THE EISENHOWER LEGACY

TRANSPORTATION PROGRAM

CMF Training

Standardizing Safety
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The Why

To provide an estimate of the effectiveness of crash
countermeasures used or considered for use by KDOT

To create consistency in safety analyses and crash reduction
estimates across KDOT, local agencies, and consultants
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Module Breakdown

Module 1: CMF 101

Module 2: CMF List Development and Use

Module 3: Limitations of the CMF Lists and CMFs

Module 4: Selecting and Applying CMF

Module 5: Crash Modification Functions and Spreadsheet Tools
Module 6: Using CMFs for Countermeasure Alternative Comparisons
Module 7: Combining CMFs
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THE EISENHOWER LEGACY
TRANSPORTATION PROGRAM

Module 1:
CMF 101

Source: https://biowastecenter.com/asphalt/



What is a CMF?

Crash Modification Factor (or Function)
describes the percent of existing crashes that are
expected to remain after a specific safety
treatment or change to the roadway

environment.

®* (CMFs< 1.0 = crash reduction
e CMFs > 1.0 =crash increase

CMFs are developed through research comparing
locations with and without the selected treatment

or locations before and after the selected
treatment is implemented.
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How are CMFs used?

Crash prediction:

CMFs can be used as modifiers in safety performance
functions to estimate the expected number of crashes at
a specific location with specific characteristics.

Comparison of safety treatment alternatives:

CMFs can be used in cost-benefit analyses to estimate
which treatments will provide the greatest crash
reduction per dollar of investment.
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Common Terminology

Crash Reduction Factor (or Function) - describes the percent
reduction in crashes expected as a result of a specific safety
treatment or change to the roadway environment. This is the inverse
of a CMF.

Safety Performance Function (SPF) — a statistical equation used to

estimate the expected number of crashes at a roadway facility based

on its traffic volume and physical characteristics.
Benefit Cost Analysis — a structured way to compare
countermeasures by comparing total benefits to total costs in dollar

terms
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Common Terminology

Crash Types — The manner of collision or non-collision resulting in a
crash.

N\ 74l

 Examples: angle crash, run off the road, single vehicle, head-on,

pedestrian, bicycle
KABCO Scale — Injury severity rating scale

Crash severities

. K — Fatal

e A-Disabled (Incapacitating)

c B — Injury, Non-incapacitating

. C — Possible Injury

. O — Not injured / Property Damage Only

State Selected CMF Lists— an official list of CMF values published by

a state DOT

M Tz
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Where do you find CMFs?

€M E CRASHMODIFICATION FACTORS CLEARINGHOUSE

ABOUT THE CLEARINGHOUSE ~ USINGCMFs = DEVELOPING CMFs  ADDITIONAL RESOURCES

CMEF Clearinghouse
Highway Safety Manual

The Crash Modification Factors Clearinghouse provides a searchable database of CMFs

F H WA along with guidance and resources on using CMFs in road safety practice.
ENTER SEARCH TERMS.. Countermeasure Name
o P ro Ve n S a fe tV CO u nt e r m e a S u re S FREQUENTSEARCHES: ROUNDABOUT | SIGNAL | PEDESTRIAN | COMPLETESTREETS | TSMO | BROWSEALL

e Safe Transportation for Every Pedestrian

(STEP)
NCHRP Research Reports

K-TRAN — Kansas Transportation Research
and New Developments
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https://cmfclearinghouse.fhwa.dot.gov/
https://cmfclearinghouse.fhwa.dot.gov/
https://cmfclearinghouse.fhwa.dot.gov/
https://cmfclearinghouse.fhwa.dot.gov/
https://highways.dot.gov/safety/proven-safety-countermeasures
https://highways.dot.gov/safety/proven-safety-countermeasures
https://highways.dot.gov/safety/pedestrian-bicyclist/step/resources
https://highways.dot.gov/safety/pedestrian-bicyclist/step/resources
https://highways.dot.gov/safety/pedestrian-bicyclist/step/resources
https://nap.nationalacademies.org/trb/144/national-cooperative-highway-research-program-research-report
https://nap.nationalacademies.org/trb/144/national-cooperative-highway-research-program-research-report
https://kdotapp.ksdot.gov/KdotLib/Kdotlib2.aspx
https://kdotapp.ksdot.gov/KdotLib/Kdotlib2.aspx
https://kdotapp.ksdot.gov/KdotLib/Kdotlib2.aspx
https://kdotapp.ksdot.gov/KdotLib/Kdotlib2.aspx

Benefits of having a State-Approved CMF List

Consistency among users

Easier to compare crash
benefit/cost of alternatives

Selected CMFs are the best
fit for the state
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TRANSPORTATION PROGRAM

Module 2
CMF List Development & Use




CMF Lists

Curated set of countermeasures with
their CMFs

CMFs on the list evaluated for

* Quality and reliability

e Relevance

* Consistency

* Applicability
Benefits of a CMF list:
e Efficiency

* Consistency

Photo Source: FHWA !
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CMF Evaluation Matrix

Evaluation criteria
e Reliability
* Applicable
e Kansas-grounded
* Age of research
* Broadly adopted
e Granularity

Module 2, Slide 3



Two Lists: Planning and Project

Application Use
Statewide X

Regionwide X

Planning Level X

Site Specific

Breakdowns Available
Crash Severities X X
Area Type X X
Facility Type X X
Crash Type General Advanced
Equations X

Spreadsheet Tools X

Module 2, Slide 4



Example

Convert from minor-road stop-controlled intersection to all-way stop
controlled. MUTCD warrants are met.

o5

Existing Proposd

Module 2, Slide 5



Example

Level 1 (Planning)

 Urban

* All Crash Types, Fatal and Injury:
0.3

 Rural

e All Crash Types, All Crash
Severities: 0.52

Level 2 (Project)

* Urban
* All Crash Types, Fatal and Injury: 0.3
* Right Angle Crashes, All Crash Severities:

0.25
* Rear End Crashes, All Crash Severities:
0.82
* Pedestrian Crashes, All Crash Severities:
0.57
e Rural

e All Crash Types, All Crash Severities: 0.52
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Countermeasure Categories

Roadway / Structure
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Level 1 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

CMF

All

Fatal & Injury

CMF Identifier

Source

Lighting

Anincrease in the mean of horizontal all

illuminance, indicating an improvement in

Two-Lane

Undivided Al

0.8

r-1e-01.01-aa

average lighting level. (See intersection All

section for intersection lighting)

Interchange Lighting

Four-Lane

Undivided Al

0.52

r-1e-01.02-aa

All

Four-Lane Divided All

(AT

eAa v A3 A

H5M & K5U-14-3

Provide lighting where none ex

Level 1 - Intersection Crash Modification Factors

Full lineal to no or partial linear lig

Countermeasure

Definition

Area Types

Facility Types

Crash Types

All

Fatal & Injury

CMF Identifier

Source

Full to partial interchange light

Signal Detection for
Dilernma Fone

Install advanced vehicle detection at
signalized intersections.

Rural

Signalized

All

061

i-3a-1.01-aa

FHWA H5IP HRRR

Partial Plus to partial interchange |

Install a Traffic Signal

Convert from stop-controlled intersection
to signal controlled intersection

Urban

Unsignalized

All

0.95

i-3a-2.01-aa

Rural

Unslgnalized

All

0.56

i-3a-2.04-aa

HSM Table 14-7

High Friction Surface
Treatment — Curves &
Ramps

High Friction Surface Treatment (
requires the application of a high-t

Reflectorized Signal
Backplates

Add 3-inch yellow retro-reflective sheeting
and signal backplates

Urban

Signalized
Intersection

All

0.85

i-3a-3.01-aa

FHWA Proven Safety
Countermeasures

aggregate using a polymer binder to
or increase the friction of the pave

Restrict Parking

Restrict on-street parking.

Convert to All-Way
Stop Control

Canvert from minor-road stop-controlled
intersection to all-way stop controlled.
PUTCD warrants are met.

Urban

Intersections

All

i-3c-1.04-as

|-3e-1.05-aa

HSM Table 14-5

Transverse Rumble
Strips

Placed in the lane, transverse rumble strips
are used to alert drivers to the need to
slow down, stop, or other change. This

CMF applies to stop-controlled
intersection approaches on rural, twao-lane
highways.

Twao-Lane
Undivided

i-3d-1.01-aa

CMF #9045

I-3d-1.01-as

CMF #9046

Intersection Lighting

An increase in the mean of horizontal
llluminance, indicating an improverment in
average lighting level, tends to decrease
nighttime crash risk.

all

Intersection

Nighttime

i-3e-1.01-ca

CMF #5421

Rural

Two Lane 3 Leg
STOP Control

All

i-3e-1.02-aa

Rural

Two Lane 4 Leg
Stop Control

All

i-3e-1.03-aa

Rural

Twa Lane Rural
Signal

All

i-3e-1.04-az

Urban/Suburban

Three & Four Leg
Stop and Signal
Cantrol

All

i-3e-1.05-aa

Reduced Skew of
Channelized Right
Turn Lane

Reducing the radius of the right turn lane
to improve the line-of-sight drivers making
a right turn have on the oncoming traffic
they are merging into

Intersections

i-3g-2.01-aa

CMF #8428

-3g-2.01-as

CMF #8429

Install Left Turn Lane

Installing a traffic lane solely dedicated to
wehicles making the left turn movement,

Suburban &
Urban

Signalized

i-3h-1.01-aa

i-3h-1.01-as

CMF #2000

Two Way Stop
Controlled

i-3h-1.02-aa

Module 2, Slide 8




Level 1 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types Facility Types

Crash Types

CMF

All

Fatal & Injury

CMF Identifier

Source

Lighting

Anincrease in the mean of horizontal all
illuminance, indicating an improvement in
average lighting level. (See intersection All

section for intersection lighting)

Two-Lane
Undivided

All

0.8

r-1e-01.01-aa

Four-Lane

All

0.52

r-1e-01.02-aa

Undivided

H5M & K5U-14-3

Interchange Lighting

Level 1 - Intersection Crash Modification Factors

Provide
Countermeasure

Definition

Area Types Facility Types

Crash Types

All

Fatal & Injury

CMF Identifier

Source

Full lineal t [ signal Detection far

Dilernma Zone

Install advanced vehicle detection at
signalized intersections.

