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FOREWORD 

This Implementation Package explains how to apply various design and traffic 
control techniques for reducing the frequency and severity of traffic 
conflicts at driveways. Warrants are provided for applying the techniques 
along with methods for evaluating them. 

Research on access control is included in the Federally Coordinated Program 
of Research and Development as Project lJ, "Improved Geometric Design." 

The "Access Management for Streets and Highways'1 report was prepared by 
PRC Voorhees. It includes guidance for establishing a comprehensive access 
management program, and a review of the access policies of Wisconsin, 
Pennsylvania, and Colorado. 

Additional copies of this report can be obtained from the -Superintendent of 
Documents, U.S. Government Printing Office, Washington, D,C. 20402, 

NOTICE 

e9~ 
R. . Betsold 
Director 
Office of Development 

' ' \ . 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its content or use thereof, 

The contents of this report reflect the views of the Office of Development 
of the Federal Hiqhway Administration which is responsible for the facts 
and accuracy of the data presented herein. The contents do not necessarily 
reflect the official policy of the Oepartment of Transportation. 

This report does not constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. 
Trademarks or manufacturers' names appear herein only because they are 
considered essential to the object of this document. 

For sale \Jy tho Superlnlendent or Documents, U.S. Government Printing Office, Wnshtngton, D.C. 20602 
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CHAPTER I. INTRODUCTION 

GENERAL 

This course, entitled "Access Management 
for Streets and Highways," was prepared 
by PRC Voorhees for the Federal Highway 
Administration. For additional informa
tion on this course, contact an FHWA 
division office or the National Highway 
Institute, Federal Highway Administration 
(HHI-2), Washington, D.C. 20590. 

COURSE DESCRIPTION 

the appendix. Design guidelines, as well 
as other useful references, are also 
included as appendices. 

COURSE OBJECTIVES 

It is important that the participant under
stands the value of access management 
and the advantages/disadvantages associ
ated with the actions involved. Primarily, 
the course is designed to prepare the par
ticipants to be able to: 

"Access Management for Streets and • Assess the safety and operational 
impacts of alternative access man
agement techniques. 

Highways" is a training course designed to 
acquaint highway personnel with the 
safety and operational effectiveness of 
various access management techniques. • 
The course contains a review of the exist-

Select the design, location and con
trol devices associated with access 
programs. ing programs and techniques in general 

use relative to their advantages/disadvan-
tages from a technical, social, economic • 
and political standpoint. The necessity of 

Review permit applications for 
appropriate features. 

a comprehensive access management pro-
gram which involves legislative, technical • Recognize the various elements 

involved in developing and executing 
an effective access management pro
gram. 

and enforcement components is discussed 
as weU as how various agencies are 
involved and the necessary coordination. 

Emphasis is placed on design guidelines 
for specific techniques utilized to manage 
access. Warrants for the use of different 
techniques are provjjed. Methods used to 
evaluate the techniques from an engineer
ing, operational, and economic standpoint 
are also stressed. 

Application to existing as well as pro
posed roadway systems is included and the 
differences in approach explained. Site 
plan review, an important element of an 
access management program, is discussed 
in the context of administrative proce
dures as well as technical considerations. 

To enhance its utility as a working refer
ence, literature sources are included in 

COURSE ORGANIZATION 
AND MA TE RIAL 

This textbook comprises the pr-incipal 
source document and is intended not only 
to serve during the course presentation 
but also as a continuing reference. Hand
out material will be distributed, as 
needed, to supplement the text. Slides 
and vu-graphs will be used to illustrate 
major points in each session. 

During lecture periods, emphasis will be 
placed on group participation to elicit 
comments on current practices from 
various jurisdictions and geographic areas. 
Course participants are urged to contrib-



ute to each subject area by giving their 
ideas and relating case studies with which 
they are familiar. 

SCHEDULE AND PROCEDURES 

Table 1.1 gives the course outline and sug
gested daily schedule. In actual practice 

the schedule will be flexible with more 
or less time being spent on individual ses
sions depending on the interest of the par
ticipants. 

Table 1.1. Course Outline 

FIRST DAY 

Session I: 

lnvoduction 

Need fer Access Management 

• Technical 

• Social 

• Economic 

• Political 

• Legal 

Benefits of Access Management 

• Operational 
• Sa1ety 
• Econo'Tlic 

Session 3: 

Elements of a Comprehensive Program 

• Legislation 
• Technical 
• Enfcrcement 
• Coordination of Involved Agencies 

Session 4: 

Existing Comprehensive Programs 

Session 5: 

Retrofit Programs for Existing Roadways 

SECOND DAY 

Session 6: 

Techniques for Access Management 

Session 7: 

Design Guidelires 

Session 8: 

Evaluation of Techniques 

• Engireering 
• Operational 
• Economic 

THIRD DAY 

Session ~: 

Wcrkshop on Application of Techniques 

Session 10: 

Review of Workshop Results 

Session 11: 

Site Plan Review 

Session I 2: 

Site Plan Review Workshop 

Session 13: 

