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CHAPTER 1

INTRODUCTION TO
ACCESS MANAGEMENT

The objectives of this chapter/session is to introduce the topic of
access management and to present an overview of the issues involved.

Introduction

• General Benefits

• SocIal, EconomIc, and
Political Problema

• AdmlnlatratJve and
~al Considerations
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CHAPTER 1 • INTRODUCfION TO ACCESS MANAGEMENT

GENERAL BENEFITS •
Introduction

Access,
Traffic Flow,
And Accidents

Traffic engineers have long recognized that the elimination of
unexpected events and the separation of decision points simplifies the
driving task. Since access control reduces the number and complexity
as well as increases the spacing of events to which the driver must
respond, it will result in improved traffic operations and reduced
accident experience. Various research efforts have explored the
general relationships between accidents and medial and marginal
access control.

General Benefits

Elimination Of Unexpected Events And
Separation Of Decision Points Result In:

• Improved Traffic Flow

• Fewer Accidents

• Reduced Delay

• Improved Fuel Economy

• Increesecl Capacity

• Reduced Vehicle Emissions

With a notable exception of freeways, urban arterials and highways in
the developing urban fringe commonly experience a deterioration in
their ability to accommodate traffic in a safe and efficient manner as
travel demand increases. This problem results from the requirement
that the facility must serve the conflicting functions of providing for
land access and vehicular movement. Solomon (l) reflected the
observations of many engineers and planners when he stated:

•

"When conventional highways are constructed on new rights
of-way, initially there are few commercial driveways and the
safety record is good. As the highways get older, the traffic
volume builds up, roadside businesses develop, more and
more commercial driveways are cut, and the accident rate
gradually increases."

(Continued)
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CHAPTER 1 • INTRODUCfION TO ACCESS MANAGEMENT

• GENERAL BENEFITS (Continued)

Access,
Traffic Flow,
And Accidents
(Continued)

He presents the following findings of Cirillo, et. al., (2) on two-lane
rural highways to support his statement:

Interseetions
Per Mile

0.2 .
2.0

20.0

Businesses
Per Mile

1
10

100

Accidents Per
1oo-Mlllion Vehicle-Miles

126
170

1,718

•

• Rev. 10-8-91

Solomon then concludes:

"This tabulation demonstrates the importance of maintaining
control of access when either two-lane or multi-lane highways
are built on new locations. Increased numbers of either
intersections or driveways along will also increase the
accident rate. Intersections should be restricted to those
essential for the highway, and the right of (direct) access
from abutting businesses should be severely limited."

McGuirk (3.) further established the fact that accidents of access drives
increase as both through lane traffic volumes and driveway volumes
increase. The problem has also been recognized in the following quote
from the State Highway Access Code of Colorado (~):

"The lack of adequate access management on the highway
system and the proliferation of driveways and other access
approaches is a major contributor to highway accidents and
the greatest single factor behind the functional deterioration
of highways in the state. As new access approaches are
constructed and traffic signals erected, the speeds and
capacity of the highway decrease, and congestion hazards to
the traveling motorist increase."

(Continued)

1·3



CHAPTER 1 • INTRODUCfION TO ACCESS MANAGEMENT

GENERAL BENEFITS (Continued) •
Access,
Traffic Flow,
And Accidents
(Continued)

• The Lack Of Adequate Acoe..
Ma"'gement A••ults In It
Prollf.ratlon Of Driveway.

• Speed And Capacity Decrea..

• Hazard. To Motorists Increa..

Figures 1-1, 1-2, and 1-3, and Table 1-1 further illustrate the need for
effective access management program and the benefits to be obtained.

(Continued)

•
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GENERAL BENEFITS (Continued)

•

•

Access,
Traffic Flow,
And Accidents
(Continued)

Rev. 10-8-91

..
LEGEND

'1000T01," ADTi
2000 TO 2'" ADT
3000 TO 3lIt8 ADT
4000 TO 4'" ADT ---------

0103.9 "107.9 81011.9 121015.9 161019.9 201023.9 2"1027.9
ACCESS POINTS PER MILE
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Source: Reference (.2), p. 4
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Source: Reference (.2), p. 4

(Continued)
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GENERAL BENEFITS (Continued) •
Access,
Traffic Flow,
And Accidents
(Continued)
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FIGURE 1-3: RELATIONSHIP BETWEEN ACCIDENTS PER
MILE AND AVERAGE ACCESS SPACING

Source: Reference (Q), pp. 3-4

(Continued) •
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GENERAL BENEFITS (Continued)

Access,
Traffic Flow,
And Accidents
(Continued)

TABLE 1-1: GENERAL BENEFITS OF
ACCESS CONTROL MANAGEMENT TECHNIQUES

• Two-Way Left Tum Lane.: 35 percent reduction In total accidents (Z.,J).

• Alternating Left Turn Lane.: 28 percent reduction In total accidents (I).

• Driveway Width Controls: 0.40 accidents recluC*! annually per driveway om.
• VI.ual Cue. For Driveway.: Su.pended red-yellow ....hlngbNcon at a alngle

commercial driveway - 53 percent reduction In total accidents: advance warning .Ign
and fla.hlng beacon - 24 percent reduction In total accidents; and driveway
illumination - 42 percent reduction In total accidents (ll).

• Left Turn Deceleration Lane.: 50 percent reduction In total accidentS~.

• Driveway Accident Breakdown: Right turn enter - 15 percent of total accidents: right
turn exit - 15 percent of total accidents: left turn enter - 43 percent of total accldentsj
left turn exit - 27 percent of total accidents (lQ).

• Delay Ver.us Driveway Entrance Speed: (!!)

30

600 VEH/HR
----- 900 VEH/HR
-------- 1200 VEH/HR

THROUGH LANE VOLUME

I,,
\

\\. "'",'.....~~ ..._---
~.-=-~-===:-.:::..- .-.==:.-.::

w

U 30r------------------.,Z_
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O:::w
t-Vl
Z,
w J: 20

~>?;-
wO:::
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~~
w
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DRIVEWAY ENTRANCE SPEED (MPH)
• One-Way Qperatlon.: 25 percent reduction In total accidents UJ): 25 percent reduc\lon

In delay (!§).

.'

• Parking: 15 percent reduction In total accidents by preventing perking on the traveled
way <11....!Z).

Source: Reference (.1) p. 12

• Rev. 10-8-91

(Continued)
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GENERAL BENEFITS (Continued) •
Access,
Traffic Flow,
And Accidents
(Continued)

Breakdown Of Driveway Accidents

MANEUVER COWSION PERCENT OF TOTAL
TYPE TYPE DRIVEWAY ACCIDENTS

~ft Ingr••• Rear-End 21

~ft Egr••• Right-Angi. 24

~ft Ingr••• He.d-On Angl. 15

Right Ingr••• R••r·End 12

Right Egr••• Rlght.Angl. 7

Right Egr••• A1IOth.r 8

L.ft Egr••• A1IOth.r 3

Right Ingr••• A1IOth.r 3

L.ft In9r... A1IOth.r 2

(Continued)
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GENERAL BENEFITS (Continued)

Access,
Traffic Flow,
And Accidents
(Continued)

Left Turn Accidents

•

MANEUVER
TYPE

Ingr•••

Ingr•••

Ingr•••

SUBTOTAL

Egr.ss

Egr••s

SUBTOTAL

TOTAL

COWSION
TYPE

Rear-End

Head-On Angl.

A1IOth.r

Rlght-Angl.

A1IOth.r

PERCENT OF TOTAL
DRIVEWAY ACCIDENTS

26

15

2

43

24

3

27

70

• Rev. 10-8·91

(Continued)

1-9



CHAPTER 1 - INTRODUCfION TO ACCESS MANAGEMENT

GENERAL BENEFITS (Continued) •Colorado
Access Control
Demonstration
Project

Effect On
Travel Hours
And Delay

The Colorado Access Control Demonstration Project compared
average travel speed, average daily traffic volume per lane, total
accidents, rear-end accidents and "broadside" collisions for various
roadways in the Denver Metropolitan Area (lB., p. 33). Average travel
speed and average daily traffic volume per lane were found to increase
as the degree of access control increased. All three accident categories
were found to have a marked decrease with an increase in access
management.

The Colorado Demonstration Project utilized TRANSYT 7F to
evaluate the effect of access management on a five-mile segment of
roadway. The two access conditions are illustrated in Figure 1-4. The
analysis was performed for congested conditions (volume equal to 95%
of capacity). The results are summarized in Table 1-2. The analysis
shows that average travel speed with access control is increased by
more than 50%. Total vehicle-hours of travel per hour decreased by
over 40% and total delay decreased by nearly 60%.

•
A.

B.

"Uncontrolled Access Model": Quarter-mile signal spacing with all movements
permitted at driveways located midway between signals. Arrows represent permitted
movements, not the number of lanes.

J.JIL ~ ... ).J ~----)..ltL 1:-
~ I§] c

ec
=:=:./ ...J1 ~ I§] ~

i rr---_L_~c_ 1rr
Access Control Model: Half-mile signal spacing with right-turns only permitted at
driveways located midway between signals. Arrows indicate the permitted
movements, not the number of lanes.

F'GURE 1-4: SKETCHES ILLUSTRATING THE ACCESS
CONDITIONS ANALVZED IN THE COLORADO ACCESS

CONTROL DEMONSTRATION PROJECT

Source: Reference (lB.), pp. 23-24

(Continued)
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GENERAL BENEFITS (Continued)

Fuel
Savings

Studies by the Texas Transportation Institute (1.2) show that substantial
fuel savings can be expected with half-mile signal spacings and right
turns only (Figure 1-4-B) compared to quarter-mile signal spacings and
allowing left and right turns (Figure 1-4-A). For example, considering
the following:

Conditions

• Ten-mile section of urban arterial
• 700 vehicles per hour per lane in peak direction
• 55-45 directional split
• Two-hour morning and two-hour evening peak period
• Speed 13 mph without access control, 22 mph with access

control

•
Fuel Savines

• Improvement in speed
• Reduction in delay

240,000 gal/yr
335.000 eal/yr
575,000 gal/yr

TABLE 1·2: SUMMARY OF TRANSYT 7F MODEL RESULTS
FOR A FIVE-MILE ROADWAY SEGMENT

Total Travel
Travel Speed (vehicle-hours per

(mph) hour)

Total Delay
(vehicle-hours

per hour)

Access Control

Uncontrolled Access

Percent Change:
Access Control v.
Uncontrolled

22

13

+54%

542

942 675

.59%

• Rev. 10-8-91

Source: Reference Adapted from (M.)
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CHAPTER 1 - INTRODUCTION TO ACCESS MANAGEMENT

SOCIAL, ECONOMIC, AND POLITICAL PROBLEMS

Social, Economic And Political
Problems

• Uniformity May Not Be Maintained In TIM
Interprmtlon, Application And
Enforcement Of Control .......r••.

• Lack Of InterJurlsdletional Coordination
Can ExI.t Between Different lMel. Of
Govemment

• Political Pr•••ur. Will Be Ex.rted Wh.n
Ace••• Control Decl.lon. An P.rc.lved
To Affect Futur. Expan.lon, Land Value.,
Or Bu.lne•• Volume•.

• Mo.t Acce•• Management Policle. Lack
Comprehen.lve, Site-Speclflc Guldelln••.

1-12 Rev. 10-8-91
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THE GENERAL PLAN

•

•

Importance
Of The
Comprehensive
Plan To Access
Management

Rev. 1().8·91

The General Plan, or Comprehensive Plan, is a policy statement to
guide the future physical development and redevelopment of the local
governmental jurisdiction.

The GENERAL PLAN -
A Policy Statement To Guide Future
Physical Development

It is important that the plan properly addresses transportation and land
development issues, such as the following, in order to effectively
provide policy guidance for the provision of access to major public
streets. '

Because of the complex and interrelated character of any urban
community, the problems that exist today can seldom be solved
individually or in isolation. Local government policies and practices
influence the decisions of individual developers, affect the daily lives
of all citizens, and give form to the community.

The comprehensive plan is the instrument by which local government
establishes long-range general policies for guiding the physical growth
and development of the community in a coordinated and unified
manner. The comprehensive plan and its implementing procedures
provide the only workable means for permitting the local government
to fulfill all of its coordinating responsibilities relevant to physical
development. In particular, coordination and cooperation among the
many line departments of municipal government, such as public works,
parks and recreation, library services, and fire and police protection,
are of paramount importance. Other public and quasi-public agencies
outside of municipal government, such as local school boards and
utility companies, are all directly concerned with and affected by
physical development. The comprehensive plan gives these agencies,
and private developers, a context into which one can fit its own plans
and programs. Coordination among the various public activities will
be enhanced so that all should be working toward the same vision of
the desirable future form of the city.

(Continued)
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CHAPTER 1 • INTRODUCfION TO ACCESS MANAGEMENT

THE GENERAL PLAN (Continued) •
Key Elements
Of The General
Urban Plan

Access Policy
Issues

The principal elements commonly included in an Urban
Comprehensive Plan are:

• Introduction and Purpose

• Goals and Objectives

• Population

• Economic Base

• Transportation

• Land Use

• Housing

• Public Facilities (water, sewer, fire, etc.)

• Parks and Open Space

Access Polley Issuel To Be
Addressed By The General Plan

• Functional Street C1asslllcation

• Uniform Signal Spacing

• Street Cro...SectIon

• Unllgnallzed Acoeaa Policy

•

1·14 Rev. 10-8-91 •
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ADMINISTRATIVE AND LEGAL CONSIDERATIONS

•

•

Access Policy
Issues
(Continued)

Rev. 10-8-91

Compenutory Access
Restrictions And Regulations

Abuttel' En1hIed To Comf*lUllon If:

• . All ADee.. To The HIghw8y Network Ia Totally Denied

• ADceaa Permitted la Inaufllclent For The "Higheat And
Beat U..• Of Pioperty

• Special Injury Is Incurred To One Specific Property
Through Access Restrictions

• Highway Frontage Is Rebuilt AI A Umlted Access
Facility And The Property Is Otherwise Landlocked

• Highway Improvements Damage U.. Of Property
Through Relocation Of Accesa Points

Non-Compenutory Access
Restrictions And Regulations

Abutter Not Entitled To Compen..t1on If:

• Acceaa la Circuitous, Or Regulated Reasonably

• Access Restrictions Are Sufficient For The 'Hlghest
And Best U..• Of Property

• No Special Injury la Suffered

• New Umlted Acceaa Facility la Constructed On New
Rlght-Of.Way

• Highway Improvements Require SIte Dealgn Or Parking
Area Changes Through Relocation Of Acce.. PoInts

(Continued)
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CHAPTER 1 - INTRODUCfION TO ACCESS MANAGEMENT

ADMINISTRATIVE AND LEGAL CONSIDERATIONS (Continued) •
Access Policy
Issues
(Continued) Elements Of A

Comprehensive Program

• Legislation

• Technical Analy'" Requirements

• ProvIaIon. For Enforoemem

• Coordination

Legislation

• E.tsbll.he. Authority And Purpo.. For Program

• De.lgnate. And Seta Up An Admlnl.terlng
Authority

• Categorize. Highway. Into Functional CIa....

• Develop. A RealOnable Proce•• For Applying
For Acee.. To Highway.

• Create. A Procedure For Uniformly Handling
Variance Reque.ts

(Continued)

1-16 Rev. 10-8-91
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ADMINISTRATIVE AND LEGAL CONSIDERATIONS (Continued)

Access Policy
Issues
(Continued)

APPLICANT APPLIES TO
LOCAL GOVERNMENT

LOCAL REVIEW

CONCURRENCE NON-CONCURRENCE•

APPROVED

REVIEWED BY STATE FOR
CONCURRENCE OR

NON-CONCURRENCE

DENIED

RETURNED TO
APPLICANT

(APPEAL THROUGH
NORMAL LOCAL

CHANNELS)

RETURNED TO LOCALITY
FOR ISSUANCE OF

PERMIT

PERMIT ISSUED

RETURNED TO LOCALITY
(NO PERMIT TO BE

ISSUED)
MAY BE APPEALED TO

HIGHWAY COMMISSION

• Rev. 10-8-91

FIGURE 1-5: EXAMPLE OF PERMIT APPLICATION
PROCESS

Source: Reference (i) p. 23

(Continued)
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CHAPTER 1 • INTRODUCfION TO ACCESS MANAGEMENT

ADMINISTRATIVE AND LEGAL CONSIDERATIONS (Continued) •Access Policy
Issues
(Continued) Technical Anelyala

• Specific De.lgn Guideline.

• Technique. For Aueaalng Trame And
Safety Impacts

• Procedur•• For Evaluating The
EffectIvene.. Of~.. Control Measur••

Implementation

• Police Power.

• eminent Domain

Coordination Among Agencies

Acce•• Control Mechanism.

• Zoning Regulation.

• Subdlvl.lon Approval.

• SIta Plan Reviews

• Building Permits

• Occupancy Permits

• DrIveway Permits

(Continued)
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ADMINISTRATIVE AND LEGAL CONSIDERATIONS (Continued)

•

•

Access Policy
Issues
(Continued)

Rev. 10-8-91

Zoning Regulations

• E.tabllah Set·Back.

• Provide For AdeqU8te SIght DI.tance

• Require Barrier. Around Parking Ar...

• Require All Mane«rMrlng Of Off Public
Rlght·Of·Way

• Control Adver.. Inten.lve U.e

Subdivision Approval

• AI.ure Proper Building Set·Backs

• Minimize Connection. To Main Road

• Alsure Street Syatam Capacity

• GuarantH Adequate Frontage

1-19



CHAPTER 1 • INTRODUCfION TO ACCESS MANAGEMENT

DEFINITION OF TERMS •Access Control
Dimensions

Various dimensions which are involved in the management of access
to public streets and illustrated in Figure 1-6.

J 'II' ! JI·
! I ~ I 1/'" Li... l : I
i I/'W L;", I U ------·.---------r- f ~ I

_.r-·------- I I L- -L J ' I
1<--1 -£.. _ ~

I"-J
I :

:LL.. --

A .~hWid''''

C .. COf,.r CI..oronu
o .. Distonc. """,un Driveway,
1 .. '~t., LiM (I.orone.
F .. f ....'ov- Yi idf,,"
F... ,,.,..'. Iou"'y Line

G .. S.'boe!.: Oi,fOrte.
l .. ',ope"y Lint
fl .. lodiu,
I/W - Right-of-Way Line
W - Wid'''' 01 D,i",....y
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FIGURE 1~: ILLUSTRATION OF DIMENSIONS USED IN ACCESS CONTROL

Source: Reference (2Q), p. 23

(Continued)
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DEFINITION OF TERMS (Continued)

•

•

Access
Management
Terminology

Rev. 10-8-91

Various terms used in access control management and defined as
follows:

1. Acceleration Lane: A speed-change lane, including taper, for the
purpose of enabling a vehicle entering a roadway to increase its
speed to a rate of which it can safely merge with through traffic.

2. Access: The ability to enter or leave a public street or highway
from an abutting private property or another public street.

3. Access. Control of: The condition where the right of vehicular
traffic movement to abutting property to the highway is fully or
partially controlled by public authority.

4. Access. Full Control of: The authority to control access is
exercised to give preference to through traffic to a degree that, in
addition to access connections with selected public roads, there
may be some crossings at grade and some private driveway
connections.

5. Access. Partial Control of: The authority to control access is
exercised to give preference to through traffic to a degree that, in
addition to access connection with selected public roads, there
may be some crossings at grade and some private driveway
connections.

6. Access. Ri~ht of: The right of an abutting property owner to
vehicular movement to and from the highway to his property.

7. Access. Uncontrolled: The authority having jurisdiction over a
highway, street, or road, does not limit the number of points of
ingress or egress except through the exercise of control over the
placement and the geometries of connections as necessary for the
safety of the traveling public.

8. Access Cate~ory: The degree to which access to a roadway is
controlled according to a set of categories defining different level
of access characteristics.

(Continued)
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DEFINITION OF TERMS (Continued) •Access
Management
Terminology
(Continued)

9. Access Control Plan: A roadway design plan which designates
access locations and their designs for the purpose of bringing
those portions of roadway included in the access control plan into
conformance with their access category to the extent feasible.

10. Access Point: The connection of a driveway at the right-of-way
line to the highway.

11. AIll:: The annual average two-way daily traffic volume. It
represents the total annual traffic for the year, divided by 365.

12. Alllllicant: Owner of property or representative of owner applying
for an access permit.

13. Arterial Hi~hway: A highway primarily for through traffic, usually
on a continuous route.

14. AWD: An average of weekday daily traffic volumes (five day
week) in number of vehicles for a specific highway segment or
access.

15. Bandwidth: The time in seconds or the percent of cycle between
a pair of parallel speed lines which delineate a progressive
movement on a time-space diagram. It is a quantitative
measurement of the through traffic capacity of a signal
progression system. A 10 percent bandwidth has very little traffic
capacity, while a 40 percent bandwidth has good traffic capacity.

16. Buffer Area (Border Area): The area between the outside edge
of shoulder or curb some and the right-of-way line.

17. Channelizin~ Island: An area within the roadway not for
vehicular movement, designed to control and direct specific
movements of traffic to definite channels. The island may be
defined by paint, raised bars, curbs or other devices.

(Continued)

•
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DEFINITION OF TERMS (Continued)

•

•

Access
Management
Terminology
(Continued)

Rev. 10-8-91

18. Condemnation: The process by which property is acquired for
highway purposes through legal proceedings based on the power
of eminent domain.

19. Conflict: A traffic event that causes evasive action by a driver to
avoid collision with another vehicle, usually designated by a brake
light appli~tion or evasive lane change.

20. Conflict Point (Conflict Area): An area where intersecting traffic
either merges, diverges, or crosses.

21. Control Qf Access: The condition in which the right of owners or
occupants of land abutting to a roadway is controlled by public
authority.

22. Controlled-Access Hi~hway: Every highway, street, or roadway in
respect to which owners or occupants of abutting lands and other
persons have no legal right of access to or from the same except
at such points only and in such manner as may be determined by
the public authority having jurisdiction over such highway., street,
or roadway.

23. Corner Clearance (C): The minimum dimension parallel to a
highway between the curb, pavement, or shoulder lines of an
intersecting highway and the nearest edge of a driveway.

24. Deceleration Lane: A speed-change lane, including taper, for the
purpose of enabling a vehicle to leave the through traffic lane at
a speed equal to or slightly less than the speed of traffic in the
through lane and to decelerate to a stop or to execute a slow
speed turn.

25. Dedication: The setting apart by the owner and acceptance by the
public of property for highway use, in accordance with statutory
or common law procedures.

26. lliJ.ay: The time consumed while traffic or a specified component
of traffic is impeded in its movement by some element over which
it has not control.

(Continued)
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DEFINITION OF TERMS (Continued) •Access
Management
Terminology
(Continued)

27. Desi~n Hour Volume (DHV): A traffic vehicle volume
determined for used in the geometric design of highways.

28. Distance Between Double Driveway (D): The distance measured
along the right-of-way line between the inside edges of two
adjacent driveways to the same frontage.

29. Diver~in~: The dividing of a single stream of traffic into separate
streams.

30. Divided Hi~hway: A two-way road on which traffic traveling in
opposite directions is physically separated by a median.

31. Downstream: The direction along the roadway toward which the
vehicle flow under consideration is moving.

32. Driveway: The physical connection between a public street or
highway and an abutting private tract of land.

33. Driveway. Commercial: A driveway serving a commercial •
establishment, industry, governmental or educational institution,
office building, hospital, church, apartment building, or other
comparable traffic generator.

34. Driveway. Divided: A driveway so designed that traffic entering
it is separated from traffic leaving it by raised median or physical
barrier.

35. Driveway. Joint Use: A driveway shared by two adjacent
properties for connection to both properties.

36. Driveway. Major Commercial: Any commercial driveway where
the actual or anticipated traffic volume is 500 or more vehicles
entering and leaving during a 24-hr period.

(Continued)
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DEFINITION OF TERMS (Continued)

•

•

Access
Management
Terminology
(Continued)
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37. Driveway. Minor Commercial: Any commercial driveway where
the actual or anticipated traffic volumes on a typical day are less
than the values stipulated for major commercial driveway.

38. Driveway An~le (Y): The angle between the highway centerline
and the driveway centerline measured in a clockwise direction.

39. Driveway Approach Width (A): The maximum length parallel to
the highway that practically can be used by a vehicle to perform
a circular turning maneuver that is tangent to paths that are
parallel to the highway be'rore turning and parallel to the driveway
after turning.

40. Driveway Flare: A triangular pavement surface that transitions
the driveway pavement where it intersects the highway pavement
for facilitating turning movements.

41. Driveway Return Radius (R): A circular pavement transition
between the driveway and the highway for facilitating turning
movements.

42. Driveway Turnin~ Speed: The maximum speed at which a vehicle
can negotiate a turn from the highway into the driveway.

43. Driveway Width (W): Narrowest width of driveway measured
perpendicular to centerline of driveway.

44. E~ress: The exit of vehicular traffic from abutting properties to
a highway.

45. Eminent Domain: The power to take private property for public
use with just compensation.

46. Fronta~e Boundaty Line (FB Line): A line perpendicular to the
highway centerline that passes through the point of intersection of
the property line and the highway right-of-way line.

(Continued)
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47. Frontaie Road (Local Service Road): A local street or road
located parallel to an arterial highway for service to abutting
properties for the purpose of controlling a~cess to the arterial
highway.

48. Frontaie Width (El: The distance along the highway right-of-way
line in front of an abutting property.

49. Functional Classification: A classification system that defines a
public roadway according to its purpose in providing movement or
access.

50. Gradient (Grade): The rate or percent of change in slope, either
ascending or descending from or along the highway. It is to be
measured along the centerline of the roadway or access.

51. Guideline: A recommended value which reflects good
engineering practice and which should be followed in most
situations.

52. Hiihway: The entire width between the boundary lines of every •
way publicly maintained when any part thereof is open to the use
of the public for purposes of vehicular travel.

53. Hiihway Taper: A triangular pavement surface that transitions
the highway pavement to accommodate an auxiliary lane.

54. Iniress: The entrance of vehicular traffic to abutting properties
from a highway.

55. Interchanie: A facility that grade separates intersecting roadways
and provides directional ramps for access movements between the
roadways. The structure and the ramps are considered part of the
interchange.

56. ~: The portion of a roadway for the movement of a single
line of vehicles and does not include the gutter or shoulder of the
roadway.

(Continued)
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57. Level of Service: A qualitative measure of the effect of a number
of factors which include speed and travel time, traffic
interruptions, freedom to maneuver, safety, driving comfort and
convenience, and operating costs.

58. Local Government: The board of county commissioners if the
highway section is located in an unincorporated area of a county
and the governing body of the municipality if the highway section
is located within an incorporated municipality.

59. Local Road: A country road or city street for which the primary
function is to provide access to adjacent properties.

61. Median: The physical portion of a highway separating the
traveled ways for opposing traffic flows.

62. Median Opening: A gap in a median provided for crossing and
turning traffic.

63. Meq~ing: The process by which two separate traffic streams
moving in the same general direction combine or unite to form a
single stream.

64. M.U.T.C.D.: The Manual on Uniform Traffic Control Devices.

65. Peak-Hour Traffic: The highest number of vehicles found to be
passing over a section of a lane or roadway during any 60
consecutive minutes.

66. ~: That portion of a traffic signal cycle allocated to a specific
traffic movement or combination of movements.

67. Pretimed Signal: A traffic control signal that directs traffic to stop
and permits it to proceed in accordance with predetermined time
schedules.

(Continued)
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68. PrQPerty Acquisition or Takin&: The process of obtaining land for
highway right-of-way or other highway purposes. The methods of
acquisition customarily available to public agencies include
condemnation, purchase, and private dedication.

69. Property Line Clearance (E): The distance measured along the
edge of the traveled way between the frontage boundary line and
the nearest point of the driveway, including the flare or radius.

70. Remainder: The portion of a land parcel retained by the owner
after a part of such parcel has been acquired for public use.

71. Ri&ht-of-Way: The land within legally-defined property
boundaries vested in the State and designated for highway
purposes.

72. Roadway: That portion of a highway improved, designed or
ordinarily used for vehicular travel exclusive of the berm or
shoulder. In the event a highway includes two or more separate
roadways, "roadway" refers to any such roadway separately but not •
to all such roadways collectively.

73. Rural: Any area not included in a business, industrial, or
residential zone of moderate or high density, whether or not it is
within the boundaries of a municipality.

74. Set-Back (0): The lateral distance between the right-of-way line
and the roadside business building, gasoline pump, display stand,
or other object, the use of which will result in space for vehicles
to stop or park between such facilities and the right-of-way line.

75. Si&ht Distance: The distance visible to the driver of a passenger
vehicle measured along the normal travel path of a roadway to a
specified height above the roadway when the view is unobstructed
to traffic.

(Continued)
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76. Speed Chanie Lane: A separate lane for the purpose of enabling
a vehicle entering or leaving a roadway to increase or decrease its
speed to a rate at which it can more safely merge or diverge with
through traffic. Acceleration and deceleration lanes are speed
change lanes.

77. StoPpini Si~ht Distance: The distance required by a driver of a
vehicle, traveling at a given speed, to bring the vehicle to a stop
after an object on the roadway becomes visible. It includes the
distance traveled during driver perception and reaction times and
the vehicle breaking distance.

78. Storage Lenith: Additional lane footage added to a deceleration
lane to store the maximum number of vehicles likely to
accumulate during a peak period so as not to interfere with the
through travel lanes.

79. Time-Space Diairam: A chart on which the distance between
signals and signal timing is plotted against time. The chart, when
completed, indicates signal progression, bandwidth and speed of
traffic.

80. Traffic-Actuated Siinal: A traffic control signal in which the
phases are varied in accordance with the demands of traffic as
registered by the actuation of vehicle detectors.

81. Traffic Control Device: Any sign, signal, marking, or device
placed or erected for the purpose of regulating, warning, or
guiding vehicular traffic and/or pedestrians.

82. Traffic Gap: The clearance interval in time or distance between
individual vehicles.

83. Traffic Progression (Traffic Si~al PrQifession): The progressive
movement of traffic, at a planned rate of speed without stopping,
through adjacent signalized locations within a traffic control
system.

(Continued)
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84. Traveled Way: The portion of the roadway for the movement of
vehicles, exclusive of shoulders and auxiliary lanes.

85. Tumin~ Radius: The radius of an arc which approximates the
turning path of a vehicle.

86. Undivided Hi~hway: A road that has no directional separator,
either natural or structural, separating traffic moving in opposite
directions.

87. Urban: Any territory within an incorporated area or with frontage
on a highway which is at least 50% built-up with structures
devoted to business, industry, or dwelling houses for a distance of
a quarter of a mile or more.

88. Warrant: A requirement based on a legal precedent, or officially
adopted policy mandated for use within the jurisdiction of the
adopting governmental unit.

89. Weavin~ Maneuvers: The crossing of traffic streams moving in •
the same general direction accomplished by merging and
diverging.

90. Zonin&: The division of a geographic area into districts, and the
public regulation of the character and intensity of use of the land
and improvements thereon.
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CHAPTER 2 • ACCESS MANAGEMENT POLICIES

• INTRODUCfION

Introduction
CHAPTER 2

ACCESS MANAGEMENT
POUCIES

A growing awareness that excessive access results in the functional
obsolescence of major roadways is creating increased interest in access
design and management or the part of state and local government.
This chapter includes examples of selected state and local programs.

•

•
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CHAPTER 2 - ACCESS MANAGEMENT POLICIES

STATE PROGRAMS •Introduction

Colorado

The following are examples of state access control programs:

Examples Of Stlte
Programs

New .....y

New Mexico

W1aconaln

The Colorado State Access Code represents the first comprehensive
approach to access management.,.........,;;.----------,

THE
SfATE HICiHWAY
ACCESS CODE

AMINDEDIV
THICOLO....DO
HIGHWAY COMMISSION
AUCUST tS. 1M!

s.- .. , ......
..... a..w.__ .,..,.., -
0.-. ca....1IUl

A copy of the code in its entirety is included herein as Appendix C.
The success in implementing and administering this code is rooted in
the fact that it has strong legislative support. Mr. Philip Demosthenes
(l, p. 426), Access Program Administrator for the Colorado DOT
explains the success of the program as follows:

•

(Continued)
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Colorado
(Continued)

'The promulgation of supporting legislation and regulation is
an early and necessary step in improved access management.
The regulating highway agency needs to have clear statutory
backing to enforce the standards as well as to ensure that the
agency can carry out the mandated program. The importance
of functional maintenance to achieve and maintain a cost
effective and healthy transportation system and the reduction
in capital 'expenditures by the protection of the existing
arterial system, must be sold to the law makers. The exercise
of these powers also must have a basis in fact. The public
agency must document the necessity for the standards set and
apply the standards in a uniform and equitable manner."

itA large part of access management is also internal agency
policy decisions such as providing adequate budgets and staff
for an access management program. The program must have
good support from upper management and be placed within
the agency where it can be effective."

The reader is directed to page iii of the Colorado code (see Appendix
C) for a summary regarding its development and adoption.

Colorado established five levels of access (I, p. 425; 2. pp. 19-25) for
application on the 9200 mile state highway system as identified below.

Description

• Rev. 10-7·91

One Interstate and other freeways

Two Often a staged design for upgrade to category one.
Control ofprivate property by acquiring access is standard
practice but at-grade intersections are allowed at 1 mile
(rural) or 1/2 mile (urban) intervals.

Three Urban and most rural arterials; about 75% of the state
highway system. Direct private access is denied under
most circumstances; deeded access rights are often
acquired on primary highways. Signals are at 1/2 mile
intervals.

(Continued)
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STATE PROGRAMS (Continued) •
Four Facilities which are more urban in nature. Generally,

limits direct access drives to one per parcel unless (1)
access does not have potential for signalization, (2) left
tum would not create congestion or safety problems, illil
(3) alternative to the left-tum would cause operational
and safety problems on the general system. Private access
may be signalized if spacing requirements are met.
Potential signalization requires progression at 35 mph, or
the posted speed, with a band width of 30% desirable,
20% minimum, for cycle lengths of 90 to 120 seconds.
Colorado does not consider Category Four to be a
desirable design for major arterials, as it represents a 20
to 30% reduction in capacity compared to Category Three
facilities (I, p. 426).

Colorado
(Continued)

Cate&OJY Description

Five Frontage and other service roads where access is the
prime function.

Access to the 9200 mile Colorado State Highway system is regulated
through a license system. About 550 access permits are issued per year
(l, p. 426). The Access Program Administrator has summarized the
permit policy as follows (I, p. 426):

(Continued)

•
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Colorado
(Continued)
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itA permit is required for all access, both public streets and
private driveways. When a permit is issued, access designs
are required to be consistent with state regulations and the
permittee is fully responsible for all construction costs.
Colorado requires new access to meet desirable geometric
dimensions not just minimums. Permits are issued for the
intended use of the access. An access must be upgraded to
current standards when a change in the use of the property
increases access volume above twenty percent. Failure to
construct, maintain or use the access consistent with the
terms and conditions of the permit can lead to permit
revocation. Additional regulatory controls also allow for the
denial or closure of direct access when alternative access to
a secondary highway is available. The Department, on its
own initiative, can reconstruct or relocate an access when
required by changes in roadway operations, design and
safety..."

Figure 2-1 is a flow chart which identifies the basic process
involved in the review and approvaljdenial of requests for
direct access.

(Continued)
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IS REASONABLE
ALTERNATIVE ACCESS
AVAILABLE

PROCEED TO ANALYSIS
or ALTERNATIVE
ACCESS DESIGN AND
SAFETY, ISSUE PERMIT

Colorado
(Continued) IDENTIFY ACCESS CATEGORY

ASSIGNMENT

FIGURE 2-1: ACCESS DECISION FLOW CHART

Source: Reference (.1)

Since its adoption many features of the Colorado Access code have
been included in the access regulations of various state and local
jurisdictions.

•

(Continued)
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STATE PROGRAMS (Continued)

Florida

RULES OF THE DEPARTMENT OF
TRANSPORTATION

CHAPTER 14-87
STATE HIGHWAY SYSTEM
ACCESS MANAGEMENT

CLASSIFICATION SYSTEM AND STANDARDS

The Florida DOT has adopted an access management classification
system which utilizes seven levels of access controlled roadways (1).
Access Class One is full control of access. As indicated in Table 2-1
interchange spacing is related to characteristics of the area in which
the facility is located.

TABLE 2·1: FLORIDA DOT INTERCHANGE SPACING
STANDARDS FOR ACCESS CLASS ONE (FREEWAY)

FACILITIES

\ Access Class Segment Location
Applicable Interchange

Spacing Standard

• Rev. 10-7-91

AREA TYPE 1 1 Mile
CSO & CSO Fringe for Cities

in Urbanized Areas

AREA TYPE 2 2 Miles
Existing Urbanized Areas
Other Than Area Type 1

N£A TYPE 3 3 Miles
TTranaltlonlng Urbanized

Are•• and Urban Areas Other
Than Area Types 1 or 2

AREA TYPE" 6 Miles
Aural Areas

Source: Reference (~), p. 9

(Continued)
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STATE PROGRAMS (Continued) •
Florida
(Continued)

Standards for other controlled access roadways are given in Table 2-2.

TABLE 2-2: FLORIDA DOT STANDARDS FOR CONTROLLED
ACCESS ROADWAYS OTHER THAN FREEWAYS

Minimum Median
Facility Minimum Opening Spacing Minimum

Design Features Connection Signa'
Access (Medial Treatment Spacing Directlonal(l) Full l2l Spacing
Class and Access Roads) (teet) (teet) (mile) (mile)

2
Restrictive with 1320/660(3) 1320 0.5 0.5Service Roads

3 Restrictive 660/440(3) 1320 0.5 0.5

4 Non-Restrictive 660/440(3) n/a n/a 0.5

5 Restrictive 440/245(3) 660 0.5/0.25(3) 0.5/0.25(3)

6 Non-Restrictive 440/245(3) n/a n/a 0.25

7 Both 125 330 0.125 0.25

(1) Left tum ing_ or left tum e;- only.
I2l All movementa, Including c~ng, poaaIbie.
(3) lG...., \han 45 mphll(Lea \han or equal 10 45 mph)

Nelle: • Section 14-117.003 and 14·117.004, FAC, contain supplementary and more delaJled Inatruc1ions for
\he UN oIlhne Ilandarcla.. Thne minimum apecinga may nat be Sldequal. II -mary ..... and IIoraiQe ... requirwd.. SIngle properties with IronIegea • .-cIingthe minimum apecing ctIlerIa may nat .-Nit pe<mlta for
the maximum number 01 poaaIbIe connections.

Source: Reference (~)t p. 10

(Continued)

•
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STATE PROGRAMS (Continued)

Florida
(Continued)

Florida has also established the minimum corner clearance standards
given in Table 2-3.

TABLE 2-3: FLORIDA STANDARDS FOR CORNER
CLEARANCE AT INTERSECTIONS

With Restrictive Median

Position
Approaching Intersection
Approaching Intersection

Departing Intersection
Departing Intersection

AcceaI Allowed
Right In/Out
Right In Only
Right In/Out

Right Out Only

Minimum (feet)
115
75

230 (125f
100

Without Restrictive Median

Access Class 7 and Interim 'Special Case" at 35 mph or less, may
use the measurements in parenthesis.•
Posh,lon

Approaching Intersection
Approaching Intersection

Departing Intersection
Departing Intersection

*

Access Allowed
Full Access

Right In Only'·
Full Access

Right Out Only"

Minimum (feet)
230 (125f

100
230 (125f

100

• Rev. 1~7-91

** Right In/Out, Right In Only, and Right Out Only connections on
roads without restrictive medians shall, by design of the
connection, effectively eliminate prohibited movements.

Source: Reference (~), p. 15

(Continued)
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STATE PROGRAMS (Continued)

New Jersey

ACCESS AND SPACING STANDARDS
FOR STATE HIGHWAYS

NEW JERSEY
DEPARTMENT OF TRANSPORTATION

The New Jersey DOT (.l) identified seven Levels of Access (LOA).
As the following indicates, the LOA, defined by New Jersey DOT, is
based on the nature of the access provided at private driveways.

LOA Description

•

o Freeway, full control of access.

I

II

Access via intersecting highway or street; direct
access only if no alternative available.

Right-turns only at private access drive. •
III Driveway with provision for left-tum access from

the state highway via a jughandle.

IV Driveway with a proVision for left-tum access from
a state highway via a left-tum lane. Left-turns from
the site may be allowed.

V Driveway with provision of left-tum access (limited
by spacing and safety considerations).

VI Driveway access limited only by edge (comer)
clearance and safety considerations. LOA VI is for
roads having a primary function to provide local
access.

(Continued)
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(Continued)
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New Jersey DOT further proposed applying the levels of direct access
to four classes of urban and five classes of rural highways. As shown
in Table 2-4 each class of roadway is further subdivided by speed and
cross-section. Thus, the functional (access) class of roadway is
comparable to the roadway category used by Colorado and the LOA
used by Florida. The level of access as used by New Jersey is more a
description of the manner in which direct access is provided than the
level of access per se.

(Continued)
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(Continued)

TABLE 2-4: MAXIMUM LEVEL OF ACCESS BY ACCESS
CLASS AND HIGHWAY CHARACTERISTICS BASED ON

DESIRABLE, YEAR 2010, SECTIONS

URBAN
~atiCl

Hgh Speed") Low Speed")
Access Class (>-4Smph) «45mph)

I lktdiv. I I lktdiv. I
D1v. (multi.Jane) 2-1ane D1v. (multi.Jane) 2.Jane

Accessible
II IV IV III IV VPrincipal Arterials

Minor Arterials III/IV IV V III/IV IV V

Collector Roads IV V VI IV V VI

Local Roads VI VI VI VI VI VI

RURAL
Characteristics

High Speedll) Low Speedll)
Access Class (>- 50 mph ) ( < 50 mph)

I Undiv. I I Undiv. I
Div. (multi.Jane) 2.Jane Div. (multi·lane) 2.Jane

Accessible
I IV IV II IV VPrincipal Arterials

Minor Arterials II IV V III/IV IV V

Major Arterials III/IV V VI IV V VI

Minor Collectors IV V VI IV V VI

Local Roads VI VI VI VI VI VI

•

1'12)

V

VI

DeKripllon

Accea III inl.-ctlon along public~ only.
Fll;ht tum __~ only.
onv.-y with pnMaIon lor left lum __ viii JuslMndIe OUSlMndIe may be locIIIed aI or

In vIclnlIy d_~.
onv.-y wfth pnMIIon far left tum __ lila left tum .."..
onv.-y wfth pnMaIon far left lum _ (IImlIed by apIICIng NqUllemenII & IIIfwIy

___rldlo"a).
onv.-y __ IImIIed only by edge clMI.- MclIIIeIy -.lcIerIIIlons.

II) Bued on pcllIIeeI IflHd limn.
(2) ~ 01 __ will depend on cIeIIgn III.IndMIa far the IPeCIIIc NIUle 1rwaMcI.

Source: Adapted from Reference (~), p. 16

(Continued)
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New Mexico
IIEGULATIONS- '011 DIIIYEWAYS AND
MEDIAN O~ENINGS ON NON-ACCESS
CONTIIOLLED HIGHWAYS

OW MIXICO ITATE HIQHWAV
AND ".AN."OIltTATION DI"._TUINT

•

• Rev. 10-7-91

The New Mexico State Highway Commission adopted regulations for
driveway and median openings on non-access controlled highways in
July 1989. The New Mexico regulations, in many respects, are similar
to the Colorado Access Code. For example, sight distances, speed
change lane lengths, taper rate, storage length, and requirements for
acceleration and deceleration lanes are the same as Colorado.

The New Mexico regulations do not include a description of access
categories. Nor does it contain standards for signalized intersection
spacing or progression speeds and the width of the through progression
band as a percentage of cycle length. Also, it does not address the
classification of state highways by access category. Consequently it will
undoubtedly be more difficult to administer than the Colorado or
Florida regulations. The New Mexico regulations do include a
designation of the vehicle type to be used for access design based upon
the functional classification of the highway and the access drive (see
Table 2-5).

(Continued)

2-13



CHAPTER 2 • ACCESS MANAGEMENT POLICIES

STATE PROGRAMS (Continued) •New Mexico
(Continued)

TABLE 2-5: DESIGN TO BE USED FOR ACCESS DESIGN

Source: Reference (~), p. 38

Roadway Classification Access C1uslfication Minimum Deaign Vehicle·

Private SU
Rural Arterial Commercial WB-SO

Public WB-SO

Private SU
Rural Collector Commercial WB-SO

Public WB-SO

Private SU
Rural Local Commercial SU

Public WB-SO

Private SU
Urban Arterial Commercial SU

Public WB-SO

Private P/SU
Urban Collector Commercial SU

Public WB-SO

Private P/SU
Urban Local Commercial SU

Public SU

• p

au
W8-eo

.....'Vehicle
Single Un~ TrucIc
Trador s.m..T...... Comblnelion

(Continued)
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STATE PROGRAMS (Continued)

Wisconsin

PLANNED
ACCESS:
PROTECTION FOR
WISCONSIN'S HIGHWAYS

•

• Rev. 10-7-91

The Wisconsin DOT has a long history of involvement in access
management(Z). In 1949, the legislature gave the Wisconsin Highway
Commission, now Wisconsin DOT, authority to designate as controlled
access highways up to 1500 miles of the rural state trunk highway
system where the average ADT exceeds 2000 cars per day. After
public hearings, these roads may be designated as controlled access
highways and no private drive or public road intersection may be
opened without Wisconsin DOT approval.

Wisconsin DOT also has authority to acquire, by negotiation or the
power of eminent domain, and thus control individual access rights.
The program of acquiring access rights includes the purchase of
options on the access rights. As with any option-to-purchase contract
Wisconsin DOT has the right of purchase, rather than permitting the
access, should a property owner desire to develop the property. If the
option is exercised, Wisconsin DOT pays the market value at the time
of purchase. Wisconsin DOT also has the authority to review and
approve subdivision plats where the proposed development will impact
the state highway. Wisconsin DOT criteria for direct access are given
in Table 2-6.

(Continued)
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STATE PROGRAMS (Continued) •
Wisconsin
(Continued)

TABLE 2-6: GUIDELINES FOR ACCESS TYPE AND
MINIMUM SPACING FOR SUBURBAN AREAS

"0'" :! iii '; ';

i~ t§ ~8
0:: ..:

'; ';II II
II >-:a ~8

.. ·-0 ..:
~ . .. ts~ -g II < • < II
"O~ "O~ ~:c

..
&,,;> 'Eo "0 ..

i~ ~§
"0 <0

~-8j .- ~~"00 "0 8~.C! i • i~ i", ~8 ._'"
~:> ,,;~ .. 0 ... ";v ::E"" ::Ev1Il- Ill,",

Intersecting Design
Hir:hwav Year ADT

Standard Arterial 20,000-30,000 lC
10,000-20,000 lC 2E
3,500-10,000 2E 2E 2E
<3,~0 2E 2E 2E 2E

Minor Arterial ',000-2',000 lC 2E 2E 2E 2E
<',000 2E 2E 2E 2E 2E 2G

High-Type Collector >2,~0 2E 2E 2F 2F 2F 2G
< 2,500 2E 2E 2F 2F 2F 2G

Low-Type Collector >2,500 2E 2E 2F 2F 2F 2G
< 2,~0 2E 2E 2F 2F 2F 2G

Local > 2,500 2E 2E 2F 2F "2F 2G
< 2,500 2E 2E 2F 2F 2F 2G

Private All Vollme5 2F 2G 2G 2G 2G 2G

Lesend:

Minimum Access Spacing
A: , miles
8: 2 miles
C: 1 mile
0: 2,000 feet
E: 1,000 feet
F: ~O feet
Ci: 300 feet

Access Type

0: No Access
1: Interchanse
2: At-Cirade

Source: Reference Adapted from (8)

•
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WCAL GOVERNMENT PROGRAMS

•

Examples Of
Local Programs

Lakewood,
Colorado

Exemple. Of Local Government
Acce.. Control Progreml

Lakewood, CoIorIldo

LN County, florida

W.ulhar. County, Wlaconaln

City of Lakewood

DEPARTMEN'.r OF PUBLIC WORKS
Traffic Engineering Division

• Rev. 10-7-91

The City Council of Lakewood, Colorado adopted an ordinance on
Transportation Engineering Design Standards in July 1985 (2). The
Lakewood ordinance draws heavily upon the Colorado State Highway
Access Code and the city administers the state code within its
municipal limits. The categories of roadway by level access criteria
and the requirements for acceleration and deceleration lanes are the
same as the state highway code. Many of the other design standards
are also the same. In some cases, the city design standards exceed
those of the state code.

(Continued)
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WCAL GOVERNMENT PROGRAMS (Continued)

Lee County,
Florida

LEE COUNTY,
FLORIDA

Lee County, Florida has identified ten levels of access for facilities on
which full control or partial control of access applies (1Jl.). This does
not include facilities, local roads and streets, on which access control
is not applied. As shown in Table 2-7 these are further subdivided
based upon traffic speed which in effect gives 18 different groupings.

(Continued)

•

•
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LOCAL GOVERNMENT PROGRAMS (Continued)

Lee County,
Florida
(Continued)

TABLE 2-7: ACCESS SPACING PROPOSED FOR
LEE COUNTY, FLORIDA

Directional
Signal Median Break DriYeway

Class Spacing Spacing Spacing
Description Geometry (mile) (fHt) (feet)

Umited Acoe.. Facilities

I Full Acoe.. Control N/A N/A N/A
Controlled Acoess Facilities

II Median 1/2 132Of2l 132Of2l
660(3) 660(3)

III Median 1/4 66012) 660f2l
330(3)

IV Median 1/2 132012) 660f2l
660(3) 330(3)

V Median 1/4 660f2l 44Of2l
440(3) 320(3)

VI No Median(l) 1/2 N/A 330(2)
220(3)

VII No Median(l) 1/4 N/A 220f2l
165(3)

• VIII No Median 1/2 N/A 660f2l
330(3)

IX No Median 1/4 N/A 440f2l
220(3)

X As Required As Required N/A 125

(I) ContinUOUl cente, Iefltum '-tie.
I2l Speeds >!lO mph.
(3) Speeds <!lO mph.

Source: Reference Adapted from (J1J.)

(Continued)
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WCAL GOVERNMENT PROGRAMS (Continued) •East Central
Wisconsin
Regional Planning
Commission

Waushara
County,
Wisconsin

Waulhara County
Access Control Plan

The following is extracted from the Waushara County Access Control
Regulations (ll, pp. 43-47).

(Continued)
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weAL GOVERNMENT PROGRAMS (Continued)

•

•

Waushara
County,
Wisconsin
(Continued)

Rev. 10-7·91

"In late spring, 1985, the Waushara County Board requested
assistance from the East Central Wisconsin Regional
Planning Commission to help develop a highway access
control plan for the county. The request was initiated by
members of the Waushara County Zoning Committee who
had attended several meetings conducted by WisDOT District
4 on planned access. Interest in such planning had been
expressed by various county board supervisors and local
officials who recognized access-related problems in various
parts of the county..."

"Because all of the problem corridors involved more than one
jurisdiction, the Zoning Committee recommended a county
wide study as a first step in access planning. The Zoning
Committee appointed an access planning committee to work
with East Central and WisDOT District 4 in developing a
plan. Included on the committee were three members of the
Zoning Committee, the zoning administrator, the highway
commissioner and the sheriff. The committee established
two objectives:

(1) To develop a county-wide plan for managing
access in the unincorporated areas of Waushara
County.

(2) To identify potential problem corridors which
local communities may wish to address with local
access control plans.

The committee decided that the plan's primary intent was to
manage access through land use planning and zoning rather
than through highway design or markings. Through planning
and zoning local governments have the ability to regulate
access so that roadside development is efficiently served and
the utility of adjacent or connecting roads is preserved."

(Continued)
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LOCAL GOVERNMENT PROGRAMS (Continued) •Waushara
County,
Wisconsin
(Continued)

The main provisions given below are excerpted verbatim:

ACCESS DRIVEWAYS

(1) Access Permits: Permits are required for all new access points
created after the effective date of these amendments.

(a) Permit applications for access to Oass A highways shall be
made with the Wisconsin Department of Transportation,
to Class B highways with the Waushara County Highway
Department and to Class C highways with the Waushara
County Zoning office. No separate access permit is
needed for CI~s C highways if a land use permit has been
issued.

(b) The agency which issues the permit application shall
conduct inspections of the point of access to determine
compliance with the ordinance provisions and shall
maintain permanent records of data submitted, staff
recommendations and permits issued.

(c) The authority to approve, conditionally approve or reject
an application is delegated to the agency which issues the
permit except if the proposed access does not conform to
the access provisions of the zoning ordinance. Requests
for nonconforming accesses shall be subject to review and
approval by the Board of Adjustment prior to the issuing
agency granting the permit.

(d) A copy of applications for conditional use permits,
variance and zone changes related to access provisions
shall be forwarded for review to the County Highway
Department or the Wisconsin Department of
Transportation 10 days prior to hearing on access to
highways within their jurisdictions.

Copies of decisions on these matters shall be submitted to these
departments within 10 days after they are granted or denied.

•

(Continued)
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(2) Spacing Standards for Access Driveways: Access
driveways to highways from abutting properties shall
comply with the following requirements:

CHAPTER 2 • ACCESS MANAGEMENT POLICIES

• weAL GOVERNMENT PROGRAMS (Continued)

Waushara
County,
Wisconsin
(Continued)

(a) New access should comply as closely as possible to the spacing
standards where strict application of these standards would
deny access to lots in existence prior to this amendment.•

Class of Highway

Class A Highways
Principal Arterials
Minor Arterials
Collectors

Class B Highways
Collectors
Local

Class C Highways

Minimum Distance of
Highway Frontage

Between Centerline of
Access Driveways

1000 feet
600 feet
300 feet

300 feet
75 feet

75 feet

Minimum Distance
Access Driveways May

Be Located to
Centerline of an

Intersecting Highway

1000 feet
600 feet
300 feet

300 feet
150 feet

150 feet

• Rev. 10-7-91

(b) Where the option exists, access shall be granted to a highway
with a lower classification rather than one with a higher
classification.

(3) Number and Width of Driveways Per Land Use: The maximum
number and width of access driveways per land use to highways
and service roads shall be as follows:

(Continued)
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WCAL GOVERNMENT PROGRAMS (Continued) •
Maximum Number of Maximum/Minimum

lme of Access Driveway Access Driveways Width

Commercial and Industrial
Land Uses 2 35/24 feet

Residential Land Uses 1 35/16 feet

Agricultural Land Uses on
Class A and B Highways 1 per parcel 35/24 feet

Agricultural Land Uses on
Class C Highways No Maximum Number 35/24 feet

Waushara
County,
Wisconsin
(Continued)

Conversion of an access point from one type of use to another
shall be treated the same as opening a new access point and must
meet the conditions of these regulations.

(4) Desi~n Standards: Driveways to Class A and Class B highways
must comply with the design provisions of the access permit issued
by the Wisconsin Department of Transportation or the County •
highway Department. Driveways to Class C highways must comply
with inspection and culvert requirements of each town, provided
they meet the following minimum standards:

Culverts, if needed, must be a minimum of 15 inches in
diameter.

Driveway height must not exceed the level of the outside edge
of the road shoulder.

No end or retaining walls shall be permitted on driveways.

The side slopes of the driveway shall equal or be flatter than
the side slope of the main highway but should not be steeper
than 2-1/2 to 1, unless otherwise designated on an individual
basis.

(Continued)

2-24 Rev. 10-7-91

•



••
CHAPTER 2 - ACCESS MANAGEMENT POLICIES

WCAL GOVERNMENT PROGRAMS (Continued)

•

•

Example Of A
County Access
Control Plan

Rev. 10-7.91

ACCESS MANAGEMENT PLAN
WAUTOMA-SILYER LAKE HIGHWAY 21/73 CORRIDOR

JUNE,1_
(REVISED)

A proposed access management plan for the Wautoma-Silver Lake
Highway 21/73 corridor was completed in July, 1988. Opportunity to
discuss the proposed plan was provided at several meetings scheduled
by the Access Planning Committee and the Chamber of Commerce.
Written responses were also requested.

Comments were evaluated by the Access Planning Committee and
Chamber representatives and incorporated in the plan adopted in July,
1989. These revisions had minimal impact on the number of accesses
proposed for closure. Among the revisions:

(1) All proposed frontage roads were deleted. It was felt the
same ends could be achieved by closing or sharing
individual access points rather than by constructing
frontage roads to access existing businesses. Businesses
were concerned about loss of parking and the high cost of
frontage road construction.

(2) For several businesses with more than one access, the
access originally suggested for closure was exchanged for
another. In a few of these cases, shared accesses were
proposed, or an access was moved to a different location.

(Continued)
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weAL GOVERNMENT PROGRAMS (Continued) •Example Of A
County Access
Control Plan
(Continued)

In the review process, comments were also received about the planning
criteria and the implementation process. These were more fully
explained in the revised plan. The section on implementation also has
been updated to take into account activities which have occurred since
completion of the original plan in July, 1988.

Average daily traffic volumes in 1985 ranged from just over 4,700 vpd
to slightly over 11,000 vpd. At the highest volume location, average
daily traffic projected to increase to 15,600 in the year 2001 and to
17,800 by the year 2011.

The 3.97 mile section of roadway passes through four local political
jurisdictions. A summary of the existing and proposed access by
jurisdiction is given in Table 2-8.

TABLE 2-8: SUMMARY OF MILEAGE AND DIRECT ACCESS
BY LOCAL POLITICAL JURISDICTION

Number of Number of
Number of Existing Proposed Remaining

•Jurisdiction Miles Aooess Drives Closures Acoess Drives

City of Wautoma 0.53 39 10 29

Town of Wautoma 0.59 32 12 20

Town of Dakota 1.16 58 26 32

Town of Marion 1.69 60 9 51

Total 3.97 189 57 132

Source: U), p. 4

(Continued)
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• WCAL GOVERNMENT PROGRAMS (Continued)

Example Of A
County Access
Control Plan
(Continued)

•

..•

Source: Reference (ll)

(Continued)
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weAL GOVERNMENT PROGRAMS (Continued)

Example Of A
County Access
Control Plan
(Continued)

•

... EX'I"ng IeUIl

- ADD''''.I'I D'lDlrt, nne NORTH
to: 100' •

FIGURE 2-3: EXISTING ACCESS SEGMENT "A"
CITY OF WAUTOMA

Source: Reference (1.1), p. 8

(Continued)
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• WCAL GOVERNMENT PROGRAMS (Continued)

Example Of A
County Access
Control Plan
(Continued)

• __ Acn.. "to'"od

-.. Ace..o OIlMI"otod
_ No. un..

- Appro.IMato ,roport, 11"0

NORTH
,': 100'

FIGURE 2-4: PROPOSED ACCESS SEGMENT "A"
CITY OF WAUTOMA

Source: Reference (11), p. 9

(Continued)
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LOCAL GOVERNMENT PROGRAMS (Continued)

Example Of A
County Access
Control Plan
(Continued)

•

... Ellolln. oee..o

- AIlIlIO"",olo IlIOllorl, Iino IIOflTH
'0: 100' •

FIGURE 2-5: EXISTING ACCESS SEGMENT "8"
CITY OF WAUTOMA

Source: Reference (U), p. 10

(Continued)
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• WCAL GOVEiU''MENT PROGRAMS (Continued)

Example Of A
County Access
Control Plan
(Continued)

•
:tI--.

I
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_ "eee..... ,Ift'd

..... Ace.., .1100Ift".d

... H•• ICe..,

- 10""'00'.'" """"" IhI.

NORTH
,': 100'

FIGURE 2-6: PROPOSED ACCESS SEGMENT "B"
CITY OF WAUTOMA

Source: Reference (11), p. 11

(Continued)
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weAL GOVERNMENT PROGRAMS (Continued)

Example Of A
County Access
Control Plan
(Continued)

•

... E.,.II". ae....
- ""'011••,. , ••,.rt, lie.

o
NOllTH
to: 100' •

FIGURE 2·7: EXISTING ACCESS SEGMENT IIC"
TOWN OF WAUTOMA

Source: Reference (ll), p. 14

(Continued)
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WCAL GOVERNMENT PROGRAMS (Continued)

Example Of A
County Access
Control Plan
(Continued)
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NCMTH
t·: 100'

FIGURE 2-8: PROPOSED ACCESS SEGMENT IICII
TOWN OF WAUTOMA

Source: Reference (11), p. 15
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THE
STATE HIGHWAY
ACCESS CODE.
2 CCR 601-1

AMENDED BY
THE COLORADO
HIGHWAY COMMISSION
AUGUST 15, 1985

State of Colorado
State Department of Highways
4201 East Arkansas Avenue
Denver, Colorado 80222

2-37



2-38

•

•

•



•

•

•

TABLE OF CONTENTS

Statement of Basis Specific Statutory Authority and Purpose
July 16 1981 ••••••••••••••••••••••••••••• III, . • • • • • • •• • • • • • • • • • • • • • •• • • •• • • •• • • • • • • • • • •• •• • • • • IV
July 15, 1982 ..••.••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••
October 18, 1984 ...••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• V
August 15, 1985 ..•.•••••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••• V

SECTION ONE: INTRODUCTION
,., Authority .••..•••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••• ,
'.2 Purpose ...............................•........••........•....•...••...••.....•.•. 1
1.3 Implementation 2
1.4 Definitions .••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 2
1.5 References 6

SECTION TWO: ADMINISTRATION
2.1 Purpose ..•••.••••....••..•....••••.•....•.•.•••.••.•.•.••••••...••••..•••••••••••• 7
2.2 Access Category Assignments •..•....•.•••..•••.•.••.••••..•••..••.•....• •.• • • • • . • • •• 7
2.3 Obtaining a Permit ....•••...•.••..•.•••••••..•..•..•..•••••....•..••...•...•..••••• 8
2.4 Application for an Access Permit to the State Highway When

the Appropriate local Authority is the Issuing Authority ..••.••.•..•..••........•.•.•••• 8
2.5 Application for an Access Permit to the State Highway When

the State Department of Highways is the Issuing Authority .•••••••.••••....••••.••..••• 10
2.6 Access Requests by Local Authorities .•.•••••••..••••••..••••••••.•....•.••.••••.•.•• 11
2.7 Appeals .....•••••••.•'••••..•••...••.•..•••.•••••••.•...••••••••••.•••.•.•.••••.••• 12
2.8 Variance Procedures .••••••..•..•.•.••.•.••..••••.••.•••••..••.•.••..•......••••••• 12
2.9 Construction of Access .••••••....•.•.••••••.••••..•••.••.• ~ ••••......•...•••...•••. 13

2.10 Use of Access .•••••..••.••••••.•••....•••••••••.••••••••••.••.••.••••.•••..•••••••. 15
2.11 Illegal Access to the Highway ••••••..••.••••.•••••••••••••••••••••••••..•••••••••••• 16
2.12 Access Control Plans .••..•••••••.••.••••••••••••••••••••••••••••••..••••••.•••••••• 17
2.13 Conformance of Subdivisions .•••.••••••••••••••.•••••.•••••••••••••..••••.••••••••• 17
2.14 Improvements to a lawful Access .••••••••••••••••••••••••••••••••••••••••••••••••••• 17
2.15 Permit Fees and Processing Forms ..•.•••••••••.••••••.•.••••••••.••...•••••••••.•••• 17
2.16 Interchange Management Plans .•••.••.•••••.•••••••••.•••.••••••.••••..••.••••••.•• 18

SECTION THREE: ACCESS CATEGORY STANDARDS
3.1 Purpose .•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 19
3.2 Use of This Section \ ..••••••••••..••••••••••••••••••••••••••.••••••••••••••••••••••• 19
3.3 Deeded Access Rights .•••••••.••••.•••••••••.••••.•••••••••••••••••••••••••••••.••. 19
3.4 Category One ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 19
3.5 Category Two .•••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••• 20
3.6 Category Three •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 21
3.7 Category Four ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 23
3.8 Category Five •••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••••••••• 25

SECTION FOUR: DESIGN STANDARDS AND SPECIFICATIONS
4.1 Purpose .•••.••••••••.•••.•••.•••••••.••••••••••••••••••••••••••••••••••••••••••••• 26
4.2 Use of Section four •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 26
4.3 Reference and Data Sources ••••••••••••••••••••••••••••0 •••••••••••••••••••••••••••• 26
4.4 Access Width ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••. U
4.S Access Radii ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 28

2-39



4.6 Access Surfacing ......•.....•....•......•.•...•...•..••..••.....•.•......•.....•.. 28
4.7 Speed Change Lanes ...••......••..••.•.....••...••...••.••.••••.•....•......••... 29

1. General Criteria for Speed Change Lanes ...••.•.•..••.••........••..•.•.•.••••.• 29
2. Deceleration Lanes for Right Turning Vehicles .•••••••.••.•••.•..•••..•••.••••••• 30
3. Acceleration lane for Right Turning Vehicles •••••••.•••••.•••••••••••••••••••••• 31
4. Deceleration Lanes for Left Turning Vehicles ••••••••••••••••••••••••••••••••••••• 32
S. Acceleration Lanes for Left Turning Vehicles ••••••••••••••••••••••••••••••••••••• 33

4.8 Construction of Speed Change Lanes ••••••••••••••••••••••••••••••••••••••••••••••• 33
,. Lane Length ...•••.•..•...•..••.•.•••••••••••.•••.••.•.•.••.•.•.•..•..•.•••••.• 34
2. Taper Design ..••...•.•....•.•.•.••• "••......••••..•..•...••....•.••••.•••.•.• 35
3. Median Design ...........................................................•... 3S
4. Storale Length 36
5. Grade Adjustment ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 36

".9 Sight Distance ••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••• 37
".10 Other Design Elements .••.•••••.•••••••.••••••••••.••••••••••••••••••••••••••••••• 38
".11 Drainage .....•••.••••..•..•••••••••.•••••.•••••••.••••••••••••••••.•••••••••••••• 40
".12 Maintenance .•.....••..•.••.•..•••.•••••••••••••••••••••••••••••••••••••••••••••• 40

II

2-40

•

•

•



•

•

•

STAnMENT OF BASIS AND PURPOSE REGARDING
THE RULE AND REGULATION KNOWN AS

THE STATE HIGHWAY ACCESS CODE
BY THE COLORADO HIGHWAY COMMISSION

JULY 16, 1981

This code is based upon the authority granted in C.R.S. 1973,43-2-147, as amended (hereafter "the
act"). The act sets forth certain requirements before this code could be adopted as a rule and regulation.
All these requirements have been met.

After the act was passed in 1979, a task force was established to draft the code. The task force consisted
of members from a variety of disciplines, including engineers, Department of Highway personnel,
representatives of the Colorado Municipal League and Colorado Counties Incorporated, representatives
of counties, an attorney, and other people involved on a day-to-day basis with access approaches. Every
municipality and county was provided with a draft proposed code and invited to provide comments and
to attend a public meeting to discuss the draft. These meetings were held to comply with subsection
43-2-147(2) of the aet.

On November 15, 1979 the code was submitted to the legislative council as required by subsection
43-2-147(2) of the act. The council, in turn, submitted the code to the legislative committees of reference
of the second regular session of the 52nd General Assembly.

At a joint meeting of the House and Senate Transportation Committees held on March 13, 1980 the
code was rejected and referred to the Interim Committee on Transportation for re-working during the
summer. Pursuant to specific directions from the joint committees the Department of Highways held a
series of public meetings throughout the state to collect public comments to assist in the summer
legislative review. Prior to the meetings every unit of local government was provided the latest draft of
the code and invited to make comments and attend one of sev!!ral meetings held around the state.

After a series of hearings before the interim committee, in which amendments were made to the code.
the code was resubmitted on January 7, 1981, to the committees of reference in the 1st regular session of
the S3rd General Assembly. The committees decided to take no further action on the code, thus clearing
the way for the Colorado Highway Commission to adopt the code as a rule and regulation.

The purpose of this rule and regulation (hereafter "rule") is to implement the act by providing
specified uniform procedures and standards to guide the public, local governments. and the Department
of Highways in the administration of permitting access approaches.

The major purpose of the procedural section of the rule is to ensure there is an orderly and uniform
method for the administration of access permits. The purpose of the classification and design
specification sections is to aid the department in determining if an access permit should be granted and to
ensure the public's health. safety. and welfare is protected, smooth traffic flow is maintained, highway
right-of-way drainage is maintained, the functional level of the highways Is·maintained, and the property
owner's right of access to the general street system is protected.

The rule establishes design standards and criteria to be followed in applying for, granting or denying,
building, using and maintaining access approaches, and sets forth the procedures to follow and standards
to apply in reconstructing and relocating existing access approaches and in requesting a court to enjoin
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violations of the access code. The rule also defines the functional classifications into which all state
highways shall be placed, and sets forth the procedure for the Highway Commission to follow in
determining the functional classifications of state highways.

The design standards set forth in the rule are based upon national and state standards intended to
ensure the safety of the motorist and pedestrian. The standards and specifications in the code are based in
part upon the references in section 1.5 of the code and in part upon the engineering expertise and
judgment of the engineers involved in drafting the code. The design standards and specifications are not
intended to be inflexible, but rather are to be used as general guidelines that will apply in most situations.
The national and state design standards are considered to represent the "state of the art" in the highway
engineering. They are reference sources known and accepted in the highway design profession.

In brief, the rule implements the act and provides areference for the public and the personnel of the
State Department of Highways in applying for and administering, respectively, permits for access to state
highways.

STATEMENT OF BASIS AND PURPOSE BY THE COLORADO
HICHWAY COMMISSION RECARDINC AMENDMENTS TO THE RULE
AND RECULATION KNOWN AS THE STATE HICHWAY ACCESS CODE

JULY 15, 1982

The Department of Highways proposed amendments to the existing State Highway Access Code and
after a public hearing at which the entire record was considered the Colorado Highway Commission
adopted these amendments as rules and regulations.

The purposes of these amendments are to:

1) Clarify certain portions of the original rules by correcting grammar, spelling, and syntax errors
and by adding definitions;

2) Set forth procedures to ensure the owner of the surface rights of property concurs in an
application for access;

3) Ensure the permittee is required to sign an access permit when one is issued;

4) Set forth more precisely standards for accepting applications for access permits and explain how
to handle incomplete applications;

S) Make clear the options available and time limits applicable to an applicant when a permit is
denied;

6) Add a method by which local governments may obtain permission to construct an access
approach that is not a driveway;

n Remind public entities issuing access permits of their authority to establish reasonable fee
schedules;

8) Set forth the duties of the Department regarding access when It undertakes a reconstruction
project;

9) Streamline and clarify administrative procedures;
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10) Ensure all traffic control devices installed in the construction of access approaches, meet the
Department standards and specifications; and

11) Modify design standards and specifications regarding access applications and permits.

The basis for these amendments is the authority set forth in CRS 1973, 43·2·147, as amended. The need
for the amendments is to fine·tune the access code in response to problems encountered in its first year
of use.

STATEMENT OF BASIS, SPECIFIC
STATUTORY AUTHORITY, AND PURPOSE

REGARDING REVISIONS OF OCTOBER 18, 1984

On AprilS, 1984 House Bill 1280 was. signed into law by the Governor. This bill made certain
amendments to secti.on 43·2·147, C.R.S. also known as the highway access statute.

The specific statutory authority for the Commission to adopt the State Highway Access Code, 2 CCR
601·1 and amendments thereto as rule and regulation is found in section 43·2·'47(4), C.R.S.

The rule amendments adopted by the Commission are only those necessary to bring the State Highway
Access Code into compliance with 1984 House Bill 1280. This is the purpose of the Commission's action.

Amendments to the access code result in the following; (1) Removes one step in the administrative
appeal process thereby allowing the plaintiff to proceed to judicial review following the decision of a
hearing officer. (2) Makes a minor change that under certain circumstances limits the Department of
Highways ability to take administrative action regarding changes in land use and driveway operations. (3)
Further defines the allowance of variances and the possible result of failure to issue a variance.

STATEMENT OF BASIS,
SPECIFIC STATUTORY AUTHORITY AND PURPOSE

REGARDING REVISIONS OF AUGUST 15, 1985

After reviewing proposed amendments to the current State Highway Access Code from the State
Department of Highways and other interested parties, and after a public hearing at which the entire
record was considered, the Colorado Highway Commission adopted amendments as rule and regulation.
Specific authority for this rule·making is vested in the Commission under section 43·2·147, C.R.S. (1984).

The purpose of the amendments are to:

,. Improve the grammar, sentence structure, and wording of the rules in order to improve clarity
and reduce misinterpretations;

2. Provide nine new definitions for improved understanding;
3. Update recommended references;
4. Relocate and reorganize several paragraphs and procedural requirements, and provide some

new subsection titles to make the code easier to read and use; .
5. Remove the phrase "access approach" and substitute the term "access";
6. Make improved and greater use of the term "issuins authority" which includes the local issuinS

authority and the State Department of Hishways;
7. Streamline and make more practical certain procedures;
8. Specify some of the access application attachments necessary for access review and allow the

issuing authority not to accept incomplete applications; .
9. Allow the issuing authority to record decisions with the county derk and recorder:
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10. Cancel extended permits for which construction has not been commenced within three years;
11. Require dedication of property to the Department of Highways when highway access

improvements that must be maintained by the issuing authority are constructed on private
property;

12. Provide for bonding for highway reconstruction;
13. Provide for permit phasing, delay in construction plans submitted and other items to reduce or

delay certain permit and application requirements;
14. Provide for improved enforcement when permits are violated and allow tbe issuing authority to

expend public funds to improve safety problems caused by permit violations and provides for
reimbursement by the permittee;

15. Define when changes in property use as the result of changes in access operation require
conformance with the code;

16. Emphasize the responsibility of local authorities to maintain conformance with the code where
local roadways access the state highway;

17. Provide for the development and Commission approval of interchange management plans;
18. Provide that all overpasses,. underpasses, structures, ramps, and highway sections between

frontage roads and the main highway be access category 2;
19. Include signal system efficiency as another criteria for new traffic signal locations;
20. Improve and update several design and construction requirements for clarification, safety and in

response to new nationally recommended standards;
21. Amend the auxiliary lane table criteria with new graphs based on theoretical conflict analysis;
22. Provide for bike paths at the request of local authorities;
23. Provide for the installation of traffic control devices; and
24. Provide for clear zone next to highways.

VI
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SECTION ONE
INTRODUCTION

1.1 Authority:

This code is promulgated pursuant to section 43-2-147(4), C.R.S. 1984, IS Imended which directs
the Colorado Highway Commission to adopt I State Highway Access Code to implement the
section on all state highways. The Commission shall determine the functional classification of all
State highways. ·Section 43-2-147 luthorizes the State Department of Highways Ind local
governments to regulate vehicular access to or from any public highway under their respective
jurisdiction from or to property adjoining a public highway.

1.2 Purpose:

1. It is the purpose of this code to provide the procedures and standards necessary to protect the
public health, safety and welfare, to maintain smooth traffic flow, to maintain highway
right-of-way drainage, and to protect the functional level of public highways while meeting
state, regional, local, and private transportation needs and interests.

2. The lack of adequate access management of the highway system and the proliferation of
driveway and other direct access to the state highway system is a major contributor to highway
accidents and has been the greatest single factor behind the functional deterioration of
highways in the state. As new accesses are constructed and traffic signals erected, the speed
and capacity of the highway decrease, and congestion and hazards to the traveling motorist
increase. As a result, significant amounts of tax dollars must be spent to widen highways,
provide additional operation and safety measures, and construct new highways. The
economic and social costs of widening major highways are becoming almost prohibitive.

3. This code addresses the design and location of driveways and other points of access to public
highways under the jurisdiction of the Colorado Highway Commission. It is based upon the
authority granted in the Act and considers existing and projected traffic volumes, the
functional classification of public highways, adopted loal transportation plans and needs,
drainage requirements, the character of lands adjoining the highway, adopted local land use
plans and zoning, the type and volume of traffic to use the access, other operational aspects of
the access, the availability of vehicular access from local streets and local roads rather than a
state highway, reasonable access by local streets and loal roads, Ind the public health,
welfare, and safety.

4. This section describes the authority, purposes and structure of the code, and defines those
words that are technical or variable in their meanings and require definition for the purposes
of this code. Section two describes the administrative procedures for implementing this code
which shall be followed with due regard for the rights and privileges of all interested parties.
Section three defines five categories of standards to ensure smooth traffic flow and to
maintain the functional level of thepublic highways. Section lI:uee also shall be used to
determine if an access should be allowed within the context of the highway's function in the
transportation system and the assigned access category. Section four provides standards for
the design and construction of all accesses. These standlrds are based upon criteria and
specifications necessary to ensure the public health, welflre, and safety.

,
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1.3 Implement~tion:

1. After the effective date of the access code, no person shall construct any access providing
direct vehicular movement to or from any state highway from or to property adjoining a state
highway without an access permit issued by the designated issuing authority, and the written
approval of the State Department of Highways. Within those jurisdictions where the local
authority has returned issuing authority to the Department, the Department has sole authority
to issue state highway access permits. '

2. Access permits shall be issued only in compliance with the code and may include terms and
condition authorized by the access code. In no event shall an access be allowed or permitted,
if it is detrimental to the public health, welfare, and safety.