Rural Signalized

All

0.61

i-3a-1.01-aa

FHWA H5IP HRRR

Full to
A Install a Traffic Signal

Convert from stop-controlled intersection
to signal controlled intersection

Urban Unsignalized

All

0.95

i-3a-2.01-aa

Rural Unsignalized

All

0.56

i-3a-2.04-aa

H5M Table 14-7

Partial
artial Plus Reflectorized Signal

High Friction Surface
Treatment — Curves &
Ramps

High Frictic Backplates

Add 3-inch yellow retro-reflective sheeting
and signal backplates

Signalized
Intersection

Urban

All

0.85

i-3a-3.01-aa

FHWA Proven Safety
Countermeasures

requires the
ggregate usi

orincrease | Convert to All-Way

Restrict Parking

Stop Control
Rest

Canvert from minor-road stop-controlled
intersection to all-way stop contralled.
MUTCD warrants are met.

Urban

Intersections

All

i-3c-1.04-as

|-3e-1.05-aa

H5M Table 14-5

Transverse Rumble
Strips

Placed in the lane, transverse rumble strips
are used to alert drivers to the need to
slow down, stop, or other change. This

CMF applies to stop-controlled
intersection approaches on rural, twa-lane
highways.

Two-Lane
Undivided

i-3d-1.01-3a

CMIF #3045

I-3d-1.01-as

CMF #9046

Intersection Lighting

An increase in the mean of horizontal
luminance, indicating an improvement in
average lighting level, tends to decrease
nighttime crash risk.

All Intersection

Nighttime

i-3e-1.01-ca

CMF #5421

Two Llane 3 Leg

Rural STOP Control

All

i-3e-1.02-aa

Two Lane 4 Leg

Rural
itop Control

All

i-3e-1.03-aa

Twa Lane Rural
5ignal

Rural

All

i-3e-1.04-aa

Three & Four Leg
Stop and Signal
Control

Urban/Suburban

All

i-3e-1.05-aa

Reduced Skew of
Channelized Right
Turn Lane

Reducing the radius of the right turn lane
to improve the line-of-sight drivers making
a right turn have on the oncoming traffic
they are merging into

Intersections

I-3g-2.01-aa

CMF #8428

l-3g-2.01-as

CMF #8429

Install Left Turn Lane

Installing a traffic lane solely dedicated to
wehicles making the left turn movement,

Suburban &

Urban signalized

i-3h-1.01-aa

i=3h-1.01-a5

CMF #8000

Twao Way Stop
Controlled

i-3h-1.02-aa
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Level 1 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

All

CMF Identifier

Source

Passing Lanes

Install periodic passing lanes on rural
highways to allow passing of slower

Rural

Two-Lane

All

0.7%

Fatal & Injury

r-1a-01.01-aa

Faur-Lamne

All

065

r-1a-01.02-aa

H5M

vehicles and the dispersal of traffic platoons
Increase the width of the right shoulder to
provide more recovery room far the driver.
Change in Shoulder AADT

Install / Widen Paved
Right Shoulder

0to 2 feet

=400

0 ta 2 feet

A00 to 2000

0 ta 2 feet

22000

0 to 4 feet

=400

0 to 4 feet

400 to 2000

0 to 4 feet

22000

0 to b feet

5400

0 to 6 feet

400 to 2000

0 to 6 feet

22000

0 to & feet

=400

0 to 8 feet

400 to 2000

Run Off Road, Head-On,
Sideswipe

r-1a-03.01-ta

r-1a-03.02-ta

r-1a-03.03-ta

r-1a-03.04-ta

r-1a-03.05-ta

r-1a-03.06-ta

r-1a-03.07-ta

r-1a-03.08-ta

r-1a-03.09-ta

r-1a-03.10-ta

r-1a-03.11-ta

Countermeasure

Definition

Level 1 - Roadway / Structure Crash Modification Factors

Area Types

Facility Types

Crash Types

All

Fatal & Injury

CMF Identifier

Source

Lighting

An increase in the mean of horizontal

illuminance, indicating an improvement in

average lighting level. [See intersection
section for intersection lighting)

all

Two-Lane
Undivided

All

0.8

r-1e-01.01-aa

All

Four-Lane
Undivided

All

r-1e-01.02-aa

All

Four-Lane Divided

All

r-1e-01.03-aa

H5M & K5U-14-3

Interchange Lightjpg

Provide lighting where none exists

All

Interchange

All

r-1e-02.01-aa

CMEF #1283

r-1e-02.01-as

CMF #1284

Full lineal to no or partial linear lighting

Suburban

Interchange

All

r-1e-02.02-aa

CMF #2364

r-1le-02.02-as

CMF #2365

Full to partial interchange lighting

Suburban

Interchange

Al

r-1e-02.03-aa

CMF #2360

r-1le-02.03-as

CMF #2361

Partial Plus to partial interchange lighting

Suburban

Interchange

All

r-le-02.04-aa

CWF #2368

r-le-02.04-as

CMF #2369

High Friction Surface
Treatment — Curves &
Ramps

High Friction Surface Treatment (HFST)
requires the application of a high-quality

aggregate using a polymer binder to restore

or increase the friction of the pavement.

All

r-1f-01.01-aa

CMF #10318

Restrict Parking

Restrict on-street parking.

Arterial Roads [64-
ft wide]

r-1o-01.01-aa

Arterial Roads

r-1g-01.02-as




Countermeasure

Definition

Level 1 - Roadway / Structure Crash Modification Factors

Area Types

Facility Types

Crash Types

Al

Fatal & Injury

CMF Identifier

Source

Passing Lanes

Install periodic passing lanes on rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

0.75%

r-13-01.01-aa

Faur-Lane

All

0.65

r-1a-01.02-aa

H5M

Install / Widen Paved
Right Shoulder

Increase the width of the right shoulder to
provide more recovery room far the driver,

Change in Shoulder AADT

0to 2 feet <400

0tao 2 feet 400 to 2000

0to 2 feet 22000

0 to 4 feet <400

0 to 4 feet 400 to 2000

0 to 4 feet 22000

0 to 6 feet <400

0 to 6 feet 400 to 2000

0 to 6 feet 22000

0 to & feet <400

0 to & feet 400 to 2000

0 to & feet 22000

Run Off Road, Head-On,
Sideswipe

r-1a-03.01-ta

r-1a-03.02-ta

r-1a-03.03-ta

r-1a-03.04-ta

r-1a-03.05-ta

r-1a-03.06-ta

r-1a-03.07-ta

r-1a-03.08-ta

r-1a-03.09-ta

r-1a-03.10-ta

r-1a-03.11-ta

r-1a-03.12-ta

Widen Edge Line
Width

Adjust the width of roadway edge lines.

Two-Lane

Excludes intersection
and interchange crashes

r-1b-01.01-ca

FHWA Proven Safety
Countermeasures

Install Wet Pavement
Markings

Upgrade existing markings from standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All

r-1b-02.01-as

Multilane Road

All

r-1b-02.04-aa

All

r-1b-02.04-as

FHWA

Dynamic Spead
Feedback Signs

A dynamic message sign that uses radar or
lasar technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Two-lane

All

r-1¢-01.01-aa

CMF HEBES

Install Curve
Delineation

Installation of signs chewvrans, or arrow
boards to improve curve delineation

Two-Lana

Head-on, Run Off Read,
Sideswipe, Non-
intersection

r-1c-02.01-ta

FHWA Praven Safety
Countermeasuras

Centerline Rumble
Strips

& longitudinal safety featu
driven over creates a vibrat
to alert the driver to leaving T

Two-Lane
Undivided

All

r-1d-01.01-aa

r-1d-01.01-as

Two-lane
undivided

All

MCHRP 641

Shoulder Rumble
Strips

Shoulder rumble strips provide tactile and
audible indications to drivers when they
drive on or over them. They are used on the
outside edge of the travel way for
undivided roadways and can be used an
both the left and right sides of the roadway
for a divided highway.

Undivided
Roadways

Run off the road

r-1d-02.01-ts

CMF #9684

Divided Roadways

Run off the road

r-1d-02.02-ta

r-1d-02.02-ts

CMF #9684 & FHWA [9
Proven
Cojuntérmeasures)




Level 1 - Roadwav / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

Al

Fatal & Injury

CMF Identifier

Source

Passing Lanes

Install periodic passing lanes on rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

0.75%

r-13-01.01-aa

Faur-Lane

All

0.65

r-1a-01.02-aa

H5M

Install / Widen Paved
Right Shoulder

Increase the width of the right shoulder to
provide more recovery room far the driver,

Change in Shoulder AADT

0to 2 feet <400

0tao 2 feet 400 to 2000

0to 2 feet 22000

0 to 4 feet <400

0 to 4 feet 400 to 2000

0 to 4 feet 22000

0 to 6 feet <400

0 to 6 feet 400 to 2000

0 to 6 feet 22000

0 to & feet <400

0 to & feet 400 to 2000

0 to & feet 22000

Run Off Road, Head-On,
Sideswipe

r-1a-03.01-ta

r-1a-03.02-ta

r-1a-03.03-ta

r-1a-03.04-ta

r-1a-03.05-ta

r-1a-03.06-ta

r-1a-03.07-ta

r-1a-03.08-ta

r-1a-03.09-ta

r-1a-03.10-ta

r-1a-03.11-ta

r-1a-03.12-ta

Widen Edge Line
Width

Adjust the width of roadway edge lines.

Two-Lane

Excludes intersection
and interchange crashes

r-1b-01.01-ca

FHWA Proven Safety
Countermeasures

Install Wet Pavement
Markings

Upgrade existing markings from standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All

r-1b-02.01-as

Multilane Road

All

r-1b-02.04-aa

All

r-1b-02.04-as

FHWA

Dynamic Spead
Feedback Signs

A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Two-lane

All

r-1¢-01.01-aa

CMF HEBES

Install Curve
Delineation

Installation of signs chewvrans, or arrow
boards to improve curve delineation

Two-Lana

Head-on, Run Off Read,
Sideswipe, Non-
intersection

r-1c-02.01-ta

FHWA Praven Safety
Countermeasuras

Centerline Rumble
Strips

& longitudinal safety feature that when
driven over creates a vibration and sound
to alert the driver to leaving the travel lane.