Summary and Evaluation 

Proposed Schedule 
~,,, 

0
•; e e :30 e :30 10 :30 11 :30 12 :30 :30 2 :30 3 :30 4 :30 "1--------.=.......;.,;;._.;.;;.;'-'-.;....;;.;;..;;;.__,;-=--..;.:;.=-~..;.:;.=--=--....:.;:;=--=--....:.;:;;:;.....;:_..;.;:;;:;..._ 

1 - 2 4 5 -First Day 

Second Day 

Third Day 

6 6 7 ···~··· 7 8 8 8 -- --:::~:::- -- -
■ ____ 9___ 10 :::.::; 11 12 13 

....... ·--· - -
Legend: 
#Indicates seBBIOn number 

blank area lndlcatea break 
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CHAPTER II. NEEDS AND BENEFITS 

NEED FOR ACCESS MANAGEMENT 

Management of access, or lack of it, is 
best illustrated by the miles of strip com
mercial development so of ten found along 
major arterials throughout the country. 
Figure 11. l provides a typical example of 
this type of development. 

Figure 11.1. Strip Development 

Without an access management program, 
the normal chain of events involves a 
cyclical program that requires constant 
capital investment for roadway improve
ments and/or relocation. This cycle, 
graphically shown in Figure 11.2, is a 
result of continually trying to satisfy 

3 

traffic demands which are often a result 
of increased business activity, which is in
fluenced by improved traffic conditions, 
which leads to further traffic demands. 

Increased 
Traffic 

Demands 

Increased 
Business AcU,;ty\ 

Roadway 
Improvements 

Increased 
Traffic 

Demands 

Figure 11.2. Business Growth and 
Roadway Improvement Cycle 

In these situations, however, it is not 
necessarily the increase in traffic volume 
which instigates the demands for widening 
or relocation of the facility. The number 
of potential conflict points among ve
hicles rises as a result of an increasing 
number of driveways, causing the ca
pacity at a specific level of service to 
diminish. Vehicle delay increases, and 
safety and comfort are reduced. 

Figure II.3 shows a comparison of acci
dents for roadway sections with different 
traffic volumes and access point f requen
cies. Figure 11.4 illustrates the effect of 
access control on accidents and fatalities. 
Though drawn from different studies, both 
show a generally increasing accident rate 
as the number of access points increases. 
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In addition to dramatic improvements in 
safety, traffic management techniques 
related to access control also substan
tially reduce delay. 

The importance, therefore, of an access 
management program is to preserve high
way safety and capacity by providing an 
economical alternative to the more 
costly, time-consuming and socially dis
ruptive roadway reconstruction or relo
cation. 

TRAFFIC SERVICE VERSUS 
ACCESS TO PROPERTY 

The conflict between the safe and eff i
cient movement of traf fie and access to 

abutting properties has long been recog
nized as a limiting constraint in traffic 
operations and transportation systems 
management. Where maximum efficiency 
of traffic movement is achieved, direct 
access to the roadway is limited and, con
versely, minimal restraint on roadway 
access severely reduces the safe, eff~ 
cient movement of through traffic. 
Figure 11.5 graphically displays the rela
tionship of these two functions relative to 
the accepted function al classifications of 
the roadway system. Where the safety 
and efficiency of traffic movement have 
been clearly defined as being of highest 
priority, highway designers and admini
strators have had little trouble in defining 
the need, policies and standards essential 
to obtaining necessary control of access 

No through 
troHi, 

lncreoi.ing propor!ion of through 
traffic, increai.ing speed 

Little local 
traffic 

Source: Reference 3 MOVEMENT FUNCTION 

Figure 11.5. Relationship Between Control of Access and Traffic Movement 
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(i.e., freeways). Likewise, at the other 
end of the scale, property access is 
clearly the dominant characteristic of 
local streets such as cul-de-sacs. The 
components of the roadway system lying 
between these two extremes on the scale, 
however, are subject to a wide variety of 
policies and standards. As a result, they 
vary substantially among jurisdictions 
across the country. 

Application of access control techniques 
to - this "middle classification" of 
streets- -collectors and arterials- -is often 
a controversial issue among the indi
viduals and agencies affected. Property 
owners generally feel that a condition of 
ownership implies certain property rights 
to adjoining road facilities and that any 
change in access patterns will be detri
mental to business. Highway officials, 
charged with maintaining the safety and 
traffic-carrying capacity of the roadway 
system, are often accused of being insen
sitive to the needs of property owners and 
the community when they propose the use 
of access management procedures. Local 
community governments, while concerned 
with safety and traffic movement, are 
also concerned with the establishment of 
substantial industrial or commercial 
development in order to provide a sound 
tax base. Major roadways through a town 
provide an ideal location for this develop
ment, and any restrictions on access to 
these highways is often intepreted as in
terference with their ability to attract 
potential industries or businesses. On the 
other hand, almost all recognize that strip 
development along arterials is generally 
unattractive and blighting, and undesir
able to a community in spite of the poten
tial benefits it may bring. 

It has become clear that neither of the 
extremes in the traffic service versus 
access control curve is applicable to_ ar
terial and collector streets, and highways. 
A balanced, comprehensive program 
which provides reasonable access while 
maintaining safety and efficiency in traf
fic movement is therefore essential. 
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ACCESS CONTROL 
TECHNIQUES IN USE 

Investigation of policies in the various 
states reveal that the prevalent access 
control techniques in use today are those 
associated with commercial driveways. 
Table 11.l illustrates the regulatory tech
niques used by many states in controlling 
commercial entrances. 