3. Vehicular access to or from property adjoining a state highway shall be provided to the
lener~1street system, unless such ~ccess has been acquired by a public authority. Police, fire,
ambulance, and other emerlency stations shall have a right of direct access to state highways.
Direct access from a subdivision to the highway shall be permitted only if the proposed access
meets the purpose and requirements of this code. After the effective date of the Act, no
person may submit an application for subdivision approval to a local authority unless the
subdivision plan or plat provides that all lots and parcels created by the subdivision will have
access to the state highway system only in conformance with this code (subdivision is defined
in article 28, title 30, C.R.S.). The provisions of this code shall not be deemed to deny
reasonable access to the general street system.

1.4 Definitions and Abbreviations

These definitions are provided and adopted to explain certain technical words, phrases and
abbreviations found in this code.

1. "Acceleration lane" means a speed-change lane, including tapered areas, for the purpose of
enabling a vehicle entering a roadway to increase its speed to a rate of which it can more safely
merge with through traffic. Section 42-1-102(1), C.R.5.

2. "Access" means any driveway or other point of access such as a street, road or highway that
connects to the general street system. Where two public roadways intersect, the secondary
roadway shall be considered the access.

3. "Access category" means the degree to which access to a state highway is controlled
according to the five categories described in section three.

4. "Access control plan" means a roadway design plan which designates access locations and
their designs for the purpose of bringing those portions of roadway included in the access
control plan into conformance with their access category to the extent feasible. It is further
defined in section two.

5. "Act" means section 43-2-147, C.R.S. (1984 Supp. u amended)

6. "Administrative ~rocedure Act" means Article 4, ntle 24, C.R.S. as amended.

7. "ADT" means the annual average two-way daily traffic volume. It represents the total annual
traffic for the year, divided by 365.

8. "Applicant" means owner of property or representative of· owner applying for an access·
permit.

2
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9. " Appropriate local authority" means the board of county commissioners if the access is to be
located in the unincorporated area of a county and the governing body of the municipality if
the access is to be located within an incorporated municipality. Also referred to as the local
authority.

10. "Average Peak Hour Volume" means only for the purposes of this code, the same as design
hour volume (DHV).

11. "AWD" means an average of weekday daily traffic volumes (five day week) in number of
vehiCles for a specific highway segment or access.

12. "Bandwidth" means the time in seconds or the percent of cycle between a pair of parallel
speed lines which delineate a progressive movement on a time-space diagram. It is a
quantitative measurement of the through traffic capacity of a signal progression system. A10
percent bandwidth has very little traffic capacity, while a 40 percent bandwidth has good
traffic capacity,

13. "Code" means for the purposes of this code This State Highway Access Code.

14. "Commission" means the Colorado Highway Commission.

15. "Control of access" means the condition in which the right of owners or occupants of land
abutting to a roadway is controlled by public authority.

16. "Controlled-access highway" means every highway, street, or roadway in respect to which
owners or occupants of abutting lands and other persons have no legal right of access to or
from the same except at such points only and in such manner as may be determined by
the public authority having jurisdiction over such highway, street, or roadway. [section
42-1-102(13), C.R.S. as amended.]

17. "Date of Transmittal" means the date the department forwards to the applicants, by u.s. mail
or personal ser\'ice, a permit for signature or a letter of denial. This date marks the end of the
review period pursuant to the Act, (5)(a).

18. "Deceleration lane" means a speed-change lane, including tapered areas, for the purpose of
enabling a vehicle that is to make an exit turn from a roadway to slow to a safe turning speed
after it has left the mainstream of faster-moving traffic.

19. "Department" means the State Department of Highways, State of Colorado.

20. "Design Hour Volume" also "DHV" means a traffic vehicle volume determined for use in the
geometric design of highways. Also see section 4.3.

21. "Divided highway" means a highway with separated roadways for traffic In opposite
directions, such separation being indicated by depressed dividin,g strips, raised curbings,
traffic islands, or other physical separations, or indicated by standard pavement markings or
other traffic control devices.

22. "Driveway" means an access that is not a public street, road, or highway.

23. "Functional classification" means a classification system that defines a public roadway
according to its purposes in the local or statewide highway plans. '
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2... "General street system" means the interconneering network of city streets, county roads, and
state highways in an area.

25. "Grade separation" means a crossing of two roadways, or a roadway and a railroad at different
levels.

26. "Gradient" or "Irade" means the rate or percent of change in slope, either ascending or
descending from or alonl the highway. It is to be measured along, the centerline of the
roadway or access.

Zl. "Highway" means the entire width between the boundary lines of every way publicly
maintained when any part thereof is open to the use of the public for purposes of vehicular
travel or the entire width of every way declared to be a public highway by any law of this state
(Seerion "2-1-102(33) C.R.S. as amended]. It includes bridges, culverts, sluices, drains, ditches,
waterways, embankments, walls, trees, shrubs and fences (section "3-'-203, C.R.S.]

28. "Interchange" means a facility that grade separates interseering roadways and provides
directional ramps for access movements between the roadways. The struerure and the ramps
are considered part of the interchange.

29. "Interchange management plan" means a plan similar in nature to an access control plan but
limited to the immediate influence area of an interchange for the proteerion of its funerional
integrity.

30. "Issuing authority" means the government entity which issues access approach permits and
includes the board of county commissioners, the governing body of a municipality, and the
State Department of Highways [seerion 43-2-1"7(8){e), C.R.S.].

31. "lane" means the portion of a roadway for the movement of a single line of vehicles and does
not include the gutter or shoulder of the roadway. ' .

32. "local government" means the board of county commissioners if the highway seerion is
located in an unincorporated area of a county and the governing body of the municipality if
the highway section is located within an incorporated municipality.

33. "local road" means a county road, as provided in seerion "3-2-108 to 110, C.R.S. as amended.

34. "local street" means a municipal street, as provided in Section "3-2-123 to 125, C.R.S. as
amended. _.

35. "M.U.T.C.D." means the Manual on Uniform Traffic Control Devices and the Colorado
supplement thereto referenced at subseerion 1.5. Refer also to Section ..2.....501, C.R.S. as
amended. ..

36. "Median" means that portion of a highway separating the opposing traffic flows.

37. "MPH" means a rate of speed measured in miles traveled per hour.

38. "Permit issue date" means the date when the authorized department official signs the permit
after the permittee signs and pays any required fees.

39. "Permittee" means the individual(s) who is responsible for fulfilling all the terms and
conditions of the permit. .

..
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40. "Potential for signalization" means an access that has the potential within the life of the permit
to exceed SO vehicles per hour for eight hours in an average day or has potential to meet any of
the warrants for a traffic signal as defined by the M.U.T.C.D.

41. "Roadway" means that portion of a highway improved, designed or ordinarily used for
vehicular travel exclusive of the berm or shoulder. In the event a highway includes two or
more separate roadways, "roadway" refers to any such roadway separately but not to all such
roadways collectively (section 42-1-102(67), C.R.S.).

42. "State highway" means a highway on the state highway system as defined in Section 43-2-101,
C.R.S.of3. "Sight distance" means the distance visible to the driver of a passenger vehicle
measured along the normal travel path of a roadway to a specified height above the roadway
when the view is unobstructed by traffic.

44. "Signal" or "signalizatlon" means a traffic control signal or device.

45. "Signal progression" means the progressive movement of traffic, at a planned rate of speed
without stopping, through adjacent signalized locations within a traffic control system.

46. "Speed change lane" means a separate lane for the purpose of enabling a vehicle entering or
leaving a roadway to increase or decrease its speed to a rate at which it can more safely merge
or diverge with through traffic. Acceleration and deceleration lanes are speed change lanes.

.
47. "Stopping sight distance" means the distance required bya driver of a vehicle, traveling at a

given speed. to bring the vehicle to a stop after an object on the roadway becomes visible. It
includes the distance traveled during driver perception and reaction times and the vehicle
breaking distance.

48. "Storage lane" means additional lane footage added to a deceleration lane to store the
maximum number of vehicles likely to accumulate during a peak period so as not to interier
with the through travel lanes.

49. "Time" for the purposes of this Code, all time periods allowed by these rules and the Act shall
be computed in accordance with Rule 6(a), of the Rules of Civil Procedure, Volume 7A,
Colorado Revised Statutes.

50. "Time-space diagram" means a chart on which the distance between signals and signal timing
is ploned against time. The chart, when completed, indicates signal progression, bandwidth
and speed of traffic.

51. "Traveled way" means that portion of roadway for the movement of vehicles, exclusive of
shoulders and auxiliary lanes.

52. "Working day" means any day that the permittee can perform a normal day of work exclusive
of delays which result from inclement weather, labor disputes and material shonales.1t does
not include weekends and lelaI holidays. .

j
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1.5 References

The standards and specifications contained in sections three and four of this code are based upon
good engineering judgment of the following standard engineering references used by the State
Department of Highways. These references are revised and amended from time to time. When
appropriate, the Code will be amended to reflect changes in these references.

1. A Policy on Geometric Design of Highways and Streets, America~ Association of State
Highway and Transportation Officials, Washington, D. C. 1984.

2. Trinsportation and Trimc Engineering Handbook, Institute of Transportation Engineers,
Washington, D.C., 1982.

3. Manual on Uniform Traffic Control Devices for Streets and Highways, (M.U.T.C.D.), u.S.
Department of Tr.ansportation and the Federal Highway Administration, Washington, D. C., as
amended.

4. The Colorado Supplement to the Manual on Uniform Traffic Conrrol Devices for Srreers and
Highways, State Department of Highways, as amended.

5. The current editions of the following manuals and standards of the State Department of
Highways:

a. Roadway Design Manual, as amended
b. Materials Manual, as amended
c. Consrruction Manual, as amended
d. Standard Specifications for Road and Bridge Consrruction, as amended.
e. Colorado Standard Plans, as amended.

6. Evaluation o( Techniques (or the Control of Direct Access to Arter;al Highways, Report No.
FHWA-RD-76-85, Federal Highway Administration, Washington, D. C.1975.

7. Trip Generation, Third edition, Institute of Transportation Engineers, Washington, D.C. 1982.
(525 School Street, S.W., Suite 410, Washington D.C. 20024, ATTN: Publications, Miss lee, I.T.E.
member 535.00, plus 10% postage, non-member 550.00 plus 10% postage).

,
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SECTION TWO
ADMINISTRATION

2.1 Purpose

This section provides the administrative procedures and related information and standards for the
implementation of the code. Any additional administrative procedures not defined herein or in
the Act should comply with the "State Administrative Procedure Act", Article 4, Tille 24, C.R.S., to
the extent applicable.

2.2 Access Category Alsignmenb

1. The Colorado Highway Commission shall assign to each highway section or segment of
highway an access category from section three of this code based upon the present National
Highway Functional Classification, consideration of existing and projected traffic volumes,
the functional classification of public highways, adopted local transportation plans and needs,
the character of lands adjoining the highway, adopted local land use plans and zoning, the
availability of vehicular access from local streets and roads rather than a state highway, and
reasonable access by city streets and county roads.

2. The process to determine the access category assignments shall include the following: (1) The
Department shall prepare a draft access category assignment schedule consistent with
.subsection 2.2.1, and section three for each state highway. (2) The appropriate parts of the
draft documents shall be sent to the appropriate local authorities and the metropolitan
planning organizations for their review and comment (3) At the request of the appropriate
local authority, or upon the Department's initiative public meetings may be held by the
Department to discuss the proposed category assignments. (4) Based upon the comments
received, the Department shall work toward resolving any differences. (5) The Department
shall prepare a final draft which shall be published pursuant to section 24-4-103(3) C.R.S. (6)
The final draft along with all written comments received shall be presented to the Commission
for consideration and action. (7) Upon commission adoption of the access category
assignment schedule, !he Department shall complete any necessary procedures to make it
effective. (8) The approved category assignment schedule shall be made available to the
public, all issuing authorities and local governments.

3. The appropriate local authority or the Department may submit to the Commission requests
for changes in the adopted access category schedule for sections of state highway within their
jurisdiction. All requests shall include an explanation for the requested change consistent
with the purposes of the Act and the standards of this code. The Department shall review and
provide a recommendation to the Commission on each request. The appropriate local
authority shall be notified of requested changes by the DepaTtment at least 60 days prior to
Commission action. The appropriate local authority will be provided with a copy of all
pertinent documents 30 days prior to Commission action. A meeting between the local
authority and the Department shall be held prior to Commission action if the local authority
,so requests. The Commission shall act upon pending category' change requests no less than
once each six calendar months, and more often as necessary. All reasonable local authority
requests that are in compliance, with the purposes of this code and the standards outlined in
Subsection 2.2.1, shall receive a favorable recommendation from the Department.

7
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2.3 Obtalnln. a Permit

1. The Act provides to each appropriate local authority the authority to issue driveway permits to
state highways within its jurisdiction. Each permit must receive the written approval of the
Department to be valid. The local authority may request that the Department administer or
usist in the administration of driveway permits If it does not desire to administer driveway
permits.

2. Persons wishing to apply for direct access to a state hllhway should conttact their appropriate
local authority or a Department of Highway's office in their relion to determine who is
responsible for processing permit applications. Regional offices are located in Alamosa,
Aurora, Crail, Denver, Durango, Grand Junction, Greeley, and Pueblo. Requests must be
submitted on standard access permit application forms obtainable from the issuinl authority.
The Issuinl authority or Department may require any of the followinlltems or others, when
relevant to the evaluation of an access application or construction of an access: A) Highway
and driveway plan and profile. B) Complete drainage plan of the site showing impact to the
highway right-of-way. C) Map and letters detailing utility locations before and after
development in and along the highway. D) A subdivision zoning or development plan. E)
Property map indicating other access and abuttinl public roads and streets, and F) Proposed
access design.

3. Upon written request to the Department by the appropriate local authority, the Department
shall administer or assist in the administration of driveway permits to the state hilhway system
in that jurisdiction. This authorization may be chanled by the local authority at any time by
written notification to the Department. Chanles in authorization shall take effect upon
receipt of the written notice by the Department. If the local authority requests that the
Department process the access permit application and requires local authority approval prior
to final action, this shall constitute Department assistance, not administration, and the local
authority shall remain the issuing authority. .

2.4 Application for an Access Permit to the State Hllhwa, When the Appropriate Local Authority is the
laulnl Authority

1. The applicant shall submit the completed access permit application (Department Form No.
137) and any required attachments to the appropriate local authority. If the applicant is other
than the surface rights owner of the property to be served, then the applicant must include
written evidence of concurrence in the application by the surface rilhts owner. The Issuing
authority may require from the applicant information needed to evaluate the impacts of the
proposed access on the Beneral street system relardinl the rqulatory purposes of the Act.
The issuing authority may refuse to accept the application when necessary and relevant
Information is missinl from the application or when there is no, written evidence that the
owner(s) of the property surface rilhts concurs in the application. The applicant shall be
notified of what is missinl from the application. The local issulnl authority shall date and
Initial or stamp the orllinal copy with the date of acceptance. A45 day review belins with the
acceptance of the application. Acopy of the application form shall be mailed or delivered by
the issuinl authority to the appropriate local office of the Department within· ten days of
.application acceptance.

2. Upon acceptance of the permit application and any required attachments, the issuing
authority shall use this code, the Act Ind any other applicable state statutes for evaluatlnl and
action on the application. The Issuinlauthorlty should work cooperatively with the applicant
In attemptinl to resolve all difficulties prior to tlklnl final action on the application. It is

i
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recommended that the issuing authority consult with the Department to help avoid
difference~that might arise during Department review. The issuing authority shall complete
its review and take final action to approve or deny the request within 4S days. After 4S days
from the date of application acceptance, if the Department has not received notice from the
Issuing authority of their final action on the permit application, the Department shall notify
the issuing authority and take final action on the application within 20 days as required by the
Act.

3. If an applicant wishes to seek a variance from the standards of the code, a request must be
submitted as an attachment to the permit application form. Department Form No. 112 may be
used. Subsection 2.8 should be reviewed for further information.

4. The access permit completed by the issuing authority shall conform to all sections of this code.
Variance procedures, subsection 2.8, may be used where the design standards of this code are
not entirely applicable given proposed access site specific conditions and local considerations.
If the issuing authority does not approve the permit application, it shall 1) provide the
applicant with a copy of the permit application marked "denied" along with copies of any
attachments and a written explanation of the decision, and 2) provide the Department with a
copy of the denied application and the written explanation. The Department shall not reverse
the denial decision by the issuing authority. Any appeal by the applicant of local action shall
be to the local issuing authority and shall be consistent with the appeal procedures of that
issuing authority. The Department shall be notified of appeals made of local issuing authority
actions on state highway access permits and applications.

S. If the issuing authority approves the application and access, a' permit shall be prepared. The
issuing authority shall sign and transmit the permit with all attachments and pertinent
information to the appropriate district engineer of the Department or designated represen
tative. If the Department fails to act within 20 days from receipt of the transmitted materials,
the permit shall be deemed approved and an appropriate permit issued in accordance with
the design and construction standards of the code. Transmittal of the permit application,
unsigned by.the issuing authority, for the purpose of obtaining the Department's comments
prior to local approval, does not constitute the initiation of the 20 day review period.

6. If the permit is approved by the local issuing authority, the Department shall review the permit
for compliance with this code, the Act and other state statutes which may be applicable. If
necessary, the Department shall discuss the permit application with the applicant and the
issuing authority. Before denying a permit, the Department shall discuss the reasons for the
denial with the applicant and the issuing authority so long as time remains within the review
period. The Department may request a meeting with the issuing authority and the applicant.

7. If the Department denies the permit, the Department shall provide copies of the permit and
attachments marked 'denied' to .the applicant along with i written explanation for the
decision, and shall provide the issuing authority with a copy of the denied permit and the
written explanation. ~ppeals of Department action may be made pursuant to subsection 2.7.

8. If the Department approves the permit, the permit shall be transmitted to the applicant for
signature. This transmittal constitutes action on the permit as required by subsection 5(a) of
the Act. It is the responsibility of the applicant to obtain the sllnature of the permittee. The
permittee noted on the permit will normally be the surface rlShu owner. The permittee shall
sign the permit if the terms and conditions are acceptable and return the entire permit with
any required permit fee to the Department at the address noted. If the Department has not
received the silned copy and fee payment, If any, from the applicant within 60 days of the date,
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of transmittal, the permit may be deemed unacceptable to the permittee and therefore
denied. Aher receiving the signed permit and fee payment, if any, the Department shall mark
the permit paid, assign a permit number to the permit, sign the permit, and return a copy to
the applicant. The Department shall provide a copy of the completed permit and any
collected fees to the issuing authority. If the permittee does not agree to all the terms and
conditions of the permit, the permit shall be deemed denied.

9. The issue date of the permit is the date the Department representative sig~s the permit which
is after the permittee has signed the permit and paid any required fees.

10. The permitted access shall be completed in accordance with the terms and conditions of the
permit prior to being used. In accepting the permit, the permittee agrees to all terms and
conditions of the permit. Should the applicant or permittee choose to appeal a denied
application, or the terms and conditions of a permit, the appeal must be filed within 60 days of
the date of transmittal of the notice of denial or transmittal of the permit for signature. Any
appeal of actions or permit terms or conditions of the local issuing authority shall be to the
local issuing authority consistent with its appeal procedures.

". final action on a permit application by the issuing authority or the Department is not
considered action on a previously issued legal permit unless so stated as terms and conditions
of a newly accepted permit.

2.S Application for an Access Permit to the State Hllhwa)' when the State Department of Hllhways is
the Issuinl Authority.

1. The applicant shall submit the completed access permit application (Department form No.
137) and any required attachments to the appropriate district engineer of the Department or
his designated representatives. If the applicant is other than the surface rights owner of the
property to be served, then the applicant must include written evidence of concurrence in the
application by the surface rights owner. The Department may require from the applicant any
information needed to evaluate the impacts of the proposed access on the general street
system in regards to the regulatory purposes of the Act. The Department may refuse to accept
the application when necessary and relevant information is missing from the application, or
when there is no written evidence that the owner of the property surface rights concur in the
application. The applicant shall be notified as to what is missing from the application. A4S day
review begins with. the acceptance of the application.

2. Upon acceptance of the application materials, the Department shall use this code, and the Act
any other applicable state statutes for evaluating and acting on the application. The
Department should work cooperatively with the applicant and attempt to resolve all
difficulties prior to taking final action on the application. If the Department fails to act within
45 days upon acceptance of an application for an access permit, such application shall be
deemed approved and the Department shall prepare and issue an'appropriate access permit
without delay in accordance with the design and construction standards of the code.
Transmittal of a completed permit for the permittee's silnature or transmittal of the denied
application constitutes action as required by the Act.

3. Requests for variance from the standards of this code may be submitted to the Department by
the applicant or initiated by the Department and shall be considered an attachment to the
·Ipplication. The request and review of the variance shall be consistent with subsection 2.8 and
include specific written and documented reasons for the request.

10
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... A completed access permit shall conform to all sections of this code. Variance ptocedures,
subsection 2.8 may be used where the design standards of this code are not entirely applicable
given proposed access site specific conditions and local considerations. Before denying an
access application, the Department shall discuss the reasons for the denial with the applicant
so long as time remains within the review period. The Department may request a meeting with
the applicant, which may include the local government, and attempt to resolve the reasons for
the denial.

5. If the Department denies an application, the Department shall provide the applicant a copy of
the application marked "denied" along with any attachments and a written explanation for
the decision.

6. If the Department approves an application, a permit shall be prepared and transmitted to the
applicant for signature. This transmittal constitutes action upon the permit as required by
subsection 5(a) of the Act. It is the responsibility ofthe applicant to obtain the signature of the
permittee. The permittee noted on the permit will normally be the surface rights owner. The
permittee shall sign the permit if the terms and conditions are acceptable and return the
entire permit with the required permit fee payment to the Department at the address noted
within 60 days from the date of transmittal by the Department. After receiving a signed permit
and any required fee payment, the Department shall mark the permit paid, assign a permit
number to the permit, sign the permit, and return a copy to the applicant. The Department
shall provide a copy of the permit to the appropriate local authority if so requested. If the
permittee does not agree to all the terms and conditions of the permit, the permit shall be
deemed denied. .

7. The issue date of the permit is the date the Department representative signs the permit which
is after the permittee has signed the permit and paid any required fees.

8. The permitted access shall be completed in accordance with the terms and conditions of the
permit prior to being used. In accepting the permit the permittee agrees to all terms and
conditions of the permit. Should the permittee or applicant choose to appeal a denied
application, or the terms and conditions of a permit, the appeal must be filed within 60 days of
the date of transmittal of the notice of denial or transmittal of the permit for his signature
according to subsection 2.7.

9. Final action on a permit application by the issuing authority is not considered action on a
previously issued and legal permit unless so stated as a term and condition of a new accepted
permit.,

2.6 Access Requests By Local Authorities
,.

1. Requests by appropriate local authorities for new access or for the reconstruction of existing
access to the state highway shall be administered by the Department as discussed under
subsection 2.5 or by written asreement between the Department and the local authority. The
local authority shall be considered the applicant. The Department shall work cooperatively
with local authority realiZing that the access will serve multiple property owners. Access to
subdivisions and other developments shall be considered private access and applied for
pursuant to subsections 2.4 or 2.5 until the access is constructed and accepted as a local public
roadway.

11

2-55



2:1 Appeals

1. Should the permittee or applicant object to a permit application denied by the Department or
object to any of the terms or conditions of the permit placed therein by the Department, an
appeal must be filed with the Colorado Hishway Commission within 60 days of transmittal of
notice of denial or transmittal of the permit for sisnature. The decision by the Commission or
by a hearins officer shall be considered final aseney action and subject to judicial review
pursuant to the provisions of Hction 24-4-106, C.R.S. (1982)

2. The permittee or applicant wishins to appeal to the Commission shall file the request for the
hearing in writins and submit it to the Colorado Hishway Commission, 4201 East Arkansas
Avenue, Denver, Colorado 80222. The request shall include reasons for the appeal and may
include recommendations by the permittee or applicant that would be acceptable to him.

3. T~e Department may consider any objections and requested revisions at the request of the
applicant or permittee. If asreement is reached, the Department, with the approval of the
local issuing authority (If applicable), may revise the permit accordinsly, or issue a new permit,
or require the applicant to submit a new application for reconsideration. Changes in the
original application, proposed desisn or access use will normally require submittal of a new
application.

4. Regardless of any communications, meetings, or nesotiations with the Department resarding
revisions and objections to the permit or a denial, if the permittee or applicant wishes to
appeal the Department's decision to the Commission, the appeal must be brousht to the
Commission within 60 da)'s of transmittal of notice of denial or transmittal of the permit.

S. Any appeal by the applicant or permittee of action by the local issuinS authority when it is the
appropriate local authority (under subsection 2.4), shall be filed with the local authority and
be consistent with the appeal procedures of the local authority.

6. If the final action or denial Is not further appealed, the Department or local authority may
record the decsion with the County Clerk and Recorder.

2.8 Variance Procedures

1. If an applicant wishes to seek a variance from the standards of this code, a request must be
submitted as an attachment to a permit application form. Department Form No. 112 should be
used. The request for vadance shall include "specific and documented reasons. The request
and supportinS documents should be submitted at the time of permit application.

2. The applicant may supplement the application with a variance request if the issuins authority
determines that sufficient time remains in the mandatory review period to consider the
variance. In the public interest, the issllins authority may supplement a permit application
with a variance.

3. The issuing authority shall consider the variance request alonl with the permit application. If
the variance and remainder of the application is acceptable, II permit shall be approved and
the approved variance Included in the appliatlon file. In consideration of the variance
request, the issuin. authority shall determine if, (I) there is exceptional and undue hardship
on the applicant, and (b) a variance would not be detrimental to the public health, welfare and
safety, and (c) a variance is reasonably necessary for the convenience and welfare of the
public. Valid consideration shall also be siven to the land use plans, policies, and local traffic
drculation operations of the local jurisdiction. "
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4. The issuing authority shall grant a variance from the state highway access code if such variance
would be consistent with paragraph (a) of subsection (1) of the Act and if such variance is
reasonably necessary for the convenienee, safety, and welfare of the public. If failure to grant
a variance would deny reasonable access to the general street system, such denial may be
subject to the provisions of section 43-1-208, C.R.S. (1984), and section 15 of article II of the
state constitution.

5. If the variance request is denied, the issuing authority shall continue to process the permit
application and issue a permit if it can be approved without a variance. If failure to grant a
variance or the permit denies reasonable access to the general street system, such denial may
be subject to section 43-1-208, C.R.S. on requirements of eminent domain and section 15,
article II of the state constitution on compensation..

6. The recommendations and actions of the Department regarding the variance shall be in
writing with pertinent information anached and shall be included as part of the permit
application record. The Department may include in its action any spedal terms and conditions
that shall be imposed on the permit if approved.

2.9 Construction of Access

1. The permit shall be deemed expired and null and void if the access is not under construction
within one year of the permit issue date or before the expiration of any authorized extension.
When the permittee is unable to commence construction within one year after the permit
issue date, he may request a one year extension from the issuing authority. No more than two
extensions may be granted. If the access is not under construction within three years from
date of issue the permit will be considered void. Any request for an extension must be in
writing and submitted to the issuing authority before the permit expires. Denial of an
extension may occur only when the issuing authority ascertains and documents that
unforeseen and significant changes in highway traffic operations, proposed access operation,
or statutes and rules that were not considered in the issuing of the permit have occurred. The
issuing authority shall obtain the concurrence of the Department, prior to the approval of an
extension, and shall notify the Department of all denied extensions within ten days. Any
person wishing to reestablish an access permit that has expired may begin again with the
application procedures.

2. The expected dates of construction and use of the access shall be included on the application
form. The permittee shall have the individual or the office specified on the permit notified of
the pending construction at least 48 hours prior to any construction in state highway right-of
way. The access {hall be completed in an expeditious and safe manner and shall be finished
within 45 days from initiation of construction within the highway right-of-way. Aconstruction
time extension not to exceed 30 working days may be requested from the individual or office
specified on the permit.

3. The issuing authority or the Department shall inspect the access dUring construction and
upon completion of the access to ensure that all terms and conditions of the permit are met.
All highway access improvements including pavement, curbs, lutters, sidewalks, drainage
structures, ditches. and auxiliarylanes. shall be on public right-of-way. Property required for
highway access improvements shall be dedicated without cost to the Department.

4. The construction of the access and its appurtenances as required by the terms and conditions
of the permit shall be completed at the expense of the permittee except u provided in
subsection 2.10. The permittee may arranle for this work to be done by qualified contractors.

13

2-57



Work shall be accomplished under Department or local authority inspection and shall meet
aJl Department specifications. The Department or local authority may bill the permittee for
direct costs and labor provided by the Department for the instaJlation and relocation of all
traffic control devices within public rieht-of-way directly related to the use of the permilled
access. Where construction requires the reconstruction of the existing main lanes of the
highway, the Department may require the contractor or permittee to post a bond to ensure
completion of the work.

5. Where it is necessary to evaluate the construction details of a proposectaccess in order to take
final action on a permit application, the application shall provide construction drawing of
sufficient detail. All construction drawings shall be completed to the detail necessary to
ensure that the construction of the access will be in compliance with the permit terms, and
conditions, including materials specifications. Detailed drawings may be submitted after the
approval of the permit and prior to access construction when the level of detail is not
necessary for conditional permit approval but is necessary to ensure construction compliance.

6. A conditional permit shall be issued if any construction plans or other specified items are
allowed to be completed after the issuance of the permit. When completed, these items must
receive the approval of the issuing authority and the Department prior to proceeding with any
construction within the highway right-of-way. If for any reason, the issuing authority or
Department and the permittee cannot resolve disagreements regarding the approval of the
final plans or other conditional requirements, the permit shall be deemed denied and the
permittee given 60 days to file an appeal pursuant to subsection 2.7.

7. It is the responsibility of the permittee to complete the construction of the access according to
the terms and conditions of the permit. Jfthe permittee wishes to use the access prior to
completion, arrangements must be approved by the issuing authority and Department and
included on the permit. The Department or issuing authority may order a halt to any
unauthorized use pursuant to statutory and regulatory powers. Reconstruction or
improvement to the access may be required when the permittee has failed to meet required
specifications of design or materials. If any construction element fails within two years due to
improper construction or material specifications, the permittee is responsible for all repairs.

8. When closure of the access is a hardship on access users and the Department or issuing
authority has been unsuccessful in obtaining compliance with the permit by the permillee,
and an immediate safety hazard exists with the continued use of the access, the Department or
issuing authority may complete the necessary modifications with public funds. The permillee
shall reimburse the public expenditure. The Department or issuing authority shall require
reimbursement of these public funds by the permittee, his agents, heirs, successors-in
interests and assigns, by available statutory authority.

9. Upon request the phasing of the installation of access design requirements may be allowed if
the use of the access at any time does not exceed the constructed design and the Department
or local authority is provided monetary or lelaI luarantees that access permit terms and
conditions will be met prior to Iny use of the access exceeding the existi". design of the
access. The follOWing items may be used in this rq1!lrd: bonding, irrevocable letter of credit,
certificates of dep05it. inclusion in zoning ordinance, induiion In §ubdivil;ion plats or land use
permit requirements, inclusion in th~ deed~ to the pro~rt!es involved and Iny other
techniques as approved and accepted by the Depamment. All lOuch arrangements shall be
included as terms and conditions of the permit. The loclill i!Jthority cr DepZJnment may record
notices in the county records of such agreements t@ inform future property owners of
potential liabilities and responsibilities.
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10. Adequate advance warning is required at all tinies during access construction, in conformance
with the Manual on Uniform Traffic Control Devices for Streets and Highways. This may
include the use of signs, flashers. barricades and f1aggers. This is also required by section
42-4-501, C.R.S. as amended. The issuing authority, the Depanment and their duly appointed
agents and employees shall be held harmless against any action for personal injury or propeny
damage sustained by reason of the exercise of the permit.

11. The hours of work on or immediately adjacent to the highway may be restricted due to peak
hour traffic demands and other peninent roadway operating restrictions.

12. Acopy of the permit shall be available for review at the construction site. If necessary, minor
changes and additions shall be ordered by the Depanment or local authority field inspector to
meet unanticipated site conditions.

13. The permit may require the contractor to notify the individual or office specified on the
permit at any specified phases in construction to aI/ow the field inspector to inspect various
aspects of construction such as concrete forms, subbase, and base course compaction.

2.10 Use of Access

1. Where in the course of highway reconstruction by the Depanment it is necessary to
reconstruct, relocate, or bring into conformance with this code an existing access, the
Depanment shall initiate the appropriate procedures and agreements. Where the local
authority retains issuing authority, the Depanment may request temporary administrative
authority to issue access permits for any access within a designated highway project segment,
or the issuing authority will be requested to concur in each access permit prior to permit
approval by the Depanment. Access permits issued within the project limits shall be
constructed within two years from the date of issue. Extensions may be approved.
Construction procedures and timing will be consistent with any project contract require
ments. Procedures for these actions shall be consistent with the provisions of the State
Administrative Procedure Act and, when necessary, the standard procedures of eminent
domain.

2. It is the responsibility of the propeny owner to ensure that the use of the access to the
property is not in violation of the code, permit terms and conditions or the Act. The terms and
conditions of the permit are binding upon all assigns, successors-in-interest and heirs.

3. When there are changes in property use which result in changes in the type of access
operation, and the access is not in conformance with the code, the reconstruction, relocation,
or conformance of the access to the code may be required ""hen anyone of the following

. access change criteria occur or will occur as a result of changes in propeny use.

A. The use of the access increases in actual or proposed_vehicular volume ~y 20 percenL

B. A panicular directional characteristic (such as left turns) increases by 20 percenL

C. The change in the use of the property or modifications to the property causes the flow of
vehicles entering the propeny to be restricted or to queue or hesitate on the hilhway
creaUng a highway hazard.

D. The use of the access by vehicles exceeding 30,000 pounds grosS vehicle ~eight inaeases
by 20 percent or by 10 vehicles per day.
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E. If a parcel of land with direct highway access has been in a state of non-use for more than
four years, recommencement of access use shall be considered a change in use. If the use
of the access exceeds the design limitations of the access or is non-conforming with the
present code, a new permit may be required.

Change in property use may include but is not limited to; structural modificati.ons,
remodeling, change in type of business, expansion in existing business, change in zoning,
change in property division creating new parcels. It does not include modifications in
advertising, landscaping, general maintenance or aesthetics that do not affect internal or
external traffic flow or safety.

4. Vehicular use and operation of public accesses (county roads and municipal streets) to the
state highway is the responsibility.of the appropriate local authority. The local authority
should maintain access conformance with the code to the extent feasible and practicable
within statutory and public funding limitations. The local authority may fund any necessary
improvements by requiring contributions from the primary users of the access or as off-site
subdivision improvements necessary for the public safety pursuant to section 30-28-133 and
133.1, C.R.S. and section 31-23-201 to W, C.R.S., or other available public funds.

5. The Department may, when necessary for the improved safety and operation of the roadway,
rebuild, modify, remove, or redesign the highway including any auxiliary lane.

6. Any driveway, whether constructed before, on, or after June 30, 1979, may be required by the
Department with written concurrence of the appropriate local authority to be reconstructed
or relocated to conform to the access code, either at the property owner's expense if the
reconstruction or relocation is necessitated by a change in the use of the property which
results in a change in the type of driveway operation; or at the expense of the Department if
the reconstruction or relocation is necessitated by changes in road or traffic conditions. The
necessity for the relocation or reconstruction shall be determined by reference to the
standards set forth in the code.

7. Action pursuant to this code by the local authority or Department against an existing legal
access either to revoke, suspend, limit, reconstruct, relocate or modify the access shall be
accomplished pursuant to the Administrative Procedure Act if by Department action, and the
administrative and ordinance procedures of the local authority if action is by the local
authority.

2.11 lIIelal Access to the Hilhway'

1. The Department may install barriers across or remove any access which provides direct access
to a state highway which is constructed without an access permit after the effective date of the
code. The property owner shall be sent written notice of the Department's action within ten
days. When practical, the Department will notify the property owner and or Illegal access user
of pending action. Any person who drives a vehicle onto or from any State Highway except at
permitted access locations commits a class three traffic offense punua"t to section "2-4-910,
C.R.5., as amended.

2. When a permitted driveway or any access is constructed or used in violation of this code,
permit terms and conditions, or the Act, either the ifi~uinl authority or the Department or
both may obtain a court order enjoining violation of the accas code, permit terms and
conditions, or the Act. Such access permits m2Y be revoked by the iSlu!n; authority if, at any
time, the permitted access and Its use fall to meet the requirements of the Act, the access code,
or the terms and conditions of the permit.
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2.12 Access Control Plans

1. Either the Department or the appropriate local authority may, at its discretion, develop an
access control plan for a designated portion of state highway.

2. An access control plan provides the appropriate local authority and the Department with a
comprehensive roadway access design plan for a designated portion of state highway for the
purpose of bringing that portion of highway into conformance with its access category to the
extent feasible given existing conditions. The access control plan shall indicate existing and
future access locations and all roadway access design elements, including traffic signals, that
are to be modified and reconstructed, relocated, removed, added, or remain. All traffic
control devices or modifications shall meet the requirements of the M.U.T.C.D.as required by
state and federal statutes. The plan shall specify the assigned access category of the roadway
and to the extent practical conform to all standards and specifications in section four of this
code. At least one advertized public meeting shall be held during the development phase of
the plan. All property owners of record abutting the state highway within the plan limits shall
be notified by the Department or the appropriate local authority.

3. The plan must receive the approval of both the Department and the appropriate local
authority to become effective. This approval shall be in the form of a formal written
agreement signed by the local authority and the Chief Engineer of the Department. After an
access control plan is in effect, modifications to the plan must receive the approval of the local
authority and the Department. Where an access control plan is in effect, all action taken in
regard to access shall be in conformance with the plan and this code unless both the
Department and the local authority approve a variance under subsection 2.8 of this code.

2.13 Conformance of Subdivisions

After June 21, 1979, no person or persons may submit an application for the subdivision of property
abutting a state highway to a local authority unless the subdivision plan or plat provides that all lots
and parcels created by the subdivision will have access to the state highway system in conformance
with this code. Direct access from the subdivision to the highway shall be permitted only if the
access approach meets the requirements of this code. Depending upon the assigned access
category, direct highway access may not be permitted to individual lots or parcels created by a
subdivision.

2.14 Improvements to a lawful Access

The property owner Qr his authorized representative served by a lawful access may make physical
improvements to an access with the permission of the issuing authority and the Department. The
applicant shall make the request on standard permit application fOrms and may specify that the
request is for improvements according to this subsection. Processing shall be the same as discussed
under 2.4 or 2.5 except the Department and local issuing authority may only take action on the
request for improvement. Denial of the application for improve.ments does not constitute
revoking the existing access authorization.

2.15 Permit Fees and Processinl Forms

1. The issuing authority shall establish a reasonable schedule of fees for access permits issued
pursuant to this code. The fees shall not exceed the costs of the administration of access
permits. local governments which are issuing authorities shall inform the Department of their
fee schedules, if any.
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2. The Department shall provide at reasonable cost to the issuing authority all official
Department forms necessary for processing acceis applications, including the permit form
and any other forms necessary to ensure consistent record keeping and legal and
administrative action on the part. of all those charged, in whole or in part, with the
administration of this code.

2.16 Interchanle Manalement Plans

1. An interchange management plan is a simplified roadway and right-of-way design plan for
both interseaing highways, that includes the location of all access, public and private; traffic
patterns, signal systems, signing and striping; the purchase of access rights where necessary;
and any other controls that will ensure the continued proteaion of the functional Integrity of
the interchange as the interchange area develops. ..

2. A plan is required for any new interchange approval. The interchanse and the management
plan must receive the approval of the Commission unless such authority is delegated to the
Chief Engineer of the Depanment.

3. Plan development procedures shall follow the requirements of subseaion· 2.12, Access
Control Plans, where they apply. The desisn of the plan will be developed using sood traffic
operation planning and roadway design standards. No more specific design suidelines are
given due to the high degree of variability in interchange design, topography, existing land
use and transportation needs.

,.
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SECTION THREE
ACCESS CATEGORY STANDARDS

3.1 Purpoee

This seellon provides a five lewl access control dassificadon system. The levels are called
catqories. The number, spadnl, type, and location of accelsand trallielilnill often.have a direct
and lilnifiant effect on the capadty, lpeed, and lafely of the hllhway. The desl,n stlndards within
each alqory are appropriale to enlure that the hllhwly will continue to lunerlon It the lewl
(Dlqory) allilned. Each slate hilhway Iqment is auilned I cateaory II provided In lubsection
2.2 of this code. Access permits issued after AUlult 31, ,,., lhaU meet the deli,n nandards of
section three in accordance wilh this code, or a amended by an approved variance.

3.2 U. of ThII SectIon

The exislinl design of Ihe highway is nol required to meel the desisn Itandardsof the assilned
Dlqory at Ihe lime il is assigned. All new access permiltinl decisions Ihall be made punuant to the
code. This provides a mechanism for improving a hilhway to Its funerional purpose and inteerity.
The developmenl of an access control plan is recommended II I comprehensive method of
improvins exislinl condilions and is the most effective way to deal with site specific conditions.

1.3 Deeded Access -ishII

Along some sections of federal-aid stale highway, access rilhts have been obtained and recorded
by deed often at the time of hilhway construction. Where access is controlled by deed there is no
riSht of direct access throulh the deeded section except at those locations, if any, and in such a
manner as described by the deed and Ihis code. The property owner so affected may inquire aboul
chanses or purchase of any deeded access rilhlS. Access permits Ihall not be issued across sections
of deeded access excepl as provided by the deed. The obtainin, of access rilhts by deed ii not

.. rqulaled under this code. . .

3.4 c.teaory One

Functional Characterislics

,. These hilhways have the capacity for hilh speed and hilh volume traffic movements over
long distances in an efficient and ufe manner, indudin, intentlte, interrqional, intercity.
and in larger urban areas, intracity travel. Federal aid intentlte hi,hways are typial of this
atqory. •

Desiln Siandards
,-

2. All OPposinl traffic movements shall be _parlted by physical constraints IUch II Irade
_parations and median _paraton. Access, consistinl of directional rlmps, lhall be suitably
spaced and desilned to provide the minimum differential between the Ipeed of the throulh
traffic stream and the speed of the merlinl or diversinl vehicles. Location and desiln of
KCess shall be determined on an individual basis by the eepanmeftt In accordance with its
aUlhority under section 43-3-101 to 107, C.R.5.as amended, Ind federal rqulations loverninl
federal-aid hiShway desiln and construction. Each access allowed to a Cltqory one hilhway
musl receive the approval of the Commission punuant to lection 43-1.105, C.R.5. Access to
interstace highways must also comply wilh federal reaulltlonl and receive Federal Hilhway
Administration approval. .

"
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3.S CAlqory Two

functional Charaaerislia

1. These hishways have Ihe capadty for efficient and safe hiSh speed and hilh volume Iraffic
movements. providins for inlerstate. interresional. and interdty. Iravel needs and some
intracity travel needs. Service 10 abunins'and is subordinale 10 providinlservice to major
traffic movements. The funaion of Cltqory IWO is similar to Cllqory one. Calqory two is
somelimes an early stale of development of a alqory one where calqory one desiln
elements will be incorporaled al a fUlure dale as priorities and funds allow. '1 is Ihe hishesl
Cllesory lhat permits al-Irade intersections.

Desiln Siandards

2. II is Ihe intentlhat the design of category IwO highways be Ienerally capable of achieving a
posted speed limit of 55 MPH. Typical spacing of intersectinl meets, roads and highways shall
be planned on intervals of one mile and normally based upon section lines where
appropriale. One-half mile spacinl should be permitted only when no reasonable ahernative
access exists.

3. Unless otherwise specifically noted, a catesory two shall be assumed for all overpasses,
underpasses, structures, ramps, and roadway sections between frontage roads and the main
hilhway.

... Privale direct access shall nOI be permitted except when Ihe propeny in question has no other
reasonable access 10 the seneral streel system. The followinl standards shall be applied when
direct access must be provided.

a. The access shall conlinue until such time Ihat some other reasonable access 10 a lower
functional catelory street or hilhway is available and permitted. The access permit
should specify under what circumstances Ihe chanle will be required. and if known. the
future access loealion and the date Ihe chanIe will be made. AI no timeshall the prolU·rty
be denied reasonable access 10 the leneralstreet system pursuant to Ihis code.

b. All private direci access permilled under subsection 3.5.", above shall be for rilht turns
only unless: (1) the access approach does not have the porential for sign.lliution, and (2)
out of direction movemenl exceeds two miles, and (3) a left lurn mov("ment can be
designed thai meers all safety requirements.

c. No additional access shall be provided upon the splillinl or dividing of ellisrint: p.llcels or
contiguous parcels under the s.ame ownership or control. AII.acC'ess to Iht' nt·wly ('realed
properties shall be provided inlernally from the exislinl .access or .a new .access
determined by Ihe permit applicalion or subdivision procedures- .and be C'onsi"t"nt with
Ihe requirements of this code.

5. All access provided shall be done SO with the understandinl that if Iht" hitchway is
reconstructed to I calqory one. ahernative access may be provided by a fronrage road or
other means.

6. Opposing roadway traffic movemenl5shall be separated by physical constraints such is grade
separation or a median separalor of sufficient desisn 10 physically prevent iIIelal movements.

7. 'unctions wilh heavy intersecting Iraffic volumes should have either srade separ.aliuns or
inrerchanles.

2D
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L Trafficsisnals should be prolrammed to allow"5 MPH speeds and a desirable bandwidth of at
least SO perc:enL SilMls at intenections with major cross streeu should be programmed to
optimize uaHicon both streets equally. The efficiency of the silnalsystemshould be analyzed
includinl volumelcapadty and level of service calculations.

16 ~tesoryThree

Functional Characteristia

1. These hilhways have the capaciry for medium to hilh speeds or medium to hilh volume
uaffic movements over medium and lonl distances in an efficient and safe manner, providinl
for inter rqional, intercity, and intracity travel needs. Direct access service to abutting land is
subordiMte to providinl service to traffic movement.

Desisn Standards

2. It is the intent that the desisn of all category three highways be capable of achieving a posted
speed limit of 45 MPH in urban signalized segments and preferably 55 MPH in undeveloped
areas. The posted speed limit shall be used to meet the requirements of this code unless an
approved access control plan to improve the hilhway requires that a hilher speed limit be
used.

3. Private direct access to the state hilhway system shall be permitted only when the property in
question has no other reasonable access to the leneral street system or if the locafauthority
and Department determine and alree that denial of direct access to the state hilhway and
alternative direct access to another roadway would cause unacceptable traffic operation and
safety problems to the overalltratfic flow of the leneral street system. When direct access
must be provided, the following shall be considered.

a. Such access shall continue until such time that some other reasonable access to a lower
function catelory street or hishway is available and permined. The access permit should
specify under what circumstances the change will be required, and if known, the future
access location and the date the chanle will be made. At no time shall the property be
denied reasonable access to the general street system punuant to this code. Subdivisions
should be desilned to provide for alternative access at a future date.

b. No more than one access shall be provided to an individual parcel or to contiguous
parcels under the same ownership unless it can be shown that: (1) additional access
would be silnificantly beneficial to the safety and op.eration of tile highway, or (2)
allowins only one access would be in conflict with local safety resulations.

c. An access shall be limited to risht turns only unless, (1) the access does not have the
potential for silnalization, (2) a left turn would not create unreasonable conlestion or
safety problems and lower the level of service and, (3) in the determination of the issuing
authority, alternatives to the left turn would cause unacceptable traffic operation and
safety problems on the leneral street system.

d. Private access which has the potentia' for silnaliudon may be permined left turn
movements if, (1) it meets the sisnalization spacinl requirements for intenecring public
IIreelS, roads and hilhways, II per subsection 3.6.5 below, and (2) it does not interfere
with the 10Cltion, planninl, and operation of the lenetal street system and access 'to
nearby propenies.
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4. Since intenectlnlstree«s. roads and hllhways may in time warrant silnallution. it is required
that allinterseet'ni streets. roads and hilhways. that allow left turns meet the silnal spaanl
criteria under sublection 3.6.5. Those that do not meet these requirements shall be limited to
rilht turns only unless they meet the requirements of subsection 3.6.1.

5. Spaanl and Silnalization

a. for those rural hilhwa, HC1ioM where exil1inl traffic silnals are infrequent and where
silnificant development Is not expected in the. foreseeable future. spacinl of all
Intenectinl publicstreets. roads. hilhways and other major acceslel shall be on one-half
mile interval•• plus or minus approximately 3JO feet. and based upon HC1ion lines where
feasible. Where topolraphy makes one-half mile intervals inappropriate, location of any
public access shall be determined by topolraphy, property ownerships, property lines
and physical desiln constraints. The final location should lerve as many properties and
interests as possible to reduce the need for direct private access to the state highway.

b. In urban areu and developinl areas where higher volumes are present or srowth that will
require silnaliution is expected in the foreseeable future, it is imperative that the
location of any public access be planned arefully to ensure Hood liln~1 pro8res~ion. A
spacin, of one-half mile for all accesses should be maintained. This spacing is usually
desirable to achie"ie loed speed, apacity, and optimum lignal prolr~sion.

Co However, to provide flEzibility for existin; ccnditiol?l5 and ensurE optimum (WOo-way
sienal pl"0lrfision, an approved traffic ensineel"ini arialysi$ shall ~ made to properly
lcale any propol£eO acceu that may require signaliution. The af'laly~i$shall consider any
ICCtilt that is ftilitins ~nd possible future silnal loationl& for 31 1t'!.!lSt one milf! in eech
direction III well 011'1 all porerilial roadway and siSftal system impr(llvem~nu.A progression
an.lJly§i~shall be c@mpleted which shall use a cyde lenid, illppfCIIV@d by the Department of
Mtwefin ~ and 120 seconds and a travels~ of ~5 MPH ura!~i the enisiins posted
sp~d limit i$ I~ .... A desiralble bal'ldwiddll of «I pefcen~ for the highway shall b~ us~
W'hel'~ lellisrini c(i)i'idilioll'ls allow. In order to r~uce the p!"olifll:f'ation of delayi to the
motorist, ~ minimum of 30 percent bandwi:r,hh shall be Ul\~wnerC! the ell:iliting opti mu m
bandwidth is bllliow 30 percent. Wh~re the (ll«her int~iol!U or 4l1l:ClM~hG\\ie no signals
presenily b&8t are eapected to he§wc! sii'Knal~ ii"fi the furufe, a miflliml.sm 40 pl!rC£>I·U cycl~ split
fOf the aCCfts shall be luumed. ThE gre:en time allowfld for the am! street shall in no case
bl! If;$$ thOl" the time which ill required to aJccommoG.ue pedc"'lluian movemem acro'S the
higkway. The efficiency of the sisnal s'f'$tem should aillo be anollyzed. including
volume/capacity and level of ~rvice alcul!&ions. .

d. Any acce!I§ which would redUCE the optimum bandwidth i~ OIl traffic silnal were in~talled
shall be limited to risht turM unlull is meeu oahu requirements ~f this lEC1ion.

e. When an e.islin; access meets the warraniS for a traffic silnal u defined in the
M.U:T.C.O., and the location does not meet the requiremenlS of subsection 3.6.5, a
median ,eparalor should be installed or the access desisned to direct vehicles into rilht
turns only. These desiln solutions may not be practicable or feasible where there are
physical constraints such as curbs, sidewalks. structures, and lack of rilhts-of-wIY.
'ieeemeal mediln separators Ire usually not desirable and can pose other safety and
hilhway operation difficulties. The access may be required to be reconstructed, or
relocated, to conform to the access code to ensure that the purposes of this code Ind the
Act are met.
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f. Traffic Mlnals and their installalion are rqulated by the Manual on Uniform Traffic
Control OeviceJ and the Colorado Supplement under Subsection "2-4-501., C.R.5.,.II
amended.

u Catesory four

Fundional Charaeterislia

1. These hilhways have the apacity for moderate travel speeds and moderate traffic volumes
for medium and shon travel distances providinl for intercity, Intracity and intercommunity
travel needs. There is a reuonable balance between direct access and mobility needs within
this atqory.

DesJln Standards

2. It is the intent that the design of all catelory four hilhways be capable of achieYing a posted
speed limit of 3S MPH. The posted speed limit shall be used to meet the requirements of this
code unless an approved access conuol plan to improve the highway requires that a higher
speed limit be used.

3. Priyate Cirect AccesJ

a. No more than one access shall be provided to an individual parcel or to contiguous
parcels under the same ownership unless it an be shown that, (1) additional access wou Id
not be detrimental to the safety and operation of the highway and are necessary for the
ufety and efficient use of the propeny, or (2) allowinl only one access would be in
conflict with local safety regulations, and the additional access would not be detrimental
to public health, ufety and welfare.

b. An access shall be limited to rilht turns only unless (1) the access does not have the
potential for silnalization, (2) a left turn would not create unreasonable conlestion or
safety problems and lower the level of service, and (3) in the determination of the issuing
authority alternatiyes to the left turn would cause unacceptable traffic operation and
ufety problems on the leneral street system.

e. Private access which has the potential for silnalization may be permitted left fUrn
movements if, (1) it meets the signalization spacing requirements for intersecting public
streets, roads and highways, is per subsection 3.7.5 and, (2) it does not interfere with the
location planning and operation of the leneral street system and access to nearby
propenies.

... Since intersectinl streets, roads and hilhways may in time warrant silnalization. it is required
that a~1 intersectinl streets. roads and hilhways that allow left turns meet the silnal spacinl
criterIa under subsection 3.7.5. Those that do not meet these requirements shall be limited to
rilht turns only unless they meet the requirements of subsection 3J.lb.

5. Spacinl and Silnallzation

a. For those rural hilhway sections where existinl traffic silnals are infrequent and where
silnificant development is not expected in the foreseeable future. spadnl of all major
intersectinl public streets, roads, hilhways and other major accesses should be on
one-half mile intervals plus or minus approximately 200 feet and based upon section lines
.here feasible. Where topolraphy malLes one-half mile intervals inappropriate, location
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of any public access shall be determined by topolraphy. propeny ownenhips. propeny
lines and physical desiln constraints. Minor access that has the potential for signalization
should be located to meet the requirements of paralraph 5b that folloWl. Where the
criteria stated in patalraph b are impracticable. a quaner mile interval shall be used. The
final location should serve as many propenies and interests as possible to reduce the need
for more public streets and direct access to the state hilhway. . .

b. In urban areas and developinsareas where hilher volumes are present or Irowth that will
require silnalization is expected in the foreseeable future it 'is imperative that the
location of any public access be planned carefully to ensure 100d silnal prosression.
Where at all feaSible. major access spadnl shall be at either one mile or one-half mile
interval spacinl. This spacinl alloWl the Ireatest flexibility for locatinl minor sisnalized
access between major access while maintaininl lood traffic silnal prosression and
hishway capacity. Additiona' minor access that requires traffic sisna's may be permitted
where they will not restrict the silna' prosression bandwidth established by the major
accesses that bracket the proposed access. While this Cltelory allows more signals per
mile than cltegory three. it is still desirable to keep signals to a minimum as signals usually
reduce hilhway capacity and safety.

c. To provide flexibility for existins conditions and to ensure optimum two way signal
prolression. an approved traffic engineerins analysis shall be made to precisely locate
Iny proposed access that may require signalization. The analysis shall consider any
accesses that are exillins or possible future sisnallocations for at least one mile in each
direction as well as all potential roadway and sisnal system improvements. A prosression
analysis shall be completed which uses a cycle lenlth of between 90 and 120 seconds and a
travel speed of 35 MPH or the posted speed if it differ,- A desirable bandwidth of 30
percent shall be used where existins conditions allow. In order to reduce the
proliferation of delays to the mororist.a minimum of 20 percent bandwidth shall be used
where rhe existins optimum bandwidrh is below 20 percent and there is linle or no
chance to improve the bandwidth. Where other accesses have no sisnals presently but
are expected to hive sisnals. a maximum of 50 percent cross street cycle splir shall be
assumed. The Ireen time allowed for the cross street shall in no case be less than the time
which is required to ICcommodare pedestrian movement across the main highway. The
efficiency of the signal system should also be analyzed. includinl volume/capacily and
level of service calculations.

d. Any access which would reduce the optimum bandwidth if a traffic signal were installed
shall be limiled 10 right turns unless it meets other requirements of this code.

e. When an existing access meets the warrants for a traffic silnal u defined in the
M.U. T.C.O. and the location does nor meet the requirement' of subsection 3.7.5. a
median separator should be installed or the access desilned to direct vehicles into riShl
turns only. These desiln solutions may not be praaical or fealible where there are
physical constraints such as curbs. sidewalks. structures. and ~ck of rilhts-of-way.
Piecemeal median separarors are usually not desirab'e and can pose other safety and
highway operation difficulties. The access may be required to be reconstructed or
relocared to conform ro the access code to ensure t~t the purposes of this code Ind the
Act are mel.
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11 c.1esory RYe

Functional Characterislia

1. utesory five shall be assisned only to roadways Ihat are designaled as frontage or service
roads where there is no intended purpose of providing for long distance or high volume
traffic movemenlS. AI the request of Ihe local aUlhority, Ihe Commission may change any
'rontale or service road 10 calesory three or four. Access needs take priority over through
traffic movements without compromisins the public health, welfare, or safety. Providing
reasonable and safe access to abuttins propeny is the primary purpose of this access catesory.

Desisn Standards

2. One direct access will be provided to each individual pucel or to contisuous parcels under
the same ownership or concrol.

1. Addilional access may be permined 10 a parcel when (allhere will not be any significant safety
or operalional problems and (bl Ihe spacing meets the access spacing requirements of the
code, subsection 4.9.2 and (cI addilional access would nOI knowingly cause a hardship 10 an
adjacent propeny.

4. All lurning movements includins lefl turns shall be allowed provided adequale safety and
desisn standards are met.

5. The existing posled speed limil shall be used in any access permit and design decisions.

6. Minimum spacing between sisnals shall be thai which is necessary for Ihe safe operalion and
proper design of adjacent accesses. Preference in traffic sisnallimins and operation shall be
liven to highways and cross streets of a higher access category or function.

2S
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SECTION fOUR
DESIGN STANDARDS AND SPECifiCATIONS

4.1 PurpoIe

The Departmenl has developed Ihe followinS desisn and construction slandards and specifications
10 prolecrlhe public health, safelY, and welfare: mainlain $moolh Iraffic f1~w: maintain hishway
riShl-of-way drainase: and 10 prolect Ihe functiona~ level of public hishways.

4.2 Use 01 SectIon Four

1. When an applicalion for access to a Slale hishway meets Ihe necessary criteril of section three
of this code, seelion four shall be used to precisely locate, desisn and construct the access
within the limitations set forth in section three. When a local government is the issuing
luthority and it has established by ordinance or resolution more stringent design standards
Ihan required in this section, the local standards shall govern when required by the local
lovernment.

1. If an access meets section three criteria and is unable to comply with section four criteria, the
access permit should be denied unless a variance is authorized pursuant to section two of this
code.

4.3 leference ud DIU Sources

1. The most recent edition of the references in subsection 1.5 ~y be used when determinins
.the desisn standards to be applied to a variance under subsection 28.

2 Trip Ceneration, Third edition, The Institute of Transportation Engineers 1982. shall be used u
I reference in estimating OHV or Averlge Peak Hour values of an access where required by
Ihis code.

3. For the purposes of this section the OHV for the access location may be considered
synonymous with the term "average peak hour volume" often used for traffic analysis.
However. OHV calculations are preferred and shall be used when available.

... Speed. as used in this section refers to the pOlled legal speed limi, at the access location at the
time of permit approval. A higher design speed shall be used if the section of highway is
presently being redesigned or reconstructed (0 a higher speed or an approved access control
plan requires a higher speed.

5. The design of roadway improvements cannot be properly evaluated based solely upon
Iverale total daily Iraffic fisures. Averale pelk hour traffic operations shall be laken into
account by usinS an estimated desisn hour volume.

6. The OHV or average peak hour traffic volume estima,es for any access shall be based upon the
antic~pa,edt0111 build out of 'he development '0 be served and 'he twen,ie,h year prediction
for h'lhway volumes. In the case of a public access. I reasonable prediction of the twentieth
year access volume shall be made based upon predicted grow,h, loninl and any comprehen
sive plan. Estimates shall be based upon averale weekday traffic at locations where weekday
employment predominates.
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7. Unless other acceptable analysis is completed that proves otherwise or the access desisn or
lite hu operational limitations, aU averase daily directional splits shall be equally allocated in
each direction for each access. for example, a full movement access shall be considered to
have 50 percent of enterins vehicles maldns a left turn and SO percent makinl a nsht turn on
an averale day.

L The applicant shall submit an estimate of the volume and type of traffic to use the access. The
IIsuinl authority shaU assist any applicant requestins traffic estimates for the purpose of
obtaininl an access permit. To determine the DHV of the proposed access in lieu of a traffic
saudy prepared by a relistered professional enlineer, or in the eYaluation of such a traffic
saudy, the issuinsauthority shall refer to the Trip Generation manual referenced in subsection
1.5, as well u site conditions and other information that may apply. 'n determininl the traffic
leneration the averale peak hour factor in the Institute of Transponation Ensineen Trip
Generation manual may be used.

t. When the access will exceed a DHV of SO vehicles per hour, it is recommended that the
applicant complete a traffic analysis.

10. The DHV of any state highway may be obtained from the latest copy of the Colorado Traffic
Volume Study For State Highways by contactins the local district office of the Department.

4.4 AceeD WIdth

1. Access width for any rural type access without curbs shall be measured exclUSive of the radii or
flares. Access with a street style curb return entrance and driveways with curb cuts. shall be
measured behind the flared section.

2. Sixteen to 2" feet of width shall be used for any two-way access when the sinsle unit vehicle
volume does not exceed five DHV except u noted in subseaion ......J.

3. Twenty-five to J5 feet of width shall be used for any two-way access when anyone or more of
the followinl apply to the access.

Ie Vehicle volume of the access exceeds five DHV.

b. Multi-unit vehicles are intended to use the access.

e. Sinlle unit vehicles in excess of 30 feet in lensth will use the access.

d. Special equipment using the access exceeds 16 feet in width.

... One-way access shall have a width of 16 feet to 2" feet.'f two. one-way accesses are adjacent to
each other. they shall be divided by a physical median of at least four feet but no more than 25
feet wide.

5. When a public street. road. hishway or any access intended to become a public roadway
intenects with a state highway. the design criteria of the local lovernment and the
Department shall be used to select an appropriate access width subject to the approval of the
Depanment. We recommend that no two-way public roadway access in excess of 10 D.H.V.
should be less than 36 feet in width at the interHC1ion. .

2-71



4.5 Acee-bdil •1. No access escept a curb CUt shall have an equivalent turnin, radius of less than 20 feet except
aI allowed in subsection ".5.6.

2. A50 foot equivalent turnin, radius should be used for an access when multi-unit vehides or
sin,Ie unit vehicles esceedinl 30 feet in lensth are intended to use the access on a daily basis.

l. The access equivalent turninl radii .shall accommodate the turnin,' radius of the larsest
vehicle usin, the access on a daily basis.

... 'f the frequency of multi-unit vehides or sin,le unit vehides over 30 feet in lenllh is such that
two of these vehicles, one enterinl and one exitinl, use the access at the same time. radii
should be adequate to accommodate both vehides with no turnins conflicts.

$. The issuins authority shall determine if a curb cut or radius curb returns are required in
accordance with existins or planned conditions.

6- When a public street, road, or hishway or any access intended to become a public roadway
int~ects with a Slate hishway, the desisn criteria· of the local lovernment and the
Department shall be used to select an appropriate radii, corner and intenection desisn.
subject to the approval of the Depanment.

7. Where larse numbers of multi-unit vehicles will use the access, the access width or radius may
be increased as determined by the issuinS authority, if necessary to ensure safe turning
movements without encroachment onto oppasinS traffic lanes.

I. Where there are numerous accesses such as alons an established city street, it may be
desirable to reduce the radii in order to improve vKual and physical separation of accesses.
Where feasible or required by the code;access should be combined or closed to reduce the
frequency and increase the spacinl. •9. Where a private access will have hilh traffic volumes. the access may be desilned with curb
returns and at a width and desisn as determined by the issuing authority to adequalely
provide for the level 01 activity.

10. To minimize pedestrian conflict and total access width at the roadway edse. it is generally
recommend not to construct a radius that is any larser than required by subsection ".5.

11. Where access channelization islands are installed. a 70 foot r.adius is recommended lor the
channel lane.

U A~~eu Surfadn,

1. The access shall be surfaced upon complelion of earthwork construaion and prior to being
used. A delay in installation of hot bituminous pavement due to seasonal restrictions may be
allowed provided adequale temporary Iravel surfacinl is substituted.

2. The surfacins of the access shall extend at least from the hi,hway traveled ·way to the
rilht-of.way line.

21
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J. Surfadng material shall be specified according to ihe Department's standard design
specifications and the condilions and future use of Ihe access and the highway. Cravel will be
permitted for individual residential access or field entrances where conditions allow. and
where curbs are not required.

<t. Surfacing improvements shall not be allowed on the highway right-of-way between access
unleua concrete curb or other physical separator such as a drainage ditch is constructed and
maintained to limit access movemenlS to permitted locations.

5. Surfadng material is defined as gravel, concrete, or bituminous pavement.

4.7 Speeci Chanse Lues

Speed change lanes, also called auxiliary lanes, are very.helpful in maintaining the safety. flow and
operation of the highway and access. They are required accordins to the subsections Ihal follow.

4.7.1 CeneraiCriteria for Speed Change Lanes

a. The graphs in subsection ".7 are based upon Irucks exceeding 30.000 pounds gross vehicle
weight (C.V.W.) being less than seven percent of the DHV. If the access will have a larger
percentage of vehicles exceeding 30.000 pounds C.V.W.• the access DHV values in Ihe graphs
may be reduced by one-half 10 require median speed change lanes in the interest of public
safely.

b. Where hisher lett turning volumes. safety, or traffic operations necessitates. a double lett turn
design may be required.

c. If the design of the access is within two different speed zones. the criteria for the higher speed
zone will apply.

d. When public safety so requires due to site specific conditions, such as siSht distance. a turn
lane may be required even though the criteria in subsection ".7 are not met.

e. Where there are three or more through lanes in the direction of travel. the Department will
normally drop Ihe requirement for right turn acceleration and deceleration lanes. However,
each case shall be reviewed independently and a decision made based upon sile specific
conditions. Cenerally, the lanes will be required only for high volume access or when a
specific geometric safety problem ellislS.

f. When calculating the highway single lane OHV. it will be assum~d that all lanes have equal
volumes.
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4.7..2 Deceleration LInes for Rllhl Tuminl vehicles

a. A speed change lane for right turning deceleration moyementl is required for any access
according to graph ".7.2 when the DHV yalues of the highway single lane and the DHV of right
turns intersect at a point on or above the curve for the posted speed. .

b. Where the DHV of the rilht turn into the access is less than five DHV and the outlide lane
volume exceeds 250 DHV on "5 to 55 MPH hilhway, or 4SO DHV on a 35 to 40 MPH highway, or
600 DHV on a 25 to 30 MPH highway, then a rilhtlurn lane may be required due to hilh traffic
yolumes or other unique site specific safety considerations.

c. When the access yolume meetl or exceeds 25.DHV with a hilhway posted speed of 25 to <40
MPH or 20 DHV above 40 MPH, a rilht turn deceleration lane is required.
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• 4.7.3 AcceIeradon Une for .'sht TurN... VeWdes

&. A speed chanse lane for risht turnins acceleration movements is required for any access
accordins to sraph 4j.3 when the DHV values of the hishway sinsle lane and the DHV of right
turns intersect at a point on or above the curve for the posted speed.

b. A rilht turn acceleration lane may be required for any access where a hiSh traffic volume on
the hilhway and lack of laps in traffic make use of an acceleration lane necessary for vehicles
to enter the hilhway traffic flow throush the use of mersins techniques.

'. ..
Co A rilht turn acceleration lane is not normally required when the posted speed is less than 40

MPH. However. an acceleration lane may be required where necessary for public safety and
traffic operltions bilsed upon site specific conditions.

d. Where the DHV of the right-lurn movement out of the access is less than 1S DHV for speeds of
4S MPH and above. or less than 30 DHV for a speed of 40 MPH. no accelerltion lane is required
unless specifinlly necessary due to ufety considerations.
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4.7.4 Decelerallon Lan. for Left Turninl V.hId.

a. Itt. speed chanle lane for left turninl movements, is required for any access accordinl to Iraph
4.7.4 when the OHV yalues of the hilhway sinlle lane and the DHV of left turns intenect at a
point on or above the Curve for the posted speed.

b. Where the DHV of the left turn into the access is less than 12 OHV and the inside lane yolume
.xceeds 250 DHV on 45 to SS MPH hilhways or 400 DHV on 25 to 40 MPH hilhways, a left turn
lane may be required due to the hiSh traffic volumes or other unique sire specific safety
considerations.

c. When the access yolume meets or exceeds JO DHV for 25 to 40 MPH hiShways,or 25 DHV on
45 10 55 MPH hilhways, a left turn deceleration lane is required.

caAPH4.7.4
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u.s AcceIer~tioftLanes for left Tuminl Vehicles

Ie The need for and use of a left turn acceleration lane is site specific. Facton such as highway
speed. access volume. nearby access. existins highway auxiliary lanes. traffic control devices.
available stoppins sight distance and other topographic and highway design facton are
influential A left turn acceleration lane may be required if the values of graph 4.7.3 are met,
and the issuinS authority determines that the lane would be a benefit to hishway safety and
operation.

b. Left turn acceleration I,nes are not required where: 1) when the posted speed is below .a
MPH unless required for public safety by the Depar1ment's District Traffic and Safety
Ensineer. or 2) the intersection is signalized. or 3t the acceleration lane would interfere with
left turn ingress movements to any other access.

.... Construction of Speed Cta.nle laneS

1. When speed change lanes are required, they shall be constructed in accordance with this
subsection and other applicable puts of section four.

2. Where two accesses have speed change lanes that overlap, or are in close proximity but do not
overlap, a continuous lane shall be established between the accesses to improve roadway
consistency~ safety, and to maintain edge continunity.

3. Speed change lanes sh..11 normally be 12 feet wide exclusive of sutter pan or shoulder. If
existins thru travel lanes .1re less than 12 feet wide or if local government standards
recommend. a lesser width may be used provided a minimum of 10 feet of width is anained.
Speed change lanes should be a minimum of 11 feet on highways with a posted speed ..bove.O
MPH, and where there is a high percentage of large trucks use.

4. Where no cUrb and guner is required, a paved shoulder sh4l11 be provided th4lt matches the
existing shoulder width alonSthe hishway or is a minimum of four feel in width. whichevt"r i~

Ireater.

fit·· ....
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4.1.1 Lane Lensth

&. Table 4.1.1 shall be used alons with o.her cri.eria of 4.1 in determi~insspeed change lane
IenS.hs as required by .he followinstables and text. The.!ensths are!~ fe~.t. The length of ~he
lapers are a produce of the full lane width and the ratio. Stop Condluon means the yehlcle
comes 10 a complete stop or very slow speed prior to maltinsthe tur~ into the access or is in a
SlOp mode before exitinsthe access onto the hiShway. For decelerauon lanes. a 15 MPH turn
shall normally be assumed lor a curb return desisn only il the radius is <40 feet or sreater. Astop
condition shall be assumed for a curb CUI. For an acceleration lane. a SlOp condition shall be
IIsumed.

b.

TAIU4.Ll

•

c. The lengths under "A" are tor acceleration according 10 the posted speed limit. The lengths
under "0" are for deceleration according to the posted speed limil. Allleng.hs are given in
feel.

Posted Speed

10
2S
30
35
<40
45
SO
55

Stop Condition
A 0

160
100 200
190 235
270 275
380 315
550 375
760 435
960 485

15 MPH turn
A 0

100
90 lSO

190 lIS
2<40 235
320 295
480 350
700 <405
910 4SO

ratio lor
"raight

. taper for
A&O

7.5:1
7.5:1
10:1

12.5:1
15:1
15:1
20:1

22.5:1

Minimum
"0" taper

Ratio

7.5:1
7.5:1

1:1
10:1

11.5:1
13:1
15:1

18.5:1

•d. The lengths in table ".8.1 oUe tor generally f1al grades of less than 3 percent slope. For all grades
of 3 percent or greater. multiplication factors conlained in the tables under ".8.5 shall be used.

e. The length 01 the speed change lane shall be the sum of the appropriale length tram table
".8.1 adjusled. if applicable. by subsection 4.8.5 grade. plus the taper design from ".8.2. plus
any storage requirements under 4.8.4. tor any access where: (1) lurning movement OHV
exceeds by Iwice the access lurning movement yalues in Ihe graphs in subsection ".7 which
require speed change lanes. or (2) the number of yehicles in excess 01 30.000 pounds gross
yehicle weiSh. usinS the access exceeds 25 percent of .he appropriate OHV yalues in the
Iraphs in 4.7 or (3) the access is on an access catesory twO his~way .

.- -
f. Physical or lelal constrainlS may necessita.e eliminatins all or part of the deceleration lens.h

and proYidinl only the taper and storase lensths. This minimum design criterion shall be used
only on hishways posted al 40 MPH or less when the requiremenll of 4.I.lb. and e are nol
feuible. and (1) the access calelory is four or five. or (2) the hishway has in that seaion four or
more intersections per mile per side. and there is driver expeaancy ofsp~ changes. turning
movements and weaving movements alonllhat section of hilhway.
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• 4.L2 Tapet'Desiln

A. Minimum tapers apply only to deceleration lanes where it is not physically feasible to use the
normal taper.

I. The lencch of a taper is calculated by multiplying the width of the speed change lane by the
ratio value a5S0dated with the posted speed in table ".8.1. A 25 MPH zone and a 12 foot wide
speed chanse lane at a 7.5:1 ralio, requires a 90 foot taper.

C. The lencch of the required taper shall be considered a part of the appropriate speed chanse
IenCCh siven in table ".8.1 for any access not included under ".8.1e. The applicant that
qualifies for this shorter lencch may choose to desisn to the specification of paragraph ".8.1e if
the Department approves.

D. If a scraisht line taper is used, the ralios in the right columns of Table ".8.1 are to be used. The
value given is the ratio of taper length to speed change lane width. Partial tangent tapen.
symmetrical reverse curve tapers, or asymmetrical reverse curve tapers may be used.
provided a radius of at least 150 feet is used in curve calculations.

E. Where it is necessary to establish a left turn median island. tapers required for redirecting
main travf7llanes shall be accor~ins to the followinS table.

. TAIU .....2E

Posted speed in MPH

Straight taper ratio
30 or less

20:1

35
25:1 30:1

"5
40:1

50

"5:1

SS and above

50:1

•

•

a. A median area is necessary in order to construct a left turn speed chanse lane when such a
lane is required accordins to subsection ".7.

b. Where a median does not exist or where a painted median is less than 1.. feet in width. the
roadway shall be widened in order to provide a painted median of at least 1.. feet. preferably
16 feet in width. Where there is a median of 1.. feet or sreater in width, the existing width may
be used. Where the existing median is of raised design any new median construction shall also
be of raised desisn unless otherwise instructed by the Department. The median area shall be
18 feet in width for a raised median. Minimum raised median shall be four feet in width across
the tOP exclusive of any gutter. These design features will not be required where physical
constraints, curbs, sidewalks, structures, and lack of available risht-of-way restricts installation.

Co When it is necessary to widen a highway for a median and public risht-of-way is made
lYailable, the hishway should be widened equally on both sides in order to maintain the
existins hilhway centerline alilnment.

3S

2-79



4.L4 SIarap Lensth

a. Additional storase length is required to accommodate turnins vehicles accordins to the
foliowinS table where yehicle turnins movements for a left turn deceleration lane are 30 OHV
or lreater. Arilht turn deceleration laneshall provide for vehiclestorase lenlth when there is
a controlled stop condition. Storale for risht turns may be one-half the 'enlth required by
I.ble 4.8.4.

TA.U .....4

Turnin, yehicles per hour 30 fiG 100 200 300

•

TA.U4.a.s.

For all 3 to •.9% upgrade 3 to •.9% downgrade
posted d.g I.l
speeds •5 to 7% upgrade 5 to 7% down§rade

0.8 1.35

B. For Acceleration Lanes

TABU 4.L5b

Posted Speed. MPH 3 to •.9% upgrade 3 to •.9% downgrade
2S 10 4S 1.J .7
SO I... .65
55 I.S .65
60 I.S .6

Posted Speed. MPH 5 to 7'J. upgrade 5 to 7% downgrade
2S to.S 1.S .i

SO 1.8 .55
55 2.0 .55
60 2.J .s
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..., SIsht DIItaIIce

1. Permits shall not be Issued thatlndude any deslsn element or allow any turnins movements
where the lilht distance Is not adequate to allow the safe movement of any motorist usinl or
pusinllhe acc:ess.

2. The 'oliGWinl table shall be used to determine the required horizontal and venial sisht
distance necessary as measured from the vehide travelins on the hilhway to the access.