Two-Lane
Undivided

All

r-1d-01.01-aa

r-1d-01.01-as

Two-lane
undivided

All

MCHRP 641

Shoulder Rumble
Strips

Shoulder rumble strips provide tactile and
audible indications to drivers when they
drive on or over them. They are used on the
outside edge of the travel way for
undivided roadways and can be used an
both the left and right sides of the roadway
for a divided highway.

[

Undivided
Roadways

Run off the road

r-1d-02.01-ts

CMF #9684

Divided Roadways

Run off the road

r-1d-02.02-ta

r-1d-02.02-ts

CMF #9684 & FHWA [9
Proven
Cdynthemediures)




Level 1 - Roadway J Structure Crash Modification Factors

Countermeasure Definition Area Types Facility Types Crash Types m AT CMF Identifier Source

Install periodic passing lanes on rural Two-Lan All 0.75 - r-1a-01.01-aa
Passing Lanes .hlghwa','s to a!low passing of .slc-wer Rural : Al 0.65 . r-13-01.02-a3 HSM
vehicles and the dispersal of traffic platoons
Increase the width of the right shoulder to
provide more recovery room far the driver,
Change in Shoulder AADT

0to 2 feet <400 r-1a-03.01-ta
0tao 2 feet A00 to 2000 r-1a-03.02-ta
0to 2 feet 22000 r-1a-03.03-ta
0 tao 4 feet <400 r-1a-03.04-ta
0to 4 feet 400 to 2000 Uil e ol et r-12-03.05-ta
0 to 4 feet 2000 Sideswipe 120306t
0 to 6 feet =400 r-1a-03.07-ta
0 to 6 feet 400 to 2000 r-1a-03.08-ta
0 to & feet 22000 r-1a-03.09-ta
0 to 8 feet =400 r-13-03.10-ta
0 to 8 feet 400 to 2000 r-1a-03.11-ta
0 to 8 feet 22000 r-1a-03.12-ta
Widen Edge tine Adjust the width of roadway edge lines. Two-Lane Erc.ludes imersection . - r-1b-01.01-ca FHWA Proven Safety
Width and interchange crashes Countermeasures
Upgrade existing markings from standard Freeway All r-1b-02.01-as
Install Wet Pavement marking materials to wet-reflective Al - r-1b-02.04-aa
Markings markings applied as paint, tape, or Multilane Road
thermoplastic material
A dynamic message sign that uses radar or
Dynamic Spead laser technology to determine the speed of
Feedback Signs an approaching vehicle and then displays
the speed to the driver.

Install / Widen Paved
Right Shoulder

FHWA

All r-16-02.04-as

Two-lane All . - r-1c-01.01-aa CMF #EEES

) Head-on, Run Off Road,
Install Curve Installation of signs chewvrans, or arrow Two-Lane T e [T ] ) r-1e-02 01-ta FHWA Praven Safety

Delineation boards to improve curve delineation B . Countermeasures

intersection
Two-Lane . r-1d-01.01-aa
Centerline Rumble & longitudinal safety feature that when Undivided All 19010195
Strips driven over creates a vibration and sound -~ - MCHRP 641
to alert the driver to leaving the travel lane. wg ane all
undivided

Shoulder rumble strips provide tactile and I:" Run off the raad ) ) r-1d-02.01-te CME HOERA
audible indications to drivers when they
drive on or over them. They are used on the
outside edge of the travel way for . r-1d-02.02-ta CIMF #9684 & FHWA [9
undivided roadways and can be used an Divided Roadways Run off the road Proven
both the left and right sides of the roadway N I -1d-02.02-ts Cdynthrmeaiures)
for a divided highway.

Shoulder Rumble
Strips




Level 1 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

N

Crash Types m

Fatal & Injury

CMF Identifier

Source

Passing Lanes

Install periodic passing lanes on rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All 0.75%

r-13-01.01-aa

Faur-Lane

All 0.65

r-1a-01.02-aa

H5M

Install / Widen Paved
Right Shoulder

Increase the width of the right shoulder to
provide more recovery room far the driver,

Change in Shoulder AADT

0to 2 feet <400

0tao 2 feet 400 to 2000

0to 2 feet 22000

0 to 4 feet <400

0 to 4 feet 400 to 2000

0 to 4 feet 22000

0 to 6 feet <400

0 to 6 feet 400 to 2000

0 to 6 feet 22000

0 to & feet <400

0 to & feet 400 to 2000

0 to & feet 22000

r-1a-03.01-ta

r-1a-03.02-ta

r-1a-03.03-ta

r-1a-03.04-ta

Run Off Road, Head-On,

r-1a-03.05-ta

Sideswipe

r-1a-03.06-ta

r-1a-03.07-ta

r-1a-03.08-ta

r-1a-03.09-ta

r-1a-03.10-ta

r-1a-03.11-ta

r-1a-03.12-ta

Widen Edge Line
Width

Adjust the width of roadway edge lines.

Two-Lane

Excludes intersection
and interchange crashes

r-1b-01.01-ca

FHWA Proven Safety
Countermeasures

Install Wet Pavement
Markings

Upgrade existing markings from standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All N

r-1b-02.01-as

Multilane Road

All N

r-1b-02.04-aa

All

r-1b-02.04-as

FHWA

Dynamic Spead
Feedback Signs

A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Two-lane

All

r-1¢-01.01-aa

CMF HEBES

Install Curve
Delineation

Installation of signs chewvrans, or arrow
boards to improve curve delineation

Two-Lana

Head-on, Run Off Read,
Sideswipe, Non-
intersection

r-1c-02.01-ta

FHWA Praven Safety
Countermeasuras

Centerline Rumble
Strips

& longitudinal safety feature that when
driven over creates a vibration and sound
to alert the driver to leaving the travel lane.

Two-Lane
Undivided

All

r-1d-01.01-aa

r-1d-01.01-as

Two-lane
undivided

All

MCHRP 641

Shoulder Rumble
Strips

Shoulder rumble strips provide tactile and
audible indications to drivers when they
drive on or over them. They are used on the
outside edge of the travel way for
undivided roadways and can be used an
both the left and right sides of the roadway
for a divided highway.

Undivided
Roadways

Run off the road

r-1d-02.01-ts

CMF #9684

Divided Roadways

Run off the road

r-1d-02.02-ta

r-1d-02.02-ts

CMF #9684 & FHWA [9
Proven
Cdynthemediures)




Level 1 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

Al

Fatal & Injury

CMF Identifier

Source

Passing Lanes

Install periodic passing lanes on rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

0.75%

r-13-01.01-aa

Faur-Lane

All

0.65

r-1a-01.02-aa

H5M

Install / Widen Paved
Right Shoulder

Increase the width of the right shoulder to
provide more recovery room far the driver,

Change in Shoulder AADT

0to 2 feet <400

0tao 2 feet 400 to 2000

0to 2 feet 22000

0 to 4 feet <400

0 to 4 feet 400 to 2000

0 to 4 feet 22000

0 to 6 feet <400

0 to 6 feet 400 to 2000

0 to 6 feet 22000

0 to & feet <400

0 to & feet 400 to 2000

0 to & feet 22000

Run Off Road, Head-On,
Sideswipe

r-1a-03.01-ta

r-1a-03.02-ta

r-1a-03.03-ta

r-1a-03.04-ta

r-1a-03.05-ta

r-1a-03.06-ta

r-1a-03.07-ta

r-1a-03.08-ta

r-1a-03.09-ta

r-1a-03.10-ta

r-1a-03.11-ta

r-1a-03.12-ta

Widen Edge Line
Width

Adjust the width of roadway edge lines.

Two-Lane

Excludes intersection
and interchange crashes

r-1b-01.01-ca

FHWA Proven Safety
Countermeasures

Install Wet Pavement
Markings

Upgrade existing markings from standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All

r-1b-02.01-as

Multilane Road

All

r-1b-02.04-aa

All

r-1b-02.04-as

FHWA

Dynamic Spead
Feedback Signs

A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Two-lane

All

r-1¢-01.01-aa

CMF HEBES

Install Curve
Delineation

Installation of signs chewvrans, or arrow
boards to improve curve delineation

Two-Lana

Head-on, Run Off Read,
Sideswipe, Non-
intersection

r-1c-02.01-ta

FHWA Praven Safety
Countermeasuras

Centerline Rumble
Strips

& longitudinal safety feature that when
driven over creates a vibration and sound
to alert the driver to leaving the travel lane.

Two-Lane
Undivided

All

r-1d-01.01-aa

r-1d-01.01-as

Two-lane
undivided

All

MCHRP 641

Shoulder Rumble
Strips

Shoulder rumble strips provide tactile and
audible indications to drivers when they
drive on or over them. They are used on the
outside edge of the travel way for
undivided roadways and can be used an
both the left and right sides of the roadway
for a divided highway.

Undivided
Roadways

Run off the road

r-1d-02.01-ts

CMF #9684

Divided Roadways

Run off the road

r-1d-02.02-ta

r-1d-02.02-ts

CMF #9684 & FHWA [9
Proven
Cdynthemediures)




CMF List Level 2

Project Level

Crash modification functions
Spreadsheet tools
Crash type

Crash severity level




Countermeasure

Definition

Level 2 - Roadway / Structure Crash Modification Factors

Area Types

Facility Types

Crash Types

All

Fatal & Injury

CMF Identifier

Passing Lanes

Install periodic passing lanes an rura
highways ta allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

0.75

r-1a-01.001-aa

Four-Lane

All

0.65

r-la-01.02-aa

Convert Shoulder
Type

Convert shoulder material from twrm to
composite, turf to paved, or paved to other
type

Rural

Two-Lane

All

Spreadsheet Tool

r-1a-02.1-ap

HS5M

nstall / Widen Paved
Right Shoulder

Increase the width of the right shoulder to
provide more recavery room for the driver.

