.1.3B together B 13 Interim 20 See Example Below $ = Total $ 4,129,000 $ 187,000 : $ 15,100
5.1.4A Section Lane Departure New or Upgraded Guardrail Urban 2-lane or 4-lane Injury Crashes Injury includes fatality and injury crashes. Use 5.1.4A and 5.1.4B together. A 28 Interim 20 See Example Below $ - Total $ 4,129,000 $ 187,000 $ 15,100
5.1.4B Lane Departure New or Upgraded Guardrail Urban 2-lane or 4-lane PDO Crashes Use 5.1.4A and 5.1.4B together B 10 Interim 20 See Example Below $ = Total $ 4,129,000 $ 187,000 $ 15,100
5.2 - New Median Barrier

5.2.1A Section Lane Departure New Median Barrier Freeway éMedian Lane Departures ':!alzn:n?g’);gg?f;?:‘g?; O{j:: ;Zirxc;gas‘_/gﬁng lig;oett::r-median (ESRER T A -93 Interim 20 See Example Below $ - LaneDeparture :$ 4,126,000 $ 165,000 : $ 15,100
5.2.1B Section Lane Departure New Median Barrier Freeway Cross Median Crashes ?"20; ;sg;se:rl:s:linvolved O IED CompEEy CReshg e mesm. Uspaizik e B 72 Interim 20 See Example Below $ - LaneDeparture - $ 4,126,000 $ 165,000 ' $ 15,100
5.2.2A Section Lane Departure New Median Barrier ultilane Divided :Median Lane Departures ':2 aladn:n(,iesp;r(t)g?m?:\: e'?)v OIL\J’:: ;;:ezrxc;g?’gi;g i;tgoe:tr]\:rrnedian (EQRCR T A -155 Interim 20 See Example Below $ - LaneDeparture = $ 4,126,000 $ 165,000 $ 15,100
5.2.2B Section Lane Departure New Median Barrier ultilane Divided Cross Median Crashes guzczr;sg:se:p:: TRElEs] e Ve CRmpE ey CTees g e eelm: UEpaizai el Interim See Example Below - Lane Departure 4,126,000 165,000 15,100

5.3.1A Section Lane Departure idge Approach Guardrail Not Specified Fatal Crashes Use 5.3.1A, 5.3.1B and 5.3.1C together Interim See Example Below - Total 4,129,000 187,000 15,100
5.3.1B Section Lane Departure idge Approach Guardrail Not Specified Non-Fatal Injury Crashes Use 5.3.1A, 5.3.1B and 5.3.1C together B 20 Interim 20 See Example Below $ = Total $ 4,129,000 $ 187,000 : $ 15,100
5.3.1C Section Lane Departure idge Approach Guardrail Not Specified PDO Crashes Use 5.3.1A, 5.3.1B and 5.3.1C together -5 Interim See Example Below - Total 4,129,000 187,000 15,100

5.4.1A Lane Departure

Injury Crashes Injury includes fatality and injury crashes. Use 5.4.1A and 5.4.1B together. - - Total 4,129,000 187,000 15,100

5.4.1B Section Lane Departure PDO Crashes Use 5.4.1A and 5.4.1B together = = Total 4,129,000 187,000 15,100

Injury includes fatality and injury crashes Subjective - - Lane Departure 4,126,000 165,000 15,100

5.6.1A Section otorcycle Rub Rail Under Existing W-Beam Motorcycle Barrier Hit - Fatal Crashes Use 5.6.1A and 5.6.1B together Subjective See Example Below = Lane Departure 4,126,000 165,000 15,100

Motorcycle Barrier Hit - Non-Fatal Injury

5.6.1B ‘Crashes

otorcycle Rub Rail Under Existing W-Beam All Use 5.6.1A and 5.6.1B together B 40 Subjective 20 See Example Below $ - Lane Departure : $ 4,126,000 | $ 165,000 : $ 15,100
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a more statistically reliable
CRF becomes available.

5 - Roadside Improvements

locate Fixed Objects

5.7.1 Section Lane Departure Remove or Relocate Fixed Objects Outside of Clear Zone Not Specified Injury Crashes Injury includes fatality and injury crashes 38 20 $ -8 - Total $ 4129000 $ 187,000 $ 15,100
Di: to ide Ol from around 1 m (3.3 ft) to

5.7.2 Section Lane Departure around 5 m (16.7 ft) Rural Total Crashes 22 20 $ -3 - Total $ 4,129,000: $ 187,000 - $ 15,100
G [ (o et

57.3 Section Lane Departure to fromaround Sm (16.71) g, o) Total Crashes 44 20 $ - 5 - Total $ 4129000 $ 187,000 § 15100

to around 9 m (30 ft)

Review all Lane Departure Crash types to determine which are correctable by
5.7.4 Section Lane Departure Change the lateral offset of utility poles Rural Undivided Fixed Object Crashes treatment. CMF Function where Oa = after offset; Ob = before offset in meters. CRF =100 * (1-e*-0.0905*(0a-0Ob)) 20 $ -3 - LaneDeparture :$ 4,126,000 $ 165,000 $ 15,100
CRF values range from approx. 20-75% depending on offsets.

