Unsignalized Inqu" YIEI.D Sign

Intersection Implementation of a YIELD (R1-2) sign to establish that approaching

Improvement drivers must yield the right-of-way to conflicting traffic.
Guide

Targeted Crash Types Conditions Addressed

= Right-angle = Intersections with low volumes
and low speeds that are currently
uncontrolled.

Problems Addressed = Crash history or observed conflicts
o ] between vehicles failing to properly
= [nappropriate intersection traffic yield the right-of-way.
control

: = Excessive intersection conflicts
Source: VHB
A YIELD sign controls traffic along this
approach in a residential neighborhood.

Considerations
= |nstall the YIELD sign on the near side of the intersection on the right-hand side of
the approach to which it applies, as detailed in the MUTCD.

= With the exception of a roundabout, YIELD signs shall not be placed on all of the
approaches to an intersection.

= YIELD sign may be supplemented with yield line, Yield Ahead (W3-2) sign, or YIELD
word marking.

= YIELD signs should not be used for speed control.

= When a yield condition is new to an intersection approach, consider adding a NEW
(W16-15P) plaque and/or red flag as a supplement to the YIELD sign for an interim
period to educate the public of the change.

= Y|ELD sign may be installed for a channelized turn lane that is separated from
adjacent lanes by an island, even if the adjacent lanes are controlled by a STOP (R1-1)

sign.
Industry Standard Other Resources
MUTCD ITE Traffic Engineering Handbook
Section 2A.16: Standardization of ITE Traffic Control Devices Handbook
Location
Section 2B.08: YIELD Sign (R1-2)
; Section 2B.09: YIELD Sign Applications select Examples

AYIELD sign and supplemental yield Section 2B.10: STOP Sign or YIELD )

line and YIELD pavement marking con- Sian Placement Crown St. & Ridgecrest Dr.,

trol each approach to this mini-round- 2gn rlacement Salt Lake Cit;{ uT

about.

Hinton Oakes Blvd. & Lynnwood Rd.,
Knightdale, NC

Check for
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https://www.google.com/maps/@40.652578,-111.971958,3a,75y,277.33h,78t/data=!3m4!1e1!3m2!1s4E4pyt00ZlHDCJWhy7E40Q!2e0
https://www.google.com/maps/@40.652578,-111.971958,3a,75y,277.33h,78t/data=!3m4!1e1!3m2!1s4E4pyt00ZlHDCJWhy7E40Q!2e0
https://www.google.com/maps/place/Knightdale,+NC/@35.793898,-78.510152,3a,75y,243.63h,83.32t/data=!3m4!1e1!3m2!1sCeF3TS2JrSq5doS_KLN6Rg!2e0!4m2!3m1!1s0x89ac5ca881783dfb:0xe63a2bb161dc4716
https://www.google.com/maps/place/Knightdale,+NC/@35.793898,-78.510152,3a,75y,243.63h,83.32t/data=!3m4!1e1!3m2!1sCeF3TS2JrSq5doS_KLN6Rg!2e0!4m2!3m1!1s0x89ac5ca881783dfb:0xe63a2bb161dc4716
http://www.ite.org/bookstore/TOC/TB-010A-E_TOCindex.pdf
http://ecommerce.ite.org/IMIS/ItemDetail?iProductCode=IR-112A
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A16
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A16
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B08
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B09
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B10
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B10
http://www.cmfclearinghouse.org/

Install STOP Sign

UnSIan".zed Implementation of a STOP (R1-1) sign to establish that approaching
Intersection drivers must always come to a complete stop before entering an
Improvement intersection.
Guide
Targeted Crash Types Conditions Addressed
= Right-angle = Bicyclist = Crash history or observed conflicts
= Pedestrian due to lack of proper traffic control.

= Limited visibility on one or more
intersection approaches such that
Problems Addressed a full stop at the intersection is

o ] warranted.
= Inappropriate intersection traffic

control

= Excessive intersection conflicts

BN = Inadequate intersection sight distance
Engineering , LLC 9 9
The STOP sign on this residential street
is supplemented with a stop line and
STOP word marking.

Considerations

= Should be used to stop the lower-volume street based on a traffic study.

= [nstall the STOP sign on the near side of the intersection on the right-hand side of
the approach to which it applies, as detailed in the MUTCD.

= STOP signs are not to be used as a speed control or traffic calming device.

= When a stop condition is new to an intersection approach, consider adding a NEW
plaque and/or red flag as a supplement to the STOP sign for an interim period to
educate the public of a change.

Source: VHB
This STOP sign controls two approach = May also be supplemented with stop line, Stop Ahead (W3-1) sign, STOP pavement
lanes. marking, median STOP sign, or red retroreflective material on the STOP sign support.

Industry Standard Other Resources

MUTCD ITE Traffic Engineering Handbook
Section 2A.16: Standardization ITE Traffic Control Devices Handbook
of Location

Section 2B.05: STOP Sign (R1-1) and
ALL WAY Plaque (R1-3P)

Section 2B.06: STOP Sign Applications

Section 2B.10: STOP Sign or YIELD
Sign Placement

Source: VHB

The STOP sign and Street Name signs
are placed on the same sign support.

Check for
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http://www.ite.org/bookstore/TOC/TB-010A-E_TOCindex.pdf
http://ecommerce.ite.org/IMIS/ItemDetail?iProductCode=IR-112A
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A16
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A16
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B05
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B05
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B06
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B10
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B10
http://www.cmfclearinghouse.org/

Implement All-Way
Unsignalized Sfop CO ntrOI

Intersection Installation of STOP (R1-1) signs supplemented with the ALL WAY (R1-3P)
Improvement plaque along all intersection approaches.
Guide
Targeted Crash Types Conditions Addressed
Pk R 00- LLC = Right-angle = Bicyclist = Limited sight distance from minor

= Pedestrian road approaches.

= Crash history or observed conflicts
involving turning or through vehicles

Dl Akl from the minor road.

= |nterim traffic control when a traffic

= Inappropriate intersection signal is needed.

traffic control ) L
= Intersection with high

= Excessive intersection conflicts pedestrian volumes.

* Inadequate intersection sight distance = Intersection of two similar residential

The ALL WAY plaque is mounted below = Vehicle conflicts with non-motorists collector streets.
the STOP sign.

Considerations

= Consider adding a NEW (W16-15P) plaque as a supplement to the STOP sign for an
interim period.

= Consider installing advanced Stop Ahead (W3-1) signs and/or stop lines.

= Traffic volumes on both major and minor roads should be approximately equal.

A NEW plaque is used here to
emphasize recently-implemeted all-way

stop control. Industry Standard Other Resources

Source: iStock AN MUTCD NCHRP 500 Volume 5: A Guide for
; Section 2A.16: Standardization Addressing Unsignalized Intersections

of Location

Section 2B.05: STOP Sign (R1-1) and ALL
WAY Plaque (R1-3P)

Section 2B.06: STOP Sign Applications
Section 2B.07: Multi-Way
Stop Applications

] ) Cornwallis Rd. & N. Shiloh Rd., Garner,
Section 2B.10: STOP Sign or YIELD

o ; Sign Placement NC
The ALL WAY plaque here informs road Prairie St. & 7th St., St. Charles, IL
users of the T-intersection’s control type.

Select Examples

JC Galloway Rd. & Mobleys Bridge Rd.,
Grimesland, NC

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://www.google.com/maps/@35.550258,-77.256611,3a,75y,133.22h,97.98t/data=!3m4!1e1!3m2!1s18W4vtxP5xI6rIXFHnqfbQ!2e0
https://www.google.com/maps/@35.550258,-77.256611,3a,75y,133.22h,97.98t/data=!3m4!1e1!3m2!1s18W4vtxP5xI6rIXFHnqfbQ!2e0
https://www.google.com/maps/@35.5893718,-78.5381559,3a,75y,141.08h,77.51t/data=!3m4!1e1!3m2!1siUEM1Xl6TCzPiiYep8vufA!2e0
https://www.google.com/maps/@35.5893718,-78.5381559,3a,75y,141.08h,77.51t/data=!3m4!1e1!3m2!1siUEM1Xl6TCzPiiYep8vufA!2e0
https://www.google.com/maps/@41.9072596,-88.3197089,3a,75y,263.94h,57.74t/data=!3m4!1e1!3m2!1sKoYCjdblLT5gQqOF7O3gJQ!2e0
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A16
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A16
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B05
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B05
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B06
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B07
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B07
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B10
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B10
http://www.cmfclearinghouse.org/

Install Intersection
Unsignalized CO ni'rOI BeCI con

Intersection Installation of traffic signal faces for each approach of a stop-controlled intersection
Improvemen’r in which only flashing circular red or circular yellow signal indications are used. The
Guide flashing red indications supplement STOP (R1-1) signs and face the stop-controlled
approaches; if the intersection does not operate under all-way stop control, then flashing
yellow indications are installed to face the uncontrolled approaches. An Intersection
Control Beacon is usually mounted over the center of an intersection;, however, the
beacons may be used at other suitable locations.

Targeted Crash Types Problems Addressed
= Right-angle = Rear-end = Non-compliance with intersection traffic
= Opposing left turn (minor road) control devices
= Rear-end = Pedestrian = Inadequate visibility of intersection or
(major road) = Bicyclist intersection traffic control devices
= Speeding
The Intersection Control Beacon flashes Conditions Addressed

red from the stop-controlled approach. ) ) ) ) )
= Crash history or observed conflicts related to lack of driver awareness of the intersection or of

the traffic control device.

= Citation history or observed non-compliance with traffic control.

= Intersections with poor nighttime visibility.

= |solated rural intersections.

= |Intersections characterized by high approach speeds.

= From the FHWA Report listed below: “There is anecdotal evidence that suggests that the
overhead beacons have been interpreted as indicating a four-way stop at locations that
were in fact only a two-way stop. This has caused motorists to pull out in front of the
approaching vehicles because they assumed the approaching vehicle would be stopping.”

These observations suggest that overhead beacons should be limited to all-way stop-
controlled intersections.

The Intersection Control Beacon flashes . .
yellow from the uncontrolled approach. Considerations
= A beacon must be visible from every approach.

= Flashing yellow signal indications shall not face conflicting vehicular approaches.

= A flashing circular red indication supplements—and does not replace—a STOP sign.

= Public outreach may be needed to address motorists who may be confused by the intersection
control beacon operation. Some motorists approaching a red flasher on the minor street may
assume that the major street also receives a red flasher.

= The intersection control beacon will require a power source.

Industry Standard Select Examples
MUTCD US 258 & NC 42/43, Pinetops, NC
Section 4L.02: Flashing Beacons NH 11 & Depot Rd., New Durham, NH

This Intersection Control Beacon is used

at an intersection adjacent to a crest Other Resources
vertical curve.

NCHRP 500 Volume 5: A Guide for Addressing Unsignalized Intersections
Check for Low-Cost Safety Enhancements for Stop-Controlled and Signalized Intersections, FHWA

: Intersection Safety: A Manual for Local Rural Road Owners, FHWA
:I E mﬂ Strategies to Address Nighttime Crashes at Rural, Unsignalized Intersections, lowa DOT
CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://maps.google.com/maps?q=35.781213,-77.604512&hl=en&ll=35.781152,-77.604064&spn=0.000017,0.013937&sll=40.922868,-77.5148&sspn=0.007077,0.013937&t=h&z=17&layer=c&cbll=35.78117,-77.604178&panoid=YSvAn0aQk2AREf9zwSNjeQ&cbp=13,300.21,,0,5.54
https://maps.google.com/maps?q=NH+11+%26+Depot+Rd,+New+Durham,+NH&hl=en&ll=43.430001,-71.163876&spn=0.000016,0.013937&sll=43.429861,-71.163661&sspn=0.014258,0.027874&gl=us&hnear=New+Hampshire+11+%26+Depot+Rd,+New+Durham,+Strafford,+New+Hampshire+03855&t=m&z=17&layer=c&cbll=43.429932,-71.163771&panoid=3NiVQtXXQvaO24-PhWjNRw&cbp=12,316.76,,0,6.17
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://www.iowadot.gov/research/reports/Year/2008/fullreports/tr540%20Final.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part4/part4l.htm
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part4/part4l.htm
http://www.cmfclearinghouse.org/

Unsignalized Inqu" Sfop I.ine

Intersection A transverse pavement marking applied to the approach lane of a stop-
Improvement controlled intersection to indicate where the motorist should stop.
Targeted Crash Types Conditions Addressed
= Right-angle = Pedestrian = Crash history or observed conflicts

related to STOP (R1-1) sign violations.
= Citation history of noncompliance at

STOP signs.
Problems Addressed = Poor driver decision-making related
* Inadequate motorist guidance to gaps in traffic due to poor vehicle

placement at STOP signs (i.e., not

= \ehicle conflicts with non-motorists oulling ahead far enough).

= Non-compliance with intersection
traffic control devices

A 12-inch stop line is used to
supplement the STOP sign at this
residential intersection.

Considerations

= Stopping sight distance should be considered when determining the location of the
stop line.

= Stop lines should be placed at least 4 feet in advance of the nearest crosswalk line
at stop-controlled approaches. In the absence of a marked crosswalk, the stop line
should not be placed less than 4 feet or more than 30 feet from the nearest edge of
the intersecting traveled way.

= Stop lines shall be solid and white, extend across the subject approach lanes, and
should be 12 to 24 inches wide.

This 24-inch stop line has been correctly
installed at least 4 feet in advance of

the marked crosswalk. Industry Standard Other Resources

MUTCD Low-Cost Safety Enhancements

Section 3B.16: StOIQ and Yield Lines for StOD‘ContrO“ed and SiGnalized
Intersections, FHWA

Intersection Safety: A Manual for Local
Rural Road Owners, FHWA

Select Examples South Carolina Case Study: Systematic
Intersection Improvements, FHWA

Hubbard Ave. & Park St., Middleton, WI NCHRP 562 & TCRP 112: Improving
Lst St. & Elliott Ave. N., Pedestrian Safety at Unsignalized
Wenatchee, WA Intersections

26th St. & Pacific Ave., Virginia Beach,

VA

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 005


https://maps.google.com/maps?q=Hubbard+Ave+and+Park+St,+Middleton,+WI&hl=en&ll=43.095217,-89.501528&spn=0.003095,0.013937&sll=43.095216,-89.501524&sspn=0.001213,0.001742&t=h&gl=us&hnear=Park+St+%26+Hubbard+Ave,+Middleton,+Dane,+Wisconsin+53562&z=17&layer=c&cbll=43.095216,-89.501524&panoid=bsdB-514dkkQMWM5C5NbRQ&cbp=11,272.55,,0,3.19
https://www.google.com/maps/@47.425283,-120.335301,3a,75y,183.24h,67.69t/data=!3m4!1e1!3m2!1sZiVTiL9i0jd9utFCyCTM-g!2e0?hl=en
https://www.google.com/maps/@47.425283,-120.335301,3a,75y,183.24h,67.69t/data=!3m4!1e1!3m2!1sZiVTiL9i0jd9utFCyCTM-g!2e0?hl=en
https://www.google.com/maps/%4036.854271%2C-75.978207%2C3a%2C75y%2C76.29h%2C73.09t/data%3D%213m4%211e1%213m2%211st1mRM6OcQDJVdGb_Mg5cTw%212e0%3Fhl%3Den
https://www.google.com/maps/%4036.854271%2C-75.978207%2C3a%2C75y%2C76.29h%2C73.09t/data%3D%213m4%211e1%213m2%211st1mRM6OcQDJVdGb_Mg5cTw%212e0%3Fhl%3Den
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B16
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

meering, LLC :

A Yield Here to Pedestrians sign
is installed in combination with
this yield line in advance of the
pedestrian crosswalk across the
uncontrolled approaches of a stop-
controlled intersection.

Avyield line and YIELD word marking
supplement the YIELD sign along the
approach to this roundabout.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Install Yield Line

A transverse pavement marking in the form of repeated isosceles triangles
applied to the lane of a yield-controlled approach. The series of triangles
are placed with the points of the triangle facing the approaching vehicle,
so as to resemble a YIELD (R1-2) sign on the pavement.

Targeted Crash Types Problems Addressed

= Right-angle = Pedestrian = Inadequate motorist guidance

= \ehicle conflicts with non-motorists

= Non-compliance with intersection

Conditions Addressed traffic control devices

= Crash history or observed conflicts
related to failure to yield the
right-of-way.

Considerations

= Stopping sight distance should be considered when determining the location of the
yield line.

= Improve effectiveness at pedestrian crossings by combining yield lines with Yield
Here to Pedestrians (R1-5, R1-5a) signs and Pedestrian Crossing (W11-2) signs.

Industry Standard Other Resources

NCHRP 562 & TCRP 112: Improving

Pedestrian Safety at Unsignalized
Intersections

NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections

MUTCD
Section 3B.16: Stop and Yield Lines

Select Examples
AlA Beach Blvd. & 15th St., St. Augustine, FL
S. Pierce St. & E. Kings Hwy., Eden, NC

Treatment ID No. 006


https://www.google.com/maps/@29.854549,-81.267256,3a,75y,6.17h,76.97t/data=!3m4!1e1!3m2!1sf3fcALgvT5uTxWERxcBEjg!2e0
https://www.google.com/maps/@36.494276,-79.736655,3a,75y,197.39h,65.97t/data=!3m4!1e1!3m2!1s66HYbkYXeeil8hKXcdQx5w!2e0
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B16
http://www.cmfclearinghouse.org/

Unsignalized Inqu" Sfop BeCICOH

Intersection A flashing beacon that is placed on top of a STOP (R1-1) sign. The Stop
Improvemen’r Beacon consists of one or more signal sections of a standard traffic signal
Guide face with a flashing circular red signal indication.

Targeted Crash Types Conditions Addressed
= Right-angle = Rear-end = Crash history or observed vehicle
(minor road) conflicts caused by non-compliance

with intersection traffic control or
lack of awareness of intersection
traffic control.

Problems Addressed = Existing STOP sign is not conspicuous

, o . in surroundings.
= Non-compliance with intersection 9

Source: VHB traffic control devices = Recent change in traffic control or
This Stop Beacon has two <ibility of . traffic regulation at the intersection.
horizontally-aligned signal indications. = Inadequate visibility of intersection or o . )

intersection traffic control devices = Poor visibility of the intersection from

stop-contolled approach(es).

Considerations
Wlatallig = One or two red beacons may be installed—see MUTCD Section 4L.05 for
additional guidance.
e = A power source (typically solar or electric) will be required.
i = = The beacon may be actuated to flash red when approaching vehicles are detected
S through loop detectors.

bource:yHB = This strategy can be used in conjunction with other strategies to increase

This Stop Beacon comprises a single sign conspicuity.
signal indication above the STOP sign.

Industry Standard Other Resources
MUTCD Innovative Operational Safety

Improvements at Unsignalized
Intersections, Florida DOT

Safety Evaluation of Flashing
Beacons at STOP-Controlled

Intersections, FHWA

Section 2A.15: Enhanced Conspicuity
for Standard Signs

Section 4L.05: Stop Beacon

Source: VHB

This Stop Beacon has two vertically- Select Examples

aligned signal indications.

Ridge Rd. & E. Four Mile Rd., Cheyenne, WY
Hoover Hill Rd. & Kennedy Rd., Trinity, NC

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://maps.google.com/maps?q=Cheyenne,+WY&hl=en&ll=41.188812,-104.76805&spn=0.006653,0.027874&sll=43.429955,-71.163814&sspn=0.007129,0.013937&oq=cheyenn&gl=us&hnear=Cheyenne,+Laramie+County,+Wyoming&t=m&z=16&layer=c&cbll=41.188814,-104.768057&panoid=jFdHU8Yu7VfCCWOivD33NA&cbp=11,12.61,,0,8.04
https://maps.google.com/maps?q=hoover+hill+rd.+%26+kennedy+rd.+trinity,+nc&hl=en&ll=35.814577,-79.95856&spn=0.000035,0.023282&sll=34.706053,-79.152669&sspn=0.003158,0.00582&hnear=Trinity,+North+Carolina&t=m&z=16&layer=c&cbll=35.814582,-79.958664&panoid=j0E1OS7OoUxMR0qET_T0_Q&cbp=12,109.16,,0,-1.23
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.fhwa.dot.gov/publications/research/safety/08044/08044.pdf
http://www.fhwa.dot.gov/publications/research/safety/08044/08044.pdf
http://www.fhwa.dot.gov/publications/research/safety/08044/08044.pdf
http://mutcd.fhwa.dot.gov/htm/2009/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009/part4/part4l.htm#section4L05
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

Source: VHB

A traffic signal controls the vehicular
movements at this T-intersection.

Source: VHB

Traffic signals can be warranted by
higher traffic volumes and proximity to
a school crossing.

o+
==~

Source: VHB

This traffic signal offers a protected
phase for left turns from the
major road.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 008

Install Traffic
Control Signal

Any highway traffic signal by which traffic is alternately directed to stop
and permitted to proceed. A signal may be considered when one or more
of the nine warrants specified in the MUTCD are satisfied.

Targeted Crash Types Problems Addressed
= Right-angle = Opposing = [nappropriate intersection
left turn traffic control

= Pedestrian
= Excessive intersection conflicts

= Poor operational performance
Conditions Addressed = Vehicle conflicts with non-motorists

= Crash history or observed conflicts
between turning vehicles and
opposing through vehicles.

= \Where one or more of the nine
MUTCD warrants for a traffic signal
are met (Section 4C.02).

Considerations

= Conduct a traffic control needs study and check warrants in the MUTCD
(Section 4C.01).

= Design for all types of users at the intersection.

= Inform business and property owners near the intersection early in the process and
ensure proper design of access points to the properties.

= May need to widen the intersection to provide left-turn lanes for signalization.

Industry Standard Other Resources

MUTCD Signalized Intersections: Informational
Section 4C.01: Studies and Factors for Guide, FHWA

Justifying Traffic Control Signals NCHRP Volume 12: A Guide for

Reducing Collisions at Signalized
Intersections

Traffic Signals, PEDSAFE

Select Examples
Babylon Rd. & Limekiln Pk., Maple Glen, PA

Covered Bridge Rd. & Buffalo Rd., Clayton, NC
21st St. & Graham Ave., Windber, PA



http://www.fhwa.dot.gov/publications/research/safety/04091/04091.pdf
http://www.fhwa.dot.gov/publications/research/safety/04091/04091.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v12.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v12.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v12.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=45
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part4/part4c.htm#section4C01
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part4/part4c.htm#section4C01
http://mutcd.fhwa.dot.gov/htm/2009/part4/part4c.htm#section4C01
http://mutcd.fhwa.dot.gov/htm/2009/part4/part4c.htm#section4C02
http://www.cmfclearinghouse.org/
https://www.google.com/maps/place/Fort+Washington,+PA/@40.1940923,-75.1836645,3a,75y,253.04h,90t/data=!3m4!1e1!3m2!1shg2MyZ4mdvLM3fu00Q8jOw!2e0!4m2!3m1!1s0x89c6bae5d792c431:0x708af9dceadc07e6
https://www.google.com/maps/place/Selma,+NC/@35.6921427,-78.3722259,3a,75y,236.47h,79.03t/data=!3m4!1e1!3m2!1s17tLv2RECanMfffZK31kow!2e0!4m2!3m1!1s0x89ac12ad585e219d:0x9ad60833b4d51780
https://www.google.com/maps/@40.2312881,-78.8261473,3a,75y,40.48h,90t/data=!3m4!1e1!3m2!1sc4KUyfBt7cLf1sMN8gfImw!2e0

Unsignalized

Intersection
Improvement
Guide

“| 730AM - BI0AM
230PN - 330PM

A Movement Prohibition sign prohibits
left turns during peak hours of traffic.

Combination of pavement markings
reading “RIGHT TURN ONLY" and a
Movement Pohibition sign to prohibit
left turns.

This overhead Movement Prohition sign
prohibits left turns during the morning
and evening weekday peak hours.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Prohibit Turn Movement
Using Signs

Installation of one or more signs—and possibly pavement markings—to

prohibit certain movements at the intersection.

Targeted Crash Types Problems Addressed

= Right-angle = Excessive intersection conflicts

= Opposing left turn = Poor operational performance

= Rear-end (major road) = Misjudgment of gaps

Conditions Addressed

= Crash history or observed conflicts related to particular turning maneuvers (e.g., left
turns), possibly at particular times (e.g., morning peak hour) and days (e.g., Monday
— Friday).

= Insufficient gaps in major road traffic for left turns from major or minor road or
through movements from minor road.

= Insufficient sight distance or lack of appropriate left-turn storage area to safely make
a turning movement.

= Impractical to improve conditions with other treatments such as improved sight
distance or turn lanes.

Considerations

= Using permanently-mounted supplementary legends, the turn prohibition may be
applied such that it is in effect only during certain times and days of the week.

= Local business owners and residents may object if the restriction affects access
to their property. The affected property owners should be notified prior to any
restriction of their access. Restrictions should be justified to address a crash or other
safety or operational problem.

= With no physical barrier or enforcement, violations to the turn restriction may occur.

= Drivers may take unanticipated alternative routes through private property or minor
local streets to avoid the restriction(s).

Industry Standard

MUTCD
Section 2B.18: Movement Prohibition

Signs (R3-1 through R3-4, R3-18, and

R3-27)

Section 2B.37: DO NOT ENTER sign
(R5-1)

Section 3B.20: Pavement Word,
Symbol, and Arrow Markings

Other Resources

NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections

Left Turn Prohibitions, PEDSAFE

Select Examples
Nevada Rd. & Ramona Expwy., Perris,
CA

University Dr. & Oxford Dr., Durham,
NC

Atlantic Ave. & Ingram Dr., Raleigh, NC

Treatment ID No. 009


https://www.google.com/maps/@33.8439363,-117.248204,3a,75y,343.39h,68.29t/data=!3m4!1e1!3m2!1spjasyGXGmJf4zKMhIpPFvw!2e0
https://www.google.com/maps/@33.8439363,-117.248204,3a,75y,343.39h,68.29t/data=!3m4!1e1!3m2!1spjasyGXGmJf4zKMhIpPFvw!2e0
https://www.google.com/maps/@35.9695859,-78.9345635,3a,75y,64.99h,91.09t/data=!3m4!1e1!3m2!1sshyiwWS00x5xzUb2AnBo9Q!2e0?hl=en
https://www.google.com/maps/@35.9695859,-78.9345635,3a,75y,64.99h,91.09t/data=!3m4!1e1!3m2!1sshyiwWS00x5xzUb2AnBo9Q!2e0?hl=en
https://www.google.com/maps/@35.8316076,-78.6028337,3a,75y,187.68h,88t/data=!3m4!1e1!3m2!1sjhAMTqNuPHra0W8ONMQ2Lg!2e0
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=44
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B37
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B37
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://www.cmfclearinghouse.org/

Re-time Adjacent
Unsignalized TI'CI fﬁC Sig na I

Intersection
Improvement

The modification of the traffic signal timing schemes at one or both of the
nearby signalized intersections to create longer gaps in the traffic stream
for turning maneuvers at the nearby unsignalized intersection.

