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FO R EWO R D This report classifies access management techniques and presents methods for esti-
mating the safety and operational effects of the different techniques. For some tech-
By Staff niques, quantitative assessment was not practical and case studies are presented to
Transportation Researchdemonstrate good and poor practice. This report will be very useful to those develop-
Board ing access guidelines and policy and those analyzing specific access situations.

Access management provides two major benefits to the transportation system: (1)
the preservation of highway capacity and (2) improved safety. The FHWA Report,
Access Management for Streets and Highways published in 1982, and, although
much of its contents are still applicable, many subsequent studies and reports have iden-
tified new access management techniques and offered guidance on their application.
Transportation agencies and real estate developers seek better methods of analyzing,
selecting, and predicting the impacts of access management techniques. Much of the
existing information is either out of date or too limited to reflect the state of the art in
access management.

Under NCHRP Project 3-52, Urbitran Associates and their subcontractors listed
and classified more than 100 access management techniques. A comprehensive litera-
ture search was performed and the results were synthesized. The techniques were eval-
uated on the basis of how widely they can be applied to the road network and the like-
lihood that their benefits could be expressed quantitatively. Twelve techniques were
selected for further study and were consolidated into eight categories (i.e., traffic sig-
nal spacing, unsignalized access spacing, corner clearance criteria, median alternatives,
left-turn lanes, U-turns as alternatives to direct left turns, access separation at inter-
changes, and frontage roads).

This report describes the research approach used and then discusses each of the
selected techniques. In most cases, the literature review and subsequent study sup-
ported methods for quantitatively estimating the safety and operational impacts of the
access management techniques. When this was not possible, case studies were used to
illustrate good practice.
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IMPACTS OF ACCESS MANAGEMENT TECHNIQUES

SUMMARY

This report discusses methods for predicting and analyzing the safety and traffic
operational effects of selected access management techniques. It classifies access man-
agement techniques; identifies the more significant techniques; and suggests safety,
operations, and economic impact measures. It quantifies the effects and benefits of pri-
ority techniques and sets forth salient planning and policy implications. Chapters con-
cerning access management techniques conclude with sections containing application
guidelines. These sections should be consulted for procedures to quantify the effects of
access management.

The research effort focused on techniques whose effects can be measured. Where
effects could not be quantified, case studies identified good and poor practice.

ACCESS MANAGEMENT TECHNIQUES

More than 100 individual access management techniques were identified. These, in
turn, were grouped according to policy and roadway design features as shown in Table
1. This system links techniques to the type of improvements normally applied along
highways and access driveways. It is simple to use and understand.

A series of “priority” techniques was identified for detailed analysis. These tech-
niques (1) apply to much of the roadway system; (2) can improve safety, speeds, and
emissions; and (3) are generally amenable to measurement. These priority techniques
are listed in Table 2.

TRAFFIC SIGNAL SPACING (TECHNIQUE 1A - CHAPTER 3)

The spacing of traffic signals, in terms of their frequency and uniformity, governs
the performance of urban and suburban highways. It is one of the most important access
management techniques. This is why Colorado, Florida, and New Jersey require long
signal spacings (e.g5mi) or minimum through band widths (e.g., 50 percent) along
principal arterial roads.

Safety

Several studies have reported that accident rates (per million vehicle miles of travel
[VMT]) rise as traffic signal density increases. An increase from two to four traffic sig-
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TABLE 1 Recommended classification system for access management
techniques

L Policy—Management
a.  Access Codes/Spacing
b. Zoning/Subdivision Regulations
c. Purchase of Access Rights

d. Establishment of Setbacks from Interchanges and Intersections

I1. Design - Operations (By Roadway Features)
a. Interchanges
b. Frontage Roads
c. Medians—Left Tums
d. Right Tumns
e. Access/Driveway Location (Mainly Retrofit—Consolidation, Reorientation,
Relocation)
f.  Traffic Controls
g. Access/Driveway Design

nals per mile resulted in roughly a 40 percent increase in accidents along highways in
Georgia and roughly a 150 percent increase along US 41 in Lee County, Florida. How-
ever, the safety effects may be obscured in part by differing traffic volumes on inter-
secting roadways and by the use of VMT for computing rates, rather than the accidents
per million entering vehicles.

Travel Times

Each traffic signal per mile added to a roadway reduces speed about 2 to 3 mph.
Using two traffic signals per mile as a base results in the following percentage increases
in travel times as signal density increases (see Table 3). For example, travel time on a
segment with four signals per mile would be about 16 percent greater than on a seg-
ment with two signals per mile.

TABLE 2 Priority techniques analyzed

la Establish Traffic Signal Spacing Criteria

1b Establish Spacing for Unsignalized Access

lc Establish Corner Clearance Criteria

1d Establish Access Separation Distances at Interchanges

2a Install Physical (Restrictive) Continuous Median on Undivided Highway
2b Replace Continuous Two-Way Left-Turn Lane with Restrictive Median
3a Install Left-Turn Deceleration Lanes

3c Install Continuous Two-Way Left-Turn Lane

3d Install U-Turns as Alternative to Direct Left-Turns

3e Install Jug-Handle and Eliminate Left Turns

6a Install Frontage Road to Provide Access to Individual Parcels

6b Locate/Relocate the Intersection of a Parallel Frontage Road and Cross Road Further

from the Arterial Cross Road Intersection
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TABLE 3 Percentage increases in travel times
as signal density increases

Percent Increase

in Travel Times

Signals (Compared with 2
Per Mile Signals Per Mile)

2.0 0

3.0 9

4.0 16

5.0 23

6.0 29

7.0 34

8.0 39

UNSIGNALIZED ACCESS SPACING (TECHNIQUE 1B - CHAPTER 4)

Access points introduce conflicts and friction into the traffic stream. As stated in the
1994 AASHTOA Policy on Geometric Design of Highways and StréBisyeways
are, in effect, at-grade intersections . . . . The number of accidents is disproportionately
higher at driveways than at other intersections; thus, their design and location merit spe-
cial consideration.”

It is increasingly recognized that spacing standards for unsignalized access points
should complement those for signalized access. Potentially high-volume unsignalized
access points should be placed where they conform to traffic signal progression require-
ments. On strategic and primary arterials, there is a basic decision of whether access
should be provided entirely from other roads.

Safety

Many studies over the past 40 years have shown that accident rates rise with greater
frequency of driveways and intersections. Each additional driveway increases accident
potential. This finding was confirmed by a comprehensive safety analysis of accident
information obtained from Delaware, lllinois, Michigan, New Jersey, Oregon, Texas,
Virginia, and Wisconsin.

Roughly 240 roadway segments, involving more than 37,500 accidents, were ana-
lyzed in detail. Accident rates were derived for various spacings and median types. The
accident rate indexes shown in Table 4 were derived using 10 access points per mile as
a base. (Access density is a measure of the total number of access points in both travel
directions.) For example, a segment with 60 access points per mile would be expected
to have an accident rate 3 times higher than a segment with 10 access points per mile.
In general, each additional access point per mile increases the accident rate by about
4 percent.

Representative accident rates by access frequency, median type, and traffic signal
density are summarized in Table 5 for urban and suburban areas.

Tables 6 and 7 show how accident rates rise as the total access points per mile (both
signalized and unsignalized) increases in urban and rural areas, respectively, as a func-
tion of the median treatment. In urban areas, undivided highways had 9.0 accidents per
million vehicle miles as compared with 6.9 for two-way left-turn lanes (TWLTLs) and
5.6 for nontraversable medians. In rural areas, undivided highways had 3 accidents per
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TABLE 4 Accident rate indexes

Total Access Accident

Points Per Mile Rate
(Both Directions) Index

10 1.0

20 1.4

30 1.8

40 2.1

50 2.5

60 3.0

70 35

TABLE 5 Representative accident rates (accidents per million VMT)
by access density—urban and suburban areas

Unsignalized Signalized Access Points Per Mile
Access Points
Per Mile <2 2.01-4.00 4.01-6.00 >6
<20 2.6 39 4.8 6.0
20.01-40 3.0 5.6 6.9 8.1
40.01-60 3.4 6.9 8.2 9.1
>60 38 82 8.7 9.5
All 3.1 6.5 7.5 8.9

TABLE 6 Representative accident rates (accidents per million VMT)
by type of median—urban and suburban areas

Median Type
Total Access Two-Way Non
Points Per Left-Turn Traversable
Mile Undivided Lane Median
<20 3.8 34 2.9
20.01-40 7.3 5.9 5.1
40.01-60 94 7.9 6.8
>60 10.6 9.2 8.2
All 9.0 6.9 5.6

(1) Includes both signalized and unsignalized access points.

TABLE 7 Representative accident rates (accidents per million VMT)
by type of median—rural areas

Median Type
Total Access Two-Way Non
Points Per Left-Turn Traversable
Mile ¥ Undivided Lane Median
<15 2.5 1.0 0.9
15.01-30 3.6 13 1.2
> 30 4.6 1.7 1.5
All 3.0 1.4 1.2

(1) Includes both signalized and unsignalized access points.
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TABLE 8 Percentage of through vehicles affected at a
single driveway as right-turn volume increases

Right-Turn Volume Percent of
Entering Driveway Through Vehicles
(Vehicles Per Hour) Affected
Less than or equal to 30 24
31to 60 7.5
61 to 90 12.2
Over 90 21.8

million vehicle miles as compared with 1.4 for TWLTLs and 1.2 for nontraversable
medians.

In urban and suburban areas, each access point (or driveway) added would increase
the annual accident rate by 0.11 to 0.18 on undivided highways and by 0.09 to 0.13 on
highways with TWLTLs or nontraversable medians. In rural areas, each point (or
driveway) added would increase the annual accident rate by 0.07 on undivided high-
ways and 0.02 on highways with TWLTLs or nontraversable medians.

Travel Times

Travel times along unsignalized multi-lane divided highways can be estimated using
procedures set forth in the 19BHghway Capacity Manua[HCM). Speeds are esti-
mated to be reduced by 0.25 mph for every access point up to a 10-mph reduction for
40 access points per mile. The HCM procedure is keyed to access points on one side
of a highway, but access points on the opposite side of a highway may be included
where they have a significant effect on traffic flow.

Curb-Lane Effects

Detailed analyses were made to estimate curb-lane effects on through traffic result-
ing from cars turning right into driveways at 22 unsignalized locations in Connecticut,
lllinois, New Jersey, and New York.

Affected Vehicles

The percentage of through vehicles in the right (curb) lane that would be affected at
a single driveway increases as right-turn volumes increase as shown in Table 8. The
percentage of right-lane through vehicles that would be affected at least otieenper
was as shown in Table 9.

TABLE 9 Percentage of right-lane through vehicles affected at least once pe&r mi

Unsignalized Access Spacing (Feet)

Right-Turn Volume

Per Driveway (vph) 100 200 300 400 500
Less than or
equal to 30 273 14.7 10.0 7.6 6.2
31-60 64.2 40.1 29.0 22.6 18.5
61-90 82.1 57.6 43.6 349 29.1
Over 90 96.1 80.2 66.1 55.5 47.7
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Influence Distances

The influence distances were calculated adding driver perception-reaction distances
and car lengths to the effect lengths. The percentages of right-lane through vehicles that
would be influenced to or beyond an upstream drivewayZ#ma section were esti-
mated for various right-turn volumes, driveway spacings, and posted speeds. The likely
percentages of affected vehicles that would extend to or beyond at least one driveway
(upstream) pey¥s mi (i.e., “spillback”) for a 45-mph speed are shown in Table 10. This
information may be used to identify the cumulative effect of decisions concerning
driveway locations and unsignalized access spacing.

Right-Turn Lanes

Right-turn deceleration lanes should be provided wherever it is desired to keep the
proportion of right-lane through vehicles affected to a specified minimum. For arterial
right-lane volumes of 250 to 800 vph, the percentage of through vehicles affected
was about 0.18 times the right-turn volume. This results in the following effects (see
Table 11) that may provide a basis for decisions regarding provision of right-turn de-
celeration lanes.

Criteria of 2 percent and 5 percent impacted suggest minimum right-turn volumes of
10 vph and 30 vph, respectively. This range may be applicable in certain rural settings.
Criteria of 15 percent and 20 percent affected suggest a minimum of 85 vph and 110
vph, respectively. This range may be applicable in certain urban areas. The length of
the deceleration lane is a function of the effect length and storage requirements.

Access Separation

The three factors that influence the desired access separation distances are safety,
operations, and roadway access classification. Direct property access along strategic
and principal arterials should be discouraged. However, where access must be
provided, adequate spacing should be established to maintain safety and preserve
movement.

“Spillback” is defined as a right-lane through vehicle being influenced to or beyond
the driveway upstream of the analysis driveway. Spillback occurs when the influence
length is greater than the driveway spacing minus the driveway width. The spill-
back rate represents the percentage of right-lane through vehicles that experience this
occurrence.

The spillback rate should be kept to a level consistent with an arterial’s function and
desired safety and operations. Table 12 provides access separation distances for spill-

TABLE 10 Likely percentage of affected vehicles that would extend to or
beyond at least one driveway

Right-Turn . ) 3
Volume Unsignalized Access Sp g (Feet)

Per Driveway

(vph) 100 200 300 400 500
Less than or 273 14.6 7.8 2.6 0.9
equal to 30
31-60 64.2 40.0 23.0 8.0 29
61-90 82.1 57.5 35.3 129 4.7
Over 90 96.1 80.1 55.5 22.1 8.3




TABLE 11 Percentage of right-lane through
vehicles affected by right-turn volume

Percent Right-Lane Right-Turn
Through Vehicles in Volume
Affected (vph)
0 0
2 10
5 30
10 60
15 85
20 110

back rates of 5, 10, 15, and 20 percent. For the lower speeds of 30 and 35 mph, the
access separation distance shown is based on the safety implications of driveway den-
sity. For roadways with a primary function of mobility, there should not be more than
20 to 30 connections per mile (both directions).

CORNER CLEARANCES (TECHNIQUE 1C - CHAPTER 5)

Corner clearances represent the minimum distances that should be required between
intersections and driveways along arterial and collector streets. As stated in the
AASHTO A Policy on Geometric Design of Highways and StréBwsveways should
not be situated within the functional boundary of at-grade intersections. This boundary
would include the longitudinal limits of auxiliary lanes.”

Corner clearance criteria assembled from various state, county, and city agencies
showed a wide range of values. Setback distance criteria ranged from 16 to 325 ft.

Eight case studies of corner clearances were reviewed to illustrate current practices,
problems, and opportunities. These case studies indicated that (1) definition of corner
clearance distances varied among locations; (2) distances ranged from 2 to 250 ft; (3)
queuing or spillback across driveways was perceived as the most pervasive problem,
making it difficult to turn left into or out of a driveway; (4) roadway widening to
increase capacity sometimes reduces corner clearances; (5) placing driveways too close
to intersections correlates with higher accident frequencies—sometimes as many as
one-half of all accidents involved are driveway-related; (6) corner clearances are lim-

TABLE 12 Access separation distances (ft) on the basis of spillback rate*

Posted Speed SPILLBACK RATE**
(mph) 5% 10% 15% 20%
30 335 265 @ 210 ® 175 ©
35 355 265 @ 210® 175 ©@
40 400 340 305 285
45 450 380 340 315
50 520 425 380 345
55 590 480 420 380

(a) Based on 20 driveways per mile.
(b) Based on 25 driveways per mile.
(c) Based on 30 driveways per mile.

*  Based on an average of 30 to 60 right turns per driveway.

**  Spillback occurs when a right-lane through vehicle is influenced to or beyond a driveway
upstream of the analysis driveway.
The spillback rate represents the percentage of right-lane through vehicles experiencing
this occurrence.
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ited by the property frontage available; (7) improving or retrofitting minimum corner
driveway distances is not always practical, especially in built-up areas.

Adequate corner clearances can best be achieved when they are established before
land subdivision and site development approval. Corrective actions include (1) requir-
ing property access from secondary roads, (2) locating driveways at the farthest edge
of the property line away from the intersection, (3) consolidating driveways with adja-
cent properties, and (4) installing a raised median barrier on approaches to intersections
to prevent left-turn movements.

MEDIAN ALTERNATIVES (TECHNIQUES 2A, 2B, AND 3C - CHAPTER 6)

The basic choices for designing the roadway median are whether to install a contin-
uous TWLTL or a nontraversable median on an undivided roadway, or to replace a
TWLTL with a nontraversable median. These treatments improve traffic safety and
operations by removing left turns from through travel lanes. Two-way left-turn lanes
provide better access and maximize operational flexibility. Medians physically sepa-
rate opposing traffic, limit access, clearly define conflicts, and provide better pedestrian
refuge; their design requires adequate provision for left- and U-turns to avoid concen-
trating movements at signalized intersections.

An extensive review of safety and operational experience and models provided
guidelines for impact assessment.

Safety

The safety benefits reported in studies conducted since 1970 were as follows:

» Highway facilities withTWLTLSs had accident rates that were, overall, roughly 38 per-
cent less than those experienced on undivided facilities (13 studies).

» Highway facilities with nontraversable medians had an overall accident rate of 3.3 per
million VMT compared with about 5.6 per million VMT on undivided facilities (10
studies).

» Highway facilities with nontraversable medians had an overall accident rate of 5.2
per million VMT compared with 7.3 per million VMT on facilities witAVLTLs
(11 studies).

» The estimated total accidents per mile per year—on the basis of an average of seven
accident prediction models—were as shown in Table 13.

Operations
Several operations studies have indicated that removing left-turning vehicles from
the through traffic lanes reduces delays whenever the number of through travel lanes

TABLE 13 Estimated total accidents per mile per year on the basis of an
average of seven accident prediction models

Accidents Per Mile Per Year
ADT Two-Way Non-traversable
Undivided Highway Left-Turn Lane Median
10,000 48 39 32
20,000 126 60 55
30,000 190 92 78
40,000 253 112 85
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is not reduced. Some 11 operations models developed over the past 15 years confirmed
these findings.

Economic Effects

The economic effects of various median alternatives depend on the extent that access
is improved, restricted, or denied. The effects on specific establishments also depend
on the type of activity involved and on background economic conditions.

Where direct left turns are prohibited, some motorists will change their driving or
shopping patterns to continue patronizing specific establishments. Some repetitive
pass-by traffic will use well designed or conveniently located U-turn facilities. Effects
also will be reduced where direct left-turn access is available. In some cases, retail sales
may increase as overall mobility improves.

The maximum effects resulting from median closures can be estimated by multiply-
ing the number of left turns entering an establishment by the proportion of these turns
that represents pass-by traffic. Typical proportions of this pass-by traffic are as follows:

* Service Station-Convenience Market—55%

« Small Retail (<50,000 sq. ft.)—55%

 Fast Food Restaurant with Drive-Through Window—45%
» Shopping Center (250,000-500,000 sq. ft.)—30%

» Shopping Center (Over 500,000 sqg. ft.)—20%

Selecting a Median

Selecting a median alternative depends upon factors related to policy, land use, and
traffic. These factors include (1) the access management policy for and access class of
the roadway under consideration; (2) the types and intensities of the adjacent land use;
(3) the supporting street system and the opportunities for rerouting left turns; (4) exist-
ing driveway spacings; (5) existing geometric design and traffic control features (e.g.,
proximity of traffic signals and provisions for left turns); (6) traffic volumes, speeds,
and accidents; and (7) costs associated with roadway widening and reconstruction. This
report contains a procedure for evaluating and selecting median treatments that was
developed for NCHRP Project 3-49.

LEFT-TURN LANES (TECHNIQUE 3A - CHAPTER 7)

The treatment of left turns is a major access management concern. Left turns at
driveways and street intersections may be accommodated, prohibited, diverted, or
separated depending on specific circumstances.

Safety

A synthesis of safety experience indicates that the removal of left turns from through
traffic lanes reduced accident rates by roughly 50 percent (the range was 18 to
77 percent).

Operations

Left turns in shared lanes may block through vehicles. The proportion of through
vehicles blocked on approaches to signalized intersections is a function of the number
of left turns per traffic signal cycle as shown in Table 14.
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TABLE 14 Proportion of through vehicles blocked on
approaches to signalized intersections in relation to the
number of left turns per traffic signal cycle

Left Turns Per Cycle Proportion of Through Vehicles Blocked
1 0.25
0.40
3 0.60

The capacity of a shared lane might be 40 to 60 percent of that for a through lane
under typical urban and suburban conditions. Thus, provision of left-turn lanes along
a four-lane arterial would increase the number of effective travel lanes from about 1.5
to 2.0 lanes in each direction—a 33 percent gain in capacity.

Application of the 1994Highway Capacity Manuajives the following illustrative
capacities for 2- and 4-lane roads at signalized intersections (see Table 15).

U-TURNS AS ALTERNATIVES TO DIRECT LEFT TURNS
(TECHNIQUE 3D - CHAPTER 8)

U-turns reduce conflicts and improve safety. They make it possible to prohibit left-
turns from driveway connections onto multi-lane highways and to eliminate traffic sig-
nals that would not fit into time-space (progression) patterns along arterial roads. When
incorporated into intersection designs, they enable direct left-turns to be rerouted and
signal phasing to be simplified.

Safety

U-turns result in a 20 percent accident rate reduction by eliminating direct left-turns
from driveways and a 35 percent reduction when the U-turns are signalized. Roadways
with wide medians and “directional” U-turn crossovers have roughly one-half of the
accident rates of roads with TWLTLSs.

Operations

U-turns, coupled with two-phase traffic signal control, result in roughly a 15 to 20
percent gain in capacity over conventional intersections with dual left-turn lanes and
multi-phase traffic signal control.

A right turn from a driveway followed by a U-turn can result in less travel time along
heavily traveled roads than a direct left-turn exit when there is as mdthraof
additional travel.

Indirect U-turns may require a median width of 40 to 60 ft at intersections, depend-
ing on the types of vehicles involved. Narrower cross sections may be sufficient when
there are few large trucks.

TABLE 15 Capacities of 2- and 4-lane roads at signalized intersections

Capacity - Vehicles Per Hour Per Approach

Condition Two-Lane Road Four-Lane Road
No Left Turns 840 1,600
Shared Lane
(50 to 150 Left Turns/Hour) 425-650 900 - 1,000
Exclusive Left-Turn Lanes 750-960 1,100 - 1,460
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ACCESS SEPARATION AT INTERCHANGES (TECHNIQUE 1D - CHAPTER 9)

Freeway interchanges have become focal points of activity and have stimulated
much roadside development in their environs. Although access is controlled within the
freeway interchange area, there generally is little access control along the interchang-
ing arterial roadways.

Separation distances reported by state agencies ranged from 100 to 700 ft in urban
areas and 300 to 1,000 ft in rural areas. Case studies reported separation distances of
120 to 1,050 ft. These distances are usually less than the access spacing needed to
ensure good traffic signal progression and to provide adequate weaving and storage for
left turns.

Desired access separation distances for free-flowing right turns from exit ramps
should include the following components:

» Perception-Reaction Distance (100-150 ft)

» Lane Transition (150-250 ft)

 Left-Turn Storage (50 ft per left-turn per cycle)

» Weaving Distance (800 ft, 2-lane arterials; 1200 ft, 4-lane arterials; 1600 ft, 6-lane
arterials)

« Distance to Centerline of Cross Street (40-50 ft)

FRONTAGE ROADS (TECHNIQUES 6A AND 6B - CHAPTER 10)

Frontage roads reduce the frequency and severity of conflicts along the main travel
lanes and permit direct access to abutting property. Along freeways and expressways,
they can be integrated with interchange and ramping systems to alleviate congestion
and to improve access. Frontage roads along arterials should be carefully designed to
avoid increasing conflicts at intersections. Reverse frontage or “backage” roads with
developments along each side may be desirable in developing areas. In all cases, arte-
rial frontage roads must be carefully designed and located to protect arterial and cross-
road operations.

POLICY CONSIDERATIONS (CHAPTER 11)

Access management requires both retrofit and policy actions. Access separation dis-
tances should be established as part of statewide access management programs, Cotri-
dor retrofit plans, and community zoning ordinances. Advance purchase of right-of-
way and/or access rights is desirable.

The basic policy issues are as follows:

« Comprehensive access management codes should indicate where access is allowed or
denied for various classes of roads, specify allowable spacings for signalized and
unsignalized connections, and set forth permit procedures and requirements. Codes
may define or limit the application of specific techniques and establish procedures for
an administering agency to use in removing access.

« A network of supporting local and collector streets that should provide sufficient direct
access to adjacent developments. These secondary streets should connect to arterial
streets at appropriate and well-spaced locations. Such streets make it possible to min-
imize direct property access on major arterials.

» Access should be provided from strategic and primary arterials only when reasonable
access cannot be provided from other roadways. In such cases, access should be lim-
ited to right turns wherever possible.

« Left-turn and cross egress should be well separated and placed at locations that fit into
overall signal coordination patterns with high efficiency.
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Sound land use and development planning is essential to permit effective arterial
traffic flow and to allow attractive property access. Access spacing standards (includ-
ing corner clearance requirements) should be established in advance of actual devel-
opment. Zoning, subdivision, and access spacing requirements should be consistent.

Better coordination of land use, interchange geometry, and arterial streets is essen-
tial to avoid “double loading” arterials and to minimize weaving movements and traf-
fic congestion. Strategically placed frontage roads may be integral to this effort.
Equally important is developing a suitable supporting street system.

Raised medians are more effective than painted channelization from an access man-
agement perspective. Median width and opening policies are essential design elements.
Wide medians that allow indirect U-turns in lieu of direct left turns should be consid-
ered for new arterials where space permits, because the medians improve safety and
simplify intersection operations and signal timing and coordination.

Any access control or management plan must be done systemwide to avoid trans-
ferring problems to upstream or downstream intersections.

Several research needs emerged. These include (1) enhancing the safety database,
(2) assessing the effects of median closures—including upstream and downstream
effects, and (3) obtaining more information on driver selection of roadside businesses
on the basis of accessibility considerations.
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CHAPTER1
INTRODUCTION AND RESEARCH APPROACH

RESEARCH PROBLEM STATEMENT These documents contain important information on the
various access management methods and techniques. How-
Streets and highways constitute a valuable resource angger, much of the information they contain is too dated or
major public investment. It is essential to operate themmited for analyzing and quantifying the effects of access
safely and efficiently by managing the access to and frormanagement techniques.
abutting properties. Owners have a right of reasonable Transportation agencies and private developers continue
access to the general system of streets and highways. Rogglseek better methods to evaluate the benefits and effects of
way users have the right to freedom of movement, safetyarious access management techniques. Three reasons, in
and efficient expenditure of public funds. The need to balparticular, underscore the need for better methods of appli-
ance these competing rights is especially acute where sigation and analysis of the many access management tech-
nificant changes in land development have occurred or affiques cited in earlier documents:
envisioned to occur. The safe and efficient operation of the
hlghway SyStem calls for eﬁeCtively managing the accessto . The emergence of Comprehensive access management
adjacent developments. codes provides a context for access management de-
Access management provides (or manages) access to land ¢isions and controls and the applications of specific
development while simultaneously preserving the flow of  techniques.
traffic on the surrounding road network in terms of safety, . New analytical tools and techniqués grovide updated
capacity, and speed)( Access management benefits the  parameters and procedures for assessing effects.
transportation system by preserving capacity, maintaining « Travel time, safety, and economic benefits generally
mobility, and improving safety. These benefits have been  refiect information collected in past decades. A new data

recognized at all levels of government. Three states—Col-  pase that reflects recent research and conditions, insofar
orado, Florida, and New Jersey—have implemented com- ¢ possible, is needed.

prehensive statewide access codes. Some states, including
Michigan, Minnesota, Montana, Ohio, and Oregon, are
reviewing their statewide practices and/or developing acce S8 =SEARCH OBJECTIVE AND SCOPE
codes. Other states are upgrading their access design criteria.
Several counties and cities (e.g., Lee County, Florida, and The research objective—as defined in the project state-
Lakewood County, Colorado) have patterned their codes dfent—"is to develop methods of predicting and analyzing
the statewide codes. A growing number of cities, countieghe traffic-operation and safety impacts of selected access-
and planning regions are managing property access by cloyanagement techniques for different land use, roadway vari-
ing, consolidating, or improving driveways. ables, and traffic volumes. The methods to be developed are
Over the years, many techniques have evolved for improJor use by state departments of transportation, city and
ing highway access. An initial “Evaluation of Techniques forcounty traffic departments, transportation-planning agencies,
the Control of Direct Access to Arterial Highways” was pre-and private developers.”
pared by the Midwest Research Institute in 195 The The research involved a two-phase approach to achieve
1982 FHWA report, “Access Management for Streets anthese objectives and to produce practical guidelines for the
Highways” @) contained access management guidelines th&pplication, analysis, and selection of various access man-
incorporated and updated the various techniques set forth @agement techniques. The first phase identified the various
the 1975 studyNCHRP Report 34ublished in 1992, con- techniques available; showed how they can be classified in
tained policy, planning, and design guidelines for developingerms of functional objectives, roadway elements, and their
access management and programs; a follow-up studikely effects; and suggested priority techniques for further
described the selected case studiBs A 1993, FHWA- analysis. Likely effects were extracted on the basis of a liter-
sponsored study, “Guidelines for Providing Access to Transature review, the research team’s experience, and selected
portation Systems,” shows how specific techniques might bagency review; and the need for further data collection was
analyzed4). identified. First-phase efforts concluded with the design of



GOALS/OBJECTIVES
ENABLING
LEGISLATION
ACCESS PROGRAM

APPLICATION OF
TECHNIQUES

EVALU#VI' ION OF
IMPACTS

SITE-SPECIFIC
ACCESS NEEDS/
PROBLEMS

improvement techniques. Although good pedestrian, bicycle,
and transit access are essential to developments and should
be provided where appropriate and incorporated into site
plans, they were beyond the scope of this research.

RESEARCH APPROACH

The work program involved the eight study tasks shown in
Figure 2. The first study phase (Tasks 1 through 5) related
techniques to effects, identified voids in available research,
and prepared study designs for needed data collection. The
second study phase involved collecting and analyzing the
field data, developing impact analysis parameters and tech-

ACCESS

MANAGEMENT
PLAN/IMPROVEMENTS

Figure 1. Study context.

data collection plans that addressed the data voids for the
more important techniques.

The second phase involved the compilation, collection,
and analysis of additional data from both primary and sec-
ondary sources. Methods for predicting the safety, opera-
tions, and economic effects associated with the more impor-
tant techniques were developed. Technical memoranda were
prepared regarding these techniques, and this final user-
oriented report was prepared in order to establish procedures
for an administering agency to use in controlling access.

The various techniques—their effects and benefits are
important in developing site-specific access solutions and
in developing broader corridor or areawide access manage-
ment plans. Figure 1 shows the study context and shows
how the specific access management techniques relate to
access management programs and to overall access man-
agement plans.

A comprehensive access management code determines
when access is provided or denied for various access classes
of roads, specifies the allowable spacings for signalized and
unsignalized connections, and sets forth access permit pro-
cedures and requirements. The code may define or limit the
applicability of specific techniques and establish procedures
for an administering agency to use in controlling access.

Many access management techniques deal with a single
location or site (e.g., closing a median at a driveway). Some
techniques may transfer problems to other locations down-
stream or upstream of the location under consideration. In
such cases, broader analyses of effects and benefits will be

nigues, and producing this project report. A brief description
of each work task in Phase | follows:

Task 1—Review Techniques and Recommend Clas-
sification SchemeAccess management techniques that
are in use or described in the literature were identified.
More than 100 access management techniques were
identified. A classification system for organizing the
techniques was developed on the basis of practicality
and usefulness.

Task 2—Identify and Stratify Effects by Relevant
Variables. This task defined and grouped the various
access management effects, identified the relevant vari-
ables (e.g., roadway cross section and development
type), and related access management techniques to

Phase I

Task 1
Review Techniques and Recommend Classification Scheme

Task 2
Identify and Stratify Impacts by Relevant Variables

Task 3

Relate Techniques to Variables and Impacts
® Develop Matrices
¢ Identify Important Techniques

Task 4
Extract Data and Prepare Data Collection Plan

Task 5

Prepare Interim Report
® Submit Report
® Meet with Panel

Phase 11

Task 6
Refine Data Collection Plan and Collect Data

Task 7
Analyze Data and Develop Method for Predicting Impacts

@ Tasks8

Prepare and Submit Final Report

required. The research focused on roadway and traffic Figure 2. Study tasks.
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these variables and effects. In addition, performance e Installing left-turn lanes and
measures were identified for quantifying the relationship ¢ Providing frontage roads.
between each technique and the relevant variables and
effects. Phase Il (Tasks 6, 7, and 8) was initiated by conducting a

» Task 3—Relate Techniques to Variables and Effects. survey of state transportation and other agencies to obtain
This task selected candidate access management te@hformation on current practices and policies for the priority
niques and their associated effects for further study an@chniques, as well as on existing data on the effects of access
analysis. The list of more than 100 techniques developegianagement techniques.
in Task 1 was analyzed to identify those techniques con- This phase involved the development of methods to iden-
sidered to be more important on the basis of potentialfy the effects of the priority access management techniques.
application and effectiveness. Approximately 25 techfforts were focused on selected effects that are important
niques were found to be more important because theynd measurable. The results of the literature search and the
were applicable to a significant portion of the roadwayagency survey performed of state and other agencies were
system and they were shown to be effective in improvysed wherever possible. Compilation of data from secondary
ing safety, reducing emissions, and/or improving trafficsoyrces and selective field data collection were performed to
operations. . help quantify effects. A major goal was to assess how traffic

* Task 4—Extract Data and Prepare Data Collection  herformance and safety changed with different traffic condi-
Plan. Each of the 25 priority techniques was assessed ifiyns roadway geometry, and environmental factors. How-
terms of data availability, ability to measure effects, andy ey a5 the research progressed, it became apparent that the
suitability for analysis. effects of several techniques could not be quantified. Accord-

* Task 5—Prese_nt Intgrlm Report.Thg study approach ingly, the research approach for these techniques focused on
for each te.chmq.ue, |.nclud|ng expenmental de§|gn, W"’ITQ‘dentifying desirable and undesirable practices and on sug-

presented in an interim report for review and reflnementgesting concepts that might be applied. Case studies were

developed to help identify good and poor practices.

Phase l conc_lu<_jed with .the d.eC|S|on to focus Phase Il on The products of Phase Il included technical memoranda
the following priority techniques: .
and this report.

« Establishing spacing for unsignalized access;
« Establishing criteria for median treatments, including
—Installing a physical median on an undivided highway REPORT ORGANIZATION
—Replacing a TWLTL with a physical median, and
—lnstalling a continuous TWLTL where none exists; The chapters that follow describe access management
« Establishing access separation distances at interchangégghniques and define their effects:
« Establishing corner clearance criteria; and
« Providing U-turns as an alternative to direct left turns * Chapter 2 presents the results of the Phase | effort per-
from a driveway. taining to classifying techniques and identifying effects.
e Chapters 3 through 10 present the research findings and
As work progressed, two more techniques were added to application guidelines for specific access management
the Phase Il effort to provide a more complete assessment of techniques.
access management effects: e Chapter 11 presents conclusions and recommendations.
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CHAPTER2
ACCESS MANAGEMENT TECHNIQUES AND IMPACTS

TYPES OF ACCESS MANAGEMENT Prior Classification Systems
TECHNIQUES

Systems previously used for classification are as follows:
Access management techniques and classification systems
have evolved over a 25-year period. The early classification « Stover and Glennon.The initial classification system
systems, developed by Stover and Glennon, were based on geqd by Stover (1970) and Glennon (1975) classified

techniques relating to highways and driveway3)( This some 70 techniques according to the following:
system was expanded in 1993 to include management ele- __pighway design and operation,

ments 8). The 1982 FHWA report on access management, —Driveway location, and

in contrast, classified techniques by functional objec8ye ( — Driveway design and operation.

NCHRP Report 34& 1992 described various policy and ., Fq\wA-Flora. The 1982 system by Flora grouped
design approaches, but did not develop a specific classifica- ¢jme 65 techniques according to functional objective

tion system 10). as follows:
In developing a classification system, it is important to —Limit number of conflict points

consider both the strategic and tactical decisions involved in —Separate basic conflict areas

developing access to abutting properties. As shown in Figure —_Limit deceleration requiremer'lts and

3, the “strategic analysis” involves the basic site access deci- —Remove turning vehicles from tl‘,le through lanes

sions that relate to the location and number of access points. :
. - . . . ¢ FHWA-Bellomo. The 1993 scheme by Bellomo

The “tactical analysis” deals with the specific design of rouned techniques as follows:

access roadways and treatments to help ensure safe and effi- group q '

cient operations —Management elements,

Figure 4 shows how strategy and tactics relate within an —Zamhty ((ije.5|gn eI/edmepts, | t d

access management context. Thus, the “strategy” covers —chf(fe_ss rl\t/e\;valy e5|?n elements, an

access codes and design standards that, in turn, influence ECLaR::? %On ro esig_f_?],s' 1992 NCHRP ;

the provision and spacing of access. The “tactics” encom- eport A NS , _report 0-

cused on concepts rather than specific techniques

pass the specific design and operational techniques. Both X i X
sets of decisions influence the choice of techniques for any petr se. The report described concepts in the following
categories:

specific situation. Thus, a classification system must

clearly differentiate between policy (strategic) and  —nterchanges,
design/operation (tactical) treatments. This differentiation ~ —Frontage roads,
becomes even more important as the number of states, —Medians,

counties, and other jurisdictions with access management —Left tumns,

codes increases. The classification system should also —Right turns, and

apply to treatments for both new developments and retro- —Driveway arrangements.
fit situations.

Recommended Classification System
CLASSIFICATION OF TECHNIQUES Developed for this Project

Classification systems reviewed include those developed Several additional systems were developed for purposes of
in previous access-related documents prepared by Stover ahis project. Each classification scheme was analyzed in
Glennon (1970, 1975), Flora (1982), Bellomo (1993), anderms of the following basic factors:

Koepke/Levinson (1992); each is described briefly below.
This section also identifies the recommended classification « Clarity—the scheme must be clear to users. It should
system developed as part of this project effort. clearly differentiate policy versus design so that practi-



STRATEGIC
ANALYSIS

TACTICAL
ANALYSIS

- Make Site Access decisions based
on Network Characteristics and
Customer Travel Patterns

Decisions to be made:

(1) Location of Access Points
(2) Number of Access Points

— Clarify techniques in accordance with

the basic requirements to design for
efficiency, effectiveness, and safety for
movement of site-generated traffic
between the site network and the off-site
network.

— Design driveways to minimize
interference between through traffic and
site traffic.

Decisions to be made:

(1) Number of lanes and queue storage
(2) Left-turn Treatment

- From the Site

- From the Roadway
(3) Right-turn Treatment

- From the Site

- From the Roadway

Figure 3. Strategic and tactical decisions in access management.

STRATEGY

TACTICS
Access Management gemgn a nd
Policy perations
Techniques
Y
Access Design
Codes Standards Roadway Characteristics .
Location Site Conditions Candidate
and [~ Environmental Concerns Treatments
Spacing

A

Figure 4. Suggested context for classification/application of improvement techniques.

Application
of
Techniques
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tioners will focus on those areas within the realm of theithat cover much of the roadway system, are effective in
responsibility. improving safety and/or reducing delay and emissions, and
 User-Friendly—the scheme must be easy to understanthay be amenable to analysis. These techniques are fre-
* Practicality—the scheme must be easy to apply. guently encountered in key access management decisions.
+ Manageability—the scheme must contain a reasonable Policy techniques, such as establishing an access manage-
number of classes. ment code, modernizing zoning requirements, and acquiring
« Comprehensiveness—the scheme must be able fights-of-way, are extremely important and provide a basic

be identified. broad nature, they do not lend themselves to measurement or

guantification. Therefore, they were screened from further

On the basis of the assessment of the various classificati@fi@ysis. However, “design-related” policy techniques that
systems according to the five factors, a preferred one w48!até to access spacing were included. Other techniques
identified. The recommended classification system is showf¢late to physical design and/or traffic operations.

in Table 16. Appendix A groups individual access manage- 'he priority access management techniques are as
ment techniques according to this system. follows:

This system covers both policy and design techniques,
with each forming a major classification group. The system
links techniques to the type of improvements normally
applied along highways and access driveways. This system
is relatively simple to use and understand, covers virtually all
improvements, and provides a reasonable distribution of the
various techniques among the various categories. It incorpo-
rates medians and left turns into one group and further sub-
divides driveway location techniques by consolidation, re-
orientation, and relocation.

TECHNIQUES SELECTED FOR
FURTHER ANALYSIS

About twenty-five candidate techniques were identified as
important and promising. This short list included techniques

TABLE 16 Recommended classification system for access
management techniques

L Policy—Management
a. Access Codes/Spacing
b. Zoning/Subdivision Regulations
c. Purchase of Access Rights

d. Establishment of Setbacks from Interchanges and Intersections

1L Design - Operations (By Roadway Features)
a. Interchanges
b. Frontage Roads
¢.  Medians—Left Turns

d. Right Turns

la Establish Traffic Signal Spacing Criteria,

 1b Establish Spacing for Unsignalized Access,
« 1c Establish Corner Clearance Criteria,
« 1d Establish Access Separation Distances at Interchanges,

2a Install Nontraversable Median on Undivided Highway,
2b Replace TWLTL with Nontraversable Median,

2c¢ Close Existing Median Openings,

2d Replace Full Median Opening with Median Designed
for Left Turns from the Major Roadway,

3a Install Left-Turn Deceleration Lanes Where None
Exists,

3b Install Left-Turn Acceleration Lane,

3c Install Continuous TWLTL on Undivided Highway,
3d Install U Turns as an Alternative to Direct Left Turns,
3e Install Jug Handle and Eliminate Left Turns Along
Highways,

4a Install Right-Turn Acceleration/Deceleration Lane,
4b Install Continuous Right-Turn Lane,

5a Consolidate Driveways,

5b Channelize Driveways to Discourage or Prohibit Left
Turns on Undivided Highways,

5c Install Barrier to Prevent Uncontrolled Access Along
Property Frontage,

5d Coordinate Driveways on Opposite Sides of Street,
6a Install Frontage Road to Provide Access to Individ-
ual Parcels, and

6b Locate/Relocate the Intersection of a Parallel Frontage
Road and a Cross Road Further from the Arterial-Cross
Road Intersection.