Table 11.1. Current State Policies 
on Driveway Standards 

• Twenty-one states require a min
imum width for driveways; most 
common range is between 20 feet 
and 30 feet. 

• Forty-three states restrict the 
maximum width of driveways; 
most common range is between 40 
feet and 50 feet. 

• Thirty-seven states require a min
imum turning radius with variance 
dependent on rural or urban con
ditions; most common for rural is 
10 feet to 20 feet and most com
mon for urban is 2.5 feet to 5 
feet. 

• Forty states restrict the minimum 
skew angle for commercial drive
ways; mosJ comrgon range is 
between 60 and 90 • 

• Twenty states restrict the min
imum setback distance which is 
typically about 10 feet to 15 feet. 

• Thirty-nine states require a min
imum spacing between driveways; 
typical range about 10 feet to 25 
feet for urban areas, and about 25 
feet for rural areas. 

• Thirty-seven states have a min
im um standard for corner clear
ance; typically about 20 feet to 
25 feet for urban areas, and about 
40 feet to 50 feet for rural areas. 



Elimination of entrances is also a technique 
in common use today. It is used primarily 
where no curbing exists and free ingress and 
egress are common along the entire length of 
the roadway. Sometimes done in conjunction 
with, or as a result of, drainage improve
ments, the construction of 01rbs with se
lected access points along the property front
age greatly reduces the potential conflict 
points. Pima County, Arizona, like many 
other areas, is presently involved in such a 
program. 

The use of medians is also a widespread tech
nique used to manage access. Medians are 
used to control and shelter left-turn move
ments (involved in 70 percent of all driveway 
accidents) and generally serve to channelize 
and organize traffic (Figure II.6). 

In developed urban areas, however, installa
tion of medians has often met with resistance 
from abutting businesses and the use of two
way, left-turn lanes are being used in many 
of these situations (Figure II.7). While not as c:;:=========;;;.;...;......;::.;.;~==::a 
effective in preventing left-turn movements, 
they do remove the left-turning vehicle from 
the through traffic lane and result in substan
tial reduction in delay to through traffic and 
usually a 35 percent re-
duction in accidents. 

Another widely used ac
cess management tech-
nique, although not 
usually recognized as 
such, is the requirement 
for adequate internal 
design and provision for 
circulation on commercial 
sites. This is important in 
moving vehicles quickly 
onto and off of streets 
and keeping extraneous 
cir01lating vehicles out of 
the traffic stream (Fig
ure II.8). 

Figure 11.6. Median Barrier With 
Alternating Left-Turns 

Other techniques widely 
used include the removal 
of parking to improve Figure II. 7. Two-Way Left-Turn 
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Figure 11.8. Internal Circulation Provisions 

sight distance at driveways and channeliza
tion of entrances and exits to control access 
points (Figure II.9). Frontage (or service) 
roads are also of ten used to provide an opti
mum degree of access management with re
spect to accommodating roadside develop
ment while providing efficient and safe traf
fic flow. Not applicable in many situations 
due to right-of-way restrictions and high 
costs, they do, however, provide for concen
tration of access/egress to the main roadway 
while providing reasonable access to abutting 
properties. 

SOCIAL, ECONOMIC AND 
POLITICAL PROBLEMS 

In the process of implementing access control 
measures, problems or considerations of a 
non-technical nature often arise. Depending 
on the jurisdiction (state or local) and for
mality of control standards, uniformity may 
not be maintained in the interpretation, ap
plication and enforcement of control meas
ures. Nationwide, the comprehensiveness of 
access control guidelines runs from one end 
of the spectrum {little or none) to the other 
(rigid standards); the structure for approving 
and reviewing applications is just as broad. 
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As most access con
trol programs are 
presently structured, 
the lack of consi s
ter!cy and interj ur is
dictional coordination 
presents the greatest 
problems. 

This lack of consis
tency is primarily a 
result of the fact that 
most policies are 
based on a set of given 
standards which are to 
apply to all situations. 
Where they appear not 
to apply, the review

ing official is authorized to make 
changes or· exceptions based on good 
engineering judgment. Depending on 
the individual, his training, and his 

Figure 11.9. Control of Access Points 



perception of the problem, this can lead 
to a variety of treatments to similar situ
ations and is often perceived by the public 
as being arbitrary. Where standards have 
been developed based on the flow of traf
fic, roadway classification and develop
ment characteristics, there is less need 
for the reviewing official to deviate from 
policy, and greater uniformity and appli
cability result. 

lnterjurisdictional coordination, or more 
realistically the lack of such, is another 
major problem. Though most states have 
policies that apply to all roadways in 
which there is state financial involve
ment, access control regulations and the 
manner in which they are administered 
vary considerably between the state and 
localities and among the localities them
selves. Consequently, decisions rendered 
on each level are subject to differing 
points of view and considerations. 
Unfavorable decisions against commercial 
establishments, or lack of uniformity in 
application of existing control measures, 
often result in business relocation con
siderations or unsightly strip development 
along commercial arterials, Either case 
may have an adverse effect on property 
values and future development potential 
within a corridor. 