TAILEU.2

Posted speed, MPH 30 35 .. 45 50 55
Required sisht
distance in feet 200 2SO m ... 475 550

a. This table is based on wet pavement conditions and the averase vehide maintaining the
posted speed limit. These lensths shall be adjusted for any Irade of three percent or
.reater usinS the tables in ".15.5.

b. For alculatins this sisht discance, a heisht of 3.5 feet shall be used for the driver's eyes
and a heisht of ".25 feet shall be used for a vehicle assumed to be on the centerline of the
access five feet back from the edle of che traveled way. The driver's eye shall be assumed
to be at the cencerline of the inside lane (inside with respect to the curve) for
measurement purposes.

3. In addition co the sisht distance necessary for vehicles travelins on the hishway to see vehicles
or objects in the traveled way, it is also necessary to provide the enterins vehicle adequale
sisht distance in order to enter or cross the hishway. The followinS table shall be used 10
establish the minimum siSht distance necessary for the enterins vehide.

• -Vehicle eJrpecled to
enter or cross hishway

TAIUU.:s

$ISht distance in feet for each
10 MPH of posted speed limit alons hishway

Passenser car
Single Unit Truck
Multi·unit Trucks

2!ane
100
130
170

4 ',ns
120
150
200

6 lane
130
170
210

•

.
-a. The vehicle shall be the !arsest vehicle normally intended to use the access in excess of

an averale of one per day... '. .

b. Sisht distance shall be measured at a hetlhc of 3.5 feet from the enterinl driver to a
heilht of ".25 feet for che oncominl vehicle.

Co The encerinl driver's eyes shall be assumed to be 10 feet back from che edle of Ihe
traveled way. .

d. If cher,e is no median or if che median is too narrow co safely store a left curning or
crossinl vehicle (a 20 foot minimum for passenler cars), bach directions shall be
considered from rhe access loe,cion.

J7
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e. If the median can sa'ely Slore the turninl or crossinl vehicle. then sil~t distance shall
cons.ider a two stop condition. The vehicle will stop once a~ the out!lde ~dge of the
outsIde lane and alain within the median. Each one-way hllhway dllecuon shall be
conside~edseparately.

... After silht distance requirements are met and an access permit issued. a sign suuer"ure or
parked vehicle shall not be permitted where it will obstruct Ihe required sisht distance.

4.10 Other DeliII' EI.........

1. for all curb CUIS. the vertical curve from the uaveled way inlO the access shall be the flattest
curve that can be obtained. To prevent center or overhans dral. wilh some allowance for load
and bounce. cresl venical curves should not exceed a four inch hump in a 10-foot chord and

"ul vertical curves should not exceed a 'our inch depression in 10-foot chord. For any access
that is not a curb cut. includinl streets and private access using curb returns. the first 20 feet
beyond the closest highway lane. including speed change lanes or the distance to the side
drain. whichever is sreater. shall slope down and away 'rom the highway at a two percent
srade to ensure proper drainage control. Exceptions may be made where steep topography
such as a mountain makes this requirement very difficult 10 fulfill. The approved design must
protect the hilhway from drainage flows. Valley sutten and cross-pans are not recommended.

2. Wilhin the rilht-of-way, maximum grades shall be limited to ten percent 'or low volume
residential access. All other accesses shall be limited to a maximum 0' eight percent grade.
Lesser srades may be required 'or drainale control purposes.

3. The horizontal axis 0' an access to the highway shall be at a right angle to the centerline of the
highway and extend a minimum 0' 40 feet beyond the uaveled way. An angle between 90 and
60 degrees may be acceptable only if signi'icant physical consuaints require a skew angle less
than 90 degrees and is approved based upon site specific conditions. "

4. Access specifications shall ensure Ihat the access is desilned and constructed in a manner that
will encourage proper use by the motorist. Access 'or one-way operation shall be approved
only when design conditions ensure one-way operation.

5. An access that has a late across it shall be designed so that Ihe 10nge51 vehiclc~ using it can
completely clear the traveled way when the gate is closed.

6. The access shall be designed to facilitate the movement of vehicles off the highway to prevent
the queuing of vehicles on the traveled way. An ucess shall not be approved for parking ueas
that require backinl maneuvers wilhin state highway rights-of-way. All off-street parking
areas musl include on-site maneuverinl areas and aisles to permit user vehicles to enler and
exil Ihe site in 'orward drive without hesitation.

7. Fill slopes and CUi slopes shall be construered eilher to (at CUlle-nl Department minimum
standards. or (b) to Ihe slope 0' the existing highway near the access. whichever is sa'er. It is
desirablelhat all side slopes have a slopeof6:1 for 12 feet. A minimum of 4:1 'or six feet. then
not Sleeper than 3:1 unless phytically restricted. TIlhler slopes may be permitted when
necessary.

e. Access d~i,n shall provide for the safe move'!"enl of all hilhway right-o'-way users. including
bUI not limited. to pedestrians. bicyclistS. and the handicapped. Sidewalks may be required
where appropllate or when requested by local authority. BiILepaths may be included in the
access permit upon request by the local authority. ""

31
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9. 'n Ihe evenl il becomes necessary 10 remove any riShl-of-way fence. the POSIS on either side of
Ihe enuance shall be securely braced with an approved end POSI before the fence is cut to
pteYenl any mckins of the remainins fence. All posts and wire removed are Oepartmenl
property and shall be lurned over to a represenlalive of Ihe Oepanmenl.

10. Where necesury 10 remove. relocate, or repair a lraffic conlro' device or public or private
utililies for the conSlruaion of a permilled ,ccess. the refoc,tion or remov,1 shall be
accomplished by the perminee without cost 10 the Oepanmenl or issuins aUlhority, and at the
direction of the Oep,nmenl or utility company. Any damase to the Slate hishway or other
public rishtaOf-w,y beyond that which is allowed in the permil shall be rep,ired immediately.

..
. 11. funher details of KCess consuuaion and desisn. indudins p,vement thickness and

specifications. curb desisn and specifialions. roadway fill desisn and compaaion, and other
specific details. shall be provided by Ihe Depanmenl•.

12. .nSlallation of any traffic control device necess,ry for the safe and proper operation and
conuol of the access may be required pursuant to the M.U.T.C.D. Where the access may
warrant signaliution in the future, phasing of the installation may be required. All Ir.Hic
conuol devices within Ihe highway or other public risht-of.way or access that serve the
leneral public shall conform 10 the M.U.T.C.O.

13. An access that crosses or otherwise affeers pedesui,n. bicycle. or handicapped facililies. shall
have the necessary modifications to ensure the safe crossins of Ihe access and the safe use of
the facility by pedestrians, bicyclists and the handicapped.

14. uch access should be separated by a distance equal to the SlOppinS siSht distance values in
table 4.9.2. This allows Ihe motorist reaction time and stopping distance between adj.cent
,ccess. When speed chanse lanes are present. it is desirable that the lanes do not overlap.

15. When an access permit requires the widenins or reconstruction of the roadway. the design of
. horizontal and vertical curves. superelevations, Iransitions. and other specifications. shall be

no less than those necessary to meet the minimum posted speed of the highway or the
constructed desisn speed of the existing hishway, whichever is sreater.

16. Physical separation and delineation along a property frontage such as curb and gutter or
fencing. may be required where necessary to ensure that access will be limited to permitted
locations.

17. Aclear lone is a relatively clear and flat area beyond the edge of the roadway and is importanl
for the recovery of errant vehicles. Roadway hazards in the clear zo~esuch as fixed obje("ts or
Steep embankments, may need to be removed. reconstructed or shielded by a proper bartler.
In urban areas with speeds of 40 MPH or less and vertical curbs. a clear zone of at least 1.5 ft'el
minimum should be provided. Where there is no curb in urban and rural areas and Ihe speed
il40 MPH or less. a ten foot clear zone should be provided. At speeds of 45 MPH or ICre.-.Ul't. a
20 to 30 foot clear zone is recommended. Within the hishway risht-of-way. evf'ry altt'mpt will
be made 10 adhere to the clear zone requirements.
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4.11 Drai....se

1. bch access shall be constructed in a manner that shall not cause water to enter onto the
roadway. and shall not interfere with the drai....se system on the riBht-of-way.

2. The permiuee shall provide. at his own expense. drainaBe structures for his access which will
become an intesral part of the existins drainase system. The type. design. and condition of
these structures must meet the approval of the Department in unincorporated areas.
Structures and design must be approved by the municipality and' the Department in
incorporated areas.

3. Drainage structures shall not restrict the existins drainaBe system nor any adopted municipal
drainase plan. Drainage pipe shall be a minimum of 18 equivalent inches in diameter. Where
hydrolosical studies have been completed. the drainale shall be desilned to handle at least
the 2~ year storm. for an underground system and a five year storm for side drains bUf not less
than the existinl drainage syslem. On larger systems and developments. the effects of a 100
yeu flood evenf should be assessed.

<4. The highway drainage syslem is for Ihe prolection of the stale highway right-of-way. It is nOt
designed or intended to serve the drainage requirements of abuuinl properties beyond that
which has historically flowed 10 the slate risht-of-way. Drainase fa the state highway right·of.
way shall not exceed the undeveloped historical flow. The use of controlled flow detention
ponds shall be considered to control this flow from developed properties. When curb and
guiter is required. the drainage ditch should be eliminated by installinl a storm sewer system.
The Department shall determine the appropriate drainale controls necessary to meet existing
or projected site specific conditions.

4.12 Maintenance

The permittee. his heirs. successors-in-interest. anchnigns. of the property serviced by the access
shall be responsible for meeting the terms and conditions of the permit and the removal or
clearance of snow or ice upon the access even though deposited on the access in the course of
Depanment snow removal operations. The Oepanment shall maintain in unincorporated areas the
highway drli~ge system, including those culyens under the Kcen which Ire pan of fhat system within
the right-of-way.
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STATE OF COLORADO

HIGHWAY ACCESS LAW

SECTION 43-2-147
COLORADO REVISED STATUTES

Updated to June 1tas

43-2-147. AccftS to public h'lh••ys. (1) (.) The slale departmenl of hishways and local govern
menlS are aUlhorized 10 regulale vehicular access 10 or from any public highway under Iheir respective
jurisdiction from or 10 properly adjoining a public highway in order to prolectlhe public health, safety.
and welfare, 10 mainlain smOOlh Iraffic flow, 10 maintain highway righl-of-way drainage. and 10 protect
Ihe functional level of public highways. In furtherance of Ihese purposes, all state highways are hereby
declared 10 be controlled-access highways, as defined in section 42-1-102 (13), C.R.S.

(b) Vehicular access 10 or from properly adjoinins a Slale hishway shall be provided to the general
meet syslem, unless such access has been acquired by a public authorily. Police. fire. ambulance. and
olher emergency sialions shall have a righi of direct access 10 slale hishways. Aher June 21. 1979. no
person may submil an applicalion forsubdivisiori approval 10 a local aUlhority unless Ihe subdivision plan
or pial provides thai all 1011 and parcels created by Ihe subdivision will have access to Ihe Slale highway
system in conformance with the stale highway access code.

(c) The provisions of this section shall not be deemed to deny reasonable access to the general street
system.

(2) Aher consultation with unils of local government. the commission. on or before November 15.
1979. shall submit a slale highway access code to the legislative council. The legislative council may
appoint a committee to review the code and it shall transmit the code and any findings thereon to the
senate comminee on transportation and the house of representatives committee on transportation and
energy at the beginning of Ihe 1980 session of the general assembly.

(3) In reviewing the slale highway access code, the legislative committees of reference may approve.
approve with modifications. or reject Ihe code. failure of either or both committees to act on or before
March 15. 1980. shall be deemed approval thereof. Should. however. either or both committees
specifically reject Ihe code. the committee shall make necessary changes in the access code and resubmit
it to the comminee of reference at the next regular session of the general assembly,

(4) The commission shall adopt a slate highway access code. by rule and regulation, for the
implementation of this section. on or after March 16.1980. The access code shall address the design and
location of driveways and other points of access to public highways. The access code shall be consistent
with the 3uthorlty granted in this section and shall be based upon considerarion of exisring and projected
traffic volumes, the functional c1assificarion of public highways. adopred local transportarion plans and
needs, dralnal(e requirements, rhe character of lands adjoininK the highway, .ldopted local land use plans
.lnd zonin~. lhl' t)'pe and volume of traffic ro use the driveway, other operarional.upN·ts 01 the drivewolY.
rhe .lvailabllily 01 vehicular access from local streelS and roads rarher rhan a stare highway, and reasonable
access by C'Ity str('ers and county roads, .

(5) (a) Aher rhe effective dare of rhe access code. no person shall construct any drivew.ly providing
vehicul3r 3cc:e\S ro or from any state highway from or to property 3dioining ~ sr.arC' hi.ehway wirhour 3n
ucess permltluued by the appropriate local authority with the wrillen approval of rht' Slar ... department
of highways. If the local authority fails to act wirhin forty-five days after an acct.'Ss pC'rmit hu het"n
requf'sred. such permit shall be deemed issued subject to wrillen approval of th,' starC' df"partmenr 01
highways. If the state departmenr of highways does notaet upon an access pt'rmit within rWf"nry dolyS aher
notice by the local authority. or within twenty days after local authorities should h.lve actC'd, which('ver is
the lesser. such permit shall be deemed approved. Upon wrillen request by 3 lonl .aurhority. th.~ stalt'
dep.rtment of highways ,hall .dminiSlf'r or assist in rhe administralion of .lCCC,"U permllS in rh.t
Juri,diction. If the S1are department of highways undertakes to administer .cc('\\ permlls In a jurisdi('tlon.
II shall act upon requeSted .ccess per milS within forty-five d~ys of request. If tht" start" depolrtmenr of
highways fails to act within forry-live d.ys upon,a requeSl~daccess. permit. suc-h pl"rmit sh.1I be deemed
approved. Acce\\ permit' ,h.1I be issued only in compliance wirh the access code .nd m.ly include terms
and condirions .luthoflzed by the .ccess code,

(bl The issuing .uthority ,h.llesublish a reason.ble schedule of fees for acce\s per milS issued
pursuant ro lhe access code and rhis secrlon. which fees shall nor exceed the costs of administration of
..ccess p~rmits.
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(c) When a permitted driveway is constructed or utilized in v;ol...tion of the access code, permit
terms and conditions, or this section, either the issuinl authority or the state department of highways or
both may obtain a coun order enjoining violation of the access code, permit terms and conditions, or this
section. Such access permits may be revoked by the issuinl authority if, at any time, the permined
driveway and its use fail to mHt the requirements of this section, the access code, or the terms and
conditions of the permit. The state depanment of hilhways may install barriers across or remove any
driveway providins direct access to a state hishway which is constructed without an access permit.

(') (a) The provisions of this section shall not apply to driveways in existence on June JO, 1979, unless
specifically stated otherwise. Driveways constructed between July 1.1979. and th,e effective date of the
access code shall comply with the driveway code adopted by the state department of hishways pursuant
to starutory aurhoriry prior to July 1. 1979~

(It) Any driveway, whether consrructed before, on, or after June JO, 1979, may be required by the
stare depanment of hilhways with written concurrence of the appropriate local authority to be
recomtructed or relocated to conform to the access code, either at the property owner's expense if the
recomtruc:tion 01 relocation is necessitated by a chanle in the use of the propeny which resulls in a
chanle in the type of driveway operation or ar the expense of the srate dep...rcment of highways if the
recomtruction or relocation is necessir...ted by chanles in ro...d or traffic condirions. The necessity for the
relocarion or reconstruction shall be determined by reference to the srand...rds set forch in the access
code.

(e) Any parey who has received an adverse decision by the state highway deputment may request
and shall receive a hearing before the state highway commission or before a heuing officer, at Ihe
discretion 01 the scace highway commission. Such heal;nl shall be conducted in accordance with the
provisions of article 4 of title 24, C.R.S. Decisions by the state hishway commission 01 by a hearing officer
shall be considered linal agency action.

(d) Reconstruction or relocation of a driveway shall be administered in the same manner as the
revocation 01 a license under the "State Administrative Procedure Act".

(7) The boards 01 county commissioners may, by resolution, and other local authorities may, in Ihe
manner prescribed in article 1601 title 31, C.R.S., adopt by reference the state highway access code, in
whole or in pare, or may adopt separate provisions, lor application to local ro...ds and streets that are nOl a
put 01 the state highway system.

(7.5) The issuing authority shall grant a vuiance from the state highway access code il such variance
would not be inconsistent with puasraph (... , of subsection (1) of this section ...nd il such variance is
reasonably necessuy lor the convenience. salety, and welfare 01 the public. If lailure to grant a variance
would deny reasonable access to Ihe general street system, such denial may be subject to the provisions
of section 43·1·208 and section 15 01 article II of the SC...te constitution.

(I) As used in this section. unless the contelt otherwise requires:

(a) "Access control plan" means a roadway design plan which designates prt"ferred access localiom
and their designs lor the purpose 01 bringing thost" portions of roadway includt"d in the acct"ss conuol
plan into conlormance with their functional c1...ssilication to the extent le...siblt".

(b) ••Appropriate local authority" means tht" board of county commissiont"1S il tht" driveway is to be
located in the unincorporated area 01 tht" county and the governins body a. tht" municipality il Ihl'
driveway is to be locaced within an incorporaled municipality.

(c) "Functional c1assificalion" mt"ans a classification systt"m that dt"'ines a public roadw...y according
to ill purposes in the local or lIatt"widt" highway plans. Tht" commission sh...Udt"termint" tht" lunctional
c1assilication 01 all scace highways. The lunctional c1...ssification 01 county roads and city strHts shall be
dt"termined by the appropriate local authority. . . .

. .

(d) "Ct"neral street systt"m" means tht" intt"rconnectins network of city streets. county roads....nd
state hilhways in an are.... '. .

(t") "Issuing ... uthorilY" m('ans the entity which issues access' permits and includes the board of
county commissioners. Ihe governing body 01 a municipality, ...nd the lI...te de~ ... rcment 01 highways.

(f) "local ro...d" means a county ro...d ....s provided in sections 43·2·108 and 4)·2.109. and "Iocal
stlt"et" means a municip...1streel. as provided in sections 4)·2·123 and 43·2·124.
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CHAPTER 2 - ACCESS MANAGEMENT POLICIES
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11/27/90

RULES OF THE DEPARTMENT OF TRANSPORTATION

CHAPTER 14-97

STATE HIGHWAY SYSTEM ACCESS MANAGEMENT CLASSIFICATION

SYSTEM AND STANDARDS

14-97.001 Purpose. This rule chapter adopts an access classification
system and standards to implement the State Highway System Access
Management Act of 1988 for the regulation and control of vehicular ingress
to, and egress from, the State Highway System. The implementation of the
classification system and standards is intended to protect public safety and
general welfare, provide for the mobility of people and goods, and preserve
the functional integrity of the State Highway System. All segments of the
State Highway System shall be assigned an access classification and
standard. The standards shall be the basis for connection permitting and
the planning and development of Department construction projects.
Specific Authority 334.044(2), 335.188 FS.
Law Implemented 334.044(10)(a), 335.188 FS.
History-New

14-97.001 Purpose
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14-97.002 Definitions. For the purposes of this rule chapter the
following defmitions shaH apply unless the context clearly indicates
otherwise:

(1) "Area Type" means one of four specific land categories reflecting
certain land use and intensity characteristics used in specifying the
interchange spacing standards for limited access faciJities.

(2) "Central Business District (CBD)" means that portion of a
municipality in which the dominant existing and projected land use,
as documented in the current adopted Local Government
Comprehensive Plan, is for intense business and commercial activity.
This district is generally characterized by large numbers of
pedestrians, on-street parking, and on-street truck loading. For the
purpose of this rule this term is only applicable for access
classification 1 (limited access facilities) within Urbanized Areas.

(3) "Central Business District (CBD) Fringe" means the portion of a
municipality immediately outside the Central Business District. This
area predominantly exhibits a wide range of business activity with
some concentrated residential areas. The area generally exhibits less
pedestrian traffic and lower parking turnover than in the Central
Business District, however, large parking areas serving the Central
Business District might be present. For the purposes of this rule
chapter this term is only a:p:pli~able for Urbanized Areas.

(4) "Central Business District (CBD) and CBD Fringe (Area Type 1)"
means the area contained within a boundary designated as CBD and
CBD fringe area type in the adopted MPO Long Range
Transportation Plan. For the purpose of this rule chapter this term
is only applicable for access classification I, limited access facilities
for Urbanized Areas.

(5) "Collector-Distributor System" means a fully access controlled
roadway, generally parallel to, and part of, but typically physically
separated from the through or mainline lanes of the limited access
facility and serving areas adjacent to the limited access facility.

(6) "Connection" means a driveway, street, turnout, or other means
of providing for the right of access to or from controlled access
facilities on the State Highway System. For the purpose of this rule
chapter two one-way connections to a property may constitute a

14-97.002 Definitions
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single connection.

(7) "Controlled Access Facility" means a transportation facility to
which access is regulated through the use of a permitting process by
the goverrunental entity having jurisdiction over the facility. Owners
or occupants of abutting lands and other persons have a right of
access to and from such facility at such points only and in such a
manner as may be determined by the permitting authority(ies).

(8) "Corner Clearance" means the distance from an intersection of a
public or private road to the nearest connection along a controlled
access facility. This distance is measured from the closest edge of
pavement of the intersecting road to the closest edge of pavement of
the connection measured along the traveled way (through lanes). The
projected future edge of pavement of the intersecting road should be
used where available in an adopted five year transportation plan.
The future edge of the through lane can be used for this
measurement when an auxilliary lane will be built.

(9) "Corridor Access Management Plan" means a plan defining site
specific access management features for a particular roadway
segment, developed in coordination with the appropriate local
govemment(s) and adopted by the Department in cooperation with
the appropriate local govemment(s).

(10) "Department" means the Florida Department of Transportation.

(11) "Directional Median Opening" means an opening in a restrictive
median which provides for U-turn only, and/or left-tum in
movements. Directional median openings for two opposing left or "U
turn" movements along one segment of road are considered one
directional median opening.

(12) "Existing Urbanized Areas other than CBD and CBD Fringe
(Area Type 2)" means the area between the CBD and CBD Fringe
area boundary and the existing Urban Area Boundary for Urbanized
Areas as defined by the US Bureau of Census. For the purpose of
this rule chapter, this term is only applicable for access classification
1, limited access facilities.

14-97.002 Definitions
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(13) "Federal Highway Administration Urban Area Boundary" means
the boundary developed by an MFO or local government, concurred in
by the Department and approved by FHWA which is the basis for the
designation of the Federal-Aid Highway System. This boundary is an
adjustment to the urban boundary as defined by the US Bureau of
Census taking into consideration changes in land use densities
subsequent to the last official census for a particular area.

(14) "FHWA" means Federal Highway Administration.

(15) "Full Median Opening" means an opening in a restrictive
median designed to allow all turning movements to take place from
both the state highway and the adjacent connection.

(16) "Intersection" as used in this rule chapter, means an at-grade
connection or crossing of a local road or another state highway with a
state highway.

(17) "Limited Access Facility" means a street or highway especially
designed for through traffic and over, from, or to which owners or
occupants of abutting land or other persons have no right or
easement of access, light, air, or view by reason of the fact that their
property abuts such limited access facility or for any other reason.
The right of access may have been donated by the property owner or
purchased by the Department.

(18) "Metropolitan Planning Organization (MPO)" is as defined in
Section 339.175(1), Florida Statutes.

(19) "Minimum Connection Spacing" means the minimum allowable
distance between conforming connections, measured from the closest
edge of pavement of the first connection to the closest edge of
pavement of the second connection along the edge of the traveled
way.

(20) "Minimum Median Opening Spacing" means the minimum
allowable spacing between openings in a restrictive median to allow
for crossing the opposing traffic lanes to access property or for
crossing the median to travel in the opposite direction (U-turn). The
minimum spacing or distance is measured from centerline to
centerline of the openings along the traveled way.

14-97.002 Definitions
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(21) "Minimum Signal Spacing" means the minimum spacing or
distance in miles between adjacent traffic signals on a controlled
access facility measured from centerline to centerline of the signalized
intersections along the traveled way.

(22) "MPO" means the Metropolitan Planning Organization.

(23) "Non-Restrictive Median" means a median or painted centerline
which does not provide a physical barrier between center traffic
turning lanes or traffic lanes traveling in opposite directions. This
includes highways with continuous center tum lanes and undivided
highways.

(24) "Permitting Authority" means the Department or any county or
municipality or transportation or expressway authority authorized to
regulate access to the State Highway System.

(25) "Reasonable Access" means the minimum number of
connections, direct or indirect, necessary to provide safe ingress and
egress to the State Highway System based on the Access
Management Classification, projected connection and roadway traffic
volumes, and the type and intensity of the land use. The applicant
shall be allowed to submit any site specific information which the
applicant deems to be pertinent to the Permitting Authority's review
of the connection permit application.

(26) "Restrictive Median" means the portion of a divided highway or
divided driveway physically separating vehicular traffic traveling in
opposite directions. Restrictive medians include physical barriers
that prohibit movement of traffic across the median such as a
concrete barrier, a raised concrete curb and/or island, and a grassed
or a swaled median.

(27) "Rural Areas (Area Type 4)" means the area between the outer
boundary of Area Type 3 and the next Area Type 3 outer boundary.
For the purpose of this rule chapter, this term is only applicable for
limited access classification 1 facilities.

(28) "Service Road" means 'a public or private street or road,
auxiliary to and normally located parallel to a controlled access
facility, which has as its purpose the maintenance oflocal road
continuity and provision of access to parcels adjacent to the controlled

14-97.002 Definitions
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access facility.

(29) "Significant Change" means a change in the use of the property,
including land, structures or facilities, or an expansion of the size of
the structures or facilities causing an increase in the trip generation
of the property, based on the 4th Edition of the Institute of
Transportation Engineers "Trip Generation Manual'-', exceeding 25%
more trip generation (either peak hour or daily) and exceeding 100
vehicles per day more than the existing use. Where suchadditional
traffic is projected, the property owner is required to contact the
permitting authority to determine if a new permit application and
modifications to existing connections will be required. If the
permitting authority determines that the increased traffic generated
by the property does not require modifications to the existing
permitted connections, a new permit application shall not be
required.

(30) "State Highway System (SHS)" means the network of limited
access and controlled access highways that have been functionally
classified and which are under the jurisdiction of the State of Florida
as defined in Florida Statutes.

•

(31) "Transitioning Urbanized Area" means the area between the
existing Urbanized Area Boundary and the future projected
Urbanized Area Boundary anticipated within the next 20 years as •
established by the MFO and the Department. For non-urbanized
areas this boundary will be established by the appropriate local
government and the Department. These developing transitional
areas will include those areas with existing population between 5,000
and 49,999. For the purpose of this rule chapter, this term is only
applicable for access classification 1 limited access facilities.

(32) "Traveled Way" means the portion of roadway for the movement
of vehicles, exclusive of shoulders and auxiliary lanes.

(33) "Urban Area" means an area defined by the US Bureau of
Census having a population of at least 5,000 at specific urban
densities.

(34) "Urbanized Area" means an area defined by the US Bureau of
Census, having a population of at least 50,000 at specific urban
densities. Such designated areas are required by Federal and State

14-97.002 Definitions
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law to have a fonnal transportation planning process administered by
an MPO. The US Bureau of Census urbanized area boundary can be
modified, subject to FHWA regulations for the purpose of the
transportation planning process.
Specific Authority 334.044(2),335.188 FS.
Law Implemented 334.044(10)(a), 335.188 FS.
History-New.

14-97.002 Definitions
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14-97.003 Access Management Classification System and
Standards.

(1) The Classification System and Standards. This section provides a
seven classification access management system to be used for all
roads on the State Highway System. Single Category I connections, as
defined in Rule Chapter 14-96, with expected peak hour two-way
traffic of five vehicles or less may be exempt from the connection
spacing requirements of this rule where the proposed connection can
be shown, as part of the application process, as not creating a safety
or operational hazard. The Department will, to the greatest extent
possible, encourage joint use driveways and work with local
governments to ensure individual residential driveways on State
Highways are kept to a minimum. This exemption also means that
these minor connections will not be considered in measuring the
distance to other connections for their compliance with the spacing
standards in this rule chapter. The classification system and
standards for each access class are shown on Figures 1 and 2.

14-97.003 Access Management
Classification System

and Standards
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.FIGUREI

ACCESS CLASSIFICATION AND STANDARDS
LIMITED ACCESS FACILITIES

INTERCHANGES

Access Class

1

Segment Location

AREA TYPE 1

CBD & CBD FRINGE FOR
CITIES IN URBANIZED

AREAS

Applicable Interchange
Spacing Standard

1 MILE

1 AREA TYPE 2 2 MILES

EXISTING URBANIZED
AREAS OTHER THAN

• AREA TYPE 1

1 AREA TYPE 3 3 MILES

TRANSITIONING
URBANIZED

AREAS AND URBAN
AREAS OTHER THAN
AREA TYPE 1 OR 2.

1 AREA TYPE 4 6 MILES

RURAL AREAS

•
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Interim standards as contained in Rule 14·97.004(1) shall be effective for all
segments of the State Highway System until superseded by an adopted
classification of the highway segment into one of the six controlled access
classifications in this rule chapter. Permit applications received after
adoption of this rule chapter but before the classification of a highway
segment is adopted, shall be reviewed for consistency with the interim
standards.

(a) Connection permit applications on controlled access
facilities of the State Highway System received after that
particular segment of highway has been formally classified
according to this rule chapter, shall be reviewed subject to the
requirements of this rule chapter pursuant to the permit
application process of Rule Chapter 14·96.

(b) For the purpose of the interim standards and for the
assignment of an access classification to a segment of highway
by the Department pursuant to Rule 14-97.004, permitted
connections and those unpermitted connections exempted
pursuant to Section 335.187(1), Florida Statutes, and existing
median openings, and signals are not required to meet the
interim standards or the standards of the assigned
classification. Such features will generally be allowed to
remain in place. These features shall be brought into
reasonable conformance with the standards of the assigned
classification or the interim standards where new connection
permits are granted for significant changes in property use, or
as changes to the roadway design allow. Applicants issued
permits based on the interim standards as set forth in Rule 14
97.004 shall not have to reapply for a new permit after formal
classification of the roadway segment unless significant change
pursuant to Rule Chapter 14-96 and Rule 14-97.002 has
occurred.

(c) A property that cannot be permitted access consistent with
the interim standards as set forth in Rule 14-97.004 or
connection spacing standards of the classification assigned to
that particular segment of highway and which has no
reasonable access to the State Highway System, either directly
or indirectly, as determined pursuant to the connection permit
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process, as defined in Rule Chapter 14-96, shall be issued a •
conforming permit by the Department or permitting authority
for a single connection pursuant to Rule Chapter 14-96. If
Additional connections are requested and approved they shall
be considered non-conforming and shall contain restrictions
pursuant to Rule Chapter 14-96.

Cd) Access class standards represent minimums for each access
class. A more detailed, segment specific classification may be
enacted by the Department in cooperation with the appropriate
local government entities through the adoption of individual
Corridor Access Management Plans pursuant to Rule 14-97.004
(5).

(e) The minimum connection and median opening spacings
specified in this rule may not be adequate in some cases.
Greater distances between connections and median openings
may be required by the Permitting Authority to provide
sufficient site-specific traffic operations and safety
requirements. In such instances, the Permitting Authority
shall document, as part of the response to an application
submitted pursuant to Rule Chapter 14-96, a justification
based on traffic engineering principles as to why such greater •
distances are required.

(0 When a full median opening or non-restrictive median is
reconstructed by the Department to allow for opposing left or
V-turns only, these openings shall be considered as one
opening.

(g) Adjacent properties under the same ownership shall not be
considered as separate properties for the purpose of the
standards associated with the access class of the highway
segment but shall be deemed to be one parcel. Applicants
requesting connections for one or more adjacent properties
under the same ownership may, however, as a part of the
permit application process, request that the properties be
considered individually for connection permitting purposes.
Such requests shall be included as part of the permit
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application and shall provide specific analyses and justification
of potential safety -and operational hazards, associated with the
compatibility of the volume, type or characteristics of the traffic
using the connection. Such properties and single ownership
properties with frontage exceeding the minimum standards of
the assigned access class may not be permitted, pursuant to
the permit application process in Rule Chapter 14-96, the
maximum number of connections, median openings, or signals
possible based on the spacing standards. The total number of
connections permitted will be the minimum number necessary
to provide reasonable access. Lease hold interests existing
prior to the effective date of this rule chapter or a bonafide
contract for sale shall be considered as separate ownership
from the parent tract for the purpose of this rule chapter.

(h) The speed criteria referred to in Figure 2, Controlled Access
Facilities, and in the interim standards means the speed limit
posted for the highway segment at the time of the highway
access classification designation.

(i) Comer clearances for connections shall meet or exceed the
minimum connection spacing requirements for the interim
standards or for access classifications 2 through 7 where the
roadway segment has been assigned a classification. However,
a single connection may be placed closer to the intersection for
the circumstances set forth in Rule Sections 14-97.003 (1 )(i) 1.,
2., and 3., and pursuant to the permit application process of
Rule Chapter 14-96.

1. If, due to property size, corner clearance standards of
this Rule Chapter cannot be met, and where joint access
which meets or exceeds the applicable minimum comer
clearance standards cannot be obtained with a
neighboring property or in the determination of the
permitting authority, is not feasible based on conflicting
land use or conflicting traffic volumes/characteristics,
then the following minimum corner clearance
measurements can be used to permit connections. Such
properties, for the purpose of this rule chapter will be
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called "isolated comer properties"

2. In cases where connections are pennitted under the
criteria of the following minimum comer measurements,
the permit will contain the following additional
conditions:

a. There will be no more than one connection per
state road frontage.

b. When joint or alternate access which meets or
exceeds the applicable minimum comer clearance
becomes available, the pennittee will close the
permitted connection, unless the permittee shows
that such closure is not feasible because of
conflicting land use or conflicting traffic
volumes/characteristics or existing structures
which preclude a change in the existing
connection.

3. The minimum comer clearance measurements for
these isolated comer properties set forth in 1. above,
shall be used for isolated comer properties, as defined in
this section, classes 3 through 7, inclusive, defined in
Rule 14-97.003(2) and the interim standards defined in
Rule 14-97.004(1).
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• 4. Corner Clearances for "isolated corners properties"
are as follows:

Corner Clearance at Intersections
With Restrictive Median

Position
Approaching intersection
Approaching intersection
Departing intersection
Departing intersection

Position
Approaching intersection
Approaching intersection
Departing intersection
Departing intersection

Access Allowed
Right In/Out
Right In Only
Right· In/Out
Right Out Only

Without Restrictive Median

Access Allowed
Full Access
Right In Only**
Full Access
Right Out Only**

Minimum (Feet)
115
75
230 (125)*
100

Minimum (Feet)
230 (125)*
100
230 (125)*
100

•

•

* Access Class 7 and Interim "Special Case" at 35 MPH or less, may use the
measurements in parenthesis.

** Right In/Out, Right In Only, and Right Out Only connections on roads without
restrictive medians shall, by design of the connection, effectively eliminate
unpermitted movements.

(j) Connections and median openings on a controlled access
facility located up to 1/4 mile from an interchange area or up to
the first intersection with an arterial road, whichever distance
is less, shall be regulated to protect the safety and operational
efficiency of the limited access facility and the interchange
area. The 1/4 mile distance shall be measured from the end of
the taper of the ramp furthest from the interchange.
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1. The distance to the first connection shall be at least
660 feet where the posted speed limit is greater than 45
MPH or 440 feet where the posted speed limit is 45 MPH
or less. This distance will be measured from the end of
the taper for that particular quadrant of the interchange
on the controlled access facility. A single !=onnection per
property not meeting this connection spacing standard
shall be provided, pursuant to the connection permit
process as defined in Rule Chapter 14-96, if no
reasonable access to the property exists and if pennitting
authority review of the connection permit application
provided by the applicant detennines that the connection
does not create a safety, operational or weaving hazard
pursuant to Rule 14-96.007. In such cases, applications
for more than a single·connection shall be examined as
non-conforming connections pursuant to Rule 14-96.009.

2. The minimum distance to the first median opening
shall be at least 1320 feet as measured from the end of
the taper of the egress ramp.

•

3. Connections and median openings meeting spacing
standards still may not be permitted in the location
requested in the permit application pursuant to Rule 14- •
96.007 and the criteria in Rule 14-96.007 when the
Department determines, based on traffic engineering
principles, that the engineering and traffic information
provided in the permit application shows that the safety
or operation of the interchange or the limited access
highway would be adversely affected.

(k) Traffic signals meeting signal warrants which are proposed
at intervals closer than the standard for the access class for the
highway segment shall be considered by the Permitting
Authority but shall only be approved where the need for such
signals is clearly demonstrated for the safety and operation of
the highway based on Pennitting Authority review of the
traffic and signal information provided by the applicant in the
connection permit application pursuant to Rule Chapter 14-96.
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(2) Access Class Description and Standards. The access
classification system and standards are shown in Figures 1 and 2.

(a) Access Class 1, Limited Access Highways. These
highways do not provide direct property connections.
Highways in this class provide for efficient and safe high speed
and high volume traffic movements, serving interstate,
interregional, and intercity, and, to a lesser degree, intracity
travel needs. Federal-Aid Interstate highways and Florida's
Turnpike are typical of .this Class. The interchange spacing
standards, based on the Area Type the highway is passing
through, are for the through lanes or main line of the facility.
Interchanges with limited access collector distributor systems
do not have to meet these standards, however such connections
shall be approved by the Department and FHWA utilizing the
Interchange Justification Report Process. In addition to
meeting the spacing standards, new interchanges to the
Interstate Highway System shall be to other public roads only
and warranted based on an engineering analysis of the
operation and safety of the system. An Interchange
Justification Report pursuant to Section III, Title 23 USC,
must be prepared by the applicant and approved by the
Department and FHWA prior to any new connections to the
Interstate Highway System being constructed.

1. New interchange requests must be consistent, to the
maximum extent feasible, with adopted local government
comprehensive plans and MPO transportation plans.

2. For proposed new interchanges on the Interstate
Highway System, the applicant must update a
Department and FHWA approved master plan (if
applicable) if the interchange is not part of the plan or if
the Department determines that a major change in the
land use or traffic has occurred since approval of the
master plan. After approval of the master plan update
by the Department and FHWA, the applicant must
prepare an Interchange Justification Report for
concurrence by the Department and approval by FHWA
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prior to the new interchange being approved.

3. Based on an engineering study. prepared by the
applicant. documenting why existing interchanges cannot
be utilized. why alternative transportation system
improvements are not economically. environmentally or
socially acceptable and an analysis of the' impact of the
proposed new interchange on the safety and operation of
adjacent interchanges and the limited access facility.
Interchanges not meeting the spacing standards can be
considered, however, such interchanges will only be
approved by the Department and the Federal Highway
Administration if the need for the interchange is clearly
demonstrated. alternative transportatign system
improvements are determined not to be feasible. the use
of existing interchanges including improvements to
arterial roads leading to the interchange and necessary
interchange improvements are shown as not feasible and
the addition of the interchange does not cause an
operational or safety problem on the limited access
facility.

(b) Access Classes 2 through 7, General Description. The
Access Management Classifications for controlled access
highways (Classes 2 through 7) are arranged from the most
restrictive (Class 2) to the least restrictive (Class 7). Generally
the highways serving areas without existing extensive
development or properties without subdivided frontages will be
classified at the top of the range (Classes 2, 3, and 4). Those
roadways serving areas with existing moderate to extensive
development or subdivided properties will generally be
classified in the lower classes of the range (Classes 5, 6, and 7).
The standards for each class are further defined where the
posted speed limit is greater than 45 MPH or where the posted
speed limit is 45 MPH or less.

1. Access Class 2. These are highly controlled access
facilities distinguished by the ability to serve high speed
and high volume traffic over long distances in a safe and
efficient manner. These highways are distinguished by a

14-97.003 Access Management
Classification System

and Standards

Page 18

2-110

•

•

•



•

•

•

system of existing or planned service roads. This access
class is distinguished by a highly controlled limited
number of connections, median openings, and infrequent
traffic signals. Segments of the State Highway System
having this classification usually have the access
restrictions supported by local ordinances and
agreements with the Department.

2. Access Class 3. These facilities are controlled access
facilities where direct access to abutting land will be
controlled to maximize the operation of the through
traffic movement. This class will be used where existing
land use and roadway sections have not completely built
out to the maximum land use or roadway capacity or
where the probability of significant land use change in
the near future is high. These highways will be
distinguished by existing or planned restrictive medians
and maximum distance between traffic signals and
driveway connections. Local land use planning, zoning
and subdivision regulations should be such to support
the restrictive spacings of this designation.

3. Access Class 4. These facilities are controlled access
highways where direct access to abutting land will be
controlled to maximize the operation of the through
movement. This class will be used where existing land
use and roadway sections have not completely built out
to the maximum land use or roadway capacity or where
the probability of significant land use change in the near
future is high. These highways will be distinguished by
existing or planned non-restrictive median treatments.

4. Access Class 5. This class will be used where
existing land use and roadway sections have been built
out to a greater extent than those roadway segments
classified as Access Classes 3 and 4 and where the
probability of major land use change is not as high as
those roadway segments classified Access Classes 3 and
4. These highways will be distinguished by existing or
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planned restrictive medians.

5. Access Class 6. This class will be used where
existing land use and roadway sections have been built
out to a greater extent than those roadway segments
classified as Access Classes 3 and 4 and where the
probability of major land use change is'not as high as
those roadway segments classified Access Classes 3 and
4. These highways will be distinguished by existing or
planned non-restrictive medians or centers.

6. Access Class 7. This class shall only be used in
urbanized areas where existing land use and roadway
sections are built out to the maximum feasible intensity
and where significant land use or roadway widening will
be limited. This class shall be assigned only to roadway
segments where there is little intended purpose of
providing for high speed travel. Access needs, though
generally high in those roadway segments, will not
compromise the public health, welfare, or safety.
Exceptions to standards in this access class will be
considered if the applicant's design changes substantially
reduce the number of connections compared to existing
conditions. These highways can have either restrictive
or non-restrictive medians.
Specific Authority 334.044(2), 335.188 FS.
Law Implemented 334.044(l0)(a), 335.188 FS.
History-New
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14-97.004 Application of Access Management
Classification System and Standards.

(1) Interim standards to be applied to the State Highway
System prior to classification. If a roadway segment has not been
classified according to this rule the following standards shall be used
to carry out the provisions of Section 335.18, Florida Statutes, The
State Highway System Access Management Act. These standards
shall be used by The Department for the review of all connection
pennit applications received after adoption of this rule chapter until
the highway is classified in ~ccordancewith this rule chapter. After a
highway has been classified pursuant to this rule chapter, the
standards associated with the access classification shall supersede
these interim standards for the classified roadway segment.
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INTERIM STA1\TDARDS

Posted Minimum Minimum ·Minimum Minimum
Speed Connection Median Median Signal

Spacing Opening Opening Spacing
(Full) (Directional)

(MPH) (Feet) (Miles) (Feet) (Miles)

35 or less 125 0.125 330 0.25
Special

Case

35 or less 245 0.25 660 0.25

36·45 440 0.25 660 0.25

Over 45 660 0.50 1320 0.25

(a) The 35 MPH or less ;~. :"!ecial case) standards shall be used
only where current connection development averages at least
50 connections per mile on the side of.the highway for which
the connection is requested, based on actual count of
connections 114 mile in each direction (total 112 mile) from the
proposed connection.

(b) The implementation of the interim standards shall be
consistent with the provisions of Rule 14-97.003(1).

(2) Coordination with Local Government Comprehensive
Planning and land development Regulation. Local land use
planning and regulation decisions must be considered in the access
management classification process. Such decisions can impact on the
Department's ability to meet the access standards assigned to a
particular segment of highway. Effective access management must
not only involve access permitting, but should also be coordinated
with local government land use planning, development and
subdivision regulation activities. The application of the access
management classification system and standards and the assignment
of an access classification to all segments of the State Highway
System shall be ·the responsibility of the Department. The
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Department shall provide adequate notice of proposed classification
and shall coordinate with and consider the comments and concerns of
the affected local governments before assigning a final classification
to a roadway segment. The Department shall hold public hearing(s)
as set out in 14.97.004 (4) below to seek input into the assigned
classifications prior to the final classification assignment. After the
public hearing, local governments shall receive notification of the
access classifications assigned to each segment of the State Highway
System and shall be asked to coordinate land use planning and land
development regulation activities with the classification. The access
classification shall also apply to local governments or expressway
authorities issuing connection permits pursuant to the dual
permitting provisions, in Rule 14-96.013, FAC, and the delegation of
permit authority provisions of Rule 14-96.014, FAC.

(3) Access Management Class Assignment to Highway
Segments. The process to be followed in applying the classification
system and standards and assigning a classification to all segments of
the State Highway System is as follows:

(a) Defining Segments. The determination of the length and
termini of segments shall be the responsibility of the
Department working in cooperation with the appropriate local
governmental entities.

1. The length and termini of segments of limited access
facilities shall be defined by Area Type boundaries by the
Department and the Metropolitan Planning Organization
for urbanized areas and by the Department and
appropriate local governments in urban areas with
population between 5,000 and 50,000. Physical
characteristics and boundaries will be used rather than
imaginary lines.

2. Segments of controlled access facilities shall be
defined by the Department in cooperation with local
governments. The length and termini of segments shall
take into consideration the mobility and access needs of
the driving public, the access needs of the existing and
proposed land use abutting the segment, and the existing
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and desired mobility characteristics of the roadway. The
number of classification changes occurring along a
particular highway shall be minimized to provide
highway system continuity, uniformity, and integrity to
the maximum extent feasible.' The segments shall not
necessarily be confined by local jurisdictional boundaries.

(b) Assignment of an Access Classification to All State
Highway System Segments.

1. All limited access facilities shall be assigned to Access
Management Class 1. Interchange spacing standards for
that segment shall be based on the adopted Area Type of
the particular highway segment's location.

2. All controlled access facilities on the State Highway
System shall be assigned to one of the Access
Management Classes 2 through 7. The assignment of a
classification to a specific segment of the State Highway
System shall be the responsibility of the Department.
The designation shall be made in cooperation with the
appropriate governmental entities. This classification
decision shall take into consideration the potential for
the desired access management classification and
standards to be achieved based on existing land use,
probability for land use change, adopted future, roadway
improvements and on the ultimate cross section of the
roadway identified in adopted plans. The assignment of
a classification shall specifically take into consideration
the following factors:

a. The current and potential functional
classification of the road;

b. Existing and projected future traffic volumes;

c. Existing and projected state, local and
Metropolitan Planning Organization
transportation plans and needs (including a
consideration of new or improved parallel
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facilities);

d. Drainage requirements;

e. The character of the lands adjoining the
highway (existing and projected);

f. Local land use plans, zoning and land
development regulations as set forth in adopted
comprehensive plans;

g. The type and volume of traffic requiring access;

h. Other operational aspects of access, including
corridor accident history;

i. The availability of reasonable access to a state
highway by way of county roads or city streets as
an alternative to a connection to the state
highway;

j. The cu.mulative effect of existing and projected
connections on the State Highway System's ability
to provide for the safe and efficient movement of
people and goods within the state.

(4) The Department shall make an initial access management
classification assignment to all segments of the State Highway
System. The Department shall coordinate this initial assignment
with affected local governments and, to the greatest extent possible,
incorporate local government recommendations on the assigned
classification and standards. The Department shall advertise all
public hearings in a newspaper of general circulation in the affected
area at least 10 days prior to the scheduled public hearing. Prior to
the assignment of a final classification, the Department shall hold at
least one public hearing in each urbanized area and at least one
public hearing for the remaining counties in each district to solicit
public input. After the public input has been received, the
Department shall, in cooperation with the local government finalize
any changes to the initial access classification. The Department shall
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provide notice of its classification in a newspaper of general
circulation for the affected area and shall notify all appropriate local
governments in writing of this classification determination. All
documentation used in determining the classification will be available
to the public.

(5) Corridor Access Management Plans may be developed and
adopted by the Department in cooperation with the appropriate local
governments for specific segments of the State Highway System
based on analysis of special circumstances for the particular segment
location and adjacent land use. These plans shall be based on an
engineering analysis by the Department and will allow for more site
specific classifications. Prior to the adoption of such plans, the
Department shall notify the local governmental entities and abutting
property owners and shall hold a public hearing. Mter consideration
of public input, the Department shall, in cooperation with the affected
local government finalize the plan. Upon adoption of the plan, the
Department shall notify affected local government(s). These plans
shall specify the highway, termini, and the specific standards for
connections, medians, intersections, and signals, that shall apply.

(6) Interchange and Connection Review Process.

(a) Applications for new interchanges on limited access
facilities shall be examined for consistency with the spacing
standards based on the Area Type the segment is located in.
The applicant shall prepare an engineering analysis including
consideration of Transportation Systems Management
techniques and documenting why existing interchanges cannot
be used, including consideration of arterial road and
interchange improvements, an analysis of the operation and
safety of the interchange with respect to adjacent interchanges
and the operation of the mainline and a systems analysis of the
impact of the" additional traffic generated by the development
using the interchange on the operation of the limited access
facility. For additional interchanges on the Interstate Highway
System, the interchange must be to a public road only and the
applicant must update the adopted master plan (if applicable)
and prepare an Interchange Justification Report for review and
concurrence by the Department and approval by FHWA. For
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Turnpike or bond funded facilities, additional economic
analysis to determine bond feasibility shall also be developed
by the applicant. The Department has the responsibility to
approve or deny new interchanges on the turnpike or other
state (non-interstate) limited access facilities.

(b) Permit Applications for new or modified connections to
controlled access facilities must follow Rule Chapter 14-96,
FAC.
Specific Authority 334.044(2) FS.
Law Implemented 334.044(10)(a), 335.188 FS.
History-New

14-97.003 Access Management
Classifica6 ')n System
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14-97.005 Review and Modification of Classifications.

(1) The Department shall review the access management
classifications for specific segments of the State Highway System
when a major change in any of the factors noted in Rule 14-97.004(3)
have occurred. Prior to the initiation of any change in classification
for a roadway segment(s), the Department shall notify in Ylriting the
appropriate local government(s) and owners or occupants of abutting
properties. After publishing its intent to reclassify a roadway
segment(s) in a newspaper of general circulation in the affected area,
the Department shall to hold a public hearing on the change(s) in
classification in the affected county. The Department shall coordinate
with, and shall take into consideration, any comments or concerns of
the local government and those comments received during the public
hearing during the analysis of the classification modification(s). The
Department shall notify the affected local government(s) in writing of
the final determination on the reclassification action(s).

(2) A written request may be made to the appropriate District
Secretary, that the Department review the access classification of any
specific segment(s) of the State Highway System at any time. Such
written request shall include specific justification why the change of
roadway segment classification is sought, and shall indicate the
desired roadway segment classification and specific justification
therefor based on the standards and criteria contained in Rules 14
97.003(2) and 14-97.004(3), The Department shall consider such
requests, coordinating with the appropriate governmental entityCies),
and shall deny the request or publish notice of the Department's
intent to reclassify the roadway segment(s) and shall follow the public
hearing requirements in 14.97.005(1) above.

(3) MFO or local government initiated changes in boundaries of Area
Types which affect interchange spacing standards shall become
effective when the Department concurs in such changes and notifies
the MFO or local government in writing.
Specific Authority 334.044(2) FS.
Law Implemented 334.044(10)(a), 335.188 FS.
History-New

14-97.005 Review and Modification
of Classifications
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CHAPTER 3

ACCESS DESIGN
PRINCIPLES

The adoption of the 1984 edition of A Policy on the Design of
Geometric Highways and Streets (the AASHTO Green Book)
represents a significant change in design philosophy with functional
design replacing volume based design.

AASHTO Green Book

• Failure to Accommodate Each Trip Stage by Suitable
Design is a Prominent Cause of Highway
Obsolescence

• Driveways are At-Grade Intersections

The Green Book includes the following statements which have
significant implications relative to access design.

''The failure to recognize and accommodate by suitable design each of
the different trip stages of the movement hierarchy is a prominent
cause of highway obsolescence. Conflicts and congestion occur at
interfaces between public highways and private traffic-generating
facilities when the functional transitions are inadequate. Examples are
commercial driveways that lead directly from a relatively high-speed
arterial into a parking aisle without intennediate provisions for
transition deceleration and arterial distribution ... It (I p. 2; 2. p. 2)

"Driveways are, in effect, at-grade intersections and should be designed
consistent with the intended use. The number of accidents is
disproportionately higher at driveways than at other intersections; thus
their design and location merit special consideration." (l p. 841)

(Continued)
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This suggests that the design of urban arterial streets is essentially a
matter of designing a hierarchy of intersections which are connected
by relatively short segments of tangents· and curves; both horizontal
and vertical. Thus the logic of functional design suggests that the
urban arterial street design process should begin with those
intersections which are the most important and then, in tum, consider
those which are successively lower in the functional hierarchy.

Access Related Issues

• Hierarchy of Intersections

• Functional Boundary of Intersections

• Signal Spacing

• Location and Design of Unsignalized
Intersections

Major issues relative to access control relating to urban arterial •
intersection design include the following:

• Recognition that there is a hierarchy of trip stages and the
establishment of a functional hierarchy of intersections,
including private access drives.

• Determination of the functional boundary of intersections so
that an intersection of lower functional classification is not
located within the functional boundary of an intersection of
higher classification.

• Spacing of signalized intersections (private access as well as
public streets) so that efficient traffic movement can be
achieved on the arterial streets in both peak and off-peak
periods.

(Continued)
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• Establishment of a comparability between the intersections of
two public streets and intersections resulting from the
connection of private access drives to public streets.

• Design and locate intersections (private drives as well as public
streets) so that left-turning and/or right-turning vehicles do not
cause serious interference with through traffic.

• Design medians and median openings to provide access control
at unsignalized intersections -- public as well as private.

• Insure that the location and the geometries of all intersections.
including private access drives, are visible to the drivers and
that adequate sight distances are provided.
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FUNCfIONAL DESIGN •
Basic
Concepts Functional Design I.

Sa.ed on a Hierarchy of
Movement

• Termination

• Access

• Collection / Distribution

• Primary Movement

• Transitions

The AASHTO Green Book recognizes that a functionally designed
circulation system provides for distinct travel stages (l pp. 1-3; 2. pp.
1-3). It also indicates that, according to functional design concepts,
each stage should be handled by a separate facility and that "... the
failure to recognize and accommodate by suitable design each of the •
different stages of the movement hierarchy is a prominent cause of
highway obsolescence."(l p. 3; ~ p. 2) The AASHTO policy also
indicates that the same principles of design should be applied to access
drives and the comparable intersections of public streets.

A typical trip on an urban street system can be described as occurring
in identifiable steps or stages illustrated in Figure 3-1. These stages
can be sorted into a definite hierarchy with respect to how the
competing functions of movement and access are satisfied. At the low
end of the hierarchy are highway facilities that provide good access to
adjoining residences and businesses but provide poor opportunity for
movement due to the conflicts caused by vehicles entering and exiting
the roadway. Vehicles entering or exiting a roadway typically perform
the ingress or egress maneuver at a very low speed, momentarily
blocking through traffic and impeding the movement of traffic on the
roadway. The high end of the hierarchy is represented by facilities that
provide good movement by restricting and controlling access to the
roadway, thereby reducing conflicts that slow the flow of through
traffic.

Hierarchy
Of Movement

•
(Continued)
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FUNCTIONAL DESIGN (Continued)

Hierarchy
Of Movement
(Continued)

A transition occurs each time the vehicle passes from one roadway to
another and should be accommodate by a facility specifically designed
to handle the movement. Even the area of transition between a
private driveway and a local street is considered to be an intersection
and should be treated accordingly (I, 2,). Many urban circulation
systems utilize the entire range of facilities in the order presented here,
but it is not always necessary or desirable that they do so. In some
instances it may be beneficial to use fewer types of facilities by short
cutting the chain or not using the complete chain.

Tran.ilion -........

Primary Woyemenl

•
Colleetion/
Di.lribullon

-

II
~ Termination

~ ..L....,....

rTranaiUon

Termination

Aee...

•

Highway
Specialization
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FIGURE 3-1: TRIP STAGES

Source: Adapted from References (1, ~)

Highway specialization simply means using each individual street
facility to perform the desired function of access or movement. This
is accomplished by classifying highways with respect to the amount of
access or movement they are to provide and then identifying and
utilizing the most effective facility to perform that function.

(Continued)

3-5



CHAPTER 3 - ACCESS DESIGN PRINCIPLES

FUNCTIONAL DESIGN (Continued) •
Functional
Classes

Functional classification groups highways by the character of the
service they provide (1, 2,). The functional system of classification
divides streets into three basic classes identified as arterials, collectors,
and locals as illustrated in Figure 3-2.

The function of an arterial is to provide movement of traffic. Access
to an arterial is controlled to reduce interferences and allow
movement. Collector streets supply a mix of the functions of
movement and access and therefor accomplish neither well. The
predominate purpose of local streets is to provide good access, which
is accomplished by having numerous access points that cause
interferences with through traffic and result in seriously curtailed
movement.

FUNCTION

Movement

Access

FUNCTIONAL
CLASS

ARTERIAL

COLLECTOR

LOCAL

•

FIGURE 3-2: BASIC FUNCTIONAL CLASSES

Source: Adapted from References (I,2)

(Continued)
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FUNCTIONAL DESIGN (Continued)

Functional
Classes
(Continued)

The functional classes represent a continuum of facilities that range
from unrestricted access (no through traffic) to complete access control
(no local traffic). As illustrated in Figure 3-3, each functional class can
be divided into design classes. These design classes can, in turn, be
further divided into a number of typical cross-sectional designs.

•

FUNCTIONAL
CLASS

Arterial

Collector

Local

DESIGN
CLASS

Freeway

Major Arterial

Minor Arterial

Major Collector

Minor Collector

Local

•

Relationship
Between
Functional
Classes

Rev. 10-8-91

FIGURE 3-3: HIERARCHY OF ROADWAYS IN A
FUNCTIONALLY DESIGNED SYSTEM

Source: Reference (~)

Each class combines the functions of access and movement and
distributes or collects traffic for the adjacent class. As shown in Figure
3-4, facilities of a particular class should only interconnect with, or
have transitions between, facilities of the same or adjacent class.
Transitions connect locals to other locals or collectors only. Collectors
connect to both locals (the class adjacent below) and arterials (the
class adjacent above). Arterial facilities should connect only to
collectors. Under no circumstances should transitions be provided to
connect a local to any type of arterial facility.

(Continued)
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FUNCTIONAL DESIGN (Continued) •
Relationship
Between
Functional
Classes
(Continued)

Freeway

Major Arterial

Minor Arterial

Minor Collector

local

Termination/Parking
~

, T,onlillon. oppU.ODlo to all 10.lIillo•.
public and thlir privati ace••• 'QuiVIIWltl

~ Tranlltlonl applicabl. in r.id.ntla'
r;::::::!I aUbCfivllionl only

FIGURE 3-4: FUNCTIONAL HIERARCHY OF
INTERSECTIONS

Source: Reference (,1)

Two or more typical designs might be developed for each depending
upon the conditions commonly encountered by an agency. For
example, the intersection of a major arterial and a major collector
where the collector serves a residential development will experience
different traffic conditions than an intersection of the same major
arterial and a major collector servicing retail, office or industrial
development.

•

(Continued)
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Driveways Are
Intersections

Rev. 10-8-91

Consequently, there should be at least two different typical designs for
major arterial-major collector intersections. Moreover, there is an
increasing awareness that some major arterials are of urban regional
significance while other major arterials are of significance to a portion
of a large urban region. Thus, there should be at least five typical
major arterial-major arterial intersections, in order of decreasing
hierarchical importance these are: (1) 6-lane regional to 6-lane
regional, (2) 6-1ane regional to 6-lane sub-regional, (3) 6-lane regional
to 4-lane sub-regional, (4) 6-lane sub-regional to 4-lane sub-regional,
and (5) 4-lane sub-regional to 4-lane sub-regional.

The fact that driveways create intersections with the public street
system is recognized by AASHTO (l p. 841; 2. p. 888). While not
clearly stated, the recognition of transition as a separate trip stage
combined with the concept of functional classification (the degree to
which a given facility is to accommodate movement-access) implies the
following:

• There is a hierarchy in the provision of transitions between
facilities intended to accommodate different degrees of
access-v-movement.

• There is (or should be) a hierarchy in the design of
intersections.

As shown in Figure 3-4, transition from/to a facility of lower functional
design should be limited to a facility of the next higher design. That
is: a local street should intersect with a minor collector, or in some
cases a major collector in carefully designed residential subdivisions.
Majors only should intersect with an arterial and only major at-grade
arterials should interconnect with freeway type facilities. Private access
drives (the termination facilities) serving individual dwelling should
intersect with local streets and minor residential collectors only. This
concept of design is well recognized in the design of modern limited
access subdivisions and municipal ordinances commonly prohibit
private residential driveways and local streets from intersecting with
arterials. However, this principal is not as well recognized in the
provision of access between major streets and adjacent nonresidential
development.

(Continued)
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FUNCfIONAL DESIGN (Continued) •
Driveways Are
Intersections
(Continued)

While implied by functional design principles, there is very little
literature which addresses the hierarchy of inter&ections of public
streets and their private access or on-site circulation equivalents. A
suggested generalized hierarchy is shown in Table 3-1.

TABLE 3·1: GENERALIZED HIERARCHY OF
INTERSECTIONS

HIGH

Freeway Main Lanes - Ramp

Major Arterial - Freeway Ramp

Major Arterial - Major Arterial

Major Arterial - Minor Arterial

Major Arterial - Major Collector

Minor Arterial - Major Collector

Major Collector - Major Collector

Minor Collector - Local

Local - Residential Drive/Parking Place

LOW

Source: Reference (3.)

•
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Introduction

Design Vehicles
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Basic vehicle and driver characteristics which influence operational
controls include the following.

Opel'ltlonal Controls

• Design Vehicle Dlmenalons

• Vehicle Turning Path and SpHd

• Vehicle Deceleration Rate

• Vehicle Acceleration Rete

• Speed Dlfferentlel Between
Vehicle.

• Driver Perception-Reaction nme

The physical characteristics of vehicles and the proportion of different
sized vehicles in the traffic stream are important and positive controls
in the design of access management techniques. It is therefore
necessary to examine all vehicle types and establish a representative
sized vehicle that needs to be accommodated. Two general classes of
vehicles are typically used -- the passenger vehicle and trucks. In the
design of any access management teChniques, the largest design vehicle
likely to be encountered with considerable frequency must be taken
into account to determine the design of the critical elements.

Operational Controls

-lm...- Symbol

• Pe.senger Car P

• Single Unit Truck SU

• Single Unit Bus BUS

• Semltreller Combination
- Intermedlete WB-4O
- Large WB-SO
- Full Treller WB-6O

(Continued)
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SCALE IN FEET

FIGURE 3-6: TURNING PATH FOR SU DESIGN VEHICLES

Source: Reference (l), Figure 11-2, p. 25
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FIGURE 3-7: TURNING PATH FOR BUS DESIGN VEHICLES

Source: Reference (l), Figure 11-3, p. 26
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FIGURE 3-8: TURNING PATH FOR WB-50 DESIGN
VEHICLES

Source: Reference (l), Figure 11-6, p. 30
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SIGNALIZED INTERSECTION SPACING

Introduction
Signalized Intersection

Spacing

• Essential to Movement
Function

• Parameters
• Speed
• Cycle Length
• Signal Spacing
• Efficiency of Progression

•

Controlling
Parameters

Major arterials are intended to provide a high degree of mobility and
serve the longer trips. Since movement, not access, is their principal
function, access management is essential in order to preserve capacity
and safety. This principle was recognized in the 1984 edition of A
Policy on the Geometric Design of Highways and Streets (the
AASHTO Green Book). Further, the adoption of functional design,
in lieu of volume based design, represented a major change in the •
philosophy of planning and design of street and highway systems.

Many commercial lessees and businesses demand that the developer
obtain access commitments that include signals and direct assess
driveways as a specific part of a pre-lease agreement. The developer
then presses the public agencies for approval. The transportation
agency must be able to act by its standards and regulations in order to
provide a safe and efficient highway.

The variables involved in the planning design and operation of
signalized arterial streets are:

• speed
• cycle length
• signal spacing
• efficiency of progression

(Continued)
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Major arterials in developed urban areas experience very high travel
demand during the morning and after work peak periods. Hence,
capacity is always an issue once the property in the vicinity of the
major street becomes fully urbanized. It has long been recognized that
maximum flow rates are achieved when traffic is moving at a uniform
speed of about 35 mph (56 kph) to 40 mph (64 kph). It might also be
noted that fuel consumption and emissions are also minimum under
these conditions. During off-peak conditions a major arterial should
operate of speeds of between 45 and 55 mph (72 to 88 kph). Thus, a
signal timing plan must be able to provide efficient traffic flow at
different speeds. The signal timing plan must also be able to operate
efficiently within a range of cycle lengths. During off-peak conditions,
a cycle of about 60 seconds is commonly employed. Longer cycle
lengths are used during the high volume peak periods in order to
minimize the "lost time" which occurs each time the signal indication
is changed. This includes the delay between the beginning of the
green indication and when the first vehicle enters the intersection as
well as headways between successive vehicles as the queue begins to
move and before the minimum headway is achieved.

The only other variable is the efficiency of traffic progression
(progression band width divided by cycle length). The higher the
efficiency -- the higher the capacity. Moreover, at high efficiencies,
fewer vehicles are required to come to a stop. Deceleration noise is
reduced, thus vehicle emissions, fuel consumption and delay are
minimized. Since capacity will always be an issue on a major urban
arterial once urban development has occurred, the signal spacing must
be such that very high progression efficiencies can be obtained. New
Jersey, for example, specifies that a minimum acceptable through band
width of 50% on those facilities functionally classified as principal
arterials (1. p. 1068).

The optimum combinations of speed and cycle length for 1/2-mile
(0.805 km), 1/3 mile (0.536 km) and 1/4-mile (0.402 km) spacings
were determined by varying speeds from 15 mph (24 kph) to 60 mph
(97 kph) in 5 mph (8 kph) intervals. The PASSER 11-87 program
maximized the progression band width and provided the optimum cycle
length and phasing. The results of the numerous PASSER runs are
presented in Figure 3-9.

(Continued)
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SIGNALIZED INTERSECfION SPACING (Continued) •
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(Continued)
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FIGURE 3-9: OPTIMUM SIGNAL SPACING AS A

FUNCTION OF SPEED AND CYCLE LENGTH

Source: Reference (,.1), Figure 1

TABLE 3-2: OPTIMUM SIGNALIZED INTERSECTION
SPACINGS IN FEET NEEDED TO ACHIEVE EFFICIENT

TRAFFIC PROGRESSION AT VARIOUS SPEEDS AND CYCLE
LENGTHS

Speed (mph)
Cycle

25 I 30 I 35 I 40 I 45 I 50 I 55
Length
(sec) Distance in Feet

60 1.100 1.320 1.540 1.760 1.980 2.200 2.430

70 1,280 1,540 1.800 2.050 2.310 2.500 2.820

80 1.470 1.760 2.050 2.350 2,640 2,930 3,220

90 1,630 1,980 2,310 2,640 2,970 3,300 3.630

120 2,200 2,640 3.080 3,520 3,960 4,400 4,840

150* 2.750 3,300 3.850 4,400 4.950 5,500 6.050

* Represents maximum cycle length for actuated ligna' If all phases are fUlly used.
One-half mile (2,640 ft.) spacing applies where optimum apaclng exceeds one-half
mile.

•

(Continued)
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Progression at reasonable speeds can be achieved at short signal
spacings such as at 1/4 mile (0.402 kIn) only so long as the traffic
volumes are very low and short cycles (60 seconds or less) can be used.
Inspection of Figure 3-10 reveals that a 60 second cycle will result in
a progression speed of about 30 mph (48 kph).

However, as arterial and cross street traffic volumes increase, longer
cycle lengths must be used in order to increase capacity by minimizing
lost time. As a result, cycle lengths of 90 to 120 seconds are commonly
used on major urban arterials during peak periods in developed urban
areas. A 90 second cycle and a 1/4 mile (0.402 kIn) spacing the
progression speed is only 20 mph (32 kph), with a 120 second cycle it
drops to less than 15 mph (24 kph).

Experience has shown that high traffic volumes and capacity problems
will result on major arterials when the area is fully urbanized.
Therefore, the future cycle length must be considered in selecting a
signalized intersection spacing pattern which will provide efficient
progression at speeds which will yield maximum flow rates. As shown
by the shaded area in Figure 3-10, a 1/2 mile (0.805 km) spacing will
enable traffic flow at speeds of between 35 mph (56 kph) and 40 mph
(64 kph) with the use of cycles which are 90 seconds to slightly more
than 100 seconds. Figure 3-10 also illustrates that a 1/2-mile (0.805
km) spacing is needed to provide efficient progression at 30 mph (48
kph) with a 120 second cycle commonly used in developed urban areas
during peak hours. At slower speeds the increase in headway will
result in a serious reduction in flow rate.

A 1/2 mile (0.805 km) spacing also enables the implementation of
timing plans which will result in appropriate off-peak progression
speeds at cycle lengths which are appropriate for use with off-peak
traffic volumes. A 65 second cycle will provide progression at a speed
of 55 mph (88 kph) whereas an 80 second cycle provides progression
speed of 45 mph (72 kph).

(Continued)
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FIGURE 3-10: RELATIONSHIP BETWEEN
PROGRESSION SPEED, CYCLE LENGTH,

AND SIGNAL SPACING

Source: Adapted from Reference (~), Figure 4-13, p. 97 •

Cycles shorter than 65 seconds result in progression speeds which are
too fast whereas cycles longer than 80 seconds produce progression at
speeds which are too slow for off-peak arterial service.

For example, as shown in Figure 3-11, if a 6Q-second cycle length is
chosen for the off-peak period on an arterial with signalized
intersection spacing of 1/2 mile (0.805 kIn), the speed necessary to
provide progression is approximately 58 mph (93 kph). This speed is
unacceptable on an urban arterial. Thus, the cycle length must be
lengthened to provide for slower speeds. Also, if a speed of 50 mph
(80 kph) is desired, the appropriate cycle length is approximately 70
seconds.

(Continued)
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Source: Reference (J)

Major urban arterials will experience high traffic demand during peak
periods. Thus, it is suggested that a uniform signalized intersection
interval be selected to provide maximum potential capacity when the
area is fully developed. This involves the selection of a signal spacing
which will accommodate traffic speeds of at least 30 to 35 mph (48 to
56 kph) using the longest cycle length which may be anticipated.
When a shorter cycle length will produce an unacceptably high
progression speed given the selected long, uniform signal spacing
progression may be achieved by increasing the percentage of the cycle
devoted to the major ~oadway's green time. The corresponding
reduction in green for the intersecting minor street will increase the
delay to left turning and crossing traffic; right turning traffic will not
be materially affected with right-tum-on-red. For example, if the
uniform signal spacing is 1/2 mile (0.805 km) and a 60 second cycle is
to be used with a desired 50 mph (80 kph) speed, 50% of the cycle will
be devoted to the major arterial green and less than 50% to the minor
cross-street approach.
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Boundary

AASHTO specifically states that:. 'Driveways should not be situated
within the functional boundary of at-grade intersections. This
boundary would include the longitudinal limits of'auxiliary lanes." (l
p. 841,2. p. 888). While AASHTO does not present guidelines as to
the size of the functional area of an intersection, logic indicates that
it must be much larger than the physical area (see Figure 3-12).

Defined by Functional Area

FIGURE 3-12: BOUNDARY OF INTERSECTION

Source: Reference (6), Figure 4-16, p. 100

•

(Continued)
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Logic also suggests that the functional area should be comprised of the
maneuver distance plus any required storage length. The minimum
maneuver distance, assumes that the driver is in the proper lane and
only needs to move laterally into a right turn bay (as illustrated), or a
left turn bay.

As indicated in Figure 3-13, the physical length of a tum bay excludes
the distance traveled during the perception-reaction time. The
maneuver elements required to move laterally from a through lane to
a turn bay are illustrated in Figure 3-14. Parameters which must be
evaluated in the determination of maneuver distance include the
following:

d1: The perception-reaction time required by the driver. For
motorists who frequently use the street this may be as little as
one second or less. However, strangers may not be in the
proper lane to execute the desired maneuver and may require
several seconds.

d2: Braking while moving laterally is a more complex maneuver
than braking alone -- perhaps one-half the deceleration rate
utilized in d3• Lateral movement under urban conditions is
commonly assumed to be 4 feet per second (1.2 metres per
second) and 3 feet per second (0.9 metres per second) for rural
conditions. At low deceleration rates the driver will have
shifted laterally so that a following vehicle can pass without
encroaching on the adjacent lane before a 10 mph (16 kph)
speed differential occurs. At deceleration rates over about 4
fps2 (1.2 mps2) the speed differential will exceed 10 mph (16
kph) before the turning v~hicle "clears" the through traffic lane.

d3: Deceleration after moving laterally into the tum bay should be
at a rate which will be used by most drivers. Studies (1, 8.)
have found that most drivers (85%) will utilized a deceleration
rate of 6 fps2 (1.8 mps2) or more; only about 50% can be
expected to accept a rate of 9 fps2 (2.7 mps2) or greater.

d4: Length required to store all turning vehicles.

(Continued)
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The calculated distances are given in Table 3-3 are the sum of d2 and
d3 as defined in Figure 3-14. In calculating these deceleration
distances, full deceleration rates of 6 fps2 (1.8 mps2) and 9 fps2 (2.7
mps2) were used. As shown in Figure 3-15, a 6 fps2 (1.8 mps2)
deceleration is accepted by 85% of drivers. This value is used for the
"desirable condition" since it will be used , or exceeded, by most
drivers. Only 50% of drivers accept an acceleration of 9 fps2 (2.7
mps2) and is used as a "limiting" or upper limit for design.
Maneuvering from the through land to an exiting lane while
decelerating is a more demanding driving task decelerating only.
Therefore one-half of the average full deceleration rate is used in
calculating distance d2.

It is to be noted that the difference in the maneuver distance required
for peak and off-peak speeds will provide some storage. For example,
using the desirable values, an off-peak speed of 55 mph (90 kph), and
a 30 mph (50 kph) peak speed, a storage of about 450 feet (135
metres) is "built in". At 25 feet (7.7 metres) per vehicle, measured
front bumper-to-front bumper, a queue of about 18 cars can be
accommodated. This will generally be sufficient to provide the •
necessary right turn storage on arterial approaches at the intersections
with minor arterials and major collectors. At high volume
intersections, the functional limits are commonly controlled by peak-
period conditions since peak period maneuver distance plus storage is
longer than the maneuver distance plus storage needed in the off-peak.
Consequently, the functional boundaries will be greater than the
distances shown in Table 3-3 or developed from similar analyses.

(Continued)
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FUNCTIONAL INTERSECTION AREA (Continued).
Functional
Boundary
(Continued) r Physical Length
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FIGURE 3-13: ELEMENTS OF THE FUNCTIONAL AREA OF
AN INTERSECTION

Source: Reference (,l), Figure 6, p. 23
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•

d 1 = distonce traveled during perception-reaction time

d2 z, distance traveled while driver decelerates and maneuvers laterally

d3 = distance traveled during full deceleration and coming to a stop
or to a lpeed at which the tum can be comfortobly e.ecuted

d4 = storoge length

FIGURE 3-14: DETERMINANTS OF THE INTERSECTION
MANEUVER DISTANCE

• Rev. 10-8-91

Source: Reference (,l), Figure 7, p. 24

(Continued)
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FUNCTIONAL INTERSECTION AREA (Continued) •Functional
Boundary
(Continued)

Table 3-3 presents maneuver distances and total distances (maneuver
plus PIEV distance) for the selected conditions indicated with the
table. These distances represent the minimum functional length of an
approach to an intersection as they exclude storage.

TABLE 3-3: CALCULATED UPSTREAM MANEUVER
DISTANCES

Minimum Maneuver Distallce(l) in Feet (Metres)

Desirable Conditions(2) llmiting Conditions(')

Speed
Deceleration(5) Total(O) Total(O)mph (lcpb)(') Deceleration

30 (SO) 22S (70) 325 (100) 170 (SO) 21.S (65)
35 (55) 295 (90) 425 (130) 220 (65) 270 (80)
40 (65) 375 (llS) 525 (160) 275 (85) 335 (700)
45 (70) 465 (140) 630 (190) 340 (lOS) 40S (ill)
SO (80) 565 (170) 750 (230) 410 (125) 480 (145)
55 (90) 675 (205) 875 (265) 48S (ISO) S65 (170)
60 (95) 785 (240) 1005 (305) S65 (170) 6S5 (200)

Source: Calculations by author.

(')

(2)

(')

(.)