Table 17 provides a generalized assessment of each tech-

nigue in terms of its perceived importance to access man-

agement, the availability of secondary sources, the tech-

e. Access/Driveway Location (Mainly Retrofit—Consolidation,

nigue’s amenability to analysis, and its priority for inclusion

Reorientation, Relocation) in the Phase Il efforts.
f. Traffic Controls The high-priority techniques identified by the research
g Access/Driveway Design team in conjunction with the project panel for subsequent

analysis were as follows:



TABLE 17 Summaryv of sianificant access manaaement techniaues

Importance in Access Previous Amenable to Analysis
Technique Management Sources Analysis in Phase I1
A - Policy Techniques
1 Establish Comprehensive Access Code High - No No
2 Institutionalize Advance Purchase of Right-of-Way High - No No
3 Require Internal Circulation/Site Plan Review High - No No
B - Design Techniques
la Establish Traffic Signal Spacing Criteria High Some Yes Yes
1b Establish Spacing for Unsignalized Access High Few Yes Yes
Ic Establish Corner Clearance Criteria High Few for Upstream Yes Yes
1d Establish Access Separation Distances at Interchanges High - Yes Yes
2a Install Nontraversable Median on Undivided Highway High Many Yes Yes
2b Replace Two-Way Left-Turn Lane With Nontraversable Median High Many Yes Yes
2c  Close Existing Median Openings High Some No No
2d Replace Full Median Opening With Median Designed for Left-Turns
from the Major Roadway High Few Yes No
3a Install Left-Turn Deceleration Lanes where None Exists High Some Yes Yes
3b Install Left-Turn Acceleration Lane Low Few Yes No
3c Install Continuous Two-Way Left-Turn Lane on Undivided Highway Medium Many Yes Yes
3d Install U-Turns as an Alternative to Direct Left Turns Medium-High Few Yes (Oper.) Yes
3e Install Jug Handle and Eliminate Left Turns Along Highways Medium Few Yes (Oper.) Yes
4a Install Right-Turn Acceleration/Deceleration Lane Medium - Yes (Oper.) No
4b Install Continuous Right-Turn Lane Low - Yes No
5a  Consolidate Driveways Medium - Yes No
5b  Channelize Driveways to Discourage or Prohibit Left Turns on
Undivided Highways High - Yes No
5S¢ Install Barrier to Prevent Uncontrolled Access Along Property Frontage Medium - Yes No
5d  Coordinate Driveways on Opposite Sides of Street Low-Medium - Site-specific No
6a Install Frontage Road to Provide Access to Individual Parcels Medium - Yes Yes
6b Locate/Relocate the Intersection of a Parallel Frontage Road and a
Crossroad Further From the Arterial - Crossroad Intersection Medium - Yes Yes

6T
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TABLE 18 Format for stratification of impacts by roadway, environmental, and traffic variables

(Technique)

Key Impacts

Traffic Operations

Travel Other
Variable Time Capacity Traffic Safety Economic | Environmental

1. Environment
(Urban, Suburban, Rural)

2. Development Type
(Commercial, Other)

3. Cross Section
(2 Lanes, 4 Lanes Undivided;
4+ Lanes Non-Restrictive
Median;
4+ Lanes with Restrictive
Median)

4. Median Openings Per Mile
(Low, Medium, High)

5. Signals Per Mile
(Low, Medium, High)

6. Connections Per Mile
(Low, Medium, High)

7. Traffic Volumes
i.e., ADT/Lane
(Low, Medium, High)

8. Driveway Volumes
(Low, Medium, High)

9. Posted Speeds
(Low, Medium, High)

» Spacing for Unsignalized Access (Technique 1b); (Install Left-Turn Deceleration Lanes Where None EXists),
 Establish Corner Clearance Criteria (Technique 1c); and Techniques 6a and 6b pertaining to frontage roads. Tech-
« Establish Access Separation Distances at Interchangegjue 3e (Install Jug Handle and Eliminate Left Turns Along

(Technique 1d); Highways) was included in Technique 3d (Install U-Turns as
* Integrated Median Techniques, including (Techniquesin Alternative to Direct Left Turns).
2a, 2b, 3c) These priority techniques cover key aspects of access
—Install Nontraversable Median on Undivided High- management. They include access spacing and median treat-
way, ments and encompass both the transverse and longitudinal

—Replace TWLTL With Nontraversable Median, and roadway elements.
—Install Continuous TWLTL on Undivided Highway;

« Install U-Turns as an Alternative to Direct Left Turns

IMPACTS OF ACCESS MANAGEMENT

(Technique 3d).
TECHNIQUES

In addition, several other techniques were included to pro- Potential impacts were identified and grouped into four

vide a more complete picture. These were Technique laoad categories: traffic operations, traffic safety, environ-
(Establish Traffic Signal Spacing Criteria), Technique 3amental, and economic (including transportation service and
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TABLE 19 Stratification of impacts by roadway, environmental, and traffic variables for

Technique 2a

Key Impacts
Traffic Operations
Vehicle
Travel Miles Environ-
Time Capacity Traveled Safety Economic mental
Variable (Y] ® D) ) S) (S)
Development Type v
Cross Section v v v
Signals Per Mile v
Connections Per Mile v v v v
Traffic Volumes v v v v v v
ie., ADT/Lane
Driveway Volumes v v v v v v
Speeds v v v v
Extent of Rerouting Required v v v v
Performance Measure(s) Average Vph (by Derived Accidents, [Changesin
travel rate. | direction) at from acc.rates  humber of

signalized traffic by types.  pstablish-

intersections. | volumes. nents and

vic ratio Changes in

from HCM Fetail sales.

analyses.

land use). In reviewing these groups, it became apparent themtalytical frameworks were derived for other techniques and
many impacts are interrelated. This was particularly true foare contained in the interim repoitlj. They also provided
environmental impacts (e.g. emissions) that largely depenah initial context for the Phase Il effort.

on the volume and speed of travel. Therefore, subsequentThe Phase Il impact analyses reflected the following
analysis of specific techniques focused mainly on traffieobjectives:

operational and safety impacts. However, economic impacts
were considered for some techniques where those impacts,
are key considerations.

Relevant roadway and traffic variables included area type
(e.g. urban and rural), development type (e.qg., residential and’
commercial), roadway cross section, highway volumes, dri-
veway volumes, traffic signal frequency, median opening
frequency, driveway connections per mile, and speed. *
Ranges in these variables were identified. The relevant
impacts and their associated variables were explicitly identi-
fied for each of these techniqudd)( Table 18 shows the
general “template” that was used in relating each technique *®
to impacts and variables. Table 19 shows an example of the
completed template for the installation of nontraversable
median barriers. It identifies the primary, secondary, and
derived impacts and the key performance measures. Similar

Concentration on selected impacts that are important
and measurable,

Use of available literature and research whenever possi-
ble, drawing on and synthesizing several decades of
research for several techniques,

Collection of selective field data to help quantify
impacts (The field investigations focused on analyzing
the impacts of right turns into driveways on arterial traf-
fic performance), and

Performance of case studies to help identify benefits
and, in certain cases, the disadvantages of particular
techniques (Case studies of desirable and undesirable
practice were obtained for corner clearances and for
access spacing at interchanges).
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CHAPTER3
TRAFFIC SIGNAL SPACING (TECHNIQUE 1A)

INTRODUCTION accidents. Studies by Cribbins in the 1960s also found that
_ o . the total accident and injury accident rates increased as the
The spacing of traffic signals—in terms of frequency anchumber of intersections per mile increast8).(The relative

uniformity—governs the performance of urban and suburbagnportance of variables as predictors used to estimate acci-
highways. Signals account for most of the delay thagents per mile was as follows:

motorists experience: they constrain capacity during peak

travel periods with attendant queuing and spillback; theyrype of Intersection Relative Importance
delay vehicles during both peak and off-peak periods Whelzl—.Otal number of intersections per

ever they are randomly located, ineffectively coordinated, Ohile without left-turn storage 329

improperly timed; and closely and/or irregularly spaced sig- . . . . '
nals can reduce arterial travel speeds thereby resulting in &me.ef Of. signalized intersections
excessive number of stops even under moderate traffic vor=" mile without !eft-turn §torage 3.00
ume conditions (Figure 5). They can also increase accidentsotal number of intersections per

Establishing traffic signal spacing criteria for arterial Mile with left-turn storage 2.71
roadways is one of the most important and basic access ma¥dmber of signalized intersections
agement techniques. This is why New Jersey requires a miper mile with left-turn storage 2.70

imum through band of 50 percent of the signal cycle and why
Colorado and Florida requirg-mi signal spacing along Studies by Squires and Parsonson in Georgia in 1989
principal arterial roads. It is also why Colorado requires dound that accident rates generally increased as the number
minimum bandwidth where any signal location deviatef signals per mile increasefi4j. The relative increases in
from the uniform¥z-mi interval. (The through bandwidth accident rates were about 40 percent when traffic signal den-
measures how large a platoon of vehicles can pass througisity increased from two to four signals per mile. However,
series of signals without stopping for a red traffic light. Itthe rates displayed some scatter and varied by roadway width
may be expressed in terms of the number of seconds pand type of median.
cycle or the percent of cycle length that the traffic could flow The effects of traffic signal densities on accident rates in
within a platoon.) Lee County, Florida (1993) are shown in Figurel).(A

This chapter presents the safety and travel time impactoubling of signals from two to four per mile increased the
associated with traffic signal spacing. It summarizes reportegccident rate by roughly 2.5 times.
accident experience, shows how time-space patterns andThe safety impacts of increased traffic signal spacing
through bandwidths are impacted by signal spacing and locare obscured in part by the traffic volumes on intersecting
tion, and identifies the basic planning considerations. It quarieadways and the common use of vehicle-miles of travel
tifies the impacts of traffic signal densities and traffic vol-(VMT) for comparing accident rates rather than the accidents
umes on travel speeds. Finally, it presents guidelines fgrer million entering vehicles or the product of conflicting
application and gives examples of their use. volumes.

SAFETY TIME-SPACE ANALYSIS AND IMPACTS

Several studies have evaluated the impacts of traffic sig- Time-space analysis clearly indicates the desirability of
nal spacing on safety. Studies conducted on Oregon stdteg and uniform signal spacings in achieving efficient traf-
highways in the 1950s found the number of accidentfic signal progression at desired travel speeds. The effects of
increased as the number of driveways, intersections, and trafignal cycle length and spacing on progressive speeds in both
fic signals per mile increasetd. The results of multiple lin-  directions of travel have been well established. Speeds
ear regression indicated that the number of signalized inteincrease directly as signal spacing increases and inversely
sections per mile was perhaps the largest contributor twith cycle length. The longer the spacing between signals,
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Figure 5. Technique 1a. Establish traffic signal spacing criteria.

the faster the speeds for any given cycle length. Similarly, fogroup of signals shows opposite (or alternating) indications
any given block spacing, the shorter the cycle length, the that of the next signal or group. Either system may allow
higher the speeds. full “through bands” at a desired travel speed in both direc-
tions of travel. However, when signals are too closely or too

) o irregularly spaced, multiple alternate patterns are typically
Signal Coordination Concepts provided. These result in a loss of through band efficiency

Successive sianals alona a roadway mav turn areen at t|g\{}ld/or cross street green time. Signals also may be set to
9 9 y may 9 favor one direction of travel—but this usually reduces the

same time (a S|m‘l‘,lltane0u.s fystem) or their green t'met%rough band in the other direction of travel.
may alternate (an “alternating” system). In a simultaneous

system, all signals along a given street operate with the same _ _
cycle length and display the green indication at the sanfé@sic Relationships

time. In an alternating system, each successive signal or . . .
The formulas for determining speeds in relation to cycle

lengths and signal spacing have been long established. They
are based on the dynamics of vehicle motion and assume pro-

gressive flow in each travel direction. The formula for coor-
8 dinated simultaneous and alternating traffic signal patterns is
= as follows:
4
o 4
= v = 0-681S ¢ simultaneous signal's (1)
=3 C
g 2 and
2
< ‘ . V= 1-3325 for alternating signals @
0 1 2 3 4 5
Source: 3-22 Signals Per Mile where: . . .
S=signal spacing in feet
Figure 6. Signal spacing and crashes: US 41 — Lee C = cycle length in seconds

County, Florida. V = speed in mph
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In metric units these formulas become

V' = @ for simultaneous signals 3)
V' = % for alternating signals 4)
where:

m = spacing in meters
C = cycle length in seconds
V' = speed in km/h

Thus, the optimum spacing of signals depends upon the
cycle length and travel speed. Long cycle lengths combined *
with high speeds require long distances between signals.
Shorter cycle lengths and lower speeds allow closer spacing
between signals. Table 20 shows the optimum signal spacing
as a function of speed and cycle length assuming an alternat-
ing pattern of successive signals. Figure 7 shows the speed-

cycle-length relationships féf-, ¥3-, andYs-mi signal spac-

ings (i.e., two, three, and four uniformly spaced signals per
mile, respectively). (A simultaneous pattern of successive *
signals would result in half of the speeds.) Table 21 shows

the travel speeds fdr-mi signal spacing at various cycle
lengths.

The speed “impacts” of the various spacings can be sum-

marized as follows:

e Spacings that are less th@nmi (about 400 m)—i.e.,
more than four signals per mile—result in progressive
speeds that are too low for urban conditions (except per-
haps for central business districts).

« Signals spaced at abddtmi (about 400 m) can provide

progressive speeds from 26 to 30 mph at cycle lengths

from 60 to 70 sec. These speeds and cycle lengths are
acceptable in cities where traffic volumes are spread
over several streets, where two-phase signal operations
dominate, and posted speeds are 35 mph or less.

Longer signal spacings are necessary along many sub-

urban highways where both traffic volumes and speeds

increase. Longer cycle lengths are commonly used to
increase capacity and provide protected phases for left
turns. Cycle lengths of 80 to 120 sec are common, espe-
cially during peak periods and requive-mile signal
spacings (about 800 m)—i.e., two signals per mile—to
maintain progressive speeds of up to 45 mph.

Cycle lengths that exceed 120 sec result in progressive

speeds less than 25 mph even withmi spacings

between signals and, therefore, should be avoided.

Moreover, when green times exceed 50 sec, there is

TABLE 20 Optimum signal spacing as a function of speed and cycle length (alternating signals)

Speed, mph
Cycle Length 25 30 35 40 45 50 55
(seconds)
Spacing in Feet
60 1,100 1,320 1,540 1,760 1,980 2,200 2,420
70 1,280 1,540 1,800 2,060 2,310 2,590 2,830
80 1,470 1,760 2,060 2,350 2,640 2,940 3,230
90 1,650 1,980 2,310 2,640 2,970 3,300 3,630
100 1,840 2,200 2,570 2,940 3,300 3,670 4,040
110 2,020 2,420 2,830 3,230 3,630 4,040 4,440
120 2,200 2,640 3,080 3,520 3,960 4,400 4,840
Speed, km/h
Cycle Length 40 48 56 64 72 80 88
(seconds)
Spacing in Meters
60 330 400 470 530 600 670 730
70 390 470 540 620 700 780 860
80 440 530 620 710 800 890 980
90 500 600 700 800 900 1,000 1,100
100 560 670 780 890 1,000 1,110 1,220
110 610 730 860 980 1,100 1,220 1,340
120 670 800 930 1,070 1,200 1,330 1,470

Notes: Results rounded.
Source: Computed.
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7. Relationship between speed, cycle length, and signal

about a 10 percent decline in saturation flows becaudeincreases slightly as the cycle length increases because there
some drivers become less attentive and do not start moare fewer phase changes and less lost time. Longer cycles also

ing immediately after the preceding vehicl®)(

allow greater efficiencies when a fixed time per cycle is allo-
cated to left-turn phases. However, as noted above, there are

The “progression efficiency” is measured by the throughyrawbacks to cycle lengths that exceed 120 sec.
bandwidth as a proportion or percent of the total signal cycle. yniform or near uniform spacing of signals is essential.

TABLE 21 Progressive speeds for various cycle
lengths with %:-mi (uniform) traffic signal spacing

Cycle Length
(seconds) Speed
mph km/h
60 30°/60 48%/96
65 28*/56 45*/90
70 26%/52 42°/84
75 24%/48 39°/78
80 45 72
92 40 64
100 36 58
110 33 53
120 30 48
a - Progressive speed with
simultaneous pattern

Source: Computed.

Uniform spacing, with signals placed at optimum locations
from a time-space perspective, allows through bands that are
equal to the artery green time. As signals are placed away
from the optimum locations, there is a corresponding reduc-
tion in the through bandwidth—the time during which pro-
gression is maintained.

An analysis of the delays resulting from reducing the
through band is summarized in Table 22)( These delays
were estimated on the basis of a 30-mph progressive speed,
an unimpeded arrival by the first vehicle in the platoon, and
2.1-sec arrival and departure headways. Delays result
whenever the approach volume exceeds the number of
vehicles that can be accommodated in the through band.
The volume-to-through band capacity ratio is more signif-
icant than the actual/c ratio in influencing delays. For
example, a volume of nine vehicles per cycle would result
in a 12-sec delay when the capacity is six, while a volume
of six vehicles per cycle would result in a 17-sec delay
when the through band is three vehicles per cycle. Thus, the
data underscore the need for preserving the through band,
because its reduction would increase delays even at moder-
ate traffic volumes.
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TABLE 22 lllustrative delays when traffic demand exceeds bandwidth capacity

Capacity of Through Band
Veh/Cycle/Lane
Volume Volume-to-
Veh/Cycle/Lane | Capacity Ratio 3 6 9 12
3 25 0 0 0 0
6 .50 17 0 0 0
9 75 23 12 0 0
12! 1.00 26 17 9 0
1. Capacity assumed at 12 vehicles per cycle based on 29 sec green per 60 sec cycle. First vehicle arrives
unimpeded. 2.1 arrival and departure headways. Base progressive speed 30 mph.
Source: (17)
Planning Implications 5. Where signals must be provided at locations that do not
“fit” in the time-space pattern, additional arterial green
The planning, design, and operation of traffic signals s necessary to ensure adequate through bandwidth.

along arterial streets and roadways must achieve a balance This results in less green time for the intersecting street
between capacity and progression requirements. The key  or driveway.

variables include cycle length, signal spacing, travel speeds,
and progression efficiency. Key issues to consider are as
follows: TRAVEL TIME IMPACTS

1. Long, uniform spacings of traffic signals are desirable Frequent and/or non-uniform spacings of traffic signals
to allow effective progression of traffic in both direc- constrain traffic flow and cause excessive delay. The relative
tions of travel. During off-peak periods, arterial road_effectg of traffic signal spacing on travel speeds have been
ways should operate at speeds of 25 to 35 mph in urbdAund in studies over the past 30 years.
environments and 35 to 50 mph in suburban settings.

During peak conditions, roadways should operate
speeds of at least 20 mph. Throughput is maximiz

and fuel consumption and emissions are minimized at a 1967 study of 77 street sections in New York State by
speeds of 35 to 45 mph. _ _ Guinn @8) found that traffic signal density (signals per mile)
2. The green time per cycle for arterial roadway trafficang traffic volume per lane were the critical variables affect-
should be maximized. This requires minimizing thejng traffic flow on arterial streets. Stover et 4B)(reported
time needed for left turns by prohibiting and redirect-gimilar findings in 1970: operating costs and total costs
ing the turns or by providing single or multiple left-turn gecreased as signal spacing increased, and longer spacings
lanes. Where left-turn phases are provided, cyclguere needed as the traffic volume per lane increased.
lengths may have to be increased to ensure sufficient seyeral multiple linear regression analyses confirmed
green time and traffic progression efficiency (throughthese earlier findings. A 1982 study in New Haven, Con-
bandwidth divided by the cycle length). necticut 20), and a 1992 study in Seminole County, Florida
3. Major urban and suburban arterials experience hig(p1), found that peak-hour travel speeds decreased as traffic
travel demands, especially during the morning andignal density and peak-hour traffic volumes per lane
evening peak periods. Therefore, capacity is criticalincreased.
This may require longer cycle lengths to minimize the Linear regression equations were also derived as part of
“lost” time that occurs each time the traffic signal indi- NCHRP Project 7-13Quantifying Congestio(22) in 1995
cation is changed and to provide special phases for lefor Class I, Class II, and Class Il arterials as defined in the
turns. Cycle lengths during peak periods normally1994Highway Capacity ManugR?3).
range from 80 to 120 sec as compared with 60 to 80 sec Class | arterials are typically high-speed, suburban arterials,
at other times. while Class Il and Il arterials are intermediate-to-low-speed
4. Cycle lengths that preclude achieving desired speedscilities in downtown or urban areas. Typically, speed limits
for any given block spacing should be avoided. Fomre 40 to 45 mph on Class | arterials, 30 to 40 mph on Class ||
example, with¥>-mi signal spacing along a suburban arterials, and 25 to 35 mph on Class Ill arterials. Typically, the
roadway and 30 mph travel speeds, cycle lengthaumber of signals per mile is 1 to 5 for Class | arterials, 4 to
should not exceed 120 sec. 10 for Class Il arterials and 6 to 12 for Class lll arterials.

e?legression Analysis
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The New Haven and NCHRP data suggested a 2- to 2.5- NETSIM was used by Margiotta et &.7j to simulate the
mph drop in speeds for every traffic signal added to 1 mi oéffects of traffic signal density andc ratios on average
street and up to a 0.5-mph drop in speeds for every 1,0@tavel speeds. The simulation results obtained for a 50-mph

vehicles per lane per day increase in traffic. (83-km/h) free-flow speed, fixed-time signals, and left-turn
bays indicated that signal density had the greatest effect on
Simulation Studies travel speed, with a sharp drop from 0.5 to 3 signals per mile.

The simulations show a growing effect of traffic volumes as

Several recent simulation studies indicated that averagfev/cratio approaches 1.0.
speeds decline in a non-linear manner as the spacing between
signals decreases and as the traffic volume per lane increasggggested Relationships

Simulation studies performed as part of the Colorado Access
Control Demonstration Projec?4) indicated that substantial ~ Curves for estimated peak-hour speeds on arterial streets
reductions in total travel time and in total delay can be achieveat differentv/c ratios and signal densities are shown in Fig-
with a¥2-mi signalized intersection spacing and “mid-block” ures 9 and 10 for Class | and Class Il and Ill arterials, respec-
right turns only as compared with-mi signalized spacings tively. These curves were developed by the Texas Trans-
and full median openings at mid-block locations. These redugortation Institute as part of their research in quantifying
tions in travel time and delay occurred even though more tratongestion Z2). The Class | arterials assume a capacity of
fic passed through the signalized intersections. 10,000 vehicles per lane per day and the Class Il and Il

Results of simulations conducted at the University ofturves assume a capacity of 8,000 vehicles per lane per day.
Texas 25, 26 are shown in Figure 8. Signal spacing is theThe figures reflect traffic volume that ranges from 0.6 to 1.2
principal influence on speeds at low volumes. However, theémes the capacities.
v/cor traffic-per-lane ratios become very critical as volumes These curves represent a synthesis of the relationships
approach or exceed capacity. Inspection of this figure showdentified in the NCHRP, New Haven, and Margiotta
that average speeds on 6-lane arterials drop significanttgsearch and, therefore, differ from the individual curves or
when AWDTSs increase to greater than 50,000 vpd. The figequations. They provide results that are intuitively correct

ure also shows that the percent reduction in speed increaggd that remove some of the anomalies in the individual data
as signal spacing decreases. sets. They relate to the number of signals per mile in any road

0.50 per Mile

40 -

Peak Hour Speed (mph)
8
I

10 s g ‘ L s 1
0 20,000 40,000 60,000

AWDT - 6-Lane Improved Arterial

Freq of Signalized Intersection Spacing

a 4Mile o 2/Mile » 1/Mile u 0.667Mile o 0.50/Mile

Source: (25)

Figure 8. Speed, volume, and signal spacing relationships.
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arterials using v/c ratio.

section. In application, road sections should have relative
homogenous signal spacing.
The curves indicate the following:
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Figure 10. Suggested speed estimation curves for Class Il
& Il arterials using v/c ratio.

Iging and policy purposes. Travel time impedance values
based upon Equation 5 and shown in Table 23 also may be
used. The effects of signal spacing increase steadily as the
number of traffic signals per mile increases—the impedance

* Traffic signal density has a greater effect than trafficactor rises from about 1.1 for a 2-mi spacing to greater than

volumes on reducing speeds when tferatio is less

1.9 for a¥/s-mi spacing. The effects of thwéc ratio are neg-

than 0.8. Signals have their greatest reductive effegfyipie il thevic ratio exceeds 0.7; the impedance values

when they are introduced into free-flowing or lightly
interrupted traffic (from 0O to 3 signals per mile) (0 to 2
signals per kilometer).

viewing the signal density in terms of “effective” signals
per mile. The effective signals per mile may be esti
mated by the product of 1 minus bandwidth/cycle lengt

Signal progression can be introduced into the curves b

then rise rapidly. These values can be applied to any assumed
free-flow travel time rate (minutes per mile) to determine the
combined effects of traffic signal density and traffic vol-
[)J/mes. The travel time rates, in turn, can be converted to
speeds.

h Using two traffic signals per mile as a base, the following

and the signals per mile. For example, a 40 Ioercerp[ercentage increases in travel times as signal density
through band would result in 60 percent of the signalcréases are estimated:

density associated with little or no progression.

is a considerable drop in speeds at all signal densities

A further analysis indicates that the curves shown in Fig-

ures 9 and 10 can be represented by the following equatio

7
T=To+d*® G+ (V/C)4S) )
where:
T, =free-flow travel time in minutes per mile
T = actual travel time in minutes per mile
e =the number of effective traffic signals per mile
v/c = volume-to-capacity ratio

The actual speed in miles per hour isT60/

APPLICATION GUIDELINES

When traffic volumes approach, or exceed capacity, there

Percent Increase in

. Signals Travel Times
Per Mile (Two Signals Per Mile as Base)
3.0 9
n 4.0 16
5.0 23
6.0 29
7.0 34
8.0 39

Table 24 gives the resulting travel time rates and speeds,
assuming a “free-flow” speed of 40 mph. Thus, if there are
two effective signals per mile, andvé ratio of 0.6, the
impedance factor is 1.52. When applied to the 1.5-min per-
mile free-flow rate, it results in a rate of 2.28 minutes per mile
or 26 mph. This approach may be used to assess the impacts
of adding traffic signals and/or traffic volumes to a given
roadway.

The curves shown in Figures 9 and 10 provide reasonable The following application guidelines are suggested rela-
approximations for estimating travel time impacts for plan4ive to the inputs for Equation 5 and Table 23:
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TABLE 23 Travel time rate impedance factors resulting from various
signal densities and volume-to-capacity ratios

A B Volume-to-Capacity Ratio
Effective

Signals/Mile 0.0 0.6 0.8 1.0 1.2
0.0 1.00 1.09 1.27 1.62 2.19
0.5 1.13 1.23 1.44 1.83 2.48
1.0 1.23 1.34 1.56 1.99 2.69
20 1.39 1.52 1.77 225 3.04
3.0 1.52 1.66 1.93 2.46 333
4.0 1.62 1.77 2.06 2.62 3.55
5.0 1.71 1.86 2.17 2.77 3.74
6.0 1.79 1.95 2.27 2.90 3.92
7.0 1.87 2.04 237 3.03 4.10
8.0 1.93 2.10 2.45 3.13 423

Source: Computed from Equation 5.
Notes:
(2) Factors:

A=(1+e)*?

(1) Values shown are applied to actual travel time rates.

where e = effective signals per mile

B= [ 1+ (ve)* ]0'7 where v/c = volume-to-capacity ratio

Factors in cells represent products of A and B.

1. Thev/cratios may be computed for critical sections of

highway. However, the average daily traffic per lane
may be used as a surrogate for the peak-Wouatio.
Suggested values are as follows:

Maximum
% Green Capacity
Per Cycle ADT/Lane/Day
40 8,000
0 10,000
60 12,000

. Signal coordination may be treated as follows:

(&) No coordination or through bandrhe effective
signals per mile equals the actual number of signals
per mile (i.e.e=9).

(b) Limited through bandThis condition occurs with
irregularly spaced signals or where multiple alter-
nate signal progression patterns exist.

idthO
_ Bandwidth (6)

e=S Cycde H

where:
e = effective signals per mile
S= actual signals per mile

This factor should be computed whenever the band-
width exceeds 35 percent.

(c) Perfect coordinationThis occurs with regularly
spaced signals at-, ¥/3-, ¥2-, or 1-mi intervals and
along one-way arterial streets. The progressive
speed becomes the free-flow speed. Accordingly,
where the through bandwidth exceeds 40 percent,
replace the ternT, (1 + €)°% in Equation 5 with
60/P whereP is the progressive speed in miles per
hour.

(d) Added signal in one directiodVhen a new signal
is added in only one direction of travel and fits per-
fectly into the time-space pattern, it should not be
included in any impact analyses.

Examples

Two examples based on Table 23 are set forth in Table 25.
(Use of Figures 9 and 10 would yield generally similar
results.) A brief description of these examples follows:
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TABLE 24 Travel time rates and speeds for 40 mph TABLE 25 lllustrative examples based on Table 8
Volume-to-Capacity Ratio CONDITION
. SCENARIO Before After
Sigzel:;me 0.0 | 0.6 | 08 | 10 | 12 Siguals P Mile ; y
Minutes Per Mile Progression None None
ADT/Lane Capacity 10,000 10,000
0.0 1.50 1.64 1.90 243 3.28 ADT/Lane 6,000 8,000
0.5 170 | 184 | 220 | 274 | 372 Free-Flow Speed 40 mph 40 mph
1.0 184 | 201 | 234 | 298 | 404 SOLUTION (Table 8)
Effective Signals Per Mile 2 4
2.0 2.08 2.28 2.66 3.37 4.56 V/C Ratio 0.6 0.8
Free-Flow Rate (Min./Mile) 1.50 1.50
3.0 228 | 249 | 290 | 3.69 | 5.00 Impedance Factor (Table 3) 1.52 2.06
4.0 243 2.66 3.09 3.93 534 Actual Travel Time Rate (Min./Mile} 2.28 3.09
Actual Speed 26 mph 19 mph
5.0 2.56 2.79 3.26 4.16 5.61
6.0 2.68 292 3.40 4.35 5.88 EXAMPLE 2
7.0 2.80 3.06 3.56 4.55 6.15
CONDITION
8.0 2.90 3.15 3.68 4.70 6.35 SCENARIO Before After
N Signals Per Mile 4 5
Miles Per Hour Progression 35 None
0.0 40 37 12 25 18 ADT/Lane Capacity 10,000 10,000
ADT/Lane 6,000 8,000
0.5 35 33 27 22 16 Free-Flow Speed 40 mph 40 mph
1.0 33 30 26 20 15 SOLUTION (Table 8)
Effective Signals Per Mile 3* 5
2.0 29 26 23 18 13 V/C Ratio 0.6 038
3.0 26 24 21 16 12 Free-Flow Rate (Min./Mile) 1.50 1.50
Impedance Factor (Table 3) 1.66 217
4.0 25 23 19 15 11 Actual Travel Time Rate (Min./Mile) 249 326
5.0 23 2 18 14 11 Actual Speed 24 mph 18 mph
6.0 22 21 18 14 10
7.0 21 20 17 13 10 *Effective signals = 4 [1- 0.35]= 2.6 = 3
8.0 21 19 16 13 9

Source: Computed.

« Example 1:A roadway with two traffic signals per mile with no effective coordination. The impacts are assessed
has an estimated capacity of 10,000 vehicles per lane by applying the factors contained in Table 23. However,
per day (vplpd), an actual volume of 6,000 vplpd, and a  the before effective signals per mile are reduced from
free-flow speed of 40 mph. Developments along the four to three to account for the limited coordination.
road would increase the ADT/lane/day to 8,000 and There is no corresponding adjustment for the “after”
increase the signal density to four signals per mile. The ~ condition because the addition of the extra signal pre-
existing signals are not coordinated. The impacts are cludes coordination. The changes in volumes and speeds
assessed by directly applying the factors in Table 23 or  réduce the speeds from roughly 24 to 18 mph.
using Table 24. Because no signal coordination is
involved, the effective signals and the actual signals argerial Simulation
the same. The example shows a drop in peak-hour
speeds from about 26 mph to 19 mph. More precise impacts of changes in traffic signal spacing

« Example 2: This example is similar to the first one in and traffic volumes may be obtained by computer simula-
terms of free-flow speeds, capacities, and volumedion. Simulation models (e.g., PASSER, TRANSYT 7-F, and
However, there are four signals per mile initially with aTRAF NETSIM) may be applied to obtain estimates of sys-
35 percent through band and five signals per mile “aftertem performance.




31

CHAPTER4
UNSIGNALIZED ACCESS SPACING (TECHNIQUE 1B)

INTRODUCTION Safety Experience

Access points, such as driveways, introduce conflicts and An extensive review was made of the safety research and
friction into the traffic stream. Vehicles entering and leavingexperience associated with access spacing. The first part of the
the main roadway often slow the through traffic, and the difreview summarized the benefits resulting from the full control
ference in speeds between through and turning traffiof access. This was followed by a summary of the early research
increases accident potential. As stated in the 1994 AASHT@952-1980) and, in turn, the more recent studies (1980—-1996).
A Policy on Geometric Design of Highways and Streets
“Driveways are, in effect, at-grade intersections. . .. Thq:uII Control of Access
number of accidents is disproportionately higher at drive-

ways than at other intersections; thus their design and loca-The safety benefits of access control have long been recog-
tion merit special consideration.” _ nized and were a fundamental justification for the development
The consensus is that increasing the spacing betwegfithe freeway systems. Access control reduces the number and
access points improves arterial flow and safety by reducingiety of events, while increasing the spacing of events (and
the number of conflicts per mile, by providing greater dis¢qnflicts) to which drivers must respond. This translates into
tance to anticipate and recover from turning maneuvers, angder accidents—roadways with full control of access consis-

by providing opportunities for use of turn lanes. It is increastemly have lower accident rates than other roadways.
ingly recognized that spacing standards for unsignalized

access points should complement those for signalized access _
points and that potentially high-volume unsignalized accesg?"y Studies (1950-1980)

points should be located where they conform to traffic signal Almost 12 research investigations between 1950 and 1960

progression requwements. . - e}ttempted to correlate accident rates with the number, fre-
Many studies have shown that driveway spacing is one 0

. . . uency, and type of roadside features and access points. (See
the key factors that influence accidents. However, relativel . .
few studies have actually related access spacing to driver pf?_ferenceQSthrougmg for further information).

formance. This chapter summarizes and compares the salient

findings of the various research studies. It also presents tfkgcent Studies

results of special safety and operations analysis. ) _ i )
Studies since the mid-1980s have also shown that increas-

ing the frequency of access points adversely affects safety.
SAFETY EXPERIENCE AND ANALYSIS Most of these studies were conducted to demonstrate the ben-
efits of access management. Some show aggregate relation-
The research linking access density and accidents spagiips while others utilize analytical or regression models.

many decades. More than 40 years of research efforts haggee referencetd through52 for further information.)
documented the basic relationships between access and

safety. The methods of analyses and resulting relationships

among individual studies vary, but the patterns are generalb(rapahoe Avenue and Parker Drive, Denver

similar. Roadways with full control of access have lower(1985) (40)

accident rates than other roadways. Arterial roadways with

many driveways and signals often have double or triple the A demonstration project conducted by the Colorado
accident rates of roadways with wide spacings betweebDepartment of Highways compared the 3-year accident
access points or of those where access is fully controlleéxperience on two access-managed highways (Arapahoe
Accident rates generally increase with greater frequencies @fivenue and Parker Drive) with that of five regular arterials.
intersections and driveways. The accident rate comparisons are shown in Figure 11. The



two highly access-managed arterials (with physical medians,

Highl full access generally limited t&-mi intervals, most left-turn
« " ighty access prohibited, and right-turn access provided-ati
Regular Access intervals) had about 40 percent of the accident rate found
Arterials Managed along the roads with more frequent access (the range was 27
120 129 Arterials to 69 percent).
105 Oregon Coast Highway, Oregon (1995-1996) (48,
49, 50)
7.2 A comprehensive accident analysis was conducted for 29
mi of the Oregon Coast Highway (US Route 101) by Port-
50 land State University in association with the Oregon Depart-
ment of Transportation. The study area, located on the Ore-
35 gon coast in and around Lincoln City, has tourist traffic as
well as the usual urban and rural traffic. Seven hundred and
fifty accidents were analyzed for the period from 1990 to
1994.
Figure 12 shows how the frequency of accidents relates to
Colfax  Alameda Federal Wadsworth Havana Parker Arapahoe . . . . :
Ave. Ave.  Blvd. Ave.  Ave.  Drive Ave. access density. This chart shows a consistent relationship

“Regular” represents those arterials sampled without a high degree of access management.

Source: (40)

Figure 11. Accidents per million vehicle miles—Denver.

between access per mile and accidents per mile, except for
the “Parkway” section. The low number of accidents per mile
on the Parkway section reflects the presence of a continuous
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nontraversable median. As expected, the higher accident fre-
quencies along US 101 were found within the city limits
where urban development not only resulted in higher drive-
way densities, but probably higher driveway volumes as
well.

Lee County, Florida (1993-1996) (51)

The effects of connection and traffic signal densities on
accident rates in Lee County, Florida, are shown in Figure *
13. A doubling of connections from 20 to 40 per mile dou-
bled the accident rate.
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accident rates by 20 to 100 percent on 4-lane roads and
50 to 100 percent on 2-lane roads.

Each additional private driveway per kilometer in both
urban and rural areas increased accident rates about 1.5
percent for 2-lane roads and 2.5 percent for 4-lane roads.
These translate into 2.4 and 4.0 percent increases per
private driveway on a per mile basis. In urban areas,
each commercial driveway had about 5 times the effect
of a private driveway on accident rates.

In general, the effects noted above increased with
decreasing standards of horizontal alignment and
decreased if medians were present.

Australian Experience (1997) (53) Synthesis of Findings

Studies by ARRB Transport Research indicated the fol-

The various studies point to one consistent finding. An

lowing safety impacts when intersection and/or drivewa)jncrease in the number of access points translates into higher
frequency was increased: accident rates. Thus, the greater the frequency of driveways

and streets, the greater the number of accidents.

« Divided urban arterial roads with direct property access

The specific relationships vary, reflecting differences in

and frequent minor intersections had a 30 percent highé?ad geometry (e.g., lane width and presence or absence of

accident rate than those with few property access poin

furn lanes and physical medians), operating speeds, and drive-

and infrequent minor intersections. This differenceay and intersection traffic volumes. Still, in every case,
increased to 70 percent for undivided roads. more access means more accidents. This upward trend in

« In rural areas, each minor intersection added about 0.F&fcident rates is apparent from Figure 14, which shows

accidents per million entering vehicles for a 2-lane roadeported results for experience in the United States and

and about 0.25 accidents per million entering vehicle§anada, graphed on a common scale.

for a 4-lane road. Indexes were prepared that correlated accident rates with

Increasing minor intersection density in rural areas fronficcess density using the accident rates for 10 access points
0 to 1 per kilometer (0 to 1.6 per mile) increased acciper mile as a base (total access points per mile on both sides
dent rates by about 25 percent on rural roads. Anfthe road). The indexes were averaged for each access den-
increase in minor intersection density in urban areasity. Figure 15 presents the composite accident rate indexes.
from 2 to 6 per kilometer (3.2 to 9.7 per mile) increasedlhese indexes suggest that doubling of access frequency

Accidents / Million Veh Miles

0 ] 1 ] 1
0 20 40 60 80 100

Connections per Mile
Source: (51)

Figure 13. Connections and crashes: US 41 — Lee County, Florida
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events to which drivers must respond. This translates into
fewer accidents, as well as shorter delays.

Safety Analyses

Comprehensive safety analyses were performed for acci-
dent information obtained from Delaware, Illinois, Michi-
gan, New Jersey, Oregon, Texas, Virginia, and Wisconsin.
Overall, some 386 roadway segments were analyzed. Analy-
ses of the data further established the relationships between
access and accidents for various spacings and median types.

Analysis Procedures

The literature review indicated (and subsequent analyses
confirmed) that accident rates (accidents per million vehicle
miles) generally increased as access density—the number of at-
grade intersections, driveways, and median openings per
mile—increased. Signalized access density was one of the
more influential factors. The type of median treatment (e.g.,
undivided, TWLTL, or physical median) also influenced acci-
dent rates.

Accordingly, the accident database for the 386 road seg-
ments was stratified by the number of signalized and unsignal-
ized access points per mile, the area type (i.e., urban/rural) and
the median treatment. The segments were further stratified by
land use, number of lanes, and ADT range. In urban areas, there
were 264 segments covering 254 mi, including 116 segments

from 10 to 20 per mile increases accident rates by roughly 3@ith medians, 95 segments with TWLTLs, and 53 undivided
percent. An increase from 20 to 40 driveways per mile wouldegments. In rural areas, there were 122 segments covering 168
increase accident rates by more than 60 percent. Thesa including 57 segments with medians, 14 segments with

increases are similar to those reported in AustraBa (

TWLTLSs, and 51 undivided segments. A screening of the data-

The access spacing implications are clear. Increasing tHemse reduced the number of segments to 369, including 252
spacing between access points and providing greater sepataban and 117 rural sections.
tions of conflicts will reduce the number and variety of To provide sufficient samples for stratification purposes,
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Figure 15. Composite accident rate indices.

data were grouped by geographical region (i.e., data from
states in the same region were aggregated) or combination of
geographical regions. For example, the records from Michi-
gan, lllinois, and Wisconsin formed one region and records
from New Jersey and Delaware formed a second region. Fig-
ure 16 illustrates the data analysis sequence.