Political pressure is exerted on officials 
when unfavorable decisions are rendered 
or when the effect of an access control 
action threatens the perceived stability, 
habit or status of an established com
munity. For instance, changes which 
affect accessibility to commercial or in
dustrial developments could conceivably 
affect future expansion, land values, or 
business volumes. Controls implemented 
with these consequences would definitely 
serve to stir opposition from the targeted 
community; often resulting in legal bat
tles which incur unwanted monetary 
expenditures, loss of time and political 
ill-will. 

The lack of comprehensive, site-specific 
guidelines which can be applied uniformly 
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across all jurisdictions is the major dis
advantage of most policies currently in 
use. 

LEGAL CONSIDERATIONS 

In the consideration of an access manage
ment program, a number of questions 
arise as to the legal position of the juris
diction in placing restrictions on access to 
abutting property. 

Zeiring (5) stated that the owners of land 
abutting arterial highways (other than 
limited access highways) have as a con
dition of ownership, certain property 
rights relating to highway access. While 
the interpretation of these rights varies 
slightly from state to state, a general 
doctrine of the rights of abutters can be 
drawn from judicial decisions and judicial 
interpretation of existing statutes. 

A critical issue in the interpretation of 
this right is the extent to which the state 
or highway authority can restrict this 
right before the abutter's rights have been 
compromised, and the state must make 
financial compensation to the landowner. 

As shown in Table 11.2, abutters are not 
entitled to unlimited access, only to 
reasonable access. The number and loca
tion of access driveways to a particular 
land parcel may be regulated by the high
way authority. Also, the access per
mitted to an abutter may be indirect or 
circuitous; that is, an abutter may be re
quired to travel a longer distance than de
sired to get to his property because of 
one-way streets, median barriers, or 
service roads. In addition, direct access 
to a highway may be denied if the abutter 
still retains reasonable access to the high
way through the local street network. 
Determination of when access limitations 
are "reasonable" has generally been left 
to court interpretation on a case-by-case 
basis. Finally, reasonable restrictions on 
the design and construction of the drive
way itself are appropriate uses of govern
ment regulatory power. 



Table 11.2. Compensatory and Non-Compensatory 
Access Restrictions and Regulations 

Abutter Entitled to Compensation if: 

1. All access to the highway network 
is totally denied; 

2. Access permitted him is insuffi
cient for the "highest and best use" 
of property; 

3. Special injury is incurred to one 
specific property through access 
restrictions; 

4. Highway frontage, if the otherwise 
landlocked property is rebuilt as 
limited access facility; 

5. Highway improvements damage his 
use of property through relocation 
of access points. 

Source: Reference (5) 

Netherton (1 ), in reviewing case law 
dealing with the introduction or upgrading 
of access control on existing facilities, 
found a sharp contrast between the way 
improvements within the traveled way 
were treated as oppposed to the way 
those improvements in the margin were 
treated. 

They indicate that the prohibition of 
turns, designation of one-way streets, and 
rerouting of traffic constitute a legiti
mate exercise of the police power and do 
not constitute compensable damages. For 
example, in the case of Department of 
Public Works and Buildings vs. Maybee, 
Illinois, May 1961, a median was con
structed in an existing roadway in front of 

Abutter Not Entitled to Compensation if: 
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1. Access is circuitous, or regulated 
reasonably; 

2. Access restrictions are sufficient 
for the "highest and best use" of 
property; 

3. No special injury is suffered; 

4. New limited access facility is con
structed on new right-of-way; 

5. Highway improvements require site 
design or parking area changes 
through relocation of access points. 

a service station. ln denying compen
sation, the court followed the theory that 
where the property owner's free and 
direct access to the ~ane of traffic abut
ting his property has not been taken or 
impaired, there is no taking. Once on the 
highway, he is in the same position and 
subject to the same police power as every 
other member of the traveling public. 
However, when the access control 
measures are applied to the margin of the 
traveled-way or the right-of-way (e.g., 
curbs, fences, refusai to permit driveway 
cuts, driveway closures, etc.), or when the 
facility is reconstructed at a wider cross 
section, the use of the police power 
becomes more controversial. 



The access rights of abutters are protec
ted by one general principle: the access 
granted to an abutter must be suitable for 
his property to be developed to its highest 
and best use. For example, the owner of 
a shopping center cannot be restricted to 
a driveway of a size normally considered 
standard for a single residential home 
.because it would not allow him to handle 
the large traffic flow norm ally associated 
with such development. If any land parcel 
is zoned for industrial or commercial 
development, or if there is a significant 
probability that the zoning might soon be 
changed to one of these designations, the 
property owner must be permitted access 
suitable for the type and quantity of traf
fic norm ally expected as a result of such 
development. 

This obviously implies that there should 
be a strong relationship between the 
capacity and design of a highway facility 
and the zoning designation of adjacent 
property. Because these two factors are 
frequently under different jurisdictions, 
however, this relationship is frequently 
unclear or nonexistent. 

