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FOREWORD

By B. Ray Derr

Staff Officer
Transportation Research
Board

This report presents guidelines for locating and designing unsignalized median
openings. A methodology is included for comparing the relative safety performance of
different designs. Primarily, geometric designers for both state and local agencies will
benefit from the report, but it will also be useful to those discussing the impacts of
installing medians with business and property owners.

Designs for nontraversable medians vary widely and the safety and operational
effects of the different designs have not been well documented. A thorough review of
the safety and operational effects of the various designs was needed, both for setting
design policy and in project-level design.

Transportation agencies often face resistance to installing nontraversable medians
on multilane highways. One of the arguments made is that the number of U-turning
vehicles will increase. However, the effect of an increase in U-turns on the safety of
the road is not clear. Studies attributing safety gains to a nontraversable median have
not focused on the specific situation at the median opening, either isolated or at an inter-
section, where U-turns occur.

After a nontraversable median has been installed, agencies are often approached
by abutting property owners who want a new median opening. Additional information
would be helpful in reviewing these requests, determining if an opening should be
allowed, and developing a design that does not unduly affect the safety or operation of
the road.

In NCHRP Project 17-21, Midwest Research Institute and their subcontractors
determined state and local agency design practices and policies related to unsignalized
median openings for U-turns. After promising designs were identified, their effects on
safety were assessed through field observation and crash data analysis. The knowledge
gained was distilled into design guidelines and a methodology for comparing the
expected safety performance of different designs.
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SUMMARY

SAFETY OF U-TURNS AT
UNSIGNALIZED MEDIAN OPENINGS

The objective of this research was to determine the safety and operational effect of
U-turns at unsignalized median openings. The safety performance of typical median
opening designs were documented, and guidelines for the use, location, and design of
unsignalized median openings were developed. The research scope included unsignal-
ized median openings on all types of divided highways, but the focus of the research
was on urban/suburban arterials because these present the greatest current challenge to
highway agencies in access management.

A catalog of median opening designs representative of the designs that actually exist
in the field was created. The catalog included 918 unsignalized median openings that
were found in 62 arterial corridors located in seven states. Median openings were clas-
sified by type of geometry (conventional versus directional), number of intersection
legs (midblock versus three-leg versus four-leg), presence of left-turn lane(s), and pres-
ence of loon(s), resulting in a total of 17 typical median opening designs.

Field studies to document how drivers behave in making U-turns and left turns at
unsignalized median openings were conducted at 26 urban sites; supplementary man-
ual traffic counts were also made at 77 median openings on urban arterials. In addition,
field studies and/or manual traffic counts were made at 12 median openings on rural
arterials. The primary field studies were conducted by videotaping traffic operations at
selected median openings. Over 150 hours of videotape were reviewed to determine
traffic volumes and to document traffic conflicts at various unsignalized median open-
ing designs. Analysis of field data found that, for most types of median openings, most
observed traffic conflicts involved major-road through vehicles having to brake for
vehicles turning from the median opening onto the major road; however, for median
openings at four-leg intersections without left-turn lanes on the major road, most of the
observed traffic conflicts involved major-road through vehicles having to brake for
vehicles turning left into the median opening.

Accident studies of existing median openings were conducted to determine the rel-
ative safety performance of median openings of various types. Out of 7,717 median-
opening-related accidents, only 1% were identified as involving U-turns. However,
it was also found that many accidents coded by the investigating officer as involving
left-turn maneuvers, in fact, involved U-turn maneuvers. For this reason, accidents
involving both U-turn and left-turn maneuvers had to be evaluated as a group.



The research results indicate that access management strategies that increase U-turn
volumes at unsignalized median openings can be used safely and effectively. Analy-
sis of accident data found that accidents related to U-turn and left-turn maneuvers at
unsignalized median openings occur very infrequently. In urban arterial corridors,
unsignalized median openings experienced an average of 0.41 U-turn plus left-turn acci-
dents per median opening per year. In rural arterial corridors, unsignalized median open-
ings experienced an average of 0.20 U-turn plus left-turn accidents per median opening
per year. Based on these limited accident frequencies, there is no indication that U-turns
at unsignalized median openings constitute a major safety concern. Because of the low
median opening accident frequencies, no satisfactory regression relationships relating
median opening accident frequency to the volume of U-turn and left-turn maneuvers
through the median opening could be developed.

For urban arterial corridors, median opening accident rates are substantially lower
for midblock median openings than for median openings at three- and four-leg inter-
sections, and median opening accident rates are slightly lower for conventional three-
leg median openings than for conventional four-leg median openings. Average median
opening accident rates for directional three-leg median openings are about 48 percent
lower than for conventional three-leg median openings, and average median opening
accident rates for directional four-leg median openings are about 15 percent lower than
for conventional four-leg intersections.

The report recommends that midblock median openings be considered, where appro-
priate, as a supplement or an alternative to median openings at three-leg or four-leg
intersections. It is also recommended that directional median openings at three- or four-
leg intersections, combined with directional midblock median opening(s), be consid-
ered as a supplement or an alternative to conventional median openings at three- or
four-leg intersections.

The report presents guidelines for the use, location, and design of unsignalized median
openings. The guidelines include a methodology for comparing the relative safety per-
formance of alternative median opening designs.




CHAPTER 1
INTRODUCTION

BACKGROUND

Many state and local transportation agencies are consider-
ing installing nontraversable medians on multilane arterial
highways to improve safety and travel times. Business and
property owners often resist such improvements because they
and their customers may be denied the opportunity for direct
left-turn access to or from their property. Traffic destined for
such locations must use alternate routes, some of which may
involve making U-turns at nearby median openings. Figure |
illustrates drivers making U-turn maneuvers at an unsignalized
median opening.

It is often inconvenient for those denied direct left-turn
access to use alternative routes to reach their destination,
and the additional travel distance or time for using an alter-
native route may cause some delay that should be consid-
ered in the decision to implement the project. An argument
has been advanced by some opponents of projects that
restrict direct left-turn access that any increase in U-turns
may pose a safety problem, potentially offsetting the antic-
ipated safety benefits of restricting direct left-turn access.
However, highway agencies currently are not able to respond
to such arguments because the safety effects of increased
U-turn volumes are largely unknown. Most before-after safety
evaluations of projects involving median installation have
focused on the effect of the median on safety within the proj-
ect limits while, because of the alternative routes used by
motorists to reach their destinations, some of the traffic and
some of the accidents may have moved beyond the project
limits.

Another concern of highway agencies is that, after a non-
traversable median has been installed, highway agencies
are often approached by property owners requesting that a
median opening be installed to provide direct left-turn access
to and from their property. Currently, highway agencies are
unable to make such decisions on a sound engineering basis
because they lack the necessary tools to evaluate the safety
and operational effects of providing new median openings.
There are median opening designs that might satisfy a prop-
erty owner without unduly affecting the safety and traffic
operations of a road, such as openings that permit left-turn
maneuvers into a driveway, but prohibit left turns out of the

driveway. However, there is little documentation of the safety
and traffic operational effects of such designs.

RESEARCH OBJECTIVES AND SCOPE

The objectives of the research are as follows:

e To document the safety performance of median open-
ings of various designs;

¢ To determine the safety and operational effects of U-turns
at median openings; and

e To develop a guide for the use, location, and design of
unsignalized median openings for U-turns.

The scope of the research includes median openings on all
types of divided highways. However, although median open-
ings on rural divided highways have been included, the focus
of the research is on median openings on urban/suburban
arterials because these present the greatest current challenge
to highway agencies in access management.

The research scope is limited to unsignalized median
openings in urban/suburban areas. Thus, the guidelines are
specifically applicable to median openings without traffic
signals.

ORGANIZATION OF THIS REPORT

This report presents the results of the literature review, the
survey of highway agencies, a classification of typical median
opening designs, a description of the data collection and analy-
sis efforts, the results of the analyses, and conclusions and
recommendations.

The remainder of this report is organized as follows. Chap-
ter 2 summarizes current knowledge on the safety and oper-
ation of U-turns at unsignalized median openings. Current
design policies and practices of state and local highway agen-
cies related to median openings at unsignalized intersections
are presented in Chapter 3. Chapter 4 presents a classification



Figure 1.
opening.

U-turn maneuvers at unsignalized median

of typical median opening designs used to accommodate U-
turn maneuvers at unsignalized locations. The factors used in
the classification process and the factors that influence the
safety and operational performance of median openings are
also identified in Chapter 4. The data collection and analyses
are described in Chapter 5. The results of the analyses are
presented in Chapter 6. Chapter 7 presents the conclusions
and recommendations.

Appendix A presents the survey questionnaire distributed
to state and local highway agencies concerning median open-
ings at unsignalized intersections. Appendix B summarizes
the highway agency responses to the survey questionnaire.
Appendix C presents guidelines for the use, location, and
design of unsignalized median openings.




CHAPTER 2
LITERATURE REVIEW

The objectives of the literature review are as follows:

e To document current knowledge of the safety effect of
installing nontraversable medians on multilane highways,

e To identify key issues related to the increase of U-turns
at unsignalized median openings, and

e To document the safety effect of installing or removing
median openings.

The literature review includes the following issues related
to the safety and operation of U-turns at unsignalized median
openings:

e Location of median openings,

e Spacing of median openings,

e Safety of median openings,

e Median width,

e Median opening length,

e Safety effects of median treatments,

o Safety effects of increasing U-turn maneuvers through
use of nontraversable medians,

e Left-turn lanes,

e Median acceleration lanes,

e Loons (i.e., paved aprons opposite median openings to
assist larger vehicles in completing U-turn maneuvers),

e Sight distance at median openings,

e Indirect left-turn maneuvers,

e Access management,

e Spacing between access points, and

o Effects of adjacent traffic signals.

Literature related to each of these topics is summarized below.

LOCATION OF MEDIAN OPENINGS

The growing number of multilane highways with raised or
depressed medians and without access control has created the
need to provide median openings, or crossovers, at various
locations along such facilities to permit vehicles to reach abut-
ting property or reverse their direction of travel. Median open-
ings, however, may also become points of increased conges-
tion and accident exposure. Turbulence in traffic flow created
by vehicles turning on or off high-speed roadways causes

undesirable acceleration and deceleration maneuvers. There-
fore, if traffic safety on multilane highways is to be preserved,
the location of median openings must be given careful con-
sideration. Some factors that influence median opening loca-
tions include the following:

e Spacing between median openings,
e Stopping sight distance,

e Intersection sight distance,

e Operating speeds,

e Length of turn lanes,

e Right-turn conflict overlap, and

e Size and type of traffic generator.

A committee of the Institute of Transportation Engineers
developed a list of factors to consider in locating median
openings (/). These included the potential number of left
turns into driveways, length of frontage along the street right-
of-way line of the property proposed to be served, distance
of proposed opening from adjacent intersections or other
openings, length and width of the left-turn storage lane as
functions of the estimated maximum number of vehicles to
be in the lane during peak hours, and traffic control. The
committee noted the need to consider circuitous routing and
added intersection turns that may be caused by closing a
median opening.

Research for the Florida Department of Transportation (2)
found that the overall reductions in the number of median
openings along the roads studied in their analysis resulted in
accident rate reductions, despite the increased through traffic
flow and higher density of traffic flow per median opening. The
Florida research, performed for four-lane and six-lane roadway
sections, also found that the reduction in conflict points can
improve traffic flow characteristics without increased risk of
accidents at the remaining median openings.

Policies recommended at the national level for geometric
design of median openings are presented in the AASHTO A
Policy on Geometric Design of Highways and Streets, com-
monly known as the Green Book (3). The Green Book states
that “median openings on divided highways with depressed
or raised curbed medians should be carefully considered.
Such openings should only be provided for street intersec-
tions or for major developments.” Regarding the location of
median openings, the Green Book recommends that median



openings designed to accommodate vehicles making U-turns
only are needed on some divided highways in addition to
openings provided for cross and left-turning movements.
Separate U-turn median openings may be needed at the fol-
lowing locations:

e Locations beyond intersections to accommodate minor
turning movements not otherwise provided in the inter-
section or interchange area. The major intersection area
is kept free for the important turning movements, in some
cases obviating expensive ramps or additional structures.

e Locations just ahead of an intersection to accommodate
U-turn movements that would interfere with through
and other turning movements at the intersection. Where
a fairly wide median on the approach highway has few
openings, U-turns are necessary for motorists to reach
roadside areas. Advancing separate openings to accom-
modate them outside the intersection proper will reduce
interference.

e Locations occurring in conjunction with minor cross-
roads where traffic is not permitted to cross the major
highway but instead is required to turn right, enter the
through traffic stream, weave to the left, U-turn, and then
return. On high-speed or high-volume highways, the dif-
ficulty of weaving and the long lengths involved usu-
ally make this design pattern undesirable, unless the
volumes intercepted are light and the median is of ade-
quate width. This condition may occur where a crossroad
with high-volume traffic, a shopping area, or other traf-
fic generator that needs a median opening nearby and
additional median openings would not be practical.

e Locations occurring where regularly spaced openings
facilitate maintenance operations, policing, repair service
of stalled vehicles, or other highway-related activities.
Openings for this purpose may be needed on controlled-
access highways and on divided highways through unde-
veloped areas.

e Locations occurring on highways without control of
access where median openings at optimum spacing are
provided to serve existing frontage developments and
at the same time minimize pressure for future median
openings. A preferred spacing at 400 to 800 m (0.25 to
0.50 mi) is suitable in most instances. Fixed spacing is
not necessary, nor is it fitting in all cases, because of
variations in terrain and local service needs.

SPACING OF MEDIAN OPENINGS

Increasing the spacing between median openings improves
arterial flow and safety by reducing the number of conflicts
and conflict points per mile, providing greater distance to
anticipate and recover from turning maneuvers, and provid-
ing opportunities for use of turn lanes (4). It is increasingly
recognized that spacing standards for unsignalized access
points should complement those for signalized access points.

The Green Book makes the following recommendations
on the spacing of median openings (3):

e Spacing between median openings should be adequate
to allow for introduction of left-turn lanes.

e Median openings should reflect street or block spacing
and the access classification of the roadway.

e Full median openings should be consistent with traffic
signal spacing criteria.

e Spacing of openings should be consistent with access
management classifications of criteria.

Research reported in NCHRP Report 348 (5) indicates that
several states have set median opening spacing criteria that
range from 100 to 800 m (330 to 2,640 ft). These criteria are
mainly applicable in suburban and rural environments. The
report also presents minimum desired spacing of unsignal-
ized median openings at driveways as a function of speed.
This spacing ranges from 113 m (370 ft) at 48 km/h (30 mph)
to 278 m (910 ft) at 88 km/h (55 mph). In addition, the report
suggests the following guidelines be considered for the spac-
ing and design of median openings on divided roadways:

e The spacing of median openings for signalized drive-
ways should reflect traffic signal coordination require-
ments and the storage space needed for left turns.

e The spacing of median openings for unsignalized drive-
ways should be based on a roadway’s function or access
level and the environment in which the roadway is located
(e.g., rural) and should be conducive to signalization.

e Median openings for left-turn entrances should be spaced
to allow sufficient storage for left-turning vehicles.

e Median openings at driveways could be subject to clo-
sure where volumes warrant signals, but signal spacing
would be inappropriate.

e Median openings should be set back far enough from
nearby signalized intersections to avoid possible interfer-
ence with intersection queues, and storage for left turns
must be adequate.

TRB Circular 456 (6) indicates that median openings gen-
erally should relate to the street or block spacing. Thus, where
cross-streets are placed at regular intervals, these intervals
will influence median opening spacing. The Circular recom-
mends that access points on both sides of the road should be
aligned on undivided highways. Where this is not possible,
sufficient left-turn storage should be provided by establish-
ing a minimum offset distance. Driveways should be offset
from median openings by the following:

e Atleast 60 m (200 ft) when two low-volume traffic gen-
erators are involved,

e The greater of 60 m (200 ft) or the established median
opening spacing interval when one major traffic gener-
ator is involved, and



e At least two times the established median opening
spacing interval when two major traffic generators are
involved.

NCHRP Report 375 (7) found that very few state high-
way agencies have formal policies on the minimum spac-
ing between median openings. Those agencies that do have
criteria generally use a spacing between median openings in
the range from 0.4 to 0.8 km (0.25 to 0.5 mi).

The Florida DOT Median Handbook (8) identifies the fol-
lowing factors that should be considered in determining the
spacing of median openings:

e Deceleration length,

* Queue storage,

e Turn radius, and

e Perception/reaction distance.

Based on consideration of all of these factors, Florida has
identified a 330-m (1,070-ft) spacing between median open-
ings as being a realistic minimum for urban arterials.

SAFETY OF MEDIAN OPENINGS

Much of the safety research of median openings has been
conducted at intersections on divided highways. These studies
generally document the safety performance of the intersection
as a whole, but usually do not provide specific information on
the safety performance of the median opening area by itself.
Furthermore, safety research on midblock median openings
(i.e., median openings not located at intersections or drive-
ways) is limited and usually addresses a “system” or combi-
nation of intersections and midblock median openings, such as
for indirect left-turn treatments. However, even research on
divided highway intersections that is broader in scope than
just the median opening area can provide valuable informa-
tion on the safety performance of median openings.

Two published research studies have specifically addressed
the safety performance of divided highway intersections, one
in California and one in Ohio. A 1953 California study by
McDonald (9) developed relationships between the number of
accidents and traffic volume at divided highway intersections.
This study was based on the accident experience over periods
of 6 months to 5 years at 150 at-grade intersections on 290 km
(180 mi) of rural divided expressways on the state highway
system in California. Most of the intersections were two-way
stop-controlled intersections, with stop control on the minor
road and no control on the divided highway, although a few
signalized intersections were included.

The analysis of these California data found that low-
crossroad-volume intersections have higher accident rates per
crossroad vehicle than do high-crossroad-volume intersec-
tions. The following relationship between the number of acci-
dents and the traffic volume at divided highway intersections
was developed:

N = 0.000783 V** v (1)

c

where

N = expected number of intersection accidents per year

V4= ADT volume entering the intersection from the divided
highway (veh/day)

V.= ADT volume entering the intersection from the cross-
road (veh/day)

This finding is evidence that concentrating cross-traffic at a
few locations, by closing low-volume-crossroad intersections
and providing frontage roads, may effectively reduce the
number of intersection accidents.

The Ohio study, conducted by Priest (/0) in 1964, included
3 years’” worth of accident data for 316 at-grade intersections
on divided highways with partial or no control of access.
Most of the intersections were unsignalized; however, the
author does not explicitly state the type of traffic control used
at the intersections studied. Priest, like McDonald, also found
that accident frequency is more sensitive to the crossroad
traffic volume than to the divided highway traffic volume.
Figure 2 illustrates the relationship between the average num-
ber of accidents per year and traffic volume at divided high-
way intersections developed by Priest.

In a 1967 study of divided urban and rural highways in
North Carolina, Cribbins et al. (/7) found that median open-
ings do not necessarily experience high accident rates under
conditions of low volumes, wide medians, and light roadside
development. However, as traffic volumes and roadside devel-
opment increase, the frequency of median openings does
affect accident potential significantly. Specifically, Cribbins
et al. found the following relationships:

e As traffic volumes increase, median openings experience
a sharp increase in accident frequency. When combined
with intensive roadside development, this increase in
accident frequency becomes even more pronounced.

e Signalization of median openings does not necessarily
reduce accident experience under high-volume condi-
tions, but it makes the traffic flow more efficiently by dis-
tributing time for each movement.

e As roadside development increases, and crossovers of
any type are permitted, accidents will increase.

In another study of multilane highways in North Carolina,
Cribbins et al. (/2) used the same data to determine the
effects of selected roadway and operational characteristics on
accidents on multilane highways. Cribbins et al. correlated
eight highway characteristics with all injury accidents: median
width, speed limit, traffic volume, level of service, access point
index, intersection openings per mile, signalized openings per
mile, and median openings per mile. The following conclu-
sions were drawn from the analysis:



6,000

5,000

4,000

3,000

ADT of Crossroad (veh/day)

1 Il 1 | 1

1 Il Il | 1 1

0 1,000 2,000 3,000 4,000 5000 6,000 7,000 8,000 9,000

10,000 11,000 12,000

ADT of Divided Highway (veh/day)

Figure 2. Average number of accidents per year related to traffic volume at divided

highway intersections (10).

e The number of median openings, excluding intersections,
affected the accident rate significantly.

e The two roadway characteristics having the least effect
on the accident rate were median width and speed limit.

e Whenever storage lanes are installed at openings, the
median-opening accident rate is no longer significantly
affected by (1) the number of openings excluding inter-
sections, (2) median width, (3) speed limit, or (4) ADT.

Research by Harwood et al. in NCHRP Report 375 (7)
found that the median width and median opening length have
a strong influence on the safety performance of median open-
ings. These issues are addressed in the next two sections of
this report.

MEDIAN WIDTH

The safety and operational effects of median width at sig-
nalized and unsignalized intersections were evaluated exten-

sively by Harwood et al. in NCHRP Report 375: Median Inter-
section Design (7). However, this evaluation addressed median
width for median openings at intersections—not median open-
ings at driveways or median openings used solely for U-turns.
NCHRP Report 375 used two separate approaches to address
the relationship between median width and accidents at divided
highway intersections: an accident study and a field observa-
tional study.

The traffic accident analysis of divided highway intersec-
tions was conducted for NCHRP Report 375 with a statewide
database of accident, geometric, traffic control, and traffic
volume data for state highways in California.

The findings of the analysis concerning median width are
as follows:

e At rural, four-leg, unsignalized intersections, accident
frequency decreases as median width increases.

e Atrural, three-leg, unsignalized intersections, no statis-
tically significant relationship exists between accident
frequency and median width.



e Aturban/suburban, four-leg, unsignalized intersections,
accident frequency increases with increasing median
width over the range of median widths from 4 to 24 m
(14 to 80 ft).

e At urban/suburban, three-leg, unsignalized intersections,
the intersection accident frequency increases with increas-
ing median width.

The field observational study in NCHRP Report 375 inves-
tigated the effect of median width on three types of undesir-
able driving behavior as commonly observed in the median
opening area at intersections on divided highways:

e Encroachment on through lanes by vehicles in the median
opening area,

o Side-by-side queuing of vehicles in the median opening
area, and

¢ Angle stopping by vehicles in the median opening area.

Figure 3 illustrates side-by-side queuing of vehicles in an
unsignalized median opening.

NCHRP Report 375 reached the following conclusions
concerning the effect of median width on accidents and unde-
sirable driving behavior at unsignalized intersections:

e At rural unsignalized intersections, the frequency of both
accidents and undesirable driving behavior decreases as
the median width increases.

e At suburban unsignalized intersections, the frequency of
both accidents and undesirable driving behavior increases
as the median width increases.

Based on these findings, NCHRP Report 375 recommended
that rural unsignalized intersections should have medians that
are as wide as practical, as long as the median is not so wide
that approaching vehicles on the crossroad cannot see both
roadways of the divided highway. At suburban unsignalized
intersections, by contrast, medians should generally not be
wider than necessary to provide whatever left-turn treatment
is selected. At specific intersections where substantial turn-
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Figure 3. Side-by-side queuing at unsignalized median
opening.

ing and crossing volumes of large vehicles (such as school
buses or trucks) are present, highway agencies may find it
appropriate to select an appropriate median width to store a
design vehicle of that type safely in the median.

One issue of interest to the research for NCHRP Report
375 was how drivers making opposing left turns are influ-
enced by the median width. Specifically, it was hypothesized
that, at intersections with narrow medians, drivers making
opposing left turns tend to turn in front of one another and,
at intersections with wide medians, drivers making opposing
left turns turn behind one another. Although no quantitative
information exists on the median width at which drivers cease
to turn in front of one another and begin to turn behind one
another, an analysis of rural, unsignalized intersections found
that, at intersections with median widths of less than 15 m
(50 ft), vehicles making opposing left turns tend to turn in front
of one another. In contrast, at intersections with median widths
of more than 15 m (50 ft), vehicles making opposing left turns
tend to turn behind one another. A similar pattern was found
for suburban, unsignalized intersections with median widths of
less than 15 m (50 ft). There were no comparable suburban,
unsignalized intersections to verify whether the same turn-
behind behavior observed at the rural, unsignalized intersec-
tions with median widths of more than 15 m (50 ft) occurred
at similar suburban, unsignalized intersections.

A 1964 Ohio study by Priest found that, except at very
low volume levels, intersection accident rates decrease with
increasing median width (10). However, the difference in acci-
dent rates between medians less than 6 m (20 ft) wide and
medians 6 to 12 m (20 to 39 ft) wide is greater than the differ-
ence in accident rates between medians with widths of 6 to
12 m (20 to 39 ft) and medians with widths of 12 m (40 ft)
or more. These results are illustrated in Figure 4.
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Figure 4. Variation of annual accident frequency at
divided highway intersections as a function of median
width and exposure index (the product of the ADTs of the
intersecting roadways) (10).
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A 1977 Purdue University study by Van Maren (/3) devel-
oped relationships between geometric and traffic volume vari-
ables and accident experience at divided highway intersec-
tions. Van Maren found no statistically significant relationship
between median width and intersection accident rate. The
author speculated that this finding may have resulted because
of the limited range of median widths (9 to 18 m or 30 to 60 ft)
that were evaluated. However, this range includes most of the
rural divided nonfreeways that have been built by highway
agencies since the 1950s, including current practices.

Research sponsored by the Michigan Department of Trans-
portation involved the collection and analysis of data for
1,503 km (934 mi) of Michigan state highways (/4). Acci-
dents on divided highway segments were compared with
highway segments (mostly five-lane) with two-way left-turn
lanes (TWLTLs). The analysis of the accident data with
respect to the width of the median did not show any mean-
ingful differences for divided highway segments that did not
have traffic signals. The research found that divided high-
ways with traffic signals may have lower accident rates with
wider medians. However, the data were insufficient for con-
clusive findings on this issue.

The Florida Median Handbook (8) suggests that the appro-
priate median width is a function of the purpose which the
median is to serve in a particular application, such as the
following:

e Separation of opposing traffic streams,
e Pedestrian refuge,

e Left turn to side street,

e Left turn out of side street,

¢ Crossing vehicles,

e U-turns, and

e Aesthetics and maintenance.

Table 1 presents a summary of standards and recommenda-
tions for median widths, as presented in the Florida Median
Handbook. The handbook recommends that extremely wide
medians are needed to accommodate U-turn maneuvers by
all design vehicles other than passenger cars.

MEDIAN OPENING LENGTH

The only literature found on the relationship of median
opening length to safety is the research by Harwood et al. in
NCHRP Report 375: Median Intersection Design (7). That
report addressed the effect of median opening length on unde-
sirable driving behavior. Most undesirable driving behavior at
divided highway intersections arises from the competition for
limited space on the median roadway between drivers travel-
ing through the median in the same direction. NCHRP Report
375 found that the frequency of undesirable driving behavior
increases as median opening length increases at rural inter-
sections and decreases as median opening length increases at
suburban intersections.

SAFETY EFFECTS OF MEDIAN TREATMENTS
(RAISED/DEPRESSED/FLUSH/TWLTL)

The treatment of roadway medians influences the safety
and operational experience of a roadway as well as the access
provided to adjacent developments. The four major types of
median treatments are as follows:

® Raised median—A raised median is a nontraversable
median separated from the traveled way by curbs. Raised
medians are used where it is desirable to separate traffic
traveling in opposite directions and limit left-turn move-
ments. The area within the median can be either con-
crete or turf.

e Depressed median—A depressed median is a nontra-
versable turf median that separates traffic in opposite
directions of travel and limits left-turn movements. As
the name implies, a depressed median usually slopes
away from the roadway to provide proper drainage. A
depressed median has no curbs; the median is typically
separated from the traveled way by pavement markings
and shoulders.

o Flush median—A flush median is a paved area, at the
same grade as the traveled way, that may be marked as a
median or as a center two-way left-turn lane (see below).

TABLE 1 Minimum and recommended median widths (8)

Median width

Roadway type Speed m (ft)
Reconstruction Project 40 mphorless | 5.0 (15.5) Minimum
Reconstruction Project 45 mph 6.0 (19.5) Minimum
Reconstruction Project 50 mph 7.0 (22.0) Minimum
Four-lane highways with medians All 9.0 (30.0)—single left Recommended
expecting significant U-turns and turns
directional median openings with 12.6 (42.0)—dual left
excellent positive guidance turns
Six-lane highways with medians All 7.0 (22.0)—single left Recommended
expecting significant U-turns and turns
directional median openings with 10.6 (34.0)—dual left
excellent positive guidance turns




e Two-way left-turn lane (TWLTL)—A TWLTL is a cen-
ter lane used for left turns from both directions of travel.
At intersections, there is often a transition to conven-
tional left-turn treatments.

The literature on these median treatments is extensive. Sev-
eral NCHRP reports and other sources present safety compar-
isons of alternative median treatments.

Research by Bonneson and McCoy in NCHRP Report
395: Capacity and Operational Effects of Midblock Left-
Turn Lanes (15) considered the relative traffic operational
and safety performance of cross-section for arterials and
highways that are undivided, divided by a median, or divided
by a center TWLTL. Table 2 presents a comparison of these
three alternative cross-sections, indicating which cross-section
is preferred with respect to operational, safety, access, and
other factors. NCHRP Report 395 reviewed the relative
safety performance of arterials with different cross-sections.
Table 3 summarizes the safety performance of these cross-
sections as reported by the following key sources in the liter-
ature: Bowman and Vecellio (/6), Chatterjee et al. (/7), Parker
(18), Squires and Parsonson (/9), McCoy and Ballard (20),
Walton and Machemehl (27),and NCHRP Report 282 (22).

NCHRP Report 420: Impacts of Access Management Tech-
niques (4) presents a summary of individual studies that have
analyzed the safety benefits of replacing TWLTLs with non-
traversable medians on undivided highways. Eleven studies
were reviewed: some where the benefits were based on before-
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and-after studies of the same roadway and some comparing
accident rates for the two basic types of roads. The accident
rate comparisons from the various studies are summarized in
Table 4. In 15 out of the 16 comparisons shown in Table 4, the
accident rates were reduced when a nontraversable median was
installed in place of a TWLTL. NCHRP Report 420 concluded
that nontraversable medians appear safer than TWLTLs.

NCHRP Report 282: Multilane Design Alternatives for
Improving Suburban Highways (22) presents a comparison
of the safety, operational, and cost characteristics of selected
multilane design alternatives for use in suburban areas. Advan-
tages and disadvantages of each alternative are provided to
assist in the selection of the most appropriate design for a
given condition. The report states that the four-lane divided
design alternative is best suited for use on major arterials
with high volumes of through traffic and less than 45 drive-
ways per mile. The five-lane TWLTL design alternative is
most appropriate for suburban highways with commercial
development, driveway densities greater than 45 driveways
per mile, low-to-moderate volumes of through traffic, high
left-turn volumes, and/or high rates of rear-end and angle
accidents associated with left-turn maneuvers. Thus, NCHRP
Report 282 does not make a blanket statement about the rel-
ative safety of nontraversable medians and TWLTLs, but
indicates that each has appropriate applications.

NCHRP Report 330: Effective Utilization of Street Width
on Urban Arterials (23) evaluated various alternative strate-
gies for reallocating the usage of street width without chang-

TABLE 2 Comparison of effects of three alternative cross-sections with differing midblock left-turn

treatment types (15)

“Preferred” Midblock Left-Turn Treatment'

Raised Median Raised Median TWLTL vs.
Comparison Factor vs. TWLTL vs. Undivided Undivided
Operation effects
Major street through movement delay ND Raised median TWLTL
Major street left-turn movement delay ND Raised median TWLTL
Minor street left and through delay (two-stage entry) ND Raised median TWLTL
Pedestrian refuge area Raised median Raised median ND
Operational flexibility TWLTL Undivided ND
Safety effects
Vehicle accident frequency Raised median Raised median TWLTL
Pedestrian accident frequency Raised median Raised median ND
Turning driver misuse/misunderstanding of markings Raised median Raised median Undivided
Design variations can minimize conflicts (e.g., islands) Raised median Raised median TWLTL
Positive guidance (communication to motorist) Raised median Raised median ND
Access effects
Control of access (access management tool) Raised median Raised median ND
Direct access to all properties along the arterial TWLTL Undivided ND
Other effects
Cost of maintaining delineation ND Undivided Undivided
Median reconstruction cost TWLTL Undivided Undivided
Facilitate snow removal (i.e., impediment to plowing) TWLTL Undivided ND
Visibility of delineation Raised median Raised median ND
Aesthetic potential Raised median Raised median ND
Location for signs and signal poles Raised median Raised median ND

Note: ND = negligible difference or lack of a consensus of opinion on this factor.

"The “Preferred” left-turn treatment is based on the findings of the research and more commonly found opinion during a review of the literature.

2001.645-3L



TABLE 3 Comparison of safety performance of alternative midblock cross-section as reported by studies in the literature (15)

Expected Accidents (miles/year)

ADT 10,000 20,000 30,000 40,000

(Left-Turn Treatment; Raised Raised Raised Raised
Reference Source) TWLTL Median Undivided TWLTL Median Undivided TWLTL Median Undivided TWLTL Median Undivided

NCHRP Report 282~ 27 36 36 54 72 72 81 108 109 108 144 145
1995 (2)

Bowman and 43 25 63 85 50 126 128 75 190 170 101 253
Vecellio-1994 (6)

Chatterjee et al.-1991 55 46 NA 90 81 NA 125 116 NA OOR OOR NA
(7)

Parker-1991 (8) 27 18 NA 43 32 NA 58 45 NA 73 59 NA

Squires and -8 37 NA 31 56 NA 69 75 NA 108 94 NA
Parsonson-1989 (9)

McCoy and Ballard- 31 NA 33 52 NA OOR OOR NA OOR OOR NA OOR
1986 (10)

Walton and 37 NA NA 58 NA NA 78 NA NA 98 NA NA
Machemehl-1979
(11)

Average frequency 30 32 44 59 58 99 90 84 149 112 100 199

Standard deviation 7 5 10 8 9 27 12 13 41 16 18 54

Notes: ADT = average daily traffic; NA = model not available or developed for this midblock left-tum treatment type; and QOR = traffic demand exceeds range of data used to calibrate the model. 2001.645-4L



TABLE 4 Synthesis of safety experience comparing TWLTLs with nontraversable medians by percent difference ()

Accidents Accident Rates
(Per Million VMT) |
Study & Location ['YEAR| Description TWLTL Median %Diff. | TWLTL Median % Diff. REMARKS
1 Bretherton, Womble & (141990 |Jimmy Carter Blvd. 391 385 -2 8.09 647 =20
Parsonson (Georgia) Atlanta
2 Parsonson (Georgia) (14|1996 |Memorial Blvd. 947 523 -45 11.86 7.87 -34 |Based on | year before
Atlanta (1988-1989), and 3 years after
(1991-1993)
3 Banks etal. 1993  |Hespeler Rd. 45 33 -27 5.91 3.67 -38 |Road widened to 6 lanes (2.8/km)
(Ontario) Cambridge midblock collisions.
4 Hartman and Spalett (1)]1989 |Phoenix - - - 5.85 5.70 -3
{Arizona) Tucson - - - 5.17 3.99 =22
5 Bowman and Vecellio (141994 |Atlanta, Phoenix, Los Angeles/Pasadena 2,181 1,714 =21 5.56 6.42 15 |CBD streets
(Arizona, California, Georgia) {15 road sections) 15,110 7,663 49 6.89 379 45  |Suburban arterials
6 Parker (Virginia) (14]1983 |17 Traversable sections - - - 6.11 4.42 -28
19 Median sections
7 Benac (1¥]1988 {Four-lane arterials - - - 9.56 4.07 -57 |Based on 1985-1987 data
{Michigan) Six-lane arterials 11.07 5.63 -49
8 Squires and Parsonson (1¥]1989 |57 Four-lane sections - - - 8.99 7.67 -15 |42 with TWLTL, 15 with medians
(Georgia) 25 Six-lane sections 10.82 8.15 -25 |8 with TWLTL, 17 with medians
9 Parsonson (141996 LState routes - - - 6.23 3.67 =41 |4 and 6 through lanes
{Georgia)
10 Long, Gan, Morrison (1Y}1993 |Four-lane arterials - - - 3.20 2.09 =35
(Florida) Six-lane arterials 4.28 3.20 -25
11 Margiotta and Chatterjee (1)|1995 |12 segments - median - - - 6.48 5.96 -8
13 segments - TWLTL

Note: (1) Represents comparison of different road sections.
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ing the total curb-to-curb width. Table 5 presents the advan-
tages and disadvantages of four-lane divided roadways and
five-lane roadways with TWLTLs.

Research for the Florida Department of Transportation
was performed for five roadway segments within the Central
Florida area that underwent median modifications (2). Sev-
eral of these segments also had other improvements, such as
the addition of a through or auxiliary lane. The research
results showed that the introduction of medians can greatly
reduce collision potential and injuries. These reductions were
found to occur as a result of the decrease in the number of
conflict points. The research noted that conflict points are
numerous along roadways with a continuous TWLTL. Con-
flict reductions with an associated decrease in collision poten-
tial may be achieved by either reducing the number of median
openings or adding a median.

The FHWA sponsored research to quantify the safety effect
of raised curb, TWLTL, and undivided cross-sections on
vehicles and pedestrians (/6). A total of 32,894 vehicle and
1,012 pedestrian accidents were analyzed from 234.8 km
(145.9 mi) of unlimited access arterials in three large metro-
politan areas. The research found that streets with raised
medians in both central business districts (CBDs) and subur-
ban areas had lower pedestrian accident rates than TWLTLs
and undivided arterials. In suburban areas, arterials with raised-
curb medians were found to have significantly lower accident
rates than TWLTLs for rear-end, right-angle, and left-turn col-
lisions. Raised-curb medians also were found to have signif-
icantly lower accident rates than undivided cross-sections for
right-angle collisions. The research results also indicated
that, in both CBDs and suburban locations, raised-curb medi-

ans had lower injury accident rates than either the TWLTL
or undivided cross-sections.

Research sponsored by the Michigan Department of Trans-
portation involved the collection and analysis of data for
1,503 km (934 mi) of Michigan state highways (/4). Accidents
on divided highway segments were compared with highway
segments (mostly five-lane) with TWLTLs. The divided high-
way segments in Michigan generally have directional U-turn
median crossovers that are also used for the indirect movement
of left-turning traffic. Divided highway segments were found
to have lower accident rates than TWLTLs for nearly every
type of accident. The total accident rate (for all accident types)
for the divided highway segments was approximately 50 per-
cent of the total accident rate for highways with a TWLTL.
Divided highways that exclusively have directional U-turn
median crossovers were found to have approximately the
same accident rate as divided highways that have conven-
tional (bidirectional) median crossovers for unsignalized sec-
tions of highways. Signalized divided highways with direc-
tional crossovers were found to have about 50 percent of the
accident rate of similar facilities with conventional median
openings. However, the size of the data sample for this issue
does not support conclusive findings.

The comparison between raised medians and TWLTLs has
been the focus of numerous other research studies. Accident
data assembled by Chatterjee et al. (/7) and by Parker (/8)
indicate that raised-curb median segments have lower accident
rates than TWLTL segments. Walton and Machemehl (27)
developed accident prediction equations for roadway seg-
ments with TWLTLs. Not enough data were available to
develop comparable equations for segments with raised medi-

TABLE 5 Advantages and disadvantages of four-lane divided roadways and five-lane

roadways with TWLTLSs alternatives (23)

Design alternative

Advantages

Disadvantages

Four-lane divided
roadways

Provides additional lanes to
increase capacity for
through traffic movement
Reduces rear-end and
angle accidents associated
with left-turn maneuvers
Provides physical
separation to reduce head-
on accidents

Provides a median refuge
area for pedestrians

Required street width may
not be available

Increased delay to left-
turning vehicles

Indirect routing required
for large trucks

Lack of operational
flexibility due to fixed
median

Five-lane roadways with
TWLTLs

Provides additional lanes to
increase capacity for
through traffic movement
Reduces delay to through
vehicles caused by left-
turning vehicles

Reduces frequency of rear-
end and angle accidents
associated with left-turn
maneuvers

Provides spatial separation
between opposing lanes to
reduce head-on accidents
Increases operational
flexibility

Required street width may
not be available

No refuge area in median
for pedestrians

May generate safety
problems at closely
spaced driveways and
intersections




ans. Bonneson and McCoy (24) found raised-curb median
treatments to be associated with fewer accidents than
TWLTLs, especially for streets with average daily traffic
(ADT) volumes exceeding 20,000. To determine the opera-
tional and safety effects of replacing a TWLTL with a raised
median, the Gwinnett County Department of Transportation
in Georgia compared the accident experience before and
after construction of a raised median (25). An accident analy-
sis determined that retrofitting a TWLTL with a 254-mm
(10-in) concrete raised median reduces accidents. Squires
and Parsonson (/9) concluded that, on high-volume road-
ways, nontraversable medians have a lower crash experience
than roadways with continuous TWLTLs. An analysis by
Glennon et al. (26, 27, 28) found that TWLTLs have higher
accident rates than raised medians where frequent driveways
are found in combination with high arterial street volumes.
Glennon et al. also found the raised median to be a more
effective technique under higher traffic volumes. Margiotta
and Chatterjee (29) performed a safety analysis of TWLTLs
and raised medians. The study concluded that medians are
generally safer than TWLTLs, but certain conditions exist
where TWLTLs would have a more favorable safety experi-
ence. Regression analysis found that driveway density is an
important contributor to accident rates for medians, but not
for TWLTLs.

SAFETY EFFECTS OF INCREASING U-TURN
MANEUVERS THROUGH USE OF
NONTRAVERSABLE MEDIANS

The installation of a nontraversable median may prevent
many direct left-turn movements previously accessible to
motorists, forcing those motorists to use indirect routes and,
thus, increasing the volume of U-turn maneuvers. The effect
of this increase in U-turn volumes on the safety of the roadway
is not well understood. However, several studies have identi-
fied issues related to U-turns at unsignalized median openings.

Research by Gluck et al. in NCHRP Report 420: Impacts
of Access Management Techniques (4) documents the safety
and operational experience in several states where directional
U-turn median openings have replaced conventional median
openings. The states reported that closing conventional
median openings and replacing them with directional median
openings improves safety. Specifically, NCHRP Report 420
indicates that eliminating direct left turns from driveways
and replacing them with indirect U-turn maneuvers results in
a 20-percent reduction in accident rate. U-turn crossovers
were found to have roughly one-half of the accident rates of
roads with TWLTLs. The operational analysis in NCHRP
Report 420 identified several operational benefits of direc-
tional versus conventional median openings: shorter travel
times, less delay, and increased capacity. The report states
that right turns followed by U-turns can provide comparable,
if not shorter, travel times than direct left turns from drive-
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ways under heavy volume conditions when the diversion dis-
tances are generally less than 0.8 km (0.5 mi).