Accident rates varied by area type, because urban and sub-
urban areas have significantly different roadway activity and
operational characteristics than do rural areas (e.g., a review
of the accident data for the rural segments in Michigan indi-
cated a significant number of accidents involved animal
crossings). Furthermore, accident frequency/rates would be
expected to increase as access density increases, because the
opportunity for conflicts is greater and the available space for
maneuvering decreases.

Exploratory analyses (e.g., frequency distributions, cross-
classifications, and means) were performed for key variables
in the database to define the appropriate stratifications. These
analyses revealed that (a) area type was significant because
accident rates for rural areas were significantly lower than for
urban and suburban areas; (b) the average accident rates for



ALL RECORDS

Exclude:

v

386 Cases - Segments less than 0.31 miles
(11 cases)
- Segments with no access points
(6 cases)
A 4
REMAINING
369 Cases
v A 4
URBAN/SUBURBAN RURAL
252 Cases 117 Cases
|
h 4 h 4 A 4 h A A 4 A 4 h 4
Michigan lllinois Wisconsin New Jersey Delaware Virginia Texas Oregon
104 Cases 78 Cases 21 Cases 28 Cases 33 Cases 29 Cases 58 Cases 18 Cases
REGION 3 REGION 4 REGION 5
REGION 1 REGION 2
h 4
STRATIFIED BY:

- Signalized intersection per mile

- Unsignalized intersection per mile

- Median type

Figure 16. Data analysis sequence.
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TABLE 26 Accident reporting threshold collected as part of a research study that concentrated only on
Stat Reoortine Threshold very short urban segments with a high number of access
- porTe points and high traffic volumes, the data from Virginia were
Michigan $ 400 excluded from further analysis. Texas and Oregon were ana-
Illinois $ 500 lyzed individually and excluded from any aggregate analysis.
Texas $ 500 The resulting database that was used for further aggregate
" analysis reflected about 37,500 accidents and included 152
Oregon S5 urban and suburban segments and 89 rural segments.
Wisconsin $ 500
Delaware $1,000 Urban and Suburban Areas
N 500 .
e Jersey $ Detailed analyses were conducted for the urban/suburban

database for lllinois, Michigan, Wisconsin, New Jersey, and
. Lo Delaware. The first step was to further screen segments for
urban and suburban areas in Texas, Virginia, and Oregan _ . .
haracteristics or accident rates that did not appear to be con-
were almost 50 percent lower than comparable areas from the . .
) S _ . ._sIStent with the rest of the data. Next, the accidents were
other states; (c) Virginia segments exhibited twice as hig

average volumes per lane, compared with segments from tﬁga_tifi.ed by geometric and access density variaples. Finall)_/,
other states (excluding New Jersey); and (d) the avera éatlstlgal analyses were performed for the accident rates in
access density and the average volume per lane for the ur fy various strata.. W
and suburban segments in New Jersey were significantly ATter the potential “outliers” were removed from the data-
higher than comparable segments from the other states. base, frequer?cy d_|str|but|or?s and cross-classifications were
Atfirst, it was thought that the low accident rates in TexagP€rformed to identify potential strata and to explore relation-
Virginia, and Oregon were attributable to significantly higherSiPS. Based on this analysis, three strata for total access
accident reporting dollar thresholds. However, as shown bjeints (TAP) per mile and unsignalized access points per
the actual thresholds in Table 26, this was not the case. Fifile and four strata for signalized access points (SAP) per
ther investigation revealed that many accidents in Texas afaile were established. The resulting access density strata are
not reported. In Dallas, for example, only accidents witfshown in Table 27 along with the number of segments in
injury or death are investigated and reported by the p0|i0@ach stratum. The strata—in increments of 20 access points
Other accidents are supposedly reported by the parti@er mile—avoid cells with few points.
involved; however, not all of these accidents involving only Accident rates by total access density and type of median
property damage (PDO) are reported. An unofficial estimatéreatments are shown in Table 28. Means, coefficients of
of the PDO accident reporting rate is about 50 percent.  variation, students ‘t’ distribution statistics, and p-values are
No reason was identified for the lower rates in Oregon ogiven. The p-values represent the probabilities of differences
Virginia. Because the data sent from Virginia were originallybetween means occurring because of chance; thus, a 0.05

TABLE 27 Access density strata—urban/suburban segments

Access Density/Strata Stratum 1 Stratum2 | Stratum3 | Stratum4 Total

Total Access Points per Mile <=20 20.01-40 40.01-60 >60

Percent of Segments 9.9 34.2 30.9 25.0 100.0
Number of Segments 15 52 47 38 152.0
Mean Access Points 14.0 3149 51.02 74.57 43.58
Median Access Points 11.35 31.90 50.30 77.49 46.96
Unsignalized Access Points Per

Mile <=20 20.01-40 40.01-60 >60

Percent of Segments 11.2 41.4 25.0 224 100.0
Number of Segments 17 63 38 34 152.0
Mean Access Points 12.00 29.70 49.75 71.90 40.00
Median Access Points 10.30 30.28 50.03 74.00 42.76
Signalized Access Points Per Mile <= 2.01-4 4.01-6 >6

Percent of Segments 21.7 30.9 27.6 19.7 100.0
Number of Segments 33 47 42 30 152.0
Mean Access Points 0.56 333 5.00 7.11 4.00

Median Access Points 0.81 3.28 4.95 8.30 4.20

DUR12C
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TABLE 28 Accident rates by access density and median treatment — urban/suburban

segments
Median Treatment
Non-
Access Travers-
Density @ Statistics Undivided TWLTL able Total

<=20 Mean 3.82 2.94 3.24
C.V. 028 | - 045 0.40
Cases 5 10 15

20.01-40 Mean 8.27 5.87 5.13 5.90
C.V. 0.72 043 0.60 0.53
Cases 5 33 14 52
t-statistic 1.64 NA 2.36 NA
p-value 0.09 NA 0.02 NA

40.01-60 Mean 9.35 743 6.47 7.37
C.V. 0.43 0.52 0.47 0.49
Cases 7 23 17 47
t-statistic 0.35 1.72 1.21 NA
p-value 0.37 0.05 0.12 NA

>60 Mean 9.55 9.17 5.40 8.59
C.V. 043 0.56 0.75 0.53
Cases 21 9 8 38
t-statistic 0.11 0.92 NA NA
p-value 0.46 0.19 NA NA

Total Mean 8.59 6.88 5.19
C.V. 0.52 0.52 0.61
Cases 38 65 49

DURI12A

Notes: Accident Rates=Accidents per Million Vehicle Miles Traveled.
p-values computed top to bottom and are not computed where inconsistencies in the accident rate trends
exist.
(1)  Access Density reflects both signalized and unsignalized access points per mile.
C.V.=Coefficient of variation.
NA =Not Applicable

p-value is similar to a 5 percent level of significance. The TWLTL segments appeared to have lower accident rates
p-values are shown for changes in access frequency (toptltan undivided road sections. The one inconsistency may
bottom). They are for a one-sided, upper-tail test (i.e., tbave reflected the low sample size for undivided segments
determine if differences are significantly greater). with fewer than two signals per mile. Nontraversable medi-
Table 28 shows an increase in accidents for each type ahs had lower accident rates than the other median treatments
median treatment as the total access density increases. Theall signal spacing frequencies.
accident rate for access densities of more than 60 per mileAccident rates were also computed for various cross-
was more than 2.5 times higher than the accident rate fetassifications of signalized and unsignalized access densi-
access densities of fewer than 20 per mile. ties as shown in Table 30. The upper tail p-values are shown
Table 28 also shows the accident reductions associated withr changes in unsignalized access frequencies (left to right).
various median alternatives. Overall, TWLTLs had a 20 perThe data showed an overall increase in accident frequency as
cent lower accident rate, and nontraversable medians had adtsignalized access density rises.
percent reduction than undivided road sections. These pat-Overall accident rates for access densities of more than 60
terns were generally consistent for all access density ranggmints per mile were about 2.2 times than for densities of 20
The effects of signalized access density on accident rates amefewer access points per mile. This pattern was generally
shown in Table 29. The p-values are shown top to bottontonsistent at each level of signal density.
Accident rates increased as signalized access densityTable 30 provides guidance for estimating the effects of
increased. The rate for more than six signals per mile was marereasing unsignalized access density. However, because
than 2.5 times that for signal densities of two or fewer per milesignal density may be a surrogate for heavy cross-street vol-
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TABLE 29 Accident rates by signalized access density and median treatment —
urban/suburban segments

Median Treatment
Signalized Non-
Access Travers-

Density Statistics Undivided TWLTL able Total

<=2 Mean 4.01 4.13 2.75 3.53
C.V. 0.41 0.72 0.52 0.66
Cases 4 15 14 33

2.01-4 Mean 8.20 7.02 5.66 6.89
C.V. 0.53 0.46 0.52 0.51
Cases 12 20 15 47
t-statistic 2.80 2.76 3.40 NA
p-value 0.01 0.01 0.00 NA

4.01-6 Mean 9.87 7.42 5.99 7.49
C.V. 0.55 0.36 0.51 0.51
Cases 10 17 15 42
t-statistic 0.79 0.41 0.30 NA
p-value 0.22 0.34 0.39 NA

>6 Mean 9.45 9.13 8.26 9.11
C.V. 0.38 0.46 0.40 0.41
Cases 12 13 5 30
t-statistic 0.21 1.30 1.22 NA
p-value 0.42 0.11 0.14 NA
Mean 8.59 6.88 5.19

Total C.V. 0.52 0.52 0.61
Cases 38 65 49

=
DURI2A

Notes: Accident Rates=Accidents per Million Vehicle Miles Traveled.
p-values are computed top to bottom and are not computed where inconsistencies in the
accident rate trend exist.
(1)  Access Density reflects signalized access points per mile.
C.V.=Coefficient of variation.
NA =Not Applicable

umes, the values for signal density may not apply where sig- Accident rates are stratified by total access density and

nals are added at lightly traveled crossroads. median treatment in Table 32. The upper tail p-values com-

pare various access densities (top to bottom) on the table.
P-values were not computed where inconsistencies in the
accident rate trend exist.

A similar analysis was performed for road segments in 1he increase in access density from fewer than 15 access

rural areas. The accident rates were stratified by total accd2gints to more than 30 access points per mile resulted in a
point density and median treatment, because the number & Percent increase in the overall accident rate. Again,

signalized access points in the database was small. Acciderté/LTLs had about a 40 percent lower accident rate and
rates for Michigan were recalculated to remove animallOntraversable medians had a 60 percent lower accident rate

related and rail-crossing accidents. than undivided road sections. This pattern was generally con-

After the potential outliers were eliminated from the Sistent at all access densities.
database, frequency distributions and cross-classifications
were performed to identify potential strata and to explorgypERATIONS EXPERIENCE AND ANALYSIS
relationships. The number of strata was kept to a mini-
mum to avoid cells with very few points. Accordingly, This section contains the results of a detailed literature
three strata for TAP were identified as summarized imeview and special operational studies relating traffic perfor-
Table 31. mance (i.e., speeds, delays, and affected vehicles) to drive-

Rural Areas



TABLE 30 Accident rates by access density — urban/suburban segments

Signalized Unsignalized Access Density
3::;8; (Access Points Per Mile)
(access points 20.01- 40.01-
per mile) Statistics <=20 40 60 >60 Total

<=2 Mean 2.63 4.33 3.01 3.80 3.53
C.V. 0.49 0.69 0.51 0.68 0.66
Cases 8 14 9 2 33
t-statistic NA 1.85 NA 0.41 NA
p-value NA 0.04 NA 0.37 NA

2.01-4 Mean 394 5.58 8.30 8.22 6.89
C.V. 0.28 0.33 0.44 0.53 0.51
Cases 5 16 12 14 47
t-statistic NA 2.45 2.35 0.05 NA
p-value NA 0.02 0.02 048 NA

4.01-6 Mean 4.83 6.91 8.37 8.54 7.49
CV. 0.36 0.52 0.43 0.58 0.51
Cases 3 19 12 8 42
t-statistic NA 1.62 1.10 0.08 NA
p-value NA 0.08 0.14 0.47 NA

>6 Mean 8.61 8.06 11.30 9.53 9.11
C.V. NA 0.39 0.33 0.48 0.41
Cases 1 14 5 10 30
t-statistic NA 0.98 1.75 0.44 NA
p-value NA 0.17 0.07 0.34 NA

Total Mean 3.76 6.26 747 8.42
C.V. 0.51 0.51 10.55 0.53
Cases 17 63 38 34

DURI2A

Notes: Accident Rates=Accidents per Million Vehicle Miles Traveled.

p-values are computed left to right and are not computed where inconsistencies in the accident

rate trend exist.

Separate Variance t-statistic to account for unequal Cell Variances.

C.V.=Coefficient of Variation.
NA =Not Applicable.

way spacing. Collectively, these investigations underscorgsee references4 through58 and more recently (see refer-

the importance of adequate spacing.

Operations Experience

encesb3and59through63).

Recent Studies

Various operational studies have addressed the travel timgeent studies.

impacts associated with access spacing and have also simu-
lated traffic performance. A research synthesis summarized British Columbia (1992) (61A manual developed by the
the results of the studies performed in the 1960s and 197@$anning Services Branch for evaluating highway programs

TABLE 31 Access density strata — rural segments

Access Density/Strata Stratum 1 Stratum 2 Stratum 3 Total
Total Access Points per Mile <=15 15.01-30 >30
Percent of Segments 61.8 292 9.0 100.0
Number of Segments 55 26 8 89
Mean Total Access Points 8.00 21.00 36.00 13.00
Median Total Access Points 7.89 21.08 36.86 14.35

39

The following are the highlights from two of the more
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TABLE 32 Accident rates by access density and median treatment — rural segments

Median Treatment
Access
Density Statistics | Undivided TWLTL Non-Traversable Total
<=15 Mean 2.54 2.06 0.90 1.64
C.V. 0.63 NA 1.24 0.95
Cases 24 1 30 55
15.01-30 Mean 2.60 1.26 1.18 1.79
C.V. 0.62 NA 1.26 0.92
Cases 11 1 14 26
t-statistic 0.10 NA 0.64 NA
p-value 0.46 NA 0.27 NA
>30 Mean 4.65 1.67 147 2.71
C.V. 0.13 0.78 0.85 0.68
Cases 3 2 3 8
t-statistic 3.40 NA 0.35 NA
p-value 0.01 NA 0.38 NA
Total Mean 2.73 1.67 1.02
C.V. 0.59 0.49 1.20
Cases 38 4 47

DATARG

Notes: Accident Rates = Accidents per Million Vehicle Miles Traveled.
p-values are computed top to bottom and are not computed where inconsistencies in the accident rate
trend exist.
(1) Access Density reflects both signalized and unsignalized access points.
Separate Variance t-statistic to account for unequal Cell Variances.
C.V.=Coefficient of variation.
NA =Not Applicable.

incorporated speed adjustments for access density. Acces$esmulti-lane rural and suburban arterials. The facilities gen-
included unsignalized intersections, commercial establisterally have posted speed limits of between 40 and 55 mph.
ments, and driveways. To account for different access volFhey usually have four or six lanes, often with physical

umes at various access points, it was assumed that

« 5 driveways = 1 access

« 1 commercial establishment = 1 access
» 1 unsignalized intersection = 2 accesses

medians or TWLTLSs, although they may also be undivided.
Traffic signals may be found along these facilities, but traf-
fic signals spaced at 2.0 mi or less typically create urban arte-
rial conditions. The speed adjustment factors in the 1994
HCM are based on the analysis performed for NCHRP Proj-
ect 3-33 9). The 1994 HCM states that

The speed adjustment factors shown in Table 33 were sug-

gested for 2-lane highways.

Reilly-HCM. The 1994Highway Capacity Manual (60)

An important influence on free-flow speed is the number
of access points along the right side of the roadway. The data
base used to establish the procedures in this chapter indi-

describes the impacts of access frequency on travel speedscated that the number of access points was the critical ele-

TABLE 33 Speed adjustments for access density: British Columbia

Access Density Running Speed
(Access/km) Adjustment Factor

0 1.00

5 0.96
10 0.93
15 0.90
20 0.86
25 0.83
30 0.79

Source: (61)
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ment in reducing free-flow speeds along a section of multi- Implications

lane highway. Although the amount of activity at each point

also contributes to changes in travel speed, itis apparentthat  The studies found that increasing the number of driveways
drivers adjust their travel speed not only on the basis of o yeducing driveway spacing) along a section of highway
entrances and exits at such points but also on the mere exis- . o

tence of access points. As expected, the addition of inter- increased delays and reduced roadway capacities. The meth-
sections or driveways along a multi-lane highway will ods and results varied from study to study, and there were no
reduce travel speeds. The procedures of this chapter show “before and after” studies. The field studies by Re#i) (

that for every 10 access points per mile that affect a given and the simulations by McShar@&2( 63 gave generally con-
direction of travel on a multi-lane highway, travel speed will  sjstent results. For driveway volumes of 600 per mile per
be reduced by 2.5 mph. hour, the Reilly studies (for uninterrupted flow) showed a

Note that this procedure takes into account only those . -
access points on one side of the roadway and not those on theSpeed loss of 1.0 to 1.7 mph per driveway, while the

opposite side of the roadway or openings in the median. If McShane simulations (for signalized arterials) suggested a
access points on the opposite side of the roadway or median 1.5- to 2.0-mph loss per driveway. (These comparisons are
openings for U-turns are expected to have a significant effect for up to four driveways per mile.)
on traffic flow in the direction of interest, these intersections,
driveways, or openings may be included in the determination
of access-point density.

Operations Analysis

W:]'abled 34 provides ;he suggested adjusFlmslnt f:ctors. Field studies were conducted to identify how right turns at
ere data on access frequency are not available, the 1gglhriveway affect other drivers following in the same lane.

HCM suggests the following access densities be used &R a surrogate measure of the number of impacts, the inci-

default values: dents of brake lights being activated or evasive maneuvers by
a following through vehicle were counted.
¢ Rural—0-10 driveways per mile The field investigation and analyses were conducted for 22
* Low-Density Suburban—11-20 driveways per mile  sites in Connecticut, lllinois, New Jersey, and New York.
« High-Density Suburban—21 or more driveways perEach site represented a major traffic generator along a sub-
mile urban arterial roadway. The arterials had no deceleration
lane, and the driveways were not signalized. Salient charac-
The adjustment factors make no distinctions between drivderistics of the study sites are shown in Table 35. These
ways and street intersections, nor do they differentiate béaclude dates and times of study, median type, number of
tween high-volume and low-volume access points. lanes, and distances from upstream and downstream inter-
The research for NCHRP Project 3-33 indicated that eackections.
turning movement per hour per mile of highway (for one Information was gathered on the number and percent-
direction of flow) reduces free-flow speeds by .005 mph, upge of through vehicles affected by right turns. The impact
to a maximum reduction of 10.0 mph. The presence of alengths of through vehicles affected were determined,
access point itself was found to reduce speed by 0.15 mphand, in turn, influence areas were computed. The results
For a right-turn volume of 500 vph and five access pointwere used to quantify the effects of multiple driveways
per mile, the speed loss would be 3.25 mph. However, witand to develop inputs for establishing unsignalized access
40 access points per mile and a right-turn volume of 500 vplspacing guidelines. The analysis procedure is outlined in
the speed loss would be 8.50 mph. Figure 17.

TABLE 34 Access point density adjustment factors

Reduction in
Access Points Free-flow Speed
Per Mile {mph)
0 0.0
10 2.5
20 5.0
30 7.5
40 or more 10

Source: Table 7-5 0f1994 HCM.



TABLE 35 Physical characteristics of study locations

[A74

Location Median Thru
No. Study Site Location Route No. City State| Date Time Type Lanes |
1 Edison Square 27SB Edison NJ |07/17/96 | 7:00 AM - 9:00 AM TWLTL 4
2 Tops 278B Edison NJ 107/20/96 | 2:00 PM - 5:00 PM UNDIVIDED 4
3 Home Depot 24 EB East Meadow | NY [09/27/96 | 4:00 PM - 6:00 PM [NON-TRAVERSABLE| 6
4 Frank's Nursery 1 NB Norwalk CT {10/05/96 |12:10 PM - 1:10 PM UNDIVIDED 4
5 Bradlee's/Stop & Shop 1SB Norwalk CT |10/05/96 | 2:15 PM - 4:15 PM UNDIVIDED 4
6* Jewel Osco 38 WB Lombard IL [11/09/96 - TWLTL 4
7 Sportmart & Marshall's 38EB Lombard IL [11/09/96 | 2:30 PM - 4:00 PM TWLTL 4
8 Golf Plaza II (Walgreens) 83SB Mount Prospect | IL [11/10/96 [11:30 AM - 1:30 PM| TRAVERSABLE 4
9 Butera Market Place 83 NB Des Plaines IL |11/10/96 | 2:45 PM - 5:00 PM TRAVERSABLE 4
10 Ancona's Market 102 EB Georgetown CT |{11/16/96 | 1:10 PM - 2:10 PM UNDIVIDED 2
11 TOYS'R' US I NB Norwalk CT |11/16/96 | 3:30 PM - 6:00 PM UNDIVIDED 4
12 Kids 'R' Us/Gap/Office Max 18SB E. Brunswick NJ |11/17/96 {11:00 AM - 2:00 PMNON-TRAVERSABLE| 6
13 Archway Plaza 100 SB Greenburgh NY |11/23/96 [{12:35 PM - 2:35 PM UNDIVIDED 4
14 Price Club Vineyard Rd. WB Edison NJ [11/24/96 {11:30 AM - 1:30 PM UNDIVIDED 2
15+ Greenville Plaza 100 SB Greenburgh NY (11/23/96 - TWLTL 4
16 Offices of EAB, Canon, etc. New Hyde Park Rd. SB| Manhasset Hills { NY |12/05/96 | 7:30 AM - 9:30 AM UNDIVIDED 4
17 T.J. Maxx & Noodle Kidoodle 25AEB Greenvale NY |12/05/96 (11:30 AM - 1:30 PM UNDIVIDED 4
18 Astoria Federal Office Marcus Ave. EB Lake Success | NY [12/10/96 | 7:00 AM - 9:30 AM UNDIVIDED 2
19 L.IJ. Medical Center Marcus Ave. EB Lake Success | NY |12/10/96 | 7:30 AM - 9:30 AM UNDIVIDED 2
20 North Shore Atrium 25EB Locust Grove | NY |12/11/96 | 7:15 AM - 9:15 AM [TWLTL / UNDIVIDED| 4
21 King Kullen 25WB Huntington Manor| NY |12/15/96 | 2:00 PM - 4:00 PM TWLTL 4
22 Warner Lambert Office 53 SB Morristown NJ_112/20/96 | 7:30 AM - 9:30 AM UNDIVIDED 2

Dist. from | Dist. from
No. of Upstream | Downstream
Driveway Signal Signal
Movements (Feet) (Feet)
4 725 600
4 1050 2,250
3 700 725
4 1000 400
4 490 800
3 800 575
4 1050 575
6 525 900
6 925 525
4 N/A 450
3 420 1,100
2 550 775
2 975 675
4 N/A 1,000
4 550 825
1 1100 475
2 500 750
4 1550 750
4 1950 375
4 1100 950
4 2150 525
4 1100 N/A

* Dropped from analysis because arterial traffic was backing up periodically from downstream signal and blocking the driveway.

N/A - Not Applicable



43

Identify No. and Percent
of Through Vehicles
Impacted

Determine Impact
Lengths of Through
Vehicles Impacted

Determine Lengths of
Influence Areas for
Through Vehicles

Consider Multiple
Driveway Situations

Provide Guidelines
Based on percent of
Through Traffic
Influenced At or Beyond
Another Driveway

Establish Guidelines
Based on percent of
Through Traffic
Impacted

Figure 17. Flow chart for establishing unsignalized access spacing
guidelines.

The study identified the following: quency with which the influence length for a right-

1.

2.

. The “influence areas”

turn-in vehicle would extend to or beyond another
The number and percentage of through vehicles in the  driveway).
curb lane that are impacted at a single driveway,
The percentage of through vehicles in the curb lane th

: ) : %rough Vehicles Affected by Right Turns
are impacted over a series of driveways,

- The distances back from a single driveway entrance e nymber and percentage of through vehicles affected

that cars begin_to F’e affec_:ted—the imp_act length angy vehicles turning right were obtained from field opera-
the spatial distributions of mpacted ve_hlcles, tions. The effects of right turns were analyzed. The results
or influence distances befor9\/ere extended to assess the percentage of through vehicles

(upstream of) a driveway entrance (This INVOIVeS, o right |ane that would be impacted over a series of
adding perception-reaction distance and car length), driveways

. The variations of influence distances by roadway oper-

ating speed,

. The proportions of affected through vehicles in the Single DrivewaysTraffic volume and impact characteristics

curb lane that would extend to or beyond at least onat each study site are shown in Table 36. The right-lane volume
driveway over a section of road at various operatinganged from roughly 245 to 820, with an average of roughly
speeds, and 525. The right-turn-in volume ranged from roughly 10 to 245,

. The emergent access spacing implications. (A basiwith an average of roughly 100. The percent of right-lane

premise is that minimizing the number of accesghrough vehicles impacted by right turns ranged from roughly
points that a driver must monitor simultaneously sim-2 to more than 45 percent, with an average of 17 percent.
plifies the driving task, thus, spacing guidelines Figure 18 plots the percent of through vehicles affected as
could be established to reflect the acceptable frea function of right-turn-in volumes. A good linear relation-
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TABLE 36 Volume and impact data for one-hour intervals for each study site

ship exists with a coefficient of determinatior?f 0.78.

% of Right
Right Lane | Lane Thru
Thru Vehicles Vehicles
Right Lane | Impacted by | Impacted by
Right Lane | Right Turn In| Through |Right Turn In |Right Turn In
Volume,V | Volume, R {Volume, V-R| Actual, Iy Actual,
Site No. Site (vph) (vph) (vph) (vph) I/(V-R) =P,
1 Edison Square 317 61 256 26 10%
1 Edison Square 395 92 303 52 17%
2 Topps 393 233 160 75 47%
2 Topps 385 245 140 56 40%
2 Topps 464 199 265 66 25%
3 Home Depot 575 48 527 37 7%
3 Home Depot 646 53 593 39 7%
4 Frank's Nursery 676 66 610 42 7%
5 Bradlees 566 153 413 158 38%
5 Bradlees 639 138 501 167 33%
7 Sportsmart & Marshall's 760 132 628 133 21%
7 Sportsmart & Marshall's 719 89 630 96 15%
8 Golf Plaza 418 69 349 67 19%
8 Golf Plaza 456 66 390 49 13%
9 Butera Market Place 472 138 334 89 27%
9 Butera Market Place 452 137 315 76 24%
10 Ancona's Market 244 48 196 25 13%
11 Toys 'R' Us 450 113 337 108 32%
11 Toys 'R' Us 449 80 369 66 18%
12 Kids R Us 719 96 623 81 13%
13 Archway 819 91 728 72 10%
13 Archway 776 125 651 126 19%
14 Price Club 300 51 249 20 8%
14 Price Club 383 63 320 32 10%
17 T.J. Maxx 615 156 459 129 28%
17 T.J. Maxx 585 132 453 92 20%
18 Astoria Federal 364 15 349 12 3%
18 Astoria Federal 696 104 592 72 12%
18 Astoria Federal 557 9 548 9 2%
19 L.LJ. Medical Center 445 57 388 25 6%
19 L.LJ. Medical Center 557 105 452 49 11%
21 King Kullen 688 86 602 60 10%
21 King Kullen 748 86 662 84 13%
22 Wamer Lambert 330 78 252 19 8%
22 Warner Lambert 379 66 313 39 12%
Min 244 9 140 9 2%
Max 819 245 728 167 47%
Avg 527 99 427 67 17%

Multiple DrivewaysThe percentage of through traffic that

The percentage of through vehicles affected was about 0.1®uld be affected over #.mi road section was derived by
times the right-turn volume. extending the preceding analysis. It was estimated that each
A comparison of actual and predicted values is shown idriveway would have approximately the same right-turn vol-
Table 37. In this table, the 38 entries are ranked by increagme. “Through” volumes reflected those vehicles not mak-

ing right-turn-in volume. The absolute difference betweenng right turns at any one driveway.

the predicted and actual number of right turns averaged 16. Four levels of right-turn volumes were derived. Their
Some 16 site-entries had a difference of fewer than 10 vehimpacts were based on the following values given on the four
cles, and 8 had a difference of between 10 and 20 vehiclessubtotal” rows in Table 37.
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Figure 18. Percent of right-lane through vehicles impacted by right-turn-in vs. right-turn-in volume.

Percent of ThrougWehicles  Driveway Impact Lengths

Right-Turn Volume (vph) iRight Lane Impacted
The information gathered from the 22 sites was analyzed
<30 2 . . . .
31-60 . to identify key patterns of driver behavior. Frequency and
61_90 12 cumulative frequency distribution curves were prepared of
o - % o impact lengths for each site. Figure 20 presents a composite
ver of the cumulative distributions of impact length for all sites.

d:or these plots, the x-axis gives impact length and the y-axis
gives the percent of impacted vehicles that are impacted
beyond a specified length.

The probability of right-lane through vehicles being impacte
at least once péfs mi was estimated by the formula:

Py :1_(1_ Pl)n 7 - A_ review of the |nd|V|dua] p_att.ernS indicated the follow-
ing impact length characteristics:
where: . _ * Range (15-425 ft),
n = number of driveways péfs mi « Mean (99-234 ft)
P, = probability of a through vehicle being . Median (79-211 f,t)
impacted at a single driveway - Mode (90-275 ft) and

. R « 85" Percentile (116-302 ft).
The results of these calculations are given in Figure 19 and

Table 38. These values are independent of speeds becausglowever, more important than the percentages of
they deal only with the percent of right-lane through vehiclesiffected vehicles is the distribution of impact lengths

affected—not how far back the impact area extends. Thusxpressed in terms of the percentages of all right-lane
if there was a driveway spacing of 100 ft and resultant 13.through vehicles, whether affected or not. These values
driveways pet/a mi and a right-turn volume of 30 to 60 vph, were obtained by multiplying the percentage of right-lane
about 64 percent of the through vehicles would be affectedhrough vehicles affected by right turns for each hour at
If the driveway spacing was increased to 400 ft, 23 percermtach study site by its corresponding impact length distribu-
of the through vehicles would be affected. tion curve. A similar procedure was used to obtain com-
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TABLE 37 Comparison of actual and predicted through vehicles impacted

1 2 3 4 5=3-4 6 7=6/5 8 9=8x5 | 10=9-6 [11=19-6
Right Lane | % of Right } % of Right } Right Lane
Thru Lane Thru | Lane Thru Thru
Vehicles Vehicles Vehicles Yehicles
Right lImpacted by} Impacted by] Impacted by {Impacted by] Difference,
Right Right Lane ] Right Turn{ Right Turn | Right Turn | Right Turn| Predicted
Lane | Turnln | Through In- In- In- In - Minus Absolute
Site Yolume, | Volume, | Volume, Actual, Actual, Predicted, { Predicted, ] Actual, |Difference,
No. Site V (vph) | R(vph) | V-R (vph)] I; (vph) I/(V-R) 1/(V-R) 21 (vph) Ir-Ip 13- Iy
18 Astoria Federal 557 9 548 9 2% 1% 4 5 5
18 Astoria Federal 364 15 349 12 3% 2% 6 6 6
Subtotal 921 24 897 21 2%

3 Home Depot 575 48 527 37 7% 8% 41 -4 4
10 Ancona's Market 244 48 196 25 13% 8% 15 10 10
14 Price Club 300 51 249 20 8% 8% 21 -1 1
3 Home Depot 646 53 593 39 7% 9% 51 -12 12
19 | L.IJ. Medical Center 445 57 388 25 6% 9% 36 -11 1

Subtotal 2210 257 1953 146 7%

1 Edison Square 317 61 256 26 10% 10% 26 0 0
14 Price Club 383 63 - 320 32 10% 10% 34 -2 2
4 Frank's Nursery 676 66 610 42 7% 11% 67 -25 25
8 Golf Plaza 456 66 390 49 13% 11% 43 6 6
22 Wamer Lambert 379 66 313 39 12% 11% 35 4 4
8 Golf Plaza 418 69 349 67 19% 12% 40 27 27
22 Warner Lambert 330 78 252 19 8% 13% 33 -14 14
11 Toys 'R' Us 449 80 369 66 18% 14% 50 16 16
21 King Kullen 688 86 602 60 10% 15% 88 -28 28
21 King Kullen 748 86 662 84 13% 15% 97 -13 13
7 |Sportsmart & Marshall's|] 719 89 630 96 15% 15% 96 0 0

Subtotal 5563 810 4753 580 12%

13 Archway 819 91 728 72 10% 16% 113 -41 41
1 Edison Square 395 92 303 52 17% 16% 48 4 4
12 Kids R Us 719 96 623 81 13% 16% 103 -22 22
18 Astoria Federal 696 104 592 72 12% 18% 106 -34 34
19 | L.IJ. Medical Center 557 105 452 49 11% 18% 82 -33 33
11 Toys 'R' Us 450 113 337 108 32% 20% 66 42 42
13 Archway 776 125 651 126 19% 22% 142 -16 16
7 |Sportsmart & Marshall's] 760 132 628 133 21% 23% 145 -12 12
17 T.J. Maxx 585 132 453 92 20% 23% 104 -12 12
9 Butera Market Place 452 137 315 76 24% 24% 75 1 1
s Bradlees 639 138 501 167 33% 24% 121 46 46
9 Butera Market Place 472 138 334 89 27% 24% 81 8 8
5 Bradlees 566 153 413 158 38% 27% 111 47 47
17 T.J. Maxx 615 156 459 129 28% 27% 126 3 3
2 Topps 464 199 265 66 25% 35% 93 -27 27
2 Topps 393 233 160 75 47% 41% 66 9 9
2 Topps 385 245 140 56 40% 44% 61 -5 S

Subtotal 9743 2389 7354 1601 22% I
Min 244 9 140 9 2% 1% 4 -41 0
Max 819 245 728 167 47% 44% 145 47 47
Avg 527 99 427 67 17% 17% 69 -2 16

Note: Ranked by Right-Tum-In Volume, Column 4
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TABLE 38 Percentage of right-lane through vehicles impacted at least once pemi

]),-l::v::ys % of Right L.ane Through Vehicles Impacted at Least Once per 1/4 Mi. =
Driveway| per 1/4 1-(1-P)°
Spacing Mi., R <30 vph 30 vph <R <60 vph | 60 vph <R <90 vph R >90 vph

(ft) n P, =24% P, =7.5% P, =12.2% P, =21.8%
100 13.2 27.2% 64.1% 82.1% 96.1%
150 8.8 19.1% 49.5% 68.2% 88.5%
200 6.6 14.7% 40.1% 57.6% 80.2%
250 5.3 11.9% 33.7% 49.7% 72.6%
300 4.4 10.0% 29.0% 43.6% 66.1%
350 3.8 8.7% 25.4% 38.8% 60.4%
400 33 7.6% 22.6% 34.9% 55.5%
450 29 6.8% 20.4% 31.7% 51.3%
500 2.6 6.2% 18.5% 29.1% 47.7%
550 24 5.6% 17.0% 26.8% 44.5%
600 22 5.2% 15.7% 24.9% 41.7%
650 2.0 4.83% 14.6% 23.2% 39.3%
700 1.9 4.4% 13.6% 21.8% 37.1%
750 1.8 4.1% 12.8% 20.5% 35.1%
800 1.7 3.9% 12.0% 19.3% 33.3%
850 1.6 3.7% 11.4% 18.3% 31.7%
900 1.5 3.5% 10.8% 17.4% 30.2%
950 14 3.3% 10.2% 16.5% 28.9%
1000 1.3 3.1% 9.7% 15.8% 27.7%
1050 1.3 3.0% 9.3% 15.1% 26.6%
1100 1.2 2.8% 8.9% 14.5% 25.5%
1150 1.1 2.7% 8.5% 13.9% 24.6%
1200 1.1 2.6% 8.2% 13.3% 23.7%
1250 1.1 2.5% 7.9% 12.8% 22.8%
1300 1.0 2.4% 7.6% 12.4% 22.1%

posite curves. The subtotal rows in Table 37 give grouriveway Influence Lengths

averages for the four classes of right-turn-in volumes pre-

viously identified (i.e., less than 30, 31-60, 61-90, and over The influence lengths or areas associated with various

90.) These percentage values were applied to the compdéght-turn volumes and driveway frequencies were also

ite cumulative frequency distribution (Figure 20). Theestablished. This involved defining influence length com-

results are shown in Figure 21. ponents, determining influence distances for a single drive-
This figure shows the composite curves for the four range&ay at various speeds, and extending the results to a series

of right-turn volumes. The curves can be used to estimate tt¢é driveways.

percentage ofthrough vehicles in the rightlanethatwould e |nfluence Distance ConceptShe “influence area” or

affected for various distances from a driveway for each range,f ence distance” associated with right turns at a driveway

of right-turn-in volumes. Thus, for a distance of 150 ft;qngjsts of three components. These are as follows:
upstream of the driveway entrance and a right-turn volume

greater than 90 vehicles per hour, roughly 7 percent of the * The impact length—Determined from field observations.
right-lane through vehicles would be affected. At a distance ¢ Car length—The car length was added because the
of 100 ft upstream of a driveway, and a right-turn volume of  field observations of impact lengths were taken at
60 to 90 vehicles per hour, almost 7 percent of the right-lane  the front of each car and the influence length should be
through traffic would be affected. At a distance of 200 ft, measured to the rear of a vehicle. A value of 25 feet was
roughly 2 percent would be affected. used.



100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

Percent of Impacted Vehicles That Are Impacted Beyond the
Specified Length

0%

Figure 20.

N
\\
— |
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
Impact Length (feet)
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» Perception-reaction distance—A perception reaction
time of 2 seconds was used as typical of suburban con-
ditions. (This represents the average of the 1.5 sec and
2.5 sec that AASHTO specified for urban and rural con-
ditions, respectively.)

The equation for perception and reaction distance is:
d=1.47St

Where:

d = the perception-reaction distance in feet
1.47 = the conversion factor from miles per hour to feet
per second
S=the speed in miles per hour
t = the reaction time in seconds

A vehicle is considered to be influenced at or beyond
another driveway if the influence length is greater than
or equal to the driveway spacing, minus the driveway
width. Figure 22 shows the situation where the vehicle
is not influenced at or beyond another driveway (influ-
ence length < driveway spacing — driveway width).

Influence distances were computed for the study sites.
They were based on an average running speed of 30
mph. (Running speed is the travel distance divided by
running time—the duration during which a vehicle is in
motion.) The resulting influence area (in feet) is:

Influence Area = Impact LengthCar Length+ PIEV
distance
Influence Length = Impact Length25 + 30(2)(1.468)
= Impact Length+ 113

Figure 23 shows the cumulative frequency distribution of
influence lengths for the four right-turn-in volume groups. It
is similar to Figure 21, with the curves shifted 113 ft to the
right to account for the above calculation. The posted speeds
at the study sites ranged from 30 to 45mph, with an average
of 35.6 mph. Therefore, to be conservative, this figure was
considered for posted speeds of 30 mph.

Single DrivewayThe influence distance of a single drive-
way will increase as speeds increase. This is because driver
behavior is keyed to separation in time (as well as space) and
because perception-reaction distances increase as speeds
rise. The analysis found that the impact length was related to
speed and the distance from the upstream traffic signal.

1. Length ChangesAccordingly, the following equation
was used to obtain impact lengths for various speeds in
suburban settings:

51

L = 0.361[(s-30)? + s] + /0.050d + 86.073
(R? = 0.778)

where:

L is the mean impact length in feet.

sis the running speed in mph. %30 mph)

dis the distance in feet from the nearest upstream traf-
fic signal.

This equation predicts the mean impact length for
different running speeds. It was used to convert the
impact length for any percentile from a running speed
of 30 mph to other speeds. The running and posted
speeds were considered to be comparable for purposes
of calculating impact lengths and influence areas.

Solving the above equation fad,” yields a value of
1,142 ft. Substituting different speed values into the
equation while holdingd” constant yields their corre-
sponding mean impact lengths. Dividing these num-
bers by 154 ft, the mean impact length for a posted
speed of 30 mph, gives a factor for converting impact
lengths at any percentile for a posted speed of 30 mph
to impact lengths at the same percentile for any other
speed. The results are shown below.

Posted Mean Impact
Speed Length Factor  Speed Ratio
30 154 1.00 1.00
35 164 1.07 1.17
40 194 1.26 1.33
45 241 1.56 1.50
50 306 1.98 1.67
55 389 2.52 1.83

Thus, to transform the 30-mph impact length curve
to that for any other speed, the impact length for each
percentile should be multiplied by the factor given
above. Alternatively, impact lengths could be esti-
mated based on the ratio of the observed speed to 30
mph. These indexes are also shown.

. PIEV Distance and Car Length. The car length

remains constant. The PIEV distances are calculated
with a different speed. The resulting values are as
follows:

Posted Speed (mph) PIEV Distance
30 88
35 103
40 117
45 132
50 147
55 161
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Driveway Upstream of Study Driveway
Position of Through L w] Car Length
Vehicle at Start of PIEV — ‘
Driveway l
Spacing
PIEV Distance
Influence Length
Position of Through Vehicle B
at Moment of Impact
Impact Length

Y % Yy

Study Driveway

Note: When the Influence Length is less than the Driveway Spacing minus the Driveway Width, the vehicle is not
influenced at or beyond another driveway.

Figure 22. Determination of influence length.