Rural

Run Off Road, Head-On,
Sideswipe

Spreadsheet Tool

r-la-03.1-tp

HZM

Widen Edge Line

Adiust the width of roadwav edee lines.

Rural

Two-Lane

Excludes intersection

0.63

r-1b-01.01-ca

FHWA Proven Safety

Countermeasuns

Definition

Level 2 - Roadway / Structure Crash Modification Factors

Area Types

Facility Types

Crash Types

All

Fatal & Injury

CMIF Identifier

Four-Lane Divided

0.55

r-1e-01.03-aa

nterchange Lighting

Provide lighting whare none exists

All

riberch nge

054

r-1e-02.01-aa

CMF W12E3

4

r-1e-02.01-as

CMF #1284

Full lineal toono ar partial lineal lighting

Suburban

MLErcha nge

0.905

r-1e-02.02-aa

CIMF F23E4

0,766

r-1e-02,02-as

CIF #2365

Full to partial interchange lighting

Suburban

nterchange

0.984

r-le-02.03-aa

ChF #2360

0.913

r-1e-03.03 -

CMF #2361

Partial Plus to partial interchange lighting

Suburban

nterchange

1036

r-le-Ud (4-aa

LhF RL26H

0852

r-1@-02.0d-a%8

CIMF #2365

High Friction Surface
Treatmont — Curves &
Ramgs

High Friction Surface Treatment (HF5T)
raquires the apphication of a high-quality
apgregale using & polymer binder Lo restore
of increase the friction of the pavarment.

r=11-r1 Dil-aa

ChF #10318

Horizontal £ Werkica

Curee Flattening

RBeducing the stecpness of the side slope to
increase drivers” ability to kaeep the vehicke
stabde, regain contral of the vehicle, and
avoid abstacles.

Twda-Lane
Undivided

Spreadihesat Tool

r-1g-01.01-ap

FHW A

Improve Curve
Superelovation

Improwe the superalevation variance [5v) of
harizantal curves

all
I mypr v SW<0001

1.00

r-10-01.01-ca

All
Improve 0.01<5V<0.02

=L.00+G6{5V-0L01)

r-10-01,02-ca

All
Improve SY=0.02

= 1.06+3(5V-0.02]

r-10-01.03-ca

Restrict Parking

Rastrict an street parking.

Urkan

Arterial Roads (64
ft wide]

All

0.58

r-lo-01.01-aa

Arberial Roads

All

i-1o-01.02-a3

Viodule 2, Slide 17




the Lists

Level 2 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

CMF

All

Fatal & Injury

CMF Identifier

Passing Lanes

Install periodic passing lanes an rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

0.75

r-1a-01.01-aa

Four-Lane

All

0.65

r-1a-01.02-aa

Convert Shoulder
Type

Cornvert shoulder material from turn to
composite, turf to paved, or paved 1o other
type

Two-Lane

All

Spreadsheet Tool

r-1a-02.1-ap

H5M

Install / Widen Paved
Right Shoulder

Increase the width of the right shoulder to
provide more recovery room for the driver.

Rurn Off Read, Head-On,
Sideswipe

Spreadsheet Tool

r-1a-03.1-tp

H5M

Widen Edge Line
Width

Adjust the width of roadway edge lines.

Two-Lane

Excludes intersection
and interchange crashes

0.63

r<1b-01.01-ca

FHWA Proven Safety

Countermeasures

Install Wet Pavement
Markings

Lipgrade existing markings from standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All

r-1b-02.01-as

Wet Road

0.861

r-1b-02.03-1a

Multilane Road

All

0.825

r-1b-02.04-aa

All

r-1b-02.04-as

Run Off Road

0,538

r-1b-02.05-1a

Wet Road

0.751

r-1b-02.06-ca

Mighttime

0.696

r-1b-02.07-ca

Dynamic Speed
Feedback Signs

A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Twao-lane

All

0.95

r-1c-01.01-aa

CMF #6885

Install Curve
Dalineation

Installation of signs chevrons, or arrow
boards to imprave curve delineation

Two-Lane

Head-on, Run OFf Road,
Sideswipe, Non-
intersection

r=le-02.01-ta

FHWA Proven Safety
Countermeasures

Centerline Rumble
Strips

A longitudinal safety feature that when
driven over creates a vibration and sound
to alert the driver to leaving the travel lane.

Two-Lane
Undivided

All

r-1d-01.01-aa

r-1d-01,01-as

Target collisions {lane
departure)

r-1d-01.02-ta

r-1d-01.02-ts

Twao-lane
undivided

All

Target callisions (lane
departure)

r-1d-01.03-1a

r-1d-01.03-ts

MCHRP 641

Shoulder Rumble
Strips

Shoulder rumble strips provide tactile and
audible indications to drivers when they
drive on or over tham. They are usad on the
outside edge of the travel way for
undivided roadways and can be wsed on
both the left and right sides of the roadway
for a divided highway.

Undivided
Roadways

Run off the road

r-1d-02.01-ts

CMF #9684

Divided Roadways

Run off the road

r-1d-02.02-1a

r-1d-02.02-ts

CMF #9684 B FHWA (9
Proven
Countermeasures)

Lighting

An increase in the mean of horizontal
illuminance, indicating an improvement in
average lighting level, {See intersection

cartinm Far intorcartiam loh#inal

Two-Lane
Undivided

r=1e-01.01-aa

Four-Lane
b el sl ol sd

r-1e-01.02-aa

H5M & K5U-14-3




Level 2 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

CME

All

Fatal & Injury

CMF Identifier

Passing Lanes

Install periodic passing lanes an rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

r-1a-01.01-aa

Four-Lana

All

r-1a-01.02-aa

Convert Shoulder
Type

Convert shoulder material from turn to
composite, turf to paved, or paved to other
type

Two-Lane

All

Spreadsheet Tool

r-1a-02.1-ap

Install / Widen Paved
Right Shoulder

Increase the width of the right shoulder to
provide more recovery room for tha driver.

Rurn Off Road, Head-0On,
Sideswipa

Spreadsheet Tool

r-1a-03.1-tp

HiM

Widen Edge Line
Width

Adjust the width of roadway edge lines.

Two-Lane

Excludes intersection
and interchange crashes

0.63

r-1b-01.01-ca

FHWA Proven Safety
Caountermeasures

Install Wet Pavemnent
Markings

Lpgrade existing markings from standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All

r-1b-02.01-a%

Wet Road

(0.861

r-1b-02.03-ta

Multilane R

All

0.825

r«1b-02.04-aa

All

r-1b-02.04-as

Run Off Road

.538

r-16-02.05-ta

Wet Road

0,751

r-1b-02.06-ca

Mighttime

0.696

r-1b-02.07-ca

Dynamic Speed
Feedback Signs

A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Two-lane

All

0.95

r-1c-01.01-aa

CMF #0885

Install Curve
Dealineation

Installation of signs chevrons, or arrow
boards to imprave curve delineation

Two-Lane

Head-on, Run Off Road,
Sideswipe, Mon-
intersection

r-1e-02.01-ta

FHWA Proven Safety
Cauntermeasures

Centerline Rumble
Strips

A longitudinal safety feature that when
driven over creates a vibration and sound
to alert the driver to leaving the travel lane.

Twa-Lane
Undivided

All

r-1d-01.01-aa

r-1d-01.01-as

Target collisions (lane
departure)

r-1d-01.02-ta

r-1d-01.02-ts

Twa-lane
undivided

All

Target eollisions (lane
departure)

r-1d-01.03-ta

r-1d-01.03-ts

MCHRFP G641

Shoulder Rumble
Strips

Shoulder rumble strips provide tactile and
audible indications to drivers when they
drive on or over them. They are used on the
outside edge of the travel way for
undivided roadways and can be used on
both the left and right sides of the roadway
for a divided highway.

Undivided
Roadways

Run off the road

r-1d-02.01-ts

CMF #9684

Divided Roadways

Run off the road

r-1d-02.02-ta

r-1c-02,02-t5

CMF #9684 & FHWA (9
Proven
Countermeasuras)

Lighting

An Increase in the mean of horizontal
illuminance, indicating an improvement in
average lighting level. {See intersaction
section for intersection lighting)

Two-Lane
Undivided

r=1e-01.01-aa

Four-Lane
Undivided

r-1e-01.02-aa

H5M & KSU-14-3




Level 2 - Roadway / Structure Crash Modif :ation Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

CMF

All

Fatal & Injury

CMF Identifier

Passing Lanes

Install pericdic passing lanes on rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

r-1a-01.01-aa

Four-Lana

All

r-1la-01.02-aa

Convert Shoulder
Type

Convert shoulder material from turn to
composite, turf to paved, or paved to other
bype

Two-Lane

All

Install / Widen Paved
Right Shoulder

Increase the width of the right shoulder to
provide more recavery room for the driver.

Run OFf §
Si

Spreadsheet Tool

r-1a-02.1-ap

H5M

Spreadsheet Tool

r-1a-03.1-tp

H3M

Widen Edge Line
Width

Adjust the width of roadway edge lines.

Two-Lane

: v
Excludes intersection
and interchange crashes

0.63

r-1b-01.01-ca

FHWA Proven Safety

Countermeasures

Install Wet Pavement
Markings

Upgrade existing markings fraom standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All

r-1b-02.01-as

Wet Road

0.861

r-1b-02.03-ta

Multilane Road

All

0,825

r=1b-02.04-aa

All

r-1b-02.04-as

Run Off Road

0.538

r-1b-02.05-ta

Wet Road

0.751

r-1b-02.06-ca

Nighttime

0.696

r-1b-02.07-ca

Dynamic Speed
Feedback Signs

A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Twa-lane

All

0.95

r-1c-01.01-aa

CMF #6885

Install Curve
Dealineation

Installation of signs chevrons, or arrow
boards to improve curve delineation

Two-Lane

Head-on, Run Off Road,
Sideswipe, Non-
intersection

r-le-02.01-ta

FHWA Proven Safety
Countermeasures

Centerline Rumble
Strips

A longitudinal safety feature that when
driven over creates a vibration and sound
to alert the driver to leaving the travel [zne.