In another study, conducted by Kach (30) in Michigan, the
safety performance of directional median openings was com-
pared with that of conventional median openings to deter-
mine the safety benefits that can be attributed to prohibiting
left turns from the minor road. The mean intersection-related
accident rates for directional median openings were found to
be 15 percent lower than for conventional median openings.
Similarly, the rates for intersection-related injury accidents
were 30 percent lower for directional median openings than
for conventional median openings. The study also showed
substantial reductions in right-angle, rear-end, left-turn, and
head-on accidents. In general, the results of this study indi-
cate that directional median openings, where left turns are
prohibited on the minor road, carry higher volumes at a lower
accident rate than conventional median openings, where all
turns are permitted.

Levinson et al. analyzed the safety benefits of directional
versus conventional median openings as a function of traf-
fic signal density for 123 segments constituting 364 km
(226 mi) of divided highway in Michigan (37). The authors
reported that directional median openings have one-third the
accident rate of TWLTLs and about two-thirds the accident
rate of conventional median openings. The operational ben-
efits also included increased capacity, reduced travel times,
and improved signal coordination.

In a paper presented at the 1996 annual meeting of the
Transportation Research Board (32), Maki reported the safety
results of replacing conventional median openings with direc-
tional median openings in Michigan. The Michigan DOT was
experiencing capacity problems on an arterial because of
interlocking left turns within the conventional median open-
ings at major intersections. The results of replacing four con-
ventional median openings with directional median openings
were significant in reducing the number of crashes, particu-
larly right-angle crashes. The average number of accidents
per year was reduced from 32 to 13—a decrease of about
61 percent. Angle collisions were reduced by 96 percent,
sideswipe collisions by 61 percent, and rear-end collisions by
17 percent. Injury accidents decreased by 75 percent.

Although the Florida Median Handbook (8) does not address
specific safety issues related to U-turn maneuvers, it provides
guidance on where a U-turn median opening should be con-
sidered. First, it lists several indicators that a U-turn median
opening should be considered in advance of a signalized
intersection:

e Level-of-service problems exist at the intersection.

e Heavy left-turn movements are present at the signal.

e Heavy conflicting right-turn movements are present at
the intersection.

e Gaps in oncoming traffic would be beneficial at a sepa-
rate U-turn opening.
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e There is sufficient space to separate the signalized inter-
section and the opening.

The Handbook also provides three design options to
accommodate U-turns: (1) wide medians, (2) median “bulb-
out” or loon, and (3) flare-out (jughandles).

LEFT-TURN LANES

Vehicles turning left from a multilane highway may pose
safety and operational problems at median openings. They
not only increase conflicts with and delays to other vehicles,
but also pose a major safety problem with the large speed dif-
ferential between left-turning and through vehicles.

The FHWA National Highway Institute (NHI) has devel-
oped a short course on Access Management (33). The man-
ual for the course recommends installing left-turn lanes at
existing median openings to

e Allow turning vehicles to clear the through traffic lane
with an acceptable speed differential,

e Provide queue storage without interference with through
traffic,

e Reduce rear-end collisions and sideswipes, and

e Increase capacity and decrease delay.

The course also recommends increasing the length of an
existing left-turn bay at all existing median openings where

e Deceleration in the through traffic lane results in an unde-
sirable speed differential between left-turning vehicles
and through traffic.

e The left-turn queue exceeds the length of the full-width
left-turn lane.

Left-turn lanes are often installed at median openings to
accommodate high left-turning volumes. NCHRP Report 420
(4) summarizes the following safety benefits of left-turn lanes:

e They remove the turns from the through travel lanes,
thus reducing rear-end collisions.

e They improve the visibility of oncoming traffic for vehi-
cles turning left, thus reducing right-angle collisions.

Installation of left-turn lanes has been the focus of many
research studies. Various safety-related factors have been
documented based on the type of intersection (e.g., signal-
ized, unsignalized, and four-leg) where the left-turn treat-
ment was implemented. Although many of these studies focus
on left-turn treatments on two-lane highways, the safety rela-
tionships can be useful for a broader range of roadway types,
including divided arterials.

Parker et al. (34) determined that the addition of left-turn
lanes at rural intersections along two-lane highways can
reduce the potential for passing-related accidents. On urban
four-lane roadways, McCoy and Malone (35) found that
installation of left-turn lanes reduced rear-end, sideswipe,
and left-turn accidents. Foody and Richardson (36) found
that accident rates decreased by 38 percent with the addition
of a left-turn lane at signalized intersections and by 76 per-
cent at unsignalized intersections. Hauer (37) reported that
left-turn channelization reduced accidents to varying
degrees, depending on the intersection configuration; and
Gluck et al. (4) reported accident rate reductions ranging
from 18 to 77 percent as a result of the installation of left-turn
lanes. A report by ITE indicates that median deceleration and
storage lanes installed at intersections generally provide sig-
nificant safety and operational benefits (38). Agent (39) per-
formed an accident analysis of unsignalized intersections in
Lexington, Kentucky, and found that the left-turn accident
rate was 77 percent lower for intersections with left-turn
lanes than intersections without left-turn lanes. Cribbins et
al. (/1) also reported that the number of rear-end collisions
is less where storage lanes are provided.

When implemented with additional safety measures, left-
turn lanes have been found to be very effective in increasing
safety. Hauer (37) reported that the provision of left-turn
lanes at unsignalized intersections, when combined with instal-
lation of curbs or raised medians, reduced accidents by 70,
65, and 60 percent in urban, suburban, and rural areas, respec-
tively. When the channelization was painted, rather than
raised, accidents decreased only by 15, 30, and 50 percent in
urban, suburban, and rural areas, respectively. At signalized
intersections, installation of left-turn channelization accom-
panied by a left-turn signal phase reduced accidents by 36 per-
cent; however, without the left-turn phase, accidents decreased
only by 15 percent. At unsignalized intersections, findings of
a California study indicate greater reductions in accidents with
the use of a left-turn lane in a raised median than with painted
left-turn lanes (40). Similarly, Lacy (41) found that a left-turn
lane, when coupled with several other safety improvements,
reduced accident frequency by 35 percent and accident sever-
ity by 80 percent. Dale (42) found that installation of a traf-
fic signal and left-turn channelization at intersections along
rural two-lane highways reduced the total number of acci-
dents by 19.7 percent, while the installation of a traffic sig-
nal without any channelization reduced the total number of
accidents by only 6 percent.

Several predictive models and accident modification fac-
tors have been developed that indicate left-turn lanes have a
positive effect on safety. Maze et al. (43) developed a model
that predicted a reduction in left-turn accident rate of 5.5 per-
cent as a result of the installation of a left-turn lane with per-
mitted signal phasing and a reduction of approximately
35 percent from installation of a left-turn lane with protected/
permitted signal phasing. Vogt (44) developed a model for a



four-leg rural intersection of a four-lane major road with
STOP-controlled two-lane minor roads, which yielded an acci-
dent reduction factor for total accidents of 38.4 percent as a
result of the installation of a left-turn lane along the major road.

In another study, Harwood et al. (45) developed algorithms
to predict the expected safety performance of rural two-lane
highways. The prediction algorithms combined elements of
historical accident data, predictions from statistical models,
results of before-and-after studies, and expert judgments made
by experienced engineers. As part of the research, an expert
panel of engineers developed accident modification factors
(AMFs) for specific geometric design and traffic control fea-
tures. AMFs are used in the accident prediction algorithms to
represent the effects of safety of the respective features. The
base value of each AMF is 1.0. Any feature associated with
a higher accident experience than the base condition has an
AMF value greater than 1.0, and any feature associated with
lower accident experience than the base condition has an AMF
value less than 1.0.

In developing AMFs for the installation of left-turn lanes on
the major-road approaches to intersections on two-lane rural
highways, the expert panel reviewed various sources of
information related to the accident reduction effectiveness of
left-turn lanes. However, the panel did not find any well-
designed before-and-after studies. Therefore, the panel com-
bined results from several sources and developed AMFs for
left-turn lanes, which are presented in Table 6. The AMFs rep-
resent a judgment by the panel. The panel estimated that instal-
lation of a left-turn lane along one major approach reduces
intersection-related accidents by 18 to 24 percent, depending
on the type of traffic control and the number of legs, and instal-
lation of left-turn lanes along both major approaches to a four-
leg intersection reduces intersection-related accidents by 33
to 42 percent, depending on the type of traffic control.

Not all studies, however, have shown that left-turn lanes
reduce accidents. Bauer and Harwood (46) found that left-
turn lanes had a statistical association with higher frequen-
cies of both total multiple-vehicle accidents and fatal and
injury multiple-vehicle accidents. However, this result was not
advanced by the authors as a basis for policy because the direc-
tions of specific effects in predictive models often represent
the surrogate effects of other variables, rather than the true
effect of the variable of interest. At unsignalized intersections,
McCoy and Malone (35) determined there was a significant
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increase in right-angle collisions with installation of a left-turn
lane. However, at unsignalized intersections on rural two-lane
highways, McCoy et al. (47) found no significant difference in
rear-end and left-turn collision rates between intersections
with and without left-turn lanes. Poch and Mannering (48) also
found some situations in which accidents of specific types
increased with installation of left-turn lanes.

NCHRP Report 348 (5) indicates that, although turning
lanes may be required for some or all access locations to
major activity centers, they are not always required for smaller
developments. The report cites reference materials, such as
the Highway Capacity Manual (49), that should be consulted
for information to help guide the decision of whether turn
lanes are needed.

An emerging issue in the design of left-turn channelization
is the restriction in sight distance that opposing left-turn vehi-
cles cause one another. As an indication of this safety problem,
David and Norman (50) determined that for ADT volumes
between 10,000 and 20,000, four-leg intersections with oppos-
ing left-turn lanes had more accidents than those without. A
potentially effective countermeasure for safety problems
where opposing left-turn lanes are present is to eliminate the
sight restrictions by offsetting the left-turn lanes, as shown in
Figure 5. NCHRP Report 375 reviewed the safety perfor-
mance of a limited set of tapered and parallel offset left-turn
lanes and found no safety problems (7). Both McCoy et al.
(51) and Joshua and Saka (52) developed procedures to com-
pute the amount of offset required for clear sight lines. How-
ever, no evaluations of the accident reduction effectiveness
of offset left-turn lanes have been found. Although offset
left-turn lanes have been used primarily at signalized
median openings, they have been used by at least two agen-
cies at unsignalized median openings. Offset left-turn lanes
are a potential concern because they may make U-turn maneu-
vers more difficult to complete because they move the starting
point for the U-turn maneuver closer to the opposing roadway.
This potential problem is not addressed in the literature.

In another study, Harwood et al. (53) conducted a before-
and-after evaluation of the safety effects of providing left-
and right-turn lanes for at-grade intersections. Geometric
design, traffic control, traffic volume, and traffic accident data
were gathered for 280 improved intersections, as well as for
300 similar intersections not improved during the study

TABLE 6 Accident modification factors for installation of left-turn lanes on the major-
road approaches to intersections on two-lane rural highways (45)

Intersection traffic

Number of major-road approaches on which
left-turn lanes are installed

Intersection type control One approach Both approaches
Three-leg intersection STOP sign® 0.78 -
Traffic signal 0.85 -
Four-leg intersection STOP sign® 0.76 0.58
Traffic signal 0.82 0.67

# STOP signs on minor-road approach(es).
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Parallel Offset Left-Turn Lanes

Tapered Offset Left-Turn Lanes

Figure 5. Examples of offset left-turn lanes (3).

period. The research developed quantitative safety effective-
ness measures for installation design improvements involving
added left-turn lanes and added right-turn lanes. The research
concluded that added left-turn lanes are effective in improv-
ing safety at signalized and unsignalized intersections in both
rural and urban areas. More specifically, the research con-
cluded that

e Installation of a single left-turn lane on a major-road
approach would be expected to reduce total intersection
accidents at rural unsignalized intersections by 28 per-
cent for four-leg intersections and by 44 percent for
three-leg intersections.

e Aturban unsignalized intersections, installation of a left-
turn lane on one approach would be expected to reduce
accidents by 27 percent for four-leg intersections and by
33 percent for three-leg intersections.

e At four-leg urban signalized intersections, installation
of a left-turn lane on one approach would be expected
to reduce accidents by 10 percent.

Based on the results of this study, the AMFs for turn lanes in
Table 6 have been revised as shown in Table 7.

MEDIAN ACCELERATION LANES

Median acceleration lanes are increasingly used at inter-
sections on high-speed divided highways. They provide
vehicles turning left onto a divided highway from a minor
road with a path to accelerate to an appropriate speed before
entering the through travel lanes. Median acceleration lanes
provide both safety and operational benefits in that the enter-
ing vehicles do not cause vehicles on the major roadway to
decelerate substantially.

Median acceleration lanes can allow a full median open-
ing to operate with some of the characteristics of a directional
median opening. Figure 6 illustrates a typical divided high-
way intersection with median acceleration lanes.

In NCHRP Report 375 (7) four intersections with one or
more median acceleration lanes were studied with accident
field data. These studies found that median acceleration lanes



TABLE 7 Accident modification factors for installation of left-turn lanes on the major-
road approaches to intersections on two-lane rural highways (53)
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Number of major-road approaches on which
Intersection left-turn lanes are installed
Intersection type traffic control One approach Both approaches
Three-leg intersection STOP sign® 0.56 -
Traffic signal 0.85° -
Four-leg intersection STOP sign® 0.72 0.52
Traffic signal 0.82° 0.67"

& STOP signs on minor-road approach(es)
based on results in Reference 45

can enhance the operation of intersections on divided high-
ways. In particular, median acceleration lanes reduce the
likelihood that vehicles making a left turn from a crossroad
approach will need to stop in the median.

Encroachment on the through lanes of a divided highway
with a narrow median is a particular problem when larger
vehicles are forced to stop in the median opening area.
NCHRP Synthesis of Highway Practice 281: Operational
Impacts of Median Width on Larger Vehicles (54), recom-
mends the provision of median acceleration lanes to mini-
mize the likelihood that larger vehicles will be required to
stop in the median opening area. Median acceleration lanes
normally allow vehicles turning left onto the divided high-
way to proceed without stopping, except when conflicting
traffic is present in the median opening area at the same time.
Furthermore, the acceleration lane permits larger vehicles,
which accelerate slowly, to enter the through lanes of the
divided highway at a higher speed. This should minimize the
potential for collisions between through and turning vehicles.

In 1982, ITE conducted a survey of highway and traffic
agencies in Canada and the United States concerning current
use of median acceleration lanes and TWLTLs (38). Given

that median acceleration lane use was found to be limited,
there was insufficient information for a quantitative analysis.
However, some of the advantages and disadvantages
reported by the agencies include the following:

Advantages:

e Median acceleration lanes reduce delays when traffic vol-
umes are high.

e Median acceleration lanes provide higher merging speeds.

e Median acceleration lanes are useful if the acceleration
lane is long enough to allow a safe merge.

® Median acceleration lanes reduce accidents.

Disadvantages:

e [t is difficult to merge from median acceleration lanes
because of blind spots.

e Median acceleration lanes are not used properly by
drivers.

e Median acceleration lanes create anxiety to through
traffic.

2001.645-1L

Figure 6. Typical divided highway intersection with median acceleration lanes (7).
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e Median acceleration lanes create conflicts.

e Median acceleration lanes are unexpected and unfamil-
iar to drivers.

e The benefits of median acceleration lanes do not warrant
the construction costs.

The agencies also stated that median acceleration lanes are
most effective at high-speed T-intersections on rural roads.

Median acceleration lanes can improve the operation of
directional median openings by helping U-turning vehicles
to accelerate and merge with traffic on the through roadway.
There are no data on whether median acceleration lanes at
conventional median openings create additional conflicts for
drivers making U-turn maneuvers.

LOONS TO ASSIST LARGER VEHICLES IN
COMPLETING U-TURN MANEUVERS

A common problem associated with the use of directional
crossovers for indirect left turns is the difficulty of larger
vehicles to negotiate U-turns along cross-sections with nar-
row medians. This situation often affects the operation and
safety of commercial vehicles that typically require more
space in order to perform a U-turn maneuver. One possible
solution to this problem is the construction of a loon. Loons
are defined as expanded paved aprons opposite a median
crossover. Their purpose is to provide additional space to
facilitate the larger turning path of commercial vehicles along
narrow medians. Figure 7 presents a typical loon design.

The genesis of the term “loon” is not clear, but it appears
to be coming into common use. Loons appear to have been
used at directional median openings, but the concept may be
applicable to conventional median openings as well.

A study by Sisiopiku and Aylsworth-Bonzelet (55, 56)
evaluated the operation, placement, and safety of existing
loons at directional median openings in western Michigan.
The Michigan DOT has placed several loons along a 47-km
(29-mi) corridor of divided roadway to facilitate the larger
turning radii of commercial vehicles performing indirect left
turns. Field data (including geometrics, posted speed limits,
sign types and location, and traffic control) and 5 years’ of
accident data were collected for the analysis. Results of the
study indicate that directional crossovers with loons experi-

enced a high percentage of fixed-object and sideswipe crashes.
Specifically, the following safety concerns were found at loons:

e Fixed-object crashes with delineator posts, sign posts
(in the median and along the mainline), and guardrail;

e Sideswipe crashes involving vehicles merging into main-
line traffic from the loon;

e Sideswipe crashes involving mainline traffic attempting
to use the right-turn lane and crashing with U-turning
vehicles that turned from the crossover into the loon and
then proceeded directly into the right-turn lanes; and

e Commercial vehicles backing up and parking within the
Crossover.

An operational analysis concluded that loons provide com-
mercial vehicles with the extra pavement necessary to com-
plete the U-turn maneuver required by indirect left-turns along
narrow medians. Use of advance warning signs to improve
driver expectancy is recommended. Finally, the authors
present guidelines for the design and placement of loons.

SIGHT DISTANCE AT MEDIAN OPENINGS

Intersection sight distance (ISD) is an important design
and operational consideration at all intersections, but may be
even more important at divided highway intersections, includ-
ing unsignalized median openings, where the median may
increase the ISD requirements or may contain sight obstruc-
tions that reduce the ISD. U-turn maneuvers should not be
encouraged at locations with limited sight distance.

Both NCHRP Report 383: Intersection Sight Distance (57)
and NCHRP Report 375 (7), identify situations where ISD
requirements for divided highway intersections may differ
from undivided highway intersections. NCHRP Synthesis of
Practice 281: Operational Impacts of Narrow Medians on
Larger Vehicles (54) identifies sight distance as an important
issue in determining locations where U-turns by larger vehi-
cles should be permitted or encouraged. The Florida Median
Handbook (8) also addresses sight distance issues at median
openings.

NCHRP Report 383 (57) presents revised ISD models that
have been adopted by AASHTO and incorporated into the

Figure 7. Typical loon design at a directional median opening (55, 56).



2001 Green Book (3). Addressing the unique nature of inter-
sections on divided highways, the report states that these
intersections may have substantial sight-distance concerns
for left-turning vehicles. Despite the provision of stopping
sight distance (SSD) along each roadway, sight obstructions
in the median could limit left-turn sight distance. Further-
more, opposing left-turn vehicles on divided highways may
be aligned in such a way that they become sight obstructions
to one another, blocking the view of oncoming traffic on the
major road. The sight restrictions created by opposing left-
turn vehicles can be minimized by the use of parallel and
tapered offset left-turn lanes.

NCHRP Report 375 (7) recognizes that ISD at divided
highway intersections is complicated by the presence of the
median on the major road, which may increase the ISD
requirements at some intersections or may contain sight
obstructions that reduce the ISD. The Green Book (3) con-
siders ISD to be adequate when drivers at, or approaching, an
intersection have an unobstructed view of the entire inter-
section and of sufficient lengths of the intersecting highways
to permit them to anticipate and avoid potential collisions.
Adequate ISD requires unobstructed sight distance along
both approaches of both intersecting roadways, as well as
across the clear sight triangles. Adequate clear sight triangles
are required both for drivers approaching an intersection
where they are not required to stop and for drivers who are
stopped at an intersection waiting to proceed safely to cross
amajor roadway or to turn left or right onto a major roadway.

ISD requirements for crossing and turning maneuvers at
divided highway intersections are generally increased with
median width until the median becomes wide enough to store
a vehicle. If the median is wide enough to store a vehicle, then
the intersection operates as two separate intersections, because
drivers can cross the near roadway and stop in the median, if
necessary, before crossing or turning into the far roadway. In
this case, the sight distance requirements of the intersections
with the two roadways of the divided highway can be deter-
mined separately.

NCHRP Synthesis of Practice 281 (54) discusses alterna-
tive improvement techniques that can be implemented to mit-
igate the problems encountered by larger vehicles at divided
highway intersections with narrow medians. When sight dis-
tance for left-turn vehicles is limited by opposing through
vehicles, this report recommends the following mitigation
techniques at unsignalized intersections:

¢ Offset opposing left-turn lanes by moving them laterally
within the median.

e Prohibit left turns from the major road.

¢ Close the median opening.

e Require indirect left-turn movements.

The Florida Median Handbook (8) acknowledges that
crossing and turning maneuvers onto a divided highway from
a minor road or driveway can be performed as two separate
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operations. The stopped vehicle must first have adequate
sight distance to depart from a stopped position and cross
traffic approaching from the left. The crossing vehicle may
then stop in the median prior to performing the second oper-
ation. The second move requires the necessary sight distance
for vehicles to depart from the median, to turn left into the
crossroad, and to accelerate without being overtaken by vehi-
cles approaching from the right.

The handbook also presents recommended sight distance
values for U-turns at unsignalized median openings—these
values are provided here in Table 8.

Finally, the Florida Median Handbook (8) discusses sight
distance issues related to opposing left-turn vehicles and sug-
gests that vehicles turning left from opposing left-turn lanes
restrict each other’s sight distance unless the lanes are suffi-
ciently offset. A positive offset of 0.6 m (2 ft) is recommended
when the opposing left-turn vehicle is a passenger car and 1.2
m (4 ft) when the opposing left-turn vehicle is a truck.

INDIRECT LEFT-TURN MANEUVERS

Indirect left-turn maneuvers include the use of jughandle
roadways before a crossroad, loop roadways beyond a cross-
road, and directional median openings beyond a crossroad.
Indirect left-turn treatments enable drivers to make left turns
efficiently on divided highways, including highways with rel-
atively narrow medians. The Michigan and New Jersey DOTs
have used indirect left-turn treatments extensively; other state
highway agencies have used them occasionally (7). Increas-
ingly, Florida is limiting unsignalized median openings to left
turns from the arterial roadway; hence, drivers wishing to turn
left from a driveway must turn right and then make a U-turn or
use some other alternative route. Design policies concerning

TABLE 8 Sight distance for U-turns at unsignalized
median openings (8)

Speed (mph) Sight distance (ft)

35 520
40 640
45 830
50 1,040
55 1,250
60 1,540
Speed (km/h) Sight Distance (m)
60 160
70 200
80 260
920 380
100 470
Assumptions:

Design vehicle = passenger vehicle

Reaction time = 2.0 sec

Extra time needed in the U-turn maneuver

U-turn vehicle begins acceleration from 0 mph only at the end
of the U-turn movement

Values are based on speed/distance/acceleration figures
from the 1990 AASHTO Green Book

50-ft clearance factor
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indirect left-turn treatments are addressed in the AASHTO
Green Book (3).

Indirect left turns and U-turns are discussed on pages 709
through 716 of the Green Book (3). Several design alterna-
tives are presented. Figure 8 presents a jughandle-type ramp
or diagonal roadway that intersects a secondary crossing road-
way. The driver exits via the jughandle-type ramp and makes
a left turn onto the crossroad. For a U-turn maneuver, the
driver makes an additional left turn onto the divided highway.

Figure 9 shows an at-grade loop that may be considered
when the jughandle-type ramp would require costly right-of-
way. Other factors favoring the at-grade loop include verti-
cal alignment and grading costs.

Figure 10 illustrates a design that provides for indirect left
turns to be made from the right, via separate turning road-
ways connected to a crossroad. Such arrangements eliminate
left turns from the through lanes and provide storage for left-
turning vehicles not available on the highway itself. The left-
turning vehicles are able to cross the main highway with lit-
tle extra travel time.

Figure 11 presents an indirect left turn for two arterials
where left turns are heavy on both roads. Because lack of
storage for left turns from the minor road would cause con-
gestion, left turns from the minor road are prohibited. Left-
turning traffic turns right onto the divided road and then
makes a U-turn at a one-way crossover located in the median
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Figure 8. Jughandle-type ramp with crossroad (3).
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Figure 9. At-grade loop (surface loop) with crossroad (3).
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Figure 10. Special indirect left-turn designs for traffic
leaving highway with narrow median (3).

of the divided road. Auxiliary lanes are highly desirable on
each side of the median between the crossovers for storage
of turning vehicles.

In a series of ITE articles (58, 59), Hummer described
seven unconventional left-turn design alternatives for urban
and suburban arterials. The alternatives share two major prin-
ciples: (1) reduce delay to through vehicles and (2) reduce and
separate the conflict points at intersections. Hummer and Reid
recently reviewed five of the seven alternatives—the median
U-turn, bowtie, superstreet, jughandle, and continuous flow
intersection—and summarized new information about each
(60). After presenting the advantages and disadvantages of
each alternative, the authors suggest when analysts should
consider each alternative during feasibility studies and func-
tional designs.

NCHRP Synthesis 281 (54) presents a discussion of indirect
left-turns by larger vehicles. The report states that although the
denial of left-turn access by a raised median is likely to
increase U-turn demand at nearby median openings, it is also
likely that some larger vehicles will use indirect routes that
do not involve a U-turn maneuver to reach their destination.
Such routes may involve going around the block or may
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Figure 11. Indirect left turn through a crossover (3).

incorporate an entirely different route from origin to destina-
tion, so that the larger vehicle can make a right turn into the
driveway at its destination. Where the median width of a
divided highway at a median opening is narrow, no left-turn
lane is provided, and the opposing traffic flow is high, drivers
of larger vehicles that want to make a left turn may recognize
that the median opening does not have sufficient size to
accommodate their vehicle and that stopping in a through
traffic lane to wait for a gap in opposing traffic leaves them
potentially exposed to rear-end collisions. In this situation,
drivers of larger vehicles may proceed to the next major
intersection to complete a U-turn maneuver or may use an
indirect route to their destination, just as they would if no
median opening were provided. There are no generally applic-
able estimates concerning how much delay to larger vehicles
may result from such indirect routings.

NCHRP Report 420 (4) reports an estimated 20-percent
reduction in accident rate by replacing direct left turns from
driveways with right-turn/U-turn treatments. Table 9 sum-
marizes the differences in accident rate at three unsignalized
locations where direct left turns were replaced by indirect
left turns.

Levinson et al. (37) present the safety and operational ben-
efits of prohibiting left turns at signalized intersections along
divided arterials in Michigan and installing directional U-turn
crossovers downstream. Key features of the indirect left-turn
treatments include the following:

e Two-phase signal operation at the major intersection
where all left turns are prohibited;

e Directional U-turn crossovers for left turns located about
200 m (660 ft) on each side of the signalized intersection;

e Right-turn lanes on the major and minor roads;

e Left-turn lanes in the median of the major road for U-turn
Crossovers;

e Coordination of signals in each direction of travel along
the major road to ensure progressions; and
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TABLE 9 Accident rate differences—U-turns as alternate to direct left turns (4)

Difference in
Location Treatment accident rate
US-1, Florida Driveway left turns replaced by right- —22%
turn/U-turn
Michigan Bi-directional crossover replaced by +14%
directional crossover
Michigan TWLTL replaced by directional -50%
crossover

e Minor-road intersections that are unsignalized become
two T-intersections, so there are no direct unsignalized
crossings of the median.

The safety and operational benefits included lower accident
rates, increased capacity, and reduced travel times.

Recently, the Florida DOT sponsored a study to evaluate
the safety effects of replacing full median openings with
directional median openings, resulting in the indirect left-
turn treatment that forces drivers to make a right turn fol-
lowed by a U-turn at a midblock U-turn lane (67). Over 250
sites were evaluated in this study, including 125 sites involv-
ing right turns followed by U-turns and 133 sites involving
direct left turns. A cross-sectional comparison was used to
measure the safety effects. The cross-sectional comparison
method compares the crash rates of sample sites with two dif-
ferent egress designs: (1) direct left turns and (2) right-turns/
U-turns. If the average crash rate of right-turn/U-turns is less
than that of direct left turns at a certain statistical level of sig-
nificance, it is presented that right-turn/U-turn movements
could improve safety conditions. An assumption behind this
comparison is that all the traffic patterns and geometric con-
ditions remain consistent during the study period. The com-
parison concluded that on six-lane divided arterials with large
traffic volumes, high speeds, and high driveway/side-street
access volumes, the implementation of the right-turn/U-turn
treatment leads to a statistically significant reduction in total
crash rate (26.4-percent reduction) as compared with direct
left turns. The injury/fatality crash rate for right-turn/U-turns
is significantly less than that of direct left turns (32.0-percent
reduction). For eight-lane arterials, replacing direct left-turn
openings with right-turn/U-turn openings leads to a reduction
in the crash rate while the four-lane group results in an
increased crash rate; however, the results for the four-lane and
eight-lane groups were not statistically significant because of
small sample sizes.

ACCESS MANAGEMENT

The safe and efficient operation of the highway system
depends heavily on the effective management of access to
adjacent developments. Access management is generally
understood to preserve the flow of traffic on the surrounding
roadways, maintain mobility, and improve safety. A consid-

erable amount of literature focuses on access management
issues, and several studies have evaluated the relationship
between safety and access management. Although none of
these studies specifically address the safety at unsignalized
median openings, the research that has established relation-
ships between access density and safety can be useful in this
study as well.

The research performed for NCHRP Report 348 (5) inves-
tigated and documented the state of the art in access control
and the broader concept of access management. The report
defines access management as “. . . providing (or managing)
access to land development while simultaneously preserv-
ing the flow of traffic on the surrounding road system in
terms of safety, capacity, and speed.” The report also defines
the overall concept of access management, reviews current
practices, and sets forth basic policy, planning, and design
guidelines. The guidelines include possible legislative changes
and enforcement procedures, as well as strategic design and
operating guides.

NCHRP Report 420 (4) presents methods to predict and
analyze the safety and traffic operational effects of selected
access management techniques for different roadway variables
and traffic volumes. Over 200 roadway segments, involving
more than 37,500 accidents, were analyzed in detail. Acci-
dent rates were derived for various spacings and median types.
Key findings related to accident density and safety at unsignal-
ized intersections were as follows:

e Accident rates rise as the density of unsignalized access
connections per mile increases.

e The number of affected through vehicles traveling in the
curb lanes increases as high-volume driveways are spaced
closer together. The likelihood of spillbacks across a
driveway rises with either an increase in the traffic vol-
umes entering driveways and/or the driveway density.

e Access spacing or setback distances on arterial roadways
near freeway interchanges are generally inadequate for
the weaving and left-turn storage movements that must
be accommodated.

A planning and access management guide (62) for Florida
cities and counties presents two recommendations related to
the location of driveways:



e Construction of driveways along acceleration and decel-
eration lanes and tapers is discouraged because of the
potential for vehicular weaving conflicts.

e Driveways across from median openings shall be con-
solidated whenever feasible to coordinate access at the
median opening.

In a research study by Lall et al. (63), guidelines were
developed for an access management program for the Ore-
gon DOT. An analysis was performed on a 47-km (29-mi)
section of Oregon Coast Highway 9 to determine the rela-
tionship between access density and accident experience and
severity. The analysis demonstrated a relationship between
frequency of accidents and density of access points. The
results showed that the number of accidents increased as the
number of access points increased along the highway.

Brown and Tarko developed impact models to predict crash
frequencies based on the geometric and access control charac-
teristics of a roadway (64). Negative binomial regression mod-
els were developed to predict the total number of crashes,
number of property-damage-only crashes, and number of fatal
and injury crashes. The significant factors included density of
access points, proportion of signalized access points, presence
of an outside shoulder, presence of a TWLTL, and presence of
a median with no openings between signals. The results indi-
cated that access control has a beneficial effect on safety.

The need to address the safety effects of U-turns at unsignal-
ized median openings is a direct result of increased attention
to access management. Highway agencies are installing more
raised medians on arterials in response to access management
guidelines. Median installation generally increases U-turn vol-
umes and necessitates effective design of unsignalized median
openings.

SPACING BETWEEN ACCESS POINTS

Access spacing is a key element of access management. An
earlier portion of Chapter 2 addressed the effect on safety of
the spacing between median openings. However, the spacing
of access points between median openings is also an impor-
tant aspect of access management. Access points introduce
conflicts and friction into the traffic stream. Vehicles entering
and leaving the main roadway often slow the through traffic,
and the difference in speeds between through and turning traf-
fic increases accident potential. The Green Book (3) states
that “Driveways are, in effect, intersections . . . The number
of crashes is disproportionately higher at driveways than at
other intersections; thus their design and location merit spe-
cial consideration.” It is believed that increasing the spacing
between access points improves arterial flow and safety by
reducing the number of conflicts per mile, by providing greater
distance to anticipate and recover from turning maneuvers,
and by providing opportunities for use of turn lanes.

NCHRP Report 420 (4) presents an extensive summary of
the safety research and experience associated with access
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spacing. The various studies point to one consistent finding:
an increase in the number of access points translates into
higher accident rates. The specific relationships vary, reflect-
ing differences in road geometry, operating speeds, and drive-
way and intersection traffic volumes. Figure 12 shows the
composite accident rates as presented in NCHRP Report 420.

In addition to the review of safety studies, a comprehensive
safety analysis was performed using accident data from eight
states. Accident rates were derived for various unsignalized
access spacings and median types. The analysis showed that
accident rates increase with total access points per mile in
urban and rural areas. The authors concluded that in urban and
suburban areas, each additional access point (or driveway) on
undivided highways increases the annual accident rate by 0.07
to 0.11 accidents per million veh-km (0.11 to 0.18 accidents
per million veh-mi) traveled. Each additional access point on
highways with TWLTLs or nontraversable medians increases
the annual accident rate by 0.06 to 0.08 accidents per million
veh-km (0.09 to 0.13 accidents per million veh-mi) traveled.
In rural areas, each additional access point (or driveway)
increases the annual accident rate by 0.01 to 0.04 accidents per
million veh-km (0.02 and 0.07 accidents per million veh-mi)
traveled on undivided highways and on highways with
TWLTLs or nontraversable medians, respectively.

TRB Circular 456 (6) presents a compilation of the cur-
rent state and local practices for designing streets and high-
ways from an access management perspective. The circular
illustrates the basic considerations for spacing standards and
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guidelines and describes current state, county, and local spac-
ing requirements. Among the various agencies, there is little
consensus on unsignalized intersection spacing; however sight
distance requirements and driver response times are key param-
eters. The authors recognize the need for additional research
on unsignalized spacing and corner clearance criteria and their
applicability in various urban, suburban, and rural settings.
Finally, the circular presents some established traffic engi-
neering and roadway design and planning principles related
to unsignalized access spacing:

e Limit the number of conflicts.

e Separate basic conflict areas.

e Reduce interference with through traffic resulting from
turns into or out of a site.

¢ Provide sufficient spacing between at-grade intersections.

e Maintain progressive speeds along arterials.

e Provide adequate on-site storage areas.

NCHRP Report 348 (5) suggests that access spacing guide-
lines be keyed to allowable access levels, roadway speeds,
and operating environments. The guidelines should apply to
new developments and to significant changes in the size and
nature of existing developments. It goes on to add that the
guidelines do not have to be consistent with existing prac-
tices; because of historical conditions, access to land parcels
that do not conform to the spacing criteria may be necessary
when no alternative reasonable access is available. In addi-
tion, NCHRP Report 348 observes that research and prac-
tices have not identified any clear method of establishing
spacing standards for unsignalized intersections and that,
moreover, many proposed guidelines have never been imple-
mented. Standards may be based on speed, stopping sight
distance, roadway function, type of traffic generator, or other
considerations. The report presents guidelines for unsignal-
ized driveway spacing that are based on speed, access level,
size of activity center, and environment (e.g., urban). In gen-
eral, spacing increases as the size of the activity center and
operating speed increase. For example, for a minimum use
activity in an urban area on a low-speed roadway with a high
degree of access allowed, the spacing could be about 15 m
(50 ft). In a rural area for a major activity on a high-speed
roadway with allowable access more limited, the spacing
could be about 150 m (500 ft).

In a manual for the NHI short course on Access Manage-
ment (33), various conditions that should be considered in the
determination of unsignalized access spacing are presented:

e Stopping sight distance,

e Intersection sight distance,

e Maneuver distance,

e Right-turn conflict overlap,

e Maximizing of egress capacity, and
e Corner clearance.

In a paper addressing the effect of street spacing on scale
(65), Levinson compares the spacing and design of city
streets and suburban highways, identifies the strengths and
weaknesses of each, and suggests spacing guidelines for var-
ious urban and suburban environments. The paper demon-
strates how the provision of arterial streets at closer intervals
improves access opportunities, reduces traffic concentrations
where these streets meet, and allows reduced cross-section.

In another paper by Levinson (66), a method is presented
for predicting the safety of arterial roads based on arterial
traffic volumes, access road volumes, and access density. The
procedure applies the long-established relationship between
intersection accidents and the product of conflicting traffic
volumes. Safety indices are provided that relate only to the
change in access density; these indices are generally consis-
tent with those reported in NCHRP Report 420 (4). The indices
also show that the increase in accidents is equal to the square
root of the increase in access density.

EFFECTS OF ADJACENT TRAFFIC SIGNALS

The effects of adjacent traffic signals on the operation of
median openings and U-turn maneuvers include queue spill-
backs that block a median opening and the influence of the
adjacent signal on available gaps in traffic.

The Florida Median Handbook (8) addressed queue spill-
backs and states that median openings should not be placed
across regularly forming queues from neighboring intersec-
tions. Median openings placed too closely to an intersection
cause both safety and operational problems. The safety prob-
lem is that when these queues build, “good Samaritans” might
allow vehicles in the median opening through the queue with-
out an adequate gap in the adjacent lane, creating a potential
collision with a vehicle moving freely in the adjacent lane. A
traffic operational problem is that when the queue in the
through lane extends past the median left-turn lane, vehicles
wanting access to the median opening are trapped in the queue
and are unable to move into the turn bay until the queue
advances.
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CURRENT DESIGN POLICIES AND PRACTICES OF HIGHWAY AGENCIES

This chapter presents the current design policies and prac-
tices of state and local highway agencies related to median
openings at unsignalized intersections. Design policies at the
national level are based on the AASHTO Green Book (3).
Many states also have their own geometric design manuals,
which may differ from the Green Book in some particulars,
and their own access management manuals, which may also
present policies concerning location and design of median
openings.

The presentation of state and local agency design policies
in this chapter of the report is based on responses to a survey
questionnaire sent to state and local highway agencies. The
questionnaire is presented in Appendix A of this report and
the responses of highway agencies to the questionnaire are
presented in Appendix B. The questionnaire addresses high-
way agency policies concerning location and design of median
openings, treatment of U-turns at median openings, traffic
operational and safety problems at median openings, and
effectiveness of various mitigation measures.

SURVEY RECIPIENTS

The mailing list for the survey consisted of

e 50 state highway agencies and
e 109 local highway agencies (94 cities and 15 counties).

Thus, a total of 159 survey questionnaires were mailed.

The questionnaires for state highway agencies were gener-
ally sent to the state traffic engineer. The names and addresses
of the state traffic engineers were determined from the mem-
bership roster of the AASHTO directory.

Most of the local highway agency engineers on the mail-
ing list for the questionnaires were obtained from the ITE
directory. The local agencies included approximately two
major cities from each state and 15 selected urban or subur-
ban counties. Rural counties were not surveyed because they
are unlikely to operate many divided highways.

RESPONSE RATE

Table 10 summarizes the 65 responses to the 159 median
opening surveys sent. Thirty-five state agencies, 23 cities, and

7 counties responded. Table B-2 in Appendix B lists the state
and local highway agencies that responded to the survey. The
overall response rate was 41 percent, including a response
rate of 70 percent for state highway agencies and 28 percent
for local highway agencies.

LOCATION AND DESIGN OF MEDIAN
OPENINGS

The AASHTO Green Book provides guidance on the loca-
tion and design of median openings in Chapter 6 (Collector
Roads and Streets) and Chapter 9 (Intersections) (3). In both
chapters, the Green Book recommends that median openings
on divided highways with depressed or raised curbed medians
only be provided for street intersections or for major develop-
ments and that spacing between median openings should be
adequate to allow for introduction of left-turn lanes. In Chap-
ter 9, the Green Book recommends that the design of a
median opening and median ends should be based on traffic
volumes, urban-rural area characteristics, and type of turning
vehicles.

Highway agencies were asked about the types of median
openings that they use. All agencies stated that they use con-
ventional (i.e., nondirectional) median openings on divided
highway. Most of the agencies use directional median open-
ings either frequently or occasionally.

Location

Highway agencies were asked about the criteria they use
to determine the location of median openings. The types of
policies used by the responding agencies include AASHTO
policy, state or local design policy, state or local access man-
agement policy, general guidelines (i.e., lists of factors con-
sidered as an informal policy), and engineering judgment.
When asked about the factors considered in determining the
location of median openings, the three most commonly cited
factors were proximity to other median openings, traffic vol-
umes, and locations and functional classes of public road inter-
sections. Other frequently mentioned factors included sight
distance, operational efficiency, safety, area type, speed, avail-
ability of sufficient length to accommodate left-turn lanes, and
median width.
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TABLE 10 Response rate for the highway agency survey

Number of questionnaires  Number of responses Response
Agency type mailed received rate (%)
State agencies 50 35 70.0
Local agencies 109 30 27.6
Total 159 65 40.9

Spacing

Approximately one-half of the state and local highway
agencies have formal policies concerning the minimum spac-
ing between median openings. Most of the states and one of
the local agencies that responded have different policies for
rural and urban areas.

Tables 11 and 12 present median opening spacing policies of
state and local highway agencies, respectively, that had numer-
ical spacing policies that could be easily summarized. Some
agencies had policies based on more variable criteria (e.g., left-
turn queue lengths, sight distance, and traffic volumes), which
are harder to summarize and are not included in the tables.

Table 11 shows that the states that have different spacing
policies for rural and urban areas typically require higher
median opening spacing in rural areas than in urban areas.
The values reported for minimum median opening spacing
for rural areas varied from 152 to 805 m (500 to 2,640 ft),
while the comparable minimum spacing for urban areas var-
ied from 91 to 805 m (300 to 2,640 ft); however, the average
minimum median opening spacing was 427 m (1,400 ft) in
rural areas and 268 m (880 ft) in urban areas.