An abutter is not entitled to direct access 
to new limited access highways or free
ways. However, if an existing highway is 
redesignated as a limited access way, or 
if a . new limited access road is con
structed on the right-of-way of an exis
ting uncontrolled facility, then the owner 
is entitled to compensation for the loss of 
direct access. Finally, if an abutter has 
access to a highway that is in some way 
deficient or dangerous to the general 
public, that access can be revoked with
out requiring compensation. Additionally, 
if a highway department makes corridor 
improvements and decides to relocate 
existing access driveways as part of the 
improvement program, the abutter must 
pay all costs for laying out his property to 
use the designated access points. These 
two factors provide state highway depart
ments with considerable leverage in 
making improvements to existing high-
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ways where unsafe access patterns cur
rently exist. 

As stated, however, legal interpretations 
in each state can vary. Local legal coun
sel should be involved in the development 
of any particular program. 

BENEFITS OF ACCESS MANAGEMENT 

A well-conceived, comprehensive access 
management program can save lives and 
reduce costs to motorists without resort
ing to large investments of capital funds 
for massive reconstruction. By imple
menting one or a combination of pre
scribed traffic management techniques 
which serve to minimize the adverse 
effects of vehicle conflicts, safety can be 
improved, delays reduced, and major 
capital expenditures postponed or elimin
ated. 
The actions that can be taken to manage 
access fall mainly into four categories: 

• Limiting the number of conflict 
points 

• Separating basic confHct areas 

• Limiting deceleration requirements 

• Removing turning vehicles or queues 
from sections of the through lanes 

Implementation of techniques within 
these categories can have a substantial 
impact on accident and delay reduction. 
Table 11.3 provides an indication of the 
general benefits that can be derived from 
a range of access management actions. 

The benefits or disbenefi ts associated 
with adequate levels of access control can 
be quantified by evaluating user costs, 
accident costs, and costs associated with 
implementing needed hi:lf}way improve
ments. User costs are measurable in 
terms of savings received utilizing high
way or street facilities. Elements of user 



Table 11.3. General Benefits of 
Access Control Management Techniques 

• Two-way left-turn lanes: 35 per
cent reduction in total accidents 
(12, 13). 

• Alternating left-turn lanes: 28 

percent of total accidents; 
turn enter--43 percent of 
accidents; left-turn exit--27 
cent total accidents (15). 

left
total 
per-

percent reduction in total acci- • Delay versus driveway, entrance 
speed (17). 

• 

• 

• 

• 

dents (14). 

Driveway width controls: 0.40 
accidents reduced annually per 
driveway (15). 

Visual cues for driveways: Sus
pended red-yellow flashing beacon 
at a single commercial driveway 
--53 percent reduction in total 
accidents; advance warning sign 
and flashing beacon--24 percent 
reduction in total accidents; and 
driveway illumination- -42 percent 
reduction in total accidents (16). 

Left-turn deceleration lanes: 50 
percent reduction in total acci
dents (8, 9). 

Driveway accident breakdown: 
Right-turn enter--15 percent of 
total accidents; right-turn exit--15 

cost measurement can be made by con
sidering: passenger delay, fuel consump
tion, tire wear, oil consumption, main
tenance costs, accelerated depreciation, 
and air pollution. Costs associated with 
these elements have been estimated at 
$4.50 per hour per vehicle (4). In a 
national Highway Traffic Safety Admini
stration study (7), average accident costs 
were estimated at $2,800 per vehicle. 

As an example, using these figures, it is 
estimated that the installation of a two
way, left-turn lane could reduce accidents 
35 percent and produce a monetary 
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• One-way operations: 25 percent 
reduction in total accidents (6); 25 
percent reduction in delay (10). 

• 
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Parking: 15 percent reduction in 
total accidents by preventing park
ing on the traveled way (IO, 19) . 

savings as a result o! delay reduction of 
approximately $31,000 per year on a road
way with average daily traffic in excess 
of 15,000 vehicles and 30 to 60 driveways 
per mile (4). Specific benefits relative to 
accident reduction and savings in delay 
are further considered in Chapter VII for 
various access control techniques. 

The social and environmental aspects of 
the use of access management techniques 
must also be considered. When roadways 
are widened or relocated to new rights
of-way, dislocation of people and business 
is often the result. Natural features and 



landscaping are sometimes altered to the 
detriment of the community. Many 
acces.s management techniques off er a 
viable alternative to this costly and often 
unpopular reconstruction. 

The following discussion gives several 
examples of the effectiveness of some of 
the techniques. 

Case Study 1 

This case study involved measures taken 
to correct a problem that was occurring 
in the area of an entrance to a major 
shopping mall (1,250,000 square feet). A 
diagram of the location is shown in 
Figures 11.10 and 11.11. In this case the 
problem was caused by vehicles coming 
off the freeway ramp and trying to cross 
two lanes of traffic and make a left turn 
into the shopping mall. Vehicles per
forming this maneuver were stopping at 
the end of the ramp while waiting to get 
across the through lanes. They were also 

blocking the through lanes of Route 123 
when the left-turn lane would fill up as 
was generally the case. 

Due to the speed (45 mph speed limit) and 
high volumes on Route 123, there was 
both a safety and delay problem present. 
The off-ramp was experiencing delay 
from the stopped vehicles, and Route 123 
was experiencing backups over one-half 
mile long during the p.m. peak. 