5.8 - Flatten Sideslope

5.8.1A Section Lane Departure Flatten Sideslope from 1V:3H to 1V:4H Rural Non-Fatal Injury Crashes Use 5.8.1A and 5.8.1B together A 42 20 $ - % = Total $ 4,129,000 $ 187,000: $ 15,100
5.8.1B Section Lane Departure Flatten Sideslope from 1V:3H to 1V:4H Rural PDO Crashes Use 5.8.1A and 5.8.1B together B 29 20 $ -8 - Total $ 4129000 $ 187,000 : $ 15,100
5.8.2A Section Lane Departure Flatten Sideslope from 1V:4H to 1V:6H Rural Non-Fatal Injury Crashes Use 5.8.2A and 5.8.2B together A 22 20 $ -8 = Total $ 4,129,000 $ 187,000 $ 15,100
5.8.2B Section Lane Departure Flatten Sideslope from 1V:4H to 1V:6H Rural PDO Crashes Use 5.8.2A and 5.8.2B together B 24 20 $ -8 - Total $ 4,129,000 $ 187,000 $ 15,100

age Improvements

Spot Specific Water Removal such as Drop Inlets, Drainage

5.9.1 Section Wet Grates, and Debris Removal Not Specified Wet Road Crashes 40 20 $ -8 - Total $ 4,129,000 $ 187,000 : $ 15,100
Double Faced W-Beam (Median Barrier) $625 x After Period ROR Crashes Per Year
Concrete Median Barrier $1,025 x After Period ROR Crashes Per Year
Single Faced W-Beam $500 x After Period ROR Crashes Per Year
Cable Barrier $300_x After Period ROR Crashes Per Year

Shoulder Guardrail Improvement Example:

20 crashes over 5 years (2K, 1A, 2B, 5C, 10 PDO)
Average per year: 0.4 Fatal, 0.2 A, 0.4B, 1C, 2 PDO

CREFs for "New or Upgraded Guardrail - Rural 2-Lane": 56%K and A, 8% B and C, -1% PDO

Fatal Crashes Remaining (per year): 0.4 - (0.4)(0.56) = 0.176
A Injury Crashes Remaining (per year): 0.2 - (0.2)(.56) = 0.088
B Injury Crashes Remaining (per year): 0.4 - (0.4)(.08) = 0.368
C Injury Crashes Remaining (per year): 1 - (1)(.08) = 0.92
PDO Crashes Remaining (per year): 2 - (2)(-.01) = 2.02

Total Crashes Remaining (per year) = 0.176+0.088+0.368+0.92+2.02 = 3.572

Annual Maintenance Cost: (3.572)($500) = $1786




6 — Alighment & Sight Distance




North Carolina Project Development Crash Red!
LAST UPDATED: 6/6/2025
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Factor Infor

6 - Alignment and Sight Distance

6.1 - Improve Superelevation of Horizontal Curve

6.1.1 Section Lane Departure Improve Superelevation of Horizontal Curve All Total Crashes 40 Interim 20 - Total $ 4,129,000 : $ 187,000 - $ 15,100
6.2 - Improve Horizontal Alignment of Curve
6.2.1 Section Lane Departure Improve Horizontal Alignment of Curve Rural - 2 Lane Total Crashes 78 Interim 20 - Total $ 4,129,000 $ 187,000 $ 15,100
6.3 - Improve Vertical Alignment
6.3.1 Section All Improve Vertical Alignment Rural - 2 Lane Total Crashes Applies to Crest or Sag Vertical Curve 32 Interim 20 - Total $ 4,129,000 : $ 187,000 - $ 15,100
6.4 - Reduce Intersection Skew Angle
6.4.1 Intersection All Reduce Intersection Skew Angle 2-Lane Rural Stop Controlled Intersections Total Crashes E:;: :o:;Sa Z;;I;rt:ez;dremely Skewedlinieisscticnslkithliplersoction 20 20 - Total $ 4,129,000 $ 187,000 $ 15,100
6.4.2 Intersection All fullintersecticniRealianmeptwitiiMuUipIS Stop Controlled Intersections Total Crashes 60 Interim 20 - Total § 4129000 § 187,000 § 15100
Improvements
6.5 - Improve Sight Distance Triangles
AT SED EanielEd hieesslem, [EEr Rea] Target Crashes involve a vehicle on the major road colliding with a
6.5.1 Intesection Frontal Impact Improve Intersection Sight Distance Triangles AADT > 1 5%00 bl Target Injury Crashes vehicle turning or departing from the treated minor road approach(es). 25 20 - Frontal Impact ~ $ 4,216,000 - $ 213,000 $ 15,100
’ Includes fatal and injury crashes.
AT SED EanialEd e, [y Reer] Target Crashes involve a vehicle on the major road colliding with a
6.5.2 Intesection Frontal Impact Imp Intersection Sight Di Triangl: AADT <=1 5p000 bl Target Injury Crashes vehicle turning or departing from the treated minor road approach(es). 15 20 - Frontal Impact ~ $ 4,216,000 $ 213,000 $ 15,100
- Includes fatal and injury crashes.



7 — Signing, Delineation & lllumination
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7 - Signing, Delineation & lllumination

7.1 - Markings & Delineation - General

711 All All p! Markings & Deli ion - General Not Specified Total Crashes Only use if there is not a countermeasure available for your specific situation 15 Interim 5 Long Life, 1 Paint $ -8 - Total $ 4,129,000: $§ 187,000 : $ 15,100
7.2 - Warning Signs - General

7.21 All All Warning Signs - General All Total Crashes Only use if there is not a countermeasure available for your specific situation 15 Subjective 20 1.66% of initial cost ~ $ - Total $ 4,129,000  $ 187,000 8 $ 15,100
7.3 - Advance Curve Warning Signs