Table 12 presents the minimum spacing between median
openings for the local agencies that presented quantitative
minimum median opening spacing values in response to the
survey. The general trend of higher minimum median open-
ing spacing at rural areas was still present, although the dif-
ferences in median opening spacing between area types are
not as large as those for state agencies.

Left-Turn Treatments

Most of the responding agencies require installation of left-
turn lanes at unsignalized median openings in all or most
cases. Some agencies stated that left-turn lanes are provided
only where specific warrants are met; most respondents indi-
cated that their warrants were based on left-turn volumes. Only
two agencies responded that they have a formal policy on the
conditions under which direct left-turn access to intersections
or driveways is replaced by indirect left-turn treatment.

TREATMENT OF U-TURNS AT MEDIAN
OPENINGS

Many state and local transportation agencies install nontra-
versable medians on multilane arterial highways to improve
safety and travel times, often denying the opportunity for
direct left-turn access to certain properties. Traffic destined

for such locations must use alternate routes, some of which
may involve making U-turns at nearby median openings.
Other highway agencies are replacing conventional median
openings that allow all traffic movements with directional
median openings that allow only U-turn movements or allow
only left-turn ingress to abutting developments; the left-turn
egress movements would be made by turning right onto the
arterial road and then making U-turn maneuvers downstream.

Consideration of U-Turn Maneuvers

In the survey questionnaire, highway agencies were asked
if they have a formal policy for designing and locating median
openings that makes specific reference to U-turn maneuvers.
Only 16 percent of responding highway agencies indicated
that they had a formal policy that addressed U-turn maneuvers.
Most of these agencies rely primarily on AASHTO geometric
design policies or some variation of AASHTO policy in their
own guidelines. The factors mentioned in the policies for
U-turn maneuvers at unsignalized median openings include

e Median width (based on design vehicles and potential
for encroachment);

e Traffic conditions, including ADTs, truck volumes, and
peak-hour turning movement counts;

e Sight distance;

e Ability to begin and end U-turn maneuvers on the inner
lane next to the median;

e Accident frequency, particularly angle and rear-end col-
lisions involving left- or U-turning vehicles;

e Specific threshold accident history criteria, such as five
or more left-turn or U-turn-related accidents per year,
similar to MUTCD requirements;

e Location of the median openings with respect to signal-
ized intersections;

e Presence of exclusive left-turn lanes; and

e Availability of alternate locations for left- and U-turn
maneuvers.

Prohibition of U-Turn Maneuvers

Highway agencies were asked whether U-turn maneuvers
were permitted or not permitted at the following types of
median openings:

e Median openings on rural highways,
e Median openings on urban/suburban arterials,



TABLE 11 State policies on minimum spacing between median openings

Minimum spacing (ft)

Nebraska

New Mexico
Nevada

Ohio

Oklahoma

Pennsylvania
South Carolina
Texas

Virginia

Range
Average

1,000 (minimum)
2,000 (desirable)
600
660

2,640 (minimum)
5,280 (desirable)

1,500
1,000
1,320 — 2,640
700-1,000 (35-45 mph)
500-650 (50-70 mph)
500 — 2,640
1,400

1,000 (45-55 mph)
600

300

1,320

1,500
500
1,320 — 2,640
700-1,000 (35-45 mph)
500-650 (50-70 mph)
300 — 2,640
880

State Rural Urban Comments

Alabama 600 300

Arizona 1,320 660 For businesses
generating high traffic
volumes the minimum
spacing is 330 ft

California 1,640 1,640 Unsure of possible
differences between
rural and urban criteria

Florida 1,320 330-660 Directional

2,640 660-1,320 Conventional

Georgia 1,320 660 Maximum spacing
5,200 ft in rural areas
and 1,320 ft in urban
areas

lowa 1,000 660

Idaho 1,312 660

lllinois 2,625 (minimum) 1,312 Longer minimum

5,250 (desirable) spacing used if needed

to accommodate left
turn lanes

Louisiana 1,500 500

Maine - 1,312-1,640 (minor arterial) ~ Criteria apply to

1,640-1,968 (major arterial) signalized median

openings only

Michigan 1,320 660 Desirable spacing

Mississippi 1,760 880

North Carolina 1,500 700 (< 45 mph) Urban spacing criteria

vary with operating
speed

In urban areas, have
criteria for access
spacing rather than
median opening
spacing

Have spacing criteria
for driveways but not
for median openings
Longer minimum
spacing used if needed
to accommodate left
turn lanes

Urban spacing criteria
vary with design speed

e Unsignalized median openings, and

e Signalized median openings.

Table 13 summarizes the agency responses. Approximately
80 percent of the agencies that responded permit U-turns at
all types of median openings. Nine agencies generally pro-
hibit U-turn maneuvers at unsignalized median openings.

The agencies with formal policies concerning when to
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prohibit U-turns at median openings do so in the following

situations:

e Atall signalized intersections that have a right-turn over-
lap phase from a side-street approach on the left during

the protected left-turn phase on the mainline roadway;
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TABLE 12 Local agency policies on minimum median opening spacing

Minimum spacing (ft)
County Rural Urban Comments
San Diego, CA - 600
Springfield, MO - 500
Fargo, ND - 600 (arterials)
300 (collectors)
Concord, NH - 500 (commercial) For arterials and
1,000 (suburban) collectors
Henderson, NV - 660
Maricopa County, AZ 660 660 For arterials and
collectors
Pima County, AZ 1,320 1,320
Riverside County, CA 330-1,320 330-1,320 Based on
intersection
spacing
Osceola County, FL 1,320 330-660 Directional
2,640 660-1,320 Conventional
Broward County, FL 660 660
Range 660 — 2,640 330 - 1,320
Average 800 725

e Atany curve or on the approach to or near the crest of a
grade where a U-turning vehicle cannot be seen by the
driver of any other vehicle approaching from any direc-
tion within 150 m (500 ft) and at any intersection that
does not meet the minimum sight distance criteria stan-
dards for U-turns as established by AASHTO;

e Atintersections with a receiving pavement width of 7.3 m
(24 ft) or less and at which the average vehicle cannot exe-
cute a U-turn maneuver in a single continuous movement;

e At any location for which a review of accident history
finds that a U-turn restriction should be implemented,
possibly only for certain times of the day;

TABLE 13 Number of highway agencies that permit U-turns at specific types of

median openings

Number (percentage) of agencies that permit U-turns at specific
types of median openings
Agency type U-turns permitted U-turns not permitted Total
Median Openings on Rural Highways
State agencies 26 (83.9) 5 (16.1) 31
Local agencies® 4 (100.0) 0 (0.0) 4
Total 30 (85.7) 5 (14.3) 35
Median Openings on Urban Highways
State agencies 26 (83.9) 5 (16.1) 31
Local agencies 22 (84.6) (15.4) 26
Total 48 (84.2) 9 (15.8) 57
Unsignalized Median Openings
State agencies 26 (83.9) 5 (16.1) 31
Local agencies 22 (84.6) (15.4) 26
Total 48 (84.2) 9 (15.8) 57
Signalized Median Openings
State agencies 25 (80.6) 6 (19.4) 31
Local agencies 20 (76.9) 6 (23.1) 26
Total 45 (78.9) 12 (21.1) 57

# Includes county agencies only.



e Geometric design criteria;

e At signalized intersections; and

e [f less than 11.3 m (37 ft) of width is available from
the inside of the left-turn curb to the curb of the oppos-
ing lanes.

Two agencies stated that U-turns are prohibited at all median
openings unless they are signed to permit U-turns.

Some agencies that did not have formal policies on where
to permit or prohibit U-turns have informal guidelines that
are presented below:

e U-turns are permitted only at locations having sufficient
roadway width for maneuver.

e U-turns are prohibited based on accident rate or safety
problems.

e U-turns are prohibited at signalized intersections where
right-turn overlaps are allowed.

e U-turns are prohibited where they would create a sub-
stantial number of conflicts.
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e U-turns are prohibited in some school zones.

e U-turns are prohibited to relieve congestion at median
openings.

e U-turns are permitted at unsignalized median openings
where a specific need is identified.

e U-turns are prohibited where a need is identified through
engineering judgment.

MEDIAN AND ROADWAY WIDTHS TO
ACCOMMODATE U-TURN MANEUVERS

The minimum median and roadway widths required to
accommodate U-turn vehicles are key factors in whether a
U-turn movement is permitted at a median opening. About
half of the responding agencies stated that they follow the
AASHTO Green Book (3) to determine the median and road-
way widths required to provide for U-turns at unsignalized
median openings. Figure 13 illustrates these AASHTO crite-
ria, based on Green Book Exhibit 9-92. Several agencies
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Figure 13.  AASHTO minimum median widths to accommodate U-turns (3).
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stated that they have no policy or use engineering judgment.
The remaining agencies that responded have specific policies
that differ from AASHTO Green Book; these policies are
summarized below:

e Minimum median widths wider than those presented in
the Green Book are used.

e U-turns are permitted on roads with a minimum width
of six lanes.

e Minimum median widths in the range of 3 to 6 m (10 to
20 ft), based on the type of roadway, are used.

e U-turns are permitted on arterials with a minimum width
of 12.8 m (42 ft), which includes a 1.2-m (4-ft) separa-
tor, 10 m (33 ft) of travel lane width, and 1.5 m (5 ft) of
bike lane width.

e U-turns are permitted with a median width of 4.3 m
(14 ft) and roadway width for one direction of travel of
7.9 m (26 ft).

e U-turns are permitted with a median width between 6
and 7 m (20 and 24 ft) and directional roadway width
between 9 and 11 m (30 and 36 ft) for a four-lane divided
highway.

When asked whether their criteria for design of median
openings included provisions for U-turns by large vehicles
(e.g. school buses, other buses, or large trucks), approximately
one-half of the responding state agencies and one local agency
indicated that such provisions are made.

TRAFFIC OPERATIONAL AND SAFETY
PROBLEMS AT MEDIAN OPENINGS

Several factors affect the safety and operational perfor-
mance of a median opening, e.g.,

e Degree of urbanization,
e Operating speeds,

e Access density,

e Roadway geometrics,

e Traffic volumes,

e Physical constraints, and
e Median width.

For example, it is well known that locations with fewer con-
flict points (i.e., where fewer traffic movements cross one
another) are likely to experience fewer accidents than loca-
tions with more conflict points. Thus, it is likely that a median
opening that serves U-turns only will operate more safely than
one where U-turns use the same roadway as left-turn and
crossing maneuvers. Similarly, a median opening that serves
only one intersection or driveway would function like a three-
leg intersection and would likely operate more safely than a
median opening that serves intersection legs or driveways on
both sides of the arterial roadway, which would function like
a four-leg intersection.

Highway agencies were asked whether they had experi-
enced safety or traffic operational problems at unsignalized
median openings. Nearly 60 percent of the agencies that
responded indicated that they had. The five most cited fac-
tors related to safety or operational problems at unsignalized
median openings in decreasing order are as follows:

e Operational considerations (e.g., heavy U-turns or through
volumes, and trucks),

e Median too narrow,

e Driveway nearby,

e Poor roadway geometry, and

e Roadway too narrow.

A more complete list of factors identified by highway agen-
cies as related to the safety or operational problems they
encountered at unsignalized median openings is presented in
Appendix B.

MITIGATION MEASURES FOR SAFETY
PROBLEMS

When asked if they have constructed improvement proj-
ects intended to mitigate safety and operational problems at
unsignalized median openings, 37 percent of responding high-
way agencies indicated they have constructed improvement
projects. Some of the mitigation measures for safety and
operational problems cited are as follows:

e Removal of closely spaced median openings by replac-
ing raised medians with TWLTLs;

e Replacement of conventional crossovers with directional
CTOSSOVers;

e Installation of left-turn storage lanes;

e Installation of left-turn lanes with positive offset;

e Signalized intersections;

¢ Closure of median openings to allow left turns to align
properly;

e Reconfiguring of median openings by channelizing or
adding left-turn lanes to prevent congestion or confu-
sion in the median opening;

e Installation of directional median openings to permit
left turns from the major-road left-turn lane, but prohibit
left turns and through movements from the minor road;

e Provision of a median opening at what formerly was a
right-in/right-out driveway;

e Elimination of conventional median openings and
replacement with jughandle U-turns;

e Installation of “No U-turn” signs; and

e Installation of raised/extended median to prevent U-turns.

Six of the agencies that constructed improvement projects
indicated that they have conducted a formal before-and-after
evaluation.
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OF TYPICAL MEDIAN OPENING DESIGNS

A key objective of this research is to identify and classify
those median opening designs typically used to accommo-
date U-turn maneuvers at unsignalized locations. A classifi-
cation system of this type is presented in this chapter. This
classification system identifies how particular median open-
ings function and where they are located relative to other ele-
ments of the highway system. This chapter presents the fac-
tors used in the classification process, provides an overview
of typical median designs, identifies the factors that influence
the safety and operational performance of median openings,
and presents typical combinations of median opening designs
used along an arterial.

A further objective of the research is to estimate the safety
and operational performance of particular types of median
openings. This chapter of the report takes a step toward that
objective by cataloging the advantages and disadvantages of
particular types of median openings and establishing a frame-
work within which their relative performance can be deter-
mined. The relative safety of various median opening designs
is assessed on the basis of potential traffic conflicts. The spe-
cific safety and operational performance of median openings
is presented in Chapter 6.

FACTORS USED IN CLASSIFICATION
OF MEDIAN OPENING DESIGNS

The four key factors used to classify or describe the design
of a median opening are

e Type of geometry,

e Degree of access served,

e Presence of left-turn lanes, and
e Presence of loons.

The first factor, type of geometry, determines which move-
ments are possible at a median opening. Conventional median
openings (sometimes referred to as “full median openings”)
typically permit all movements, while directional median
openings may restrict certain movements. Jughandles are an
indirect left-turn treatment that enable drivers to make U-turn
and left-turn maneuvers efficiently on divided highways with
relatively narrow medians.

The second factor, degree of access served, not only deter-
mines what movements need to be accommodated at a median
opening, but also the number of potential conflict points a
median opening will have. For example, a median opening
that only serves U-turn maneuvers will have considerably
fewer conflicting maneuvers than a median opening at a three-
or four-leg intersection, where U-turns use the same roadway
as left-turn and crossing maneuvers. Median openings can be
classified by whether access points are present on neither
side, on one side, or on both sides of the roadway. Access
points at median openings may include either intersecting
public roads or driveways.

Figures 14 through 18 illustrate median openings with var-
ious combinations of the first two classification factors: type
of geometry and degree of access served.

The third factor used in the classification is whether or
not a median opening has a left-turn lane. Median openings
generally operate better when left-turn lanes are present to
provide a deceleration and storage area for vehicles before
they enter the median. In fact, the AASHTO Green Book
specifically encourages the use of left-turn lanes at median
openings to reduce or eliminate stopping on the through
lanes (12).

The final factor in classification of median openings is
whether or not a median opening is accompanied by a loon.
A loon is an expanded paved apron on the shoulder opposite
a median crossover. The purpose of loons is to provide addi-
tional space for larger vehicles (particularly trucks) to nego-
tiate turns, and thus, to allow the installation of conventional
or directional median openings along narrow medians. The
provision of loons to serve U-turns by large vehicles is a new
technique that formalizes past use of paved shoulders for the
same purpose. Initial results by highway agencies that have
used loons appear promising (55).

Based on the four factors discussed above, median open-
ings can be classified based on their design characteristics as
follows:

e Type of geometry (traffic movements permitted)
— Conventional (all movements permitted),
— Directional, and
— Jughandle;
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Figure 14.  Conventional midblock median opening.

e Degree of access served
— U-turn only (midblock median opening),
— Access on one side (at three-leg intersection), and
— Access on two sides (at four-leg intersection);
e Presence of left-turn lane
— No left-turn lane present and
— Left-turn lane present;
e Presence of loon
— No loon present and
— Loon present.

OVERVIEW OF TYPICAL MEDIAN
OPENING DESIGNS

Using the first two classification factors (geometry type
and degree of access served), typical median openings can be
classified into the following seven categories:

Conventional Midblock Median Opening,

Directional Midblock Median Opening,

Conventional Median Opening at Three-Leg Intersection,
Directional Median Opening at Three-Leg Intersection,
Conventional Median Opening at Four-Leg Intersection,
Directional Median Opening at Four-Leg Intersection,
and

7. Midblock Jughandle U-Turn Maneuvers.

Uk WD =

These seven categories of median openings can be subdi-
vided on the basis of the presence of left-turn lanes or loons

Figure 15. Conventional median opening at three-leg
intersection.

Figure 16.  Directional median opening at three-leg
intersection.

and the types of turning maneuvers permitted. With these
subdivisions, there are a total of 17 typical median opening
designs. The following discussion presents each of the seven
categories of median openings and the specific designs used
for those openings. The discussion of each median opening
design includes a figure with a diagram of each median open-
ing design and a list of the advantages and disadvantages
associated with each design.

Conventional Midblock Median Opening

A conventional midblock median opening permits vehi-
cles to make U-turns, but does not provide separate channel-
ized roadways for vehicles making U-turns in opposing
directions. Median openings at midblock locations are appro-
priate on arterials where providing for U-turn maneuvers
between intersections may improve operations at intersec-
tions by reducing the U-turn volumes at those intersections
or reducing the amount of out-of-direction travel for vehicles
trying to reach a destination without direct left-turn access.
Conventional median openings are appropriate where U-turn
volumes are relatively low, such that U-turn vehicles in
opposing directions of travel create minimal interference
with one another.

The conventional midblock median opening design is fur-
ther classified into three subcategories based on the presence
of left-turn lanes and/or loons:

Figure 17. Conventional median opening at four-leg
intersection.
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o Figures 19 through 21 illustrate these three median opening
designs and their advantages and disadvantages. The pres-
ence of left-turn lanes in Types 1b and 1c reduces the poten-
tial for rear-end collisions between U-turn vehicles and fol-
lowing through vehicles. The presence of loons in Type lc
provides a widening in the pavement to accommodate U-turn
movements by larger vehicles, such as emergency vehicles
and trucks.

Figures 19 through 21 show opposing U-turning maneu-
vers passing in front of one another and, thus, not overlap-
Figure 18. Directional median opening at four-leg ping or conflicting. Where the opposing U-turns do not over-
intersection. lap, there are only four conflict points at each of the median

opening types shown in the figures; a more complete discus-
sion of conflict points is presented later in this chapter of the

e Type la—Conventional Midblock Median Opening  report. In some situations, not well defined at this time, but

Without Left-Turn Lanes; clearly a function of the size and shape of the median opening,
e Type Ib—Conventional Midblock Median Opening With U-turning vehicles may overlap (or turn behind one another).
Left-Turn Lanes; and The possibility of these alternative maneuver types may cre-
e Type lc—Conventional Midblock Median Opening With ate confusion between drivers making opposing U-turns.
Left-Turn Lanes and Loons. This issue is addressed further in the subsequent discussion

Type 1a—Conventional Midblock Median Opening Without
Left-Turn Lanes

Advantages

. Midblock access is provided for vehicles to (a) make a U-turn and (b)
reach driveways on the opposite side of the street.

D Since only major-road traffic is involved, delays to vehicles making U-
turns will be less than where an intersection is present.

D If U-turn traffic would otherwise proceed downstream to an intersection

with a median opening, then this treatment should reduce VMT.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only four conflict points, which is less than at a three-leg or
four-leg intersection.

. Providing median openings for U-turns between intersections reduces the
number of turning maneuvers at the intersections.

D Accident rates at midblock median openings are lower than at three- or
four-leg median openings.

Disadvantages

D The absence of left-turn lanes increases potential for rear-end collisions
between U-turn vehicles and following through vehicles.

o U-turn vehicles forced to stop in the median opening may encroach on
adjacent lanes and interfere with through traffic.

D U-turn vehicles entering the through lanes may delay full-speed through
traffic.

D Narrow medians may not provide enough space for larger vehicles to

negotiate a U-turn.

D With no directional island, opposing U-turn vehicles may have to overlap.

Figure 19. Advantages and disadvantages of median opening type
la—conventional midblock median opening without left-turn lanes.
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Type 1b—Conventional Midblock Median Opening With Left-Turn Lanes

Advantages

The presence of left-turn lanes reduces potential for rear-end collisions
between U-turn vehicles and following through vehicles.

The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while

four-leg intersection.

four-leg median openings.

Disadvantages

waiting for a gap in the opposing traffic.

. Midblock access is provided for vehicles to (a) make a U-turn and (b)
reach driveways on the opposite side of the street.

. Since only major-road traffic is involved, delays to vehicles making U-
turns will be less than where an intersection is present.

. If U-turn traffic would otherwise proceed downstream to an intersection
with a median opening, then this treatment should reduce VMT.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only four conflict points, which is less than at a three-leg or

D Providing median openings for U-turns between intersections reduces
the number of turning maneuvers at the intersections.

. Accident rates at midblock median openings are lower than at three- or

D U-turn vehicles entering the through lanes may delay full-speed through
traffic.
. Narrow medians may not provide enough space for larger vehicles to
negotiate a U-turn.
. With no directional island, opposing U-turn vehicles may have to
overlap.
Figure 20. Advantages and disadvantages of median opening type

1b—conventional midblock median opening with left-turn lanes.

of factors that influence the safety and operational perfor-
mance of median openings.

Directional Midblock Median Opening

A directional midblock median opening permits vehicles to
make U-turns and provides separate channelized roadways for
vehicles making U-turns in opposite directions. Thus, oppos-
ing U-turn vehicles will not overlap. Median openings at mid-
block locations are appropriate on arterials where providing
for U-turn maneuvers between intersections may improve
operations at intersections by reducing the U-turn volumes at
those intersections or reducing the amount of out-of-direction
travel for vehicles trying to reach a destination without direct
left-turn access. Directional median openings are appropriate
where U-turn volumes are relatively high, such that U-turn
vehicles in opposing directions of travel would otherwise
interfere with one another.

The directional midblock median opening design is further
classified into three subcategories based on the presence of
left-turn lanes and/or loons:

e Type 2a—Directional Midblock Median Opening With-
out Left-Turn Lanes;

e Type 2b—Directional Midblock Median Opening With
Left-Turn Lanes; and

e Type 2c—Directional Midblock Median Opening With
Left-Turn Lanes and Loons.

Figures 22 through 24 illustrate these three median open-
ing designs and their advantages and disadvantages. The
presence of left-turn lanes in Types 2b and 2c reduces the
potential for rear-end collisions between U-turn vehicles and
following through vehicles. The presence of loons in Type 2¢
provides a widening in the pavement to accommodate U-turn
movements by larger vehicles, such as emergency vehicles
and trucks.
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Type 1c—Conventional Midblock Median Opening With
Left-Turn Lanes and Loons

Advantages

. Widening on the far side of the turn makes it possible to make a U-turn
without stopping or backing and reduces interference between U-turn
and through traffic, particularly for large vehicles.

D Without performing major reconstruction, additional space can be
provided to facilitate the larger turning path of commercial vehicles
along narrow medians.

D The presence of left-turn lanes reduces potential for rear-end collisions
between U-turn vehicles and following through vehicles.

. The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

. Midblock access is provided for vehicles to (a) make a U-turn and (b)
reach driveways on the opposite side of the street.

. Since only major-road traffic is involved, delays to vehicles making U-
turns will be less than where an intersection is present.

. If U-turn traffic would otherwise proceed downstream to an intersection
with a median opening, then this treatment should reduce VMT.

. Providing median openings for U-turns between intersections reduces
the number of turning maneuvers at the intersections.

. Accident rates at midblock median openings are lower than at three- or
four-leg median openings.

Disadvantages

. U-turn vehicles entering the through lanes may delay full-speed through
traffic.

. With no directional island, opposing U-turn vehicles may have to
overlap.

. The presence of loons may make snow removal and other maintenance

work more difficult.

Figure 21. Advantages and disadvantages of median opening type
Ic—conventional midblock median opening with left-turn lanes
and loons.

Conventional Median Opening
at Three-Leg Intersection

road and the minor road (or driveway) and where U-turn vol-
umes are relatively low, such that U-turn vehicles in oppos-
ing directions of travel create minimal interference with one
another.

The conventional median opening design at a three-leg
intersection is further classified into four subcategories on
the basis of the presence of a left-turn lane and/or loon:

A conventional median opening at a three-leg intersec-
tion permits vehicles on the major road to make U-turn move-
ments on the major road and left- or right-turning movements
onto the minor road. Vehicles on the minor road may make
left or right turns onto the major road. No separate chan-
nelized roadways are provided for vehicles making U-turns
in opposing directions. Thus, U-turn vehicles may overlap * Type 3a—Conventional Median Opening Without Left-

with opposing U-turn or left-turn vehicles. Median open-
ings at three-leg intersections are appropriate along arterial
roadways at street intersections or driveways to major devel-
opments where providing access across the median will not
create undesirable safety or traffic operational effects. Con-
ventional median openings are appropriate where it is desir-
able to allow left-turning movements from both the major

Turn Lanes at Three-Leg Intersection;

e Type 3b—Conventional Median Opening With One
Left-Turn Lane at Three-Leg Intersection;

e Type 3c—Conventional Median Opening With Two
Left-Turn Lanes at Three-Leg Intersection; and

e Type 3d—Conventional Median Opening With Left-
Turn Lanes and Loons at Three-Leg Intersection.
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Type 2a—Directional Midblock Median Opening Without Left-Turn
Lanes

Advantages

This design prevents overlapping U-turns.

Midblock access is provided for vehicles to (a) make a U-turn and (b)
reach driveways on the opposite side of the street.

Since only major-road traffic is involved, delays to vehicles making U-
turns will be less than where an intersection is present.

If U-turn traffic would otherwise proceed downstream to an intersection
with a median opening, then this treatment should reduce VMT.

Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

There are only four conflict points, which is less than at a three-leg or
four-leg intersection.

Providing median openings for U-turns between intersections reduces
the number of turning maneuvers at the intersections.

Accident rates at midblock median openings are lower than at three- or
four-leg median openings.

Disadvantages

The absence of left-turn lanes increases potential for rear-end collisions
between U-turn vehicles and following through vehicles.

U-turn vehicles forced to stop in the median opening may encroach on
adjacent lanes and interfere with through traffic.

U-turn vehicles entering the through lanes may delay full-speed through

traffic.

negotiate a U-turn.

. Narrow medians may not provide enough space for larger vehicles to

Figure 22.

Advantages and disadvantages of median opening type

2a—directional midblock median opening without left-turn lanes.

Figures 25 through 28 illustrate these four median opening
designs and their advantages and disadvantages. The presence
of left-turn lanes in Types 3b, 3¢, and 3d reduces the poten-
tial for rear-end collisions between U-turn vehicles and fol-
lowing through vehicles. The presence of loons in Type 3d
provides a widening in the pavement to accommodate U-turn
movements by larger vehicles, such as emergency vehicles
and trucks.

Directional Median Opening
at Three-Leg Intersection

There are two types of directional median openings at three-
leg intersections:

e Type 4a—Directional Median Opening for Left Turns
from Major Road at Three-Leg Intersection; and

e Type 4b—Directional Median Opening for Left Turns
onto Major Road at Three-Leg Intersection.

The first type, designated as Type 4a, permits vehicles to
turn left off the major road onto the minor road and to make
U-turn maneuvers on the major road, but does not permit
vehicles to turn left from the minor road onto the major road.
The second type, designated as Type 4b, permits vehicles to
turn left or right from the minor road onto the major road and
vehicles on the major road to make U-turn maneuvers, but
does not permit vehicles to turn left off the major road onto
the minor road. Median openings at three-leg intersections
are appropriate along arterial roadways at street intersections
or driveways to major developments where providing access
across the median will not create undesirable safety or traf-
fic operational effects.

Directional median openings are appropriate where U-turn
or left-turn volumes are relatively high, such that a conven-
tional median opening would experience considerable inter-
ference between vehicles entering the median opening. Direc-
tional median openings are also appropriate where there is a
disproportionately high left-turn demand from either the major



Type 2b—Directional Midblock Median Opening With Left-Turn Lanes

Advantages

The presence of left-turn lanes reduces potential for rear-end collisions
between U-turn vehicles and following through vehicles.

The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
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four-leg intersection.

four-leg median openings.

Disadvantages

negotiate a U-turn.

waiting for a gap in the opposing traffic.
o This design prevents overlapping U-turns.

. Midblock access is provided for vehicles to (a) make a U-turn and (b)
reach driveways on the opposite side of the street.

D Since only major-road traffic is involved, delays to vehicles making U-
turns will be less than where an intersection is present.

D If U-turn traffic would otherwise proceed downstream to an intersection
with a median opening, then this treatment should reduce VMT.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only four conflict points, which is less than at a three-leg or

D Providing median openings for U-turns between intersections reduces the
number of turning maneuvers at the intersections.

. Accident rates at midblock median openings are lower than at three- or

D U-turn vehicles entering the through lanes may delay full-speed through
traffic.
. Narrow medians may not provide enough space for larger vehicles to

Figure 23.  Advantages and disadvantages of median opening type
2b—directional midblock median opening with left-turn lanes.

road or the minor road and, therefore, either Type 4a or Type
4b would accommodate the needs of the intersection. Direc-
tional median openings are desirable where an intersection is
going to be signalized, given that these openings only affect
major-road traffic in one direction and that effective two-
direction signal coordination can be maintained (5).

Figures 29 and 30 illustrate these two median opening
designs and their advantages and disadvantages.

Conventional Median Opening
at Four-Leg Intersection

A conventional median opening at a four-leg intersection
permits vehicles on the major road to make U-turn move-
ments on the major road and left- or right-turning movements
onto the minor road. Vehicles on the minor road may make
left or right turns onto the major road. No separate channel-
ized roadways are provided for vehicles making U-turns in

opposing directions. Thus, U-turn vehicles may overlap with
opposing U-turn or left-turn vehicles. Median openings at
four-leg intersections are appropriate along arterial roadways
at street intersections or driveways to major developments
where providing access across the median will not create
undesirable safety or traffic operational effects. Conventional
median openings are appropriate where it is desirable to
allow left-turning movements from both the major road and
the minor road (or driveway) and where U-turn volumes are
relatively low, such that U-turn vehicles in opposing direc-
tions of travel create minimal interference with one another.

The conventional median opening design at a four-leg
intersection is further classified into two subcategories based
on the presence of left-turn lanes:

e Type S5a—Conventional Median Opening Without Left-
Turn Lanes at Four-Leg Intersection; and

e Type 5b—Conventional Median Opening With Left-
Turn Lanes at Four-Leg Intersection.
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Type 2c—Directional Midblock Median Opening With
Left-Turn Lanes and Loons

Advantages

D Widening on the far side of the turn makes it possible to make a U-turn
without stopping or backing and reduces interference between U-turn and
through traffic, particularly for large vehicles.

D Without performing major reconstruction, additional space can be provided to
facilitate the larger turning path of commercial vehicles along narrow
medians.

D The presence of left-turn lanes reduces potential for rear-end collisions

between U-turn vehicles and following through vehicles.

. The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

D This design prevents overlapping U-turns.

. Midblock access is provided for vehicles to (a) make a U-turn and (b) reach
driveways on the opposite side of the street.

D Since only major-road traffic is involved, delays to vehicles making U-turns
will be less than where an intersection is present.

D If U-turn traffic would otherwise proceed downstream to an intersection with
a median opening, then this treatment should reduce VMT.

o Providing median openings for U-turns between intersections reduces the
number of turning maneuvers at the intersections.

D Accident rates at midblock median openings are lower than at three- or four-
leg median openings.
Disadvantages

D The presence of loons may make snow removal and other maintenance work
more difficult.

Figure 24. Advantages and disadvantages of median opening Type 2c—
directional midblock median opening with left-turn lanes and loons.

Figures 31 and 32 illustrate these two median opening
designs and their advantages and disadvantages. The pres-
ence of left-turn lanes in Type 5b reduces the potential for
rear-end collisions between U-turn vehicles and following
through vehicles.

Directional Median Opening for Left Turns
from Major Road at Four-Leg Intersection

A directional median opening at a four-leg intersection per-
mits vehicles to turn left off the major road onto the minor
road and to make U-turn maneuvers on the major road, but
does not permit vehicles to turn left from the minor road onto
the major road. Median openings at four-leg intersections are
appropriate along arterial roadways at street intersections or
driveways to major developments where providing access
across the median will not create undesirable safety or traffic
operational effects. Directional median openings are appro-
priate where U-turn or left-turn volumes are relatively high,
such that a conventional median opening would experience

considerable interference between vehicles entering the median
opening. This particular directional median opening design
is also appropriate where there is a disproportionately high
left-turn demand from the major road. Directional median
openings are desirable where an intersection is going to be
signalized, given that these openings only affect major-road
traffic in one direction and that effective two-direction signal
coordination can be maintained (NCHRP Report 348). This
median opening design is represented in the classification as

e Type 6a—Directional Median Opening for Left Turns
from Major Road at Four-Leg Intersection.

Figure 33 illustrates this median opening design and its advan-

tages and disadvantages.

Midblock Jughandles for U-Turn Maneuvers

A midblock jughandle is an indirect left-turn treatment that
provides midblock access for vehicles to make a U-turn and



Type 3a—Conventional Median Opening Without Left-Turn
Lanes at Three-Leg Intersection

Advantages

D Vehicles on the minor road can make both left and right turns onto
the major road.

D Vehicles on the major road can make left and right turns onto the
minor road and make U-turns on the major road.

. Delays will be less than at a four-leg intersection.

D No additional VMT is incurred by vehicles making left-, right-, or
U-turning maneuvers.

. Since vehicles making a U-turn only need to enter, but not cross,
the opposing roadway, a minimum gap of only 4 to 6 sec will be
needed.

D There are only 11 conflict points, which is less than at a four-leg
intersection.

. Accident rates at three-leg intersections are lower than at four-leg

intersections.
Disadvantages

. The absence of left-turn lanes increases potential for rear-end
collisions between left-turn or U-turn vehicles and following
through vehicles.

. U-turn vehicles forced to stop in the median opening may encroach
on adjacent lanes and interfere with through traffic.

D U-turn vehicles entering the through lanes may delay full-speed
through traffic.

. Narrow medians may not provide enough space for larger vehicles
to negotiate a U-turn.

. With no directional island, opposing U-turn vehicles may have to
overlap.

D Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even

10 sec where six-lane or eight-lane arterials must be crossed.
These gaps will be limited during busy travel period on heavily
used arterials.

D Where peak-hour traffic exceeds critical volumes, vehicles entering
the major road from the minor road may experience long delays.

Figure 25. Advantages and disadvantages of median opening type
3a—conventional median opening without left-turn lanes at three-leg
intersection.
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reach driveways on the opposite side of the street. Median
openings at midblock locations are appropriate on arterials
where providing for U-turn maneuvers between intersections
may improve operations at intersections by reducing the
U-turn volumes at those intersections or reducing the amount
of out-of-direction travel for vehicles trying to reach a desti-
nation without direct left-turn access. Jughandles are appro-
priate with narrow medians, where the provision of a U-turn
maneuver within the roadway cross section is not possible.

Two types of midblock jughandles have been included in
the classification:

e Type 7a—Midblock Jughandle to the Left for U-turn
Maneuvers; and

e Type 7b—Midblock Jughandle to the Right for U-turn
Maneuvers.

In Type 7a, the U-turning vehicle begins on the inner lane
of the divided highway, crosses the through-traffic lanes,
loops around to the left, and then merges with the traffic. To
deter vehicles from stopping on through lanes, a left-turn lane
with proper storage capacity should be provided to accom-
modate turning vehicles. In Type 7b, the U-turning vehicle
exits the major road from the outer lane, loops around to the
left, stops clear of the divided highway until a suitable gap in
the traffic stream develops, and then makes a normal left turn
onto the divided highway.
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Type 3b—Conventional Median Opening With One Left-Turn Lane at
Three-Leg Intersection
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Advantages

. The presence of a left-turn lane in one direction of travel reduces
potential for rear-end collisions between left-turn or U-turn vehicles and
following through vehicles for one direction of travel only on the major
road.

. The presence of a left-turn lane in the direction of travel mitigates the
problem of U-turn vehicles in that direction encroaching on the adjacent
lane and interfering with through traffic while waiting for a gap in the
opposing traffic.

. Vehicles on the minor road can make left and right turns onto the major
road.

. Vehicles on the major road can make left and right turns onto the minor
road and make U-turns on the major road.

. Delays will be less than at a four-leg intersection.

. No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

. There are only 11 conflict points, which is less than at a four-leg
intersection.

. Accident rates at three-leg intersections are lower than at four-leg
intersections.

Disadvantages

. U-turn vehicles in the direction of travel without a left-turn lane forced to
stop in the median opening may encroach on adjacent lanes and interfere
with through traffic.

. Narrow medians may not provide enough space for larger vehicles to
negotiate a U-turn.

. Vehicles on the major road in the direction of travel without a left-turn

lane must initiate U-turn maneuvers from the through lane, which may
delay through vehicles and create the potential for rear-end collisions.

. With no directional island, opposing U-turn vehicles may have to overlap.

. Minimum 6- to 8-second gaps are needed to cross traffic, possibly even
10 sec where six-lane or eight-lane arterials must be crossed. These gaps
will be limited during busy travel period on heavily used arterials.

. Where peak-hour traffic exceeds critical volumes, vehicles entering the
major road from the minor road may experience long delays.

Figure 26.  Advantages and disadvantages of median opening type
3b—conventional median opening with one left-turn lane at three-leg
intersection.

Figures 34 and 35 illustrate these two median opening
designs and their advantages and disadvantages.

FACTORS THAT INFLUENCE THE SAFETY
AND OPERATIONAL PERFORMANCE
OF MEDIAN OPENINGS

The first part of this chapter of the report presents a clas-
sification system for median opening designs. This classifi-

cation system identifies what turning movements will occur
at the median opening.

Another set of factors influence how a particular median
opening design will operate at a particular location. Such
factors are related to the roadway environment, operational
demands, physical constraints, roadway geometrics, and
nearby features. Table 14 identifies the major factors that
influence the safety and operational performance of median
openings and constrain the choice of median openings
designs.



Type 3c—Conventional Median Opening With Two Left-Turn Lanes at
Three-Leg Intersection

Advantages

D The presence of left-turn lanes reduces potential for rear-end collisions
between left-turn or U-turn vehicles and following through vehicles for
both directions of travel on the major road.

. The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

. Vehicles on the minor road can make both left and right turns onto the
major road.

D Vehicles on the major road can make left and right turns onto the minor
road and make U-turns on the major road.

D Delays will be less than at a four-leg intersection.

D No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only 11 conflict points, which is less than at a four-leg
intersection.

D Accident rates at three-leg intersections are lower than at four-leg
intersections.

Disadvantages

. U-turn vehicles entering the through lanes may delay full-speed through
traffic.

. Narrow medians may not provide enough space for larger vehicles to
negotiate a U-turn.

. With no directional island, opposing U-turn vehicles may have to
overlap.

. Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even 10

sec where 6-lane or 8-lane arterials must be crossed. These gaps will be
limited during busy travel period on heavily used arterials.

D Where peak-hour traffic exceeds critical volumes, vehicles entering the
major road from the minor road may experience long delays.

Figure 27.  Advantages and disadvantages of median opening type
3c—conventional median opening with two left-turn lanes at three-leg
intersection.
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Roadway Environment

Environmental factors that influence the operational and
safety performance of a median opening include degree of
urbanization, speed, and access density. These three factors
are interrelated to a great extent. For example, urban areas are
typically characterized by lower speeds and greater access
density, whereas rural areas are typically characterized by
higher speeds and greater control of access.

Degree of Urbanization

The type of area in which a median opening is designed
(i.e., urban, suburban, or rural) also determines the traffic vol-

umes it will experience and the turning volumes that will need
to be accommodated. A median opening in an urban area
probably will be surrounded by businesses that serve as traf-
fic generators, creating a greater need for U-turns and left
turns through the median opening. Median openings in rural
areas, however, may only have to accommodate an occasional
U-turn or left-turn vehicle because of the greater through-
traffic demand of the roadway.

Operating Speed

Operating speed is another environmental factor that influ-
ences the safety and operational performance of a median
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Type 3d—Conventional Median Opening With Left-Turn Lanes and Loons
at Three-Leg Intersection

|
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Advantages
D Widening on the far side of the turn makes it possible to make a U-turn

without stopping or backing and reduces interference between U-turn and
through traffic, particularly for large vehicles.

. Without performing major reconstruction, additional space can be
provided to facilitate the larger turning path of commercial vehicles along
narrow medians.

D The presence of left-turn lanes reduces potential for rear-end collisions
between left-turn or U-turn vehicles and following through vehicles for
both directions of travel on the major road.

D The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

D Vehicles on the minor road can make left and right turns onto the major
road.

. Vehicles on the major road can make left and right turns onto the cross
street and make U-turns on the major road.

. Delays will be less than at a four-leg intersection.

D No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D Accident rates at three-leg intersections are lower than at four-leg
intersections.

Disadvantages

D U-turn vehicles entering the through lanes may delay full-speed through
traffic.

. Narrow medians may not provide enough space for larger vehicles to
negotiate a U-turn.

D With no directional island, opposing U-turn vehicles may have to overlap.

D Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even 10 sec

where 6-lane or 8-lane arterials must be crossed. These gaps will be
limited during busy travel period on heavily used arterials.

o Where peak-hour traffic exceeds critical volumes, vehicles entering the
major road from the minor road may experience long delays.
D The presence of a loon may make snow removal and other maintenance

work more difficult.

Figure 28.  Advantages and disadvantages of median opening type
3d—conventional median opening with left-turn lanes and loons at
three-leg intersection.

opening. For example, the speed of through vehicles on the
major road influences left-turn lane requirements, gap avail-
ability, and weaving maneuvers.

The safety and operational performance of a median open-
ing without a left-turn lane is largely dependent on the oper-
ating speeds of the vehicles on the roadway. Median open-
ings, and other intersections, can experience large speed

differentials between turning vehicles and following through
traffic. Research has shown that accident potential increases
as the difference in speeds between vehicles in a traffic stream
increases. Furthermore, drivers begin to slow down a con-
siderable distance upstream of a median opening. Thus, large
speed differentials are created a considerable distance in
advance of the location at which the turn is made. Left-turn



Type 4a—Directional Median Opening for Left Turns From Major Road at
Three-Leg Intersection

Advantages

D The presence of a left-turn lane reduces potential for rear-end collisions
between left-turn or U-turn vehicles and following through vehicles on the
major road.

D The presence of a left-turn lane mitigates the problem of U-turn vehicles

encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.
D Vehicles on the major road have direct left-turn access to the minor road.
D Vehicles on the major road can make left turns onto the minor road
without having to accommodate minor-road vehicles making left-turn
maneuvers through the median opening.

D Vehicles on the major road can make U-turn maneuvers in one direction of
travel.

D Vehicles making right-turn maneuvers from the minor road do not
experience delay associated with waiting behind a left-turning vehicle.