Targeted Crash Types Problems Addressed
= Right-angle = Misjudgment of gaps
= Rear-end (major road) = Poor operational performance

= Pedestrian

Conditions Addressed
= Crash history or observed conflicts (right-angle) due to insufficient gaps in through
traffic on major road.

= Long queues on minor road due to insufficient gaps in traffic on major road.

Considerations

= Changing the signal timing to benefit the adjacent unsignalized intersection may
negatively impact the level of service and/or progression on the major road. Impacts
should be considered not only for adjacent signals but the signalized corridor as
a whole.

= May need to consult with other agencies (state, county, or local) to coordinate
signal timing.

Source: Leé Engi’heefig%»{-;

Traffic engineers adjust the timing of a
traffic signal at its control cabinet.

Other Resources

NCHRP 500 Volume 5: A Guide for Addressing Unsignalized Intersections
Traffic Signal Timing Manual, FHWA

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://ops.fhwa.dot.gov/arterial_mgmt/tstmanual.htm
http://www.cmfclearinghouse.org/

Unsignalized
Intersection
Improvement
Guide

Source: Lee Engineering, LLC

E. CHOLLA ST.

. |

An Intersection Warning sign may be
supplemented with an Advance Street
Name plaque.

; Sourc:m
A Combination Horizontal Alignment/

Intersection sign simultaneously warns
road users of multiple conditions.

An Intersection Warning sign may be
supplemented with various warning
plaques.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV o . .
u I I G Unsignalized Intersection Improvement Guide

Install Intersection
Warning Sign(s)

Standard traffic sign used to indicate the presence of an intersection

ahead.

Targeted Crash Types
= Right-angle
= Rear-end (major road)

Problems Addressed

= Inadequate visibility of intersection or
intersection traffic control devices

= Speeding

Considerations

Conditions Addressed

= Poor visibility of the intersection from
approaches.

= Crash history or observed conflicts
involving lack of awareness of
intersection or traffic control.

= Observed speeding on approaches to
the intersection.

= Intersection Warning (W2-1 through W2-8) signs may be supplemented with an Advisory

Speed (W13-1P) plaque.

= Other than the Circular Intersection (W2-6) sign and the T Symbol (W2-4) sign,
Intersection Warning signs should not be used on approaches controlled by STOP (R1-1)

signs, YIELD (R1-2) signs, or traffic signals.

= No more than two side road symbols should be displayed on the same side of the
highway on an Offset Side Roads (W2-7) or Double Side Roads (W2-8) sign, and no
more than three side road symbols should be displayed on a W2-7 or W2-8 sign.

= A Two-Direction Large Arrow (W1-7) sign may be used on the far side of a T-intersection
in line with, and at approximately a right angle to, traffic approaching from the stem
of the T-intersection. The W1-7 sign may be used with or without intersection traffic

control signs.

= For intersections occurring within or immediately adjacent to horizontal curves, the
Cross Road (W2-1) sign or Side Road (W2-2 or W2-3) sign may be combined with the
Turn (W1-1) sign or Curve (W1-2) sign to create a combination Horizontal Alignment/

Intersection sign (W1-10 series).

= The relative importance of the intersecting roadways may be shown by different widths

of lines in the symbol.

Industry Standard
MUTCD

Section 2C.46: Intersection Warning Signs (W2-1 through W2-8), Figure 2A-4, and

Table 2C-4

Section 2C.11: Combination Horizontal Alignment/Intersection Signs (W1-10 Series)

Other Resources
Intersection Safety: A Manual for
Local Rural Road Owners, FHWA

NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections

Select Examples

E. Cave Creek Rd. & N. Tranquil Trl.,
Carefree, AZ

PA 144 & US 322, Spring Mills, PA

Renner Blvd. & W. 95th St., Lenexa, KS

Treatment ID No. 011


http://goo.gl/maps/64xVw
http://goo.gl/maps/64xVw
https://www.google.com/maps/@40.795581,-77.6273562,3a,75y,106.28h,91.39t/data=!3m4!1e1!3m2!1sTkb3AAQzr3duUirFRlP3BQ!2e0?hl=en
https://maps.google.com/maps?q=Renner+Blvd+%26+W+95th+St,+Lenexa,+KA&hl=en&ll=38.956806,-94.779503&spn=0.000033,0.027874&sll=38.961144,-94.778924&sspn=0.0152,0.027874&hq=Renner+Blvd+%26+W+95th+St,+Lenexa,+KA&t=m&z=16&layer=c&cbll=38.956718,-94.779507&panoid=kmaTBlzYaLsDqODQ6yLEmQ&cbp=12,359.31,,0,5.27
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#23section2C46
mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#23figure2A04
mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#23table2C04
mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#section2C11
http://www.cmfclearinghouse.org/

Install Advance Traffic
meremell  Control Warning Sign

Intersection
Improvement
Guide

Warning sign bearing a symbol of the approach’s impending control type
(i.e., stop or yield).

Targeted Crash Types Conditions Addressed
= Right-angle = Poor visibility of the intersection
traffic control from one or more

= Rear-end (major road)
, approaches.
= Rear-end (minor road)

Problems Addressed

= Inadequate visibility of intersection or intersection traffic control devices

Considerations

= An Advance Street Name (W16-8P or W16-8aP) plaque and/or Warning Beacon
may be installed with the warning sign.

= [f the visibility issue or condition is only present on one approach, this treatment
may be used only on that approach.

These Stop Ahead signs warn road = An Advqnce Traffic Control. (.W_?)—T or W3-2) sign may be used for ao!diti.onal
users of an upcoming STOP sign. emphasis even when the visibility distance to the traffic control device is
satisfactory.

Industry Standard Other Resources

MUTCD Intersection Safety: A Manual for

Section 2C.36: Advance Traffic Control Local Rural Road Owners, FHWA
Signs (W3-1, W3-2, W3-3, W3-4),

Figure 2A-4 (Use of Sign Shapes)

g i Table 2C-4 (Guidelines for Advance Select Examples
ource: : ;
Placement of Warning Signs Wickham Rd. & Stadium Pkwy., Viera,
The Yield Ahead sign provides advance FL
warning along this approach of the —
yield condition that lies just ahead. Howsers Branch Dr. & US 50, Aldie, VA

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://maps.google.com/maps?q=N+Wickham+Rd+%26+Stadium+Pkwy,+Melbourne,+Brevard,+Florida+32940&hl=en&ll=28.231059,-80.732526&spn=0.000009,0.006968&geocode=Fd6_rgEdGR4w-w&hnear=N+Wickham+Rd+%26+Stadium+Pkwy,+Melbourne,+Florida+32940&t=h&layer=c&cbll=28.231059,-80.732526&panoid=VUpElGN0hSKNxHISSX408w&cbp=12,213.34,,0,4.92&z=18
https://maps.google.com/maps?q=N+Wickham+Rd+%26+Stadium+Pkwy,+Melbourne,+Brevard,+Florida+32940&hl=en&ll=28.231059,-80.732526&spn=0.000009,0.006968&geocode=Fd6_rgEdGR4w-w&hnear=N+Wickham+Rd+%26+Stadium+Pkwy,+Melbourne,+Florida+32940&t=h&layer=c&cbll=28.231059,-80.732526&panoid=VUpElGN0hSKNxHISSX408w&cbp=12,213.34,,0,4.92&z=18
https://www.google.com/maps/@38.965692,-77.617278,3a,75y,37.23h,93.76t/data=!3m4!1e1!3m2!1sjULlX2kbOD54vj2yM_2H1A!2e0
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#section2C36
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#section2C36
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#figure2A04
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#table2C04
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#table2C04
http://www.cmfclearinghouse.org/

Unsignalized
Intersection
Improvement
Guide

Source: Terry Behrends

Install Intersection
Conflict Warning System
(ICWS)

Intelligent Transportation System (ITS) technology used to warn motorists
approaching an intersection of potential conflicts with other approaching
vehicles. Such systems include detection of vehicles on the major road,
minor road, or both.

Targeted Crash Types
= Right-angle
= Rear-end (major road)

Problems Addressed

= Inadequate visibility of intersection or

Conditions Addressed
= Crash history involving vehicles
entering or crossing major road.

= Difficulty among drivers in
determining appropriate gaps in
traffic.

= Awareness of the intersection is

This ICWS employs ground-mounted lacking.
signing and Warning Beacons to warn
major road drivers that one or more
vehicles may be entering from the

minor road.

intersection traffic control devices
= High running speeds are typical of

= |nadequate intersection sight distance g
a 9 major road traffic.

= Misjudgment of gaps
= Speeding

Considerations
= There are applications designed for the major road approaches only, the minor road
approaches only, or the approaches of both roads.

= Requires similar equipment to a traffic signal: controller, cabinet, detection devices
(loops or video), and possibly LED message signs.

= Message should be simple and easily understood.

sgurce: VHE = Place at a distance from the intersection that would provide the approaching driver

This ICWS utilizes overhead signing and time to react.
Warning Beacons to warn major road
drivers that one or more vehicles may

be entering from the minor road.

= When ICWS design incorporates dynamic messages, some agencies program their
devices to display random dots on the message screen when they are not working

properly.

Other Resources Select Examples

US 24 & MO 15, Paris, MO

NC 42 & Castleberry Rd., Clayton, NC

Salem Church Rd. & Kingsland Rd.,
Richmond, VA

Stop-Controlled Intersection Safety:
Through Route Activated Warning

System, FWHA

Innovative Operational Safety

Improvements at Unsignalized
Intersections, Florida DOT

NCHRP 613: Guidelines for Selection

of Speed Reduction Treatments at
High-Speed Intersections

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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Treatment ID No. 013


https://maps.google.com/maps?q=U.S.+24+%26+Missouri+15,+Paris,+Monroe,+Missouri+65275&hl=en&ll=39.493692,-92.00007&spn=0.000033,0.026157&sll=39.337517,-92.006292&sspn=0.023964,0.052314&geocode=FQSgWgId2TCE-g&hnear=U.S.+24+%26+Missouri+15,+Paris,+Monroe,+Missouri+65275&t=m&z=16&layer=c&cbll=39.493626,-92.00006&panoid=YIJjtLsoFD5xQNbiuyVF3g&cbp=12,340.27,,0,11.96
https://maps.google.com/maps?q=Clayton,+NC&hl=en&ll=35.647192,-78.406602&spn=0.000017,0.013937&sll=37.6,-95.665&sspn=61.897095,114.169922&hnear=Clayton,+Johnston,+North+Carolina&t=m&z=17&layer=c&cbll=35.647195,-78.4066&panoid=WIokPwg8eZmYccg7q_1E4A&cbp=12,105.06,,0,0
https://www.google.com/maps/@37.405799,-77.481019,3a,75y,158.16h,71.38t/data=!3m4!1e1!3m2!1slKeXHUSEy0oor5AU6rcJaw!2e0?hl=en
https://www.google.com/maps/@37.405799,-77.481019,3a,75y,158.16h,71.38t/data=!3m4!1e1!3m2!1slKeXHUSEy0oor5AU6rcJaw!2e0?hl=en
http://safety.fhwa.dot.gov/intersection/resources/fhwasa11015/traws.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa11015/traws.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa11015/traws.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final%20Report%20-%20Contract%20C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final%20Report%20-%20Contract%20C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final%20Report%20-%20Contract%20C8K21.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

TYPE 4 [YELLOW)

PAVED
COUNTY ROAD

TYPE 4 (YELLOW)

Source: Idaho Transportation Dept.

Image from Figure 252.05-01 (Typical
Interchange And Crossroad Delineation)
of the Idaho Transportation Department
Traffic Manual that illustrates typical
delineator placement at a four-legged
stop-controlled intersection.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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Install Post-Mounted
Reflective Delineators at
Intersection

Implementation of post-mounted reflective delineators along the major
road at the intersection to promote driver awareness of the intersection,
especially during nighttime conditions.

Targeted Crash Types Conditions Addressed
= Right-angle = History of nighttime crashes.
= Rear-end (major road) = Remote stretches in which

intersections may not be conspicuous
to drivers along the major road.

Problems Addressed = Poor nighttime visibility of the
intersection from at least one

= Inadequate visibility of intersection or
approach.

intersection traffic control devices

Considerations

= Delineators are considered guidance devices rather than warning devices.
= The color of the delineator should be consistent with the color of the edge lines.
= This treatment can be applied in multiple ways:

« As delineators placed only at the intersection along roads that do not have
delineators for the entire corridor; or

* As different-colored delineators placed at the intersection when delineators
are applied continuously along the entire corridor as a means of supplemental
delineation of the roadway. For example, there are corridors in Idaho that have
regularly-spaced white delineators to provide supplemental delineation of the
roadway; the delineators at the unsignalized intersections are yellow to stand out
from the white ones used along roadway segments.

Industry Standard Other Resources

MUTCD Idaho Department of Transportation
Chapter 3F. Delineators Traffic Manual

Select Examples

Horseshoe Bend Rd. & Dry Creek Rd., Garden City, ID
Horseshoe Bend Rd. & Brookside Ln., Garden City, ID

E Four Mile Rd. & Space Dr., Cheyenne, WY

Treatment ID No. 014


https://maps.google.com/maps?q=Horseshoe+Bend+Rd+%26+Dry+Creek+Rd,+Garden+City,+Idaho&hl=en&ll=43.72991,-116.304756&spn=0.000016,0.013937&sll=43.72991,-116.304756&sspn=0.005016,0.006968&t=h&hnear=N+Horseshoe+Bend+Rd+%26+Dry+Creek+Rd,+Garden+City,+Ada,+Idaho+83714&z=17&layer=c&cbll=43.729911,-116.304757&panoid=UhPF61HgcjjYHD4n5y7EZA&cbp=12,53.5,,0,8.59
https://maps.google.com/maps?q=Horseshoe+Bend+Rd+%26+Brookside+Ln,+Garden+City,+ID&hl=en&ll=43.735825,-116.304102&spn=0.000016,0.013937&sll=43.735585,-116.304055&sspn=0.001254,0.001742&t=h&hnear=N+Horseshoe+Bend+Rd+%26+N+Brookside+Ln,+Garden+City,+Ada,+Idaho+83714&z=17&layer=c&cbll=43.735825,-116.304099&panoid=WnYLzX81YsK8Fi26Fb2OHA&cbp=12,175.68,,0,8.45
https://maps.google.com/maps?q=E+4+Mile+Rd+%26+Space+Dr,+Cheyenne,+WY&hl=en&ll=41.189207,-104.794303&spn=0.003326,0.013937&sll=41.189183,-104.802725&sspn=0.014775,0.027874&t=h&gl=us&hnear=E+Four+Mile+Rd+%26+Space+Dr,+Cheyenne,+Laramie,+Wyoming+82009&z=17&layer=c&cbll=41.18921,-104.794302&panoid=gLguLJSUjcHZ4D_PKWJTEw&cbp=11,257.41,,0,6.65
http://itd.idaho.gov/manuals/Manual Production/Traffic/250Delin.pdf
http://itd.idaho.gov/manuals/Manual Production/Traffic/250Delin.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3f.htm
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

Source: HSRC

This oversized STOP sign is
supplemented by an Intersection
Control Beacon.

This oversized Advance Traffic Control
sign requires two supports, which have
been supplemented with reflective
panels.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV o . .
u I I G Unsignalized Intersection Improvement Guide

Increase the Size of a
Regulatory or Warning

Sign

Replacement of an existing regulatory or warning sign with a larger one

of the same kind.

Targeted Crash Types
= Right-angle

= Rear-end (major road)

= Rear-end (minor road)

= Pedestrian

= Bicyclist

Conditions Addressed

Problems Addressed
= Inadequate visibility of intersection or
intersection traffic control devices

= Non-compliance with intersection
traffic control devices

= \/ehicle conflicts with non-motorists
= Speeding

= Crash history or observed vehicle conflicts caused by non-compliance with traffic
control device or lack of awareness of intersection traffic control.

= Existing sign is not conspicuous with respect to its surroundings.

Considerations

= Remove any visual clutter that may be inhibiting driver’s view of the existing sign.

= Make sure the sign is not located too far off the edge of the roadway.

= Installation of larger sign may require additional or new sign posts or a post

extension.

= This strategy can be used in conjunction with other strategies to increase sign

conspicuity.

= |nstallation of larger STOP sign is often accompanied by other related strategies,
such as installing a stop line, installing a second (duplicate) sign, or installing

reflective panels on the sign supports.

Industry Standard

MUTCD

Section 2A.15: Enhanced Conspicuity
for Standard Signs

Section 2B.03: Size of Regulatory Signs
Section 2C.04: Size of Warning Signs

Select Examples

SC127 & US 221, Laurens, SC
Middletown Rd. & Pine St., Somers, CT

Other Resources

South Carolina Case Study: Systematic
Intersection Improvements, FHWA

Stop Sign-Controlled Intersections:
Enhanced Signs and Markings - A
Winston-Salem Success Story, FHWA

Treatment ID No. 015


https://www.google.com/maps/@34.468763,-82.030095,3a,75y,307.86h,82.47t/data=!3m4!1e1!3m2!1sZ4NVgsRmZscqzsBN7H7fwg!2e0
https://www.google.com/maps/@41.694222,-72.312032,3a,75y,244.57h,84.84t/data=!3m4!1e1!3m2!1sL1cPXknG9tigvdP3aD8Yyw!2e0?hl=en
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09010/fhwasa09010.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09010/fhwasa09010.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09010/fhwasa09010.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B03
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#section2C04
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

The left-side Cross Road sign and
related enhancements promote driver
awareness of the intersection.

—

Source: VHB

The overhead STOP sign calls additional
attention to the stop condition on this
approach.

AHEAD markings notify approaching
road users of the impending stop.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Add a Duplicate
Regulatory or Warning
Sign

Installation of a second identical regulatory or warning sign on the left-

hand side of the roadway or overhead to supplement an existing sign.

Targeted Crash Types Problems Addressed

= Right-angle = Inadequate visibility of intersection or

» Rear-end (major road) intersection traffic control devices

= Non-compliance with intersection

= Rear-end (minor road) '
traffic control devices

= Pedestrian . ) i ,
o = Vehicle conflicts with non-motorists
= Bicyclist i
= Speeding

Conditions Addressed

= Crash history or observed vehicle conflicts caused by non-compliance with traffic
control device or lack of awareness of intersection traffic control.

= Existing sign is not conspicuous in its surroundings.

= Wide or high-speed intersection approaches.

Considerations

= Remove any visual clutter that may be inhibiting driver’s view of the existing sign.

= Take care not to overuse duplicate signing, as drivers may become accustomed to
their presence and fail to respond as desired.

= This treatment can be used in conjunction with other treatments to increase sign
conspicuity.

= When using left-side signing on a street without a median, a centerline should be
considered.

Select Examples Other Resources

South Carolina Case Study: Systematic
Intersection Improvements, FHWA

Stop Sign-Controlled Intersections:
Enhanced Signs and Markings - A

Winston-Salem Success Story, FHWA

Auburn Knightdale Rd. & Grasshopper
Rd., Knightdale, NC

E. Cave Creek Rd. & Tom Darlington
Dr., Carefree, AZ

E. Maple St. & N. Central Ave.
Nicholasville, KY

Industry Standard

MUTCD
Section 2A.15: Enhanced Conspicuity for Standard Signs

Section 2A.16: Standardization of Location

Section 2A.17: Overhead Sign Installations
Section 2A.18: Mounting Height

Treatment ID No. 016


https://maps.google.com/maps?q=knightdale,+nc&hl=en&ll=35.742555,-78.488404&spn=0.000009,0.006539&sll=41.009888,-92.088373&sspn=0.002923,0.006539&t=m&hnear=Knightdale,+Wake,+North+Carolina&z=18&layer=c&cbll=35.74271,-78.488224&panoid=f-arKbc7nTq7aihkunU8ag&cbp=12,44.4,,0,0
https://maps.google.com/maps?q=knightdale,+nc&hl=en&ll=35.742555,-78.488404&spn=0.000009,0.006539&sll=41.009888,-92.088373&sspn=0.002923,0.006539&t=m&hnear=Knightdale,+Wake,+North+Carolina&z=18&layer=c&cbll=35.74271,-78.488224&panoid=f-arKbc7nTq7aihkunU8ag&cbp=12,44.4,,0,0
https://maps.google.com/maps?q=knightdale,+nc&hl=en&ll=35.742555,-78.488404&spn=0.000009,0.006539&sll=41.009888,-92.088373&sspn=0.002923,0.006539&t=m&hnear=Knightdale,+Wake,+North+Carolina&z=18&layer=c&cbll=35.74271,-78.488224&panoid=f-arKbc7nTq7aihkunU8ag&cbp=12,44.4,,0,0
https://maps.google.com/maps?q=knightdale,+nc&hl=en&ll=35.742555,-78.488404&spn=0.000009,0.006539&sll=41.009888,-92.088373&sspn=0.002923,0.006539&t=m&hnear=Knightdale,+Wake,+North+Carolina&z=18&layer=c&cbll=35.74271,-78.488224&panoid=f-arKbc7nTq7aihkunU8ag&cbp=12,44.4,,0,0
https://www.google.com/maps/@37.87912,-84.568132,3a,75y,287.85h,74.75t/data=!3m4!1e1!3m2!1sVdINNzlUDaLcHFFh446HJg!2e0
https://www.google.com/maps/@37.87912,-84.568132,3a,75y,287.85h,74.75t/data=!3m4!1e1!3m2!1sVdINNzlUDaLcHFFh446HJg!2e0
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09010/fhwasa09010.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09010/fhwasa09010.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09010/fhwasa09010.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A16
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A17
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A18
http://www.cmfclearinghouse.org/

Install Warning Beacon(s)
on a Standard Regulatory
or Warning Sign

Addition of a Warning Beacon to provide emphasis to an existing
regulatory or warning sign. Warning Beacons should not be used with
STOP (R1-1), DO NOT ENTER (R5-1), WRONG WAY (R5-1a), or Speed
Limit (R2-1) signs.

Unsignalized

Intersection
Improvement
Guide

A single Warning Beacon is mounted
atop this Intersection Warning sign.

“Source: VHB

A pair of Warning Beacons are used to
supplement this warning sign.

Source: Leg Engineering, LLC

The School sign along this uncontrolled
major road approach is supplemented
with Warning Beacons.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Targeted Crash Types
= Right-angle

= Rear-end (major road)
= Rear-end (minor road)
= Pedestrian

= Bicyclist

Problems Addressed
= Inadequate visibility of intersection or
intersection traffic control devices

= Non-compliance with intersection
traffic control devices

= \/ehicle conflicts with non-motorists
= Speeding

Considerations

Conditions Addressed

= Crash history or observed vehicle
conflicts caused by non-compliance
with traffic control device or lack
of awareness of intersection traffic
control.

= Existing sign is not conspicuous in its
surroundings.

= May be used at obstructions in or
immediately close to the roadway.

= May be used to emphasize a change
in traffic control or traffic regulation
at the intersection (e.g., turning
restrictions).

= Beacons shall not face conflicting
vehicular approaches.

= Determine power source—solar power or hard-wired.

= Remove any visual clutter that may be inhibiting driver’s view of the existing sign.

= Take care not to overuse Warning Beacons as drivers may become accustomed to
their presence and fail to respond as desired.

= This treatment can be used in conjunction with other treatments to increase sign

conspicuity.

Industry Standard

MUTCD

Section 2A.15: Enhanced Conspicuity
for Standard Signs

Section 4L.03: Warning Beacon

Other Resources

Innovative Operational Safety

Improvements at Unsignalized
Intersections, Florida DOT

Select Examples

Atlantic Ave. & Ingram Dr., Raleigh, NC
Jetton Rd. & Meta Rd., Cornelius, NC
NC 55 & NC 111, Indian Springs, NC

Treatment ID No. 017


https://maps.google.com/maps?q=Atlantic+Ave+%26+Ingram+Dr,+Raleigh,+NC&hl=en&ll=35.832732,-78.602629&spn=0.003401,0.013937&sll=35.831430,-78.602868&layer=c&cbp=11,184.78,,0,2.36&cbll=35.832728,-78.60263&hnear=Atlantic+Ave+%26+Ingram+Dr,+Raleigh,+Wake,+North+Carolina+27604&t=m&z=17&panoid=3xEMmd-9LHf4Dz_KHKCHKw
https://www.google.com/maps/place/Jetton+Rd+%26+Meta+Rd,+Cornelius,+NC+28031/@35.475403,-80.906272,3a,75y,228.66h,95.74t/data=!3m4!1e1!3m2!1s9Pk3lkWELh_izlel-c7sdw!2e0!4m2!3m1!1s0x8856aeafdd300115:0x1beebcff423767c8
https://www.google.com/maps/@35.199415,-77.890649,3a,75y,58.29h,90.59t/data=!3m4!1e1!3m2!1s2ZonjkxmxwfNDILqbwqhlg!2e0
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part4/part4l.htm#section4L03
http://www.cmfclearinghouse.org/

Use LED Units Within a
Regulatory or Warning
Intersection Sig N

Improvement

Unsignalized

) The embedding of light emitting diodes (LEDs) within a sign’s symbol,
Guide legend, or border to increase its conspicuity.

Source: Lee Enginggring, LLC Targeted Crash Types Problems Addressed

= Right-angle = Inadequate visibility of intersection or

» Rear-end (major road) intersection traffic control devices

= Non-compliance with intersection

= Rear-end (minor road) '
traffic control devices

= Pedestrian _ ) ) _
o = Vehicle conflicts with non-motorists
= Bicyclist )
= Speeding

Conditions Addressed

= Crash history or observed vehicle conflicts caused by non-compliance with traffic
control device or lack of awareness of intersection traffic control.