In order to correct this problem, two ac
tions were taken by the highway depart
ment. The first action was to separat~ 
the left-turning vehicles from through 
vehicles by constructing a channelizing 
island between the left and through lanes. 
A channelizing island was also con
structed between the right through lane 
and the ramp acceleration lane. These 
two islands physically prevented vehicles 
from the off-ramp crossing into the left
turn lane. Figure 11.12 shows the location 
of the islands. Once vehicles from the 

Reproduced from 

Figure 11.1 O. Site Location 
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off-ramp were prevented from entering 
the Jef t-turn Jane, there was a slight 
problem of i11ega1 left turns being made 
from the Jef t through Jane. Increased 
police enforcement in the area was initi
ated to control the iUegaJ turns. 

As can be seen in Figure II.11, there was 
another access to the mall at the next in
tersection. The second action taken by 
the highway department was to realign 
Route 123 at the second intersection to 
provide a dual left turn into the ma11. 
This action provided additional storage 
capacity for left turns at the second in
tersection so there would not be a spi11-
back problem created by the diverted Jef t 
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turns. This new a!.ignment is shown in 
Figure 11.12. 

Case Study 2 

This case study is an example of a traffic 
engineering department's efforts to con
trol the access at a median crossover 
serving an entranceway which serves the 
Arlington Ha11 Army Inte11igence Building. 
A location sketch cf the site is shown in 
Figure 11.13. In a five-year period there 
had been 24 accidents located in the im
mediate area of the median crossover at 
the main gate entrance to Arlington Hall 
(Figure II.14). Twenty-two of these acci
dents were either westbound vehicles 
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involved in a rear-enel collision or west
bound vehicles making left turns into the 
entranceway. The remaining two acci
dents involved left-turn vehicles leaving 
Arlington Hall and colliding with west
bound vehicles. 

Due to the number of accidents occurring 
at this location, the Arlington County 
Traffic Engineering Division decided that 
the median crossover should be closed to 
prevent westbound vehicles from turning 
left into Arlington Hall and also to pre
vent vehicles exiting Arlington Hall from 
making a left turn onto westbound ArHng
ton Boulevard. Therefore, barrels were 
placed in the median to prevent use of the 
crossover. 

In a ten-month period following the place
ment of the barrels, only one accident oc
curred, this being a rear-end collision in 
the westbound direction. Although acci
dents were greatly reduced at this loca
tion, the problem had not been solved. In 
a ten-month period prior to closing the 
crossover, there had been fifteen acci
dents at the intersection of Arlington 
Boulevard and George Mason Drive. In a 
ten-month period after the closing of the 
crossover, the number of accidents at this 
intersection increased to 36. 

In this case, the traffic engineers recog
nized a problem at the Arlington Hall 
entrance that was due to an unrestricted 
median crossover. The severe impacts on 
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the George Mason Drive intersection 
caused by solution for the Arlington Hall 
problem were not anticipated, however. 
This action created a capacity problem at 
the intersection of Arlington Boulevard 
and George Mason Drive. With the 
increase in accidents at the George Mason 
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Drive intersection, this intersection 
became the number one accident location 
in the county. This segment of Arlingotn 
Boulevard was later improved with the 
construction of a grade-separated inter
change at George Mason Drive. 
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CHAPTER Ill. ELEMENTS OF A COMPREHENSIVE PROGRAM 

NEED 

The planning for streets and highways is 
becoming an integral part of the compre
hensive planning process of jurisdictions 
rather than just an adjunct or coordinated 
procedure. As such, it becomes important 
that the continued serviceability of a 
facility be assured through the inclusion 
of an access management program in this 
planning process. 

A major problem that of ten exists in ac
cess management today is lack of coor
dination among the various levels of 
government. It is not unusual for severe 
ambiguities to exist in respective access 
control policies at state, county, and city 
levels. 

Construction and maintenance of most 
major arterials usually involves State fi
nancing in some form. While most states 
retain some control over these roadways, 
it is of ten left to the local jurisdictions to 
regulate access. Local agencies regard 
commercial development as essential to a 
sound tax base, and conflicts between the 
desire to maintain the design capacity of 
the roadway and the need to serve 
business often develops. Ideally, a 
balance needs to be established so that 
funds provided for construction of a road
way network are not eroded, and local 
communities can encourage well-planned 
growth. 

In many instances, governmental roots are 
such that there is of ten resentment by 
local governments to the exercise of con
trols on a state level. Where state funds 
are involved, however, a strong case can 
be made for a legitimate effort to main
tain the integrity of the use of those 
monies. 

The establishment of an access manage
ment program, developed with the co
operation of all affected jurisdictions, is 
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needed as a first step. The content and 
form of this program are critical and 
must recognize the different problems 
associated with developed and undevel
oped areas, and be responsive to the needs 
and problems associated with urban and 
rural environs. The policy cannot be so 
restrictive that it ignores the need for de
velopment, yet it should provide a basis 
for maintaining the quality of traffic flow 
for which the facility was designed. 

The major elements of a viable access 
management program can be described 
under four main categories: 

• Legislation 
• Technical 
• Enforcement 
• Coordination among agencies 

LEGISLATION 

The development and adoption of an ac
cess management policy is the first essen
tial step toward effective access manage
ment. 