D For those maneuvers permitted, delays will be less than at a conventional
median opening at a three-leg intersection.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only six conflict points, which is less than at a conventional
median opening at a three-leg intersection.

D Accident rates at three-leg intersections are lower than at four-leg

intersections.

Disadvantages

D Minor road vehicles do not have direct left-turn access to the major road.

D U-turn vehicles entering the through lanes may delay full-speed through
traffic.

. Additional VMT will be incurred by vehicles whose drivers desire to turn

left from the minor road onto the major road.

Figure 29. Advantages and disadvantages of median opening type
4a—directional median opening for left turns from major road at three-
leg intersection.
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lanes are the only means of effectively controlling the speed
differential between turning vehicles and other traffic on major
roadways.

Because gaps are time based, rather than distance based, the
availability of gaps for crossing and turning vehicles on a high-
speed roadway is less than on a lower speed roadway with
comparable traffic volumes. The reduced gap availability may
cause drivers to accept smaller gaps, thus taking greater risks
to perform a crossing or turning maneuver. The presence of
shorter gaps can also influence the storage length require-
ments of any turn lanes that are present at a median opening.
That is, the difficulty turning vehicles experience in com-
pleting a U-turn or left turn probably will create longer queues
in a left-turn lane.

Finally, speed influences the ease with which a vehicle can
perform a weaving maneuver from an upstream intersection
to the median opening. Desirable conditions would permit a
driver to merge into the outside lane, select an acceptable gap

in order to merge into the inside lane, move laterally into the
left-turn lane, and then come to a stop. The operating speeds
of through vehicles on the major roadway not only affect the
available gaps for merging from the outside lane to the inside
lane, but determine the speed at which the weaving vehicle
will enter the left-turn lane. Thus, a lower speed environment
is more desirable for weaving maneuvers.

Access Density

Access density is another environmental factor that influ-
ences the safety and operational performance of a median
opening. Access points introduce conflicts and friction into
the traffic stream. Vehicles entering and leaving the main
roadway often slow the through traffic. The differences in
speeds between through and turning vehicles increase acci-
dent potential.
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Type 4b—Directional Median Opening for Left Turns Onto Major Road at
Three-Leg Intersection
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Advantages
D Vehicles on the minor road have direct left-turn access to the major road.
. Vehicles on the major road in one direction of travel can make U-turn
maneuvers.
D Right-turn maneuvers are unaffected by this treatment.
D Delays will be less than at a conventional median opening at a three-leg
intersection.
. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.
D There are only six conflict points, which is less than at a conventional
median opening at a three-leg intersection.
. Accident rates at three-leg intersections are lower than at four-leg
intersections.
Disadvantages
. Vehicles on the major road do not have direct left-turn access to the cross
street.
D The absence of a left-turn lane on the major road increases potential for rear-
end collisions between U-turn vehicles and following through vehicles.
. U-turn vehicles forced to stop in the median opening may encroach on
adjacent lanes and interfere with through traffic.
D U-turn vehicles entering the through lanes may delay full-speed through
traffic.
D Additional VMT will be incurred by vehicles whose drivers desire to turn left

from the major road onto the minor road.

Figure 30. Advantages and disadvantages of median opening type 4b—
directional median opening for left turns onto major road at three-leg

intersection.

Operational Demands

The number of vehicles seeking to perform each traffic
movement accommodated by a median opening influences
such operational and safety factors as gap availability, number
of conflicts, and left-turn storage. Specifically, major-road vol-
ume, minor-road volume, left-turn volume, and U-turn volume
represent operational demands that are placed on a median
opening and influence its operational and safety performance.
All of the volume types combined determine the number of
conflicts at a median opening. That is, a median opening on
a low-volume road with minimal turning volumes has fewer
potential conflicts than a median opening on a high-volume
roadway with large turning volumes.

Major-Road Volume

Major-road volume plays a large role in the gap availabil-
ity on the major road for vehicles performing turning and

crossing maneuvers from the median opening. Large major-
road volumes limit the number of gaps available for turning
and crossing maneuvers and, thus, create a greater potential
for angle collisions. Major-road volume also influences weav-
ing maneuvers in advance of the median opening. In this case,
large major-road volumes limit the number of gaps available
for vehicles on an upstream minor-road or driveway to merge
with the major-road traffic, change lanes from the outside lane
to the inside lane, and safely perform a turning maneuver at
the median opening. This can lead to increased potential for
sideswipe collisions between weaving vehicles and through
traffic.

Minor-Road Volume

Minor-road volume plays a key role in the number of
crossing conflicts at a median opening. To reduce the poten-
tial for angle collisions, some median opening designs pro-



Type 5a—Conventional Median Opening Without Left-Turn Lanes at
Four-Leg Intersection

Jil

Advantages

Vehicles on the minor road can either cross the major road or make left
and right turns onto the major road.

Vehicles on the major road in both directions of travel can make left and
right turns onto the minor road and make U-turns on the major road.

No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

Disadvantages

The absence of left-turn lanes increases potential for rear-end collisions
between U-turn vehicles and following through vehicles.

U-turn vehicles forced to stop in the median opening may encroach on
adjacent lanes and interfere with through traffic.

U-turn vehicles entering the through lanes may delay full-speed through
traffic.

With no directional island, opposing U-turn vehicles may have to overlap.
Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even 10
sec where 6-lane or 8-lane arterials must be crossed. These gaps will be
limited during busy travel period on heavily used arterials.

Where peak-hour traffic exceeds critical volumes, vehicles entering the
major road from the cross street may experience long delays.

There are 32 potential conflict points with both minor-road and major-
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intersections.

road vehicles entering the median opening.
D Accident rates at four-leg intersections are higher than at three-leg

Figure 31.  Advantages and disadvantages of median opening Type
Sa—conventional median opening without left-turn lanes at four-leg

intersection.

hibit crossing maneuvers by providing directional channel-
ization in the median opening and restricting the minor road
to right turns only.

Left-Turn and U-Turn Volumes

Left-turn volume and U-turn volume influence the safety
and operational performance of a median opening. The extent
of this influence is based on the presence of a median left-
turn lane and its storage capacity. The absence of a left-turn
lane increases the potential for rear-end collisions between
U-turn or left-turn vehicles and following through vehicles.
At a median opening with a left-turn lane, left-turn and U-turn
volumes influence the length of the turning lane necessary to
accommodate the storage requirements. A queue of vehicles
extending beyond the left-turn lane interferes with through
traffic and increases the potential for rear-end collisions. At

any median opening, with or without a left-turn lane, left-
turn volume affects the number of potential crossing conflicts
between left-turn vehicles and opposing through vehicles, and
U-turn volume affects the number of potential merging con-
flicts between U-turn vehicles and opposing through vehicles.

Physical Constraints

Three constraints that influence the operational and safety
performance of a median opening are sight distance, right-of-
way width, and building setback.

Sight Distance

Intersection sight distance (ISD) is an important safety and
operational consideration in the design of a median opening.
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Type 5b—Conventional Median Opening With Left-Turn Lanes at

Four-Leg Intersection

Advantages

The presence of left-turn lanes reduces potential for rear-end
collisions between left-turn or U-turn vehicles and following through
vehicles for both directions of travel on the major road.

The presence of left-turn lanes mitigates the problem of U-turn
vehicles encroaching on adjacent lanes and interfering with through
traffic while waiting for a gap in the opposing traffic.

Vehicles on the minor road can either cross the major road or make
left and right turns onto the major road.

Vehicles on the major road can make left and right turns onto the
minor road and make U-turns on the major road.

No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

Disadvantages

. U-turn vehicles entering the through lanes may delay full-speed
through traffic.

. With no directional island, opposing U-turn vehicles may have to
overlap.

. Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even

10 sec where 6-lane or 8-lane arterials must be crossed. These gaps
will be limited during busy travel period on heavily used arterials.

. Where peak-hour traffic exceeds critical volumes, vehicles entering
the major road from the cross street may experience long delays.

. There are 32 potential conflict points with both cross-street and
major-road vehicles entering the median opening.

. Accident rates at four-leg intersections are higher than at three-leg
intersections.

Figure 32.  Advantages and disadvantages of median opening type
Sb—conventional median opening with left-turn lanes at four-leg

intersection.

NCHRP Report 375 states that ISD at median openings is
complicated by the presence of the median itself, which may
increase the ISD requirements at some locations or may con-
tain sight obstructions that reduce the ISD. If a median is
wide enough to store a vehicle, the sight distance require-
ments of the intersection can be determined separately for
each directional roadway. Insufficient ISD has both safety
and operational problems. From a safety standpoint, drivers
with insufficient ISD may be unable to anticipate and avoid
potential collisions. From an operational standpoint, drivers
with insufficient ISD may either extend their vehicle into the
traffic stream in an attempt to improve their view of the road-
way or accept less than desirable gaps in the traffic stream.

Either behavior may cause other vehicles to perform evasive
or braking maneuvers.

Right-of-Way Width and Building Setback

Right-of-way width and building setback can limit the
design options of a median opening. Local and highways
agencies frequently are unable to acquire additional right-of-
way because of financial or political limitations. Further-
more, the acquisition of buildings is usually avoided unless
absolutely necessary. These constraints often result in a nar-
row median, limiting the design options to indirect left-turn
designs, jughandles, or medians without a left-turn lane.



Type 6a—Directional Median Opening for Left Turn From Major Road at

Four-Leg Intersection

Advantages

The presence of left-turn lanes reduces potential for rear-end collisions between
left-turn or U-turn vehicles and following through vehicles for both directions
of travel on the major road.

The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while waiting
for a gap in the opposing traffic.

Vehicles on the major road have direct left-turn access to the minor road.
Vehicles on the major road can make left turns onto the minor road without
having to accommodate minor-road vehicles making left-turn maneuvers
through the median opening.

Vehicles on the major road in both directions of travel can make U-turn
maneuvers.

Vehicles making right-turn maneuvers from the minor road do not experience
delay associated with waiting behind a left-turning vehicle.

Delays will be less than at a conventional median opening at a four-leg
intersection.

Since vehicles making a U-turn only need to enter, but not cross, the opposing
roadway, a minimum gap of only 4 to 6 sec will be needed.

There are only 12 conflict points, which is less than at a conventional median
opening at a four-leg intersection.
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Disadvantages

road to the major road.

. Accident rates at directional four-leg median openings are lower than at
conventional four-leg median openings.

. Minor-road vehicles do not have direct left-turn access to the major road.

. U-turn vehicles entering the through lanes may delay full-speed through traffic.

. Accident rates at four-leg intersections are higher than at three-leg
intersections.

. Direct crossing maneuvers on the minor road are not permitted.

. Additional VMT will be incurred by vehicles whose drivers desire to make

crossing maneuvers on the minor road and left-turn maneuvers from the minor

Figure 33.  Advantages and disadvantages of median opening type 6a—
directional median opening for left turn from major road at four-leg

intersection.

Roadway Geometrics

Principal roadway geometrics that influence the opera-
tional and safety performance of a median opening are the
number of lanes and the median width.

Number of Lanes

The number of lanes on an arterial affects both the safety
and operational performance of a median opening. From a
safety standpoint, the travel distance across opposing traffic
increases for crossing and turning vehicles as the number of
lanes increase. For example, a vehicle making a left turn from
a six-lane arterial has a greater distance to travel across
opposing traffic to complete the turn than on a four-lane arte-
rial. Therefore, the exposure to conflicting traffic is greater.

From an operational standpoint, the number of lanes on
an arterial affects the ability of vehicles to complete U-turn
maneuvers and is particularly critical for U-turns on arterials
with narrow medians. On a four-lane arterial, it may be neces-
sary to provide a loon or a jughandle to accommodate U-turns.
However, loons or jughandles may not be necessary on a six-
lane arterial, regardless of the median width.

Median Width

Median width affects the safety and operational perfor-
mance of a median opening. From a safety perspective, median
widths that are either too narrow or too wide can cause vari-
ous types of undesirable driving behavior that can lead to
potential safety problems. NCHRP Report 375 (8) reports the
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Type 7a—Midblock Jughandle to the Left for U-Turn Maneuvers

Disadvantages

Advantages

o Midblock access is provided for vehicles to (a) make a U-turn and (b)
reach driveways on the opposite side of the street.

. Since only major-road traffic is involved, delays to vehicles making
U-turns will be less than where an intersection is present.

. If U-turn traffic would otherwise proceed downstream to an
intersection with a median opening, then this treatment should reduce
VMT.

D There are only three conflict points, which is considerably lower than
at an intersection.

. This design places vehicles in a better position for merging with
major-road traffic than a conventional median opening design.

. The removal of left turns from a downstream intersection will
increase the capacity of that downstream intersection.

. The presence of a left-turn lane reduces potential for rear-end

collisions between left-turn or U-turn vehicles and following through
vehicles for both directions of travel on the major road.

. The presence of a left-turn lane mitigates the problem of U-turn
vehicles encroaching on adjacent lanes and interfering with through
traffic while waiting for a gap in the opposing traffic.

. A minimum 4.6-m (15-ft) median is required for this design.
. U-turn vehicles must make a crossing maneuver, which is not
required at conventional or directional midblock median openings.

Figure 34. Advantages and disadvantages of median opening type
7a—midblock jughandle to the left for U-turn maneuvers.

following observed types of undesirable driving behavior
related to median width:

e Side-by-side queuing—When one vehicle is waiting in

the median opening for an opportunity to cross or enter
the far roadway and a second vehicle arrives in the same
travel direction, the second driver may stop his or her
vehicle beside rather than behind the first vehicle. Side-
by-side queuing is a concern because it can lead to
driver confusion about which of the two vehicles is to
proceed first and, thus, can lead to conflicts. This poten-
tial safety problem tends to occur where the median
width is less than the length of two vehicles. Side-by-side
queuing can also become a problem where a median
opening is wide enough to store two or more vehicles
one behind another. In this situation, the driver of a sec-
ond vehicle may be tempted to pull beside the first vehi-
cle to avoid delay. Again, this maneuver has the poten-
tial for the drivers to become confused about which
vehicle is going to proceed first.

e Angle stopping—Another undesirable driving situation

occurs when a vehicle stops on the median roadway at
some angle other than perpendicular to the through lanes
of the divided highway. In some cases, where the median
is very narrow or a driver decides to cut a corner, the
driver of a single vehicle may stop at an angle to the major
road. Alternatively, when the median roadway is already
occupied by one or more vehicles in the same direction
of travel, a driver of another vehicle entering the median
opening may find it necessary to stop at an angle to avoid
encroaching on the through lanes of the major road. In
either case, stopping at an unusual angle is undesirable
because the vehicle may be hit by another vehicle from
any of several directions and because other drivers may
be confused about the intended path of that vehicle.
Encroachment on through lanes—Encroachment on a
through lane by either the front or rear of a vehicle may
occur if the median width is less than the length of a
vehicle and the driver enters the median when there is
no available gap to cross or enter the far lanes of the
divided highway.



Type 7b—Midblock Jughandle to the Right for U-Turn Maneuvers

Advantages

Midblock access is provided for vehicles to (a) make a U-turn and (b)
reach driveways on the opposite side of the street.

If U-turn traffic would otherwise proceed downstream to an intersection
with a median opening, then this treatment should reduce VMT.

The removal of left turns from a downstream intersection will increase the
capacity of that downstream intersection.

There are only three conflict points, which is considerably lower than at an
intersection.

Disadvantages

Turning traffic must cross one direction of travel and enter the roadway in
the other direction of travel. Suitable gaps could be limited during periods
of heavy traffic.

During periods of heavy traffic, there could be major delays.

The need to make a right-hand exit in order to make a U-turn may be
confusing to drivers.

The introduction of a bi-directional (although segregated) opening may
increase accidents; however, this may be offset by a reduction in accidents
at downstream intersections.

U-turn vehicles entering the through lanes may delay full-speed through
traffic.

Figure 35.

Advantages and disadvantages of median opening type

7b—midblock jughandle to the right for U-turn maneuvers.

TABLE 14 Factors that influence the operational and safety performance

of median openings

Category Factor

Physical constraints

Nearby features

Roadway environment degree of urbanization (urban/suburban/rural)

operating speed
access density

Operational demands major-road volume

minor-road volume
left-turn volume
U-turn volume

sight distance
right-of-way width
building setback

Roadway geometrics number of lanes

median width

proximity to driveways

proximity to traffic signal

proximity to adjacent median openings
proximity to unsignalized intersections
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Nearby Features

The proximity of a median opening to the following nearby
features influences the operational and safety performance of
the median opening:

e Driveways,

e Adjacent median openings,
Signalized intersections, and
¢ Unsignalized intersections.

NCHRP Report 420 (7) suggests that access points intro-
duce conflicts and friction into the traffic stream. Vehicles
entering and leaving the major road often slow the through
traffic, and the difference in speeds between through and
turning traffic increases accident potential. A discussion in
the Green Book (3) about driveway spacing could also be
applied to median openings and unsignalized intersections.
The Green Book (3) recommends that, ideally, driveways
should not be located within the functional area of an inter-
section or in the influence area of an adjacent driveway. The
functional area extends both upstream and downstream from
the physical intersection area and includes the longitudinal
limits of auxiliary lanes. The influence area associated with
a driveway includes (1) the impact length (the distance from
a driveway at which vehicle operations begin to be affected),
(2) the driver perception-reaction distance, and (3) the vehi-
cle length.

A median opening placed too close to one or more drive-
ways, intersections, or other median openings creates unde-
sirably short weaving areas. For example, minor-road drivers
seeking to negotiate their way to a nearby median opening on
the major road should be able to enter the major-road traf-
fic stream safely, select an acceptable gap in order to merge
into the inside lane, and then move laterally into a median
left-turn lane.

The following are safety and operational problems that may
occur when a median opening is located too close to a sig-
nalized intersection:

e A median opening within the physical length of a left-
turn bay should be avoided. It violates driver expectancy
and restricts the sight distance of vehicles in the median
opening.

e A median opening within the boundaries of regularly
forming queues from neighboring intersections should
be avoided. The problem with this situation is that when
these queues build, “good Samaritans” may allow the
left-turning vehicle through the queue, and the left-
turning vehicle then crashes with a vehicle moving freely
in an adjacent lane.

e When the queue in the through traffic lane extends past
the median left-turn lane, vehicles seeking access to the
median opening are trapped in the queue of the signal-
ized intersection and cannot move into the left-turn lane
until the queue advances.

RELATIVE SAFETY OF MEDIAN OPENING
DESIGNS BASED ON TRAFFIC CONFLICT
POINTS

The classification of median opening designs provides a
framework for comparing the relative safety of each design.
The results of the accident data analysis, presented in Chap-
ter 6 of this report, provide information on the relative safety
performance of those median opening designs for which suf-
ficient data existed. However, data for several median open-
ing designs were not sufficient to quantify the relative safety
with certainty. In these cases, the relative safety of each
median opening design must be estimated or hypothesized.
The relative safety of median opening designs can be repre-
sented by the number of conflict points for each design. This
approach is useful in the absence of actual data, but is ulti-
mately limited because it does not consider the volumes of
vehicles that conflict at each point. The use of conflict points
to assess safety is described below.

Intersection conflict analysis is a well-understood means of
addressing the complexity and relative safety of alternative
intersection designs. For example, it has long been known that
three-leg intersections operate more safely than four-leg inter-
sections because three-leg intersections have fewer conflict
points at which conflicting traffic streams cross, merge, or
diverge. Figure 36 illustrates the four basic types of vehicular
conflicts: diverging, merging, weaving, and crossing.

Intersection conflicts reflect the crossing or conflicting paths
of vehicles moving from one leg to another. Depending on
the type of movement (i.e., U-turn, right or left turn, or cross-
ing), any given vehicle movement can conflict with one or
more other vehicle movements.

Figure 37 illustrates the vehicular conflicts at a conven-
tional median opening at a four-leg intersection. The figure
includes left-turn, right-turn, and through movements, but
does not explicitly consider U-turn movements. However, any
given U-turn movement includes the same diverge maneuver
as one left-turn movement and the same merge maneuver as
another left-turn movement.

Table 15 summarizes the total number of conflict points
for each of the typical median opening designs discussed ear-
lier in Chapter 4 of the report. Table 15 suggests that median
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Figure 36.  Types of vehicular conflicts (33).
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Figure 37.  Vehicular conflicts at a conventional median
opening at a four-leg intersection (27, 33).

opening designs should rank in the following order of rela-
tive safety:

Midblock Median Openings

e 7—Midblock Jughandle
e 1—Conventional Midblock Median Opening
e 2—Directional Midblock Median Opening

Median Openings at Three-Leg Intersections

e 4—Directional Median Opening at Three-Leg Intersec-
tion

e 3—Conventional Median Opening at Three-Leg Inter-
section

Median Openings at Four-Leg Intersections

e 6—Directional Median Opening at Four-Leg Intersection
e 5—Conventional Median Opening at Four-Leg Intersec-
tion
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COMBINATIONS OF MEDIAN OPENINGS
ALONG ARTERIAL STREETS

Earlier in this chapter, seven categories of typical median
openings were presented, along with subcategories based on
the presence of left-turn lanes or loons or type of turning
maneuvers permitted. Each type of typical median opening
design represents one individual median opening. Often, high-
way agencies use combinations of median opening designs
to accomplish a particular goal along an arterial.

This section presents several typical combinations of
median opening designs that can be used along an arterial.
Each combination is presented as a sum of the individual
typical median opening designs that make up the combi-
nation. For example, the first combination (Combination
C1) is a directional midblock median opening with left-turn
lanes (Type 2b) between two four-leg intersections with
directional median openings that accommodate left turns
from the major road (Type 6a). Thus, this combination is
represented as:

Combination C1 = Type 6a + Type 2b + Type 6a

Eight typical combinations of median opening designs are
presented below; many other combinations are possible. Chap-
ter 6 of this report presents two examples of a safety com-
parison between an individual median opening and a combi-
nation of median openings accommodating the same turning
movements.

Combination C1—Directional Midblock Median
Opening Between Four-Leg Intersections With
Directional Median Openings

Combination C1 consists of a directional midblock median
opening with left-turn lanes located between two four-leg inter-
sections with left-turn lanes and directional median openings

TABLE 15 Total number of conflict points for each typical median

opening design

Intersection
Intersection
Intersection

Intersection
7. Midblock Jughandle

Number of
Typical median opening design conflict points
1. Conventional Midblock Median Opening 4
2.  Directional Midblock Median Opening 4

3.  Conventional Median Opening at Three-Leg
4.  Directional Median Opening at Three-Leg
5. Conventional Median Opening at Four-Leg

6.  Directional Median Opening at Four-Leg

11

32

12
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that accommodate U-turns and left turns from the major road,
but not left turns from the minor road. This combination is
illustrated in Figure 38 and is represented as

Combination C1 = Type 6a + Type 2b + Type 6a

Combination C1 can be used as an alternative to direct left
turns in order to reduce conflicts and to improve safety along
an arterial. Midblock U-turns make it possible to prohibit left
turns from the minor road at each four-leg intersection and
from driveways along the arterial. Vehicles must make left-
turn movements by turning right onto the arterial and then
making U-turns downstream. This combination is appropri-
ate where left-turn demand on the minor road is relatively
low or where it is desirable to reduce U-turn demand at the
downstream intersection.

Combination C2—Conventional Midblock
Median Opening Between Four-Leg
Intersections With Conventional

Median Openings

Combination C2 is a conventional midblock median open-
ing with left-turn lanes located between two four-leg inter-
sections with left-turn lanes and conventional median open-
ings. This combination is illustrated in Figure 39 and is
represented as:

Combination C2 = Type 5b + Type 1b + Type 5b

Combination C2 provides access to through vehicles on the
major road to development on the opposite side of the median.
This combination is appropriate where left-turn demand on
the minor road is relatively high or where it is desirable to
reduce U-turn demand at the downstream intersection.

Combination C3—Directional Midblock Median
Opening Between Four-Leg Intersections With
Conventional Median Openings

Combination C3 includes a directional midblock median
opening with left-turn lanes located between two four-leg
intersections with left-turn lanes and conventional median
openings. This combination is illustrated in Figure 40 and is
represented as

Combination C3 = Type 5b + Type 2b + Type 5b

Combination C3 provides access to through vehicles on the
major road to development on the opposite side of the median.
The directional midblock median opening can accommodate
heavy U-turn volumes. This combination is appropriate
where left-turn demand on the minor road is relatively light
or where it is desirable to reduce U-turn demand at the down-
stream intersection.

Combination C4—Directional Midblock Median
Opening Between Four-Leg Intersections
Without Median Openings

Combination C4 is a directional midblock median opening
with left-turn lanes located between two four-leg intersec-
tions without median openings. This combination is illus-
trated in Figure 41 and is represented as

Combination C4 = Closed Type 5a + Type 2b
+ Closed Type Sa

Combination C4 can be used as an alternative to direct left
turns in order to reduce conflicts and to improve safety along
an arterial. Midblock U-turns make it possible to close the
median opening at each four-leg intersection and prohibit

Combination C1 = Type 6a + Type 2b + Type 6a

Figure 38.  Combination Cl—directional midblock median opening between four-leg intersections with directional

median openings.
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Combination C2 = Type 5b + Type 1b + Type Sb

Figure 39. Combination C2—Conventional midblock median opening between four-leg intersections with conventional
median openings.

Combination C3 = Type 5b + Type 2b + Type 5b

Figure 40. Combination C3—Directional midblock median opening between four-leg intersections with conventional
median openings.

Combination C4 = Closed Type 5a + Type 2b + Closed Type 5a

Figure 41. Combination C4—directional midblock median opening between four-leg intersections without
median openings.



56

left-turn movements from driveways along the arterial. Vehi-
cles must make left-turn or crossing movements by turning
right onto the arterial and then making U-turns downstream.
The directional midblock median opening can accommodate
heavy U-turn volumes. This combination is appropriate where
conventional median openings at four-leg intersections are
experiencing safety problems such that the most effective
treatment is to close the median openings.

Combination C5—Directional Midblock Median
Opening Between Three-Leg Intersections
Without Median Openings

Combination C5 includes a directional midblock median
opening with left-turn lanes located between two three-leg
intersections without median openings. This combination is
illustrated in Figure 42 and is represented as

Combination C5 = Closed Type 3a + Type 2b
+ Closed Type 3a

Combination C5 can be used as an alternative to direct left
turns in order to reduce conflicts and to improve safety along
an arterial. Midblock U-turns make it possible to close the
median opening at each three-leg intersection and prohibit
left-turn movements from driveways along the arterial. Vehi-
cles must make left-turn movements by turning right onto the
arterial and then making U-turns downstream. The directional
midblock median opening can accommodate heavy U-turn
volumes. This combination is appropriate where conven-
tional median openings at three-leg intersections are experi-
encing safety problems such that the most effective treatment
is to close the median openings.

Combination C6—Conventional Midblock
Median Opening Between Four-Leg
Intersections Without Median Openings

Combination C6 includes a conventional midblock median
opening with left-turn lanes between two four-leg intersec-

tions without median openings. This combination is illustrated
in Figure 43 and is represented as

Combination C6 = Closed Type 5a + Type 1b
+ Closed Type 5a

Combination C6 is similar to Combination C4, except that
Combination C6 has a conventional rather than a directional
midblock median opening. Combination C6 serves the same
purposes as Combination C4, but is more appropriate where
U-turn volumes are relatively light.

Combination C7—Conventional Midblock
Median Opening Between Three-Leg
Intersections Without Median Openings

Combination C7 consists of a conventional midblock
median opening with left-turn lanes between two three-leg
intersections without median openings. This combination is
illustrated in Figure 44 and is represented as

Combination C7 = Closed Type 3a + Type 1b
+ Closed Type 3a

Combination C7 is similar to Combination C5, except that
Combination C7 has a conventional rather than a directional
midblock median opening. Combination C7 serves the same
purposes as Combination C5, but is more appropriate where
U-turn volumes are relatively light.

Combination C8—Directional Midblock Median
Opening Between Four-Leg Signalized
Intersections With Conventional Median
Openings But All Left-Turning

Movements Prohibited

Combination C8 includes a directional midblock median
opening with left-turn lanes between two signalized four-leg
intersections with conventional median openings, no left-turn

Combination C5 = Closed Type 3a + Type 2b + Closed Type 3a

Figure 42.
openings.

Combination C5—directional midblock median opening between three-leg intersections without median



57

Combination C6 = Closed Type 5a + Type 1b + Closed Type 5a

Figure 43.  Combination C6—conventional midblock median opening between four-leg intersections without median
openings.

Combination C7 = Closed Type 3a + Type 1b + Closed Type 3a

Figure 44. Combination C7—conventional midblock median opening between three-leg intersections without median
openings.

Combination C8 = Signalized Type Sa + Type 2b + Signalized Type Sa

Figure 45. Combination C8—directional midblock median opening between four-leg signalized intersections with
conventional median openings but all left-turning movements prohibited.
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lanes, and all left-turning movements prohibited. This com-
bination is illustrated in Figure 45 and is represented as

Combination C8 = Signalized Type 5a + Type 2b
+ Signalized Type 5a

Combination C8 can be used as an alternative to direct left
turns in order to reduce conflicts and improve safety along
an arterial and to simplify signal phasing at signalized inter-
sections. Midblock U-turns make it possible to prohibit all
left turns at the signalized intersections as well as prohibit
left turns from driveways along the arterial. Minor-road
vehicles must make left-turn movements by turning right

onto the arterial and then making U-turns downstream.
Major-road vehicles must make left-turn or U-turn move-
ments by proceeding through the intersection, making U-
turns at the midblock median opening, and turning right onto
the minor road. This combination is appropriate where con-
ventional median openings at signalized four-leg intersec-
tions are experiencing safety problems such that the most
effective treatment is to reduce the number of conflicts by
prohibiting turning movements at the intersections. It is gen-
erally considered good practice to provide right-turn lanes
on all approaches to the signalized intersection to accom-
modate the heavy right-turn volumes that are inherent to
indirect left-turn intersections.




CHAPTER 5
DATA COLLECTION AND ANALYSIS

This chapter describes the data collection and analysis
efforts conducted as part of the research. The major efforts
were a catalog of existing median openings, accident studies
of existing median openings, field observational studies of
existing median openings, and human factors evaluation of
driver behavior in U-turn maneuvers.

CATALOG OF EXISTING MEDIAN OPENINGS

The first activity of the data collection effort was to create
a catalog of median opening designs representative of what
actually exists in the field. The first task in the creation of a
catalog was to identify arterial corridors that include median
openings. The second task was visiting the corridors and col-
lecting data on the types of median opening designs. This
section describes the process of creating a catalog of existing
median openings and summarizes the catalog data.

Identification of Corridors

To identify corridors, the research team contacted highway
engineers in five states and requested a list of arterial corri-
dors that include median opening designs representative of
that state. The states contacted were as follows:

e Colorado,

e Georgia,

e Michigan,

e New Jersey, and
e New York.

A list of approximately 10 to 20 corridors of varying lengths
was obtained from each state. In Georgia, all of the corridors
were located in Gwinnett County and are under the jurisdic-
tion of that county. In the other states, the corridors were
under the jurisdiction of the state highway agency and were
located in several counties in each state. The research team
also identified, through personal experience and the use of
state highway maps, corridors within the states of Kansas and
Missouri. Overall, corridors were identified in seven states
throughout the country for collection of detailed information
for cataloging purposes.
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Collection of Catalog Data

Each corridor was visited in the field to collect the follow-
ing information on individual median openings:

e Location of median opening (milepost or odometer
reading),

e Cross street name,

e Type of traffic control,

e Type of median opening,

e U-turn prohibition,

e Area type (urban/suburban),

e Posted speed limit,

e Number of through lanes,

e Presence of left-turn lanes,

e Presence of offset left-turn lanes,

e Shoulder type,

e Median type,

e Median width,

e Presence of loon, and

e Level of U-turn activity.

For each unsignalized median opening, the median opening
type was classified according to the categories established in
Chapter 4 of this report.

Summary of Catalog Data

This section presents a detailed summary of the unsignal-
ized median openings included in the catalog. Specifically, the
distribution of unsignalized median openings by state, median
opening type, posted speed limit, number of through lanes,
presence of special left-turn treatment, shoulder type, median
width and type, and level of U-turn activity are presented.

The catalog consisted of 62 arterial corridors in seven states.
The corridors comprised a total length of 552 km (343 mi) of
arterial highway, or an average of 8.9 km (5.5 mi) per corri-
dor. Data were recorded for 918 unsignalized median open-
ings located in the 62 arterial corridors. Not all sites, however,
were included in the tables presented below. For example, 14
of the unsignalized median openings did not fit into any of the
median opening types as outlined in Chapter 4. Also, U-turns
were prohibited at 102 of the unsignalized median openings;
given that U-turn maneuvers are the focus of the research,
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those median openings were not included in the tables pre-
sented below. Finally, four median openings had five-lane
cross-sections (i.e., three through lanes in one direction of
travel and two in the other). Given that the focus of the acci-
dent and field studies was on unsignalized median openings
on four-lane and six-lane cross-sections, the four five-lane
sites were not included in the tables presented below. Thus,
806 unsignalized median openings are included in the tables.

State

Table 16 lists the number of unsignalized median openings
visited in each state. The distribution of sites by state provided
a good geographical diversity for accident and field studies.

Median Opening Type

Based on the classification of median opening types pre-
sented in Chapter 4, there are a total of 17 typical median
opening design as follows:

e la = Conventional midblock median opening without
left-turn lanes

¢ 1b = Conventional midblock median opening with left-
turn lanes

¢ Ic = Conventional midblock median opening with left-
turn lanes and loons

e 2a=Directional midblock median opening without left-
turn lanes

e 2b = Directional midblock median opening with left-
turn lanes

e 2c = Directional midblock median opening with left-
turn lanes and loons

¢ 3a = Conventional median opening without left-turn
lanes at three-leg intersection

e 3b = Conventional median opening with one left-turn
lane at three-leg intersection

e 3c = Conventional median opening with two left-turn
lanes at three-leg intersection

TABLE 16 Number of unsignalized median
openings by state

Number of
median openings
State (%)

Colorado 61 (8)
Georgia 150 (19)
Kansas 137 17)
Michigan 244 (30)
Missouri 111 (14)
New Jersey 62 (8)
New York 41 (5)
Total 806

e 3d = Conventional median opening with left-turn lanes
and loons at three-leg intersection

e 4a = Directional median opening for left turns from
major road at three-leg intersection

¢ 4b =Directional median opening for left turns onto major
road at three-leg intersection

e 5a = Conventional median opening without left-turn
lanes at four-leg intersection

¢ 5b = Conventional median opening with left-turn lanes
at four-leg intersection

e 6a=Directional median opening for left turns from major
road at four-leg intersection

e 7a=Midblock jughandle to the left for U-turn maneuvers

e 7b = Midblock jughandle to the right for U-turn
maneuvers

Table 17 presents the frequency of unsignalized median
openings by median opening type. Table 18 presents the num-
ber of unsignalized median openings by state and median
opening type.

Posted Speed Limit

Table 19 presents the distribution of sites by posted speed
limit and median opening type. The table illustrates a bal-
ance between high-speed and low-speed arterials overall,
with 43 percent of all median openings located on low-speed
arterials and 57 percent located on high-speed arterials.

TABLE 17 Number of unsignalized
median openings by median opening type

Number of
median openings
Median opening type (%)
Midblock
1a 40 (5.0)
1b 22 (2.7)
1c 6 (0.7)
2a 1 (0.1)
2b 149 (18.5)
2c 17 (2.1)
Three-leg
3a 102 (12.7)
3b 91 (11.3)
3c 78 9.7)
3d 9 (1.1)
4a 24 (3.0)
4b 0 (0.0)
Four-leg
5a 94 (11.7)
5b 159 (19.7)
6a 14 (1.7)
Jughandle
7a 0 (0.0)
7b 0 (0.0)
Total 806 (100.0)




TABLE 18 Number of unsignalized median openings by state and median opening type

Median State
opening type CO GA KS Mi MO NJ NY Total
Midblock
1a 14(10.2) 2 (0.8) 3 (2.7) 19(308) 2 (49) 40
1b 1 (1.6) 15(10.0) 6 (2.5) 22
1c 5 (33 1 (0.7) 6
2a 1 (1.6) 1
2b 146(59.8) 1 (16) 2 (4.9 149
2c 12 (4.9) 5(12.2) 17
Three-leg
3a 43(31.4) 14 (5.7) 27(24.3) 15(242) 3 (7.3) 102
3b 20(32.8) 12 (8.0) 15(10.9) 15 (6.1) 11 (9.9) 15(24.2) 3 (7.3) 91
3c 1 (16) 52(347) 2 (15 17 (70) 2 (18 1 (1.6) 3 (7.3) 78
3d 9 (6.0) 9
4a 7(11.8) 4 (27) 2 (158) 7 (29 109 1(18) 2 (49 24
Four-leg
5a 26(19.0) 17 (7.0) 43(38.7) 5 (8.1) 3 (7.3) 94
5b 30(49.2) 53(35.3) 29(21.2) 8 (3.3) 23(20.7) 4 (65) 12(29.3) 159
6a 2 (3.3) 5 (3.6) 1 (0.9) 6(14.6) 14
Total 61 150 137 244 111 62 41 806

NoTe: Numbers in parentheses are column percentages.

Cross-Section

Table 20 presents the distribution of sites by cross section
and median opening type. Most of the arterial corridors rec-
ommended to the research team by highway agencies were
four-lane arterials; about 10 percent of the sites are located
on six-lane arterials.

Special Left-Turn Treatments

When conducting the site visits, the research team mem-
bers noted the presence of offset left-turn lanes, loons, and
dual left-turn lanes. These special left-turn treatments will be
considered in the accident and field studies because they can
influence the safety of an unsignalized median opening. Off-

TABLE 19 Number of median openings

set left-turn lanes provide improved sight distance; loons pro-
vide extra pavement width for U-turn vehicles with a large
turning radius; and dual left-turn lanes can be confusing to
some drivers. Of the 806 unsignalized median openings,
79 had offset left-turn lanes, 34 had loons, and 3 had dual
left-turn lanes.

Shoulder Type

The type of shoulder provided at each of the unsignalized
median openings was noted during the site visits. Table 21
presents the distribution of sites by shoulder type. Most of the
median openings had paved shoulders.

TABLE 20 Number of median openings
by cross section and median opening type

by posted speed limit and median opening type Major-road cross-section
Median opening type Posted speed limit Median opening type 4-lane 6-lane
Low speed High speed Midblock
(<50 mph) (= 55 mph) 1a 40 (5.5) 0 (0.0)
Midblock 1b 21 (2.9) 1 (12
1a 3 (09) 37 (80) 1c 6 (0.8) 0 (00)
1b 8 (2.3) 14 (3.0) oa 1 (01) 0 (00)
Te 3 (09 s (07 2b 140 (19.4) 9 (10.6)
2a 0 (09 102 2¢ 12 (1.7) 5 (5.9
2b 26 (7.5) 123 (26.7)
2c 8 (2.3) 9 (2.0) Three-leg
Three-leg 3a 102 (14.1) 0 (0.0
3a 23 (6.6) 79 (17.2) 3b 77 (10.7) 14 (16.5)
3b 69 (19.9) 22 (4.8) 3c 68 (9.4) 10 (11.8)
3c 38 (11.0) 40  (8.7) 3d 9 (1.2 0 (0.0)
3d 9 (26) 0 (0.0 4a 7 (1.0 17 (20.0)
4a 23 (6.6) 1 (02 Fourleg
Four-leg = Aty T 5a 94 (13.0) 0 (0.0)
5b 105  (30.3) 54 (11.7) 5b 134 (18.6) 25 (29.4)
6a 11 (3.2) 3 (0.7) 6a 10 (1.4) 4 (47)
Total 346 460 Total 721 85
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TABLE 21 Number of median
openings by shoulder type
Shoulder Number of
type sites

Paved 480  (59.8)
Curb 244 (30.3)
Mountable curb 21 (2.6)
Other 56 (6.9)
No shoulder 5 (0.6)
Total 806

Median Type and Width

The type and width of median at each of the unsignalized
median openings was noted during the site visits. Of the 806
unsignalized median openings, 502 median openings (62 per-
cent) were located at raised medians, 303 median openings
(38 percent) were located at depressed medians, and one
median opening was located at a paved median. About one-
third of the median openings were 6 m (20 ft) wide or less;
about one-third were between 6 and 12 m (20 and 40 ft) wide;
and about one-third were greater than 12 m (40 ft) wide.

U-Turn Potential

At each unsignalized median opening, research team mem-
bers estimated the potential for U-turn activity at that site,
based on the surrounding development or actual U-turn activ-
ity observed. Table 22 presents the distribution of U-turn
potential by median opening type.

TABLE 22 Number of median openings
by U-turn potential and median opening type

Median opening U-turn potential
type Low High
Midblock
1a 21 (4.6) 19 (5.4)
1b 13 (2.9) 9 (2.6)
1c 2 (0.4) 4 (1.1)
2a 0 (0.0) 1 (0.3)
2b 2 (0.4) 147  (41.8)
2c 1 (0.2) 16 (4.5)
Three-leg
3a 79  (17.4) 23 (6.5)
3b 64 (14.1) 27 (7.7)
3c 54  (11.9) 24 (6.8)
3d 2 (0.4) 7 (2.0)
4a 12 (2.6) 12 (3.4)
Four-leg
5a 76  (16.7) 18 (5.1)
5b 120 (26.4) 39  (11.1)
6a 8 (1.8) 6 1.7)
Total 454 352

Median Opening Types Included
in Data Collection and Analysis

Based on the catalog of median opening designs that are
representative of what actually exists in the field, the follow-
ing median opening designs were given highest priority in
the accident and field studies:

e Type la = Conventional midblock median opening with-
out left-turn lanes

e Type 1b = Conventional midblock median opening with
left-turn lanes

e Type 2b = Directional midblock median opening with
left-turn lanes

e Type 2c = Directional midblock median opening with
left-turn lanes and loons

e Type 3a = Conventional median opening without left-
turn lanes at three-leg intersection

e Type 3b = Conventional median opening with one left-
turn lane at three-leg intersection

e Type 3c = Conventional median opening with two left-
turn lanes at three-leg intersection

e Type 4a = Directional median opening for left turns
from major road at three-leg intersection

e Type 5a = Conventional median opening without left-
turn lanes at four-leg intersection

e Type 5b = Conventional median opening with left-turn
lanes at four-leg intersection

e Type 6a = Directional median opening for left turns
from major road at four-leg intersection

These median opening designs appeared to be most com-
monly used by highway agencies and/or were most promising
in terms of safety performance. The preceding list includes
median opening Type 2c, directional midblock median open-
ing with left-turn lanes and loons. The usage of loons was
observed in four of the states visited in the catalog process
(i.e., Georgia, Kansas, Michigan, and New York). Therefore,
they were included in the accident and field studies to assess
their appropriateness for wider use.