= Existing sign is not conspicuous in its current surroundings.
= Poor sign visibility during low-light conditions.

Considerations

= LEDs can be set to flash or steady mode.

= LEDs have low power requirements and are typically powered by standalone solar

Sourge:/VHB )
; panel units.

s Nh

The borders of the Pedestrian Crossing
signs above are enhanced with LEDs, = Can be activated by vehicles or be on continuously throughout the day.
with the bottom assembly powered via
the solar panel above the sign.

= Take care not to overuse LEDs in signs, as drivers may become accustomed to their
presence and fail to respond as desired.

= Can be applied in conjunction with other treatments to increase sign conspicuity.

= LEDs must be red or white if used with STOP (R1-1) or YIELD (R1-2) signs, white if
used with other regulatory signs, and white or yellow if used with warning or school

signs
Select Examples Other Resources
Ohio 303 & Indian Hollow Rd., Embedded LEDs in Signs, FHWA
. LaGrange, OH Innovative Operational Safety
Source: VHB 1 Eber Rd. & US 20A, Monclova, OH Improvements at Unsignalized
The conspicuity of this Stop Ahead Intersections, Florida DOT
sign is enhanced with LED units, which
are particularly valuable during foggy
conditions. Industry Standard
Check for MUTCD

: :I Emﬂ Section 2A.07: Retroreflectivity and Illumination
CRASH HODIFICATION FACTORS CLEARINGHOUSE Section 2A.15: Enhanced Conspicuity for Standard Signs

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 018



https://www.google.com/maps/@41.237467,-82.085907,3a,75y,247.43h,74.65t/data=!3m4!1e1!3m2!1sM5pzyO88iJE7ZBseIjIpaw!2e0?hl=en
https://www.google.com/maps/@41.237467,-82.085907,3a,75y,247.43h,74.65t/data=!3m4!1e1!3m2!1sM5pzyO88iJE7ZBseIjIpaw!2e0?hl=en
https://www.google.com/maps/@41.574815,-83.786384,3a,75y,198.31h,76.01t/data=!3m4!1e1!3m2!1slc-9iuPfjulorf6Lha-xVA!2e0
http://safety.fhwa.dot.gov/intersection/resources/techsum/fhwasa09006/
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A07
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://www.cmfclearinghouse.org/

Install Reflective Panel on
Unsignalized Sign POSt

Intersection A strip of retroreflective material added to an existing sign post to
Improvement enhance visibility of the sign during all lighting conditions.
Targeted Crash Types Problems Addressed
= Right-angle = [nadequate visibility of intersection or

» Rear-end (major road) intersection traffic control devices

= Non-compliance with intersection

= Rear-end (minor road) '
traffic control devices

= Pedestrian ] ] ] ]
o = \/ehicle conflicts with non-motorists
= Bicyclist .
= Speeding

Conditions Addressed

= Observed poor conspicuity of existing signs, particularly at night.

= Crash history or observed conflicts due to lack of awareness of the intersection or
intersection traffic control, especially at night.

= Observations of non-compliance with intersection traffic control.

Considerations
= Color of strip should match the color of the background color of the sign, except
SENIte PannDOT strip color on YIELD (R1-2) and DO NOT ENTER (R5-1) signs shall be red.
Red reflective panels on the STOP sign = The retroreflective strip shall be at least 2 inches wide and shall extend the entire
supports make the stop condition more length of the post to within 2 feet of the ground

conspicuous.

= Remove any visual clutter that may be inhibiting driver’s view of the existing sign.

= This treatment can be used in conjunction with other treatments to increase sign
conspicuity.

= The reflective post coverings/inserts should be replaced at the same frequency of
the sign faces.

Industry Standard Other Resources
MUTCD South Carolina Case Study: Systematic

Section 2A.15: Enhanced Conspicuity Intersection Improvements, FHWA
for Standard Signs Intersection Safety: A Manual for

Section 2A.21: Posts and Mountings Local Rural Road Owners, FHWA

Source: SCDOT

Yellow reflective panels on the two sign
supports call attention to the warning
of the impending stop control.

Select Examples

Check for Marsol Rd. & Woodhurst Ave., Mayfield Heights, OH

: :I Emﬂ Bates Crossing Rd. & US 276, Travelers Rest, SC
CRASH MODIFICATION FACTORS CLEARINGHOUSE

Lake Iola Rd. & Blanton Rd., Dade City, FL

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 019


https://maps.google.com/maps?q=Marsol+Rd+%26+Woodhurst+Ave,+Mayfield+Heights,+OH+44124&ll=41.514651,-81.454353&spn=0.000032,0.027874&hnear=Marsol+Rd+%26+Woodhurst+Ave,+Mayfield+Heights,+Cuyahoga,+Ohio+44124&gl=us&t=h&z=16&layer=c&cbll=41.514735,-81.454354&panoid=laojB3qSfpl3-q-5JTA76A&cbp=12,181.05,,0,10.32
https://maps.google.com/maps?q=sc+414+%26+us+276,+greenville,+sc&hl=en&ll=35.006888,-82.485073&spn=0.000018,0.013078&sll=33.92083,-80.338951&sspn=0.006428,0.013078&hnear=U.S.+276+%26+S+Carolina+414,+Travelers+Rest,+Greenville,+South+Carolina+29690&t=m&z=17&layer=c&cbll=35.006777,-82.485075&panoid=xlz_Kdpv7ZeDnq_8wi9Fvg&cbp=12,196.1,,0,0
https://www.google.com/maps/@28.422525,-82.302861,3a,75y,194.84h,84.2t/data=!3m4!1e1!3m2!1sAS2bWziP6Eb6sxgcOHYm5w!2e0?hl=en
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A21
http://www.cmfclearinghouse.org/

Add Additional

LN Retroreflective Sheeting
Unsignalized .
N Around the Perimeter of a

Improvement

Guide Warning Sign

Addition of a solid yellow, solid fluorescent yellow, or diagonally striped
black and yellow (or black and fluorescent yellow) strip of retroreflective
sheeting around the perimeter of the warning sign to enhance the sign’s
conspicuity.

Targeted Crash Types Conditions Addressed

= Right-angle = Existing sign is not conspicuous in its

= Rear-end (major road) surroundings.

» Rear-end (minor road) " Crash history or observed vehi;le
conflicts caused by non-compliance

* Pedestrian with traffic control device.

= Bicyclist

Problems Addressed

= Inadequate visibility of intersection or intersection traffic control devices
= Vehicle conflicts with non-motorists
= Speeding

Considerations

= Strip of sheeting must be at least 3 inches wide around the perimeter of the warning
sign.

= This treatment can be used in conjunction with other treatments to increase sign

conspicuity.
= Attempt first to remove visibility obstructions or sign distractions before using this
treatment.
Source: VHB
Industry Standard
The examples above illustrate the appli- MUTCD
cation of reflective perimeter sheeting ) o )
to Cross Road, Pedestrian Crossing, and Section 2A.15: Enhanced Conspicuity for Standard Signs

Stop Ahead warning signs.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://www.cmfclearinghouse.org/

Unsignalized
Intersection
Improvement
Guide

Red cloth flags are used to draw
attention to the turn restrictions along
this approach.

Source: VHB

The orange reflective sheeting installed
above the Cross Road sign is used to
increase conspicuity of the intersection
warning.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Install Red or Orange
Flags to a Regulatory or
Warning Sign

The addition of one or more red or orange flags made out of cloth or
reflective sheeting above the sign.

Targeted Crash Types
= Right-angle

= Rear-end (major road)

= Rear-end (minor road)

= Pedestrian

= Bicyclist

Problems Addressed
= Inadequate visibility of intersection or
intersection traffic control devices

= Non-compliance with intersection
traffic control devices

= \/ehicle conflicts with non-motorists
= Speeding

Considerations

Conditions Addressed

= Crash history or observed vehicle
conflicts caused by non-compliance
with traffic control device or lack
of awareness of intersection traffic
control.

= Existing sign is not conspicuous in its
surroundings.

= Recent change in traffic control or
traffic regulation at the intersection
(e.g., change in speed limit, turn
restrictions). This is sometimes used
as a short-term application to educate
the motoring public for some period
(e.g., one to three months) after the
new condition is initiated.

= Flag orientation should be 45 degrees to the vertical.

= Remove any visual clutter that may be inhibiting driver’s view of the existing sign.

= Take care not to overuse the flags, as drivers may become accustomed to their

presence and fail to respond as desired.

= This treatment can be used in conjunction with other treatments to increase sign

conspicuity.

= May require periodic flag maintenance or replacement.

Industry Standard

MUTCD

Section 2A.15: Enhanced Conspicuity
for Standard Signs

Select Examples

Glenn Bridge Rd. & Old Shoals Rd.,
Buncombe, NC

NC 55 & NC 111, Indian Springs, NC
NC 97 & NC 39, Zebulon, NC

Treatment ID No. 021


https://maps.google.com/maps?q=glen+bridge+rd+%26+old+shoals+rd,+buncombe,+nc&hl=en&ll=35.463259,-82.523077&spn=0.000035,0.026157&sll=35.70108,-82.530327&sspn=0.251759,0.445976&hnear=Glenn+Bridge+Rd+%26+Old+Shoals+Rd,+Arden,+Buncombe,+North+Carolina+28704&t=m&layer=c&cbll=35.463259,-82.523077&panoid=BdnpxI6JXy51xVTYr7pC4w&cbp=12,90,,0,0&z=16
https://maps.google.com/maps?q=glen+bridge+rd+%26+old+shoals+rd,+buncombe,+nc&hl=en&ll=35.463259,-82.523077&spn=0.000035,0.026157&sll=35.70108,-82.530327&sspn=0.251759,0.445976&hnear=Glenn+Bridge+Rd+%26+Old+Shoals+Rd,+Arden,+Buncombe,+North+Carolina+28704&t=m&layer=c&cbll=35.463259,-82.523077&panoid=BdnpxI6JXy51xVTYr7pC4w&cbp=12,90,,0,0&z=16
https://www.google.com/maps/@35.200003,-77.889776,3a,75y,58.29h,90.59t/data=!3m4!1e1!3m2!1sZ1a8KPulXNXw73b7P-YjPw!2e0
https://www.google.com/maps/@35.83356,-78.269244,3a,75y,267.3h,69.55t/data=!3m4!1e1!3m2!1sfxPcJOkTb8quu4VCXTkykA!2e0?hl=en
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://www.cmfclearinghouse.org/

Install Wider Longitudinal
Unsignalized quement Mquings

Intersection

Increasing the width of center line, lane line, and/or edge line pavement
Improvement markings on an intersection approach to better delineate the travel lanes
Guide and attract attention to the intersection ahead.

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history or observed conflicts
due to lack of awareness of the
intersection or intersection traffic
control.

= Rear-end (major road)

= Sideswipe, opposite direction

* Sideswipe, same direction = Crash history or observed conflicts

= Head-on due to vehicles encroaching upon the
center line or edge of roadway.

Problems Addressed

= Inadequate visibility of intersection or
intersection traffic control devices

= [Inadequate motorist guidance

= Speeding

Considerations

= Typical standard widths of lane lines are 4 to 6 inches.

= Determine the start of treatment based on the deceleration distance from the
intersection (see AASHTO Green Book for deceleration distances).

= Coordinate the start of the wider markings with the location of the advanced
warning sign.

Industry Standard Other Resources

MUTCD NCHRP 613: Guidelines for Selection

Section 3A.06: Functions, Widths, and Ef S;)esed Rg(ilutctlon I.reatments at

Patterns of Longitudinal Pavement Higmapeed Nersecions

Markings Pavement Marking Demonstration
Project: State of Alaska and State of
Tennessee

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://www.fhwa.dot.gov/publications/research/safety/09039/09039.pdf
http://www.fhwa.dot.gov/publications/research/safety/09039/09039.pdf
http://www.fhwa.dot.gov/publications/research/safety/09039/09039.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3a.htm#section3A06
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3a.htm#section3A06
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3a.htm#section3A06
http://www.cmfclearinghouse.org/

Center Line Pavement
el Markings in Median

Intersection

Improvement CrOSSing
Guide

Application of yellow longitudinal pavement markings to delineate the
centerline of a median crossing that could be used to serve vehicles in
both directions.

Targeted Crash Types Conditions Addressed
= Right-angle = Interlocking left turns on the major
= Opposing left turn road.
= Sideswipe, same direction = Side-by-side left-turn queuing in
median.
: = Head-on ) )
: Source: VHB " Obserygd drlvgr cqnfusmn on.where
P S to position vehicle in the median.
Center line markings in a median aid
drivers in properly placing their vehicles = Crash history or observed conflicts in

within the crossover. Problems Addressed the median.

= [nadequate motorist guidance

Considerations

= The design vehicle should be able to fit within the opening of the median.

= When the median is too narrow, queuing vehicles may encroach on the through
lanes of the major road.

= Promotes two-stage crossing of major road.

Source: VHB

Center line markings have been applied
to this median such that a buffer area
is provided between opposing traffic in Other Resources Select Examples

the crossover.

Innovative Operational Safety U.S. 70 & Creekside Dr., Goldsboro
Improvements at Unsignalized NC

Intersections, Florida DOT

NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
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http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.cmfclearinghouse.org/
https://maps.google.com/maps?q=us+70+%26+creekside+dr.+goldsboro&hl=en&ll=35.319818,-77.858101&spn=0.000018,0.011641&sll=35.319670,-77.857775&layer=c&cbp=13,62.2,,0,19.48&cbll=35.319776,-77.858017&hnear=Goldsboro,+North+Carolina+27534&t=m&z=17&panoid=7xq_U0ugFHk0v6dYbtWWPQ
https://maps.google.com/maps?q=us+70+%26+creekside+dr.+goldsboro&hl=en&ll=35.319818,-77.858101&spn=0.000018,0.011641&sll=35.319670,-77.857775&layer=c&cbp=13,62.2,,0,19.48&cbll=35.319776,-77.858017&hnear=Goldsboro,+North+Carolina+27534&t=m&z=17&panoid=7xq_U0ugFHk0v6dYbtWWPQ

Center Line Pavement
Markings on Minor Road
Intersection A p p roac h

Improvement o |
Guide Application of a double yellow center line on a minor road approach

that extends at least 50 to 100 feet back from the stop line. Center line
markings promote proper vehicle placement and attract attention to the
intersection ahead.

Unsignalized

Targeted Crash Types Conditions Addressed
= Opposing left turn = Crash history or observed conflicts
» Right-angle between stopped vehicles and

) ) S turning or oncoming vehicles.
= Sideswipe, opposite direction : o
= Observed poor vehicle positioning at

= Head-on intersection.

Problems Addressed

= [nadequate visibility of the intersection or intersection traffic control devices
= [nadequate motorist guidance

Considerations
= The motorist needs adequate sight distance of the treatment to allow an appropriate
amount of time to respond.

= May be desirable to enhance the centerline with retroreflective raised pavement
markers (RRPMs).

= Center line placement may be used to help provide adequate room for turns from
the major road.

Industry Standard Other Resources
MUTCD Stop Sign-Controlled Intersections:

Enhanced Signs and Markings - A
Winston-Salem Success Story, FHWA

Section 3B.01: Yellow Center Line
Pavement Markings and Warrants

Select Examples

2nd St. & Spring St., Winston-Salem, NC
Bradley Rd. & St. Johns Bluff Rd., Jacksonville, FL

E. Musser St. & N. Roop St., Carson City, NV

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://maps.google.com/maps?q=2nd+St+and+Spring+St,+Winston-Salem,+NC&ll=36.094751,-80.25236&spn=0.000239,0.001742&hnear=2nd+St+W+%26+N+Spring+St,+Winston-Salem,+Forsyth,+North+Carolina+27101&gl=us&t=h&z=20&layer=c&cbll=36.094994,-80.252382&panoid=cGhVkCVXzHXeTfp3ZIJlSA&cbp=13,353.24,,0,4.09
https://www.google.com/maps/place/Bradley+Rd,+Jacksonville,+FL/@30.3128289,-81.5256859,3a,75y,92.05h,72.31t/data=!3m4!1e1!3m2!1sOvYTb91C6cMDucLlhuuU5g!2e0!4m2!3m1!1s0x88e5b4e8b2d58627:0x6dcd5dbded63c7b1
https://www.google.com/maps/@39.1645479,-119.7604119,3a,75y,290.56h,72.4t/data=!3m4!1e1!3m2!1seapzDM1vGh8puL-0L7dnlQ!2e0?hl=en
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09010/fhwasa09010.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09010/fhwasa09010.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09010/fhwasa09010.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B01
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B01
http://www.cmfclearinghouse.org/

Dotted Line Pavement
Unsignalized MCI rkings

Intersection Application of broken line markings to delineate the major road through

Improvement lane across an intersection or median opening.

Guide

Targeted Crash Types Conditions Addressed

= Right-angle = Vehicles on minor road approaches
are not positioning themselves
appropriately before entering the
major road.

= Opposing left turn
= Rear-end (major road)

= Vehicles in the median of a divided
roadway are encroaching upon the
Problems Addressed major road through lane.

= [nadequate motorist guidance

Source: South Carolina DOT

The dotted edge line continues through
the intersection along this tangent
section of roadway.

Considerations

o = Dotted pavement marking color should match the color of the lane line it is
extending.

= In addition to enhancing motorist guidance, this treatment can also (1) raise
awareness of the intersection among drivers on both the major and minor road
approaches and (2) indicate to minor road drivers exactly how far they can pull their
vehicles forward without encroaching upon the major road through lane.

= A dotted line extension may encourage drivers to pull further ahead on the side
street approach and inadvertently lead them to disregard pedestrians and bicyclists
who may be present.

= May be particularly applicable at intersections within horizontal curves.

Source: VHB

This dotted edge line provides valuable

delineation across an approach that

intersects the major road on the outside Industry Standard Other Resources
of a horizontal curve.

MUTCD Innovative Operational Safety

Section 3A.06: Functions, Widths, and im rovementsFIat %nsbgflrllzed
Patterns of Longitudinal Pavement ntersections, Florida

Markings ( Dotted lines) NCHRP 500 Volume 5: A Guide for
Section 3B.08: Extensions through Addressing Unsignalized Intersections

Intersections or Interchanges

Select Examples

Buffalo Rd. & Lake Wendell Rd., Wendell, NC
S. Main St. & Veterans St., Hollsopple, PA
Olanta Hwy. & N. Bethel Rd., Scranton, SC

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://maps.google.com/maps?q=buffalo+rd+%26+lake+wendell+rd,+wendell,+nc&hl=en&ll=35.726891,-78.388222&spn=0.000017,0.013937&sll=35.726891,-78.388222&sspn=0.000966,0.001742&t=h&hnear=Lake+Wendell+Rd+%26+Buffalo+Rd,+Wendell,+Johnston,+North+Carolina+27591&z=17&layer=c&cbll=35.726891,-78.388222&panoid=lzH24NiBzbDfun4TvYgiUg&cbp=12,341.67,,0,0.76
https://www.google.com/maps/@40.213046,-78.931167,3a,75y,152.6h,85.17t/data=!3m4!1e1!3m2!1sz6VB8QREooZyVAkQ-IkbBg!2e0
https://www.google.com/maps/place/Cape+Coral+Pkwy+E,+Cape+Coral,+FL/@33.90367,-79.810414,3a,75y,348.54h,78.27t/data=!3m4!1e1!3m2!1sDLuYvcAlttxZa22-TNM1DA!2e0!4m2!3m1!1s0x88db3f534d414c27:0x4fb71bf7f091d43b
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3a.htm#section3A06
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3a.htm#section3A06
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3a.htm#section3A06
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B08
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B08
http://www.cmfclearinghouse.org/

Lane Assignment
Pavement Markings or

Unsignalized . .
Intersection s | g NN g
Improvement
Guide Clarification of lane assignments through pavement markings and/or
signing.
Targeted Crash Types Conditions Addressed
= Rear-end (major road) = Crash history or observed conflicts

related to driver confusion regarding

= Rear-end (minor road) |
proper lane use.

= Sideswipe, opposite direction
= Sideswipe, same direction

Problems Addressed

®» [Inadequate motorist guidance
Source: VHB

Lane assignment pavement marking
symbols and a sign provide guidance

on lane assignments along this Considerations
approach.

= Lane assignment signs and/or markings need to be visible to drivers.

= Overhead signs tend to be more visible than post-mounted signs on the shoulder
but are far more expensive and can be aesthetically unappealing.

Industry Standard Select Examples
These lane assignment pavement mark-

ings convey valuable information on MUTCD High St. & College Ave., State College,

his three-lane mi d h
e e e Section 2B.19: Intersection Lane PA
Control Signs (R3-5 through R3-8) County Road 73 & S. Southern Hills Dr.,
Section 3B.20: Pavement Word, Hastings, NE

Symbol, and Arrow Markings

Other Resources

NCHRP 500 Volume 5: A Guide for Addressing Unsignalized Intersections

The lane assignment pavement
markings at this T-intersection help
notify the road user of the impending
intersection.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://www.google.com/maps/@40.799693,-77.852737,3a,75y,327.19h,73.04t/data=!3m4!1e1!3m2!1sRh1bax6hqLEcUFQPeGFl2w!2e0
https://www.google.com/maps/@40.799693,-77.852737,3a,75y,327.19h,73.04t/data=!3m4!1e1!3m2!1sRh1bax6hqLEcUFQPeGFl2w!2e0
https://www.google.com/maps/@40.568,-98.441524,3a,75y,94.91h,75.09t/data=!3m4!1e1!3m2!1sdIWSw7GTudCXjg7PAh2YRg!2e0
https://www.google.com/maps/@40.568,-98.441524,3a,75y,94.91h,75.09t/data=!3m4!1e1!3m2!1sdIWSw7GTudCXjg7PAh2YRg!2e0
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B19
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B19
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

Source: PehnDOT

These STOP AHEAD pavement markings
supplement the Stop Ahead sign.

These pavement markings remind
approaching drivers of the speed

limit and notify them of the impending
intersection.

gin _e[i'gg, e 2

The STOP pavement marking along this
approach adds emphasis to the stop
condition.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Install Pavement Word
and Symbol Markings

Pavement markings placed at or in advance of the intersection for the
purpose of supplementing existing signs to guide, warn, or regulate
traffic. Markings that would apply to unsignalized intersections include:
STOR YIELD, RIGHT (LEFT) TURN ONLY messages; lane-use and wrong-
way arrows, and STOP AHEAD, YIELD AHEAD, SCHOOL XING, PED XING
messages.

Targeted Crash Types Conditions Addressed

= Right-angle = Poor visibility of the intersection from
approaches, especially when caused
by vegetation or other obstacles
along the road (e.g., parked vehicles).

= Rear-end (major road)
= Rear-end (minor road)

= Crash history or observed conflicts

Problems Addressed caused by lack of awareness of

o . ) intersection.
= Inadequate visibility of intersection or

- . : ® In areas where the r ide m
intersection traffic control devices areas where the roadside may be

) ) “cluttered” with posted signs.
= [nadequate motorist guidance

Considerations

= Symbol messages are preferable to word messages.

= Letters or numerals should be six feet or more in height. The longitudinal space
between words or symbols should be at least four times the height of the characters
(low speed roads) and not more than 10 times the height of the characters.

= Text presented in multiple lines should be applied such that the first word of the
message is the first word a driver encounters, and no more than three lines are
recommended.

= Non-slick material should be used for markings with large surfaces.
= Message may not be visible during the winter.

Industry Standard

MUTCD
Section 3B.20: Pavement Word, Symbol, and Arrow Markings

Select Examples Other Resources

E. Chestnut St. & Line St., Mifflinburg, Innovative Operational Safety

PA Improvements at Unsignalized
Earlystown Rd. & Schempf Rd. Intersections, Florida DOT

Boalsburg, PA NCHRP 500 Volume 5: A Guide for
Periwinkle Way & Dixie Beach Blvd.. Addressing Unsignalized Intersections
Sanibel, FL Low-Cost Safety Enhancements

NC 55 & NC 111, Seven Springs, NC for Stop-Controlled and Signalized

Intersections, FHWA

Treatment ID No. 027


https://www.google.com/maps/@40.921584,-77.036589,3a,75y,247.28h,93.7t/data=!3m4!1e1!3m2!1sf3OqVKpdqeykQYo9VO6wEg!2e0
https://www.google.com/maps/@40.921584,-77.036589,3a,75y,247.28h,93.7t/data=!3m4!1e1!3m2!1sf3OqVKpdqeykQYo9VO6wEg!2e0
https://www.google.com/maps/@40.791015,-77.749792,3a,75y,259.56h,81.7t/data=!3m4!1e1!3m2!1svn_VUQdI1fHasxIvcymiwg!2e0
https://www.google.com/maps/@40.791015,-77.749792,3a,75y,259.56h,81.7t/data=!3m4!1e1!3m2!1svn_VUQdI1fHasxIvcymiwg!2e0
https://www.google.com/maps/@26.4423409,-82.0556778,3a,75y,262.57h,62.69t/data=!3m4!1e1!3m2!1sMW91C7NC9JGR8SND2BKBTg!2e0
https://www.google.com/maps/@26.4423409,-82.0556778,3a,75y,262.57h,62.69t/data=!3m4!1e1!3m2!1sMW91C7NC9JGR8SND2BKBTg!2e0
https://www.google.com/maps/%4035.2022633%2c-77.8864319%2c3a%2c75y%2c236.38h%2c73.25t/data=%213m4%211e1%213m2%211s98cOVT--9D8uTssXkmxDZw%212e0
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://www.cmfclearinghouse.org/

Install Dotted Turn Path
Unsignalized MCII'kingS

Intersection Application of dotted line markings to delineate the path for turning

maneuvers at the intersection.

Improvement
Guide

Targeted Crash Types Conditions Addressed
= Sideswipe, opposite direction = Vehicles turning left at an intersection
» Sideswipe, same direction are not following an appropriate

turning path.
= Head-on . .
= Need to guide motorists away from a

raised median at an intersection.

Problems Addressed = Multiple left- or right-turn lanes on a
single approach.
= [nadequate motorist guidance

The dotted turn path provides guidance

for drivers turning left from a pair of . .
turn lanes. ° . Considerations

= Adding too many pavement markings within an intersection may be confusing to
motorists.