This policy establishes the goals of the 
program and defines the mechanisms 
through which these goals will be accom
plished. This policy also serves to unify 
the various agencies within a jurisdiction 
which must be involved and to assign re
sponsibility for implementation. 

Another important aspect of a clearly
defined access policy is the legal basis 
which it may create. Through a realistic 
statement of objectives and goals, access 
management is tied to transportation 
needs and the welfare of the general pub
lic. It also provides for more uniform ap
plication of regulatory measures, thus 
minimizing the argument by many oppo
nents that they are being arbitrarily dis
criminated against. 



If the program is to work, it must be 
developed in such a manner as to be suit
able under a matrix of design conditions 
and traffic characteristics. Techniques 
and regulations suitable to rural areas 
may not be feasible in urban areas, and 
goals may differ between the two. The 
policy must be developed with a common 
objective and described around para
meters such as roadway function, traffic 
characteristics, and physical and loca
tional conditions. To try to impose the 
same guidelines on an urban arterial that 
may be applicable to a high-speed rural 
facility may lead to loss of valuable eco
nomic development, but more often, it 
leads to arbitrary exceptions which, in the 
course of time, serve to destroy the pro
gram. 

Several agencies have adopted policies 
which base access control on the type and 
character of roadway as well as traffic 
conditions. Generally the format of a 
policy will include: 

• 

• 

• 

• 

• 

Authority and purpose for program 
establishment 

Designation of administering autho
rity 

Categorization of roadways to deter
mine extent and application of access 
control 

Procedures for application for access 
to roadways 

Appropriate design guidelines 

As an example of those subjects contained 
in an access management policy, 
Table III.I provides the Table of Contents 
for the State Highway Access Code re
cently adopted by Colorado. This policy 
is presented in its entirety in Appendix B. 
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Roadway Categories 

After establishing the legal basis for the 
program--authority to act, purpose, 
goals--an important step in policy de
velopment is the categorization of all 
roadways in the highway system. By de
veloping categories based on roadway 
character, type and traffic service 
characteristics, access controls can be 
more reasonably applied as the situation 
requires. This provides for greater uni
formity and reduces the number of in
stances where exceptions must be made 
when the controls do net fit the situation. 
The categories may vary to accommodate 
local conditions; however, gen er ally, they 
provide a functional description of the 
roadway and a greater or lesser degree of 
access control as warranted by the road 
function. 

The following describes five typical cate
gories of roadways: 

1. Category One, a freeway with access 
permitted at determined inter
changes. 

2. Category Two, a divided parkway or 
expressway with well-spaced inter
sections and usually frontage roads 
where necessary to limit direct 
access. 

3. Category Three, a medium-to-high 
speed primary or other major arterial 
and includes most major two-lane and 
multi-lane roadways in rural and ur
ban areas . 

4. Category Four, a slower speed ar
terial or secondary highway in a 
developed area where the amount of 
existing adjacent development, exist
ing cross streets and driveways would 
make it very difficult to impose the 
higher standards of Category Three. 
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5. Category Five, major and minor col
lector streets and others not suitable 
for the higher coiltrol categories. 

The primary differences between the five 
access categories is whether direct pri
vate property access is permitted and if 
so where, and the spacing between inter
secting streets and roads and traffic sig
nals. Category One permits only freeway 
interchanges and entrance ramps with 
other public streets and roads and no pri
vate direct access. Category Two is simi
lar to One except that intersections with 
public streets and roads are permitted 
provided they are at least one-half mile 
apart. Private property access is put onto 
frontage roads unless a temporary excep
tion is necessary when no reasonable al
ternative is avail able. 

The majority of non-freeway major ar
terials are in Category Three. In rural 
areas, individual properties will be per
mitted direct access to the highway when 
there is no reasonable access to other 
local roads. Direct access will be kept to 
a minimum. In developed and developing 
areas, a strong effort will be made to di
rect all private access to local streets and 
roads. Cross streets with the highway 
will be limited to one-half mile intervals 
where feasible. This arrangement helps 
maintain the roadway at a higher speed 
limit with greater traffic capacity and 
safety. It significantly reduces the num
ber of traffic signals and congestion. 

Category Four is applied only on roadway 
sections where existing intensive develop
ment, small parcels, and lack of an ade
quate supporting street network requires 
greater frequency of direct access to in
dividual parcels and more frequent cross 
streets. Each abutting parcel is allowed 
direct access to the highway provided it 
can be safely designed. Public street in
tersections are as frequent as one
quarter-mile spacing. 

Category Five is restricted to collect ~ 
streets. The amount of access permitted 

in this category is consistent with col
lector design. 

Examples of typical criteria which could 
be applied to each category are shown in 
the Colorado State Highway Access Code 
presented in Appendix B. 

These categories are established by joint 
consultation of officials from all affected 
jurisdictions and all roadways are assigned 
a relevant category. It is important that 
agreement be reached on assignment of 
particular roadways to each category. 

Access Permit Applicat:ons 

The legislative aspect of a corn prehensi ve 
program also contains the requirements 
and procedures for obtaining a permit 
from State and local officials for access 
to a roadway. The poEcy states the ne
cessity of obtaining a permit, procedures 
and general time frame involved in the 
application, and gives the location(s) 
where such applications may be made. 
Figure III.I provides a graphic view of a 
permit application process. This is pro
vided as an example only. It must be 
altered to suit jurisdictional conditions. 