DATA COLLECTION AND ANALYSIS
FOR SELECTED MEDIAN OPENINGS

Three major data collection and analysis activities were
conducted in the research:

e Field observational studies of existing median openings
used for U-turns,

e Accident studies of existing median openings used for
U-turns, and

e Analysis of traffic conflicts and driver behavior at median
openings used for U-turns.



The following discussion provides an overview of each of
these data collection and analysis efforts. The findings of
those analyses are presented in Chapter 6.

Field Observational Studies
of Existing Median Openings

Field observational studies were conducted at four corri-
dors in each of the following five geographic regions, for a
total of 20 corridors:

e West (Colorado),

e Midwest (Kansas/Missouri),

e North (Michigan),

e South (Georgia), and

e Northeast (New Jersey/New York).

The corridors were selected on the basis of median open-
ing types and level of U-turn activity. Within each corridor,
one intersection was selected for videotaping on the basis of
the data already collected during the catalog process and a
further field review of the site. The intersections selected for
videotaping were selected to cover the range of median open-
ing types and median widths of interest to the study.

The field observational studies involved videotaping one
unsignalized median opening in each arterial corridor for peri-
ods of approximately 6 hours per site, including the evening
peak period and two off-peak periods. Table 23 presents the
number of videotaped median openings in each geographic
region by median opening type.

The videotapes were used for two purposes: (1) to obtain
counts of turning movement volumes at the intersections and
(2) to note traffic conflicts and undesirable driving behavior
that may be indicators of safety problems at the median open-
ing. From the turning movement counts, typical U-turn vol-
umes (and percentage of total turning volumes) for median
openings with various designs were determined. Data on traf-
fic conflicts and undesirable driving behavior were used in
the human factors evaluation.

Figure 46 illustrates the field setup used in the study, with
video cameras in two different quadrants of the intersection.
This setup provided good viewing angles for all turning
movements at the intersection and allowed any traffic con-

TABLE 23
in each geographic region
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flicts or undesirable driving behavior to be reviewed and
classified from more than one angle. The quadrants chosen
for camera locations varied from site to site to obtain the best
viewing angles. The video cameras were equipped with char-
acter generators with the capability of superimposing an
elapsed time to the nearest 0.1 sec on the recorded video
image to document the precise time at which events of inter-
est occurred.

In addition to the one field observational study per corridor,
short 15- to 30-min turning movement counts were performed
at other median openings in the corridor during the same
period as the video studies. These counts were scaled up to the
full period of the video study using the traffic count data from
the videotapes for the primary study site in the same corridor.
These additional volume counts (including U-turn volumes)
allowed for better use of the accident data for those other
median openings. Table 24 presents the number of median
openings, by median opening type and geographic region, at
which turning movement counts were obtained, either from
the videotapes or from supplemental manual counts.

To supplement the information on individual median open-
ings obtained during the catalog process, the following site
characteristics were documented during the field observa-
tional studies:

e Median opening dimensions (i.e., length and width),
e Distance to nearest intersection,

¢ Distance to nearest signal,

¢ Distance to nearest driveway,

e Character of surrounding development, and

e Level of pedestrian activity.

Documentation obtained in the field included photographs of
specific median opening types.

Accident Studies of Existing Median Openings

Accident data, including data on the characteristics of each
individual traffic accident at or related to the median open-
ings of interest, were obtained from the participating high-
way agencies. Then, accident studies of existing median open-
ings were conducted to learn the following:

Number of videotaped median openings (by median opening type)

Median opening type
Geographic region ia 1b 2b 2c B3a 3 3c 4a b5a 5b 6a Total
West (CO) - - - - - 1 - 1 - 2 - 4
Midwest (KS/MO) 1 - - - 1 2 - - 2 1 - 7
North (MI) - - 8 4 - - - - - - - 12
South (GA) - - - - - - 1 - - 1 - 2
Northeast (NJ/NY) - - - 1 - 2 - 2 - 1 1 7
Total 1 — 8 5 1 5 1 3 2 5 1 32

NoTe: Michigan sample sizes are larger than other states because the study sites were pairs of
directional median openings rather than single bidirectional median openings.
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Crossroad
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Figure 46.  Typical data collection setup using video cameras (8).

e Traffic accident frequencies and rates for median open-
ings of various types,

e Relationship of U-turn volumes to median opening acci-
dent rates, and

e Pattern of accident types and severities at median open-
ings with substantial U-turn volumes and at median open-
ings with relatively few U-turns.

Accident Data

Accident data were obtained from each of the partici-
pating highway agencies for the selected corridors for a
period of at least 4 years. The periods for which accident data
were obtained for median opening sites in each state were as
follows:

e Colorado (1997-2001)
e Georgia (1997-2001)
e Kansas (1997-2001)
e Michigan (1993-1997)
e Missouri (1997-2001)
e New Jersey  (1997-2000)
e New York (1996-2001)

Complete accident data were not available for every study
corridor. A few of the corridors were not state-maintained

and,

therefore, the accident data for some of these corridors

were either unavailable or were incomplete. The accident
descriptors that were obtained are as follows:

Accident location (milepost or other information that
identifies the location of accidents with respect to the
median openings of interest),

Relationship to junction (at intersection/not at intersec-
tion, but intersection related),

Accident date,

Time of day,

Accident severity,

Light condition (day and night),

Pavement surface condition (i.e., dry/wet/ice and snow),
Accident type/manner of collision,

Initial direction of travel of involved vehicles,
Intended maneuvers of involved vehicles (i.e., straight
ahead/right turn/left turn/U-turn),

Vehicle types of involved vehicles (e.g., passenger car/
bus/truck/RV), and

First harmful event/most harmful event.

TABLE 24 Number of median openings (by median opening type) in each geographic region
at which turning movement counts were obtained

Median opening type

Geographic region 1a 1b 2b 2¢c 3a 3b 3c 4a 5a 5b 6a Total
West (CO) - - - - - 7 - 5 - 10 1 23
Midwest (KS/MO) 1 - - - 2 2 - - 5 3 - 13
North (M) - - 21 10 1 - - - - - - 32
South (GA) - 1 - - - 12 1 1 - 12 - 27
Northeast (NJ/NY) i - 1 4 - 9 1 3 - 6 5 30
Total 1 22 14 3 30 2 9 5 3 6 125




For median openings at intersections, the project database
includes all accidents identified by the investigating officer or
by data coding as related to that intersection. For intersections
not at median openings, all accidents within 75 m (250 ft) of
the median opening are included in the database. Where acci-
dent locations could not be tied accurately to a specific median
opening (which occurred at midblock locations for some
agencies), that particular median opening was dropped from
the project database.

Traffic Volume Data

Traffic volume data and turning movement counts, where
available, were obtained from the files of the participating
agencies. Where traffic volume data were not available for a
set of median openings in a corridor, the research team (1) per-
formed turning movement counts (including counts of U-turn
maneuvers) for at least one median opening in the corridor and
(2) estimated the traffic volumes for the other median open-
ings in the corridor based on observations of the general level
of turning activity (i.e., high, medium, and low) and com-
parison of the relative access point densities of the median
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openings whose U-turn volumes are known and those whose
U-turn volumes are not known.

Accident Distributions

Out of a total of 7,717 median-opening-related accidents,
only 79 accidents (1.1%) were identified as involving U-turns.
Because this did not appear to be a sufficient number of
U-turn accidents to draw useful conclusions about the safety
performance of median openings, a decision was made to
include both U-turn and left-turn accidents in the analyses.
Review of the accident data indicated that many U-turn acci-
dents are, in fact, coded as left-turn accidents. Specifically,
at some nonintersection median openings, where all move-
ments through the median opening are, by definition, U-turns,
many accidents are coded as left-turn accidents. The database
included 79 U-turn accidents (1.1%) and 1,293 left-turn acci-
dents (16.8%) for a total of 1,372 U-turn-plus-left-turn acci-
dents (17.8%).

Tables 25 through 27 present accident frequencies by
median opening type, number of legs, and intersection geom-
etry, respectively. U-turn and left-turn accidents are presented

TABLE 25 Distribution of accidents by median opening type

Number of accidents Percentage of total accidents
Median No. of U-turn U-turn
opening  median and and
type openings  U-turn Leftturn  left turn Total U-turn  Leftturn left turn
Midblock
1a 37 4 13 17 185 2.2 7.0 9.2
1b 7 0 6 6 73 0.0 8.2 8.2
2b 145 6 125 131 1,423 0.4 8.8 9.2
2c 10 2 3 5 82 2.4 3.7 6.1
Three-leg
3a 83 2 112 114 640 0.3 175 17.8
3b 121 26 253 279 1,367 1.9 18.5 20.4
3c 24 35 36 273 0.4 12.8 13.2
4a 21 2 49 51 418 0.5 11.7 12.2
Four-leg
5a 84 4 116 120 750 0.5 15.5 16.0
5b 125 27 458 485 2,044 1.3 22.4 23.7
6a 11 5 123 128 353 1.4 34.8 36.3
TABLE 26 Distribution of accident by number of legs at intersection
Number of accidents Percentage of total accidents
No. of U-turn U-turn
Crossing median and and
type openings  U-turn  Leftturn left turn Total U-turn  Left turn  left turn
Midblock 199 12 147 159 1,763 0.7 8.3 9.0
Three-leg 249 31 449 480 2,698 1.1 16.6 17.7
Four-leg 220 36 697 733 3,147 1.1 22.1 23.2
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TABLE 27 Distribution of accidents by type of geometry

Percentage of total
Number of accidents accidents
No. of U-turn U-turn
Geometry median Left and Left and
type openings  U-turn turn left turn Total U-turn turn left turn
Conventional 481 64 993 1,057 5,332 1.2 18.6 19.8
Directional 187 15 300 315 2,276 0.7 13.2 13.9

separately as well as in combination. The tables shown here
are simply meant to illustrate various distributions of the
accident data and are not intended to present any conclusive
relationships.

Analysis of Traffic Conflicts
and Driver Behavior at Existing Median Openings

The videotapes recorded during the field data collection
effort were reviewed to document how drivers behave in mak-
ing U-turns and left turns through unsignalized median open-
ings. Approximately, 152 hours of videotapes from 26 urban
sites were reviewed. In general, seven types of undesirable
driving behavior, or unsafe driving conditions, were observed.
Each one is presented below, followed by a discussion of the
causes of that behavior.

¢ Vehicles slow in response to turning vehicle(s)—The
median geometry is such that there is no deceleration
lane or storage area for a vehicle making a left turn or
U-turn so that the deceleration of the turning vehicle must
take place in the through travel lane (major road—same
direction). The median may also be of insufficient width
to store the vehicle once it has slowed or stopped, which
can lead to other problems. This problem is exacerbated
for trucks.

¢ Vehicles queue in response to turning vehicle(s)—The
median geometry, or the lack of sufficient gaps of ade-
quate length in the opposing traffic stream (major road),
is such that when one (or multiple) vehicles attempt to
turn, the queue spills back into the through travel lane
(major road—same direction). This problem is exacer-
bated for trucks.

¢ Vehicles drive in the wrong direction in the median—
For locations where there is a raised median separating
the directional flows of traffic on the median roadway,
drivers sometimes drive in the wrong direction on the
median roadway. This may be because of poor median
opening design, which confuses the driver or because of
total disregard for the general rules of the road where the
driver recognizes the proper operation of the opening
but decides to perform an undesirable maneuver despite
the cues presented at the opening.

¢ Drivers making turns use the same gap—For loca-
tions where there is a lack of adequate gaps of sufficient

length, multiple vehicles making multiple maneuvers will
use the same gap. This situation may be exacerbated
as the number of lanes in the cross-section increases,
because the task of finding a gap in three lanes of on-
coming traffic (from one direction of travel on the major
road) is not a simple task. Given the lack of any formal
priority scheme for the performance of these different
maneuvers, drivers will cut off other drivers, hesitate in
initiating or completing their maneuver, or take a cir-
cuitous path in completing their maneuver.

Drivers make a “discontinuous” U-turn—The cross-
section configuration [primarily the combination of the
median and the opposite (major) roadway] is such that
there is not enough area to accommodate the turning
radius of the vehicle. The compensating behavior by the
driver is to shift the vehicle into reverse, turn the wheels
to redirect the vehicle, shift the vehicle back to drive,
and complete the U-turn (or what is often called a “K”
or 3-Point-turn).

Drivers make a turn not served by the design of the
intersection—Some median openings are designed to
accommodate only a limited number of turn maneuvers
(e.g., left in, but not left out). Drivers proceeding from the
minor roadway (or driveway) attempt (and usually com-
plete) a left turn through a median opening not designed
for such a maneuver. This may be result from a lack of
knowledge of where the driver may be allowed to direct
his vehicle to the opposite side of the major road. This
behavior also could result from a sense of frustration
because the driver could enter the minor roadway (or
driveway) from the major roadway by performing a left
turn, but cannot “re-enter” that same roadway by again
performing a left turn.

Drivers hesitate when entering the median roadway—
Drivers will hesitate when entering the median roadway
when they are unsure of what maneuver a driver already
in the median roadway is attempting. For example, if a
driver entering the median roadway from the major road
is attempting to make a U-turn and a second driver enter-
ing the median roadway from the major road (opposite
direction) is attempting a left turn maneuver, the second
driver may not understand the intention of the first
driver and does not know whether to turn “in front of” or
“behind” the first vehicle. The driver of the second vehi-
cle hesitates and waits in the through lane of the major



road (opposite direction) until able to ascertain the
driver of the first vehicle’s intended maneuver.

For purposes of conducting a traffic conflict analysis, the
seven types of undesirable driver behavior were grouped into

three conflict types:

e Conflict Type A: A vehicle turning from the major road

into the median opening causes the following vehicle on
the major road to brake. This conflict type includes the
following undesirable driving behaviors: (1) vehicles
slow in response to turning vehicle, (2) vehicles queue
up in response to turning vehicle, and (3) drivers hesi-
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e Conflict Type B: Conflict between two or more vehicles

within the median opening. This conflict type includes
the following undesirable driving behaviors: (1) vehicles
drive in the wrong direction in the median and (2) drivers
make a turn not served by the design of the intersection.
Conflict Type C: A vehicle turning from the median
opening onto the major road causes the vehicle on the
major road to brake. This conflict type includes the fol-
lowing undesirable driving behaviors: (1) drivers mak-
ing turns use the same gap and (2) drivers make a “dis-
continuous” U-turn.

Table 28 summarizes the traffic conflict data collected dur-

tate when entering the median roadway.

TABLE 28 Summary of data for traffic conflict analysis

ing the videotape studies.

Turning counts Number of  Number of conflicts by conflict type
conflicts
Total Major- Major- Minor- Total Number (per 10°
hours of road road road major-road of turning
Type videotape U-turn left turn left turn volume conflicts  vehicles) AY B’ c°
URBAN ARTERIAL CORRIDORS
Midblock
2b 24 2,103 0 0 50,367 6 2.9 1 0 5
2c 29 1,746 0 0 72,351 36 20.6 0 1 35
Three-leg
3b 36 758 888 221 63,472 12 6.4 4 2 6
4a 21 546 524 192 52,469 43 34.1 6 0 37
Four-leg
5a 12 424 568 493 27,713 19 12.8 17 2 0
5b 24 689 1,792 565 68,721 31 10.2 7 5 19
6a 6 421 303 0 19,814 20 27.6 1 0 19

% Conflict Type A:
Conflict Type B:
¢ Conflict Type C:

Vehicle turning from the major road into the median opening causes following vehicle on the major road to brake.
Conflict between two or more vehicles within the median opening.
Vehicle turning from the median opening onto the major road causes vehicle on the major road to brake.
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CHAPTER 6
FINDINGS

This chapter presents the findings of the research. The issues
addressed in this chapter are accident and field data, median
opening accident frequencies, median opening accident
rates, median opening traffic conflicts, comparison of acci-
dent rates and conflict rates, and combinations of median
opening types.

ACCIDENT AND FIELD DATA

Table 29 presents the number of unsignalized median open-
ing sites in each of the following categories:

e Median openings in the original catalog,

e Median openings with accident data available,

e Median openings where field data (either videotape stud-
ies or supplementary traffic counts) were collected, and

e Median openings with both accident and field data.

The median openings in the original catalog are all of the
unsignalized median openings that were visited and docu-
mented in the field. They represent all of the original median
openings available for possible inclusion in the analyses.
However, accident data were not available for all of the median
openings. In one state, accident data were available only for
intersection locations (i.e., locations with a cross street). Thus,
no accident data were available for midblock locations (Types
la, 1b, 2b, and 2c). In other states, some of the corridors orig-
inally recommended by the participating highway agency—
and which were included in the catalog of median opening
types—were not maintained by the highway agency and,
therefore, accident data were not available for these locations
either. In Table 29, the columns under “Median openings
with field data” illustrate the number of median openings
where videotape studies were conducted (“Primary”) and
where 15-min counts were made (“Supplementary”). The last
column represents the median openings with both accident and
field data and, given that accident and traffic volume data are
needed to conduct meaningful accident analyses, the median
openings that were included in the analyses. Thus, the proj-
ect database includes 115 unsignalized median opening sites
with both accident and field data.

Table 30 summarizes traffic volume data by median open-
ing type. The average major-road ADT is fairly consistent

across all median opening types, with the exceptions of Type
la (i.e., conventional midblock median opening without left-
turn lanes) and Type 3a (i.e., conventional median opening
without left-turn lanes at three-leg intersection), which each
have about one-half the average ADT on the major road.
The median opening volumes represent all U-turns and
left turns that go through the median opening, including left
turns from the minor road; these volumes are based on
counts made during the field studies. The midblock median
openings (Types la, 2b, and 2c) have no left-turn volumes
given that, by design, they accommodate only U-turn traffic.
The median opening volumes constitute a small percentage
of the major road volumes, ranging from 0.0 to 4.2 percent.

MEDIAN OPENING ACCIDENT FREQUENCIES

Tables 31 through 33 present frequencies of total acci-
dents, fatal and injury accidents, and PDO accidents, respec-
tively, by median opening type. U-turn and left-turn accident
frequencies are presented separately as well as in combina-
tion. These frequencies should not be considered conclusions
about the relative safety of various designs because they do
not consider traffic volumes (i.e., median types showing more
accidents may also have had higher traffic volumes).

Table 31 demonstrates that accidents related to U-turn and
left-turn maneuvers at unsignalized median openings occur
very infrequently. The 103 median openings in urban arter-
ial corridors experienced an average of 0.41 U-turn plus left-
turn accidents per median opening per year. The 12 median
openings in rural arterial corridors experienced an average of
0.20 accidents per median opening per year. Overall, at these
median openings, U-turns represent 58 percent of the median
opening movements and left turns represent 42 percent of the
median opening movements. Based on these limited accident
frequencies, there is no indication that U-turns at unsignal-
ized median openings constitute a major safety concern.

Table 34 presents the distribution of collision types by
median opening type. Collision types are as follows:

® Major-road angle collision—collision between a major-
road through vehicle and a vehicle turning from the
median opening onto the major road (i.e., either a left-
turning vehicle or a U-turn vehicle)
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TABLE 29 Number of unsignalized median opening sites
Median Median Median
Median  openingsin openings with openings with
opening original  accident data Median openings with field data both accident
type catalog available Primary Supplementary Total and field data
URBAN ARTERIAL CORRIDORS
Midblock
1a 12 10 0 7 7 7
1b 23 1 0 1 0
2b 149 145 8 12 20 20
2c 11 10 5 13 10
Three-leg
3a 44 34 1 10 11 11
3b 183 99 5 25 30 19
3c 4 4 0 2 2 2
4a 37 20 4 7 11 4
4b 1 0 0 0 0 0
Four-leg
5a 43 41 2 6 8 8
5b 164 106 4 26 30 17
6a 14 10 1 5 6 5
Subtotal 685 480 30 109 139 103
RURAL ARTERIAL CORRIDORS
Midblock
1a 29 27 1 6 7 7
1b 6 6 0 0 0 0
2a 1 0 0 0 0 0
2c 1 0 0 0 0 0
Three-leg
3a 63 49 0 4 4 4
3b 24 22 0 0 0 0
3c 21 21 0 0 0 0
4a 2 1 0 0 0 0
Four-leg
5a 55 43 1 0 1 1
5b 20 19 0 0 0 0
5c 2 2 0 0 0 0
6a 1 1 0 0 0 0
Subtotal 225 191 2 10 12 12
TOTAL 910 671 32 119 151 115

e Major-road rear-end collision—collision between a
vehicle making either a U-turn or left-turn from the major
road into the median opening and a following major-
road through vehicle

e Cross-street collision—any collision involving a vehi-
cle from the cross street

e Other or unknown collision type—collision where the
intended vehicle movements are unknown

MEDIAN OPENING ACCIDENT RATES

Table 35 presents total median opening accident rate by
median opening type. The median opening accident rate con-

sists of the number of accidents involving either a U-turn or
left turn through the median opening per million vehicles
turning through the median opening.

For urban arterial corridors, median opening accident rates
are substantially lower for midblock median openings than
for median openings at three-leg and four-leg intersections.
For example, the accident rate per million median opening
movements (i.e., U-turn plus left-turn maneuvers) at a direc-
tional midblock median opening is typically only about
14 percent of the median opening accident rate for a directional
median opening at a three-leg intersection. At conventional
three-leg median openings, the average median opening
accident rate at median openings with two left-turn lanes
(Type 3c) is substantially higher than the average median
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TABLE 30 Turning volumes at median openings

Average Turning volume at median openings
Number two-way (percentage of total
Median of major-road (veh/day) (percentage of major road ADT) median opening ADT)
opening  median ADT?
type openings  (veh/day) U-turn Left turn Total U-turn Left turn Total U-turn Left turn
URBAN ARTERIAL CORRIDORS
Midblock
1a 7 13,161 2 0 2 0.01 0.00 0.01 100.00 0.00
2b 20 33,495 700 0 700 2.09 0.00 2.09 100.00 0.00
2c 10 30,231 977 0 977 3.23 0.00 3.23 100.00 0.00
Three-leg
3a 11 14,446 11 95 106 0.08 0.66 0.74 10.38 89.62
3b 19 32,760 248 187 435 0.76 0.57 1.33 57.01 42.99
3c 2 42,361 79 307 386 0.19 0.72 0.91 20.47 79.53
4a 4 31,366 138 680 818 0.44 217 2.61 16.87 83.13
Four-leg
5a 8 34,324 259 622 881 0.75 1.81 2.56 29.40 70.60
5b 17 40,096 285 533 818 0.71 1.33 2.04 34.84 65.16
6a 5 38,476 552 1,065 1,617 1.43 2.77 4.20 34.14 65.86
RURAL ARTERIAL CORRIDORS
Midblock
1a 7 21,309 88 0 88 0.41 0.00 0.41 100.00 0.00
Three-leg
3a 4 27,448 374 404 778 1.36 1.47 2.83 48.07 51.93
Four-leg
5a 1 28,126 346 555 901 1.23 1.97 3.20 38.40 61.60

@ Major-road and median-opening volumes for year 2002.

TABLE 31 Median opening accident frequency by median opening type

Number Median opening accident Median opening
Median of frequency?® accident frequency
opening  median (for entire study period) (per median opening per year)
type  openings U-turn Left-turn Total U-turn Left-turn Total
URBAN ARTERIAL CORRIDORS
Midblock
1a 7 1 0 1 0.029 0.000 0.029
2b 20 1 3 4 0.010 0.030 0.040
2c 10 2 3 5 0.040 0.060 0.100
Three-leg
3a 11 1 8 9 0.018 0.145 0.164
3b 19 5 27 32 0.055 0.297 0.352
3c 2 0 10 10 0.000 1.000 1.000
4a 4 0 7 7 0.000 0.304 0.304
Four-leg
5a 8 0 26 26 0.000 0.650 0.650
5b 17 5 71 76 0.056 0.798 0.854
6a 5 3 39 42 0.100 1.300 1.400
RURAL ARTERIAL CORRIDORS
Midblock
1a 7 0 3 3 0.000 0.088 0.088
Three-leg
3a 4 0 4 4 0.000 0.235 0.235
Four-leg
5a 1 2 2 4 0.500 0.500 1.000

# The study period was generally five years in duration. However, only four years of accident data were
available for sites in New Jersey, and six years of accident data were available for sites in New York.
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TABLE 32 Fatal-and-injury median opening accident frequency by median opening type
Median opening accident Median opening
Median Number frequency® accident frequency
opening  of median (for entire study period) (per median opening per year)
type openings U-turn Left-turn ~ Total U-turn Left-turn  Total
URBAN ARTERIAL CORRIDORS
Midblock
1a 7 1 0 1 0.029 0.000 0.029
2b 20 1 3 0.010 0.020 0.030
2c 10 1 1 0.020 0.000 0.020
Three-leg
3a 11 1 0.018 0.055 0.073
3b 19 0 13 13 0.000 0.143 0.143
3c 2 0 0.000 0.600 0.600
4a 4 0 0.000 0.174 0.174
Four-leg
5a 8 0 10 10 0.000 0.250 0.250
5b 17 0 24 24 0.000 0.270 0.270
6a 5 2 25 27 0.067 0.833 0.900
RURAL ARTERIAL CORRIDORS
Midblock
1a 7 0 2 2 0.000 0.059 0.059
Three-leg
3a 4 0 1 1 0.000 0.059 0.059
Four-leg
5a 1 0 0 0 0.000 0.000 0.000

% The study period was generally five years in duration. However, only four years of accident data
were available for sites in New Jersey, and six years of accident data were available for sites in

New York.

opening accident rate at median openings with either no left-
turn lane or only one left-turn lane, but the data reflect only two
median openings of Type 3c. Furthermore, the data showed
considerable state-to-state variation that could not be accounted
for with a database of this size. Comparing median openings at
three-leg intersections, average median opening accident rates
for directional three-leg median openings are about 48 percent
lower than the accident rates for conventional three-leg median
openings. Comparing median openings at four-leg intersec-
tions, average median opening accident rates for directional
four-leg median openings are about 15 percent lower than for
conventional four-leg intersections.

For rural arterial corridors, the average median opening
accident rate is lower for median openings at three-leg inter-
sections than for median openings at four-leg intersections.
However, the sample size of median openings and median-
opening-related accidents for rural arterial corridors is so
small that no firm conclusions can be drawn.

Comparable results for fatal-and-injury and property-
damage-only accident rates at median openings are presented
in Tables 36 and 37.

MEDIAN OPENING CONFLICT RATES

An analysis of traffic conflicts was conducted and is
described in Chapter 5. The videotape recordings made dur-
ing the field data collection effort were reviewed to document
how drivers behave in making U-turns and left turns through
unsignalized median openings. Three basic conflict types
were observed and analyzed:

e Conflict Type A: A vehicle turning from the major road
into the median opening causes the following vehicle on
the major road to brake.

e Conflict Type B: Conflict between two or more vehicles
within the median opening.

e Conflict Type C: A vehicle turning from the median
opening onto the major road causes the vehicle on the
major road to brake.

Table 38 summarizes traffic conflicts by median opening
type. Some observations from the table are as follows:
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TABLE 33 Property-damage-only median opening accident frequency by median

opening type
Median opening accident Median opening
Median Number of frequency?® accident frequency
opening median (for entire study period) (per median opening per year)
type openings U-turn Left-turn  Total U-turn Left-turn  Total
URBAN ARTERIAL CORRIDORS
Midblock
1a 7 0 0 0 0.000 0.000 0.000
2b 20 0 1 0.000 0.010 0.010
2c 10 1 3 4 0.020 0.060 0.080
Three-leg
3a 11 0 0.000 0.091 0.091
3b 19 5 14 19 0.055 0.154 0.209
3c 2 0 0.000 0.400 0.400
4a 4 0 0.000 0.130 0.130
Four-leg
5a 8 0 16 16 0.000 0.400 0.400
5b 17 5 47 52 0.056 0.528 0.584
6a 5 1 14 15 0.033 0.467 0.500
RURAL ARTERIAL CORRIDORS
Midblock
1a 7 0 1 1 0.000 0.029 0.029
Three-leg
3a 4 0 3 3 0.000 0.176 0.176
Four-leg
5a 1 2 2 4 0.500 0.500 1.000

% The study period was generally five years in duration. However, only four years of accident
data were available for sites in New Jersey, and six years of accident data were available for

sites in New York.

e Most traffic conflicts at midblock median openings and
median openings at three-leg intersections, particularly
directional median openings, were related to the turning
vehicle merging onto the major road from the median
opening (Conflict Type C).

e At median openings without left-turn lanes at four-leg
intersections, most of the traffic conflicts were related to
vehicles turning from the major road into the median
opening (Conflict Type A).

e At directional median openings (Types 2b, 2c, 4a, and
6a), the greatest problem appears to be related to vehi-
cles merging onto the major road from the median open-
ing, as evidenced by the large number of Type C traffic
conflicts.

COMPARISON OF MEDIAN OPENING
ACCIDENT AND CONFLICT RATES

Table 39 presents median opening accident and conflict
rates by geometry type and number of intersection legs. All
of the median openings are urban. Relative safety compar-
isons that can be made from the table include the following:

e Median opening accident rates are substantially lower
for midblock median openings than for median open-
ings at three- and four-leg intersections. For example,
the median opening accident rate at a directional mid-
block median opening is typically only about 14 percent
of the median opening accident rate for a directional
median opening at a three-leg intersection.

e Median opening accident rates are slightly lower at con-
ventional three-leg median openings than at conven-
tional four-leg median openings. Median opening con-
flict rates at conventional three-leg median openings are
almost half the conflict rates at conventional four-leg
median openings.

e Median opening accident rates at directional three-leg
median openings are about 48 percent lower than the
accident rates for conventional three-leg openings. In
contrast, median opening conflict rates at directional
three-leg median openings are substantially higher than
the conflict rates for conventional three-leg openings.

e Median opening accident rates at directional four-leg
median openings are about 15 percent lower than for
conventional four-leg intersections. In contrast, median
opening conflict rates at directional four-leg median



TABLE 34 Collision type distribution for median opening turning accidents

Accident frequency by collision type®
Number (for entire study period) Percentage of accident frequency by collision type
Median of Major- Major- Other Major
opening  median road road rear Cross or road Major-road Cross Other or
type openings  angle end street unknown Total angle rear end street unknown
URBAN ARTERIAL CORRIDORS
Midblock
1a 7 1 0 0 0 1 100.0 0.0 0.0 0.0
2b 20 2 2 0 0 4 50.0 50.0 0.0 0.0
2c 10 1 3 0 1 5 20.0 60.0 0.0 20.0
Three-leg
3a 11 0 4 4 1 9 0.0 44 .4 44 .4 111
3b 19 8 5 18 1 32 25.0 15.6 56.3 3.1
3c 2 9 1 0 0 10 90.0 10.0 0.0 0.0
4a 4 7 0 0 0 7 100.0 0.0 0.0 0.0
Four-leg
5a 8 16 8 2 0 26 61.5 30.8 7.7 0.0
5b 17 28 33 12 3 76 36.8 43.4 15.8 3.9
6a 5 35 2 3 2 42 83.3 4.8 71 4.8
RURAL ARTERIAL CORRIDORS
Midblock
1a 7 0 2 1 0 3 0.0 66.7 33.3 0.0
Three-leg
3a 4 0 3 1 0 4 0.0 75.0 25.0 0.0
Four-leg
5a 1 1 2 1 0 4 25.0 50.0 25.0 0.0

@ The duration of the study period was generally five years. However, only four years of accident and exposure data were available for sites in New Jersey,
and six years of accident and exposure data were available for sites in New York.

TABLE 35 Total median opening accident rate by median opening type

Total median
opening Median opening
accident Median opening accident rate

Median Number frequency® movements (accidents per
opening  of median (for entire study (10° turns during 10° turning

type openings period) entire study period) vehicles)

URBAN ARTERIAL CORRIDORS

Midblock

1a 7 1 -° -°

2b 20 4 17.20 0.23

2c 10 5 13.42 0.37
Three-leg

3a 11 9 2.23 4.04

3b 19 32 13.04 2.46

3c 2 10 1.20 8.35

4a 4 7 4.87 1.44

Four-leg

5a 8 26 11.16 2.33

5b 17 76 22.77 3.34

6a 5 42 16.36 2.57

RURAL ARTERIAL CORRIDORS

Midblock

1a 7 3 0.96 3.13
Three-leg

3a 4 4 4.65 0.86
Four-leg

5a 1 4 1.41 2.84

# The duration of the study period was generally five years. However, only four years of accident and exposure data
were available for sites in New Jersey, and six years of accident and exposure data were available for sites in
New York.

® Data too limited to be meaningful.
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TABLE 36 Fatal-and-injury median opening accident rate by median opening type

Total median
opening accident Median opening
Median ~ Number of frequency® movements Median opening accident
opening median (for entire study (10° turns during rate (accidents per 10°
type openings period) entire study period) turning vehicles)
URBAN ARTERIAL CORRIDORS

Midblock

1a 7 1 b =

2b 20 3 17.20 0.17

2c 10 13.42 0.08
Three-leg

3a 11 2.23 1.80

3b 19 13 13.04 1.00

3c 2 1.20 5.01

4a 4 4.87 0.82
Four-leg

5a 8 10 11.16 0.90

5b 17 24 22.77 1.05

6a 5 27 16.36 1.65

RURAL ARTERIAL CORRIDORS

Midblock

1a 7 2 0.96 2.09
Three-leg

3a 4 1 4.65 0.22
Four-leg

5a 1 0 1.41 0.00

a

The duration of the study period was generally five years. However, only four years of accident and exposure

data were available for sites in New Jersey, and six years of accident and exposure data were available for sites

in New York.
® Data too limited to be meaningful.

openings are more than twice the conflict rates at con-
ventional four-leg median openings.

COMBINATIONS OF MEDIAN OPENINGS

Comparisons between the safety of conventional and direc-
tional median openings and between midblock median open-
ings and median openings at three- and four-leg intersections
are more reasonable when the number of movements allowed
through each median opening type is included in the com-
parison. For example, median opening accident rates are sub-
stantially lower for midblock median openings than for median
openings at three- and four-leg intersections. This is not sur-
prising given that midblock median openings do not have
cross-street traffic turning through the median opening, thus
creating additional points of conflict. Similarly, median open-
ing accident rates at directional three-leg median openings
are about 48 percent lower than the accident rates for con-
ventional three-leg openings. Directional three-leg median
openings (Type 4a) only accommodate left turns and U-turns
from the major road and do not permit left turns from the

cross street. Therefore, to conduct a fair comparison of con-
ventional and directional median openings at three-leg inter-
sections, combinations of median openings should be com-
pared. For example, a directional three-leg median opening
in combination with a directional midblock median opening,
as presented in Figure 47, is better compared with a conven-
tional three-leg opening (Type 3b) because the same turning
movements are accommodated in each situation.

This section presents several typical combinations of median
opening designs that can be used along an arterial to accom-
modate the same turning movements allowed at an individ-
ual median opening. In each case, a safety comparison is made
between the individual median opening and the combination
of median openings.

Comparison of Conventional and Directional
Median Openings at Three-Leg Intersections

A conventional median opening at a three-leg intersection
(Type 3a, 3b, 3c, or 3d) accommodates all turning movements
from the major road and cross street. A directional median



TABLE 37 Property-damage-only median opening accident rate by median opening type

Total median
opening accident Median opening
Median Number of frequency® movements Median opening accident
opening median (for entire study (10° turns during rate (accidents per 10°
type openings period) entire study period) turning vehicles)
URBAN ARTERIAL CORRIDORS
Midblock
1a 7 0 -° -°
2b 20 1 17.20 0.06
2c 10 4 13.42 0.30
Three-leg
3a 11 5 2.23 2.24
3b 19 19 13.04 1.46
3c 2 4 1.20 3.34
4a 4 3 4.87 0.62
Four-leg
5a 8 16 11.16 1.43
5b 17 52 22.77 2.28
6a 5 15 16.36 0.92
RURAL ARTERIAL CORRIDORS
Midblock
1a 7 1 0.96 1.04
Three-leg
3a 4 3 4.65 0.65
Four-leg
5a 1 4 1.41 2.84

# The duration of the study period was generally five years. However, only four years of accident and exposure
data were available for sites in New Jersey, and six years of accident and exposure data were available for sites
b in New York. )
Data too limited to be meaningful.

TABLE 38 Summary of traffic conflicts by median opening type at urban sites

No. of conflicts Number of conflicts by conflict type
Number of per 10° major-
Type conflicts road vehicles A® B° c°
Midblock
2b 6 2.9 1 0 5
2c 36 20.6 0 1 35
Three-leg
3b 12 6.4 4 2 6
4a 43 34.1 6 0 37
Four-leg
5a 19 12.8 17 2 0
5b 31 10.2 7 5 19
6a 20 27.6 1 0 19

Conflict Type A:  Vehicle turning from the major road into the median opening causes following
vehicle on the major road to brake.
Conflict Type B:  Conflict between two or more vehicles within the median opening.
¢ Conflict Type C: Vebhicle turning from the median opening onto the major road causes vehicle on the
major road to brake.
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TABLE 39
of intersection legs at urban sites

Median opening accident and conflict rates by geometry type and number

Median opening
movements Median opening Conflict rate
Number of (106 turns accident rate (conflicts per 10°
Median median Number of during entire (accidents per 10° major-road
opening type openings accidents study period) turning vehicles) vehicles)
Directional
midblock 30 9 30.62 0.29 11.0
(2b + 2¢)
Conventional
3-leg 30 41 15.27 2.69 6.4°
(3a + 3b)
Directional
3-leg 4 7 4.87 1.40 341
(4a)
Conventional
4-leg 25 102 33.93 3.01 11.0
(5a + 5b)
Directional
4-leg 5 42 16.36 2.57 27.6
(6a)

? Conflict data collected at Type 3b median openings only.

opening at a three-leg intersection accommodates only left
turns from the major road to the cross street (Type 4a) or left
turns from the cross street to the major road (Type 4b). There-
fore, a directional median opening at a three-leg intersection
may be used in combination with a directional midblock
median opening (Type 2a or 2b) to indirectly accommodate
all turning movements. Figure 47 presents a conventional
median opening at a three-leg intersection (Type 3b) and a
combination of a directional median opening at a three-leg
intersection (Type 4a) with a directional midblock median
opening (Type 2b).

From Table 39, the median opening accident rate for a con-
ventional median opening at a three-leg intersection (Type
3a + 3b) is 2.69 accidents per million turning vehicles. From
Tables 35 and 39, the median opening accident rate for the
combination of directional median openings is 1.63 accidents
per million turning vehicles (1.40 for the Type 4a median
opening plus 0.233 for the Type 2b median opening). Thus,
the median opening accident rate for the combination of
directional median openings is about 40 percent less than the
accident rate for a conventional median opening at a three-
leg intersection.

Comparison of Conventional and Directional
Median Openings at Four-Leg Intersections

A conventional median opening at a four-leg intersection
(Type 5a, 5b, or 5¢) accommodates all turning movements
from the major road and cross street as well as through move-
ments on the cross street. A directional median opening at a
four-leg intersection accommodates only left turns from the

major road to the cross street (Type 6a). Therefore, a direc-
tional median opening at a four-leg intersection may be used
in combination with two directional midblock median open-
ings (Type 2a or 2b) to indirectly accommodate all turning
movements. Figure 48 presents a conventional median open-
ing at a four-leg intersection (Type 5b) and a combination of a
directional median opening at a four-leg intersection (Type 6a)
with two directional midblock median openings (Type 2b).

From Table 39, the median opening accident rate for a
conventional median opening at a four-leg intersection (Type
Sa+5b) is 3.01 accidents per million turning vehicles. From
Tables 34 and 39, the median opening accident rate for the
combination of directional median openings is 3.03 accidents
per million turning vehicles (2.57 for the Type 6a median
opening plus 0.46 for two Type 2b median openings), which
is about equal to the median opening accident rate for the
conventional median opening.

Comparison of Conventional
and Directional Median Openings
at Signalized Four-Leg Intersections

Although the focus of the research was on unsignalized
median openings, most of the directional midblock median
openings in the study were sites in Michigan, where they are
used in combination with signalized intersections. At these
locations, left turns are prohibited from the major and minor
road at the signalized intersection. From the minor road, left-
turning traffic turns right onto the divided road and then
makes a U-turn at the directional midblock median opening.
Traffic turning left from the major road must first travel
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a) Conventional Median Opening at Three-Leg Intersection (Type 3b)

b) Directional Median Opening For Left Turns From Major Road at Three-Leg Intersection With Directional Midblock Median

Opening (Type 4a + Type 2b)

Figure 47.  Conventional and directional median openings at three-leg intersection.

through the intersection and then make a U-turn at the direc-
tional midblock median opening, followed by a right turn
onto the minor road.

Figure 49 illustrates a conventional signalized four-leg
intersection and a combination of directional midblock median
openings with a signalized intersection where turns are pro-
hibited. Without a formal safety prediction model for signal-
ized intersections on divided highways that is sensitive to

turning volumes, no formal comparison of the relative safety
of the two scenarios (conventional and directional median
openings at signalized four-leg intersections) can be made.
However, given that the median opening accident rate for
directional midblock median openings is so low, it is likely
that the safety performance of the directional median opening
combination, as used in Michigan, is as good as or better than
the safety performance of the conventional median opening.

b) Directional Median Opening Four-Leg Intersection With Two Directional Midblock Median Openings (Type 2b + Type 6a + Type 2b)

Figure 48. Conventional and directional median openings at four-leg intersection.
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a) Conventional Median Opening at Signalized Four-Leg Intersection

b) Signalized Four-Leg Intersection With No Turns Permitted and Two Directional Midblock Median Openings

Figure 49. Median openings at signalized four-leg intersection.
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CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS

This chapter presents the conclusions of the research and
recommendations for future work.

left turns represent 42 percent of the median opening
movements. Based on these limited accident frequen-

CONCLUSIONS

The conclusions of the research are as follows:

e As medians are used more extensively on arterial high-
ways, with direct left-turn access limited to selected
locations, many arterial highways experience fewer mid-
block left-turn maneuvers and more U-turn maneuvers at
unsignalized median openings.

Field studies at various median opening types in urban
arterial corridors have found estimated U-turn volumes
ranging from 2 to 977 veh/day, representing from 0.01
to 3.2 percent of the major-road traffic volumes at those
locations. At median openings in rural areas, U-turn vol-
umes were found to range up to 374 veh/day, represent-
ing at most 1.4 percent of the major-road traffic volumes
at those locations.

Review of accident data for median openings at which
U-turn maneuvers are made have found that accident
report data do not distinguish clearly between accidents
involving U-turn maneuvers and those involving left-
turn maneuvers. In particular, at some median openings
where U-turn maneuvers can be made but no left-turn
maneuvers are feasible, investigating officers classified
a substantial proportion of the accidents involving turn-
ing movements through the median as related to left-
turn maneuvers. For this reason, reliable evaluation of
median opening accident frequency must necessarily
consider the frequency of U-turn-related and left-turn-
related accidents combined.