Two-Lane
Undivided

All

r-1d-01.01-aa

r-1d-01.01-as

Target callisions (lane
departure)

r-1d-01.02-ta

r-1d-01.02-ts

Twa-lane
undivided

All

Target collisions {lane
departure)

r-1d-01.03-1a

r-1d-01.03-ts

MCHRP 641

Shoulder Rumble
Strips

Shoulder rumbile strips provide tactile and
audible indications to drivers when they
drive on or over them. They are used on the
outside edge of the travel way for
undivided roadways and can be used on
bath the left and right sides of the roadway
for a divided highway.

Undivided
Roadways

Rumn off the road

r-1ad-02.01-t5

CMF #9684

Divided Roadways

Run off the road

r-1d-02.02-ta

r-1d-02,02-ts

CMF #9684 & FHWA (9
Proven
Countermeasuras)

Lighting

An increase in the mean of horizontal
illuminanca, indicating an impravement in
average lighting level. (See intersection
section for intersection lighting)

Two-Lane
Undivided

r=le-01.01-aa

Four-Lane
Undivided

HSM & K5U-14-3

Module 2, Slide 20
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ZAN

CMEF List

CMEF List is limited

CMFs List is living

Module 3, Slide 2



ZAN

Finding a CMF

What to do when the CMF is not on the list.
* Notify KDOT Safety Bureau via the
email

* Look for CMFs that meet the definition of your
countermeasure.

* Look at the reliability of the countermeasure

* When was the study conducted?

 Look for CMFs that were conducted in the Midwest,
with preference towards Kansas

Module 3, Slide 3
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ZAN

Considerations when using CMFs

CMF may not be appropriate for the specific conditions to
which it is being applied.
Examples:
 Applying a CMF for a 4-leg intersection to a 3-leg intersection

* Applying a CMF to a segment with volumes outside the specified range
 Applying a CMF to a site with different base conditions than the research sites

CMFs can become outdated.
 Asvehicle characteristics change (such as size, weight, crash avoidance
technologies), the likelihood and severity of crashes related to design elements
and treatments can change.
 Typical base conditions may also change over time as design standards change.

Module 3, Slide 4



ZAN

Considerations when using CMFs

CMFs may be unreliable

« Based on research methodologies that are not statistically rigorous
 Based on a small number of study sites

CMFs are based on the application of one treatment
 Treatments may be less effective if other safety treatments are already in

place
 Treatment crash reduction benefits may not be additive or multiplicative
when applying multiple treatments at once

Document, document, document!
* When the desired CMF doesn’t exist and a substitute is used
*  When base conditions don’t align

*  When making assumptions about combining countermeasures
Module 3, Slide 5
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THE EISENHOWER LEGACY
TRANSPORTATION PROGRAM

Module 4

Selecting & Applying a CMF




Level 1: Selecting and applying a CMF

Scenario:

The County is looking to upgrade the roadway. In the last ten years,
there have been 46 crashes, two of which resulted in fatalities. The
County has received feedback that the pavement markings are
challenging to see. This roadway frequently experiences wet
conditions.

Module 4, Slide 2



® Level 1: Selecting and applying a CMF

Level 1 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

All

Fatal & Injury

CMF Identifier

Passing Lanes

Install periodic passing lanes on rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

r-1a-01.01-aa

Four-Lane

All

r-1a-01.02-aa

Install / Widen Paved
Right Shoulder

Widen Edge Line
Width

Instzll Wet Pavement

Markings

Dynamic Speed
Feedback Signs

Increase the width of the right shoulder to
provide more recovery room for the driver.

Change in Shoulder AADT

0to 2 feet =400

Oto 2 feet 400 to 2000

0 to 2 feet 22000

0to 4 feet =400

0to 4 feet 400 to 2000

0 to 4 feet 22000

0 to 6 feet =400

0to 6 feet 400 to 2000

0to 6 feet 22000

0 to B feet =400

0 to 8 feet 400 to 2000

0 to 8 feet 2000

Run Off Road, Head-On,
Sideswipe

r-1a-03.01-ta

r-1a-03.02-ta

r-1a-03.03-ta

r-1a-03.04-ta

r-1a-03.05-ta

r-1a-03.06-ta

r-1a-03.07-ta

r-1a-03.08-ta

r-1a-03.05-ta

r-1a-03.10-ta

r-1a-03.11-ta

r-1a-03.12-ta

Adjust the width of roadway edge lines.

UpErdue eXisung mdrsifigs> 1o suanuana
marking materials to wet-reflective
markings applied as paint, tape, or
thermonolastic material
A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Two-Lane

riecwdy

Excludes intersection
and interchange crashes

Al

r-1b-01.01-ca

[=LU-UL Ui-ds

Multilane Road

Two-lane

All

r-1b-02.04-aa

All

All

r-1b-02.04-as

r-1c-01.01-aa

FHWA Proven Safety
Countermeasures

FHWA

CIMF #6885

Install Curve
Delineation

Installation of signs chevrons, or arrow
boards to improve curve delineation

Rural

Two-Lane

Head-on, Run Off Road,
Sideswipe, Non-
intersection

r-1c-02.01-ta

FHWA Proven Safety
Countermeasures

Centerline Rumble
Strips

A longitudinal safety feature that when
driven over creates a vibration and sound
to alert the driver to leaving the travel lane.

Rural

Two-Lane
Undivided

All

r-1d-01.01-aa

r-1d-01.01-as

Urban

Two-lane
undivided

All

NCHRP 641

Shoulder Rumble
Strips

Shoulder rumble strips provide tactile and
audible indications to drivers when they
drive on or over them. They are used on the
outside edge of the travel way for
undivided roadways and can be used on
both the left and right sides of the readway
for a divided highway.

Rural

Undivided
Roadways

Run off the road

r-1d-02.01-ts

CMF #5684

Divided Roadways

Run off the road

r-1d-02.02-ta

r-1d-02.02-ts

CMF #9684 B FHWA (9
Proven
Countermeasures)

Module 4, Slide 3




® Level 1: Selecting and applying a CMF

Scenario:

10 Year Crash Data
Injury Severity Total
K (Fatal) 2
Total 46

The County is looking to upgrade the roadway. In the last ten years, there have
been 46 crashes, two of which resulted in fatalities. The County has received
feedback that the pavement markings are challenging to see. This roadway
frequently experiences wet conditions.

Selection:

The user observes that the current pavement markings aren’t providing the intended safety benefit and identifies three
ways to amplify their presence — Widen Edge Line Width, Install Wet Pavement Markings, and Shoulder Rumble Strips.

Due to the frequent wet conditions, the user selects the countermeasure “Install Wet Pavement Markings”.
Application:
Total Crashes * CMF = Expected Number of Crashes After Implementation

46 * 0.825 =38

Module 4, Slide 4
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Level 2: Selecting and applying a CMF

Scenario:

The County is upgrading existing pavement markings from standard marking materials to wet-reflective
markings applied as paint, tape, or thermoplastic material along a multilane road. This roadway
experiences a particularly significant amount of run off road crashes.

10 Year Crash Data

Run Off Road

Injury Severity

K (Fatal)

A (Severe Injury)

B (Minor Injury)

O (Property Damage Only)

Total

Total

Wet reflective
)} )] D)

Y

Non-wet reflective

Module 4, Slide 6



Level 2: Selecting and applying a CMF

Scenario:

From standard marking materials to wet-reflective markings

evel 2 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

All

Fatal & Injury

CMF Identifier

Passing Lanes

Install periodic passing lanes on rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

0.75

r-1a-01.01-aa

Four-Lane

All

0.65

r-1a-01.02-aa

Convert Shoulder
Type

Convert shoulder material from turn to
composite, turf to paved, or paved to other
type

Two-Lane

All

Spreadsheet Tool

r-1a-02.1-ap

Install / Widen Paved
Right Shoulder

Increase the width of the right shoulder to
provide more recovery room for the driver.

Run Off Road, Head-On,
Sideswipe

Spreadsheet Tool

r-1a-03.1-tp

HSM

Widen Edge Line
Width

Adjust the width of roadway edge lines.

Two-Lane

Excludes intersection
and interchange crashes

0.63

r-1b-01.01-ca

FHWA Proven Safety
Countermeasures

Install Wet Pavement
Markings

Upgrade existing markings from standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All

r-1b-02.01-as

Wet Road

0.861

r-1b-02.03-ta

Multilane Road

All

0.825

r-1b-02.04-aa

All
Run Off Road
Wet Road

0.538
0.751

r-1b-02.04-as
r-1b-02.05-ta
r-1b-02.06-ca

Nighttime

0.696

r-1b-02.07-ca

Dynamic Speed
Feedback Signs

A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Two-lane

All

r-1c-01.01-aa

CMF #6885

Install Curve
Delineation

Installation of signs chevrons, or arrow
boards to improve curve delineation

Head-on, Run Off Road,
Sideswipe, Non-
intersection

r-1c-02.01-ta

FHWA Proven Safety
Countermeasures

Module 4, Slide 7




Level 2: Selecting and applying a CMF

Scenario:

The County is upgrading existing pavement markings from standard marking materials to wet-reflective markings
applied as paint, tape, or thermoplastic material along a multilane road. This roadway experiences a particularly

significant amount of run off road crashes.

Wet reflective

10 Year Crash Data
D)} D) )

Run Off
Injury Severity Road Total . I w8
K (Fatal) 2 2 o Z
A (Severe Injury) 6 8 =
B (Minor Injury) 2 6 ’ ,
O (Property Damage Only)
Non-wet reflective

Total

Crashes * CMF = Expected Number of Crashes After Implementation

Run Off the Road Crash Reduction: 22 *0.538=12
24+12=36 Crashes

Module 4, Slide 8
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Crash Modification Functions & Spreadsheet Tools




Crash Modification Function

Example:

The user wants to change the skew of a two-

lane four leg stop-controlled intersection from
15 degrees to O degrees.