7.31A Section Lane Departure :‘:“I?S'L?;ag;e‘::"s':’;';:‘h" tonizontalionmenty Not Specified Injury Crashes Injury includes fatality and injury crashes. Use 7.3.1A and 7.3.1B together. A 13 20 1.66% of initial cost ~ $ = Total $ 4129000 $ 187,000 $ 15100
7.3.1B Section Lane Departure :‘:“I?S'L?;ag;e‘::"s':’;';:“" fotizentallianmenty Not Specified PDO Crashes Use 7.3.1A and 7.3.1B together B 29 20 1.66% of initial cost  $ - Total $ 4120000 § 187,000 § 15100
732 Section Lane Departure :"\‘,::z'l'nz ss‘:;' :;:i’:ei::;h;;;zag:ss“"9 Curve Ay Total Crashes 5 Subjective 10 $ 100 $ . Total $ 4129000 $ 187,000 $ 15100
7.4 - Chevron Signs

7.41 Section Lane Departure Install Chevron Signs on Horizontal Curves Rural - 2-Lane Lane Departure Crashes :Z;’;rﬂffgzgﬁﬂhgg d[i]t‘ie:rl\:r ::;?,::ﬁ;i:ijnc%f\::s‘ing CliDeEn (HEERin, ekl bt 33 20 1.66% of initial cost ~ $ - LaneDeparture = $ 4,126,000 $ 165,000  $ 15,100
742 Section Lane Departure Install Oversized Chevron Signs All Nighttime Crashes E:‘ec'r"‘:‘;']’:verf::‘:"; ‘:;‘;’;;“r':Z'r:";‘:gj;ngiﬁ'&;‘;"::gi’;::;’:‘s;i fgjfﬂ‘f{:f;fg‘;’s‘gf: 27 20 1.66% of initial cost  $ - Total $ 4120000 $ 187,000 § 15100
743 Section Lane Departure Install Sequential Lighted Chevron System All Lane Departure Crashes s:ifr?éeug;?::ij“eodn MENELE e i 1D Covieis O elies Wik Gy CRenes (ELED 67 Interim 10 $ 100 - $ = Total $ 4,129,000 $ 187,000 $ 15,100
7.5 - Speed Signing

7.51 Section All Install Dynamic Speed Feedback Signs Not Specified Total Crashes Refers to signs that give individual drivers real-time feedback regarding their speed 46 10 $ 500 : $ 100 Total $ 4,129,000: $§ 187,000 : $ 15,100
7.52 Section Al Install Variable Speed Limits (Non-Work Zone) Interstate Total Crashes g‘r:{;;‘;;e’si‘g::g:g:‘aﬁ;ggr‘gf’;z;‘e:n“cslj:e?:;ys';‘g;‘:fbi‘t’z';ﬁb?rsc{gzzelzs(f\";g'l‘_g 29 Interim 10 $ 500 § 100 Total $ 4120000 $ 187,000 § 15100
7.6 - Speed Reduction Pavement Markings

7.6.1 Section Al Install Optical Speed Bars Al Total Crashes 21 Subjective 5 Long Life, 1 Paint $ -8 - Total $ 4,129,000 $ 187,000 - $ 15,100
7.6.2 Section Al Install Converging Chevron Pattern Markings Urban Total Crashes Applies to roadway segments 32 5 Long Life, 1 Paint $ -8 - Total $ 4,129,000 $ 187,000 $ 15,100
7.7 - Warning Signs for Queues and Stopped Traffic

7.71A Al Rear End Install Changeable Queue Warning Signs E:f:i::"ﬂ':;‘”ia' Gieewaviand Rear-End Non-Fatal Injury Crashes  Use 7.7.1A and 7.7.1B together A 16 10 $ 500 $ 100 Rear End $ 4018000 $ 186,000 $ 15,100
7.7.1B Al Rear End Install Changeable Queue Warning Signs ;:f:i::"ﬂ':;‘"ia' Gieewaviand Rear-End PDO Crashes Use 7.7.1A and 7.7.1B together B 16 10 $ 500 $ 100 Rear End $ 4018000 $ 186,000 $ 15,100
Vel All Rear End Install "Watch for Slow or Stopped Traffic" Signs All Total Crashes 15 Subjective 20 1.66% of initial cost ~ $ = Total $ 4,129,000 $ 187,000 $ 15,100
773 Intersection Rear End G:‘s‘:;:::Iz:‘;el'l‘:;:s‘:c::;"ws;f;;:‘t g:’s‘:::z‘: fsfsues All Total Crashes 32 Subjective 10 $ 500 § 100 Total $ 4129000 $ 187,000 § 15,100
7.81 Section Truck Install / Upgrade Truck Warning Signs Al Truck Crashes 30 Interim 20 1.66% of initial cost  $ - Truck $ 5,324,000 $§ 180,000 - $ 15,100
7.8.2 Section Truck Install Truck Regulatory / Restriction Signs All Truck Crashes 15 Interim 20 1.66% of initial cost ~ $ = Truck $ 5324000 $ 180,000 $ 15,100

7.9 - Motorcycle Signing

andatory Motorcycle Pull Off Area with Roadway
formational Signing

7.10 - Dynamic Message Signs

:otal Crashes 5 Subjective 10 $ 500 - $ 100 Total $ 4,129,000 $ 187,000  $ 15,100

729kl S

o

otorcycle Crashes 20 Subjective 20 1.66% of initial cost Total $ 4,129,000: $ 187,000 : $ 15,100

7.10.1 Section All stall Dynamic Message Signs All
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7 - Signing, Delineation

& lllumination

7.11 - Official Use Crossover Signing and Delineation

71141 Section

[ZA1E2 Section

7.12 - Guide and Lane Use Signs

Public Use Ci

A d Ad

Public Use Ci

d Flasher at Official Use Crossover

Posts at Official Use Crossover.