= Dotted pavement marking color should match the color of the lane line it is
extending.

= Dotted lane extension lines may be solid for extra restriction or emphasis.
= Requires frequent restriping to ensure visibility and effectiveness.

Industry Standard Select Examples
grbime - - y . . . .
These dotted turn path markings are MUTCD Lincoln Dr. & N. Biltmore Cir., Phoenix,
yellow because they guide left-turning Section 3B.08: Extensions Through AZ
drivers from the major road double Intersections or Interchanges Reedie Dr. & Grandview Ave., Silver
yellow center Ilpe to the minor road Spring. MD
double center line. =pring. ML

Other Resources

Innovative Operational Safety Improvements at Unsignalized Intersections, Florida
DOT

NCHRP 500 Volume 5: A Guide for Addressing Unsignalized Intersections

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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http://goo.gl/maps/EWyVs
http://goo.gl/maps/EWyVs
http://www.bing.com/maps/%3Fv%3D2%26cp%3D39.038578~-77.052368%26lvl%3D19%26sty%3Dx~lat~39.038578~lon~-77.052368~alt~98.964~z~30~h~159.8~p~-8~pid~5082%26app%3D5082%26FORM%3DLMLTCC
http://www.bing.com/maps/%3Fv%3D2%26cp%3D39.038578~-77.052368%26lvl%3D19%26sty%3Dx~lat~39.038578~lon~-77.052368~alt~98.964~z~30~h~159.8~p~-8~pid~5082%26app%3D5082%26FORM%3DLMLTCC
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B08
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B08
http://www.cmfclearinghouse.org/

Install Raised Pavement
Unsignalized Mq rkers

Intersection Devices placed on the roadway surface to better delineate the travel lanes
Improvement and attract attention to the intersection ahead. They may be a ceramic
Guide non-reflective marker or include a lens or sheeting that reflects vehicle
headlamps and can be used in conjunction with or as a substitute for
longitudinal paint or thermoplastic markings.

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history or observed
conflicts related to poor visibility
of intersection, particularly under
nighttime or rainy conditions.

= Rear-end (major road)
= Sideswipe, opposite direction
= Sideswipe, same direction

= Head-on
Problems Addressed
Standard reflective raised pavement n |nadequate motorist guidance
markers enhance the lane lines on the o ) i
approach to this intersection. = Inadequate visibility of intersection or
p o intersection traffic control devices
Considerations

= Typical colors are white, yellow, and red, although other colors can be used for some
specific applications.

= Raised pavement markers may be removed by snow plows; hence, the markers will
need to be either recessed in the pavement or of the snowplowable type.

= Raised pavement markers are not desirable to use in bicyclists paths or to designate
bike lane lines or edge lines, and they should not be used to delineate crosswalks.

. " = Non-retroreflective raised pavement markers should not be used alone without
arge ceramic markers are used here to . X X . .

enhance delineation of a painted island supplemental retroreflective or internally illuminated markers as a substitute for
along the major road. other types of pavement markings (MUTCD: Section 3B.11).

= May be particularly applicable for unusual geometrics and unlit intersections.

Industry Standard Other Resources
MUTCD Innovative Operational Safety
Section 3B.11: Raised Pavement Improvements at Unsignalized

Intersections, Florida DOT
LED Raised Pavement Markers, FHWA

Markers - General

Section 3B.12: Raised Pavement

Markers as Vehicle Positioning Guides
with Other Longitudinal Markings

Section 3B.13: Raised Pavement
Markers Supplementing Other

Check for Markings

: Section 3B.14: Raised Pavement
:I Emﬂ Markers Substituting for Pavement
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Markings

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 029


http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://safety.fhwa.dot.gov/intersection/resources/techsum/fhwasa09007/fhwasa09007.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B11
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B11
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B12
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B12
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B12
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B13
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B13
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B13
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B14
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B14
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B14
http://www.cmfclearinghouse.org/

Unsignalized
Intersection
Improvement
Guide

ering, LLC

This crosswalk utilizes a combination of
longitudinal and diagonal lines.

This crosswalk utilizes transverse lines
to increase its conspicuity.

Two longitudinal lines delineate this
crosswalk.

Check for

N|CIMIF
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Install or Modify Crosswalk Markings

Application or alteration of a marked path across the roadway that designates a
crossing location for pedestrians.

Targeted Crash Types Problems Addressed

= Pedestrian = Bicyclist = Vehicle conflicts with non-motorists

Conditions Addressed

= Crash history or observed conflicts between vehicles and non-motorists crossing the roadway.
= Observed vehicles not yielding to pedestrians in existing crosswalk or unmarked crosswalk.
= High volume of pedestrians in the area.

= A need to relocate crosswalk to allow stop line to be moved closer to intersection and provide
better sight distance.

= School crossings.

Considerations

= Supplement the crosswalk with warning signs or beacons along uncontrolled approaches.

= |f used on uncontrolled multilane approaches, a yield (or stop) line should be applied properly (see
MUTCD Section 3B.16) and placed an adequate distance (20 to 50 feet) in advance of the crosswalk
to give motorists and pedestrians a clear line of sight for one another. May be supplemented with
a Yield Here to (Stop Here for) Pedestrians (R1-5, R1-5a, R1-5b, R1-5¢) sign.

= The placement of the crosswalk should be near the pedestrian traveled pathway (extension of the
sidewalk network) to deter jaywalking.

= Crosswalks should be accompanied by wheelchair ramps on either side to allow access for persons
with disabilities.

= Crosswalk lines should not be used indiscriminately. An engineering study considering the factors
described in MUTCD Section 3B.18 should be performed before a marked crosswalk is installed at
an uncontrolled location.

= For uncontrolled crosswalks on multilane streets of 10,000 ADT or more (15,000 ADT with a raised
median), additional treatments should be considered to improve safety and facilitate crossings.

= Wider lines, wider crosswalks, and ladder or diagonal (high visibility) markings are easier for
drivers to see. Continental or ladder markings should be placed between wheel paths to extend
the service life of the markings.

Industry Standard Other Resources

Marked Crosswalks and Enhancements,
PEDSAFE

NCHRP 562 & TCRP 112: Improving Pedestrian
Safety at Unsignalized Intersections

MUTCD
Section 3B.18: Crosswalk Markings

Section 3C.05: Crosswalk Markings at
Roundabouts

Section 7C.02: Crosswalk Markings (Traffic
Control for School Areas)

AASHTO Green Book
Section 2.6. The Pedestrian

South Carolina Case Study: Systematic
Intersection Improvements, FHWA

Safety Effects of Marked Versus Unmarked
Crosswalks at Uncontrolled Locations Final
Report and Recommended Guidelines, FHWA

Section 2.6.5 Intersections

Select Examples

Marsol Rd. & Woodhurst Ave., Mayfield Heights, OH
Casa Ybel Rd. & Periwinkle Way, Sanibel, FL
Stinson Dr. & Broughton Dr., Raleigh, NC

Treatment ID No. 030


https://maps.google.com/maps?q=Marsol+Rd+%26+Woodhurst+Ave,+Mayfield+Heights,+OH+44124&ll=41.514651,-81.454353&spn=0.000032,0.027874&hnear=Marsol+Rd+%26+Woodhurst+Ave,+Mayfield+Heights,+Cuyahoga,+Ohio+44124&gl=us&t=h&z=16&layer=c&cbll=41.514735,-81.454354&panoid=laojB3qSfpl3-q-5JTA76A&cbp=12,181.05,,0,10.32
https://www.google.com/maps/place/Sanibel,+FL/@26.4414338,-82.058464,3a,75y,5.26h,63.61t/data=!3m4!1e1!3m2!1se8VUWH6jZHrh7XhienOZRw!2e0!4m2!3m1!1s0x88db310c1c2342cb:0xaf6c1be6d6db5aa1
https://maps.google.com/maps?q=Stinson+Dr+and+Broughton+Dr,+Raleigh,+NC&hl=en&ll=35.785714,-78.669726&spn=0.000017,0.013937&sll=35.78567,-78.669523&sspn=0.007685,0.013937&gl=us&hnear=Stinson+Dr+%26+W+Broughton+Dr,+Raleigh,+Wake,+North+Carolina+27607&t=m&z=17&layer=c&cbll=35.785714,-78.669726&panoid=2Lu20y9YGTfI6o4r4f2CqA&cbp=12,108.78,,0,6.44
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=4
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=4
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa12021/fhwasa12021.pdf
http://www.fhwa.dot.gov/publications/research/safety/04100/
http://www.fhwa.dot.gov/publications/research/safety/04100/
http://www.fhwa.dot.gov/publications/research/safety/04100/
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B18
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3c.htm#section3C05
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3c.htm#section3C05
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part7/part7c.htm#section7C02
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part7/part7c.htm#section7C02
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B16
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B18
http://www.cmfclearinghouse.org/

Install a Pedestrian Hybrid
Beacon (PHB)

A push-button-activated pedestrian signal that stops vehicular traffic, allowing
Intersection pedestrians to cross. The PHB is comprised of a yellow beacon centered below two red
Improvemen’r beacons that remain dark until activated, then flashes yellow for a few seconds, followed
Guide by a solid yellow, then a solid red during the WALK phase. At the end of the WALK

interval, the vehicle signal will display an alternating flashing red allowing motorists to

Unsignalized

- proceed after stopping and yielding to pedestrians on or approaching their half of the
| street. Once the pedestrian clearance interval is completed, the vehicle signal returns
to a dark mode, and the pedestrian signal rests in a steady DON'T WALK (raised hand
symbol). The PHB was originally referred to as the HAWK (High-intensity Activated
crossWalk)

Targeted Crash Types Problems Addressed

= Pedestrian = Bicyclist = Vehicle conflicts with non-motorists

Conditions Addressed

A PHB in use as a pedestrian is crossing
the street. = Crash history or observed conflicts between vehicles and non-motorists crossing at the
intersection.

= High volume of crossing pedestrians or bicyclists at the intersection.
= Observed vehicles not yielding to pedestrians in crosswalk.

= High pedestrian delay due to few available gaps in traffic.

Considerations

= Used in combination with a crosswalk and pedestrian signal heads.
= Must meet MUTCD warrant for installation.

Source: Lee Engineering, LLC

= Install a stop line along each approach approximately 60 feet advance of the crosswalk if

A view of what a driver would see as overhead signal heads are used.
they apprach an intersection outfitted N . . . . . .
witr{ aF;,F;B = The crossing is only across one side of the intersection. Side street vehicle traffic is not

stopped. (While the 2009 MUTCD stated that the PHB should not be used within 100 feet
of an intersection, the National Committee on Uniform Traffic Control devices has voted to
eliminate that provision in the next MUTCD.)

= Public involvement meetings and education may be needed to introduce the public to the
operation of the PHB. Police need to be educated, as well.

= Can be modified to better accommodate bicycle traffic (i.e., BikeHAWK).

Other Resources Industry Standard

NCHRP 562 & TCRP 112: Improving MUTCD

Pedestrian Safety at Unsignalized
Intersections

Pedestrian Hybrid Beacon Guide

Chapter 4F. Pedestrian Hybrid Beacons

Recommendations and Case Study, FHWA Select Examples
Pedestrian Hybrid Beacon. FHWA Huron St. & Chapin St., Ann Arbor, MI

Safety Effectiveness of the HAWK
Pedestrian Crossing Treatment, FHWA

Check for Pedestrian Hybrid Beacon (PHB), PEDSAFE Mendenhall Loop Rd.. Juneau, AL

. :I Emﬂ Pedestrian Hybrid Beacon Fact Sheet
CRASH MODIFICATION FACTORS CLEARINGHOUSE Wisconsin DOT

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 031

Pima Rd. & Jomax Rd., Scottsdale, AZ



https://www.google.com/maps/@42.2816016,-83.7543991,3a,75y,92.23h,73.35t/data=!3m4!1e1!3m2!1s94iGUmK7EvTQkbMbbM4OTg!2e0
https://www.google.com/maps/@33.7263285,-111.8906078,3a,75y,353.77h,80.05t/data=!3m4!1e1!3m2!1sNuXk6Vf5lM3Kz6CP3GNupg!2e0
https://maps.google.com/maps?q=Mendenhall+Loop+Rd+and+Floyd+Dryden+Middle+School,+Juneau,+AL&hl=en&ll=58.38855,-134.571207&spn=0.000006,0.006968&sll=58.390917,-134.383392&sspn=0.327855,0.891953&t=h&gl=us&hq=Mendenhall+Loop+Rd+and+Floyd+Dryden+Middle+School,+Juneau,+AL&z=18&layer=c&cbll=58.38855,-134.571207&panoid=-9uLMM4S_6Cqgv9mki8Q8w&cbp=12,35.91,,0,0.21
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://safety.fhwa.dot.gov/ped_bike/tools_solve/fhwasa14014/
http://safety.fhwa.dot.gov/ped_bike/tools_solve/fhwasa14014/
http://safety.fhwa.dot.gov/provencountermeasures/fhwa_sa_12_012.pdf
http://www.fhwa.dot.gov/publications/research/safety/10042/10042.pdf
http://www.fhwa.dot.gov/publications/research/safety/10042/10042.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=53
http://www.dot.wisconsin.gov/travel/phb/docs/fs-phb.pdf
http://www.dot.wisconsin.gov/travel/phb/docs/fs-phb.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part4/part4f.htm
http://www.cmfclearinghouse.org/

Install Rectangular Rapid-
Unsignalized quShing BeCICOH (RRFB)

Intersection
Improvement

Traffic control device that combines a pedestrian warning sign with user-
activated light-emitting diodes (LEDs). The device flashes amber when
Guide activated through a pedestrian push button or by pedestrian detection
and then remains dark when not in use.

Targeted Crash Types Conditions Addressed
= Pedestrian = Crash history or observed conflicts
» Bicyclist between vehicles and non-motorists

crossing at the intersection.

» High volume of crossing pedestrians
or bicyclists at intersection.

Problems Addressed . o
= Vehicles observed not yielding to
= Vehicle conflicts with non-motorists pedestrians in crosswalk.

e | %
Source: Lee Engineering, LLC

This RRFB is activated by a pedestrian

push button.
eering,
Wi,/

= High pedestrian delay due to few
available gaps in traffic.

Considerations
= Use in combination with a crosswalk, wheelchair ramps, advance warning signs or
pavement markings, and overhead lighting.

= Not to be used on intersection approaches controlled by STOP (R1-1) or YIELD (R1-2)
signs or traffic signals.

= Power source is typically hard-wired but may also be solar powered.

= Public involvement meetings and outreach may be needed to educate the public on
RRFB operations.

This RRFB is used as a supplement to a = There is no MUTCD warrant for the RRFB, but approval is needed from FHWA if not
School sign. already granted to your agency or state.

= May not be as effective on wider multilane streets or higher speed streets.

Industry Standard Other Resources
MUTCD Rectangular Rapid Flashing Beacon
Interim Approval for Optional Use of RRFB). FHWA
Rectangular Rapid Flashing Beacon Rectangular Rapid Flash Beacon
(IA-11) RRFB), PEDSAFE
Source: Lee Engineering, LLC
Students cross the major road as the
RRFB flashes. Select Examples

Broadway Ave. & E. 55th St., EImwood Park, NJ
Ann St. & S 3rd St., Wilmington, NC

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://www.google.com/maps/@40.9219531,-74.1150004,3a,75y,246.26h,77.78t/data=!3m4!1e1!3m2!1sJnNi69U-_WNWfuJCQnKHWA!2e0
https://maps.google.com/maps?q=Ann+St+%26+S+3rd+St,+Wilmington,+NC&hl=en&ll=34.231692,-77.945541&spn=0.000018,0.013937&sll=34.231798,-77.945552&sspn=0.016233,0.027874&t=h&gl=us&hnear=S+3rd+St+%26+Ann+St,+Wilmington,+New+Hanover,+North+Carolina+28401&z=17&layer=c&cbll=34.231795,-77.945548&panoid=kSlNXJQ9vpfkMXjg-951Qg&cbp=12,339.36,,0,3.26
http://safety.fhwa.dot.gov/intersection/resources/techsum/fhwasa09009/fhwasa09009.pdf
http://safety.fhwa.dot.gov/intersection/resources/techsum/fhwasa09009/fhwasa09009.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=54
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=54
http://mutcd.fhwa.dot.gov/resources/interim_approval/ia11/fhwamemo.htm
http://mutcd.fhwa.dot.gov/resources/interim_approval/ia11/fhwamemo.htm
http://mutcd.fhwa.dot.gov/resources/interim_approval/ia11/fhwamemo.htm
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement

Source: Lee Engineering, LLC

Dotted pavement markings at these
locations delineate the bicycle lane
along the major road approach.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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Install Bicycle Lane
Pavement Markings
Across the Intersection

Application of dotted pavement markings to extend a bicycle lane across
an intersection or driveway.

Targeted Crash Types Problems Addressed

= Bicyclist = Vehicle conflicts with non-motorists

Conditions Addressed

= Crash history or observed conflicts between turning vehicles and bicyclists.

= Perceived lack of awareness among drivers towards bicyclists.

= Inadequate bicycle guidance through intersection.

= Minor road traffic encroaching in the major road bicycle lane.

= Improved stopping location for sidestreet motorists entering the major street.

Considerations

= Provide adequate width for cyclists.

= Provide dotted pavement markings to extend the bicycle lane across the vehicle
right-turn transition area where a right-turn lane is added, but not across a near-side
lane drop that terminates in a right-turn lane.

Industry Standard Select Examples

MUTCD Haywood Rd. & Craven St., Asheville,

Section 9C.04: Markings for Bicycle NC

Lanes E Cornwallis Rd. & S Tricenter Blvd.,
Durham, NC

Hilyard St. & E. 15th Ave., Eugene, OR

G St. NE & 10th St. NE, Washington
Other Resources DC

Intersection Markings, BIKESAFE


https://www.google.com/maps/@35.5855595,-82.5684481,3a,75y,219.14h,71.72t/data=!3m4!1e1!3m2!1sdceZEM-tmitAb2-N5Qp2Gg!2e0
https://www.google.com/maps/@35.5855595,-82.5684481,3a,75y,219.14h,71.72t/data=!3m4!1e1!3m2!1sdceZEM-tmitAb2-N5Qp2Gg!2e0
https://maps.google.com/maps?q=E+Cornwalis+Rd+and+S+Tricenter+Blvd,+Durham,+NC&hl=en&ll=35.925426,-78.88145&spn=0.000035,0.013797&sll=35.925371,-78.881394&sspn=0.020643,0.027595&gl=us&hnear=E+Cornwallis+Rd+%26+S+Tricenter+Blvd,+Durham,+North+Carolina+27713&t=m&z=16&layer=c&cbll=35.925418,-78.881446&panoid=L6itrQmMkvx4_eaT7VPxFw&cbp=13,168.24,,0,6.16
https://maps.google.com/maps?q=E+Cornwalis+Rd+and+S+Tricenter+Blvd,+Durham,+NC&hl=en&ll=35.925426,-78.88145&spn=0.000035,0.013797&sll=35.925371,-78.881394&sspn=0.020643,0.027595&gl=us&hnear=E+Cornwallis+Rd+%26+S+Tricenter+Blvd,+Durham,+North+Carolina+27713&t=m&z=16&layer=c&cbll=35.925418,-78.881446&panoid=L6itrQmMkvx4_eaT7VPxFw&cbp=13,168.24,,0,6.16
https://www.google.com/maps/place/Hilyard+St+%26+E+15th+Ave,+Eugene,+OR+97401/@44.0430368,-123.082155,3a,75y,9.37h,81.24t/data=!3m4!1e1!3m2!1sFODTpD9djGjZPnXmgpa-BQ!2e0!4m2!3m1!1s0x54c11e38c701510d:0xaf11003306b88adb
https://www.google.com/maps/%4038.8989071%2C-76.9925793%2C3a%2C75y%2C279.1h%2C90t/data%3D%213m4%211e1%213m2%211s_cVm1FRd58u8H1WMycG_gg%212e0
https://www.google.com/maps/%4038.8989071%2C-76.9925793%2C3a%2C75y%2C279.1h%2C90t/data%3D%213m4%211e1%213m2%211s_cVm1FRd58u8H1WMycG_gg%212e0
http://www.pedbikesafe.org/BIKESAFE/countermeasures_detail.cfm?CM_NUM=18
http://mutcd.fhwa.dot.gov/htm/2009/part9/part9c.htm#section9C04
http://mutcd.fhwa.dot.gov/htm/2009/part9/part9c.htm#section9C04
http://www.cmfclearinghouse.org/

Unsignalized
Intersection
Improvement
Guide

Source: Lee Engineering, LLC

The Pedestrian Crossing sign alerts the
driver that a crosswalk is present.

Sou-rce: VHB

Bicycle signs are often placed on the
far side of unsignalized intersections to
notify road users of the prevalance of
bicycle traffic.

Source: VHB

School signs are used to warn
approaching road users that school-
children cross the uncontrolled major
road at this intersection.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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Install Sign(s) Warning of
Pedestrians and Bicyclists

Warning sign to alert drivers of other roadway users and to encourage
shared use of the facility. For unsignalized intersections, such signs are

key along uncontrolled approaches.

Targeted Crash Types

= Pedestrian
= Bicyclist

Problems Addressed

= Inadequate visibility of intersection or
traffic control devices

= \/ehicle conflicts with non-motorists

Considerations

Conditions Addressed

= Poor visibility of the crossing from the
approaches.

= Crash history or observed conflicts
between vehicles and crossing
pedestrians or bicyclists.

= High volume of special users
(pedestrians, bicyclists, equestrian,
etc.).

= Studies show a decrease in motorist yielding rates for speeds above 25 mph.

= Additional treatments may be needed for high-volume, wide, and/or high-speed

roadways.

= Options include in-street signs, post mounted signs, and overhead signs

= The use of STOP HERE FOR versus YIELD HERE TO PEDESTRIANS signs (R1-5 series) must
be consistent with applicable state laws and their requirement for drivers to either stop

for or yield to pedestrians.

= |f used, stop lines may only be used at uncontrolled crosswalks in states where drivers
are required to stop for pedestrians, and yield lines are to be used when drivers are

required to yield for pedestrians.

= A Share the Road (W16-1P) plaque may be used with the Bicycle (W11-1) sign.

Industry Standard

MUTCD
Section 2B.11: Yield Here to

Pedestrians Signs and Stop Here For
Pedestrians Signs (R1-5 Series)

Section 2B.12: In-Street and Overhead

Pedestrian Crossing Signs (R1-6 and
R1-9 Series)

Section 2C.49: Vehicular Traffic
Warning Signs

Section 2C.50: Non-Vehicular Traffic
Warning Signs

Chapter 7B: Signs

Other Resources

NCHRP 562 & TCRP 112: Improving

Pedestrian Safety at Unsignalized
Intersections

Signing, PEDSAFE

Select Examples

SE. Stanley Ave. & SE. Johnson Creek
Blvd., Portland, OR

Holly Springs Rd. & Middlecrest Way,
Holly Springs, NC

Treatment ID No. 034


https://www.google.com/maps/@45.4576455,-122.6046191,3a,75y,6.54h,77.45t/data=!3m4!1e1!3m2!1s3YGW2ETIfytHn8MHBoVyOA!2e0
https://www.google.com/maps/@45.4576455,-122.6046191,3a,75y,6.54h,77.45t/data=!3m4!1e1!3m2!1s3YGW2ETIfytHn8MHBoVyOA!2e0
https://www.google.com/maps/@35.6564341,-78.8128985,3a,75y,73.28h,76.92t/data=!3m4!1e1!3m2!1sH3f9-1lZSUd-hoFQm1wvMQ!2e0
https://www.google.com/maps/@35.6564341,-78.8128985,3a,75y,73.28h,76.92t/data=!3m4!1e1!3m2!1sH3f9-1lZSUd-hoFQm1wvMQ!2e0
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=56
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B11
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B11
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B11
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B12
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B12
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B12
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#section2C49
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#section2C49
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#section2C50
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#section2C50
mutcd.fhwa.dot.gov/htm/2009r1r2/part7/part7b.htm
http://www.cmfclearinghouse.org/

Add Beacon to Standard
Unsignalized 8peed I.im"' Sign

Intersection Installation of a Speed Limit Sign Beacon to provide emphasis to a Speed
Improvement Limit (R2-1) or School Speed Limit (S5-1) sign.
Guide
Targeted Crash Types Conditions Addressed
= Right-angle = Crash history or observed vehicle

= Rear-end (major road) conflicts caused by speeding.

= Speed limit change at agency

= Rear-end (mi d
ear-end (minor road) boundary or significant land use

= Pedestrian change
F'LASHIN.G I B | t .
= Bicyclis . i
¥O PASSING Yy Sgggsed speed entering school

Source: Lee Engineering, LLC

This Speed Limit Sign Beacon has been Problems Addressed

installed over the roadway.

= Speeding
Source: VHB D
Considerations
SPE E D = Beacon may be used on a fixed or variable Speed Limit sign.

LIMIT = Beacons shall only be yellow.

= May be included within the border of a School Speed Limit (S5-1) sign (see MUTCD
2 5 Section 7B.15).

Illustration of the application of a Speed Industry Standard Other Resources
Limit Sign Beacon above a standard
Speed Limit sign. MUTCD Innovative Operational Safety

Source: Lee Engineering, LLC Section 2A.15: Enhanced Conspicuity inmte:(s):f‘tr:)enr;tsFla;rt‘(jjnaSIDg-arlIzed
for Standard Signs

Section 4L.04: Speed Limit Sign
Beacon

This Speed Limit Sign Beacon has been
added to a School Speed Limit sign.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 035


http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part4/part4l.htm#section4L04
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part4/part4l.htm#section4L04
http://mutcd.fhwa.dot.gov/htm/2009/part7/part7b.htm#section7B15
http://mutcd.fhwa.dot.gov/htm/2009/part7/part7b.htm#section7B15
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

These speed reduction pavement mark-
ings are installed with a Side Road sign.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV o . .
u I I G Unsignalized Intersection Improvement Guide

Install Speed Reduction
Pavement Markings

Application of white pavement markings along both edges of an
intersection approach lane to give drivers the impression that their speed
(s increasing. The markings should be perpendicular to the center line

with a progressive decrease in spacing.