Source: CMF Clearinghouse



Crash Modification Function

1. Find applicable CMF from CMF
Lists.

Reducing the skew of an intersection to or . ’ ~Mlarter
Change in Skew CMF Calculation CMF,
: : closer to 90 degrees between the legs of i N CMFBG ore -_
Realign Intersection — : '
the intersection. S E—
Reduce Skew - .
Rural 3-leg STOP CMF = ¢(0.004 « skew) i-3g-1.01-aa
Use the Change in skew CMF (first CMF Controlled

I - | :
Definition Fachiy Types Cran e Al ] Fatal & injury

equation listed) to determine the CMF of Two-lane, two-way
the treatment in conjunction with the CMF 4-leg STOP Al CMF = g(0.0054 » skew) i-3g-1.02-aa
Realign Intersection = | calculations for the various facility types. Controlled

Reduce Skew our-lane, two- o
way 3-leg STOP (0.98 + 00.16 * skew) i-3g-1.03-aa
Controlled + 1.0

CMF =




Crash Modification Function

2. Find the angle. Note, you measure the angle from the x-axis which is 0.

Existing Intersection Skew:
CMF = e/(0.0054*15)=1.08
Proposed Intersection Skew:
CMF=e"(0.0054*0)=1

CMF for going from a 15 degree skew to 0
degree skew:

After CMF / Before CMF =1/1.08 = 0.93




Spreadsheet Tools: Widen Paved Shoulder

Scenario:
10 Year Crash Data

The City is looking to widen the paved
shoulder on a Rural Two-Lane roadway. This
roadway has a ten-year crash history shown
in the table below. This particular roadway
has an existing shoulder width of 2" and an B (Minor Injury)

AADT of 1,683 . O (Property Damage Only)

Total

Injury Severity Run off Road Total

K (Fatal)

A (Severe Injury)




Spreadsheet Tools: Widen Paved Shoulder

evel 2 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

All

Fatal & Injury

CMF Identifier

Source

Passing Lanes

Install periodic passing lanes on rural
highways to allow passing of slower
vehicles and the dispersal of traffic platoons

Rural

Two-Lane

All

0.75

r-1a-01.01-aa

Four-Lane

All

0.65

r-1a-01.02-aa

Convert Shoulder
Type
Install / Widen Paved
Right Shoulder

Widen Edge Line
Width

Convert shoulder material from turn to

composite, turf to paved, or paved to other
tvbhe

Increase the width of the right shoulder to

nrovide more recovery ronm for the driver

Adjust the width of roadway edge lines.

Two-Lane

Two-Lane

All

Run Off Road, Head-On,

Sidecswine
Excludes intersection
and interchange crashes

0.63

Spreadsheet Tool

Spreadsheet Tool

r-1a-02.1-ap

r-1a-03.1-tp

r-1b-01.01-ca

HSM

FHWA Proven Safety
Countermeasures

Install Wet Pavement
Markings

Upgrade existing markings from standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All

r-1b-02.01-as

Wet Road

r-1b-02.03-ta

Multilane Road

All

r-1b-02.04-aa

All

r-1b-02.04-as

Run Off Road

r-1b-02.05-ta

Wet Road

r-1b-02.06-ca

Nighttime

r-1b-02.07-ca

Dynamic Speed
Feedback Signs

A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

All

r-1c-01.01-aa

CMF #6885

Install Curve
Delineation

Installation of signs chevrons, or arrow
boards to improve curve delineation

Two-Lane

Head-on, Run Off Road,
Sideswipe, Non-
intersection

r-1c-02.01-ta

FHWA Proven Safety
Countermeasures




Spreadsheet Tools: Widen Paved Shoulder, cont.

Excel Calculator for Widening Paved Shoulders on Rural two-lane roads

This spreadsheet tool calculates crash modification factors (CMFs) for the effect of widening the
shoulder width of a roadway segment. This CMF considers the existing shoulder width, the proposed
shoulder width, and the AADT of the segment. This calculator uses Table 10-9 and 13-7 from the
Highway Safety Manual. Please note that these CMFs apply only to signle-vehicle run-off the-road,
multiple-vehicle head-on, opposite-direction sideswipe, and same-direction sideswipe crashes.

Step 1: Select the existing shoulder width along with the proposed shoulder width. These will be
entered into cell B3 and C3 respectively.

Step 2: Determine the Average Annual Daily Traffic (AADT) of the roadway segment. This calculator
considers three buckets of AADT:

- Less than 400

- 400-2000

- More than 2000
If the AADT is less than 400 or more than 2000, then select the appropriate value in cell D3.
If the AADT is in between 400 and 2000, select the appropriate value in cell D3 and enter the exact AADT
into cell E3.

The CMF value for this specific countermeasure will be calculated and output into cell F3.

Thank you for using the CMF calculator for Widening Paved Shoulder!

10 Year Crash Data

Roadway
Injury Severity Departure
K (Fatal) 0
A (Severe Injury)
B (Minor Injury)

O (Property Damage Only)

Total

Scenario:

The City is looking to widen the paved
shoulder on a Rural Two-Lane roadway.
This roadway has a ten-year crash history
shown in the table below. This particular
roadway has an existing shoulder width of
2’ and an AADT of 1,683.



Spreadsheet Tools: Widen Paved Shoulder, cont.

Application:

The user reviews the instructions tab of the spreadsheet tool, then continues on to the “Calculator” tab, in which
they enter the appropriate project data. The CMF is rounded to 0.80. Applying this CMF of 0.80 to the roadway
departure crashes results in a predicted 8 roadway departure crashes, reducing the total by 2 crashes.

Excel Calculator for Widening Paved Shoulders on Rural two-lane roads

This spreadsheet tool calculates crash modification factors (CMFs) for the effect of widening the shoulder
width of a roadway segment. This CMF considers the existing shoulder width, the proposed shoulder
width, and the AADT of the segment. This calculator uses Table 10-9 and 13-7 from the Highway Safety
Manual. Please note that these CMFs apply only to single-vehicle roadway departure*, multiple-vehicle
head-on, opposite-direction sideswipe, and same-direction sideswipe crashes.

Step 1: Select the existing shoulder width along with the proposed shoulder width. These will be entered
into cell B3 and C3 respectively. If the existing or proposed shoulder width is an odd number, round up to
the nearest even number.

Step 2: Determine the Average Annual Daily Traffic (AADT) of the roadway segment. This calculator
considers three buckets of AADT:

- Less than 400
-400-2000
- More than 2000

If the AADT is less than 400 or more than 2000, then select the appropriate value in cell D3.
If the AADT is in between 400 and 2000, select the appropriate value in cell D3 and enter the exact AADT
into cell E3.

The CMF value for this specific countermeasure will be calculated and output into cell F3.

*The HSM defines this application as "single-vehicle run-off-the-road"; however, KDOT reports this crash type as "roadway departure”

Instructions Calculator




Spreadsheet Tools: Convert Shoulder Type

Scenario:
10 Year Crash Data

Tﬁe %ty is IookRing ’?oTcharljge the gdravel Roadway
shoulder on a Rural Two-Lane roadway to a : :
paved shoulder. This roadway has a ten- Injury Severity Ll T

ear crash history shown in the table K(Fatal)

elow. This particular roadway has an A (Severe Injury)
existing shoulder width of 6" and an AADT B (Minor Injury)
of 1,683. O (Property Damage Only)

Total

Selection:

The user reviews the Approved CMF List for appropriate countermeasures to this project. They see “Convert
Shoulder Type” references a Spreadsheet Tool, which they open.



Spreadsheet Tools: Convert Shoulder Type

evel 2 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

all

Fatal & Injury

CMF Identifier

Passing Lanes

Convert Shoulder
Type

Install / Widen Paved
Right Shoulder

Install periodic passing lanes on rural
highways to allow passing of slower
vehicles and the dispersal of traffic blatoons
Convert shoulder material from turn to
composite, turf to paved, or paved to other
tvne
Increase the width of the right shoulder to
provide more recovery room for the driver.

Rural

Two-Lane

All

0.75

r-l1a-01.01-aa

Four-Lane

Two-Lane

All

All

Run Off Road, Head-On,
Sideswipe

0.65

Spreadsheet Tool

Spreadsheet Tool

r-1a-01.02-aa

r-1a-02.1-ap

r-1a-03.1-tp

HSM

Widen Edge Line
Width

Adjust the width of roadway edge lines.

Two-Lane

Excludes intersection
and interchange crashes

0.63

r-1b-01.01-ca

FHWA Proven Safety
Countermeasures

Install Wet Pavement
Markings

Upgrade existing markings from standard
marking materials to wet-reflective
markings applied as paint, tape, or

thermoplastic material

Freeway

All

r-1b-02.01-as

Wet Road

r-1b-02.03-ta

Multilane Road

All

r-1b-02.04-aa

All

r-1h-02.04-as

Run Off Road

r-1b-02.05-ta

Wet Road

r-1b-02.06-ca

Nighttime

r-1b-02.07-ca

Dynamic Speed
Feedback Signs

A dynamic message sign that uses radar or
laser technology to determine the speed of
an approaching vehicle and then displays
the speed to the driver.

Two-lane

All

r-1c-01.01-aa

CMF #6885

Install Curve
Delineation

Installation of signs chevrons, or arrow
boards to improve curve delineation

Selection:

Head-on, Run Off Road,
Sideswipe, Non-
intersection

r-1c-02.01-ta

FHWA Proven Safety
Countermeasures

The user reviews the Approved CMF List for appropriate countermeasures to this project. They see “Convert
Shoulder Type” references a Spreadsheet Tool, which they open.




Spreadsheet tools: Convert Shoulder Type, cont.

Excel Calculator for Safety Effects of Convert Shoulder Type on Rural Two-Lane Roadways Applicat ion:

This spreadsheet tool calculates crash modification factors (CMFs) for the effect of converting shoulder The user reviews the instructions tab of the

types along a Rural Two-Lane Roadway. This CMF considers the existing shoulder width, the existing Spreadsheet tool then continues on to the
shoulder type, and the proposed shoulder type. This calculator uses Table 10-10 from the Highway “ ” ! ]
Safety Manual. Please note that if the shoulder types and / or widths for the two directions of a Calculator” ta b, in which they enter the

roadway segment differ, the CMF are determined separately for the shoulder type and width in each approp riate project data. The CMF is

direction of travel and the resulting CMFs are then to be averaged. rounded to 0.98 Applylng this CMF of 0.98
to the total crashes results in a predicted
34.3 Roadway Departure crashes, reducing
+ Paved the total by 0.7 crashes.