Freeway

Freeway

Public Use Crossover Crashes

Public Use Crossover Crashes

Subjective

Subjective

10

500

100

Frontal Impact

Frontal Impact

$ 4,216,000

$ 4,216,000

$

$

213,000

213,000

$

15,100

15,100

71241 All All Install Guide Signs (General) Not Specified Total Crashes 15 Interim 20 1.66% of initial cost ~ $ = Total $ 4,129,000  $ 187,000 - $ 15,100
712.2A All Rear End / Sideswipe Install Overhead Lane Use Signs Not Specified Rear-end Crashes Use 7.12.2A and 7.12.2B together 10 Interim 20 1.66% of initial cost - $ = Rear End $ 4,018,000 $ 186,000 $ 15,100
712.2B All Rear End / Sideswipe Install Overhead Lane Use Signs Not Specified Sideswipe Crashes Use 7.12.2A and 7.12.2B together 20 Interim 20 1.66% of initial cost ~ $ - LaneDeparture = $ 4,126,000 $ 165,000  $ 15,100
7.13 - Long Life Markings
Install 4" Long Life Markings for Centerlines and Intersection crashes were excluded from the data. Both centerlines and edgelines were
7131 Section Lane Departure Edgelines 9 9 2-Lane Roads Lane Depature Crashes marked with new 4" lines (prior condition was old 4" lines). May be used for edgeline only 13 Interim 5 $ - % - LaneDeparture - $ 4,126,000 $ 165,000  $ 15,100
9 i ion until a CRF for that application becomes available.
; " . . . Intersection crashes were excluded from the data. Both centerlines and edgelines were
7.13.2 Section Lane Departure :t:llli:esLong Mo W Bl e Gl s e 2-Lane Roads Lane Depature Crashes marked with new 6" lines (prior condition was old 4" lines). May be used for edgeline only 18 Interim 5 $ -3 - LaneDeparture - $ 4,126,000 $ 165,000 $ 15,100
9 installation until a CRF for that application becomes available.
7.14 - Curve Warning Pavement Markings
7141 Section Lane Departure Install In-Lane Curve Warning Pavement Markings All Total Crashes Exclude intersection and animal crashes 38 5 Long Life, 1 Paint $ -8 = Total $ 4,129,000: $ 187,000 : $ 15,100
7.15 - Stop Ahead Pavement Markings
. Frontal Impact / Run Ii | Stop Ahead P; Markings for All Way . A . - . . _ ~
7.15.1 Thru Stop Controlled Intersection Rural Injury Crashes Injury includes fatality and injury crashes 42 5 Long Life, 1 Paint $ $ Total $ 4,129,000: $§ 187,000 : $ 15,100
" Frontal Impact / Run Ii di Stop Ahead P; Markings for Minor . P . - ) . _ _
7.15.2 Intersection Thru Road Stop Controlled Intersection Rural Injury Crashes Injury includes fatality and injury crashes 8 5 Long Life, 1 Paint $ $ Total $ 4,129,000 $ 187,000 $ 15,100
7.16 - Improve Stop Sign Visibility
N Frontal Impact / Run Replace Standard Stop Sign with Flashing LED Stop - Include All Angle Crashes in Intersection: May include Angle, LTDR and RTDR Crash
7.16.1 Intersection Thru Sign Not Specified Angle Crashes e (T 617 o ST eSS Gy 02 ) o T s s, 41 10 $ 500 $ 100  Frontal Impact = $ 4,216,000 $ 213,000 $ 15,100
. Frontal Impact / Run q - Include All Angle Crashes in Intersection: May include Angle, LTDR and RTDR Crash
7.16.2 Intersection Thru Install Flasher on Stop Sign Not Specified Angle Crashes Types. Run off road — straight crashes may be included for T intersections. 58 10 $ 500 $ 100 Frontal Impact ~ $§ 4,216,000 $ 213,000 $ 15,100
7.16.3 Intersection ;L‘::‘a' Impact/Run ¢ rsize Stop Signs Not Specified Total Crashes 19 Interim 20 1.66% of initial cost  $ - Total $ 4120000 § 187,000 § 15100
q Frontal Impact / Run . S Include All Angle Crashes in Intersection: May include Angle, LTDR and RTDR Crash O (IR _
7.16.4 Intersection Thru Double Indicate Stop Sign - Shoulder Mounted Urban Angle Crashes Types. Run off road — straight crashes may be included for T intersections. 36 20 1.66% of initial cost - $ Frontal Impact - $ 4,216,000 $ 213,000 $ 15,100
N Frontal Impact / Run " " . " . . . . N
7.16.5 Intersection Double Indicate Stop Sign using Splitter Island Rural Frontal Impact Crashes Run off road — straight crashes may be included for T intersections. 47 Interim 20 $ 800 : $ - Frontal Impact - $§ 4,216,000 $ 213,000 : $ 15,100

Thru

7.17 - Convert from Minor Road Stop Control to All Way Stop Control

7171 Intersection Frontal Impact
7.17.2 Intersection Frontal Impact
7173 Intersection Frontal Impact

7.18 - Actuated "Vehicle Entering When Flashing" Signs and Flashers

7.181 Intersection

7.18.2 Intersection

Frontal Impact

Frontal Impact

Actuated Vehicle Entering When

Actuated Vehicle Entering When

Convert from Minor Road Stop Control to All Way Stop
Control Without Overhead Flashers

Convert from Minor Road Stop Control to All Way Stop
Control With Existing Overhead Flashers

Convert from Minor Road Stop Control to All Way Stop
Control With New Overhead Flashers Installed

Flashing

Flashing

All

All

2-Lane at 2-Lane Intersections

4-Lane at 2-Lane Intersections

Injury Crashes

Injury Crashes

Injury Crashes

Total Crashes

Total Crashes

Injury includes fatality and injury crashes

Injury includes fatality and injury crashes. AWS with advance shoulder mounted flashers
may apply this CRF.

