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Disclaimer & Background

This document is intended to be a guide for planning-level decisions concerning safety
issues and subsequent potential improvements at rural expressway intersections. Itis
NOT a design guide. It simply presents the gamut of safety treatment options and
available strategies that have been employed in an attempt to reduce the number and
severity of collisions at unsignalized rural expressway intersections.

This document should only be used as a tool for considering safety treatment options
at rural expressway intersections. It is meant to aid transportation agency
management in selecting the most appropriate rural expressway treatment to address
the particular safety issue they are facing.

This document is a quick reference compan
Saf ety Tdork detaibs on.each strategy can be found within the contents of
that document.

Treatment strategies have been categorized within 9 emphasis areas (A through 1)
similar to those within NCHRP 500, Volume 5 ?; however, the focus here is directly on
unsignalized rural expressway intersections rather than unsignalized intersections in
general. Some strategies may qualify for multiple categories, but have been placed in
the category judged to be the most applicable.




Definitions

A  Effectiveness

The effectiveness of the various strategies have been rated as either proven, tried, or experimental
based on the NCHRP 500 Series? definitions given below:

i Proven (P) = Strategies used in multiple locations for which properly designed safety evaluations have
been conducted showing the treatment to be effective. These strategies may be employed with a good
degree of confidence, but with the understanding that any application may lead to results that vary
significantly from those found in previous evaluations.

T Tried (T) = Strategies implemented at a number of locations and may even be accepted as standard
practice, but for which there have NOT been found valid safety evaluations. While there can be some
degree of assurance that implementation will not likely have a negative impact on safety, these
strategies should be applied with caution. User
and the Apotenti al applicationo attributes and r
being considered.

T Experimental (E) = Strategies that have been suggested and at least one agency has tried on a small
scale in at least one location. These strategies should only be considered after others have been
determined to be inappropriate or unfeasible. Their implementation should initially occur using a very
controlled and limited pilot study including a properly designed evaluation component.

A Cost

Project costs will vary considerably and are affected by local conditions. Costs have been rated on a
four-point scale of low, moderate, high, and extreme. Specific dollar value ranges are not associated
with these rankings. They are a general scale meant to reflect costs relative to the other treatments.

A Time

Treatment implementation timeframes will also vary based on numerous factors. The three-point
timeframe scale of short (< 1 Year), medium (1-2 Years), and long (> 2 Years) is provided as a
general guide to reflect project timelines relative to the other treatments.




Treatment List

TREATMENT EFFECTIVENESS —m:u-

Al: Close Low Volume Intersections B Connect via Fromtage Roads

AZ2: Comeert Single At-Grade Intersection to Interchange

A3: Comeert Expressway Cormidor to Freeway

B1: Comvert Intersection to All-'Way 5top Control

C1: Provide or Lengthen Expressway Left /Right-Turn Deceleration Lanes

C2: Close Median Crossowers [Right-In, Right-Out Access Only)

C3: Convert to U-Tum Intersection

C5: Comwert to FTurn Intersection [ITI)

C6: Convert to Offset Tintersection

C7: Convert to One-Ouadrant Interchange

D1: Provide Clear Sight Triangles from Stop-Controlled Approaches & the Median

D2: Mowve Minor RoadfMedian StopfYield Bars Closer to Expressway &for Provide Dotted Edge Line Extensions
D3: Prowide Offset Left-Turn Lanes

Dd: Provide Offset Right-Turn Lanes

D5: Redesign Minor Road Right-Turn Channelization EXPERIMENTAL MODERATE
D6: Realipn Intersection Approaches to Reduce or Hliminate Skew PROVEN HIGH
D7: Modify HorizontalfVertical Alignment of Expressway Approaches

El: Roadside Markers/Poles

EZ: Intersection Dedision Support [105) Technology (Missouri DOT System)
E3: Imtersection Decision Support (I05) Technology (Minnesota DOT System])
F1: Provide Right-Turn Acceleration Lanes

F2: Provide Left-Turm Median Acceleration Lanes [MALs)

H4: Provide Larger/More Reflective/Overhead/Fashing Approach Signage on Minor Road

HE: Prowvide In-Lane Rumble Strips on Minor Road
Hi: Pmmde Dmsrnndﬁplltter Island at Mouth nflntersermn on Minor Road

——m
wwmmm
[2: Tarpeted Intersection Speed Enforcement PROVEN LOW SHORT



CONCERNS ADDRESSED VS EFFECTIVENESS !