Targeted Crash Types

= Right-angle
= Rear-end (major road)

= Sideswipe, opposite direction

Conditions Addressed

Problems Addressed

= Speeding

= Inadequate visibility of intersection or
intersection traffic control devices

= Citation history or observations of speeding on the approach to the intersection.

= Crash history or observed conflicts due to lack of awareness of the intersection.

Considerations

= |f used, the markings should supplement the appropriate warning signs and other
traffic control devices and not substitute for these devices.

= May be appropriate when the intersection lies within or just beyond an unexpectedly
severe horizontal or vertical curve along the major road.

= Only lanes having a longitudinal line (center line, edge line, or lane line) on both
sides of the lane should be considered for this treatment.

= Markings should not be wider than 12 inches nor extend more than 18 inches into

the lane.

Industry Standard

MUTCD

Section 3B.22: Speed Reduction
Markings

Figure 3B-28. Example of the
Application of Speed Reduction

Markings
AASHTO Green Book

Section 2.1.3 Vehicle Performance

Figure 2-25 Deceleration Distances
for Passenger Vehicles Approaching
Intersections

Other Resources

Innovative Operational Safety

Improvements at Unsignalized
Intersections, Florida DOT

Low-Cost Safety Enhancements
for Stop-Controlled and Signalized
Intersections, FHWA

NCHRP 613: Guidelines for Selection

of Speed Reduction Treatments at
High-Speed Intersections

Select Examples

S. Redland Rd. & S. Ferguson Rd.
Oregon City, OR

Treatment ID No. 036


https://www.google.com/maps/search/bradley+rd,+clackamas+county,+or/@45.3487189,-122.530705,3a,75y,108.23h,85.62t/data=!3m4!1e1!3m2!1sFlTvUhD8tjYo7nsHuONZlg!2e0?hl=en
https://www.google.com/maps/search/bradley+rd,+clackamas+county,+or/@45.3487189,-122.530705,3a,75y,108.23h,85.62t/data=!3m4!1e1!3m2!1sFlTvUhD8tjYo7nsHuONZlg!2e0?hl=en
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B22
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B22
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/fig3b_28_longdesc.htm
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/fig3b_28_longdesc.htm
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/fig3b_28_longdesc.htm
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

Source: VHB

A dynamic feedback sign displays the
speed of an approaching vehicle.

=

This dynamic feedback sign is applied
to a school zone.

The Speed Limit sign and dynamic
feedback sign assembly can be moved
from location to location using a mobile
trailer such as this.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Targeted Crash Types

= Right-angle

= Rear-end (major road)
= Rear-end (minor road)
= Pedestrian

= Bicyclist

Problems Addressed

= Speeding

Considerations

Install Dynamic Speed
Feedback Sign

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. Such signs can be part of a temporary mobile speed trailer or
permanently installed below a posted speed limit sign.

Conditions Addressed

= Citation history or observations of
speeding on approach to intersection.

= Change in speed limit or land use
(e.g., change from rural to urban).

= Changeable speed limit by time and
day of the week (e.g., during school
hours).

= Check that the radar or laser device has an unobstructed vantage of oncoming

traffic.

= May be combined with an Intersection Warning sign.

= Most effective if dynamic feedback sign is installed with a Speed Limit sign.

= Need to determine the operating speed that will activate the sign. May be used
with an LED flash that is activated if the motorist is traveling above a threshold

speed.

= |f solar-powered, the batteries should be checked on regular intervals. Used
batteries represent a hazard waste stream for an agency.

Other Resources

Speed Enforcement Program
Guidelines, NHTSA

Innovative Operational Safety
Improvements at Unsignalized
Intersections, Florida DOT

Low-Cost Safety Enhancements

for Stop-Controlled and Signalized
Intersections, FHWA

Low Cost Local Road Safety Solutions
ATSSA

NCHRP 613: Guidelines for Selection
of Speed Reduction Treatments at
High-Speed Intersections

Industry Standard

MUTCD
Section 2B.13: Speed Limit Sign

Select Examples

Anderson St. & Perkins Rd., Durham,
NC

US 24 & Flush Rd., Manhattan, KS

Treatment ID No. 037


https://maps.google.com/maps?q=Anderson+St+%26+Perkins+Rd,+Durham,+NC&hl=en&ll=35.988563,-78.933077&spn=0.000017,0.013937&sll=35.988563,-78.933077&sspn=0.015209,0.027874&gl=us&hnear=Anderson+St+%26+Perkins+Rd,+Durham,+North+Carolina+27705&t=m&z=17&layer=c&cbll=35.988559,-78.933073&panoid=_WXWl7yvdFPbQgufoPJBWg&cbp=12,174.28,,0,2.84
https://maps.google.com/maps?q=Anderson+St+%26+Perkins+Rd,+Durham,+NC&hl=en&ll=35.988563,-78.933077&spn=0.000017,0.013937&sll=35.988563,-78.933077&sspn=0.015209,0.027874&gl=us&hnear=Anderson+St+%26+Perkins+Rd,+Durham,+North+Carolina+27705&t=m&z=17&layer=c&cbll=35.988559,-78.933073&panoid=_WXWl7yvdFPbQgufoPJBWg&cbp=12,174.28,,0,2.84
https://www.google.com/maps/@39.2017838,-96.4361326,3a,75y,272.45h,72.4t/data=!3m4!1e1!3m2!1sbvDw5vnhbHZZYlN4hYN8HQ!2e0
http://www.nhtsa.gov/people/injury/enforce/program.htm
http://www.nhtsa.gov/people/injury/enforce/program.htm
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://www.atssa.com/galleries/default-file/Low Cost Local Roadsrev10-09-08.pdf
http://www.atssa.com/galleries/default-file/Low Cost Local Roadsrev10-09-08.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B13
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

i _!-__I._eel".'Engineering, I'G

4 o« i
This channelization prevents drivers
from turning left from the minor road
onto the major road.

Source: VHB

This channelization requires drivers to
turn right from the minor approach.

Source: Lee Engineering, LLC

1 'l'lu"-"ii_'"'ﬁ -

Channelization and delineators restrict
drivers turning left from both the major
and minor roads.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 038

Eliminate Turn Movements
Using Design Alterations
and Channelization

Application of physical means (e.g., raised islands or flexible posts) to
eliminate certain movements at the intersection.

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history related to or observed

= Opposing left turn conflicts involving left-turning vehicles.

= |nsufficient gaps in major road traffic for

left-turn or through movements from
= Pedestrian minor road.

= Rear-end (major road)

= Observed driver confusion with respect to
Problems Addressed proper vehicle placement and maneuvers.
= Can eliminate a turning movement across

a crosswalk and provide pedestrian
= Poor operational performance refuge.

= Excessive intersection conflicts

= Misjudgment of gaps

= Vehicle conflicts with non-motorists

Considerations

= Alternative routes should be available and able to safely accommodate the diverted traffic.

= Stakeholders should be involved during planning stages, especially adjacent businesses or
residents who may be affected by the access restriction.

= Consult with elected officials and emergency responders before initiating design work.

= To maximize effectiveness, channelizing devices should be maintained and kept clean and in
good condition. Raised islands may be more difficult for snowplows.

= Channelizing islands need to be visible to approaching motorists through the use of signs,
pavement markings, and the size of the island. Pedestrian crossings through the islands need
to be ADA-compliant.

= Large vehicles (e.g., trucks, buses, and fire trucks) should be considered during planning and
design.

Industry Standard

MUTCD AASHTO Green Book

Section 3H.01: Channelizing Devices Section 9.6.2: Channelization
Chapter 31. Islands Section 9.6.3: Islands

Section 2B.18: Movement Prohibition

Signs

Other Resources Select Examples

Access Management in the Vicinity of Zion Church Rd. & Warren C. Coleman
Intersections, FHWA Blvd., Concord, NC

Cost Effective Local Road Safety Planning W. Foster Ave. & Atherton St., State
and Implementation, ATSSA College, PA

NCHRP Report 500 Volume 5: A Guide NC 42 & Verona Dr., Clayton, NC
for Addressing Unsignalized Intersection

Collisions


https://www.google.com/maps/@35.3820353,-80.5819111,3a,75y,26.11h,79.54t/data=!3m4!1e1!3m2!1sVtT1udgrTzZhhb_SLXVMcg!2e0
https://www.google.com/maps/@35.3820353,-80.5819111,3a,75y,26.11h,79.54t/data=!3m4!1e1!3m2!1sVtT1udgrTzZhhb_SLXVMcg!2e0
https://www.google.com/maps/@40.7894957,-77.862342,3a,75y,36.7h,88.08t/data=!3m4!1e1!3m2!1sgNFXyMTywAH43nzjudEclg!2e0
https://www.google.com/maps/@40.7894957,-77.862342,3a,75y,36.7h,88.08t/data=!3m4!1e1!3m2!1sgNFXyMTywAH43nzjudEclg!2e0
https://www.google.com/maps/@35.6507577,-78.3660788,3a,75y,128.91h,65.68t/data=!3m4!1e1!3m2!1s0OzOStP2nIrboeNiQmoLJg!2e0?hl=en
http://safety.fhwa.dot.gov/intersection/resources/fhwasa10002/fhwasa10002.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa10002/fhwasa10002.pdf
http://www.countyengineers.org/ResourcesEdu/PublishingImages/Local  Roads NACE ATSSA.pdf
http://www.countyengineers.org/ResourcesEdu/PublishingImages/Local  Roads NACE ATSSA.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3h.htm#section3H01
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3i.htm
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://www.cmfclearinghouse.org/

Replace Left-Turn and Through
Movements with Right-Turn/U-
MECLCECCE  Turn Combination

Intersection

Conversion of minor road left turns and through movements to right
Improvement

) turns and U-turns. There are several variations of this design, with some
Guide permitting direct left turns from the major road and others prohibiting
left turns entirely.

Targeted Crash Types Problems Addressed

= Right-angle = Excessive intersection conflicts

= Opposing left turn = Poor operational performance

= Rear-end (major road) = Misjudgment of gaps

= Pedestrian = Vehicle conflicts with non-motorists

Conditions Addressed

Source: North Carolina DOT

= Crash history or observed conflicts involving left-turning vehicles or vehicles attempting to

Drivers must turn right and then com- continue on the minor road by crossing the major road.
plete a U-turn maneuver to turn left.

= |nsufficient gaps in major road traffic for left-turn or through movements from minor road.
= Crash history or observed conflicts involving vehicles in median.

= Can eliminate a turning movement across a crosswalk and provide pedestrian refuge.

Considerations

= This treatment is typically applied along major roads whose geometric conditions are
conducive to U-turn maneuvers (i.e., those characterized by a median and multiple lanes in
each direction).

= A bulb-out (also known as a loon) may be needed to accommodate U-turn maneuvers for
buses and other longer vehicles.

Soutce: VHB. - = Stakeholders should be involved during planning stages, especially adjacent businesses or

residents that may be affected by the access restriction.

This intersection incorporates

delineators instead of concrete islands = Consult with elected representatives and emergency responders before initiating design
to force all drivers to turn right. work.

= Sufficient distance should be provided from the intersection to the U-turn.
= Appropriate signing should be incorporated to prevent motorist confusion.

Industry Standard Other Resources

MUTCD Restricted Crossing U-Turn Intersections
Section 2B.18: Movement Prohibition Signs Video, FHWA

AASHTO Green Book Median U-Turn Intersections Video, FHWA

. o ) Alternative Intersections/Interchanges:
Section 9.9: Indirect Left Turns and U-turns Informational Report (AIIR), FHWA

Low-Cost Safety Enhancements for Stop-
b Select Examples Controlled and Signalized Intersections

This aerial photograph shows the chan- US 15 & S. Seton Ave. Emmitsburg. MD FHWA

CoT : . . . a
nelization at the intersection and the Innovative Operational Safet
Improvements at Unsignalized
Intersections, FDOT

downstream U-turn bulb-out. Tanbridge Rd. & Eastwood Rd.
Check for

Wilmington, NC

. US 1 & Cranes Creek Rd., Vass, NC
:I Emﬂ Linden Dr. NW & Lake Michigan Dr.,
CRASH MODIFICATION FACTORS CLEARINGHOUSE Allendale, MI

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 039



http://goo.gl/maps/Ei5Rn
https://www.google.com/maps/@34.2379536,-77.8491162,3a,75y,221.87h,83.92t/data=!3m4!1e1!3m2!1sBE9JG7-tDZxiuVQsx8RJjg!2e0
https://www.google.com/maps/@34.2379536,-77.8491162,3a,75y,221.87h,83.92t/data=!3m4!1e1!3m2!1sBE9JG7-tDZxiuVQsx8RJjg!2e0
https://maps.google.com/maps?q=us+1+and+cranes+creek+rd,+vass,+nc&ll=35.287281,-79.26183&spn=0.001025,0.013937&hnear=Cranes+Creek+Rd,+Cameron,+Moore,+North+Carolina+28326&gl=us&t=h&z=17&layer=c&cbll=35.287206,-79.261852&panoid=jHA7lt17lLgGQkIJzfb8dQ&cbp=12,356.13,,0,8.38
https://www.google.com/maps/place/Allendale+Charter+Township,+MI/@42.971544,-85.8697259,424m/data=!3m1!1e3!4m2!3m1!1s0x88199859c34c5955:0x9a427c3ff4090ecc?hl=en
https://www.google.com/maps/place/Allendale+Charter+Township,+MI/@42.971544,-85.8697259,424m/data=!3m1!1e3!4m2!3m1!1s0x88199859c34c5955:0x9a427c3ff4090ecc?hl=en
https://www.youtube.com/watch?v=BLwl01NCp9I
https://www.youtube.com/watch?v=BLwl01NCp9I
https://www.youtube.com/watch?v=fshW_O_XggI
http://www.fhwa.dot.gov/publications/research/safety/09060/
http://www.fhwa.dot.gov/publications/research/safety/09060/
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/
http://www.dot.state.fl.us/trafficoperations/doc_library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/doc_library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/doc_library/PDF/Final Report - Contract C8K21.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://www.cmfclearinghouse.org/

Close One or More Legs
Unsignalized Of the |nferseCfi0n

Intersection Eliminating one or more intersection approaches (most likely along the minor
|mprovemen‘|‘ road) to remove certain movements (e.g., left turns and through movements) that
are experiencing a high number of conflicts or crashes. This treatment would be
for locations where other treatments have been unsuccessful at solving the safety
problem, and there is a reasonable alternative route for the affected users.

Targeted Crash Types Conditions Addressed

= Right-angle = Lack of available gaps for left-turn or

= Opposing left turn through movements from minor road.

= Queuing on mainline that prevents
left-turn or through movements from
minor road.

= Rear-end (major road)

= Crash history involving turning
Problems Addressed vehicles entering/exiting minor road.

These roads used to intersect, but the .. . . i
connection has been removed. = Excessive intersection conflicts = Other strategies have been

unsuccessful at improving conditions
at the intersection.

= Required vehicle movements can
safely be accommodated at a nearby
intersection.

Considerations

= Ensure there is an alternate route that can sufficiently accommodate the re-routed
traffic.

= Stakeholders should be involved during planning stages, especially adjacent
businesses or residents who may be affected by the access restriction.

A cul-de- tructed t of . . . .
culrdersac was constructed as part o = Consult with elected representatives and emergency responders early in project
the closure of this former intersection

leg. development.

= May need to provide a cul-de-sac or "hammerhead” treatment to accommodate
vehicle turnarounds on the closed street.

= Maintain access for pedestrians and bicyclists and emergency response vehicles.

Industry Standard
MUTCD Section 2C.66: Object Markers for End of Roadways

Other Resources Select Examples

Access Management in the Vicinity of Chambers Ln. & Jerome and Betty
Intersections, FHWA Warner Expy., Bennet, NE

NCHRP Report 500 Volume 5: A NC 11 and Old Highway 11, Ahoskie,
Guide for Addressing Unsignalized NC

Check for Intersection Collisions, FHWA

Calder Way & Atherton St., State
Full Street Closure, PEDSAFE College, PA

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 040


https://www.google.com/maps/@40.7117733,-96.5208843,3a,75y,4.66h,78.94t/data=!3m4!1e1!3m2!1sjxnf8jzT2CYAaESkIVq3GQ!2e0
https://www.google.com/maps/@40.7117733,-96.5208843,3a,75y,4.66h,78.94t/data=!3m4!1e1!3m2!1sjxnf8jzT2CYAaESkIVq3GQ!2e0
https://www.google.com/maps/@36.3302436,-76.9920436,3a,75y,154.38h,89.01t/data=!3m4!1e1!3m2!1sSfR3OneDBx16Ppuu6ZAchw!2e0
https://www.google.com/maps/@36.3302436,-76.9920436,3a,75y,154.38h,89.01t/data=!3m4!1e1!3m2!1sSfR3OneDBx16Ppuu6ZAchw!2e0
http://goo.gl/maps/Qh1E0
http://goo.gl/maps/Qh1E0
http://safety.fhwa.dot.gov/intersection/resources/fhwasa10002/fhwasa10002.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa10002/fhwasa10002.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=42
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2c.htm#section2C66
http://www.cmfclearinghouse.org/

Unsignalized
Intersection
Improvement
Guide

Source: VHB

A single four-legged intersection can be
converted to two offset T-intersections
by realigning one or both minor road
approaches; this can be accomplished
to require drivers continuing on the
minor road to execute (1) a left-right
combination (see top) OR (2) a right-left
combination (see bottom).

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV o . .
u I I G Unsignalized Intersection Improvement Guide

Convert Four-Legged
Intersection to Two
T-Intersections

Realignment of one or both minor road approaches such that a four-
legged intersection is replaced by two three-legged intersections.

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history or observed conflicts
between vehicles on the major road
and minor road vehicles making the

through movement.

= Opposing left turn

= High-speed angle crashes involving
vehicles making through movement
on minor road.

Problems Addressed

= Excessive intersection conflicts

= Difficulty among minor road drivers in
assessing available gaps in major road
traffic.

= Poor operational performance
= Misjudgment of gaps

Considerations

= Right-of-way will likely need to be acquired for each realigned approach.

= Incorporating auxiliary (i.e., left- or right-turn) lanes along the major road into the
design can reduce the likelihood of rear-end collisions.

= Operational problems can occur if the two T-intersections are spaced too closely
and the left-turns queues along the major street overlap.

= Certain combinations of factors may make the single four-legged intersection
preferred over a pair of offset T-intersections.

= Implement appropriate traffic control devices for the new configuration.

Industry Standard Select Examples

AASHTO Green Book
Section: 9.4.2 Alignment

US 34 & Oakville Rd. SW, Albany, OR
NC 131 & NC 41, Bladenboro, NC

Other Resources

NCHRP Report 500 Volume 5: A Guide for Addressing Unsignalized Intersection
Collisions

Treatment ID No. 041


https://maps.google.com/maps?q=34+Oakville+Road+Southwest,+Albany,+Oregon&hl=en&ll=44.565951,-123.158069&spn=0.006039,0.027874&sll=44.380312,-123.757553&sspn=0.43039,0.891953&oq=oakvilleor-34,+oregon&hnear=Oakville+Rd+SW,+Albany,+Oregon+97321&t=m&z=16&layer=c&cbll=44.565955,-123.158067&panoid=693fGEXGavqMaE8wO9xE4A&cbp=11,94.92,,0,5.13
https://www.google.com/maps/@34.6404894,-78.7580434,3a,75y,190.79h,86.87t/data=!3m4!1e1!3m2!1sWfl361ot9Rh1VasEYDLIWw!2e0
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.cmfclearinghouse.org/

Convert Two Offset
T-Intersections to a Single
s Four-Legged Intersection

Improvement
Guide Realignment of one or both minor road approaches such that both

approaches intersect the major road at a single point.

Unsignalized

Source: VHB

Targeted Crash Types Conditions Addressed

= Opposing left turn = High minor road through volume.

= Rear-end (major road) = Crash history or observed conflicts

» Head-on (among opposing left turns) due to .|nsufﬁC|e.nt spacing between
two adjacent T-intersections.

= Prevalence of rear-end crashes on

Problems Addressed major road, specifically ones involving
“through” movements from the offset

= Poor operational performance minor roads.

' = Excessive intersection conflicts
Considerations

= Additional right-of-way may be needed for each realigned approach.

= |f the minor road through volumes are low, the intersection may be safer if left as
two T-intersections.

= Certain combinations of factors may make offset T-intersections preferred over a
single four-legged intersection.

= Implement appropriate traffic control devices for the new configuration.

Two T-intersections can be converted
to a single four-legged intersection by

realigning at least one leg, as illustrated Select Examples Other Resources
bove. .
apove Bear Meadows Rd. & US 322, NCHRP 500 Volume 5: A Guide for
Boalsburg, PA Addressing Unsignalized Intersections
Ohio 124 & Pea Ridge Rd., Hillsboro Access Management Manual,
OH Transportation Research Board

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 042


https://maps.google.com/maps?q=bear+meadows+road+and+US+322,+boalsburg,+pa&hl=en&ll=40.780143,-77.759675&spn=0.003347,0.013937&sll=47.583061,-122.304279&sspn=0.006622,0.013937&t=h&gl=us&hnear=U.S.+322+%26+Bear+Meadows+Rd,+Boalsburg,+Centre,+Pennsylvania+16827&z=17&layer=c&cbll=40.780145,-77.75968&panoid=OX167fYLK0t4m0bJfW0QrQ&cbp=11,192.58,,0,-3.05
https://maps.google.com/maps?q=bear+meadows+road+and+US+322,+boalsburg,+pa&hl=en&ll=40.780143,-77.759675&spn=0.003347,0.013937&sll=47.583061,-122.304279&sspn=0.006622,0.013937&t=h&gl=us&hnear=U.S.+322+%26+Bear+Meadows+Rd,+Boalsburg,+Centre,+Pennsylvania+16827&z=17&layer=c&cbll=40.780145,-77.75968&panoid=OX167fYLK0t4m0bJfW0QrQ&cbp=11,192.58,,0,-3.05
https://maps.google.com/maps?q=Pea+Ridge+Rd,+Hillsboro,+OH&ll=39.212646,-83.638111&spn=0.000017,0.013937&hnear=Pea+Ridge+Rd,+Hillsboro,+Ohio+45133&gl=us&t=h&z=17&layer=c&cbll=39.212857,-83.638506&panoid=SlXdWWuuL8QYV2i8gHkSzw&cbp=12,344.15,,0,15.23
https://maps.google.com/maps?q=Pea+Ridge+Rd,+Hillsboro,+OH&ll=39.212646,-83.638111&spn=0.000017,0.013937&hnear=Pea+Ridge+Rd,+Hillsboro,+Ohio+45133&gl=us&t=h&z=17&layer=c&cbll=39.212857,-83.638506&panoid=SlXdWWuuL8QYV2i8gHkSzw&cbp=12,344.15,,0,15.23
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.cmfclearinghouse.org/

Close Median Opening

nsignaqilize ermanent ocKlng or removing the existing median opening to
Unsignalized P ly blocking ing the existing median opening
1 eliminate certatn movements at the (ntersection (e.q., left turns or
Intersection limi ' he ( ion (e.g., lef
Improvement through movements to and from the minor road). These may be
Guide ocations where (t s impractical to improve sight distance or where it (s
[ ; h . cal to i aht di h _
inappropriate to install a traffic signal.

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history or observed conflicts

= Opposing left turn involving left-turning vehicles.

= Insufficient gaps in mainline traffic for
left-turns from minor or major road or
through movements from minor road.

= Rear-end (major road)

= Crash history or observed conflicts

Problems Addressed involving vehicles in median.
= Excessive intersection conflicts

= Poor operational performance

Considerations
= Ensure that alternative routes are available and can safely accommodate the
diverted traffic.

= Stakeholders should be involved during planning stages, especially adjacent
businesses or residents who may be affected by the access restriction.

= Consult with elected representatives and emergency responders during planning
stages.

= Ensure the median closure is obvious and is visible to motorists through signing or
other means.

= Provide accessible design for pedestrian and bicyclist crossings through median that
will not allow motor vehicles to pass.

Industry Standard Other Resources

MUTCD Access Management in the Vicinity of
Section 2B.18: Movement Prohibition Intersections, FHWA

Signs NCHRP 500 Volume 5: A Guide for
AASHTO Green Book Addressing Unsignalized Intersections

Section 2.5: Access Control and Access
Management

Select Examples

Filmore St. & Wade Ave., Raleigh, NC

. :I EIIIE Commonwealth Dr. & Eastwood Rd., Wilmington, NC

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 043

Check for



http://safety.fhwa.dot.gov/intersection/resources/fhwasa10002/fhwasa10002.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa10002/fhwasa10002.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://www.cmfclearinghouse.org/
https://www.google.com/maps/@35.7970678,-78.643785,3a,75y,37.6h,68.99t/data=!3m4!1e1!3m2!1sCLhqboST0sve34XUye_dtg!2e0
https://www.google.com/maps/@34.2283575,-77.8312513,3a,75y,29.98h,78.57t/data=!3m4!1e1!3m2!1s8285I8CyiiJlHpADfK6C8w!2e0

Unsignalized

Intersection
Improvement
Guide

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV o . .
u I I G Unsignalized Intersection Improvement Guide

Realign Intersection
Approaches to Reduce or
Elminate Intersection Skew

Realignment of at least one leg to bring the intersection angle closer to

perpendicular.

Targeted Crash Types
= Right-angle

= Rear-end (major road)
= Pedestrian

= Bicyclist

= Head-on

Problems Addressed

= Inadequate visibility of intersection or
intersection traffic control devices

= [Inadequate intersection sight distance

= Excessive intersection conflicts

= Poor operational performance

Considerations

Conditions Addressed

= Existing intersection skew angle
makes it difficult for minor road
drivers to detect approaching major
road traffic.

= Existing intersection skew angle is
conducive to high speeds among
turning vehicles or noncompliance
with STOP or YIELD signs.

= Observed difficulty for turning
vehicles to remain in their proper lane
due to skew angle.

= Crash history or observed conflicts
related to poor sight distance from
the minor road or poor visibility of the
intersection from the major road due
to the intersection skew angle.

= Stakeholders should be involved early in the decision-making process to address any

concerns.

= This approach to improving intersection safety should be considered after less-
restrictive measures have been tried and have not solved the problem.

= Measures should be taken to alert drivers to the changes in conditions before,

during, and after construction.

= Additional right-of-way may be required.