3. Example. The following example illustrates these pro- Influence Length = Impact LengthPIEV Distance
cedures for estimating the influence length to ensure + Car Length
that not more than 10 percent of the through vehicles = 112+ 30 (2) (1.468) 25
are influenced beyond a given distance. = 225 ft

* As shown in Figure 23, for the influence length curve « For 35 mph, the influence length is estimated as

for driveways with right-turn-in volumes greater than follows:

90 vph, the 10 percent value on the y-axis corresponds

to 225 ft on the x-axis. This means that 10 percent of Influence Length = Impact LengthPIEV Distance
the right-lane through vehicles are influenced beyond + Car Length

a distance of 225 ft for a posted speed of 30 mph. This = 112(1.07}+ 35 (2)(1.468) 25

distance may be calculated as follows: = 248 ft



25%

Right-Tum-In Vol., R > 90 vph

20% ™

<

Posted Speed = 30 mph

15% \

[60vph < R < 90vph |

T~

| [Sovph<R<60vph | \ \
T~
\

—_ \
\
R<30vph
vp I ! \\\é\
2 R h— e

100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Influence Length (feet)

10%

N

\\\
\

5% !

Percent Of Right-Lane Through Vehicles That Are Influenced
Beyond the Specified Length, P,

* Influence length is equal to the impact length (Figure 21) plus the PIEV distance plus the car length.

Figure 23. Cumulative distribution of influence lengths for right-lane through vehicles, for aterials classified by right-turn-in
volume.

€§



54

4. Influence Areas for a Single Driveway.Influence  driveway, is 1- P,. The probability of not being influenced
length curves for posted speeds of 35 to 55 mi per houwt or beyond another driveway for n driveways is @)". If
were prepared and are included in Appendix B. n is the number of driveways pgrmi, (1- P)"is the prob-
ability of not being influenced across another driveway for a
Multiple Driveways.The influence length curves were ¥s-mi segment. The complement of this, the probability of
expanded to assess the effects of multiple driveways. THeeing influenced at least once pemi, is then 1- (1 - P)".
results are shown in Table 39 for a posted speed of 30 mph.The tables provide a means of assessing impacts where a
Tables for speeds ranging from 35 mph to 55 mph ardriveway is added, closed, or consolidated. This involves com-
included in Appendix B. These exhibits provide usefulparing the impact percentages for speed and right-turn vol-
guides for assessing the effect of a series of driveways armes for the before and after conditions. This information may
through vehicle performance. be used to identify the cumulative effect of decisions concern-
A description of Table 39 follows. The first two columns ing driveway location and unsignalized access spacing.
in this table show driveway spacing in increments of 25 ft
and the corresponding number of driveways per 14 mComparisons of Results

(defined as). For each of the four right-turn-in volume per
driveway categories, is the probability of a vehicle being  Table 40 identifies a range of unsignalized driveway spac-

influenced at or beyond another driveway for a single driveings that are based upon “spillback,” a measure of operational
way condition. Figure 23 is used to get Byevalues for any  performance. “Spillback,” is defined as a right-lane through
given driveway spacing. Thus, for a 225-ft influence lengttvehicle being influenced at or beyond the driveway upstream
(30 mph) with more than 90 entering right turns per driveof the analysis driveway. Spillback occurs when the influence
way, 10 percent of the through vehicles would be influencet&ngth is greater than the driveway spacing minus the driveway
beyond this distance (Figure 23). When 30 ft are deducted favidth. The spillback rate represents the percentage of right-lane
the driveway width and the figure is reentered at an influendéirough vehicles that experience this occurrence.
length of 195 ft, the corresponding value for a single drive- Table 40 presents a comparison of access spacings com-
way is 14.7 percent. This is the value that is enter@d ims  puted for spillback rates that range from 2 to 25 percent. The
Table 24 (folR> 90 vph and a driveway spacing of 225 ft). more liberal the standard (i.e., the greater the percentage of
The percentage of through vehicles in the right lane influvehicles influenced at or beyond another driveway), the
enced at or beyond another driveway at least oncesper  shorter the required driveway spacing. Similarly, the lower
is derived as follows. The probability of being influencedthe assumed right-turn volumes (average per driveway), the
at or beyond another driveway . The probability of shorter the allowable spacing. The table also shows New
the complement, not being influenced at or beyond anothdersey and Colorado standards for comparative purposes.

TABLE 39 Percentage of right-lane through vehicles influenced at or beyond another driveway:
posted speed = 30 mph

Right-Turn-In Volume per Driveway, R (vph)
R<30 30 <R <60 60 <R <90 R>90
No. of Multiple Mutltiple Multiple Multiple
Driveways Driveways, At Driveways, At Driveways, At Driveways, At
Driveway| per 1/4 Single | Least Once Single | LeastOnce Single | Least Once Single | LeastOnce
Spacing Mi., |Driveway,| Per 1/4Mi., Ipriveway,| per /4 Mi., |priveway,| Per /4 Mi., |Driveway,| Per 1/4 Mi.,
(ft) n P, 1-(1-P)° P, 1-(1-Py) P, 1-(1-Py)" P, 1-(1-p)°
100 13.2 2.4% 27.3% 7.5% 64.2% 12.2% 82.1% 21.8% 96.1%
125 10.6 2.4% 22.5% 7.5% 56.0% 12.2% 74.7% 21.8% 92.5%
150 8.8 2.4% 19.0% 7.5% 49.4% 12.2% 68.1% 21.7% 88.4%
175 7.5 2.3% 16.1% 7.2% 43.1% 11.8% 61.1% 21.0% 83.1%
200 6.6 2.1% 13.0% 6.6% 36.1% 10.7% 52.6% 19.1% 75.3%
225 5.9 1.6% 9.1% 5.0% 26.2% 8.2% 39.6% 14.7% 60.7%
250 5.3 1.2% 6.0% 3.6% 17.8% 5.9% 27.6% 10.6% 44.7%
275 4.8 0.9% 4.0% 2.7% 12.2% 4.4% 19.3% 7.8% 32.3%
300 44 0.6% 2.8% 2.0% 8.6% 3.3% 13.8% 5.9% 23.5%
325 4.1 0.5% 1.9% 1.5% 5.9% 2.4% 9.4% 4.3% 16.3%
350 3.8 0.3% 1.2% 1.0% 3.7% 1.6% 6.0% 2.9% 10.5%
375 3.5 0.2% 0.7% 0.6% 2.2% 1.0% 3.6% 1.9% 6.4%
400 3.3 0.1% 0.4% 0.4% 1.4% 0.7% 2.2% 1.2% 3.9%
425 3.1 0.1% 0.3% 0.3% 0.8% 0.4% 1.3% 0.7% 2.3%
450 2.9 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%




TABLE 40 Unsignalized access spacing comparisons
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Possible Spacing Guideline Based Upon Maximum Allowable Spillback Rate of Right Lane Through

Posted Existing Spacing Vehicles Influenced by Right-Turn-In At or Beyond Another Driveway at Least Once per 1/4 Mi.

Speed Standards (ft) 2 % Allowed 5 % Allowed 10 % Allowed

Limit | New Jersey| Colorado Right Turn In Vol. per D'way, R (vph) Right Turn In Vol. per D'way, R (vph) Right Turn In Vol. per D'way, R (vph)

(mph) DOT DOT R <30 | 30<R<60 { 60<R<90 | R>90 | R <30 | 30<R<60 | 60<R<90| R>90 | R <30 | 30<R<60 | 60<R<90| R>90
30 125 200 320 380 405 430 260 335 360 385 220 290 320 355
35 150 250 345 405 435 460 280 355 385 415 235 310 345 380
40 185 325 380 460 490 520 305 400 430 465 250 340 380 420
45 230 400 430 530 565 610 340 450 495 540 270 380 430 485
50 275 475 490 620 665 725 380 520 575 630 285 425 490 560
55 330 550 550 725 780 855 420 590 665 740 290 480 550 645

Possible Spacing Guideline Based Upon Maximum Allowable Spillback Rate of Right Lane Through

Posted Existing Spacing Vehicles Influenced by Right-Turn-In At or Beyond Another Driveway at Least Once per 1/4 Mi.

Speed Standards (ft) 15 % Allowed 20 % Allowed 25 % Allowed

Limit | New Jersey | Colorado Right Turn In Vol. per D'way, R (vph) Right Turn In Vol. per D'way, R (vph) Right Turn In Vol. per D'way, R (vph)

(mph) DOT DOT R <30 | 30<R<60 | 60<R<90| R>90 | R<30 | 30<R<60| 60<R<90 | R>90 | R<30 | 30<R<60 | 60<R<90| R>90
30 125 200 185 260 295 320 140 245 270 310 110 230 255 295
35 150 250 190 280 315 355 140 260 290 330 110 245 275 315
40 185 325 195 305 345 390 140 285 320 370 110 265 300 345
45 230 400 195 340 385 445 140 315 355 410 110 290 335 385
50 275 475 195 380 435 510 140 345 400 470 110 315 370 435
55 330 550 195 420 490 580 140 380 445 530 110 330 415 495

APPLICATION GUIDELINES the reported data. In urban and suburban areas, each access
point (or driveway) added would increase the annual acci-
This section contains guidelines for assessing the safetyent rate by 0.11 to 0.18 on undivided highways and by 0.09
travel time, and operations impact of unsignalized access 0.13 on highways with TWLTLSs or nontraversable medi-
spacing. It also suggests guidelines for identifying the needns. In rural areas, each access point (or driveway) added
for right-turn deceleration lanes and for establishing accesgould increase the annual accident rate by 0.07 on undivided
separation distances. Finally, it identifies the emergent plamighways and 0.02 on highways with TWLTLs or nontra-
ning and policy implications. The various guidelines reflectyersable medians.
build upon, and apply the information contained in previous Representative accident rates by signalized and unsignal-
sections of this report. ized access density are shown in Figure 26 for urban and sub-
urban areas. These rates contain adjustments to account for
apparent inconsistencies.
Each unsignalized driveway may add about 0.02 to the
accident rate at low signal densities and from 0.06 to 0.11 at
The generalized effects of access spacing on accidents Ggigher signal densities.
be estimated by applying the accident rate indexes shown inThe rates in Figure 26 may be used to estimate the changes
Table 41. The composite indexes show the relative increaggsociated with increasing unsignalized access density at any
in accidents that can be expected as the total driveway degiiven signal density (driveways to single-family residences
sity in both directions increases. These indexes suggest théiould be excluded). However, the figure should not be used
doubling the access frequency from 10 to 20 per mile wouléb estimate the effects of adding signals. This is because in
increase accident rates by 40 percent. A road with 60 acceseriving the rates, signal density served as a surrogate for
points per mile would have triple the accident rate (200 pefeross-street traffic.
cent increase) as compared with a spacing of 10 access point$tates may underestimate accidents along sections of
per mile. Each additional access point increases the accidentdway with both heavy ADTs and driveway traffic because
rate by about 4 percent. there is a greater proportion of nonreportable accidents.
Figures 24 and 25 present accident rates by median tygénerefore, care should be exercised when these rates are
and total access density (both directions) for urban-suburbapplied along heavily traveled roadways in large metropoli-
and rural roadways, respectively. These are shown for than areas. In such cases, basic accident rates should be
midpoints of the unsignalized access spacing groups armbtained; the values in the table should be used to assess the
reflect adjustments to eliminate apparent inconsistencies itifferential cumulative impact of adding driveways.

Safety Impacts
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TABLE 41 Suggested accident indices for unsignalized access spacing

Literature
Access Points Synthesis Safety Suggested
Per Mile* (Fig. 4-5) Analysis Value
10 1.0 1.0 1.0
20 1.3 1.4 1.4
30 1.7 1.8 1.8
40 2.1 2.1 21
50 2.8 2.3 2.5
60 4.1 2.5 3.0
70 - 2.9 3.5

* Total for both directions.

The following procedure may be used to estimate thaccess points per mile and 400 right turns per mile, the speed
cumulative impacts of changing unsignalized access spacingduction would be 8.0 mph. When the right-turn volume
along a section of road: increases to 600, the speed reduction becomes 9 mph. The

1994 HCM value in both cases is 10 mph.
Given: Actual Accident Rate = A

Existing Driveways Per Mile = D Operations Impacts

Existing Signals/Mile = 8

Proposed Driveways Per Mile 3 d Operations impact procedures and estimates are set forth
Obtain: Estimated existing and future ratesgf B) from  for the following:

Figure 26.

¢ Travel times;

« Vehicles “impacted” by a single driveway and by mul-
tiple driveways; and

« Influence area lengths, including spillback implications
across upstream driveways.

Apply: The ratio of B/R; to the actual rate A.

The following example will help to illustrate the application
of this procedure.

The actual accident rate on a roadway with three signals
per mile and 18 driveways per mile is 7.0 accidents per mil-
lion VMT. An additional 12 driveways are planned, result-Through Vehicles Impacted
ing in a total of 30 driveways per mile.

The projected accident rate is calculated as follows using 1€ Percentage of thrquglh vehicles in the right Ianel tqat
Figure 26 to estimate;Rnd R. would be impacted at a single driveway is approximately 18

percent of the right-turn volume. This typically applies wher-
ever the total right-lane volume ranges from 250 to 800 vph.

Projected Rate = Actual Rate ﬁ =70x 5.6 _The approximatg perc_entages of right-lane through vehicles
Ry 4.5 impacted for various right-turn volumes are as follows:
=8.7 acc/VMT ) ) ]
Right-Turn Percent of Right-Lane Through Vehicles
. Volume Impacted at a Single Driveway

Travel Times <30 5
. o : . 31-60 7
The travel times along unsignalized multi-lane divided g7 g 12
highways with no traffic signals can be estimated by the pro- > gg 22

cedures developed by Reill$g) and set forth in the 1994
Highway Capacity ManualSpeeds are estimated to be Table 43 extends these results to a series of driveways along
reduced 2.5 mph for every 10 access points up to a 10 mph/ami section of road. The right-turn volumes should repre-
reduction for 40 access points per mile. The procedure takesnt the averages for the study section. Thus, for a 200-ft
into account those access points on one side of a roadwalyiveway spacing and right-turn volume of 40 vph per drive-
However, if access points on the opposite side of the roadry, about 40 percent of the vehicles in the curbrabtirn-
way have a significant effect on traffic flow, they may being right would be impacted at least once. Similarly, for a 400-
included in determining access point density. ft spacing and 80 right turns per hour per driveway, about 35
More detailed analysis by Reilly showed a speed reductiopercent of the right-lane through vehicles would be impacted.
of 0.15 mph per access point and 0.005 mph per right-turn- Table 44 summarizes the cumulative distributions of
ing movement per mile of road (see Table 42). Thus, for 4inpact distances.
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Influence Distances Two examples using Table 45 follow:

The influence distances add driver perception-reaction 1. There are six driveways in themi section to be ana-
distances and car lengths to the impact lengths. The exhibits lyzed. This corresponds closely to a 225-ft spacing. The
in Appendix B to this report give the percentage of right-  average driveway right-turn entry volume is 40 vph. At
lane through vehicles that would be influenced at or beyond g spacing of 225 ft and a right-turn volume of 40 vph,
a single driveway for various posted speeds and right-turn 7 3 percent of the right-lane through traffic would be
lane volumes and driveway spacings. Table 45 presents the jnfluenced at or beyond a single driveway. However,

results for a 45-mph posted speed. ~ 36.0 percent would be influenced at or beyond at least
The use of this (and related tables in the appendix) is  one of the driveways in tHg-mi section.
straightforward: 2. If the driveways were consolidated so there were three

driveways pet/a mi, the impacts would be as follows:
three driveways pe¥s mi results in close to a 450-ft
spacing. The average right-turn-in volume per drive-
way would be 80 vph. At this spacing, 2.9 percent of
' _ the right-lane through vehicles would be influenced at
3. Where there are several drl\_/eways along a section of beyond an individual driveway and 8.2 percent of
road, estimate the average rlght-tqrn volume per hour  the vehicles would be influenced at or beyond at least
per driveway and the number of driveways gemi. one of the driveways in thé-mi section. Thus, drive-
4. Look up the appropriate entry in the table to obtain the way consolidation has reduced the impact.
likely percent of through vehicles influenced by drive-

way traffic, both at individual driveways and in the sec-
tion of road. lllustrative Applications

1. Select the table with the appropriate posted speed. In
this case, the speed is 45 mph.

2. Estimate (or obtain) the number of right turns entering
a driveway during the peak hour.

This information may be used to identify the cumulative Illustrative applications, reflecting the results of the safety
impact of making decisions concerning driveway locatiorand operations analysis, were developed for deceleration
and unsignalized access spacing. lanes and for unsignalized access spacing.
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TABLE 42 Speed reductions for uninterrupted multi-lane arterials

Right-Turn Volume Per Mile
(Per Hour)
100 200 300 400 500 600 900 HCM
Speed Loss Speed Loss (mph) @ .25 Speed
Access | PerAccess | 05 10 15 20 25 3.0 4.5 Loss
Points/ Point Combined Speed Per
Mile (mph) Loss (mph) Access
015@ |o065@ 115 165 215 265 315 465 125
5 0.75 1.25 1.75 2.25 2.75 3.25 3.75 5.25 1.25
10 1.50 2.00 2.50 3.00 3.50 4.00 4.50 6.00 2.50
15 225 2.75 3.25 3.75 425 4.75 5.25 6.75 3.75
20 3.00 3.50 4.00 450 5.00 5.50 6.00 7.50 5.00
30 4.50 5.00 5.50 6.00 6.50 7.00 7.50 9.00 7.50
40 6.00 6.50 7.00 7.50 8.00 8.50 9.00 10.50 10.00
Note:  Numbers within box represent sum of marginal totals (i.e. (c) = (a) + (b)).

Source: (59)

Deceleration Lanes % Right-Lane Through Right-Turn-In Volume vph

Vehicles Impacted (Approximate)
Right-turn deceleration lanes are desirable to remove turn-
. . . 0 0
ing vehicles from through travel lanes, thereby reducing
) . - 2 10
speed differentials and minimizing effects and delays to
: : . 5 30
through vehicles. The percentage of through vehicles in the 10 60
right lane that must slow down or change lanes provides one
. : o 15 85
possible basis for establishing right-turn lanes. Safety must 20 110

be a major consideration in decisions to provide a right-turn

lane. A criterion of 2 percent impacted suggests a minimum
For arterial right-lane volumes of 250 to 800 vph, the perright-turn volume of 10 vph. This may be applicable in cer-

centage of through vehicles impacted was about 0.18 timeain rural settings. A criterion of 10 percent impacted sug-

the right-turn volume. This results in the following impacts;gests a minimum of approximately 60 vph. A criterion of

these may provide a basis for decisions regarding provisio?0 percent suggests a right-turn volume of 110 vph. The lat-

of right-turn lanes: ter criteria may be applicable in certain urban areas. The

TABLE 43 Percentage of right-lane through vehicles impacted at least once per

%mi
Percent of Right-Lane Through Vehicles
Impacted at Least Once Per Quarter Mile
Driveway Driveways Right Turn Volume (VPH)
Spacing Per Quarter
(Feet) Mile <30 31-60 61-90 Over 90
100 13.2 272 64.1 82.1 96.1
200 6.6 14.7 40.1 57.6 80.2
300 4.4 10.0 29.0 43.6 66.1
400 33 7.6 22.6 349 55.5
500 2.6 6.2 18.5 29.1 4717
600 22 5.2 15.7 249 41.7
900 1.5 3.5 10.8 17.4 30.2
1,200 1.1 2.6 82 133 23.7
1,320 1.0 2.4 7.5 12.2 21.8
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TABLE 44 Cumulative distribution of impact distances

Right-Turns Volume (VPH)
Distance Upstream
from Driveway

(Feet) <30 31-60 61-90 Over 90

0 2.4 7.5 122 21.8

50 2.0 6.9 11.1 19.8

100 1.4 4.0 6.5 11.7

150 0.7 22 35 6.4

200 0.4 1.2 1.8 33

250 0.1 0.5 0.8 1.4

300 0.0 0.2 0.3 0.5

350 0.0 0.0 0.0 0.0

length of the deceleration is a function of the impact length Direct property access along strategic and principal arteri-

and storage requirements. als should be discouraged. However, where access must be
provided, adequate spacing should be established to maintain
Access Separation Distances safety and preserve movement.

Figure 27 compares the access separation distances for a
Both operational and safety considerations should govemange of spillback rates with the standards for Colorado and
unsignalized access spacing. A third consideration is thdew Jersey. Except for posted speeds of less than 40 mph,
access classification of the roadways involved. the two methods produce values that fall between the New

TABLE 45 Percentage of right-lane through vehicles influenced at or beyond another driveway: posted speed = 45 mph

RiEht-Turn-In Volume per Driveway, R (vph)
R<30 36 <R<60 60 <R <90 R>90
No. of Multiple Multiple Multiple Multiple
Driveways| Driveways, At Driveways, At Driveways, At Driveways, At

Driveway | per 1/4 Single Least Once Single Least Once Single Least Once Single Least Once

Spacing Mi., |Driveway,| Per 1/4 Mi, Ipriveway,| per 1/4 Mi, IDriveway,| Per 1/4 Mi., Ipriveway,| per 1/4 Mi,

(ft) n P, [1-a-py"| ® |1-a-py] P, |1-a-P)"] P, 1-(1-Py)"
100 132 2.4% 27.3% 7.5% 64.2% 12.2% 82.1% 21.8% 96.1%
125 10.6 2.4% 22.5% 7.5% 56.0% 12.2% 74.7% 21.8% 92.5%
150 8.8 2.4% 19.1% 7.5% 49.6% 12.2% 68.2% 21.8% 88.5%
175 7.5 2.4% 16.6% 7.5% 44.4% 12.2% 62.6% 21.8% 84.4%
200 6.6 2.4% 14.6% 7.5% 40.0% 12.2% 57.5% 21.7% 80.1%
225 5.9 2.3% 12.9% 11.9% 52.6% 21.3% 75.5%

|
250 5.3 2.2% 11.3% 11.5% 47.5% 20.5% 70.2%
275 438 2.1% 9.7% 10.8% 42.1% 19.2% 64.1%
300 4.4 1.8% 7.8% 9.4% 35.3% 16.8% 55.5%
325 4.1 1.5% 5.8% 7.5% 27.3% 13.5% 44.4%
350 3.8 1.2% 4.4% 6.1% 21.2% 11.0% 35.4%
375 35 1.0% 3.4% 5.0% 16.5% 8.9% 28.0%
400 33 0.8% 2.6% 41% 12.9% 7.3% 22.1%
425 3.1 0.7% 2.1% 10.4% 6.2% 18.0%
e s o~

450 2.9 0.6% 1.6% 5.2% 14.4%
475 2.8 0.5% 1.3% 4.2% 11.1%
500 2.6 0.4% 0.9% 3.2% 8.3%
525 2.5 0.3% 0.7% 2.5% 6.1%
550 2.4 0.2% 0.5% 1.8% 4.4%
575 2.3 0.2% 0.4% 1.4% 3.2%
600 22 0.1% 0.3% 1.1% 2.3%
625 2.1 0.1% 0.2% 0.8% 1.6%
650 2.0 0.1% 0.1% 0.5% 1.1%
675 2.0 0.0% 0.1% 0.3% 0.7%
700 1.9 0.0% 0.0% 0.2% 0.4%
725 1.8 0.0% 0.0% 0.1% 0.2%
750 1.8 0.0% 0.0% 0.1% 0.1%
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Figure 27. Comparison of access separation criteria.

—&— AASHTO Calculated|
Stopping Distance® |

—&8— Colorado DOT
—&— New Jersey DOT
—o— 5% Spillback Rate

30<R<60**

—6— 10% Spillback Rate
30<R<60**

—8— 15% Spillback Rate
30<R<60**

—&— 20% Spillback Rale
30<R<60**

*9 fps2 deceleration; 2.5 sec.
perception-reaction time

** Spillback rate is % of
through vehicles influenced at
or beyond another driveway at
least once per quarter-mile.

T9
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TABLE 46 Access separation distances based on 10-percent and 20-percent

spillback
Posted Speed SPILLBACK RATE#*#*
(mph) 5% 10% 15% 20%
30 335 265 (a) 210 (b) 175 (¢)
35 355 265 (a) 210 (b) 175 (c)
40 400 340 305 285
45 450 380 340 315
50 520 425 380 345
55 590 480 420 380

(a) Based on 20 driveways per mile.
(b) Based on 25 driveways per mile.
(c) Based on 30 driveways per mile.

*  Based on an average of 30 to 60 right turns per driveway.

**  Spillback occurs when a right-lane through vehicle is influenced to or beyond a driveway upstream of the
analysis driveway.
The spillback rate represents the percentage of right-lane through vehicles experiencing

this occurrence.

Jersey and Colorado (AASHTO safe stopping sight distanca primary function of mobility, there should not be more than
values) criteria. 20 to 30 connections per mile (both directions).

Access separation distances, based on an average driveways shown in Table 46, for a posted speed of 40 mph, the
volume of 30 to 60 vph, are shown in Table 46 for spillbackaccess spacing would range from 285 ft to 400 ft, depend-
rates of 5, 10, 15, and 20 percent. For the lower speeds of By on which spillback rate was selected. For a posted speed
and 35 mph, the access separation distance shown is baseb80 mph, the access spacing would range from 345 ft to
the safety implications of driveway density. For roadways witts20 ft, depending on the spillback rate.
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CHAPTERS
CORNER CLEARANCE CRITERIA (TECHNIQUE 1C)

INTRODUCTION required corner clearance distances, and Kéulderived a
model for estimating corner clearance distances.

Corner clearances represent the minimum distances thatStudies were conducted by McCoy and Heimai#h 65
are (or should be) required between intersections and drivgt two locations in Lincoln, Nebraska, to evaluate the effects
ways along arterial roads. As stated in the AASHY®ol-  of driveway traffic on saturation flow rates at signalized
icy on Geometric Design of Highways and Stretilsive-  intersections. The studies were based on more than 400 pairs
ways should not be situated within the functional boundaryf departure and prevailing headways in the curb lane. Some
of at-grade intersections. This boundary would include th@48 headway pairs were for queues of passenger cars that
longitudinal limits of auxiliary lanes.” passed straight through the intersection. The authors found

Inadequate corner clearances can result in traffic-operatiothat driveway traffic can reduce the saturation flow rate on
safety, and capacity problems. These problems can be caussgnalized intersection approaches. The amount of the reduc-
by blocked driveway ingress and egress movements, cotien was found to depend on the corner clearance of the drive-
flicting and confusing turns at intersections, insufficientway and the proportions of curb-lane volume that enter and
weaving distances, and backups from far-side driveways intexit the driveway. The authors suggested that additional stud-
intersections. ies should be performed for a wider range of driveway and

Specific operational and safety problems include approach conditions.

Long and Cheng-Tingg) developed an analytical model
« Through traffic is blocked by vehicles waiting to turn for determining desired corner clearances. The model was

into a driveway. patterned after the 198%ighway Capacity Manuah estab-
« Right or left turns into or out of a driveway (both on lishing an initial minimum corner clearance (IMCC) and then
artery and crossroad) are blocked. adjusting for prevailing conditions. The model, expressed
« Driveway traffic is unable to enter left-turn lanes. analytically, is
e Driveway exit movements are impacted by stopped
vehicles in left-turn lanes. MCG = IMCCi x Il f; (8)

« Traffic entering an arterial road from the intersecting,nere-
street or road has insufficient distance.
« The weaving maneuvers for vehicles turning onto an MCG = corner clearance for traffic conditions
artery and then immediately turning left into a driveway ~ IMCG; = initial minimum corner clearance
are too short. Il f; = product of individual adjustment factors for
« Confusion and conflicts resulting from dual interpreta- facility type, median type, driveway channel-
tion of right-turn signals. ization, driveway width, driveway volumes
(daily and peak hours), coincidence of driveway
and arterial peak period volumes, driveway cor-

This chapter summarizes relevant literature pertaining to g :
ner turning speed, and curb-lane widths.

corner clearances and the key findings of eight case studies
and identifies planning and operational actions to improv

operations and safety. q‘he individual adjustment factors generally ranged from

about 0.80 to 1.50; composite factors would affect the unad-

justed values by as much as 20 percent.

STUDIES AND ANALYSES Separate minimum corner clearance distances were

derived for saturated and unsaturated conditions. The

A few studies have explored the operational and safetyarger of these distances would govern the minimum cor-

aspects of corner clearances. McCoy and Heimé#éned ner clearances.

assessed the impacts of corner clearances on saturation flowsThe minimum initial corner clearance for saturated condi-

Long and Cheng-Tin6@) derived formulas for estimating tions represents the distance at which there would be no
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TABLE 47 Initial minimum corner clearance
distances for undersaturated conditions

Kaub 67) developed an access spacing model based upon
driver perception-response times and vehicle dynamics. His
“Access Management Accident” (AMA) models reflect

Speed IMCC ¢
(MPH) (feet) driver perception-reaction times, acceleration rates, and
braking rates for both through and turning vehicles. When a

30 325 driveway is located on the “far” side of an intersection,
35 425 allowance is made for accelerating right-turn vehicles at the
:(5) 233 street intersection. Table 48 gives minimum access distances
50 750 to protect right-turn vehicles in deceleration. The illustrative
55 875 values are generally higher than AASHTO safe stopping
60 1005 sight distances.

Sources: (66) and (67)
POLICIES AND PRACTICES

. . . . Current corner clearance criteria were assembled for selected
increase in saturation flow rate and hence no loss in intersec-

. . : - Cities, counties, and states. These criteria, summarized in
tion capacity. It was approximated by the space per vehic . )

.. ) . able 49, show a wide range of practices. Corner clearances
multiplied by the effective green time per cycle and then

divided by the saturation headway. A saturation of 2 sec a range from as little as 16 ft (ur.ba.n areain lowa) to more than
: . L 0 ft (Colorado). Many fall within the 100- to 200-ft range.

a space per vehicle of 25 ft results in an initial corner clear-
ance of 250 ft and 500 ft for 20 and 40 sec of effective green
time per cycle, respectively. Case Study Overview

For undersaturated conditions, the model assumes that
safety and traffic operational needs govern corner clearances.Case studies of corner clearances were prepared to illus-
Stover's 68) minimum functional distances for desirable trate current practices, problems, and opportunities. The case
conditions were assumed to represent the initial corner cleastudy examples were generally selected by public agencies
ance for undersaturated conditions. These values are listedand included sites in Florida, Michigan, New Jersey, Nevada,
Table 47. and New York. Available roadway geometry, traffic vol-

Several points are worth noting regarding this analysisumes, and accident histories were reviewed. Corner clear-
First, there is little basis for assessing the various adjustmeance distances were scaled from maps and plans. Several
factors, the validity of the basic models, and the practicalitgxamples had features that eliminated them from more
of the results. Second, it does not consider queuing thdetailed evaluations: some had unusual intersection geome-
would decrease as the green per cycle increases. Third thiy that would limit their applicability elsewhere; others were
focuses on establishing spacing guidelines for corner clealecated along collector rather than arterial roads; and some-
ance—not assessing effects. times, insufficient background information was available.

TABLE 48 Access management accident (AMA) model example minimum access distance to
project right-turn vehicles in deceleration

AASHTO
Operating Design Radius (feet) Stopping
Speed Speed Sight
(mph) (mph) 25 50 75 Average Distance
25 30 130 ® 136 147 ® 137 125
30 35 254 237 232 241 150
35 40 324 301 293 306 200
40 45 402 374 361 379 225-250
45 50 488 454 438 460 275-325
50 55 582 543 522 549 325-400
55 60 684 639 615 646 450-550

Notes: Using 8.5 and 3.2 ft/sec 2 for deceleration of lead and following vehicles, respectively.

Curves speeds and distances controlled as in Case 3 above.
(1) Values cited seem inconsistent.

Source: (68)
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TABLE 49 Summary of corner clearance criteria

Government Unit Criteria

Collier County, FL

Colorado DOT
Florida DOT
Ingham County, MI
Iowa DOT

Maine DOT

New York DOT

North Dakota DOT

New Jersey

Oshtemo Township, MI

Palm Beach, FL
Pennsylvania DOT
Texas DOT
Virginia DOT

‘Washington DOT

With Median:
75 to 115 ft. upstream, 100 to 230 ft. downstream
Without Median:
100 to 230 ft. upstream, 100 to 230 ft. downstream.
325 feet from intersection for 40 mph.
75 to 115 ft. upstream, 100 to 230 ft. downstream.
125 feet from intersection.
16 feet from intersection in urban area.
Suggested spacing in urban areas:
Signalized intersections - 115 to 230 feet
Unsignalized intersections - 85 to 115 feet
Suggested spacing in rural area is double the above
Approximately 35 to 75 feet from the intersection.
Signalized intersections:
Local - 50 ft., Collector-85 to 175 ft., Arterial 115 to
230 ft.
Unsignalized intersections:
Local - 50 ft., Collector - 75 to 85 ft., Arterial 85 to 115 ft.
50 ft. unsignalized/100 ft. signalized.
75 to 250 feet from intersection.
75 to 125 feet from intersection.
"follows AASHTO criteria."
"AASHTO green book for corner clearances without medians."

50 desirable, 25 feet minimum from intersections.

Varies depending on classification of road.

Source: Agency Surveys

The case studies focused on typical four-leg and ‘T’ right-
angle intersections and exhibited a broad range of practices.
They contained a mix of lot frontages and land uses. Most ¢
were in suburban environments.

Salient characteristics of the case studies analyzed are
summarized in Table 50. Some key observations follow:

» Corner clearance distances varied widely depending ¢
upon specific circumstances; they ranged from 2 to 250
ft. The distances were measured based on the methods
used by the governing agency because the definition of
corner clearance varied. The measurement from near-
edge-to-near-edge was the most common, but center-
line-of-intersecting-street to centerline-of-driveway and
other methods were found. Ideally, a uniform method of
measuring should be adopted.

* Queuing or spillback across driveways was reported to
be the most pervasive problem. However, in a few cases,

backups into intersections occurred when heavily used
driveways were too close to intersections.

The near-side queuing problem is compounded by sev-
eral related factors: heavy traffic, multi-phase traffic sig-
nals, and the ability to turn left into or out of driveways.
The left-turn problem can be alleviated by installing
physical medians on multi-lane roads.

Roadway widening to increase capacity sometimes
reduces corner clearance requirements.

Placing driveways too close to intersections appears to
result in a higher rate of accidents. Accident data, where
available, indicate a high incidence of driveway-related
accidents. At the Okemos Road-Jolly Road intersection
in Ingham County, 34 percent of reported/recorded acci-
dents were driveway-related. At the Western Avenue-
New Kamer Road intersection in Guilderland (Albany),
New York, 50 percent of accidents were driveway-
related. Along Pemberton Road south of Broad Street
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TABLE 50 Summary of corner clearance case studies

Location

Roadways

Corner Clearance*

Near-Side

Far-Side

Comments

Plantation (Broward
County), Florida

University Drive and
Peters Road

25 ft. before
140 ft. after

10 ft. before
150 ft. after

Good Practice - Driveways closest to
intersection were closed in conjunction with
roadway widening.

Alaiedon/Meridian
Townships, (Ingham
County), Michigan

Okemos and Jolly
Roads

Varies; 25 to
851t

Varies; 102 to
185 fi.

Poor Practice - Traffic backs up across
driveways. Thirty-four percent of accidents were
driveway-related. Left turns to/fromacross two-
way left-tum lanes. Narrow lot frontages
preclude adequate corner clearances.

Delta Township,
Michigan

West Saginaw Highway
and Elmwood Road

70 f.

250 ft.

Poor Practice - Driveway on near side extends
beyond stop-line at skewed multi-phase signal-
controlled intersection. Traffic backs up across
this drive. Access to/from lefi-turn lanes
difficult. Comer clearance and subdivision
standards are not consistent.

Lewis and Clark
County, Nevada

Sahara Avenue and
Decatur Boulevard

Varies; 36 to
250 fi.

Varies; 12 to
200 ft.

Poor and Good Practice - Spillback reported
across near-side driveways with little clearance
that were established before 1992 standards.
New standards are less than those for other areas,
but were contested by City of Las Vegas.
Providing good standards before development
reduces need for retrofit.

Aberdeen, New Jersey

State Route 35 and
Cliffwood Avenue

125 ft.

181t.

Poor Practice - Left turns conflict with driveway
traffic with some spillback into intersection.
Some queuing across driveway on approach to
intersection.

Stafford, New Jersey

State Route 72 and East
Road

50t

2ft.

Poor Practice - Increased traffic volumes caused
by rapid developments in corridor resulted in
roadway widening and reduced corner
clearances. State proposal to close far-side
driveway challenged in court.

Guilderland, New York

Western Avenue and
New Kamer Road

Varies; 40 to
250 ft.

Varies; 80 to
200 ft.

Good and Poor Practice - Fifty percent of 53
accidents occurring between 1992 and 1995
were driveway-related. Most driveways exceed
region’s 80-foot spacing and many exceed
state’s proposed 120-foot spacings; heavy traffic
flows result in queues across near-side drive-
ways.

Henrico County,
Virginia

Broad Street Road and
Pemberton Road

90 ft.

45 ft.

Poor Practice - Of 35 driveway accidents along
Pemberton Road (Jan. 1991 - Nov. 1994), 34
involved left-turning vehicles. There were 16
injuries. Traffic backups across driveways con-
tributed to accidents. Property owners resisted
movingdriveway to edge of property line and/or
banning left turns.

* Dimensions are measured based on the methodology used by the governing agency. There is no uniform methodology for
measuring corner clearance.
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Road in Henrico County, Virginia, 35 accidents oc-APPLICATION GUIDELINES

curred at a single driveway during a 4-year period. How-

ever, most accident reporting systems do not provide The examination of corner clearance should distinguish
a sufficient level of detail to identify driveway/corner between near-side and far-side requirements. Near-side cor-
clearance-related accidents. ner clearance requirements should consider the spillback or
The likelihood of accidents and poor intersection operdueuing across a driveway at a traffic-signal-controlled inter-
ations increases when there are multiple sites with pogiection. Far-side clearances should provide adequate separa-
corner clearances that add many conflict points at théon between vehicles turning onto a roadway and those
same intersection (e.g., as at Okemos and Jolly Roads &ftering or leaving a driveway. Ideally, both requirements

Ingham County, Michigan).

should be met. However, too often there are inadequate prop-

Corner clearances are often limited by the dimension§™Y frontages, and/or highway-oriented land uses require

of the properties involved. Even then, it is sometime&Orner locations with proximate access.
possible to relocate driveways near the property line The following principles should guide corner clearance

farthest from the intersection. It also may be possibl@nd driveway planning:

for the corner lot to have access via an easement
through the next lot.

Improving or “retrofitting” minimal corner driveway
distances is not always possible or practical; it is often
opposed by property owners and may be costly to imple- *
ment. Efforts to combine, close, or relocate driveways
frequently meet with resistance from property owners
involved, especially where service stations or retail out-
lets rely heavily on pass-by traffic.

The added costs of driveway closure, relocation, or
modification or the reconfiguration of site circulation
make retrofitting expensive. Implementing improved
corner clearances through retrofitting has varied impacts
on owners’ perception of how easily customers can
reach their businesses. .
For existing developments, standards may not be easily
met because of typically small corner lot frontages in
older communities. Land use and zoning practices

Ideally, no driveways should be permitted off of major
highways. This requires safe and convenient alternative
access and reasonable internal site circulation.

Where this is not possible, major highways should
have physical (restrictive) medians to preclude left
turns. Each corner parcel should have one driveway
per roadway that is placed as far from the intersections
as possible.

Along undivided major highways, it is desirable to elim-
inate left-turn ingress and egress at driveways within the
“influence area” of an intersection. This may entail pro-
viding short sections of a median divider and/or adopt-
ing a driveway design that discourages or prevents left-
turn maneuvers.

Driveways should be located as far from the intersection
as possible—either at or within 10 ft of the property line
furthest from the intersection.

throughout the United States historically created small  actions vary for retrofits and new facilities. Corrective

corner lots with narrow frontages. Small corner
frontages exist along many arterials, must be acknowl-
edged, and cannot routinely be brought up to “best prac- ,
tice” standards. Other approaches to improving inter-
section safety, capacity, and overall performance should ,
be considered (e.g., either joint or shared access with
adjacent lots or frontage/rear access roads). .
There are several ways to address insufficient corner
spacing distances. One is to provide, as in New Jersey, «
a limitation on maximum vehicular usage (based on type
of environment—urban or rural—and total site

retrofit actions include

Locating driveways at the farthest edge of the property
line from the intersection;

Consolidating driveways with adjacent properties,
thereby increasing corner clearances;

Closing driveways along the arterial and requiring prop-
erty access from the secondary road; and

Installing a raised median barrier on approaches to inter-
sections to preclude left turns into or out of a driveway.

acreage); another is to provide alternative and joint From a planning perspective, two actions should be
access, as in Ingham County, Michigan, where the cokencouraged; both require a proactive approach to corner
ner clearance distance on a main roadway was increasel¢arances:

by using a joint access point for one of the sites.
One of the most important lessons observed is that ade-«
quate corner clearance distances can be achieved with
the least impact and cost when they are required before «
land subdivision and site development approval.

Establishing the desirable location of access points
before property is subdivided or developed and
Establishing minimum requirements for property
frontages in zoning and subdivision regulations.
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CHAPTERG
MEDIAN ALTERNATIVES (TECHNIQUES 2A, 2B, & 3C)

INTRODUCTION median types and designs drawn from the recent literature.
However, it also draws from significant research conducted
The treatment of roadway medians has important bearing the 1950s and 1960s. These older studies have been
on how well roadways operate, their accident experiencencluded in the literature review for completeness, but are
and the access they provide to adjacent developments. Thgitted from the summary conclusions.

basic choices for designing the medians are The various studies assess safety in two ways. Some
studies (particularly those where TWLTLs or medians were
* Whether to install a continuous TWLTL, installed on “undivided” highways) report results of before-
* Whether to install a nontraversable (physical) median 0Rng-after comparisons for a given facility. Many studies,
an undivided roadway, and . however, compare accident experience and rates on high-
* Whether and when to replace a TWLTL with a nontra~y 5y with different cross-sections (i.e., medians versus
versable median. TWLTLS).