EFFECTIVENESS
TRIED

Al, B1, B2, C1, CJ, D1, D2, D7, H1, H3, H4, H5, Hb, H7, H8, H9, 11
C2,C3, C4, C5,Ch, D3, F2, G1, G2, G3

Al,C7, D2, F1

CONCERN ADDRESSED
ALL RIGHT-ANGLE (25)
FAR-SIDE RIGHT-ANGLE (10)
NEAR-SIDE RIGHT-ANGLE (3)
ALL REAR-END (8)
MAINLINE REAR-END (14)
MINOR ROAD REAR-END (4)
LEFT-TURN LEAVING (16)
MEDIAN COLLISIONS (15)
MAINLINE HEAD-ON COLLISIONS (3)
MINOR ROAD DELAY (17)
MEDIAN DELAY (15)
EXPRESSWAY DELAY (1)

CONCERNS ADDRESSED VS  COST

C1, D1, D3, D4, F2, H1, H7, H8, H9, 11

Al,B1,C1,C2,C3,C4,C5 C7,D1,D3,11
Al, B1, B2, C2, C3, C4, C5, C6, C7, D3, G1, G3
B1, B2, C1, C7, D1, D2, D4, DY, F1, F2
B1, B2, C1, C2, C3, C4, C5,C6, C7, F2

:
1]
D=
=L
el
L

CONCERN ADDRESSED
ALL RIGHT-ANGLE (25)
FAR-SIDE RIGHT-ANGLE (10)
NEAR-SIDE RIGHT-ANGLE (3)
ALL REAR-END (8)
MAINLINE REAR-END (14)

MINOR ROAD REAR-END (4)
LEFT-TURN LEAVING (16)
MEDIAN COLLISIONS (15)

MAINLINE HEAD-ON COLLISIONS (3)
MINOR ROAD DELAY (17)
MEDIAN DELAY (15)
EXPRESSWAY DELAY (1)

1] y ¥ ' ; L
Al, (1, C3,C5,D3
Al,B2,C3,C5 D3

B2, C1, D4, D5, E2, F1, F2
B2, C1,C3, C5,E2, F2

DELAY SAFETY



SAFETY

o ~ ADDRK

CONCERN ADDRESSED

ALL RIGHT-ANGLE (25)

FAR-SIDE RIGHT-ANGLE (10)

MNEAR-SIDE RIGHT-ANGLE (3)

ALL REAR-END (8)

MAINLINE REAR-END (14)

MINOR ROAD REAR-END (4)

LEFT-TURN LEAVING (16)

MEDIAN COLLISIONS (15)

MAINLINE HEAD-ON COLLISIONS (3)

DELAY

MINOR ROAD DELAY (17)

MEDIAN DELAY (15)

EXPRESSWAY DELAY (1)

TIME

MEDIUM

Al, B2, C1, D6, E3, Hb, H1D

C3,05,Co, D3, F2

D4, D5, F1

Al, D5,F1, H10

C1, D3, D4, E3, F2

H6

Al, C1, C3, C5, D3, Db, H10

Al, B2, C3, C5, Cb, D3, H1D

H10

B2, C1, D4, D5, D6, E2, F1, F2

B2, C1, C3, C5,Cb, E3, F2



COST

EFFECTIVENESS-

LOW

LEGEND

TRIED

o]