- Gravel
- Composite
« Turf

Step 1: Select the Existing and New Shoulder Types in cells B4 and D4 respectively. The options include:

Step 2: Select the existing shoulder width. This will be entered into cell C4.
The CMF value for this specific countermeasure will be calculated and output into cell E4.

Thank you for using the CMF calculator for converting shoulder types!

Existing Shoulder Type|Shoulder Width|New Shoulder Type




Spreadsheet Tools: Horizontal Curve Flattening

Scenario:
10 Year Crash Data

The Ci]’ccy is Iogging tg(;e(%lﬁce the horcijzontal Roadway
curve from -5% to -3%. The curve radius is . .
12,000. The horizontal curve length is 2 0 Hiyie ety Departure ot
miles long and has a straight grade. This K(Fatal)
roadway has a ten-year crash history A (Severe Injury)
shown in the table below and an AADT of B (Minor Injury)
1,683. O (Property Damage Only)

Total

Selection:

The user reviews the Approved CMF List for appropriate countermeasures to this project. They see “Horizontal /
Vertical Curve Flattening” references a Spreadsheet Tool, which they open.



Spreadsheet Tools: Horizontal Curve Flattening

Level 2 - Roadway / Structure Crash Modification Factors

Countermeasure

Definition

Area Types

Facility Types

Crash Types

All Fatal & Injury

CMF Identifier

Four-Lane Divided

r-1le-01.03-aa

Source

Interchange Lighting

Provide lighting where none exists

All

Interchange

r-le-02.01-aa

CMF #1283

0.74

r-le-02.01-as

CMF #1284

Full lineal to no or partial lineal lighting

Suburban

Interchange

r-le-02.02-aa

CMF #2364

0.766

r-le-02.02-as

CMF #2365

Full to partial interchange lighting

Suburban

Interchange

r-le-02.03-aa

CMF #2360

0.913

r-le-02.03-as

CMF #2361

Partial Plus to partial interchange lighting

Suburban

Interchange

r-le-02.04-aa

CMF #2368

0.862

r-le-02.04-as

CMF #2369

High Friction Surface
Treatment — Curves &
Ramps

Horizontal / Vertical
Curve Flattening

Improve Curve
Superelevation

Selection:

High Friction Surface Treatment (HFST)
requires the application of a high-quality
aggregate using a polymer binder to restore
or increase the friction of the pavement.
Reducing the steepness of the side slope to
increase drivers’ ability to keep the vehicle
stable, regain control of the vehicle, and
avoid obstacles.

Improve the superelevation variance (SV) of
horizontal curves

Curves

r-1f-01.01-aa

CMF #10318

Ramps

Two-Lane
Undivided

All

All
Improve 5V<0.01

Spreadsheet Tool

1.00

r-1f-.01.0

r-1g-01.01-ap

r-10-01.01-ca

All
Improve 0.01<5V<0.02

=1.00+6(SV-0.01)

r-10-01.02-ca

All
Improve SV>0.02

=1.06+3(SV-0.02)

r-10-01.03-ca

FHWA Proven
Countermeasures —
CMF #2259

The user reviews the Approved CMF List for appropriate countermeasures to this project. They see “Horizontal /
Vertical Curve Flattening” references a Spreadsheet Tool, which they open.




Spreadsheet Tools: Horizontal Curve Flattening,

C O n t Excel Calculator for Safety Effects of Horizontal Curve and Grade Combinations on Rural
e Two-Lane Highways

This spreadsheet tool calculates crash modification factors (CMFs) for the combined effect of curves
and grades. CMPFs are calculated for fatal and injury (Fl) crashes (CMF.), property damage only
(PDO) crashes (CMFqgo), and total crashes (CMFr57). Use the following instructions to analyze a
variety of roadway segments.

Step 1: Select the appropriate CMF calculation worksheet from the four available worksheets by
clicking on the tabs at the bottom of the screen display. The worksheet selected should be
appropriate for the specific combination of horizontal and vertical alignment for which a CMF is to
be calculated. The alignment combinations addressed include the following:

- Tangents on straight grades .

- Horizontal curves on straight grades.
- Tangents at vertical curves,

- Horizontal curves at vertical curves.

Step 2: Enter the applicable input data describing the horizontal and vertical alignment in the orange
boxes in the data input table. The text immediately above the data input table on each worksheet
gives guidance on typical ranges of input values. Default values based on chapter 10 of the American
Association of State Highway and Transportation Officials (AASHTO) Highway Safety Manual (HSM)
are provided for the proportions of Fl and PDO crashes, P, and Pgpg, which must sum to 1.0. Users
may substitute local values for Pg, and Pppo defaults.

Step 3: Click “Run.” The computed CMF values, along with a summary of the input data, will appear
on a new row added at the bottom of the results table. The final CMFs, CMFg, CMFppo, and CMFgr,
are shown in the blue boxes in those rows. You may now enter new values into the orange cells to
analyze a different set of conditions. Each time you click the “Run” button, data are saved into the
next row of the results report. Clicking “Reset” will refresh the results table by deleting all displayed
rows.

Thank you for using the CMF calculator for curves and grades!




Spreadsheet Tools: Horizontal Curve Flattening,

cont.

Existing Conditions

_

R |curveradius

Proportion of Fl crashes Mone
0.57|

MNone

(1 percent is entered as 1.0)

Run
Reset
Rural Two-Lane Roads: CMFs for Horizontal Curves on Str alpht Grades

Geometrics Grade Le
B | )| Pu | 0 ol

Horl ontal curve Level

Proportion of PDO crashes

Application:

Y

Proposed Conditions

—m
R |curveradius R

ft
DR (P
Proportion of Fl crashes (default is 0.321)

(1 percent is entered as 1.0}

Run
Reset

Proportion of PDO crashes

Rural Two-Lane Roads: CMFs for Horizontal Curves on 5tralpht Gradps

Grade
{Percent] [ﬂ] m|]

Geometrlcs

pn CMFFJ' CMF pop |CMF ror

The user reviews the instructions tab of the spreadsheet tool, then continues on to the “Hcurve Straight Grade” tab, in
which they enter the existing project data. This yields a CMF value of 1.23. The user then adjusts the conditions to
match the proposed roadway and yields a CMF value of 1.13. To find the effect of reducing the horizontal curve, the
user divides the proposed CMF by the existing CMF = 1.13 / 1.23 = 0.919. Applying 0.919 to 35 crashes yields 32.2

crashes.



3=

(»
(=»
N

e~ =
(=m
\G=
/\
o
““;nl

THE EISENHOWER LEGACY
TRANSPORTATION PROGRAM

Module 6

Using CMFs for Countermeasure Alternative Comparisons




Using CMFs for Benefit-Cost Analysis

Benefits Considerations
e Quantify safety impacts e Results depend on CMF quality
» Supports data-driven decision and applicability
making * Limited treatments
* Enhances transparency and  CMFs represent average effects
defensibility * Potential oversimplification of
* Provides common metric complex safety interactions

* Facilitates comparison of
iInvestment returns



General Improvement: Selecting a CMF

Scenario:

The City is looking to upgrade the pedestrian facilities at an intersection. The existing conditions contain a
crosswalk in each direction.

10 Year Crash Data

Injury Severity Pedestrian  Total

K (Fatal)

A (Severe Injury)

B (Minor Injury)

O (Property Damage Only)

Total

Selection:

This general improvement leads to a wide-open door
to choose improvement(s). The following
countermeasures consider pedestrian-related crash

types. What is the best mix of cost and benefit?

* Install Rapid Rectangular Flashing Beacon (RRFB) — CMF: 0.53

* High-Intensity Activated Crosswalk (HAWK) Signal — CMF: 0.543
* High Visibility Crosswalk — CMF: 0.6




General Improvement: Selecting a CMF

Scenario:
The City is looking to upgrade the pedestrian facilities at an intersection. The existing conditions contain a
crosswalk in each direction.

Benefit
Cost
BSC




® Scenario 3: CMF Context

Scenario:

- ) CMFs from CMFClearinghouse
An engineer wants to estimate the Area Study Crash Crash CMF | Service
benefit of installing 1 mile of Countermeasure | Description of CMF T Location T Severi Factor Life

bl - dd | Shoulder Rumble Install Shoulder British Roadway
rumoie strlps toa ress lane Strip Rumble Strip Rural Columbia  Departure All . 5 Years

d epa rture crashes. Shoulder Rumble Install Shoulder Roadway
Strip Rumble Strip Rural Kansas Departure . 5 Years

5 Year Crash Data

Roadway
Injury Severity Departure
K (Fatal)
A (Severe Injury)
B (Minor Injury)
C (Possible Injury)
O (Property Damage Only)
Total

Analysis:

Using the better CMF, the engineer calculates a reduction of 6.5
crashes in 5 years, resulting in a B/C = 1,708.

Error:

Choosing the CMF that was developed using sites from Kansas,
the 5-year crash reduction is 2.25 crashes and the B/C = 591.



Scenario 4: Comparing Countermeasures

Scenario:

An engineer is trying to decide whether to install a
roundabout or a signal at an intersection near the
center of a small city (pop 35,000).

10 Year Crash Data

K (Fatal)

A (Severe Injury)

B (Minor Injury)

C (Possible Injury)

O (Property Damage Only)
Total

Analysis:

Although a Single Lane Roundabout
provides a greater crash reduction
benefit, the cost of installing a traffic
signal offsets that reduction, making it a
slightly larger benefit.