) , . . . . The before-and-after studies assume that there is little (or
This basic d.eC|S|on. process is |Ilustrgted in Figure 28. Th_|ﬁo) change in roadway geometry or traffic conditions other
chaptgr contalr_15 an integrated analysis of the three med"ﬁﬁ‘an the left-turn treatment. This approach has been used for
techniques. This chapter also many years by traffic engineers in assessing the benefits of

Revi q thesi th tensive literat thvtarious treatments. However, some researchers have sug-
ceviews and synthesizes the extensive fiterature %ested that benefits can be overstated unless sites for treat-
describes the safety impacts of median options, ment are selected randomly
: erzzegrt% %‘é?\'gafglseolfn:ﬁén:ﬁ téc;noozot:s? operational fea- The comparative approach evaluates accident histories for
P ' ?rious sites with given midblock left-turn treatments. The

* Describes the various safety and operational models th%-:{om arisons imply that conditions are essentially similar at
have been developed, and P Py y

. Suggests guidelines and parameters for assessirtl%e various sites except for thg median treatment§—a situa-
impacts. tion that is not generally realized. Therefore, differences
between sites are examined statistically through regression-

TWLTLs and medians improve traffic operations andbased procedures.

safety by removing left turns from through travel lanes. Both types of studies |nd|c§1te that _acmdent rates are
TWLTLs provide more ubiquitous access and maximizéeduced when TWLTLs or medians are introduced on undi-

operational flexibility. Medians physically separate opposYided multi-lane highways. Most studies, and the models

ing traffic, limit access and conflicts, and provide bettefd€rived from them, also suggest that safety is improved
pedestrian refuge. Median design requires adequate provilere physical medians replace TWLTLs. ,
sion for left turns and U-turns to avoid problems associated ' "€ following sections summarize the results of various
with concentrating these movements at signalized inteStudies by type of treatment.
sections.

Two-Way Left-Turn Lanes (TWLTLS)

SAFETY EXPERIENCE . .
The first continuous TWLTLs were reported to have been

Many studies have analyzed the safety benefits ofistalled in Michigan. Since then, they have been widely
installing TWLTLs or nontraversable medians on undividecapplied as a means of improving traffic flow on 2-lane and
highways and replacing TWLTLs with nontraversable (bar4-lane undivided roadways. Their application was especially
rier) medians. This section summarizes the individual studwidespread on roadways in developing suburban areas with
ies and compares their results for each of the three mediéntensive commercial developments and frequent driveways.
options. Its primary focus is on accident rates for varioug hey also have been applied to 6-lane roads. Many perceive
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Undivided Cross Section the median reduction was about 38 percent. The Bowman-
Vecellio data for suburban arterials dramatically conflicts
with the other findings and may reflect how the data were
obtained.

Table 52 summarizes the accident reductions by type of
accident. Consistent reductions were reported in rear-end,
sideswipe, head-on, and fixed-object accidents. Left-turn
accidents generally decreased. Right-angle and other acci-

) dents showed no consistent benefits.
Two-Way Raised (Non-
Left Turn % Traversable

Lane Median)

Figure 28. Median decision choices. Medians

Nontraversable medians are an important means of man-
aging access along multi-lane highways (Figure 30). They
TWLTLs as a compromise between no median and a curbeday be continuous between street intersections, provide
one, especially where right-of-way is limited. access for left-turning vehicles only (“directional”) or per-
The center lane is used for left turns in both directions ofnit opening for all traffic (“full”).
travel. At signalized intersections, there is a transition to con- Medians have several important safety benefits. They
ventional left-turn treatments (Figure 29). Pavement markphysically separate opposing directions of travel, thereby
ings are sometimes supplemented with overhead signegirtually eliminating head-on accident potentials. They
Where there are many driveways along an arterial, theontrol (sometimes eliminate) left turns and other move-
TWLTL area obviates the need for continued transitions foments across the median. This translates into fewer con-
left-turning vehicles such as found with conventional left-flicts, greater safety, and more uniform arterial speeds.
turn lane designs. The head-on accident collision-potentiaHowever, these benefits may be offset by the increased
occasionally perceived as a problem, has not been realizedtisrning volumes at median openings—especially at nearby
most situations. signalized intersections where left turns may be transferred
A literature review found 15 studies that contained infor{especially where medians are continuous between street
mation on accident frequencies, types, and rates associat@tersections). Where left turns from the arterial are per-
with TWLTLs. Table 51 compares the results of the postmitted, it is essential that the medians provide separate
1970 studies in terms of changes in numbers of accideni@nes with ample storage. Otherwise, the safety and capac-
and in rates. Many of the variations reflect the differentty benefits associated with removing the turns from the
ways that data were collected and accidents were reportetirough-travel lanes will be lost.
Reductions in total accidents were reported in 9 out of 10 Many studies over the years have shown that divided
cases, with a median reduction of about 33 percent. Redubighways (i.e., highways with a nontraversable raised
tions in accident rates were reported in 10 out of 12 entriespedian) experience lower accident rates than undivided

Transition to conventional left turn
lane at signalized intersection.

Figure 29. Continuous two-way left-turn lane.



TABLE 51 Accident experience with TWLTLs

ACCIDENTS ACCIDENT RATES
(Per Million VMT)
Study & Location YEAR | Undivided TWLTL % Diff. | Undivided TWLTL % Diff. REMARKS SOURCE
1 Busbee 1974 - - -38 - - - Before and after study. (69)
2 Southern Section ITE 1975 - - -31 - - - Before and after study. (70)
3 Burritt and Coppula 1978 - - -36 - - - Seven locations. Before and after study. (71)
(Arizona)
4 Walton, Horne, Fung (Texas) 1978 - - -33 - - - Before and after study. (72)
5 Parker (Virginia) (D] 1983 - - - 6.79 6.11 -9 14 four-lane undivided sections (73)
17 sections with traversable medians
6 Thakkar (Illinois) 1984 824 558 -32 90.8 54.3 -40 |15 five-lane sections. Before and after study.
222 130 -41 53.3 28.6 -46 |16 three-lane sections. Before and after study. (74)
7 Harwood and St. John (D] 1985 - - - 3.14 0.86 <73 |2-lane highways; 7 sites with TWLTL compared to 4 without (75)
1.79 0.26 -85 |4 sites Before/After
8 Harwood (California) (Dl 1986 - - - 2.06 1.28 -38  [Non-intersection accidents/commercial land use (76)
Harwood (Michigan) (09 1.79 1.89 6
9 Institute of Transportation 1986 2,479 1,788 -28 - - -36  |30-road stretches. Before and after study. (77)
Engineers
10 Kuhlmann 1987 - - - - - -21  }11-road sections. Before and after study. (78)
(Metro Toronto)
11 Box (lllinois) 1989 174 104 -40 - - - 4-lane urban arterials. Before and after study. (79)
12 Long (Florida) (1) 1993 - - - 4.44 3.20 -28  |4-lane urban arterials (80)
13 Bowman-Vecellio (D 1994 2,751 2,181 =21 9.92 5.56 -44  |15-road sections. {CBD arterials and (81)
(Arizona, CA, GA) 4,487 15,110  236.7 4,23 6.89 63 suburban arterials, respectively}

Note: (1) These represent rates for different sections of roadway.
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TABLE 52 Accident experience by type of accident with TWLTLs percent difference

Fixed Object/
DATA Right Left Fixed Parked
Study & Location YEAR | COMPARED | Rear-End Sideswipe Angle Turn Head-on Vehicle Other REMARKS SOURCE
1 Busbee 1974 Frequency -90 (69)
2 Burritt and Coppula 1978 Frequency -45 -100 same direction -20 -67 -65 300 71
(Arizona) -52 opposite direction
3 Walton, Horne, Fung (Texas) 1978 Frequency -45 - - - -42 - - (72)
4 Thakkar (lllinois) 1984 Rates 34 @ 26 - - - - 5 lanes
-40 @ -45 - - - - 3 lanes (74)
5 Long, Gan and Morrison (Florida) (|| 1993 | Midblock Rates -24 -47 -16 -27 -46 379 4 lancs (80)
Notes:
® pedestrians

® Includes left turns
@ Right turns

(1) This study compares different sections or groups of roadways.
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Figure 30. Reduction in conflicts by installation of continuous nontraversable median on a
previously undivided highway.

highways. This is because the median allows fewer oppor- « The median data for Minnesota and Utah include par-
tunities forconflicts and erratic movements. Table 53 com- tially controlled access roadways.
pares the results of the post-1970 studies. Accident reductions® The Bowman-Vecellio data for suburban arterials
were reported in most cases. Accident rates were reduced in appear to understate the benefits of introducing medians.
all studies, with a median reduction of about 35 percent.
The accident rate_s_for 10 undivided highways ranged frorﬁeplacing TWLTLs with Nontraversable
1.11to 11.28 per million VMT. The mean was 5.29; standar@jedians
deviation was 3.43; and coefficient of variation was 61 per-
cent. The accident rates for highways with medians ranged A current access management and safety concern in
from 0.94 to 7.43; the mean was 3.34; standard deviation wasany communities is where and when nontraversable
2.17, and coefficient of variation was 61 percent. A studentmedians should replace TWLTLs. TWLTLs have improved
‘t' test indicates that the means are significant at the .06 levedafety (and traffic flow) by removing left turns from the
Several observations are of interest: through traffic lanes. Therefore, they have been widely
used to provide access to closely spaced, low-volume com-
« The low accident rates for the Rhode Island data, botmercial driveways along arterial roads. But from an access
with and without medians are for a fully controlled management perspective, they increase rather than control
access facility. access opportunities. For this reason, a number of highway



TABLE 53 Synthesis of median safety experience

Accidents Accident Rates
(Per Million VMT)
Study & Location YEAR| Undivided Median % Diff.|Undivided Median % Diff.|REMARKS SOURCE
1 Parker (Virginia) 1983 - - - 6.79 442 -35 |19 - median section (73)
14 - four-lane section
2 Arlington, Texas 1983 - - -66 - - - |4-lane roads (82)
3 New York State (1| 1984 - - - 11.28 7.43 -34  |Six-lane roads (83)
Statewide study
4 Murthy (Rhode Island) 1992 31 29 -7 1.11 0.94 -15 |2-Lane road-controlled access 84
5 Long, Gan, (80)
Morrison (Florida) (1] 1993 - - - 4.44 2.09 -53
6 Bowman-Vecellio (1§ 1994 2,751 1,714 -38 9.92 6.42 -35 |15 sections CBD 81
(Arizona, California, Georgia) 4,487 7,663 71 423 3.79 -10 Suburban
7 Harwood et al 1995
California - Urban (1) - - - 3.59 2.58 -28 |Statewide study, includes uncontrolled (85)
California - Rural 03 - - - 2.13 1.15 -46 |access highways only.
Minnesota - Rural (1) - - - 7.14 2.37 -67 |Statewide study includes highways with
Utah - Rural (1) - - - 2.27 2.22 -2 |partial access control or with no control.

Note: (1) These studies compare different sections or groups of roadways.
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agencies have installed physical (restrictive) medians oRWLTL. A few studies have shown benefits based on before-
4- and 6-lane highways to better manage highway acceasd-after studies of the same roadway; most, however, com-
(Figure 31). The medians reduce the number and location pfre accident rates for the two basic types of roads.
conflicts. This results in improved safety, even though there The accident rate comparisons from the various studies
may be some increase in rear-end accidents at median opamne summarized in Table 54. The accident rates for TWLTLs
ings. However, rerouted left-turn volumes may increase corranged from 3.20 to 11.07 per million VMT, with a mean of
gestion and accidents at downstream signalized interse¢:25, a standard deviation of 2.64, and a coefficient of vari-
tions, and the median may have an adverse economic impadton of 36.0 percent. The accident rates for restrictive medi-
on some business establishments. ans ranged from 2.09 to 8.15 per million VMT, with a mean
In the past, the safety benefits of medians versus TWLTLsf 5.17, a standard deviation of 1.82, and a coefficient of
appeared to produce somewhat conflicting results. Howeverariation of 35.2 percent. A student ‘t’ test between the
a growing body of information assembled since the 1980seans shows a highly significant difference (at the .01
indicates that 4-lane and 6-lane divided roadways with norlevel).
traversable medians (with protected left-turn lanes) have The accident rates were reduced in 15 out of 16 entries,
much better safety records (lower average accident ratesjth the percentage difference ranging from a 15 percent
than 5-lane and 7-lane roadways where the odd lane isircrease (on CBD streets in Atlanta, Phoenix, and LoslAsge

Two-Way Left Turn Lane - Uninhibited Access

i X o
nin

Restrictive Median - Controlled Access
AFTER

Possible Added Width for
U-Turns by Passenger Cars i T Left Turn Lane
K 4__ - K

N

Figure 31. Replacing continuous left-turn lane with restrictive median.




TABLE 54 Synthesis of safety experience comparing TWLTLs with nontraversable medians by percent difference

13 segments - TWLTL

Accidents Accident Rates
(Per Million VMT)
Study & Location [YEAR Description TWLTL Median %Diff.| TWLTL Median % Diff. REMARKS SOURCE
1 Bretherton, Womble & (1}I1990  |Jimmy Carter Blvd. 391 385 -2 8.09 6.47 =20 (86, 87)
Parsonson (Georgia) Atlanta
2 Parsonson (Georgia) (1)|1996 {Memorial Blvd. 947 523 -45 11.86 7.87 -34  |Based on 1 year before (88, 89, 90)
Atlanta (1988-1989), and 3 years after
(1991-1993)
3 Banks, et al 1993 |Hespeler Rd. 45 33 =27 591 3.67 -38 |Road widened to 6 lanes (2.8/km) (91)
(Ontario) Cambridge midblock collisions.
4 Hartman and Spalett (1)[1989 {Phoenix - - - 5.85 5.70 -3 92)
(Arizona) Tucson - - - 5.17 3.99 <22
5 Bowman and Vecellio (1){]1994 |Atlanta, Phoenix, Los Angeles/Pasadena 2,181 1,714 221 5.56 6.42 15 |CBD streets
(Arizona, California, Georgia) (15 road sections) 15,110 7,663 -49 6.89 3.79 -45  |Suburban arterials (81)
6 Parker, (Virginia) (1)]|1983 |17 Traversable section - - - 6.11 4.42 -28 (73)
19 Median sections
7 Benac (1){|1988 |Four-lane arterials - - - 9.56 4.07 -57 |Based on 1985-1987 data 93)
(Michigan) Six-lane arterials 11.07 5.63 -49
& Squires and Parsonson (1)|1989 {57 Four-lane sections - - - 8.99 7.67 -15 |42 with TWLTL, 15 with medians (94)
(Georgia) 25 Six-lane sections 10.82 8.15 ~25 |8 with TWLTL, 17 with medians
9 Parsonson (1){[1996 [State routes - - - 6.23 3.67 -41 |4 and 6 through lanes (95)
(Georgia)
10 Long, Gan, Morrison (1){[1993 |Four-lane arterials - - - 3.20 2.09 -35 (80)
(Florida) Six-lane arterials 4.28 3.20 -25
11 Margiotta and Chatterjee (11995 |12 segments - median - - - 6.48 5.96 -8 (96)

Note: (1) Represents comparison of different road sections.
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Pasadena) to a 57 percent reduction reported for 4-lane arte- predicted by the Harwood model that estimates fewer
rials in Michigan. The median percentage reduction was accidents for TWLTLs at all traffic levels.
about 27 percent. « The Bowman-Vecellio model consistently predicts
Table 55 shows the reported percentage differences in var- fewer accidents on roadways with raised medians than
ious kinds of accidents on roads with medians in relation to on TWLTLs and fewer on roadways having a TWLTL
TWLTLs. Sideswipe, rear-end, right-angle, left-turn, head-  than on undivided roadways. This accident model sug-
on, and pedestrian accidents were consistently reduced. gests that the number of predicted accidents increases in
Rear-end accidents were generally reduced, although Ten- a linear manner from an ADT of 10,000 to 40,000.
nessee reported an increase in rear-end accidents. These Whereas, the rate of increase in the predicted accidents
differences reflect the more positive control of pedestrians  for raised medians overall begins to level off from 30,00
and motorists provided by medians, the reduction in unsig- to 40,000.
nalized left-turn access, and the provision for left turns at sig- * The average of the various models generally results in
nalized intersections. However, the greater pressure and traf- fewer accidents on roadways with raised medians than
fic congestion at signalized locations may increase rear-end Wwith TWLTLs. This difference is more pronounced
accidents. when the Harwood data are excluded. Figure 32 shows
In summary, the medians appear safer than TWLTLs. the resulting patterns and provides a broad guide for
Care, however, should be exercised in providing adequate application.
capacity and design at signalized intersections to en-
sure that the safety benefits do not become offset by Thatthe different models produce different results prob-
congestion-related collisions. ably reflects the localized database from which each
regression model was developed. The consistency of
the Bowman-Vecellio model in predicting total accidents
ACCIDENT PREDICTION MODELS may be explained by the large and geographically diverse

L , : : . __database.
Estimating the benefits from installing different median 16 following factors explain some of the differences

types in urban and suburban settings requires the ability Eﬁnong the number of accidents predicted by the various
predict the reductions in vehicle and pedestrian accidentg,ggels:

This requires assessing the accident history at locations with

similar geometric, design, traffic, and environmental condi- . The number of accidents will decrease as the reporting
tions from which predictive relationships can be derived. threshold increases. The Bowman-Vecellio model
This section reviews and compares the various accident jnclyded this variable because their database included
prediction models that have been developed over the past 25 gata from three cities in three different states. This may
years. explain some of the difference between the Walton-
These models, summarized in Table 56, predict annual pmachemehl (Texas) and Parker (Virginia) models, for
accidents per million vehicle miles or per mile of roadway. example.
One model predicts annual midblock accidents at a specific ¢« The Bowman-Vecellio modeB(, 103 considered the
driveway location. Appendix A of the median synthesis  number of signalized intersections per mile, but did not
report provides a detailed description of the individual  find it statistically significant. This presumably was

models. _ because the number of signals per mile is correlated with
Table 57 compares the various safety model results. An  other variables in the model (e.g., the number of drive-
examination of this table indicates the following: ways and the unsignalized intersections per mile and

type of adjacent land development). McCoy-Ballard

+ The models show generally consistent results for the  also found signals to be not significant for undivided

relative safety of the three median alternatives, even  or TWLTL roadways as did Chatterjee et al. for both

though they predict somewhat different accident rates  nontraversable medians and TWLTLs and Squires-

for any given set of conditions. The “undivided” treat- Parsonson for raised medians.

ment has the highest expected accident frequency over

the range of traffic volumes. The model results support The Bowman-Vecellio model appears to offer the most

the 30 to 35 percent accident reduction found in beforéogical and consistent results. Again, this may be the result

and after studies (for converting from an undividedof its large, geographically diverse database. It may, there-

cross section to either a TWLTL or nontraversablefore, be the most transferable.

median). The Bonneson-McCoy model for midblock accidents (not
« The raised median generally has the lowest predicteshown in Table 57) also appears to give consistent results.

number of accidents. The main exceptions are the resul@omparison of annual midblock accidents per year for the



TABLE 55 Synthesis of safety experience comparing TWLTLs with nontraversable medians by type of median

PERCENT DIFFERENCE
Fixed
Object/
DATA Rear- Side-  Right Left Parked
Study & Location YEAR COMPARED End swipe Angle Turn Head-on  Vehicle Pedestrian  Other REMARKS SOURCE
Memorial Drive, 1990 |Accidents -36 -29 -75 -42 (2) -80 -100 -67 -38 (86, 89, 90)
Atlanta
Hespeler Road, 1993 [Midblock Accidents -50 - -25 - - - - -33 91
Cambridge
Atlanta, Phoenix, 1994 |Suburban Midblock -42 - -45 -54 -47 - - -11 81
Los Angeles, Pasadena Rates
Tennessee 1995 |Accidents 15 -25 -24 (4) 232 (3) -35 - - 79 (96)
Florida 1993 |Rates -23 -38 -30 -46 -58 - -60 -30 (1)|4-lane urban arterials 80
0 -31 - -44 -50 - -36 - 6-lane urban arterials
Notes: (1) Right turn
(2) All turns
(3) Front angle

(4) Broadside and rear angle

LL
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TABLE 56 Summary of safety models for median alternatives

No. Model Year Dependent Variable Source
1. |Glennon et al 1975 |Accidents/Mile/Year 97)
2. {Walton & Machemehl 1979 |Accidents/Mile/Year (98)
3. |Parker 1983/91 | Accidents/Mile/Year (73, 99)
4. |Harwood et al 1986 [Accidents/Millio/VMT (76)

Non-Intersection, Intersection, Overall
5. |Squires/Parsonson 1989 |Accidents/Million/VMT (94)
Accidents/Mile/Year
6. |Chatteerjee and Margiotta }| 1995 |Accidents/Mile/Year (100)
7. |Bowman-Vecellio 1994 |Accidents/Mile/Year (81, 101)
8. |Bonneson-McCoy 1996 |Annual Midblock Accidents (102)

three types of median options are summarized in Table 58 foesidential or industrial. When parallel parking is allowed on
an urban arterial street, accident frequency was higher with
the undivided cross section than with the other two median

the following conditions:

» No parallel parking,
 Sixty-five driveways per mile, and
< Business or office land use.

treatments. When no parking is allowed, the differences were
less distinct. In most situations, however, the raised-curb

median tended to yield the lowest accident frequency.

The model found that accident frequency is significantly
correlated with average daily traffic demand, driveway den©OPERATIONS EXPERIENCE AND ANALYSIS
sity, the density of unsignalized street approaches, median

type, and adjacent land use. In general, accidents were mordt is generally recognized that TWLTLs and physical
frequent on street segments with higher traffic demandsnedians reduce delays and improve traffic operations. There
driveway densities, or street densities. Accidents were algs, however, very little “before and after” information on the
more frequent when land use is business or office instead operational effects of these median designs. Several com-

TABLE 57 Comparison of safety model results

Expected Accidents / Mile / Year

ADT: 10,000 20,000 30,000 40,000
Left-Turn Un- Raised Un- Raised Un- Raised Un- Raised
Treatment: divided { TWLTL | Median | divided | TWLTL | Median | divided | TWLTL | Median | divided | TWLTL | Median
Walton (98) na 37 na na 58 na na 78 na na 98 naj
McCoy (103) 33 31 na oor 52 na oor oor na oor oor na
Squires (94) na ne 37 na 31 56 na 69 75 na 108 94
Parker (99) na 27 18 na 43 32 na 58 45 na 73 59
Chatterjee (100) na 55 46 na 90 81 na 125 116 na oor oor]|
Harwood (76) 36 27 36 72 54 72 109 81 108 145 108 144
Bowman (/07) 63 43 25 126 85 50 190 128 75 253 170 101
[Average Freq. 44 37 32 99 59 58 149 90 84 199 111 100
Std. Deviation 16 11 11 38 21 19 57 39 29 76 36 35
Coeff. of 36 30 34 38 36 33 38 43 35 38 32 35
Variation (%)
Excluding Harwood Data
Average Frequency 48 39 32 126 60 55 190 91 78 253 112 85
Std. Deviation 21 11 12 - 23 20 - 33 29 na 41 23
Coeff. of Variation (%) 44 28 38 na 38 36 - 36 37 na 37 27

Source: NCHRP Report 395. Transportation Research Board, National Research Council, Washington, D.C. (November 1996).

na - Model not available or developed for this midblock left-turn treatment type.
oor - Traffic demand exceeds range of data used to calibrate the model.
ne - Model yields negative results.
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alternatives. These models have utilized both simulation and
250 | analytical techniques to quantify changes in stops and delays
(or speeds) for various roadway types, traffic volumes, and
o 200 driveway frequencies. The principal models are summarized
= 7 Undivided in Table 59. A further description of each is provided in
5 Appendix B of the median synthesis report.
% 150 _|
:fé Implications
<
E" 100 = There have been relatively few actual operational studies
= (i.e., “before and after” of the effectiveness of various
50 | ﬂedian median alternatives. These studies (along with operational
models) clearly indicate that removing left-turning vehicles
from the through traffic lanes reduces delays whenever the
0 — number of through travel lanes is not reduced.

0 10 20 30 40 The models of traffic performance at midblock locations
where left turns take place have generally utilized simulation
techniques such as TRAF-NETSIM or TWLTL-SIM. The
Figure 32. Predicted average annual accident frequencymost sophisticated model is the one prepared by Bonneson
(excludes Harwood data). and McCoy as part of their 19968CHRP Report 395,
“Capacity and Operational Effects of Midblock Left-Turn
Lanes” L02). Their multi-faceted model provides a sound

puter simulations have attempted to “model” these impactgasis for assessing the through and left-turn approach delays

and to set thresholds for where each treatment should B&sociated with various median alternatives.
applied. The various models consistently indicate that TWLTLs

and nontraversable medians result in fewer delays than undi-
vided roadways, especially as arterial traffic volumes
Operations Experience increase. The models show TWLTLs resulting in lower

) _ delays than raised medians—especially in high-volume situ-
Most operational studies focused on TWLTLs. Many anaytions. But the differences are not generally statistically sig-

lyzed driver behavior in response to roadway geometry. Aificant and have not been fully documented in actual prac-
few “before and after” comparisons were made, and severgte  They appear to be attributed to left-turn bay blockage
studies reported that delays were reduced by medigq the models and/or added travel distances involved—

improvements. Operational experience has been limite@ongitions that are amenable to correction by design.
making systematic comparisons difficult.

Average Daily Traffic (1000s)

ECONOMIC IMPACTS

Operations Models ) ) )
Property acquires value because of its location, the keys

Several models have been developed over the past D&ing accessibility and exposure. Accessibility is generally
years to assess the operational effects of various mediameasured by the ease with which people and vehicles can

TABLE 58 Annual midblock accident frequency

ADT
20,000 30,000 40,000
[Undivided 16 23 28
TWLTL 9 13 17
Median 7 10 13

O Conditions: no parallel parking, 65 driveways per mile, and abutting
commercial development.
Sources: (102, 104)
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TABLE 59 Summary of operations models for median alternatives

Dependant
No. Model Year Type Scope Variable Source
1. |McCoy-Ballard- 1982  [Simulation 2-Lane Reductions in (105)
Wisaya TWLTL Stops & Delays
2. [McCoy-Ballard 1983 |Simulation  [4-Lane Reductions in (106)
TWLTL Stops & Delays
3. |[{Heikal-Nemeth 1985 |Simulation |4-Lane Stops per Vehicle (107)
TWLTL (Inside Lane)
4. [Harwood-St. John 1985 |Regression 2-Lane Reduction in Delays (75)
TWLTL to Through Traffic
5. |Harwood 1986 |Simulation Multi-lane Reduction in Delays (76)
Highway to Through Traffic
(Per Left-turn Veh.)
6. {[Ballard-McCoy 1988 |Simulation & [4-Lane Urban |Av. Stopped Delay (108)
Regression  [Highways % of Vehicles
TWLTL Stopping
7. |Modur-Machemehl- 1990  |Simulation 4-Lane Approach Delay (109)
Lee Highways Per Vehicle
8. |Parker 1991 {Regression |All Highways |Midblock Left-turn (99)
Delay
9. |[Venigalla 1992 |Simulation |4-Lane Left-turn & Through (110)
Highways Traffic Delay
10. ||1994 HCM 1994 |Analytical Multi-lane Through & Left-turn (111)
(Uninterrupted {Approach Delay
Flow) Per Vehicle
11. [[Bonneson-McCoy 1996  [Analytical Multi-lane Through & Left-turn (102)
Highways Approach Delay
Per Vehicle

reach, arrive at, and depart from a site. Exposure is usualshopping center or office complex attract their clientele from
measured by the number of people and vehicles that pass &yarge area, and overall access time to markets play a major
the site. The economic impacts of the various median alterele. Other activities, such as service stations and drive-in
nates largely reflect the extent to which access is improvedgstaurants, rely on intercepting pass-by traffic; in such
restricted, or denied. cases, left-turn restrictions and increased travel distances
The installation of a physical median limits direct accesgould adversely affect business. Table 60 gives illustrative
to properties and may require the rerouting of left turns andxamples of business sensitivity to pass-by traffic. Table 61
involve longer travel distances. This, in turn, may limit bothshows pass-by percentages for a range of retail activities.
the exposure to and the effective exposure of a site. However, The effects of left-turn restrictions also depend on changes
the increase in capacity associated with the installation of ia business conditions and traffic volumes, shifts in popula-
median may improve the accessibility and increase the exption and purchasing power, and the development of compet-
sure, just like adding travel lanes to the roadway. itive business sites. Consequently, only a few studies have
Measuring and assessing the impacts of restricting lefjuantified actual effects. Instead, most studies have focused
turns has been difficult. The impacts not only depend on then perceptionsof effects and the attitudes of the various
extent that access to adjacent property increases or decreaggsups affected.
but also on the type of activity involved and the background The introduction of a raised median limits left-turn access
economic conditions. Some activities, such as a region&b those locations with median openings. This tends to
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TABLE 60 |lllustrative examples of business sales several businesses closed, but the closings were influenced
sensitivity to pass-by traffic by other factors.
Proportion of Business The perceived effects on business appear to be greater than
Sales Coming from Sample Business Type those that actually occurred. Along Oakland Park Boulevard,
Pass-by Traffic (Standard Industrial Code) almost 30 percent believed their business volumes declined,

while in other Florida communities, negative effects were

Lowest g;’:g::g;i?g;ers (527) _perceive(_i by 4_3 perce_nt. Poorer busin_ess conditions result-
Photographic Studios (722) ing from installing medians were perceived by 12 to 55 per-
Dentists (802) cent of the respondents in the Bonneson-McCoy survey.
The Texas study and analysis of service stations indicate
Moderate Hardware Stores (525) that left-turn access into businesses decreases in relative

Household Appliance Stores (572)

Automotive Repair Shops (753) terms as traffic volumes increase. Thus, business impacts

depend not only on the business type and location, relative to
High Grocery Stores (541) median openings along a road, but on traffic volumes as well.
Laundry, Cleaning and
Garment Services (721)

APPLICATION GUIDELINES
Highest Miscellaneous Food Stores (549)

Gasoline Service Stations (554) This section contains guidelines for assessing the safety,
Source: (112) travel time, and economic effects associated with the various
median alternatives. The guidelines build on the information

. . . . contained in previous sections of this chapter.
adversely affect those businesses (i.e., service stations anoP P P

fast food restaurants) that rely on pass-by traffic and, in a few

cases, other businesses. In Texas, traffic serving businessggety

not located at median openings declined 44 percent. Along

Jimmy Carter Boulevard in metropolitan Atlanta, 21 busi- Safety experience suggests that the installation of
nesses experienced decreased sales volume while 15 WA&LTLs or nontraversable medians, reduces accident rates
increased their sales. Along Memorial Boulevard in Atlantapy about 30 to 40 percent of those experienced with undi-

TABLE 61 Reported pass-by trips as percent of total (averages)

No. AM PM
of Peak | Peak

Land Use Sites | Hour | Hour | Source
1. Convenience Stores na 71 (150)
2. Convenience Mart with Gasoline Pumps 15 62 66 (151)
3. Convenience Mart 20 60 (152)
4. Gasoline Service Station with Convenience Mart 9 61 56 (151)
5. Gasoline Service Station 6 58 52 (151)
6. High Turnover sit-down restaurant 6 40 (151)
7. Fast Food Restaurant 25 45 47 (151)
with drive-through window 7 43 (152)
8. Supermarkets 5 5 27 (153)
42 (152)
9. Discount Stores 22 (153)
10. Shopping Centers 67 (152)

50,000 sq.ft. 60

100,000 45

200,000 36

300,000 31

400,000 28

500,000 27

250,000 22

1,000,000 21
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TABLE 62 Estimated total accidents/mile/year average of More refined estimates can be obtained by applying the
various safety models Bowman-Vecellio accident prediction model. The model
ADT Undivided TWLTL Raised Median takes the form
10,000 43 39 32 A = (By ADT®)(Length®2 )(Linear Terms) 9)
20,000 126 60 55 - .
’ The coefficients for the model are shown in Table 63.
30,000 190 2 78 Midblock accident impacts may be estimated using the
various Bonneson-McCoy tables and graphs. Representa-
40,000 253 112 85 tive results are summarized in Table 64, and more detailed
Source: (102) tabulation are contained in Appendix C. These tables give

expected annual accident frequencies¥emi road seg-
ments. Effects of changes in median type or access fre-
Vided Cross SeCtionS tha.t dO not remove |eft turns from thauencies can be Obtained by re_entering the appropriate
through tra.Vel |aneS. Studies CondUCted Since the 1980s h%ies and Comparing the differences' Effects Of Changes in
shown that roads with raised medians are generally safer thagegment length can be estimated by applying the following
those with TWLTLs; accident rates averaged about 5.2 angguation:
7.3 per million VMT, respectively. However, both rates
and effects vary from location to location, reflecting facility- Acc/mile  Acc/mile 085
specific conditions and accident reporting procedures. Thuggr |ength x, = for % mile x Length™
these values should be used only to provide a first broadn feet " section 1320 (10)
gauged assessment.
Accordingly, various safety models have been developed Thus, for a2-mi section, the accidents per mile would be
to better refine estimation of impacts. The generalized results8 times the accident values shown in the tables.
of these models—shown earlier in Figure 32—provide a The guidelines froo-NCHRP Report 398re most applic-
broad guide for estimating accidents. They suggest thable in areas where (1) the percentage of property-damage-
annual accident rates per mile shown in Table 62 for the thremly accidents ranges from 60 to 75 percent; (2) traffic sig-
median options. nals are spaced 1,000 ft or more apart; (3) the traffic signals

TABLE 63 Bowman-Vecellio vehicle accident prediction model

Median Type
Variable Variable Name Univided TWLTL Raised Median
Exposure B, |Intercept 0.000365 0.000365 0.000365
B, |ADT 1 1 1
B, |Segment Length, Len 1 1 1
Explanatory C, |Intercept 1.88 37N 7.21
C, |Reporting Threshold, Thr -0.00303 -0.00278 -0.00788
C, |Office Land Use, Off 1.06 -0.0723 -0.448
C, |Business Land Use, Bus 0.657 0® 0@
C, |Area Type, Area 0.457 o® o
Cs |Median Width, Med o® 0.0354 -0.0276
Cs |Unsig. Approach Density, Unsig 0@ -0.0606 o®
C, |Driveway Density, Drv 0.0132 0.0129 o
Cg |Crossover Density, Cross o® o® 0.0962
C, |Speed Limit, Spd o® -0.0339 0.070
Database Years of Accident Data 3-5
Number of Sections 152 178 150
Total Section Length (miles) 389 55.1 51.9
Through Lanes 4and6®

Note: Considered, but not found to be statistically significant.
Sources: (81, 101)

B, B,
A=B,ADT Length (Linear Terms)
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TABLE 64 Annual midblock accidents per¥s-mi section—business or
office land use

Driveways/Mile Undivided (a) I TWLTL Raised Median

ADT 22,500

30 7-9 7 5

60 8-10 8 6

90 9-12 9 6
ADT 32,500

30 9-13 9 7

60 11-14 11 8

90 12-17 12 9

(a) Higher value with parallel parking.
Note: Assumes 65 percent of all accidents are property damage only.
Source: (102)

are coordinated; (4) there is no parallel parking; (5) the artenedian with 30 driveways per mile would result in 3,100
rial has four or five through lanes; (6) the access points asnnual hours of delay. Note that for an undivided cross sec-
aligned to form four-leg intersections; and (7) there are ntion with 90 driveways per mile, there would be 8,000 annual
exclusive right-turn bays. Guidelines can be used outside tiours of delay.

these ranges, but become less reliable as the amount of devi-

ation increases. Economic Impacts

The economic impact associated with installing a raised
Operations median and limiting certain access points to right turns only
will depend upon the following factors:
Traffic operations along most urban and suburban arterial
roadways are strongly influenced by conditions at traffic- ¢ The size and type of each abutting land use at the loca-
signal-controlled intersections. Impacts of alternative mid-  tions where left-turn access will be reduced,

block median treatments can be estimated fronN(BEIRP » The reliance of each land use on pass-by traffic,
Report 39@nalyses, which are summarized in Table 65 and * The number of vehicles turning left into the activity or
detailed in Appendix C. land use,

A simple example illustrates the application of these tables ¢ The average purchase per vehicle (or person), and
for a roadway carrying 32,500 vehicles per day with left turns ¢ Economic trends for the surrounding areas.
per 1,320-ft segment accounting for 10 percent of the daily
traffic. For a TWLTL with 90 access points per mile, there It is reasonable to expect that some pass-by trips that can
would be 3,200 annual hours of delay. Conversion to a raiset longer turn left into a roadside establishment will seek

TABLE 65 Annual delay to major street left-turn and through vehicles

Driveways/Mile Undivided TWLTL I Raised Median

ADT 22,500

30 2,200 1,300 1,300

60 2,200 1,400 1,400

90 2,200 1,400 1,400
ADT 32,500

30 7,100 3,000 3,100

60 7,800 3,200 3,500

90 8,000 3,200 3,400

Note: Assumes 10 percent Left Turns/1320-foot segment.
Source: (102)
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other ways to reach the same location or a similar use that canWhere the number of left turns is not known, the propor-
be reached without turning left; there would be no reductiotion may be estimated from Column B in Table 66. These
in these trips at locations where left-turn access remains. It &@lues reflect the increasing reticence of drivers to turn left
also reasonable to expect that “destination-oriented” trips wirom an arterial highway as opposing traffic volumes
find alternate routes. For any site where left-turn access iscrease.

denied, the maximum adverse impacts represent the productThese estimates represent maximum impacts, because
of (1) the number of left-turn entrants and (2) the proportiomepetitive pass-by traffic might change travel patterns, stop
of those turns that represent pass-by (intercept) trips. The losa the return trip, or take advantage of well designed or con-
would represent the average dollars per purchase multipliageniently located U-turn facilities. Impacts also would be
by the number of trips involved. The economic impacts oveless where an alternate left-turn access into a property
a section of highway would be summed for the individuatemains open. There may be no overall impact on the com-
establishments involved. Thus, the maximum loss would bemunity because this business traffic would be diverted to

" other area establishments. Moreover, sales at other estab-

>. NiRD; (11)  lishments along a section of road might show an increase as
a result of improved accessibility.

where: The following examples illustrate the application of
N; = number turning left at location i per day Table 66:
P, = % pass-by at location i
D; = Dollars/Purchase « Assume that 500 vehicles per day turn left into a com-
M = number of establishments where left-turn munity shopping center and 30 percent of these vehicles

entrance is denied would represent “pass-by” traffic. Thus, the maximum

daily loss in traffic would be about 150 vehicles per day.
The number of left turns can be observed in the field. The If the average purchase is $20 per vehicle, then the daily
percent pass-by traffic can be estimated based upon the pro- loss would be $3,000.
portion of pass-by traffic reported in various studies. Table ¢ Assume left turns will be prohibited into a service sta-
66, Column A, gives the generalized values for the propor-  tion along a road with 10,000 ADT. From Table 66, the
tion of pass-by traffic for various land uses. pass-by traffic represents 55 percent of the total and 40

TABLE 66 Economic impact model

A B
% Estimated Left Turns As
Land Use Pass-by % of Total Entering Traffic
1 Gasoline Service Station 55 ADT %
Convenience Mart 5,000 43
Small Retail < 50,000 sq. ft. 10,000 40
20,000 30
30,000 15
2 Fast Food Restaurant with Drive Through Window 45 or more
Supermarkets
Shopping Center
50,000 - 100,000 sq. ft.
3 High Turnover sit-down restaurant 40
4 Shopping Centers 30
250,000 - 500,000 sq. ft.
5 Shopping Centers 20
Over 500,000 sq. ft.

Source: Estimated from Table 61 shown earlier.
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percent of entrants are turning left. Thus, a maximum 0$211,000 per mile for providing raised medians on roads with
22 percent of the customers would be lost if left turnsSTWLTLsS. These costs were assumed to be in addition to the
were prohibited. costs of providing the fifth lane.

» Assume that left turns would be prohibited into a high- The differences in development costs per mile for the var-
turnover restaurant along a roadway carrying 30,000 vehious median options are shown in Table 68. This table also
cles per day. The pass-by traffic accounts for 40 percent shows annual costs based upon a 20-year design life and a
the total entrants. About 15 percent of the customers wouldebt service (amortization) rate of 4 percent. Actual costs
turn left into the restaurant. The anticipated maximunwill vary widely from region to region, depending on specific
impact would be a 6 percent loss in customers. local conditions, and could be as much as twice these values.

To estimate the maximum daily and annual economic loss, ) )
information would be needed on the purchases per vehicfe!ecting @ Median
(or customer) at any given establishment—

. both on a daily Selecting a median alternative will depend upon many
and annual basis.

policy, land use, and traffic factors. These factors include
() the access management policy and access class for the
roadway under consideration; (2) the types and intensities
of the adjacent land use; (3) the supporting street system
Construction costs for TWLTLs and raised medians werand the opportunities for rerouting left turns; (4) existing
estimated iMNNCHRP Report 39%102). The estimated con- driveway spacings; (5) existing geometric design and traf-
struction costs per mile in 1996 dollars are shown in Table 67ic control features (e.g., proximity of traffic signals and
These costs were based upon the urban highway constructiprovisions for left turns); (6) traffic volumes, speeds, and
costs reported by Cohen and Reh®Y and the incremental accidents; and (7) costs associated with roadway widening
costs estimated by Harwood and Glennb®J( and Parker and reconstruction.
(97). An incremental cost of $24,000 per mile was estimated Table 69 gives a comparative analysis of the three midblock
for providing TWLTLs on undivided highways and a cost ofleft-turn treatments based upon the researchNlGHRP

Development Costs

TABLE 67 Estimated development costs per mile associated with alternative midblock left-turn treatments

Area Type:

Built-Up Urban Areas

Outlying Urban Area

Cost Item Lane Type:

. 3
Undivided TWLTL Raised-Curb

. 3
Undividled TWLTL Raised-Curb

Unit Costs (thousands of doll

N W
ars per lane-mile)

Construction 745 769 980 901 925 1,136
Right-of-Way 472 472 472 191 191 191
Total 1,217 1,241 1,452 1,092 1,116 1,327
Cost for a Street with Four Through Lanes (thousand of dollars per mile)1

Construction* 2,980 3,749 3,960 3,604 4,529 4,740
Right-of-Way 1,888 2,360 2,360 764 955 955
Total 4,868 6,109 6,320 4,368 5,484 5,695
Notes:

1 - Costs are updated to 1996 values using the Consumer Price Index.