MODERATE |HIGH

EXTREME

TIME

SHORT

MEDIUM

LONG

(U ~ ADDK D (U s
CONCERN ADDRESSED BY TREATMENTS
w— A1, B1,B2, CL,CJ, D1, D2, D7, H1, H3, B4, H5, H6, H7, HE, HY, 11
ALL RIGHT-ANGLE (25) cosT 81, D1, D2, E1, H1, H3, H4, H5, H7, HE, HY, 11, 12 A1, B2, C1,E2, HE | D6, £3, H10 A2, A3, C7, D7
TIME B1, D1, D2, EL E2, H1 H3, H4, H5, H7, H8, H9, 11,12 A1, B2, C1, D6, E3, H6, H10 A2, A3, C7, D7
FAR-SIDE RIGHT-ANGLE (10) cosT C2,C4,G1, 62 €3, C5, D3, F2 | c6 G3
TIME C2,C4,G1, G2 C3, C5, C6, D3, F2 G3
EFFECTIVENESS D4, F1
MEAR-SIDE RIGHT-ANGLE (3] CosT D4, D5, F1
TIME D4, D5, F1
EFFECTIVENESS AL C7, D2, F1
ALL REAR-END (8) cosT D2 A1, DS, F1 | H10 A2, A3, C7
TIME D2 A1, DS,F1, H10 A2, A3, C7
= CerrecTiveness [ C1, D1, 03, D4, 72, HL, K7, H8 5, 11
& MAINLINE REAR-END (14) cosT D1, E1, H1, H7, H8, HY, 11, 12 C1, D3, D4, E2, F2 | E3
@ TIME D1, E1, E2, H1, H7, H8, H9, I1, 12 C1, D3, D4, E3, F2
Cerrecriveness 3, P, H5, H6
MINOR ROAD REAR-END (4) cosT H3, H4, H5 H6
TIME H3, H4, H5 H6
CErrEcTIvENEss | e D6 0B ALELC1,C2,C3,C4 G5 CT.DL D511
LEFT-TURN LEAVING (16) cosT B1,C2, C4,D1, 11, 12 Al, C1,C3, C5, D3 | D6, H10 A2, A3, C7
TIME B1, C2, C4,D1, 11,12 A1, C1, C3,C5, D3, D6, H10 A2, A3, C7
MEDIAN COLLISIONS (15) cosT B1, C2, C4, G1 Al, B2, C3,C5, D3 | CE, H10 A2, A3, C7, G3
TIME B1, C2, C4, G1 A1, B2, C3, C5, C6, D3, H10 A2, A3, C7, G3
EFFECTIVENESS A1
MAINLINE HEAD-ON COLLISIONS (3) cosT H10
TIME H10
EFFECTIVENESS B1, B2, C1, C7, D1, D2, D4, D7, FL, F2
MINOR ROAD DELAY (17) cosT B1, D1,D2, E1 B2, C1, D4, D5, E2, FL, F2 D6, £3 A2, A3, C7, D7
TIME B1, D1, D2, E1, E2 B2, C1, D4, DS, D6, E3, F1, F2 A2, A3,C7,D7
> CerrEcTivenss | e B1, 62, CL, 7, G3, C4, G5, C6, 7. 72
3 MEDIAN DELAY (15) cosT B1,C2, C4, E1 B2,C1,C3,C5,E2,F2 | C6, E3 A2, A3, C7
a TIME B1, C2, C4, E1, E2 B2, C1, C3, C5, 6, E3, F2 A2, A3, C7
EFFECTIVENESS
EXPRESSWAY DELAY (1) CosT Bt
TIME A3
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Category A:
Improve Management of Access

The primary purpose of rural expressways is to provide mobility. Access is
secondary, but necessary. This is a difficult balance to achieve. Managing and
protecting the partial access control rights on rural expressways is a key factor in
the safety of these facilities. The intent of the strategies presented in this
category are to provide more stringent access control, thereby improving the
safety of existing access points and preserving the high-speed mobility of rural
expressway corridors.

PROPORTION OF SERVICE

Al: Close Low Volume Intersections &
; FREEWAY
Connect via Frontage Roads Mobl,,,y ——

RURAL

l \EXPRESSWAY

A2: Convert Single At -Grade Intersection
to Interchange N
Collectors
A3: Convert Expressway Corridor to Freeway
Locals




Al: Close Low Volume Intersections
and Connect via Frontage Roads

CROSS ROAD —

T sesmes DESCRIPTION: Involves closing
J 7 = closely spaced, low-volume
D\ &z intersections and providing

=

N\ =N

— expressway access via a single

N . . . .
m [MNRRN remaining intersection and

RE
—-—
—

Y 1iftf frontage or backage roads.

- OXK
XS Green BookExhibit 9100(A) CONCERNS ADDRESSED: All
NS . Il . 3 intersection-related collisions,
especially mainline rear-end &
right-angle.

POTENTIAL APPLICATION:

eFFECTIVENESS: TRIED (T) | i '“tefﬁecﬁons with ihiSt%W of
nghly site dependent, : o, S crashes In areas where there

depending on the number of are more than 5 access points

ilad
intersections closed and the per mile®, or Ti%%ghf?? three
total minor road volume over aspan o :

entering the remaining
intersection®.

COST: MODERATE |©@© OO
TIME: 1-2 Years |@ @O




A2: Convert Single At -Grade Intersection
to Interchange

DESCRIPTION: Involves CAUTION: The mix of at-grade intersections and

converting a single at-grade grade separated interchanges this practice may

intersection to a g rade- create along a corridor may violate driver
expectations. See Strateqy A3 as an alternative.

separated interchange- May Strategy C7 may be a less costly alternative and
also involve closing other should also be examined.

nearby expressway
intersections to force more
traffic through the interchange.

CONCERNS ADDRESSED: All
intersection-related crashes
(particularly severe right-angle)
and delay on minor roadway
approaches.

POTENTIAL APPLICATION:

High volume expressway
intersections (with total minor
roadway entering volumes
around 2,000 vpd) with a history
of severe crashes’. In addition,

EFFECTIVENESS: PROVEN @
A 42% reducti on &
30% to 60% reduction in
fatal/serious injury crashes®®.

Chapter 10 of the AASHTO - 8l cosT ExTREME ([0@@@

Green Book? describes six
general interchange warrants.