(')

(0)

All values rounded to nearest 5 feel (5 metres).
2.S 5UOnd pen:eption-reaction time; 3.5 tpsl (1.1 mpr) average deceleration while
moviD& latera1ly into turD bay and an average 6 tps1 (1.8 mps1) deceleration
thereafter; 10 mph (16 kpb) speed differential.
1.0 second pen:ep!ion-reae!ion time; 4.5 tpsl (1.4 nsps1) deceleration while moving·
latera1ly into turD bay and an average 9.0 fpsl (2.7 mpsl) deceleration thereafter; 10
mpb (16Icpb) speed differential.
Nearesl 5 kpb for design.
Distance to decelerate from speed to a StOp while maneuvering lalerally inlO a left
or right-tul'll bay.
Deceleration distance plus distance traveled in perception-reaction time. •

Source: Adapted from Reference (~), Table 3, p. 35
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FIGURE 3-15: OBSERVED DECELERATION RATES

Source: Adapted from References (8., 2)

(Continued)
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FUNCfIONAL INTERSECTION AREA (Continued)

Rear End
Accidents

As shown in Figure 3-16, the chance of being involved in an accident
is minimal when successive vehicles are traveling at the same speed.
Whereas about 65% of the cars involved in rear-end accidents were
traveling at a difference in speed of over 10 mph (16 kph), only
approximately 35% of the other cars (not involved in rear-end
accidents) were traveling at speeds which differed by more than 10
mph (16 kph).

•
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Speed difference (mph)

FIGURE 3-16: INCIDENCE OF REAR-END ACCIDENTS AS A
FUNCTION OF SPEED DIFFERENTIAL

Source: Reference (l.Q)

(Continued)
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FUNCTIONAL INTERSECTION AREA (Continued) •
Accident Rates Figure 3-17 clearly shows that the accident involvement rate increases

substantially when a vehicle travels much faster or slower than the
average speed of traffic.
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Relative
Accident
Rates
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The relative rates in Table 3-4 may be expected to be much more
transferable. In this form, the data indicates that a vehicle traveling
on an at-grade arterial at a speed 35 mph (56 kph) slower than the
speed of the normal traffic stream-Is 180 times (20,000/110) more
likely to be involved in an accident than a vehicle traveling at the same
speed as the other vehicles in the traffic stream. A vehicle traveling
15 mph (24 kph) slower than the traffic stream has 90 times
(20,000/220) the chance of being involved in an accident as a vehicle
traveling 10 mph (16 kph) slower. While the relative ranges may be
in considerable error for any specific section of street of freeway, they
clearly show the increased accident potential. Thus, designs which
produce small speed differentials of less than 10 or 15 mph (16 to 24
kph) should be major criteria for the functional design of arterials.

TABLE 3-4: RELATIVE ACCIDENT-INVOLVEMENT RATES

Speed Differential (mph)
Facility I I I I0 ·10 ·20 -30 ·35

At·Grade Arterials:

Accident Rate 110 220 720 5,000 20,000

Ratio, Q-mph 1 2 6.5 45 180
differential

1Q-mph differential 1 3.3 23 90

Freeways:

Accident Rate 30 100 600 2,000

Ratio, Q-mph 1 3.3 20 67
differential

1Q-mph differential 1 6 20

Source: Reference (~), Table 4-5, p. 106

(Continued)
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FUNCTIONAL INTERSECTION AREA (Continued) •
Speed
Entering
Driveway

The speed of a vehicle making a turn at an intersection is very slow
from all reasonable combinations of throat width and curb return radii
as illustrated in Figure 3-18. The forward speeds of the vehicle (as
measured by fifth wheel) are between 6 and 13 mph (10 and 21 kph);
however, the speed vector parallel to the through traffic lanes is only
1.5 to 2.5 mph (2.4 to 4.0 kph).

60
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u

~..
too Speed at aU the other driveways

~ were within the.e boundarle.
Cl ZO iDcludina the followlna d••ians:
w !i 30
E ° !:l

.-30' R-O'
oC .-~' R-5'

~ .. 0 .-35' R-5'oC
I .. .-20' R-IO'

*' A-
.-30' R-IO'oC •I .. .-25' R-20'

~ • .-35' R-20' •"0 .!! .-ZO' R-30'
~ 20 E

~

~" 1.0 Foot - 0.3048 Y.ter
~ 10 mph - 18 kph .
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! 10
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DI.tance Up.tream from Drive
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o 1 2 3 4 5 e 1 It Sl

Approximate Time (.econd.) Up.tream from Drive

FIGURE 3-18: SPEED PROFILE OF DRIVEWAY TRAFFIC

Source: Reference (6), Figure 5·29, p. 150

(Continued)

3·30 Rev. 10-8-91 •



•
CHAPTER 3 • ACCESS DESIGN PRINCIPLES

FUNCTIONAL IJIIlIERSECTION AREA (Continued)

•

•

Speed
Differential

Taper

Design
Implications

Rev. 10-8-91

A speed differential of 10 mph (16 kph) or more occurs at least 250
feet (76.2 metres) and at least 9 seconds upstream from the driveway
for off-peak arterial street speeds of 40 to 45 mph (64 to 72 kph).

The fact that excessive speed differentials are created a considerable
distance upstream from the point at which the driveway maneuver is
made probably. results in an under-reporting of driveway related
accidents on accident reports. It also shows that tum lanes are needed
in order to achieve acceptable speed differentials between driveway
traffic and through vehicles on arterial streets.

Use of taper on the upstream side of the driveway does not
significantly influence the speed of the vehicle making the driveway
maneuver. However, the taper results in a reduction in exposure time
(the time which the turning vehicle is blocking the through traffic
lane).

Accident expectancy is known to increase exponentially as the
difference in speed between vehicles in a traffic stream increases.
Moreover, all reasonable combinations of driveway curb return radii
and throat width have been found to produce a speed differential
which is essentially equal to the speed of traffic in the through lanes.
Thus, it must be concluded that auxiliary left turn and right turn lanes
(bays) are needed at all intersections on major roadways.
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Stopping Sight
Distance

Stopping Distance

The stopping sight distance considered safe under various assumptions
of physical conditions and driver behavior is directly related to vehicle
speeds and to the resulting distances traveled during perception and
reaction time and braking.

For stopping sight distance, AASHTO assumes a 2.5 second
perception-reaction time (l, p. 119) and an average coefficient of
friction which varies with speed. The equation used by AASHTO for
the stopping distance is:

y 2
d = 1.47Yt+

30/

Where:
d = stopping distance in feet;
V = the approach sped in miles per hour;
t = the perception-reaction time; and,
f = the coefficient of friction between tires and pavement.

The selection of design values for the coefficient of friction are based
on wet surface skid tests and represent the lower levels of coefficients
of friction that may be expected to be physically available -- not
necessarily values which the vehicle operator will encounter.

The design values imply that deceleration rates of about 9.7 fps2 to
about 12.9 fps2 will be utilized by most drivers. Objects will slide off
the seat at 11 fps2. While data is limited on deceleration rates which
vehicle operators are willing to use under different conditions,
generally acceptable rates would seem to be less than 9 fps2.

Experience suggests that deceleration rates greater than 6 to 7 fps2 are
objectionable to many individuals.

Table 3-5 gives the AASHTO stopping sight distances.

(Continued)

•
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Stopping Distance
(Continued)

Truck
Requirements
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TABLE 3-5: MINIMUM STOPPING SIGHT DISTANCES

Design Assumed Rounded Implied Average
Speed Coefficient For Design Deceleration Rate
(mph) Of Friction (feet) (fps~

15 0.40 75 12.9

20 0.40 125 12.9

25 0.38 150 12.2

30 0.35 200 11.3

35 0.34 250 10.9

40 0.32 325 10.3
45 0.31 400 9.9

50 0.30 475 9.7

55 0.30 550 9.7

60 0.29 650 9.3

65 0.29 725 9.3

70 0.28 850 9.0

Source: Adapted from Reference (1), Table III-I, page 120

The AASHTO minimum stopping sight distances directly reflect
passenger car operation. Trucks, especially the larger and heavier
units, require longer stopping distances and longer sight distances than
passenger vehicles do. However, the truck operator is usually able to
see roadway features and other vehicles at longer distances because of
a higher eye height.

(Continued)
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STOPPING SIGHT DISTANCE (Continued) •
Adjustments
For Grades

On down-grades, the sight distance must be increased to account for
the increased stopping distance due to the effect of gravity.
Adjustments are given in Table 3-6. On up-grades, the stopping
distance is shortened and the sight distance may be reduced slightly.

It should be observed that the adjustments for up-grades are negligible
for operating speeds of less than 60 mph. Therefore, reductions in
stopping distance are not made in urban design. This practice
compensates to some extent for the high deceleration rates assumed
by AASHTO.

TABLE 3-6: EFFECT OF GRADE ON STOPPING SIGHT
DISTANCE

Increase for Downgrades Assumed Decrease for Upgrades
Design Correction in Stopping Speed for Correction in Stopping
Speed Distance (tt) Condition Distance (tt)
(mph)

I I
(mph) I 6% I3% 6% 9% 3% 9%

30 10 20 30 28 - 10 20

40 20 40 70 36 10 20 30

50 30 70 - 44 20 30 -
60 50 110 - 52 30 50 -
65 60 130 - 55 30 60 -
70 70 160 - 58 40 70 -

Source: Reference (1.), Table 111-2, p. 125

•
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INTERSECTION SIGHT DISTANCE

Introduction

Intersection Sight Distance

The operator of a vehicle on a major roadway approaching an at-grade
intersection with another roadway (including driveways) should have
an unobstructed view of the entire intersection and sufficient distance
to the intersecting highway to permit control of the vehicle to avoid
collisions.

The driver of a vehicle on a minor roadway at the intersection with a
major roadway must be able to see an on-coming vehicle in sufficient
time to safely execute the maneuver to enter, or cross the major
roadway. Ideally, the driver should have an unobstructed view of the
pavement surface within the required intersection sight distance. As
a minimum, the driver should be able to see the headlights of an on
coming vehicle on the major roadway. Thus, a common practice is to
assume a 2.0 foot height. This will provide a moving "target" of such
a size that a driver attempting to enter, or cross, the major roadway
can evaluate if the gap is of sufficient size to safely make the intended
maneuver.

•

Sight
Triangle

Rev. 10-8-91

Unobstructed sight distance must be provided on all approaches at an
intersection. Any object within the sight triangle high enough above
the elevation of the adjacent roadway to constitute a sight obstruction
should be removed or lowered. Such objects include: buildings, signs,
cut slopes, hedges, trees, bushes, and tall crops. This also requires the
elimination of parking within the sight triangle.

After a vehicle has stopped at an intersection, the driver must have
sufficient sight distance to make a safe departure through the
intersection area. The intersection design should provide adequate
sight distance for any of the various vehicular maneuvers required
upon departure from the stopped position.

(Continued)
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INTERSECfION SIGHT DISTANCE (Continued) •
Types Of
Control

The required sight distance is different for each of the four types of
controls that apply to at-grade intersections. These four conditions
are:

1. No Control - When there is no traffic control device
at an intersection, desirable practice is to provide
sufficient sight distance so that a driver may observe
a vehicle on another approach in time to bring his or
her vehicle to a stop before entering the intersection.

2. YIELD Control - When vehicles on the minor
intersecting roadway must yield to vehicles on the
major intersecting roadway the sight distance criteria
for no control should be provided.

3. STOP Control - (1) Two-way where traffic on the
minor roadway must stop prior to entering the major
roadway and (2) Four-way where traffic on all four
approaches to the intersection must stop. The driver
of the stopped vehicle must have sufficient sight
distance for a safety departure from the stopped
position.

4. Signal Control - Sight distances at signal controlled
intersections should be the same as that provided for
stop control. The reasons for providing such sight
distances include: (1) violations of the signal, (2)
right turn on red, (3) signal malfunction, and (4)
flashing red-yellow mode.

(Continued)
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For Controlled
Intersections
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When there is no control at the intersection, both drivers must have
adequate sight distance to permit them to see a vehicle approaching
on the cross roadway and bring their vehicle to a stop. The
dimensions associated with no control are illustrated in Figure 3-19.
The distances da and db are the stopping distances. Again, it should be
realized that the AASHTO design criteria reflect the coefficients of
friction that encompass the pavement surfaces and likely field
conditions that might be encountered. They are not based upon
deceleration rates (and hence utilized coefficients of friction) which
drivers find acceptable.

SIGHT TRIANGLE

,/

",/
,/

/' tl
,/

,/

FIGURE 3-19: MINIMUM SIGHT TRIANGLE AT
INTERSECTION FOR NO CONTROL

Source: Reference (I), Figure IX-32, p. 741

A basic requirement for all controlled intersections is that drivers must
be able to see the control device far enough in advance to perform the
action it indicates. When the traffic control device cannot be seen
soon enough, advance warning signs are needed.

(Continued)

3-37



CHAPTER 3 - ACCESS DESIGN PRINCIPLES

INTERSECfION SIGHT DISTANCE (Continued) •
YIELD Control

STOP Control

Posting a YIELD sign requires the driver on that approach to reduce
speed and be prepared to stop if a vehicle is approaching from the left
or right. Reference is made to Figure 3-19 for No 'Control.

The required line of sight is established by the stopping distance for
the vehicle on the YIELD approach and the distance traveled, at the
design speed, by a vehicle on the through street. A reduced approach
speed of 15 mph is commonly used for the YIELD approach for urban
conditions and 20 to 25 mph for rural conditions.

Where traffic on the minor road of an intersection is controlled by
STOP signs, the driver of the vehicle on the minor road must have
sufficient sight distance for a safe departure from the stopped position.
The three basic maneuvers which can occur at a typical intersections
are as follows:

Intersection Sight Distance Cases

• Case A • Crossing

• Case B • Left Turn

• Case C • Right Turn

For Case A, the vehicle must travel across the intersecting roadway by
clearing traffic approaching from both the left and the right of the
crossing vehicle. Case B requires a left turn onto the roadway by first
clearing traffic approaching from the left and then entering the through
lane without being overtaken by vehicles approaching from the right.
Case C involves a right turn onto the roadway without being overtaken
by vehicles approaching from the left.

•

The assumed conditions and AASHTO sight distances curves for the
crossing maneuver, Case A, are given in Figure 3-20. The conditions
for the left turn, Case B, are illustrated in Figure 3-21 and Figure 3-22;
the right turn, Case C, conditions are shown in Figure 3-23. The
AASHTO sight distance curves are reproduced in Figure 3-24.

(Continued)
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INTERSECfION SIGHT DISTANCE (Continued)

Source: Reference (1), Figure IX-39, p. 761
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FIGURE 3-21: AASHTO CONDITIONS FOR STOPPED
VEHICLE TURNING LEFT ONTO A TWO-LANE MAJOR

HIGHWAY

Source: Reference (l), Figure IX-36, p. 756
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INTERSECTION SIGHT DISTANCE (Continued) •
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a • OISTANCE TRAVELED BT VE"CLE B FROll([)O<Sl.
L • LENGTH OF VEHICLE

VG • VEHICLE GAP DISTANCE BEl wEEN VEHICLES A AND B
AT POINTS lElAND lSi RESPECliVELT.

'" ; P~I".3·YC-l

Sd = O-n
,., ; P-I".3

vG • SPEED or VEHICLE B AT PO..T (S) '''PHI X 2 SEC. X 1.4T.

Right Turn
Maneuver

FIGURE 3-23: AASHTO CONDITIONS FOR STOPPED
VEHICLE TURNING RIGHT ONTO A MAJOR HIGHWAY

Source: Reference (D, Figure IX-38, p. 759

(Continued)
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FIGURE 3-24: DEPARTURE SIGHT APPROACHES
REQUIRED FOR LEFT AND RIGHT TURNS ONTO A MAJOR

ROADWAY FROM A TWO-WAY STOP

Source: Reference (l), Figure IX-40, p. 762

(Continued)
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1984 Conditions Sight distances for left turns and right turns are given for a 2-lane

roadway only.

A PIEV time of 2.0 seconds is stated as being adequate for left turns,
right turns, and crossing maneuvers. However, logic and experience
clearly indicate that the need for a driver making a left turn or crossing
maneuver to look left and right requires more time than only looking
left as required for the right tum maneuver.

Two sight distance curves are provided. One is for a left turning or
right turning vehicle to attain the traffic speed without being overtaken
by the approaching through vehicle and assumes no reduction in speed
by the through vehicle traveling at design speed. The other curve
assumes that the stopped vehicle makes the turn and accelerates to the
average running speed of the major roadway without being overtaken
by the approaching through vehicle and assumes a reduction in speed
to the average running speed by the through vehicle. This requires
that through traffic on the major roadway would need to decelerate in
order to avoid a collision with a vehicle entering the roadway. Fifty •
mph traffic would need to decelerate to 44 mph; 40 mph traffic would
need to slow to 36 mph.

For conditions other than 2-lane, undivided roadways, the required
sight distances must be calculated using the assumed vehicle-driver
characteristics and the geometry of the intersection. It should be noted
that the 1984 sight distance curves can not be reproduced using the
assumptions stated in the 1984 edition of the Green Book.

For divided highways with medians where the median is wider than the
length of the design vehicle plus front and rear clearance, use of the
1984 edition assumes that the maneuvers can be performed as two
operations. The stopped vehicle must first have adequate sight
distance to depart from a stopped position and cross traffic
approaching from the left. The crossing vehicle may then stop in the
median prior to performing the second operation. The second move
requires the necessary sight distance for vehicles to depart from the
median, to turn left into the cross road, and to accelerate without
being overtaken by vehicles approaching from the right.

(Continued)
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Left Turn
Maneuver

Comparison Of
Intersection
Sight Distances
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As in the 1984 edition of the Green Book, a PIEV time of 2.0 seconds
is stated as being adequate for left turn, right turn, and crossing
maneuvers. All the curves are for passenger cars.

Curve B-2b & Cb shown in Figure 3-24 assumes that the stopped
vehicle makes the tum and accelerates to 85% of the speed of traffic
on the major roadway. This requires that on-coming traffic on the
major roadway decrease speed by 15%.

Using the information that was provided, and making some reasonable
assumptions for the missing information, Fitzpatrick and Mason (ll)
reported that they could reproduce the curves within 8 percent of the
values shown by the curves in Figure 3-24.

The 1990 edition of the Green Book includes the following three
conditions which were not included in the 1984 edition.

Curve B-1 is the sight distance required for a passenger car to tum left
across a vehicle approaching from the left with no vehicle approaching
from the right.

Curve B-1-4 (4-lane + median) is the sight distance required for the
stopped passenger vehicle to turn left onto a 4-lane highway across a
vehicle approaching from the left.

Curve B-2b is the sight distance required for the stopped passenger
vehicle to make the left turn and accelerate to 85% of the speed of
traffic on the major roadway.

Table 3-7 compares the 1984 and 1990 AASHTO sight distances for
left and right turns with those calculated using a 2.0 second perception
reaction time for right turns and 3.5 seconds for left turns.
Acceleration rates were derived from the speed distance curves shown
in Figure 3-25.

(Continued)
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TABLE 3-7: COMPARISON OF SIGHT DISTANCES FOR
LEFT AND RIGHT TURNS BY P-VE"ICLE

1984 AASHTO 1990 Calculated(1)(2)

Design Left & Right Turns AASHTO No Speed Reduction

Speed
Zero I Running Left & Left I Right

(mph) Reduction Speed Right Turns Turn Turn

20 250 250 230 175 150
25 325 325 300 275 225
30 450 410 375 375 325
35 580 530 460 475 400
40 750 670 575 625 525
45 940 840 700 800 700
50 1,180 1,040 850 1,025 900
55 1,440 1,240 1,000 1,250 1,150
60 1,750 1,470 1,150 1,560 1,425

(1 ) 3.5 second perception-reaction time for left turn and 2.0 seconds for right turn. All
values rounded to 25 foot increment for design.

(2) Acceleration Rates: Speed Acceleration
(mph) (ft/S8C2)

20 5.7
30 4.9
40 4.3
50 3.6
60 3.1 •Source: Adapted from Reference (11), Chapter 4
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FIGURE 3-25: ACCELERATION OF PASSENGER CARS

Source: Reference (L), Figure IX-34, p. 749
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The intersection sight distances given in the 1984 edition of
AASHTO's Green Book are unrealistically long at speeds above about
40 mph. This is probably due to a use of very low (and outdated)
acceleration rates. However, it should be noted that the curves given
in the 1984 edition cannot be reproduced using the conditions stated
therein.

The intersection sight distances contained in the 1990 edition are
substantially less than those in the 1984 edition -- presumably due to
the use of more appropriate acceleration rates. However, the
assumption as to the use of the same perception-reaction time for both
left and right turns meets serious question.

The assumption that a turning vehicle attains a speed of 85% of the
traffic stream might also be questionable on high volume, high speed
urban arterials for the following two reasons. (1) Drivers in the
through traffic lanes will have limited opportunity to change lanes even
under moderate volumes. And (2) forcing vehicles in the through
traffic lanes to decelerate 15% will produce a speed differential "shock
wave" in the traffic lane.

Additionally, it is to be noted that the intersection sight distances given
in the 1990 edition cannot be duplicated using the assumptions given
in this edition of the Green Book. The calculated intersection sight
distances for left and right turns are based upon acceleration rates
which are believed to represent the current vehicle-driver capability.
These acceleration rates are also implied by the acceleration-distance
speed curves contained in the 1990 edition of the Green Book.
However, it is not known if they represent vehicle-driver performance
by nearly all drivers, about half the drivers, or only a few drivers.

Comparison and evaluation of the sight distances given in Table 3-7
suggests that the 1990 AASHTO values are inappropriately low for
major urban arterials -- and especially for the left turn maneuver.
These may be appropriate minimums for low volume facilities where
a "forced" deceleration in the through traffic lane does not create a
speed differential problem.

(Continued)
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(Continued)

The 2.0 second perception-reaction time assumed by AASHTO is
generally considered to be inadequate for the crossing maneuver.
Table 3-8 gives a comparison of the 1984 and 1990 AASHTO crossing
sight distances for a P-vehicle crossing a 2-lane roadway with
calculated distances for the conditions indicated in the footnotes to the
table.

Inspection of Table 3-8 indicates that sight distances in the 1984 and
1990 editions of the Green Book are slightly less than the 1984 values.
Comparison with the calculated distances, and evaluation of the
conditions used in calculating these distances, suggests that the 1990
AASHTO crossing sight distances are unrealistically low -- especially
for multi-lane roadways and for the higher speed and volumes
encountered on major urban arterials.

(Continued)
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TABLE 3-8: COMPARISON OF SIGHT DISTANCES
FOR A P-VEHICLE CROSSING

A lWO-LANE ROADWAY

Crossing Sight Distance (feet)

Calculated(1) (2)

Speed 1984 1990
(mph) AASHTO AASHTO 2-1ane(3)

20 200 195 250
25 250 240 300
30 300 290 375
35 350 340 425
40 400 390 475
45 450 440 550
50 500 480 600
55 550 525 675
60 BOO 570 725

•

Comparison Of
Crossing
Maneuver
Sight Distances
(Continued)

(1) 3.5 second perception-reaction time

acceleration rate: apeed
(mph)

~20

20-30
30-40
40-50
~

acceleration
(ft/sec2

)

5.7
4.9
4.3
3.6
3.1

• Rev. 10-8-91

(2) all distances rounded to 25 feet

(3) 30 ft back-of-curb to back-of-curb; 8.2 second crossing time

Conditions'

J ~l::;:-' "" ","""" ;, ""m'd

I W = 2-lone. 30 tt.

l I~
~P5'

Source: Adapted from Reference (11), Chapter 4

(Continued)
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Gap Acceptance
Criteria

Gap Acceptance
Design

It has been suggested that drivers have difficulty in evaluating
movement at distances greater than 800 feet or detail beyond 1,400
feet. This suggests that perception-reaction times should be increased
as speed increases -- especially on high speed, high volume urban
arterials. It also suggests that some speed differential will very likely
be introduced into the through traffic lanes by a turning vehicle
entering a high speed arterial.

A recent study by Fitzpatrick, Mason, and Harwood (11) proposed the
use of gap acceptance to determine stopping sight distance for
intersection design. A gap acceptance intersection sight distance
procedure is based on the gaps in traffic which a driver will safely
accept during actual intersection operations.

Generally speaking, intersections currently operate with slight distances
less than those calculated and for practical reasons design procedures
should reflect actual field operations. This can be accomplished by
explicitly considering gaps in the major traffic that are accepted by
minor road drivers. Gap acceptance involves the evaluation of
available gaps in opposing traffic streams and the decision to carry out
a specific maneuver within a particular gap. At a STOP controlled
intersection, drivers observe the gaps in the traffic streams and then
join or cross the major road traffic stream within the length of the
selected gap. Gap acceptance data is then used to determine the
required sight distance at an intersection.

Sight distance values for both left and right turning vehicles listed in
Table 3-9 were calculated based on design speed and gap acceptance
lengths of 7.0, 8.25, and 10.5 seconds for passenger cars and 8.5, 10.0,
and 15.0 seconds for trucks (11). These sight distances are the
distance traveled by approaching traffic traveling at the speed
indicated.

(Continued)
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TABLE 3-9: CALCULATED SIGHT DISTANCES REQUIRED
BY DRIVERS ACCEPTING GAPS OF A GIVEN SIZE

Passenger Car Sight Distances (tt) Truck Sight Distances (tt)

Gap Accepted (sec) Gap Accepted (Me)
Speed

7.0 I 8.25 I 10.5 8.5 I 10.0 I 15.0(mph)

20 206 243 309 250 294 441
25 257 303 386 312 368 551
30 309 364 463 375 441 662
35 360 424 540 437 515 712
40 412 485 617 500 588 882
45 463 546 695 562 662 992
50 515 606 n2 625 735 1,103
55 566 667 849 687 809 1,213
60 617 728 926 750 882 1,323
65 669 788 1,003 812 956 1,433
70 720 849 1,080 875 1,029 1,544

Source: Reference (U), Table 8

For passenger cars, a 7.0 second gap is supported by AASHTO Green
Book 1984 and 1990 edition discussions on local roads as well as
findings from the field study conducted by Fitzpatrick, Mason, and
Harwood (11). AASHTO states that a "minimum" of 7 seconds should
be available to the driver of a passenger vehicle crossing the through
lanes" on a local road or street and that the resulting "sight distance
should be sufficient to permit a vehicle on the minor leg of the
intersection to cross the travel way without requiring the approaching
through-traffic to slow down" (l).

Fifty percent of passenger car drivers were found to accept a gap of
less than 7.0 seconds for both left and right turns. A gap of 8.25
seconds was accepted by 85% of passenger car drivers turning right or
left at moderate to high volume intersections. A 10.5 second gap was
accepted by 85% of the drivers at an intersection where the accepted
gaps were influenced by low volume and the intersection's geometry
(11).

(Continued)
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Passenger Car
Deceleration

The field studies show that passenger car drivers will enter a roadway
by accepting a gap which is too short for them to. accelerate to the
speed of traffic before being overtaken by the on-coming vehicle(s).
Table 3-10 summarizes the deceleration rates used by drivers forced
to reduce speed by a driver entering the major roadway.

TABLE 3-10: AVERAGE DECELERATION RATES USED BY
DRIVERS FORCED TO REDUCE SPEED BY A VEHICLE

ENTERING THE TRAFFIC STREAM

Deceleration Speed
Rate Reduction

Major Road Vehicle (fpS2) (mph)
Reacting to

50
th J 85

th
5O'h J 85

th

Percentile Percentile Percentile Percentile

"'jD'

TrucklIIt..a r:t:J lIID- /-- (CJ 5.39 8-60 21.2 38.1

I 1(( P 3.85 5.51 12.3 16.2

."",.
o:::r-......

lIotet [C[l lJ::)- '. P 3.01 4.51 15.3 20.1

I Ii (

"o)or
DlIJ-··... - DlJJ DlIJ

.~. P 2.18 3.47 8.3 13.1

I I; (

Source: Adapted from (11)

(Continued)
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Table 3-11 compares the average intersection sight distances (ISD)
from\the field studies (11) with the 1990 AASHTO distances. This
indicates that drivers are willing to accept situations involving sight
distances which are from 19 to 31 percent less than those from curve
B-2b and Cb in the 1990 AASHTO Green Book.

The deceleration distance-time values assume a constant 3.85 fps2 over
the range of speeds.

TABLE 3-11: COMPARISON OF AVERAGE SIGHT
DISTANCES USED BY DRIVERS ENTERING A TRAFFIC

STREAM AND 1990 AASHTO DISTANCES

ISO(/) lll90
Speed Reduced Acceleration Deceleration Field AASHTO

Speed Reduc- Speed Resu~s ISO Percent
Vs tion Vrs T,mel c.stance DIstance ITime FPC B-2b&Cb DtIIer-

(mph) (mph) (mph) t, P 0.,. t.,. (Il) (Il) .nee
(Me) (II) (III (leCl

20 5 15 3.87 58 48 1.81 166 2.c 31

25 5 20 6.01 112 113 1.81 225 300 25

30 5 25 8.05 178 77 1.81 298 370 18

35 10 25 8.05 178 188 3.82 3-48 470 lie

.c 11 28 8.69 244 213 4.20 430 570 24

45 11 34 11.73 338 244 4.20 531 710 2!5

50 13 37 12.95 403 317 4.86 624 850 27

55 14 4' 14.58 486 377 5.34 736 lI80 25

60 16 44 .. .. 1,150

65 16 48 .. .. 1,350

70 20 50 .. .. 1,550

(I) Intersection Sight Diltance PSO) and
Field study P_nger Car (FPC)

Source: Reference (11), Table 9

About fifty percent of left ahd right turning 5-axle trucks at a high
volume intersection accepted a gap of 8.5 seconds. A 10 second gap
was accepted by 85% of 5-axle truck drivers at high volume locations.
A 15 second gap was accepted by 85% of 5-axle truck drivers at low
volume intersection (11).

(Continued)
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Of Truck
Results

At high speeds, truck characteristics used to calculate sight distance
resulted in values greater than those at which drivers can normally
detect motion. The 1990 AASHTO Constant Speed procedure
produces a sight distance of 3,200 feet for a 50 mph major road design
speed; the Reduced Speed procedure (through traffic is forced to
reduce speed by 15%) resulted in a sight distance of 2,500 feet for the
same design speed (ll). Operation experience at intersections
indicates that sight distances of such magnitude are rarely necessary for
safe and efficient operation.

Truck results from the field observations (11) presented in Table 3-12
were between 55 and 73 percent less than the values using the Green
Book truck characteristics. Comparison of Tables 3-9 and 3-12 shows
that the field sight distance results were close to the values required by
a driver accepting a 10.0 second gap for speeds less than 55 mph and
were greater than the stopping sight distance values. The 15.0 second
gap procedures produces significantly longer sight distances than the
results from the field observations.

TABLE 3-12: COMPARISON OF AASHTO SIGHT
DISTANCES AND FIELD STUDIES FOR TRUCKS

11190
Speed Reduced Acceleration Deceleration

ISO(/) MSHTO
Speed Redue· Speed Field ISO Percent

V. ticn V", T,mel Dill.nee Dill.nee ITime Reauna B-2b&Cb Differ·
(mph) (mph) (mph) lr P 0dtc 'dtc (It) (It) .nee

(see) (It) (It) (see)

20 5 15 10.61 125 35 1.36 299 670 55

25 10 15 10.61 125 80 2.72 ~3 llO3 82

30 10 20 1•.•1 223 100 2.72 .57 1,179 81

35 15 20 1•.•1 223 185 4.09 512 1,213 M

040 15 25 18.21 ~9 185 4.09 tI50I 1,~9 !l8

45 20 25 18.21 ~9 280 5••5 718 1,1171 ..
~ 25 25 18.21 ~II 376 8.81 7112 2,518 III
55 30 25 18.21 ~II 481 8.17 en 3,232 73

60 35 25 18.21 ~II ll86 II.~ 1171 ..
85 35 30 22.01 ~ lIIl6 II.~ 1,1.1 ..
70 040 30 22.01 ~ 801 10.110 1,248 ..

(1) Inlerwelion Sight Distance PSO)

•

Source: Reference (11), Table 10

(Continued)
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Skewed intersections and negative grades require that sight distances
be increased. The actual sight distance must be calculated given the
geometry of the individual intersection.

Where left turns are permitted from the major roadway, sight distance
must be sufficient to allow the driver of the left turning vehicle to
judge whether or not a gap in the opposing traffic stream is sufficient
to safely make the turn.

The required sight distances for the P-vehicle to complete a left turn
from a major roadway are given in Table 3-13.

TABLE 3-13: MINIMUM SIGHT DISTANCE
FOR PASSENGER CAR TO TURN LEFT FROM
A MAJOR ROADWAY TO AN INTERSECTING

MINOR STREET OR ACCESS DRIVE

Operating Safe Sight Distance (feet)
Speed

2-lane I 4-lane I 6-lane(mph)

20 240 260 280

30 360 390 420

40 470 520 560

60 590 650 700

- - - - - - - - - - - - - -

....•••••.••• }>.····.·r:[3!JI) : ~>

-fil- - - - -- - - - - - -

~Silht rdistance

Source: Reference (l1.)

(Continued)
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Design
Issues

Issues which must be resolved in the design of access include the
following:

Intersection Sight Distance Issues

• PIEV Time Required for Left & Right Turns

• Speed Reduction Required by Through Traffic

• Gap Acceptance by Driver Entering Roadway

• Trucks

• Ability to Evaluate Traffic at a Distance

•
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• UNSIGNALIZED ACCESS SPACING

Marginal
Access

• MargllUll

• Medial

Various conditions may be considered in the determination of
unsignalized access. These include the conflict overlap and
maximization of egress capacity in addition to stopping sight distance,
intersection sight distance, and the maneuver distance previously
covered in this chapter.

•

• Rev. 10-8-91

Considerations Of Unsignalized
Access Spacing

• Stopping Sight DI.tance

• Inter.ectlon Sight DI.tance

• Maneuver DI.tance

• Right Turn Conflict Overlap

• Maximize Egre•• Capacity

Stopping sight distance must be maintained in all situations, including
driveways, so as to allow a driver in the through lane to bring a vehicle
to a safe stop in the event a vehicle enters the through lane from an
access drive. Intersection sight distance allows a vehicle to enter the
roadway without requiring undue deceleration of vehicles in the
through traffic lanes. Intersection sight distances which require no
reduction in speed or a reduction of no more than 10 mph, are
substantial and may constitute the most severe limitation on minimum
access spacing.

(Continued)
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Right Turn
Conflict
Overlap

Minimizing the number of access points which the driver must monitor
simplifies the driving task. A single conflict between a through vehicle
and an egress vehicle is created where the driver of the through vehicle
must be alert for a right-turning vehicle entering the roadway from one
driveway at a time as illustrated in Figure 3-26-A Through vehicles
must decelerate to avoid a collision if a vehicle enters the roadway
from a driveway. As illustrated in Figure 3-26-B, the driver must
monitor two access locations at a time while performing the other
driving tasks.

Driveway 12 Driveway 11

----o:IJ

•

l

+
A

A. SINGLE RIGHT TURN CONFLICT

B

~-~::--_--~~~-----)-- ---- - - - - -c:II:::I]

on...ay '3 Driveway '2 Driveway "

B. DOUBLE RIGHT TURN CONFUCT

FIGURE 3-26: SCHEMATIC ILLUSTRATION OF THE RIGHT
TURN CONFLICT OVERLAP

(Continued)
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Minimum distances required to avoid the conflict overlap are given in
Table 3-14. As noted in the footnotes, a speed differential
substantially in excess of 10 mph will be created. Thus the conflict
overlap criteria results in considerably shorter distances than the
criteria of a 10 mph speed differential between a turning vehicle and
through traffic.

TABLE 3-14:· MINIMUM DISTANCE TO REDUCE COLLISION
POTENTIAL DUE TO RIGHT TURN CONFLICT OVERLAP

Minimum Spacing (feeW
Stover and Koepke

Glennon(center-to-center of drive)b
Speed

Preferable' I Limitingd
(center-to-center

(mph) Glennon (lZ)e assuming 30' drive)'
30 185 100 125 155
35 245 160 150 180
40 300 210 185 215
45 350 300 230 260
a) Spacing allows drivers in the through traffic stream to consider one access drive

at a time. It requires that a through vehicle decelerate in order to avoid a
collision when a vehicle enters the through traffic lane.

b) Measured center-to-center of access drives.
c) A vehicle entering the traffic stream from a driveway completes the 9O-degree

right turn and accelerates from a stop at 2.0 fps2. The vehicle in the outside
through traffic lane does not change and decelerates at 6.0 fps2 after a 2.0
second perception-reaction time. No clearance is provided between the
through vehicle and the vehicle entering from the driveway. The implied speed
differentials between the driveway vehicle and the through traffic stream are:

Arterial speed (mph) 30 35 40 45
Speed differential (mph) 20 24 28 32

d) The driveway vehicle Completes the 9O-degree right turn and accelerates at an
average of 3.1 fps2. The through vehicle decelerates at an average of 6.0 fps2
after a one second perception-reaction time. No clearance is provided between
the vehicles. The implied speed differentials are:

Arterial speed (mph) 30 35 40 45
Speed differential (mph) 14 19 24 29

The lower speed differentials for the "limiting" case result from the higher
assumed acceleration rate of the driveway vehicle.

e) Measured near curb to near curb. Assumes: 8.5 fpS2 deceleration by the
through vehicle; driveway vehicle accelerates at an average of 2.1 fps2 to a 30
mph speed and an average of 1.7 fps2 for all higher speeds. Perception
reaction time is not specified but is presumable about 1 second.

f) Adjusted to reflect distance center-to-center of driveways assuming a 30 foot
driveway width.

Source: Reference (6), p. 109

(Continued)
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UNSIGNALIZED ACCESS SPACING (Continued) •
Right Turn
Conflict
Overlap
(Continued)

Egress
Capacity

The difference in the acceleration and deceleration conditions assumed
by the two authors should be noted when comparing the different
distar:tces. It should be noted that subsequent to this work by the two
authors 6.0 fps2 was found to be acceptable to about 85% of drivers
whereas 8.5 fps2 is acceptable to slightly more than 50% of drivers (see
Figure 3-15). It should also be noted that one author (Glennon) used
near curb-to-near curb for defining spacing whereas the other (Stover)
used center-to-center of the access drives. The adjustment to
Glennon's values, assigning a typical driveway width of 30 feet
facilitates a comparison of the spacing values.

If the right-turn conflict is to be limited to one driveway at a time and
the speed of traffic on the through traffic lanes is not required to
reduce speed more than some accepted amount (such as a speed
reduction of 0 mph, 10 mph, or 15% below design speed), the
minimum driveway spacing is the intersection sight distance. Thus, it
should be realized that the minimum spacings in Table 3-14 represent
a condition in which the access spacing has a significant impact on the
through traffic. The potential magnitude of this impact is suggested by
the speed differential that may be precipitated in the traffic stream.

The distances given in Table 3-14 can be used to determine minimum
spacings requiring the driver to monitor multiple driveways by simply
dividing the distance by the number of drives to be monitored
simultaneously. For example, using 350 feet for 45 mph, a separation
of 175 feet will require drivers in the through traffic to monitor two
driveways simultaneously.

Major and Buckley (18) reported that driveways spaced at distances
greater than 1.5 times the distance required to accelerate from zero to
the speed of through traffic will reduce delay to vehicles entering the
traffic stream and will improve the traffic absorption characteristics of
the traffic stream. Spacings based on acceleration distances for
passenger cars on level grades are given in Table 3-15.

(Continued)
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UNSIGNALIZED ACCESS SPACING (Continued)

TABLE 3-15: MINIMUM ACCESS SPACING TO PROVIDE
MAXIMUM EGRESS CAPACITY

Egress
Capacity
(Continued)

Speed (mph)

20
25
30
35
40
45
50
55
60

Spacing (feet) (1)

120
190
320
450
620
860

1,125
1,500
1,875

•

•

Comparison
Of Spacing
For Different
Criteria

Rev. 10-8·91

(1) 1.5 times the distance required for a passenger car on level terrain
to accelerate from zero to through traffic speed based on
acceleration information from NCHRP Report 270 as contained in
the 1990 AASHTO Green Book, Reference W. Figure 1X·34, p. 749.

A desirable peak period speeds (about 35 mph), the minimum spacing
is 450 feet. This suggests that more than five right-tum in and right
tum out driveways between signals at 1/2-mile spacings will result in
a reduction in the number of vehicles that can enter the through
roadway from adjacent properties and will actually be detrimental to
the businesses located on the arterial.

The minimum unsignalized access spacing according to the various
criteria are compared in Table 3-16. Inspection of this table reveals
the following:

(1) The safe stopping sight distance results in approximately the
same distances as the criteria of a speed differential of 20 mph
or less between a turning vehicle and through traffic.

(2) Driveway spacings which will maximize the capacity for vehicles
to enter a traffic stream from a driveway are much longer than
that for a 10 mph speed differential for speeds over 30 mph.

Additionally they are (criteria 4) very similar to the spacings required
to eliminate the right-tum overlap conflict if the through traffic is
required to reduce speed by 15% (criteria 3c).

(Continued)
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UNSIGNALIZED ACCESS SPACING (Continued) •
Comparison
Of Spacing
For Different
Criteria
(Continued)

TABLE 3-16: COMPARISON OF UNSIGNALIZED ACCESS
SPACING IN FEET BY SPEED FOR VARIOUS CRITERIA

Posted Speed (mph)

Criteria ~1~1~1~1~1%lrol~l~

1. Safe StoPfing Sight
Distance(! 125 1ro 200 2ro 325 400 475 550 650

2. Turning Traffic To Leave
Through Lane With A
Speed Differential Of:

a) ~ 10 mph 490 590 700 8~ 950
b) ~ 15 mph 390 390 490 590 700 8~

c) ~~mph 3~ 320 3~ 390 490 590 700

3. Minimize Right Turn
Conflict Overlap

a) Stover(3) 100 1~ 210 300
b) Glennon(4) 1~ 180 215 ~
c) Reduce Speed by 15% 300 375 460 575 700 850 1,CXlO 1,1ro 1,2ro

4. Maximum Egress
Capacityl6) 1~ 190 3~ 4ro 6~ 860 1,125 1,500 1,875

(1) Table 3-5
(2) Table 3-3
(3) Table 3-14, Stover; center·to-center of driveways
(4) Table 3-14, Glennon; adjusted to center·to-center of driveways assuming ~ foot

driveway
(5) Assumes typical urban practice of design speed is 5 mph higher than ultimate

posted speed and, AASHTO curves B-2b and Cb condition that through traffic
must reduce speed from design speed to 85% of design speed.

(6) Table 3-15
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CHANNELIZATION

•

•

Introduction

Channelization
Principles
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Channelization is the separation or regulation of conflicting traffic
movements into definite paths of travel by means of islands or
pavement markings to facilitate the safe and orderly movement of both
vehicles and pedestrians. Proper channelization increases capacity,
improves safety, provides maximum convenience, and instills driver
confidence. Improper channelization has the opposite effect and may
be worse than none at all. Over-channelization should be avoided as
it can create confusion and worsen operations.

Design of channelization usually involves the following significant
controls: the type of design vehicles, the cross sections on the cross
streets, the volumes in relation to capacity that are expected through
the intersection, the number of pedestrians, the speed of vehicles, the
location of any required bus stops, the type of traffic control, and
location of traffic control devices. In addition, the physical controls
such as right-of-way and terrain have an effect on the extent of
channelization that is economically feasible.

The following principles should be followed in the design of
channelization. The extent to which they are applied will depend upon
features of the overall design.

1. Motorists should not be confronted with more than one
decision at a time.

2. Unnatural paths, such as reverse curvature, or a left
turn maneuver requiring an initial turn to the right,
should be considered only under special situations.

3. Areas of vehicle conflicts should be reduced as much
as possible. However, merging and weaving areas
should be as long as conditions permit. Channelization
should be used to keep vehicles within well-defined
paths that minimize the area of conflict.

4. Traffic streams that cross without merging and weaving
should intersect at or near right angles.

(Continued)
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CHANNELIZATION (Continued) •
Channelization
Principles
(Continued)

Islands

5. Angle of intersection between merging streams of
traffic should be small.

6. Points of crossing or conflict should be well separated
from other such points in the total plan.

7. Refuge areas for turning vehicles should be provided
clear of through traffic.

8. Prohibited turns should be blocked wherever possible.

9. Location of essential control devices should be
established as part of the design of a channelized
intersection.

10. Channelization may be desirable to separate the
various traffic movements where multiple-phase signals
are used.

An island is a defined area between traffic lanes for control of vehicle
movements or for pedestrian refuge. Within an intersection, a median
or an outer separation is considered an island.

Islands generally are either elongated or triangular in shape, and are
situated in areas normally unused as vehicle paths, the dimensions
depending upon the particular intersection layout. Islands should be
located and designed to offer little hazard to motor vehicles, be
relatively inexpensive to build and maintain, and occupy a minimum
of roadway space but yet be commanding enough that motorists will
not drive over them deliberately. Island details are dependent upon
particular conditions and should be designed to conform to the general
principles which follow.

Channelizing islands should be placed so that the proper course of
travel is immediately obvious, easy to follow, and of unquestionable
continuity. When designing an island, attention should be given the
fact that the driver's eye view is different from a plan view.

•
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CHANNELIZATION (Continued)
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Islands
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Particular care must be taken where the channelization on or beyond
a crest vertical curve, however slight, or where there is substantial
horizontal curvature on the approach to or through the channelized
area. Islands should allow for traffic streams in the same general
direction to converge at small angles and align crossing movements to
nearly right angles. The outline of islands should be gently flowing
curved lines or straight lines nearly parallel to the line of travel.
Where islands separate turning traffic from through traffic, the radii of
curbed portions should equal or exceed the minimum for the turning
speeds expected. Drivers should not be confronted suddenly with and
unusable area in the normal vehicle path. Islands first approached by
traffic should be indicated by a gradually widening marking or a
conspicuously roughened strip that directs traffic to one side in a path
easily traversed at the expected normal speeds.

Islands should be sufficiently large to command attention. The
smallest island that normally should be considered is one that has an
area of at least 75 square feet and preferably 100 square feet.
Accordingly, triangular islands should not be less than about 12 feet,
and preferably 15 feet, on the side after rounding of corners.
Elongated or divisional islands should be not less than 4 feet wide and
25 feet long, and preferably at least 10 feet wide and 75 feet long.

Islands should be highly visible at all times. Mountable curbs should
be used in all applications. Where drainage is not involved, curb 4
inches or less in height should be used.

The approach end of an island should be conspicuous to approaching
drivers and should be definitely clear of vehicle paths, physically and
visually, so that drivers will not veer from the island. A raised
delineator (nonrigid) may be desirable on the approach end,
particularly if the island is so narrow that it could be straddled by
vehicles. The offset from the travel lane to the approach nose should
be normally about 2 feet. For median islands, the face of curb at the
approach island nose should be offset at least 2 feet, and preferably 4
feet, from the normal (median) edge of pavement. The median island
should then be gradually widened to its full width. For other islands,
the total nose offset should be 4 to 6 feet from the normal edge of
through pavement, and 2 to 3 feet from the pavement edge of a
turning roadway.

(Continued)
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CHANNELIZATION (Continued) •
Islands
(Continued)

Where a shoulder is carried through the intersection, the island should
be placed at the outside of the shoulder. However, where speeds are
high and the island is preceded by a deceleration lime or a gradually
widening auxiliary pavement, it may be desirable to offset the nose of
large islands 2 to 4 feet outside the edge of the shoulder; In heavily
developed areas, an offset as small as 1 foot may be appropriate where
the approach nose of the island is offset and tapered, particularly
where pedestrian traffic is a factor.

•
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Introduction

Left Turn
Lanes

Impact Of
Left Turns On
Through Lane
Capacity
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Urban street capacity is controlled by the capacity at critical
intersections. The capacity, in turn, is a function of the conflicting lane
volumes. The capacity increase can be analyzed by either (1) using
constant approach volumes and calculating the critical volume or (2)
by using a constant critical volume and calculating the total volume
through the intersection. The first is more applicable to traffic impact
analysis whereas the second is more applicable to street design,
including redesign of existing facilities. The constant approach volume
method is illustrated below using an application of dual left tum lanes.
The constant critical volume approach is illustrated using right tum
lanes.

The approach volumes are held constant in the following three figures.
The critical volume with a single left turn lane on each of the four
approaches results in a critical volume of 1,000 vph as illustrated in
Figure 3-27-1.

The provision of dual left turns for the critical left turns reduces the
sum of critical volumes to 1,500 vph as shown in Figure 3-27-2. It
should also be noted that critical left turns are now the northbound
and eastbound movements, whereas the southbound and westbound
left turns were critical with single left turn lanes (Figure 3-27-1).

As shown in Figure 3-27-3, The provision of dual left turns on all four
approaches reduces the sum of critical volumes to 1,400 vph.

Inspection of the following figures shows that in order to accommodate
increased left turn volume, the capacity of the through lanes must be
reduces, (e.g. increase in the percentage of the cycle length devoted
to left turns can be achieved only by decreasing the percentage of the
cycle devoted to through traffic). Hence it is often necessary to
provide dual left turn lanes even when left turn volumes are relatively
moderate so that more time can be given to the green indication for
the through traffic lanes. Consequently, dual left tum lanes may be
desirable on the lower volume approaches simply so that an increased
percentage of the cycle can be devoted to the higher volume
approaches. Until volumes justify the use of both lanes on each
approach, the outside lane should be striped to indicate that it should
not be used.

(Continued)
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Tum bays are the only method of limiting the speed differential
between right turning vehicles and through traffic. Right tum bays also
have a significant effect on intersection capacity.

Figure 3-28-1 illustrates the capacity of a selected intersection without
right tum bays. The sum of critical volumes is 1,400 vph which
indicates that the intersection is at capacity. The total volume through
the intersection is 6,750 vph.

With right tum lanes on all approaches, the sum of critical volumes is
1,400 vph (the same as above). However, as shown in Figure 3-28-2,
the total volume through the intersection is 7,450 vph -- approximately
a 10% increase in capacity at the same level-of-service. As a general
rule, the provision of right tum lanes at an arterial intersection will
increase the intersection capacity by at least one percent for each one
percent of the intersection volume that consists of right turns. In as
much as capacity is (or will be) an issue at major intersections, right
turn bays should always be provided as part of original design for
capacity as well as safety considerations. On existing arterials, the
addition of right turn bays should be a high priority for the same
reasons.

(Continued)
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FIGURE 3-28-2: TOTAL INTERSECTION VOLUME WITH
RIGHT TURN LANES ON ALL APPROACHES

Source: Reference (ll.), Chapter 4
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ACCESS CONTROL BENEFITS

Introduction
Acce.s Control Benefits

• Improve Traffic Flow
- Increase Average Speed
- Decrease Vehicle·Houri of Delay
- Decrease Stopped Delay
• Decrease Fuel Consumption
• Decrease Vehicular Emillions

• Reduce Traffic Accidents

• Preserve Capacity

•

Effect On
Traffic Flow

The objective of access management is to improve traffic flow and
safety. The cost-effectiveness of access control as compared to
roadway widening or the construction of new facilities as a method of
receiving capacity and mobility is another measure.

As part of the Colorado Access Control Demonstration Project (li),
TRANSYT 7F was used to evaluate traffic flow for two different signal
spacings and unsignalized access conditions. One consisted of 1/2 mile
signalized intersection spacings with right turns only at the midpoint
between signals (at the 1/4 mile interval). The other was for 1/4 mile
signalized intersection spacings with all movements (left, right, and
crossing) permitted at 1/8 mile points between the signalized
intersections. The results are given in Table 3-17.

TABLE 3-17: SUMMARY OF SIGNAL
PROGRESSION RESULTS

•

Unrestricted Segment

Access Controlled Segment

% Change
Controlled-v-Uncontrolled

Travel Speed
(mph)

12.82

22.30

+74%

Total Travel
Veh·Hr/Hr

942.40

542.47

-42%

Total Delay
Veh.Hr/Hr

675.02

274.76

-59%

Source: Reference (li), p.31

(Continued)

3-72 Rev. 10-8-91 •



• CHAPTER 3 - ACCESS DESIGN PRINCIPLES

ACCESS CONTROL BENEFITS (Continued)

•

•

Effect On
Capacity
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The Colorado study also concluded that a 4-lane divided highway with
access control (1/2 mile spacing and right turns only at the 1/4 mile
locations) would have the same capacity as a 6-lane divided highway
with frequent access (1/4 mile spacing and full movement access at the
1/8 mile points). The cost of the 6-lane highway was estimated to be
34% higher.
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INTRODUCTION

•

Traffic
Conflicts CHAPTER 4

ACCESS MANAGEMENT
TECHNIQUES

Following adoption of a comprehensive policy, the next step in the
development of an access control program is the identification of
effective control measures which will enhance the safe and efficient
movement of traffic. These measures include all traffic operations
actions which serve to minimize the frequency and severity of traffic
conflicts associated with driveways.

A traffic conflict point occurs where the paths of two traffic
movements intersect. As illustrated in Figure 4-1, these maneuvers in
order of increasing severity of conflict are diverge, merge, weave, and
cross. In each case drivers of one or more vehicles may need to take
appropriate action in order to avoid a collision. Crossing conflicts are
the most serious because of the potential for high speed head-on, or
nearly head-on, and right-angle collisions. Hence, these conflict points
are often referred to as "major conflict points."

DIVERGIN~

=x:
WEAVING

....
CROSSING

• Rev. 1~-91

FIGURE 4-1: INTERSECTION VEHICULAR MANEUVERS
INVOLVING CONFLICT

(Continued)
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INTRODUCfION (Continued) •
Traffic
Conflicts
(Continued)

Diverge and merge conflict are potentially less severe and are often
referred to as "minor conflict points." Diverge conflicts occur when a
driver executes a left-tum or right-tum maneuver. this often requires
significant corrective action by drivers of following vehicles - especially
on high speed and/or high volume roadways. Merge conflicts occur
where a vehicle makes a left or right-tum and enters a through traffic
stream. The burden for avoiding a collision primarily rests with the
driver of the vehicle executing the tum maneuver. However, drivers
in the through traffic stream are often required to take action to avoid
a collision when the driver of the merging vehicle accepts a gap which
is too short to accelerate to the speed of through traffic before being
overtaken by on-coming vehicles.

In some cases, the conflict point covers a substantial area; as for
example, when a driver executes a left-tum from a through traffic lane
and a queue ofvehicles forms while the left-turning driver waits for an
acceptable gap in the opposing traffic stream. Defining the location
and minimizing the area of such conflicts will contribute to traffic
safety by reducing driver uncertainty.

The area and complexity of the crossing conflicting points are also
affected by the roadway cross-section. For example, on a 2-lane
roadway, each of the conflict points with the traffic stream approaching
from the left and the right is only one lane wide. With a 4-lane cross
section, each conflict points is 2 lanes wide.

An example of potential conflict points at a typical four-way
intersection is shown in Figure 4-2.

(Continued)
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INTRODUCTION (Continued)

Traffic
Conflicts
(Continued)

CONFLICT POINTS

• 8 Diverge

• 8 Merge
• 16 Cross

32 Totol

FIGURE 4-2: CONFLICT POINTS AT A TYPICAL FOUR-WAY
INTERSECTION

As shown in Figure 4-3, a 3-way intersection has 9 conflict points, of
which only 3 are crossing conflicts. Moreover, traffic on the "stem" of
the intersection "naturally yields" to other traffic. Three-way
intersections, therefore, experience fewer accidents than 4-way
intersections.

CONfLICT POINTS

• :3 Oiverge

• :3 Merge
• :3 Cross

9 TotOI

FIGURE 4-3: CONFLICT POINTS AT A TYPICAL THREE-WAY
INTERSECTION
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES

Introduction
CATEGORIES OF TREATMENT FOR

IMPROVING TRAFFIC FLOW '

A. Umlt Number of Conflict Points.

B. Separate Conflict Points.

C. Umlt Deceleration.

D. Remove Tuming vehicle, from Through
Lanes.

•

The several techniques of access management that might be considered
for implementation on existing roadways can be grouped into four
general categories. These are as follows:

A

Jlpe Qf Technique

Limit the number of points: These techniques directly
reduce the frequency of either basic conflicts or
encroachment conflicts, or reduce the area of conflict at
some or all driveways on the highway by limiting or
preventing certain kinds of maneuvers.

•
B Separate basic conflict areas: These techniques either

reduce the number of driveways or directly increase the
spacing between driveways or between driveways and
intersections. They indirectly reduce the frequency of
conflicts by separating turning vehicles at adjacent access
points and by increasing the decision-process time for
the through driver between successive conflicts with
driveway vehicles at successive driveways.

C Reduce deceleration requirements: These techniques
reduce the severity of conflicts by increasing driveway
turning speeds, by decreasing through highway speeds, or
by increasing driveway perception time.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

•

•

Introduction
(Continued)

Rev. 10-8-91

D Remove tumin2 vehicles from the throu2h lanes: These
techniques directly reduce both the frequency and
severity of conflicts by providing separate paths and
storage areas for turning vehicles.
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points

Introduction
CATEGORIES OF TREATMENT FOR

IMPROVING TRAFFIC FLOW

A. Umit Number of Conflict Polnta.

The number of conflict points at 4-way and 3-way intersections are
shown in Figure 4-2 and 4-3 respectively. Major conflict points are
defined as those where movement paths cross. Minor conflict points
occur where paths diverge on merge.

As shown in Figure 4-2, there are 16 major and 16 minor conflict
points at a 4-way intersection. Whereas there are only 3 major conflict
points at a 3-way intersection. This, plus the fact that traffic on the
"stem" of the 3-way intersection "naturally yields" to other traffic,
results in accident rates being much lower at 3-way intersections.

(Continued)

•

•
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-I: Install Median Barrier With No Left Turns At The Median Opening

•

•

A-I:
Description

A-I:
Application

A-I:
Design

Rev. 10-8-91

The physical median barrier is a route design technique for controlling
access on arterial highways. The barrier, which can be the concrete
safety shape median barrier (often referred to as a New Jersey Barrier)
or a curbed no'ntraversable median. This eliminates direct left turns
at all driveways and V-turns along the highway. Indirect left turns to
driveways are accommodated by right-hand ramps Gughandle) and
crossovers or by cloverleaf loops at cross streets.

The technique eliminates the conflict points at all driveways except at
the median opening. At a 4-way intersection on a 4-lane roadway the
number of conflict points are reduced from 32 (including 24 major
conflicts) to only 15, of which 8 are major conflict points.

More important, the barrier totally eliminates the more hazardous
crossing conflict points at all driveways. The frequency of rear-end
conflicts on the through lanes is expected to decrease as a result of the
elimination of direct left turns; on the other hand, the frequency of
right-turn conflicts at minor driveways will probably increase
proportionally to the number of indirect left turns. Some tradeoff is
realized by the creation of additional basic conflict points at indirect
left-turn locations.

This application may be effective along highway sections where mid
block accident experience involving left-turning vehicles is excessive.
In general, it may be cost effective on multi-lane arterial roadways with
speeds over 40 mph, ADTs greater than 10,000, and where peak hour
left-turn movements equal or exceed 150 vph per one-mile or where
development levels exceeds 30 driveways per mile.

Figures A-l-l and A-1-2 indicate alternative ways of accommodating
left-turns where technique A-I is used. Critical elements to consider
are ramp radius, width, and length to accommodate left-turning
vehicles as per the volume, speeds, and types of vehicles expected.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
•

A-1:
Design
(Continued) -
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FIGURE A-1-1: MEDIAN BARRIER WITH INDIRECT LEFT

TURN RAMP (CLOVERLEAF LOOP)
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FIGURE A-1-2: MEDIAN BARRIER WITH INDIRECT LEFT
TURN RAMPS (JUG-HANDLE)

•

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-2: Install Raised Median Divider With Left Tum Deceleration Lane

•

•

A-2:
Description

A-2:
Application

Rev. 10-8-91

This median treatment directly controls access on urban multi-lane
highways by preventing left-turns and V-turns across the median except
at designated locations. Access is provided with left-tum lanes at
intersections and major driveways. In addition to preventing left-turns
at minor driveways, the raised median divider reduces stream friction
by separating opposing traffic.

This technique completely eliminates the hazardous crossing conflict
points at driveways where right-turns in and out only are permitted.
This reduces the conflicts to only two diverge/merge conflicts from 11
which existed on a 4-lane roadway.

For intersections and major driveways where left-turns are permitted,
the frequency and severity of conflicts associated with left-turn vehicles
are reduced by allowing deceleration and shadowing of these vehicles
in left-tum lanes.

The median divider usually reduces the total number of driveway
maneuvers. However, the maximum reduction in the frequency of
conflicts is moderated by increases in right-turn volumes at minor
driveways where desired left-turns are accomplished through indirect,
circuitous paths.

A non-traversable median with left-turn bays at all signalized
intersections should be included in the design of major arterials in new
locations and included in the major reconstruction of existing major
arterials.

On existing multi-lane roadways, this technique may be cost effective
where speeds exceed 30 mph, ADTs exceed 10,000, and levels of
development exceed 30 driveways per mile or peak hour left-turn
volumes exceed 150 vph per one-mile section. It should be particularly
effective where there is a high accident experience involving left-turn
ingress vehicles.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued) •
CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-2:
Design

The length of the turn bay will be controlled by the sum of the
maneuver distance plus storage length required in the peak period or
the off-peak - which ever is longer. Inadequate length presents a
safety problem if excessive deceleration must take place in the through
traffic lane and a high speed differential is created between the turning
vehicles and traffic in the through lane. The safety problem is
especially severe if the left-turn queue spills into the through traffic
lane.

__.....·l'O'.· ..DI

•
.......... • "'.1&11.

~lll'llGl..... ...,.

----1

FIGURE A-2-1: SINGLE LEFT TURN LANE

-_..._--

..
FIGURE A-2-2: DUAL LEFT TURN STRIPED FOR SINGLE

LANE OPERATION

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-3: Install One-Way Operations On The Highway

•

•

A-3:
Description

A-3:
Application

Rev. 10-8-91

Converting an urban street to one-way operation eliminates the conflict
between the left-turning vehicles and opposing traffic at all access
drives and intersections. The number of conflicts at T-intersections and
drives at the right-hand side of the street are reduced from 9 to 2 as
right-turn in and right-turn out only are permitted. At the left-side of
the roadway, conflicts are reduced from 9, on a 2-lane street and 11 on
a· 4-lane street, to 3 (the left-turn ingress diverge, left-tum egress
merge and the crossing conflict between the left-turn ingress and egress
maneuvers).

Capacity is increased where an odd number of lanes can be utilized.
One-way streets also lend themselves to significantly improved signal
progression with a resulting increase in progression speed, reduced
delay, and increased capacity.

Negative considerations include increased circuity of travel (indirect or
around-the-block maneuvers and impact on residential property
between and along the streets which constitute the one-way pair.

A two-way street can be converted to one-way operation where there
is an existing parallel street. The technique is applicable on 2-way
roadways experiencing high accident rates and the right-of-way is
insufficient for implementing other remedial techniques. It may be
cost effective as a safety measure where speeds exceed 30 mph and
they are at least 30 commercial driveways per mile, or the turn
maneuvers over a one-mile section is equal to 30% of the hourly
volume on the section.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-4: Install Traffic Signal At High Volume Driveway

•
A-4:
Description

A-4:
Application

If properly designed, installed, and maintained, traffic signals tend to
reduce right-angle collisions vehicular-pedestrian collisions, and
opposing left-turn collisions. However, rear-end collisions commonly
increase. Delay to the driveway traffic will be decreased; however,
total delay at the intersection will be increased if the signal interferes
with progression. Moreover, if the signal system has poor progression,
the resulting queues can block upstream assess drives. Also,
improperly located signals will increase total traffic delays through the
system, cause a deterioration in the speed, and efficiency of
progression, and seriously increase fuel consumption and vehicular
emissions.

A driveway should be considered for signalization only if installation
of the signal does not interfere with traffic progression on the major
arterial, or will not interfere when the major street system reaches
capacity conditions when the area becomes fully urbanized. This
normally means that signalization be limited to driveways which meet
the uniform signalized intersection spacing which will provide
maximum progression efficiency at speeds of 30 to 35 mph at the
longest cycle length which is expected to be utilized in the peak
periods when the area becomes fully urbanized. When the high
volume access drive does not conform to the selected long, uniform
spacing criteria, consideration of signalization should be based upon a
traffic engineering study which demonstrates that the signal will not
interfere with efficient traffic progression for peak and off-peak
conditions. Different criteria for progression may be applied to
different functional classes of roadways. The following are suggested.

(Continued)

•
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

•

•

A-4:
Application
(Continued)

A-4:
Design

Rev. 10-8·91

Minimum Progression

Functional Speed I Efficiency(')
Class Category ~rlod (mph) (%)

Major Arterial A peak ~30 45
off-peak ~45 40

Major Arterial B peak ~30 40
off.peak ~ 35

Minor Arterial C peak ~30 35
off.peak ~40 30

(1) Green phase for major street divided by cycle length.

All traffic signal installations must conform to the Manual on Uniform
Traffic Control Devices (MUICD). Installation of any signal serving
an access drive, or other intersection, should not be made until the
applicable volume or accident warrants are met.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-5: Channelize Median Opening To Prevent Left Turn Ingress Or Left Turn Egress

•
A-5:
Description

This technique provides positive access control on major roadways
through the design of median openings so as to allow designated
movements only and the prohibition of all other movements. The
crossing movement is prohibited in all cases. The number and type of
conflicts which are eliminated at the intersection (access drive) at
which the median opening is provided depends upon which of the 5
variations of this technique is used. The conflicts at all other drives
are reduced to 2 which are the diverge and merge conflicts associated
with the right-turn ingress and egress respectively. The 5 variations of
this technique are:

Case 1: Left-turn egress from one direction only, Figure A-S-l. This
design reduces the number of conflicts from 24 to 6 where
access drives on opposite sides of the roadway are directly
across from each other and the most dangerous crossing
conflicts reduced from 16 to 1. At an existing 3-way •
intersection, the total conflicts are reduced from 9 to 4; the
crossing conflicts are reduced from 3 to 1. Most importantly,
the left-turning vehicle is removed from the through traffic
lane. This greatly reduces the likelihood of rear-end collisions.
Also, capacity is increased and delay to through traffic is
decreased.

Case 2: Left-turn egress from one approach only, Figure A-S-2. The
number of conflicts are reduced from 24 to 6 when installed
at an existing 4-way intersection (or where driveways are
opposite each other); and the serious crossing conflicts are
reduced from 16 to 1. With proper design, the left-turn egress
driver is able to cross the traffic stream approaching from the
left and then wait in the median while selecting a suitable gap
in the traffic stream approaching from the right. This
significantly increases egress capacity, as well as safety,
especially when the access drive is located where the traffic
platoon approaching from the left arrives as the platoon from
the right passes, or visa-versa.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

•

•

A-5:
Description
(Continued)

Rev. 10-8-91

Case 3: Left-turn ingress from both directions, Figure A-S-3. The
total number of conflict points is· reduced from 24 to 9; the
number of major conflicts (those involving crossing maneuver)
is reduced from 16 to only 2. Moreover, the left-tum ingress
vehicles can leave the traffic stream while creating a minimum
speed differential between the turning vehicles and through
traffic. This greatly reduces the chances of a rear-end
collisions; it also decreases delay to through traffic.

Case 4: Left·turn ingress from one direction and left-turn egress from
one approach, Figure A-S-4. While this design reduces the
total number of conflicts at a 3-way intersection from 9 to 7,
the three cross conflicts still remain. However, it is effective
in reducing the conflicts were directly opposite drives (or
public streets) results in a 4-way intersection; in this case the
total number of conflicts is reduced from 24 to 9 and the
serious crossing conflicts are reduced from 16 to 3.

Also, as with cases 1 and 3, the ingress vehicles is able to
make the left-turn from the major. roadway with minimal
interference with the through traffic. However, the capacity
of the left-turn egress movement from the access drive to the
major roadway is very limited even under moderate traffic
volumes since this maneuver must yield to through traffic
approaching from the right as the left-turn ingress traffic.

Case 5: Left-turn egress from two approaches, Figure A-S-S. This
design provides egress opportunities when drives are located
opposite each other. The number of conflicts are reduced
from 24, of which 16 are crossing conflicts, to a total of 8, of
which only 2 are major conflicts. Traffic turning left from a
driveway must yield to all other movements; thus, the
elimination of the crossing and the left-tum ingress maneuvers
greatly increases the left-tum egress capacity of both access
drives.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
•

A-5:
Description
(Continued)
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FIGURE A-5-1: LEFT TURN INGRESS FROM ONE
DIRECTION ONLY
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-5:
Description
(Continued)
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FIGURE A-5-2: LEFT TURN EGRESS FROM ONE
APPROACH ONLY
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued) •
A-5:
Description
(Continued) CONFLICTS
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
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•

A-5:
Description
(Continued) J l
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FIGURE A-5-5: LEFT TURN EGRESS FROM TWO
APPROACHES
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
•

A-5:
Application

A-5:
Design

The 5 variations of this technique are applicable to all major divided
roadways. It has been found to have a lower accident experience than
continuous left-turns lanes under the high volume conditions
encountered on major urban arterials.

A minimum median width, measured face-to-face of curbs of at least
18 feet is needed to accommodate the variations of this design. This
width will accommodate a 12 feet turn lane with 3 feet wide non
traversable median noses at the opening. A median of 28 to 30 feet
is desirable in order to provide a 12 foot turn-lane and median noses
which are 7 to 8 feet wide face-to-face of curbs. This will provide 6 or
7 feet between the bulks of curbs for landscaping which will help
delineate the location and the geometries of the median opening. This
landscaping will help the driver determine which maneuver(s) are and
are not permitted at the particular median opening.

Where right-of-way is extremely limited, a 14 foot median, face-to-face
of curbs might be employed with 11 or 12 feet turn lane, this will result •
in median noses which are only 18, or 12 inches wide. The only
treatments than can be applied to aid in making the curbs visible are
reflectorized yellow paint with reflectorized yellow pavement markers
and/or reflectorized 18 or 24 inch plastic pylons.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-6: Median Closure To Restrict Ingress And Egress Vehicles

•

•

A-6:
Description

A-6:
Application

A-6:
Design
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This technique is a limiting application of Technique A;.5. It is most
commonly employed where a narrow median exists and/or where there
are an excessive number of closely spaced median openings in a non
traversable median. A variation of the technique involves the
installation of a concrete safety barrier (New Jersey barrier) to replace
a continuous2-way left-turn lane. Closure of median openings, or
installation of a barrier eliminates left-turn ingress and left-turn egress
maneuvers; at a 4-way intersection it also eliminates crossing
maneuvers. Thus, the total number of conflicts is reduced from 9 to
2 at a 3-way intersection and from 24 to 2 of a 4-way intersection. All
of the major conflicts are eliminated. See figure A-5-6.

Closure of median openings is application on multi-lane divided
highways with speeds over 30 mph. It is particularly applicable on
highways having medians which are too narrow to provide channelized
left-turn lanes or where a small number of left-turn ingress and/or
egress movements (and/or crossing movements where two access
points are situated directly opposite each other to create a 4-way
intersection) result in a safety problem.

Installation of a concrete safety (New Jersey) barrier may be applicable
to prevent left-turns and crossing maneuvers as either a permanent
solution or a temporary measure until a non-traversable median with
channelized left-turns can be constructed. Typical application includes
sections of continuous 2-way left-turn where speeds exceed 30 mph, the
ADT exceeds 40,000 vpd and there are more than 30 access points per
mile.

A median of at least 4 feet, face-to-face of curbs is necessary in order
to provide a landscaping treatment which will provide visibility of the
median. Where a 4-way intersection (either public streets or where two
drivers are located opposite each) the median treatment must clearly
indicate to the driver that a right-turn only is permitted. Particular
care must be given to ensure communicate this information at night.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
•

A-6:
Design
(Continued)

The landscaping materials must be selected with so that they delineate
the median but do not obscure sight distances. Special care needs to
be taken in the design and choice of landscaping so that very minimal
maintenance is needed since it is extremely hazardous to maintain
landscaping in narrow medians. If a median of less than 4 feet must
be used, reflectorized pavement markers and 18 or 24 inch
reflectorized pylons should be used.

CONFLICTS

~1~l-

I·~ (.. ~~,
o 4 Winor

4 Totol

•

8\ (8 .

I ' ·OUojoro 2 Winor
2 Totol •

~ l----V Ii--J L-
=======CLi=OS=E=oPE=N'NG:::::IIZIl2zz!a:1_c:::f=4...='N==_=====--------------------------------

If
-
11

FIGURE A"1: MEDIAN OPENING CLOSURE TO RESTRICT
INGRESS AND EGRESS VEHICLES
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-7: Install Divisional Island To Discourage Entry Into Left Turn Bay When Weave Area
Is Inadequate

•

•

A-7:
Description

A-7:
Application

A-7:
Design
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When the location intersection of a public street, or private drive,
drivers may execute a job maneuver into a left-turn bay as illustrated
in Figure A-7-1. Installation of a properly designed raised barrier as
illustrated in Figure A-7-2 will require drivers to make a right-turn to
the outside through traffic lane and provide a p~sitive control on
access to the left-turn lane.

Implementation of this technique eliminates the dangerous conflict
between the vehicles executing the jog maneuver and the through
traffic lanes. It also eliminates the hazardous conflict between vehicles
which have entered, or in the process of entering, the left-turn bay.

This technique should be considered when a safety problem is
evidenced by: (1) right-angle collisions between vehicles entering the
roadway from the original marginal access; (2) collision between
vehicles in the turn bay and vehicles entering downstream from the
marginal access; (3) rear-end collisions in the turn bay, or; (4) Vehicles
are observed to stop in the through traffic lane when attempting to
enter the turn bay.

Suggested minimum dimensions are given in Figure A-7-2. As
illustrated in Figure A-7-3, it may be necessary to lengthen the turn
bay when implementing this technique. The barrier should be at least
two feet wide, preferably at least four feet, in order to give it
reasonable visibility. Reflectorized pavement markers are suggested
to enhance night-time visibility. A curb three or four inches in height
will minimize the risk of a driver losing control of the vehicle in the
event of contact with the curb and still present a positive deterrent for
drivers to enter the turn bay by crossing the barrier. The leading,
upstream, end of the barrier might be constructed with a 1:4, or flatter,
slope to minimize the danger of the driver loosing·control, or damage
to the vehicle, if impact is made with the leading end.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued) •
CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-7:
Design
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

•

•

A-7:
Design
(Continued)
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FIGURE A·7-3: IMPLEMENTING CONTROL ON ENTRY TO

LEFT TURN BAY MAY REQUIRE INCREASING THE LENGTH
OF THE TURN BAY

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-8: Install Physical Barrier To Prevent Uncontrolled Access Along Property Frontages

•
A-8:
Description

A-8:
Application

A-8:
Design

The installation of a physical barrier along a single property or many
adjacent frontages is a design technique for controlling access on all
kinds of highways. The control of access can be accomplished by
erecting fences, barriers, plantings, or curbs adjacent to the roadway or
shoulder. Possibilities exist for the construction of rock walls, rail
fences, or other structures that .are compatible with the aesthetics of
the area. Curbing, however, is the most common method.

This design technique reduces the total area of conflict by controlling
and defining driveway openings. The frequency of conflicts is reduced
because the number of possible conflict points is limited to the defined
driveway openings.

This technique is applicable on all roadways to which access is
unrestricted. In general it will result in a benefit/cost ratio greater
than one when the highway ADT exceeds 10,000 vpd and the level of
development is greater than 45 driveways per mile, or, for individual
properties, where the site traffic exceeds 500 vpd. High accident rates
involving the open access situation will also warrant this technique.

Regulation of uncontrolled access along property frpntages can be
accomplished by the following methods:

• Barrier
• Curbing
• Shrubbery
• Railing

•

Of the above, curbing is widely used due to: (1) ease of installation;
(2) low maintenance; and (3) effectiveness. Care, however, must be
exercised when placing curb to review not only the impact on control
of access, but also its affect on the site and roadway drainage. A
landscaped strip between the back of the curb and the on-site parking
and circulation will help drivers identify the access drives by providing
positive delineation of the edge of the roadway.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-9: Install Median Channelization To Control Merge Of Left Turn Egress Vehicles

•

•

A-9:
Description

A-9:
Application

A-9:
Design

Rev. 10-8-91

The installation of a channelizing island in a median opening will serve
to control driveway access by channeling left-turning vehicles into and
from the driveway.

This technique should reduce the frequency of conflicts associated with
left-turn egress vehicles because it reduces the total area of the merge
conflict. In addition, it forces the left-turn vehicle to merge at a
relatively flat angle, thereby minimizing the speed differential with
through vehicles.

This technique is expected to produce a cost/benefit ratio greater than
one on divided highways with greater than 10,000 vpd and at driveways
with greater than 50 left-turn egress vehicles during the peak hour.
The site should be characterized by a history of merge conflicts
associated with left-turn egress vehicles.

Application of this technique is best-suited for multi-lane divided
highways.

Construction of the channelization island should reflect:

• Clearly-defined path for egress movement
• Adequate safety area to contain merging vehicles
• Adequate merging lane width
• Elimination of bottleneck conditions

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
•

A-9:
Design
(Continued) j II l
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FIGURE A-9-1: CHANNELIZATION TO CONTROL LEFT

TURN EGRESS
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-lO: Offset Opposing Driveways

•

•

A-10:
Description

A-1O:
Application

A-lO:
Design

Rev. 10..8..91

This technique involves the longitudinal separation of driveways on
opposite sides of the highway, and it can be implemented either at
existing locations or as an optimization practice when authorizing
driveway permits.