2 - Costs from the "Undivided Highways, Pavement Reconstruction” category of Table 4-16 in Reference (113).

3 - Incremental cost of Raised-curb over TWLTL was based on the average of values reported by Harwood (114) and
Parker (99) (i.e., 211, 000).

4 - Construction costs for TWLTLs and raised medians equal 5 times the unit cost for an undivided roadway
plus $24,000 and $235,000, respectively.

Source: (99, 102, 113, 114)



TABLE 68 Ranges in reconstruction costs for midblock left-turn treatments

Estimated Difference Annualized Costs
Reconstruction in Construction Dollars Dollars Per
(or Conversion) Costs Per Quarter-Mile
Combination (Thousands) Mile (Rounded)
[Undivided to Raised-Curb Median $1,452 (a) $106,841 $27,000
{Undivided to TWLTL $1,241 (a) $91,315 $23,000
TWLTL to Raised-Curb Median $ 980 (b) $ 72,110 $18,000

Notes: (a) Difference in construction and R.O.W. costs (Table 52).

(b) Cost/Mile to build raised-median.
Debt Service Factor - (20 years at 4%) is .073582

TABLE 69 Comparison of three midblock left-turn treatment types

"Preferred" Midblock Left-Turn Treatment '

Comparison Factor Raised-Curb | Raised-Curb TWLTL
vs. vs. vs.
TWLTL Undivided Undivided
Operational Effects
1 Major-street through movement delay n.d’? Raised-Curb TWLTL
2 Major-street left-turn movement delay n.d. Raised-Curb TWLTL
3 Minor-street left & through delay (two-stage entry) n.d. Raised-Curb TWLTL
4 Pedestrian refuge area Raised-Curb | Raised-Curb n.d.
5 Operational flexibility TWLTL Undivided n.d.
Safety Effects
1 Vehicle accident frequency Raised-Curb | Raised-Curb TWLTL
2 Pedestrian accident frequency Raised-Curb | Raised-Curb nd.
3 Turning driver misuse/misunderstanding of markings Raised-Curb | Raised-Curb Undivided
4 Design variations can minimize conflicts (e.g., islands) ] Raised-Curb | Raised-Curb TWLTL
5 Positive guidance (communication to motorist) Raised-Curb | Raised-Curb n.d.
Other Effects
1 Cost of access (access management tool) Raised-Curb | Raised-Curb n.d.
2 Direct access to all properties along the arterial TWLTL Undivided n.d.
[Access Effects
1 Cost of maintaining delineation n.d. Undivided Undivided
2 Median reconstruction cost TWLTL Undivided Undivided
3 Facilitate snow removal (i.e., impediment to plowing) TWLTL Undivided nd.
4 Visibility of delineation Raised-Curb | Raised-Curb nd.
5 Aesthetic potential Raised-Curb | Raised-Curb nd.
6 Location for signs and signal poles Raised-Curb | Raised-Curb n.d.

Notes:

1 - The "Preferred" left-turn treatment is based on the findings of this research and the more commonly found

opinion during a review of the literature.

2 - n.d. negligible difference or lack of a consensus of opinion on this factor.

Source: (102)
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TABLE 70 lllustrative computations of benefit-cost ratio conversion from TWLTL to raised median

A. TWLTL B. Raised Median
Item 60 Approaches/Mile | 30 Approaches/Mile Difference
1 Annual Accidents 13 8 5
(Tables E17, E-18, & E19 in Appendix C)
2 Annual Accident Cost Savings
at $15,000/accident $ 195,000 | $ 120,000 | $ 75,000
3 Annual Delay Savings $ 10,700 | $ 10,600 | $ 100
(Tables E13, E-14, & E15 in Appendix C)
4 Annual Delay Savings $ 171,200 | $ 169,600 | $ 1,600
Cost at $16/hr.
5 (2+4)
Total Annual Benefits $ 366,200 | $ 289,600 | $ 76,600
6 Annual Development Cost (Table 68) $ 18,000
7 Benefit /Cost Ratio
(Item #5 divided by #6) 426

Source: (102)

Report 3951t contains a detailed description of the strengthsatio exceeds 2.0, the alternative left-turn treatment is rec-
and weaknesses associated with midblock left-turn treatmentammended. When the benefit-cost ratio is less than 1.0, no
More detailed guidelines for alternative midblock left-turnchange is recommended. The gray areas on the tables depict
treatments were derived by Bonneson and McCoy based @onditions where the benefit-cost ratio ranges between 1.0
benefit-cost comparisons. lllustrative benefit-cost computaand 2.0; more detailed site-specific evaluation is needed
tions are shown in Table 70. Appendix C contains furthebefore considering a change.
examples oNCHRP Report 39&ables. These tables indicate  The tables assume that there is no change in the number
when TWLTLs should be converted to raised medians foof driveways. However, especially when raised medians
business-office and residential land uses. are installed, the number of left-turn driveways will be
These tables were based on the following assumptions: reduced. In these cases, it is necessary to use the appendix
tables (E-17, E-18, or E-19) to obtain the annual accidents.
» Annual accidents péf: mi were multiplied by $15,000to These values then can be expressed in monetary terms for

obtain annual accident costs for each alternative. each median option, and differences in annual costs can be
¢ Annual through and left-turn delays (in hours) werecomputed and compared directly with differences in con-
multiplied by $16/hr to obtain annual delay costs. struction costs.

« The differences in total annual costs (delay costs plus The quantification of delays, accidents, and development
accident costs) between the two options represent the nedsts should be tempered by the practical realities associated
benefits. with roadway retrofit. Compatibility with adjacent roadway

cross-sections, and availability of right-of-way, for example,

The tables show the “tradeoff” conditions for convertingmay influence median selection. Still, the tables provide use-

from one median option to another. When the benefit-codtl inputs into the median selection process.
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CHAPTERY
LEFT-TURN LANES (TECHNIQUE 3A)

INTRODUCTION SAFETY EXPERIENCE AND ANALYSIS

Left turns may pose problems at driveways and street Many studies, mainly conducted in the 1960s and 1970s,
intersections. They may increase conflicts, delays, and acdiave documented the safety and operational benefits of left-
dents and often complicate traffic signal timing. These probturn lanes. The widespread acceptance and use of left-turn
lems are especially acute at major suburban highway intefanes by traffic engineers and designers suggests that this
sections where heavy left-turn movements take place, bteatment has been cost-effective.
occur also where left turns enter or leave driveways serving The safety benefits of providing left-turn lanes as re-
adjacent land development. The following illustrate thesgorted by the individual studies are presented in Table 72.
problems: This table shows that the removal of left turns from the

through traffic lanes resulted in accident rate reductions

* More than two-thirds of all driveway-related accidentsranging from 18 to 77 percent; the statistical median reduc-
involve left-turning vehiclesi(13. tion was more than 50 percent.

* Where there are more than six left turns per traffic Table 73 shows the reported percentage changes in various
signal cycle, virtually all through vehicles in the kinds of accidents when left-turn lanes are introduced. There
shared lane may be blocked by the left-turning vehijs a generally consistent reduction in rear-end- and left-turn-
cles (L14). related accidents. Right-angle (i.e., crossing-related) accident

* Where left-turn lanes are provided along multi-lanerates decline at signalized intersections but show a mixed
highways, each opposing left-turning vehicle reducegegyit at unsignalized locations. This may involve greater
the through vehicle capacity by the number of throughyjyer uncertainty on the crossroad. On balance, however,

lanes it crosses (e.g., 100 left turns/hour across thregs 1m lanes do improve safety and should be provided
traffic lanes reduces the through vehicle capacity by 30Q, erever practical.

vehicles) 114).

Thus, the treatment of left turns has an important beabPERAT|ONS EXPERIENCE AND ANALYSIS
ing on the safety and movement along arterial roadways.
Itis one of the major access management concerns. Left- Operations-related studies have generally focused on
turn movements at driveways and street intersections mayssessing the delay reductions and capacity gains result-
be accommodated, prohibited, diverted, or separateghg from replacing shared lanes with left-turn lanes. Stud-
depending on specific circumstances. Table 71 gives exares have also identified the conditions where left-turn
ples of each option and shows when each should be copmes are warranted. Current practice of left-turn treat-

sidered {19). ments at intersections are summarizeN@HRP Synthe-
Left-turn lanes are normally provided by offsetting thegijs 225(128).

center line or by recessing the physical (or painted) median.
Examples of single and dual left-turn lanes are shown in Fig-
ure 33; a typical shared lane treatment is shown for comparhrough Vehicle Effects
ison purposesl(5).
The left-turn lanes offer the following important benefits: Shared left-turn lanes result in a complex interaction
among the left-turning vehicles, the through traffic in the
» They remove the turns from the through travel lanessame lane, and the opposing traffic. As shown in Figure 35,
This reduces rear-end collisions and increases capacitieft turns may block following through vehicles. The number
» They improve the visibility of oncoming traffic for vehi- of through vehicles impeded or delayed will depend on the
cles turning left (Figure 34). This helps to reduce rightnumber of left-turning vehicles and their positions in the
angle collisions. gueue at a traffic signal.



TABLE 71 Treatment of left turns at intersections and driveways
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Option Condition Application Considerations
Provide Shared Lane Limit to minor roads or
places where R/W is not
available for left-turn lane
Left-Turn Lane Protected or permissive
phasing
Dual Left-Turn Lane Protected phasing only
Prohibit Full Time Requires alternate routes
Peak Periods Only Requires alternate routes
Divert Jug-Handle Divided highways at minor
roads (signalized junctions
only)
Modified Jug-Handle 6-lane divided highways
Michigan "U" Divided highways with wide
median - Allows two-phase
signals
Separate Directional Design Very heavy turns in one
direction
Left-Turn Flyover Very heavy turns in one
direction
Through Lane Flyover Major congestion points

Source: (/15)

Simulation and probability analysis have suggested the Thus, when there is one left turn per cycle, approximately
following values for the proportion of through vehicles 40 percent of the through vehicles in the shared lane are

blocked by left turns1(14):

Left Turns/
Per Cycle

o
o

QOWO~NOUITRWNE

[N

Proportion of Through
ehicles Blocke

0.25
0.40
0.60
0.70
0.75
0.80
0.84
0.86
0.88
0.89
0.90

blocked; when there are three left turns per cycle, approxi-
mately 70 percent of the through vehicles are blocked. A pro-
tected left-turn lane, in contrast, generally results in no
impedance to the same-direction through traffic.

Results of a simulation analysis of two-lane roads by
Craus and Mahalellp2) are shown in Table 74. The pro-
portions of through vehicles stopping and decelerating are a
function of the number of vehicles in the opposing direction
and the percentage of left turns in the same direction of
travel. The proportions of stopped and slowed vehicles
increase as the left-turn percentages, opposing traffic flows,
and same direction volumes increase. For an opposing vol-
ume of 800 vph and a through volume of 800 vph, the per-
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)

+
1. Limit Use to:
a. Minor streets
b. Major streets where
R.O.W. is not available

(a) SHARED THROUGH/LEFT-TURN LANE

c. Low speed streets
d. Low volume streets

1. Applies to all types of highways | 1

2. May have exclusive, or protect- It
ed/permissive, or permissive N
phasing ! '

(b) LEFT-TURN LANE

4|1

1. Peak left turn volumes
over 300 V.PH. |

2. 28’ Min. width on -l 1{F
receiving highway V1

3. Protected signal phasing

4. Divided highway (desirable)
(c) DUAL LEFT-TURN LANE

Source: (115)

Figure 33. Examples of left-turn lanes.



4-LANES -- LIMITED VISIBILITY

Adapted from: 116

Figure 34.

TABLE 72 Synthesis of safety experience with left-turn lanes

VISIBILITY

Improved visibility from providing turn lanes.

4-LANES PLUS LEFT-TURN LANE -- IMPROVED

91

Accidents Accident Rates
Per Million Entering Vehicles
Study Location Year Type Without | With | % Diff. | Without | With % Diff. |Remarks Source
1. California (DPW) 1967-8 |Before/ (117, 118)
Wilson, Tamburri-Hammer After
Unsignalized 1.16 0.58 -50 |53 Locations
Signalized 1.00 0.82 -18
All Locations 1.08 0.70 -35
Painted 157 106 -32 40 Locations
Curbed 61 25 -59
Raised Bars 95 31 -87
All 313 162 -48
2. Indiana (Shaw, Michael) 1968 |Compares 1.65 0.59 -65 |8 Intersections without lanes; (119)
Locations 3 with lanes
3. Ohio (Foody, Richardson) 1973 |Compares
Locations
Unsignalized 4357 104" -76 239 legs without left-turn lanes, (120)
Signalized 2471 1540 -38 land 94 legs with left-turn lanes
4. Israel (Ben-Yakov, Craus) 1980 |Before/ 165@| 1,03 ® -38 |25 Intersections (121, 122)
After
5. Kentucky (Agent) 1983 |Before/
Unsignalized After 57@1 13® 77 (123)
Signalized 799 36® -54
6. Indianapolis (Greiwe) 1986 |Before/ 102 @ 4491 57 8 Intersections (124)
After
7. Nebraska (McCoy-Malone) 1989 Compares 3-year comparison (125)
Locations
Unsignalized 95 62 -35 1.00 0.49 -51 |14 sites with, 14 sites without
Signalized 145 67 -54 1.28 0.56 -56 |15 sites with, 20 sites without
8. New Jersey, Route 47 1992 |Before/ 109 67 -39 1.8 miles -- 4-lane road (126)
After converted to 3-lane
9. New Jersey, Route 130 1993 |Before/ 3.36 2.16 -35 18 miles (southern section) (127)
After 3.88 1.99 -51 }28 miles {northern section)

Note:

(1) Per Million Vehicles Per Leg Per Year.

(2) Accidents Per Intersection/Year.
(3) Per Million Left-Turn Vehicles.

(4) Mean Accidents/intersection/Year.
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TABLE 73 Synthesis of accident experience by type of accident

Percent Change in Accidents

Conditions Rear- | Right- Left-
Study Location Year Compared End Angle Turn Other |Remarks Source
A. Unsignalized
1. California
(DPW, Wilson, Tamburri, Hammer) [1967-8 [Acc/Million 87 M| +50 -37 -45 (129)
Entering Vehicles
2. Indiana
(Shaw, Michael) 1968 |Acc/Million -62 -65 (119)
Entering Vehicles
3. Ohio (Foody, Richardson) 1973  |Acc/Million Vehicles -90 (120)
Per Leg
4, Kentucky (Agent) 1983  |Acc/Million Left- 77 (123)
Turning Vehicles
5. Nebraska (McCoy, Malone) 1989  |Acc/Million 88@| +68@ | _g6® -53 Four-Lane Arterials (125)
Entering Vehicles
B. Signalized
1. California 1967-8 |Acc/Million +16 ® -9 -56 -29 (129)
(DPW, Wilson, Tamburri, Hammer) Entering Vehicles
2. Ohio (Foody, Richardson) 1973  |Acc/Million Vehicles -43 (117)
Per Leg
3. Kentucky (Agent) 1983  |Acc/Million Left- 54 @ (123)
Turning Vehicles
4. Nebraska (McCoy, Malone) 1989  |Acc/Million -50® | 38 -66 © 74 ® |Four-Lane Arterials (125)
Entering Vehicles

Notes:

(1) Statistically significant at .10 level.

(2) Includes left-turn related, rear-end, and sideswipe accidents.

(3) Statistically significant at .05 level.
(4) Without protected left-turn phases.

(5) Appears inconsistent with other findings.
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Source: (114)
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TABLE 74 Simulation of left-turn delays—(tow lane road — no left-turn lane), slow and stopped through vehicles as a function

of number of vehicles in the opposite direction

Percentage of Stopped (Slowed) Vehicles
Opposing Through 2% 5% 10% 15% 20%
Volume Volume Left-Turning Veh. Left-Turning Veh. Left-Turning Veh. Left-Turning Veh. Left-Turning Veh.
800 800 7.2 (3.3) 18.2 (7.0) 379 (11.0) 54.4 (12.2) 68.4 (9.6)
800 500 25 (3.9) 6.2 8.7) 134 (14.2) 22.8 (19.5) 29.7 (21.1)
800 200 0.8 (3.7 25 (7.9) 35 (14.2) 59 (21.9) 8.1 (26.0)
600 800 4.3 (2.1) 11.8 (5.4) 25.7 (8.6) 355 (11.4) 42.8 (12.7)
600 500 1.8 (2.3) 4.7 (5.4) 8.5 (9.6) 13.2 (13.8) 18.6 (16.9)
600 200 0.7 (2.2) 1.1 (5.2) 241 (9.6) 34 (13.4) 4.7 (17.9)
500 800 341 (1.8) 9.8 (4.6) 16.6 (7.3) 26.5 (9.5) 319 (11.6)
500 500 1.3 (2.0) 29 (3.9) 6.5 (8.3) 99 (12.0) 13.7 (15.1)
500 200 0.3 (1.7) 1.2 4.3) 1.9 (8.2) 3.0 (12.2) 2.8 (15.2)
400 800 2.7 (1.4) 6.6 (4.0 12.7 (5.6) 19.4 (8.6) 25.0 9.7)
400 500 0.8 (1.4) 25 (3.7) 5.0 (5.6) 7.3 (0.2) 10.2 (12.4)
400 200 0.2 (1.3) 0.6 (3.3) 1.2 (6.0) 1.6 (9.1) 24 (11.8)
200 800 1.1 (0.6) 238 (1.8) 6.7 2.7) 9.5 (3.8) 12.2 (5.2)
200 500 0.2 ©.7) 0.6 (1.3) 2.3 2.7) 3.1 (3.9) 3.8 (5.5)
200 200 0.0 (0.6) 0.3 (1.3) 0.5 (2.3) 1.0 (3.4) 1.2 (5.9)

Source: (122)

centages of through traffic delayed and stopped were estelay Effects
mated as follows:

Percent of
Left Turns

2.0
5.0
10.0
15.0
20.0

Percent
Delayed

3.3
7.0
11.0
12.2
9.6

Percent
Stopped

7.2
18.2
37.9
54.4
68.4

Studies by Harwood and HobalB(Q) have quantified the
reduction in delay that results from providing left-turn lanes on
2-lane highways. Their findings are shown in Figure 36. There
is relatively no delay (and minimal benefits) for two-direction
traffic volumes below 400 vph. Delay (and benefits) increases
significantly for two-way volumes above 1200 vph.

Capacity Effects

For an opposing volume of 200 vph and a through volume of The capacity of a roadway is controlled by its critical inter-
800 vph, the percentages of through vehicles affected wefgctions. The capacity depends upon the conflicting lane vol-

as follows:

Percent of
Left Turns

2.0
5.0
10.0
15.0
20.0

Percent
Delayed

0.6
1.8
2.7
3.8
5.2

Percent
Stopped

1.1
2.8
6.7
9.5
12.2

umes, the green times available for movement, and the com-
position of the traffic stream. The capacity effects of shared,
single, and multiple left-turn lanes can be estimated in vari-
ous ways: (1) complex procedures in the 18fighway
Capacity Manual131) can be used to estimate capacities,
v/cratios, delays, and service levels; (2) simplified formulas
can be applied that give reasonable results for most traffic
planning purposes; and (3) critical lane conflict volumes can
be used.

The capacity of a through lane depends on the effective
green time available, although sometimes this green time

The values shown may be used to estimate the reduction inust be shared with opposing left turns. The capacity of a
through vehicle stops and slowing if a left-turn lane wereshared lane is generally less, and under typical urban or sub-

provided.

urban conditions might be about 40 to 60 percent of that of a



94

4.0

3.5
3.0
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2.0
1.5+
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1.0F
0.5}

20% through lane. Thus, along a four-lane arterial, provisions of
Left-Turns left-turn lanes would increase the capacity from about 1.5 to
2.0 lanes in each direction—a 33 percent increase.

A series of formulas derived by Levinsohlf) can be
used to provide more precise estimates of through and shared
lane capacity. The formulas reflect the assumption that the
capacity of a through lane at an intersection is reduced by
opposing left turns or by the blockage effect of left turns in
the same direction. The capacity of a shared lane represents
the minimum of these computations. The suggested formu-
las are shown in Table 75.

The effective opposing traffic per lane is computed by
dividing the opposing traffic by the following factors, when

5%
Left-Turns

0 1 § L i 1 | ]
0 200 400 600 800 1000 1200 1400 1600 1800 2000  there are shared left-turn lanes on that approach:
Two-way Flow Rate (veh/hr)

Source: (/30} . 1 Iane l
Figure 36. Delay savings of left-turn lanes on two-lane e 2 lanes 15
rural highways. * 3lanes 2.5

TABLE 75 Shared lane capacity formulas (simplified)

Case Description Lane Capacity Per Cycle Constraints'"
1 Through lane with no (A) ¢ = %
opposing (conflicting) left-
turns or shared lane on one-
way street
. . g
2 Through lane with opposing B) ¢ = f -(¢2-82) l2 28,
(conflicting) left-turns
3 Single shared lane (on two- Minimum of
lane street)
Conflict (€ ¢ = % “(tz-¢4-83) (¢2-¢1-52)20
Blockage (D) cs5= % -B(o; - ¢3)
4 Shared lane on multi-lane Minimum of
street
Conflict (E) c¢= % -(¢2-53,) FER P
Blockage (F) ¢s= x -Bo,
Notes:
g = effective green time (sec/cycle)
h = headway, adjusted for factors other than left turns (sec/veh)
¢ = left turns per cycle in given direction
ly = opposing left turns per cycle
S, opposing sneakers per cycle (always < ¢ 5)
0y = effective opposing traffic per lane per cycle
B = modified blockage (impedance factor)
c = capacity (veh/lane/cycle)
Cs = capacity, veh/lane/cycle (shared lane -- blockage)

(1) When these conditions are not met, apply Formula A.

Source: (114)
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This is necessary to account for the uneven distribution of « Where fully protected left-turn phasing is to be pro-
traffic among lanes. The values of the “Modified” blockage  vided;

or impedance factors, B, are as follows: « Where space permits, left-turn lanes should be consid-
ered when left-turn volumes exceed 100 vph (Left-turn
lanes may be provided for lower volumes as well on the

Left Tums Per Cycle B basis of the judged need and state or local practice, or
0.5 0.30 both); and
1 0.48 » Where left-turn volumes exceed 300 vph, a double left-
2 0.72 turn lane should be considered.
3 0.84
4 0.90 Further guidelines for when left-turn lanes should be pro-
5 0.96 vided are set forth in several documents for both signalized
6 or more 1.00 and unsignalized intersectiorklf, 128. These guidelines

key the need for left-turn lanes to (1) the number of arterial

Each of the approaches to estimating intersection capacifiines, (2) design and operating speeds, (3) left-turn volumes,
recognizes the reciprocal relationship between through tragnd (4) opposing traffic volumes.
fic and conflicting left turns. In each case, the number of The design of left-turn lanes is straightforward. The lanes
through vehicles that can be accommodated increases as #iuld be shadowed (protected) from the through travel lanes
conflicting left turns are reduced; this relationship underliegng transitions around the lanes for through traffic (where
the.provision of dual left-turn lanes and the diversion or Prorequired) should be gradual. The storage lengths should be
hibition of left turns. maximized by keeping entry tapers relatively short. Storage
for 1.5 to 2 times the peak-hour vehicles turning left per cycle
will minimize the chances of overflow resulting from random
arrivals. (The lower value is appropriate where signals are
coordinated and arterial traffic moves in platoons.)

APPLICATION GUIDELINES
Planning Considerations

Left turns should be removed from the through travel IaneEStimatin Effects
wherever possible. Therefore, provisions for left turns (i.e., g
left-turn lanes) have widespread application. Ideally, left- rhe estimation of safety and capacity effects is straight-
turn lanes (or jughandles) should be provided at drivewayg \vard.
and street intersections along major arterial and collector
roads wherever the turns are permitted. This is essential to
improve safety and preserve capacity. Safety

The 1994Highway Capacity Manuall131) indicates that
exclusive left-turn lanes at signalized intersections should be The provision of left-turn lanes has been found to reduce
installed as follows: accidents and accident rates by about 20 to 65 percent. Table 76

TABLE 76 Reported accident reduction factors for left-turn lanes

Accident
Reduction
Treatment Factor * Source
UNSIGNALIZED-
1. Add Left-Turn Lane 65 132, 133
(Physical Separation) 24 (Fatal + Injury) 134
2. Add Left-Tum Lane 27 132
(Painted Separation) 30 133
SIGNALIZED-
3. Add Left-Tum Lane 40 132
(Physical Separation)
4. Add Left-Turn Lane (Painted Separation) 15 132

Source: Compiled from reference noted.
Notes: * For all accidents, except where noted.
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TABLE 77 Capacity implications of shared and exclusive left-turn lanes

Condition Two-Lane Road Four-Lane Road
No Left-Turns 840 1,600
Shared Through/Left-Turn Lane-
Left-Turns/Hour:
50 650 1,000
100 500 960
150 425 900
Exclusive Left-Turm Lane
Unsignalized 960 1,100
Left-Turn Phase 750-800 1,250-1,460

Note: Computation assumes 60-90 second cycle, 50% green plus clearance time per
cycle, 3 seconds lost time, and 1,900 vphpl saturation flow.
Source: (131)

gives accident reduction factors reported in the literature thl31) procedures to signalized intersections with various left-
may be used to estimate benefits of left-turn lanes. turn arrangements. Table 77 illustrates the capacity gains that
are estimated from the 1994 HCM procedures. It is based
on a volume of about 500 to 700 vph per lane each way, a
Capacity 50 percent green plus clearance time for the arterial roadway,
3-sec lost time, and a 1,900-vph saturation flow rate. It pro-
The capacity gains (and delay reductions) may be estiides a broad guide as to the benefits of providing left-turn
mated by applying the 199ighway Capacity Manual lanes or prohibiting left turns.
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CHAPTERS8
U-TURNS AS ALTERNATIVES TO DIRECT LEFT TURNS (TECHNIQUE 3D)

INTRODUCTION the through movements. U-turns provisions are especially
important along roadways with relatively few median
Increasingly, U-turns are being used as an alternative i§penings.
direct left turns in order to reduce conflicts and to improve Several approaches have evolved for accommodating the
safety along arterial roads. U-turns make it possible to pragiverted left-turn volumes by providing U-turn lanes in
hibit left turns from driveway connections onto multi-lane advance of, at, or beyond intersections. The U-turns may be
highways and to eliminate traffic signals that would not fitnade from conventional left-turn lanes or via jughandles
into time-space (progression) patterns along arterial roadgom the right (curb) lanes. lllustrative treatments are shown
sions enable direct left turns to be rerouted and signal phas-

ing to be simplified. o « Left-turn lanes can be provided for U-turning vehicles
Figure 37 illustrates the many conflicting movements i advance (i.e., upstream) of signalized intersections.
where there are closely spaced, full median openings and  Tpjs avoids concentrating development-related turning
how the number of conflicts can be substantially reduced by affic at signalized junctions of major crossroads.
replacing full median openings with “directional” openings ., pyg| left-turn lanes can be provided at signalized inter-
that only allow left-turn ingress to abutting developments;  ggctions with the inner lane dedicated to U-turns. Many
the left-turn egress movements would be made by turning  giates now provide these lanes, however, they stil
right onto the arterial road and then making U-turns down- require multiphase traffic signal controls.
stream. The figure also illustrates the reduction in conflict , | o& and U-turn lanes can be provided downstream of

points that could be achieved if most median openings were  gjonajized intersection, thereby allowing two-phase traf-
closed; the remaining median openings at intersections fic signal controls

would have to be redesigned to accommodate the additional

turning movements. These approaches translate into two basic design concepts

for providing U-turns along multi-lane divided highways

CURRENT PRACTICES without overloading signalized public road intersections:

Cities and states use various approaches for reducing thel. Figure 39 shows how left turns can be provided in
number of conflicts along their arterials. California provides ~ advance of intersections in combination with dual
dual left turns at intersections with collector streets, with the  left-turn lanes at intersections. This concept avoids
innermost lane accommodating U-turns. Florida prohibits ~ concentrating all development-related turning traffic
left-turn exits onto major arterials, and provides midblock ~ at signalized junctions of major cross roads. The
U-turn lanes to accommodate these movements. New Jersey ~dual left-turn lanes at the signalized crossroad in-
uses jughandles along multi-lane divided highways. Michi-  crease left-turn capacity, but still require multiphase
gan uses U-turn channels on highways with wide medians  operations.
and prohibits all left turns at signalized intersections. How- 2. Left turns can be prohibited at signalized intersections.
ever, most states do not have standards and handle U-turn Left-and U-turn lanes can be provided about 660 ft on
provisions on a case-by-case basis. the far side (i.e., downstream) of intersections. These

The prohibition of direct left turns from existing drive- lanes may be signalized and may accommodate dual
ways may transfer the displaced left turns to the nearest left-turn/U-turn movements. This concept is sometimes
traffic-signal-controlled intersection unless intermediate called the “Michigan U” or directional crossover,
U-turn lanes are provided. The increased left-turn volumes  because Michigan has provided many such lanes along
at public road intersections would require longer left-turn its divided “boulevard” arterials with wide medians
phases which could reduce the green time and capacity for  (usually 45 ft or more).
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Figure 37. Conflicts at median openings.
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U-turns as an alternative to direct left-turn exits may also bbave documented their safety and operational benefits. The
applied in environments where there are no traffic signalsnean intersection-related rates were 1.388 for directional

The effects will be site specific. crossovers as compared with 1.644 for bidirectional
crossovers—a 15 percent reduction. The corresponding rates
SAFETY EXPERIENCE AND ANALYSIS for intersection-related injury accidents were 0.407 and

0.580 respectively—a 30 percent reduction. The study
Several states have reported that closing full-median opeshowed substantial reductions in right-angle, rear-end, left-
ings and replacing them with directional U-turns improvedurn, and head-on accidents3f).
safety. Michigan has installed directional U-turn crossovers The results of replacing four bidirectional (full) median
to accommodate indirect left turns for more than 20 yearsipenings on 0.43 mi of Grand River Avenue in Detroit,
Designs have evolved over the years, and several studikBchigan, with directional openings are shown in Figure 40.

35

30

25

20

15

10

Average Accidents Per Year

0
PERCENT TotaL INJURY REAR END ANGLE SIDE SWIPE
RepucTION 60.6% 74.6% 17.1% 95.5% 60.6%

Accident Type

Project Length = 0.43 miles
Analysis Period 1990 - 1995

Source: (136)

Figure 40. Accident comparisons Grand River Avenue, Detroit.
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The average number of accidents per year was reduced frddignals Per Completely = CompleteRercent Difference

32 to 13 —about a 61 percent decline. Angle accidents were Mile Bidirectional Directional Difference
reduced by 96 percent, sideswipes by 61 percent, and rear- 420 480 +14
end accidents by 17 percent. Injury accidents decreased by, 1. 533 339 -36
75 percent136). 1-3 1,685 856 ~49

The safety effects of directional versus bidirectional 3 2,658 1,288 52
crossovers in Michigan were analyzed for some 123 seg-
ments of boulevard containing 226 mi of highwa$7). The These results indicated that on divided highway sections

segments were separated into those with either bidirectionalithout traffic signals the directional U-turn median

or directional crossovers, and then further stratified by therossovers had a 14 percent higher accident rate than those
number of signals per segment. The results are summarizadth bidirectional median crossovers. However, as the den-
in Table 78, for those segments where signal density wasty of traffic signals increased, divided highways with only
specified. The percent differences in accidents per 100 mitlirectional crossovers had a decreasing relative accident rate
lion vehicle miles at various signal densities were as followsas compared with sections of divided highways with bidirec-

TABLE 78 Accident rates by type of crossover and signal density, Michigan

Zero Signals Completely Bi-directional Completely Directional
Segments 1 2
Mileage 28 2.58
IADT 9103 18421
Signal Density 0 0
Driveway Density 12.39 5.81
X-Over Density 7.1 4.65
Accident Rate 420 480
Signals >0 - 1< Completely Bi-directional Completely Directional
Segments 7 3
Mileage 22.64 5.81
IADT 11429 25241
Signal Density 0.44 0.52
Driveway Density 20.45 14.29
X-Over Density 10.6 6.71
iAccident Rate 533 339
1 to 3 Signals Completely Bi-directional Completely Directional
Segments 3 19
Mileage 2.20 32.09
IADT 15157 25804
Signal Density 1.36 212
Driveway Density 5.91 33.56
IX-Over Density 6.82 105
IAccident Rate 1685 856
Signals >3 Completely Bi-directional Completely Directional
Segments 4 25
Mileage 2.32 37.19
IADT 14319 28154
Signal Density 4.74 3.68
Driveway Density 20.69 48.97
X-Over Density 12.93 12.21
IAccident Rate 2658 1288

Accident rate per 100 million vehicle miles.

Source: (137)
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TABLE 79 Estimated capacity gains Michigan “U” vs. dual left-turn lanes

Capacity Arterial®
6 Lanes 8 Lanes

lArtery Only +14% +18%

60-40 directional split
vs.

45% through

15% left-turn

40% cross traffic

lArterial Plus Cross Street +16% +18%
60-40 directional split
vs.

145% arterial through
16% arterial left-turn
30% cross street through
10% cross street left turn

Note: * Cross street - 4 lanes with right and left-turn lanes on all approaches before,
right turn lanes after.

Source: (138)

tional crossovers. When there was more than one signal ¢h38) found that the directional U-turn design provided about
average per section, the accident rate for directiondl4 to 18 percent more capacity than the conventional dual
crossovers was roughly one-half of that for bidirectionaleft-turn lane designs. Table 79 summarizes the detailed
crossovers. The study also compared accident rates fanalysis results. Results of simulations of critical lane vol-
boulevard sections with road sections containing TWLTLsumes, taking into account overlapping movements, are
Boulevard sections with directional crossovers had 426 accshown in Table 80. The simulations showed reductions of
dents per hundred million VMT as compared with 857 forabout 7 to 17 percent in critical lane volumes, depending on
roads with TWLTLs. the number of arterial lanes (six or eight) and the traffic mix.
A Michigan study 136) cited capacity gains of 20 to 50
percent as a result of prohibiting left turns at intersections
OPERATIONS EXPERIENCE AND ANALYSIS and providing two-phase signal operations. Reported level of
service comparisons for 4- and 8-lane boulevards, shown in
A few studies have analyzed the capacity gains and deldyigure 41, suggested a 20 percent capacity gain. This
reductions associated with providing U-turns as an alternancrease is consistent with that estimated by Koepke and
tive to direct left turns. A study by Koepke and LevinsonLevinson (.38).

TABLE 80 Estimated reduction in critical lane volumes Michigan “U” vs. dual
left-turn lanes

Condition Arterial
6 Lanes 8 Lanes

Left-Turns on Artery - 7% -10%
Proportional to Through
Traffic Volumes

Heavy Left-Turns on -15% -17%
rtery Opposing
Heavy Through Traffic

Source: (138)
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Figure 41.
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Direct Indirect
Left-Turns Left-Turns

Cross Section

Divided highways level of service comparison, Michigan.

There has been little documentation of the effects of pro- 1. Direct Left Turns. The direct left-turn egress movement

viding U-turns as an alternative to direct left turns from drive-
ways. Therefore, additional analysis of the operational effects

associated with diverting the left turns was performed.

A review of the elements and factors associated with direct
and indirect left turns at unsignalized intersections indicates

that direct left turns must find gaps in the two-directional

traffic stream. In contrast, the right-turn/U-turn maneuver

involves obtaining gaps in one direction at a time.

from an access drive or minor cross street must yield to
all other movements. Thus, it is the most likely movement
to be delayed. On roadways with wide medians, the direct
left-turn exit from an abutting development requires (a)

stopping in the driveway, (b) selecting a suitable gap in
the traffic stream approaching from the left, (c) acceler-

ating across the traffic lanes and coming to a stop in the
median, (d) selecting a suitable gap in the traffic stream
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Figure 42. Right-turn/U-turn design maximizes
drivewway egress in a signalized system.

approaching from the right, and (e) completing the left-
turn movement. However, with narrow medians (i.e., less
than 20 ft in width), drivers must search for gaps avail-
able in both directions of travel.

The high arterial volumes found in urban and suburban
areas—500 to 700 vehicles per hour per lane—result in
few usable gaps for exiting left turns. This translates into
limited capacity and long waits. Sometimes motorists turn
right to avoid the difficulty associated with the left-turn
delays. Moreover, the potential capacity for left-turn exits
becomes very small when total conflicting volumes
exceed 1,500 vptLH4, 155. Large vehicles and access
drives on upgrades further reduce the actual capacity.

. Indirect Left Turns. The right-turn/U-turn movements

only involve obtaining gaps in one direction at a time.
The elements in the right turn followed by a U-turn

include (a) stopping in the driveway exit; (b) selecting
a suitable gap in traffic approaching from the left;

and (c) turning right, accelerating, weaving, and then
coming to a stop in the left-turn/U-turn lane. Assum-
ing “stop sign” control, vehicles then must wait for a

gap in the opposing traffic before completing the U-
turn movement. As shown in Figure 42, the operating
problems associated with direct left turns are largely
eliminated.

The safety and travel time effects of the right-turn/U-turn
maneuver from access drives are a function of artery traffic vol-
umes and the separation distances between driveway exits and
the U-turn channel. Figure 43 illustrates the gap acceptance and

e _ _ . _ _ _ L ___ ________
—_ . BT T e
' §
Weaving Patterns

A Short separation:

Drivers select a suitable simultaneous gap in all traffic lanes and then
make a direct entry into the left-turn/u-turn lane

B Long separation, low volume approaching from the left:
Drivers select a simultaneous gap in all traffic lanes, turn right, and make a
direct entry maneuver into the left through lane

€ Long separation, high volume or low volume and high-speed traffic

from the left:

Drivers wait for suitable gap, turn right, accelerate and make a lane change
maneuver, then decelerate as they enter the left-turn lane

Figure 43. Right-turn/U-turn maneuver from access drive to

U-turn median opening.
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weaving patterns for various separation distances and a&PPLICATION GUIDELINES

tery traffic volumes. Increasing separation distance gives

drivers more maneuvering space, allows longer storagkhe following assumptions underly the application of indi-

|aneS, and improves Safety, a|th0ugh travel times Couwﬁct left turns as an alternative to direct left turns:

increase.

e A U-turn median opening can serve several access
drives and eliminate the need for direct left-turn exit
movements from driveways.

« A median at least 25 ft (7.6 m) wide is necessary to help
ensure that a crossing or left-turning vehicle, stopped in

Travel Time Effects

The travel time effects associated with providing U-turns
as an alternative to direct left turns were estimated. An ana-
lytical model was developed and calibrated to estimate the the median perpendicular to the through traffic lane, will
travel time savings (or losses) when unsignalized left turns N0t extend beyond the median.
are diverted for various distances. It can apply to both sub- * A vehicle turing left from an access drive and stopping
urban and rural environments where there are no nearby traf- In the median opening must yield to through traffic
fic signals. This model is shown in Figure 44. It reflects the ~ @Pproaching from the left and vehicles turning left from
number and importance of the conflicts associated with the the through lane. If there is even a moderate volume of left

events involved in each movement. The key findings are as tums from the through lane, the left-turn egress capacity
follows: is small. If it is a full median opening, the left turn from

an access drive also needs to yield to an opposing left-

« A right turn followed by a U-turn will require up to

2 min of travel time, assuming a diversion distance of
about 1,320 ft.

A single-stage left-turn exit (where medians are too nar-
row to safely store two or more vehicles) will involve
the following delays (not including acceleration times):

Volumes (vph)

Artery Left-Turn Delay per
Two directions Exit Vehicle (Seconds) -
1,000 50 20
1,000 100 25
2,000 50 200
2,000 100 530 °

These values suggest that when arterial traffic exceeds
375 to 500 vphpl on a four-lane facility the computed
delays would exceed those associated with the right-
turn/U-turn movement. Higher volumes (700-900
vphpl) that are common along many suburban arterials
would produce even higher left-turn egress delays in
theory. In practice, motorists become impatient when
gaps exceed 1 to 2 min and are apt to avoid the direct
left-turn egress.

The two-stage left-turn process, where medians can
safely store waiting vehicles, reduces delays to left-turn-
ing traffic. Nevertheless, this process still results in long
delays to left-turning vehicles when the volumes on the
major street are relatively high (i.e., more than 2,000
vph), and the left turns exceed 50 per hour. In these
cases, even with substantial circuity (1,320 ft or 402 m
from the access drive to the U-turn median opening, or
a 0.5 mi of additional travel) the right turn followed by
a U-turn involves less time than calculated left-turn
egress movements under moderate to high volumes.

turning vehicle already stopped in the median opening.
These conditions are alleviated when the direct left-turn
exits are prohibited. A narrow median opening will allow
only one left-turning vehicle at a time to advance into the
median opening. A wide median opening allows multiple
vehicles to stop in the opening. However, this may create
a confusing and conflicting pattern of movements, angle
stopping in the median opening, and some drivers’ vision
obstructed by other vehicles.

As the intensity of land development increases, the traf-
fic demand to access abutting properties also increases.
Left-turn traffic at closely spaced full median openings
can “interlock.”

A left-turn lane at a median opening for directional left-
turn/U-turn movements can be designed to store several
vehicles because storage is parallel to the through traf-
fic lanes.

Median storage for larger vehicles such as recreational
vehicles, school buses, trucks, and a car pulling a trailer
cannot be provided unless the median is exceptionally
wide. It is usually more practical to provide for U-turns
by such vehicles at selected locations using a jughandle
design. Alternatively, added width can be provided in
the opposing paved travel way at selected locations to
accommodate these wide-radius turns.

In prohibiting direct left-turn exits from driveways, it

is desirable to provide U-turn lanes in advance of
downstream signalized intersections. Passenger cars
can normally make U-turns along divided six-lane
arterials. Along divided four-lane arterials, it may be
desirable to add width or to use paved shoulders to
accommodate U-turns.