Industry Standard

AAHSTO Green Book
Section 9.4.2: Alignment
Section 9.4.3: Profile

Select Examples

Daly Waldrop Rd. & US 258, Kinston,
NC

Other Resources

Innovative Operational Safety

Improvements at Unsignalized
Intersections, Florida DOT

NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections
Intersection Safety: A Manual for
Local Rural Road Owners, FHWA
NCHRP 613: Guidelines for Selection
of Speed Reduction Treatments at
High-Speed Intersections

Modify Skewed Intersections
PEDSAFE

Treatment ID No. 044


http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=29
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=29
http://www.cmfclearinghouse.org/
https://www.google.com/maps/@35.2925306,-77.6467927,3a,75y,82.78h,80.03t/data=!3m4!1e1!3m2!1sGxYpUKm8W1ZDQAAtmIVYjw!2e0
https://www.google.com/maps/@35.2925306,-77.6467927,3a,75y,82.78h,80.03t/data=!3m4!1e1!3m2!1sGxYpUKm8W1ZDQAAtmIVYjw!2e0

Unsignalized

Intersection
Improvement
Guide

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV o . .
u I I G Unsignalized Intersection Improvement Guide

Modify Horizontal and/
or Vertical Alignment of
Intersection Approach

Horizontal or vertical realignment of at least one leg of the intersection to
improve sight distance to and from the intersection.

Targeted Crash Types

= Right-angle
= Rear-end (major road)

= Rear-end (minor road)

Problems Addressed

= Inadequate visibility of intersection or
intersection traffic control devices

= [nadequate intersection sight distance

Considerations

Conditions Addressed

= Crash history related to poor
intersection sight distance from the
stop-controlled minor road.

= Crash history related to poor visibility
of the intersection from the major or
minor road approach.

= Horizontal curvature at or near the
intersection inhibits intersection sight
distance.

= \ertical curvature at or near the
intersection inhibits intersection sight
distance.

= Owners of businesses and homes whose properties and access points will be
affected by the realignment should be involved early in the decision-making process

to address any concerns.

= Because this treatment is costly, consider lower-cost treatment alternatives first.

= Additional right-of-way may be required.

Industry Standard

AASHTO Green Book
Section 9.4.2: Alignment
Section 9.4.3: Profile

Other Resources

Innovative Operational Safety
Improvements at Unsignalized
Intersections, Florida DOT

NCHRP Report 500 Volume 5: A

Guide for Addressing Unsignalized
Intersection Collisions

Intersection Safety: A Manual for
Local Rural Road Owners, FHWA

Treatment ID No. 045


http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://www.cmfclearinghouse.org/

Reduce Intersection Curb
Radius

Intersection Reconstruction of the edge of traveled way at the intersection to provide
Improvement a smaller corner radius, which can (1) reduce the turning speeds of
Guide right-turning vehicles (or left-turning onto a one-way street), (2) shorten
the distance of pedestrian crossings, and (3) improve visibility between
motorists and pedestrians.

Unsignalized

Source: PEDSAFE (Michael Hintze-).

Targeted Crash Types Conditions Addressed
= Pedestrian = Observed vehicles making right-turn
» Bicyclist movements at high speeds.

= Observed right-turning vehicles failing
to comply with STOP (R1-1) sign.

= Crash history or observed conflicts

FE ST G between pedestrians and/or bicyclists

= Vehicle conflicts with non-motorists and vehicles making right turns.
, 4 = Non-compliance with intersection = Each of the above conditions could
Reducing the curb radius decreases the . | | lef
pedestrian crossing time and distance traffic control devices also apply to left turns onto a one-
and forces turning vehicles to slow way street.
down.
Considerations

= Providing a curb radius that is too small may result in larger vehicles (e.g., trucks and
buses) driving over the curb, creating potential for conflicts with pedestrians and
bicyclists at the corner and damaging the curb.

= Designs must accommodate emergency vehicles and drainage at the corner.

= A larger "effective” radius can be established when a bicycle lane line, parking
lane line, or edge line is used to direct vehicles away from the curb line or edge of
pavement.

= Smaller radii will provide for a shorter crossing distance and will place pedestrians in
a more visible position before they step into the street.

Industry Standard Other Resources
AASHTO Green Book Curb Radius Reduction, PEDSAFE
Section 2.1.2: Minimum Turning Path of Curb Radii Revisions, BIKESAFE

Design Vehicles

Section 9.6.1: Types of Turning
Roadways, Effect of Curb Radii on
Pedestrians

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 046


http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=28
http://www.pedbikesafe.org/BIKESAFE/countermeasures_detail.cfm?CM_NUM=16
http://www.cmfclearinghouse.org/

Increase Intersection
Curb Radius

Unsignalized
Intersection Reconstruction of the edge of traveled way at the intersection to provide
Improvement a larger corner radius, which will better accommodate turning trucks and
Guide other large vehicles.
Targeted Crash Types Conditions Addressed
= Rear-end (major road) = Turning trucks or other large vehicles

routinely drive over the curb and onto

A A o pedestrian facilities and signs adjacent
= Sideswipe, opposite direction to the roadway.

= Rear-end (minor road)

= Turning trucks or other large vehicles
routinely encroach upon other lanes

Problems Addressed when completing their maneuver,
o ' ' perhaps causing temporary gridlock
= Excessive intersection conflicts or forcing other vehicles to back up or
= Poor operational performance change lanes.
Considerations

= The benefits of providing additional space on the roadway to accommodate large
turning vehicles should be weighed against the drawbacks of lengthening the
pedestrian crossing.

= While a single circular arc between the edges of pavement of the intersecting
roadways provides the simplest design, two alternatives are available for
accommodating large vehicles: (1) a three-centered curve, or (2) a simple offset
curve with connecting tapers. Each alternative may more closely mimic the turning
path of large vehicles.

= |f a larger radius is required to accommodate trucks or buses, consider installing a
channelizing island with the tail pointing upstream to promote slower right turns.
The island should be raised, large enough to accommodate pedestrians, and fully
pedestrian-accessible.

Industry Standard

AASHTO Green Book
Section 2.1.2: Minimum Turning Paths of Design Vehicles

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 047


http://www.cmfclearinghouse.org/

Install Raised Intersection

Unsignalized An elevated area encompassing the entire intersection that includes
ramps on all approaches. Stamped concrete or other textured and
colored materials are often installed within its limits. The height of the
intersection typically matches the sidewalk (i.e., back of curb) adjacent

Intersection
Improvement
Guide to the intersection. This treatment is typically used as part of an overall

traffic calming program and where there is a high concentration of
pedestrians.

Targeted Crash Types Conditions Addressed

= Pedestrian = Crash history or observed conflicts
» Bicyclist related to speeding on approach to
the intersection.
= Crash history or observed conflicts
between vehicles and crossing

Problems Addressed pedestrians and/or bicyclists.

= Speeding = High VO|L.,Ime.Of crossing pedest_rlans
and/or bicyclists at the intersection.

= \/ehicle conflicts with non-motorists

Considerations

= This treatment is typically applied in urban or residential settings.
= Do not use if intersection is on a sharp curve or steep grade.

= The raised intersection can be disruptive to large vehicles and may slow emergency
response vehicles.

= Due to the crosswalk raised to the level of the curb, additional treatments should be
placed to accommodate persons with vision impairments, including, tactile warning
strips along the entire interface of the walkway and the street.

= Special considerations are needed for drainage.

= Special considerations are needed for snowplows; for example, placing a flexible
delineator post at each change in elevation can signal to snowplow operators that
they should lift their blades.

Other Resources Select Examples

Raised Pedestrian Crossing, PEDSAFE Granite St. & Pearl St., Cambridge, MA
Pennsylvania’s Traffic Calming Clematis St. & Narcissus Ave., West
Handbook, Pennsylvania DOT Palm Beach, FL

Traffic Calming Library, ITE

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 048


https://www.google.com/maps/@42.3562066,-71.1123863,3a,75y,125.37h,72.7t/data=!3m4!1e1!3m2!1ssHXrHFUEtS3T31FulwSDcQ!2e0
https://www.google.com/maps/@26.7133089,-80.0509447,3a,75y,72.6h,73.08t/data=!3m4!1e1!3m2!1sEkFnF7b6tVy-NGz1nngwUA!2e0
https://www.google.com/maps/@26.7133089,-80.0509447,3a,75y,72.6h,73.08t/data=!3m4!1e1!3m2!1sEkFnF7b6tVy-NGz1nngwUA!2e0
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=7
ftp://ftp.dot.state.pa.us/public/PubsForms/Publications/PUB 383.pdf
ftp://ftp.dot.state.pa.us/public/PubsForms/Publications/PUB 383.pdf
http://www.ite.org/traffic/raised.asp
http://www.cmfclearinghouse.org/

Reduce the Width of the
Travel Lanes on Major

Unsignalized

iyl Approach to Intersection

Improvement

Reduction in lane widths using pavement markings, raised pavement
markers, shoulder rumble strips, or some combination thereof; such
applications can be effective in reducing vehicle speeds along intersection
approaches.

Targeted Crash Types Conditions Addressed

= Right-angle = Observations of speeding on

= Rear-end (major road) approach to the intersection.

= Pedestrian

= Bicyclist
Problems Addressed
Source: FHWA

. = Vehicle conflicts with non-motorists
The major lanes here were narrowed

from 12 ft. to 10 ft., and rumble strips = Speeding
were installed in the median and
along the outside of the edge line.

Source: FHWA
Considerations

= Narrower traffic lanes will provide for wider shoulders for bicyclists and a greater
separation between motor vehicles and pedestrians on the sidewalk.

= Pavement markings, raised pavement markings, and rumble strips will require
ongoing maintenance.

= Narrowing the lanes may have an adverse effect on capacity and level of service.
= Consider volumes of buses, trucks, and other large vehicles.

= |f rumble strips are considered, assess suitability of existing pavement structure to
support them. Edge line rumble strips are not conducive to bicycle traffic and may
This installation features a double create a noise issue for nearby residents.

yellow line pavement marking and
rumble strips fully covering the width of

the median.
Industry Standard Other Resources
MUTCD Two Low-Cost Safety Concepts for
Chabter 3B. Pavement and Curb Two-Way STOP-Controlled, Rural

Intersections on High-Speed Two-
Lane, Two-Way Roadways, FHWA
Section 3J).01: Longitudinal Rumble . .

Innovative Operational Safety

Strip Markings - -
Improvements at Unsignalized
AASHTO Green Book Intersections, Florida DOT

Section 4.3: Lane Widths Low-Cost Safety Enhancements

for Stop-Controlled and Signalized
Intersections, FHWA

Markings

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 049



http://www.fhwa.dot.gov/publications/research/safety/08063/08063.pdf
http://www.fhwa.dot.gov/publications/research/safety/08063/08063.pdf
http://www.fhwa.dot.gov/publications/research/safety/08063/08063.pdf
http://www.fhwa.dot.gov/publications/research/safety/08063/08063.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3j.htm#section3J01
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3j.htm#section3J01
http://www.cmfclearinghouse.org/

Unsignalized
Intersection
Improvement
Guide

Source: VHB

This grass splitter island creates
separation between vehicles entering
and exiting the minor road.

A Keep Right sign increases the
conspicuity of this splitter island.

Sot_Jrcé: VHB

A supplemental left-side STOP sign is
placed in this splitter island .

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Install Splitter Island on
Minor Road Approach

Channelizing island used to separate opposing lanes of traffic and
accommodate a left-side STOP (R1-1) sign. This serves to (1) increase
awareness of the intersection, (2) guide traffic into the intersection, (3)
improve the visibility of the STOP sign on the intersection approach, and
(4) provide separation between entering and exiting vehicles.

Targeted Crash Types
= Right-angle
= Rear-end (minor road)

Problems Addressed

= Inadequate motorist guidance

= [nadequate visibility of intersection or
intersection traffic control devices

= Noncompliance with intersection
traffic control devices

Considerations

Conditions Addressed

= Crash history or observed vehicle
conflicts related to lack of awareness
of intersection or intersection traffic
control.

= Crash history or observed vehicle
conflicts between vehicles turning
from major road and vehicles on
minor road approach.

= Limited visibility of standard right side
STOP sign.

= High speeds along minor road.

» Drainage, truck turning paths, and the size of the median should all be considered in

the design of the island.

= Pavement markings, raised reflective pavement markers, and Keep Right (R4-7) signs
will enhance the visibility of the raised median and reduce the chance of it being

struck by a passing motorist.

= |n settings with regular pedestrian traffic, the raised island can serve as a pedestrian
refuge and must accommodate pedestrian accessibility.

Industry Standard
MUTCD

Chapter 3I: Islands
AASHTO Green Book

Section 9.6.3: Islands, Divisional Islands

Select Examples

Ashe Ave. & Dexter Pl., Raleigh, NC

Lake Myra Rd. & Eagle Rock Rd.,
Wendell, NC

Other Resources

Innovative Operational Safety

Improvements at Unsignalized
Intersections, Florida DOT

Low-Cost Safety Enhancements
for Stop-Controlled and Signalized
Intersections, FHWA

Intersection Safety: A Manual for
Local Rural Road Owners, FHWA

NCHRP 613: Guidelines for Selection

of Speed Reduction Treatments at
High-Speed Intersections

Treatment ID No. 050


http://goo.gl/maps/ELs1f
https://maps.google.com/maps?q=Lake+Myra+Road,+Wendell,+NC&hl=en&ll=35.75747,-78.393567&spn=0.000009,0.006968&sll=37.6,-95.665&sspn=61.897095,114.169922&oq=lake+myra+road&hnear=Lake+Myra+Rd,+Wendell,+Wake,+North+Carolina+27591&t=m&z=18&layer=c&cbll=35.757529,-78.393453&panoid=YmFTSLyI7_ogzEZF-1W6-A&cbp=12,65.29,,0,2.29
https://maps.google.com/maps?q=Lake+Myra+Road,+Wendell,+NC&hl=en&ll=35.75747,-78.393567&spn=0.000009,0.006968&sll=37.6,-95.665&sspn=61.897095,114.169922&oq=lake+myra+road&hnear=Lake+Myra+Rd,+Wendell,+Wake,+North+Carolina+27591&t=m&z=18&layer=c&cbll=35.757529,-78.393453&panoid=YmFTSLyI7_ogzEZF-1W6-A&cbp=12,65.29,,0,2.29
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3i.htm
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

A left-turn lane removes left-turning
vehicles from the through lane.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Install Left-Turn Lane on

Major Road

An auxiliary lane exclusively for the deceleration and storage of left-

turning vehicles.

Targeted Crash Types

= Right-angle
= Opposing left turn
= Rear-end (major road)

Problems Addressed

= Poor operational performance
= Excessive intersection conflicts

Considerations

Conditions Addressed

= Crash history or observed conflicts
between turning vehicles and
following vehicles or opposing
through vehicles.

= Long queues due to vehicle stopped
in through lane waiting to make left
turn.

= Vehicle tracks and rutting on right
side of road due to through vehicles
bypassing left-turning vehicles.

» Heavy left-turn volumes.

= Check left-turn warrants (see NCHRP 193 report referenced below).

= For locations with opposing left-turn lanes, consider offsetting the left-turn lanes to
improve visibility between turning vehicles and oncoming traffic.

= Adding a turn lane may require additional right-of-way.

= The length of the left-turn lane should be sufficient to accommodate the

predominant left-turn storage demand.

= Because the addition of a lane will increase the distance for crossing pedestrians,
consider providing a refuge island where appropriate.

Industry Standard

MUTCD

Section 3B.20 Pavement Word
Symbol, and Arrow Markings
AASHTO Green Book

Section 9.7.3: Design Treatments for
Left-Turn Maneuvers

Select Examples
Pheasant Branch Rd. & Co. Rd. K,
Middleton, WI

E. Delilah Rd. & N. Franklin Blvd.,
Pleasantville, NJ

Other Resources

NCHRP 193: Development of Left-

Turn Lane Warrants for Unsignalized
Intersections

NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections

Intersection Safety: A Manual for
Local Rural Road Owners, FHWA

Safety Effectiveness of Intersection
Left- and Right-Turn Lanes, FHWA

Treatment ID No. 051


https://maps.google.com/maps?q=Pheasant+Branch+Rd+%26+Co+Rd+K,+Middleton,+WI&hl=en&ll=43.14179,-89.491936&spn=0.000016,0.013937&sll=43.140734,-89.490638&sspn=0.028653,0.055747&t=h&gl=us&hnear=County+Road+K+%26+Pheasant+Branch+Rd,+Waunakee,+Dane,+Wisconsin+53597&z=17&layer=c&cbll=43.141787,-89.491934&panoid=WAwwiHF_6pgdnIXAom7yMQ&cbp=12,195.83,,0,5.33
https://maps.google.com/maps?q=Pheasant+Branch+Rd+%26+Co+Rd+K,+Middleton,+WI&hl=en&ll=43.14179,-89.491936&spn=0.000016,0.013937&sll=43.140734,-89.490638&sspn=0.028653,0.055747&t=h&gl=us&hnear=County+Road+K+%26+Pheasant+Branch+Rd,+Waunakee,+Dane,+Wisconsin+53597&z=17&layer=c&cbll=43.141787,-89.491934&panoid=WAwwiHF_6pgdnIXAom7yMQ&cbp=12,195.83,,0,5.33
https://www.google.com/maps/@39.4028548,-74.5084858,3a,75y,309.19h,90t/data=!3m4!1e1!3m2!1sKmQuLaFxEi0sSDUvMbsiMA!2e0
https://www.google.com/maps/@39.4028548,-74.5084858,3a,75y,309.19h,90t/data=!3m4!1e1!3m2!1sKmQuLaFxEi0sSDUvMbsiMA!2e0
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_w193.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_w193.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_w193.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://www.fhwa.dot.gov/publications/research/safety/02089/02089.pdf
http://www.fhwa.dot.gov/publications/research/safety/02089/02089.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://www.cmfclearinghouse.org/

Unsignalized EXtend 'I'he Lef’r—TUI‘n |.C|ne

Intersection Increasing the length of an existing left-turn lane to provide additional
Improvement deceleration and storage for turning vehicles.
Guide
Targeted Crash Types Conditions Addressed
= Rear-end (major road) = Queues in existing left-turn lane

» Sideswipe, same direction extend into adjacent through lane.

= Crash history or observed conflicts
between vehicles waiting to turn left

Problems Addressed and following vehicles.
= High left-turn volume.

" Poor operational performance = Vehicle tracks and rutting on right

= Excessive intersection conflicts side of road due to through vehicles
bypassing queued vehicles waiting to
turn left.

Considerations

= Extending the lane may require additional right-of-way and utility relocation.
= Check left-turn warrants (see NCHRP 193 reference below).

= The length of the left-turn lane is based on the entering taper, deceleration length,
and storage length.

Select Examples Industry Standard
Capital Blvd. & Paragon Park Rd., AASHTO Green Book
Raleigh. NC Section 9.7: Auxiliary Lanes

Other Resources

NCHRP 193: Development of Left-Turn Lane Warrants for Unsignalized Intersections
NCHRP 500 Volume 5: A Guide for Addressing Unsignalized Intersections

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 052


https://www.google.com/maps/@35.888207,-78.5642681,3a,75y,27.63h,88.36t/data=!3m4!1e1!3m2!1s4ab_1EgpAK9CvGWNM4GPUg!2e0
https://www.google.com/maps/@35.888207,-78.5642681,3a,75y,27.63h,88.36t/data=!3m4!1e1!3m2!1s4ab_1EgpAK9CvGWNM4GPUg!2e0
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_w193.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.cmfclearinghouse.org/

Install Left-Turn
Acceleration Lane

Unsignalized 3 , ' .
. An auxiliary lane that allows left-turning vehicles from the minor road to
Intersection ) o
accelerate along the major road before merging into the through lane.
Improvement
Guide Targeted Crash Types Problems Addressed
= Right-angle = Poor operational performance
= Rear-end (major road) = Misjudgment of gaps

= Sideswipe, same direction

Conditions Addressed

= Crash history or observed conflicts on major road due to speed differential between entering
vehicle and through vehicles.

= High left-turn volume onto high-speed or high-volume major road.

= Crash history or observed conflicts from high volume of trucks or recreational vehicles
turning left onto a higher-speed roadway.

= Significant delay for left-turning minor road traffic waiting for a suitable gap on the major
road.

= Promotes a two-stage left turn onto the major road.

Considerations
= Acceleration lanes that are poorly marked or too long may confuse drivers along the major
road and appear as an additional through lane.

= |f left-turn acceleration lanes are considered a new treatment for a community, a public
meeting or information campaign may be needed to introduce citizens to this treatment.

= |f narrower lanes are typically used, consider increasing the width of the acceleration lane to
14 feet to better accommodate the motorists turning from the side street.

The photos above show two vantages
of the same T-intersection; the top
photo shows the major road left-turn = May not be practical if there are driveways and intersections spaced within the acceleration
lane and channelization, while the lane that would conflict with left-turn movements into those access points.

bottom photo shows the major road

left-turn acceleration lane.

= Because the addition of a lane will increase the distance for crossing pedestrians, consider a
refuge island where appropriate.

Other Resources

NCHRP Report 650: Median Intersection Design for Rural High-Speed Divided Highways
Innovative Operational Safety Improvements at Unsignalized Intersections, Florida DOT
NCHRP 500 Volume 5: A Guide for Addressing Unsignalized Intersections
Chapter 5: At-Grade Intersections, Road Design Manual, Minnesota DOT

Industry Standard Select Examples
MUTCD 61st Ave. & Happy Valley Rd., Phoenix, AZ
Section 3B.04 White Lane Line Pavement Periwinkle Way & Donax St., Sanibel, FL
Markings and Warrants Cabrillo Hwy. & Santa Lucia Canyon Rd.
Section 3B.20 Pavement Word, Symbol, Lompoc, CA

Check for and Arrow Markings Arendel St. & Tom Mann Rd., Newport, NC

AASHTO Green Book
:I E mﬂ Section 9.7: Auxiliary Lanes

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 053


https://maps.google.com/maps?q=61st+and+happy+valley+phoenix&ll=33.71231,-112.19116&spn=0.000018,0.013937&sll=33.712309,-112.191131&layer=c&cbp=13,238.41,,0,17.13&cbll=33.712314,-112.190875&hnear=W+Happy+Valley+Rd+%26+N+61st+Ave,+Glendale,+Maricopa,+Arizona+85310&t=h&z=17&panoid=Go-t5yO4yPej7KtmuR7WFA
https://www.google.com/maps/place/Sanibel,+FL/@26.4443253,-82.048075,3a,75y,223.07h,75.37t/data=!3m4!1e1!3m2!1sX8IXADwMrPh1_-tUKRGCFg!2e0!4m2!3m1!1s0x88db310c1c2342cb:0xaf6c1be6d6db5aa1
https://maps.google.com/maps?q=Santa+Lucia+Canyon+Road,+Lompoc,+CA&hl=en&ll=34.712935,-120.488939&spn=0.000004,0.003484&sll=37.6,-95.665&sspn=59.405322,114.169922&oq=santa+lucia+canyon&hnear=Santa+Lucia+Canyon+Rd,+Lompoc,+California&t=h&z=19&layer=c&cbll=34.712935,-120.488939&panoid=mQ4gh7pzBLKxZwJmyd3FFg&cbp=12,324.44,,0,0
https://maps.google.com/maps?q=Santa+Lucia+Canyon+Road,+Lompoc,+CA&hl=en&ll=34.712935,-120.488939&spn=0.000004,0.003484&sll=37.6,-95.665&sspn=59.405322,114.169922&oq=santa+lucia+canyon&hnear=Santa+Lucia+Canyon+Rd,+Lompoc,+California&t=h&z=19&layer=c&cbll=34.712935,-120.488939&panoid=mQ4gh7pzBLKxZwJmyd3FFg&cbp=12,324.44,,0,0
https://www.google.com/maps/@34.811636,-76.87962,3a,75y,337.15h,91.46t/data=!3m4!1e1!3m2!1svh8-poRkpZcFtGzCq1H8Cg!2e0
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_650.pdf#page=114
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://dotapp7.dot.state.mn.us/edms/download?docId=1062358
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B04
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B04
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://www.cmfclearinghouse.org/

Provide Offset Left-Turn
Lanes

Unsignalized
Intersection Separating opposing left-turn lanes from their adjacent same-direction
Improvement through lanes via a parallel or tapered offset to improve the left-turning
Guide drivers’ visibility of opposing through and right-turning traffic.
Targeted Crash Types Conditions Addressed
= Right-angle = Poor sight distance of oncoming
» Opposing left turn traffic dge to presence of oppos.ing .
L L. left-turning vehicles or landscaping in

L — = Rear-end (major road) the median.

* Sideswipe, opposite direction = Crash history or observed conflicts

“ il = Head-on between left-turning and opposing
through vehicles.

= Opposing left-turn maneuvers

Problems Addressed overlap (e.g., left-turning vehicles
Ha Offser Fozitive Clizet . . . . Cross paths)
Source: FHWA = [nadequate intersection sight distance
This diagram illustrates the difference * Misjudgment of gaps
between left-turn lanes with no offset
and those with positve offset.
Considerations

= Requires adequate median width to provide offset; narrowing of existing through
lanes may provide some or all of the necessary width.

= The width of the intersection may increase with the addition of the offset, resulting
in a longer crossing distance for pedestrians.

= The paint caret to create the left-turn offset may be used to accommodate an
additional in-street (or median) STOP (R1-1) sign for wide street approaches. If STOP
signs are placed in the street, breakaway posts should be used.

This offset left-turn lane provides space

for an additional STOP sign. Select Examples Industry Standard
1st St. & Fillmore St., Phoenix, AZ AASHTO Green Book
North Point Blvd. & Republic Square Section 9.7.3: Design Treatments for
Drv./Service Rd., Winston-Salem, NC Left-Turn Maneuvers, Offset Left-Turn

Lanes
- : \ = \ s
> A e 'éL._ Other Resources
Source: VHB Innovative Operational Safety Improvements at Unsignalized Intersections, Florida
Offset has been provided at the end DOT

of this left-turn lane along a multilane

e Intersection Safety: A Manual for Local Rural Road Owners, FHWA
median-divided roadway.