Accidents related to U-turn and left-turn maneuvers at
unsignalized median openings occur very infrequently.
The 103 median openings in urban arterial corridors eval-
uated in detail in this research experienced an average
of 0.41 U-turn plus left-turn accidents per median open-
ing per year. The 12 median openings in rural arterial
corridors evaluated in detail in this research experienced
an average of 0.20 accidents per median opening per
year. Overall, at these median openings, U-turns repre-
sent 58 percent of the median opening movements and

cies, there is no indication that U-turns at unsignalized
median openings constitute a major safety concern.
Average accident rates per median opening movement
(U-turn plus left-turn maneuvers) have been estimated
for specific median opening types in both urban and
rural arterial corridors. No satisfactory regression rela-
tionships relating median opening accident frequency to
the volume of U-turn and left-turn maneuvers through
the median opening could be developed. Given the low
accident frequencies, this is not surprising.

For urban arterial corridors, median opening accident
rates are substantially lower for midblock median open-
ings than for median openings at three- and four-leg
intersections. For example, the accident rate per mil-
lion median opening movements (U-turn plus left-turn
maneuvers) at a directional midblock median opening is
typically only about 14 percent of the median opening
accident rate for a directional median opening at a three-
leg intersection.

For urban arterial corridors, average median opening acci-
dent rates are slightly lower for conventional three-leg
median openings than for conventional four-leg median
openings

For urban arterial corridors, average median opening
accident rates for directional three-leg median openings
are about 48 percent lower than the accident rates for
conventional three-leg median openings.

For urban arterial corridors, average median opening
accident rates for directional four-leg median openings
are about 15 percent lower than for conventional four-
leg intersections.

For rural arterial corridors, the average median open-
ing accident rate is lower for median openings at three-
leg intersections than for median openings at four-leg
intersections. However, the sample size of median open-
ings and median-opening-related accidents for rural
arterial corridors is so small that no firm conclusions can
be drawn.

Where directional median openings are considered as
alternatives to conventional median openings, two or
more directional median openings are usually required
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to serve the same traffic movements as one conventional
median opening. Therefore, design decisions should con-
sider the relative safety and operational efficiency of all
directional median openings in comparison with the sin-
gle conventional median opening.

A comparison of the total median opening accident rates
for the range of median opening types considered in the
research is presented in Table 35. Comparable results for
fatal-and-injury and property-damage-only accident rates
at median openings are presented in Tables 36 and 37.
Analysis of field data found that, for most types of median
openings, most observed traffic conflicts involved major-
road through vehicles having to brake for vehicles turn-
ing from the median opening onto the major road.

For median openings at four-leg intersections without
left-turn lanes on the major road, most of the observed
traffic conflicts involved major-road through vehicles
having to brake for vehicles turning left into the median
opening.

The minimum spacing between median openings cur-
rently used by highway agencies in rural areas ranges
from 152 to 805 m (500 to 2,640 ft). In urban areas, the
minimum spacing between median openings ranges from
91 to 805 m (300 to 2,640 ft) in highway agency policies.
In most cases, highway agencies use spacings between
median openings in the upper end of these ranges, but
there is no indication that safety problems result from
occasional use of median opening spacings as short as
91 to 152 m (300 to 500 ft).

RECOMMENDATIONS

The following recommendations have been developed based

on these conclusions:

e Guidelines for the use, location, and design of unsignal-

ized median openings are included in Appendix C of
this report.

The guidelines include tables presenting the advantages
and disadvantages of typical median opening designs;
these tables should be used by designers as a resource
when considering alternative median opening designs.
A methodology for comparing the expected safety per-
formance of median opening design alternatives, as pre-
sented in Appendix C, should be used to assist in the
selection of median opening types and the comparison
of alternative median opening arrangements.

Unsignalized median openings may be used for a broad
range of major- and minor-road traffic volumes. However,
if the major- and minor-road volumes exceed the traffic
volumes given in the MUTCD signalization warrants, sig-
nalization of the median opening should be considered.
When evaluating the safety performance of unsignal-
ized median openings, highway agencies should take into
account both U-turn and left-turn maneuvers because
accident report data do not distinguish clearly between
accidents involving U-turn maneuvers and those involv-
ing left-turn maneuvers.

Median widths at suburban unsignalized intersections
generally should be as narrow as possible while provid-
ing sufficient space in the median for the appropriate
left-turn treatment and to accommodate U-turn maneu-
vers by a selected design vehicle.

Rural unsignalized intersections should have medians
that are as wide as practical, as long as the median is not
so wide that approaching vehicles on the crossroad can-
not see both roadways of the divided highway.

Median opening lengths at urban and suburban divided
highway intersections may be as long as necessary. In
contrast, median opening lengths at rural divided high-
way intersections generally should be kept to the mini-
mum possible.

Intersection sight distance based on the criteria in the
AASHTO Green Book (3) for Cases B1, B2, and F
should be available to accommodate U-turns and left
turns at unsignalized median openings.

Where a large truck is used as the design vehicle for
a median opening and a median width of 21 to 31 m
(70 to 100 ft) cannot be provided, consideration should
be given to providing a loon.

Left-turn lanes on the major road are desirable to mini-
mize conflicts between through and turning vehicles at
unsignalized median openings.

Midblock median openings should be considered, where
appropriate, as a supplement or an alternative to median
openings at three-leg or four-leg intersections.
Directional median openings at three-leg intersections,
combined with a directional midblock median opening,
should be considered as a supplement or an alternative to
conventional median openings at three-leg intersections.
Directional median openings at four-leg intersections,
combined with two directional midblock median open-
ings, should be considered as a supplement or an alter-
native to conventional median openings at four-leg
intersections.
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National Cooperative Highway Research Program
Project 17-21

“Safety of U-Turns at Unsignalized Median Openings”

The following survey on the safety of U-turns at unsignalized median openings is
being conducted as part of the National Cooperative Highway Research Program
(NCHRP), which is sponsored by the American Association of State Highway and
Transportation Officials (AASHTO) in cooperation with the Federal Highway
Administration (FHWA). Your responses to the following questions concerning your
agency's geometric design policies regarding the design of U-turns at unsignalized
median openings would be greatly appreciated.

STATE MEDIAN OPENING SURVEY QUESTIONNAIRE
(Please return by July 31, 2001)

STATE/AGENCY:

GENERAL

1. What criteria are used by your agency to determine where to allow an opening in a
nontraversable median?

2. What types of median openings are designed and operated by your agency? In
particular, does your agency use directional median openings or median openings at
which some turning movements are prohibited by design features such as
channelization?

POLICIES

3. Does your agency have a policy concerning minimum spacing between median
OPEINGS? ..ottt . [dyes [ No
If YES, does this policy differ in rural and urban/suburban areas? ....... [(Jyes [[JNo

If YES to either question, please attach a copy of your policy.
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. Does your agency have a formal policy concerning the location of unsignalized
median openings (sight distance, spacing from other intersections or signals, etc.)?

....................................................................................................... [JYes [ INo

If YES, please summarize below or attach a copy of your policy.

. Does your agency require the installation of left-turn lanes at unsignalized median
openings?

...................................................................................................... [JYes [INo

If YES, please summarize below or attach a copy of your policy.

. Does your agency have a formal policy on the conditions under which direct left-turn
access to intersections or driveways is replaced by indirect left-turn treatments (e.g.,
jughandle roadways before a crossroad, loop roadways beyond a crossroad,
directional median openings beyond a crossroad, right turns followed by U-turns)?

....................................................................................................... [JYes [ JNo

If YES, please summarize below or attach a copy of your policy.

. What are your geometric design criteria for median openings? Please attach a copy of
any policy that differs from the AASHTO Green Book.

. Does your agency have a formal policy on the use of raised medians vs. continuous
tWo-WAY TeRt-tifhy JalieRY ....c..nnvvmnnnnnmansnsinssnssssasia [JYes [ INo

If YES, please attach a copy of your policy.
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U-TURNS

9.

10.

11.

12,

k3.

14.

15,

Does your agency’s policy for designing and locating median openings make specific
reference to consideration of U-turn maneuvers? ...............cccccveeee.. [JYes[ JNo

If YES, please attach a copy of your policy.

Are U-turns generally permitted at median openings operated by your agency?

On rural (divided) highways? ............coooovoiiiiiiiiiecceeee, [Jyes [ INo
On urban/suburban arterials? .................cccoeiiiiiiiie e [JYes[ No
At unsignalized median openings?..................cccoooveieiieeeiiiennnn. [ IYes [ INo
At signalized median openings? ................c.cccoovvreveieeeeeiiiienen. [JYes [ INo

Does your agency have a formal policy concerning when to prohibit U-turns at
mMedian OPEMINES? ...........o.oiiioeeeoeeeeeeee e [JYes [INo

Please summarize below or attach a copy of your policy.

What median and roadway widths are required by your agency to provide for U-turns
at UNSIGNALIZED locations? Please attach a copy of any policy that differs from
the AASHTO Green Book.

Has your agency experienced an increase in the number of U-turning vehicles when
you install a nontraversable median? ..................ccooooveiiiiieeinn [IYes [ INo

Where median openings for making U-turn maneuvers were installed at unsignalized
locations, what provisions (if any) were made for school buses, other buses, and/or
large trucks?

What is your agency’s traffic volume threshold to signalizing a median U-turn?

....................................................................................................... |:|Yes |jN0



EFFECTIVENESS

16. Has your agency encountered any safety or operational problems at unsignalized

17.

MEdian OPENINESET ... cooncoseeranmenesnssnsnsensssissspsisn s sassianisnsissein i mmsvaniss

[lyes [ No

If YES, please describe the problems encountered and the types of locations at which

the problems occurred.

Were these problems related to any of the following factors?

frequency/density of openings? ..o
frediai ofeRE 100 10087 .. v ey
opening in intersection functional area?...............ccccocooiiiiiininnn,
opening across from right-turn lane?................cccooiviniiiiiiiiicnnneen,
opening across left-turn lane? ...,
operational considerations (e.g. heavy U-turn or through volumes,
i T R ) m—————
FONAY, BOTIAETDINT . vicusnimanavissoamiossionts ot insiohas 5o v eam s SRS
mMedian t00 NATTOW? .........ooiiiiiiiieeiiit et e e e
mMedian t00 WIAE? .........ocoiiiiiiiiiiiiiie et
mnsufficient 8ight distAtiCe? ....o.ouvvmmnmnsimmass s
driveway HEAIBY?Y cnumimmmimrmsemsiiissssss i s i
roadway ZEOMELTY? ......cc.ooiiiiiiiiiiiiiiiee e
inconsistent application?...............c.ccooiviiiiiiiiiiiieeie e,

[ ]Yes [ INo
[Yes [ ]No
[ JYes[ No
[JYes[ No
[JYes [ INo

[Yes [ JNo
[ JYes [ ]No
[ JYes [ JNo
[ JYes [ ]No
[JYes [ INo
[JYes [ ]No
[JYes [ ]No
[JYes [ INo

Has your agency constructed any improvement projects intended specifically to
mitigate the operational and safety problems at unsignalized median openings

identified @bOVE? ...

If YES, what was done and how effective was the project?

[ JYes [ ]No

Has any formal before-after evaluation of such projects been conducted?

[JYes [ JNo

A-5



18.

19.

20.

Which of the following types of median openings are found on roads under the
jurisdiction of your agency that might be suitable candidates for accident and field
evaluations later in this study?

D AIL oo []Yes [ JNo
BOERE e s — A T [JYes [ INo
WIAE MEATAN ...t [JYes [ INo
ATCOW TBAIBI, .. ... . coeneme mbins sisassiionsSEssHE SRR R R S S RS e W [ ]Yes [_JNo
SIGNAIZEA ... ... [JYes [ INo
ARSHENEIERH ..., oo csoms s sesereisemsp R T R R TS [yes [INo
FULL MOVEMENT ..ot [ JYes [No
diveetional (VAIRIRBNEY.. ... o imasmsimeis s SRS [JYes [ ]No

Has your agency implemented projects within the last 5 to 7 years in which a raised
median was installed which eliminated direct left-turn access to one or more
intersections or driveways and resulted in increased U-turn volumes at median
openings elsewhere on the same roadway? ...............cccceoeieiieinnne [Yes[ No

If YES, approximately how many projects of this type may have been implemented?

Have any operational or safety problems related to U-turn maneuvers been
encountered in conjunction with such projects? ..................c.coe. [Jyes [ JNo

Please elaborate as necessary.

Has any formal before-after evaluation of such projects been conducted by your
AZENCY? oottt [JYes [ INo

Would these projects be suitable for evaluation as part of this research?

..................................................................................................... [lYes [ INo

Has your agency implemented projects within the last 5 to 7 years in which an
existing unsignalized median opening was closed, eliminating direct left-turn access
to an intersection or driveway and resulting in increased U-turn volumes at median
openings elsewhere on the same roadway? .................ccccooovieenininns [ JYes [ INo

If YES, approximately how many projects of this type may have been implemented?

Have any operational or safety problems been encountered in conjunction with such
PIOJEOIRY. .......ccomenemmemmmananssnnssensmmssmmmensmssminsnsssanassmesss s ienbss SRARAAE 04034 [JYes [ ]No



21.

22,
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Please elaborate as necessary.

Has any formal before-after evaluation of such projects been conducted by your
T (o R [Jyes [ JNo

Would these projects be suitable for evaluation as part of this research?

....................................................................................................... [ 1Yes [ INo

Do you have any other observations or comments?

May we have the name of an engineer in your agency that we may contact to clarify
any aspect of your response or to obtain additional information?

Contact:

Title:

Address:

Telephone #:
Fax #:

e-mail address:

Please return the completed survey by July 31, 2001, to:

Ingrid B. Potts, P.E.
Senior Traffic Engineer
Midwest Research Institute
425 Volker Bivd.
Kansas City, MO 64110
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SUMMARY OF SURVEY RESPONSES FROM STATE

AND LOCAL HIGHWAY AGENCIES

This appendix presents a summary of the responses to the
survey questionnaire sent to state and local highway agencies
concerning median openings at unsignalized intersections.
The questionnaire addresses highway agency policies con-
cerning location and design of median openings, treatment of
U-turns at median openings, traffic operational and safety
problems at median openings, and effectiveness of various
mitigation measures. Appendix A presents the questionnaire
that was used to conduct the survey.

SURVEY RECIPIENTS

The mailing list for the survey included:

e 50 state highway agencies and
e 109 local highway agencies (94 cities and 15 counties).

Thus, a total of 159 survey questionnaires were mailed.

The questionnaires for state highway agencies were gener-
ally sent to the state traffic engineer. The names and addresses
of the state traffic engineers were determined from the mem-
bership roster of the AASHTO directory.

Most of the local highway agency engineers on the mailing
list for the questionnaires were obtained from the AASHTO
directory. The local agencies include approximately two major
cities from each state and 15 selected urban or suburban coun-
ties. Rural counties were not surveyed because they are
unlikely to operate many divided highways.

RESPONSE RATE

Table B-1 summarizes the responses to the median open-
ing survey. A total of 65 responses were received out of the
159 questionnaires that were mailed. The responses received
included 35 state agencies, 23 cities, and 7 counties. The over-
all response rate was 41 percent, including a response rate of
70 percent for state highway agencies and 28 percent for local
highway agencies. Table B-2 presents a list of the state and
local highway agencies that responded to this survey.

SUMMARY OF SURVEY RESPONSES

The highway agency responses to each question in the sur-
vey are summarized below. Where appropriate, the responses
are tabulated. Highway agencies responded to survey ques-
tions in a mixture of metric and U.S. customary units. In this

appendix, the units of measurement used in presenting each
response are those actually used by the respondents.

Question 1—Criteria Used to Determine
Location of Median Opening

In Question 1, highway agencies were asked about the cri-
teria they use to determine the location of median openings.
The general types of policies used by the responding agencies
to determine the location of median openings are summarized
in Table B-3. The types of policies used by the responding
agencies include: AASHTO policy, state or local design pol-
icy, state or local access management policy, general guide-
lines (lists of factors considered as an informal policy), and
engineering judgment. Because of multiple responses by
some agencies, the totals add to more than 100 percent. The
responses indicate that about half of the responding agencies
have formal policies concerning median opening location
and about half have guidelines or informal policies.

Table B-4 presents a list of the factors considered by high-
way agencies in determining the location of median open-
ings. The factors were identified from the highway agency
responses to the questionnaire and from the formal and infor-
mal policies that the state and local agencies submitted with
their responses. The factors shown in Table B-4 are pre-
sented in decreasing order of the frequency with which they
were mentioned. Factors mentioned by some highway agen-
cies may, in fact, be considered by others; however, the table
shows only those factors identified in the survey response and
accompanying materials. The responses in Table B-4 add up
to more than the number of agencies responding because
many agencies provided multiple responses.

The three most commonly cited factors considered in
determining the location of median openings were: proxim-
ity to other median openings, traffic volumes, and locations
and functional classes of public road intersections. Other fre-
quently mentioned factors included sight distance, operational
efficiency, safety, area type, speed, availability of sufficient
length to accommodate left-turn lanes, and median width.

Question 2—Types of Median Openings

Highway agencies were asked about the types of median
openings that they use. All agencies stated that they use con-
ventional (i.e., nondirectional) median openings on divided
highways. Table B-5 presents the number and percentage of
state and local agencies that use directional median openings,
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TABLE B-1 Response rate for the highway agency survey

Number of Number of responses Response
Agency type questionnaires mailed received rate (%)
State agencies 50 35 70.0
Local agencies 109 30 27.6
Total 159 65 40.9

classified by relative frequency of usage. Most of the agen-
cies use directional median openings either frequently or
occasionally. Ten agencies stated that they typically use con-
ventional median openings but that they occasionally use
directional median openings. Nine agencies stated that they
do not use directional median openings.

Question 3—Minimum Spacing Between
Median Openings

Table B-6 summarizes the number and percentage of state
and local agencies that have formal policies concerning the
minimum spacing between median openings. Approximately

55 percent of the state agencies have formal policies, while
only 45 percent of the local agencies have such policies. Of
the 12 local agencies that have formal policies for minimum
spacing between median openings, seven were cities and five
were counties.

Table B-7 summarizes the number and percentage of state
and local areas that have policies on spacing between median
openings that differ between rural and urban areas. The tabu-
lation of local agencies in this table does not include cities,
because cities do not typically include rural areas. Among
the 22 states that have formal policies on spacings between
median openings, 16 states have different policies for rural and
urban areas, while six do not. Of the five county agencies that

TABLE B-2 List of highway agencies that responded to survey

State highway agencies

Local highway agencies

Alabama
Alaska
Arizona
California
Connecticut
Florida
Georgia

Idaho

lllinois

lowa

Kansas
Louisiana
Massachusetts
Michigan
Mississippi
Missouri
Nebraska
Nevada

New Hampshire
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
Texas

Utah

Virginia

West Virginia
Wisconsin
Wyoming

City of Mobile, AL
Borough of Matanuska-Susitna, AK
City of El Cajon, CA
City of San Diego, CA
City of Loveland, CO
City of Albany, GA
City of Peoria, IL

City of Ann Arbor, Ml
City of Kansas City, MO
City of Springfield, MO
City of Henderson, NV
City of Concord, NH
City of Newark, NJ
City of Bismarck, ND
City of Fargo, ND

City of Columbus, OH
City of Norman, OK
City of Charleston, SC
City of Nashville, TN
City of Houston, TX
City of St. George, UT
City of Lynchburg, VA
Maricopa County, AZ
Pima County, AZ
Riverside County, CA
Broward County, FL
Osceola County, FL
Monroe County, NY
Fairfax County, VA




TABLE B-3 General policy used to determine where to allow median openings

Policy used to Number (percentage) of agencies

determine
location of
median opening State agencies Local agencies Total

AASHTO policy 3 (9.7) 3 (12.0)

State or local 4 (12.9) 9 (36.0) 13
design policy

State or local 6 (19.3) 4 (16.0) 10
access
management
policy
General 17 (54.8) 13 (52.0) 30
guidelines, list of
factors
considered, or
informal policy

Engineering 6 (19.3) 4 (16.0) 10
judgment
Total number of 31 25 56

agencies
responding

(10.7)
(23.2)

(17.9)

(53.6)

(17.9)

TABLE B-4 Factors considered in determining the location of median openings

Factors considered State agencies Local agencies

Total

Proximity to other median openings 15 11

Traffic volumes (particularly minor-road 12 13
volumes)

Locations and functional classes of public 12
road intersections

Sight distance 1
Operational efficiency

Safety

Area type (rural/suburban/urban)

Speed

Availability of sufficient length for left-turn lane
Median width

Truck volumes

Practicality of frontage roads

Grade within the median

Proximity to driveways

Emergency vehicle access needs

Parcel size/land use

Willingness of developer to pay cost of
median opening

Location of current or future signalized
intersections

Type of facility
Older drivers
Natural barriers
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TABLE B-5 Highway agency use of directional median openings

Number (percentage) of agencies that use directional median openings

Agency type Frequently QOccasionally Not used Total
State agencies 14 (51.9) 7 (25.9) 6 (22.2) 27
Local agencies 20 (77.0) 3 (11.5) 3 (11.5) 26

Total 34 (64.2) 10 (18.9) 9 (16.9) 53
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TABLE B-6 Number of agencies that have a policy concerning minimum spacing

between median openings

Number (percentage) of agencies that have formal policies
concerning minimum spacing between median openings
Agency type Yes No Total
State agencies 22 (64.7) 12 (35.3) 34
Local agencies 12 (42.9) 16  (57.1) 28
Total 34 (54.8) 28 (45.2) 62

TABLE B-7 Number of agencies that have different policies on median opening

spacing for rural and urban areas

Number (percentage) of agencies that have different policies
concerning minimum spacing between median openings for rural

and urban areas

Agency type Yes No Total
State agencies 16 (72.7) 6 (27.3) 22
Local agencies® 1 (20.0) 4 (80.0) 5

Total 17 (63.0) 10 (37.0) 27

 County agencies only.

have policies on spacing between median openings, only one
has a policy that distinguishes between rural and urban areas.

Table B-8 presents median opening spacing policies of
state highway agencies that had numerical spacing policies
that could be easily summarized. Some agencies had policies
that were based on more variable criteria such as left-turn
queue lengths, sight distance, and traffic volumes, which are
harder to summarize and are not included in Table B-8. Com-
parable data for local agencies are presented in Table B-9. In
response to this question, some agencies presented policies
on minimum driveway or access-point spacing. These poli-
cies are not included in the tables because there is not neces-
sarily a median opening at every driveway or access point.

It can be seen in Table B-8 that the states that have different
spacing policies for rural and urban areas typically require
higher median-opening spacings in rural areas than in urban
areas. The values reported for minimum median opening spac-
ing for rural areas varied from 150 to 800 m (500 to 2,640 ft),
while the comparable minimum spacing for urban areas var-
ied from 90 to 800 m (300 to 2,640 ft); however, the average
minimum median opening spacing was 430 m (1,400 ft) in
rural areas and 270 m (880 ft) in urban areas. Four state agen-
cies stated desirable (rather than minimum) values for median
opening spacing. Georgia also presented a maximum spac-
ing policy for median openings (5,200 ft for rural areas and
1,320 ft in urban areas).

Table B-9 presents the minimum spacings between median
openings for the five cities and five counties that presented
quantitative minimum median spacing values in response to
the survey. The general trend of higher minimum median
opening spacing at rural areas was still present, although the
differences in median opening spacing between area types
are not as large as those shown in Table B-8. All of the cities
shown in the table had criteria for urban areas only. Only one
county (Osceola County, FL), had policies on median open-

ing spacing that differed between urban and rural areas. This
county stated that they use the access management policy of
their state DOT.

Question 4—Location of Unsignalized Median
Openings

Question 4 asked highway agencies about their policies
for location of unsignalized median openings. The answers
received did not differ substantially from the responses pre-
sented above in Tables B-3, B-4, B-8, and B-9. Table B-10
summarizes the number and percentage of agencies that indi-
cated whether they had a formal policy concerning the loca-
tion of unsignalized median openings.

Two states attached their specific policies on sight distance
for unsignalized median opening locations; these policies are
summarized in Table B-11. New Mexico has minimum cri-
teria for sight distance along the main road at intersections
based on the posted speed and Virginia has minimum crite-
ria based on the design speed.

Question 5—Installation of Left-Turn Lanes
at Unsignalized Median Openings

Question 5 asks highway agencies about their criteria for
installation of left-turn lanes at unsignalized median openings.
A majority of the responding agencies require installation of
left-turn lanes at unsignalized median openings in all or most
cases. Table B-12 presents the number and percentage of agen-
cies that require left-turn lanes. Sixteen of the 42 agencies that
require left-turn lanes at unsignalized median openings stated
that left-turn lanes are provided only where specific warrants
are met; other agencies may have explicit warrants for left-turn
lanes, as well. Most respondents indicated that their warrants
were based on left-turn volumes. Two states presented volume



TABLE B-8 State policies on minimum spacing between median openings
Minimum spacing (ft)
State Rural Urban Comments
Alabama 600 300
Arizona 1,320 660 For businesses
generating high traffic
volumes the minimum
spacing is 330 ft
California 1,640 1,640 Unsure of possible
differences between rural
and urban criteria
Florida 1,320 330-660 Directional
2,640 660-1,320 Conventional
Georgia 1,320 660 Maximum spacing 5,200
ftin rural areas and
1,320 ft in urban areas
lowa 1,000 660
Idaho 1,312 660
lllinois 2,625 (minimum) 1,312 Longer minimum spacing
5,250 (desirable) used if needed to
accommodate left turn
lanes
Louisiana 1,500 500
Maine - 1,312-1,640 (minor arterial) Criteria apply to
1,640-1,968 (major arterial) signalized median
openings only
Michigan 1,320 660 Desirable spacing
Mississippi 1,760 880
North Carolina 1,500 700 (< 45 mph) Urban spacing criteria
1,000 (45-55 mph) vary with operating
speed
Nebraska 1,000 (minimum) 600
2,000 (desirable)
New Mexico 600 300
Nevada 660 - In urban areas, have
criteria for access
spacing rather than
median opening spacing
Ohio - - Have spacing criteria for
driveways but not for
median openings
Oklahoma 2,640 (minimum) 1,320 Longer minimum spacing
5,280 (desirable) used if needed to
accommodate left turn
lanes
Pennsylvania 1,500 1,500
South Carolina 1,000 500
Texas 1,320 - 2,640 1,320 - 2,640
Virginia 700-1,000 (35-45 mph) 700-1,000 (35-45 mph) Urban spacing criteria
500-650 (50-70 mph) 500-650 (50-70 mph) vary with design speed
Range 500 — 2,640 300 - 2,640
Average 1,400 880

warrants for left-turn lanes at unsignalized median openings
based on research by Harmelink (67).

Question 6—Use of Indirect Left-Turn
Treatments

Question 6 asked highway agencies about their use of indi-
rect left-turn treatments. Only two state agencies responded
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that they have a formal policy on the conditions under which
direct left-turn access to intersections or driveways is replaced
by indirect left-turn treatment. The research team is aware of
one other state highway agency which did not respond to the
survey, which clearly would have answered “Yes” to Ques-
tion 6 had they responded. Table B-13 presents a summary
of the state and local agency responses concerning use of
indirect left-turn treatments.
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TABLE B-9 Local agency policies on minimum median opening spacing

Minimum spacing (ft)
County Rural Urban Comments
San Diego, CA - 600
Springfield, MO - 500
Fargo, ND - 600 (arterials)
300 (collectors)
Concord, NH - 500 (commercial) For arterials and
1,000 (suburban) collectors
Henderson, NV - 660
Maricopa County, AZ 660 660 For arterials and
collectors
Pima County, AZ 1,320 1,320
Riverside County, CA 330-1,320 330-1,320 Based on
intersection spacing
Osceola County, FL 1,320 330-660 Directional
2,640 660-1,320 Conventional
Broward County, FL 660 660
Range 660 — 2,640 330 - 1,320
Average 800 725

TABLE B-10 Formal policies on location of unsignalized median openings

Number (percentage) of agencies that have formal policies concerning
location of unsignalized median openings
Agency type Yes No Total
State agencies 15 (45.5) 18 (54.5) 33
Local agencies 9 (33.3) 18 (66.7) 27
Total 24 (40.0) 36 (60.0) 60

TABLE B-11 Minimum sight distance (ft) along the major road for median openings

Speed (mph)
State agency 30 35 40 45 50
New Mexico (based
on posted speed)
Virginia (based on
design speed)

55 60 65 70

200 250 325 400 475 550 650 725 -

- 400 475 525 600 650 700 - 825

TABLE B-12 Number of agencies that require left-turn lanes at unsignalized median openings

Number (percentage) of agencies that require left-turn lanes at unsignalized

median openings

a

Agency type Yes No Total
State agencies 24 (75.0) 8 (25.0) 32
Local agencies 18 (64.3) 10 (35.7) 28

Total 42 (70.0) 18  (30.0) 60

% In many cases, left-turn lanes are required only if specific volume warrants are met.

TABLE B-13 Number of agencies with formal policies on the use of indirect left-turn
treatments as an alternative to direct left-turn access

Number (percentage) of agencies that have formal policies on the use of
indirect left-turn treatments

Agency type Yes No Total
State agencies 2 (6.1) 31 (93.9) 33
Local agencies 0 (0.0) 28 (100.0) 28

Total 2 (3.3) 59 (96.70) 61




Question 7—Geometric Design Criteria for
Median Openings

Question 7 asked respondents whether they had geometric
design criteria for median openings and if their policy differed
from the AASHTO Green Book. Fifteen highway agencies
(13 state agencies and two local agencies) provided copies of
their geometric design policies in response to Question 7.

The types of policies that the responding agencies indi-
cated they used for geometric design of median openings
were: AASHTO policy; state or local geometric design poli-
cies; state or local access management policy; general guide-
lines (list of factors considered as informal policies); and
engineering judgment. Table B-14 summarizes the number
of state and local agencies that use each of these policy types.
Because of multiple responses by some agencies, the totals
add to more than 100 percent.

Most of the state and local agencies (approximately 70 per-
cent) use AASHTO policies for geometric design of median
openings; in many cases, these are supplemented by general
guidelines, list of factors considered, or informal policies.

Question 8—Raised Medians vs. Continuous
Two-Way Left-Turn Lanes

Question 8 asked respondents whether they had a formal
policy on the use of raised medians versus continuous two-
way left-turn lanes (TWLTLs). Table B-15 summarizes the
number and percentage of state and local agencies that have
such a policy. Most of the responding agencies (81 percent)
do not have such a policy.

Eleven of the 58 responding agencies provided copies of
their policy on the use of raised medians versus continuous
TWLTLs. The following sections on location, speed, lane
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width, and intersections summarize key elements of the
highway agency policies that those agencies noted in their
responses.

Location

e A TWLTL may be considered in developed areas with
frequent commercial roadside access and with no more
than two through lanes in each direction.

e Any TWLTL must be clearly marked and adequately
delineated (MUTCD).

e A TWLTL may be used where average daily through
traffic volumes are 10,000 to 20,000 veh/day (4 lanes)
or 5,000 to 12,000 veh/day (2 lanes), and left-turn vol-
umes are at least 70 midblock turns per 300 m during
peak hour. High left-turning volumes combined with
high ADT could possibly lead to operational and safety
problems. Providing a raised median, with left turn
and/or U-turn lanes should also be considered.

e In areas where there are numerous access points along
an existing roadway, continuous TWLTLs may increase
mobility and reduce conflicts. This design may be con-
sidered in suburban areas where there are numerous
existing access points and where other solutions to con-
trol access cannot be implemented.

e Flush/traversable medians may be used in both the urban
and suburban areas in conjunction with curb and gutter
along the outside edges of the traveled way. For most
applications, the flush TWLTL should be used. How-
ever, in larger metropolitan areas, a traversable TWLTL
may be used.

TABLE B-14 Type of policy used for geometric design of median openings

Policy used for geometric design of median Local

openings State agencies agencies Total
AASHTO policy 19 (67.9) 16 (76.2) 35 (71.4)
State or local design policy 3 (10.7) 3 (14.3) 6 (12.2)
State or local access management policy 5 (17.9) 1 (4.8) 6 (12.2)
General guidelines, list of factors considered 13 (46.4) 6 (28.6) 19 (38.8)
or informal policy
Engineering judgment 1 (3.6) 0 (0.0 1 (2.0)
Total number of agencies responding 28 21 49

TABLE B-15 Policy on the use of raised medians versus continuous two-way left-turn

lanes
Number (percentage) of agencies that have formal policies on the use of
raised medians vs. continuous two-way left-turn lanes
Agency type Yes No Total
State agencies 8 (26.7) 22 (73.3) 30
Local agencies 3 (10.7) 25 (89.3) 28
Total 11 (19.0) 47  (81.0) 58
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e TWLTLs shall only be used with roadways having a
maximum of two through lanes in each direction of
travel (i.e., seven-lane TWLTLs are not used).

e Continuous TWLTLs are primarily used on urban
highways.

e Continuous TWLTLs are primarily used on minor
arterials.

e Major street plan calls for continuous TWLTLs on all
new urban arterials.

Speed

e A TWLTL is limited to arterials with operating speeds
of 70 km/hr or less.

e Continuous TWLTLs may be considered on urban, two-
lane state highways with a posted speed of 45 mph or less.
Where the posted speed is greater than 45 mph, place-
ment of a nontraversable median should be considered.

e Continuous TWLTLs should be considered on low-speed
arterial highways (25 to 45 mph) with no heavy concen-
trations of left-turn traffic. They also may be used where
an arterial or major route must pass through a developed
area having numerous street and driveway intersections
and where it is impractical to limit left turns.

e In commercial and industrial areas where property val-
ues are high and rights-of-way for wide medians are dif-
ficult to acquire, a paved flush traversable median 10- to
16-ft wide is the optimum design.

e All arterials with design speeds or posted speeds
> 45 mph, base year traffic volumes < 18,000 veh/day,
and design year traffic volumes < 24,000 veh/day will
require a five-lane section (flush median).

e All arterials with design speeds or posted speeds
<45 mph and base year traffic volume < 18,000 veh/day
and design year traffic volume > 24,000 veh/day will
require a five-lane section (flush median). The project
will be designed to incorporate a future 20-ft raised
median. Right-of-way will be purchased for footprint
determined by the 20-ft median typical section. Moni-
toring of accidents and traffic volumes on a five-year
cycle by the Safety Engineer in the Office of Traffic
Operations will determine the need and implementation
of a raised median section.

e All urban arterials with base year traffic volumes
> 18,000 veh/day, design year traffic volumes = 24,000
veh/day, and design speed < 45 mph will have a 20-ft
raised median.

e All arterials with posted speeds > 55 mph or design
speeds = 50 mph will require the design of a 44-ft
depressed median or a positive barrier system.

Lane Width

e The preferred lane width is 4.5 m with a minimum lane
width of 3.75 m.

e The usual design widths are 3.3 m, 3.6 m, or 4 m. There
is some evidence that a wide TWLTL encourages driv-
ers to place their vehicles in an angular rather than par-
allel turning position and thereby causes other vehicles
to encroach on adjacent through lanes. Therefore, max-
imum widths for flush TWLTL medians should be 4 m.

e The minimum desirable width shall be 12 ft and the
maximum 16 ft.

¢ The minimum width for a TWLTL shall be 3.6 m. The
preferred width is 4.2 m. Wider TWLTLs are occasion-
ally provided to conform with local agency standards.
However, TWLTLs wider than 4.2 m are not recom-
mended, and in no case should the width of a TWLTL
exceed 4.8 m. Additional width may encourage drivers in
opposite directions to use the TWLTL simultaneously.

Intersections

e At minor intersections, the TWLTL should be extended
up to the intersection. At major or signalized intersec-
tions, the TWLTL should be terminated in advance of
the intersection.

e Raised medians will be constructed on multilane facili-
ties at intersections that include one of the following:

— High turning volumes relating to 18,000 veh/day (base
year) and 24,000 veh/day (design year)

— Accident rate greater than the state average for its
classification. Excessive queue lengths (as determined
by District Traffic Engineer) in conjunction with exces-
sive number of driveways.

Question 9—Consideration of U-Turn
Maneuvers in Design and Location of Median
Openings

Question 9 asked respondents whether their agency’s pol-
icy for designing and locating median openings makes spe-
cific reference to U-turn maneuvers. Table B-16 presents the
number and percentage of the state and local agencies that do
consider U-turn maneuvers explicitly in their criteria. The
responses indicate that only 16 percent of highway agencies
have a formal policy on median opening design and location
that considers U-turn maneuvers, while 84 percent of high-
way agencies do not have such a policy.

Six of the nine agencies that consider U-turn maneuvers in
median opening design and location attached copies of their
policy. Most of these agencies rely primarily on AASHTO
geometric design policies or some variation of AASHTO
policy in their own guidelines. One state agency adds 12 ft to
the AASHTO guidance on median width to better accom-
modate U-turn maneuvers, while another adds between 11
and 17 ft to the median width depending on the design vehi-
cle. The factors mentioned in the policies for U-turn maneu-
vers at unsignalized median openings include:



TABLE B-16 Number of highway agencies with policies that consider U-turn maneuvers
in design and location of median openings
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Number (percentage) of agencies that make specific reference to U-turn
maneuvers in policies for design and location of median openings
Agency type Yes No Total
State agencies 7  (22.6) 24 (77.4) 31
Local agencies 2 (7.7) 24 (92.3) 26
Total 9 (15.8) 48 (84.2) 57

e Median width (based on design vehicles and potential
for encroachment) (six agencies)

e Traffic conditions including ADTs, truck volumes, and
peak-hour turning movement counts (four agencies)

e Sight distance (two agencies)

e Ability to begin and end U-turn maneuvers on the inner
lane next to the median (two agencies)

e Accident frequency, particularly angle and rear-end col-
lisions involving left- or U-turning vehicles (one agency)

e Specific threshold accident history criteria, such as five
or more left-turn or U-turn-related accidents per year,
similar to MUTCD requirements (one agency)

e Location of the median openings with respect to signal-
ized intersections (one agency)

e Presence of exclusive left-turn lanes (one agency)

e Availability of alternate locations for left- and U-turn
maneuvers (one agency)

Question 10—Prohibition of U-Turn Maneuvers

Question 10 asked highway agencies whether U-turn
maneuvers were permitted or not permitted at specific types of
median openings. Table B-17 summarizes the responses to this

question for rural and urban areas and for unsignalized and sig-
nalized median openings. Approximately 80 percent of the
agencies that responded permit U-turns at all types of median
openings. It should be noted that nine agencies (five states and
four local agencies) generally prohibit U-turn maneuvers at
unsignalized median openings.

Question 11—Criteria for U-Turn Prohibitions at
Median Openings

Question 11 asked highway agencies whether they have for-
mal policies on when to prohibit U-turn maneuvers at specific
median openings. Most of the responding agencies (91 percent
of states and 92 percent of local agencies) do have formal poli-
cies concerning when to prohibit U-turns at median openings.
Table B-18 summarizes the highway agency responses to this
question.

The agencies with formal policies prohibit U-turns in the
following situations:

e Atall signalized intersections that have a right-turn over-
lap phase from a side street approach on the left during
the protected left-turn phase on the mainline roadway
(one agency)

TABLE B-17 Number of highway agencies that permit U-turns at specific types of median

openings
Number (percentage) of agencies that permit U-turns at specific
types of median openings
Agency type U-turns permitted U-turns not permitted Total
Median Openings on Rural Highways
State agencies 26 (83.9) 5 (16.1) 31
Local agencies® 4 (100.0) 0 (0.0) 4
Total 30 (85.7) 5 (14.3) 35
Median Openings on Urban/Suburban Arterials
State agencies 26 (83.9) 5 (16.1) 31
Local agencies 22 (84.6) 4 (15.4) 26
Total 48 (84.2) 9 (15.8) 57
Unsignalized Median Openings
State agencies 26 (83.9) 5 (16.1) 31
Local agencies 22 (84.6) 4 (15.4) 26
Total 48 (84.2) 9 (15.8) 57
Signalized Median Openings
State agencies 25 (80.6) 6 (19.4) 31
Local agencies 20 (76.9) 6 (23.1) 26
Total 45 (78.9) 12 (21.1) 57

? Includes county agencies only.
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TABLE B-18 Number of agencies that have formal policies on when to prohibit U-turns at
median openings

Number (percentage) of agencies that have formal policy concerning
when to prohibit U-turns at median openings
Agency type Yes No Total
State agencies 3 (94 29 (90.6) 32
Local agencies 2 (7.7 24 (92.3) 26
Total 5 (8.8) 53 (91.2) 58

e Atany curve or on the approach to or near the crest of a
grade where a U-turning vehicle cannot be seen by the
driver of any other vehicle approaching from any direc-
tion within 500 ft. In addition, any left turn or U-turn at
an intersection that does not meet the minimum sight
distance criteria standards for U-turns as established by
AASHTO (one agency)

e At intersections with a receiving pavement width of 24
ft or less and at which the average vehicle cannot exe-
cute a U-turn maneuver in a single continuous move-
ment (one agency)

e At any location for which a review of accident history
finds that a U-turn restriction should be implemented,
possibly only for certain times of the day (one agency)

e Geometric design criteria (not further specified) (one
agency)

e At signalized intersections (one agency)

e If less than 37 ft of width is available from the inside of
the left-turn curb to the curb of the opposing lanes (one

agency)

Two agencies stated that U-turns are prohibited at all median
openings unless they are signed to permit U-turns.

Some agencies that did not have formal policies on where
to permit or prohibit U-turns have informal guidelines that
are presented below:

e U-turns are permitted only at locations having sufficient
roadway width for maneuver (four agencies).

e U-turns are prohibited based on accident rate or safety
problems (three agencies).

e U-turns are prohibited at signalized intersections where
right-turn overlaps are allowed (two agencies).

e U-turns are prohibited where they would create a sub-
stantial number of conflicts (two agencies).

e U-turns are prohibited in some school zones (one agency).

e U-turns are prohibited to relieve congestion at median
openings (one agency).

e U-turns are permitted at unsignalized median openings
where a specific need is identified (one agency).

U-turns are prohibited where a need is identified through
engineering judgment (one agency)

Question 12—Median and Roadway Widths
Required to Provide for U-turns at Unsignalized
Median Openings

Question 12 asked highway agencies about the median
width required by their agencies to provide for U-turns at
unsignalized median openings. Fifteen state and five local
agencies (or 53 percent of the agencies responding) stated
that they follow the AASHTO Green Book to determine the
median and roadway widths required to provide for U-turns at
unsignalized median openings. Specifically, these agencies
use the median width policy shown in Green Book Exhibit
9-92. Five state and six local agencies (or 29 percent of the
agencies responding) stated that they have no policy or use
engineering judgment. Two state and five local agencies stated
that they have specific policies that differ from AASHTO
Green Book. These policies are summarized below:

e One state uses minimum median widths that are from
11 ft and 17 ft wider than those presented in the Green
Book. Table B-19 presents the values used by this state
agency.

e One state adds 12 ft to AASHTO median widths shown
in the Green Book.

e One city permits U-turns on roads with 100-ft rights-of-
way. This allows three travel lanes or 36 ft of traveled
way width to receive traffic.

e One city establishes minimum median widths needs in
the range of 10 to 20 ft based on the type of roadway.