Injury includes fatality and injury crashes. AWS with advance shoulder mounted flashers
may apply this CRF.

Applies ONLY to locations with sight distance constraints or skewed intersections. Includes
all signing scenarios. Does not apply to enhancing an existing VEWF system.

Includes all potential countermeasure scenarios

72

87

87

20

20

1.66% of initial cost

1.66% of initial cost

300

500

500

3

260

125

125

Total

Total

Total

Total

Total

$ 4,129,000
$ 4,129,000
$ 4,129,000

$ 4,129,000

$ 4,129,000

$

$

$

$

$

187,000

187,000

187,000

187,000

187,000

$

$

$

$

$

15,100

15,100

15,100

15,100

15,100
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a more
statistically reliable CRF becomes available.

7 - Signing, Delineation & lllumination

7.19 - Roadway Lighting

7.19.1A Intersection Night Provide ion Lighting (N ) All Nighttime Fatal Crashes Use 7.19.1A, 7.19.1B and 7.19.1C together 77 10 $ -8 2,400 Total $ 4,129,000: $ 187,000 : $ 15,100
7.19.1B Intersection Night Provide ion Lighting (N ) All Nighttime Non-Fatal Injury Crashes Injury includes Class A, B, and C crashes. Use 7.19.1A, 7.19.1B and 7.19.1C together. 38 10 $ -8 2,400 Total $ 4,129,000: $ 187,000 : $ 15,100
7.19.1C Intersection Night Provide ion Lighting (N ) All Nighttime PDO Crashes Use 7.19.1A, 7.19.1B and 7.19.1C together 31 10 $ -8 2,400 Total $ 4,129,000  $ 187,000 $ 15,100
7.19.2A Intersection Night Provide ion Lighting (| t) All Nighttime Fatal Crashes Use 7.19.2A, 7.19.2B and 7.19.2C together 77 10 $ -8 3,600 Total $ 4,129,000 $ 187,000 $ 15,100
7.19.2B Intersection Night Provide ion Lighting (| t) All Nighttime Non-Fatal Injury Crashes Injury includes Class A, B, and C crashes. Use 7.19.2A, 7.19.2B and 7.19.2C together. 38 10 $ -8 3,600 Total $ 4,129,000 $ 187,000 - $ 15,100
7.19.2C Intersection Night Provide ion Lighting (| t) All Nighttime PDO Crashes Use 7.19.2A, 7.19.2B and 7.19.2C together 31 10 $ -8 3,600 Total $ 4,129,000 $ 187,000 $ 15,100
7.19.3A Section Night Lighting of Roadway Segments All Nighttime Fatal Crashes Use 7.19.3A, 7.19.3B and 7.19.3C together 69 10 $ -8 2,100 Total $ 4,129,000  $ 187,000 $ 15,100
7.19.3B Section Night Lighting of Roadway Segments All Nighttime Non-Fatal Injury Crashes Injury includes Class A, B, and C crashes. Use 7.19.3A, 7.19.3B and 7.19.3C together. 28 10 $ -8 2,100 Total $ 4,129,000  $ 187,000  $ 15,100
7.19.3C Section Night Lighting of Roadway Segments All Nighttime PDO Crashes Use 7.19.3A, 7.19.3B and 7.19.3C together 17 10 $ -:$ 2,100 Total $ 4,129,000: $ 187,000 : $ 15,100
7.20 - Wrong Way Driving Countermeasures

7.201 All Wrong Way Driving :::‘:":ye glf:oRnang:ay Driving Signing/Marking on Freeway Wrong Way Driving Crashes ':g;lii:j Ig g\zy:; garr:%h;f::rs']hpetse.rnhﬂ:iIi-nclude S, e, G @ ComliiE e et 30 Interim 20 1.66% of initial cost ~ $ = Total $ 4,129,000: $ 187,000 : $ 15,100




8 — Pedestrian & Bicycle
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a more
statistically reliable CRF becomes available.