NCHRP 500 Volume 5: A Guide for Addressing Unsignalized Intersections

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 054


http://goo.gl/maps/2L0aM
https://maps.google.com/maps?q=north+point+blvd+%26+university+pkwy,+winston-salem,nc&hl=en&ll=36.150741,-80.277743&spn=0.000004,0.003484&sll=36.150857,-80.27757&sspn=0.000991,0.001742&hnear=University+Pkwy+%26+North+Point+Blvd,+Winston-Salem,+Forsyth,+North+Carolina+27106&t=m&z=19&layer=c&cbll=36.150726,-80.277617&panoid=QfMrR2QRZCU_cUIQ8PExag&cbp=12,85.17,,0,0
https://maps.google.com/maps?q=north+point+blvd+%26+university+pkwy,+winston-salem,nc&hl=en&ll=36.150741,-80.277743&spn=0.000004,0.003484&sll=36.150857,-80.27757&sspn=0.000991,0.001742&hnear=University+Pkwy+%26+North+Point+Blvd,+Winston-Salem,+Forsyth,+North+Carolina+27106&t=m&z=19&layer=c&cbll=36.150726,-80.277617&panoid=QfMrR2QRZCU_cUIQ8PExag&cbp=12,85.17,,0,0
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.cmfclearinghouse.org/

Install Right-Turn Lane
Unsignalized Cllong MCIjOI' ROCId

Intersection An auxiliary lane (or taper) exclusively for the deceleration and storage of
Improvement right-turning vehicles.
Guide
Targeted Crash Types Conditions Addressed
= Rear-end (major road) = Crash history or observed conflicts

between right-turning vehicles and
following vehicles.

= Significant right-turn volume along
Problems Addressed major road.

= Poor operational performance

= Excessive intersection conflicts

Considerations

= Adding a lane may require additional right-of-way and utility relocation.

= Because the addition of a right-turn lane will increase the crossing distance for
pedestrians, consider a refuge island when appropriate.

= Check that the sight triangle remains clear.

= Channelize the right turn for an increased turning radius with the option of creating
a free-flowing right turn under yield control, though not recommended for areas
with moderate to high pedestrian crossings.

Source: VHB

Right-turn lanes can help alleviate
rear-end crashes in rural areas such as Industry Standard Other Resources
these, where turns are less expected.

MUTCD NCHRP 500 Volume 5: A Guide for
Section 3B.20 Pavement Word. Addressing Unsignalized Intersections
Svmbol. and Arrow Markings Intersection Safety: A Manual for
AASHTO Green Book Local Rural Road Owners, FHWA
Section 9.7: Auxiliary Lanes Safety Effectiveness of Intersection

Left- and Right-Turn Lanes, FHWA

Select Examples

Pleasant Ridge Rd. & Highland Grove Rd., Summerfield, NC
Fairbanks Dr. & Clarks Branch Dr., Raleigh, NC

This urban right-turn lane has been
installed along a stop-controlled
approach.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 055


https://www.google.com/maps/@36.1540289,-79.9161489,3a,75y,35.67h,91.38t/data=!3m4!1e1!3m2!1s6hgDhWHlMgDKHCaccyvZUw!2e0
https://www.google.com/maps/@35.9007622,-78.7312583,3a,75y,140.14h,75.12t/data=!3m4!1e1!3m2!1sqw6OU_UaPIBt4znTNHQyjg!2e0
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://www.fhwa.dot.gov/publications/research/safety/02089/02089.pdf
http://www.fhwa.dot.gov/publications/research/safety/02089/02089.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B20
http://www.cmfclearinghouse.org/

Unsignalized Extend the Righf—Turn Lane

Intersection Increase the length of an existing right-turn lane to provide additional
Improvement deceleration and storage area for turning vehicles.
Guide
Targeted Crash Types Conditions Addressed
= Rear-end (major road) = Right-turning vehicles frequently

impede through traffic despite the
existing right-turn lane.

= Crash history or observed conflicts
Problems Addressed between vehicles turning right and

. following vehicles.
= Poor operational performance 9

= Excessive intersection conflicts = High right-turn volume.

= High speeds on major road.

Considerations

= Extending the lane may require additional right-of-way and utility relocation.

= Length of right-turn lane is based on the entering taper, deceleration length, and
storage length.

Industry Standard Other Resources
AASHTO Green Book NCHRP 500 Volume 5: A Guide for
Section 9.7: Auxiliary Lanes Addressing Unsignalized Intersections

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 056


http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.cmfclearinghouse.org/

Install a Right-Turn
Unsignalized Accelerdﬁon |.C|ne

Intersection An auxiliary lane that allows right-turning vehicles from the minor road
Improvement to accelerate along the major road before merging into the through lane.
Guide
Targeted Crash Types Conditions Addressed
= Right-angle = Crash history or observed conflicts

due to speed differential of entering

= Rear-end (major road
(ma) ) right-turn vehicles and through

vehicles.
= High right-turn volumes onto major
Problems Addressed road.
= Excessive intersection conflicts = High running speeds on major road.
= Poor operational performance = Crash history or observed conflicts

involving trucks or other large
vehicles entering higher-speed major
road.

Considerations

= Acceleration lanes that are poorly marked or too long may confuse other drivers and
appear as an additional through lane.

Industry Standard Select Examples

AASHTO Green Book US 13 & US 264 Alt., Farmville, NC

Section 9.7: Auxiliary Lanes

Other Resources

NCHRP 500 Volume 5: A Guide for Addressing Unsignalized Intersections

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 057


https://www.google.com/maps/@35.5459947,-77.5410009,3a,75y,101.22h,95.22t/data=!3m4!1e1!3m2!1sl5OyoI-ichIICLE09xPFlg!2e0
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

Source: Unknown

An offset right-turn lane can help
improve poor sight distance for drivers
stopped on the minor road approach.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Provide Offset Right-Turn

Lane

Separation of the right-turn lane from adjacent through lane via a
parallel or tapered offset to improve the sight distance for drivers stopped

at the minor road approach.

Targeted Crash Types

= Right-angle
= Rear-end (major road)

Problems Addressed

= [nadequate intersection sight distance

= Excessive intersection conflicts

Considerations

Conditions Addressed

= Poor sight distance of oncoming
traffic from minor road approach due
to presence of right-turning vehicles.

= History of crashes involving minor
road drivers whose vantage was
blocked by right-turning vehicles on
the major road.

= The width of the intersection may increase with the addition of the offset, resulting

in a longer crossing distance for pedestrians.

= Ensure that the sight triangle remains clear. The lane should be moved far enough to
the right so as not to obstruct the view of oncoming traffic for the minor road driver.

= Through lane widths may be narrowed to provide accommodate right-turn offset.

= Should not be needed where on-street bike lanes exist.

Industry Standard

MUTCD

Section 3B.04 White Lane Line
Pavement Markings and Warrants
AASHTO Green Book

Section 9.3: Types and Examples of
Intersections

Other Resources

NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections

Select Examples
US 18 & US 218, Floyd, IA

US 218 & C57, Cedar Falls, IA
US 54 & Rte. D, Jefferson City, MO

Treatment ID No. 058


http://goo.gl/maps/K93rd
https://maps.google.com/maps?q=42.613745,-92.443329&ll=42.613836,-92.44335&spn=0.000006,0.003304&num=1&t=h&z=19&layer=c&cbll=42.613742,-92.443314&panoid=_u3cPPHfz95h5dh9LGJljg&cbp=12,122.1,,0,15.64
https://www.google.com/maps/@38.4676979,-92.2919471,3a,75y,1.2h,86.65t/data=!3m4!1e1!3m2!1sqDyPczOX2gAsIaThUqIgMQ!2e0
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B04
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B04
http://www.cmfclearinghouse.org/

Install Bypass Lane at
Unsignalized T— I nte rseCﬁO n

Intersection Installation of additional pavement at three-legged (T) intersection to
Improvement allow through vehicles to maneuver around left-turning vehicles on the
Guide major road.
Targeted Crash Types Conditions Addressed
= Rear-end (major road) = Crash history or observed conflicts

between left-turning vehicles and
following vehicles.

= Long queues on major road due to
Problems Addressed through vehicles waiting for a vehicle
to turn left.
= Poor operational performance = Heavy left-turn volume.

= Excessive intersection conflicts = Observed through drivers overtaking

left-turning vehicles on right side of
road.

A bypass lane allows a through vehicle
to pass a slowing or stopped left-turn-
ing vehicle.

Considerations

= Shoulder area should be structurally suitable to withstand repeated use by vehicles
and possibly trucks.

= Additional right-of-way may be required.

= Striping must be implemented for driver guidance on the shoulder, and if the
shoulder is used as a bypass lane, motorists will be travelling along the edge of the

pavement.
Select Examples Other Resources
MD 194 (Francis Scott Key Hwy.) & Intersection Safety: A Manual for
Brown Rd., Taneytown, MD Local Rural Road Owners, FHWA
Norris Lake Rd. NW & Nowthen Blvd. NCHRP 500 Volume 5: A Guide for
NW, Elk River, MN Addressing Unsignalized Intersections
SR 177 & SR 4, Alta Vista, KS Minnesota's Best Practices and Policies

for Safety Strategies on Highways and
Local Roads, Minnesota DOT

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 059



https://maps.google.com/maps?q=maryland&hl=en&ll=39.679592,-77.153791&spn=0.000004,0.003484&sll=34.692439,-120.501909&sspn=0.064291,0.111494&hnear=Maryland&t=h&z=19&layer=c&cbll=39.679798,-77.153625&panoid=o8KDUJza0u4cf11L1YLnrg&cbp=12,221.61,,0,-1.66
https://maps.google.com/maps?q=maryland&hl=en&ll=39.679592,-77.153791&spn=0.000004,0.003484&sll=34.692439,-120.501909&sspn=0.064291,0.111494&hnear=Maryland&t=h&z=19&layer=c&cbll=39.679798,-77.153625&panoid=o8KDUJza0u4cf11L1YLnrg&cbp=12,221.61,,0,-1.66
https://www.google.com/maps/place/Minnesota/@45.3631756,-93.4706161,3a,75y,9.95h,77.79t/data=!3m4!1e1!3m2!1suhBTEhNF0OhNZ01BAp5Tcw!2e0!4m2!3m1!1s0x4d585b9a60780b9b:0x2a2c99b10fea20f?hl=en
https://www.google.com/maps/place/Minnesota/@45.3631756,-93.4706161,3a,75y,9.95h,77.79t/data=!3m4!1e1!3m2!1suhBTEhNF0OhNZ01BAp5Tcw!2e0!4m2!3m1!1s0x4d585b9a60780b9b:0x2a2c99b10fea20f?hl=en
https://www.google.com/maps/place/Topeka,+KS/@38.8563515,-96.5022504,3a,75y,154.53h,84.66t/data=!3m4!1e1!3m2!1sGIeC9OI_-gMd16yMQmuRqQ!2e0!4m2!3m1!1s0x87bf02e4daec7a29:0xbe2be7d06ae3a7f0
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://www.dot.state.mn.us/stateaid/trafficsafety/safety/turn-lanes.pdf
http://www.dot.state.mn.us/stateaid/trafficsafety/safety/turn-lanes.pdf
http://www.dot.state.mn.us/stateaid/trafficsafety/safety/turn-lanes.pdf
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement

The refuge island allows pedestrians
to make this multilane crossing in two
stages.

Source: VHB

This refuge island aids pedestrians
crossing the two-lane urban arterial.

Source: VHB

Pedestrian crossing this minor road
approach can take refuge in the
channelizing island.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Provide Pedestrian Refuge
Island

Installation of raised island within a roadway that provides an area
for pedestrians to wait before crossing the remainder of the roadway,
allowing pedestrians to make a two-stage crossing.

Targeted Crash Types Problems Addressed

= Pedestrian = \/ehicle conflicts with non-motorists

= Bicyclist

Conditions Addressed

= Crash history or observed conflicts between vehicles and pedestrians.

= Heavy pedestrian traffic crossing themajor road.

= Crossings that span multiple lanes of traffic.

= Poor visibility between oncoming drivers and pedestrians waiting to cross the road.
= Reduced exposure for crossing pedestrians is desired.

= Observed difficulty of pedestrians finding safe gaps in traffic to cross road.

Considerations

= sland design should accommodate pedestrians with disabilities and should provide
pedestrians with a clear path through the island.

= FHWA recommends 4 feet as minimum width (and 8 feet as preferred minimum
width).

= Include appropriate signing and pavement markings to make the island and crossing
visible to motorists.

= Appropriate detectable warning features (i.e.,, dome detectible warning strips
of contrasting color) should be incorporated at each interface of the island and
roadway surface to serve persons with visual impairment.

Industry Standard Other Resources

MUTCD Crossing Islands, PEDSAFE

Section 31.06: Pedestrian Islands and NCHRP 562 & TCRP 112: Improving
Medians Pedestrian Safety at Unsignalized

Intersections
Median Handbook, FDOT

FHWA Proven Safety Countermeasures

AASHTO Green Book
Section 9.6.3: Islands

Select Examples

Myrtle Ave. & Sixth St., Eureka, CA
Marshland Rd. & Mathews Dr., Hilton Head Island, SC

Treatment ID No. 060


https://www.google.com/maps/place/Eureka,+CA+95501/@40.8030735,-124.1533696,3a,75y,132.27h,85.42t/data=!3m4!1e1!3m2!1s_GjSmKPhoQHVgJkHXDg81w!2e0!4m2!3m1!1s0x54d1557e35fbcf0f:0x69679ec1a98c053b?hl=en
https://www.google.com/maps/place/Hilton+Head+Island,+SC+29926/@32.205466,-80.7025267,3a,75y,58.52h,90t/data=!3m4!1e1!3m2!1sSP4qmeKNgUBuvcG8jQm7VQ!2e0!4m2!3m1!1s0x88fc70a32cdd4e4b:0xe0c842e9c753871a?hl=en
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=6
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://www.cutr.usf.edu/programs/pcm/files/FDOT Median Handbook.pdf
http://safety.fhwa.dot.gov/provencountermeasures/fhwa_sa_12_011.htm
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3i.htm#section3I06
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3i.htm#section3I06
http://www.cmfclearinghouse.org/

Unsignalized
Intersection
Improvement
Guide

This aerial photograph shows an urban,
four-legged roundabout.

Critical guidance is provided through
pavement markings along this multilane
approach.

This aerial photograph shows a rural,
three-legged roundabout.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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u I I G Unsignalized Intersection Improvement Guide

Install a Roundabout

A form of circular intersection in which vehicles travel counterclockwise around
a central island and entering traffic must yield to circulating traffic.

Targeted Crash Types
= Right-angle
= Opposing left turn

Problems Addressed

= Speeding
= Excessive intersection conflicts
= Inappropriate intersection traffic control

= Poor operational performance

Considerations

Conditions Addressed

= Consider as an alternative to signalization.

= High crash frequency or severity, resulting
in a need to reduce conflict points at the
intersection.

= Congestion related to high numbers of
left-turning vehicles.

= May require additional right-of-way to construct a radius that accommodates a large design

vehicle.

= Best at intersections having relatively balanced approach volumes or high numbers of left-

turning traffic.

= Incorporating splitter islands and horizontal deflection into the design of the approach legs is
key so that traffic entering the circular roadway is naturally encouraged to decrease its speed.

= Consider sight distance for all approaches when designing the aesthetics in the center. Truck
aprons are also typically needed to accommodate off-tracking.

= Where dual approach or departure lanes exist, alternate accommodations are sometimes
incorporated for visually-impaired pedestrians; these may include signals, PHBs, RRFBs, or

raised crosswalks.

= In areas where roundabouts are uncommon, public involvement and education are necessary

components for project success.

Industry Standard
MUTCD

Sections 2B.43 Roundabout Directional
Arrow Signs

Section 2B.44 Roundabout and Circulation

Plague

Section 2B.45 Examples of Roundabout
Signing

Chapter 3C. Roundabout Markings
AASHTO Green Book

Section 9.3.4: Roundabouts

Section 9.10: Roundabout Design

Select Examples

Old Bethlehem Pk. & Station Rd., Quakertown, PA

Other Resources

NCHRP 672: Roundabouts: An
Informational Guide, FHWA

Innovative Operational Safety

Improvements at Unsignalized
Intersections, Florida DOT

NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections
NCHRP 613: Guidelines for Selection of
Speed Reduction Treatments at High-
Speed Intersections

Evaluating the Performance and Safety

Effectiveness of Roundabouts, Michigan
DOT

Roundabouts, PEDSAFE

VIDEOQ: Old Bethlehem Pk. & Station Rd., Quakertown, PA

Ulysses St. & S. Golden Rd., Golden, CO
E. Kings Hwy. & S. Pierce St., Eden, NC

Treatment ID No. 061


https://maps.google.com/maps?q=station+rd,+quakertown,+pa&hl=en&ll=40.424392,-75.338852&spn=0.000016,0.013078&sll=37.6,-95.665&sspn=49.560061,107.138672&hnear=Station+Rd,+Quakertown,+Pennsylvania+18951&t=m&z=17&layer=c&cbll=40.424469,-75.338761&panoid=ZyZ1kx2RXFj_-Jq_ICO6CA&cbp=12,212.71,,0,11
http://www.youtube.com/watch?v=u2Vj2h71reM
https://www.google.com/maps/@39.7371199,-105.1939092,3a,75y,15.22h,94.44t/data=!3m4!1e1!3m2!1sjpvW83MVIjEdVSs51wW48g!2e0?hl=en
https://www.google.com/maps/@36.4938152,-79.7372842,3a,75y,63.78h,69.23t/data=!3m4!1e1!3m2!1sacoEM-eWUmLXdeQoIvXEVg!2e0?hl=en
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_672.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_672.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://www.michigan.gov/documents/mdot/MDOT_Research_Report_RC1566_379286_7.pdf
http://www.michigan.gov/documents/mdot/MDOT_Research_Report_RC1566_379286_7.pdf
http://www.michigan.gov/documents/mdot/MDOT_Research_Report_RC1566_379286_7.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=25
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B43
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B43
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B44
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B44
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B45
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B45
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3c.htm
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

The striping on the center island of this

mini-roundabout enhances low-light
visibility.

The pedestrian accommodations at this
mini-roundabout are quite similar to a
full-size modern roundabout.

73 rce: VHB

This center island of this three-legged
mini-roundabout is fully traversable.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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Install a Mini-Roundabout

Similar to a larger roundabout with a circular roadway in which all approaches
operate under yield control and traffic moves in a counterclockwise direction.
Mini-roundabouts are typically constructed within the existing right-of-way

of low-speed urban or suburban environments and may feature a traversable
center island and splitter islands that channelize vehicles onto the circular
roadway.

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history or observed conflicts
related to speeding through the

= Opposing left turn X ;
intersection.

= An alternative to all-way stop control
at intersections characterized by low
= Speeding \S/Eﬁ?eccljs,s low volumes, and few heavy

Problems Addressed

= Excessive intersection conflicts

o 4 = Locations with limited right-of-way.
= [nappropriate intersection traffic

control = Breaks up long streets and provides
.p tional perf traffic calming for pedestrians and
oor operational performance bicyclists.

Considerations
= Design should minimize driving over the mountable center island as much as
possible.

= Diameter may not be sufficient to accommodate U-turn maneuvers of large vehicles
that are possible at larger roundabouts. Some agencies have allowed the left turn in
front of the mini roundabout for emergency vehicles or long vehicles (trucks, buses,
or vehicles pulling trailers).

= Splitter islands on approaches to mini-roundabouts may comprise of pavement
markings only.

= Proper deflection of the approaching vehicle will encourage slower speeds through
the intersection.

= A raised center island can be visually enhanced during low-light conditions through
striped-pattern pavement markings on its center island.

= Should include YIELD (R1-2) signs—and not STOP (R1-1) signs—on all approaches.

Industry Standard Other Resources

MUTCD NCHRP 672: Roundabouts: An

Sections 2B.43 Roundabout Directional Informational Guide, FHWA
Arrow Signs Mini-Roundabouts, FHWA

2B.44 Roundabout and Circulation

Plaque

2B.45 Examples of Roundabout Signing Select Examples

Chapter 3C. Roundabout Markings E Cholla St. & N. 68th St., Phoenix, AZ

AASHTO Green Book Woodmill Dr. & Mifflin Rd., Dover, DE
Section 9.3.4: Roundabouts

Section 9.10: Roundabout Design

Treatment ID No. 062


http://goo.gl/maps/mMEy9
https://maps.google.com/maps?q=Woodmill+Dr+%26+Mifflin+Rd,+Dover,+DE&hl=en&ll=39.155115,-75.558214&spn=0.000017,0.013937&sll=39.155018,-75.55813&sspn=0.000882,0.001742&t=h&gl=us&hnear=Mifflin+Rd+%26+Woodmill+Dr,+Dover,+Kent,+Delaware+19904&z=17&layer=c&cbll=39.155018,-75.55813&panoid=nzQj8ye0LeHavOc8LYi7Rg&cbp=12,346.94,,0,-1.94
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_672.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_672.pdf
http://safety.fhwa.dot.gov/intersection/roundabouts/fhwasa10007/fhwasa10007.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B43
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B43
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B44
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B44
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B45
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3c.htm
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

Sol

The large, landscaped center island
provides a traffic calming effect along
this wide and straight residential street.

Source: City of Seattle.

This traffic circle is characterized by no
control on the approaches and a large
tree in the center island.

Source: Lee Engineering, LLC

This traffic circle incorporates signing in
its center island.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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u I I G Unsignalized Intersection Improvement Guide

Install a Residential Traffic

Circle

Comprises a circular raised center island at the intersection of two

neighborhood streets and is installed for traffic calming or aesthetic
purposes. Unlike a mini-roundabout, a residential traffic circle is typically
characterized by (1) a non-traversable center island, (2) no splitter islands
on the intersection approaches, and (3) either yield control or no control.

Targeted Crash Types
= Right-angle

Problems Addressed

= Speeding

Considerations

Conditions Addressed

= Crash history or observed conflicts
related to speeding through the
intersection.

= An alternative to all-way stop control.

= Can be a key element of a
comprehensive street calming
program.

= Small intersection curb radii complement this treatment to discourage high-speed

right turns.

= Larger vehicles (e.g., school buses, emergency vehicles) may need to make left turns
in front of the circle to avoid encroaching upon the island.

= Agencies (or homeowner associations) must maintain the landscaping. Ensure that
any landscaping in the middle of the circle does not impede sight distance.

= Provide adequate signing (see MUTCD for details).

Industry Standard

MUTCD

Sections 2B.43 Roundabout
Directional Arrow Signs

2B.44 Roundabout and Circulation

Plaque

2B.45 Examples of Roundabout
Signing

Chapter 3C. Roundabout Markings
AASHTO Green Book

Section 9.3.4: Roundabouts

Other Resources

Mini-Circles, PEDSAFE
Mini-Circles, BIKESAFE

NCHRP Report 672 — Roundabouts:
An Informational Guide

Select Examples
E. Chaparral Rd. & N. 70th PI.,
Scottsdale, AZ

NE 62nd St. & 29th Ave. NE, Seattle
WA

Treatment ID No. 063


http://goo.gl/maps/eMkSb
http://goo.gl/maps/eMkSb
https://maps.google.com/maps?q=ne+62nd+st+%26+29th+ave+nw,+seattle,+wa&hl=en&ll=47.673785,-122.296403&spn=0.000014,0.013937&sll=37.6,-95.665&sspn=61.897095,114.169922&hnear=NE+62nd+St+%26+29th+Ave+NE,+Seattle,+King+County,+Washington+98115&t=m&z=17&layer=c&cbll=47.673785,-122.296403&panoid=ZX_Tp5kRqX9MGN3McxoRVA&cbp=12,350.27,,0,0
https://maps.google.com/maps?q=ne+62nd+st+%26+29th+ave+nw,+seattle,+wa&hl=en&ll=47.673785,-122.296403&spn=0.000014,0.013937&sll=37.6,-95.665&sspn=61.897095,114.169922&hnear=NE+62nd+St+%26+29th+Ave+NE,+Seattle,+King+County,+Washington+98115&t=m&z=17&layer=c&cbll=47.673785,-122.296403&panoid=ZX_Tp5kRqX9MGN3McxoRVA&cbp=12,350.27,,0,0
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=34
http://www.pedbikesafe.org/BIKESAFE/countermeasures_detail.cfm?CM_NUM=25
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_672.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_672.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B43
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B43
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B44
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B44
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B45
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B45
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3c.htm
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

Source: VHB

The curb extensions at this intersection
promote improved sight lines between
pedestrians and approaching drivers.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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Install Curb Extensions at

the Crosswalk

A sidewalk extension (also known as a bulb-out) into the intersection at
a crosswalk. This reduces the pedestrian crossing distance and shortens
their exposure time with regard to traffic.

Targeted Crash Types

= Pedestrian

Problems Addressed

= Speeding
= \/ehicle conflicts with non-motorists

Considerations

Conditions Addressed

= Crash history or observed conflicts
between vehicles and pedestrians.

= High pedestrian traffic across the
road.

= Poor visibility of oncoming traffic for
pedestrians waiting to cross the road.

= Reduces pedestrian exposure when
crossing the road.

= When provided along a stop-
controlled approach, this treatment
allows for improved placement of
STOP (R1-1) signs that are more visible
to motorists.

= Ensure design accommodates buses and other larger vehicles turning at the

intersection.

= Curb ramps should be designed to comply with ADA requirements.

= Typically applied where on-street parking is permitted.

= Design must include proper drainage measures.