TIME: >2Years Q@@



A3: Convert Expressway Corridor to Freeway

FASHTAOE ROAD DM ADU
CUCARLAN AT W.ONMSUAM SCTA STir MEaD |

upgrading an expressway LN LN ] e
corridor to full access control ¥ 3 bl '
by eliminating all at-grade

access points and

constructing grade

separations/interchanges at

key locations.

I A T '.." TR “ '-P'ﬁi' | ._.; L. ==
DESCRIPTION: Involves (i g S X9 ¢ ;*“‘Nﬁf‘l‘_}

AcrvemnaTe 08 -

CONCERNS ADDRESSED: All ’:'“.;,Z}, VS8 | .‘” PR

intersection-related crashes
(especially severe right-angle)
and delay on both mainline
and minor roadways.

POTENTIAL APPLICATION:
Corridors with mainline traffic : S\ - -
vpd or a history of severe p =8 3 30% to 60% r edul

a
i i 10
crashes at mtersectlo_ns , fatal and serious injury crashes®.
May be most appropriate for

urban fringe and bypass ¥ 5| COST. EXTREME(©O O OO
corridors. =omg| TIME: >2 Years |@ @ @
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Category B:
Choose Appropriate Intersection
Traffic Control

The type of traffic control chosen for an intersection has a strong influence on the
frequency, severity, and type of crashes that occur at an intersection. The
strategies within this category focus strictly on selecting the appropriate traffic
control for rural expressway intersections and do not include strategies which
alter intersection geometrics.

B1l: Convert Intersection to All -Way Stop -Control
B2: Provide Signalization -

o o



DESCRIPTION: Involves
converting a two-way stop-
controlled expressway
intersection (base traffic control
condition) to an all-way stop-
control condition.

CONCERNS ADDRESSED: High
frequency of severe right-angle
crashes and excessive minor
road delays.

POTENTIAL APPLICATION:
Intersections with history of
right-angle and turning crashes,
moderate/relatively balanced
traffic volumes on all
approaches?, and a relatively
narrow median width.

EFFECTIVENESS: TRIED
a HBI% reduction in total
intersection crashes?812.13,

- COST: LOW |@000
TIME: <1Year |@OO
do a . | o L
m®& B s @"é
s --lw—-‘ T —

=
e~

Standard Control
MUTCD! Figure 2BL6

Al-Way Stop Control

[va 7]

*k

Z

ot *
:\ =)

CAUTION: Potential drawbacks to this
treatment include expressway driver
expectancy violation, reduced expressway
mobility (delays), & trade-off with right-angle to
rear-end crashes.




B2: Provide Signalization

DESCRIPTION: Involves
installing traffic signals at a
previously unsignalized
intersection.

CONCERNS ADDRESSED:
High frequency of severe
right-angle crashes with

excessive minor road delays.

POTENTIAL APPLICATION:
Medium to high-volume
unsignalized intersections
where all other less
restrictive forms of traffic
control have been
considered. Preferably, the
median width would be less
than 60 feet3. Larger median
widths would require
separate signals for each
roadway of the divided
highway.

EFFECTIVENESS: TRIED @
Traffic signals generally increase crash
rates, but reduce severity as a result of
trading off right-angle for rear-end

col lisi ons -é&nglerddubtiom i g
and & 58% inc-endddse in
However, great variability in their safety
effects have been observed'*.

COST: MODERATE [@@OO
TIME: 1-2Years |@@O

CAUTION: Avoid installing signal
control on rural expressways
whenever possible? 2. Signals
reduce expressway mobility, violate
expressway driver expectancy, &
increase the potential for severe
rear-end crashes and red-light
running. As a result, some highway
agencies prohibit the installation of
traffic signals on rural expressways
due to the delays caused to
through expressway traffic®’.




Category C:
Reduce Conflict Points Through
Geometric Design Improvements

Decreasing the number of conflict points at an intersection can reduce the frequency
and severity of intersection crashes. The strategies within this category focus strictly
on geometric improvements which reduce or relocate intersection conflict points and/or
change the type of vehicle-vehicle conflicts that can occur at a typical rural expressway
intersection. Treatments C2 through C6 are good applications for high growth corridors
as they lend themselves to two-phase signal operation if traffic signals are needed in the
future. As such, placement of median openings & U-turns should consider future signal
coordination.

C1: Provide or Lengthen Expressway Left/Right -Turn Lanes
C2: Close Median Crossovers (Right -In, Right -Out Access Only)
C3: Convertto U  -Turn Intersection

C4: Provide Directional Median Opening

C5: ConverttoJ  -Turn Intersection (JTI)

C6: Convertto Offset T -Intersection

C7: Convert to One -Quadrant Interchange
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