When U-turns are provided as an alternative to left turns,
median width at signalized intersections should be ade-
quate to accommodate the vehicles normally making the
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Direct Left-

Turn Egress -
Movement } -

—>
—
Vehicle

1 Wiaits for suitable gap in traffic approaching from the left
1——®2 Crosses to the median

2 Waits for suitable gap in traffic approaching from the right
2—® 3 Accelerates to average speed on major roadway

3 Average speed is achieved

Right Turn
Followed

by a U-turn 4 -— m‘j '
<—_

Location Driving Event
1 Waits for suitable gap in traffic approaching from the left

1 ——»2 Accelerates, cruises at constant speed (if applicable) and
enters left-turn bay while decelerating to a stop

2 Waits for suitable gap in oncoming traffic
2 ——»3 Accelerates to speed of traffic
3 Average speed is achieved

3 —» 4 Maintains constant speed
4 The same point at which a driver having made a direct left-
turn egress movement would attain the average speed on the

major roadway

Figure 44. Analytical framework for providing U-turns as an alternative to direct
left turns.

U-turns. Generally, a median width of at least 40 ft The “Michigan U” concept for indirect left turns places the
(preferably 60 ft) should be available. Midblock medianU-turn channels about 660 ft downstream of intersections,
openings may be made with less than 30-ft width. eliminates all left turns at the main intersection, and allows

« It is essential to provide a consistent treatment for leftwo-phase signal controls. However, it requires a median
turns along any highway. The differing left-turn optionswidth at intersections of 40 to 60 ft, depending on the type of
(direct left turns, jughandle, Michigan U) should not bevehicles involved. Narrower cross sections may be sufficient
mixed. Driver expectancy must be respected. where there are few large trucks.
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The directional U-turn design, such as applied in Michigan, Statewide accident analyses of stop-sign-controlled, direc-
generally requires more median width than the conventiondlonal versus bidirectional left turns in Michigad3§)
design. Its operational advantages include the following: reported a 15 percent reduction in accident rates. More recent

studies {37) were performed of directional and bidirectional

* Itallows two-phase signal operations with a greater proteft turns at signalized and unsignalized locations. On high-

portion of time allocated to arterial traffic flow. Shorter way sections without signals, the directional U-turn median
cycle lengths are possible, allowing more flexibility in crossover had a 14 percent higher accident rate than the bidi-
signal progression. rectional median crossover. However, as the density of traf-

* Each direction of travel can be treated as a one-wafic signals increased, divided highways with only directional

street, with separately signalized driveways if desired. crossovers had a decreasing relative accident rate compared

» The wider median improves aesthetics and providegith sections with bidirectional crossovers. Accident rate

storage space for pedestrians. reductions of 35 to 50 percent were shown where there was

» Through lane fly-overs or fly-unders can be incorporatednore than one traffic signal per section. Reductions of more

within the right-of-way with relatively little or no than 60 percent were reported at individual intersections.
widening as the need arises.

Operations Effects

Safety Effects Operational benefits include shorter travel times, less delay,
and increased capacity. Right turns followed by U-turns can
The safety effects of U-turns as an alternative to left turns cgorovide comparable, if not shorter, travel times than direct left
be estimated from Table 81. This table suggests a reductiontoins from driveways under heavy volume conditions when
about 20 percent by eliminating direct left turns from drivewayshe diversion distances are generally less than 0.5 mi. Simula-
(139. Roadways with wide medians and directional crossoverson analysis in Michigan reported that indirect left turns at
had half the accident rates of roads with TWLTL37. unsignalized locations may experience less delay than direct

TABLE 81 Accident rate differences—U-Turns as alternate to direct left turns

Difference in
Location Change Accident Rate Source

1. US-1, Florida Driveway -22% (139)
Left-Tumns
Replaced by
Right-turn/U-turn

2. Michigan U Directional +14% (137)
Crossover
Versus
Bi-Directional
Crossover
(Unsignalized
with Opposing
Traffic)

3. Michigan U Directional -35% to 50% (137)
Crossover
Versus
Bi-Directional
Crossover
(Signalized
with Opposing
Traffic)

4. Michigan U Directional -50% (137)
Crossover
Versus
TWLTL
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left turns depending on the arterial volume, the left-turn vol- Capacities can be readily computed by conventional HCM
ume, and the additional travel distance involved. Overall artenethods. Alternatively, critical lane analysis can be used to
rial delay would be less when the volume-to-saturation ratiprovide an initial picture of intersection performance. In both
exceeds 0.3. The provision of U-turns on the downstream sidmses, the actual traffic entering the intersection (after diver-
of signalized intersections and right-turn lanes on all apsion of left turns) must be considered.

proaches as well as the prohibition of direct left turns can Figures 45 through 48 shows the effects of providing mul-
increase intersection capacity by 14 to 20 percent over intetiple left-turn lanes and redirecting left-turn lanes at inter-
sections where single (or dual) left-turn lanes are provided. sections based on critical lane analysis. Similar computations
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Figure 45. Critical volumes with single left-turn lanes.
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Figure 46. Critical volumes with dual left turns on high-volume approaches.
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Figure 47. Critical volumes with dual left turns on all approaches.
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can be made for other intersection configurations or traffic The provision of dual left-turn lanes on all approaches

volume mixes. The results are as follows: reduces critical lane volumes by 12 percent, but still requires
. multiphase traffic signal controls. The rerouting of left turns
Critical Percent . _— S : .
Lane Volume Reduction (@nd their prohibition at the main intersection) reduces criti-

Figure Conditions g
cal lane volumes by 17 percent and allows two-phase signal

45 Single Left-Turn Lanes 1,600

46  Dual Left Turns on 1,500 6 controls.
High-Volume Approach
47  Dual Left-Turn Lanes 1,400 12

on All Approaches
48 Left Turns Rerouted 1,335 17
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CHAPTER9
ACCESS SEPARATION AT INTERCHANGES (TECHNIQUE 1D)

INTRODUCTION viding sufficient access control lengths and/or separation dis-

tances along crossroads (arterials) at interchanges.
Freeway interchanges provide the means of moving traf-

fic between freeways and arterial streets and have become
important focal points of activity in urban, suburban, and State Policies

even some rural locations. They have become magnets for ) )
road traffic, and they have stimulated much roadside devel- Table 82 summarizes the separations reported by some 19

opment in their environs. Where intersections are too closgate (or provincial) DOTs. Separation distances in rural
to the ramp termini of the arterial/freeway interchange, heav§'€as range from about 300 to 1,000 ft, and those in urban
weaving volumes, complex traffic signal operations, fre-2/€as range from 100 to 700 ft. The.gwdelln.es generally are
quent accidents, and recurrent congestion have resulted. &S than some of the access spacing requirements that are

a result, land development at interchanges should be suffie€ded to ensure good arterial signal progression and to pro-
ciently separated from ramp terminals. vide adequate weaving and storage for turning traffic—left

Although access is controlled on the freeway within thdUrns in particular.
interchange area, there is often little, if any, access control
along the_: arterial roads. Existing street mte_rsectlons along Case Studies
the arterial are often spaced too close to interchanges. In
addition, curb cuts and median breaks for large and small The following lessons are apparent from the case studies
traffic generators compound the problem. There is growingf access separation distances summarized in Table 83:
recognition that access separation distances and roadway
geometry should be improved from an access management;. The proximity of traffic signals to upstream free-

perspective. This need was recognized in a recently com-  flowing or yield-control ramps results in congestion,
pleted research study, NCHRP Project 3-47—Capacity  with spillback onto ramps.

Analysis of Interchange Ramp Terminalgt). . 2. Movements from free-flow ramps into left-turn lanes
There are also land-use issues (e.g., how an interchange pose two problems: (a) weaving distances are usually
relates to the surrounding community, how new land devel-  inadequate, and (b) heavy left-turn movements impede

opment conflicts with existing activities, and how improper arterial traffic. This condition can be alleviated in part
use of the land will affect its potential). These too affect or by signalizing the ramp terminal (subject to progres-

may be affected by access separation distances. sion considerations) and/or increasing the separation
distances; this was done at several interchanges in
Florida.

POLICIES AND PRACTICES 3. Often, the arterial roadway functions as a distributor for

freeway-to-activity center traffic. This “double loads”

the arterial by superimposing short trips and turning
movements onto the normal arterial traffic. Alleviating
this condition calls for restructuring both street and
interchange patterns.

Access separation policies are contained in various
AASHTO publications and in state DOT design policies. The
AASHTO bookletA Policy on Design Standards - Interstate
System, July 199 42), for example, states that, “control
should extend beyond the ramp terminal at least 100 feet in
urban areas and 300 feet in rural areas. These distances
should usually satisfy congestion concerns. However, i&TUDIES AND ANALYSIS
areas where the potential exists which would create traffic
problems, it may be appropriate to consider longer lengths of The spacing between ramp terminals and cross-route
access control.” Many states have established more stringeattcess points must allow for proper merging, weaving, and
policies than AASHTO that reflect the importance of pro-diverging of ramp and arterial traffic. The ability to change



114

TABLE 82 Access separation distances at interchanges

State Rural Urban
1. Alabama 300 feet to access 100 feet to access
2. Alberta 425m from signal to access Same
150m from ramp to access
3. California 125m minimum distance from ramp to Same
nearest intersection
4. lllinois 500 to 700 feet Same
5. lowa 200 m rural primary highway 50m urban
100m other road or street
6. Kentucky 300 feet to access 100 feet to access
7. Maryland Based on geometrics, speeds, volumes, Same
presence of signals and queuing
8. N. Dakota AASHTO guidelines (300 feet) AASHTO guidelines (100 feet)
9. Ohio 600 feet for diamond interchange,
1,000 feet for cloverleaf.
10. Oregon 300 feet from frontage road Same
500 feet from ramp (suggested)
11. Pennsylvania AASHTO guidelines (300 feet) AASHTO guidelines (100 feet)
12. South Carolina 500 feet desirable, 300 feet minimum 300 feet desirable, 150 feet minimum
13. Texas AASHTO guidelines (300 feet) AASHTO guidelines (100 feet)
14. Utah 300 feet to access 150 feet to access
15. Virginia 200 feet from entrance ramp Same
16. West Virginia 300 feet to access 100 feet to access
17. Washington 300 feet to access 300 feet to access
18. Wisconsin 1,000 feet to access 500 feet to access
(500 feet - minor roads)
19. Wyoming 300 feet to access 150 feet to access

lanes and the deceleration and storage requirements for I&f#ese findings and recommendations provided the basis for

turns also influence access spacing.

lllinois’ access control policies at interchanges.

A 1968 study identified general principles that apply to A background paper on interchange access management

most types of interchange developmeit3):

prepared for Oregon DOT sets forth suggested guidelines
and standards for access spacing at interchatdds The

The most appropriate use of interchange area land (@uidelines resulted from detailed analysis of the various
terms of the regional economy) should be encouraged€rging, weaving, sight distance, and left-turn storage
consistent with maintaining an efficient and safe trafficéquirements at various design volumes and speeds. The
facility. resulting guidelines for freeway intgrchanges are summa-
Land near interchanges should have sufficient depth t§z€d in Table 84 for 2-lane and multi-lane roads.

provide access to interior tracts, and developments with
shallow frontages should be discouraged.

Land use should be of a type that requires only a mini-
mum number of access points and intersections along
the arterial, particularly in the vicinity of ramp entrances
and terminals.

Development with frontage facing away from the arte-
rial and onto service drives and local streets should be
encouraged.

« The nearest major cross route (arterial) intersection with
a street on both sides of the interchange should not be
less than 1,320 ft.

e The distance to the first access on a 2-lane road ranges
from 750 to 1,320 ft. On a 4-lane road, this distance
ranges from 750 to 1,320 ft for right turns downstream
from off-ramps and 990 to 1,320 ft for median openings
and for right-turn entry upstream from on-ramps.

The study recommended that “the design of interchangg&ppLICATION GUIDELINES
traffic facilities should be coordinated with the simultaneous
development of a comprehensive plan for the interchange Several application guidelines were developed on the
area,” and that “the practice of acquiring property accessasis of the review of previous studies and current experi-
rights be expanded in critical cross-route problem areasénces found in the case studies and elsewhere. These guide-
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TABLE 83 Case studies of access separtation distances at interchanges

Case Study

Separation Distance

Comments

1. I-75 / Fruitville Rd.
Sarasota Co., Florida

2. 1-75/ Jacaranda Blvd.
Sarasota Co., Florida

3. 1-275 / 6-Mile Rd.
Wayne Co., Michigan

4. Route 46 / Union Bivd.,
Passaic, New Jersey

5. [-495 / Route 454
Suffolk Co., NY

6. 1-77/SR 18
Summit County, Ohio

7. US Route 1/ Route 213
Bucks County, PA

8. 1-95 / Temple Avenue
Chesterfield Co., VA

9. 1-295/ US 360
Richmond, VA

10. I-5 & Harrison Avenue
Centralia, Washington

550 feet before
1,050 feet after

480 feet before
1,000 feet after
800 feet

750 feet

Not applicable

Varies; 120 to 300 feet

120 feet

350 feet

Varies; 600 to 750 feet

300 feet

Ramp relocated and signalized to
eliminate weave

Ramp relocated and signalized to
eliminate weave

Directional crossover allows left-turn
entrance only

Frequent offset driveways,
short weaves for left-turns

Heavy overlapping left-turns at diamond
interchange creates extensive backups

Heavy left-turns require short weaves
beyond cloverleaf interchange - with
frequent congestion

Inadequate corner clearance and extensive
curb cuts on far side of nearby signalized
intersection

Commercial development within
Interchange

Weaving conflicts and backup onto ramp
from signalized intersection

Frequent curb cuts and short separation
distances; congestion at signalized
intersections

Source: Urbitran Interviews and Analysis

lines provide a framework and suggest representative values;
however, they should be adjusted to reflect local conditions.
There are many different types of interchanges along free-
ways, expressways, and strategic arterials. They range frome
diamonds to full cloverleafs and may include direct connec-
tions; however, from an access spacing standpoint, they can
be categorized as those with free-flowing entrances and exit
ramps and those where ramp entrances and terminals are con-
trolled by traffic signals or stop signs. These types and their
access management and spacing implications are shown in

Figure 49 and described as follows:

« Ramp Intersections Controlled by Traffic Signals.

Signalized and unsignalized access spacing should
reflect established guidelines for the types and operating Figure 50 illustrates the elements to be considered in com-
environments under consideration. The signalized ramputing access separation distances. These include (1) the dis-

intersection is treated similarly to other signalized inter-
sections; however, queuing from the ramp onto the free-
way mainline must be avoided.

Ramps with Free-Flow Entry or Exit. Access separa-
tion distances to the first downstream median opening or
signalized intersection should consider the various
movements and operations involved. These include the
merge where the ramp traffic enters the arterial, the
weaving movements to enter the median lanes, the tran-
sition into left-turn lanes, and the required storage
length.

Estimating Separation Distances
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TABLE 84 Suggested minimum access spacing standards for 2- and 4-lane cross routes
at freeway interchanges, Oregon

2-Lane Cross Routes

Area Type
Fully Developed
Access Type Urban Suburban Rural
(45 mph) (45 mph) (55 mph)
First Access 750 990 1,320
First Major
Signalized Intersection 1,320 1,320 1,320
4-Lane Cross Routes
Area Type
Fully Developed
Access Type Urban Suburban Rural
(35 mph) {45 mph) (55 mph)
First Access 750 990 1,320
from Off-Ramp
First Median Opening 990 1,320 1,320
First Access Before On-Ramp 990 1,320 1,320
First Major
Signalized Intersection 2,640 2,640 2,640

Source: (7144)

tance required to weave across the through travel lanes, (2)Table 85 may be used to estimate the required weaving
the distance required for transition (i.e., to move) into thalistance for a given weaving volume and speed. Alterna-
left-turn lane or lanes, (3) the distance needed to store ldfvely, it may be used to estimate the likely speeds for a given
turns with a low likelihood of failure, and (4) the distancevolume and weaving distance. At speeds and volumes nor-
from the stop line to the centerline of the intersecting road anally encountered in urban and suburban areas, weaving dis-
drive. In addition, driver perception-reaction distance couldances of 700 to 800 ft will be adequate for most conditions
be added. along 2-lane roads. Along multilane roads, weaving dis-
Where only right-turn access is involved (there would bdances of 1,200 to 1,600 ft will usually be adequate.
no left turns or median breaks) the relevant distances include

weaving and the distance to the centerline. " .
Transition Distance

The transition or “lane change” distance to enter the stor-
age lane depends on the approach speed and the number
g_f lanes to be crossed. A 150- to 250-ft distance appears
é%asonable.

Weaving Distances

Most weaving analysis has centered on freeway oper
tions. Oregon and Florida studies used a series of curv
developed by Jack Leiscthi44, 145, 14% The values from
these curves are listed in Table 85. Weaving distances are| eft-Tyrn Storage
given for five speed ranges for weaving volumes from 200 to
2,600 vehicles per hour. Weaving distances of less than 400 Left-turn storage lanes should be adequate to handle the
ft should generally not be used. anticipated turning volumes with a low likelihood of over-
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Figure 49. Types of ramp access to/from arterial roads.

: Artery
/ Signalized Spacing Criteria
1. Signalized Ramp
W
/ Ar tery
I Merge Cross Lanes Storage
I Transition




118

- i e B i — B
e
; T e Prepare to merge Into Merge Into Move Into  [Storage In
,/ Wit and then Inside Lane Inside Lane Left-turn Lane{Left-turn Lane
% nerge into outside P % -k g - l
through Lane Depends on volume Depends on speed  [Depends on speed| Depends on volume :
il
1
< —— >l I s
Weaving Distance .
Transition| Storage “
Distance | Distance

Perception Reaction Distance
4 Traffic Signal

Source: (145)

Figure 50. Factors influencing access separation distance.

flow or failure. Storage length can be estimated from the folhalf the right of way should be added. This distance will nor-

lowing equation: mally approximate 50 ft.
_RV(25) _
SR VA (12) Perception-Reaction Distance
Where V = Left turns per hour (flow rate) It may be desirable to add a perception-reaction distance.
N, = Cycles per hour Calculated at 2.5 ft per second, it will probably add roughly
| = Left turns per cycle 125 ft. These components should be added to obtain the
R= Randomness factor for less than 5 percentequired access separation distance. Table 86 gives sug-
failure gested access separation distances for various left-turn vol-
R = 2.0 for random operations (i.e., rural) umes and weaving distances. The 800-ft weaving distance
R= 1.5 for operations where traffic tends to platoonWill generally apply to a single lane of travel in each direc-
L = Length of left-turn storage in feet tion while the 1,200-ft and 1,600-ft weaving distances will

generally apply to 2 and 3 lanes of travel in each direction.
Where there are dual left-turn lanes, the resulting value cafhese “default” values can be used as alternatives to the val-
be reduced by roughly 45 percent. Thus, the length of a sites cited in Table 85.
gle left-turn lane in feet may be estimated to be as much as
50 times the number of left turns per cycle. For dual left-turn  pjanning implications
lanes, the length of each lane in feet may be estimated to be
as much as 28 times the number of left turns per cycle. The Providing adequate separation distances will reduce
actual storage also will depend on the degree of randomnegdated congestion and safety problems; however, turning
of arriving left-turning vehicles. movements—Ileft turns in particular—and their effects on
arterial traffic flow will not disappear. Two approaches are
available for alleviating this problem:

Street Width Distance
e Frontage roads along freeways can be better integrated

Where separation distances are measured from the center- with ramps at interchanges so that one road rather than
line of the road crossing the arterial, an additional distance of two roads intersect the arterial in each direction of



TABLE 85 Estimated weaving distances
Weaving Volume Speed (mph)

{(vph) 25-30 35 40 45 50

200 50

400 100

600 150
800 200 400 600 950 1,800
1,000 300 500 750 1,200 2,400
1,200 350 600 900 1,450 *
1,400 400 710 1,050 1,700 *
1,600 450 820 1,200 2,050 *
1,800 500 930 1,400 2,400 *
2,000 600 1,040 1,600 * *
2,200 700 1,150 1,800 * *
2,400 800 1,270 2,050 * *
2,600 900 1,400 2,300 * *

Notes: Use 400 feet for values above solid line.

* Speeds are not attainable.

Source: Adapted from (746).

TABLE 86 Estimated access separation distances (feet)

L eft-Turn ) Weaving Distance
Storage 800feet™ | 1,200feet™ | 1,600 feet
Lefts/Lane/ Distance Weaving plus Left-Turn Storage Distance
Cycle (Feet)
2 100 900 1,300 1,700
4 200 1,000 1,400 1,800
6 300 1,100 1,500 1,900
8 400 1,200 1,600 2,000
10 500 1,300 1,700 2,100

Additional Distances

(1) Weaving Distance
(2) Transition Distance
(3) Left-turn Storage
(4) Cross Street Distance (1/2 Right-of-Way)
(5) PIEV Distance (Optional)

Example: 6 left-turns/cycle. 1,200-foot weaving distance.
Separation distance equals:
1,500 + 250 + 50 + 150 = 1,950 ft.

Notes: (a) Typically applies to two-lane highways.
(b) Typically applies to four-lane highways.
(c) Typically applies to six-lane highways.

See (1) above
150-250 ft.
See (3) above

40-50 ft.
100-150 ft.

119
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travel. In addition, a continuous system of frontage These actions can best be taken in the initial interchange
roads can provide additional property access anglanning and location process as part of a joint land use and
reduce reliance on arterial road access. transportation planning effort. The product of such an

« Interchange configurations can be developed and modiinterchange access management plan” would be more
fied to provide direct access to major streets or develogational arrangements of streets and development, better
ments, thereby avoiding “double loading” arterials andaccess separation distances and preservation of mobility and
reducing weaving and turning volumes. safety over the long term.
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CHAPTER10
FRONTAGE ROADS (TECHNIQUES 6A AND 6B)

INTRODUCTION Two-way frontage roads may be appropriate in partially
developed areas where the adjoining street system is so irreg-
The frontage road, as an access control technique, reduG@ar or so disconnected that one-way operation would intro-
the frequency and severity of conflicts along the main travejuce considerable added travel distance and cause undue
lanes of a highway. Direct property access is provided frofhconvenience. Two-way frontage roads also may be neces-
the frontage roads and prohibited from the main travel lanesary for suburban or rural areas where points of access to the
The resulting spacing between the intersections along thRrough facility are infrequent, where only one frontage road
main roadway facilitates the design of auxiliary lanes foiis provided, where roads or streets connecting with the
deceleration and acceleration. Thus, frontage roads segreggigntage roads are widely spaced, or where there is no paral-
through and local land-service traffic, thereby protecting thee| street within reasonable distance of the frontage roads.
through travel lanes from encroachment, conflicts, and
delays.
Frontage roads, however, may require more circuitousREEWAY FRONTAGE ROADS

access to adjacent land developments. They may also com- ds al ¢ q q
plicate the operations at signalized intersections thereb Frontage roads along freeways and expressways are use

reducing some of the overall benefits achieved. How welf! many urban, suburban, and even rural settings to maintain

they function depends on how well these considerations aFE‘e integrity of the local street system and provide access to

reflected in the design and operations. Unless they are caﬁe@acem development. The frontage roads can be integrated

fully designed and selectively applied, both in new and retroW'th_the |ntgrchange a_nd ramping system tq alleviate con-
stion on interchanging arterials near major streets and

fit situations, frontage roads may not achieve the desireFS! . .
results activity centers. If desired, frontage roads can increase the

Frontage roads generally are, but need not be, parallel é)nnectivity and access opportunities for developments that

the roadway for through traffic. They may be provided o ront along freeways. Figures 52-A, B, and C illustrate free-
one or both sides of the main highway. They may be contin?® frontage road/interchange concepts.

uous, or they may extend for short sections only. They ma Fr?ewa:jy frontagedroad§ tgenetra(l::y ;)tEerate .one—wgy |n.
operate one-way. Figure 51 illustrates the different types Ogeve Oped areas and are Integrated with ramping patterns,

frontage roads normally found. iamond interchanges are common—sometimes with U-turn

The design of a frontage road is affected by the type of Se@ops provided just short of the interchanges to permit rever-

vice it is intended to provide. Where a frontage road is cons-al of direction before the traffic signals.

tinuous and passes through highly developed areas, its pri-
mary function is that of general service, and it assumes thekRTERIAL FRONTAGE ROADS
character of an important street. At the other extreme, where
a frontage road is only a few blocks long, follows an irregu- Fully developed frontage roads effectively control access
lar pattern, borders the rear and side of buildings, or servés the through lanes on an arterial street, provide access to
only scattered development, traffic will be light and opera-adjoining property, separate local from through traffic, and
tion will be local in character. permit circulation of traffic on each side of the arterial. They
From an operational and safety standpoint, one-waynay be used in conjunction with grade separation structures
frontage roads are preferable to two-way roads. The safetyy major cross streets, in which case the arterial takes on
advantage in reducing vehicular and pedestrian conflicts amany of the operating characteristics of a freeway. Frontage
intersecting streets often compensates for any inconveniennogads and grade separations afford the ultimate in access con-
to local traffic. Where frontage roads parallel a freeway androl in densely developed areas. Figure 587 shows how
accommodate traffic from slip ramps, the efficiency anda frontage road becomes an integral part of upgrading an
safety associated with one-way frontage roads greatly suarterial roadway while simultaneously serving adjacent
passes those of two-way frontage roads. development.



122

INTERSECTION FRONTAGE ROAD
% — / \ B
\ /
FRONTAGE ROAD
ONE-WAY BETWEEN
INTERSECTIONS
By
ONE-WAY CONTINUOUS

RIGHT TURN FROM
FRONTAGE ROAD.

LEFT TURN FROM
HIGHWAY

/ SIGNAL <OPTIONAL>

[

Vi

N

FRONTAGE ROAD

i

TwO-WAY BETWEEN
INTERSECTIONS

SIGNAL OR STOP

FRONTAGE ROAD

SIGNAL

i

FRONTAGE ROAD

Twi-wAY

+- Traffic Signal
Figure 51. Types of frontage roads.

Frontage roads along arterials must be carefully designed

to avoid increasing conflicts at junctions and delays on inter-
secting roads. The following planning and design guidelines
should be considered in installing arterial frontage roads in
both new developments and retrofit situatidk¥3];

1. Frontage roads, especially for “retrofit” situations,

should operate one-way and should enter or leave the
mainline lanes as merging or diverging movements. 3.
There should be no signalized junctions along the arte-
rial or the frontage road in this area (Figure 54).

. The separation of frontage roads at cross streets should

be maximized to ensure sufficient storage for crossroad
traffic between the frontage roads and the arterial. The 4.
absolute minimum separation should be 150 ft, where
two-way frontage roads are provided. This dimension

is about the shortest acceptable length for placing signs

CONTINUOUS

and other traffic control devices. Greater distances are
needed to provide adequate left-turn storage and to sep-
arate operation of the two intersections. Spacing of at
least 300 ft (preferably more) enables turning move-
ments to be made from the main lanes onto the frontage
roads without seriously disrupting arterial traffic and
thereby minimizes the potential of wrong-way entry
onto the through lanes of the predominant highway.
“Reverse” frontage roads, with developments along
each side, are desirable in developing urban areas. A
desirable separation distance is 600 ft with a minimum
distance of 300 ft. The frontage road may operate either
one-way or two-way (Figure 55).

Frontage roads that can be terminated at each block
operate well with respect to the arterial roadway and the
cross street. This type of design should be considered
where continuity of the frontage road is not needed.
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Figure 52. Freeway frontage road/interchange concept.

5. Where major activity centers front along an arteriahal progression pattern. A series of collector roads would

roadway, frontage roads should be incorporated intintersect the arterials at selected locations and link the arte-
the ring road or otherwise eliminated. rial roads with the surrounding residential and commercial

6. A minimum outer separation of 20 ft should be used t@reas. A series of “loop” access roads would link each com-

provide space for pedestrian refuge and safe placememtunity circulation system with the collector street. These
of traffic control devices and landscaping. “reverse frontage roads” would serve developments on

7. Pedestrian and bicycle movements should use theach side.

frontage roads. Parking may be permitted where the This concept has several desirable attributes from both a
frontage roads traverse residential areas. land development and access management perspective: (1) it
reduces “strip” developments along arterials and the atten-

The reverse frontage road concepts can be adapted to ateht marginal interference; (2) it allows traffic signals only
incorporated into community and subdivision designs foat locations that permit optimum progression because the
newly developing areas. Access along arterial streets woultked for other signals is eliminated; (3) it provides a logical
be limited to specifically designated locations that fit the siggraduation of traffic movements from arterials or collectors
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Figure 54. Arterial frontage road concept for retrofit conditions.

.
2-way Reverse Frontage Road
]
J ¥ . -] .

State Highway

Figure 55. lllustrative reverse frontage road concept.

to local streets; (4) it permits a cohesive internal design of When two major arterials with frontage roads intersect, a

residential and commercial areas; and (5) it permits futurgrade separation may be necessary. Alternatively, it may be

upgrading of arterials to expressway standatd§)( necessary to break the continuity of one or both sets of
frontage roads to simplify traffic signal operations.

One-Way Frontage Roads Operations
Two-Way Frontage Roads

One-way arterial frontage roads with narrow separation T front ds with wid thack dist
distances from the main travel lanes are found in several Wo-way frontage roads with wide setback distances pro-

urban areas. Frontage roads such as along the Grand de_e opportunities for property access from both sides of the

n :
course and Queens Boulevard in New York City have mid?rontage roads and gngble left .turns to be redirected gnd

) ) removed from the main intersection to allow two-phase sig-
block slip ramps to and from the main travel lanes. Left turns

from th ter roads and right turns from the main roadw nal operations. As shown in Figure 57, this is accomplished
a:)e resterigtl:ag oads a ghtturns fro € main roa aysy prohibiting movements on the frontage road across the

) ) . i intersecting street. The same principle can be applied where
An illustrative service road concept for high-volume sub- g P P PP

_ . > grades are separated between the two roadways.
urban roads that draws on these experiences is shown in Fig-

ure 56. The key features include
APPLICATION GUIDELINES
» Minimum ¥>-mi spacings between crossroads,
« Approximately 1,400 ft of relatively unrestricted prop-  Frontage roads along arterials that interchange with free-
erty access, ways may be desirable to reduce left turns and weaving,

* Basic 200-ft arterial road right of way, avoid double loading of arterial roads, and improve property

« Acceleration and deceleration lanes for slip ramps, access. Frontage roads should be closely coordinated with

« Left-turn bays from service roads and right-turn bayghe supporting street system, especially in areas where devel-
from the arterial at intersections, opment is allowed or planned.

¢ Dual left-turn lanes (as needed) from arterial, and The applications of frontage roads will depend on traffic

* Protected signal phases for left turns. and land-use needs as well as property availability. Frontage
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PHASE DIAGRAM

2
m N N
Development Access
2 a\L J
NG N
Development
. tAccess ) k )
<
Right Turns Only $
Median
+ Traffic Signal
Figure 57.

Notes:

1.

Additional Right Turn Lanes On Service
Road & Cross Street-Optional.

. May Be 2 or 3 Lanes.
. May Be 1 or 2 Lanes.

Traffic Signal.

Two-Phase Signal with No Left-Turns

7 N —
600°
\_ _ A \_No Access
4 = S 7/ No Access
300-600
2 = |

Intersection concept for two-way reverse frontage roads (backage).
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Figure 58. Key variables in relocating frontage roads at intersections.

roads may allow closer access spacings than would be prac- conditions, a queuing analysis should be made to
tical from main travel lanes to enhance local access and to  ensure that the frontage road intersection is located
better integrate with overall community designs. beyond peak-hour traffic queues on the crossroad.

A minimum midblock width (D-1 in Figure 58) of 30 ftis 3. Itenables turning movements to be made from the main
necessary to enable shoulders to be provided on both the lanes onto the frontage roads without seriously disrupt-
main highway and the frontage areas to allow for drainage  ing the orderly movement of traffic.
between the roadway. This minimum distance can be main- 4. It facilitates U-turns between the main lanes and the
tained at intersections of one-way frontage roads where right ~ two-way frontage road. (Such a maneuver is geometri-

turns from the main road and left turns from the frontage road ~ Cally possible with a somewhat narrower separation,
are prohibited. but it is extremely difficult with commercial vehicles.)

It alleviates the problem of wrong-way entry onto the
through lanes or the arterial.

It separates points of conflict between the frontage traf-
fic and the main highway traffic.

The preferred alternative to restricting turns is to locate the 5.
frontage roads a considerable distance from intersecting
crossroads to lengthen the spacing between successive inter="
sections along the crossroads. This permits the intersections
between the cross street and the frontage road to be well .

. ; . . Narrower separations may be acceptable where frontage
removed from the cross street intersection with the main L .
: . roa]d traffic is very light, where frontage roads operate one-
lanes. Separate signal phases can be used to relieve some 0

th nflicts between the vari movements: however tthay only, or where some movements can be prohibited.
€ confiicts between the various movements, however, S*:rontage roads reduce marginal frictions, allow public

can be done only at the expense of increased delay to mosta%encies complete control of access to the arterial, and

the traffic: . ) . accommodate parking and loading. Frontage road design
Accordingly, outer separations at intersections of 150 ft of st address potential effects at major crossroad intersec-

more between the arterial and frontage roads is desirabletpans, especially when the distances between the frontage
urban areas wherever practical and feasible. In rural areas@qd and arterial are short, the intersections are signalized,
minimum separation of 300 ft (D-2 in Figure 57) is desirablegn the storage distances on the crossroad are inadequate.
The 150-ft dimension reflects the following considerations\when commercial development occurs along frontage
roads, the resulting traffic volumes may create congestion
1. Itis about the minimum acceptable length needed faind increase accidents as a result of low-capacity overlap-
placing signs and other traffic control devices to giveping maneuver areas, close conflict points, and complex
proper direction to traffic on the cross street. movements needed to enter and leave the main travel lanes.
2. It usually affords acceptable storage space on the croger these reasons, arterial frontage roads must be very
street in advance of the main intersection to avoidarefully designed to protect both arterial and crossroad
blocking the frontage road. Under high traffic volumeoperations.
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CHAPTER11
CONCLUSIONS AND RECOMMENDATIONS

This research was performed to develop methods to pre-
dict and analyze the safety and traffic operations effects of
selected access management techniques for different road-s.
way variables and traffic volumes. Accordingly, more than
100 individual techniques were identified and grouped
according to policy and roadway design features. The more
significant techniques—generally those that relate to access
spacing or median/left-turn treatments were analyzed in
terms of their safety, travel time/delay, and capacity. In some
cases, economic effects were also quantified. Where effects6.
could not be quantified, case studies of current practices were
assembled and analyzed.

ACCESS EFFECTS 7

The key findings and conclusions relating to effects were
as follows:

1.

The spacing of traffic signals affects both safety and
operations. Data on the safety effects of traffic signals
suggest that accident rates rise as signal density
increases, but the information is limited, and the effects
of intersecting volumes are not clearly identified. Long
and uniform signal spacing permits effective progres-
sion at desired travel speeds. As signal frequency
increases, progression efficiency is reduced, with a cor-
responding increase in delays. In general, there is a 2-
to 3-mph drop in speeds for each traffic signal per mile 9
added.

. Accident rates rise as the density of unsignalized access

connections per mile increases. The patterns are gener-
ally consistent among states.

. The number of impacted through vehicles traveling in

the curb lane increases as high-volume driveways are
spaced closer together. The likelihood of spillbacks

across a driveway rises with either an increase in the
traffic volumes entering driveways and/or the driveway
density.

Safety and operations improve when corner clearance
is increased.

Several decades of research have documented the safety
and operational benefits associated with installing
TWLTLSs or nontraversable medians on undivided high-
ways. Raised medians result in lower accident rates than
TWLTLs. They make it possible to reduce the fre-
quency of conflicting movements which, in turn, also
improves safety.

The provision of left-turn storage lanes improves both
safety and capacity by removing turning traffic from
the through lanes. The safety benefits have been well
documented, and several studies have clearly quanti-
fied the gains in capacity.

. Indirect left turns or U-turns are increasingly used as an

alternative to direct left turns. They make it possible to
prohibit left turns from driveway connections onto

multi-lane highways and to eliminate traffic signals

that do not fit into time-space patterns. When incorpo-
rated into intersection designs, they allow left turns to
be rerouted and signal phasing to be simplified. Safety,
capacity, and travel time benefits have been reported.

8. Access spacing or setback distances on arterial road-

ways near freeway interchanges are generally inade-
quate for the weaving and left-turn storage movements
that must be accommodated. Often, problems are com-
pounded by locating frontage roads too close to ramp
terminals.

. Frontage roads along freeways—when properly inte-

grated with interchanges—can reduce arterial left turns
and weaving movements as well as improve access to
development. Frontage roads along arterials reduce
marginal frictions, but they can increase conflicts at
junctions and delays on intersecting roads unless care-
fully designed. Therefore, arterial frontage roads
should be used selectively.

_ _ _ POLICY IMPLICATIONS
. Corner clearances (i.e., driveway setback distances on

the near and far side of intersections) vary widely Access management techniqgues—access spacing in par-
among states and communities. In most cases, acceafular—can be addressed through both retrofit (correc-
drives are located within the functional areas of intertive) and policy actions. Access separation distances
sections and/or within the normal queuing distancesshould be established as part of access management pro-
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grams, site retrofit actions, and community zoning ordi- The size of corner lots in developing areas should be ade-
nances. Advance purchase of right of way and/or accespiate to meet safety and queuing requirements. Adequate
rights is also desirable. corner clearances require lot frontage of at least 150 to 250

The basic policy issues are to (1) classify roads as detdit—these distances are also consistent with desired minimum
mined by the transportation plan, (2) establish access amuhsignalized access spacings.
geometric standards for each class of roadway, (3) limit Better coordination of land use, interchange geometry, and
access along major arterials, and (4) consider restricting lefirterial streets is essential to avoid “double loading arterials”
turns where access is provided along arterials. with left turns, weaving movements, and traffic congestion.

Comprehensive access management codes should indic&tsategically placed frontage roads can play an integral role
where access is allowed or denied for various classes of roads,this effort. It is equally important to anticipate future
specify allowable spacings for signalized and unsignalizedevelopments in the quadrants of an interchange and to for-
connections, and set forth permit procedures and requireiulate appropriate access concepts that preserve the arterial
ments. Codes may define or limit the application of specifistreet system while serving these developments. A suitable
techniques. supporting street system is essential.

There should be a sufficient network of supporting localand Median width and opening policies are essential design
collector streets that provide direct access to adjacent devellements. Raised medians are more effective than painted
opments. These secondary streets should connect to arterigf&nnelization from an access management perspective.
at appropriate and well-spaced locations. They make it posdi¥ide medians that allow indirect U-turns in lieu of direct left
ble to minimize direct property access on major arterials.  turns should be considered for new arterials where space per-

Access should be provided from strategic and primarynits because they improve safety and simplify intersection
arterials only when reasonable access cannot be providegerations and signal timing/coordination.
from other roadways. In such cases, access should be limitedAny access control or management plan must be done sys-
to right turns wherever possible. temwide to avoid shifting problems. Many access manage-

Left-turn and cross egress should be separated and placeént techniques deal with a single location (e.g., closing a
at locations that fit into overall signal coordination patternsnedian at a driveway). Some techniques (e.g., a continuous
with high efficiency. median) may transfer problems to other locations upstream or

Sound land use and development planning is essential tiownstream from the location under consideration. In such
permit effective arterial traffic flow while allowing attractive cases, broader analyses of benefits and effects are essential.
property access. Access spacing standards (including corner
clearance requirements) should be established in advance of
actual development. Zoning, subdivision, and access spaciRESEARCH DIRECTIONS
requirements should be consistent.

Where land remains to be subdivided or platted, larger Several needs emerged from the research effort: (1)
frontages should be encouraged. In New Jersey for exampkxpanding and refining the safety database relating to access
the amended Municipal Land Use Law restricts municipali-density; (2) quantifying the effects of median closures—both
ties from approving the subdivision of lots along state highsignalized and unsignalized—and their upstream and down-
ways where the proposed lots would not conform with Statetream effects; and (3) assembling more information on driv-
Access Code spacing requirements. Colorado law prohibigr selection of roadside businesses based on accessibility
the approval of subdivision requests that require access thansiderations, such as the proportion of pass-by traffic,
is inconsistent with the state’s access regulations. repeat traffic, and destination trips by direction of approach.
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APPENDIX A

RECOMMENDED CLASSIFICATION OF ACCESS MANAGEMENT TECHNIQUES
BY POLICY AND ROADWAY FEATURE

A. POLICY (MANAGEMENT ELEMENTS)

A-1 Administrative and Regulating Procedures (Access Code)
Spacing Requirements

Al-1  State policies/plans/programs for access.

Al-2  Local policies/plans/programs for access.

Al1-3  Regulate minimum spacing of traffic signals (1a).

Al-4  Regulate minimum spacing of driveways (1b).

Al-5 Regulate minimum corner clearance (1c).

Al-6  Regulate minimum property setback from roads.

Al-7  Optimize driveway spacing in the permit authorization stage.

A1-8 Regulate maximum number of driveways per property frontage.

Al1-9 Consolidate access for adjacent properties.

Al1l-10 Require highway damages for extra driveways.

Al-11 Deny access to small frontage.

Al-12 Require access on collector street (when available) in lieu of additional
driveway on highway.

Al-13 Establish access separation distances at freeway interchanges (1d).

Al-14 Regulate driveway construction and maintenance.

A-2  Zoning and Subdivision Regulations

A2-1  Land use/zoning regulation.

A2-2  Designate the number of driveways regardless of future subdivision of a
property.

A2-3  Require adequate internal design and circulation plan.

A2-4  Redesign internal road system.

A2-5 Key allowable trip generation to access spacing.

A-3  Purchase of Access Rights

A3-1  Buy abutting properties.
A3-2  Acquire land.
A3-3  Acquire easements to provide alternate access routes.

B. DESIGN

B-1 Interchanges

B1-1  Build interchange (at major intersection or activity center).
B1-2  Modify freeway ramps to improve access.
B1-3  Build freeway frontage road.