Other Resources

NCHRP 562 & TCRP 112: Improving

Pedestrian Safety at Unsignalized
Intersections

Curb Extensions, PEDSAFE

Select Examples

SW Ellsworth St. & SW 5th Ave.,
Albany, OR

Old San Carlos Blvd. & Third St., Fort
Myers Beach, FL

Patton Ave. & College St., Asheville
NC

Treatment ID No. 064


https://maps.google.com/maps?q=5th+and+ellsworth,+albany,+or&hl=en&ll=44.633734,-123.10554&spn=0.001191,0.013937&sll=35.788185,-78.66977&sspn=0.007963,0.013937&t=h&gl=us&hnear=SW+Ellsworth+St+%26+SW+5th+Ave,+Albany,+Linn,+Oregon+97321&z=17&layer=c&cbll=44.634413,-123.105556&panoid=02ZcSSZyxKVWynmPlTAtYg&cbp=13,180.27,,0,16.07
https://maps.google.com/maps?q=5th+and+ellsworth,+albany,+or&hl=en&ll=44.633734,-123.10554&spn=0.001191,0.013937&sll=35.788185,-78.66977&sspn=0.007963,0.013937&t=h&gl=us&hnear=SW+Ellsworth+St+%26+SW+5th+Ave,+Albany,+Linn,+Oregon+97321&z=17&layer=c&cbll=44.634413,-123.105556&panoid=02ZcSSZyxKVWynmPlTAtYg&cbp=13,180.27,,0,16.07
https://www.google.com/maps/place/Boca+Raton,+FL/@26.4551911,-81.9552075,3a,75y,44.83h,65.2t/data=!3m4!1e1!3m2!1sE2tD9RCVbhU8jfu7o2lKLw!2e0!4m2!3m1!1s0x88d923c2ef36fb27:0xd23ea6eeca6095c9
https://www.google.com/maps/place/Boca+Raton,+FL/@26.4551911,-81.9552075,3a,75y,44.83h,65.2t/data=!3m4!1e1!3m2!1sE2tD9RCVbhU8jfu7o2lKLw!2e0!4m2!3m1!1s0x88d923c2ef36fb27:0xd23ea6eeca6095c9
https://maps.google.com/maps?q=College+St+and+Patton+Ave,+Asheville,+NC&hl=en&ll=35.594786,-82.554574&spn=0.000017,0.013937&sll=35.594716,-82.554649&sspn=0.007738,0.013937&gl=us&hnear=Patton+Ave+%26+College+St,+Asheville,+Buncombe,+North+Carolina+28801&t=m&z=17&layer=c&cbll=35.594713,-82.554651&panoid=qNERm85ih2urautxOcgIWg&cbp=12,226.66,,0,9.91
https://maps.google.com/maps?q=College+St+and+Patton+Ave,+Asheville,+NC&hl=en&ll=35.594786,-82.554574&spn=0.000017,0.013937&sll=35.594716,-82.554649&sspn=0.007738,0.013937&gl=us&hnear=Patton+Ave+%26+College+St,+Asheville,+Buncombe,+North+Carolina+28801&t=m&z=17&layer=c&cbll=35.594713,-82.554651&panoid=qNERm85ih2urautxOcgIWg&cbp=12,226.66,,0,9.91
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_562.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=5
http://www.cmfclearinghouse.org/

me=wl  Restrict Driveway Access

Intersection Limiting access to and from driveways within the effective influence area
Improvement of the intersection. Access may be restricted through raised medians,
Guide signing, channelizing islands, or a combination of these treatments.

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history or observed conflicts
involving vehicles turning into or out

= Rear-end (major road) ) i )
of driveways near an intersection.

= Can be effective to channelize

Problems Addressed vehicles entering and egressing
businesses and private driveways,

= Excessive intersection conflicts particularly where there is a wide area

= Poor operational performance of adjoining pavement.

A No Left Turn sign and channelizing
island are used to restrict left turns
from this driveway, which is located

less than 150 feet from a four-legged Considerations
intersection.

= Ensure that alternative access driveways can safely accommodate ingress and egress.

= Include stakeholders during planning stages, especially those businesses or residents
who may be affected by the limited access.

= Compliance may be low if the restrictions are implemented using signs alone.

= Driveway diverters need to be fully pedestrian accessible.

= Painting raised curbs and island faces can make them more visible to motorists.

= May be implemented as part of a comprehensive corridor access management plan.

Industry Standard Other Resources

MUTCD NCHRP 500 Volume 5: A Guide for
Section 2B.18: Movement Prohibition Addressing Unsignalized Intersections
Signs Access Management in the Vicinity of

Intersection, FHWA

Section 3H.01 Channelizing Devices
Chapter 3I. Islands

Select Examples
AASHTO Green Book

Section 2.5: Access Control and Access
Management

Poor Boy Farm Rd. & Smithfield Rd.,
Knightdale, NC

NC 86 & Saw Mill Rd., Hillsborough,
NC

SR 1752 & SR 1529, Lumberton, NC

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://www.google.com/maps/@35.7573148,-78.4497126,3a,75y,114.98h,86.18t/data=!3m4!1e1!3m2!1sYj_lO8tdKVfT0dipPqz_4g!2e0
https://www.google.com/maps/@35.7573148,-78.4497126,3a,75y,114.98h,86.18t/data=!3m4!1e1!3m2!1sYj_lO8tdKVfT0dipPqz_4g!2e0
https://www.google.com/maps/place/Cedar+Grove,+NC+27231,+USA/@36.1749602,-79.1344131,3a,75y,14.51h,68.07t/data=!3m4!1e1!3m2!1sqrYC4JGwMz-iPjeeKzqdLA!2e0!4m2!3m1!1s0x89ad26ea48deb6c9:0x31f6002ce493aa8d
https://www.google.com/maps/place/Cedar+Grove,+NC+27231,+USA/@36.1749602,-79.1344131,3a,75y,14.51h,68.07t/data=!3m4!1e1!3m2!1sqrYC4JGwMz-iPjeeKzqdLA!2e0!4m2!3m1!1s0x89ad26ea48deb6c9:0x31f6002ce493aa8d
https://www.google.com/maps/@34.7022473,-79.0189926,3a,75y,347.02h,65.09t/data=!3m4!1e1!3m2!1s--6Ryssl854a2fKad-PvoA!2e0
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa10002/fhwasa10002.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa10002/fhwasa10002.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B18
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3h.htm#section3H01
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3i.htm
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

Source: Lee Engineeringg

In both images, sight triangles were
improved by creating a buffer area
between the approaching through lane
and near edge of roadway.

Source: VHB

Site distance could be improved at this

intersection by trimming the vegetation.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
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Clear Intersection Sight
Triangles

Removal of overgrown foliage or other objects (e.g., signs, vehicular
parking, utility poles, fences) obstructing the sight triangle without
involving major construction.

Targeted Crash Types Conditions Addressed

= Right-angle = Inadequate sight distance at

» Rear-end (major road) intersection due to obstructions in the
sight triangle (in the median or on the
roadside).

= Crash history or observed conflicts

Problems Addressed . ) .
due to inadequate sight distance.

= [nadequate intersection sight distance

= [nadequate visibility of intersection or
intersection traffic control devices

Considerations
= Removal of obstructions on private property will require coordination with property
owners.

= Agency policy or local ordinances regarding planting and landscaping features on
property corners should be reviewed, revised as necessary, and enforced.

= The position of the minor road stop line may be adjusted to improve visibility from
the minor road approach.

= |[f adequate sight distance cannot be maintained, consider appropriateness of an all-
way stop condition.

Industry Standard Other Resources

AASHTO Green Book NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections

Intersection Safety: A Manual for
Local Rural Road Owners, FHWA

Section 9.5.2: Sight Triangles



http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement
Guide

Source: VHB

Enforcement may be necessary to
ensure compliance with parking
regulations.

L Wy
-

=

Source: \V‘@

Eliminating parking helps drivers see
oncoming traffic from both directions
of the major road.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Eliminate Parking at or
near the Intersection

Restricting vehicular parking that inhibits intersection sight distance to
enhance sight lines between drivers and pedestrians.

Targeted Crash Types
= Right-angle

= Rear-end (major road)
= Pedestrian

Problems Addressed

= Inadequate intersection sight distance

= Inadequate visibility of intersection or
intersection traffic control devices

= \/ehicle conflicts with non-motorists

Considerations

Conditions Addressed

® Inadequate sight distance from minor
road approaches due to parked
vehicles on major or minor roads.

= Crash history or observed conflicts
related to obstructed view from
parked vehicles.

= Parked vehicles regularly obstruct
view of intersection traffic control
devices.

= Poor visibility between crossing
pedestrians and drivers.

= Pavement markings and signing are the basic devices to delineate the restricted
area. Although more costly, physical restrictions (e.g., use of curb to eliminate

parking area) can be more effective.

= Affected property owners should be consulted prior to removing parking along their

property frontage.

= Parking restrictions may need to be enforced.

= Minor approach stop lines may be adjusted for improved side-street visibility, but
pedestrian crosswalks must be considered when placing stop line.

= |f stop or yield lines are used at a crosswalk of an uncontrolled multilane approach,
parking should be prohibited in the area between the stop or yield line and the

crosswalk.

Industry Standard

MUTCD

Sections 2B.46 Parking, Standing,
and Stopping Signs, 2B.47 Design
of Parking, Standing, and Stopping

Signs, and 2B.48 Placement of Parking,

Stopping, and Standing Signs

Sections 3B.15 Transverse Markings,
3B.16 Stop and Yield Lines, and 3B.19
Parking Space Markings

AASHTO Green Book
Section 9.5.2: Sight Triangles

Other Resources

Parking Restrictions (at Crossing

Locations), PEDSAFE

NCHRP 500 Volume 5: A Guide for
Addressing Unsignalized Intersections

Select Examples
S. Park St. & E. Commerce St.,
Greenville, AL

Main St. & N. First Ave., Knightdale,
NC

Treatment ID No. 067


https://www.google.com/maps/@31.8294317,-86.6225762,3a,75y,11.54h,88.36t/data=!3m4!1e1!3m2!1skSt4KVX2nUKvAkJDT7_-iQ!2e0
https://www.google.com/maps/@31.8294317,-86.6225762,3a,75y,11.54h,88.36t/data=!3m4!1e1!3m2!1skSt4KVX2nUKvAkJDT7_-iQ!2e0
https://www.google.com/maps/@35.7892741,-78.4793606,3a,75y,237.26h,86.03t/data=!3m4!1e1!3m2!1sxh21mTPIljBZIhQj60vpTg!2e0
https://www.google.com/maps/@35.7892741,-78.4793606,3a,75y,237.26h,86.03t/data=!3m4!1e1!3m2!1sxh21mTPIljBZIhQj60vpTg!2e0
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=9
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=9
http://gulliver.trb.org/publications/nchrp/nchrp_rpt_500v5.pdf
http://gulliver.trb.org/publications/nchrp/nchrp_rpt_500v5.pdf
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B46
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B46
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B47
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B47
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B47
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B48
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B48
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B15
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B16
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B19
http://mutcd.fhwa.dot.gov/htm/2009r1r2/part3/part3b.htm#section3B19
http://www.cmfclearinghouse.org/

Unsignalized

Intersection
Improvement

Source: VHB

Raised transverse rumble strips
warn drivers on this approach of the
upcoming intersection.

Transverse rumble strips are installed
ahead of this yield-controlled
intersection.

Source: VHB

Transverse rumble strips are applied
along this multilane stop-controlled
approach.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV : . . .
u I I G Unsignalized Intersection Improvement Guide

Install Transverse Rumble
Strips on the Intersection
Approach

Application of depressions or raised areas across the surface of an
approach lane to produce an audible and tactile warning of the
impending intersection.

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history or observed conflicts

due to lack of awareness of the

= Rear-end (major road) it t'
intersection.

= Rear-end (minor road)
= Citation history or observations of

speeding on approach to intersection.

Problems Addressed

= [nadequate visibility of intersection or
intersection traffic control devices

= Speeding

Considerations
= Use in combination with Intersection Warning (W2-1 through W2-8), Advance Traffic
Control (W3-1or W3-2), or Pedestrian Crossing (W11-2) signs.

= Noise generated from vehicles traversing the rumble strips can be an issue when
residences are in close proximity to the intersection.

= Can require significant maintenance activities, especially on approaches
characterized by high volumes of truck traffic.

= Raised rumble strips should not be used in areas where snowplowing is conducted.

Industry Standard Other Resources

MUTCD Innovative Operational Safety
Section 3J).02: Transverse Rumble Strip im rovetmentstt %ns:)gaTllzed
Markings ntersections, Florida

Low-Cost Safety Enhancements

for Stop-Controlled and Signalized
Intersections, FHWA

Intersection Safety: A Manual for
Local Rural Road Owners, FHWA

Select Examples

Crest Rd. & Allen Rd., East Flat Rock

NC NCHRP 613: Guidelines for Selection
County Road 833 & FL 80, Clewiston, of Speed Reduction Treatments at
EL High-Speed Intersections

Treatment ID No. 068


https://maps.google.com/maps?q=Crest+Rd+%26+Allen+Rd,+East+Flat+Rock,+Henderson,+North+Carolina+28726&hl=en&ll=35.290551,-82.421265&spn=0.000018,0.013937&sll=35.349427,-82.45721&sspn=0.007902,0.013937&geocode=Ff18GgId-VsW-w&hnear=Crest+Rd+%26+Allen+Rd,+East+Flat+Rock,+Henderson,+North+Carolina+28726&t=m&layer=c&cbll=35.290551,-82.421265&panoid=Ftb4hi0GNGjNjK-AqYFggg&cbp=12,125.68,,0,14.13&z=17
https://maps.google.com/maps?q=Crest+Rd+%26+Allen+Rd,+East+Flat+Rock,+Henderson,+North+Carolina+28726&hl=en&ll=35.290551,-82.421265&spn=0.000018,0.013937&sll=35.349427,-82.45721&sspn=0.007902,0.013937&geocode=Ff18GgId-VsW-w&hnear=Crest+Rd+%26+Allen+Rd,+East+Flat+Rock,+Henderson,+North+Carolina+28726&t=m&layer=c&cbll=35.290551,-82.421265&panoid=Ftb4hi0GNGjNjK-AqYFggg&cbp=12,125.68,,0,14.13&z=17
https://www.google.com/maps/@26.750097,-81.129165,3a,75y,11.63h,87.63t/data=!3m4!1e1!3m2!1scOJdC1Aybx_crxOSJcU-lg!2e0?hl=en
https://www.google.com/maps/@26.750097,-81.129165,3a,75y,11.63h,87.63t/data=!3m4!1e1!3m2!1scOJdC1Aybx_crxOSJcU-lg!2e0?hl=en
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://www.dot.state.fl.us/trafficoperations/Doc_Library/PDF/Final Report - Contract C8K21.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://safety.fhwa.dot.gov/speedmgt/ref_mats/fhwasa09028/resources/nchrp_rpt_613.pdf
http://mutcd.fhwa.dot.gov/htm/2009/part3/part3j.htm#section3J02
http://mutcd.fhwa.dot.gov/htm/2009/part3/part3j.htm#section3J02
http://www.cmfclearinghouse.org/

Install High-Friction
Surface Treatment on

Unsignalized

Qe  Intersection Approach

Improvement

Application of epoxy and aggregate combination to pavement to increase
the surface friction of the roadway.

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history related to skidding

» Rear-end (major road) vehicles and/or wet-weather crashes.

= Observed braking difficulties during

= Rear-end (minor road) o
wet conditions.

= High-speed approaches.

Problems Addressed

= Non-compliance with intersection

Source: FHWA traffic control devices

Above is a close-up view of a typical
aggregate used in high-friction surface
treatments.
Considerations

= Length of treated section will depend on sight distance, queue lengths, and
approach speed.

= Pavement markings will need to be reapplied after surface friction treatment is
applied.

Other Resources

Low-Cost Safety Enhancements for Stop-Controlled and Signalized Intersections,
FHWA

A Road Surface Treatment for Critical Safety Spot Locations that Helps Vehicles Stay
in Their Lane, FHWA

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09020/fhwasa09020.pdf
http://www.fhwa.dot.gov/everydaycounts/edctwo/2012/pdfs/hfst_brochure.pdf
http://www.fhwa.dot.gov/everydaycounts/edctwo/2012/pdfs/hfst_brochure.pdf
http://www.cmfclearinghouse.org/

Install Intersection
Lighting

Installation of street lamps to illuminate the intersection at night.

Unsignalized
Intersection
Improvement
Guide

Targeted Crash Types Conditions Addressed

= Right-angle = History of nighttime crashes.

= Rear-end (major road) = Poor nighttime visibility of the

= Rear-end (minor road) intersection.

= Poor nighttime visibility of crossing
pedestrians and/or bicyclists.

= Pedestrian
= Bicyclist

]
)

— e L ——

Source:=VHB

Problems Addressed

= Inadequate visibility of intersection or intersection traffic control devices
Intersection lighting improves nighttime

visibility of pedestrians. = Vehicle conflicts with non-motorists

Considerations

= Remote areas may be isolated from a power source.

= Especially helpful for intersections near parks, churches, schools, hospitals/clinics,
and other facilities associated with nighttime activities.

= Provide adequate lighting for crossing pedestrians; wide streets may require lighting
on both sides of the crosswalk.

= Consult local policies or legal code statutes on lighting.
Source: VHB

Awareness of this intersection among
major road drivers is increased by the
street lighting.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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u I I G Unsignalized Intersection Improvement Guide

Industry Standard

AASHTO Green Book
Section 3.6.3: Lighting (General)

Section 7-52: Lighting (Rural and
Urban Arterials)

Section 9.11.5: Lighting (Intersections)

Other Resources

Reducing Late-Night/Early-Morning

Intersection Crashes by Providing
Lighting, FHWA
Lighting and Illumination, PEDSAFE

Cost Effective Local Road Safety
Planning and Implementation, NACE

Intersection Safety: A Manual for
Local Rural Road Owners, FHWA

Treatment ID No. 070


http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09017/fhwasa09017.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09017/fhwasa09017.pdf
http://safety.fhwa.dot.gov/intersection/resources/casestudies/fhwasa09017/fhwasa09017.pdf
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=8
http://media.atssa.com.s3.amazonaws.com/default-file/ATSSA Local Roads Revised.pdf
http://media.atssa.com.s3.amazonaws.com/default-file/ATSSA Local Roads Revised.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://safety.fhwa.dot.gov/local_rural/training/fhwasa1108/fhwasa1108.pdf
http://www.cmfclearinghouse.org/

Unsignalized Relocqie B Uus Sio p

Intersection Repositioning of a bus stop near an intersection due to sight distance
Improvement obstruction or congestion or conflicts caused by the bus, or to
Guide accommodate safer pedestrian crossings.
Targeted Crash Types Conditions Addressed
= Pedestrian = Crash history or observed conflicts
» Right-angle caused by poor visibility of oncoming

traffic due to location of bus stop.

= Existing bus stop is not wheelchair
accessible.

Problems Addressed = Unsafe location for pedestrians to

= [nadequate intersection sight distance cross the road at the bus stop.

= Excessive intersection conflicts

This pedestrian’s vision of traffic ' = \Vehicle conflicts with non-motorists
approaching in the adjacent lane is
blocked by the bus she just exited.

Considerations

= Ensure that suitable access to and from the new transit stop location is provided in
accordance with the Americans with Disabilities Act.

= Provide adequate space to load and unload wheelchairs.

= |f a power source is available, consider provide lighting at bus stop for personal
security and bus operator visibility.

= A far-side bus stop location is typically preferred for improved intersection visibility
and vehicle operation. Pedestrians should be encouraged to cross behind the bus.

This bus stop is located on the near
side of the stop-controlled intersection
because there is no sidewalk on the far

cide Industry Standard Other Resources
AASHTO Green Book Access to Transit, PEDSAFE
Section 4.19: Bus Turnouts Transit Stop Improvements, PEDSAFE

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE

oV
u I I G Unsignalized Intersection Improvement Guide Treatment ID No. 071



http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=15
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=14
http://www.cmfclearinghouse.org/

Conduct Targeted STOP
Unsignalized Sign Enforcement

Intersection

The law enforcement practice of detecting and citing motorists who fail to
Improvement stop at a STOP (RI1-1) sign.
Guide

Targeted Crash Types Conditions Addressed

= Right-angle = Crash history related to or observed

» Rear-end (major road) instances of noncompliance with
STOP signs.

= Pedestrian

= Bicyclist
Problems Addressed
= Noncompliance with intersection
traffic control devices
Considerations

= Targeted sites should be selected based on crash experience or citizen complaints
related to STOP sign violations.

= The public should be informed about the reasons for the targeted enforcement and
site selection through public information materials and educational outreach.

= Limited police resources should be assigned to locations based on perceived safety
risks and needs.

= Both the highway and the law enforcement agencies should be involved in the
planning of the enforcement effort.

= |f the site was selected as a result of public complaints, the police should follow up
with the requesting citizen or citizen group.

Other Resources

NCHRP Report 500 Volume 5: A Guide for Addressing Unsignalized Intersection
Collisions

Police Enforcement, PEDSAFE

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAA&url=http%3A%2F%2Fonlinepubs.trb.org%2Fonlinepubs%2Fnchrp%2Fnchrp_rpt_500v5.pdf&ei=gokcVOODH9CYyATTq4GgCg&usg=AFQjCNE5MNlYiQ5YD4sEX3Fmzo-Uo5WvyA&bvm=bv.75775273,d.b2U
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAA&url=http%3A%2F%2Fonlinepubs.trb.org%2Fonlinepubs%2Fnchrp%2Fnchrp_rpt_500v5.pdf&ei=gokcVOODH9CYyATTq4GgCg&usg=AFQjCNE5MNlYiQ5YD4sEX3Fmzo-Uo5WvyA&bvm=bv.75775273,d.b2U
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=62
http://www.cmfclearinghouse.org/

Unsignalized
Intersection
Improvement

Source: Capt. Glenn Hansen

Both photos above show vantages
of the same automated STOP sign
enforcement camera.

Check for

CRASH MODIFICATION FACTORS CLEARINGHOUSE
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Conduct Automated STOP
Sign Enforcement

The law enforcement practice of detecting and citing motorists who

fail to stop at a STOP (R1-1) sign using automated camera technology.
Typically, this involves a camera that automatically captures a video clip
of a noncompliant vehicle when sensors perceive that the vehicle has not
stopped before entering the intersection.

Targeted Crash Types Conditions Addressed
= Right-angle = Crash history related to or observed
» Rear-end (major road) instances of noncompliance with
. STOP signs.
= Pedestrian
= Bicyclist
Problems Addressed
= Noncompliance with intersection
traffic control devices
Considerations

= Clearly identify the safety problem caused by STOP sign violations in the community.
= Consider traditional enforcement before initiating automated enforcement.

= Review site conditions to confirm that engineering measures are correct (e.g., STOP
sign is visible and placed correctly) before implementing automated enforcement.

= Review the state and local jurisdiction’s legislation on the use of automated
enforcement.

= Inform the public of the intent to implement and explain why it is being used.

Select Examples Other Resources
Temescal Canyon Rd., Los Angeles, CA DC Street Safe: Stop Signs,

Metropolitan Police Department

Automated Enforcement Systemes,
PEDSAFE



https://maps.google.com/maps?q=Temescal+Canyon+Rd+and+W+Sunset+Blvd,+Los+Angeles,+California&hl=en&ll=34.05039,-118.529386&spn=0.000006,0.003484&sll=34.050304,-118.529381&sspn=0.008098,0.013937&t=h&hnear=Sunset+Blvd+%26+Temescal+Canyon+Rd,+Los+Angeles,+California+90272&z=19&layer=c&cbll=34.05035,-118.5294&panoid=TV4kJ1JcAaL1lZUuSR292w&cbp=12,93.61,,1,3.15
http://mpdc.dc.gov/page/dc-streetsafe-stop-signs
http://mpdc.dc.gov/page/dc-streetsafe-stop-signs
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=63
http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=63
http://www.cmfclearinghouse.org/

Conduct Targeted Speed
Unsignalized E nfO rcemeni

Intersection The practice by law enforcement officers of detecting and citing speeding
Improvement motorists at locations identified as having frequent speeding. Detection
Guide methods may include the use of radar or laser devices or vehicle pacing.
Targeted Crash Types Conditions Addressed
= Right-angle = Crash history or observed conflicts

related to speeding at or near the

= Rear-end (major road) ot .
intersection.

= Pedestrian
= Bicyclist

Problems Addressed

= Speeding

Considerations

= Selection of targeted locations may be based on crash history, citizen complaints, or
prior enforcement history.

= Inform the public of the intent to implement and explain why it is being used.

= Enforcement should be part of a speed management program and should involve
both highway and law enforcement agencies in the planning of the enforcement
effort and selection of enforcement sites.

= |f the site was selected as a result of public complaints, police should follow up with
the requesting citizen or citizen group.

Other Resources

Speed Management: A Manual for Local Rural Road Owners, FHWA

Speed Management Safety, FHWA

NCHRP Report 500 Volume 5: A Guide for Addressing Unsignalized Intersection
Collisions

Check for
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http://safety.fhwa.dot.gov/local_rural/training/fhwasa010413spmgmt/
http://safety.fhwa.dot.gov/speedmgt/
http://trb.org/publications/nchrp/nchrp_rpt_500v5.pdf
http://trb.org/publications/nchrp/nchrp_rpt_500v5.pdf
http://www.cmfclearinghouse.org/

Conduct Automated
Unsignalized 8peed Enforcement

Intersection The use of camera-based technology to automatically detect speeding
Improvement vehicles and record identifying information about the vehicle and/or
driver.
Targeted Crash Types Conditions Addressed
= Right-angle = Crash history or observed conflicts

related to speeding at or near the

= Rear-end (major road) X )
intersection.

= Pedestrian

= Bicyclist
Problems Addressed

| e o = |
T = Speeding
e: Lee Engineering, LLC f

This SUV is deployed for automated
speed enforcement through photos. Considerations

= Clearly identify if excessive speed is a safety problem in the community.
= Inform the public of the intent to implement and explain why it is being used.

= Enforcement should be part of a speed management program and should involve
both highway and law enforcement agencies in the planning of the enforcement
effort and selection of enforcement sites.

= Consider traditional enforcement before initiating automated enforcement.
= Review the state and local jurisdiction’s legislation on the use of automated

enforcement.
This Photo Enforcement Zone sign . . . . X
notifies approaching drivers of the = |f the site was selected as a result of public complaints, police should follow up with
automated speed enforcement ahead. the requesting citizen or citizen group.
) Source: VHB
N : Other Resources

Speed Management: A Manual for Local Rural Road Owners, FHWA
Speed Management Safety, FHWA

NCHRP Report 729: Automated Enforcement for Speeding and Red Light Running

These speed enforcement cameras are
positioned in advance of a pedestrian
crossing of the uncontrolled major road
at the unsignalized intersection ahead.

Check for
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http://safety.fhwa.dot.gov/local_rural/training/fhwasa010413spmgmt/
http://safety.fhwa.dot.gov/speedmgt/
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_729.pdf
http://www.cmfclearinghouse.org/
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