8 - Pedestrian & Bicycle

8.1 - Pedestrian Structure

8.1.1 Section Pedestrian Pedestrian Structure Urban Pedestrian Crashes Include Crashes within 656' (0.124 miles) on either side of structure 85 50 $ 2,000 : $ - Pedestrian : $§ 5,595,000 $ 148,000 : $ 15,100
8.2 - Crosswalks
8.21 All Pedestrian Install Crosswalk Not Specified Pedestrian Crashes 25 Interim 5 Long Life, 1 Paint $ - $ - Pedestrian :$ 5,595000: $ 148,000 : $ 15,100
8.2.2 Intersection Pedestrian Install High Visibilty Crosswalk Il:t:::;;iions" d & Unsignalized P ian Crash 40 5 Long Life, 1 Paint $ -9 - Pedestrian - $ 5,595,000 $ 148,000 $ 15,100
8.2.3 All Pedestrian Install Crosswalk with Multiple Improvements All Pedestrian Crashes g;ﬁiggfn‘;";:ga:tgg:)nal improvements installed with crosswalk (i.e. lighting, 50 Subjective 5 Long Life, 1 Paint $ -8 - Pedestrian $ 5595000 $ 148,000 $ 15,100
8.2.4 All Pedestrian Install Raised Crosswalk All Pedestrian Injury Crashes Injury includes fatality and injury crashes 46 NEW 20 $ - $ - Pedestrian = $§ 5595000 $ 148,000 $ 15,100
8.3 - Median / Crossing Treatments for Bicycles and Pedestrians
8.3.1 All Pedestrian :::i: ngir?sixael‘I’(ia" URedinsiiosll=landivithiovitiont :era_n an_d sJu.b Wi, I_didlg?ck a_ln:i Pedestrian Crashes Include crashes within 350" of crossing. Applicable to 2-7 lane crossings 31 20 $ 800 : $ - Pedestrian : $§ 5,595,000 $ 148,000 : $ 15,100
8.3.2 Al icycle / Pedestrian :;":d‘:gt""i'::la“ enciSics=loliteatnsnt=liogbicvciestand Urban Bicycle and Pedestrian Fatal Crashes E:L:&?:::ST?::S n;dai Tnfc?fﬂiaf'e':;ﬁ:‘"rﬁ?.ﬁ 'S?S'net?é";?ﬂtﬁif?nﬁﬂﬁ ft(:;atments 86 NEW 20 $ 800 $ - Pedestian $ 5595000 $ 148,000 $ 15,100
H specifically aimed at enhancing bicyclist and pedestrian safety.
8.4 - Barnes Dance (Pedestrian Scramble)
8.4.1 Intersection Pedestrian Implement Barnes Dance (Pedestrian Scramble) Urban Signalized Intersections Pedestrian Crashes 51 10 $ -8 - Pedestrian - § 5,595,000 $ 148,000 $ 15,100
8.5 - Countdown Pedestrian Signals
8.5.1 Intersection Pedestrian Reblace Standard Pedestrian Heads with Countdown Urban Pedestrian Crashes Include crashes within 200" of intersection. 9 10 $ 200 § - Pedestrian § 5595000 § 148,000 § 15100
852 Intersection Pedestrian :1::12 ';i‘i’;s"ia“ EEIRERT RECB WIEO WD EEESHED  Syapy Pedestrian Injury Crashes Injury includes fatality and injury crashes 25 Subjective 10 $ 200 $ - Pedestian $ 5595000 $ 148,000 $ 15,100
8.6 - Pedestrian Hybrid Beacon (HAWK)
Pedestrian Pedestrian Hybrid Beacon (HAWK) Urba" a".d SUburba" '."dblod( a.m:‘ Pedestrian Crashes Include crashes within 350" of crossing. Applicable to 2-7 lane crossings Pedestrian : $ 5,595,000 148,000 15,100

Section icycle Install Bicycle Lane Urban, 2 Lane Roadways Blcycllst Crashes 5 Long Life, 1 Paint = = Bicycle $ 4,061,000 143,000 15,100
8.7.2 Section icycle Install Bicycle Lane Urban, 4 Lane Roadways Bicyclist Crashes 42 5 Long Life, 1 Paint $ -8 = Bicycle $ 4,061,000 $ 143,000 $ 15,100
8.7.3 S Install Buffered Bicycle Lane Urban, 2 Lane Roadways Bicyclist Crashes 58 5 Long Life, 1 Paint $ -8 - Bicycle $ 4,061,000: $ 143,000 $ 15,100
8.74 Section Install Buffered Bicycle Lane Urban, 4 Lane Roadways Bicyclist Crashes 63 5 Long Life, 1 Paint $ -8 - Bicycle $ 4,061,000 $ 143,000 $ 15,100
8.7.5 Section Install Separated Bicycle Lane Urban, 2 Lane Roadways Bicyclist Crashes 47 5 Long Life, 1 Paint $ -8 - Bicycle $ 4,061,000 $ 143,000 $ 15,100

Section Install Separated Bicycle Lane Urban, 4 Lane Roadways Bicyclist Crashes 5 Long Life, 1 Paint = = Bicycle $ 4,061,000 143,000 15,100

Section Pedestrian Install Sidewalks Not Specified Pedestrian Crashes Applies to peds that are walking along roadway (not crossing) Interim - - Pedestrian : $§ 5,595,000 148,000 15,100
8.9 - Actuated Overhead Flasher for a Pedestrian Location

Pedestrian Actuated Overhead Flasher for a Pedestrian Location Pedestrian Crashes Subjective Pedestrian = $ 5,595,000 148,000 15,100

8.10.1 Intersection Pedestrian Implement Leading Pedestrian Interval (LPI) Urban Pedestrian Crashes g:;c':;:e Erezsiings feeeii LRtk (ehid el (Reslslitn Clesies giiie - - Pedestrian : $§ 5,595,000 148,000 15,100
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be found. Both Subjective and Interim CRFs may be used until a more
statistically reliable CRF becomes available.

8 - Pedestrian & Bicycle

8.11 - Prohibit Right Turns on Red

8.11.1 Intersection Pedestrian Prohibit Right Turns on Red All Pedestrian Injury Crashes Injury includes fatality and injury crashes 25 Subjective 10 $ - $ - Pedestrian : $§ 5,595,000 $ 148,000 : $ 15,100

8.12 - Rectangular Rapid Flash Beacon (RRFB)

Urban and Suburban, Midblock and
Unsi i ion Cr

8.12.1 All Pedestrian Install Rectangular Rapid Flash Beacon (RRFB) Pedestrian Crashes Include crashes within 350" of crossing. Applicable to 2-7 lane crossings 47 10 $ -3 Pedestrian - $ 5,595,000  $ 148,000 : $ 15,100

8.13 - Signal Timing Improvements for Bicycles and Pedestrians

Pedestrian

$

$ 5,595,000 148,000 15,100

Intersection icycle / Pedestrian Signal Timing Improvements for Bicycles and Pedestrians 4-leg signalized intersections Bicycle and Pedestrian Crashes

8.14 - Curb Extension

8.14.1 Curb Extension / Bulb-Out Pedestrian Crashes Can be applied to intersection or midblock locations 30 Subjective 20 $ 800 : $ - Pedestrian - $§ 5,595,000 $ 148,000  $ 15,100
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be
found. Both Subjective and Interim CRFs may be used until a more statistically reliable CRF becomes available.