Install Traffic Signal (0.955
Severity Crashes Value gnal( )
Predicted Crashes Predicted Crashes

$ 14,029,605.0 0.955
Serious Injury $  774,356.00 6.685
Possiblelnjury] 15 | $  141,166.00 14.325

00
No Injury $ 11,900.00 38.2
Benefit 991,961.42

Cost 250,000.00

B/C

Crash Crash CMF Service

Countermeasure | Description of CMF| Area Type Type | Severity | Factor Life

Install Single Lane Install Single Lane  Urban &
Roundabout Roundabout Suburban
Urban &

Install Signal Suburban All 0.955 20 Years

All 0.79 50 Years

Install Signal

Install Single Lane Install Single Lane

Rural All All 0.56 50 Years

Roundabout Roundabout

Install Signal Install signal Rural All All 0.56 20 years

Install Single Lane Install Single Lane

Roundabout Roundabout Urban All ABC 0.34 50 Years

Install Single Lane Roundabout
(0.79)

Benefit
2,946,217.0
1,138,303.32

444,672.9

iI
[

0.79
553
11.85
316

>

&
[<o]
©

i
(=)
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4,629,153.27
1,200,000.00

N
o
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® Scenario 5: Ranking Projects

Scenario: Area | Crash| Crash CMF

Countermeasure Service Life Cost

Type | Type | Severity | Factor

Applications for six different safety projects

are being considered for funding. The DOT STOR controlled tor | Ul S | 098 | 20Years | & 250,000.00
wants to know which projects will provide Szl
the best return on investment.
S gariiel el Rural  All All 0.56 50 Year $1,200,000.00
- - - Roundabout
Projects for Consideration
1 : : : ‘
Converta Stop controllgd mtersgctlon ESIE el Reflective Backplates Urban Al All 0.85 10 Year $ 12,800.00
pi Convert a Stop controlled intersection to roundabout
3 Install Reflective Backplates
4 Convert a Stop controlled intersection to Signal Since all projects used the approved CMF list, there was not a variation
5 Install Reflective Backplates between similar treatment types. They also all had the opportunity to
6 Convert a Stop controlled intersection to roundabout respond with similar countermeasures.
AnalySIS: Project Fatal Serious Injury P::;'::e No Injury CMF Life Cycle Cost Total Benefit B/C

1 $250,000.00 $1,728,147
2 $1,200,000  S$24,729,621
3 $12,800 $4,049,074
4 $250,000 $1,749,660
5 $12,800 $2,507,932
6 $1,200,000 $8,014,382




Scenario 6: Selecting a CMF for a Systemic
Safety Application

Scenario: Policy Option 1: Require shoulder rumble strips on all 2-lane

A DOT official wants to consider the highways with existing paved shoulders > 4 ft

impact of design policies to reduce rural Policy Option 2: Require minimum 4-ft paved shoulder on all
fatal and serious injury crashes across 2-lane highways with AADT > 2,000 AADT
s SiEE. Policy Option 3: Widen edge line striping on all 2-lane
highways
5 Year Crash Data
Rural Analysis:
Injury Severity Crashes 1. Use agency data to identify the locations that would be
K (Fatal) 820 impacted by the policy
A (Severe Injury) 1,213 2. Overlay historical crash data on those locations and total the
B (Minor Injury) N/A fatal and serious injury crashes at all impacted locations
C (Possible Injury) N/A 3. Identify the appropriate CMF to apply for each scenario and
O (Property Damage Only) N/A apply to total impacted crashes to estimate crash reduction
Total KA 2,033 4. If desired, compare cost of implementation to cost savings

from crash reduction.



Scenario 6: Selecting a CMF for a Systemic
Safety Application (Cont’d)

Data Gathered CMFs—Level 1 List
KA Countermeasure | Conditions CMF
Facility Description Crashes Shoulder Rumble  Rural, undivided

Strips roadways, all crash types,
F&I

Rural 2-lane highways with 452
paved shoulder =>4 ft

Widen paved rural; Run off road, Head- Oto4ft=0.77
right shoulder on, and sideswipe Oto 2ft=0.87

Rural 2-lane highways with 349
<4 ft of paved shoulder
AND >2,000 AADT

All rural 2-lane highways 1,641

crashes; AADT > 2,000; all 2to4 ft=0.88
severities

Widen Edge Line  Rural, two lane; all 0.63
segment crashes; all
severities




Scenario 6: Selecting a CMF for a Systemic
Safety Application (Cont’d)

KA Target KA crashes Total 5-year
Facility Description Crashes | Countermeasure CMF reduction

2-lane highways with Shoulder Rumble 452 0.88
paved shoulder =>4 ft Strips

2-lane highways with <4 Widen paved 184 0.88
ft of paved shoulder AND right shoulder (only lane (assume an increase

>2,000 AADT departure) from 2 ft to 4 ft for
most routes)

All 2-lane highways Widen Edge Line 748 0.63
(intersection
crashes removed)
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Combining CMFs

Multiplicative: CMF, = CMF; x CMF,
Additive: CMF, =1 —[(1 = CMF,) + (1 — CMF,)]
*maximum reduction = 100% (i.e., CMF=0)
Dominant CMF, = (CMF;)
Fffect: * CMF; = countermeasure with smallest CMF

Module 8, Slide 2



Combining CMFs: Multiplicative

CMF, = CMF, » CMF,

Independence Simple and transparent Independence is often
Same Crash Type / Consistent with HSM violated
Severity guidance Potential overestimation
No redundancy Scalable of benefit

Avoids over-crediting Limited empirical

(greater than 100% support for combinations

reductions) Sensitive to CMF quality
Does not capture
interactions

Check for overlap

Limit combinations, no
more than 2-3 CMFs
Match context carefully
Document assumptions

Module 8, Slide 3



Combining CMFs: Additive

CMF,=1—-[(1—-CMF;) + (1 —CMF,)]
*maximum reduction = 100% (i.e., CMF=0)

Effects are independent
and cumulative

Each countermeasure
reduces a distinct
portion of crashes
Reduction occur relative
to the same baseline

No diminishing returns
or interaction effects

Intuitive and easy to
explain

Conservative for small
CMFs

Useful for screening level
estimates

Useful when addressing
non-overlapping crash
populations

Can exceed logical
bounds (>100%
reduction)

Overstates safety benefit
Not consistent with HSM
guidance

lgnores diminishing
returns

Requires manual
constraints

Use for CMFs with very
small effects (minor
treatments with CMFs
<0.10)

Conceptual / planning
level analysis

Distinct crash
populations (pedestrian
only + run-off-road
treatments)

Clearly document
assumptions/limitations
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Combining CMFs: Dominant Effect

CMF, = (CMF;)
* CMF,; = countermeasure with smallest CMF

* One treatment provides Highly conservative Likely underestimates Use as a bounding case
the primary safety Simple and defensible benefits Pair with multiplicative
benefit Avoids double counting Not empirically grounded for a reasonable range
Additional treatments do Low data requirements May discourage Document justification
not produce incremental Useful when CMF quality comprehensive design / why one treatment is

crash reduction varies multi-element safety considered dominant
Countermeasures projects Document overlap in
address overlapping Insensitive to treatment crash type, severity, and
crash types or scale other factors
contributing factors Not HSM default
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Combining CMFs - Example

Scenario:

Two District Engineers are
discussing the safety benefits of
installing both Curve Delineation
and Shoulder Rumble Strips on a
roadway.

CMFs from CMFClearinghouse

Countermeasure Description of CMF Area Type Crash Type

Head-on, Roadway

Installation of signs, chevrons, Departure,
Install Curve or arrow boards to improve sideswipe, Non-

Delineation curve delineat

ion Intersection

Shoulder rumble strips

provide tactile and audible
Shoulder Rumble indications to drivers when Roadway
Strips they drive on or over them. Departure

Crash CMF
Severi Factor

10 Year Crash Data

Roadway

Injury Severity Departure

K (Fatal)

A (Severe Injury)

B (Minor Injury)

O (Property Damage Only)

Total

Module 8, Slide 6



Combining CMFs — Multiplicative

CMFs from CMFClearinghouse

Installation of signs, chevrons,
Install Curve or arrow boards to improve
Delineation curve delineation

Shoulder rumble strips

provide tactile and audible
Shoulder Rumble indications to drivers when
Strips they drive on or over them.

Using the Multiplicative Method:

Countermeasure Description of CMF Area Type

Head-on, Roadway
Departure,
sideswipe, Non-
Intersection

Roadway
Departure

Review of Tips & Assumptions:

CMF,,,. ,=CMF,*CMF,
0.82*0.91 = 0.746

Are the countermeasures independent?

How many CMFs are being combined?

Do the countermeasures address the same crash types/severities?

Module 8, Slide 6



Combining CMFs — Additive

CMFs from CMFClea ringhouse

Crash Type Crash Severity | CMF Factor

Area Type

Description of CMF

Countermeasure

Head-on, Roadway
Installation of signs, chevrons, or arrow Departure, sideswipe,
Install Curve Delineation  boards to improve curve delineation Non-Intersection

Shoulder rumble strips provide tactile and
audible indications to drivers when they

Shoulder Rumble Strips drive on or over them. Roadway Departure
Using the Additive Method: Review of Tips & Assumptions:
CMF.,p=1-[(1-CMF,)+(1-CMF,)] CMF with small effect?
1-[(1-0.82+(1-0.91)] = 0.73 Conceptual / planning level analysis?

Distinct crash populations?

Module 8, Slide 6



Combining CMFs — Dominant Effect

CMFs from CMFClearinghouse

Crash CMF .
Countermeasure Description of CMF Area Type Crash Type Severit Factor * Useasa bOUﬂdlng case

Head-on, Roadway e Pair with multiplicative for a reasonable range

Installation of signs, chevrons, Departure, ) . . .
Install Curve or arrow boards to improve sideswipe, Non- * Document JUStlflcatlon Why one treatment Is

Delineation curve delineation Intersection . Considered dominant

Shoulder rumble strips

provide tactile and audible  Document overlap in crash type, severity, and
Shoulder Rumble indications to drivers when Roadway
Strips they drive on or over them. Departure Othe r fa ctors

Using the Dominant Effect Method: Review of Tips & Assumptions:
CMF;, = (CMF,)

* CMF, = countermeasure with smallest CMF

Use as a boundary

Do the countermeasures address the same crash types/severities?
CMF =0.82

How many CMFs are being combined?

Module 8, Slide 6
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