() indicates priority techniques.
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B-2 Frontage Roads

B2-1

B2-2
B2-3
B2-4

B-3 Medians

B3-1
B3-2
B3-3
B3-4
B3-5
B3-6

B3-7

B3-8

B3-9

B3-10
B3-11
B3-12
B3-13

B3-14
B3-15
B3-16
B3-17
B3-18
B3-19
B3-20

B3-21
B3-22

Construct a local service or frontage road to provide access to individual
parcels.

Construct a bypass road.

Build a reverse frontage road.

Locate or relocate an intersection of a parallel frontage road and cross-
road further from arterial/crossroad intersection (6b).

- Left Turns

Install median barrier with no direct left-turn ingress or egress.

Install restrictive median with left-turn deceleration lanes (2a).

Install restrictive median on undivided highway (2a).

Replace continuous TWLTL with restricted median (2b).

Close existing median openings (2c).

Replace full median opening with median designed for left turns from the
major roadway (2d).

Install channelizing islands to prevent left-turn deceleration lane vehicles
from returning to the through lanes.

Install median channelization to control the merge of left-turn egress
vehicles.

Provide left-turn deceleration/storage lane where none exists (3a).
Install left-turn acceleration lane (3b).

Install continuous TWLTLSs (3c).

Install alternating left-turn lane.

Install isolated median and deceleration lane to shadow and store
left-turning vehicles.

Install left-turn deceleration lane in lieu of right-angle crossover.

Install median storage for left-turn egress vehicles.

Increase storage capacity of existing left-turn deceleration lane.
Channelize left-turn lanes across wide medians.

Provide U-turns as alternative to direct left turns (3d).

Provide jughandle and eliminate left turns along a highway (3e).
Construct flyover to accommodate left-turn egress/and ingress
movements.

Prohibit left turns.

Build left-turn connecting roads.

B-4 Right Turns

B4-1
B4-2
B4-3
B4-4

B4-5

B4-6

Install right-turn acceleration lane (4a).

Install continuous right-turn lane (4b).

Install right-turn deceleration lane (4c).

Install channelizing islands to prevent driveway vehicles from backing
onto the highway (5c).

Install channelizing islands to move ingress merge point laterally away
from the highway.

Move sidewalk-driveway crossing laterally away from highway.

B-5 Access/Driveway Location - Retrofit

1. Consolidation

B5-1-1

Consolidate driveway access for adjacent properties (5a).

() indicates priority techniques.



137

B5-1-2 Consolidate existing access whenever separate parcels are assembled
under one purpose, plan, entity, or usage.

B5-1-3 Encourage connections between adjacent properties (even when each has
highway access).

2. Reorientation of Access

B5-2-1 Encourage connections between adjacent properties (even when each has
highway access).

B5-2-2 Require access on collector street (when available) in lieu of additional
driveway on highway.

B5-2-3 Relocate or reorient access.

3. Relocation

B5-3-1 Coordinate driveways on both sides of street (align opposing driveways
or establish minimum offset) (5d).

B5-3-2 Locate a new driveway opposite an intersection or driveway and install
a traffic signal where warranted and properly spaced.

B5-3-3 Install two one-way driveways in lieu of one two-way driveway.

B5-3-4 Install two two-way driveways with limited turns in lieu of one standard
two-way driveway.

B5-3-5 Install two one-way driveways in lieu of two two-way driveways.

B5-3-6 Install two two-way driveways with limited turns in lieu of two standard
two-way driveways.

B-6 Traffic Controls

B-6-1 Install traffic signal at high-volume driveways.

B-6-2 Install traffic signals to slow highway speeds and meter traffic for
larger gaps.

B-6-3 Restrict parking on the roadway next to driveways to increase driveway
turning speeds.

B-6-4 Provide reversible operation of access drive.

B-6-5 Implement curbside loading controls.

B-6-6  Prohibit left-turn driveway maneuvers on an undivided highway.

B-6-7 Install one-way operations on the highway.

B-6-8 Replace curb parking with off-street parking.

B-7 Access/Driveway Design

B-7-1 Widen right through lane to limit right-turn encroachment onto the
adjacent lane to the left.

B-7-2 Install channelizing island to prevent left-turn deceleration lane vehicles
from returning to the through lane.

B-7-3 Channelize driveways to discourage or prevent left-turn maneuvers (5b).

B-7-4 Install barrier to prevent uncontrolled access along property frontages (5c).

B-7-5 Install median channelization to control the merge of left-turn egress
vehicles.

B-7-6 Install driveway channelizing island to prevent left-turn driveway
encroachment conflicts.

B-7-7 Install driveway channelizing island to prevent right-turn deceleration
lane vehicles from returning to the through lanes.

() indicates priority techniques.
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B-7-8

B-7-9

B-7-10
B-7-11
B-7-12
B-7-13
B-7-14

B-7-15
B-7-16

B-7-17
B-7-18

B-7-19
B-7-20
B-7-21
B-7-22

B-7-23

Install driveway channelizing island to control the merge area of
right-turn egress vehicles.

Regulate the maximum width of driveways.

Install visual cues of the driveway.

Improve driveway sight distance.

Regulate minimum sight distance.

Optimize sight distance in the permit authorization stage.

Increase the effective approach width of the driveway (horizontal geo-
metrics).

Improve the vertical geometrics of the driveway.

Increase the turning speed of right-angle median crossovers by increas-
ing the effective approach width.

Install additional exit lane on driveway.

Require two-way driveway operation where internal circulation is not
available.

Control driveway design elements.

Install barrier to prevent uncontrolled access along property frontage (5c¢).
Provide full driveway access with steady flow in one direction of travel
on arterial road.

Design driveways so signals impact only one side of artery at any one
location.

Widen driveways to improve storage.

() indicates priority techniques.
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APPENDIX B

EFFECTS OF MULTIPLE DRIVEWAYS ON FACILITIES WITH POSTED SPEEDS
OF 35TO 55 MPH



PERCENTAGE OF RIGHT LANE THROUGH VEHICLES INFLUENCED AT OR BEYOND ANOTHER DRIVEWAY

Table B-1

POSTED SPEED = 35 MPH

Right-Turn-In Volume per Driveway, R (vph)
R<30 30<R<60 60 <R <90 R>90
No. of Multiple Multiple Multiple Multiple
Driveways Driveways, At Driveways, At Driveways, At Driveways, At
Driveway| per 1/4 Single Least Once Single Least Once Single Least Once Single Least Once
Spacing Mi, |Driveway,| per V4 Mi, Ipriveway,| Per 1/4 Mi., IDriveway,| Per 1/4 Mi., |Driveway,| per 1/4 Mi.,
(ft) n P, 1-(1-P)° P, 1-(1-Py)° P, 1-(1-Py)° P, 1-(1-Py)°
100 13.2 2.4% 27.3% 7.5% 64.2% 12.2% 82.1% 21.8% 96.1%
125 10.6 2.4% 22.5% 7.5% 56.0% 12.2% 74.7% 21.8% 92.5%
150 8.8 2.4% 19.1% 7.5% 49.5% 12.2% 68.2% 21.8% 88.5%
175 7.5 2.4% 16.4% 7.4% 44.0% 12.1% 62.1% 21.6% 84.0%
200 6.6 2.2% 13.9% 7.1% 38.3% 11.5% 55.4% 20.6% 78.1%
225 5.9 2.0% 11.2% 6.3% 31.8% 10.3% 47.2% 18.4% 69.7%
250 5.3 1.5% 7.7% 4.8% 22.7% 7.8% 34.7% 13.8% 54.5%
275 4.8 1.1% 5.3% 3.5% 15.9% 5.8% 24.8% 10.3% 40.7%
300 4.4 0.8% 3.6% 2.6% 11.1% 4.3% 17.6% 7.7% 29.6%
325 4.1 0.6% 2.6% 2.0% 8.0% 3.3% 12.8% 5.9% 22.0%
350 3.8 0.5% 1.8% 1.5% 5.6% 2.5% 9.0% 4.4% 15.6%
375 3.5 0.3% 1.2% 1.1% 3.7% 1.7% 6.0% 3.1% 10.5%
400 3.3 0.2% 0.7% 0.7% 2.3% 1.1% 3.7% 2.0% 6.6%
425 3.1 0.1% 0.5% 0.5% 1.4% 0.8% 2.4% 1.4% 4.2%
450 2.9 0.1% 0.3% 0.3% 0.9% 0.5% 1.5% 0.9% 2.6%
475 2.8 0.1% 0.2% 0.2% 0.5% 0.3% 0.8% 0.5% 1.4%
500 2.6 0.0% 0.1% 0.1% 0.2% 0.1% 0.4% 0.3% 0.7%
525 2.5 0.0% 0.0% 0.0% 0.1% 0.1% 0.2% 0.1% 0.3%

ort



PERCENTAGE OF RIGHT LANE THROUGH VEHICLES INFLUENCED AT OR BEYOND ANOTHER DRIVEWAY

Table B-2

POSTED SPEED =40 MPH

Right-Turn-In Volume per Driveway, R (vph)
R <30 30<R<60 60 <R <90 R>90
No. of Multiple Multiple Multiple Multiple
Driveways Driveways, At Driveways, At Driveways, At Driveways, At
Driveway | per 1/4 Single Least Once Single Least Once Single Least Once Single Least Once
Spacing Mi., |Driveway,| Per /4 Mi, |Driveway,| Per 1/4 Mi, |Driveway,| per 1/4 Mi, IDriveway,| Per 1/4 Mi.,
(ft) n P, 1-(1-Py° P, 1-1-Py° P, 1-1-p)" P, 1-1-Py)°
100 13.2 2.4% 27.3% 7.5% 64.2% 12.2% 82.1% 21.8% 96.1%
125 10.6 2.4% 22.5% 7.5% 56.0% 12.2% 74.7% 21.8% 92.5%
150 8.8 2.4% 19.1% 7.5% 49.5% 12.2% 68.2% 21.8% 88.5%
175 7.5 2.4% 16.6% 7.5% 44.3% 12.2% 62.5% 21.8% 84.3%
200 6.6 2.3% 14.4% 7.3% 39.5% 12.0% 56.9% 21.4% 79.5%
225 5.9 2.2% 12.4% 7.0% 34.7% 11.4% 51.0% 20.4% 73.8%
250 5.3 2.0% 10.2% 6.4% 29.4% 10.4% 44.0% 18.6% 66.2%
275 4.8 1.6% 7.5% 5.1% 22.1% 8.3% 33.9% 14.8% 53.5%
300 4.4 1.2% 5.3% 3.9% 16.0% 6.4% 25.1% 11.4% 41.1%
325 4.1 1.0% 3.8% 3.0% 11.7% 4.9% 18.6% 8.8% 31.2%
350 3.8 0.8% 2.9% 2.4% 8.8% 3.9% 14.0% 7.0% 24.0%
375 3.5 0.6% 2.1% 1.9% 6.6% 3.2% 10.7% 5.6% 18.4%
400 3.3 0.5% 1.6% 1.5% 4.8% 2.4% 7.8% 4.4% 13.7%
425 3.1 0.4% 1.1% 1.1% 3.4% 1.8% 5.5% 3.2% 9.6%
450 2.9 0.2% 0.7% 0.8% 2.3% 1.3% 3.7% 2.3% 6.5%
475 2.8 0.2% 0.5% 0.5% 1.5% 0.9% 2.4% 1.6% 4.3%
500 2.6 0.1% 0.3% 0.4% 1.0% 0.6% 1.7% 1.1% 3.0%
525 2.5 0.1% 0.2% 0.3% 0.7% 0.4% 1.1% 0.8% 1.9%
550 2.4 0.1% 0.1% 0.2% 0.4% 0.3% 0.6% 0.5% 1.1%
575 2.3 0.0% 0.1% 0.1% 0.2% 0.1% 0.3% 0.3% 0.6%
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PERCENTAGE OF RIGHT LANE THROUGH VEHICLES INFLUENCED AT OR BEYOND ANOTHER DRIVEWAY

Table B-3

POSTED SPEED =45 MPH

Right-Turn-In Volume per Driveway, R (vph)
R<30 30<R <60 60 <R <90 R>90
No. of Multiple Multiple Multiple Multiple
Driveways| Driveways, At Driveways, At Driveways, At Driveways, At
Driveway| per 1/4 Single | Least Once Single | LeastOnce Single | LeastOnce Single | LeastOnce
Spacing Mi., |Driveway,| Per /4 Mi., |Driveway,] Per 1/4 Mi., Ipriveway,| per 1/4 Mi, |priveway,| Pper 1/4 Mi.,
(1 n P, 1-(1-Py° P, 1-(1-Py)° P, 1-a-p)" | P, 1-(1-P)"
100 13.2 2.4% 21.3% 7.5% 64.2% 12.2% 82.1% 218% 96.1%
125 10.6 2.4% 22.5% 7.5% 56.0% 12.2% 74.7% 21.8% 92.5%
150 8.8 2.4% 19.1% 7.5% 49.6% 12.2% 68.2% 21.8% 88.5%
175 7.5 2.4% 16.6% 7.5% 44.4% 12.2% 62.6% 21.8% 84.4%
200 6.6 2.4% 14.6% 7.5% 40.0% 12.2% 57.5% 21.7% 80.1%
225 5.9 2.3% 12.9% 7.3% 36.0% 11.9% 52.6% 21.3% 75.5%
250 5.3 2.2% 11.3% 7.0% 32.0% 11.5% 47.5% 20.5% 70.2%
275 4.8 2.1% 9.7% 6.6% 27.9% 10.8% 42.1% 19.2% 64.1%
300 4.4 1.8% 7.8% 5.8% 23.0% 9.4% 35.3% 16.8% 55.5%
325 4.1 1.5% 5.8% 4.6% 17.5% 7.5% 27.3% 13.5% 44.4%
350 3.8 1.2% 4.4% 3.8% 13.5% 6.1% 21.2% 11.0% 35.4%
375 3.5 1.0% 3.4% 3.1% 10.3% 5.0% 16.5% 8.9% 28.0%
400 33 0.8% 2.6% 2.5% 8.0% 4.1% 12.9% 7.3% 22.1%
425 3.1 0.7% 2.1% 2.1% 6.5% 3.5% 10.4% 6.2% 18.0%
450 2.9 0.6% 1.6% 1.8% 5.1% 2.9% 8.2% 5.2% 14.4%
475 2.8 0.5% 1.3% 1.4% 3.9% 2.3% 6.3% 4.2% 11.1%
500 2.6 0.4% 0.9% 1.1% 2.9% 1.8% 4.7% 3.2% 8.3%
525 2.5 0.3% 0.7% 0.8% 2.1% 1.4% 3.4% 2.5% 6.1%
550 2.4 0.2% 0.5% 0.6% 1.5% 1.0% 2.5% 1.8% 4.4%
575 23 0.2% 0.4% 0.5% 1.1% 0.8% 1.8% 1.4% 3.2%
600 2.2 0.1% 0.3% 0.4% 0.8% 0.6% 1.3% 1.1% 2.3%
625 2.1 0.1% 0.2% 0.3% 0.6% 0.4% 0.9% 0.8% 1.6%
650 2.0 0.1% 0.1% 0.2% 0.4% 0.3% 0.6% 0.5% 1.1%
675 2.0 0.0% 0.1% 0.1% 0.2% 0.2% 0.4% 0.3% 0.7%
700 1.9 0.0% 0.0% 0.1% 0.1% 0.1% 0.2% 0.2% 0.4%
725 1.8 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.2%
750 1.8 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1%
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PERCENTAGE OF RIGHT LANE THROUGH VEHICLES INFLUENCED AT OR BEYOND ANOTHER DRIVEWAY

Table B-4

POSTED SPEED = 50 MPH

Right-Turn-In Volume per Driveway, R (vph)
R <30 30 <R <60 60 <R <90 R > 90
No. of Multiple Multiple Multiple Multiple
Driveways Driveways, At Driveways, At Driveways, At Driveways, At

Driveway| per 1/4 Single Least Once Single | LeastOnce | gingle | Least Once Single Least Once

Spacing Mi., |Driveway,| Per 1/4 Mi, |priveway,| per 1/4 Mi,, |Driveway,| per 1/4 Mi., |Driveway,| per 1/4 Mi,

(ft) n P, 1-1-PY)° P, 1-A-Py° P, 1-A-py° P, 1-(1-Py)°
T00 132 2.4% 2 3% 7% e32% 12.3% 52.1% 218% %1%
123 10.6 2.4% 22.5% 7.5% 56.0% 12.2% 74.1% 21.8% 92.5%
150 8.8 2.4% 19.1% 7.5% 49.6% 12.2% 68.2% 21.8% 88.5%
175 7.5 2.4% 16.6% 7.5% 444% 12.2% 62.6% 21.8% 84.3%
200 (X3 2.4% 14.7% 7.5% 40.1% 12.2% 57.1% 21.8% 803%
225 5.9 24% 13.1% 7.4% 36.5% 12.1% 532% 21.1% 76.1%
250 53 23% 11.7% 7.3% 33.0% 11.9% 43.9% 21.3% 71.3%
775 43 2.3% 10.4% 7 1% 29.3% 11.6% 4377% 20.7% 67.2%
300 LX) 2.2% 5.2% 6.8% 26.6% 11.1% 40.4% 19.8% 62.1%
325 41 2.0% 3.0% 6.4% 23.4% 10.4% 35.9% 18.5% 56.4%
350 3.3 1.8% 6.5% 56% 19.5% 91% 30.2% 16.3% 48.8%
375 35 1.5% 52% 3.7% 15.5% 7.1% 24.4% 13.7% 40.3%
400 33 1.3% 1% 10% 12.6% 6.5% 19.9% 11.6% 33.4%
425 3.1 1.1% 33% 3.4% 10.1% 5.5% 16.2% 9.5% 27.5%
4350 2.9 0.9% 2.7% 2.5% 8.2% 4.7% 13.2% $.4% 22.1%
475 2.3 0.8% 2.2% 2.5% 6.8% 4.1% 11.0% 7.3% 19.0%
500 7.6 0.7% 1.8% 2.2% 5.7% 3.6% 91% 6.4% 15.9%
525 2.5 0.6% 1.5% 1.9% 1.7% 31% 7.6% 55% 13.3%
550 2.4 0.5% 1.2% 1.6% 33% 2.6% 6.2% 7% 10.9%
575 2.3 0.4% 0% 1.3% 3.1% 2.2% 5.0% 3.5% 33%
600 2.2 0.4% 0.3% T1% 2.4% 8% 3.9% 3.2% 5.9%
625 2.1 0.3% 0.6% 0.9% 1.9% 1.5% 3.0% 2.6% 5.4%
650 2.0 0.2% 0.5% 0.7% T.4% 1.2% 23% 21% 1%
675 2.0 0.2% 0.4% 0.6% T1% 0.5% 1.8% 1.7% 32%
700 1.9 01% 0.3% 0.5% 0.9% 0.7% T4% 3% 2.5%
725 T3 0.1% 0.2% 0.4% 0.7% 0.6% 1.1% 1% 2.0%
750 1.8 0.1% 02% 03% 0.5% 0.5% 0.8% 0.8% 1.5%
775 17 0.1% 0.1% 02% 0.4% 0.4% 0.6% 0.6% 1.1%
800 1.7 0.1% 0.1% 02% 0.3% 0.3% 0.4% 0.5% 0.8%
8235 1.6 0.0% 0.1% 0.1% 02% 0.2% 0.3% 03% 0.5%
230 1.6 0.0% 0.0% 0.1% 0.1% 0.1% 0.2% 0.2% 0.3%
875 13 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 02%
500 1.3 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1%
925 14 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1%
950 1.4 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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PERCENTAGE OF RIGHT LANE THROUGH VEHICLES INFLUENCED AT OR BEYOND ANOTHER DRIVEWAY

Table B-5

POSTED SPEED = 55 MPH

Right-Turn-In Velume per Driveway, R (vph)
R <30 30 <R <60 60 <R <90 R >90
No. of Multiple Multiple Multiple Multiple
Driveways| Driveways, At Driveways, At Driveways, At Driveways, At

Driveway| per 1/4 Single | LeastOnce Single | LeastOnce Single | Least Once Single | LeastOnce

Spacing Mi., Driveway,| Per 1/4 Mi., Driveway,| Per 1/4 Mi., Driveway,| Per 1/4 Mi., Driveway,| Per 1/4 Mi.,

(ft) n P, 1-(1-P)" P, 1-(1-Py)" P, 1-(1-Py° P, 1-(1-P)"
100 132 23% 273% 7% 2% 12.2% 321% 218% 96.1%
125 10.6 2.4% 22.5% 7.5% 56.0% 12.2% 74.7% 21.8% 92.5%
150 (X3 2.8% 19.1% 7.5% 49.6% 12.2% 68.2% 21.8% 38.5%
175 75 2.4% 16.6% 7.5% 44.3% 12.2% 62.6% 21.8% 84.4%
200 6.6 2.4% 14.7% 7.5% 401% 12.2% 57.71% 21.8% 80.2%
225 3.9 2.4% 13.2% 7.5% 36.6% 12.3% 53.4% 21.8% 76.3%
250 53 2.4% 11.9% 4% 33.5% 12.1% 49.5% 21.6% 72.4%
275 43 2.3% 10.7% 7.3% 30.6% 12.0% 45.7% 21.3% €8.4%
300 a4 2.3% 5.7% 72% 78.0% 11.7% 42.3% 21.0% 64.5%
3235 41 2.2% 81% 70% 25.5% 11.4% 38.8% 20.3% 60.3%
350 38 2.1% 738% 6.1% 23.0% 10.9% 35.4% 19.5% 55.9%
375 35 2.0% 6.5% 6.3% 20.5% 10.3% 31.8% 18.4% 51.1%
300 33 1.8% 5.5% 5.7% 17.7% 5.4% 27.1% 16.7% 43.3%
475 31 1.6% 13% 5.0% 14.7% 5.1% 23.1% 14.5% 385%
430 2.9 4% 1.0% 4.4% 12.3% T1% 19.5% 12.8% 33.0%
475 28 1.2% 3.4% 38% 10.3% 6.3% 16.5% 11.2% 281%
300 2.6 1.1% 2.8% 3.4% 7% 5.5% 13.9% 5.9% 23.9%
525 2.5 1.0% 2.3% 3.0% 73% 1.9% 11.8% 37% 20.5%
550 24 0.8% 2.0% 2.7% 6.3% 13% 10.1% T8% 17.6%
575 2.3 0.8% 1.7% 2.4% 5.4% 3.9% 8.7% 70% 152%
600 22 0.7% 5% 2.1% 4.6% 3.5% 75% 6.2% 13.2%
625 2.1 0.6% 1.3% 1.9% 4.0% 31% 6.5% 5.6% 11.4%
650 2.0 0.5% T.1% 1.7% 34% 2.8% 5.5% 39% 0.8%
675 2.0 0.5% 0.9% 1.5% 2.95% 2.4% 4.7% 43% 8.2%
700 19 0.4% 0.8% 1.3% 2.4% 2.1% 3.9% 3.7% 6.9%
725 1.8 0.3% 0.6% T.1% 2.0% 1.8% 32% 32% 5.1%
750 18 0.3% 0.5% 0.9% 1.6% 1.5% 2.6% 2.7% 1.7%
775 1.7 0.2% 0.4% 038% 1.3% 1.3% 21% 2.2% 3.8%
300 .7 0.2% 03% 0.6% 1.1% 1.0% 1.7% 1.9% 3.1%
325 16 0.2% 03% 0.5% 0.95% 0.9% 1.4% 1.6% 2.5%
50 1.6 0.1% 0.2% 0.5% 0.7% 0.8% 1.2% 1.3% 2.1%
875 13 0.1% 0.2% 0.4% 0.6% 0.6% 1.0% 1.1% 1.7%
900 15 0.1% 02% 03% 0.5% 0.5% 0.8% 1:0% 1.4%
925 1.4 0.1% 0.1% 03% 0.4% 0.4% 0.6% 0.8% T.1%
950 T4 0.1% 0.1% 0.2% 0.3% 0.3% 0.5% 0.6% 0.8%
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Table 20. Conversion from an undivided cross section to a raised-curb median (business &
office land use)

Through
Lanes

ADT

Access Pt.
Density
(ap/mi)

Left-Tum Percent per 1,320-ft Segment Length

0

5 10

17,500

30

Stay with existing undivided

60

90

22,500

27,500

32,500

30
60
90
30
60
90
30

60
90

cross section

37,500

30

Consider adding a

raised-curb median

60

90

42,500

30

//

60

90

26,250

30
60
90

33,750

30
60
90

41,250

30
60

Consider adding a raised-curb median

90

48,750

30

pys o4

60

/L

90

56,250

30

4

g 994

60

v/ /]

90

63,750

30

/7

/.

94

60

90

V9994
/.

Note: Hatching denotes volume levels that may be associated with congested flow conditions.



Table 21. Conversion from an undivided cross section to a raised-curb median (residential &

industrial land use)

Through ADT
Lanes

Access Pt.
Density
(ap/mi)

Lefi-Turn Percent per 1,320-ft Segment Length

5 10

15

20 30

4 17,500

30

60

Stay with existing undivided cross section

90

22,500

30

60

90

27,500

30

32,500

30

60

90

37,500

30

Consider adding a raised-curb median

60

90

42,500

30

/S

60

90

6 26,250

90

33,750 30
60
90

41,250 30 Consider adding a raised-curb median
60
90

48,750 30 S/ //
60 /' / /
90

56,250 30 /SN S S S
© 77
% B

@750 | w0 777777777777
® 77V 77
90 '/ / J

Note: Hatching denotes volume levels that may be associated with congested flow conditions.
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Table 22. Conversion from an undivided cross section to a TWLTL (business & office
land use)

Through ADT Access Pt. Left-Turn Percent per 1,320-ft Segment Length
Lanes Density
(ap/mi) 0 5 10 15 20 30

4 17,500 30
60
90
22,500 30 Stay with existing undivided cross section
60
90
27,500 30
60
90
32,500 30
60
90
37,500 30
60 Consider adding a TWLTL
90
42,500 30 /
60
90
6 26,250 30 [
60 Stay with existing undivided cross section
90
33,750 30
60
90
41,250 30 - e
60 L Consider adding a TWLTL
90 :

s 0 —— 7777
% 77
90

56250 | 30 YIS IS94
50 '/ 4
90

63,750 30 / /. /S S/ S
///3

% 77
% 777

Note: Hatching denotes volume levels that may be associated with congested flow conditions.




Table 23. Conversion from an undivided cross section to a TWLTL (residential & industrial

land use)

Through
Lanes

Access Pt.
Density
(ap/mi)

Left-Turn Percent per 1,320-ft Segment Length

0 5 10

15

20 30

30

60

90

30

Stay with existing undivided cross section

60

27,500

32,500

90
30
60
90
30

60

90

37,500

30

Consider adding a TWLTL

60

90

42,500

30

60

90

26,250

30

60

Stay with existing undivided cros:

s section

90

33,750

30

60

90

41,250

30

60

Consider adding a TWLTL

90

48,750

30

//V//

60

/S

90

56,250

30

g4

[/,

60

4

90

63,750

30

/.

/.

XSS

60

W99 94

90

/4

Note: Hatching denotes volume levels that may be associated with congested flow conditions.
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Table 24. Conversion from a TWLTL to a raised-curb median (business & office land use)

Through ADT Access Pt. Left-Turn Percent per 1,320-ft Segment Length
Lanes Density

(ap/mi)
4 17,500 30

[ 60

90

22,500 30

60

90

27,500 30

60

90

32,500 30

60 3
90 Consider adding a raised-curb median
37,500 30
60 R i I sweT
90
42,500 30
60
90
6 26,250 30
60
90
33,750 30
60
90 Consider adding a raised-curb median
41,250 30
60
90
48,750 30
60
90
56,250 30
60
90
63,750 30 A AN,
60

90 Nswer V/ /]

Note: Hatching denotes volume levels that may be associated with congested flow conditions.
SWET = Stay with existing TWLTL.

SWET




Table 25. Conversion from a TWLTL to a raised-curb median (residential & industrial

land use)
Through ADT Access Pt. Left-Tumn Percent per 1,320-ft Segment Length
Lanes Density
(ap/mi) 5 10 15 20 30
4 17,500 30

22,500

27,500

32,500

37,500
60 i f}IStay with
% T TWLTL

42,500 30 |
60 “. | Stay with existing
90 il TwLTL

6 26,250 30

60
90

33,750 30
60 Consider adding a raised-curb median
90

41,250 30
60
90

48,750 30
60
90

56,250 30
60 o
90

63,750 30
60
90

Note: Hatching denotes volume levels that may be associated with congested flow conditions.
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Table E-13. Annual delay to major-street left-turn and through vehicles for the raised-curb

median treatment (hours/yr)
Through Access Pt. Left-Turn Percent per 1,320-ft Segment Length?
Lanes ADT ?ﬁ;“l’; 0 5 10 15 20 30

4 17,500 30 300 400 800 1,000 1,200 1,600

60 300 400 800 1,000 1,300 1,700

90 300 400 800 1,000 1,300 1,700

22,500 30 500 800 1,300 1,700 2,000 2,700

60 500 800 1,400 1,800 2,200 2,900

90 500 900 1,400 1,300 2,200 2,900

27,500 30 800 1,300 2,100 2,700 3,200 4,400

60 800 1,300 2,300 3,000 3,600 5,000

90 800 1,500 2,300 3,000 3,600 5,000

32,500 30 1,200 2,000 3,100 4,000 4,900 6,900

60 1,200 2,100 3,500 4,800 5,900 8,500

90 1,200 2,200 3,400 4,700 5,900 8,400

37,500 30 1,600 2,900 4,400 5,900 7,300 10,600

60 1,700 3,100 5,300 7,300 9,300 13,800

90 1,800 3,200 5,100 7,200 9,300 13,500

42,500 30 2,200 4,100 6,100 8,400 10,700 16,100

60 2,400 4,600 7,600 10,900 14,200 21,800

90 2,500 4,500 7,300 10,600 14,100 21,200

6 26,250 30 300 800 1,300 1,800 2,100 3,200

60 400 900 1,400 2,000 2,400 3,200

90 400 900 1,400 2,100 2,500 3,500

33,750 30 500 1,400 2,300 3,200 3,900 5,800

60 700 1,500 2,600 3,500 4,400 6,200

90 700 1,500 2,600 3,700 4,500 6,500

41,250 30 900 2,200 3,700 5,300 6,700 9,300

60 1,200 2,500 4,300 5,900 7,700 11,500

90 1,200 2,500 4,300 6,100 7,500 11,300

48,750 30 1,400 3,400 5,600 8,500 11,200 16,200

60 1,800 4,000 6,800 9,400 12,700 20,700

90 1,800 4,000 6,900 9,700 12,200 19,400

56,250 30 2,100 5,000 8,400 13,300 cong cong

60 2,500 6,100 10,400 14,500 20,400 cong

90 2,600 6,100 10,500 14,800 19,100 32,000

63,750 30 2,900 7,100 12,200 cong cong cong

60 3,400 9,000 15,500 21,800 cong cong

90 3,500 8,900 15,600 22,000 29,200 cong

Notes:

1 - Access point density represents the total number of access points on both sides of the street segment (i.e., a two-way total)
divided by the length of the segment (in miles).
2 - Total number of left-turns per hour exiting the major street into an access point in one direction of travel per 1,320-ft length
of roadway divided by the total flow rate in that direction (expressed as a percentage).
“cong™ = Delays to one or more major-street lefi-turn movements are in excess of 40 s/v/a leading to congested flow conditions,
queue spillback, and possible gridlock.



Table E-14. Annual delay to major-street left-turn and throngh vehicles for the TWLTL

treatment (hours/yr)
Through Access Pt. Left-Turn Percent per 1,320-ft Segment Length?
Lanes ADT ?::/sr::i’; 0 5 10 15 20 30

4 17,500 30 300 400 800 1,000 1,200 1,600

60 300 400 800 1,000 1,300 1,700

90 300 400 800 1,000 1,300 1,700

22,500 30 500 800 1,300 1,700 2,000 2,700

60 500 800 1,400 1,800 2,200 2,900

90 500 900 1,400 1,800 2,200 2,900

27,500 30 800 1,300 2,100 2,700 3,200 4,400

60 800 1,300 2,200 2,800 3,400 4,600

90 800 1,500 2,200 2,800 3,400 4,700

32,500 30 1,200 2,000 3,000 4,000 4,900 6,800

60 1,200 2,100 3,200 4,200 5,100 7,100

90 1,200 2,200 3,200 4,200 5,200 7,400

37,500 30 1,600 2,900 4,300 5,800 7,200 10,400

60 1,700 3,000 4,600 6,000 7,500 10,700

90 1,800 3,200 4,600 6,000 7,800 11,200

42,500 30 2,200 4,000 6,000 8,200 10,500 15,500

60 2,400 4,300 6,400 8,600 10,700 16,000

90 2,500 4,400 6,400 8,600 11,200 16,600

6 26,250 30 300 800 1,300 1,800 2,100 3,200

60 400 900 1,400 2,000 2,400 3,200

90 400 900 1,400 2,100 2,500 3,400

33,750 30 500 1,400 2,300 3,100 3,800 5,700

60 700 1,500 2,500 3,400 4,300 6,000

90 700 1,500 2,500 3,500 4,300 6,100

41,250 30 900 2,200 3,600 5,100 6,600 9,600

60 1,200 2,500 3,900 5,400 7,100 10,500

90 1,200 2,500 3,900 5,600 7,000 10,400

48,750 30 1,400 3,400 5,500 8,200 11,000 15,600

60 1,800 3,700 5,800 8,200 11,100 18,000

90 1,800 3,800 5,900 8,500 10,900 17,400

56,250 30 2,100 4,900 8,000 12,700 cong cong

60 2,500 5,300 8,400 12,100 16,900 cong

90 2,600 5,400 8,600 12,500 16,700 28,400

63,750 30 2,900 6,900 11,600 cong cong cong

60 3,400 7,400 11,900 17,600 cong cong

90 3,500 7,500 12,200 18,000 24,900 cong

Notes:

1 - Access point density represents the total number of access points on both sides of the street segment (i.e., a two-way total)

divided by the length of the segment (in miles).

2 - Total number of lefi-turns per hour exiting the major street into an access point in one direction of travel per 1,320-ft length
of roadway divided by the total flow rate in that direction (expressed as a percentage).
“cong” = Delays to one or more major-street left-turn movements are in excess of 40 s/v/a leading to congested flow conditions,

queue spillback, and possible gridlock.
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Table E-15. Annual delay to major-street left-turn and through vehicles for the undivided
cross section (hours/yr)

Through Access Pt. Left-Turn Percent per 1,320-ft Segment Length?
Lanes ADT Density" 0 5 10 15 20 30
(ap/mi)

4 17,500 30 300 500 1,000 1,400 1,600 2,300
60 300 500 1,000 1,40Q 1,700 2,400

90 300 500 1,000 1,400 1,700 2,400

22,500 30 500 1,200 2,200 2,900 3,300 4,700

60 500 1,200 2,200 3,000 3,500 4,800

90 500 1,200 2,200 3,000 3,700 5,100

27,500 30 800 2,300 4,100 5,300 6,100 8,200

60 800 2,400 4,300 5,700 6,700 8,900

90 800 2,400 4,400 5,900 7,200 9,700

32,500 30 1,200 4,200 7,100 9,100 10,600 13,300

60 1,200 4,400 7,800 10,200 12,000 15,400

90 1,200 4,500 8,000 10,800 13,100 17,100

37,500 30 1,600 7,300 11,600 14,800 17,500 20,900

60 1,700 7,700 13,100 17,100 20,200 25,200

90 1,800 7,800 13,700 18,500 22,200 28,400

42,500 30 2,200 11,700 18,100 23,000 27,800 cong

60 2,400 12,700 21,000 27,100 32,200 39,800

90 2,500 12,900 22,100 30,000 35,900 45,200

6 26,250 30 300 1,000 2,200 2,800 3,500 3,900
60 400 1,100 2,300 3,400 4,400 5,500

90 400 1,100 2,300 3,400 4,700 6,600

33,750 30 500 2,300 4,000 5,000 6,000 7,700

60 700 2,500 4,400 6,000 7,400 9,200

90 700 2,500 4,600 6,200 8,100 10,800

41,250 30 900 4,500 6,500 8,400 9,800 14,600

60 1,200 4,800 7,700 9,600 11,700 14,900

90 1,200 5,100 8,500 10,600 13,000 16,900

48,750 30 1,400 7,600 10,100 13,600 cong cong

60 1,800 8,800 12,500 14,700 17,800 cong

90 1,800 9,400 14,500 17,000 19,700 25,800

56,250 30 2,100 12,100 15,000 cong cong cong

60 2,500 15,000 19,300 21,700 26,500 cong

90 2,600 16,400 23,400 25,800 28,700 38,300

63,750 30 2,900 18,300 cong cong cong cong

60 3,400 24,300 28,600 31,300 cong cong

90 3,500 27,000 36,000 37,800 41,100 cong

Notes:

1 - Access point density represents the total number of access points on both sides of the street segment (i.c., a two-way total)
divided by the length of the segment (in miles).
2- Total number of left-turns per hour exiting the major street into an access point in one direction of travel per 1,320-ft length
of roadway divided by the total flow rate in that direction (expressed as a percentage).
“cong” = Delays to one or more major-street left-turn movements are in excess of 40 s/v/a leading to congested flow conditions,
queue spillback, and posstble gridlock.



Table E-17. Annual accident frequency for the raised-curb median treatment (acc/yr)

1- Access point density represents the total number of access points on both sides of the major-street segment (i.e., a two-way total)

Land Access Pt. | Property-Damage-Only Accident Percentage?
Use ADT Densit_y' 55 I 65 I 75
(ap/mi) No Parallel Parking
Business 17,500 40 3 4 5
or 65 4 5 6
Office m 4 5 7
22,500 40 4 5 7
65 4 6 7
90 5 6 8
27,500 40 5 6 8
65 5 7 9
90 6 8 10
32,500 40 6 7 9
65 6 3 10
90 7 9 12
37,500 40 6 8 10
65 7 9 12
90 8 10 13
42,500 40 7 9 12
65 3 10 13
90 9 12 15
47,500 40 8 10 13
65 9 11 15
90 10 13 17
52,500 40 9 1 14
65 10 12 16
90 11 14 18
57,500 40 9 12 15
65 10 14 17
90 12 15 20
62,500 40
65
90
Residential 17,500 <100 2 3
or 22,500 <100 3 4
Industrial 27,500 <100 4 5
32,500 <100 4 6
37,500 <100 5 6
42,500 <100 6 7
47,500 <100 6 8
52,500 <100 7 9
57,500 <100 7 9
62,500 <100 g 10
Notes:

divided by the length of the segment (in miles).

2 - Number of property-damage-only accidents divided by the number of reported accidents for the region that subject street segment
is located (expressed as a percentage).
3 - Shaded areas denote traffic volume levels that exceed the range of the database used to calibrate the safety model.
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Table E-18. Annual accident frequency for the TWLTL treatment (acc/yr)

Land Access Pt. | Property-Damage-Only Accident Percentage?
Use ADT Dcnsi{y' 55 ] 65 I 75
(ap/mi) No Parallel Parking

Business 17,500 40 4 6 7
or 65 5 6 8
Office 90 5 7 9
22,500 40 5 7 9
65 6 8 10
90 7 9 11
27,500 40 7 8 11
65 7 9 12
90 8 11 14
32,500 40 8 10 13
65 9 11 14
90 10 12 16
37,500 40 9 11 14
65 10 13 16
90 11 14 18
42,500 40 10 12 16
65 11 14 18
90 12 16 20
47,500 40 11 14 18
65 12 16 20
90 14 18 23
52,500 40 12 15 20
65 13 17 22

90

57,500 40

65

62,500

65
Residential 17,500 <100 3 4 5
or 22,500 <100 4 5 7
Industrial - ™, 500 <100 5 6 8
32,500 <100 6 7 9
37,500 <100 6 8 11
42,500 <100 7 9 12
47,500 <100 8 10 13
52,500 <100 9 11 14

57,500 <100

62,500 <100

Notes:

1- Access point density represents the total number of access points on both sides of the major-street segment (i.e., a two-way total)
divided by the length of the segment (in miles).

2 - Number of property-damage-only accidents divided by the number of reported accidents for the region that subject street segment
is located (expressed as a percentage).

3 - Shaded areas denote variable combinations that exceed the range of the database used to calibrate the safety model.



Table E-19. Annual accident frequency for the undivided cross section (acc/yr)

1 - Access point density represents the total number of access points on both sides of the major-street segment (i.c., a two-way total)

divided by the length of the segment (in miles).

2- Number of property-damage-only accidents divided by the number of reported accidents for the region that subject street segment
is located (expressed as a percentage).

3- Shaded areas denote variable combinations that exceed the range of the database used to calibrate the safety model.

Land Access Pt. Property-Damage-Only Accident Percentage?
Use ADT Density' ss | 6 | 75 ss | e | s
(ap/mi) No Parallel Parking With Parallel Parking
™ Busimess 17,500 20 3 5 7 7 10 12
or 65 5 6 8 8 11 14
Office 90 5 7 9 10 12 16
22,500 40 5 7 9 9 12 16
65 6 8 10 11 14 18
90 7 9 11 12 15 20
27,500 40 6 8 11 11 15 19
65 7 9 12 13 16 21
90 ) 10 14 14 19 24
32,500 40 7 10 12 13 17 2
65 3 11 14 15 19 25
90 9 12 16 17 2 28
37,500 40 3 11 14 15 19 25
65 10 12 16 17 2 28
90 i1 14 18 19 25 32
42,500 40 ; £
65
90
47,500 40
65
90
52,500 40
65
90
57,500 40
65
90
62,500 40
65 27
90 2 S 30
Residential 17,500 <100 2 3 3 4 5 6
or 22,500 <100 3 4 6 6 8 10
Industrial 27,500 <100 5 6 8 9 T 14
32,500 <100 7 9 11 12 20
37,500 <100 9 12 15 16 26
42,500 <100 3 1
47,500 <100
52,500 <100
57,500 <100
62,500 <100
Notes:
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