Offsetting driveways should be considered if opposing driveways are
causing crossing conflict problems. The separation distance will better
facilitate driveway-to-driveway maneuvers and will eliminate the
concentrated conflict area that is present with opposing driveways.

The functional objective of offsetting driveways is to limit the number
of conflict points. Conflict points are reduced from 32 for directly
opposing driveways (4-leg intersections) to 18 for the two offsetting
driveways (two 3-leg intersections). The more severe crossing conflicts
decrease from 16 to 6.

Implementing this technique will cause an increase in the frequency of
left-turn ingress and right-turn egress maneuvers. An increase in
weaving maneuvers also results.

This technique can be implemented on undivided highways having an
ADT of less than 10,000 vpd and with speeds between 30 and 45 mph.
Property frontage must be sufficient to accommodate the 300-ft
driveway separation. Accident experience could also justify the
application of this technique.

Greater interference with through traffic is likely when the driveways
are offset as shown in Figure A-lo-l-B. The right-tum egress to left
turn egress maneuver poses a greater threat to traffic safety than does
the left-turn egress to right-turn ingress maneuver. Maximum benefits
are obtained when driveways are separated by at least 300 feet.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
•

A-tO:
Design
(Continued)

FIGURE A-1D-1: DIFFERENCE IN WEAVING MANEUVERS
RESULTING FROM DRIVEWAY OFFSET CONFIGURATION

(Continued) •
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Umit The Number Of Conflict Points (Continued)

A-II: Locate Driveway Opposite A Three-Leg Intersection Or Driveway And Install Traffic
Signals Where Warranted .

•

•

A-ll:
Description

A-ll:
Application

A-ll:
Design

Rev. tG-8-91

This measure involves locating a driveway opposite a three-leg
intersection wh.ich is suitably located for future signalization, or is
already signalized. This can be accomplished either during the
driveway permit authorization process or by relocating an existing
driveway. Locating the driveway opposite an existing three-leg
intersection rather than at a neighboring location will reduce the
number of access drives and relocate the conflicts to the signalized
intersection where they are separated in time.

The number of conflict points is reduced from 18 (9 each for the two
separate three-leg intersections) to 10 for three-phase signalization of
a 4-leg intersection. The more severe crossing conflict points are
reduced from 6 to 3.

This technique is applicable on all roadways where sufficient frontage
is available to locate a driveway opposite a three-leg intersection or
driveway.

The geometric design of the intersection and the design of the signal
installation should conform to the same criteria as the functional
equivalent of the intersection of two public streets.

All traffic signal installations need to meet at least one of the warrants
in the MUTCD.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-12: Install Two One-Way Driveways In lieu Of One Two-Way Driveway

•
A-12:
Description

A-12:
Application

A-12:
Design

This access control technique involves the opening of two one-way
driveways (see Figure A-12-1). Although it appears that this technique
may decrease the overall safety of the location by increasing access
points, it actually may increase safety through the reduction in total
conflict points.

The two one-way driveways, by limiting the turning maneuvers that can
be made at each driveway, will have 8 conflict points, 2 of which are
crossing conflict points. A two-way driveway has 9 conflict points, of
which 3 are crossing conflict points. The overall benefit of
implementing this technique is that 1 crossing conflict point is
eliminated.

This technique is applicable on undivided roadways. (Note: not
applicable at point locations) Highway speeds should be less than 35
mph. Frontage widths should be at least 150 feet, to ensure that
minimum driveway separation distances can be attained.

Several considerations must be made in order to effectively apply this
technique including: traffic volume, geometry, and roadway width. As
a rule, the greater the distance between the driveways, the more
efficient and safer will be traffic operations.

Chapter 3 contains minimum driveway separation distances applicable
under this control measure. It is important that adequate internal
circulation be provided when using this technique so that traffic, once
having entered the site, does not have to exit and then re-enter in
order to circulate on the property.

(Continued)

•
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-12:
Design
(Continued)

DRIVEWAY

MINIMUM SEPARATION

DRIVEWAY

•

• Rev. 10-8·91

• 2 major conflicts

o 6 minor conflicts

8 totol conflicts

FIGURE A·12·1: MINIMUM DRIVEWAY SPACING

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-13: Install Two Two-Way Driveways With Limited Turns In Lieu Of One Standard Two
Way Driveway

•
A-13:
Description

A-13:
Application

A-13:
Design

This access control technique is aimed at reducing conflicts at a single
driveway location by replacing the single driveway with two limited
turn driveways. The immediate effect of this technique is that conflict
points are reduced. A single two-way drive has 9 conflict points. The
two driveways will have a total of 6 conflict points, 2 of which are
crossing conflict points. A T-Intersection with two-way traffic on the
driveway has 9 conflict points, 3 of which are crossing conflict points.
Turning velocities can be increased by angling the driveways to receive
turning vehicles.

This technique is applicable at locations on divided highways with a
median of sufficient width to provide for a left-turn ingress bay and to
"shadow" egress vehicles. Highway ADT should be greater than 10,000
vpd, and highway speeds should be greater than 35 mph. Frontage
widths should be at least 200 feet to ensure that minimum separation
distances can be attained.

The driveway angle with the through lanes is typically between 60 0 and
90 0 or 45 0 used in some cases. In urban areas the driveway angle is
often nearer 90 0

• Careful attention must be given to the on-site
circulation design to avoid conflicts which will cause traffic problems
which will "spill back" to the public street.

(Continued)

•
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

•

A-13:
Design
(Continued)

• 2 major conflicts

o 4 minor conflicts

6 total conflicts

FIGURE A-13-1: CONFLICT POINTS FOR TWO-WAY
DRIVEWAYS WITH LIMITED TURNS
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FIGURE A-13-2: TWO-WAY DRIVEWAYS WITH LIMITED

TURNS

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-14: Install Two One-Way Driveways In Lieu Of Two Two-Way Driveways

•
A-14:
Design
(Continued)

A-14:
Application

A-14:
Design

This driveway operations technique is aimed at limiting the number of
conflict points at a single property. Specifically, it reduces the number
of crossing conflict points by changing driveway operations from two
two-way driveways to two one-way driveways. This technique can be
applied during the permit-authorization stage or at existing sites with
appropriate reconstruction. The directional control accompanying one
way operations will result in improved driveway and highway
operations by allowing a smaller variety of maneuvers to be made at
each driveway.

Accident frequencies are expected to decrease because the total
number of conflicting points will be reduced from 18 to 8. Four
crossing, three merge, and three diverge conflict points are eliminated
at the two driveways. Accident severities are not expected to
substantially decrease.

Possible detrimental effects may occur because turns made into, or
from, the wrong driveway may initiate a severe conflict. Also, if a
vehicle misses the intended entrance driveway, no other opportunity
will exist to enter the other driveway.

This technique is applicable at point locations on all types of highways
where highway speeds are less than 50 mph and traffic volumes greater
than 10,000 vpd. Driveway volumes should be greater than 300 vpd.
Frontage width requirements are determined by the driveway
separation and highway speed. The minimum acceptable frontage
width is 120 feet, for a highway speed of 20 mph.

The driveways should be operationally arranged so that the one-way
directions are egress and then ingress proceeding downstream. This
does not conform to driver expectation. It also places weaving on the
street. Table A-14-1 lists the recommended driveway separation
distances to be used with this technique.

•

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

•

•

A-14:
Design
(Continued)

Rev. lo-B-91

TABLE A-14-1: RECOMMENDED
DRIVEWAY SPACING DISTANCES

Minimum Spacing

Speed Eliminate Right Tum Minimum Maneuver
(mph) Conflict Overlap- Diatanceb

30 185 325
35 245 425
40 300 525
45 350 630

a) Values from Table 3-14
b) Values from Table 3-3

DRIVEWAY DRIVEWAY

~ I-- MINIMUM SEPARATION -

(~ 0

"./, ~".....,

~~ =./~....., .....,

• 2 major conflicts

FIGURE A-14-1: TWO ONE-WAY DRIVEWAYS IN LIEU OF
TWO TWO-WAY DRIVEWAYS

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-IS: Install Two Two-Way Driveways With Limited Turns In Lieu Of Two Standard Two
Way Driveways

•
A-IS:
Description

A-IS:
Application

A-IS:
Design

This technique can be implemented during the permit authorization
stage or at an existing location with appropriate reconstruction.

The technique reduces the frequency of conflicts at a single property
from 18 to 6 by eliminating 4 crossing, 4 merge, and 4 diverge conflict
points. Accident severities and vehicular delays are not expected to
change substantially. Turning velocities can be increased by angling
the driveway to receive turning vehicles.

This technique is applicable at point locations on all types of highways.
It is not applicable at point locations. It may be expected to be cost
effective where the highway ADT exceeds 10,000 vpd, and highway
speeds should be greater than 35 mph, and where at least 40 vph
should turn left across through traffic to enter the driveway during
peak periods. Frontage widths should be at least 200 feet to ensure
that minimum separation distances can be attained.

In the design of this technique, consideration should be given to
limiting the number of conflict points between ingress/egress vehicles
and through movements. Access driveway approaches preferably
should be positioned between 90· -60· to the highway, and 45· in
special cases. On high speed roads, an angle of 60· is preferred to
facilitate a higher speed ingress maneuver. This will increase the
deceleration distance that must be provided on site. The design is the
same as Technique A-13 and special attention must be given to the site
circulation design so that on-site conflicts do not result in problems on
the public street.

(Continued)

•
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-15:
Design
(Continued)
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FIGURE A-15-1: ANGLED TWO-WAY DRIVEWAYS WITH
LIMITED TURNS

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-16: Install Channelizing Island To Discourage Left Tum Maneuvers

•
A-16:
Description

A-16:
Application

This driveway attempts to discourage left-tum ingress maneuvers. The
left-turn maneuvers are restricted by a channelizing island in the
driveway throat.

There are three variations of this technique. They are:

Case 1: Discourage left-tum ingress, Figure A-16-1. The
number of conflicts are reduced from 9 to 4.

Case 2: Discourage left-turn egress, Figure A-16-2. Conflicts
are reduced to 5, one of which occurs on-site.

Case 3: Discourage left-tum ingress and left-tum egress,
Figure A-16-3. This design eliminates all but 2 of
the conflicts.

However, the reduction in conflicts is moderated by a possible increase
in right-tum and indirect left-tum maneuvers. Travel time may
increase to vehicles denied the opportunity to make left turns.

This technique is applicable as a point control on undivided highways
with speeds of 30-45 mph and ADTs greater than 5,000 vpd. High
left-turn accident rates will also warrant this technique.

(Continued)

•
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

•

•

A-16:
Design

Rev. 10-8-91

The island construction should be offset a minimum of 2 to 4 feet from
the traveled throughway and be of sufficient width to effectively deter
unwanted maneuvers.

A radius of between 75 feet and 100 feet should be used in order to
make it more difficult for a driver to make a maneuver which the
design is intended to discourage. Radii larger than 100 feet should not
be used on egress (cases 2 and 3) unless an acceleration lane is
provided because of the large angle a driver must rotate one's head in
order to see vehicles approaching from the left. The acceleration lane
allows the driver to use the rear view mirror to select a gap. This will
also provide an island that exceeds the minimum 75 square feet area
for triangular islands. A mountable curb, preferably no more than 4
inches high should be used. This curb design and the 2 foot to 4 foot
offset will minimize the chances of the curb being hit and, if hit,
reduces the chance of the driver losing control of the vehicle. The
island should be landscaped with materials appropriate for the local in
order to enhance the· visibility of the island.

In addition, turn prohibition signs (R3-1, R3-2) as outlined in the
MUTCD should be installed.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
•

A-16:
Design
(Continued)

II
30'

R)75'

r 4

20' mini- .I~
- - - - - - - - - - - - - - - - - - :"SO[l[jWAlTEl:.Im:- - - - -

• 1 major conflict

o .3 minor conflicts

4 total conflicts

FIGURE A·16-1: DRIVEWAY CHANNELIZING ISLAND TO
DISCOURAGE LEFT TURN INGRESS MANEUVERS

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

•

•

A-16:
Design
(Continued)

Rev. 10-8-91
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• 1 major conflict

o 4 minor conflicts

5 totol conflicts

FIGURE A·16-2: DRIVEWAY CHANNELIZING ISLAND TO
DISCOURAGE LEFT TURN EGRESS~MANEUVERS

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
•

A-16:
Design
(Continued)

R)75'

•

• 0 major conflict

o 2 minor conflicts

2 total conflicts

• •
FIGURE A-16-3: DRIVEWAY CHANNELIZING ISLAND TO

DISCOURAGE LEFT TURN EGRESS AND INGRESS
MANEUVERS

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-17: Install Driveway Divisional Island To Prevent Driveway Encroachment Conflicts

•

•

A-17:
Description

A-17:
Application

A-17:
Design

Rev. 10-8-91

This access control measure involves the construction of a driveway
median island to control ingress and egress vehicle maneuvers. 'The
technique can be applied either to existing driveways or in the permit
authorization stage.

The technique will reduce head-on encroachment conflicts between
driveway ingress and egress vehicles. Ingress and egress traffic will be
directed to separate sides of the driveway median island. Some
increases in single-vehicle accidents can be expected due to driveway
vehicles striking the island.

This technique is applicable for driveways with two-way operations on
all types of highways. It is particularly applicable to two-way driveways
where the throat width is designed to accommodate left-turn and right
turn egress movements from separate lanes and there is a history of
driveway head-on accidents between opposing vehicles or between
entering and parking vehicles would justify reconstruction to add this
treatment.

Installation of a divisional island driveway should be made to prohibit
encroachment by opposing vehicles. The width of the median should
be from 4 feet to 10 feet; the length from 25 feet to 120 feet. The
offset of the island with respect to the through lanes should be at least
5 feet. If the divisional island is at least 8 feet wide and 100 feet long
it should be curbed (4" mountable). Landscaping should be used to
provide visibility. Narrow and shorter islands should not be curbed.
Instead, these islands should be flush or slightly raised with a
contrasting surface. Reflectorized yellow pavement markers help
provide delineation and are recommended on high volume driveways.
Standard yellow edge lines should be used at the divisional island.
Also, white pavement markings should be used to delineate traffic
lanes when there are two, or more, lanes in the same direction. Where
there is the possibility that truck wheel paths may track over a flush or
slightly raised divisional island, a "full strength" pavement should be
provided.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)
•

A-17:
Design
(Continued)
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-

FIGURE A-17-1: DRIVEWAY MEDIAN CHANNELIZING
ISLAND
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A-19: Install Channelizing Island To Control The Merge Area Of Right Tum Egress
Vehicles

•

•

A-19:
Description

A-19:
Application

A-19:
Design

Rev. 10-8-91

This driveway design technique reduces the frequency of conflicts by
reducing conflict areas. The channelizing island will designate the
correct right-tum egress path and more clearly defme the merge area.

The merge conflict is relocated longitudinally downstream from the
immediate driveway intersection. Delay is not expected to change.

This technique is applicable at driveways serving large development
having access to major highways where long curb return radii (~ 50 ft)
are used and/or where it is desired to operate the right-turns under
separate traffic control.

The intent of this design is to control egress movements by directing
flow to desired path. Island size and position must be such that
presence and function are clearly delineated to the motorist. If the
island is less than 75 square feet in area, it should not be curbed.
Islands of 50 square feet or less should be delineated by paint (and
perhaps reflectorized pavement markers). Islands between 50 and 75
square feet might be designed with a flush or slightly raised (S 1 1/2
inches) and contrasting surface; reflectorized pavement markers will
help provide night-time delineation. Islands of at least 75 square feet
may be curbed. Curb height should not exceed four inches to
minimize loss of control in the event it is hit by a vehicle. Landscaping
should be used to enhance visibility.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY A: Limit The Number Of Conflict Points (Continued)

A·20: Regulate The Maximum Width Of Driveways

•
A-20:
Description

A-20:
Application

A-20:
Design

This is a regulatory practice aimed at reducing conflict areas by
defining the maximum width of driveway openings on the highway.
The maximum width is a function of the types of vehicles using a
facility as well as the nature of the development to be served. This
technique is applicable at a point location or as a standard for all
driveways. Curbing is usually used to define the extent of a driveway
opening.

The reduction in potential conflict areas is expected to be accompanied
by a reduction in accident frequencies and severities. No tradeoffs are
anticipated by regulating maximum driveway widths.

This technique is warranted on all highways.

Maximum driveway widths a function of design parameters appropriate
to the expectant vehicle usage. Consideration must be given to
highway operating conditions, volume, geometry, sight distance, angle
of intersection, and alignment (vertical and horizontal).

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas

Introduction
CATEGORIES OF TREATMENT FOR

IMPROVING TRAFFIC FLOW

B. Separate Conflict Points.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued) •CATEGORY B: Separate Basic Conflict Areas (Continued)

B-1: Regulate Minimum Spacing Of Driveways

B-1:
Description

The minimum spacing of driveways is a regulatory method used by
many agencies to regulate the frequency of access points along
highways. This technique can be implemented at existing locations or
during the driveway permit authorization stage. Strategies for
achieving this objective at existing driveways include closing of
driveways or closing and relocating driveways.

Tnis technique indirectly reduces frequency of conflict by separating
adjacent, basic conflict areas and limiting the number of basic conflicts
points per length of highway. The technique is expected to reduce the
severity of rear-end conflicts as it allows more deceleration distance
and perception time for motorists. Some tradeoffs may be realized by
increasing average delay and rear-end conflicts at driveways as a result
of increasing the average volume per access point.

B-1:
Application

This access control technique is generally applicable for all types of
arterials where conflict areas overlap and delays are excessive.
Highways with volumes greater than 5,000 vpd and speed greater than
25 mph are candidates for consideration. •

on a types 0 roa ways.
TABLE 8-1·1: DESIRABLE SEPARATION

OF ADJACENT DRIVEWAYS

Minimum Spacing

Speed Eliminate Right Turn Minimum Maneuver
(mph) Conflict Overlap· Diltanceb

30 185 325
35 245 425
40 300 525
45 350 630

a) Values from Table 3-14
b) Values from Table 3-3

Table B-l-l contains desirable separation distances applicable to
driveways 11 f d

B-1:
Design

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CAlEGORY B: Separate Basic Conflict Areas (Continued)

B-2: Regulate ~inimumComer Clearance

•

•

B-2:
Description

B-2:
Application

B-2:
Design

Rev. 1()..8.91

This access control standard regulates the distance between a crossroad
intersection and the Dearest driveway location. In this text, comer
clearance is de.fined as the distance, measured along the back of the
arterial curb, from the nearest edge of the intersection.

This technique moves the basic driveway conflict area away from the
vicinity of an intersection by regulating the distance from the driveway
to the intersection. The major effect is that the minimum spacing of
access points is increased, resulting in larger stopping sight distances
and driver perception times. An additional effect is that driveway
vehicles will be delayed less by standing queues at signal-controlled
intersections. A possible tradeoff is that access to some comer
commercial properties may be partially or totally denied.

This technique may be applied on all types of highways where comer
lot driveways create conflict and delay problems to through and
driveway traffic.

This technique is aimed at preventing the location of driveways within
the functional area of an intersection. It will also minimize
driveway/intersection conflicts by preventing blockage of driveways
upstream of an intersection due to standing traffic queues. Minimum
driveway setback distances should take into consideration typical traffic
queue lengths while permitting sufficient movement to driveway
vehicles.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)

B-3: Regulate Minimum Property Clearance

•
B-3:
Description

B-3:
Application

B-3:
Design

The regulation of minimum property clearance distances is an access
control standard that helps increase the minimum spacing of access
points. Property clearance is the distance, measured along the arterial
curb, from the extended property line to the nearest edge of the
driveway.

Conflicts will be at adjacent driveways at properties having a common
property line.

This technique may be applied on all highway types in the permit
authorization stage.

On local and minor collector roadways the minimum property
clearance will be the curb return radii. If no radius (a "dustpan
design") is used, the minimum clearance should be at least 25 feet. On
major arterials, the property clearance should be at least equal to the
deceleration distance needed for the operating speed of the roadway.

(Continued) •
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)

B-4: Optimize Driveway Spacing In The Permit Authorizing Stage

•

•

B-4:
Description

B-4:
Application

B-4:
Design

Rev. 10-8-91

This is a general operating practice that maximizes the spacing of
adjacent driveways during the permit authorization stage. The
technique is intended to supplement the operational benefits expected
from Technique B-1, "Regulate Minimum Spacing of Driveways."

This technique indirectly reduces the frequency of conflicts by
separating adjacent conflict areas and limiting the number of basic
conflict points per length of highway. The implementation of this
technique is expected to reduce the severity of conflicts as it allows
more deceleration distance and perception time between driveways.

This technique is applicable on arterial and collective roadways.
Application is limited to the permit authorization stage.

This technique is aimed at maximizing the spacing between adjacent
driveways along an arterial. Application of this technique is intended
to supplement the information contained in Technique B-1. Figure
B-4-1 contains two arrangements: (a) minimum non-optimized
driveway spacing, and (b) optimized driveway spacing.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)
•

B-4:
Design
(Continued)

a -- Minimum Driveway Spacing

'
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b -- Optimized Arrangement
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FIGURE 8-4-1: OPTIMIZED DRIVEWAY PLACEMENTS

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)

B-5: Regulate Maximum Number Of Driveways Per Property Frontage

•

•

B-5:
Description

B-5:
Application

B-5:
Design

Rev. 10-8-91

This general access control standard limits the number of driveways
per property relative to the length of available frontage. It is a route
alternative that minimizes the number of driveways per length of
highway.

Generally, regulating the maximum number of driveways per property
frontage limits the number of conflict areas and provides turning
drivers more time and distance to execute their maneuvers.

Basic conflict points will be reduced proportionately to the reduction
in driveways. This results in a reduction in the frequency of conflicts.
The severity of conflicts should also decrease because deceleration
requirements are lessened.

If, because of the application of this technique, traffic volume increases
significantly at existing driveway locations, an increase in the frequency
of conflicts at these locations is likely. Also, regulating the number of
driveways permitted for specific frontage length could have significant
impact on the business activity at that location. These problems should
be considered before denial for an additional driveway is given or
before an existing driveway is closed.

The application of this access control measure is applicable on all
existing arterial highways or as a standard for all new facilities.

• Neighborhood commercial development located on the
corner of an arterial and collector should be restricted to
access on the collector only.

• On major arterial roadways, access should be limited to a
single drive unless the frontage exceeds 1/4 mile.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B:Separate Basic Conflict Areas (Continued)

B-6: Consolidate Access For Adjacent Properties

•
B-6:
Description

B-6:
Application

B-6:
Design

This general operating practice encourages adjacent property owners
to construct joint-use driveways in lieu of separate driveways.
Strategies for implementing this technique include closing existing
driveways or encouraging joint-use driveways.

The feasibility of this technique is viewed primarily at the permit
authorization stage. The joint driveway will cause a reduction in the
concentration of driveways along an arterial. The reduction in
driveway concentrations is expected to be accompanied by a reduction
in the frequency and severity of conflicts.

This technique is applicable on all major roadways with speeds greater
than 35 mph. Driveway pairs with more than 50 vehicles using each
driveway per hour will be good candidates for this technique.

The physical means by which access can be consolidated between two
adjacent properties involves construction of a joint use driveway
between the two properties. It is recommended that both owners have
property rights in a joint-use driveway. That is, the drive should be
located straddling the property line with each having a permanent
easement on the other. This practice will not enable either owrier the
opportunity to deny or restrict access to his neighbor's property.

The resulting parking area should have an efficient internal circulation
plan.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)

•

•

B-6:
Design
(Continued)

Rev. 10-8-91

PARCEL A

V Property Line

Easement

PARCEL 8

Required landscape Strip, Variable

Right-of-way line

FIGURE 8-6-1: SHARED ACCESS DRIVE

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)

B-8: Buy Abutting Properties

•
B-8:
Description

This access control measure is aimed at reducing the frequency of
access points by purchasing small parcels that remain after a highway
improvement. The several parcels can be consolidated into large tracts
and sold with access deed reservations or as a single parcel with only
one access drive. This elimination of potential access points can aid
substantially in protecting the functional integrity of the highway by
minimizing the frequency and severity of conflict points.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)

B-9: Deny Access To Small Frontage

•

•

B-9:
Description

Rev. 10-8-91

The denial of access to small frontages is a regulatory policy that
prohibits direct access to the arterial highway. legal problems are
usually encountered and are concerned with the availability of suitable
and sufficient access. Compensation will be required if suitable and
sufficient access cannot be provided.

This technique, as in other regulatory driveway location techniques.
separates basic conflict areas by limiting the number of access points.
The frequency and severity of conflicts will be reduced because conflict
areas are further separated, and driver perception times and distances
are increased. The number of frontages which are denied access
affects the degree to which the frequency and severity of conflicts is
changed.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)

B-IO: Consolidate Existing Access Whenever Separate Parcels Are Assembled Under One
Purpose, Plan, Entity, Or Usage

•
B-IO:
Description

This is a general operating practice that requires specific changes on
commercial sites when they are assembled for development or
redevelopment. The consolidation is accomplished by voiding existing
driveway permits upon alteration of the property functions. The new
permit authorization depends on the developer's plans to use some
existing driveways and close or relocate other driveways.

The objective of this technique is to increase average spacing of access
points along the highway. The consolidation of driveways reduces the
number of access points and thereby increases the spacing of
driveways. The increase in driveway spacing provides motorists of
turning vehicles more time and distance to properly execute their
maneuvers. The severity of conflicts should decrease because
deceleration requirements are lessened.

(Continued) •
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)

B-ll: Designate The Number Of Driveways To Each Existing Property And Deny
Additional Driveways Regardless Of Future Subdivision Of That Property

•

•

B-ll:
Description

R.ev. 10-8-91

This is a general regulatory policy which designates the maximum
number of driveways permitted to each existing property before
development. The implementation of this technique requires an
advance planning policy with a formal planning document made readily
available to abutters. Such policy denies additional driveways
regardless of future subdivision of that property.

The objective of this technique is to maintain average spacing of access
points along the highway. This objective is achieved by regulating the
maximum number of driveways per property frontage. The increase
in average driveway spacing provides motorists turning into driveways
with more time and distance to properly execute their maneuvers.

This access control measure increases the minimum spacing of access
points. This results in a reduction in the frequency of conflicts. The
severity of conflicts should also decrease because deceleration
requirements are lessened.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY B: Separate Basic Conflict Areas (Continued)

B-12: Require Access On Collector Street (When Available) In lieu' Of Driveways On
Major Highway

•
B-12:
Description

This access control technique is aimed at maintaining the movement
function of the major roadway by locating additional driveways on
collector streets instead of on the arterial highway.

This technique will reduce conflict frequency and severity by diverting
some driveway vehicles to the collector street location where traffic
volumes and speed are lower.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements

Introduction
CATEGORIES OF TREATMENT FOR

IMPROVING TRAFFIC FLOW

C. Umit Deceleration.
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: limit Deceleration Requirements (Continued)

C-2: Restrict Parking On The Roadway Next To Driveways To Ihcrease Driveway
Turning Speeds

•
C-2:
Description

C-2:
Application

C-2:
Design

This technique increases the turning speed by removing constraining
obstacles, specifically parked vehicles, from areas adjacent to
driveways. Parked vehicles may indirectly contribute to driveway
accidents by limiting the sight distance or influencing the turning paths
of driveway vehicles. This technique is intended as a point measure,
although route applications are also feasible.

This technique will reduce the severity and frequency of conflicts by
removing, and merging, driveway vehicles at higher speeds. Severity
is reduced because the speed differential between turning and through
vehicles is reduced. Conflict frequency also benefits from the increase
in turning velocity. One possible tradeoff that accompanies this
technique is a reduction in parking capacity.

This technique is applicable at any driveway location where parking is
permitted.

Drivers in the outside through traffic lane must have adequate stopping
sight distance. Driveway traffic must have adequate intersection sight
distance to safely select a gap and to accelerate to the speed of
through traffic.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CAlEGORY C: limit Deceleration Requirements (Continued)

C-3: Install Visual Cues Of The Driveway

•

•

C-3:
Description

C-3:
Application

C-3:
Design

Rev. 10-8-91

Adequate sight distance and visual realization of the driveway location
are very important factors to the safe and efficient operation of
driveways and highways. Many existing driveways, however, lack
adequate visual cues and are the scene of many vehicular and
pedestrian conflicts.

Visual cues of driveways serve to limit maximum deceleration
requirements of highway vehicles by increasing driver perception time.
Consequently, the severity of conflicts should be lessened. Rear-end
conflicts are expected to decrease the most.

Driveways should be highly visible to the approaching drivers in the
through traffic lanes. Visual clues should provide information as to
both the location and the geometries of the driveway to the driver. On
major roadways, the driver should be able to locate and identify the
driveway at a distance at least equal to the decision sight distance (the
perception-reaction distance plus the distance required to maneuver to
a turn at a speed of 10 mph or less).

Visual clues should be provided to the presence of any driveway where
sight distances equal to or exceeding AASHTO minimums and the
sight distance problem cannot be corrected.

Contrasting surfaces (or materials) are the best method of providing
visual clues as to driveway location and geometries. On major
roadways, a landscaped strip should be required between the back of
the curb and any paved area, including sidewalks. In no case should
the paved site parking and circulation be allowed to extend to the back
of the curb. The minimum width of the landscaped area along a major
roadway should be at least 25 feet. On major collectors, locating the
sidewalk one foot from the property line, and not permitting paving of
the right-of-way, will provide visual clues as to a driveway. on minor
collectors, a strip 2 to 4 feet wide, between the curb and sidewalk will
provide adequate visual clue; if the sidewalk is contiguous with the
back of the curb, landscaping at least 4 feet wide should be used.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)

•
C-3:
Design
(Continued)

If circumstances exist such that adequate sight distance can not be
provided by removing obstructions or relocating the drive, advanced
warning will be required. Consideration must be given to the
geometric and grade layout, traffic level, and roadway type.
Recommended visual cues include: flashing beacons, warning signs,
contrasting pavements, reflectorized treatments, driveway lighting, or
any combination of the above mentioned. Installation of warning
devices must adhere to recommendations outlined in the MUTCD.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)

C-4: Improve Driveway Sight Distance

•

•

C-4:
Description

C-4:
Application

Rev. 10-8-91

Adequate sight distance at driveway entrances is required to allow
driveway egress drivers a sufficient view of the highway for acceptable
gaps, and to provide through drivers the necessary perception, reaction,
and braking distances to avoid collision with a driveway-egress vehicle
that has entered the highway.

There are numerous causes of reduced sight distance including
horizontal and/or vertical alignment, topography, foliage and/or other
landscaping, parked vehicles, and physical structures. Statutes should
be adopted which authorize the governing jurisdiction to maintain a
clear-visibility triangle which has the driveway and main street as two
of its legs with the hypotenuse between these two enclosing a
prescribed area.

Improved sight distance requires altering existing site conditions to
increase the available sight distance at the driveway. The terrain can
be altered by cutting down hillsides, removing walls and fences, or
moving signs and billboards. Alterations to the roadway include
flattening horizontal and vertical curves.

Often commercial establishments with insufficient setback distances
and internal parking problems will use the unpaved highway right-of
way for parking. This should be discouraged by municipal or state
authorities. If encroachment on public land has contributed to
accidents on or off the traveled way, steps should be taken to prohibit
and prevent the practice. Stepped-up enforcement of regulations may
be an effective deterrent. Other remedies should be tried if more
critical problems occupy police time.

This technique is applicable at all existing driveways where adequate
sight distance is not available.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)
•

C-4:
Design
(Continued)

In addition to utilization of information contained in Techniques C-2
and C-3 to increase driveway sight distance, elimination or alteration
of physical and geometric barriers should be considered as an
enhancement to driveway sight distances. Improved sight distance can
result from altering roadway alignment (horizontal and vertical curves)
and eliminating physical obstructions (shrubbery, fencing, walls, etc.).

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)

C-5: Regulate Minimum Sight Distance

•

•

C-5:
Description

C-5:
Application

C-5:
Design

Rev. 10-8-91

This regulatory policy is designed to control driveway location by
imposing minimum sight distance standards for driveways. The policy
takes effect by closing and relocating existing driveways or by
regulating new driveways in the permit authorization stage. Regulation
of sight distance is generally more applicable to suburban-rural
locations.

The technique enables the driver of a vehicle, which is on the
driveway, to see a sufficient distance in both directions along the
highway and to enter the highway without creating a hazardous
situation. The increased sight distance also decreases the speed
differential between highway and driveway vehicles by allowing the
through drivers more perception time which helps to reduce maximum
deceleration requirements.

Insuring that adequate sight distance is provided must always be
considered in the permit authorization stage. At existing access
locations where sight distance is found to be inadequate, corrective
action needs to be taken immediately. .

Minimum sight distances should exceed the AASHTO minimums 
especially on high volume and/or high speed major roadways.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)

C-6: Optimize Driveway Location In The Permit Authorization Stage

•
C-6:
Description

C-6:
Application

C-6:
Design

This is a regulating reserve policy which considers driveway location
through review of the site plan. The review enables the driveway to
be located where maximum sight distance is available, consistent with
other locational controls and to minimize impact on the public street.
Careful location of the driveway enables the driver of a vehicle, which
is stopped on the driveway outside the edge of the traveled way, to see
a sufficient distance in both directions along the highway to enter the
highway without creating a hazardous situation. Drivers in the through
traffic lanes are afforded more perception time which helps to reduce
maximum deceleration requirements. These conditions lead to a
reduction in the severity of conflicts.

Requests for driveway permits in the authorization stage warrant this
access control treatment. All highway types are candidates with
particular attention to major roadways.

Although frontage widths pose some limitations on the actual location,
driveways should be located at the point of optimum sight distance
along the frontage. This technique attempts to achieve sight distances
greater than AASHTO minimums.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)

C-7: Increase The Effective Approach Width Of The Driveway

•

C-7:
Description

C-7:
Application

C-7:
Design

This technique is a driveway design technique aimed at limiting the
maximum deceleration requirements on the highway. The technique
affects driveway operations by decreasing the time required for the
turning vehicle to clear the through traffic lane.

Conflict severity will be reduced with this technique by decreasing the
maximum deceleration requirements for following vehicles. This will
decrease the severity of the "shock wave" which is created by the
turning vehicle.

This technique has general application to all driveways. It should
always be a part of the design process for all planned or reconstructed
driveways. Also, it should be considered as a general accident
countermeasure for medium-to-high volume existing driveways.

The speed at which vehicles can safely and effectively negotiate turning
maneuvers is governed by several design parameters including:
driveway width, return radius, lateral offset, approach angle, and
approach flare.

Driveway
Width Right of Vehicle path, R

Edge of Driveway Pavement

~ t:.-r---- Offset from edge of vehicle
to edge of traffic tone or
curb face

• Rev. 10-8-91

FIGURE e-7-1: DRIVEWAY DESIGN ELEMENTS

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)

C-8: Improve The Vertical Geometrics Of The Driveway

•
C-8:
Description

C-8:
Application

C-8:
Design

This technique is a general design standard for new and existing
driveways in which driveway profile guidelines are specified. These
guidelines allow vehicles to efficiently execute driveway maneuvers
without the vehicle experiencing severe bouncing. Providing adequate
driveway profiles will result in desirable driveway operation only when
the other driveway geometric characteristics will permit such speeds.

Improving the driveway maneuver will decrease the duration and
severity of the conflicts between vehicles in the following traffic which
is caused by the turning vehicle.

Application of this technique is desirable on existing driveways and
should be mandatory on all newly constructed or reconstructed
driveways and on existing facilities where the driveway profile is
adversely affecting traffic operations.

Adequate design of driveway grades should reflect consideration for
basic functions of the highway and the site which the driveway serves.
Generally, in order to safely perform ingress/egress maneuvers,
driveway profiles should provide for sufficient clearance between the
vehicle and driveway surface.

Design guidelines often limit the change in grade that is permitted
without the use of a vertical curve.
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FIGURE e-8-1: VERTICAL DRIVEWAY GEOMETRY
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Umit Deceleration Requirements (Continued)

C-9: Require Driveway Paving

•

•

C-9:
Description

C-9:
Application

C-9:
Design
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This technique is a general access control standard in which the
structural integrity of the driveway is ensured by using a hard-surface
treatment.

Without driveway paving, desired driveway speeds are difficult to
maintain because of potholes, ponding, and ill-defined maneuver paths.
Also, loose material from the driveway causes a hazardous condition
on the through traffic lanes. With paving, interference to through
vehicles and conflict severity are reduced because the maximum
deceleration requirement is limited.

Paving should be required for all driveways intersecting major
roadways.

Appropriate driveway thicknesses and surfaces shall be installed to
withstand expected driveway usage; and be applied to extend the entire
length necessary for a smooth transition between the highway and

. driveway. Minimum recommended thickness for commercial usage
should be based on soil conditions and type and volume of traffic.
Typical guidelines include:

• 6" base stone plus 1 1/2" asphalt, or

• 4" reinforced concrete

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)

C-IO: Regulate Driveway Construction (Performance Bond) And Maintenance

•
C-lO:
Description

C-IO:
Application

C-IO:
Design

This technique is an access management policy that ensures a
permanent and structurally adequate driveway surface. The strategy
used in regulating construction is a performance bond that is required
prior to construction. Maintenance is regulated by specifications
included in the driveway permit, and regular enforcement of these
regulations is needed to ensure adequate operations. The functional
objective of the technique is to increase driveway speeds which in tum
limits the deceleration requirements of through vehicles. A reduction
in the severity of conflicts is the anticipated result.

This technique is applicable for all driveways during the driveway
permit process. This policy is most applicable to urban-suburban
areas.

In order to ensure that the construction of a driveway is sound and
structurally adequate, a performance bond should be required from the
contractor. This bond should be requested prior to construction and
be of adequate value to cover any warranty period.

Driveway maintenance is typically outlined in the permit-granting stage
and plays a necessary function in maintaining adequate driveway
operation and service life.

(Continued)

•

4-74 Rev. 1()..8.91 •



•
CHAPTER 4 - ACCESS MANAGEMENT TECHNIQUES

CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)

C-ll: Install Right Turn Acceleration Lane

•

C-ll:
Description

C-ll:
Application

C-ll:
Design

This design technique reduces through-lane deceleration requirements
by facilitating higher speed driveway merge maneuvers. The merge
maneuver is facilitated by a right-tum acceleration lane for use by
right-turn egre~s driveway vehicles. This technique can be applied both
during the permit-authorization stage or at existing facilities.

The speed of driveway to highway merges is increased by allowing
driveway vehicles the necessary length to accelerate. The merge
maneuver can be accomplished more safely when the speed is more
compatible with highway running speeds.

Merge and rear-end conflicts are expected to decrease because of a
reduction in the deceleration requirement of through vehicles.
Increased perception times will also result.

This technique is applicable on all highway types. Highway volumes
should exceed 10,000 vpd, and speeds should be greater than 35 mph.
The technique should be implemented only at driveways that have at
least 75 right-turn egress movements during peak demand periods.
Property frontages should exceed the recommended length of the
acceleration lane. high accident rates involving right-turn egress
vehicles will also warrant this technique.

A right-turn acceleration lane should be of sufficient width and length
to allow safe, efficient merging maneuvers to occur (see Figure C-ll
1).

_--'---~- OR~"'E"1AYL
R-20 MIN

rTAPER LENGTH I ACCEl.£AATION LANE LENGTH -1
11 MIN ____
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FIGURE e-11·1: RIGHT TURN ACCELERATION LANE

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY C: Limit Deceleration Requirements (Continued)

C-12: Install Channelizing Islands To Prevent Driveway Vehicles From-Backing Onto The
Highway

•
C-12:
Description

C-12:
Application

C-12:
Design

This driveway design technique is aimed at reducing through-lane
deceleration requirements by preventing driveway vehicles from
backing onto the highway from a parking area. The strategy for
achieving this objective is to construct channelizing islands at existing
locations to prohibit this maneuver. The islands can be located either
on the right-of-way or inside commercial properties. Candidate
locations for this technique are characterized by commercial parking
areas paved to the edge of pavement in back of curb, with no physical
distinction between the two areas. This method will define where
access to a property should be made.

The technique will reduce the total area of conflict by controlling and
defining driveway openings. Conflict severity will be reduced by
prohibiting uncontrolled access along property frontages. Possible
detrimental effects may include an increase in through vehicle conflicts •
with the installed island.

This technique is warranted on all highways where open access exists.

The design of islands to accomplish this technique is dependent upon
geometric layout and highway speeds. Islands should be of adequate
size to discourage undesirable maneuvers but clearly define intent and
direction for the turning vehicle.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes

Introduction
CATEGORIES OF TREATMENT FOR

IMPROVING TRAFFIC FLOW

D. Remove Turning Vehicles from Through
Lanes.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-l: Install Continuous Two-Way Left Turn Lane

•
D-l:
Description

D-l:
Application

A two-way left-turn lane is provided to remove left-turning vehicles
from the through lanes and store those vehicles in a median area until
an acceptable gap in opposing traffic appears. The two-way left-turn
lane completely shadows turning vehicles from both through lane
traffic streams. Thus, accident severity and frequency reductions will
result. Frequency is reduced by removing stopped or slow left-turning
vehicles from the through lanes and severity is reduced by allowing
additional perception time to reduce left-turn crossing conflicts. Delay
to through vehicles will also be reduced because left-turning vehicles
and queues will not block the through lanes.

This technique is applicable on roadways with existing strip
development which has frequent, but low volume driveways. Two
moderate to high volume driveways should not be located in close
proximity to each other. Continuous two-way left-turn lanes are
compatible with the function of collective streets, and some minor
arterials, serving commercial and industrial and multi-functional
residential areas. Special care needs to be taken in the permit phase
to ensure that moderate to high volume access points are NOT
arranged as illustrated in Figure D-l-l. Continuous two-way left-turn
lanes provide a level of access which is incompatible with the
movement function of arterial roadways.

~ 1 1 ''''-----_I L

•

II I I I I I I
FIGURE 0.1·1: SEVERE CONFLICT CREATED WHEN HIGH

VOLUME DRIVES ARE LOCATED DOWNSTREAM ON
OPPOSITE SIDES OF ROADWAY

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-1:
Design

Figure D-1-2 illustrates the major design considerations applicable
under this Technique. Traffic lane widths of 12 feet are desirable,
however, existing conditions, particularly in urban settings may dictate
lane width modifications.

_____J L,,",-------,) l,,-------,J l,,-------,J l"-------,,,J

12'

12'

FIGURE 0.1-2: CONTINUOUS TWO-WAY LEFT TURN LANE
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•
(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY 0: Remove Turning Vehicles From The Through Lanes (Continued)

0-3: Install Alternating Left Tum Lane

•
0-3:
Description

0-3:
Application

0-3:
Design

The alternating left-tum lane will allow one traffic direction to have
the opportunity to cross the median into driveways, and after a
determined distance, the left-tum lane is physically opened to the
opposing direction traffic. Thus, both traffic directions have a unique
left-tum lane available for continuous left-tum maneuvers over a
limited section of highway. Left-tum access to some driveways is
prevented because when the left-tum lane is available to one traffic
direction, the opposing traffic cannot attempt a left tum.

Accident frequency and severity reductions will result from the
implementation of this technique. Frequency is reduced by removing
stopped or slow-moving vehicles and queues from the through lanes,
and severity is reduced by allowing through vehicles additional
perception time to avoid left-tum crossing conflicts. Delay to through
vehicles will also be reduced because left-turning vehicles will not
block the through lanes. •

This technique is applicable on all types of highways where sufficient
space is available for construction of medial tum lanes. Median widths
12 feet or greater are necessary. Multi-lane undivided highways where
the curb-to-curb width will accommodate an odd number of lanes can
be achieved by removing parking or restriping the through traffic lanes
are candidates for these techniques. Application is particularly
appropriate where concentrations of driveways alternate from one side
of the highway to the other.

Alternating left-tum lanes can be used when property access is
required and roadway width is limited. Figure 0-3-1 exhibits typical
usage.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY 0: Remove Turning Vehicles From The Through Lanes (Continued)

=--=

0-3:
Design
(Continued) ~ l J l . J l,------"J l,------"J l,------"J

-----~~~~~~~~-----~-~~~~-I SOLIO WHITE UNE _

;- LEFT TURN LANE;-'/ ./
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•
FIGURE 0-3-1: ALTERNATING LEFT TURN LANE

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-4: Install Isolated Median And Deceleration Lane To Shadow And Store Left Tum
Vehicles

•
D-4:
Description

D-4:
Application

The functional objective of this technique is to remove turning vehicles
or queues from the through lanes at a major driveway. Improvements
in left-turning operations result from the isolated median and
deceleration lane which shadows and stores the left-turning vehicles.

By providing higher diverging speeds and removing the stopped left
turning vehicles from the through lanes, a reduction in the frequency
and severity of rear-end conflicts at the driveway should occur. Also,
the severity of left-tum crossing conflicts should be reduced because
the turning drivers are allowed additional perception time. Some
tradeoffs may occur because of through vehicles colliding with the
channelizing islands.

Installation of an isolated median left-tum is applicable on all
undivided high speed roadways where an individual public road, or
private driveway, has moderate to high volume left-turns in one or
both directions.

Suggested applications are:
•

The decision components of this technique are the deceleration lanes
(taper and storage), median islands, and the tapering length of the
highway. The taper rates are a function of speed; suggested taper
rates are shown in Table D-4-1. In many cases, additional rights-of
way will be needed to facilitate construction of needed deceleration
lanes and median islands. Figures D-4-1 and 0-4-2 provide design
guidelines.

D-4:
Design

Speed
(mph)

35
45
~ 55

(Cor.tinued)

4-82

Left-Turn
Volume (yPd)

200
150
100
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

•

•

D-4:
Design
(Continued)

Rev. 10-8-91
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FIGURE 0-4-1: ISOLATED DECELERATION LANE DESIGN
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FIGURE 0-4-2: DESIGN CRITERIA FOR CHANNELIZATION
APPROACHES

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)
•

D-4:
Design
(Continued)

TABLE D-4-1: SUGGESTED TAPER RATES FOR
ISOLATED LEFT TURN LANES

Source: Reference (~)

Note: Colorado code includes speeds up to and
including 55 mph.

Source: Reference (2)
Note: New Mexico regulations contain the same
ratios through 55 mph but also includes ratios for
60 and 65 mph.

Posted
Speed
(mph)

20
25
30
35
40
45
50
55
60
65

Ratio for Straight Taper
for Acceleration and
Deceleration Lanes

7.5:1
7.5:1
10:1

12.5:1
15:1
15:1
20:1

22.5:1
50:1
50:1

Minimum Ratio
for Deceleration

Lane

7.5:1
7.5:1
8:1
10:1

11.5:1
13:1
15:1

18.5:1
25:1
25:1

•

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-5: Install Left Turn Deceleration Lane To Remove Turning Vehicle From Through
Lane

•

•

D-5:
Description

D-5:
Application

D-5:
Design

Rev. 10-8-91

This median treatment facilitates left-tum access to a driveway by
providing a left-tum deceleration lane in place of a right-angle
crossover. The principal objective is to remove turning vehicles or
queues from the through lanes, thereby improving the left-tum
operations.

The frequency and severity of rear-end conflicts is reduced because
turning vehicles can diverge at higher speeds and because stopped
vehicles or queues are removed from the through lanes. The severity
'of left-turn opposing conflicts should decrease because the left-turning
drivers will have more perception time in which to make their
decisions.

This technique should only be considered where a median opening
exists and there is sufficient median width for a deceleration lane.

All multi-lane divided highways with median widths of 14 feet or
greater are potential locations for this application. A median opening
must exist in order to provide for turning maneuvers.

In rural areas the length of the taper should be a function of roadway
speeds (see Table D-4-1). In urban areas a standard taper length of
120 feet is suggested for major arterials and 90 feet for streets of lower
functional classification. The total length of the left-tum deceleration
lane, including the taper, should be sufficient to allow the turning
vehicle to decelerate from the speed of through traffic to a stop plus
queue storage if a minimum length of the full-width lane must be
sufficient to store the largest expected queue.

The width of the turn lane should be 12 feet. Where street width is
limited, a lo-foot lane might be used. The minimum width of the
median nose is four feet. Where pedestrians are present a minimum
of 6 feet should be used.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY 0: Remove Turning Vehicles From The Through Lanes (Continued)
•

0-5:
Design
(Continued)

) l ) l ) l
---------------------------------------

~~-~-~-~-=~-~---------------
1 ( I ( 1 (

FIGURE 0-5-1: LEFT TURN DECELERATION LANE

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-6: Install Medial Storage For Left Tum Egress Vehicles

•

•

D-6:
Description

D-6:
Application

D-6:
Design

Rev. 10-8-91

The installation of medial storage for left-tum driveway egress vehicles
on multi-lane divided highways improves left-tum operations by
removing those tuming vehicles from the through lanes of the highway.
This allows left-tum egress drivers additional perception time, which
in turn reduces the severity of left-tum egress merge conflicts.

All multi-lane divided highways with median widths of at least 18 feet
are applicable locations. A median opening has to exist in order to
provide for the turning maneuvers.

A minimum median width of 18 feet is needed for this treatment.
Also, a lane width of at least 14 feet must be maintained between the
channelizing island and the median end. The island should occupy at
least 100 square feet in order that the path of left-turning vehicles is
well defined. The island should be offset from the through lanes by a
2 foot safety area.

JI I l
------_..... "-----------------
____>_1_8. ~___J'·~ _

------
FIGURE 0-6-1: MEDIAN STORAGE FOR LEFT TURN

EGRESS VEHICLES

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-7: Increase Storage Capacity Of Existing Left Tum Deceleration Lane

•
D-7:
Description

D-7:
Application

D-7:
Design

The deceleration lane shadows and stores left-turning vehicles from the
main stream of traffic. When the storage capacity becomes insufficient
to handle the turning volume, the safety and capacity of the through
lanes is adversely affected. An acceptable solution involves increasing
the storage capacity of the deceleration lane to accommodate most
peak-period turning vehicles. The effects on operation are reductions
in the frequency and severity of rear-end conflicts.

All multi-lane divided highways with existing deceleration lanes and
insufficient storage lengths are applicable locations.

The design of this technique involves two alternatives. These
alternatives are: (1) increasing the length of an existing storage lane
where sufficient median length is available; or (2) widening the
highway to facilitate left-turning maneuvers from two lanes. The
second condition considers the possibility of right-of-way acquisition.
Several construction options exist under each of these conditions.

(Continued)
•
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY 0: Remove Turning Vehicles From The Through Lanes (Continued)

0-7:
Design
(Continued) ____jll__

~
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INCREASE STORAGE CAPACITY
EXTEND LEn TURN LANE

(FOR MEDIAN WIDTHS 14'-18')

• INCREASE STORAGE CAPACITY
ADD SECOND LEn TURN LANE

(FOR MEDIANS 24' AND GREATER)
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INCREASE STORAGE CAPACITY
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(FOR MEDIAN WIDTHS 14'-18')

FIGURE 0.7-1: INCREASE LEFT TURN STORAGE
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY 0: Remove Turning Vehicles From The Through Lanes (Continued)

0-9: Install Continuous Right Tum Lane

•
D-9:
Description

D-9:
Application

A continuous right-tum lane is essentially a combination of a right-tum
acceleration and deceleration lane that is extended to accommodate
several nearby driveways. It is used along a section of highway where
driveways cannot otherwise accommodate right-turning queues and/or
high enough right-tum speeds. This technique reduces the frequency
and severity of rear-end conflicts by removing turning vehicles at
higher speeds and by shadowing right-tum queues.

This technique is warranted on all types of highways with existing
driveways.

Application of this technique is appropriate where access to driveways
cannot be achieved at safe right-tum speeds. Figure D-9-1 exhibits
typical guidelines. Left-turns should be prohibited where a continuous
right-tum lane is used, preferably by a non-traversable median.

D-9:
Design

L
•

=====::::/:...-_----------/_---

I ( 1 r
FIGURE 0.9-1: CONTINUOUS RIGHT TURN LANE

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY 0: Remove Turning Vehicles From The Through Lanes (Continued)

0-10: Construct A Local Service Road

•

•

0-10:
Description

0-10:
Application

Rev. 10-8-91

Frontage roads are access control measures that have numerous
functions, depending on the kind of arterial highway they serve and the
character of the surrounding commercial area. They segregate local
traffic from the higher-speed through traffic, and intercept driveways
of abutting commercial establishments. Cross connections between the
through traffic lanes and frontage roads, usually provided in
conjunction with crossroads or intersections, furnish the means of
access between through roads and adjacent property. Thus, the
through character of the highway is preserved and is unaffected by
subsequent development of the roadside.

The frontage road system can add tremendous flexibility to the
operation of a highway when utilized as an auxiliary facility. A
continuous frontage road system provides maximum land service to
properties abutting the highway facility. Also, during periods of
saturated flow on urban highways, frontage roads provide the
operational flexibility often required to alleviate congestion on the
system.

The frontage road, as an access control measure, reduces the frequency
and severity of conflicts along the highway by preventing direct left
turns and removing slower-turning vehicles from the through lanes.
This technique decreases delay on the highway for through vehicles as
a result of the elimination of marginal stream friction. Some tradeoffs
are realized by increasing the frequency of conflicts and delay by
indirect routing for some maneuvers.

Frontage roads are applicable in the planning stage for primary divided
arterials with speeds high of and a high level of development (greater
than 60 driveways/mile). Usually traffic volumes exceeding 20,000 vpd
are associated with this type of development.

(Continued)

4-91



CHAPTER 4 • ACCESS MANAGEMENT TECHNIQUES

CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-11: Construct A Bypass Road

•
D-il:
Description

D-11:
Application

D-11:
Design

The continued growth of commercial strips along major arterials has
magnified the problem of access control. Many highway agencies have
been unable to alleviate congestion occurring in the vicinity of such
commercial developments.

Bypasses provide motorists with the opportunity to avoid heavily
developed or congested areas without conflicting with local traffic. As
a result, this technique reduces the frequency and severity of conflicts
on both facilities by separating longer-distance and faster-moving
through traffic (including trucks) from slower local traffic. Removal
of the intercity traffic from the existing roadway makes it more
convenient for local traffic to enter and exit the business sites.

Bypasses are applicable on major intercity routes where development
along the existing route makes it impractical to reconstruct the facility
or the existing location.

Design and construction of a bypass route is subjected to the same
standards applicable to major highways. Appropriate design standards
based on intended use should be followed. Established documents
such as "A Policy on Geometric Design for Rural Highways", "A Policy
on Design of Urban Highways and Arterial Streets", "Design Standards
for the Interstate System", "Geometric Design Standards for Highways
Other Than Freeways", and "Geometric Design Guide for Local Roads
and Streets" should be consulted.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-12: Reroute Through Traffic

•

•

D-12:
Description

D-12:
Application

Rev. IG-8-91

In this technique, the separation of through traffic from local traffic is
achieved by using other adjacent facilities to reroute through traffic.
The technique helps to reduce congestion and the frequency and
severity of conflicts by separating and rerouting higher-speed through
vehicles to where they have less potential of conflict with slower-speed
local traffic. .

Rerouting through traffic is applicable where it is impractical. to
reconstruct the existing roadway and an alternative route having fewer
access drives is available.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-13: Install Supplementary One-Way Right Turn Driveways To Divided Highway

•
D-13:
Description

D-13:
Application

D-13:
Design

This driveway location technique is aimed at removing turning vehicles
and queues from sections of the through lanes. Strategies for achieving
this objective involve installing supplementary one-way right-tum
driveways to an existing T-driveway on divided highways. The
supplementary driveways can be installed to serve both egress or
ingress vehicles. .

This technique is intended at high-volume driveways to eliminate
conflicts on the driveway and secondary rear-end conflicts on the
highway associated with right-turn maneuvers. Where the T-driveway
has only one lane, each for ingress and egress, this technique will add
substantially to the total driveway capacity.

This technique is warranted at high-volume driveways on multi-lane
highways where a property has a very long frontage.

This control measure is particularly applicable at large commercial or
industrial complexes such as regional shopping centers and industrial
parks. Sufficient frontage area is required to construct safe, adequate
driveways, which do not present undue interference with through
moving vehicles. Figure D-13-1 presents a typical layout recommended
for this technique.

•

______~ J_ cz::::::: _

FIGURE 0.13-1: SUPPLEMENTARY ONE-WAY RIGHT TURN
DRIVEWAYS

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-14: Install Access On Collector Street When Available

•

•

D-14:
Description

D-14:
Application

Rev. 10-8-91

This driveway location technique is aimed at removing turning vehicles
or queues from sections of the through lanes. The strategy for
achieving this objective is to provide supplementary access to a single
property at a collector street location. The technique provides an
additional access point for vehicles to use when entering or exiting a
property.

The average volume of all driveways to a property will decrease after
the supplementary driveway absorbs some of the total volume.
Conflict frequency will be reduced on the highway, and total conflict
severity should be reduced by moving some of the conflicts to the
lower speed collector. Delay to arterial and driveway vehicles will be
reduced because the individual driveway volumes are smaller.

This technique is applicable at all corner parcels having frontage on a
major roadway and a collector.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-16: Install Right Tum Deceleration Lane

•
D-16:
Description

D-16:
Application
D-16:
Design

This driveway design technique is aimed at removing turning vehicles
or queues from sections of the through lanes. The deceleration lane
will reduce the severity of rear-end conflicts on the highway by
allowing right-tum vehicles to leave the through lanes at a high speed.

This technique is applicable on all major roadways.

The length of the right-turn lane, including taper, should be sufficient
to allow vehicles to decelerate from the through traffic speed to a stop
plus any necessary queue storage.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)

CATEGORY D: Remove Turning Vehicles From The Through Lanes (Continued)

D-17: Install Additional Exit Lane On Driveway

•

•

D-17:
Description

D-17:
Application

D-17:
Design

Rev.l~91

This technique involves construction on an additional driveway exit
lane to better facilitate egress maneuvers. Right-tum and left-tum
egress maneuvers are made more efficiently because drivers are not
delayed by egress vehicles wanting to tum in the opposite direction.
The egress capacity of the driveway is also significantly increased.

Total driveway delay should decrease significantly because of the
increased capacity due to the separation of egress-turning maneuvers.
However, if insufficient approach length is available, a reduction in the
capacity potential may result because of internal conflicts associated
with considerable weaving at the exit.

This technique is applicable for all highway types and at driveway
locations where both left-tum and right-tum egress maneuvers are
permitted.

In the design of the technique, consideration must be given to driveway
width, traffic volumes, internal circulation and highway operation. The
additional lane should be sufficiently wide to safely accommodate
turning vehicles and long enough to provide adequate storage with
minimal impact to internal circulation. If the additional lane services
left-turning vehicles, adequate signalization is necessary to facilitate
traffic operation.

(Continued)
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CATEGORIES OF ACCESS MANAGEMENT TECHNIQUES (Continued)
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TAPER LENGTH DEPENDS
ON DRIVEWAY SPEEDS AND
PHYSICAL SITE CONDITIONS
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FIGURE 0-17-1: INSTALLATION OF ADDITIONAL EXIT LANE

ON DRIVEWAY
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This driveway operation technique is aimed at removing turning
vehicles or queues from the through lanes. The strategy for achieving
this objective is to encourage adjacent property owners to permit
property-to-property movements away from the highway.

A prime example of this access control measure is the neighborhood
shopping center, where several adjacent properties are served by one
open parking lot area. The patrons frequenting nearby establishments
do not need to exit onto the highway and then enter the neighboring
driveway.

Highway conflicts will be reduced because the highway will no longer
be used in traversing from one property to the next.

This technique is applicable on all highway types. Of particular
interest are adjacent properties with small frontage widths.

This technique is intended to serve adjacent properties through use of
common access points. Thought must be given to internal circulation
and storage space for driveway vehicles as well as geometric layout and
existing highway operation.

(Continued)
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This is a general access control policy that may be utilized on existing
facilities or in the driveway permit stage. An adequate internal design
and circulation plan is intended to ensure harmony between highway,
driveway, and internal operations. Driveway and internal operations
will be improved by providing adequate internal property design and
controls. Through traffic will experience a decrease in interference
because the internal design will minimize queuing on the highway and
vehicles searching for parking places are able to circulate internally.
Conflict frequency and severity are expected to decrease because
deceleration requirements are lessened.

This technique is applicable to all types of highways. Implementation
is feasible on existing facilities but primary consideration should be
given this policy during site plan approval.

Internal circulation designs should provide adequate handling of
limited parking and maneuvering areas; minimize internal interference
by supplying storage areas to egressing movements; and distribute
ingressing vehicles into the main circulation pattern with minimal
hesitation and confusion. The following list reflects recommendations
by which this technique can be properly applied.

1. General location of driveway entrances should be
approved by code authorities before the major effort
toward maximum capacity planning begins.

2. Rectangular-shaped parking areas are the most efficient.

3. Wherever possible, the long sides of parking areas should
be parallel.

4. Curved, triangular, and other irregularly shaped parking
areas should be avoided.

•

(Continued)
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5. Traffic aisles should be aligned parallel to the long
dimension of the parking areas where feasible.

6. Irregularly shaped areas should be designed with the
traffic aisles parallel to the longest side.

7. Traffic aisles should serve two rows for stalls; that is, they
should be double-loaded.

8. The perimeter of the parking area should be lined with
parking stalls to the maximum extent.

9. Parking areas serving combined parking-use functions,
such as combined customer and employee parking, should
be designed to provide distinctly separate areas and traffic
control for each use function.

to. Traffic flow and control should be analyzed carefully for
optimum efficiency.

11. Landscaping and lighting should be designed after the
optimum maximum capacity design has been achieved. If
the maximum capacity design is altered to suit other
criteria (such as an owner's request for greater stall width,
changes in direction of traffic aisles, etc.), lighting fIxtures
should be located so the parking area may be converted to
the maximum capacity design without requiring relocation
of the lighting standards. Where feasible, landscaping
should be planned in the same manner, especially where
irrigation and sprinkler systems with underground water
piping are included.
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Introduction

ACCESS MANAGEMENT
TECHNIQUES FOR RURAL

TWO-LANE HIGHWAYS

•

Delay
Reduction

Turning movements at intersections and driveways may decrease the
level of traffic service on two-lane highways by delaying following
vehicles. Vehicles making a right turn off a highway must slow to a
speed appropriate for the turning radius and width of the intersecting
road or driveway and may cause the following vehicles to slow as well.
Left turns off a two-lane highway typically involve more delay than
right turns, because following vehicles may be forced to slow, or even
stop, depending upon whether or not a gap in the opposing traffic
stream is available for the left-turning vehicle to complete its turn.

The justification for turning improvements on a two-lane highway is •
usually to reduce delay or accidents at a specific intersection or series
of driveways. In limited situations, on highways with high traffic
volumes, turning improvements are needed to prevent the formation
and growth of vehicle platoons.

Evaluation of the need for turning improvements to reduce delay on
two-lane highways requires engineering data including counts of hourly
traffic volumes in each direction of travel, counts of turning volumes
at intersections and/or driveways, and field observations or HCM
estimates of the level of vehicle platooning in the approaching traffic
streams.

(Continued)
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Delay
Reduction
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The need for turning improvements to improve traffic operations has
been assessed by Hoban with a simple computer model of an
intersection specified combination of traffic volume, composition,
directional split, and percentage of left turns. Some of the key results
obtained by Hoban are illustrated in Figures 4-4 and 4-5. Figure 4-4
shows the delay reductions which can be achieved by removing the
effects of turns from the through traffic on a two-lane road, expressed
as hours of delay reduced per hour of traffic. Figure 4-5 shows the
effects of delays caused by tuining vehicle on percent time delay over
a road section. The top line in Figure 4-5 shows through traffic over
a short road length. However, when these effects are averaged over
a longer road section, the increase in percent time delay is greatly
reduced, as shown by the center line in Figure 4-5.

The major results of this investigation are:

• At traffic volumes below 200 veh/hr in one direction of
travel, there is virtually no delay to following vehicles. At
such low flow rates, the probability that a left-turning
vehicle will be closely followed by another vehicle is
minimal.

• Turn delays have only small effects on overall traffic
operations on a 0.5-mi (0.8-kIn) highway section at
volumes below about 600 veh/hr with 5 percent turning
vehicles or below about 400 veh/hr with 20 percent
turning vehicles.

• At higher traffic volumes on a 0.5-mi (0.8-kIn) highway
section, tum delays can cause substantial decrease in
average speeds and increases in percent time delay, and
individual vehicles can be delayed as much as three or
four times their normal travel time.

(Continued)

4-103



CHAPTER 4 - ACCESS MANAGEMENT TECHNIQUES

ACCESS MANAGEMENT TECHNIQUES FOR RURAL TWO-LANE HIGHWAYS
(Continued) •
Delay
Reduction
(Continued)

• When tum delays are evaluated over a longer highway
section (e.g., 10 mi or 16 kIn in length), their effect on
overall traffic operations is quite small, even at high traffic
flows. This is because tum delays are quite localized,
while delays due to traffic platooning behind slow vehicles
are typically experienced over many miles of travel.

• When turn delays are compared with an extreme case of
a ID-mi (16-km) no-passing zone, the delays caused by the
no-passing zone are considerably greater than those due to
turning vehicles.

It is difficult to generalize about the traffic operational effects of delays
caused by turning traffic, since there are many possible combinations
of road and traffic conditions which may need to be considered. When
traffic delays due to platooning are already severe, for example, the
additional delays due to turning traffic may be unacceptable, and may
be easier to remedy than the platooning delays.

One of the most important conclusions which may be drawn from this
investigation is that both passing and turning problems must be
considered in any evaluation of an extended road section.
Improvements which reduce turn delays while creating no-passing
zones, for example, may not provide a better overall quality of service
on a road.

(Continued)
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Reduction

Turning
Improvement
Alternatives

The need for turning improvements to reduce accidents should be
based on consideration of approach speeds, geometric factors such as
sight distance, and accident history. Two types of accident analysis are
typically used to justify turning improvements. . First, turning
improvements may be warranted at sites where accident rates are high;
e.g., substantially higher than the statewide or areawide average.
Accident rates for individual intersections should be expressed as
accidents per million vehicles entering the intersection, while accident
rates for highway sections should be expressed as accidents per million
vehicle-miles. Second, turning improvements may be warranted at sites
where collision diagrams or tabulations of accident types indicate
persistent patterns of left-turn, right-turn, angle, or rear-end accidents
associated with turning maneuvers at intersections and driveways.

Three alternative turning improvements are available to reduce delay
and accidents on two-lane highways. These are:

• Intersection turn lanes. Separate right-turn and left-turn
lanes can be provided at intersections and, in special cases,
at high-volume driveways.

• Should bypass lanes. Bypass lanes can be provided at T
intersections to enable through vehicles to pass to the right
of vehicles that are stopped waiting to make a left turn.

• Two-way left-turn lanes can be installed in the center of a
two-lane highway to allow vehicles traveling in either
direction to make left-turns into intersections and
driveways.

(Continued)
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ACCESS MANAGEMENT TECHNIQUES FOR RURAL 1WO-LANE HIGHWAYS
(Continued)

Intersection
Turn Lanes

Intersection turn lanes are desirable at selected locations in order to
reduce delays to through vehicles caused by turning vehicles and to
reduce accidents related to turning maneuvers. Separate right-turn and
left-turn lanes may be provided, as appropriate, to remove turning
vehicles from the through travel lanes. Left-turn lanes, in particular,
provide a protected location for turning vehicles to wait for a gap in
opposing traffic to complete their tum. Such protection reduces the
potential for rear-end accidents between left-turning and following
vehicles, and may also encourage drivers of left-turning vehicles to wait
for an adequate gap in opposing traffic before completing their turn.
Figure 4-6 illustrates a typical two-lane highway intersection with left
turn lanes.

III
(i $ $ \ \ \ S:S» _,..:;."_

Jll--------- ---------4Y \ \ \ S ,

•
FIGURE 4-6: PLAN VIEW OF TYPICAL INTERSECTION WITH

LEFT TURN LANES

Virtually every highway agency has established geometric design and
traffic control criteria for channelized intersections. intersection turn
lanes should be designed in accordance with the AASHTO Green
Book and highway agency policies. Excellent design guides for
intersection turn lanes have recently been published by Neuman in
NCHRP Report 279 on Intersection Channelization and by the
California Department of Transportation. Similarly, signing and
marking of channelized intersections is fully addressed in the MUTCD
and in highway agency traffic control policies and handbooks.

(Continued)
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Table 4-2 indicates the traffic operational conditions under which the
installation of a left-turn lane is considered warranted to reduce delay
at an unsignalized intersection on a two-lane highway. Table 4-2 is
entered with the percentage of left turns at an unsignalized intersection
and the opposing traffic volume; the entries in the table indicate the
flow rate at which the installation of a left-turn lane is considered
warranted. The table is based on the assumption that the volumes of
left turns and right turns from the side road are less than or equal to
the volume of left turns from the main highway.

TABLE 4-2: OPERATIONAL GUIDELINES FOR LEFT TURN
LANES AT INTERSECTIONS ON TWO-LANE HIGHWAYS

OppOSing Advancinl Volume to Warrant a Left-Turn Lane (veh/br)
Volume 5 Percent 10 Percent 20 PerceDt 30 Percent

(veb/br) Left Turns Left Turns Left Turns Left Turns

50-mph Operatinl Speed

800 280 210 165 135
600 350 260 195 170
4\>0 430 320 240 210 •200 550 400 300 270
100 615 445 335 295

60-!ph Operatinl Speed

800 230 170 125 115
600 290 210 160 140
400 365 270 200 175
200 450 330 250 215
100 505 370 275 240

Note: 1 aile'" 1.609 Ira.

(Continued)
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Varying estimates of the effectiveness of intersection tum lanes in
reducing through vehicle delay have been developed by Ring and
Carstens, Lee, and McCoy et al. However, none of these sources
considers the downstream effects of intersection delay on traffic
operations, which are minimal at low flow rates but can be substantial
at high flow rates. The TURNER model, developed by Hoban, is the
only currently available method for assessing these downstream effects.

There are no widely accepted criteria that indicate when the
installation of an intersection tum lane is warranted to improve safety.
One agency considers installation of a left-tum lane to be warranted
at an unsignalized intersection if four left-turn-related accidents occur
in one year or if six occur in two years. Installation of intersection turn
lanes may also be justified to improve safety at locations where
restricted sigh distance on an intersection approach creates a potential
for rear-end accidents.

Intersection tum lanes not only improve traffic operations and safety,
but may also reduce fuel consumption, vehicle operating costs, and
pollutant emissions by reducing vehicle stops and speed changes.
These effects can be estimated using procedures presented by Dale.

Shoulder bypass lanes are a low-cost alternative to intersection tum
lanes for reducing delays to through vehicles cause by left-turning
vehicles. Where a side road intersects a two-lane highway at a three
leg or T-intersection, a portion of the paved shoulder opposite the
intersection may be marked as a lane for through traffic to bypass
vehicles making a left tum. While used most commonly at
unsignalized intersections, shoulder bypass lanes may also be used at
major driveways. Table 4-2 shows that relatively high flow rates are
needed to warrant construction of a left-tum lane. Where an adequate
paved shoulder is already available, however, installation of a shoulder
bypass lane may be as simple as remarking the highway edge line.
Thus, provision os a shoulder bypass lane is often much less expensive
than construction of a paved shoulder for use as a bypass lane may be
justified either to improve traffic operations or reduce accident
experience.

(Continued)
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Figure 4-7 illustrates a typical shoulder bypass lane at a T-interseetion
on a two-lane highway. If a vehicle is stopped in the through travel
lane waiting to make a left turn, following vehicles can use the bypass
lane to avoid having to stop themselves. if there are no turning
vehicles present, drivers of through vehicles should continue in the
through travel lane without entering the bypass lane. may drivers
already use paved shoulder to bypass turning vehicles, although use of
shoulders to this maneuver is illegal in many states. The marking of
a bypass lane encourages drivers to avoid unnecessary delay and
assures that the maneuver is legal by designating a portion of the
paved shoulder as part of the traveled way.
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Design Of
Shoulder
Bypass Lanes

FIGURE 4-7: PLAN VIEW OF TYPICAL INTERSECTION WITH
SHOULD~R BYPASS LANE

The key geometric elements of shoulder bypass lanes at T-interseetions
are indicated in Figure 4-7. These elements are lane width, approach
taper length, approach lane length, departure lane length, and
departure taper length. For design purposes, the approach lane ends
and the departure lane begins at the centerline of the intersecting
road.

(Continued)
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There are no established geometric design criteria for shoulder bypass
lanes. A survey of state highway agencies by Buehler found that
shoulder bypass lanes have been used in 23 states and operate
effectively with a wide variety of geometric designs.

The minimum recommended width for a should bypass lane is 10 ft
(3.1 m), with a width of 12 ft (3.6 m) considered desirable. Bypass
lanes less than 10 ft (3.1 m) wide should be avoided because they
encourage drivers to straddle the boundary between the bypass lane
and the through travel lane. If a road carries substantial bicycle traffi~

it may be desirable to provide a narrow shoulder outside the bypass
lane.

Shoulder bypass lanes should be relatively short; if a bypass lane is too
long, drivers may mistake it for a passing lane or feel that they are
required to use the bypass lane even when no turning vehicle is
present. The total length of a shoulder bypass lanes should typically
be 250 to 500 ft (76 to 153 m) depending on traffic volumes and site
conditions.

The approach and departure tapers should be relatively short because
most vehicles use shoulder bypass lanes at reduced speeds. Typical
taper lengths for shoulder bypass lanes are 50 to 100 ft (15 to 31 m).
Where a shoulder bypass lane is used, it should be designed to
encourage drivers to slow down before entering the bypass lane. It is
probably preferable to provide a separate left-turn lane rather than
providing a shoulder bypass lane with long tapers. Tapers as long as
those used in passing lanes might encourage drivers to enter the bypass
lane unnecessarily when no turning vehicles are present.

(Continued)
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Signing And
Marking Of
Shoulder
Bypass Lanes

The length of the approach lane should be the same as the length of
the left-turn lane that would be used if that 'intersection were
channelized; i.e., long enough to accommodate the maximum number
of left-turning vehicles expected to be stopped at anyone time. At the
flow rates found on most two-lane highways, an approach lane length
of 100 to 200 ft (31 to 61 m) can be used. The departure lane is
typically 50 to 100 ft (15 to 31 m) long. Buehler found that the most
common operational problem at shoulder bypass lanes -- conflicts
cause by a vehicle moving into the lane after its following vehicle has
already entered -- could be minimized by making the approach lane
shorter and the departure lane slightly longer. A shorter approach
lane minimizes the potential for conflicts between vehicles entering the
bypass lane.

The paved shoulder must have adequate structural strength for the
anticipated traffic loads.

No specific signing is needed for shoulder bypass lanes. Pavement
markings alone have been found adequate to encourage the intended
usage.

Edge line is tapered from the edge of the through travel lane to the
outside of the shoulder, along the outside edge of the shoulder through
the approach and departure lanes, and back to the edge of the through
travel lane. A 4-in. (to-em) solid white line should be provided at the
edge of the through travel lane throughout the length of the approach
lane and the departure lane. This use of a solid line discourages late
entry into the bypass lane and premature return to the through travel
lane. The breaks between the pavement edge line and the lane line
in the area of the approach and departure taper areas define the
locations where drivers are expected to enter and leave the bypass
lanes. .

(Continued)
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Many states prohibit driving on shoulders. In most states, however, no
special legislation would be required to implement should bypass lanes
because the pavement markings used designate the bypass lane as part
of the traveled way. It should be noted that, even where shoulder
bypass lanes are not provided, many drivers already used paved
shoulders to bypass left-turning vehicles, although this may be illegal.
The State of Delaware has adopted legislation to allow through
vehicles to bypass left-turning vehicles on their right both on paved
shoulders and at shoulder bYPass lanes.

Shoulder bypass lanes have been shown to be effective in reducing
delay to through vehicles at T-intersections, as well as reducing fuel
consumption, vehicle operating costs, and pollutant emissions.

No quantitative estimates are available for the delay reduction
effectiveness of shoulder bypass lanes. However, a Delaware study
found that, where shoulder bypass lanes are provided, 97 percent of
the drivers who needed them to avoid delay did in fact use them.
Similarly, an Illinois study observed over 90 percent usage of shoulder
bypass lanes by drivers who needed them. Even bypass lanes as short
as 150 ft (46 m) were used effectively by drivers.

Shoulder bypass lanes were found to be more effective than paved
shoulders alone in improving traffic operations. In Delaware, where
use of both paved shoulders and shoulder bypass lanes to bypass left
turning vehicles is legal, only 81 percent of drivers used paved
shoulders to bypass left-turning vehicles, whereas 97 percent of drivers
used shoulder bypass lanes where necessary.

The accident experience of shoulder bypass lanes compared with that
of separate left-turn lanes or compared with that of separate left-turn
lanes or compared with that of paved shoulders alone has not been
formally evaluated. However, Nebraska has reported a marked
decrease in rear-end accidents at shoulder bypass lanes, and other
states have reported relatively few accidents occurring at shoulder
bypass lane installations.

(Continued)
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Configuration

Two-way left-turn lanes (TWLTLs) provide a deceleration and storage
area in the center of the highway to reduce delay to through vehicles
and rear-end accident potential caused by left-turning vehicles at
intersections and driveways over a length of highway. The operational
benefits of TWLTLs in rural areas with flow rates below 300 veh/hr
are minimal, but TWLTLs in rural areas can reduce accident rates up
to 85 percent. At flow rates above 300 veh/hr, TWLTLs provide both
operational and safety benefits. In urban fringe areas, TWLTLs
typically reduce accident rates by 35 percent.