TABLE B-19 Minimum median widths (ft) for U-turns used by one state highway agency

Type and length of design vehicle

Type of maneuver

P(19ft) SU(30f) Bus (40 ft) WB-50 (55 ft)

WB-60 (70 ft)

Left lane to inner lane 44 76
Left lane to 2nd lane 32 64
Left lane to 3rd lane 22 54

80 82 82
68 70 70
58 60 60




¢ One city allows U-turns on roads with a minimum width
of six lanes that include turn lanes.

e One city permits U-turns on arterials with a minimum
width of 42 ft, which includes a 4-ft separator, 33 ft of
travel lane width, and 5 ft of bike lane width.

e One county stated that they permit U-turns with a median
width of 14 ft and roadway width for one direction of
travel of 26 ft.

e One county stated that they permit U-turns with a median
width between 20 and 24 ft and directional roadway width
between 30 and 36 ft for a four-lane divided highway.

Question 13—Increase in U-Turning Vehicle
Volumes When a Nontraversable Median is
Installed

Question 13 asked highway agencies whether they had
experienced an increase in the volume of U-turning vehicles
when a nontraversable median was installed. Most agencies
(79 percent) responded that they had experienced an increase.
Table B-20 summarizes the responses to this question.

Question 14—Provision for School Buses,
Other Buses, and/or Large Trucks

Question 14 asked highway agencies whether their criteria
for design of median openings included provisions for school
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buses, other buses, and/or large trucks. Table B-21 summa-
rizes the responses to Question 14. Approximately half of the
responding state agencies indicated that they made provisions
for U-turns by large vehicles at unsignalized median open-
ings. Only one local agency stated that they had made such a
provision.

Question 15—Traffic Volume Threshold to
Signalizing a Median Opening

Question 15 asked highway agencies whether they had any
established traffic volume thresholds or other established cri-
teria for signalizing median openings that differed from the
general MUTCD warrants for signalizing intersections. None
of the responding agencies presented any criteria for signaliz-
ing median openings that differ from MUTCD signal warrants.

Question 16—Safety or Operational Problems
at Unsignalized Median Openings

Question 16 asked highway agencies whether they had
experienced safety or traffic operational problems at unsig-
nalized median openings. Table B-22 shows the number and
percentage of highway agencies that indicated that they had
experienced such problems at unsignalized median openings.
Twenty-nine out of the 49 agencies that responded to this
question (59 percent) indicated that they have encountered

TABLE B-20 Number of agencies that have experienced an increase in U-turn volumes

when a nontraversable median is installed

Number (percentage) of agencies that experienced an increase in U-turn
volumes when a nontraversable median is installed
Agency type Yes No Total
State agencies 11 (73.3) 4 (26.7) 15
Local agencies 15 (83.3) 3 (16.7) 18
Total 26 (78.8) 7 (212 33
TABLE B-21 Number of agencies that make provisions for school buses, other buses,

and large trucks in design of unsignalized median openings

Number (percentage) of agencies that make provision for school buses,
other buses, or large trucks in design of median openings
Agency type Yes No Total
State agencies 10 (52.6) 9 (47.4) 19
Local agencies 1 (5.9) 16 (94.1) 17
Total 11 (30.6) 25 (69.4) 36

TABLE B-22 Number of agencies that have encountered safety or operational problems

at unsignalized median openings

Number (percentage) of agencies that have encountered safety or
operational problems at unsignalized median openings
Agency type Yes No Total
State agencies 12 (48.0) 13 (52.0) 25
Local agencies 17 (70.8) 7 (29.2) 24
Total 29 (59.2) 20 (40.8) 49
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safety or operational problems at unsignalized median open-
ings. Table B-23 presents factors that the responding agen-
cies indicated were related to the safety or operational prob-
lems they encountered.

Based on Table B-23, the five most cited factors that are
related to safety or operational problems at unsignalized
median openings in decreasing order are:

e Operational considerations (e.g., heavy U-turns or through
volumes, trucks, etc)

e Median too narrow

e Driveway nearby

e Poor roadway geometry

e Roadway too narrow

All factors presented in Table B-23 were cited by eight or
more agencies as contributing to safety or operational prob-
lems at unsignalized median openings. Some additional fac-
tors cited by the agencies include:

e High speed on approaches to median opening (one
agency)

e Excessive number of conflict points for crossing traffic
(one agency)

e High number of accidents at median opening when road-
way was converted from a two-lane to a four-lane facil-
ity (one agency)

Question 17—Mitigation of Safety and
Operational Problems at Unsignalized Median
Openings

Question 17 asked highway agencies about mitigation
measures they had used in response to safety and operational
problems at unsignalized median openings. Table B-24 pre-
sents the number and percentage of agencies that have con-
structed improvement projects intended to mitigate safety
and operational problems at unsignalized median openings.
Thirty-seven percent of the agencies stated that they had con-
structed such improvements.

Some of the mitigation measures for safety and opera-
tional problems cited are presented below:

e Removal of closely spaced median openings by replac-
ing raised medians with TWLTLs (four agencies)

e Replacement of conventional crossovers with directional
crossovers (two agencies)

TABLE B-23 Factors identified by highway agencies as related to the safety or
operational problems they encountered at unsignalized median openings

Number of agencies
Factors related to safety or operational ~ State agencies Local agencies Total
problems Yes No Yes No Yes No
Operational considerations 10 0 10 7 20 7
(congestion, trucks)
Median too narrow 10 1 6 10 16 11
Driveway nearby 6 3 10 8 16 11
Poor roadway geometry 8 1 7 9 15 10
Roadway too narrow 8 3 6 11 14 14
Median opening within the functional 5 4 7 8 12 12
area of an intersection
Insufficient sight distance 6 3 5 10 11 13
Frequency/density of median 4 6 6 9 10 15
openings
Median opening across from right-turn 3 7 1 14 4 21
lane
Median opening too long 5 5 4 11 9 16
Median opening within left-turn lane 4 5 4 12 8 17
Inconsistent application 4 5 5 9 9 14
Median too wide 4 6 4 11 8 17

TABLE B-24 Number of agencies that have constructed improvement projects to mitigate safety or
operational problems at unsignalized median openings

Number (percentage) of agencies that have constructed improvement projects
to mitigate safety and operational problems at unsignalized median openings

Agency type Yes No Total
State agencies 13 (44.8) 16 (55.2) 29
Local agencies 8 (29.6) 19 (70.4) 27

Total 21 (37.5) 35 (62.5) 56




e Installation of left-turn storage lanes (two agencies)

e Installation of left-turn lanes with positive offset (two
agencies)

e Signalize intersection (two agencies)

e Close median openings to allow left turns to align prop-
erly (one agency)

e Reconfigure median openings by channelizing or adding
left-turn lanes to prevent congestion or confusion in the
median opening (one agency)

e Installation of directional median openings to permit
left turns from the major-road left-turn lane, but prohibit
left turns and through movements from the minor road
(one agency)

e Provide a median opening at what formerly was a right-
in/right-out driveway (one agency)

e Eliminate conventional median openings and replace
with jughandle U-turns (one agency)

e Installation of “No U-turn” signs (one agency)

e Installation of raised/extended median to prevent U-turns
(one agency)

Table B-25 presents the number and percentage of agen-
cies that have conducted formal before-after evaluations of
improvement projects that were constructed to mitigate the
safety and operational problems at unsignalized median
openings. Six agencies indicated that they have performed
such evaluations.

Question 18—Suitable Candidate Sites for
Accident and Field Evaluations

In Question 18, highway agencies were asked to identify
types of median openings under their jurisdiction and that

B-13

might be suitable candidates for accident and field evaluation
later in this research. Table B-26 identifies the types of median
openings that were identified by responding agencies as poten-
tially available for evaluation.

Question 19—Increase in U-Turn Volumes at
Adjacent Median Openings Caused by the
Installation of Raised Medians to Eliminate
Direct Left-Turn Access to Intersections or
Driveways

In Question 19, highway agencies were asked whether
they had experienced increases in U-turn volumes at median
openings, as a result of projects in which a raised median that
eliminated direct left-turn access to one or more intersections
or driveways was installed. Table B-27 shows that more than
half of the responding agencies indicated that they had imple-
mented such projects recently (during the last 5 to 7 years) in
their jurisdiction. Ten state and 15 local agencies estimated
the approximate number of such projects; these estimates are
presented in Table B-28.

Table B-29 presents the number and percentage of state and
local agencies that encountered safety or operational prob-
lems related to the installation of raised medians. Only three
agencies indicated that they had encountered such safety or
operational problems. Only one agency stated the type of
problem which was that a small number of drivers made ille-
gal U-turns or mounted the median to cross it.

The state and local agencies were asked if they have per-
formed any formal before-after evaluation of projects in which
a raised median was installed which eliminated direct left-
turn access to intersection or driveways. Table B-30 summa-
rizes the responses to this question. Only one state indicated

TABLE B-25 Number of agencies that have performed formal before-after evaluations of
improvement projects at unsignalized median openings

Number (percentage) of agencies that have conducted evaluations of
improvement projects intended to mitigate the safety and operational problems
at unsignalized median openings

Agency type Yes No Total
State agencies 4 (14.3) 24 (85.7) 28
Local agencies 2 (7.4) 25 (92.6) 27

Total 6 (10.9) 49 (89.1) 55

TABLE B-26 Types of median openings that might be suitable candidates for accident and field
evaluation

Number of agencies
Types of median openings that might be State agencies Local agencies Total
suitable candidates for evaluation Yes No Yes No Yes No
Urban 17 5 19 3 36 8
Rural 20 3 4 13 24 16
Wide median 14 7 9 11 23 18
Narrow median 18 3 11 8 29 11
Signalized 10 8 15 6 25 14
Unsignalized 18 3 18 4 36 7
Conventional (full movement) 18 3 17 4 35 7
Directional 12 8 13 6 25 14
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TABLE B-27 Number of agencies that experienced an increase in U-turn volumes at
median openings when raised medians were installed which eliminated direct left-turn

access to intersection or driveways

Number (percentage) of agencies that have recently implemented projects

in which a raised median was installed to eliminate direct left-turn access

to intersection or driveways and resulted in increased U-turn volumes at
median openings elsewhere

Agency type Yes No Total
State agencies 14 (46.7) 16 (53.3) 30
Local agencies 16 (61.5) 10 (38.5) 26
Total 30 (53.6) 26 (46.4) 56
TABLE B-28 Number of agencies and estimated number of projects that installed raised

median and eliminated direct left-turn access to intersections and driveways resulting in an
increase in U-turn volumes at adjacent median openings

Average number of
Agency type Number of agencies  Total number of projects projects per agency
State agencies 9 107 12
Local agencies 15 32 2
Total 24 139 7
TABLE B-29 Number of agencies that experienced safety or operational problems

related to the increased U-turn maneuvers resulting from installation of raised medians

Number (percentage) of agencies that experienced safety or
operational problems related to U-turn maneuvers in conjunction with
projects in which a raised median was installed

Agency type Yes No Total
State agencies 0 (0.0) 19 (100.0) 19
Local agencies 3 (14.3) 18 (85.7) 21

Total 3 (7.5) 37 (92.5) 40

TABLE B-30 Number of agencies that have performed formal before-after evaluations of

projects involving raised medians

Number (percentage) of agencies that have performed formal before-after
evaluations of projects in which a raised median was installed and direct
left-turn access to intersection or driveways was eliminated

Agency type Yes No Total
State agencies 1 (3.4) 28 (96.6) 29
Local agencies 0 (0.0) 22 (100.0) 22

Total 1 (2.0) 50 (98.0) 51

that they had performed such an evaluation. Table B-31 pre-
sents the number of state and local agencies that indicated
that they have projects that may potentially be suitable for
evaluation as part of this research. A total of 13 agencies (four
state and nine local agencies) responded that they had poten-
tially suitable projects available.

Question 20—Closing of Existing Unsignalized
Median Opening Resulting in Increased U-Turn
Volumes at Median Openings Elsewhere on the
Same Roadway

Question 20 asked highway agencies whether they had
implemented projects in which existing unsignalized median

openings were closed eliminating direct left-turn access to one
or more intersections or driveways, and resulting in increased
U-turn volumes at median openings elsewhere on the same
roadway. The responses to this question are summarized in
Table B-32. Thirty-seven percent of the agencies indicated
that they had implemented such projects recently (during the
last 5 to 7 years) in their jurisdiction. Eleven agencies esti-
mated the approximate number of such projects; these esti-
mates are summarized in Table B-33.

Table B-34 shows the number of agencies that had expe-
rienced safety or operational problems resulting from proj-
ects in which an existing unsignalized median opening was
closed. It can be seen in the Table B-34 that only one state
answered that it had encountered such problems; this agency



TABLE B-31 Number of agencies that indicated they have projects involving installation
of raised medians that are potentially suitable for evaluation as part of this research

Number of agencies that have projects that are potentially suitable for
evaluation as part of this research
Agency type Yes No Total
State agencies 4 (19.0) 17 (81.0) 21
Local agencies 9 (50.0) 9 (50.0) 18
Total 13 (33.3) 26 (66.7) 39

TABLE B-32 Number of agencies that implemented projects that resulted in an increase
in U-turn volumes due to closing of existing unsignalized median openings

Number (percentage) of agencies that have recently implemented projects in
which an existing unsignalized median opening was closed resulting in
increased U-turn volumes at adjacent median openings

Agency type Yes No Total
State agencies 13 (56.7) 17 (43.3) 30
Local agencies 7  (29.2) 17 (70.8) 24

Total 20 (37.0) 34 (63.0) 54

TABLE B-33 Number of agencies and estimated number of projects that closed existing

unsignalized median openings

Number of agencies that Total number of Average number of
Agency type have such projects projects projects
State agencies 7 78 11
Local agencies 4 12 3
Total 11 90 8

TABLE B-34 Number of agencies that experienced safety or operational problems related
to the closing of existing unsignalized median openings

Number (percentage) of agencies that have safety or operational
problems related to U-turn maneuvers in conjunction with projects in
which unsignalized median openings were closed

Agency type Yes No Total
State agencies 1 (6.7) 14 (93.3) 15
Local agencies 0 (0.0) 16 (100.0) 16

Total 1 (3.2) 30 (96.8) 31

did not specify the nature of the problem other than to say
that it involved an increase in U-turns at other locations.
The responding state and local agencies were also asked if
they have performed any formal before-after evaluations of
projects in which an unsignalized median opening was closed.
Table B-35 summarizes the responses to this question. Three

agencies indicated that they performed such evaluations.
Table B-36 summarizes the number of state and local agen-
cies that have projects involving closure of unsignalized
median openings that may be suitable for evaluation as part
of this research. Nine agencies (five state and four local agen-
cies) indicated that they may have such projects.

TABLE B-35 Number of agencies that have performed formal before-after evaluations of
projects involving closure of an existing unsignalized median opening

Number (percentage) of agencies that have performed formal before-after
evaluations of projects involving closure of existing unsignalized median

openings
Agency type Yes No Total
State agencies 2 (7.4) 25 (92.6) 27
Local agencies 1 (5.9) 16 (94.1) 17
Total 3 (6.8) 41 (93.2) 44
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TABLE B-36 Number of agencies that may have projects involving closure of existing
unsignalized median openings that may be suitable for evaluation as part of this research

Number (percentage) of agencies that may have suitable projects
involving closure of existing unsignalized median openings for evaluation
as part of this research

Agency type Yes No Total
State agencies 5 (23.8) 14 (76.2) 19
Local agencies 4 (30.8) 9 (69.2) 13

Total 9 (28.1) 23 (71.9) 32
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GUIDELINES FOR THE USE, LOCATION, AND
DESIGN OF UNSIGNALIZED MEDIAN OPENINGS

This appendix presents guidelines for the use, location,
and design of unsignalized median openings. The guidelines
include a classification and assessment of typical median
opening designs, a discussion of the factors that influence the
safety and operational performance of median openings, and
a methodology that can be used to compare the expected
safety performance of two or more median opening design
alternatives.

MEDIAN TREATMENTS

The selection of median treatment has important bearing
on how well a roadway will operate, its safety performance,
and the access provided to adjacent developments. The basic
options for median treatment include:

e No median (undivided roadway)
e Continuous two-way left-turn lane (TWLTL)
¢ Nontraversable median

NCHRP Report 395, Capacity and Operational Effects of
Mid-Block Left-Turn Lanes (15), compares the relative traf-
fic operational and safety performance of these three median
options. Table C-1 presents a comparison of these three median
options, indicating which option is preferred with respect to
operational, safety, access, and other factors.

Many studies have analyzed the safety benefits of installing
TWLTLSs or nontraversable medians on undivided highways,
and replacing TWLTLs with nontraversable medians. NCHRP
Report 420, Impacts of Access Management Techniques (4),
presents a summary of the individual studies and compares
their results for each of the three median options. Figures C-1
and C-2 present accident rates by median type and total access
density (both directions) for urban-suburban and rural road-
ways, respectively. Roadways with nontraversable medians
consistently have a lower accident rate than undivided road-
ways or roadways with TWLTLs.

The preceding tables and figures show the reasons why high-
way agencies are increasingly using nontraversable medians
on arterial highways. Provision of a nontraversable median is
likely to result in increased U-turn demand. However, it is
unlikely that the increased U-turn demand can be met solely
at signalized intersections. Therefore, unsignalized median
openings are likely needed to accommodate both U-turn
demand and left-turn access, where appropriate. The follow-
ing discussion addresses various types of unsignalized median
openings and guidelines for their use and design.

CLASSIFICATION AND ASSESSMENT OF
TYPICAL MEDIAN OPENING DESIGNS

A classification system is presented to identify how par-
ticular median openings function and where they are located
relative to other elements of the highway system. This sec-
tion presents the factors used in the classification process and
provides an overview of typical median designs.

Factors Used in Classification of Median
Opening Designs

The four key factors used to classify or describe the design
of a median opening are:

e Type of geometry

e Degree of access served

e Presence of left-turn lanes
e Presence of loons

The first factor, type of geometry, determines which move-
ments are possible at a median opening. Conventional median
openings (sometimes referred to as “full median openings”)
typically permit all movements, while directional median
openings may restrict certain movements. Jughandles are an
indirect left-turn treatment that enable drivers to make U-turn
and left-turn maneuvers efficiently on divided highways with
relatively narrow medians.

The second factor, degree of access served, not only deter-
mines what movements need to be accommodated at a median
opening, but also the number of potential conflict points a
median opening will have. For example, a median opening
that only serves U-turn maneuvers will have considerably
fewer conflicting maneuvers than a median opening at a
three- or four-leg intersection, where U-turns use the same
roadway as left-turn and crossing maneuvers. Median open-
ings can be classified by whether access points are present on
neither side, one side, or both sides of the roadway. Access
points at median openings may include either intersecting
public roads or driveways.

The third factor used in the classification is whether or not
a median opening has a left-turn lane. Median openings gen-
erally operate better when left-turn lanes are present to pro-
vide a deceleration and storage area for vehicles before they
enter the median. In fact, the AASHTO Green Book specifi-
cally encourages the use of left-turn lanes at median open-
ings to reduce or eliminate stopping on the through lanes (3).
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TABLE C-1 Comparison of effects of three alternative cross-sections with differing midblock left-turn

Accident Rate per Million Vehicle-Mile

Figure C-1.

1

10

treatment types (15)
“Preferred” Midblock Lefi-Turn Treatment'
Raised Median Raised Median TWLTL vs.
Comparison Factor vs. TWLTL vs. Undivided Undivided
Operation effects
Major street through movement delay ND Raised median TWLTL
Major street left-turn movement delay ND Raised median TWLTL
Minor street left and through delay (two-stage entry) ND Raised median TWLTL
Pedestrian refuge area Raised median Raised median ND
Operational flexibility TWLTL Undivided ND
Safety effects
Vehicle accident frequency Raised median Raised median TWLTL
Pedestrian accident frequency Raised median Raised median ND
Turning driver misuse/misunderstanding of markings Raised median Raised median Undivided
Design variations can minimize conflicts (e.g., islands) Raised median Raised median TWLTL
Positive guidance (communication to motorist) Raised median Raised median ND
Access effects
Control of access (access management tool) Raised median Raised median ND
Direct access to all properties along the arterial TWLTL Undivided ND
Other effects
Cost of maintaining delineation ND Undivided Undivided
Median reconstruction cost TWLTL Undivided Undivided
Facilitate snow removal (i.e., impediment to plowing) TWLTL Undivided ND
Visibility of delineation Raised median Raised median ND
Aesthetic potential Raised median Raised median ND
Location for signs and signal poles Raised median Raised median ND

Note: ND = negligible difference or lack of a consensus of opinion on this factor.
""The “Preferred” left-turn treatment is based on the findings of the research and more commonly found opinion during a review of the literature.

2001.645-3L

T
. - [Ondivided)
o
-
_".
.u"““*"
et ”_iTW’LTL[
- e
L - S
* - 5
" et . »} INon-Traversable Median
e - P C A e
4"” - w sett
o " o
N " - h
o( - e -
,." _ G
Le
R ’f - i
kS P L
é"" ,a"" ﬂ"#‘
ya " -
o w
- ard et
P - o
| “
P
- e i
ot
i
5 i3 15 n 5 n 35 40 45 50 35 [ 635 0 75 80

Total Access Paints per Mile (Signalized and Unsignalized)

Estimated accident rates by type of median-urban and suburban areas.




C-3

5
= |Undivided
- ; -
&
l"H » -
-
4 . .
!'f "
-
-
§ "
‘aﬁ
: -
'd"
> 3 4=
""
g "‘"
&=
-

B
g
£ 3
2 oo |TWLTL
% _,,..._e—ﬂ-,“‘_“:fi::w"'”” ENmﬁmzmb]eMeﬁmf

i ~;’$’f"”""‘“‘:‘."~-"‘*"'

0

0 5 10 i5 20 25 30 is 40 45
Total Access Points per Mile (Signalized and Unsignalized)

Figure C-2.  Estimated accident rates by type of median-rural areas (4).

The final factor in classification of median openings is
whether or not a median opening is accompanied by a loon.
A loon is an expanded paved apron on the shoulder opposite
a median crossover. The purpose of loons is to provide addi-
tional space for larger vehicles (particularly trucks) to nego-
tiate turns, and thus, to allow the installation of conventional
or directional median openings along narrow medians. The
provision of loons to serve U-turns by large vehicles is a new
technique that formalizes past use of paved shoulders for the
same purpose. Initial results by highway agencies that have
used loons appear promising (55, 56).

Based on the four factors discussed above, median open-
ings can be classified based on their design characteristics as
follows:

e Type of geometry (traffic movements permitted)
— conventional (all movements permitted)
— directional
e Degree of access served
— U-turn only (midblock median opening)
— access on one side (at three-leg intersection)
— access on two sides (at four-leg intersection)
e Presence of left-turn lane
— no left-turn lane present
— left-turn lane present
e Presence of loon
— no loon present
— loon present

Overview of Typical Median Opening Designs

Using the first two classification factors (geometry type
and degree of access served), typical median openings can be
classified into the following six categories:

Conventional Midblock Median Opening

Directional Midblock Median Opening

Conventional Median Opening at Three-Leg Intersection
Directional Median Opening at Three-Leg Intersection
Conventional Median Opening at Four-Leg Intersection
Directional Median Opening at Four-Leg Intersection

SAINAIE bl S e

These six categories of median openings can be subdivided
based on the presence of left-turn lanes or loons and the types
of turning maneuvers permitted. With these subdivisions,
there are a total of fifteen typical median opening designs. The
following discussion presents each of the six categories of
median openings and the specific designs used for those open-
ings. The discussion of each median opening design includes
a figure with a diagram of each median opening design and a
list of the advantages and disadvantages associated with each
design.

Conventional Midblock Median Opening

A conventional midblock median opening permits vehicles
to make U-turns, but does not provide separate channelized
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roadways for vehicles making U-turns in opposing directions.
Median openings at midblock locations are appropriate on
arterials where providing for U-turn maneuvers between inter-
sections may improve operations at intersections by reducing
the U-turn volumes at those intersections or reducing the
amount of out-of-direction travel for vehicles trying to reach
a destination without direct left-turn access. Conventional
median openings are appropriate where U-turn volumes are
relatively low, such that U-turn vehicles in opposing direc-
tions of travel create minimal interference with one another.

The conventional midblock median opening design is fur-
ther classified into three subcategories based on the presence
of left-turn lanes and/or loons:

Type 1a—Conventional Midblock Median Opening With-
out Left-Turn Lanes

Type 1b—Conventional Midblock Median Opening With
Left-Turn Lanes

Type 1c—Conventional Midblock Median Opening With
Left-Turn Lanes and Loons

Figures C-3 through C-5 illustrate these three median
opening designs and their advantages and disadvantages. The
presence of left-turn lanes in Types 1b and lc reduces the
potential for rear-end collisions between U-turn vehicles and
following through vehicles. The presence of loons in Type 1c
provides a widening in the pavement to accommodate U-turn
movements by larger vehicles, such as emergency vehicles
and trucks.

Directional Midblock Median Opening

A directional midblock median opening permits vehicles to
make U-turns and provides separate channelized roadways for
vehicles making U-turns in opposite directions. Thus, oppos-
ing U-turn vehicles will not overlap. Median openings at mid-

Type 1a—Conventional Midblock Median Opening Without Left-Turn Lanes

median openings.

Disadvantages

Advantages

. Midblock access is provided for vehicles to (a) make a U-turn and (b) reach
driveways on the opposite side of the street.

D Since only major-road traffic is involved, delays to vehicles making U-turns will
be less than where an intersection is present.

. If U-turn traffic would otherwise proceed downstream to an intersection with a
median opening, then this treatment should reduce VMT.

. Since vehicles making a U-turn only need to enter, but not cross, the opposing
roadway, a minimum gap of only 4 to 6 sec will be needed.

. There are only four conflict points, which is less than at a three-leg or four-leg
intersection.

D Providing median openings for U-turns between intersections reduces the number

of turning maneuvers at the intersections.

D Accident rates at midblock median openings are lower than at three- or four-leg

D The absence of left-turn lanes increases potential for rear-end collisions between

U-turn vehicles and following through vehicles.

U-turn vehicles forced to stop in the median opening may encroach on adjacent
lanes and interfere with through traffic.

U-turn vehicles entering the through lanes may delay full-speed through traffic.

Narrow medians may not provide enough space for larger vehicles to negotiate a
U-turn.

With no directional island, opposing U-turn vehicles may have to overlap.

Figure C-3.

Advantages and disadvantages of median opening type la—

conventional midblock median opening without left-turn lanes.




Type 1b—Conventional Midblock Median Opening With Left-Turn Lanes

Advantages

D The presence of left-turn lanes reduces potential for rear-end collisions
between U-turn vehicles and following through vehicles.

D The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while

C-5

four-leg intersection.

four-leg median openings.

Disadvantages

waiting for a gap in the opposing traffic.

. Midblock access is provided for vehicles to (a) make a U-turn and (b)
reach driveways on the opposite side of the street.

. Since only major-road traffic is involved, delays to vehicles making U-
turns will be less than where an intersection is present.

D If U-turn traffic would otherwise proceed downstream to an intersection
with a median opening, then this treatment should reduce VMT.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only four conflict points, which is less than at a three-leg or

D Providing median openings for U-turns between intersections reduces
the number of turning maneuvers at the intersections.

D Accident rates at midblock median openings are lower than at three- or

D U-turn vehicles entering the through lanes may delay full-speed through
traffic.

D Narrow medians may not provide enough space for larger vehicles to
negotiate a U-turn.

D With no directional island, opposing U-turn vehicles may have to
overlap.

Figure C-4.  Advantages and disadvantages of median opening type
1b—conventional midblock median opening with left-turn lanes.

block locations are appropriate on arterials where providing
for U-turn maneuvers between intersections may improve
operations at intersections by reducing the U-turn volumes at
those intersections or reducing the amount of out-of-direction
travel for vehicles trying to reach a destination without direct
left-turn access. Directional median openings are appropriate
where U-turn volumes are relatively high, such that U-turn
vehicles in opposing directions of travel would otherwise
interfere with one another.

The directional midblock median opening design is further
classified into three subcategories based on the presence of
left-turn lanes and/or loons:

Type 2a—Directional Midblock Median Opening Without
Left-Turn Lanes

Type 2b—Directional Midblock Median Opening With
Left-Turn Lanes

Type 2c—Directional Midblock Median Opening With
Left-Turn Lanes and Loons

Figures C-6 through C-8 illustrate these three median open-
ing designs and their advantages and disadvantages. The pres-
ence of left-turn lanes in Types 2b and 2c reduces the potential
for rear-end collisions between U-turn vehicles and following
through vehicles. The presence of loons in Type 2c provides a
widening in the pavement to accommodate U-turn movements
by larger vehicles, such as emergency vehicles and trucks.

Conventional Median Opening at Three-Leg
Intersection

A conventional median opening at a three-leg intersection
permits vehicles on the major road to make U-turn move-
ments on the major road and left- or right-turning movements



C-6

Type 1c—Conventional Midblock Median Opening With
Left-Turn Lanes and Loons

Advantages

. Widening on the far side of the turn makes it possible to make a U-turn
without stopping or backing and reduces interference between U-turn and
through traffic, particularly for large vehicles.

. Without performing major reconstruction, additional space can be provided
to facilitate the larger turning path of commercial vehicles along narrow
medians.

. The presence of left-turn lanes reduces potential for rear-end collisions

between U-turn vehicles and following through vehicles.

. The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

. Midblock access is provided for vehicles to (a) make a U-turn and (b) reach
driveways on the opposite side of the street.

. Since only major-road traffic is involved, delays to vehicles making U-
turns will be less than where an intersection is present.

. If U-turn traffic would otherwise proceed downstream to an intersection
with a median opening, then this treatment should reduce VMT.

. Providing median openings for U-turns between intersections reduces the
number of turning maneuvers at the intersections.

. Accident rates at midblock median openings are lower than at three- or
four-leg median openings.

Disadvantages

. U-turn vehicles entering the through lanes may delay full-speed through
traffic.

. With no directional island, opposing U-turn vehicles may have to overlap.

. The presence of loons may make snow removal and other maintenance

work more difficult.

Figure C-5. Advantages and disadvantages of median opening type
Ic—conventional midblock median opening with left-turn lanes and
loons.

onto the minor road. Vehicles on the minor road may make
left or right turns onto the major road. No separate channel-
ized roadways are provided for vehicles making U-turns in
opposing directions. Thus, U-turn vehicles may overlap with
opposing U-turn or left-turn vehicles. Median openings at
three-leg intersections are appropriate along arterial roadways
at street intersections or driveways to major developments
where providing access across the median will not create
undesirable safety or traffic operational effects. Conventional
median openings are appropriate where it is desirable to
allow left-turning movements from both the major road and
the minor road (or driveway) and where U-turn volumes are
relatively low, such that U-turn vehicles in opposing direc-
tions of travel create minimal interference with one another.

The conventional median opening design at a three-leg
intersection is further classified into four subcategories based
on the presence of a left-turn lane and/or loon:

Type 3a—Conventional Median Opening Without Left-
Turn Lanes at Three-Leg Intersection

Type 3b—Conventional Median Opening With One Left-
Turn Lane at Three-Leg Intersection

Type 3c—Conventional Median Opening With Two Left-
Turn Lanes at Three-Leg Intersection

Type 3d—Conventional Median Opening With Left-Turn
Lanes and Loons at Three-Leg Intersection

Figures C-9 through C-12 illustrate these four median
opening designs and their advantages and disadvantages. The
presence of left-turn lanes in Types 3b, 3c, and 3d reduces
the potential for rear-end collisions between U-turn vehicles
and following through vehicles. The presence of loons in
Type 3d provides a widening in the pavement to accommo-
date U-turn movements by larger vehicles, such as emer-
gency vehicles and trucks.



C-7

Type 2a—Directional Midblock Median Opening Without Left-Turn
Lanes

four-leg intersection.

Disadvantages

negotiate a U-turn.

Advantages
. This design prevents overlapping U-turns.
. Midblock access is provided for vehicles to (a) make a U-turn and (b)

reach driveways on the opposite side of the street.

. Since only major-road traffic is involved, delays to vehicles making U-
turns will be less than where an intersection is present.

. If U-turn traffic would otherwise proceed downstream to an intersection
with a median opening, then this treatment should reduce VMT.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

. There are only four conflict points, which is less than at a three-leg or

D Providing median openings for U-turns between intersections reduces
the number of turning maneuvers at the intersections.

D Accident rates at midblock median openings are lower than at three- or
four-leg median openings.

. The absence of left-turn lanes increases potential for rear-end collisions
between U-turn vehicles and following through vehicles.

. U-turn vehicles forced to stop in the median opening may encroach on
adjacent lanes and interfere with through traffic.

. U-turn vehicles entering the through lanes may delay full-speed through
traffic.

. Narrow medians may not provide enough space for larger vehicles to

Figure C-6.

Advantages and disadvantages of median opening

type 2a—directional midblock median opening without left-turn

lanes.

Directional Median Opening at Three-Leg
Intersection

There are two types of directional median openings at three-
leg intersections:

Type 4a—Directional Median Opening for Left Turns from
Major Road at Three-Leg Intersection

Type 4b—Direction Median Opening for Left Turns onto
Major Road at Three-Leg Intersection

The first type, designated as Type 4a, permits vehicles to
turn left off the major road onto the minor road and to make
U-turn maneuvers on the major road, but does not permit
vehicles to turn left from the minor road onto the major road.
The second type, designated as Type 4b, permits vehicles to
turn left or right from the minor road onto the major road and
vehicles on the major road to make U-turn maneuvers, but
does not permit vehicles to turn left off the major road onto

the minor road. Median openings at three-leg intersections
are appropriate along arterial roadways at street intersections
or driveways to major developments where providing access
across the median will not create undesirable safety or traf-
fic operational effects.

Directional median openings are appropriate where U-turn
or left-turn volumes are relatively high, such that a conven-
tional median opening would experience considerable inter-
ference between vehicles entering the median opening. Direc-
tional median openings are also appropriate where there is a
disproportionately high left-turn demand from either the
major road or the minor road and, therefore, either Type 4a
or Type 4b would accommodate the needs of the intersection.
Directional median openings are desirable where an inter-
section is going to be signalized, since it only impacts major-
road traffic in one direction and effective two-direction sig-
nal coordination can be maintained (5).

Figures C-13 through C-14 illustrate these two median
opening designs and their advantages and disadvantages.
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Type 2b—Directional Midblock Median Opening With Left-Turn Lanes

Advantages

four-leg intersection.

four-leg median openings.

Disadvantages

negotiate a U-turn.

D The presence of left-turn lanes reduces potential for rear-end collisions
between U-turn vehicles and following through vehicles.

D The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

D This design prevents overlapping U-turns.

. Midblock access is provided for vehicles to (a) make a U-turn and (b)
reach driveways on the opposite side of the street.

. Since only major-road traffic is involved, delays to vehicles making U-
turns will be less than where an intersection is present.

D If U-turn traffic would otherwise proceed downstream to an intersection
with a median opening, then this treatment should reduce VMT.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only four conflict points, which is less than at a three-leg or

D Providing median openings for U-turns between intersections reduces the
number of turning maneuvers at the intersections.

D Accident rates at midblock median openings are lower than at three- or

. U-turn vehicles entering the through lanes may delay full-speed through
traffic.
. Narrow medians may not provide enough space for larger vehicles to

Figure C-7.

Advantages and disadvantages of median opening type

2b—directional midblock median opening with left-turn lanes.

Conventional Median Opening at Four-Leg
Intersection

A conventional median opening at a four-leg intersection
permits vehicles on the major road to make U-turn move-
ments on the major road and left- or right-turning movements
onto the minor road. Vehicles on the minor road may make
left or right turns onto the major road. No separate channel-
ized roadways are provided for vehicles making U-turns in
opposing directions. Thus, U-turn vehicles may overlap with
opposing U-turn or left-turn vehicles. Median openings at
four-leg intersections are appropriate along arterial roadways
at street intersections or driveways to major developments
where providing access across the median will not create
undesirable safety or traffic operational effects. Conventional
median openings are appropriate where it is desirable to allow
left-turning movements from both the major road and the
minor road (or driveway) and where U-turn volumes are rel-

atively low, such that U-turn vehicles in opposing directions
of travel create minimal interference with one another.

The conventional median opening design at a four-leg inter-
section is further classified into two subcategories based on
the presence of left-turn lanes:

Type Sa—Conventional Median Opening Without Left-
Turn Lanes at Four-Leg Intersection

Type 5b—Conventional Median Opening With Left-Turn
Lanes at Four-Leg Intersection

Figures C-15 and C-16 illustrate these two median opening
designs and their advantages and disadvantages. The presence
of left-turn lanes in Type 5b reduces the potential for rear-
end collisions between U-turn vehicles and following through
vehicles.
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Type 2c—Directional Midblock Median Opening With
Left-Turn Lanes and Loons

Advantages

leg median openings.

Disadvantages

more difficult.

D Widening on the far side of the turn makes it possible to make a U-turn
without stopping or backing and reduces interference between U-turn and
through traffic, particularly for large vehicles.

. Without performing major reconstruction, additional space can be provided
to facilitate the larger turning path of commercial vehicles along narrow
medians.

o The presence of left-turn lanes reduces potential for rear-end collisions

between U-turn vehicles and following through vehicles.

D The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

D This design prevents overlapping U-turns.

. Midblock access is provided for vehicles to (a) make a U-turn and (b) reach
driveways on the opposite side of the street.

D Since only major-road traffic is involved, delays to vehicles making U-turns
will be less than where an intersection is present.

D If U-turn traffic would otherwise proceed downstream to an intersection with
a median opening, then this treatment should reduce VMT.

D Providing median openings for U-turns between intersections reduces the
number of turning maneuvers at the intersections.

D Accident rates at midblock median openings are lower than at three- or four-

. The presence of loons may make snow removal and other maintenance work

Figure C-8.

Advantages and disadvantages of median opening Type

2c—directional midblock median opening with left-turn lanes and loons.

Directional Median Opening for Left Turns from
Major Road at Four-Leg Intersection

A directional median opening at a four-leg intersection per-
mits vehicles to turn left off the major road onto the minor
road and to make U-turn maneuvers on the major road, but
does not permit vehicles to turn left from the minor road onto
the major road. Median openings at four-leg intersections are
appropriate along arterial roadways at street intersections or
driveways to major developments where providing access
across the median will not create undesirable safety or traffic
operational effects. Directional median openings are appro-
priate where U-turn or left-turn volumes are relatively high,
such that a conventional median opening would experience
considerable interference between vehicles entering the median
opening. This particular directional median opening design is
also appropriate where there is a disproportionately high left-
turn demand from the major road. Directional median open-
ings are desirable where an intersection is going to be signal-
ized, since it only impacts major-road traffic in one direction

and effective two-direction signal coordination can be main-
tained (NCHRP Report 348). This median opening design is
represented in the classification as:

Type 6a—Directional Median Opening for Left Turns from
Major Road at Four-Leg Intersection

Figure C-17 illustrates this median opening design and its
advantages and disadvantages.

LOCATION AND DESIGN GUIDELINES

This section presents guidelines on the location and design
of median openings based on the following factors:

e Major- and minor-road volumes
e Left-turn and U-turn volumes

e Median width

e Median opening length



C-10

Type 3a—Conventional Median Opening Without Left-Turn
Lanes at Three-Leg Intersection

Advantages

. Vehicles on the minor road can make both left and right turns onto
the major road.

. Vehicles on the major road can make left and right turns onto the
minor road and make U-turns on the major road.

. Delays will be less than at a four-leg intersection.

. No additional VMT is incurred by vehicles making left-, right-, or
U-turning maneuvers.

. Since vehicles making a U-turn only need to enter, but not cross,
the opposing roadway, a minimum gap of only 4 to 6 sec will be
needed.

. There are only 11 conflict points, which is less than at a four-leg
intersection.

. Accident rates at three-leg intersections are lower than at four-leg
intersections.

Disadvantages

. The absence of left-turn lanes increases potential for rear-end
collisions between left-turn or U-turn vehicles and following
through vehicles.

. U-turn vehicles forced to stop in the median opening may encroach
on adjacent lanes and interfere with through traffic.

. U-turn vehicles entering the through lanes may delay full-speed
through traffic.

. Narrow medians may not provide enough space for larger vehicles
to negotiate a U-turn.

. With no directional island, opposing U-turn vehicles may have to
overlap.

. Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even

10 sec where six-lane or eight-lane arterials must be crossed.
These gaps will be limited during busy travel period on heavily
used arterials.

. Where peak-hour traffic exceeds critical volumes, vehicles entering
the major road from the minor road may experience long delays.

Figure C-9. Advantages and disadvantages of median opening
type 3a—conventional median opening without left-turn lanes at
three-leg intersection.

e Minimum spacing between median openings

Sight distance

Loons to assist vehicles in completing U-turn maneuvers
e Median opening types

Major- and Minor-Road Volumes

Unsignalized median openings may be used for a broad
range of major- and minor-road traffic volumes. However, if
the major- and minor-road volumes exceed the traffic vol-
umes given in the MUTCD signalization warrants, signal-
ization of the median opening should be considered.

No safety prediction models relating median opening acci-
dent frequencies to major- and minor-road volumes are avail-

able. Safety prediction models for divided highway intersec-
tions that consider major- and minor-road traffic volumes are
currently being developed for use in the Highway Safety Man-
ual. Once appropriate safety prediction models are developed,
they should be used in comparing alternative median opening
designs. While the full major- and minor-road traffic volumes
cannot currently be considered in the location and design of
median openings, consideration can be given to median open-
ing volumes (U-turns and left turns), as discussed in the next
section.

U-turn and Left-Turn Volumes

Field studies at a variety of median opening types in urban
arterial corridors have found estimated U-turn volumes rang-



Type 3b—Conventional Median Opening With One Left-Turn Lane at
Three-Leg Intersection

Advantages

. The presence of a left-turn lane in one direction of travel reduces
potential for rear-end collisions between left-turn or U-turn vehicles and
following through vehicles for one direction of travel only on the major
road.

. The presence of a left-turn lane in the direction of travel mitigates the
problem of U-turn vehicles in that direction encroaching on the adjacent
lane and interfering with through traffic while waiting for a gap in the
opposing traffic.

. Vehicles on the minor road can make left and right turns onto the major
road.