9 - Railroad Crossing

9.1 - Grade Separation at Railroad Crossing

9.2 - Add Lights and Bells at Railroad Crossing

9.3 - Add Lights, Bells, and Gates at Railroad Crossin

Railroad Crossing

Railroad Crossing

Railroad Crossing

9.4 - Add Vehicle Detection at Railroad Crossing

9.5 - Switch Legs of Sto

Railroad Crossing

Railroad Crossing

Railroad Crossing

Railroad Crossing

Railroad Crossing

p Sign Control at Railroad Crossing

Railroad Crossing

9.6 - Relocate Railroad Equipment on Shoulder

9.7 - Median Barriers at

9.8 - Four Quadrant Gat

Railroad Crossing

Railroad Crossing

Railroad Crossing

es at Railroad Crossing

Railroad Crossing

Railroad Crossing

Railroad Crossing

Railroad Crossing

Railroad Crossing

9.9 - Four Quadrant Gates and Median Barriers at Railroad Crossing

©

O8]

9.10 - Close an Existing

9.10.1

9.11 - Improve Vertical Alignment to Remove Sag Hump at Railroad Crossing

9.11.1

Railroad Crossing

At-Grade Railroad Crossing

Railroad Crossing

Railroad Crossing

Railroad Crossing

Railroad Crossing

Railroad Crossing

9.12 - Improve Approach Sight Distance for Active Railroad Crossings

Grade Separation at Railroad Crossing

Add Lights and Bells at Railroad Crossing

Add Lights, Bells, and Gates at Railroad Crossing

Add Vehicle Detection at Railroad Crossing

Switch Legs of Stop Sign Control at Railroad Crossing

Relocate Railroad Equipment on Shoulder

Median Barriers at Railroad Crossing

Four Quadrant Gates at Railroad Crossing

Four Quadrant Gates and Median Barriers at Railroad Crossing

Close an Existing At-Grade Railroad Crossing

Improve Vertical Alignment to Remove Sag Hump at Railroad Crossing

All

All

Total Crashes

Total Crashes

Total Crashes

Train/Vehicle and Vehicle/Gate Crashes

Total Crashes

Total Crashes

Total Crashes

Total Crashes

Total Crashes

Total Crashes

Vehicle Hang-Up Crashes

100

Subjective

Interim

Subjective

Subjective

Subjective

Subjective

Subjective

Subjective

Subjective

Subjective

1,214

1,830

3,030

1,830

1,830

Train

Train

Train

Train

Train

Train

Train

Train

Train

Train

Train

$

$

$

6,692,000

6,692,000

6,692,000

6,692,000

6,692,000

6,692,000

6,692,000

6,692,000

6,692,000

6,692,000

6,692,000

$

$

$

112,000

112,000

112,000

112,000

112,000

112,000

112,000

112,000

112,000

112,000

112,000

$

$

$

12,400

12,400

12,400

12,400

12,400

12,400

12,400

12,400

12,400

12,400

12,400

9.12.1

Railroad Crossing

Railroad Crossing

Improve Approach Sight Distance for Active Railroad Crossings

All

Total Crashes

Subjective

10

Train

$

6,692,000

$

112,000

$

12,400
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Note: Approval must be obtained from the CRF Committee if CRFs are identified from sources other than this sheet. Subjective CRFs are determined when no data is available and the committee has agreed upon a subjective value. Interim CRFs are determined when limited data is available but a robust study has not been performed or the study from past research summaries could not be
found. Both Subjective and Interim CRFs may be used until a more statistically reliable CRF becomes available.

9 - Railroad Crossing

9.13 - Improve Approach Sight Distance for Passive Railroad Crossings

9.13.1 Railroad Crossing

9.14 - Widen Pavement at Railroad Crossing to Provide Shoulders and/or Walkway

Railroad Crossing

Improve Approach Sight Distance for Passive Railroad Crossings

All

Total Crashes

25

Subjective

10

Train

6,692,000

112,000

12,400

9.14.1 Railroad Crossing

9.15 - Improve Crossing Surface Traversability at Rail

Railroad Crossing

road Crossing

Widen Pavement at Railroad Crossing to Provide Shoulders and/or
Walkway

All

Total Crashes

Subjective

20

-$500 per mile

Train

6,692,000

112,000

12,400

9.15.1 Railroad Crossing

Railroad Crossing

9.16 - Install New Traffic Signal with Railroad Preemption

Improve Crossing Surface Traversability at Railroad Crossing

All

Total Crashes

24

Subjective

10

Train

6,692,000

112,000

12,400

9.16.1 Railroad Crossing

Railroad Crossing

9.17 - Install Railroad Preemption at Existing Traffic Signal

Install New Traffic Signal with Railroad Preemption

All

Total Crashes

22

Subjective

10

3,426

475

Train

6,692,000

112,000

12,400

9.17.1 Railroad Crossing

9.18 - Install Train Actuated "Second Train Approachi

Railroad Crossing

ng" Sign

Install Railroad Preemption at Existing Traffic Signal

All

Total Crashes

15

Subjective

10

726

100

Train

6,692,000

112,000

12,400

9.18.1 Railroad Crossing

Railroad Crossing

9.19 - Install Gates at Railroad Crossings with Flashing Lights and Bell

Install Train Actuated "Second Train Approaching™ Sign

All

Total Crashes

Subjective

10

500

100

Train

6,692,000

112,000

12,400

9.19.1 Railroad Crossing

9.20 - Install Overhead Cantilever with Flashing Lights at RxR Crosssing with Existi