TWLTLs have been used for many years on urban and suburban
arterial streets with strip commercial development to improve safety
and to reduce delays to through vehicles caused by turning traffic.
Highway agencies have recently begun to use TWLTLs in rural and
urban fringe areas to obtain these same types of operational and safety
benefits.

TWLTLs are typically employed in rural areas at isolated
developments (often roadside businesses), where speeds are higher and
traffic flow rates are lower than those of TWLTL sections used in
urban and suburban areas. TWLTLs are also employed in small towns
and in urban fringe areas, which often have the potentially hazardous
combination of dense development, frequent turning maneuvers, and
high approach speeds. At a location with a single high volume
intersection or driveway, a conventional left-turn lane is more
appropriate than a TWLTL. However, TWLTLs are particularly
appropriate at locations where high left-turn volumes are spread over
several adjacent driveways and unsignalized intersections and at
locations where there is a documented pattern of left-turn accidents
spread over several intersections or driveways.

TWLTLs are also well suited for use in conjunction with passing lanes.
A TWLTL can be provided for left-turning traffic at isolated
developments while at the same time serving as a buffer between
alternating passing lanes.

(Continued)
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TWLTU can also be provided through small towns on highways with
passing lanes. Thus, extended sections of highway can be constructed
with a mixture of passing lanes provided in one direction or the other
and TWLTU or left-tum lanes provided, as appropriate to site-specific
geometries and roadside development. In some cases, this could be
constructed witlt a continuous three-lane cross-section.

Care should be taken not to overuse TWLTLs on two-lane highways
because passing is prohibited in TWL1L sections. If used in areas
with minimal development, TWLTU can be operationally detrimental
by denying drivers the opportunity to pass slow-moving vehicles,
without any corresponding safety benefit. When evaluating whether to
install a TWLTI.., highway agencies should consider the availability of
passing opportunities on the adjacent highway section. If the only good
passing zone for miles in either direction is replaced by a TWLTI..,
illegal passing maneuvers are likely, and the potential for conflicts
between passing and turning vehicles is increased.

Figure 4-8 illustrates the recommended signing and marking practices
forTWLTU.

TWL1L sections should b signed in accordance with MUTCD
requirements using the black-on-white regulatory symbol sign (R3-9b),
shown in Figure 4-8, or a non-symbol sign with an equivalent message
(e.g., CENTER LANE LEFfTURN ONLY.) These signs should be
post-mounted outside the right shoulder in each direction of travel at
the beginning of the TWL1L and should be repeated at appropriate
intervals within the TWL1L section. Some highway agencies install
the TWL1L signing overhead on span wires for increased visibility at
the beginning of the TWL1L section in each direction of travel.

The pavement markings used to designate TWLTLs should comply
with the requirements of MUTCD Sections 3B-l and 3B-2. As shown
in MUTCD Figure 3-5a, a TWL1L should be marked on each side
with a double yellow line consisting of a solid yellow line on the side
adjacent to the travel lane and a broken yellow line on the side
adjacent to the TWLTL.

(Continued)
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PRACTICE FOR A TWO-WAY LEFT TURN LANE ON A TWO

WAY HIGHWAY

Operational
Effectiveness
OfTWLTLs

Many studies have shown TWLTLs to be effective in reducing delay
to through vehicles on multi-lane highways in urban and suburban
areas. The operational effectiveness of TWLTLs on two-lane highways
in rural and urban fringe areas was evaluated by Harwood ant St John
at seven TWLTI.. sites located in six states. These TWLTI.. field
studies estimated the potential delay to through vehicles that would
have been caused by left-turning vehicles if the TWLTI.. had not been
present. Through vehicles that could potentially be delayed by a left
turning vehicle included vehicles in the platoon immediately behind the
left-turning vehicle and vehicles that passed the left-turning vehicle·
while it was stopped waiting for a gap in opposing traffic. .

(Continued)
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ACCESS MANAGEMENT TECHNIQUES FOR RURAL 1WO-LANE HIGHWAYS
(Continued)
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•

Operational
Effectiveness
OfTWLTLs
(Continued)
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Very little potential delay to through vehicles was observed at rural
TWLTL sites, especially those with flow rates below 300 veh/hr in one
direction of travel. In fact, during 28 out of the 48 hr that data were
collected at the rural TWLTL sites, there was no potential delay at all.
The highest level of potential delay observed at a rural TWLTL site .
was 3.4 sec per left-turn vehicle. Thus, at rural sites with low flow
rates the installation of TWLTLs is justified only on a safety basis
because very few operational benefits can be expected.

Substantially more potential delay to through vehicles was observed at
the higher volume urban fringe sites. The highest level of potential
delay observed was 121 sec per left-turn vehicle at a site with strip
commercial development and a flow rate over 500 veh/hr in one
direction of travel. Under such conditions, TWLTL installation can be
readily justified on an operational basis.

Figure 4-9 presents a model that can be used to predict the amount of
delay reduced by a TWLTL on a two-lane highway in a rural or urban
fringe area. There is some indication that the operational benefits of
a TWLTL are minimal at low flow rates. There is no delay reduction
due to a TWLTL at flow rates below 120 veh/hr in one direction of
travel and less that 10 sec of delay reduction per left-turn vehicle at
flow rates below 300 veh/hr.

In the Harwood and St. John study, the percent of vehicles platooned
was essentially unchanged from upstream to downstream of TWLTL
sites. This finding is another indication of the operational effectiveness
of TWLTLs since, without the presence of the TWLTL, platooning
would be increased by vehicles stopped in the travel lane waiting to
make a left turn.

(Continued)
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ACCESS MANAGEMENT TECHNIQUES FOR RURAL 1WO-LANE HIGHWAYS
(Continued) •

Typicol

Operational
Effectiveness
OfTWLTI.s
(Continued)

Safety
Effectiveness
OfTWLTLs
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FIGURE 4-9: PREDICTIVE RELATIONSHIP FOR DELAY
REDUCTION DUE TO TWO-WAY LEFT TURN LANE

INSTALLATION ON A TWO-LANE HIGHWAY

TWLTLs are effective in reducing left-tum accident rates. TWLTLs
have been found to reduce accident rates by approximately 35 percent,
when installed at urban and suburban sites, primarily on multi-lane
highways. Comparable accident reduction effectiveness was found by
Harwood and St. John for installation of TWLTI.s on two-lane
highways in urban fringe areas. In rural areas, the number of accidents
at candidate TWLTI.s on two-lane highways is small, but TWLTI.s can
reduce these accidents by up to 85 percent.

When TWLTI.s first cam into common use, many engineers were
concerned about the potential for head-on collisions between left-tum
vehicles travelling in opposing directions. However, there is no
indication in the literature or in the operating experience of many
highway agencies of any problem related to head-on collisions in
TWLTI.s

(Continued)
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ACCESS MANAGEMENT TECHNIQUES FOR RURAL 1WO-LANE HIGHWAYS
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Safety
Effectiveness
OfTWLTLs
(Continued)
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A field study of traffic conflicts and erratic maneuvers at four rural
TWLTL sites on two-lane highways found only one problem that was
consistent: illegal passing in the TWLTL was observed by a relatively
small fraction (0.4 percent) of vehicles. Since it is evident that some
drivers will pass illegally in TWLTLs, a careful evaluation is
recommended· of any proposed TWLTL installation that would
eliminate an existing passing zone.
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CHAPTER S - RETROFIT PROGRAMS

CHAPTER 5

RETROFIT PROGRAMS

The problems of applying access control to a developed arterial pose one
of the greatest challenges to the traffic manager today. Many studies have
documented the damaging effects that access points have on the quality of
traffic flow provided by a roadway. The official responsible for safe,
efficient movement of traffic is certainly aware of increasing accident rates
and reduced levels of service that occur with an increase in traffic, an
increase in access points, or, as is usually the case, both.

Constraints to
Retrofit Programs

• Physical Limitationa

• Impacta on Buaine..

• Traffic flow Effecta

•
1·14-1994

•
•
•

Coat and Benefita

Legal.auea

Politica' Conaiderationa

(Continued)
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INTRODUCTION (Continued) •
Issues
(Continued)

Techniques
Applicable
To Retrofit

Implementation of access control techniques on existing roadways is
commonly very difficult. Right-of-way limitations ~d development in
close proximity to the right-of-way are commonly encountered.
Opposition by the owners of the adjacent properties and the affected
businesses often makes it difficult to obtain the necessary political
acceptance.

In many instances, however, congestion is evidenced by long queues at
intersections, traffic accidents, and extensive travel delays often result in
a public demand that improvements be made to existing major streets.

In many cases, it can be demonstrated that the benefits of fewer accidents,
time savings and reduced fuel consumption exceed the costs associated
with the implementation of access management improvements.
Furthermore, the federally mandated air quality requirements can be
expected to be an incentive for communities to implement access
management techniques which will reduce vehicular emissions by
improving traffic flow and reducing idling delay. Locals which are
designated as nonattainment areas. will find such actions especially •
attractive, and perhaps essential.

Some of the legal issues involved in implementing access management on
existing roadways are addressed in Appendix 5-A: "Legal Implications of
Control of Access to Uncontrolled Access Highways" and Appendix 5-B:
"Rights of Abutting Property Owner Upon Conversion of Uncontrolled
Access Road Into Limited-Access Highway".

The variety of access techniques which can be used in the retrofit of
existing roadways can be grouped as to the length of roadway affected
(point improvement or route segment) and by the physical elements
involved as identified in Table 5-1.

(Continued)

•
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INTRODUCTION (Continued)•

•

•

Techniques
Applicable
To Retrofit
(Continued)

1·14-1994

General methods by which these physical improvements might be
implemented are identified in Table 5-2.

TABLE 5-1: CLASSIFICATION OF PHYSICAL IMPROVEMENTS

Route Segment
Physical Ele.ment Point Improvement Improvement

Driveways X
Medians X X
Auxiliary Lanes X
Frontage Roads X
Signal Removal X

(Continued)
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INTRODUCTION (Continued) •Techniques
Applicable
To Retrofit
(Continued)

TABLE 5-2: TECHNIQUES FOR IMPLEMENTING POINT AND
ROUTE IMPROVEMENTS

Physical Element

Driveways

Medians, Point

Medians, Route Segment

Auxiliary Lanes

Frontage Roads

5-4

Implementation Techniaues

• relocate
• eliminate
• consolidate
• improve throat width/curb return

radii and at vertical alignment
• increase corner clearance

• close
• redesign to permit specific

movement only
• add turn baylimprove turn bay

geometries

• add nontraversable median
• close/redesign median openings
• 2-way continuous left-turn lane

• right-turn deceleration lanes
• continuous right-turn lane
• right-turn acceleration lanes

• reverse frontage
• increase separation from through

roadway
• one-way operation

1-14-1994

•

•
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•
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Location

Driveway
Curb Return
Radii

1·14-1994

It is important that driveways not be located in proximity to major
intersections. AASHTO recognized this by the following statement:

"Driveways should not be situated within the functional boundary
of at-grade intersections. This boundary would include the
longitudinal limits of auxiliary lanes." (1, p. 841 ;2, p. 888)

Also driveways located near intersections are frequently blocked by a
queue of stopped or slow moving vehicles, especially during peak periods.

The combination of curb return radius and throat width should allow
ingress and egress vehicles to complete right-turns with minimal impact
on through traffic or other driveway traffic. Reconstruction of existing
driveways to improve the radius and throat width can be readily made.
However, in some jurisdictions, the driveway standards or practices need
to be amended to permit appropriate designs.

Figure 5-1 shows a driveway serving a shopping center where the original
departure radius was too short. This caused the egressing vehicles to
encroach upon the inside traffic lane of a 4-lane divided arterial as
schematically illustrated in Figure 5-2A. As can be seen in the
photograph (Figure 5-1) the departure radius was increased so that
egressing vehicles entered the curb lane without encroaching on the
adjacent lane as schematically illustrated in Figure 5-2B.

FIGURE 5·1: RETROFIT OF A DRIVEWAY TO INCREASE CURB RETURN
RADIUS

(Continued)
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DRIVEWAY IMPROVEMENTS (Continued)

Driveway
Curb Return
Radii
(Continued)

•

Figura 5·2A: ShOI1 Depal1ura Radiul Ralultl In Encroachmant On Inlida Traffic Lana

"2S<R<40

•

Figura S·2B: RadiUl So Dapanura Vehicle Doea Not Encroach On Adjacent Traffic lane

FIGURE 5-2: SCHEMATIC ILLUSTRATION OF VEHICLE TRAJECTORY OF
DRIVEWAY DEPARTURE

(Continued) •5-6 1-14-199<'
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DRIVEWAY IMPROVEMENTS (Continued)

•

•

Driveway
Spacing

1-14-1994

Locating access drives at spacings of at least 1.5 times the distance
required to accelerate from zero to the speed of the through traffic
maximizes the capacity of the highway to absorb vehicles entering the
traffic stream, and hence, maximizes total egress capacity. Existing
property frontage on existing roadways often makes it impossible to
achieve such spacings. Nevertheless, any consolidation of existing access
is to be encouraged as it will improve driveway capacity and traffic flow.

Essential to the control of driveway access is an effective driveway (or
curb cut) permit program. Anyone wishing to create or alter a driveway
must have a permit from the appropriate jurisdiction which has the
authority to approve, disapprove, and assure compliance with stated
specifications. Approval of the curb cut permit should be dependent upon
the submittal and approval of a traffic study and a site plan.

5-7



MEDIANS

Left Turn
Accidents

Business
Impact Of
Raised Medians,
Three Texas
Cities

CHAPTER 5 - RETROFIT PROGRAMS

Left turns entering and exiting driveways account for the majority of total
driveway accidents and a substantial amount of delay.

Box, in his studies in Skokie, lllinois, found that 70 percent of driveway
accidents occurred from left-turning vehicles to or from a driveway.
Medians, therefore, can be an effective way of eliminating left-turns or
protecting left turns waiting to enter a driveway from the roadway.

The introduction of a raised median on an existing roadway in a developed
area is often controversial. The highway official recognizes that accidents
and delays will be reduced if the median is installed. The owners of
roadside businesses with no direct opening opposite their entrance often
believe that their businesses will suffer financially. In one research effort,
a study was conducted in three cities to measure the economic impact of
medial access control. These results were as follows:

Before and after studies where non-traversable medians
were installed on roadways in three Texas cities found that
some businesses experienced a decline in sales while others
had increases in sales after the median was installed (Table
5-3). This occurred for both "traffic oriented businesses"
(drive-in restaurants, service stations and motels) as well as
"nontraffic oriented businesses." The rank correlation
coefficient of 0.637 indicates that there is a positive
correlation between rankings based on percent change in
sales and percent change in left-turn volume. This
relationship is statistically significant at the one percent
level. Construction of a nontraversable median eliminated
left-turns except at median openings; thus left-turns after
construction of the median were accomplished by marking
"U-turns" . Average daily -traffic (ADT) volumes were
about 8,000 which is very low for an urban arterial.

(Continued)

•

•

•
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MEDIANS (Continued)

Business
Impact of
Raised Medians
Three Texas
Cities (Continued)

TABLE 5-3: SALES VOLUME COMPARISON

Sal" Volume

•

Pleesenton
A. Traffic-Serving

Businesses
1. Study Group
2. Control Group

B. Nontreffic·Serving
Businesses
1. Study Group
2. Control Group

Sen Antonio
A. Treffic'Serving

Businesses
1. Study Group
2. Control Group

B. Nontreffic·Serving
Businesses
1. Study Group
2. Control Group

Before
Median

100
100

100
100

100.
100

100

After
Median

95.8
100.8

82.4
104.3

76.4
102.0

103.4

•
1-14-1994

Source: Adapted from References (!., j)

Using the combined results from all three study sites, Figure 5-3 shows
the relationship between ADT and left-turns before and after construction
of the medians. The left-turns after median construction were lower than
before construction, regardless of the level of ADT. Also, the spread
between the before and after curves is wider at sites with higher ADT than
at sites with lower ADT. This indicates that the restriction in the number
of left-turns per thousand vehicles was greater at high traffic volumes.
Figure 5-4 shows the relationship between ADT and the percent change
in business gross sales before versus after construction of a median as well
as during construction.

(Continued)
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MEDIANS (Continued) •
Business
Impact of
Raised Medians,
Three Texas
Cities
(Continued)

Apparently, businesses at sites with very low ADT are more likely to
experience a negative percent change in gross sales than those at sites with
higher ADT, especially for the before versus after construction period.
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(Continued)
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• r.fEDIANS (Continued)

Business
Impact Of
Raised Medians,
Three Texas
Cities
(Continued)
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FIGURE 5-4: PERCENT CHANGE IN GROSS BUSINESS SALES DURING
AND AFTER CONSTRUCTION OF A RAISED MEDIAN
COMPARED TO GROSS SALES BEFORE CONSTRUCTION

Source: Adapted from References (J, ~, ~

In another analysis, shown in Table 5-4, the sales of firms with median
openings were compared with the sales of firms without median openings.
In the aggregate, there appears to be no advantage for a firm to be located
near a median opening. For traffic-serving businesses, however, there
seems to be a distinct advantage of having a median opening. The
variation in sales of firms, both ·:::n, ,! without median openings,
strongly supports tne COIH~litl:r".i '(rr:ividual management or
management's reaction to changing conditions exerts a much stronger
influence on sales than does specific location in relation to median
openings."

(Continued)
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MEDIANS (Continued)

Business
Impact Of
Raised Medians,
Three Texas
Cities
(Continued)

TABLE 5-4: EFFECT OF MEDIAN OPENINGS ON SALES
VOLUME

Before After
Median Median

•
Firms at Median Opening

1. traffic-Serving Businesses 100 99

2. Nontraffic-Serving Businesses 100 68

3. Total 100 89

Firms Not at Median Opening

1. Traffic-Serving Businesses 100 56

2. Nontraffic-Serving Businesses 100 100

3. Total 100 94

Source: Adapted from References (J, 1., J.)

Regardless of the reasons for the change, medial access control clearly has
an influence on customer traffic. Superficially, this seems of

.overwhelming importance to the commercial sector. But further analysis
indicates that the total volume of traffic passing a property is not of
paramount importance to the abutting operations; rather it is the economic
composition of the customer traffic.

•

Continuous
Two-Way
Left Tum
Lanes

A continuous two-way left-turn lane (CTWLTL) has worked well as a
retrofit in developed areas on existing sections of roadway having
moderate traffic volumes and low driveway traffic. It is not applicable on
high volume, high speed roadways with moderate to high driveway
volumes. Moreover, it is not compatible with the movement function
appropriate for major arterial streets.

(Continued)

•
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MEDIANS (Continued)

Continuous
Two-Way
Left Tum
Lanes
(Continued)

Research sponsored by the Georgia DOT concluded that on high volume
roadways, raised medians have a lower accident experience than
continuous two-way left-tum lanes (TWLTL's). As shown in Figure 5-5,
this is true for both 4-lane and 6-lane facilities. Similar results were
found in a Florida study (see Figure 5-6), and in Michigan (see Table 5
5).

Gwinette County, Georgia, recently adjusted a policy that all new and
reconstructed principal and major thoroughfares should be designed with
raised medians. Also, raised medians should be considered as retrofit
treatment on all arterials having a TWLTL if the projected traffic volume
reaches or exceeds 24,000 to 28,000 vehicles per day (ll) .

~Ii",§, ~
Ralud Mtdlan•

•
1-14-1994

FIGURE 5-5:

FIGURE 5·6:

,4 lane , lane
COMPARISON OF ACCIDENTS RATES ON GEORGIA
ROADWAYS WITH RAISED MEDIANS .AND TWO·WAY
LEFT-TURN LANES

4.21

(Continued)
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MEDIANS (Continued)

•

•

Examples of
Median Retrofits

1-I4-J994

US 1 in Stuart, FL, Oakland Park Blvd in Fort Lauderdale, FL, and
Memorial Drive in the greater Atlanta, GA, metropolitan Area are recent
examples of retrofit programs to change to amount and type of median
access.

RECENT MEDIAN RECONSTRUCTION

• US 1,
Stuart, FL

• Oakland Park Blvd,
Fort Lauderdale, FL

• Memorial Highway,
Atlanta, GA,

• Jimmy Carter Blvd.
Atlanta,GA, Metro Area

(Continued)
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MEDIANS (Continued) •
US 1,
Stuart, FL

Traffic accidents were reduced 22% when numerous closely spaced
median openings on US-l in Stuart were closed. Surveys indicated that
the affected interest groups generally approved of ~he decrease in the
number median openings.

Retrofit •• Before and After
US , - Stuart. FL

• 22% R.duction in Accidenta

• P.rception of Smooth.r Traffic Flow

• 23% of Bu.in..... R.port.d Reduc.d Sal••
Whil. 63% Report.d No Eff.ct

• 57% of the Cu.tomer. Favored the Project in
Spite of Inconv.ni.nc.

• 48% of the Adjac.nt Re.id.nt. F.vor.d the
Change. Vet 63% Reported Being

•Inconvenienced

• Majority of R..id.nt. Felt Crim. Would b.
Deterred

• 58% of Trucker. Favored Acce.. Control and
Only 25% F.1t They W.r. Inconvenienced

• 92% of Truck.r. Felt Safer

(Continued)
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• :MEDIANS (Continued)

Oakland Park
Blvd, Fort
Lauderdale, FL

The median of a 2.25 mile section of Oakland Park Blvd, which is a
major urban arterial in Fort Lauderdale, was reconstructed in the mid
1980's. Traffic volume was about 50,000 vpd; the posted speed was 45
mph. The adjacent development was strip commercial.

OAKLAND PARK BLVD

• 2.25 mile section

• 50,000 ADT

• 45 mph posted speed

• 4 signalized intersections

•
• 33 unsignalized median openings, all

movements permined

•

• 4 signalized intersections

• , 5 unsignalized median openings, left ingress
and U-turn only

• 1 unsignalized median opening, left egress

The 2.25 mile section had 4 signalized intersections. The 16-foot median
had 33 unsignalized median openings. The nature of the original median
design is illustrated in Figure 5-9A. The reconstruction reduced the
number of unsignalized median openings to a total of 16 , left-tum egress
only is permitted at only one. The other 15 median openings were
designed to accommodate left-tum egress and u-turns. The retrofit median
design is illustrated in Figure 5-9B. The resulting spacing of the median
openings range between 400 and 600 feet.

(Continued)
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r.IEDIANS (Continued) •Oakland Park
Blvd, Fort
Lauderdale, FL
(Continued)
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FIGURE 5·7: MEDIAN DESIGN ON OAKLAND PARK BLVD, FORT
LAUDERDALE
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MEDIANS (Continued)

•

Oakland Park
Blvd, Fort
Lauderdale, FL

The number of U-turns more than doubled after the reconstruction; left
turns from Oakland Park Blvd to intersecting streets and access drive
decreased by over 35 %. The total number of left-turns and U-turns
remained essentially unchanged. This same left-turn egress movements
were converted to right-turns followed by a U-turn. Some may have been
diverted to other routes.

The accident rate was reduced from 4.9 accidents per million vehicle
miles to 4.4 (see Table 5-6). Although the fatal and injury accident rates
reversed, that accident rate after reconstruction is substantially less than
that of another Fort Lauderdale arterial (Sunrise Blvd) which has the same
median design as Oakland Park Blvd it was reconstructed (see Table 5-7).

TABLE 5-6: OAKLAND PARK BLVD ACCIDENT RATES

Accident Retell)
Percent

Type Before After Change

Fatal and Injury 1.64 2.09 +27.4

Property Damege ~ ..kll-. -28.2

TOTAL 4.93 4.45 -9.7
(11 Accidents per million vehicle-miles

TABLE 5-7: A COMPARISON OF ACCIDENT RATES

Arteriel

Oakland Park Blvd

Sunrise Blvd

Fatal and Injury
Accident Rete ClI

2.09121

•
1-1~1994

(1) Accidents per million vehicle-miles
(2) Reconstructed median (Figure 5-7B)
(3) Medi.n simil.r to Oakl.nd Park Blvd before the Oakland Park Blvd median was

reconstructed (Figure 5-7A)

(Continued)
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l\IEDIANS (Continued) •Oakland Park
Blvd, Fort
Lauderdale, FL
(Continued)

Simulation using TRAF-NETSIM indicated that average speed is expected
to increase when a median of the of the design shown in Figure 5-7A is
replaced by one shown in Figure 5-7B. Also, the average number of
stops and the delay per vehicle will decreases the volume increases. (see
Table 5-8)

TABLE 5·8: EFFECTS OF INCREASED SPACING AND
LIMITATIONS OF MOVEMENTS

Vehicles! Hour
1000
1500
2000

Average
Speed

+4%
+ 10%
+38 %

Stops per
Vehicle

·60 %
·49 %
·58 %

Delay per
Vehicle

·22 %
·51 %
·65 %

As shown in Table 5-9 surveys of various interest groups indicated that •
those individuals failure with the before condition expressed broad support
for the change. Those not familiar with the median design prior to the
reconstruction expressed less favorable opinions than those who were.
(See Table 5-9).

(Continued)

•
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PERCENT OF RESPONDENTS FAVORING THE
CHANGED MEDIAN ON OAKLAND PARK BLVD

Oakland Park
Blvd, Fort
Lauderdale, FL
(Continued)

TABLE 5-9:

Respondent

Through Traffic

Travelers

Merchant

Customers

Total

Not Familiar With
The Original Median

75

67

33

47

47

Familiar with
The Original Median

80

64

57

64

64

•

•
1-1~1994

The opinion survey also questioneq merchants about the effort of the
change in median design on business and property values. Seventy
percent of the merchants indicated that the retrofit median did not
adversely affect the truck deliveries. Most merchants (72 %) also
reported no chant in property value; Interestingly, 13 % reported and
increase in property value. As shown in Figure 5-8, a majority (over 60
%) of merchants reported no change in business.

Most Business Owners Saw
No Loss Of Profit

~-.c·1I No An.wer
5.~/.

Large Lo..
12.5%

FIGURE 5-8: REPORTED EFFECT ON BUSINESS

(Continued)
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PtIEDIANS (Continued) •Oakland Park
Blvd, Fort
Lauderdale, FL
(Continued)

The opmlOn surveys also addressed the degree to which residents,
customers and travelers were inconvenienced (see Table 5-10).

TABLE 5·10: OPINIONS REGARDING BEING INCONVENIENCED BY
CHANGE IN MEDIAN ON OAKLAND PARK BLVD

Merchants Customers Travelers

Feel Inconvenienced

U-Turn Affects
Choice of Business
Performance

63

41

55

51

45

Effect of
Improved
Median on
Traffic Accidents

Figure 5-9 summarizes the accident reduction benefits of the
reconstruction of medians to increase the spacing of median openings and
the limitation of movements that can be made of the remaining openings.
Accidents per million vehicle miles decreased significantly on both
Oakland Park Blvd and USI, where as accidents increased slightly on a
comperable arterial having a median similar to Oakland Park and US 1
prior to their reconstruction.

(Continued)

•
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In Flvorof
Modified Madlin

Better TNftlc
Operillon on

Through LIM'

TOTAL
71%

100'lf0r-------------------,
to
10
70
10

Ij,~IIHj~
",.Iwd•.,.ty

Improwrnent

• MEDIANS (Continued)

Effect of
Improved
Median on
Traffic Accidents
(Continued)

FIGURE 5·9: ATTITUDES REGARDING CHANGE IN MEDIAN
DESIGN

• Accident Rat..: 'BefOre~ 'ARer~

Oakland Pk Blvd US 1 (Stuart. FL)

FIGURE 5·10: EFFECTS OF MEDIAN RECONSTRUCTION ON TWO
SOUTH FLORIDA ARTERIALS

•
(Continued)
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MEDIANS (Continued) •Memorial
Highway,
Atlanta, GA

A TWLTL on a 4.34 mile section of Memorial Drive in Atlanta, GA,
was replaced with a raised median. Six through traffic lanes were
provided before and after the median retrofit. Construction was
completed between the end of July 1989 and the end of September 1990.

MEMORIAL HIGHWAY

• 4.34 mile section

• TWLT Lane Replaced By Raised
Median

• No Median Break at 7 Public Roads ~

• 14 Signalized Intersections with
Public Roads and Major Driveways

No median opening was provided at 7 minor street intersections when the
raised median was installed. Fourteen signalized median openings were
provided with public roads and major private access drives. All except
one provided for V-turns. A 6-inch mountable curb was offset 2 feet
from the edge of the traffic adjacent traffic lane.

'A before and after accident study was performed to access the impact on
safety. Table 5-11 summarizes the changes in accident rates. The rate
for total accidents was reduced by 37 percent; the injury rate dropped 48
percent. The fact that accidents rates at those intersections which
remained open demonstrates that improved design and traffic 'control can
result in lower rates in spite of the increased activity that must necessarily
be directed to these openings. Total injury accidents decreased by 40%.

(Continued)

•

•
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Memorial
Highway,
Atlanta, GA

CHAPTER 5 - RETROFIT PROGRAMS

TABLE 5·" : SUMMARY OF PERCENT CHANGE IN ACCIDENT-
RATES ON MEMORIAL DRIVE

Total -Left-Tum-
Accidents Accidents Only

Total Total
Accident Injury Accident Injury

Rate Rate Rate Rate

Midblock -55 -59 -90 -92

Intersections -24 -40 -50 -48

Total -37 -48 -64 -65

•

•
1·14-1994

Source: Reference (ll)

The total left-turn acCident rate decreased by 50% (from 0.40 accidents
per loo-million vehicles to 0.20). This demonstrates that improved design
and traffic operation can reduce accident expectancy even though a raised
median will result in increased U-turn volumes.

(Continued)
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MEDIANS (Continued) •Jimmy Carter
Blvd, Greater
Atlanta Metro
Area

Jimmy Carter Blvd is located in Gwinnett County in the greater Atlanta,
GA, metropolitan area. A section of approximately 3.5 miles in length
was reconstructed from 5-lanes (4 through lanes plus a CTWLT lane) to
6 lanes with a raised median. Traffic volumes prior to-the reconstruction
ranged from 11,000 to 14,600 vpd in 1987 and up to 12,000 vpd after the
reconstruction in 1991. A "Jersey barrier was used temporally (27 April
1987 through 21 August 1988).

JIMMY CARTER BLVD

• 3.5:t Mile Section

• 5-lane Before

• 6-lane With 10 Inch
High Raised Median

Comparison of the accident frequencies and accident rates that the Jersey •
barrier was more effective than the permanent 10 inch raised barrier (see
Tables 5-12 and 5-13).

TABLE 5-12: NUMBER OF ACCIDENTS ON JIMMY CARTER BLVD

Noah Section South Section

10· Raised Median 213 79 37

Condition

Before 111

Jersey Barrier

Total

198

155

~

69

34

IQW

193

109

~

37

23

50
(1) 5-lane section; 4 through lanes plus CTWLT lane

(Continued)
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MEDIANS (Continued)

Jimmy Carter
Blvd, Greater
Atlanta Metro
Area
(Continued)

1·14-1994

CHAPTER S - RETROFIT PROGRAMS

TABLE 5·13: PERCENT CHANGE IN ACCIDENT EXPERIENCE ON
JIMMY CARTER BLVD

Accident Frequency Accident Rete

NonhCII Southm Nonh South
Condition Overell Section Section Section bs1!2!!

Toter Accidents:
• wI J.rIllY Barrier ·32 % ·22'" -44'" ·2'% ..",
• After 10" Raised ·2% +8% -11% -9% ·35'"

Median
Injury Accidents:
• wI Jersey Berrier ·51'" -23% ·54'" ·2'%
• After 10 in Raised + 16% +16% •1% + 22°A,

Median

(1) North of 1·85
(2) South of 1·85
Note, bold number indicates change is statistically significant at a-0.05
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SIGNAL REl\fOVAL •Benefits of
Signal Removal

It is generally recognized that the removal of unwarranted traffic signals
will improve traffic safety and reduce maintenance costs. Where signals
are closely spaced, removal of signals at selected locations will improve
traffic flow on major urban streets. Benefits of signal removal to improve
spacing on major roadways include improved traffic flow, reduced stopped
delay, reduced fuel consumption, lower vehicular emissions, and increased
capacity.

Benefits of Signal Removal

• Improved Traffic Safety

• Lower Mainten.nc.
Co.t.

• Improved Tr.ffic Flow

• R.duced Stopp.d Del.y

• R.duc.d Fu.1 •8on.umption

• Lower V.hicle Emi..ion.

• Incr••••d C.p.clty

(Continued)
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SIGNAL REMOVAL (Continued)

Conversion To
Stop Control

~tudies have demonstrated that the conversion of unwarranted signals have
significant safety benefits.

Signal Removal Case Studies

11 28 Urban Signals Conv.rt.d to Multi-Way Stop Control
• Annual Accid.nt Fr.qu.ncy R.duced 80%
• Injury Accid.nts R.duc.d 62%
• Idling R.duced 5 S.conds p.r V.hicl.
• 4800 Gallons Fu.1 Sav.d p.r Yllr for 10.000

ADT

•

•
1-14-1994

21 191 Urban Signals Conv.rt.d to Two-Way Stop Control
• Annual Accld.nt Fr.qu.ncy R.duced 3%
• Injury Accid.nts R.duced 10% from 0.70 to

0.63 p.r MEV
• Right Angl. Accid.nts Incr.ased 51 %: Raar-End

Accid.nts D.cr....d 49%
• D.lay R.duc.d by 10 Seconds p.r V.hicl•
• Numb.r of Stops R.duc.d by over 50%
• Fuel Consumption R.duc.d 0.002 Gallons p.r

V.hicl.

(Continued)
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SIGNAL REMOVAL (Continued) •
Change in
Accidents

As shown in Table 5-14, the average accident frequency decreased when
signals were replaced by stop signs. However, the reduction was
statistically significant only for total accidents at multi~way stops.

TABLE 5-14: CHANGE IN AVERAGE ACCIDENT FREQUENCY
WHEN SIGNAL AT LOW VOLUME URBAN
INTERSECTION REPLACED BY STOP

Two-Way Multi-Way
Stop Stop

Number of Intersections 191 26

Total Accidents
Average Annual Frequency

per Intersection

Before Signal Removal 2.46 1.70
After Signal Removal 2.38 0.68
Change -0.08 -1.02 111

% Change -3 % -60 % •Injury Accidents
Average Annual Frequency

per Intersection

Before Signal Removal 0.70 0.50
After Signal Removal 0.63 0.19
Change -0.07 -0.31 111

% Change -10% -62%

'1' Statistical difference using the paired t test, a =0.05

Source: Reference (2)

(Continued)
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SIGNAL REMOVAL (Continued)

•

•

Change in
Accidents
(Continued)

Fuel
Savings

1·14-1994

Signals at 5 signalized rural intersections were replaced by a two-way
stop. The increase in both accident and injury accidents was statistically
significant (at the 10% significance level). Average accident frequency
was at 5 rural intersections where a signal was replaced by a multiway
stop was essentially unchanged (a 13% inverse in total accidents). Injury
accidents were zero after the signals of the 5 rural intersections were
replaced by multi-way stops. However this change is neither statistically
significant nor of practical significance due to the very small number of
injury accidents at the 5 intersections before the signals were removed.

Excess fuel consumption is the difference between the fuel consumed with
traffic control and that which would be used if there were no stops.
Curves in excess fuel consumption for 4-way and 3-way intersections are
given in Figures 5-11 and 5-12 respectively. Inspection of Figure 5-11
, for example, shows the following that for a main road value of 250 vph
and a main road volume of 100 vph, Signalization results in 2.0 gallons
per hour whereas a 2-way stop is only 1.0 gallons. Thus, replacement of
the signal with stop signs on minor roads is expected to save 1.0 gallons
of fuel per hour or about 0.0029 gallons per vehicle the intersection.

With main road and' minor road volumes of 1000 vph and 250 vph
respectively, the excess fuel saved in 2 gallons per hour (5 gallons with
signalized and 3 gallons with multi-way stop). This amounts to about
0.0017 gallons per vehicle entering the intersection. For an intersection
with an entering volume of 10,000 vehicles per day, the excess fuel

. savings is about 6200 gallons per year (0.0017 gallveh x10,000 vpd x 365
day/yr).

(Continued)
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SIGNAL REMOVAL (Continued) •

•
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Source: Reference (2)
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SIGNAL REMOVAL (Continued)

Fuel
Savings
(Continued)
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SIGNAL REMOVAL (Continued) •Intersection
Delay

Curves for total delay at 4-way intersections with stop signs for the minor
roads are given in Figure 5-13. These figures clearly show that the use
of stop signs on the minor roadway (2-way stop). Significantly reduces
the expected delay. Expected delay a T-intersection is shown in Figure
5-14 '. Inspection of the figure shows that the use of top signs on the
minor road can be expected to result in substantially less total· delay of all
volume levels; however the difference in total delay, and delay per
vehicle, decreases as the volume levels increase. For example consider
the examples given in Table 5-15 .

TABLE 5-15 : DELAY SAVINGS WHEN SIGNAL REPLACED BY STOP
SIGNS

Difference in Delay

Main Road
Volume lvphl

250
1000

Main Road
Volumelvphl

100
200

(Continued)

5-34

Veh-hrs/hr

1.4
3.8

Veh Sec. per
Entering Veh

14.4
11.4

1·14-1994

•

•



•
CHAPTER 5 - RETROFIT PROGRAMS

SIGNAL REMOVAL (Continued)

Intersection
Delay
(Continued)
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SIGNAL REMOVAL (Continued)

Intersection
Delay
(Continued)
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• SIGNAL REMOVAL (Continued)

•

•

Cost

Unsuccessful
Attempts at
Signal Removal

1·14-1994

Although cost vary considerable the one-time cost of removing a signal
and replacing it with stop signs has be estimated to be approximately equal
to the annual cost of operation and maintenance. The pay-back period is
thus estimated to be between one and two years in most cases. (2,p.96)

Public opposition and the resulting political presence, is the common
problem when if attempted to remove unwanted signals or those which
only marginally"need are of the minimum warrants. One study (2) which
investigated why the proposals to remove 46 signals were unsuccessful,
reported the following:

"At least 41 of the 46 intersections where signal removal attempts
failed, the reason cited was strong public opposition. This opposition was
expressed in the form of phone calls, letters and petitions to the traffic
engineer and the city council from residents and business in the immediate
locale of the intersection. In a few cases, complaints were received from
parents of school children even though the signals in question were no in
close proximity to schools. At one location, the opposition to signal
removal came for transit operators that used the signal to tum onto the
major street. II

"The complaints usually concentrate on a perceived safety problem
that would exist if the signal was removed. The safety problem that
would exist if the signal was removed. The safety problems mentioned
most frequently include an increase in accidents, traffic fatalities, high

.speeds, and difficulty for pedestrians, (particularity elderly people) in
crossing the street.

"Signal removal attempts were unsuccessful at the other 5
intersections for technical reasons including increases in accidents during
the interim control period and an increase in side street vehicular delay
due to capacity constraints downstream of the intersection on the major
street. "
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FRONTAGE OR SERVICE ROADS •Application

Design and
Operation

In situations involving high-volume, high-speed arterials, it is often
feasible to consider the construction of frontage roads in a retrofit
program. This is an expensive technique and often time-consuming when
right-of-way has to be purchased.

Frontage rpads allow the jurisdiction complete control of access to the
arterial and provide for loading and parking which might otherwise have
to be accepted on portions of the arterial.

There are several general design considerations which will affect safe,
efficient frontage road use.

.'

•

•

•

A separation of at least 400 feet (125 metres) is needed in order to
separate between the intersection of the cross-road and the main
road and the cross-road and the frontage road even when moderate
volumes are encountered. In rural areas very low traffic volumes
cross-road and frontage roads will be encountered, and moderate
or higher volumes will never develop, a separation of at least 150
feet (50 metres) may be adequate.

Frontage roads which can be terminated at or advance of each
intersecting cross street operate well with respect to the arterial
and its cross-streets. This type of design should be considered if
continuity of the frontage road is not a requirement.

One-way, rather than two-way frontage roads should be used, if
possible. I

I

•

• A minimum outer separation of 8 feet should be used for
pedestrian refuge, safe placement of traffic control devices, and for
landscaping.

• Visibility at intersections of frontage roads/cross-streetslarterials
should be maximized due to complex and confusing movements.

• Pedestrian and bicycle movements should utilize the frontage
roads.

•
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ThIPLEMENTATION

•

•

Guidelines

1-14-1994

The application of access control techniques to existing situations requires
a well-coordinated program involving the jurisdictional operating agencies
and the general public. Above all, there needs to be a well-defined policy
adopted by the jurisdiction defining access control in terms of public
welfare and transportation safety and efficiency. Zoning regulations,
subdivision requirements, site plan review, and the process for obtaining
building permits, curb cut permits, and occupancy permits should all be
reviewed and coordinated to project the same objectives relative to access
control.

A well-documented engineering study complete with economic evaluation
should be conducted. This study should outline objectives of
improvements, define and quantify specific problems (accidents, delays),
and develop alternative solutions to reduce the impact of these problems.
Alternatives should be rea1istica))y evaluated and, where benefits clearly
outweigh a)) costs, proposed for implementation.

In many cases a retrofit program will need to extend over a substantial
period of time, perhaps several years, in order to take advantage of
transient conditions such as the closing of a business and the opening of
another at the same site. Therefore a comprehensive conditioning
program is essential for successful implementation.

Throughout the entire retrofit process, it is very important that the public
be kept informed. Public meetings should be held in the area to be
affected as soon as it is decided that studies should be undertaken. The
reaction of businesses along a roadway where it is proposed that a median
be installed, excess driveways be closed or their width reduced is often
very negative. A full understanding of the realistic projected impacts and
benefits that can accrue is essential. It is also important that the general
public, as well as the businesses directly affected, be made knowledgeable
of potential impacts inasmuch as they are the ones who stand to gain the
most.

(Continued)
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IMPLEMENTATION (Continued) •Guidelines
(Continued)

Politically, a retrofit program may be very difficult for elected officials to
support due to the real and imagined impacts on affected businesses. It
is very important to document these individual impacts as well as those
accruing to the general public. The alternative cost of new construction
or new rights-of-way in order to accommodate existing and projected
traffic safely and at reasonable levels of service is often a very persuasive
argument. Of utmost importance, however, is making sure that the
elected officials have full documentation and adequate reasons if they are
going to be asked to do something that may be construed as being
detrimental to a segment of their constituency.

Some of the legal problems associated with implementation of access
control are presented in the appendices to this chapter.

••

•
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EXAMPLE OF A COUNTY ACCESS CONTROL PLAN

Introduction

ACCESS MANAGEMENT PLAN
WAUTOMA-5ILVER LAKE HIGHWAY 21n3 CORRIDOR

JUNE 1989
(REVISED)

A proposed access management plan for the Wautoma-Silver Lake
Highway 21/73 corridor was completed in July 1988.

e Plan
Development

Opportunity to discuss the proposed plan was provide at several meetings
scheduled by the Access Planning Committee and the Chamber of
Commerce. Written responses were also requested. Comments were
evaluated by the Access Planning Committee and Chamber
representatives. These comments were incorporated in the plan adopted
in July 1989. These revisions had minimal impact on the number of
accesses proposed for closure. Among the revisions:

e
1·1~1994

(1)

(2)

All proposed frontage roads were deleted. It was felt the
same ends could be achieved by closing or sharing
individual access points rather than by constructing frontage
roads to access existing businesses. Businesses were
concerned about loss of parking and the high cost of
frontage road construction.

For several businesses with more than one access, the
access originally suggested for closure was exchanged for
another. In a few of these cases, shared accesses were
proposed, or an access was moved to a different location.

(Continued)
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EXAl\IPLE OF A COUNTY ACCESS CONTROL PLAN (Continued) •Plan
Development
(Continued)

In the review process, comments were also received about the planning
criteria and the implementation process. These were more fully explained
in the revised plan. The section on implementation also has been updated
to take into account activities which have occurred since completion of the
original plan in July 1988.

Average daily traffic volumes in 1985 ranged from just over 4,700 vpd to
slightly over 11,000 vpd. At the highest volume location, average daily
traffic was projected to increase to 15,600 in the year 2001 and to 17,800
by the year 2011.

The 3.97-mile section of roadway passes through four local political
jurisdictions as shown in Figure 5-15. A summary of the existing and
proposed access by jurisdiction is given in Table 5-16.

The existing and proposed access on selected segments of Highway 21/73
are shown in Figure 5-16 through 5-21.

TABLE 5·16: SUMMARY OF MILEAGE AND DIRECT ACCESS BY
LOCAL POLITICAL JURISDICTION •Number of Number of

Number of Existing Proposed· Remaining
Jurisdiction Miles Access Drives Closures Access Drives

City of Weutoma 0.53 39 10 29

Town of Wautoma 0.59 32 12 20

Town of Dakota 1.16 58 26 32

Town of Marion 1.69 60 9 51

Total 3.97 189 57 132

Source: Reference <B.), p. 4

(Continued)

•
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EX~tpLE OF A COUNTY ACCFSS CONTROL PLAN (Continued)

Location
Map

to •
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FIGURE 5·15: LOCATION MAP OF THE HIGHWAY 21/73 CORRIDOR

Source: Reference (8)

(Continued)
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EXMIPLE OF A COUNTY ACCESS CONTROL PLAN (Continued)

Example of
Access Plan

•

... i.I.II". 'cc...
- A"r.....'. 'fI,.rlr ....

FIGURE 5-16: EXISTING ACCESS SEGMENT "A"CITY OF WAUTOMA

Source: Reference @, p. 8
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EXAMPLE OF A COUNTY ACCESS CONTROL PLAN (Continued)

Example of
Access Plan
(Continued)

... Ace '.Iftld

..... Acc Il.,••,.d

... H•• ICC'"

- A" '''''''' .

•
. ,; . I.

~\•.• ..J..

.' ('~'D 0(\
\ .,.... ,) ~. ,..,A: •..• ) I

-_-Ju,-'o : ..r;i, 'd.. :
,t I .. ( ....T ~"

"1 I. :,j

...•.:=~

HOlITH
,.: 100'

•

FIGURE 5-16: PROPOSED ACCESS SEGMENT "A"CITY OF WAUTOMA

Source: Reference @, p. 9

(Continued)
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EXAl\IPLE OF A COUNTY ACCESS CONTROL PLAN (Continued)

Example of
Access Plan
(Continued)

•

:---,
••· .

... Eallll", 'ce...

- A.... ' ..I..... ,fI..lfl, II".

FIGURE 5·17: EXISTING ACCESS SEGMENT "S"CITY OF WAUTOMA

Source: Reference @, p. 10

(Continued)
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EXAl\fPLE OF A COUNTY ACCESS CONTROL PLAN (Continued)

Example of
Access Plan
(Continued)

•

•

... Acn.. rel.lft••

..... Ace IUI••

... N•• ICC .

- 1.••' 1••" ...1' 11ft.

FIGURE 5·18: PROPOSED ACCESS SEGMENT "B" CITY OF WAUTOMA

Source: Reference ~), p. 11

(Continued)
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EXAMPLE OF A COUNTY ACCESS CONTROL PLAN (Continued)

Example of
Access Plan
(Continued)

•

~h"'''' .
- A••" ''''If'' Ia.

FIGURE 5·19: ACCESS SEGMENT "C" TOWN OF WAUTOMA

Source: Reference @, p. 14

(Continued)
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EXAl\1PLE OF A COUNTY ACCESS CONTROL PLAN (Continued)

Example of
Access Plan
(Continued)

• ... A ,,"Inld
INC A" n_,,"IIIII

... N ..

_ A"" ".,.rt, •••

" .

..

. ~.~..-... '~::;:
r.m .:..... ~/. +

•••.•-./ ·~;'."·l."'/'. ,..r ...
r,::,~",. ~I' I

-../ ;.q.;... ' .. '.".

o
NOIInt
to: 100'

•

,
FIGURE 5·20: PROPOSED ACCESS SEGMENT "C" TOWN OF WAUTOMA

Source: Reference (.8), p. 15
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THE PROBLEM AND ITS SOLUTION

State highway departaents and tran.portation agencies have a continuing need
to keep abreast of operating practices and legal elelllentB of apecial problems in
volving right-of-way acquisition and control, as well as highway law in general.
This paper deals with the legal aspects of access control on highways. It includes
legal authority relative thereto.

This paper i& included in a three-volume text entitled, "Selected Studies in
Highway Law." Volumes 1 and 2 were published by the Transportation Research Board
in 1976 and Volume 3 in 1978. Together they include 4S papers cd 1IIOre than 2,000
pages. Copies have been distributed to NCBRP sponaors, other offices of state and
federal governments, and selected university and state law libraries. The officials
receiving copi.s in each atate are: the Attorney General, the Highway Departaent
Qlief Counsel, and the light-of-Way Director. Beyond this initial distribution,
the text is available through the TRB pu~lieations office at a cost of $90.00 per set.
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APPLICATIONS

The foregoing research should prove helpful to highway and transportation
administrators, their legal counsel, and those responsible for land acquisition
and use. Officials are urged to review their practices and procedures to determine
how this research can effectively be incorporated in a meaningful way. Attorneys
should find this paper especially useful in their work as an easy and concise
reference document in eminent domain and.land use •
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Rights of Abutting Property Owner
Upon Conversion of

Uncontrolled-Access Road Into Umited-Access Highway

A report prepared under NCHRP Project 20-6,
"Legal Problems Arising Out of Highway Programs"
for which The Transportation Research Board is
the Agency conducting the Research. The report
was prepared by John C. Vance. Robert W.
Cunliffe, TRB Council for Legal Research, was
principal investigator, serving under the
Special Technical Activities Division of the
Board at the time this report was prepared.

THE PROBLEM AND ITS SOLUTION

State highway departments and transpo~tation agencies have a continuing
need to keep abreast of operating pra~tices and legal elements of specific
problems in highway law. This report describes the various considerations in
determining if a property Clwner is due compensation for loss of direct highway
access.

This paper will be included in a future addendum to a text entitled,
"Selected Studies in Highway Law." Volumes 1 and 2, dealing primarily with the law
of eminent domain, were published by the Transportation Research Board in 1976;
and Volume 3 dealing with contracts, torts, environmental and other areas of
highway law, was published in 1978. An addendum to "Selected Studies in Highway
Law," consisting of five new papers and 15 supplements,. was distributed early in
1981, and a third addendum consisting of eight new papers, seven supplements, and
an ex£andab1e binder for Volume 4 was distributed in 1983. The text now totals
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more than 2,200 pages comprising 56 papers. Copies have been distributed to NCHRP
sponsors, other offices of state and federal governments, and selected university
and state law libraries. The officials receiving copies in each state are: the
Attorney General, the Highway Department Chief Counsel, and the Right-of-Yay
Director. Beyond this initial distribution, the text is available through the TRB
publications office at a cost of $90.00 per set.
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APPLICATIONS

This pape~ should be useful to highway administrators and
right-of-way officials, their legal counsel, and others involved in
assessing damages to property owners due to the loss of direct highway
access. The discussion on the various factors affecting the determination
of a reasonable level of access should be particularly helpful.

NATIONAL COOPERATIVE HIGHYAY RESEARCH PROGRAM

Project Committee SP2Q·6

Nolan H. Rogers, Maryland Department of Transportation (Chairman)
Ruth Anders, FHWA
Watson C. Arnold, Texas Attorney General's Office
Robert F. Carlson, California Department of Transportation (Retired)
Kingsley T. Hoegstedt, Private Practice
Delbert W. Johnson, State.of Washington
Tom N. Keltner, Private Practice
David R. Levin, George Washington University
Kichael E. Libonati, Temple University
Daniel R. Kandelker, Washington University School of Law
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INTRODUCTION

Design
Influences

Design
Objectives
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CHAPTER 6 • ACCESS DESIGN GUIDELINES

CHAPTER 8

ACCESS DESIGN
GUIDEUNES

Intersection design, including driveways must consider the following:

• Total approach traffic, design hourly volumes, and turning
volumes.

• Composition of traffic (percent of passenger cars, buses,
trucks, etc.)

• Operating speed of vehicles.

• Adjacent land use.

• Available funding.

Major objectives of traffic design concern safety, traffic efficiency and
driver expectation through consideration of the following:

• The design should fit the natural transitional paths and
operating characteristics of drivers and vehicles. Smooth
transitions should be provided for changes in direction.

• Grades at intersections should be as nearly level as
possible.

• Sight distances must be sufficient to enable drivers to
prepare for and avoid potential conflicts.

(Continued)
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INTRODUCfION (Continued)

•
Design
Objectives
(Continued)

Intersection
Design
Principles

• On major roadways, intersections should be evenly spaced
to the greatest extent possible. This will, enhance the
synchronization ofsignals, increase driver comfort, improve
traffic operation, and reduce fuel consumption and
vehicular emissions.

Intersection Dnlgn Prlnelpln

• LImIt Number of Contllot PoInts

• CoordlNlte Design And Trafllc Control

• AvOId Complex Maneuvers

• Separate Connlct Points

The same intersection principles apply to the design of access drives
as public roadways. These include the following:

• Limit the number of conflict points. The number of
conflict points among vehicular movements increases
significantly as the number of intersection legs increases.
For example, an intersection with four two-way legs has 32
total conflict points, but an intersection with six two-way
legs has 172 conflict points. Intersections with more than
four two-way legs should be avoided wherever possible.

• Coordinate design and traffic control. Maneuvers at
intersections accomplished at low relative speeds require
a minimum of traffic control devices. Maneuvers
accomplished at high relative speeds are unsafe unless
traffic controls such as stop signs or traffic signals are
provided. Designs should physically divert or block the
path of vehicles making dangerous movements.
Intersection design should be accomplished simultaneously
with the development of traffic control plans.

(Continued)

•

•
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INTRODUCfION (Continued)

•

•

Intersection
Design
Principles
(Continued)
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• Avoid multiple and compound merging and diverging
maneuvers. Multiple merging or diverging requires
complex driver decisions and creates additional conflicts.

• Separate conflict points. Intersection hazards and delays
are increased when intersection maneuver areas are too
close together or when they overlap. Conflicts should be
separated to provide drivers with sufficient time (and
distance) between successive maneuvers for them to cope
with the traffic conflicts one at a time.

Intersection Design Principles
(Continued)

• Favor Major Flow•

• Minimize Conflict Ar...

• Segregate Movementl

• Favor the heaviest and fastest flows. The heaviest volume
and higher speed flows should be given preference in
intersection design to minimize hazard and delay.

• Minimize the area of conflict. Excessive intersection area
causes driver confusion and inefficient operations. Large
areas are inherent with long curb return radii and in
skewed and multiple-approach intersections.
Channelization should be employed to limit the
intersection area and to guide drivers.

(Continued)
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INTRODUCfION (Continued)

•
Intersection
Design
Principles
(Continued)

• Segregate movements. Separate lanes should be provided
at intersections when there are appreciable volumes of
traffic traveling at different speeds. Sep~ate turning lanes
should be provided for left and right turning vehicles. Left
turns necessitate direct crossings of opposing vehicle paths
and are usually made at speeds of lo-mph or less for
reasons of safety and economy. Right turns are also
usually made at minimum speeds. However, right turns do
not involve potential conflicts of such severity as left turns,
and are more suited to individual treatment because they
take place at the outside of the intersection area.
Therefore, right turns may be designed for higher than
minimum speeds where adequate right-of-way is available
for wider turns.

Intersection Design Principles
(Continued)

• Conakler Pecleltrlan. MCI Blcycilltl

• Conllder Different Vehicle Type•

• Consider the needs of pedestrians and bicyclists. For
example, when pedestrians must cross wide streets, refuge
islands should be provided.

• Consider different vehicle characteristics. The shapes and
dimensions of turning paths vary for different turning
speeds, different angles of turn, and for different types and
sizes of vehicles.

(Continued)

•

•
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INTRODUCfION (Continued)

•

•

Access Control
Elements

Rev. 10-11·91

The objective of access design and management is to preserve the
intended function of the roadway. Some roadways are intended to
accommodate a different functional mix of movement-v-access than
others. Therefore, different access design guidelines must be
developed for each of the different roadway design classes. These
access elements will include the following.

Acce•• Control Element.

• SIgnal SpHlng .ncI Progresalon

• Median.

• Auxiliary une.

• Ch8nnellzatlon

• Drlvew.y De.lgn 8ncI ~tIon

• Frontllge RCNld.

• .Sight Dlatllnce

(Continued)
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INTRODUcnON (Continued)

Design Factors The elements involved in roadway and intersection design, including
access drives, are primarily concerned with the foll~wing:

Design Factors

• Operational ConIroIa

• GeometrIc DHlgnCrteerla

• Php1c81 SIte ChIncIerIatIca

The modification of access must consider the unique factors pertaining
to that location or roadway section. Thus, it is imperative that design
criteria presented in this course be used as guidelines; they do not
constitute standards which are to be blindly followed. Figure 6-1
identifies some of the individual factors that need to be considered. •
It might be noted that the operational controls as well as geometric
design criteria are, or should be, the same for retrofit as for new
design. However, modification of the access of an existing roadway
will generally be more severely constrained by site characteristics.

(Continued)

•
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INTRODUcrION (Continued)

•

Design Factors
(Continued) OPERATIONAL CONTROLS

Design Vehicle Dimensions
Vehicle Deceleration Rate
Vehicle Acceleration Rate
Driver Perception-Reaction Time
Speed Differential Between Vehicles
Vehicle Turning Path and Speed

+
( LEADS TO ),

GEOMETRIC DESIGN CRITERIA

Lane Widths
Median Dimensions
Deceleration Lane Lengths
Acceleration Lane Lengths
Driveway Spacing
Driveway Dimensions
Channelizing Island Dimensions

~
( WHICH MAY BE CONSTRAINED BY )

t
SITE CHARACTERISTICS

Available Right-of-Way for Widening
Median Width
Frontage Width
Setback to Buildings and Parking Areas
Signalized Intersection Spacing
Spacing of Other Public Streets
Driveway Sapcing
Corner Clearance
Spacing for Median Openings
etc

•
FIGURE 6-1: STEPS IN DEVELOPING DESIGN CRITERIA

Source: Reference Adapted from (1)

(Continued)
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INTRODUCfION (Continued)

Design
Vehicles

De.lgn
Vehicle.

The physical characteristics of the vehicles using an access location
determine, to a large extent, its geometric requirements. Different
types of vehicles can be expected to use a given driveway depending
on the characteristics of the roadway and property served.

•

Driveway and median access should be designed to accommodate the
design vehicle that can be expected to use the access regularly (one
time per day or more). Table 6-1 lists the roadway and access
classifications along with the suggested design vehicle for each
classification. These should be used unless it can be demonstrated that
a particular design vehicle is more appropriate for a specific access •
design.

(Continued)
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INTRODUCfION (Continued)

•

Design
Vehicles
(Continued)

TABLE 6-1: DESIGN VEHICLE SPECIFICATIONS

Roadway Classification Access C1us1fication I1) Minimum Design Vehlcle2

PrIvate su
Rural Arterial Commercial W8-50

Public W8-50

PrIvate SU
Rura' Collector Commercial W8-50

Public W8-50

PrIvate SU
Rural Local Commercial SU

Public W8-50

Private SU
Urban Arterial Commercial SU

Public W8-50

Private P/SU
Urban Collector Commercial SU

Public W8-50

Private P/SU
Urban Local Commercial SU

Public SU

11) PrMIe on-y
A pIMIe dn-y II an emrar-lo end/Of exit ffom. Nlidenlial dwelling
Of dMllings. farm. Of ranch adJ-nl to • _e hlg'-Y for the exclusNe
11M end benefit r:A the owners.

Commercial on-y
A commeR:1aI d"-y II an ent_to end/Of ell" ffom any commercial.
bual...... Of aimllar type r:A ftlabliahment adjaeenlto • _e hlg'-Y.

Public Acceu on-y
A public _ d"-y includes all approaches to • Ilale hig'-y from
county or city dedicated Of maintained roadt end 11'"" end appIoaches
to ec~, chuR:hes, cemeteries, end oIher public placet or buildings of •
lilce chatac1er.

(2) P
SU
we·5O

PMMnQer Vehicle
Single Un" Truck
TractOf Semi·Trailer Combination

•
Rev. 10-11·91

Source: Reference (.l)

(Continued)
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INTRODUCfION (Continued)

•
Desirable
Lane Widths

Lane widths of 12 feet are desirable on all through traffic lanes and
auxiliary lanes or major roadways. The lane width ,is exclusive of the
gutter. Recommended lane widths for different conditions are given
in Table 6-2.

TABLE 6-2: RECOMMENDED LANE WIDTHS

Lane Width (feet)

Functional Class New Construction") I Reconstructlonf2l

Major Roadways
40 mph or greater 12 11
less than 40 mph 11 11

Minor Roadways
40 mph or greater 11 11
less than 40 mph 11 10

(1) New construction iAcludes construction on new location and major reconstruction
where additional right-of-way II available.

(2) Reconstruction where the delign II limited by right-of-way restrlctionl.

•

•
6·10 Rev. 10-11·91
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LEVELS OF ACCESS

•

•

Roadway
Design
Classes

Rev. 10-11·91

Different Levels Of Accets
Should Be Established
For Rural/Urban Aru

By RoadW8Y Cia..

An initial step in preparing access design guidelines is to establish
design characteristics for each category of roadway. The various
jurisdictions may adopt different functional class design criteria in
response to their individual circumstances.

The following functional design categories are used to illustrate a
functional hierarchy of roadways and the application of functionally
related access design criteria.

Generalized RoadW8Y CIa..es

fr....y.

PrIncIpal ArtMIaI

Minor Arterial

MIIjor Collector

Minor Collector

Local

(Continued)
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LEVELS OF ACCESS (Continued)

•
Freeways

Principal
Arterial

Freeways have the capacity for high speed and high volume traffic
movements over long distances in an efficient and safe manner,
including interstate, interregional, intercity, and in very large urban
regions, intraurban travel.

All opposing traffic movements should be separated by physical
constraints such as median separators. Access should be via grade
separated interchanges only. Interchanges should be spaced so that the
on-ramp traffic at one interchange will not interfere with the off-ramp
traffic of a downstream interchange and visa-versa. Access should be
suitably spaced and designed to provide the minimum differential
between the speed of the through traffic stream and the speed of the
merging or diverging vehicles. Access to interstate highways must
comply with federal regulations and receive Federal Highway
Administration approval.

Principal arterial roadways have the capacity for efficient traffic flow
at high speeds and high volumes. They provide for interstate,
interregional, and intercity, travel needs and some intracity travel
needs in very large urban regions. Service to abutting land is
subordinate to providing traffic movement. It is the highest category
that permits at-grade intersections.

Principal arterial roadways should be capable of safely and efficiently
accommodating high volume, high speed traffic. In urban areas,
progression speeds of at least 30 mph should be achievable in peak
hours; off-peak (posted) speeds should be between 45 mph and 55
mph. Opposing traffic streams are separated by a non-traversable
median of sufficient width to allow for dual left turns at major
intersections.

The principal arterial category may include roadways involving several
different levels of access depending upon the needs of the individual
state or local governmental jurisdiction. Three different levels of
access (LOA) are suggested within the principal arterial category.

(Continued)

•

•
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LEVELS OF ACCESS (Continued)

•

•

Minor
Arterial

Major
Collector

Rev. 10-11·91

Minor arterials have the capacity for medium to high speeds or
medium to high volume traffic movements over medium and long
distances in an efficient and safe manner, providing for regional,
intercity, and intracity travel needs. Direct access service to abutting
land is subordinate to providing service to traffic movement.

Minor arterials. should·be capable of achieving a posted speed limit of
at least 40 mph in urban signalized segments and at least 55 mph in
undeveloped areas.

Intersecting highways, streets, or access where crossing movements are
permitted need to meet spacing criteria which will allow signalization
when volumes warrant.

While progression is desirable in urban areas, efficiency may be poor
or absent during high volume peak periods.

Major collectors have the capacity for moderate travel speeds and
moderate traffic volumes for medium and short travel distances
providing for intercity and intracity travel needs. There is a reasonable
balance between direct access and mobility needs within this category.

Major collectors should be capable of a posted speed of at least 35
mph in urban areas and 55 mph in undeveloped areas. Traffic
progression is rarely a consideration on collector facilities.

(Continued)
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LEVELS OF ACCESS (Continued)

•
Minor
Collector

Local Roads

Concept

LOA Classes

Access and movement functions are of equal consideration. Signalized
intersections are at the junction with arterial roa~ways; progression
along the collector class facilities is not an issue.

Posted speeds in urbanized areas are commonly 30 or 35 mph. In
rural areas speeds may vary considerably depending topography
alignment, and roadway surface.

This category of roadway provides access to abutting properties.
Travel distances are short and movement is to an intersecting roadway
of collector classification.

Functional design philosophy is based on the concept that roadways
should be designed based upon the degree to which each roadway is
to serve the function of movement versus the function of access. The
increasingly common use of level of access (LOA) is a convenient
means of recognizing the functional classification of roadways. The use
of numerical symbols to define the ordinal hierarchy is sinipler and
somewhat more flexible than the use of word descriptions (Le. freeway,
major arterial, minor arterial, etc.). It is a particularly convenient
system to recognize that some major arterials roadways are of regional
or interregional significance while others are of major importance in
providing primary movement, but in a subregional context.

Level of access classification is based upon the spacing, and, to an
extent, the design of access. The number of levels of access which may
be rationally identified is quite large. Indeed, two or more LOA's can
be recognized for freeways based upon interchange spacing. Some
jurisdictions have established ten or more levels of access. However,
four or five levels (exclusive of freeways, the highest LOA and, local
roads, the lowest) are appropriate for most jurisdictions.

Suggested LOA criteria are given in Table 6-3 for urbanized areas and
for rural areas in Table 6-4.

(Continued)

•
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LEVELS OF ACCESS (Continued)

LOA Classes
(Continued)

TABLE 6-3: SUMMARY OF SUGGESTED LEVEL OF ACCESS
GUIDELINES FOR URBANIZED AREAS(1)

Mldlal Acct..

Functional Oelfgn
Type LOA

SIgnal
Spacing Mldlan

SpacIng
(feet)

Marginal
Acct..
Spacing

(feet)

Freeway -- full control of acona--...................................._------.-..__._ _.-_.._--_.._..--_.•......_._-_._ __._ .
Major Arterial 2 1/2 mile non·traversable no 1320

median
opening

3 1/2 mile non-traversable ~880(2) ~880

Minor Arterial " 1/" mile non·traversable ~880(2) ~440...................................................................................................................................................................
1/" mile continuous two

way left turn
lane•

Minor Arterial or
Major Collector

Major Collector

Minor Collector
or Local Street

5

6

7

as may
meet

volume
warrants

NA

none

none

NA

NA

NA as
determined
by property

frontage

• Rev. 10-11-91

(1) Includes roadways in areas which may become urbanized in the future.
(2) Medial aec:ess to allow left turn ingress or left turn egress movement only.

(Continued)
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LEVELS OF ACCESS (Continued)

•
LOA Classes
(Continued)

TABLE 6-4: SUMMARY OF SUGGESTED LEVEL OF ACCESS
GUIDELINES FOR RURAL AREAS

LOA
Cross Section
Characteristics

Major
Interuetion
Spaclng(1)

Medial Access
SpacIng

Marginal
AcceIS

--- full oontroI of acoe..---

2

3

4

5

6

7

divided

divided
multi-lane undivided

two lane

multi-lane undivided
or two lane

multi-lane undivided
or two lane

multi-lane undivided
or two lane

two lane

one mile

one mile
one mile
one mile

1/2 mile

1/4 mile

1/4 mile

NA

one mile

1/2 mile
NA(2)
NA(2)

NA

NA

NA

only If no
other aeons
il available

1/4 mile(3)
1/4 mile(3)
1/4 mile(3)

four per mile
per side''')

lix per mile
per lidel")

ten per mile
per lide''')..

determined
by property

frontage

•
(1) Highways and other major public or private ac:oess
(2) Widening to provide left turn lanes may be required
(3) Shoulder provided for right turn deceleration
(4) Corner clearance may limit spacing from a major intersection
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SIGNALIZED ACCESS SPACING

Introduction

Signalized
Ace•••
Spacing

A long, uniform spacing is essential in order to be able to develop
signal timing plans of signalized. intersections, including access drives,
which will provide for efficient traffic progression. Table 6-5 gives the
required signal spacings needed to maximize progression efficiency at
different operating speeds and cycle lengths. Table 6-6 gives similar
information showing the progression speed attainable for different
cycle lengths and signal spacings.

TABLE 6-5: REQUIRED SIGNAL SPACING FOR EFFICIENT
TRAFFIC PROGRESSION

Speed (mph)
Cycle

25 I 30 I 35 I 40 I 45 I 50 I 55
Length
(sec) Distance in Feet

60 1,100 1,320 1,540 1,760 1,980 2,200 2,430

70 1,280 1,540 1,800 2,050 2,310 2,500 2,820

80 1,470 1,760 2,050 2,350 2,640 2,930 3,220

90 1,630 1,980 2,310 2,640 2,970 3,300 3,630

120 2,200 2,640 3,080 3,520 3,960 4,400 4,840

150- 2,750 3,300 3,850 4,400 4,950 5,500 6,050

- Represents maximum cycle length for actuated ligna' if all phases are fully ulecl.
One-half mile (2,640 ft.) spacing applies where optimum spacing exceeds one-half
mile.

(Continued)
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SIGNALIZED ACCESS SPACING (Continued)
•

Introduction
(Continued)

Selection of the appropriate signal spacing interval must be made
based upon the desired progression speed and longest cycle length that
is anticipated. Once spacing interval is selected,' arterial-to-arterial
intersections must be located at the selected interval, or at even
multiples of the interval. Attention to the location of intersections in
rural and urban fringe areas which may become urbanized in the
future is critical if major roadways are to maintain their movement
function in the long term. Table 6-7 gives suggested minimum band
widths for different functional street design types and levels of access.

TABLE 6-6: PROGRESSION SPEED IN MILES PER HOUR
AS A FUNCTION OF SPACING AND SIGNAL CYCLE LENGTH

Spacing In Miles (Feet)

One Eighth One Fourth One Third One Half
(660 ft) (1,320 ft) (1,760 ft) (2,640 ft)

Cycle
Length Speed in MPH

60 15 30 40 60

70 13 26 34 51

80 11 22 30 45

90 10 20 ZT 40

100 9 18 24 36

110 8 16 22 33

120 7.5 15 20 30

•

V=

Velocity ..

5(1.3636)

C

Spacing On feet) x 1.3636(a constant)

Signal Cycle lAngth 6" MCOndI)

VC
Spacing .. Feet ..

1.3636

(Continued)
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SIGNALIZED ACCESS SPACING (Continued)

Signalized
Intersection
Guidelines

Efficient traffic progression is a principal feature of access control,
especially on major roadways. On less important facilities progression
speed and efficiency is less critical. Table 6-7 gives suggested
minimum through band width to determine signal location by LOA

TABLE 6-7: SUGGESTED ACCEPTABLE THROUGH BAND
WIDTH CRITERIA FOR SIGNAL LOCATION (1), (2)

Peak Period,PI Off.Peak Perlod,141

Functional
Design Type

Level of
Access

Speed
(mph)

Minimum
Band

Widths ('ll»

Minimum
Speed Band
(mph) Widths ('ll»

Freeway 1 NA NA NA NA...............................................................................................................................................................

3 ~30 SO'll> t45 ~40%.........................................................................................................................................................._...

5 ~ 3O'll> !5 3O'll>...................................................................................................................................................._...._..•
Major Arterial

Minor Arterial

2

4

SO'll>

4O'll>

~45 ~45'll>

Major Collector 6 NA NA NA NA....................................................................................._ _ _..
Minor Collector
or Local Street

7 NA NA NA NA

• Rev. 10-11-91

(1) Minimum cross street green must be aufficient for pedestrians to cross major
roadway.

(2) Band width as a percent of cycle length = [(green and yellow) + cycle
length] 100

(3) 90 to 120 second cycle lengths
(4) 60 to 90 second cycle lengths

(Continued)
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SIGNALIZED ACCESS SPACING (Continued)
•

Colorado
Regulations

The State Highway Access Code of Colorado establishes 1/2 mile as
the minimum spacing for intersecting roads, and other major accesses.
In urban areas, or where future signalization may be required, a
progression analysis must be performed.

The signalized standards contained in the State Highway Access Code
of Colorado are summarized in Table 6-8. These standards pertain to
all state highways, including those within municipalities.

TABLE 6-8: COLORADO STANDARDS FOR SIGNALIZED
ACCESS SPACING

Progression Criteria

Posted Cycle Progression Progression
Highway Speed Signal Length Speed Band Width(')
Category (mph) Spacing (sec) (mph) ("')

1 (freeways, not applicable)

2 ~55 - - 45 50

3 ~45 1/2 mile 90 to 120 45 40

4 ~35 1/2 mile 90 to 120 35 30

Source: Adapted from Reference (1.)

In order to help insure that access in rural, undeveloped areas, the
Colorado Code also sets forth design standards for intersection spacing
which are summarized in Table 6-9.

(Continued)

•
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SIGNALIZED ACCESS SPACING (Continued)

Colorado
Regulations
(Continued)

TABLE 6-9: COLORADO REGULATIONS FOR
INTERSECTION SPACING IN UNDEVELOPED AREAS

Highway Category Intersection Spacing

1 . (freeways, not applicable)

2 1 mile based on section lines; 1/2 mile only
where no reasonable alternative exists

•

3

4

1/2 mile.±. 200 feet, based on section lines,
for all Intersecting highways. streets. and
other major accesses.

1/2 mile.±. 200 feet. based on section lines
for major Intersecting highways and streets;
minor access with the potential for
signalization may be permitted at the 1/4 mile
Intervals

• Rev. 10-11·91

Source: Adapted from Reference (1.)
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Introduction

Median Types

CHAPTER 6 • ACCESS DESIGN GUIDELINES

Medians

A median is that portion of the roadway which separates traffic
traveling in opposite directions. It is significant to note that the
median is a part of the "traveled way". Thus, restrictions in median
access can be more readily made with the exercise of the police power
than can be made on marginal access.

Median design as an access control measure involves the following
related elements: median type, median width, the geometries of
median openings, and spacing.

Median Design Elements

• Type

• Width

• Geometric. 01 Opening.
• End T,..tlMnt
• Length of Opening

• Spacing of Median Opening.

Median designs can be grouped as follows:

• Non-traversable: A raised or depressed median which
cannot be crossed or actively discourages crossing.

• Traversable: A flush or slightly raised median which a
vehicle may easily cross.

• Continuous 2-way left turn lane: A flush center lane used
to provide storage of vehicles making left turns.

(Continued)

•

•
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MEDIANS (Continued)

•

•

Median Types
(Continued)

Median Width

Rev. 10-11·91

Median Typo

• Non-Tr.wr......

• Tr.veruble

• Two-W.y Left Turn L.ane

A non-traversable median provides positive physical restriction of left
turn and crossing maneuvers. A non-traversable median should be a
feature incorporated in major arterial roadways.

Although pavement markings and signing will indicate that left turns
or crossing maneuvers are prohibited, drivers can and will make such
maneuvers where a traversable median is present.

The two-way left turn lane is intended to accommodate left tum
ingress maneuvers. In areas where numerous low volume driveways
already exist, installation of a continuous two-way left tum lane has
been shown to reduce accidents and delays to through traffic as well
as increasing capacity. The level of access provided is incompatible
with the movement function of major arterial roadways and will
encourage "strip development". It is, however, compatible with, and an
appropriate treatment, on major collectors and minor arterials.

Medians should be as wide as feasible but of a dimension that is in
balance with other design components of the roadway cross section.
The general range of median widths is from a minimum of 2 feet for
the "narrow barrier" median up to 80 feet or more which permits each
roadway to be independently designed.

(Continued)
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MEDIANS (Continued)
•

Median Width
(Continued)

Where pedestrians may be present, a minimum of 6 feet should be
used. In access control, one of the most important functions of
medians is to provide for left turns at intersections: To achieve this,
it is desirable to have a median width of at least 18 feet which provides
for a 12 foot turning lane and a 6 foot separator. The practical
minimum for left turns at extremely restricted locations is a median
width of 14 feet which provides for a 10 foot turning lane and a 4 foot
median separator.

Very narrow medians provide poor delineation and experience
frequent vehicular hits because drivers are unable to see the median,
especially at night. The minimum width of a divisional island (non
traversable median) is 4 feet. A width of at least 8 feet (face to face
of curb) is needed to provide minimum landscaping. Where the
median is not of adequate width to accommodate a left turn bay,
median breaks should not be provided since the turning vehicle must
turn from the through traffic lane.

Where a wide median is used, unsignalized median openings can be
designed to accommodate specified movement(s) only (such as left
tum ingress) and all other movements physically prohibited. A width
of 18 feet is a practical limit. In order to make the median noses large
enough to enhance visibility a width of at least 28 to 30 feet should be
used.