. Vehicles on the major road can make left and right turns onto the minor
road and make U-turns on the major road.

. Delays will be less than at a four-leg intersection.

. No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

. There are only 11 conflict points, which is less than at a four-leg
intersection.

. Accident rates at three-leg intersections are lower than at four-leg
intersections.

Disadvantages

. U-turn vehicles in the direction of travel without a left-turn lane forced to
stop in the median opening may encroach on adjacent lanes and interfere
with through traffic.

. Narrow medians may not provide enough space for larger vehicles to

negotiate a U-turn.

. Vehicles on the major road in the direction of travel without a left-turn
lane must initiate U-turn maneuvers from the through lane, which may
delay through vehicles and create the potential for rear-end collisions.

. With no directional island, opposing U-turn vehicles may have to overlap.

. Minimum 6- to 8-second gaps are needed to cross traffic, possibly even
10 sec where six-lane or eight-lane arterials must be crossed. These gaps
will be limited during busy travel period on heavily used arterials.

. Where peak-hour traffic exceeds critical volumes, vehicles entering the
major road from the minor road may experience long delays.

Figure C-10. Advantages and disadvantages of median opening type
3b—conventional median opening with one left-turn lane at three-leg
intersection.

C-11

ing from 2 to 977 veh/day, representing from 0.01 to 3.2 per-
cent of the major-road traffic volumes at those locations. At
median openings in rural areas, U-turn volumes were found
to range from 88 to 374 veh/day, representing 0.41 to 1.36
percent of the major-road traffic volumes at those locations.
The available data are not sufficient to develop satisfactory
regression relationships to relate median opening accident

frequency to median opening volumes. It is also not possible
to separately account for the effects of U-turn and left-turn
volumes on safety at median openings. However, Table C-2
presents the accident rates per median opening traffic move-
ment for various area and median opening types. The median
opening traffic volume is the sum of the U-turn and left-turn
volumes through the median opening. Computational proce-
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Type 3c—Conventional Median Opening With Two Left-Turn Lanes at
Three-Leg Intersection

Advantages

D The presence of left-turn lanes reduces potential for rear-end collisions
between left-turn or U-turn vehicles and following through vehicles for
both directions of travel on the major road.

D The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

D Vehicles on the minor road can make both left and right turns onto the
major road.

. Vehicles on the major road can make left and right turns onto the minor
road and make U-turns on the major road.

D Delays will be less than at a four-leg intersection.

D No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only 11 conflict points, which is less than at a four-leg
intersection.

D Accident rates at three-leg intersections are lower than at four-leg
intersections.

Disadvantages

. U-turn vehicles entering the through lanes may delay full-speed through
traffic.

o Narrow medians may not provide enough space for larger vehicles to
negotiate a U-turn.

. With no directional island, opposing U-turn vehicles may have to
overlap.

. Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even 10

sec where 6-lane or 8-lane arterials must be crossed. These gaps will be
limited during busy travel period on heavily used arterials.

. Where peak-hour traffic exceeds critical volumes, vehicles entering the
major road from the minor road may experience long delays.

Figure C-11.  Advantages and disadvantages of median opening type
3c—conventional median opening with two left-turn lanes at three-leg
intersection.

dures for using the average accident rates in Table C-2 in
comparing alternative median opening arrangements are pre-
sented later in these guidelines.

The reason that the effects of U-turn and left-turn volumes
on median opening accident frequency cannot be separated is
that review of accident data for median openings have found
that accident report data do not distinguish clearly between
accidents involving U-turn maneuvers and those involving
left-turn maneuvers. In particular, at some median openings
where U-turn maneuvers can be made but no left-turn maneu-
vers are feasible, investigating officers classified a substantial

proportion of the accidents involving turning movements
through the median as related to left-turn maneuvers.

Left-Turn Lanes

Vebhicles turning left from a multilane highway may pose
safety and operational problems at median openings. They
not only increase conflicts with and delays to other vehicles,
but also pose a major safety problem with the large speed dif-
ferential between left-turning and through vehicles.



Type 3d—Conventional Median Opening With Left-Turn Lanes and Loons
at Three-Leg Intersection

Advantages

. Widening on the far side of the turn makes it possible to make a U-turn
without stopping or backing and reduces interference between U-turn and
through traffic, particularly for large vehicles.

D Without performing major reconstruction, additional space can be
provided to facilitate the larger turning path of commercial vehicles along
narrow medians.

D The presence of left-turn lanes reduces potential for rear-end collisions
between left-turn or U-turn vehicles and following through vehicles for
both directions of travel on the major road.

D The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

D Vehicles on the minor road can make left and right turns onto the major
road.

D Vehicles on the major road can make left and right turns onto the cross
street and make U-turns on the major road.

. Delays will be less than at a four-leg intersection.

D No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D Accident rates at three-leg intersections are lower than at four-leg
intersections.

Disadvantages

. U-turn vehicles entering the through lanes may delay full-speed through
traffic.

. Narrow medians may not provide enough space for larger vehicles to
negotiate a U-turn.

. With no directional island, opposing U-turn vehicles may have to overlap.

. Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even 10 sec

where 6-lane or 8-lane arterials must be crossed. These gaps will be
limited during busy travel period on heavily used arterials.

. Where peak-hour traffic exceeds critical volumes, vehicles entering the
major road from the minor road may experience long delays.
. The presence of a loon may make snow removal and other maintenance

work more difficult.

Figure C-12.  Advantages and disadvantages of median opening type
3d—conventional median opening with left-turn lanes and loons at three-
leg intersection.

In a recent FHWA study, a before-after evaluation of the
safety effects of providing left-turn lanes for at-grade inter-
sections was conducted. The research concluded that provid-
ing left-turn lanes is effective in improving safety at unsignal-
ized intersections in both rural and urban areas. Specifically,
at urban unsignalized intersections, the research found that

installation of a left-turn lane on one approach would be
expected to reduce accidents by 27 percent for four-leg inter-
sections and by 33 percent for three-leg intersections.
Left-turn lanes are often installed at median openings to
accommodate high left-turning volumes. Harmelink (67) pro-
vides volume warrants and design charts for left-turn lanes at
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Type 4a—Directional Median Opening for Left Turns From Major Road at
Three-Leg Intersection

Advantages

D The presence of a left-turn lane reduces potential for rear-end collisions
between left-turn or U-turn vehicles and following through vehicles on the
major road.

. The presence of a left-turn lane mitigates the problem of U-turn vehicles

encroaching on adjacent lanes and interfering with through traffic while
waiting for a gap in the opposing traffic.

. Vehicles on the major road have direct left-turn access to the minor road.

. Vehicles on the major road can make U-turn maneuvers in one direction of
travel.

. Right-turn maneuvers are unaffected by this treatment.

. For those maneuvers permitted, delays will be less than at a conventional
median opening at a three-leg intersection.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only six conflict points, which is less than at a conventional
median opening at a three-leg intersection.

. Accident rates at three-leg intersections are lower than at four-leg
intersections.

Disadvantages

. Minor road vehicles do not have direct left-turn access to the major road.

. U-turn vehicles entering the through lanes may delay full-speed through
traffic.

D Additional VMT will be incurred by vehicles whose drivers desire to turn

left from the minor road onto the major road.

Figure C-13.  Advantages and disadvantages of median opening type
4a—directional median opening for left turns from major road at three-
leg intersection.

unsignalized intersections on four-lane highways. Many high-
way agencies, however, have adopted a policy of providing
left-turn lanes at virtually all median openings at divided
highways.

Median Width

The safety and operational effects of median width at sig-
nalized and unsignalized intersections on divided highways
were evaluated extensively in NCHRP Report 375, Median
Intersection Design (8), and the design policy recommenda-
tions of that report have been incorporated in the AASHTO
Green Book (3). Guidelines for selecting median widths at
unsignalized intersections on divided highways, as recom-
mended in NCHRP Report 375 and the Green Book, are pre-
sented below.

Rural Unsignalized Intersections

e Rural unsignalized intersections should have medians
that are as wide as practical, as long as the median is not
so wide that approaching vehicles on the crossroad can-
not see both roadways of the divided highway.

e Where the AASHTO passenger car is used as the
design vehicle, a minimum median width of 8 m (25 ft)
is recommended.

e Where a large truck is used as the design vehicle, a
median width of 21 to 31 m (70 to 100 ft) generally
should be selected.

Suburban Unsignalized Intersections

e Median widths at suburban unsignalized intersections
generally should be as narrow as possible while provid-



Type 4b—Directional Median Opening for Left Turns Onto Major Road at
Three-Leg Intersection

Advantages

D Vehicles on the minor road have direct left-turn access to the major road.

D Vehicles on the major road in one direction of travel can make U-turn
maneuvers.

D Right-turn maneuvers are unaffected by this treatment.

D Delays will be less than at a conventional median opening at a three-leg
intersection.

. Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

D There are only six conflict points, which is less than at a conventional
median opening at a three-leg intersection.

D Accident rates at three-leg intersections are lower than at four-leg
intersections.

Disadvantages

D Vehicles on the major road do not have direct left-turn access to the cross
street.

D The absence of a left-turn lane on the major road increases potential for rear-
end collisions between U-turn vehicles and following through vehicles.

D U-turn vehicles forced to stop in the median opening may encroach on
adjacent lanes and interfere with through traffic.

D U-turn vehicles entering the through lanes may delay full-speed through
traffic.

D Additional VMT will be incurred by vehicles whose drivers desire to turn left

from the major road onto the minor road.

Figure C-14. Advantages and disadvantages of median opening type 4b—

directional median opening for left turns onto major road at three-leg
intersection.

ing sufficient space in the median for the appropriate
left-turn treatment.

e Median widths between 4.2 and 7.2 (14 and 24 ft) will
accommodate left-turn lanes, but are not wide enough to
store a crossing or turning vehicle in the median.

e Medians wider than 7.6 m (25 ft) may be used, but cross-
road vehicles making turning and crossing maneuvers
may stop on the median roadway.

e Median widths of more than 15 m (50 ft) generally should
be avoided at suburban, unsignalized intersections.

The design vehicle for choosing the median width at a
divided highway intersection is generally based on the vehi-
cle mix for vehicles making turning and crossing maneuvers.
However, at unsignalized median openings with substantial
U-turn volumes, the vehicle mix for U-turn maneuvers should
be a major consideration in selecting the design vehicle for

determining median opening width. Figure C-18 illustrates
the AASHTO Green Book criteria for determining the median
and roadway widths needed to provide for U-turns at unsignal-
ized median openings. Where the full median width and road-
way width needed to accommodate U-turn maneuvers can-
not be provided, consideration should be given to inclusion
of a loon in the design (see below).

Median Opening Length

NCHRP Report 375 (8) states that median opening lengths
at rural divided highway intersections generally should be
kept to the minimum possible. Increases in median opening
length were found to be correlated with higher rates of unde-
sirable driving behavior. By contrast, at median openings in
urban and suburban areas, the median width should not be
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Type 5a—Conventional Median Opening Without Left-Turn Lanes at
Four-Leg Intersection

Jil

Advantages

Vehicles on the minor road can either cross the major road or make left
and right turns onto the major road.

Vehicles on the major road in both directions of travel can make left and
right turns onto the minor road and make U-turns on the major road.

No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

Disadvantages

The absence of left-turn lanes increases potential for rear-end collisions
between U-turn vehicles and following through vehicles.

U-turn vehicles forced to stop in the median opening may encroach on
adjacent lanes and interfere with through traffic.

U-turn vehicles entering the through lanes may delay full-speed through
traffic.

With no directional island, opposing U-turn vehicles may have to overlap.
Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even 10
sec where 6-lane or 8-lane arterials must be crossed. These gaps will be
limited during busy travel period on heavily used arterials.

Where peak-hour traffic exceeds critical volumes, vehicles entering the
major road from the cross street may experience long delays.

There are 32 potential conflict points with both minor-road and major-
road vehicles entering the median opening.

Accident rates at four-leg intersections are higher than at three-leg
intersections.

Figure C-15.

Advantages and disadvantages of median opening type

Sa—conventional median opening without left-turn lanes at four-leg
intersection.

greater than necessary (as noted above), but there does not
appear to be any reason that the median opening should not
be as long as necessary.

Minimum Spacing Between Median Openings

Guidelines for the minimum spacing between median
openings are based on recommendations of NCHRP Report
420 (4) and the results of the highway agency survey
conducted as part of this research. They are:

e Median opening spacing for rural areas typically ranges
from 150 to 805 m (500 to 2,640 ft); a minimum median
opening spacing of 150 m (500 ft) is recommended in
rural areas. Typically, median opening spacing substan-
tially longer than 150 m (500 ft) is appropriate, unless

two public road intersections or major driveways are
located relatively close together.

e Median opening spacing for urban areas typically
ranges from 90 to 805 m (300 to 2,640 ft); a minimum
median opening spacing of 90 m (300 ft) is recom-
mended in urban areas. Whenever practical, median
opening spacing greater than 90 m (300 ft) should be
used in urban areas.

Sight Distance

Intersection sight distance (ISD) is an important design
and operational consideration at all intersections, but is espe-
cially important at divided highway intersections, including
unsignalized median openings, where the presence of the
median may increase the ISD needs or provide a location for
potential sight obstructions that reduce the ISD. U-turn maneu-



Type 5b—Conventional Median Opening With Left-Turn Lanes at
Four-Leg Intersection

Advantages

The presence of left-turn lanes reduces potential for rear-end
collisions between left-turn or U-turn vehicles and following through
vehicles for both directions of travel on the major road.

The presence of left-turn lanes mitigates the problem of U-turn
vehicles encroaching on adjacent lanes and interfering with through
traffic while waiting for a gap in the opposing traffic.

Vehicles on the minor road can either cross the major road or make
left and right turns onto the major road.

Vehicles on the major road can make left and right turns onto the
minor road and make U-turns on the major road.

No additional VMT is incurred by vehicles making left-, right-, or U-
turning maneuvers.

Since vehicles making a U-turn only need to enter, but not cross, the
opposing roadway, a minimum gap of only 4 to 6 sec will be needed.

Disadvantages

D U-turn vehicles entering the through lanes may delay full-speed
through traffic.

D With no directional island, opposing U-turn vehicles may have to
overlap.

D Minimum 6- to 8-sec gaps are needed to cross traffic, possibly even

10 sec where 6-lane or 8-lane arterials must be crossed. These gaps
will be limited during busy travel period on heavily used arterials.

D Where peak-hour traffic exceeds critical volumes, vehicles entering
the major road from the cross street may experience long delays.

. There are 32 potential conflict points with both cross-street and
major-road vehicles entering the median opening.

D Accident rates at four-leg intersections are higher than at three-leg
intersections.

Figure C-16.  Advantages and disadvantages of median opening
type Sb—conventional median opening with left-turn lanes at four-

leg intersection.

vers should not be encouraged at locations with limited sight
distance. Furthermore, sight distance is an important issue in
determining locations where U-turns by larger vehicles should
be permitted/encouraged.

NCHRP Report 383 (57) presents revised ISD models that
have been adopted by AASHTO and incorporated into the
2001 Green Book (3). The following ISD cases are applica-
ble to unsignalized median openings:

e Case B1 (left turns from the minor road)
e Case B3 (crossing maneuvers)

e Case F (left turns from the major road)

Each ISD case is described in more detail below.

Left Turns from the Minor Road (Case BI)

Case B1 involves a situation in which a vehicle is stopped
on the minor road awaiting an opportunity to complete a left-
turn maneuver by clearing traffic approaching from the left
and then enters the traffic stream approaching from the right.
Green Book Exhibit 9-55 presents design ISD criteria for
Case B1.

At divided-highway intersections, sight distance design
for left turns may need to consider multiple design vehicles.
If the design vehicle used to determine sight distance for a
divided-highway intersection is larger than a passenger car,
then sight distance for left turns will need to be checked for
that selected design vehicle. The Green Book includes guid-



Type 6a—Directional Median Opening for Left Turns From Major Road at

Four-Leg Intersection

Advantages

The presence of left-turn lanes reduces potential for rear-end collisions between
left-turn or U-turn vehicles and following through vehicles for both directions
of travel on the major road.

The presence of left-turn lanes mitigates the problem of U-turn vehicles
encroaching on adjacent lanes and interfering with through traffic while waiting
for a gap in the opposing traffic.

Vehicles on the major road have direct left-turn access to the minor road.
Vehicles on the major road in both directions of travel can make U-turn
maneuvers.

Right-turn maneuvers are unaffected by this treatment.

Delays will be less than at a conventional median opening at a four-leg
intersection.

Since vehicles making a U-turn only need to enter, but not cross, the opposing
roadway, a minimum gap of only 4 to 6 sec will be needed.

There are only 12 conflict points, which is less than at a conventional median
opening at a four-leg intersection.

Accident rates at directional four-leg median openings are lower than at
conventional four-leg median openings.

Disadvantages

Minor-road vehicles do not have direct left-turn access to the major road.
U-turn vehicles entering the through lanes may delay full-speed through traffic.
Accident rates at four-leg intersections are higher than at three-leg
intersections.

No direct crossing maneuver on minor road.

Additional VMT will be incurred by vehicles whose drivers desire to make
crossing maneuvers on the minor road and left-turn maneuvers from the minor

road to the major road.

Figure C-17.

Advantages and disadvantages of median opening type

6a—directional median opening for left turns from major road at four-leg

intersection.

ance for median widths large enough to store the design
vehicle and for median widths not large enough to store the
design vehicle.

Crossing Maneuvers (Case B3)

Case B3 involves a situation in which a vehicle is stopped
on the minor road awaiting an opportunity to cross the major
road by clearing traffic approaching from the left and from
the right. Green Book Exhibit 9-58 presents design ISD cri-
teria for Case B3. In most cases, the sight distance provided
in Case B1 will provide more than adequate sight distance for
minor-road vehicles to cross the major road. However, in the
following situations, it is advisable to check the availability
of sight distance for crossing maneuvers:

e where left and/or right turns are not permitted from a par-
ticular approach and the crossing maneuver is the only
legal maneuver;

e where the crossing vehicle would cross the equivalent
width of more than six lanes; or

e where substantial volumes of heavy vehicles cross the
highway and steep grades that might slow the vehicles
while its back portion is still in the intersection are pre-
sent on the departure roadway on the far side of the
intersection.

Left Turns from the Major Road (Case F)

Case F involves a situation in which a vehicle is stopped
on the major road awaiting an opportunity to complete a left-



TABLE C-2 Median opening accident rate by median opening type

Total median
opening Median opening
accident Median opening accident rate

Median Number frequency® movements (accidents per
opening  of median (for entire study (1 0° turns during 10° turning

type openings period) entire study period) vehicles)

URBAN ARTERIAL CORRIDORS

Midblock

1a 7 1 -° -°

2b 20 4 17.20 0.23

2c 10 5 13.42 0.37
Three-leg

3a 11 9 2.23 4.04

3b 19 32 13.04 2.46

3c 2 10 1.20 8.35

4a 4 7 4.87 1.44
Four-leg

5a 8 26 11.16 2.33

5b 17 76 22.77 3.34

6a 5 42 16.36 2.57

RURAL ARTERIAL CORRIDORS

Midblock

1a 7 3 0.96 3.13
Three-leg

3a 4 4 4.65 0.86
Four-leg

5a 1 4 1.41 2.84

# The duration of the study period was generally five years. However, only four years of accident and exposure data
were available for sites in New Jersey, and six years of accident and exposure data were available for sites in

New York.
® Data too limited to be meaningful.

turn maneuver by waiting for an appropriate gap in opposing
traffic to complete their turn. Green Book Exhibit 9-67 pre-
sents design ISD criteria for Case F.

On divided highways, while the geometry of the roadway
may provide sufficient sight distance for left turns from the
major road, some intersections may experience additional
sight-distance concerns, such as: (1) sight obstructions in the
median or (2) opposing left-turn vehicles obstructing the
view of a left-turning vehicle. The sight restrictions created
by opposing left-turn vehicles on divided highways can be
minimized by the use of parallel and tapered offset left-turn
lanes, as shown in Green Book Exhibit 9-98.

Loons to Assist Vehicles in Completing U-turn
Maneuvers

A common problem associated with accommodating U-turn
maneuvers at unsignalized median openings is the difficulty of
larger vehicles to negotiate U-turns along cross-sections with
narrow medians. This situation often affects the operation and
safety of commercial vehicles that typically require more
space in order to perform a U-turn maneuver. One possible
solution to this problem is the construction of a loon. Loons

are defined as expanded paved aprons opposite a median
crossover. Their purpose is to provide additional space to facil-
itate the larger turning path of commercial vehicles along nar-
row medians. Figure C-19 presents a typical loon design.
Where a large truck is used as the design vehicle for a median
opening and a median width of 21 to 31 m (70 to 100 ft) can-
not be provided, consideration should be given to provid-
ing a loon.

Several unsignalized median openings with loons were
evaluated as part of this research. No specific problems related
to loon operations were noted at these sites. Specifically,
while median opening Type 2¢ was found to have a higher
average median opening accident rate than median opening
Type 2a, the individual accident patterns at these sites were
reviewed; it was confirmed that the accidents at median open-
ings of Type 2c did not involve trucks and were not related
to loon usage. Although the sample size is very limited, there
is no indication that provision of loons or their use by large
trucks leads to safety problems. At the same time, there are
not sufficient data to determine whether the provision of
loons provides safety benefits.

Based on a study by Sisiopiku and Aylsworth-Bonzelet
(55, 56), Table C-3 presents recommended loon widths for



C-20

M- MIN. WIDTH OF MEDIAN (m)
FOR DESIGN VEHICLE
TYPE OF MANEUVER P |weaz]| su | Bus |weas|wsas| TOT
LENGTH OF DESIGN VEHICLE {m)
0.5m  -3.4m 57 | 150 | 80 | 120 | 165 | 195 | 384
INNER
LANE
TO 9 18 19 19 21 21 30
INNER
LANE
INNER
LANE
To 5 15 15 1% 18 18 27
OUTER
LANE
INNER
LANE
2 12 12 12 15 1% 24
T0
SHOULDER
M - MIN. WIDTH OF MEDIAN (ff)
FOR DESIGN VEHICLE
TYPE OF MANEUVER P l WB-40 l SU | BUS ] WE-50 ] WE-50 | TOT
LENGTH OF DESIGN VEHICLE (ft)
-2t 126t 19 50 30 40 55 &5 118
INNER
LANE
TO 30 81 63 83 71 7 101
INNER
LANE
INNER
LANE
T 18 49 51 51 59 B9 89
QUTER
LANE
INNER
LANE
10 8 39 4 41 43 49 79
SHOULDER

Figure C-18.  AASHTO minimum median widths to accommodate U-turns (3).

Figure C-19. Typical loon design at a directional median opening (55, 56).
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TABLE C-3 Recommended loon widths for four-lane divided roadways (55, 56)
Type of design vehicle
P SuU WB-12 WB-15 WB-18
Median Length of design vehicle (m)

width 5.7 9.0 15.0 16.5 19.5

(m) Width of loon (m)

0 5 15 15 18 18

5 0 10 10 13 13
10 0 5 5 8 8
15 0 0 0 3 3
20 0 0 0 0 0

NoTE: Loon width equal to 0 indicates that the standard shoulder width is sufficient.

four-lane divided roadways. Usually, loons are not needed on
six-lane divided highways; usually a paved shoulder pro-
vides all the additional width needed for U-turns by large
trucks.

Median Opening Types

The four key factors used to classify or describe the design
of a median opening are:

e Type of geometry—determines which movements are
possible at a median opening. Conventional median
openings typically permit all movements, while direc-
tional median openings may restrict certain movements.

e Degree of access served—determines what movements
need to be accommodated at a median opening and the
number of potential conflict points a median opening will
have. Access points at median openings may include
either intersecting public roads or driveways.

e Presence of left-turn lanes—indicates whether or not a
median opening has a left-turn lane.

e Presence of loons—indicates whether or not a median
opening is accompanied by a loon.

Based on these four factors, median openings can be clas-
sified based on their design characteristics as follows:

e Type of geometry (traffic movements permitted)
— conventional (all movements permitted)
— directional
e Degree of access served
— U-turn only (midblock median opening)
— access on one side (at three-leg intersection)
— access on two sides (at four-leg intersection)
e Presence of left-turn lane
— no left-turn lane present
— left-turn lane present
e Presence of loon
— no loon present
— loon present

Drawings illustrating each of the median opening types,
along with their advantages and disadvantages of each, are

presented in the preceding section of these guidelines (see
Figures C-3 through C-17).

METHODOLOGY FOR COMPARING THE
EXPECTED SAFETY PERFORMANCE OF
MEDIAN OPENING DESIGN ALTERNATIVES

This section presents a methodology for comparing the
expected safety performance of median opening design alter-
natives. An overview of the methodology is presented first,
followed by a detailed discussion of the methodology and
two examples with sample calculations.

Overview of Methodology

The methodology for comparing the expected safety per-
formance of median opening design alternatives consists of
five logically sequenced steps as follows:

Step 1:  Select median opening design alternatives

Step 2:  Enter all turning volumes

Step 3:  Enter the average non-intersection accident rate
for the major road

Step 4:  Calculate the accident rate for each median open-
ing design alternative

Step 5:  Compare accident rates for each median open-
ing design alternative

Methodology

Step 1: Select median opening design alternatives

Typically, highway agencies are faced with selecting the
most appropriate median opening design from a number of
alternatives. In Step 1, each of the possible median opening
design alternatives are identified. Note that an alternative
may be an individual median opening design or may include
a combination of median opening designs. For example, at a
three-leg intersection, a highway agency may be considering
the following alternatives:

e conventional median opening
e directional median opening
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e directional median opening in combination with a
directional midblock median opening located near the

intersection.

Alternative 1:

Alternative 2:

Alternative 3:

Step 2: Enter all turning volumes

Turning volumes—actual or estimated—for all possible
turning movements must be provided. Figure C-20 illustrates
all possible turning volumes at a four-leg intersection. If the
median opening design alternative under consideration is a
three-leg or midblock median opening, enter a zero for those
turning volumes that do not apply.

Some median openings, such as a three-leg median open-
ing or a directional median opening, will include only a por-
tion of these turning volumes since not all turning move-
ments are accommodated.

Enter all turning volumes for the median opening design
alternatives considered:

Volume A

(Major-road U-turns in Direction 1) =___ (veh/day)
Volume B

(Major-road U-turns in Direction 2) = ___ (veh/day)
Volume C

(Major-road left turns in Direction 1) =___ (veh/day)
Volume D

(Major-road left turns in Direction 2) =___ (veh/day)

Direction 4

Direction 1

Figure C-20.

Volume E
(Minor-road left turns in Direction 3) =___ (veh/day)

Volume F
(Minor-road left turns in Direction 4) =___ (veh/day)

Volume G
(Minor-road throughs in Direction 3) =___ (veh/day)

Volume H
(Minor-road throughs in Direction 4) = ___ (veh/day)
Total turning volume = ___ (veh/day)

Step 3: Enter the average non-intersection accident
rate for the major road

If any of the alternatives identified in Step 1 represents a
combination of median opening designs, the average non-
intersection accident rate for the major road is needed. This
may be obtained from actual accident data or may be esti-
mated based on historical accident experience or engineering
judgment. In the absence of any reliable site-specific esti-
mate, NCHRP Report 282 (22) suggests 2.90 accidents per
million vehicle-miles is an average non-intersection accident
rate for all four-lane divided suburban highways.

Non-intersection accident

rate for the major road = (acc/MVM)

Step 4: Calculate the accident rate for each median
opening design alternative

The accident rate for each median opening design alterna-
tive consists of at least one of the following components:

Direction 2

Direction 3

Turning movements at a four-leg intersection.



e Accident rate for each individual median opening—For
median opening design alternatives that consist of a sin-
gle median opening, this is the only accident rate that
needs to be computed. For median opening design alter-
natives that consist of a combination of median open-
ings, this accident rate must be computed for each indi-
vidual median opening that makes up the combination.

e Accident rate for exposure due to additional travel dis-
tance—For combinations of median openings, vehicles
often travel an additional distance along the major road to
complete their turning maneuver. This additional travel
distance must be accounted for when computing the
estimated safety performance of the combination of
median openings. Therefore, the accident rate for the
exposure due additional travel distance must be com-
puted as well.

The equations for calculating each accident rate are pre-
sented below. Each equation utilizes Table C-4, which pre-
sents median opening accident rates by geometry type (con-
ventional vs. directional) and number of intersection legs
(midblock vs. three-leg vs. four-leg).

Step 4a: Calculate the accident rate for each individual
median opening

The accident rate for each median opening can be esti-
mated by the following equation:

[AR]acc « [TV]veh « 365 days
108 veh day yr

Accident Rate(acc/yr) =

where:

AR = accident rate from Table C-2
TV = sum of all turning volumes through median opening

For combinations of median openings, repeat this step for
each individual median opening.

Step 4b: Calculate the accident rate for exposure due to
additional travel distance

The accident rate for the exposure related to additional
travel distance can be estimated by the following equation:

TABLE C-4
intersection legs at urban sites
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. [AR,, Jacc
A R =-——"—X(2
ccident Rate(acc/yr) L0° velr - mi x(2xd)
y [TV]veh v 365 days
day yr
where:

AR, = average non-intersection accident rate for major
road
TV = sum of all turning volumes traveling additional
distance
d = distance between midblock median opening and
intersection (mi)

Step 4c: Calculate the total accident rate for each
median opening design alternative

For alternatives that consist of a single median opening,
the total accident rate is equal to the accident rate of that indi-
vidual median opening, as computed in Step 4a.

For alternatives that consist of a combination of median
openings, the total accident rate is equal to the accident rates
for each individual median opening, as computed in Step 4a,
and the accident rate for exposure related to additional travel
distance, as computed in Step 4b.

Alternative I:

Accident rate (individual median opening) = ____ (acc/yr)
Accident rate (individual median opening) = ___ (acc/yr)
Accident rate (individual median opening) = ____ (acc/yr)
Accident rate (due to exposure) =___ (acclyr)
Total accident rate = ___ (acc/yr)

Alternative 2:
Accident rate (individual median opening) = (acc/yr)
Accident rate (individual median opening) = ___ (acc/yr)
Accident rate (individual median opening) = ___ (acc/yr)
Accident rate (due to exposure) =___ (acclyr)
Total accident rate = ____ (acc/yr)

Alternative 3:
Accident rate (individual median opening) = ___ (acc/yr)
Accident rate (individual median opening) = ____ (acc/yr)

Median opening accident rates by geometry type and number of

Median opening type

Median opening accident rate
(accidents per 10” turning vehicles)

Directional Midblock
Conventional 3-leg
Directional 3-leg

Conventional 4-leg

Directional 4-leg

0.29
2.69
1.40
3.01
2.57
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Accident rate (individual median opening) = ____ (acc/yr)
Accident rate (due to exposure) =___ (acclyr)
Total accident rate = ____ (acc/yr)

Step 5: Compare accident rates for each median opening
design alternative

The final step in the methodology is to compare the accident
rates for each median opening design alternative. If one alter-
native has a substantially lower accident rate than the other
alternative(s), that alternative may be a preferable median
opening design from a safety standpoint. However, the alter-
natives should also be compared from an operational stand-
point. For example, if one alternative accommodates fewer
turning movements than another alternative, selecting that
alternative may have a negative impact on the traffic opera-
tional performance of the arterial corridor.

Example 1: Comparison of the safety performance of
conventional and directional median open-
ings at three-leg intersections

Step 1: Select median opening design alternatives

Alternative 1: Conventional median opening at a three-
leg intersection

Alternative 2: Directional median opening at a three-leg
intersection in combination with a direc-
tional midblock median opening

Figure C-21 illustrates Alternatives 1 and 2. In Alterna-
tive 2, the directional median opening at the three-leg inter-
section accommodates vehicles making left-turn maneu-

vers from the major road onto the minor road and vehicles
making U-turns in Direction 2 of the major road. Left-turn
vehicles on the minor road and U-turn vehicles in Direc-
tion 1 of the major road must use the directional midblock
median opening to complete their turning maneuvers.

Step 2: Enter all turning volumes

Enter all turning volumes for the median opening design
alternatives considered:

Volume A

(Major-road U-turns in Direction 1) =25 veh/day
Volume B

(Major-road U-turns in Direction 2) =25 veh/day
Volume C

(Major-road left turns in Direction 1) =N/A
Volume D
(Major-road left turns in Direction 2) =225 veh/day
Volume E
(Minor-road left turns in Direction 3) =225 veh/day
Volume F
(Minor-road left turns in Direction 4) = N/A
Volume G
(Minor-road throughs in Direction 3) =N/A
Volume H
(Minor-road throughs in Direction 4) = N/A
Total turning volume = 500 veh/day

Step 3: Enter the average non-intersection accident
rate for the major road

Non-intersection accident
rate for the major road =2.90 acc/MVM
(from NCHRP Report 282)

a)

b) Directional Median Opening For Left Turns From Major Road at Three-Leg Intersection With Directional Midblock Median

Opening (Type 4a + Type 2b)

Figure C-21.

Conventional and directional median openings at three-leg intersection.



Step 4: Calculate the accident rate for each median
opening design alternative

For Alternative 1, only the accident rate for a conventional
median opening at a three-leg intersection needs to be
computed.

For Alternative 2, the accident rates for a directional median
opening at a three-leg intersection, a directional midblock
median opening, and the exposure due to additional travel
distance need to be computed.

Step 4a: Calculate the accident rate for each individ-
ual median opening

Conventional three-leg:

The accident rate for a conventional median opening at
a three-leg intersection is computed as follows:

2.69acc  500veh

Accident Rate(acc/yr) = 10° veh < day
X % = 0.49 acclyr

From Table C-2, the median opening accident rate for a con-
ventional three-leg median opening is 2.69 accidents per
million turning vehicles. The total turning volume for this
median opening is 500 veh/day, since all turning move-
ments are permitted.

Directional three-leg:

The accident rate for a directional median opening at a
three-leg intersection is computed as follows:

1.40acc _ 250veh

Accident Rate(acc/yr) = 10° veh day
X 365 days _ 0.13 acclyr
yr

From Table C-2, the median opening accident rate for a
directional three-leg median opening is 1.40 accidents per
million turning vehicles. The total turning volume for this
median opening is 250 veh/day, since the only turning
movements permitted include left turns from the major
road onto the minor road (Direction 2) and U-turns on the
major road in Direction 2.

Directional Midblock:

The accident rate for a directional midblock median
opening is computed as follows:
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0.23acc _ 250veh

Accident Rate(acc/yr) = 105 veh < day
X % =0.02 acclyr

From Table C-2, the median opening accident rate for a
directional midblock median opening is 0.23 accidents per
million turning vehicles. The total turning volume for this
median opening is 250 veh/day, since the midblock median
opening accommodates major-road U-turns in Direction 1
and left turns from the minor road (Direction 4).

Step 4b: Calculate the accident rate for exposure due
to additional travel distance

In this example, the directional midblock median open-
ing is assumed to be located 0.2 mi from the three-leg inter-
section. Thus, the accident rate for the exposure related to
additional travel distance is computed as follows:

Accident Rate(acc/yr) = % X (2x0.2 mi)

250veh _ 365 days
X X
day yr

= 0.11 acclyr

From NCHRP Report 282, the average non-intersection
accident rate for a four-lane divided highway is 2.90 acci-
dents per million-vehicle-miles of travel. The total num-
ber of vehicles traveling the additional distance is equal to
the total turning volume through the directional median
opening, which is 250 veh/day.

Step 4c: Calculate the total accident rate for each
median opening design alternative

Alternative 1. Conventional Median Opening at a Three-
Leg Intersection

Accident rate
(conventional three-leg)
Accident rate
(individual median opening) =___ (acclyr)
Accident rate

=0.49 accl/yr

(individual median opening) =___ (acclyr)
Accident rate
(due to exposure) =___ (acclyr)

Total accident rate = 0.49 acc/yr

Alternative 2: Combination of Directional Median Open-
ing at a Three-Leg Intersection and a Direc-
tional Midblock Median Opening

Accident rate

(directional three-leg) =0.13 acc/yr
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Accident rate

(directional midblock) =0.02 acc/yr
Accident rate

(individual median opening) =___ (acclyr)
Accident rate (due to exposure) =0.11 acc/yr

Total accident rate = 0.26 acc/yr

Step 5: Compare accident rates for each median open-
ing design alternative

Alternative 1 = 0.49 acc/yr
Alternative 2 = 0.26 acc/yr

In this example, the combination of directional median
openings (Alternative 2) represents a 47% reduction in
accident rate over the conventional median opening at a
three-leg intersection (Alternative 1).

Example 2: Comparison of the safety performance of
conventional and directional median open-
ings at four-leg intersections

Step 1: Select median opening design alternatives

Alternative 1: Conventional median opening at a four-leg
intersection

Alternative 2: Directional median opening at a four-leg
intersection in combination with two direc-
tional midblock median openings

Figure C-22 illustrates Alternatives 1 and 2. In Alternative
2, the directional median opening at the four-leg intersec-
tion accommodates vehicles making left-turn maneuvers

from the major road onto the minor road and vehicles mak-
ing U-turns on the major road. Left-turn vehicles from the
minor road approaches must use the directional midblock
median openings to complete their turning maneuvers.

Step 2: Enter all turning volumes

Enter all turning volumes for the median opening design
alternatives considered:

Volume A

(Major-road U-turns in Direction 1) = 40 veh/day
Volume B

(Major-road U-turns in Direction 2) = 40 veh/day
Volume C

(Major-road left turns in Direction 1)
Volume D

(Major-road left turns in Direction 2) = 180 veh/day
Volume E

180 veh/day

(Minor-road left turns in Direction 3) = 180 veh/day
Volume F

(Minor-road left turns in Direction 4) = 180 veh/day
Volume G

(Minor-road throughs in Direction 3) = 100 veh/day
Volume H

(Minor-road throughs in Direction 4) = 100 veh/day
Total turning volume = 1,000 veh/day

Step 3: Enter the average non-intersection accident
rate for the major road

Non-intersection accident
rate for the major road =2.90 acc/MVM
(from NCHRP Report 282)

a)  Conventional Median Opening at Four-Leg Intersection (Type 5b)

b) Directional Median Opening Four-Leg Intersection With Two Directional Midblock Median Openings (Type 2b + Type 6a +

Type 2b)

Figure C-22.

Conventional and directional median openings at four-leg intersection.



Step 4: Calculate the accident rate for each median
opening design alternative

For Alternative 1, only the accident rate for a conven-
tional median opening at a four-leg intersection needs to
be computed.

For Alternative 2, the accident rates for a directional
median opening at a four-leg intersection, two directional

midblock median openings, and the exposure due to addi-
tional travel distance need to be computed.

Step 4a: Calculate the accident rate for each individ-
ual median opening

Conventional four-leg:

The accident rate for a conventional median opening at
a four-leg intersection is computed as follows:

3.01lacc 1000 veh

Accident Rate(acc/yr) = 105 ven < day
X 365 days =1.10 acclyr
yr

From Table C-2, the median opening accident rate for a
conventional four-leg median opening is 3.01 accidents
per million turning vehicles. The total turning volume for
this median opening is 1,000 veh/day, since all turning
movements as well as through movement on the minor
road are permitted.

Directional four-leg:

The accident rate for a directional median opening at a
four-leg intersection is computed as follows:

2.57Tacc  440veh

Accident Rate(acc/yr) = 0% veh < day
X % = 0.41 acclyr

From Table C-2, the median opening accident rate for a
directional four-leg median opening is 2.57 accidents per
million turning vehicles. The total turning volume for this
median opening is 440 veh/day, since the only turning
movements permitted include left turns from the major
road onto the minor road and U-turns on the major road.

Directional Midblocks:

The accident rate for each of the directional midblock
median openings is computed as follows:
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0.23acc  280veh

Accident Rate(acc/yr) = 105 veh < day
X % = 0.02 acclyr

From Table C-2, the median opening accident rate for a
directional midblock median opening is 0.23 accidents per
million turning vehicles. The total turning volume for each
median opening is 280 veh/day, since each median open-
ing accommodates left-turn maneuvers from one of the
minor-road approaches.

Step 4b: Calculate the accident rate for exposure due
to additional travel distance

In this example, each directional midblock median open-
ing is assumed to be located 0.2 mi from the four-leg inter-
section. Thus, the accident rate for the exposure related to
additional travel distance is computed as follows:

2.90acc .
m X (2 x 0.2 ml)

560 veh _ 365 days
X X
day yr

=0.24 acclyr

Accident Rate(acc/yr) =

From NCHRP Report 282, the average non-intersection
accident rate for a four-lane divided highway is 2.90 acci-
dents per million-vehicle-miles of travel. The total num-
ber of vehicles traveling the additional distance is equal to
the total turning volumes through both directional median
openings, which is 560 veh/day.

Step 4c: Calculate the total accident rate for each
median opening design alternative

Alternative 1: Conventional Median Opening at a Four-
Leg Intersection

Accident rate

(conventional four-leg) =1.10 acc/yr
Accident rate

(individual median opening) =___ (acclyr)
Accident rate

(individual median opening) =___ (acclyr)
Accident rate

(due to exposure) =___ (acclyr)

Total accident rate = 1.10 acc/yr

Alternative 2: Combination of Directional Median Open-
ing at a Four-Leg Intersection and Two
Directional Midblock Median Openings
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Accident rate

(directional four-leg) =0.41 acc/yr
Accident rate

(directional midblock) =0.02 accl/yr
Accident rate

(directional midblock) =0.02 accl/yr
Accident rate

(due to exposure) =0.24 acc/yr

Total accident rate = 0.69 acc/yr

Step 5: Compare accident rates for each median open-
ing design alternative

Alternative 1 =1.10 acc/yr
Alternative 2 = 0.69 acc/yr

In this example, the combination of directional median
openings (Alternative 2) represents a 32% reduction in acci-
dent rate over the conventional median opening at a four-
leg intersection (Alternative 1).




Abbreviations used without definitions in TRB publications:

AASHO
AASHTO
APTA
ASCE
ASME
ASTM
ATA
CTAA
CTBSSP
FAA
FHWA
FMCSA
FRA
FTA
IEEE
ITE
NCHRP
NCTRP
NHTSA
NTSB
SAE
TCRP
TRB
U.S.DOT

American Association of State Highway Officials
American Association of State Highway and Transportation Officials
American Public Transportation Association

American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

American Trucking Associations

Community Transportation Association of America
Commercial Truck and Bus Safety Synthesis Program
Federal Aviation Administration

Federal Highway Administration

Federal Motor Carrier Safety Administration

Federal Railroad Administration

Federal Transit Administration

Institute of Electrical and Electronics Engineers
Institute of Transportation Engineers

National Cooperative Highway Research Program
National Cooperative Transit Research and Development Program
National Highway Traffic Safety Administration
National Transportation Safety Board

Society of Automotive Engineers

Transit Cooperative Research Program
Transportation Research Board

United States Department of Transportation
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