Railroad Crossing

Install Gates at Railroad Crossings with Flashing Lights and Bell

ng Lights & Gates

All

Total Crashes

45

25

616

Train

6,692,000

112,000

12,400

9.20.1 Railroad Crossing

9.21 - Replace Tubular Markers with Concrete Median

Railroad Crossing

s at Railroad Crossing

Install Overhead Cantilever with Flashing Lights at RxR Crosssing with
Existing Lights & Gates

All

Train/Vehicle Crashes

42

Subjective

25

Train

6,692,000

112,000

12,400

9.21.1 Railroad Crossing

Railroad Crossing

Replace Tubular Markers with Concrete Medians at Railroad Crossing

Total Crashes

None

Subjective

na

na

na

na

na

na

na
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be used until a more statistically reliable CRF becomes available.

10 - Work Zones

10.1 - Work Zone with No Lane Closure

10.1.1 Section

10.1.2 Section

10.2 - Work Zone with Lane Closure

Work Zone

Work Zone

Work Zone with No Lane Closure (Daytime)

Work Zone with No Lane Closure (Nighttime)

Freeways and Expressways

ys and Expr y

Daytime Crashes

Nighttime Crashes

Before condition is no work zone. Daytime work zone
with no lane closure (workers present).

Before condition is no work zone. Nighttime (7p-6a)
work zone with no lane closure (workers present).

n/a

n/a

Total

Total

$ 4,129,000

$ 4,129,000

$

$

187,000

187,000

$

$

15,100

15,100

Before condition is no work zone. Daytime work zone

10.2.1 Section Work Zone Work Zone with One or More Lane Closed (Daytime) Freeways and Expressways Daytime Crashes with one or more lanes closed (workers present) -66 n/a Total $ 4,129,000 $ 187,000 $ 15,100
Before condition is no work zone. Nighttime (7p-6a)
10.2.2 Section Work Zone Work Zone with One or More Lane Closed (Nighttime) Fi ys and Expr y Nighttime Crashes work zone with one or more lanes closed (workers -61 n/a Total $ 4,129,000 $ 187,000 $ 15,100
present)
10.3 - Increase Length or Duration of Work Zone
Base condition: WZ with duration of 16 days.
10.3.1 Section Work Zone Increase Duration of Work Zone Freeway Total Crashes Applicable to WZ with duration of 16 - 714 days and CRF = -1.11 * %lIncrease in Duration n/a Total $ 4,129,000 $ 187,000 $ 15,100
AADT of 4,000 - 237,000.
Base condition: WZ with length of 0.51 mi. Applicable
10.3.2 Section Work Zone Increase Length of Work Zone Freeway Total Crashes to WZ with length of 0.5-12.2 mi and AADT of 4,000- CRF = -0.67 * %Increase in Length n/a Total $ 4,129,000 $ 187,000 : $ 15,100
237,000.
10.4 - Speed Management Strategies in Work Zones
10.4.1 Section Work Zone Use Automated Speed Enforcement in Work Zone All Injury Crashes Injury includes fatality and injury crashes. 17 n/a Total $ 4,129,000 0 $ 187,000 : $ 15,100
10.4.2 Section Work Zone Install Variable Speed Limit System in Work Zone Urban Interstate Total Crashes g;';;:‘og: =] 0 G 2 (DTl 8 n/a Total $ 4129000 $ 187,000 $ 15100
10.5 - Queue Warning Systems in Work Zones
) (o ettt e G SIS End-of-queue warning system consisting of radar
10.5.1 Section Work Zone Use Queue Warning Systems in Work Zones — a Nighttime Crashes speed sensors linked to portable changeable message 28 n/a Total $ 4,129,000 $ 187,000 : $ 15,100
P! signs. AADT range of 55,000-110,000.
End-of-queue warning system consisting of radar
10.5.2 Section Work Zone Use Queue Warning Systems in Work Zones Rural when q are p t Nighttime Crashes speed sensors linked to portable changeable message 53 n/a Total $ 4,129,000 $ 187,000 $ 15,100
signs. AADT range of 55,000-110,000.
10.6 - Change Shoulder Width in Work Zone
10.6.1 Section Work Zone Increase Inside Shoulder Width by 1 Ft in Work Zone Urban Interstate Total Crashes 3 n/a Total $ 4,129,000 $ 187,000 $ 15,100
10.6.2 Section Work Zone Increase Outside Shoulder Width by 1 Ft in Work Zone Urban Interstate Total Crashes 5 n/a Total $ 4,129,000 $ 187,000 $ 15,100

10.7 - Change Horizontal Curve Radius in Work Zones

10.7.1 Section

Work Zone

Change in Horizontal Curvature from X to Y Degrees

Rural 4-Lane Highways

Injury Crashes

The base condition is roadways with a maximum
speed limit of 556 mph. Injury includes fatality and

injury crashes.

CRF=100%*(1-e”(0.0831%(Y-X)))

n/a

Total

$ 4,129,000

$

187,000

$

15,100