A width of 28 to 30 feet will also enable the design of dual left tum
lanes (two 11 foot or 12 foot lanes plus a 6 foot median width) of
signalized intersections. This will permit a V-tum or a left tum from
the inside left turn lane with a left tum lane the outside lane. Such an
operation is commonly used in California where a major arterial
intersects a lower volume cross street. This facilitates access to
properties fronting the arterial without the provision of median
openings.

Table 6-10 summarizes median width for various applications. Median
widths for V-turns are given in Figure 6-2.

(Continued)

•
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MEDIANS (Continued)

•

Median Width
(Continued) M-Min.width of median-feet

for design vehicle
Type of toAaneuver P--...... ., -_.

1-.tI-... ~.. --... .. .. ., .. .. ,.
c.. --

.- =rt'rJ B +
Inner / 17 '-I' J
Lone - 30 61 63 63 71 71 101

to ('"-.w - -i-,rInner ~ _-II
Lone ~ -I rr

, - _ ![t:e:D~
__J

, --Inner
.- =rTr'f E!'a

,
Lone

,
to /(j -

Outer (1. ~r~ -rr 18 49 51 51 59 59 89
Lone "-... -,"

on

S:::1J-~ .:r..!=:J4-Lone
Divided '-_!I: =f IRoadway tr

, -~

.- ~DI:lJE!'a " I/fJ -
Inner

(1 LrJ:. -ro,r
Lone

,l_. _,II 8 39 41 41 49 49 79

to r -* J. __J

Shoulder \ ~----- -y---
\ ~
, - ffICIJ=:L

Lr

, --Inner .-~O!IJB I
'I'
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/ ({ "r~ -to _-I"""Outer ( ~_. -=(11

Lone 4 37 39 39 47 47 77
on \ r ':-i __J

6-Lane ~------+ ---
Divided \ ,rj

Roadway , ----;t-t ---
- ![[CD~ 'f

Lr

•
RGURE 6-2: MINIMUM DESIGNS FOR U-TURNS

Source: Adapted from Reference (2), Figure IX-67, p.825

(Continued)
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MEDIANS (Continued)
•

Median Width
(Continued)

Median End
Treatments

TABLE 6-10: RECOMMENDED MEDIAN WIDTHS

Minimum Desired
Median Function Width Width

Separation of Opposing Traffic Streams 4 10

Pedestrian Refuge and Room for Signs
and Appurtenances 6 14

Storage of Left Turning Vehicles:
Single Left Turn Bay 14 18
Dual Left Turn Bay 25 30

Protection for Vehicles Crossing or
Turning Left Onto the Mainline 25 30

Design for Selected Ingress or Egress
Movements Only 18 30

The nature of the end treatment is largely a function of the width of
the median nose. When the width is 4 feet or less, the semicircular
design (Figure 6-3a) is generally used. For widths of over 4 feet the
bullet nose (Figure 6-3b) design should be utilized as this design better
conforms to the path of the turning vehicle. At 3-way intersections, the
half-bullet nose (Figure 6-3d) is appropriate.

(Continued)

•
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MEDIANS (Continued)

Median End
Treatments
(Continued)

..
MEDIAN WIDTH

W = 2R

• Rev. 10-11-91

A. SEMI-CIRCULAR

(Continued)
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MEDIANS (Continued)
•

Median Openings For any typical 3 or 4 leg intersection on a divided roadway, the length
of the median opening should be as great as the width of the crossroad
pavement plus 10 feet, but in no case less than 40 feet.

Where the crossroad is a divided highway, the length of the opening
should be at lease equal to the width of the crossroad roadway plus
that of the median width plus 20 feet.

Minimum lengths of median openings as a function of median width
and the design of the median ends are given in Table 6-11.

TABLE 6-11: MINIMUM LENGTH OF MEDIAN OPENINGS

•6
I

'0
'2..
'6
::0
2'
21
32
36
<0
50
60

- ......-
76 76
,. 60
72 l3
70 .,
61 '3
66 .eo'MIlI
6C .eo'Mla.
flO 4O'Mta.
" -10' Mia.
'2 40' Ma•.
.. .eo'Mia.
oW .-o'MID.

40 Mi. 40' Mia.
.ao MID. 40' Min
.aoMlft -IO'Mln

Minimum clnlgn of median opening. (P dHlgn vehl
de, control rec:tlu. of 40 tt).

•6
I

10
12..
'6
20
2<
21
32
36
<0
60
10

'00
110
'20

- ......-
1.t6 122
'" III
.<2 110
,<0 1M
131 '00
136 ~
I~ ~
I~ ~
I~ n
In n
I~ ~
IIC ~
100 57
90 ..,' MI.
70 40' Mil'!
so 010' Min

40' Min 40' Min
40' Mia. .to. Min

Minimum dHlgn of median opening. (W8-4O dHlgn
whlc", control rec:tlua of 75 It).

•
lOGE Of PAV[W[Nl::.,

[OCt Of
Yl[)l&H

NOn•
..·oot_'AT. -
••·50 t_ PA'. _ .• -

.1-" TlJIItMNG PAlH - ... _-
••·12 t_ 'AT. _._.

Source: Adapted from Reference (Z), Figure IX-60, p. 803, Tables IX-16, p.
804, and IX-18, p. 807
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MEDIANS (Continued)

•

•

Median Opening
Spacing

Rev. 10-11·91

AASHTO states that a driveway should not be located within the
functional boundary of an intersection (2 p. 841). Hence, the location
and spacing of median openings should begin with establishing the
minimum comer clearance. As illustrated in Figure 6-4, a left tum
egress can be located closer to a major intersection than a left tum
ingress.

Inspection of Figure 6-4b shows that minimum comer clearance for a
left tum ingress is approximately the sum of the funetionallimits of the
two maneuvers. The minimum comer clearance for a left tum egress
is slightly more than the functional length of the left tum at the major
intersection.

(Continued)

6-29



CHAFfER 6 • ACCESS DESIGN GUIDELINES

MEDIANS (Continued)

Median Opening
Spacing
(Continued)

'--::=-'\~./ 1
I Comer clearance ----I

----If ( ././ I'

~_._-----comer clearance-------

I r"....------
FIGURE 6-4: DEFINITION OF MEDIAN CORNER

CLEARANCE

Source: Reference (l), p. 140

(Continued)

•

•
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MEDIANS (Continued)

•

•

Median Opening
Spacing
(Continued)

Rev. 10-11-91

The minimum spacing of other median openings is a function of the
pattern of the movements permitted as well as the functional limit of
the maneuver(s). The functional limit is comprised of the deceleration
distance plus storage as discussed in Chapter 3. As illustrated in
Figure 6-5a, the minimum spacing of median openings for ingress
movements for opposite directions is equal to the sum of the functional
length (deceleration plus storage) of the two movements.

The minimum median spacing for ingress and egress to access on the
same side of the roadway is the sum of the acceleration distance of the
upstream egress opening plus the deceleration plus storage in the
downstream ingress opening, see Figure 6-5b. As illustrated in Figure
6-5c, the spacing of median openings for ingress and egress alternating
on opposite sides of the roadway is the sum of the two acceleration
distances.

(Continued)
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MEDIANS (Continned)

Median Opening
Spacing
(Continued) __--JJ l"-- ---JJ l,--' _

--------

Minimum Spacing - .......~: - - - - - - -

((
A. OPPOSING LEFT-TURN INGRESS

--=..=.----:!o----,---------.......

lJ ------------ --------

Minimum Spacing - ......~: - - - - - - -- .=----= - - - ;!-----
1 r,--------..l (

B. LEFT- TURN INGRESS AND EGRESS rRO~ SA~E SIDE

__J l J l'---__ •------------ --------
---,/

- -=----- - !o-:--- Minimum Spacing - .......~: ,- - - - - - -

1 r 1 r
C. LEFT-TURN INGRESS AND EGRESS rRO~ ALTERNATING SIDES

FIGURE 6-5: MINIMUM SPACING OF MEDIAN OPENING
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AUXIL IARY LANES

Introduction
Auxiliary line Function.

• Speed Change
• DeceIer.tIon
• Acce.....tIon

• Stor.ge for Tumlng Vehicle.

Auxiliary lanes for left and right turns allow turning vehicles to leave
the through traffic lanes while minimizing interference with through
traffic plus provide storage of vehicles waiting to complete the tum
maneuver. Auxiliary lanes may also be used to allow vehicles entering
the roadway to accelerate. On transit routes auxiliary lanes are also
used to allow buses to load and discharge passengers without blocking
the through lanes.

Auxiliary lanes should be at least 10 feet wide and preferably 12 feet
wide. As with through lanes, the gutter should not be considered as
part of the lane width.

•

Tum Lanes

Rev. 10-11-91

Left and right turn lanes are comprised of two elements, namely a
taper and a full width section. The length of a tum lane should allow
turning vehicles to clear the through traffic lane with an acceptable
speed differential and decelerate to a stop plus provide storage for
vehicles waiting to complete the maneuver.

(Continued)
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AUXILIARY LANES (Continued)

•
Taper Length Common practice is to specify taper lengths as a ratio, with the ratio

increasing with speed. AASHTO suggests a taper rate of 8:1 for
speeds up to 30 mph and 15:1 for design speeds up'to 50 mph (Z, p.
831). Many state highway agencies use a more elaborate series of
taper rates as illustrated in Table 6-12.

In urbanized areas the peak period speeds are considerably less than
the off-peak or posted speed and a taper length based on the peak
period, rather than posted or design speed, is appropriate. During the
off-peak, drivers simply steer a longer transition from the through to
the auxiliary lane. At a peak period speed of 30 mph a driver will
travel approximately 120 feet while moving laterally 12 feet. Table 6-13
gives taper lengths recommended for urban design.

TABLE 6-12: TAPER RATIOS

Posted Ratio for Straight Taper Minimum Ratio
Speed for Acceleration and for Deceleration •(mph) Deceleration Ulnes Ulne

20 7.5:1 7.5:1
25 7.5:1 7.5:1
30 10:1 . 8:1
35 12.5:1 10:1
40 15:1 11.5:1
45 15:1 13:1
50 20:1 15:1
55 22.5:1 18.5:1
60 50:1 25:1
65 50:1 25:1

Source: Reference (~)
Note: Colorado code includes speeds up to 55 mph.

Source: Reference (i)
Note: New Mexico regulations contain the same ratios
through 55 mph but includes ratios for 60 and 65 mph.

(Continued)
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AUXILIARY LANES (Continued)

Taper Length
(Continued)

TABLE 6-13: RECOMMENDED TAPER LENGTHS FOR
URBAN DESIGN

Taper Length (feet)

Street Class

Major Arterial

Minor Arterial

Single Tum Lane Dual Tum Lane
Desirable Minimum Desirable Minimum

120-90 180-150

90-60 150-100

•

•

Taper Design

Rev. 10-11-91

Straight line tapers are easily constructed and are therefore, commonly
used on highways in undeveloped areas and is a suitable design where
curbs are not used. In urban areas the distinct "corner" at the
beginning of the taper presents an unnatural vehicular pattern.
Observation of tire marks on the curb at the beginning of the taper
indicates that this design often results in numerous vehicle impacts.

AASHTO suggests that a short curve be used at either end (Z, p. 831)
to provide a more natural path.

A taper with a symmetrical reverse curve is suggested for urban design.
The curves at the end of this taper design have the same radius and
arc length.

(Continued)
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AUXILIARY LANES (Continued)

•
Taper Design
(Continued)

STRAIGHT LINE TAPER

t -~ !--- --~,,«<:.,,"'''''
«««<<<<<<<<<<<<c<< ;::~~~. I
~

PARTIAL TANGENT TAPER

---~--_:;:«'«""r
"'''''''''1''''<::''«~~

SYMMETRICAL REVERSE CURVE TAPER

ASYMMETRICAL REVERSE CURVE TAPER

FIGURE 6-6: COMMONLY USED TAPER DESIGNS

Source: Reference (2)

(Continued)
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AUXILIARY LANES (Continued)

Deceleration
Lane Length

Table 6-14 gives suggested length of tum bay, including taper but
excluding storage. These design lengths will permit turning vehicles to
clear the through lane with a speed differential of 10 mph or less with
the driver of the turning vehicle using a deceleration rate acceptable
to about 85% of all drivers.

Table 6-15 gives minimum lengths for different deceleration rates and
speed differentials. A 6.0 fps2 deceleration rate is acceptable to about
85% of all drivers whereas 9.0 fps2 can be expected to be used by
about 50% of all drivers. Given a length of deceleration lane, the
resulting speed differential can be approximated by interpolation of the
values given in Table 6-15.

TABLE 6-14: SUGGESTED LEFT TURN AND RIGHT TURN
DECELERATION LANES INCLUDING TAPER BUT

EXCLUSIVE OF QUEUE STORAGE(1)

• Speed (mph)

30
35
40
45
50
55
60

Tum Lane Length (feet)

230
290
370
460
550
660
no

• Rev. 10-11·91

(1) Assumes 3.5 fps2 deceleration while driver moves laterally for
through lane to turn lane and 6.0 fpS2 deceleration when lateral
movement hal been completed. Six fpa2 deceleration hal been
found to be acoeptable to about 15~ of drlvera and a tpNd
differential of ten mph or Iesa between the tumlng vehicle and
through lane traffic.

(Continued)
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AUXILIARY LANES (Continued) •Deceleration
Lane Length
(Continued)

TABLE 6-15: MINIMUM LENGTH OF LEFT TURN AND
RIGHT TURN LANES INCLUDING TAPER BUT EXCLUDING

STORAGE

Minimum I..Mlglh In "...

e.o".:z~Ionm •.o".:z D ala ..,(1)

SpMd~ (mph)(2) SpMd 0IhlwnI'-' (mphl(J)

SpMd
(mph) 10 15 20 2!l 30 311 10 15 20 2!l 30 311

30 230 150 140 110 - - 140 100 10 - - -
3!l 2llO 230 180 140 110 - 1110 140 100 10 - -
40 370 2llO 230 180 140 110 2!lO 1110 140 100 10 -
~ 480 370 2llO 230 180 140 300 2!lO 1110 140 100 140
50 !l!lO 480 370 2llC 230 180 380 300 2!lO 1110 140 100
!l!l lIIO !l!lC.I 480 370 2llO 230 ~ 380 300 2!lO 1110 140
10 no lIIO !l!lO 480 370 2llO !l3O ~ 380 300 2!lO 1110

(1) A-.ge cs-te<mion tuml"ll ....1cIe completlilailn _110m through ..".Into tum .."..
Deceleration durinll _ Is _ half the .-..

(2) Tumlng lcle will complet. "'n _nt when a apeed dill...".... Ind~ed occu...
(3) Tumi"ll lcle will noc haW completed "'n _ bulalollowi"llthrough ....1cIe will be able to paaa

wilhoul physically encl'OKhi"ll upOn the edjacenlthrough ..". when the indicated apeedd~ occu...

(Continued) •
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AUXILIARY LANES (Continued)

•

Turn Lane
Storage

Rev. 10.11-91

It is essential that sufficient queue storage be provided for all tum
vehicle arrivals a high percentage of the time. It is recommended that
the design have at least a 95% probability of storing all turning
vehicles during the peak hour. Factors which influence the storage
length are:

Factora Affecting Storage Length

• De.lgn Tum Volume for the Peak Hour

• Type of InterHCtJon Traffic Control

• Cycl•• Par Hour

• SIgnal Phasing and nmlng

• Percent of Truck. and Bu...

The required storage for any selected probability of storing all vehicles
can be determined using the queuing analysis. Various tables, charts
and nomographs such as shown in Fi~res 6-7 and 6-8 have been
developed to facilitate estimation of the storage length needed to
accommodate the queue. Rules-of-thumb have also been developed.
Additionally, many jurisdictions have established minimum storage
lengths of 100, 125, or 150 feet.

Flexibility is a very important but often overlooked aspect of designing
for adequate storage length. Its importance lies in the fact that either
traffic demand or traffic control or both may change, dictating a
change in queue storage requirements. This may necessitate
lengthening of the left tum storage at a major intersection which in
turn may necessitate the elimination of left turns at a nearby minor
intersection of a public street or private access.

(Continued)
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AUXILIARY LANES (Continued) •
Nomograph For
Signalized
Intersections

The queue storage for a single tum lane of a signalized intersection
can be found using the nomograph shown in Figure 6-7.

Dninble: 9SS probability or I1lWiJl1
IIIlart-tum .tllicl••

NiIIilIIum: llOl' probability

I
2

l
600

500 :::
i
j

400 1
j

300 'i..
i..

JHf#-------~I, 200 •et

L...--_---...I- 100 •

FIGURE 6-7: SINGLE LANE QUEUE STORAGE FOR
SIGNALIZED INTERSECTIONS

Source: Reference (~), p. 4.52

Use of the nomograph shows that for a left tum volume of 240
vehicles per hour (vph), a 70 second cycle, and 0% trucks, a storage
length of about 250 feet is required for desirable conditions and about
200 feet for a minimum. These storage lengths would accommodate
10 or 11 vehicles for the desirable conditions and about 8 for the
minimum. The nomograph can be used to estimate the storage length
of a dual left tum bay by dividing by 1.8. Thus, for the desirable
conditions, a dual left tum bay of about 150 feet (excluding
deceleration distance) would be required. (NOTE: Storage length
should be rounded to multiples of the average length of a vehicle plus
the space between vehicles, or 25 feet.)

(Continued)
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AUXILIARY LANES (Continued)

Nomograph For
Unsignalized
Intersections

The nomograph given in Figure 6-8 applies to left tum storage at
unsignalized intersections on four lane highways. The nomograph is
used by reading horizontally from the opposing traffic volume, Veft on
the vertical axis and reading vertically from the left tum volume, V1.'

on the horizontal axis and locating the minimum storage length, St, at
the point where the horizontal and vertical lines cross. For example,
100 left turning vehicles per hour, V1.' with an opposing through
volume, V0' of 950 vph, will require a minimum storage length of
about 150 feet.

llOO..~..,..,.."1"T""'"

G ll_ __
, ......

1.clO

.t

• •
~o 600

, I

• Rev. 10-11-91

I... .,., "'~_'" '" "':-"
200 _ H~'r- ~~r-~~~"..~~,,~~,,~:.~~ ..~,. .,,00'

oo ~ ~ m _ m ~ m _ ~ ~ m 600

1'£ .I.II".......-c...)

FIGURE 6-8: QUEUE STORAGE FOR UNSIGNALIZED
INTERSECTIONS ON FOUR LANE HIGHWAYS

Source: Reference (2), pp. 1-18

Similar graphs have been developed for two lane roadways. These
graphs, together with the one for four lane highways, are provided in
Appendix A to this chapter.

(Continued)
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AUXILIARY LANES (Continued) •
Rules-of-Thumb One commonly accepted procedure for calculating left tum queue

storage is the following:

y
L=(-)ks

N

where:
L = the design length for the left tum storage-feet

v = the estimated left tum volume in vehicles per hour

N = the number of cycles per hour (VIN is the average
number of tum vehicles per cycle).

k = a constant, generally assumed to be 2.0

. of = the average length per vehicle, including the space •
between vehicles; generally assumed to be 25 feet

The value of 2.0 for k is based upon the generally accepted assumption
that turning vehicles are distributed according to the Poisson
Distribution which has the characteristics that the standard deviation
is equal to the mean. Thus 2.0 (VIN) is the mean plus one standard
deviation.

An even simpler rule-of-thumb for left tum storage is to use one foot
of storage times the turning volume in vehicles per hour.

(Continued)
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Comparison of
Storage Length

Guidelines for
Left Turn
Storage
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Use of the nomograph for signalized intersections (Figure 6-7) found
that a 250 foot of storage was needed. The two rules-of-thumb provide
similar values.

Comparison of Queue Storage

Tum Volume. 240 vph
10 Second Cycle

• Nomograph. 250 ft. ""'able

• L .. (V/N)(k)(25)
.. (240/60)(2)(25) .. 200 ft.

• (1 fL){24O vph) :0: 240 fL

Storage Length Guideline.

• As.ume 25 F..t Per Vehicle In Calculation.

• U.. a Minimum Storage Length of 100 Feet
for Le•• Than 60 Vehicle. Per Hour

• For Calculated Length. Greater Than 300
Feet of for Left Tum Volume. exceeding
300 Vehlcl.. Per Hour ConaJder Dual Left
Turn Lane.

• U.. Protected Plu. Permitted Phasing
Whenever PoaaIbie

In cases where traffic progression is poor, very long queues will
develop in the through traffic lanes. During peak periods these queues
may block entry into the tum lane. This problem is especially acute
whenever an efficient timing plan calls for a leading green phase for
left turns.
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GUIDELINES FOR REQUIRING TURN LANES •
Deceleration
Lanes

Auxiliary lanes to allow left turning and right turning vehicles to
decelerate and complete the tum maneuver should ,be provided on all
major roadways. Warrants adopted by state and local jurisdictions
commonly involve a combination of the volume on the main roadway
and the turning volume. Examples of left tum and right tum
requirements are given in Figures 6-9 through 6-12. It may be noted
that the Virginia DOT has identified their practice as guidelines.
Whereas, the Colorado criteria for tum lanes is mandated by state law
and identified as warrants in the State Access Code, adopted by the
Colorado Legislature.

I
I' •

I
I
I ·
I

_ _ _ _ .. 1_ 1_
..... '11 MCH 101'''' ............

.'"......_............ ......,...........................,.........._-...
....... """ • lID' ••• D

........... AlID,--. _...
D· .-c...._-.....
..,,. ,, ..
•• D ....

•

FIGURE 6-9: VIRGINIA DOT GUIDELINES FOR RIGHT TURN
LANES ON FOUR LANE HIGHWAYS

(Continued)
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GUIDELINES FOR REQUIRING TURN LANES (Continued)

GuidIlIneIIor RighI TlI'n Tr..... 2 . Une HilIflw.,_._-................- ......................-..,... .
- fN-·~-.-...-__ c_
..--,..,.,._,..,_...-...._...... _ ••'.11.0

11 _

--. -0· _....
11-......_.,,, ..
11.0.. _ .

I
I
•

i
I
I •
I 20

lWIIlIllEQUIIID

Deceleration
Lanes (Continued)

•GO IlIlt 3lID 400 !OIl ICID 7lID

... .......at torM: WICI.n..ttIIIIt

FIGURE 6-10: VIRGINIA DOT GUIDELINES FOR RIGHT
TURN LANES ON TWO LANE HIGHWAYS

•

• s " 15 • II

DHV oa AVERACE NAil HOUI VOI.UME Of VEHICW
TUINING LEfT IN'O ACCESS

FIGURE 6-11: COLORADO'S WARRANT FOR LEFT TURN
LANES

• Rev. 10-11·91

Source: Reference (~)
Note: The entire Colorado State Access Code is provided in Appendix A to Chapter

6. The reader is referred to page 32 of the Colorado Access Code for details
relating to the application of this warrant.

(Continued)
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GUIDELINES FOR REQUIRING TURN LANES (Continued) •
lli:~~ ::~ ::i ::::::~: l:E:~: ~::~l:::: ::::::::: !::: ~ : : : :
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Deceleration
Lanes (Continued)

• 5 1. 15 »
DHV 011 AVEIlACiE 'EAK HOUl VOLUME OF VEHICLES

TUIININCi IlICiHT INTO ACCESS

15

•FIGURE 6-12: COLORADO'S WARRANT FOR RIGHT TURN
LANES

Source: Reference (~)

Note: Refer to page 30 of the Colorado State Access Code, Appendix 6-A for details
regarding this warrant.

(Continued)
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•

•

Acceleration
Lanes
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An acceleration lane allows the driver of a vehicle entering the
roadway to accelerate and then merge laterally into the through traffic
lane. The size of the necessary gap in the traffic stream is much less
than if the driver must turn directly into the through traffic stream and
then accelerate. Acceleration lanes are desirable where high speeds
and a lack of gaps in traffic make it difficult for vehicles to enter the
roadway. An. example of criteria for the provision of right turn
acceleration lanes is given in Table 6-13. Left turn acceleration lanes
may be also desirable at unsignalized median openings where high
speeds and a lack of acceptable' gaps prevails.

The substantial frontage required for an acceleration lane as well as
a deceleration at the downstream intersection limits the use of
acceleration lanes. In urban areas, long signal spacings (half mile or
more) are needed to accommodate both an acceleration and a
deceleration lane and still have a significant section of standard
roadway. Where an acceleration lane is desired at short signalized
intersection spacings (quarter mile), a continuous auxiliary lane to
serve as an acceleration and deceleration lane has been used
effectively. A street section of standard cross section as illustrated in
Figure 6-14 should be avoided.

(Continued)
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GUIDELINES FOR REQUIRING TURN LANES (Continued)

Acceleration
Lanes (Continued)

•

-....
...
..... . . .

• 1. 15 )I u • 45

DHV OR AVERACE PEAK HOUR VOLUME Of VEHICLES
TURNINC RICHT OUT Of ACCESS

FIGURE 6-13: COLORADO'S WARRANT FOR RIGHT TURN
ACCELERATION LANES

Source: Reference (~)

Note: Refer to page 31 of the Colorado State Access Code, Appendix 6-A for
details.

(Continued)

•
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GUIDELINES FeR REQUIRING TURN LANES (Continued)

Acceleration
Lanes (Continued)

...=.===::::/=--------/--
V
(

A. POOR DESIGN

--
....

... ./ /
. .... - -- -

V .-/ .-/ ~ ~ ~
( ')

B• BETTER DESIGN

• FIGURE 6-14: ACCELERATION LANE WHERE
INTERSECTION SPACING IS LIMITED
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TURN LANES ON 1WO LANE HIGHWAYS

Left Turns
on Two Lane
Highways

Left tum lanes should be provided on two lane highways where
through and tum volumes create an operational or a potential accident
problem. Table 6-16 gives an example ofguidelines for their provision.

•
Inspection of the graphs in Appendix 6·A for left tum lanes on two
lane highways indicate suggested "warrants" for left tum lanes. These
are based on queue storage only; they indicate that a left tum lane is
not warranted when the queue storage is less than 75 feet (about 3
cars). More recently accepted criteria gives much greater
consideration to speed differential, accident potential, and functional
design concepts. Therefore, it is suggested that the figures in Appendix
6-A be used for estimating storage length, but not as warrants per se.

Typical design information is given in Figure 6-15. At three way
intersections where conditions are less critical and a wide shoulder
(~12 feet) is available, the shoulder is sometimes used to allow through
vehicles to bypass the left turning vehicle.

I f •12' 2'

~~--=-....... (
-- '- lWIG LINE

Taper Ratios

Speed (mph) 30 or 35 40 4S 50 55
~u ~

above

StraIght Taper Ratio 20:1 25:1 30:1 40:1 45:1 50:1

FIGURE 6-15: LEFT TURN LANE ON A TWO LANE
HIGHWAY

Source: Reference (J)

(Continued)
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TURN LANES ON 1WO LANE HIGHWAYS (Continued)

Left Turns
on Two Lane
Highways
(Continued)

TABLE &-16: GUIDELINES FOR LEFT TURN LANES ON lWO
LANE HIGHWAYS

AdYUdIll Volume

Oppoiilll 5~ lO~ ZO~ 30~

Volume Left 1UrnI LeR'JUrns Left 'JUras Left 1Urns

4O-mpb 0peratiDa Speed

800 330 240 180 160
600 410 305 225 200
400 510 305 275 245
200 640 470 350 305
100 720 515 390 340

5O-mpb Opentlng Speed

800 280 210 165 135
600 3SO 260 195 170
400 430 320 240 210
200 5SO 400 300 270
100 615 445 335 295

• 68-mph Opentiq Speed

800 230 170 115 lIS
600 290 210 160 140
400 365 270 200 175
200 4SO 330 2SO 215
100 S05 370 275 240

• Rev. 10-11·91

Source: Reference (2), p. 791
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DRIVEWAY DESIGN •
Introduction

Elements of
Driveway
Design

AASHTO states that "Driveways are, in effect, at-grade intersections
and should be designed consistent with the intended use" (2, p. 841).

The plan view elements involved in the design of driveways include:

Driveway Design
Elementa

• WIdth

• Driveway Lang1h

• Aeturn Aadlu.

• Lat.ral Off...

• Approach Angle

• Approach Flar.

Figure 6-16 illustrates the physical relationships between these •
elements. Table 6-17 gives the effective driveway width for various
speeds and driveway geometries.

Driveway
Width Right of Vehicle path, R

Edge of Driveway Pavement

_____--,6~ Offset from edge of vehicle
to edge of traffic lone or
curb face

FIGURE 6-16: DRIVEWAY ELEMENTS

Source: Reference Adapted from (l), p. 213

(Continued)
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TABLE 6-17.1: DRIVEWAY LANE WIDTHS AS A FUNCTION
OF DRIVEWAY OFFSET AND RETURN RADIUS

FOR A to MGRU DRIVEWAY ANGLI!- ex

lwnlnl Speed • '"' mph Driveway LeftI1h. )) I..t

Driveway Driveway Return Radllll (feed (r)
Ofllet

(feet> (6) ~ ..!.. ..!2. .!!. 1!. .At
0 2) 20 17 III

2 211 20 17 I_

II 211 21 17 1_, 21 II U III

I l' l' III
10 17 17 III

Tumina Speed. 10 mph Driveway Len&ttI • '1 leet

Driveway Driveway Return Radius lIeed (r)
Ollset

(feed (6) ~. ..!.. .!2. .!!. 1!. .At
0 2J 20 l'
2 211 21 II III

II 2J 20 17 1., 2' 21 la U III

I 2' 22 19 l' III

10 2J 20 17 U III

lumina Speed • U mph Driveway Len&th • 7. leet

Driveway Driveway Return Radius lIeed (r)
Offset

lIeet> (6) ..!.!L .!!. 1!. .At 12- 12- .!t
0 2J 20 17

2 211 20 ,7 III, 2' 21 17 III, 2S 21 11 U I'
I 2S 22 l' l' I'

10 2J 20 17 IS I'

Source: Reference (2), p. 63, Adapted from (l)

(Continued)
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DRIVEWAY DESIGN (Continued) •Elements of
Driveway
Design
(Continued)

TABLE 6-17.2: DRIVEWAY LANE WIDTHS AS A FUNCTION
OF DRIVEWAY OFFSET AND RETURN RADIUS

..ea "60 DlIGIlEE DIUYEW"y ANCLE';"Q

r........ -...u .....
DrI_I,
CII'M'JIa!l..W ..!..

o
2 ,.

I JO
, .1
I .,.0 .1

Dr~, ....... ,._,

Ilr!!etr ............ I"". &.

~ J2. JL J!. JL J!. l!.
2' U 2. ., .,

U .1
22 JO .1 .,

IJ '".1 ., ., .1
16 IJ .1
U .1

Orh,...,.
Off..,

Jfa!I.!A1
2
I,
I

.0

Dra_I, .........,,_,

Dr....... "!!!!l I!tfIye If..tI I,!

..!.. ..l.. .l!.. JL A J!. .!!. .J! J!.
n

" 2' 22 JO

" U 22 JO ., .1
2' ,. 22 2. JO .1 .7 .,,.
2' 22 20 .,

.1 ., U .1

I'0Il A IJ DlIGIlU DIlmWAY ANCU-a •
Tuminc -...20 .....

Dri....' ........ 7J ,",
Dri••••,

Drl..... "!!!!l !tdka If..tI I,!Off..,
.It!!.!!!al ..!.. ..l.. -!2... J!. J!. .u. J!. .!!. J!.0 21 2' 22 2. JO .1

2 2J 21 2' 2. JO .,
.1 ., .,

I 2. JO .,
.1 I' ., IJ IJ .1, II ., .,
I' IJ '"I ., IJ IJ II

.0 IJ .1

T....... -..." ..... Dr_"' ....... 12.....
DrJ_I, Or....., !lSI!!! ... limp (r)Off..,
JI!I!Utl ..!.. ..l.. .J!. JL J!. .J!. J!. l!. J!.I

2J,
%J ,. 2J 22 2.

I "
,. 2J 22 2. 2. JO .,

.0 U 22 22 22 JO ., .,
.1 .,

Source: Reference (2), p. 64, Adapted from (l)

(Continued)
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Elements of
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(Continued)

Driveway
Profile
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TABLE 6-17.3: DRIVEWAY LANE WIDTHS AS A FUNCTION
OF DRIVEWAY OFFSET AND RETURN RADIUS

T....... s,.M.U .... Dr,-, '-ItI' • UJ ....

Dr_, prl!l!U... ' ..""" k!
(1("',

Jl. .Jl. .1!. A .!!.JItd.l!l .J.. .L .JL A
0 D D D 2. 20 • It I' II

2 • • It It II II 17 ., .;
t 17 " " " IJ IJ IJ .t .., IJ IJ •t

I It
.0 .t

T....s,..4 ....... Dr_., LaoI1h ••12 ....

Dr_., Drlmar .."'".... lIPal! k'
(1(1..,

.1!.Jlt!IUAl .J.. J!. -It. .!!.
0

2 D 2'

• D U D 2. •, • • It .1 17

I II II 17 " "10 " " IJ U ••

Source: Reference (2), p. 63, Adapted from (l)

The vertical alignment must provide a smooth transition between the
driveway and the roadway to which access is provided. In all cases, the
profile must be sufficient to provide sufficient clearance between the
surface and the vehicle. Access drives on major streets must permit
the driveway maneuver to be made smoothly and comfortably at a
forward speed of at least 10 mph.

Suggested apron lengths and maximum grade changes are given in
Figure 6-17. With the dimensions shown, normal construction practice
will provide an appropriate profile. For grade changes greater than
those shown, vertical curves at least 20 feet long should be used. the
apron length should also be increased where steep grades (02) are
encountered. Maximum driveway grades (02) within a distance of
twice the apron length (2A) of the curb, or edge of pavement on
uncurbed roadways should not exceed 5% on driveways intersecting
major arterials, 8% on minor arterials and major collectors, and 15%
on minor collectors and local facilities.

(Continued)
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DRIVEWAY DESIGN (Continued) •Driveway
Profile
(Continued)

Shoulder slopes commonly vary from 4% (1/2 in/foot) to 6% (3/4
in/foot). The shoulder slope should be maintained for the full width,
including return radii, of the driveway.

I
PAVEMENT

~

UNCURBED ROADWAYS

Apron Length (A)

CURBED ROADWAYS
-- •

Recommended Design Values

Roadway Apron Length
Grade Change (D)

IClassification (A) Desirable Maximum

Major Arterial :t25 ft $3% 5%
Minor Arterial :t20 ft $4% 5%

Collector :t15 ft $5% 6%
Local :t10 ft $6% 8%

FIGURE 6-17: VERTICAL GEOMETRICS FOR DRIVEWAYS
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Introduction

Sight Distance
for Vehicles on
Main Roadway
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CHAPTER 6 • ACCESS DESIGN GUIDELINES

Sight distances greater than the safe stopping sight distance must be
maintained on all roadways and access drives. Intersection sight
distance must be provided at all signalized and unsignalized
intersections, including driveways.

Minimum sight distances should be exceeded, especially on major
roadways.

Access drives, other features or turning movements should not be
permitted where the sight distance is not adequate to allow a motorist
to maneuver to come to a safe stop. Table 6-18 gives minimum sight
distances for vehicles traveling along the main roadway.

(Continued)
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SIGHT DISTANCE (Continued) •Sight Distance
for Vehicles on
Main Roadway
(Continued)

TABLE 6-18: MINIMUM SIGHT DISTANCE FOR VEHICLES
TRAVELING ALONG MAIN ROADWAy(1) (2)

Sight Distance (feet)
Speed

Minimum Stop(:lt I Desirable Stop(4)(mph)

20 120 160
25 150 205
30 '200 270
35 250 350
40 325 435
45 400 530
50 475 635
55 550 745
60 650 870
65 725 1,000
70 850 1,140

(1) For determining the light distance, the driver', eye height above the road
IUrface Is 3.5 feet and the driver on the main roadway should be able to ...
that portion of a vehicle, at an acce... which i, 2.5 feet above the driveway
IUrface. The front bumper of the driveway vehicle Is uaumed to be 5.0 feet
back from the edge of the traveled way. The driver', eye of the vehicle on
the main roadway I' uaumed to be centerline lane for purposes of
determining light distance.

(2) These length' should be adjusted for any downgrade of 3.0'!(, or greater and
may be decreased for upgrades of 3.0'!(, or greater by multiplying the length
given in the table by the factors given below:

•
3.0'!(, to 4.9'J(, upgrade

0.9

5.0'!(, to r.O'!(, uDQrade
0.8

3.0'!(, to 4.9'J(, downgrade
1.2

5.0'!(, to r.O'!(, downgrade
1.35

(3) Bued upon AASHTO minimum stopping distance.

(4) Bued upon a 2.5 MCOnd perceptlon....aetIon time and e.o tps2 average
deceleration, rounded to nearest 5 feet.

(Continued)
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In addition to the sight distance necessary for vehicles traveling on the
main roadway to see vehicles, or objects, in and adjacent to the
traveled way, it is also necessary to provide adequate sight distance for
vehicles on cross roads and driveways to enter or cross the roadway.
Table 6-19 gives sight distances for vehicles to cross a roadway. Since
the sight distance for the crossing maneuver is linear with respect to
speed it is common practice to present the sight distances in tabular
form as in Tabie 6-18 rather than to use the AASHTO graph directly.

(Continued)
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SIGHT DISTANCE (Continued) •
Crossing
Sight
Distance
(Continued)

TABLE 6-19: SIGHT DISTANCE ALONG A ROADWAY FOR A
VEHICLE STOPPED ON A CROSSROAD TO CROSS THE

ROADWAy(1) (2) (3) ,

Minimum Sight Distance Left and Right In Feet per
Design Vehicle 10 mph of Speed on Roadway to be Crossed

Crossing
Six Lane UndividedRoadwayfCl

Four Lane on Four Lane with
Two Lane Undivided 24' Median

p 100 110 125
SU 140 150 170

WB-SO 180 200 220

(1) BaMd upon AASHTOcrolSing sight distance; Ref.r.nce~, Figur.IX-39,
p.761.

(2) Use sight distances which are 20% larg.r are recommended u d.sign
minimums. Such distances allow for a more adequate perception r.action
time (3.5 MCOnds as oppoMd to 2.0 MCOndl).

(3) The sight distance shall be measured using a driver'l eye h.ight 3.5 feet
to a point on the oncoming vehicl. which II 2.5 feet above the roadway
surface. The driver's eye of the .ntering vehicle shall be usumed to be
at I.ast 10.0 fHtback from the edge of the pavem.nt.

(4) The design v.hicle shall be the largest vehicle normally .xpected to u..
the access at least once per day.

(Continued)
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Sight distance must be sufficient for drivers to be able to safely enter
the through traffic lanes of a roadway by making a left or right tum.
AASHTO sight distances (2, p. 762) should be considered to be
absolute minimum sight distances for all conditions. Minimum
intersection sight distance for left and right turns onto a 2-lane highway
are given in Table 6-20. Logic suggests that a larger sight distance
should be us~d for the left tum maneuver than for the right tum
because the driver of the vehicle entering the highway must evaluate
gaps in traffic approaching from the right as well as the left. The left
tum sight distances given in Table 6-20 assumes a perception reaction
time which is 1.5 seconds longer than that for a right turn.

(Continued)
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SIGHT DISTANCE (Continued) •
Sight Distance
to Enter Roadway
(Continued)

TABLE 6-20: INTERSECTION SIGHT DISTANCES TO ENTER
A HIGHWAY AT AN AT-GRADE INTERSECTION

Minimum Sight Distance For P-Vehlcle
Entering Roadway

Design Speed
(mph) Right Tuml2t Left Tuml3l

20 225 275
25 300 350
30 375 450
35 475 550
40 575 675
45 700 800
50 850 950
55 1000 1125
60 1150 1275

(1) Sight distance shall be measured assuming the driver's eye of the vehicle
entering the roadway is 3.5 feet above the driveway surface and 10.0 feet back
from the edge of the through traffic lane to the oncoming vehicle at a height
of 2.5 feet above the pavement surface.

(2) Source: Reference (£) Figure 1X-40, page 762. Sight distance for p.vehicle to
tum right into a two lane highway and attain 85'110 of design speed without
being overtaken by a vehicle approaching from the left reducing speed to 85'110
of the design speed.

(3) Adapted from Reference <2>, Figure 1X-40. p. 762 and by adding the distance
traveled by an oncoming vehicle in 1.5 seconds, caJculated U (1.47)M(1.5)
and rounded to the nearest 25 feet, to the sight distance for the right tum. The
sight distance for a P-vehicle to tum left into a two lane highway and attain
85'110 of design speed without being overtaken by a vehicle approaching from
the right reducing speed to 85'110 of the design speed.

•
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FRONTAGE ROADS

Frontage Road
Functions Frontage Road Function.

• Segreg... Loc* Tr.fftc From
High Speed Through Tr.fftc

• Intercept omew.,. Mel
Reduce FNquency of Moe..

As an access control measure, frontage roads provide two main
functions:

(1) They segregate local traffic from the high speed
through lanes. Traffic can circulate between the
various commercial establishments without
interfering with through traffic.

• (2) Frontage roads intercept the access drives serving
the roadside properties and thereby reduce the
number of conflict points. The resulting spacing
between the intersections with the main roadway
facilitates the design of auxiliary lanes for
deceleration and acceleration.

• Rev. 1~11-91

However, the intersection of frontage roads, especially continuous
frontage roads, with .the crossroad can result in overlapping
intersections and produce a complex pattern of conflict points as
illustrated in Figure 6-18. Such intersections have very low capacities
and the traffic volumes generated by commercial development on the
frontage roads commonly result in severe congestio~ long delays, and
high accident experience.

(Continued)
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FRONTAGE ROADS (Continued) •
Frontage Road
Functions
(Continued)

Making the frontage roads one-way reduces the number of conflict
points. However, severe traffic problems will stil,l be encountered,
even with moderate frontage road and cross road volumes. These
problems can be minimized by incorporation of horizontal curves in
the frontage road design to increase the separation between the
intersections of the crossroad-frontage road and crossroad-main
roadway as illustrated in Figure 6-19.

A separation of at least 150 feet is necessary to reduce the interference
of the frontage road intersections on the crossroad-main highway
intersection. A separation of 250 feet or greater creates a buildable
site suitable for a service station, fast food restaurant, or convenience
stores. An example of such an alignment is shown in Figure 6-20.

(Continued)

•
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FRONTAGE ROADS (Continued)

•

•

Frontage Road
Functions
(Continued)

Rev. 1()"11-91

Frontage Road

Main Highway

CONFLICT POINTS

• 24 Diverge

• 24 Merge
• 48 Cross

96 Totol

Frontage Road

FIGURE 6-18: CONFLICT POINTS RESULTING WITH
FRONTAGE ROADS

(Continued)
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FRONTAGE ROADS (Continued)

Frontage Road
Functions
(Continued)

t-s--j

Separation ($)

Absolute
Minimum ~ 150 ft.

Desirable
Minimum ~ 250 ft.

FIGURE 6-19: FRONTAGE ROAD ALIGNMENT TO
INCREASE INTERSECTION SPACING ON CROSS ROAD

•

•
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FRONTAGE ROADS (Continued)

Frontage Road
Functions
(Continued)

FIGURE 6-20: ARTERIAL STREET WITH TWO-WAY FRONTAGE ROAD
ALIGNED TO PROVIDE SEPARATION BETWEEN MAIN HIGHWAY AND

FRONTAGE ROAD INTERSECTIONS

• Rev. 10-11-91 6-67
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Figure 9. Warront for I.ft-tum storage lones on two-lane highways•

-

-

-

-

-

-

Gr.... UlllitMlillf In'.,..ct••
LI 'lfo LIft TurN ill Va
'"Sloro" Lt,.", ......ll

V"IIO_
L I 10'l'.

-

-

- - -v••_ .... _. ,,,H'

- .}:::~::? .:{: ::;;:. ::;:: :::;:; .::;::=*::;:;: ;::::: :~:;: %: ;::;:: :~( ~N :::~~ ~;:: :~::: ::;;:' :':;:: :: ':;. i. ·i!!l;~ll-1-+4 HI-+-+- 9-l-+ -+-HI-+-+-+-+-I
}t"t ,::,:' :> .". :'::" ::':';1:,":' ::~",;,. """.:;::,,: """ ::*" :'C. ;,,: i:,,: :,,:': '",:, "': . ;,.··..I;*~·.::~.:.~.;li;i~~r-+-I-+-+-H-++++-H-++-+-H-+-++t-1
",J",,',' ':,:;: .,'::'.' ··,:,,'1::':': .::{ "'~' :::,,= "~" :::t ';,,~ "" ';;':',: .':': .,:,', ':::' ..,:'- ""~""":I:_':",~. ,
::::l::::;:' ..;::; :::::: '..;: :::.::t.~::: "';. ;.:::. ;:;::' :;:::: ;~:": .:~::' };:' :~::: ;:::;. ::::~ :~::: '::T:t;:~::)~~:~( ... - - - - - --v. ,,,•• ,

•

•
6-75

>



.... UMipolia•• 11I1_ctionl
L' 'llt Lefl TUrN ill Va
S'SlOr1I.. La",,,, IIeQuirecI

V". IOIIlp/I

L • 11'lIo

- - - Ya a....__I ,,,••• - - -

13

•

Fi;ure 10. Warrant for I.ft-tum stora;e lanes on two-lane hi;hways.

- :;,.,' .:,:...,." ..

?l",:,' ",,:. ::""""<.".

,

.... Ul\litllelir.. Illl.,..ct_
L' 'llt Left TUrN ill Va
S·S..... La",,,, ........

V" • IOIIlp/I
L '10'llo

•

...

" I
I "-

.....

~

~ #.

" ~

",.,
I.fl" • "1'

Figure 11. Warrant for left-tum storage lanes on two-lane highways.

6-76
•



1 ,\. I ,\ ," ", I 'X
HA" ...---'-.:.....;'-,-\-l_·..Ji.....;..'\.T-__·+-~\.~',...;-:+-"'~._'\..~......"'~'..,-I.....,."~+-"--i--+-~~-++- '. IIi: I
,~\ ,', ~ 'I ~ I I' , "\..' .~

II
I

I

G,ode. UMitnoliuCl In'....cl_
L- 'llo LA" TU'M in VA
S-Sl_9I La"9'" RequirtCI

yo- 50mph

L - SO'llo

I :\ I ;y, \ \." '- I

; \ I , \ \., 1\..' '\.. X;

1\: ,\ \.' , "
, I \ ! \. " I ,:

n '\' ~ ,,"\..' "\.., ,"
Ij I \ " : " "', "\..' ~'

1: \" \,,, ", '" ' "\.. I ," , ; I :

1

-
-

--··;eoo
•·

14

•

I , I

• ~ • I. - .. - -
I I

- - -V•••va__ ....... I"•• ' - - -
1

1

-
Figure 12. Warrant for left-tum storoge lanes on two-lane highways .

G,.... UtIIi9fIOliz.tI 'n,.,..etiCIM
L- 'llo LA" Turns in VA
S-SI_9I La"9'" flequirtCI

yo- 50mp/l
L -40'llo

l\.1\

-Io,.~~:.,;,.•;.!.+.'.;~:"";•••+;~;';l~:~~::+";':\:;::~:::::I\:::~;:~fl\.-~.p,~;..,I-,,~~_-+~ttj-:I"~~I\..::;:::~:;
_ [; :\\r'

- H-+"';"'+-1H++"r+-+-+Tl-+-ir+-I-rl-hr+-ri-+++...H-+-+•
" "

'" "I\.. I' I'
I', "\..

'\ ~ I'
'\.. I" ~ I"

I'.

"
" I\.

~ d4*g ••B%'~ ~

:I,..:;..,.';,.. ;."';':' .:••;.:.;.':,:.:. m';£;~~:H: -+++-H-pI\~+-1HI+"I..+J,I.I-+++~-P-~H+~H~"_~;.,.,~.""ii,....:P'k"~+':rl-I'.,.I~-T"b:~"
..;~;.~;_._.~.: ..:. ?=: :::::;: .;:~;: l:: ;::;:: :::::: :...

Figure 13. Warrant for left-tum storoge lanes on two-lane highways•

•
'. - - - - - - -y. __ IIC ."••• - - - -

6-77



•

•

•

I I

. l'...

-

f'1It. 1 •••

--

15

...... UIlIi9IlOIil.d IIII.,..cl_.

L0 "Ira Left TUt'" ill VA
SaSI_1e LeIl9'" .......ed

Y-°IOmph
L 0 10%

Grodt. UIl.i91l0Iilld IIlI.,..CliOft.

La "JI. Lefl Turlll ill VA
SoSl_1e LeIl9'" ........d

y- a 60mp/l
L o 5 "Ira

-

I'

11..

'".., I
I'! I

i'\.

I \.

I'-.

I'-.
I I

'-
1 I

I

,,,.-.

I'\.

,

Figure 15. Warrant for left-tum storage lanes on two-Iane highways.

Figure 14. Warrant far left-tum storage lanes on two-lane highways.
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CHAPTER 7 - SITE PLANS

CHAPTER 7

SITE PLANS

Improved urban street systems result in increased travel demand and,
in turn, furthe"r demand for street improvements. This cycle, the
Transportation - Land Use Cycle, is illustrated in Figure 7-1.

~=-"
Dr.ertOrlhon in
....10<11........

n InmllOd
_bib!)

~.:.." ~n ::.-=
~::-,.. j)
~=.

FIGURE 7-1: TRANSPORTATION
LAND USE CYCLE

Source: Reference (l), p. 2

Municipalities have extensive powers which can be applied to manage
the land use - transportation cycle. These include the zoning
ordinance, subdivision regulation, and various other growth
management techniques and procedures. Counties in most states and
townships in the northeast U.S. have similar powers.
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THE SITE DESIGN

Introduction

The Common
Design Process

CHAPTER 7 • SITE PLANS

Access, site circulation, parking, and building footprint and location are
all highly related. Failure to recognize these interrelationships results
in poor site circulation, improperly located parking, and access location
and design which interferes with safe traffic movement on the public
street system in vicinity of the development.

The design process which begins with the building and ends with
access, as illustrated in Figure 7-2 commonly results in poor design.

Building
Location a Design

On - Site

Parking 6 Circulation

Access

Location 6 Design

FIGURE 7-2: ILLUSTRATION OF
THE COMMON SITE DESIGN

PROCESS

Source: Reference (l), p. 17

•

•

Poor site design will result in traffic accidents on the site as well as on
the public street. Because of traffic flow and accident problems, the
development will be Jess financially successful than it could have been.
Once the traffic problems become apparent, the developer/owner
pressures the responsible public agency to "solve" the site design
problem through traffic controls, speed limits, and/or physical changes
in the street cross-section.

(Continued)
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• CHAPTER 7 - SITE PLANS

THE SITE DESIGN (Continued)

A Recommended
Design Process

Site circulation design can be improved and negative impact on
through adjacent public streets minimized where access and site
circulation considerations are included in the feasibility and initial
desjgn stages. A recommended design process is illustrated in Figure
7-3. -

•

FIIWlciaJ
(easib~I'Y

Bu~dJn, locillon
and d....n

Function.1
C'irculltlon
mien,

•

Preliminary
Access/
Circulation
Analysis

Rev. 1()..8·91

FIGURE 7-3: RECOMMENDED SITE
DESIGN PROCESS

Source: Reference (l), p. 18

A preliminary access/circulation analysis should be conducted in
conjunction with the financial feasibility study. This investigation
should analyze the suitability of potential access and circulation
constraints on site development. Development of the site design
should follow an evolutionary process. It is preferable to first identify
the region in which access would be the most desirable (and
undesirable) from the perspective of the adjacent public street. Next,
the building footprint should be tentatively located. 1;he process
should then follow an iterative procedure as suggested by the above
figure.

(Continued)
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THE SITE DESIGN (Continued) •

Minor Arterial

Comparison Of
Access and
Public Streets

The functional hierarchy which applied to the public street system also
applies to on-site circulation. Therefore, the functional design criteria
that applies to public streets. and highways applies to access and site
circulation as well. The parallel between public and site circulation
elements is illustrated in Table 7-1.

TABLE 7-1: FUNCTIONAL COMPARISON OF SITE ACCESS
AND PUBLIC STREETS

Public Street Site Circulation

Local Street The aisles between parking stalls; the driveway of a
neighborhood shopping development.

Minor Collector Circulation at end of parking rows; access drive to
a convenience shopping development « 100,000
sq. ft).

Major Collector Circulation road connecting parking areas of a
large development; access drive of a medium-size
development (200,000 - 500,000 sq.wt. shopping
center).

Access drive of a medium size development
(500,000 - 750,000 sq. ft. shopping center); ring
road for a very large development (shopping
center of 1,000,000 sq. ft. or more).

•
Major Arterial Access drive of a very large development

(shopping center of ',000,000 sq. ft. or more).

Source: Reference (1.), p. 85
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Introduction

Traffic Impact
Analysis
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Traffic and circulation analysis of a proposed development should
consist of the following related studies.

1. Traffic impact analysis (TIA) estimates the traffic which the
development can be expected to generate; evaluates the
impact of this traffic on the public street system; and,
identifies the off-site improvements that may be needed as .
a result of the development. The TIA should be required
by ordinance.

2. A site plan review includes the access location and design,
on-site circulation (pedestrian as well as vehicular), and
parking. This review should also consider a variety of other
site plan details including drainage, landscaping, utility
locations and fire protection, loading docks, and solid waste
collection.

A traffic impact analysis should be performed in each of the following
situation.

Justification For Traffic
Impact Analysis

1. Trip o.ner.tJon

2. R.zonlng

3. Chang. In Land U••

4. Ch.nge In Vehicle Type(s)

5. Incr•••• In Tr.mc o.ner.tJon

e. Chanp In DIrectional
Distribution of the Tfllfftc

7. TIA II Out of Date

(Continued)
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REVIEW OF PROPOSED DEVEWPMENT (Continued) •
Traffic Impact
Analysis
(Continued)

Use of the TIA

1. All development which can be expected to generate more
than a specified number of trips (say, 100 trips per hour
during the peak hour of the street or the peak hour of the
generator). When the property is already zoned for the
proposed use, an approved TIA should be required between
submittal of the final plat in the event of subdivision and
before issuance of a building permit or curb cut permit in
the case of all development other than single-family
detached or duplex residential development.

2. For all applications for rezoning.

3. Any change in the land use.

4. Any change which would result in a change in the mix of
vehicle types.

5. Increase in the traffic generation by more than some stated
amount (say, 15%).

6. A change in the directional distribution in the site traffic by
more than some specified amount (say, 20%).

7. When the original TIA is out of date (say, more than two
years old).

The traffic impact analysis has two basic uses. These are: (1) the
assessment of exactions -- either impact fees or physical street
improvements, and (2) the design of site access and circulation. In the
first case, the issue is one of fair and equal treatment. That is, the
dollar amount of the fee, or the cost of off-site improvements, should
be in proportion to the impact of the development. When the impact
fee is several hundred, or thousands, of dollars per trip, precision in
trip generation is an issue.

(Continued)

•
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REVIEW OF PROPOSED DEVELOPMENT (Continued)

•

•

Use of the TlA
(Continued)

Rev. 10-8-91

However, in the second case (site access and circulation design) the
real. questions are: Does the site have sufficient access and site
circulation capacity? Is it a good design? Precision in estimation of
trip generation, or the forecasting of tum movements at the individual
driveways and nearby intersections are not the issue. The real issues
are: Will the design work if the site traffic volumes are different than
forecast? Ho~ much flexibility is there in the design?
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REVIEW OF PROPOSED DEVELOPMENT •
Site Plan
Review

The traffic impact analysis provides an evaluation of the volume of
traffic that a proposed development may be expected to generate, the
projected traffic volume at individual access points, and the impact on
critical intersections within the area of influence of the proposed
development. The volume of traffic which can be accommodated at
an access point without significant interference with the public street
is a function of the access location and design. As previously stated,
the access location and design must also relate to the on-site
circulation and parking, and hence, to the locations and shape of the
building(s) to be developed on the site. Hence, a site plan is essential
for all development on the site other than single family detached and
duplex residential units. In the case of single family and duplex
development, the front building line, the side and rear lot
requirements, and the local streets as plotted establish the "site plan."
For all other types of development, the relationship of the circulation
and access to the public street system cannot be determined from the
subdivision plat.

Therefore, a site plan should be required for all proposed projects
other than single family detached and duplex residential development.

The approved site plan should be basis for the issuance for the
building, curb cut, utility connection permits, and any other
development. It should be prepared at a scale of one inch equals 20,
25, or 30 feet; one inch equals 40 feet is the smallest scale at which it
is practical to determine sight distances and evaluate maneuver areas.
All design elements should be dimensioned. The site plan should also
show the right-of-way and geometry of all adjacent public streets.

Basic Site Plan Features

• Acceaa location and Dealgn

• On·Slte Circulation and Parking

• Other ltema

•

(Continued)
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REVIEW OF PROPOSED DEVELOPMENT (Continued)
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•

• •
•
•
•
•
•
•
•
•

•
•
•
•
•
•

•

Site Plan
Review
(Continued)
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Items which should be checked during the site plan review include the
access location and design; on-site circulation and parking; and other
items. The various items that should be shown on a site plan are listed
in llable 7-2 I.

TABLE 7-2: SITE PLAN ELEMENTS

Access Location and Design

• Spacing to adjacent public and private aocess
• Angle
• Curb return radii
• Throat cross-section
• Channelization, medial and marginal
• Length, width, and taper of turn bays
• Sign location
• Sight distances
• Visibility of access drive
• Profiles

On·Site Circulation and Parking

Vehicular conflict points
Vehicular· pedestrian conflicts
Sight distances
Channelization
Delineation of internal circulation roadways
Widths of internal circulation roadways
Potential for high speeds adjacent to building
Potential for high speed, random vehicular movements in parking area
Convenience of parking with respect to building entrances
Parking dimensions
Location of curbs/wheel stops relative to front of parking stalls
Building entrances and pedestrian circulation between the entrances and the
parking areas
Sidewalk widths
Fire lanes
Delivery/truck docks
Access to solid waste containers
Visibility of obstructions such as curbed end islands, barriers, and light posts
Delineation of edge of development from adjacent streets

Other Items

• Existing and proposed utilities, Including fire hydrant locations
• Surface drainage
• Location and type of landscaping
• Location of light poles
• Location of anyon-site items such as any kiosks and U.S. Postal Service drop

boxes
• Fences and/or landscaping to screen development from adjacent property
• Location and angle of exterior lighting when development I. adjacent to

residential development or where lighting might interfere with driver'. vision

(Continued)
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REVIEW OF PROPOSED DEVEWPMENT(Continued) •
Site Plan
Review
(Continued)

During construction and following development, the project should be
inspected to ensure that the site plan is followed. A change should
require the submission, review, and approval of a revised site plan.
The Certificate of Occupancy should be issued when the final
inspection shows that the project has been completed in accordance
with the approved site plan, assuming, of course, that the structure(s)
also meets the building code.

Because of the complexity and details which need to be shown on a
site plan, different aspects of the plan need to be illustrated on
separate sheets. Typically, five sheets, identified in Table 7-3 should
be used.

TABLE 7-3: LIST OF SITE PLAN SHEETS

•
Elements Illustrated

1

2

Basic geometry of the site access,
circulation, parking and building footprint.

Detailed drawings of access, circulation,
and parking elements.

3 landscaping details.

Sheet

4 Location of existing and proposed utilities.

5 Finished grades and contours.

Source: Reference (~), p. 33
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•

•

Applications

Queue Length
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Drive-through facilities, parking lot entrances and exist, loading and
unloading docks, passenger drop off and pick up, and similar
operations can be evaluated using queuing analysis.

The tedious calculations involved in solving the queuing equations can
be avoided using the computer program written for IBM compatible
microcomputers. The solution for the maximum expected queue
length is also easily obtained using the following equation and the
table of QM values given on the following page.

lnP(x>m) -InQM
M= -1

Inp

Where: M = queue length exceeded P percent of the time

P(x > m) = probability that the queue will exceed M

N = number of service position

Q = service rate per service position

q = demand rate (vehicles per hour)

p = q/NQ = utilization factor

QM = tabulated values of the relationship between queue
length, number of service positions, and the
utilization factor (see Table 7-4).

(Continued)
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Queue Length TABLE 7-4: TABLE OF 0u VALUES
(Continued)

p N - 1 2 a 4 • • 10

0.0 ooסס.0 ooסס.0 ooסס.0 ClJIOllO ClJIOllO

0.1 .1000 .0112 .llll37 .oooe ooסס. ClJIOllO OOסס.0

.2 .2000 ... SIfl47 ..cx. .0015 JIOCl2 ooסס.

.3 .3llOO .1:115 .ll7OO .0370 .0111 .l103Il .0011

.4 .4000 .2211 .1411 MJJ7 00400 .0115 .ooea

.5 .5000 .aa33 .23ll8 .17311 JlIlll .ll581 .ll3lIO

.. .8000 .4501 .3548 .2870 .1165 .1385 .1013

.7 .7000 .5766 .4923 .4286 .3358 .2706 .2218

.8 .8000 .7111 .6472 .!8ll4 .5178 .4576 .~

.9 .9000 .1526 .1172 .7878 .7401 .7014 ....7

1.0 OOסס.1 OOסס.1 ooסס.1 ooסס.1 OOסס.1 ooסס.1 OOסס.1

,,- q/NQ
q - arriYaI rate. Iolal
N - number 01 channels (MNIce posHions)
Q - ..Nice rale per channel

•
Example Use of the equation and the table of QM values is illustrated using the

following data for a drive-through bank facility.

• average service time = 2.7 minutes

• 5 drive-through windows

• design demand = 100 vehicles in a one-hour period

• acceptable probability that the queue length will exceed
the storage capacity = 0.05

• queue storage = 24 vehicles

(Continued)
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APPLICATION OF QUEUEING ANALYSIS (Continued)

•

•

EXample
(Continued)

Rev. 10-8-91

N = 5

g = 100vph

o = (60 min per hour)/(2.7 min average service time)

:= 22.2

p = 100/[(5)(22.2)] =0.901

P(x > m) = 0.05

OM = 0.7663 by interpolation

M = 1n0.OS -1n0.7663 -1
1n0.901

= -2.996 - (-0.266) -1
-0.104

= 26.3 - 1 = 25.3 ; say 25 vehicles

The solution indicates that 5 percent of the time there will be more
than 25 vehicles waiting in the queue. Therefore, the line of waiting
customers can be expected to back up into the street for about three
minutes each hour, if demand and service times are as expected.

Solutions to the problem are:

1. Redesign the site to achieve more queue storage;

2. Decrease the service time by decreasing the teller to service
position ratio; or

3. Increasing the number of service positions.

(Continued)
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APPLICATION OF QUEUEING ANALYSIS (Continued) •
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Waiting time is often of more concern to management personnel than
queue length. Waiting time and total time in the system can be
calculated using the figure shown below. '

Waiting Time

Coefficient of utilization. p. q/NQ

FIGURE 7-4: AVERAGE WAITING TIME [E(w) VALUES]

Source: Reference (I), p. 229

Total Time The total time in the system is the sum of the waiting time and the
service time. Continuing with the same example, the average total
time in the system is:

• average total time in system = 4.1 + 2.7 = 6.8 minutes

(Continued)
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Case Study
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The follmving case study is an example of the effective application of
queuing analysis in a public hearing for a conditional use permit
between the Planning and Zoning Comission of College Station, Texas.
An existing single-family residence was situated on a 2.5 acre tract
fronting on the major north-south arterial in the urbanizing fringe of
a metropolitan area of 100,000 population. The 85th percentile speed
exceeded 50 mph.

Several requests for rezoning from single-family residential to general
commercial had received negative recommendations from the Planning
and Zoning Commission and denied by the City Council. The fact that
changing conditions in the vicinity of the site were making the property
less desirable as a single-family residence was generally recognized.
When an application was submitted for a Conditional Use Permit to
establish a private school using the existing residence for classrooms,
six of the seven members of the Planning and Zoning Commission
favorably disposed to the request.

The applicant provided the following information prior to the public
hearing.

1. The completed application for a conditional use permit
to operatea Montessori School using the existing
structure.

2. A site plan showing the existing structures, access, and
the proposed site circulation and parking.

The following information was presented at the public hearing by the
applicant:

1. At least 40 students would be enrolled before any
change would be made in the site circulation or
structure.

2. Eighty percent of the students were expected to be
picked up within a 20 minute period.

(Continued)
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APPLICATION OF QUEUEING ANALYSIS (Continued) •
Case Study
(Continued)

3. A strong parent-school relationship was intended, so that
average pick-up time of at least 2 minutes and visits of
5 minutes or longer would not be unusual.

The following were agreed upon at the public hearing:

1. The probability of vehicles backing up onto the main
lane of the major arterial should be negligible, less than
1%.

2. The site plan, with no change in the circulation pattern,
would provide for four service positions and three
storage positions.

Based upon these conditions, the following analysis was performed
using queuing analysis:

M = 3

N = 4 •0 = (60 min per hour)/(2 minutes per service) = 30 vph

q = (40 students)(80% in 20 minutes)(60/20) = 96 vph

p = 96/[(4)(30)] = 0.8000

P(x > m) = 0.01 (a 1% chance of vehicles backing up onto the
arterial)

OM = 0.5964, from Table 7-4

(Continued)
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•

Case Study
(Continued)
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3 = lnP(x> 3) -lnO.S964 -1
lnO.8000

3= lnP(x>3)-(-0.Sl68) -1
-0.2231

Then,

In P(x > m) = (4)(-0.2231) - 0.5168 = -1.4092

and

P(x > m) = e-1.4092 = 0.244 or 24%

Thus, probability that the queue could back up onto the arterial is
calculated to be 24%. This is considerably greater than the acceptable
probability of less than 1%,and the application was denied. All
proposals by the Planning and Zoning Commission for site circulation
improvements and/or limitations in the number of students were
rejected by the applicant. The site was subsequently rezoned to the
Administrative and Professional District and is now being used as
dentist's office.
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Chapter 8

QUEUEING MODELS·

•

•

8.1 INTRODUCTION

A desirable goal for transportation engi.
neers is to design and operate facilities that
minimize delay to the users. Delay resulting
from congestion is a common phenomenon
associated with many types of transportation
problems. Vehicles wait in line on access
ramps for an opportunity to enter a freeway;
pedestrians queue up on a crosswalk in antici
pation of a gap in road traffic or at a turnstile in
a transit station; left-turn slots must be suffi
ciently long to store the maximum number of
vehicles that can be expected to wait for a
left-tum signal.

How long a user must wait, or what is
the number of units waiting in line, or the
proportion of time that a facility might be in
active (an empty parking stall, for instance)?
Queueing models, employing the methods of
probability and statistics, provide a means by
which it is possible to predict some of these
delay characteristics.

Queueing theory was first developed early
in the twentieth century to deal with problems
of telephone switching. Following World War
II queueing was accepted for use in a wide
range of situations. Adam 2 considered the
problem of pedestrian delay at an unsignalized
intersection in 1936. Tanner 3 expanded on the
pedestrian problem in 1951, and in 1954 Edie 4

evaluated delays at toll booths by applying
queueing models to an analysis of their opera
tion. In the same year Moskowitz 5 reported
on an empirical study of vehicles waiting for a
gap in traffic.

The purpose of this chapter is to present
some of the results of studies of probability
models of traffic delay. Section 8.2 introduces
some elements of queueing or waiting-line
theory. The examples used in section 8.2 are
concerned with delay problems that occur
when all users pass through a single-channel

• In preparina this chapter, the autbors bave
drawn freely on the material of Cleveland and
Capelle.1 References to tbat material are acknowl
edaed at this time. Specific references are noted
only for the illustrations used in this tut.
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control point, such as a left-turn slot or a single
exit lane for a garage.

In section 8.3 the analysis is extended to
consider several channels of service; for ex
ample, several parallel toll booths or the dif
ferent stalls of a parking facility. In this sec
tion the case of a user who does not get served
is also considered; for example, the person
seeking a parking space but who then continues
on to another destination when none is found.

Much urban traffic engineering is related
to the operation of urban intersections. An
understanding of delay at these intersections is
necessary to obtain the greatest efficiency from
existing and planned transportation systems.
The analysis of delays at intersections is con
sidered in section 8.5, beginning with an
analysis of UDsignalized intersections. Queue
ing models for more complex intersection con
trol, such as pedestrian control or traffic-signal
control, are also considered in this section.

A final application of queueing theory, the
treatment of delay on roadways, is included in
section 8.6. Except for the detailed develop
ment of the formulas given in section 8.2, this
chapter avoids detailed mathematical develop
ment, but does present the theorists' assump
tions and some results of interest. The model
for service through a single channel is devel
oped in detail because it demonstrates the
relationship between probability theory and the
behavior of waiting lines. Readers interested in
further theoretical development of queueing
models should consult textbooks such as
Haight,e Prabhu,1 Cox and Smith,~ or NewelJ.9

8.2 FUNDAMENTALS OF QUEUEING
THEORY

Queueing theory draws heavily on prob
ability theory. To mathematically predict the
characteristics of a queueing system, it is
necessary to specify the following system char
acteristics and parameters:

A. Arrival pattern characteristics: (1)
average rate of arrival and (2) statistical dis
tribution of time between arrivals;

B. Service facility characteristics: (1 )

7-21
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service time average rates and distribution and
(2) number of customers that can be served
simultaneously, or number of channels avail
able;

C. Queue discipline characteristics, such
as the means by which the next customer to be
served is selected; for example, "'first come
first served," or "most profitable customer
first."

To facilitate reference to these charac
teristics, a short notation in the forrO albIc: has
come into use. In this notation a letter denoting
the type of arrival pattern is substituted for a;
a letter denoting the type of service is sub
stituted for b; a number designating the number
of service channels is substituted for c. Sym
bols in the first two places are as follows:

M = exponentially distributed (i.e., ran
dom) interarrival or service time;

D = deterministic or constant interarrival
or service time;

G= general distribution of service times;
GI = general distribution of interarrival

times;
EI;=Erlang distribution of interarrival or

service times with Erlang parameter
k.

Thus, M/GIl designates a queue with random
arrivals, general service distribution, and one
server.

In some discussions it may be desirable to
indicate queue length limitations and queue
discipline. For such purposes the Dotation,
MIMI I: (LiDisc) is used, where L is replaced
by the maximum allowable length and Disc is
replaced by a symbol for the appropriate queue
discipline. The following are common dis
ciplines:

FIFO= first in-first out (i.e., service in
order of arrival) ;

SIRO= service in random order;
UFO= last in-first out.

Thus, EI;/D/2 (oo/FIFO) denotes a system
with Erlangian arrivals, constant service, two
service channels, infinite queue length (i.e.,
DO limitation on queue length), and first come
first served discipline.

8.2.1. System State for M/M/1
The fundamental quantities characterizing

a waiting line are the statts of the system. The
system is said to be in state 11 if it contains ex-

7-22

actly n items (this includes all items being
served as well as those waiting to be served).
The value of 11 may be either 0 or some positive
integer.

If the average arrival rate is called A., the
average interval between arrivals is 1I A. If
the service rate of the system is IJ., the average
service time is 1I IJ.. The ratio p= A.I IJ., some
times called the traffic intensity or utilization
factor, determines the nature of the various
states. If p< I (that is, A<IJ.) and a sufficiently
long time elapses, each state will be recurrent.
This means that there is a finite probability of
the queue being in any state 11. If, on the other
hand, p~ I, every state is transient and the
queue length (the number in the system) will
become longer and longer without limit. A
fundamental theorem states that the queue will
be in equilibrium only if p < 1.

Ao understanding of the characteristics of
queueing systems can be obtained from simple
cases. Consider the case of a single-ehannel
queueing system with a mean random Poisson
arrival rate of A customers per unit of time and
where service times are independent and dis
tributed exponentially with a mean rate IJ.. Let
p.(t) be the probability that the queueing
system has 11 items at time I. Consider the
situation at time 1+ 41 where 4t is so short that
only one customer can enter or leave the
system during this time. .

Thus, for the period 41, the following
probabilities can be stated:

UI= probability that one unit enters
the system;

1- Ur= probability that no unit enters the
system;

·1J.41= probability that one unit leaves
the system;

I-Id1'= probability that DO unit leaves the
system.

There are three ways in which the system
can reach state 11 at time (/+41) (when 11 > 0):

1. The system was in state 11 at 1 and no
customers arrived or departed in 41. (The
probability of simultaneous arrival and depar
ture in 4t is considered to be zero.)

2. The s)'Item was in state 11-1 at 1 and
one customer arrived in 41.

3. The system was in state 11 +1 at 1

and one customer departed in 41.

•

•

•



Because the sum of all probabilities is I,

in which P" is the value of P,,(I) as I-+OJ.
The first few equations are as follows:
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(8.5)

(8.11 )for n~O

for n=O"pI =).]'0

and

).]'Il="pl (8.6)

APIl+"p:= ().+p.)P1 (8.7)

).]'1 +p.P:I= ().+p.)P: (8.8)

Recalling that p=)./p. and noting (from
Eq. 8.6) that P1 =pP" and substituting in Eqs.
8.7 and 8.8,

P:= (p+ 1)P1 -pP,.,=p2PlI (8.9)

P~= (p+ 1)P:-PP1 =P~PlI (8.10)

The resulting equations are of the form

p.P"+1 +).]'''-1 = ().+p.)P" for n >0

FUNDAMENTALS OF QUEUEING lHEORY

The probability of the system being in
state n at (1+l1I) is

P.(I+l1I) = P,,(I)[(1-UI)( I-p.l1I)]+P.-1(I)
[(UI) (1-p.l1I)]+P,,+1 (1)[(1-UI)
(p.l1I)] (forn~1) (8.1)

Expanding and collecting terms,

P.(I+l1I) -P.(I) = -p.(I) (",+).)l11
+ P.-1(I)UI+p.+1(I) p.l11
+,,",(l1I)2 [P.(I) -P.-l(l)
-P••1 (1»)

Neglecting terms with second-order infinitesi
mals and dividing by l1I,

P.(I+lAt) -P.(I) =).p (I) _ ( +).) P (I)
l11 "-1 P. •

+"p,,+I(t)

Letting l1t-+O,

dP,,(t)
dt =).]',,_I(t)-(P.+).) P,,(t)+p.P,,+1(t)

(8.2)
where n= 1,2,3 ....

The probability of the system being in state
oat time (1+l1I) can come about in two ways:
( 1) There are no units in line at time t and none
arrives in interval l11; or (2) there is one unit
in line at time I and one unit departs in interval
l1t and none arrives in interval l11. Expressing
these relationships in terms of probabilities,•

•

Po(t+l1I) =Po(t) (1-Ut)
+P1(t)[(p.l1I) (1-UI)]

Expanding, collecting terms (neglecting terms
with second-order infinitesimals), and dividing
by l11,

1=PlI+pPO+P:Po+'"

=P,,(1 +p+p:+p~+..• )

for p< 1

for aU n at time I~ (8.4 ) 8.2.2 Average and Variance of Number
of Units (Customers) in System
(MIMI!)

The average number of customers in the
system is

Therefore, Eq. 8.11 may be written as p.=
p"(1-p).

The traffic intensity, p, can then be seen
to express the fraction of time that tbe system
is busy (P" is the probability tbat the system is
empty and 1- P" is the probability that it is
occupied).

(8.12)for p< 1P,,=l-p

andPo{t+l1I) -Pn(l)
l11

When dealing with the steady state of tbe
system (that is, when the probabilities of being
in a given state do not change with time), the
following results,

dP..(I) =0
dl

Letting l11-+0

dPn(l)"Cit="pl(l) -).]',,(1) (8.3)

From Eqs. 8.2, 8.3, and 8.4, it is then
possible to set up systems .of differential
difference equations for various steady states.•
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E(n), is the product of the average time in the
system, E(v), multiplied by the arrival rate, A,
such that

E(n)=AE(v)

E(v) =E(n)/A
Substituting Eq. 8.13 for E(n) and recalling
that p=A.1p., this becomes

E(V)=(I~P)(~)

= (It~A)( ~)= I&~A (8.lS)

the average time an arrival spends in the sys
tem. The expected time to wait before service
(that is, the time spent waiting in a queue) is

•

•

(8.16)E(w) =E(v) -E(5)

where E(s) is the average service time 0/It);
thus, Eq' 8.16 may be rewritten as

1 A
E(w)= It-A -111t= 1&(It-A) (8.17)

The average number of customers waiting
to be served (the average queue length), E(m),
is the product of the average waiting time,
E(w), multiplied by the arrival rate, 'A.;

is

-10

E(n)= LnP"
_0

= 0+Pl+ 2P:z+ 3P.+.•.
= Po(p+2p'+3p3+ ... )

=(l-P>[(l~P)%J forp<1

= -'!- for p< 1 (8.13)
I-p

The upper curve of Figure 8.1 illustrates
this relationship. It will be noted that wben the
traffic intensity p exceeds about 0.8, the con
gestion (number in system) increases rapidly.

The variance of the number in the system

"=c
Var (n) = ~)n-E(n)FP..= 0-")2 (8.14)

..=0 p

This relationship is plotted in Figure 8.2.
The derivation of this expression may be found
in a standard text on queueing theory.

8.2.3 Delay Time in the System
(M/M/l)

Consider the total time a customer spends
in the system (v) to be made up of two
components: a time to wait before service, W

(queueing time) plus a time in service, 5 (ser
vice time). The average number in the system,

140
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8.3.1 Synopsis of Equations for
Queues with Multiple Channels

Probability of " units in system

If the garage operator wanted to be certain
with 0.95 probability that departing vehicles
would not interfere with other operations, he
would need to provide space for about three
vehicles, one in service, two in queue. Similarly,
if he wished to be certain at the 0.99 prob
ability level, he would have to provide space
for 5 or 6 vehicles, one in servict, the others
in queue.

(c) The average number in the system (Eq.
8.13) is E(") =120/(240-120) =1.

(d) The average number waiting in a queue
(Eq. 8.18) is E(m)={l20xI20)1
[240(120)]=0.5.

(e) The average length of a nonempty queue
(Eq. 8.20) is E(mlm >0) =240/120=2.

(f) The average time in the system (Eq. 8.15)
is E(v) =11120 hr=0.5 min.

(g) The average time waiting in a queue (Eq.
8.17) is E(w)=120/[240(l20)]=1/240
hr=0.25 min.

8.3 THE CASE OF MULTIPLE
CHANNELS WITH EXPONENTIAL

ARRIVALS AND EXPONENTIAL SERVICE
TIMES (M/M/N)

A parking lot (or the face of a block with
on-street parking) may be considered as an
ex.ample of a system with parallel service chan
nels where the N parking slots represent the
service channels. An arriving vehicle will
occupy an empty slot if one is available; if not,
it joins the waiting queue. The arrivals into the
system are assumed to be random with rate A
and the service time per service channel (dura
tion of parking) is also random with mean 111£.
Again, p is defined as A/I£. Further, p/N is
defined as the utilization factor for the entire
facility, representing the mean proportion of
busy channels (full parking spaces). For the
multiple-channel case the value of p may be
greater than one but the following formulas
apply only for the case where the utilization
factor pIN< 1.

14i

(8.22)

for "~N (8.23)

for"~N

THE CASE OF MULTIPLE CHANNELS

P,=f1 PZ 1: f1

Po= 0.5 0.5
P1 = 0.25 0.75
P:= 0.125 0.875
P,= 0.0625 0.9375
p.= 0.03125 0.96875
Ps= 0.015625 0.984375

E(m)=.[ A ] A=~- (8.18)
,.,.(,.,.-X) ,.,.(,.,..~X)

Eq. 8.18 considers the avera~e queue
length over all time, including the penods when
the queue is empty. Of interest is the avera~e

queue length, given that the queue length IS

greater than zero. This is defined as

average queue length
E(mlm >0) = prob. of nonempty queue

_ E(m) (8.19)
- P(m>O)

A zero queue length will occur' if the
system is in state zero or state one so that by
Eqs. 8.11 and 8.12 the probability of a Don
empty queue is

P(m>O) = 1- (PO+P1 )

=1-[(1-p)+p(l-p)]
,.,.2

= 1-1 +p-p+p'l=p'l=)1 (8.20)

Substituting Eqs. 8.18 and 8.20 in Eq.
8.19 gives

E(mlm >0) = (""(I£A~A) ) (~: )=(,.,.~x)
(8.21 )

8.2.4 Example of Application of
Queueing Formulas (M/M/l)

The exit from a parking garage is through
a single gate where a variable fee is collected
and change is made for drivers. Vehicles
arrive at the gate at random at a rate, A, of
120 vehicles/hr. The time to collect fees is
exponentially distributed, with a mean duration
(1/1') of 15 sec. What are the characteristics
of the operation when A= 120 arrivals/hr, 1'=4
services/min = 240 services/hr, and p=A/I£=
120/240=0.5

(a) The probability of an idle booth (Eq.
8.12) is 1-0.5=0.5.

(b) The probability that " vehicles will be in
the system (Eq. 8.11) is

•

•

•
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Average waiting time for an arrival who waits

Average time an arrival spends in the system

8.3.2 Example

•

•1
2 22 23 2· 2~

= 1+11+ 2! +31+ 4! + 5!(O.6)

1=7.44444 0.134328.

'(b) The probability that II vehicles will park
(Eq. 8.22)· is

Po =0.134328
PI = (2/1) (0.134328) =0.268656
P2= (2/2) (0.268656) =0.268656
P, = (213) (0.268656) =0.179104
p.= (2/4) (0.179104) =0.089552
Pa= (2/5) (0.089552) =0.035821

(c) The probability that a vehicle will have to
wait on arrival (Eq. 8.31) is P(n > 5)

=0.134328 5!5~~.6) 0.023880, which is

the same as 1- (PO+P1 +P,+P, +P.+Pa).
(d) The average number of vehicles waiting

for an empty slot (Eq. 8.25) is E(m)
2' .

=0.134328 5!5(O.6)2 0.0398 vehicles.

(e) The average number of waiting vehicles
when the lot is full (Eq. 8.26) is
E(mlm>0)=1I0.6=1.67 vehicles.

(f) The average number of vehicleS parked
and waiting (Eq. 8.27) is E(n) =2+0.0398
=2.0398 vehicles.

(g) The average time avehicle spends parking
and waiting (Eq. 8.28) is E(v) =2.0398/4
=0.50995 hr.

(h) The average time spent in waiting for an
empty slot (Eq. 8.29) is E(w) =0.50995
-112=0.00995 hr.

(i) The average time a waiting vehicle waits
for an empty slot (Eq. 8.30) is E(wlw >0)

1 1
='4 0.6 =0.417 hr.

(8.31)

(8.30)

(8.29)

(8.28)

(8.27)

(8.26)

(8.25)

(8.24)

QUEUEING MODELS

E(v) =E(n)/),

E(w) =E(v) -1/"

1 1
E(w\w>O)=T I-p/N

Probability of waiting for an empty space

Average waiting time in queue

E(n) =p+E(m)

Average number of units in system

Average length of nonempty queues

1
E(mlm>O)= I-p/N

1
Po= "'"'......"..-------

•• -1 pH + p'N

~nr N!(1-p/N)

Average queue length

Pfl ""'.1 [ 1 ]E(m)= N!N (1-p/N)2

Probability of no units in system

142

• Computation can be limplified by observing
that P.= (pln)Pa-l'

8.3.3 System with Infinite Stalls: An
Example of the MIMI co Case

As the number of stalls becomes very
large (N...a» , Eq. 8.24 Jives

and the expected number of parked vehicles is

E(n) = ~IIP(n) =ppo( 1+p+ ~~ +...) =p

(8.33 )

The branch office of a customer repair
service operates a fleet of vehicles that return
to the office for picking up spare parts and
assignments. The repair vehicles arrive at
random during the day at a rate ). of four
vehicles/hr. The stay at the parking lot is
exponentially distributed, with a mean CIUi'ation
of 0.5 hr ("=2). There are five stalls (=N)
in the lot set aside for the vehicles. What are
the characteristics of the lot operation?

Solution

N=5 stalls, ),=4 arrivals/hr, 11=2 ser
vices/hr, p=)'/"=4/2=2, and the utilization
factor = p/N = 2/5 = 0.4.

(a) rn= probability of empty lot (eq. 8.24)

lim 1

N
Po=-=e-p

-to.? ep (8.32)

•
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SYSTEM MIDI 1 BUSY PERIOD

and the probability that a car cannot park is
the probability that there are N slots occupied,
so that

p.IH!
P,.= y for n=O,I,2•..••N

Lpll/!
1=0 (8.34)

The probability of an empty lot is '

143

(8.37)

~e-pp"

L n!
E(n) =p ~H=i-.O__

., e-Pp'l

Iii!
.=0

8.4 SYSTEM MIDI! BUSY PERIOD

In this section the Dumber of UDits, n,
that will be served before the system will again
become empty is considered, given r wiits in
the system at a liven time. For example, there
may be five vehicles (r) in a queue at the stan
of the peen interval on a traftic signal. It is
desired to find the number n of vehicles that
will pass through the iDtenection before the
q~leue is dissipated; i.e., the system is again

8.3.5 Example of a Queueing System
Operating with loss

Assume the same data given in example
8.3.2, except that vehicles do not wait for an
empty space. Again, N=5, ).=4 arrivalslhr,
u=2 servicelhr, p=).lu=4/2=2, and utiliza
tion factor=piN =215 =0.4.

The probability of an empty slot (Eq. 8.35) is

1 1
Po= 2 2~ 23 2,1 2~ 7.2667

1+7+2+3T+4T+sr
=0.137614

PI= (211 )Po=0.275228
P== (2/2)P1 =0.275228
PI = (2I3)P==0.183485
p.= (2/4)P3 =0.091743
P:.= (2/5)P.=0.036697 (probabil

ity that a
car cannot
park)

The average number of vehicles parked

(Eq. 8.37) is E(n) =2 ~:::~=1.93.

in which case it is possible to use tabulations of
the Poisson distribution function to pt the
desired answer.

A more elegant discussion of the relation
ship between the Poisson distribution and the
queueing formulas developed bere is given by
Kometani and Kato 10 and by Haight and
Jacobson.u

If Eq. 8.36 is multiplied by e-ple-P. the expres
sion becomes

(8.36)

(8.36)

(8.35)
1

Po-""~:"".--

LP/li!
1=0

p-\"IX!

X
Px = Lpll'!

;=0

1.-1 ,.

L:I
E(n) =p -:

~p"

Lnl'
• ..0

Eq. 8.36 is called Erlang's Loss Formula, Lx(P),
the probability that an incoming unit is Ulost"
to the system.

Finally, the average number of vehicles in
the parking lot may be developed as follows:

N

E(n)= LnP"
.=0

8.3.4 The System with loss

A more realistic type of operation for a
parking lot occurs when vehicles unable to park
10 away instead of waiting in line; that is,

p.,=O for n>N

For this model the probability that n
vehicles will be parked is

•

•

•
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empty. The solution to this particular problem
has been accomplished by assuming the MIDI 1
queueing model; that is, random arrivals into
the single queue with a unifonn ~rviC& time
for each of the "customen."

In this system vehicles arrive randomly at
a rate A, there is one server, and each vehicle is
"served" for exactly B units of time, 10 that r
vehicles in line will require rB units of time for
service. The distribution of the Dumber of units
served, 11, before the system .gaiD becomes
empty in • busy period starting with aD accu
mulation of , units is liven by the Borel
Tanner distribution:

section 8.5.3), whereas Tanner 13. 1t has ap
plied the Borel-Tanner distribution to a model
for delays to vehicles on two-way, two-lane
roads. •

r e-bll(AIIB)
P(lIlr )=- ( )'

11 11-' •

11=', ,+ 1, •••

(8.38)

The development of Eq. 8.38 may be
found in Prabhu.~ This equation can be re
written by noting that p=>.B

, e-n'lIp-
P(lIlr) =~ (1I-')! (8.39)

11=',(,+ 1),(r+2),

Tabulated values for a limited range of 11 and "
given p=O.2, are presented in Table 8.1.

For example, if there are three units in a
queue, including the one being served, the
probability that no more units will arrive during
the service for these three is 0.549, but the
probability that exactly five will be served
before the queue empties again is 0.110.
Haight 12 used the Borel-Tanner distribution to
analyze delay at a signalized intenection (see

•
TABLE 8.1 State Probabilities for Borel-

Tanner Distribution (p=0.2)

?'i- 1 2 3 4 ~

1 0.819
2 0.134 0.670
3 0.033 0.220 0.~"9.. 0.010 0.072 0.270 0.449
~ 0.003 0.02~ 0.110 0.294 0.368
6 0.001 0.009 0.043 0.14~ 0.301
7 • 0.003 0.017 0.064 0.172
8 0.001 0.007 0.028 0.086
9 • • 0.003 0.012 0.040

10 • • 0.001 O.OO~ 0.018
11 • • • 0.002 0.008
12 • • • • 0.003

• Probability (II/r) less than 0.001. •
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• CHAPTER 8 • EVALUATION OF IMPROVEMENTS

INTRODUCTION

Implementation
Constraints CHAPTER 8

EVALUATION OF
IMPROVEMENTS

Implementation of access control techniques on an existing roadway
may be constrained by existing physical situations. Major constraints
include small property frontages, major intersection spacing, median
design or the absence of a median, right-of-way width, building
setbacks, and existing driveway spacings and corner clearance. Table
8-1 summarizes the major physical constraints which might influence
the implementation of various techniques on an existing roadway.

EvelUltion Of
Improvements

• • Accident Reduction

• Construction eost

• Maintenance eosta

• Capacity

• Traffic Delays

• Impact On Adjacent
Properties

Other considerations involved in the evaluation of possible access
improvements on existing roadways include the following: potential
accident reduction, cost of constructing the improvement, maintenance
costs, capacity, traffic delays, and the impact on adjacent properties.

• Rev. 10-8-91 8-1



CHAPTER 8 • EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXISTING ROADWAYS •
Background The access management techniques included in Categories A, B, C,

and D in Chapter 4 were identified in research reported by the
Midwest Research Institute in 1975 (L 2, J). "lbe, scope of research
was limited to control of direct access to commercial properties on
two-lane and multi-lane highways with unlimited access, where traffic
volumes are high enough to produce a hazardous situation. The
emphasis was on the control of direct access on existing urban and
suburban routes under state highway department jurisdiction." (l)

Operational
Evaluation Parameters

• Level Of Development

• Highway Volume

• Commercial Driveway
Volume

A major effort of this research was to evaluate the potential
benefit/cost ratio of the various techniques based upon the following
three operational parameters: (1) level of development, (2) highway
volume, and (3) commercial driveway volume.

Each of the operational parameters was grouped according to "low",
"medium", and "high" as indicated in Table 8-1.

(Continued)

•
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• CHAPTER 8· EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXISTING ROADWAYS (Continued)

•

•

Background
(Continued)

Rev. 10-8-91

TABLE .1: OPERATIONAL EVALUATION PARAMETERS

Number of Commercial
1M!' of D!ytJoDment Drly!waya per Mile A".,..

Low 0030 15
Medium 31-60 45
. High >80 75

Hlahw.y Volume APT R.na. APT Aver••

Low 0-5.000 3.000
Medium 5.001-15.000 10,000

High > 15.000 20,000

Commerc"l
Drlvew.y Volum. AQTR.ng. ADTAver.g.

Low 0-500 250
Medium 501·1.500 1.000

High >1,500 2,000

Source: Reference (1), pp. 100-101

Because of limited data on high volume roadways, the "high" level for
the parameter for roadway (average annual daily traffic or ADT) is >
15,000 vpd. This is obviously an inappropriate value for
urban/suburban conditions. However, the value levels given in Table
8-1 may not be inappropriate for rural conditions.

The research used reduced accidents as a measure of benefits. Costs
used in calculating the benefit/cost ratios for the various alternatives
included such elements as construction cost, effect on businesses, and
maintenance costs. In this regard, it might be noted that current
(1992) dollar values for traffic accidents are substantially higher than
the dollar amounts used in the mid-1970's. While construction and
other costs have also increased, the escalation is probably less than for
accidents.

(Continued)
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CHAPTER 8 • EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXISTING ROADWAYS (Continued) •
Background
(Continued)

Application
Of Techniques

It is also pertinent to note that the evaluation/implementation
guidelines presented in these reports are for modification of existing
highways. This is reflected by the following statement:

"Consideration for implementation include: (1) comprehensive policy
development; and (2) the selection of techniques to counteract
operational problems on existing highways."

Most of the access management techniques should be included in the
design of major roadways on new locations and in the major
reconstruction of existing roadways. Such practices include the
incorporation of long and uniform signal spacings, provision of left-turn
and right-turn deceleration lanes at all intersections (including medial
or marginal driveway access) limiting medial access at unsignalized
locations to designate a movement(s) only, with the elimination of
crossing movements at all unsignalized locations, and insuring that all
driveways are suitably located and designed.

Situations will vary in different locations and among the various public
agencies administering the program, however, the general elements
involved in the approach to an access-related problem usually include:

Application Of Techniques

• Definition Of Problem

• Inventory Of Operational And
Physical Characteristics Of
Facility And Surrounding Are.

• identification Of Alternative
Solutions Ualng Warrants

• Selection Of Alternative To Be
Implemented

•

(Continned)
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• CHAPTER 8 ~ EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXISTING ROADWAYS (Continued)

•

•

Application
Of Techniques
(Continued)

Rev. 10-8-91

These steps are further defined in the following recommended
procedure.

Step 1: Definition of problem. This step implies recognition that
operational or safety conditions are not within parameters acceptable
to the affected community. These obviously vary with the roadway
character, urba:n or rural setting, type and volume of traffic, and
community values. Many jurisdictions set theoretical accident rates
and/or delay levels (or levels of service) beyond which they institute
investigation.

Step 2: As a minimum, identify the operational and physical
characteristics of the roadway segment to be studied including:

• Highway volume

• Driveway volume

• Level of development

These should be classified as high, medium, or low as per Table 8-1.
The roadway segment should be physically identified as:

• Multi-lane divided

• Multi-lane undivided

• Two-lane

Step 3: Select the alternative techniques that~ be applicable to the
problem(s). This is accomplished through the use of Table 8-2.

• Select the segment of Table 8-2 (A, B, or C) which
corresponds to the highway volume (high, medium, low).

• Find the horizontal section of that table that corresponds
to the physical definition of the roadway (multi-lane
divided, two-way, etc.).

(Continued)
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CHAPTER 8 - EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXISTING ROADWAYS (Continued) •
Application
Of Techniques
(Continued)

• Enter that portion of the table within the column that
describes the operational parameters of. the roadway
segment (level of development or driveway volume-high,
medium, low). The techniques listed in this square are
those which may be applicable to this particular situation.

• Evaluate each of these techniques.

• Select the technique (or group of techniques) which
provides the greatest cost-effective solution in achieving the
community's goals.

(Continued)

•
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IMPLEMENTATION ON EXISTING ROADWAYS (Continued)

Source: Reference (~), p. 89

•

•

Application
Of Techniques
(Continued)

Rev. 10-8-91

TABLE 8-2·A: APPLICATIONS OF TECHNIQUES

tIGH I'IGHWAY \/OWME
(MORE THAN 15,OOlll

0PERA'IlONAL PARAMETERS

LOW MEDIUM HIGH

Muftllane 0Mded

! § ,g ~ ! I , 12 ! I , 12
8 2 2 5 1 1 2 3 2 2 2 1
11 3 3 8 2 2 3 5 4 3 3 3
12 5 4 7 5 3 4 8 5 4 4 5
13 8 5 14 • 4 5 7 • 5 II 7
14 • 8 " 8 5 8 14 8 8 8 8
15 8 7 17 11 8 7 18 11 • 7 10
18 10 • 1. 12 • • 17 14 8 • 11
111 11 8 20 13 8 8 l' 17 10 8 12
20 12 10 14 10 10 20 1. 11 10 13

11 15 11 11 20 12 11 14
12 17 12 12 12 18

18 17
18 1.
20 20

Munilane Undivided

! § ,g Q ! ! ,g Q ! ! ,g Q

11 2 2 4 1 1 2 3 2 2 2 1
14 3 3 18 2 2 3 4 3 3 3
15 5 4 17 3 3 4 14 4 4 4 3
18 8 5 18 • 4 5 18 • II 5 4
19 • 8 20 11 II 8 17 11 8 8 8
20 8 7 12 8 7 1. 12 7 7 "10 • 14 7 • 20 14 8 • 12

11 8 15 • 8 18 8 8 13
12 10 18 8 10 17 10 10 14

11 17 10 11 18 11 11 16
12 18 11 12 20 12 12 17

18 12 1.
20 20

Two-Lane

! § ,g Q ! § ,g Q ! § ,g Q

11 2 2 4 3 1 2 3 3 2 2 3
14 3 3 14 • 2 3 4 4 3 3 4
111 5 4 18 11 3 4 14 • 4 4 8
1. 8 II 17 12 4 II 18 " 5 II "18 • 8 1. 14 II 8 17 12 • 8 12
20 8 7 20 15 8 7 11 14 7 14

10 • 18 I • 20 18 8 I 15
11 8 17 • • 17 8 • 16
12 10 l' 10 10 1. 10 10 17

11 18 11 11 20 11 11 1.
12 20 12 12 12 12 20

(Continued)
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CHAPTER 8 • EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXISTING ROADWAYS (Continued) •
Application
Of Techniques
(Continued)

TABLE .2-8: APPLICATIONS OF TECHNIQUES

MEDIUM tlGHWAY \IOUJME
(5,000 - 15,000)

OPERATIONAl PARAMETERS

IDN MEDIUM HIGH

Mullilane DIvIded

! § £ 2 ! I £ ~ ! I £ ~

8 2 2 5 1 1 2 3 2 2 2 1
11 3 3 • 2 2 3 5 • 3 3 it
12 5 • 7 5 3 • I 5 • • 5
13 I 5 1. I • 5 7 I 5 5 7
1. 8 I 16 8 5 6 1. 8 I 6 13
15 9 7 17 11 6 7 11 11 8 7 1.
18 10 8 11 12 8 8 17 1. 8 8 16
19 11 8 20 13 8 8 18 17 10 8 17
20 12 10 1. 10 10 20 18 11 10 18

11 15 11 11 20 12 11 20
12 17 12 12 12

18
19
20

Munilane Undivided

! § £ 52 ! i! £ Q ! i! £ Q

10 5 2 • 1 1 2 3 2 • 2 1
11 6 3 1. 2 • 3 • 3 5 3 3
12 8 • 11 3 5 • 1. • I • 5
1. 8 5 17 8 I 5 16 8 8 Ii 7
15 10 I 11 10 I I 17 10 8 I 13
18 11 7 20 11 8 7 18 11 10 7 1.
19 12 8 12 10 8 20 1. 11 8 16
20 9 1. 11 8 16 12 8 17

10 16 12 10 17 10 11
11 17 11 18 11 20
12 11 12 20 12

19
20

T.....Lane

! § £ Q ! .@ £ Q ~ .@ £ Q

10 5 2 • 3 1 2 3 3 • 2 3
11 I 3 1. I • 3 • • IS 3 •12 I • 11 10 IS • 1. I I • 1.
1. 8 5 17 11 I IS 11 10 I 5 11
15 10 I 11 12 I I 17 11 8 I 17
11 11 7 20 1. 8 7 11 1. 10 7 11
18 12 I 15 10 I 20 11 11 I 20
20 8 11 11 8 17 12 8

10 17 12 10 18 10
11 18 11 20 11
12 18 12 12

20

•

Source: Reference (~), p. 88

(Continued)
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• CHAPTER 8 • EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXISTING ROADWAYS (Continued)

•

Application
Of Techniques
(Continued)

TABLE 8-2-c: APPLICATIONS OF TECHNIQUES

lOW HIGHWAY \/OlUME
~SS lllAN &'000)

OPERATIONAl. PARAMETERS

lOW (a) IootEDIUM 11»1 HIGH le)

Mullt'-OMded

!(d) I S2 Q ! I S2 Q ! I S2 Q

(e) 8 2 14 • 2 14 • 2 14
1 3 1. 1 3 1. 1 3 1.
10 4 10 4 10 4
11 5 11 5 11 5
12 6 12 e 12 6

7 7 7
8 8 •1 1 1
10 10 10

Mufti'- UndMded

! !! 2 Q ! I 2 Q ! I £ Q

10 • 2 14 10 • 2 14 4 • 2 14
1 3 18 1 3 18 10 1 3 18
10 4 10 4 11 10 4
11 5 11 5 11 II
12 6 12 e 12 e

7 7 7
8 • •8 1 1
10 10 10

Two-Lane

! I 2 Q ! I £ Q ! !! 2 Q

10 8 2 14 10 8 2 14 4 8 2 14
8 3 18 1 3 " 10 1 3 1.
10 4 10 4 10 4
11 5 11 !I 11 II
12 e 12 e 12 e

7 7 7
8 • 8
8 1 8
10 10 10

(a) LOW • <;10 d_ys per mIle
(b) r.tadium • 30 • 110 d_ys per mile
(e) High • >110 d_ys per mile
(d) e.tagory 01 techniq....

A. Urn" number 01 conftid points
B. llapwaIa conftict points
C. Um" dacaIe..ion Nqu~nt
O. Ramow tuming vehicle from through lana

(a) Numbers in each column idantlfy InclMduaJ treatments In each category

Source: Reference (~), p. 87

(Continued)
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CHAPTER 8 • EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXISTING ROADWAYS (Continued) •
Application
of Techniques
(Continued)

TABLE 8-3: GENERAL PHYSICAL CONSTRAINTS TO
IMPLEMENTATION ON EXISTING ROADWAY_Ill.. Me.... ..,..... CaNUaJoa _ .....-..._,.

r ii §, £ I ji 1
, i

!
:. s, ~ H .!II - ::. fj H Jl

~
£j

'j }11- I 1. nTedwtiaue I ~! Je1 ! H ~

A-I • • •A-Z • • •A-' •~ •A-' •
A-' •A-' •A-IO • • • •A-II • • • •A-IZ • • • •A-I) • • •A-I' •A-I) • • • •A-I' • • •A-17 •A-I' •A-I' • • •A-ZO •
~I • •~z • •.., •... •.., •
~ • •... •... •..10 •
"II •..12 •
c-z •Co' •e-o • •Co' • • • •C-7 • • •Col •Co, •C-IO •C·JI • • •C-12 •
1).1 • • •
1).' • •1).' • •1).' • •1).' •1).7 •
1).' • •1).10 • •1).11 •1).12 •1).1) • •1).1' •
1).1. • • • • •1).17 • • •1).11 •
I).ZO •

Source: Reference (1.), p. 68

•

(Continued)
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CHAPTER 8 • EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXiSTING ROADWAYS (Continued)

Application
of Techniques
(Continued)

TABLE 8-4: PREDICTION OF DELAY AND ACCIDENT REDUCTION
T~ ••t" Q.aM1I'wd .........

-' ...e..........,_ ....,..... • ,....
........y W....,.

,-' ~ .....
0,.•. -..... _.,_._- ...., ....... -.,_._~

""" " ........-, •• ,
1•..-. 1.....- .~.,

'- ....... _.
~ Mio. -..... ...."

A-I · 2 •2.7 ... '-I ...II I.' II.. -1.11 '.1 21.1
A-2 · 2 U ,.. 10-7 1.1 11.212621' 10.'160"' '-' .,.."" 11.211700"
A_I · 2 ... --- _.. .,. u"a.o,) 11.61'''00' ..- .t.te7JOOl) JO.'''IJjQI
A" I I 0.'2<·'''' 0.21(·111' O.tll-UI) 0.20(· ",,) GAtl·"", 0.'''.'',,) O~~.IJ7U) 0.61(·1)7)" I.OJI-I")H2 I 0.17(."., GA21.''') 0-61(.".. 0.10(·"", 0.'01."") 1.10 ••"", 0.02(.117'" .JlOC-II7,,) 1.1J(·II7JJl
A.' I I 0Jl4 0." O.lt O.• t 0.11 0.11 0." 0." OA'2 I 0.0' 0.11 0." om o.z2 ..,. '.Il "'0 10", I 0.1l '.11 0." UI 0.11 ..., "" 0." '.11

10-' -_. ._. ... .-' 0.' 0.' .-- ... ...
10·10 0." "'0 1.60 0-7 1.7 U 1.11 1.1 I ..
A_II -4." ...... -4.60 _1.0 ·1.0 .0.1 ..I.' ..I.' -1.2
A·I' U2 U' 0.11 0'" 0.1l .... '.00 •.., -A.J) .m 0.21 0:12 0.11 D.n 0." 1.21 0." 0-7'A·.' 0.21 0.70 1.01 0." 1.l2 .... .... I." 1.1,
A." 0." .... I." 0.00 I." 2.l6 "'2 2.00 1M
1.-16 I U' 0.11 O.lt om 0.22 0." 0.1l 0." 0...2 0... 0.1' O.lt 0." 0.11 0.11 0." 0." 0."I O.U O.JI D." UI 0.11 U, 0.1' 0-7, I."
A." I 0.010 0.01l 0.0" 0.01' 0.0.. 0 .... 0.01l ..... 0.0922 a- u .. U2'J O.O.t Ull 0.0'. 0.01' ...., 0.00•,

I 0..1l ...n 0.... U21 UII 0"" 0.011 0.0'" 0-111
A·I' I 0... 0.1' O.lt 0.01' 0..11 0.1111 0.... 0.0" 0....
10-. , .-- --- --- .-- 0.' 0.' ..- •.. 0.'

• ••1 A.al htl ~ AI ht c.pt __ ..,..ttd- indIc IMtwhtl ,.., Mi. 01 ~1.

.. c:a.- I , , I ...
•• Dr , ........

2. Le.el., "-.--'liI te cill * ,.,., ..uk)
J. Acc...........nl ... * , ,.......' _I, WI ....h••' ........

Source: Reference (~), pp. 72-73

• Rev. lQ.8..91

.,....- --... IP-.- -- -..,....- ... • IP """-.,1.-- .....-P.,•.:'Nr
'- ......... ""'. '- -- ..... '-.., 2 ..21 ,.2' 1.2, .... I." .... e.n... Ilel 1-10 '.n .." ..,. '.10... I U6 ..U ...2

"10 2 loll 0.2, 0.21 I.t' 0." .... 0.7)

..12 I .... D." 0.7) 0."

• 1 AlI i IU * , ., alliK ,.,..., .

.. 0,........ , ••__ e:.t.
I. Do--., __
J. Aac.-.. .........'.., ......, .......

(Continued)
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CHAPTER 8 - EVALUATION OF IMPROVEMENTS

IMPLEMENTATION ON EXISTING ROADWAYS (Continued)

Application
of Techniques
(Continued)

TABLE 8-4: PREDICTION OF DELAY AND ACCIDENT REDUCTION (Continued)
PUNCTk)NAL o&Jfcnv( c .- LIllI' MAx....,.. OlCIE.LEII"TIDN afoa.allll£Nn

T.........It\QuM••r........II••

-'---'--'. ._1

.......'V.......... ... - N h

0,0.•• -... a..r••".... ' ••IM"" !:!!!!..- ~.I-I p.,.tfteter ~....I._. r"••""..,~.-rl
Tod.".~ 0.,,_ ,..~....

'- .......... "'h
_...

N. h L_ ...."'.. HI_'"

C·2 , 0.01' O.OJI 0.0.. 0.021(2)) 0'-'11 0.I01(12) D.D)7()OI OMOUUI 0.1 laUd)

C·, I , 0.01 0.11 UO Ut 0.1) 0." O.U 0.12 D."
2 I 0.02 0.00 LIlt 0.... D.tI •.., 0.06 O.lt 0.12
I I 0.00 0.11 D•• ' 0•• 0.1' 0." 0.10 O.T! 0."

C·. 2 I.' '.0 0.2 U ... L2 '" '.0 12.1

C·7 I 0.0" O.GJI 0.0.. O.om2)) 0.-'11 O.IOlCIIJ) O.oJ7(lO) O.DtOlIZlI 0.1 JIll"

C·I • 121.)) (IOU. 1202.1• nUl C202.l1 1.01.61 17"" '''''.21 .....,
C·, I 12MI 1101.'1 1202.11 110.01 1202.11 ItOUI C71.91 '''''.21

_ .•1

C·IO I CU.'I (101.') C202.l1 no.6) 1102.11 ItOUI (n.') '''''.21 &601.'1

C·1l I 0.02 0.01 0.0' 0.01 LOa o.n 0.01 0.11 1.1'
C·12 , ... ... ... ... 0.' 0.0 ... 0.. t.'

,,

• MD'.I "U hll •••-.d It."' , ..c far c.t, -"iCh ,. ""lit •• ,..t& , ed•

.. ~........, ' ••IM'" c:..
I. Dr..,...,..",.
1. LeftI.r~. (c.......c.iaI ......,..,... Mikl

PUNCTI<)NAL oaw:nn 0 •• IlEMO'Il TUltOllHC Y!HICLD 011 QUlUlS PIlllll1EC11ONS Of' Till T""OUCH LANlS

' ........... QlIM..... "'hlt

-.-... .'''-''''
.......'v......- .....

0,0.•.
lMo.1....1

T- In.. ".~- '- -- ..... '- -- ..... '- -- .....
1>-' · 2 •.. 7.1 t.1 U l).tunll "_,,1 II.' 2"'",m 1Ul1_'
1>-2 · 2 ... 7.' t.1 U ISo_III ""...'" I).) •.",nll 1Ul110061

1>-1 2 1.7 ).) ... U 7.ICKII' IUCOO"I 1.1 "'-"" """'"0-> I "" 0.12 ..., O.2J t.JJlKIl U_I "" UJI"'I 1.IJl11OI1

1>-1 I ... "" "" ... 0.22 ..,. 1.2 JA • .1

~ I 0.02 ..... U1 UJ U' .... ..... ..It .."1).7 I UK 1M' ...., ...., ..IICKJI ...,U", 1M2 ..._, 0.2.""
1).1 I 0.01 0.01 .... UI .... 0.0, UJ 1M ...,
1).' · I ... I.' 2.1 _. 1.1 '"' ... J.) .'.t
1).10 I lei ... ... ... ... ..." ...., ... ...., ....,
1).16 I 0.02 0.01 U7 UJl2J1 "-11 ..11111)) UJlJ2l "lIl1m "I_JI

...., U ....i" ..............ltl ................. _ .....-.-..ca.........n ........ ......-..I .

.. ~.UMIJ , c...
I. ~WftI.,w.......
2._.. _ ..........-,_

•

•

Source: Reference (1), pp. 73-74
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• CHAPTER 8· EVALUATION OF IMPROVEMENTS

BENEFIT ANALYSIS

Benefits
Senefitl Of Accets Improvements

• Reduced Vehicle Operating Coata

• Reduced TIme Costa

The benefits associated with improved access design and management
are associated principally with accidents, vehicle operating costs, and
the value of reduced travel time.

•
Accident Costs Accident costs increase with increased severity of the accident

Current average costs are as follows:

TABLE 8-5: AVERAGE ACCIDENT
COSTS FOR ECONOMIC ANALYSIS

Severity

Fatal
Injury
Property Damage Only

I Cost

$1,500,000
$11,000
$3,000

• Rev. la.s-91

More detailed accident cost information is contained in the FHWA
Technical Advisory, which is included in Appendix A of this chapter.
The Appendix also includes a paper which discusses the proper and
improper use of accident cost information in economic evaluations.

(Continued)
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CHAPTER 8 • EVALUATION OF IMPROVEMENTS

BENEFIT ANALYSIS (Continued) •
Vehicle
Operating
Costs

Vehicles leaving and entering the roadway may require through traffic
to decelerate or even come to a stop. This traffic friction increases
vehicle operating costs.

Vehicle Operating
Cost Categories

• Fuel Consumption

• MaIntenance

• 011 eonlumptlon

• nr.W••r

• Depreciation

On roadways which experience high traffic volumes the friction with
driveway traffic results in large numbers of vehicles decelerating and
then accelerating. This significantly increases fuel consumption (and
brake wear) and greatly increases vehicular emissions. This
relationship between acceleration - deceleration (commonly referred
to as acceleration noise) and emissions will become of increased
concern as cities attempt to achieve air quality standards mandated by
federal legislation.

Deceleration And Acceleration
Greatly Increase

Vehicular Emissions

•

(Continued)
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CHAPTER 8 G EVALUATION OF IMPROVEMENTS

BENEFIT ANALYSIS (Continued)

Benefit/Cost The benefit/cost ratio is perhaps the method most widely used by state
and local highway agencies. All project variables need to be estimable
in monetary units. While a dollar value can be placed on time, its
inclusion as a benefit is controversial. This is due to the fact that the
cumulative vehicle-hours or person-hours per year may be very large.
The time saving to any individual amounts to minutes or fractions of
a minute. Th~refore, the value of the time saved is often omitted from
the analysis.

Cost/Effectiveness The cost/effectiveness method requires that only costs be reduced to
monetary value. A dollar value need not be placed on benefits.
Therefore, if delay reduction is the measure of effectiveness (MOE)
the technique which produces largest MOE/cost ratio is the most
effective.

• Rev. 10-8-91 8-15



CHAPTER 8 • EVALUATION OF IMPROVEMENTS

COST EVALUATION •
Cost Elements

Relative Costs

Costs associated with the implementation of access changes or an
existing roadway include the following:

Anoclated Cost.

• Land Acquisition

• Prof4tct Deal,n

• ConatructIon

• Maintenance

• NegatIve Impact On
Bu.lne.... And
Affected Propet'h.

All costs (as well as benefits) are commonly analyzed using an
appropriate recovery life of the improvement and an appropriate •
opportunity cost (interest rate).

Construction and maintenance costs vary considerably due to
geographical location, method of construction, contract amount, time
of year, and inflation. Therefore, Table 8·6 was developed showing
relative unit costs. A technique which has a relative cost index of 50
is expected to cost 50 times that of a technique having an index of 1,
and 5 times that of one having an index of 10, etc. These relative cost
indices might be used to and in the preliminary evolution of
alternatives. However, specific cost estimates must be made for
construction budgeting and wherever a location specific cost/benefit
analysis is desired.

(Continued)

8-16 Rev. IG-8-91 •



• CHAPTER 8 R EVALUATION OF IMPROVEMENTS

COST EVALUATION (Continued)

A·I: Ntall Median IIarrier With
No Direct Left-Tum Aca..

Relative
Costs
(Continued)

TABLE 8-6: RELATIVE IMPLEMENTATION COSTS OF
ACCESS MANAGEMENT TECHNIQUES

FWlCtionaJ Objeelive A -- Unlit Number of ConfliCt Pl:>inu

Relative
Cost

CanI1ruction Option ~

1. Basic CIOIlIlruetion - median barrier on ellistin& paved median 370
mel illl-llandle or cloverleaf CIOIlItruetion

2. luic CIlftIlruetion pi.. additional paYement widenin& 601

1. IIulc CIlftIll'UCl1on pi.. additional pavelMllt wldlnin& Md 791
rilht-of-way acquisition

A-2: Install Raised Median Divider I. Basic _ruction - railed median with openinls on ellilllni 1"
With Left-Tum Deceleration Lanes paved median

2. luic construetion pi.. additional pavement wideninl nl
1. luic CIOIlItruetion pi.. additional pavement wideninl and 1.110

rilht-of.way acquisition

3. Close median openin& to prevent a1lleft-t.... maneuvers

2. Three-pllrue HIIli-Kluated sianal installation

A-51 Ownnelize Median Openinp 1. CMnnelizinl illand to pre~t kft-t.... ear- m-.,vers
to Prevent Left-Tum kl&ress and/or
£Ire.. Maneuvers 2. CllanneliZina illand to prevent left-tum ear-

•

A-3: Mall One-Way Operations
on the Hiah"'ay

A-': Install Traffic Sil"al at
Hiah-Volume Driveways

1. Si&nin& and atripina

I. Two-pIIue pretimed lipl insWlation

u

30

'0

2

2

2

1. IIarrler curb

• Rev. ]008-91

A-I: InsuJI PIlysical IIarrler to
Prevent Uncontrolled Access
AIonI Property Frontqes

A-9: Install Median Channelization 1. Cllannellzinl island on eaistinl median
to Control Merle of Left-Tum
£Ire.. Vehicles

A.IO: Offset Opposinl Driveways 1. Close and relocate driveway ,

A-II: Locate Drive",ay Opposite 1. Two-pIIue pretimed lipl insWlalion 30
a Three-Lea intersection or
Driveway and Install Traffic 2. Sipl inltaJlation plus cIoIi"lmel Nlocatiftl *iveway "
Si&na1s Where Warranted

A-12: Install Two One.Way Drive- 1. Convert t__y *i ay to -.way operation mel CIlftIlruct ,
ways in Lieu of One Two-Way edditionaJ _-_y *I ay
Driveway

Source: Reference (~), p. 76

(Continued)
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CHAPTER 8 • EVALUATION OF IMPROVEMENTS •COST EVALUATION (Continued)

Relative
Costs
(Continued)

TABLE 8-6: RELATIVE IMPLEMENTATION COSTS OF
ACCESS MANAGEMENT TECHNIQUES (Continued)

TecMl!!U!

A-U: btall Twa T_W.y
Drivew.ys with UmiIeCl T_
In Weu of One StancIanI T_W.y
Driveway

"'ti...
e-

Canstruction Opti... .!!!!!!..
1. e-truc:t _ drl y and dlanneUza IlotII drl...w.ys •

2. 0- _ drl y and _ruc:t two dlanneUMlI drl_ys 16

A-l.: btall T_ One-W.y Dri.... 1. SIpina
..y. in Weu of T_ T_
W.y Drivew.y.

A-U: btall T_ T_W.y Drl...- 1. o-Uze t_ ...Ied drl.....ys 2
..y. with Wmited T.... in Ueu
of T_ S".andard T_W.y Drl...- 2. 0- two crl..."'.ys and_ruc:t two anJled 1Imited-twn ,.
..ys crl..."'.ys and medial tl.Wftin& bays

2

7

2

•

•
•

1 Channelize two t-elrl_.ys

1. Dri.....,.y wi... and cMnnelIzation 10 prnwtt Ieh.twn
.,... veIlIcIa

2. Dri.......yw~ and dlannellzatlon 10 preYWlt Ieh-twn
..,... wtIIc:1eI

1 Drl.....,.y wldlnlna and chaNwJizatlon to preY8It IlotII
left-turn mar- and ear- vehic:iel

1. MedIal channeIIzin& iaIancl and crl...w.y wldlnlna

2. Drl.....,ay curbin& C_ llde)

1 Media1 c:IlannelizJna iaIancl, crl...w.y wi_ina, Mel crl.....,.y )
curbin& e- aicle)

A-17: Install Drlve",.y ChMneI
Izin& ll!and to Pre""t Drl_y
I!ncroachrntml Conflicts

A-16: Install Drl...w.y 0-1
Izin& lI.....d to Pre""t Left-Turn
Maneuvers

A·II: Install ChannellzJna ll!and
to Prevent RiCht-Turn Deceler.
tI... Lane Vehicles fram RetUftUna
to the ThrouCh Lana

A-19: Install ChannellzJna ·1I1ancl
to Control the Merae Area of
RiCht-Tum Ecress Vehicles

A.20: Rqul.te the Maximum
"Idth of Drivew.y.

I. O--UzJna Island

2. a-lizJna iaIanclllld clecel_tlon widIrUn&

1 C1WlnellzJna laland, clecel...tlon w1d1nin&, Mel additl~
rllht-of-way acquisition

1. o-lIzJna illIIld and drl.......y w1d1nin&

I. Curbin&

)

•
10

•

Source: Reference (1.), p. 77

(Continued)
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• CHAPTER 8 • EVALUATION OF IMPROVEMENTS

COST EVALUATION (Continued)

Relative
Costs
(Continued)

TABLE 8-6: RELATIVE IMPLEMENTATION COSTS OF
ACCESS MANAGEMENT TECHNIQUES (Continued)

Plft:ti~Objective 8 •• Separate Buic: Conflie:t AmI

Tec:hnlgue Canltrue:tion Option

8-1: Reeulate MlnimIllTl Spaciftl 1. 0 __ driveway
of Driveways

8-,: Reeulate Minimum Propeny I. 0 __ driveway 2
Ourana.

2. Oase Ind relocate _ driveway 1

8-.: Optimize Driveway $pacinI I. Implemented durin, the permit authorization lta,e NeZ
in the Pwmit Authorization Stale

8-" Reeulate Maximum Number 1. 0 __ driveway 2
of Driveways per Propeny Front..e

8-6: Consolidate Acoea for 1. 0_ t_ drivewaYI and c:onstrue:t _ driveway on propeny 11
Adj_t Properties line

2. O ..e _ driveway and _rue:t _ driveway on property •
line

•

8-2: Reeulate MlnimIllTl Carner
Oearance

8-1: Buy Abuttin, Propenies

8-" Deny Access to Small
Frontale

2. 0_ and relocate _ driveway

1.00_driveway

2. 0_ IIId relocate _ driveway

1. Buic: c:onstruc:tion • ca.u are hi&hly aite..pecific:

1. Buic: c:onstrue:tion· COltS are hill'ly variable IIld dependent
.. lind value

Relative
Cost
~

2

•
2

1

Ne l

Ne1

2. e-true:t oonnec:tion bet_ propenies 2

), OllSe _ driveway Ind c:onstrue:t _ driveway on propeny I
line

• Rev. 10-8-91

8-10: Consolidate Exiltin, Ac:c:ell I. OllSe _ driveway
."henevar Separate Parcell are
ADernbled UncIer One Purpwe,
Plan, Entity, or Usqe

8-lh Oesicnate the Number of 1. Implemented durin. the permit authorization ltale
DrivewaYI Permitted to Eac:h
Existin, Propeny Ind Deny Addi-
tional Driveways Reeardleu of
Future Subc1Ivilion of that
Propeny

8-121 Require Acceu on Collector 1. e-true:t _ driveway
SIr"t (when avallabiel in Ueu of
Additiana1 Dri......y .. Hilhway

I. NIl diree:t eltimate.
2. NIl inc:relMlltal COlt.

Source: Reference (~). p. 78

(Continued)

8-19

2

,



CHAPTER 8 • EVALUATION OF IMPROVEMENTS •COST EVALUATION (Continued)

Relative
Costs
(Continued)

TABLE 8-6: RELATIVE IMPLEMENTATION COSTS OF
ACCESS MANAGEMENT TECHNIQUES (Continued)

F~ QIljecIift C - Limit Maximum Deceleration Require......u

Technip Canstruc:tion Option

Relativr
COlt
~

2. Advance warninC sill' U1d nashinc beacon

1 Dri_ay illumination

Co I2: lnItall ChanneliZinc la1anda I. CNnneliZina islanda
to Prevent Driveway Vehicles
from BackinC onto the H1pway

Co2: Restrict""kin& on the L Spin.
RoAdway Next to Driftways to
~ue Driftway Twtlinl Speeds

Col: mall VislaJ Cues of the L SIIIpended red-yeJl_ fluhinC beacon
Driveway

<I

,

a

10

a

Nc i

2 •,
NC I

10

I'

I. Acceleration lane

I. Dri_ay pavinl

L Implemented durinl the permit authorization stale

2. Acceleration lane and additional rieht-of.way acquisition

Coli: lnItall Rieht-Tum
Acceleration Lane

Co" Require Driveway Pavina

ColO: Reaulate Driveway Con
struc:tion (performance bond) and
Maintenance

c-a: Improve Sieht Diltance by L 5ipin&
Pl'eventinc ,..,kinC on the Traveled
Way, Either Totally or Panially

Co': Reaulate Minim.... Sieht I. CIooe 8ftd relocate _ driveway
Distance

Co" Optimize Sieht Distance L Implemented clurina the permit authorization stace
in the Permit Authorization Stqe

Co" Krea. the Effective L """ue return radii on both aides of driveway
Approach Width of the Dri_ay

Col: Improve the Vertical I. AIrtiaJ driveway reconatrue:tion
Geometries of the Driveway

I. No incremental CDIt.

Source: Reference (1). p. 79

(Continued)
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• CHAPTER 8 ~ EVALUATION OF IMPROVEMENTS

COST EVALUATION (Continued)

TABLE 8-6: RELATIVE IMPLEMENTATION COSTS OF
ACCESS MANAGEMENT TECHNIQUES (Continued)

CanstNCtion OptionTechnique

FlftCtlClft&1 Objective D __ Remove TW'Ilinl Volumes or Queues from 5eaians of the 1IftUIh 1MleI

aelatiw
CCll1
hlex

Relative
Costs
(Continued)

1).1: Install Two-"'ay Left-Tum
Lane

I. Buic CIlftItNCtion - mediwl IUipins on .lliIti... median

2. Buic CIlftItNCtion plus adcIitiClft&1 pavem_t wldlninl

16

). BIIic _ruction plus adcIitiClft&1 pa_t wldlninl 1,_
Ind ri&ht-of-way ac.,wition

ID

20

2. Buic COlIItNCtlon plus adcIitiClft&1 pa_t wlcleninl '"

). Buic COlIItNCtlon plus adcIitiClft&1 pa_t wldlninl 1,006
Ind ri&ht-of-....y acquilition

1).': lnItallllOlated Median and 1. Buic COlIItNCtion - median innaJlation and hipway wiclenin& n
Decl!1.ration Lane to Shadow and
Store Left-Tuminl Vehicles 2. BIIic COlIItNCtion plus rlpt-of-way ac.,uition 117

1).6: Mall Medial Storaae for 1. o-neUzin& island and .xiltln& median a1ter.tion
Left-Tum Eareu Vehicles

1)." Mall Left-T.... Dec:eler- 1. Deceleration lane inIU1!ation
ation Lane in Ueu of Ri&ht-Anlle
Crouover

1).), Mall Alternatinl L.ft-T.... 1. BIIic CIlftIuuction - median mlpinl on .lliItinl median
Lane

•
21

1).7: Inc...... Staraae Capacity
of Exiltinl Left-Tum Deceler.tion
Lane

1. 5roraae increase for • Cllfttin_ arbecI median

2. 5ror.se increase for an isolated arbed median

). 5roraae increase for an isolated arbed median plus
alIditiClft&1 r!&ht-of-w.y ac.,wition

•• H!&hway wicleninl for two-Iane left-tW'll bay .t an isolated 71
c:urIIed median

,. H!&hw.y wlcleninl plus adcIitiClft&1 rl&ht-of-way ac.,wltion IJD
for two-lane I.ft·t.... bay at an isolated curbed median

Source: Reference (~), p. 80

• Rev. 10-8-91
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CHAPTER 8 • EVALUATION OF IMPROVEMENTS

COST EVALUATION (Continued) •
Relative
Costs
(Continued)

TABLE 8-6: RELATIVE IMPLEMENTATION COSTS OF
ACCESS MANAGEMENT TECHNIQUES (Continued)

Technie e-trllCtion Option

0...1 D: CGnItruct. LocaJ Service I. Frontale road
Road

Rel.tive
Cast

...!!!!!L
HC I

0...1 11 Canstruct a Ilypaa Road I. Ilypaa road HC I

0...12: Reroute Thrqll Traffic 1. luic construction. COlts are hilhly variable ...d Iocation- HC I

dependent

0...13. Install Supplementary One- I. CanltrllCt __.",.y lupplementary drivew.y ,
"'.y lU&ht-Turn Drive",.Y' to
Divided Hilh"'.Y enon-paaty
",arr...t)

0...1.: "-tall Supplementary I. e-truct _ lupplementary drivew.y.t no COlt to the NeZ
Accea on Collector Street "''- h11h"'.y aaeney
Ava1Iable <r--capacity "'....m)

0...16: lnstaJIlUaht-Tum Decler.- I. Deceler.tion lane
tian Lane

Z. Decel....tion .- and additianaJ riaht-of-way acquilition

0...17. btall AdditianaJ ExIt I. AdditianaJ drift"'.y .- construction
Lane on Drivew.y

,
16

• •0...1.: Encouraae~ I. Connection bet_ properties Z
IletWMll Adjacent Propenies
(even when each hal hilh"'.y
aeceu)

o...2D: Require Adequate JnternaJ I. Balie COMtNCtiell - COlts are hilhly variable and Iocation- HC I
Desiln ...d Circulation PI... dependent

1. No direct _imate.
Z. No incremental COlt.

Source: Reference (~), p. 81

(Continued)

8-22 Rev. 10-8-91 •



• CHAPTER 8 • EVALUATION OF IMPROVEMENTS

REFERENCES

1. J. A Azzeh, et. al., "Evaluation of Techniques for the Control of Direct Access to
Arterial Highways", Report FHWA-RD-76-85, United States Department of
Transportation, August 1975.

2. J. A Azzeh, et. al., "Technical Guidelines for the Control of Direct Access to
Arterial Highways; Volume I: General Framework for Implementing Access Control
Techniques", Report FHWA-RD-76-86, August 1975.

3. J. A Azzeh, et. al., 'Technical Guidelines for the Control of Direct Access to
Arterial Highways; Volume II: Detailed Description of Access Control Techniques",
Report FHWA-RD-76-87, August 1975.

4. "Access Management for Streets and Highways", Federal -Highway Administration,
Report FHWA-IP-82-3, June 1982.

5. Vergil G. Stover, et. al., "Guidelines for Medial and Marginal Access Control on
Major Roadways", NCHRP Report 93 (1970).

•
6. R. Winfrey and C. Zellner, "Summary and Evaluation of Economic Consequences of

Highway Improvements", NCHRP-122, HRB, Washington, D.C. 1971.

• Rev. 10-8-91 8-23



CHAPTER 8 - EVALUATION OF IMPROVEMENTS

THIS PAGE INTENTIONALLY LEFT BLANK

8-24 Rev. 10-8-91

•

•

•



•

•

•

APPENDIX 8-A

Rev. 10-8-91

CHAPTER 8 - EVALUATION OF IMPROVEMENTS

APPENDIX a-A

8·25



THIS PAGE INTENTIONALLY LEFI' BLANK

8-26

•

•

•



• USOE:palii'"
dTl'a1sPCl1Qt1On
...rall....,.,
AcIINlis..al....

Technical Advisory
Subject

.0101 YKIICLK lCCIDIII COSIS

Clusification Code

T 7570.1
Date
June 30, 1988

•

nr. ,. Purpoa.
2. 'aoklrouDd .Dd Diaouaaion
3. D.tiDitioDa
•• I.OO...Dd.d looid.nt Coata
5. l.t.r.Do••

,. rparosi. '1'0 proy1d. intor••tioD OD r.O.Dt d•••lop••Dt. iD
••ti.atiDI aotor ••biol••0cid.Dt ooat••Dd to ~Doour.,. St.t••
to 'I•• tb••••ooid.nt oo.t. tor .00Do.io .D.l,••• ot bi.b••,
proj.ot••Dd pro'r••••

2. "CEO'P'IA Alp II'C,"IOI

•• Wb.D D•• ro.d., atr••t., .Dd bilb••, ••r. oODatruot.d or
.zi.tiDI on•••r. r.ooDstruot.d, a.t.t, i.pre••••Dt. r.ault
troa tb. 'I•• ot A••rio.D l ••ooi~tioDOt St.te Bi.b••y .Dd
'1'raD.port.tioD Ottioial. St.Dd.rd.. Bov•••r .00id.Dt oo.ta
are tr.qu.ntl, u••d in .00Doaio aDal~a.a to ~••i.t iD
d.t.r.iDinl vbat i.pro••••Dt. abould·.nd .bould Dot b.
iapl •••Dt.d vb.n old.r ro.d•• atr••t •••nd ~ilb••,. are
r.turbi.b.d .Dd i.pro••d. Wb.D ua.d tbi. v.,,· .00id.Dt
coate oaD b••• a protound iDtlu.Dce UpOD t~. id.ntitioation,
prioritization; and ••l.otion ot .dditional oo.t-.tt.cti••
• DbaDo•••nt••

b. '1'h. latioD.l Bilbva, '1'rattio S.t.t, ld.in;I.•tr.tioD aDd the
latioD.l a.t.t, Counoil (laC) rputin.l, p~b1i.b ••tiaat•• ot
.00Doaio oo.t. that r ••ult tro••otor ••hiel. aooid.Dta. In
tb. lac'. '981 Appid." r*p" publio.tion, P.I. 65, .D
i.port.n' ditt.r.no. in tb. 'I•• ot aoaid.nt oo.t. v••
r.oo••i ••d•. lb. ISC .t.t•• tb.t ita oo~t tilur.a .....ar•
• pp.apri.t. tor ••••uriDI tb••eono.io '0•• to • eo••uDit,
r ••altln. tro. p••t .otor ••biel. aooid~nt.. ~h., .bould Dot
be ....,·hov•••r. In .0~putiDi the dollar ,.1•• ot tutur.
b•••~lta due to tr.ttlo ••t.t, ••••ur.. b.o.u.. tb., do not
lnol.d. t'•••1•• ot a p.r.oD·. n.tur..l _••ir. to li•• 10DI.r
or prot.ot tla. ,,,alit, ot on.·.·lir.. '1".' I., tb••oono.ic
loaa ••tl••t •• 40 not lnolud. vb.' p.opl••re villinl to p.y
tOr i.pro••d ••t.t,••••- .

o. In '986•• '.d.r.l 111'V., Ad.lnl.tration r ••••ro' oontr.ct
.ntitl.d -Alt.rn.ti•• Approaob.a to loold.nt Co.t Concept.-

•
DiSTRIBUTION:
Special:

Headquarters
Regions .
Divisit..ns

8-27

OPt: BHS-20·



FHWA TECHNICAL ADVISORY T 7570.1
June 30, 1~88

(aee paralrapb Sa) e.tabll.bed tatal. iajur~. aad propert~
da.ale oo.t. tor u•• lD bllbva~ 1.proye.eat eooao.l0 aaal~aea

vblob r.tl.ot tb. a.ouDt ladlYldual. are vlllial to p.~ to
reduo. tb. au.ber aad ••Y.rlt~ ot aoold.at.. Tbl. report
ooatala. aaeateaal•• llt.ratur. r •• lev aad orltlque ot
aooldeat oo.t .etbodo1011•• a.d r.1at.d .tudl... Co.poDeDt
a. v.ll a. total aoold••t oo.t. r •••1t.d tro. tbat .ttort.

d. Tbe Ottl0. ot tb. S.or.tar, ot Tra••portatl0. 1. "16 •
• dopted a .1Dl.u. a.O.Dt ot .t .11110. to b. a••oolated vltb
tbe .alu. ot a bu.aD lit. (••• paralrapb 5b) to b. u••d lD
tbe Depart•••t'. r.l.l~tor, a.a1,••• or-rule.aki.1
aotlYltle••

3. Apx,xzxp,a

a. ee.De_.~ 'g,g. , ••f.t. 1 ••"'.' pg',..oat.lorls.d lDto
dlreot oo~t. aDd 1.dlr.ot oo.t••

(1) AI.'g, pg.,. ar. til. oo.t. ot lood. a.d ••rYl0••
oOD.u.ed a. a r ••ult ot tllo•• aooid.at.. Dlreot oo.t.
lDOlud••ap••dltur•• OD prop.rt, da.al••, •••rleDo~
••dloal ••r.io••, ••dloal oar., 1.,al aad oourt
••r.io••, a.d tUD.ral aDd b.rlal.

(2) 1-'1.'.' pg.,. 1.olud. oo.t. ot oo••u.ptio. ot
r ••ouro••, 10•••t p.t••tla1 pr.duotl.1t" aa4 oo.t. or
.alu. ot p.,ollo..olal ••t.rl.ratl0••

b. 'tilt•••••• ,g ••y pe., '1.01ud•• b.tll dir.ot aDd iadlreot
oo.t. a.d r.tl.ot. til••al•• vllloll 1.dl.ld.a1. are vlll1DI
to pa~ to r.duo. til••••b.r or ••••rlt, ot aoolde.t. or to
eD.ure oo.tl.ued b.altll a.d .at.t,.

• . IlcgD'DP IpeDln CPU'

a. Tb••otor ••11101. ao.id••t o••t tll.r•• • Ilov. 1. Table 1 are.
r.oo....d.d t.r ••• b, Itat. a.d 1.oal bllbva, a.d .atet,
al••ol... fb... o••t ••1l••1d b••pdat.d at 1.a.t •••r, tvo
,.ar••

b. ID ,.rt.r.1DI ••••••1. a.a1,••••• bil".' ••t.t, proJ.ot.,
ott•• tb.r. are l ••utti.i••t •••b.r••t •••ld••t. t. pro.lde
aD a.o.rat•••••••••Dt .t tb••••t-.tt••tl•••••• • t til.
1.pro•••••t. f. a.old dl.pr.p.rtl•••t ••tt••ti•• to •
100atl0•• vb.r. a tata11t, ••••rr•• ••d tb•• l.pr•••
d.ol.10•• r.,ardl., .at.t, l.pr••••••t., Itat•••bould u.e a
oo.bla.d tatal-plu.-l.3ur, oo.t (al •• prop.rt, da.al. oDl~
(.DO) lt a.allabl.). fbl•••, b. d••• o. a .tat.vld. ba.l.,
b, tu.otl0.al .,.t••, b, 1a.d ••• (r.ra1/.rba.), b, aooldeDt

2
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t,pe, or so.e other combiDatioD depeDdiDI UpOD tbe data
a.allable withiD the State's accideDt recorda a,ate.. The
dlttereDoe. iD co.biaed cost. retlect tbe .ariatloDa iD
accideDt se.eri t,.. J.I A. aD ezaaple, tbe a'ferase coat tor
tatal aDd lDjurr aooldeDt. OD e.ob .,.te. aDd Iroup. ot
.,ate••••, be caloulat.d U.1Da tbe tor.ula:

Co., (."ra'al PI... I.J..r~ &oold••' •

(r,tAII,I•• & rA'All,y ep',' • (JptArl., & Jptpry Cq,t)
ratal Aoold••'. • I.J..r~ .&oold••'.

tAILI 1

'IV& ••oo....d.d Yal.... tor
Co.t p.r Aoold••t a.d p.r I.old••' ZI b, &oold••t S••orlt,

.1111.......to-,.~ &pproaob JI

Propert, Daaaa. OD1, (PDO) •••••••

IDjur, (O.erall) ••••••••••••
ABC IDjur1 Scale:

A IDjur, - IDoapaoitatiDa i.jur, • •
I IDjur1 - IOD1DoapaoltatiDa l.ldeDt

Iajur1 • • • • • • • • • •
C IDjur, - Po •• lble IDjur1 • • • • •

S•••rl', b, 110.'
S•••r. I.Jar,

• 'ATAL • • • • • • • • • • • • • • • • •

Co.t '.r Co.t '.r
&oold••' I.old••t• •

1,100,000 1,500,000

n,ooo 1',000

'1,000 39,000

19 ,000 12,000
',500 6,000

3:000 2,000.

~/ See .t' d p.per eatltled -AocldeDt Co.t. -- Are V. V.1Da Tbe.
Corr.ctl't &. Grabaa lalle" ••al0. 1 tr.ttl0 Op.ratloD. aDd
lat.t,IDal•••r, .blob d••orlb••·• r.tloD.l ••tbod to d••• lop tbe
t.tal~plu.-la.1ur~ .001d.at/laold.Dt oo.t••

•

1/

3/

Per lDold.at •••a. p.r ladi.ldual or p.r ••bl0l. tor PDO.

Caloul.tlOD••r. b•••d OD tb. 'IVA ooatr.ot tlDdiDa. lD tb.
-Alt.rD.tl•• Appro.obe. to Aoold.at Co.t Coao.pta.- A
5 peroeDt dlsOOUDt r.t. v•• u••d. 'laur•••r••zpr••••d lD
1986 doll.r••

3

8-29



FHWA TECHNICAL ADVISORY T 7570.1
June 30, 1988

5. 1I,IIIICI3

a. re4 R. Miller, leDDeth A. aeiDert, aD4 Brooke E. Vhitinl,
-Alternatiye Approaahe. to Aaa14eDt Cost CODoepta,- Report
No. FHVA/RD-83-0T9, rederal Bllhvar AdalDl.tratlon,
VashlDltoD, D.C., JaDuarr '98' (PI '0. 8. '96-658).

b. MemoraDdum troa Jla J. Marque., aeDeral CouD.el, to
RelulatloD CouDoll Meabera aODoerD1DI ·'alue ot a Lite,
April 10, 1986.

c. BreD4a C. Iralh, fed I. Miller, aDd leDDeth A. Relnert,
AccideDt Coata tor Bilbva, Satet, O.alaloDaak1DI,·
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a, Jr.
'aaoalate A a1D1atrator tor

Satetr aDd OperatloDa
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In perfo~minr economic analyses on completed hllhway .fety projec:ts, it is rare to
encounter a loeatlon or seement where there are sufficient numbers of fatal accidents to

, allow a statistically slsnificant evaluation of the effect of the Improvement on the change in
number of fatal accidents. If \he befor..-.nd-efter frequencies of fatal accidents are used in
the traditional benefit/cOlt calculatlona alonr with the n.wly recommended fetallty cost of
$1.5 million, the results can be quite mill.dlne. To WUltrat. thl. problem, consider
a salety-improvem.nt projec:t which wu Included in a Stat... rec.nt annual HSIP report.

Proj.ct Cost
Service Lit.
Int.....t Rate
Capital a.cov.ry Factor

S72I,OOO
10 yean

5•
•12.50

tIling a valu. ot '1,500,000 per tata1lty, SU,OOO per Injury, and 13,000 per P.D.O. accident,
the Benefit/Cost ratio wu c:a1c:u1ated wdnr PHWA'. recommended evaluation procedure 1
(simplified to aaum. no Ialvap value and no Mt ehanp In operational costs). This
Benefit/Cost ratio for this proj.ct wu - 3•.,. IUlPstlnr that the improv.m.nt had a
neratlve valu.. Thi. is an unreuonable conclulon consldll"lne that the improvement
resulted in more than a SO. reduction In Injury, P.D.O., and total accld.nts. The fact that
there wu on. tatal accident toUo"nr project implem..tatlon, and the hlp COlt Ulfcned to
.ach fatallty, created ttdl mld.adlne rault. Similar mll1..dlftI rau!u eould show a project
to be cost-effectlv. even thoqh there may have been a larp 1nCN&N in the number ot
Injury and P.0.0. aeefdenu.

ASolutlClll

•

traffic (ADT)
Evaluation P.rfod (Monthl)
Patal Accident.
PataUti.
Injury Aeefdent.
Injurfes
P.D.O. Aeefdenu

Total Acdd..u

1100
31

°°41
It
43

It

1300
31
1
I'

20
21
II

n

•

How to overcome thU problem and develop a methodolOl1 which could bett.r predict or
evaluat. the ea.t-etfectlv__ of a at.ty Improvem..t nee. sltated a larter data bue to
oft.et the effect ot Iarp .eilhttnl of few and random~

FHWA'. annual pubUeatl~.aYIat~ormance- 'atal and "'n Aceldent Rates
on Public Roadl In the U Stat. acaaent (ita rrom the tatUs The data
Induded In thII report ShOW. the number of pePlClftl Injured or IcU1ed In aeel_la"for each
type of hip.ey. It It can be .-amid that fatal aeeldena are random " ..u which on a
system buI. can be ..e.ld u a perellltap of the comblMtlon of tatal and Injury
accid.nts occurrfnr on that partieu1ar .,.tem .ch yar, then It would a1Bo be poaible to
combin. and av.rap the COlt of the fatal and Injury aeel_a. VI1Bl the data contained In

11 Otnc. ot Rich.ay safety SIrf. - Rich.ay saf.ty Evaluation
(An Abbreviated Step-by-Step Procedure) PHWA - III..

2
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ACCIDBMT COSTS - AU WE USDfO THEM CORRECTLY?

A. Graham Bafley
Regional Traffic Operations and satety £nlineer

PHWA - Rellon 1
Albany, Ne. York

Introduetlan

The proper use of CWTent accident COlO" ane of the most useful tools we have to measure
the effectiveness of a particular safety Improvement. naG selection of the appropriate
accident costs and the proper UM of these cOltS can h@ve a profound infiuence upon the
economic analysis ilt the prioritization and subsequent andysls of hlrhway safety projects.
It can also be extremely useful as a tool In decidinr whether an incremental safety
enhancement would be cost effective on 3R-type projee:ts.

There has been widespread reluctance on the part ot many individuals and aleneln to agree
upon and uslrn a value to a human Ute. This is an emotfoMlly charred iuue which i. otten
addressed in an indirect or relative .ay. The ettectfveneu of safety improv.ments is
sometima .xpreaed as cost~.....ccld.nt recm~2Id or cost-per-fnjul"y reduced. This avoids
the need to usilP" a specific value to a hurr.&ft ute. Nev.rth.l.... atter the cost tor a
proposed satety Improvem.nt has been estImi1ted, the dectsfon must be made whether to
com mit the tunds to Implement the Improvement. 'nils requir_ relatlnrthe cost ot the
proposed Improv.ment with the upected benefit (acddantl reduced or Uves saved).
Directly or indirectly, we are makinr a judplent OIl the value ot human Ute.

Which Aeefdlnt ee.ta to U.

For many years, there have been different accident COIb developed by dltterent
rovemmental apnci.. and by the National Safety CouncIL Recant utimates ot the value
ot a Ute ranp from $220,000 to $3,500,000. Without dbcuuinr the merits ot specitfc
accident costs, this paper will tocu.s Oft the appropriate UM ot whatever accident costs are
selected by the user. FOI" the purpose of I11u.Itratlon, the followlnr accident costs which
have been recently developed and recommended by FHWA wm be UIed.

•

•

- 11,1"'111
11'
l,1li

It Is important to rae"ze that the tint two of the aboVe cona reter to each person killed
or injured. The C08tI mUit therefore be acqu.ted to refiect the C08tI per accldant.

". PPCIble.

With the development and pnera! acceptance ot a IIpttlcantly hlpr value tor each
tatallty, it has become increuinr!y Important to be l\II'e that our economic analysis uses
these costs in a way which would not lpON or underestimate the need to address high
accident locations involving a slplftcant number ot Injurl_, even where no tatalitie, are
evident.
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the Annual Report, the average cost for fatal and- injury accidents on each tystem and
lI'oups of systems may be calculated usinr the formula:

For eample, take the fatal and Injury accident. on one State's Orban Primary System. The
1115 accident data reported by that State Indicate. the followlnl1

55 Fatalfties'
1134 Injuries

Ulinr this data In the abOve formula.

ee.t ($) • "I a'L....) t Illy a IU.•) • NS,'"
II t 1711

ThUs, the avera,. cost of a latll/lnJury accident on that State" Orban Primary System I.
$35,569, or say 135,800, usInr current data.

The followlnr charts depict the combined fatllnnjuryaccldent COlt on a nationwide but.
usinr 1985 fatll and Injury accident data reported In the 11.., Annual Report. TheM charts
show accident COlts lor the various Federallld hlp.ay system and costs for all hash.ay..

AooldGlllt Coat - ~"... Aid .~.t....
".r ".tal .... Injury ACClClo....

c••~ CI • 'CIDCD
1:0 ~="t-~_r-----~------
10
IA
.c»
10
o ......

liD IhnI

Aoaldent C"- - Ali ..
,." ......."'"~...

entIce • .-
110 __-------------

10

10

o
,..... ........ Off ••at_ AI .......................
III.... • l,HtIOIl • c.,....

3
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•The information shown on the above chart. mUitrat.. a eonsfstent and Important point.
Accidents in urbc'n highway. involve more injuries per fatality than aeeldents on rural
highway•• This is probably due to pnerally lower operatin. speeds in urban areas. As a
result the (atal/injury aeeident eosta are COftIi.t.ntly low.r on urban hiihways than on rural
highway••

Actual values for these aeeid.nt eosta uallll both 1115 and nl4 .eefdent data are shown in
Appendix A. Th. relationship betw.... the various syst.m eosta from on. y.ar to the next
remains unehanpd.

'11M! UM of Combined Ac:c:IdIm ee.ta

To Wu.trate how these averare combined f.tal/injury .cc:tdent eosta can usist in the
economic analy.l. of a safety project, let's ......amin. the eumpl. p.....nted urUer:

Fatal Aeefd.nta
PataUti..
Injury Aeefdents
Injuri..
Property D.m... Ac:c:Identa

Total Aeefd.nta

°o
41
IT
43

It

1
1

to,
tl

'11

n

As discu....d earUer, Ulinr the aeefdent eoets of SI,500,000 per fatality, Sl1,OOO per injury, •
and $3,000 per P.D.O••eefdent, the ec:onomle analyaa yielded .....flt/CO.t ratio of -3.87.-
Using the same methodolorY but IUbatitutlnl the .verap nationwide Ped.ra1-afd sy.tem
costs of S50,100 for both f.tal and Injury .cc:ldentl, the ea1eulated Benefit/Co.t ratio
becomes!:!!. Sine. the saf.ty Improv.ment project wu on • MIM.nt of the rural primary
system, a more appropriate fata1l1njury .c:c:Ident eMt would be S'3,'00, whleh II the rounded
nationwide averap for thlI syst.m. U.... ttda c:oet would yield • Benefit/COlt ratio of !:.!!.

These hilher Benaflt/Coat value. aN ccndatent with an abjectlY., common-sansa look at the
results of the saf.ty projae:t which w. atNm.ly .ffae:tfva In Nduefn. tha number and
severity of aecldent&. An .ddltlon or Nduetlon of ........ f.UUty Ihould not hava been the
determininr factor by whleh to Jude- the eott1ffae:tlvanau of the projeet.

The use of comblMcl .v..... tata1/lnfar1 coaa, lUeh u-.crtbed, ... the potential tor
improvlnr the prtarttlatlon proc:MI for 8eIeetiftI saf.ty Improvements u w.U u ImproYinr
the reUablUty .... c:recIIbWty of their poR-fmplementation ..-Iuatlon.

AI aeefdent dat..Im~ the abIIItJ to dIftIop lIIan NUabI. .c:c:Ident c:oetI wID be
.nhanced. 11tare II Uttl. doubt, for nampl., that the .varap leV.rtty of Injury accid.nts
differs between hllhway systelftl. To .ccount tor thlI would require .dditlonal injury
severity data. It may a1Io be poalbl. to IIolat. spac:lftc .cc:ldent typal (tor aample,
accidents involvlnr fixed abjaeta) and develop ...... lOeiatal ca.tI .ttrlbutabla to that
clusiflcatlon of .eddento .

Future refinements .... certainly pouIbl. u additional or ImproVed data bacom.....Dable•

Attachment
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ACCIDENT COSTS POR PATAL/DfJURY ACCIDENTS

Using 1115 and Itl4 Aeeident Data

NATIONWIDI COlTI ,AIID ON I'" ACCIDINT .'TA
ACC lOUT COltS, 'AT'LITY Il,SOO,OOO , INJUIY .ll ,000

nL ACC FATLS .N.J ACe .In ALL ICCI COITIICC
INUIITATE IURAL 1,133 2,153 31,3&7 60,779 '0,150 ..7.0••

URIAN 1,.S7 2,031 103,'" IS••••• 105,12' MS,OSS
'JUR.ltY ltUUL ',321 ','" 197,410 n.,1O. 20S,.01 "'.."U..... 3,975 ',317 312,011 ''',.11 JI6,063 1J7.JU

Ultu...IlTUUL 1,302 1,"7 ".,3" "S,s.o '73,'" .u.on
IICDIDAIY RURAL .,"4 ','7' IU,.OS 214,'26 1",0" '7',OJS..._--_.-......_-_.__.._.~-----._--_ ..---_.-_.._-----------------....................._--

CDftlND FED-AID RUltAL 15,111 1','" 3",202 "',313 tlS,020 113.117
SVITI"S un... 14,134 15,27S 1,0'1,'41 1,'32,'0' I,O'S,.7' 137.'"

ALL. 'A NIIYS 2',"2 33,7'0 1,4'0,"3 %,27','22 I,SIO, ••S 110,104.....- --_ --_.....•.......__ ------- _-_......•........-----------_..

.....- -.•....•.••......._..- - --------------_ _-_._..-._-------------
24,53' '73,73' 1.0'1.... 6.S.0.1
1',217 1,.44,7'2 2,2",111 1,"2,'07
43,7'1 2,21',100 3.340,'00 2,257,'"

•

NOH-FEll-AIll
UITE"

ALL. HIIHIIUS

IURAL.
un...
ALL NON-'A

RURAL
UR....
ALL. NMYI

21,~n

17,14'
n,l6I

',053
3,"2

10,031

27','3' 407,13'
4'3,321 "1,"2
737,'S7 1,0'3,47'

2.0.0tl
4",032
747 ,073

••••uo
'2',23'
nS,107

'69,602
.34,'"
.4S,3T1

NATIONIIIDE COlTS 'AIED DI 1"4 ACCIDINT DATA
ACCIDENT CalTll FAULITY Il,SOO,OOO , INJUIY '11,000

FTL ACC FUL' 11.1 ACC II,JI ILL Aces CDIT/ACC
IHUIISTATE IIUIlAL 1,17: 2,17' U,n4 11,421 3','" 1101,797

U..... 1,719 l,tZ. fl,76S 13',941 93,414 .41,0"
'"I"AIY IURAL 1,'.0 10,2" 1",'" n',112 205.041 "2,USu.,u ~,I'O 3,"7 213,111 31',77' 21',"1 .n,173

UIIIA. MnllAL 7,"Z 1,"0 621,77' '21,140 613,73' 'J6,Z'.
IECD"UIY .IIIM. 1,2S' ',017 146,211 227,177 111,47' "',0"...._ _ ~. . .._.m ._.. _ __

ca"IND 'Ea·.a••DlAL U.,171 11...1 S7t,11J '12.4" n4,tZ4 .'7.17'
UITl'" ..... &:,262 '4,476 "0,612 I •••• ,••• fl3,"4 'SI,Z4S

ALa;. F. lin 2',033 S2,'37 I.S4',101 2,0".33' 1,371,'3' 112.260..._.......---------._--------..._-_._---_..----.------...............----.--------------
NO..-FEo-AID RURAL 1,3Ot S,U2 233,131 3U,'" 231,147 '12,426
SVIU" URIAN :S,62' :,127 422,091 ''',7IS 421,'" '21,".

ALL 10N-'. '.913 ','" 6••••n .".7.1 "4,S" '37.390

----------------------------------------.---------------------......--------------------

•

ALL "ZINMAYI aURAL
UIIAN
'LL MIn

21,010
U,II.
37,'"

24,2'3 612,"1 'II.... 633,771
1',303 1,3'2,747 2," •••72 1,.0',.S3
42,'" 2,00.,4S' 3.001,120 2,"3,4'4
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