This process should provide ample oppor
tunity for the reviewer and applicant to 
meet and discuss detai:s of the applica
tion, particularly in cases where provi
sions of the application necessitate de
nial. 

In some areas, the local government as
signs the permit review and issuance pro
cess solely to the State government. In 
these cases, application should be made 
directly to the appropriate State official. 
Copies of action taken should be sent to 
the locality upon completion of review so 
officials will know if a permit was issued 
or denied in their area. Again, as in the 
case where application is made to the 
locality, provision should be made in the 
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APPLICANT APPLIES TO 
LOCAL GOVERNMENT 

LOCAL REVIEW 

APPROVED DENIED 

REVIEWED BY STATE FOR 
CONCURRENCE OR 

NON-CONCURRENCE 

RETURNED TO 
APPLICANT 

(APPEAL THROUGH 
NORMAL LOCAL 

CHANNELS) 

CONCURRENCE NON-CONCURRENCE 

RETURNED TO LOCALITY 
FOR ISSUANCE OF 

PERMIT 

PERMIT ISSUED 

RETURNED TO LOCALITY 
(NO PERMIT TO BE 

ISSUED) 
MAY BE APPEALED TO 

HIGHWAY COMMISSION 

Figure 111.1. Example of Permit Application Process 

23 



policy for meeting with the applicant, 
particularly in those cases which may re
sult in denial. 

Variance 

Most agencies recognize that conditions 
will occur which may place undue hard
ship on an individual if the guidelines of 
an access policy are strictly followed. 
Consequently 1 provisions should be made 
for review of each situation and varia
tions made within prescribed guidelines 
based on the sound application of engi
neering principles and judgment. These 
variations must be carefully applied and 
controlled; however, it is essential that 
the policy has provision for the inevitable 
exception. 

TECHNICAL 

The second major element in a compre
hensive access management program is 
the technical provisions. These are the 
criteria and guidelines which must be es
tablished to control the number, location, 
and design of access points on a roadway. 
Chapter VI discusses the various tech
niques which have proven useful in access 
management, and Appendix A provides 
design guidelines for these techniques. 
Adoption of guidelines is essential if the 
program is to be uniformly and fairly im
plemented. There are two major advan
tages to having complete written guide
lines. First, implementation is more con
sistent and uniform inasmuch as all 
reviewers are following the same criteria 
with less personal bias. Second, the pub
lic is aware of what will be required when 
buying or developing a parcel of land 
and/or submitting application for access. 

ENFORCEMENT 

Enforceability of a program is also a cri
tical consideration during its develop
ment. There must be provisions for moni-

taring adherence to regulations and for 
taking action against violators. The en
forcement process should not be unduly 
expensive or so cumbersome that the re
sponsible agencies become lax. This will 
inevitably lead to the dissolution of the 
program. 

1\11ost access control techniques associated 
with highway operations and design, (un
less they require additional rights-of-way 
or encroach onto private property) can be 
implemented and enforced with police 
powers. An abutter must comply with 
regulations necessary for efficient traffic 
movement. Thus when access is in
directly restricted by median strips, one
way streets, crossovers, curbs, guardrails, 
driveway permits, and parking ordinances, 
the restriction is a consequence of high
way operational control and is a legiti
mate result of police powers needed to 
manage traffic movements. 

Access control techniques having to do 
with driveway location or driveway design 
can be implemented with police power if 
the intent of the technique is merely to 
regulate access. These techniques, how
ever, are more successful if they are 
made general policy. 

Eminent domain is ar.other source of en
forcement authority used by State and 
local governments. Eminent domain em
powers the jurisdictional authority to ap
propriate private property rights when it 
is deemed necessary in the best interests 
of the public at large and is generally 
used to take land for some public purpose. 
It also requires that compensation be 
made to the property owner for the 
damage done or property taken. An 
obvious example of eminent domain is the 
taking of land for the construction of a 
highway, but eminent domain can also be 
used more subtly to allow the "purchase" 
of access rights to an existing roadway. 

Access can be restricted as long as these 
restrictions do not interfere with the 



abutter's use of his property. As soon as 
the restrictions become too strict, the in
dividual's property rights have been 
damaged, and he is entitled to compen
sation. Under eminent domain, access 
regulations can be established that would 
otherwise be considered illegal because 
payment is made to the property owner 
for excessive damage done through those 
regulations. Therefore, where State or 
local governments deem it essential for 
the public welfare that access be restric
ted past the point where the land can be 
developed to its highest and best use, it 
can invoke eminent domain to pay the 
landowners for the damage done by the 
loss of access. 

The disadvantage of eminent domain is 
that the amount of compensation required 
may be quite large. Where access is 
denied an otherwise landlocked parcel, all 
development on the site has effectively 
been prohibited, and the State or local 
jurisdiction, for all practical purposes, 
must buy the land from its owner. For a 
site that might potentially have contained 
a large commercial or industrial develop
ment, this could be prohibitively expen
sive. In addition, excessive use of emi
nent domain would not be acceptable to 
local governments who may wish to en
courage development. 

Policy development should include consid
eration of how its provisions will be en
forced. Will there be enough manpower 
to adequately follow up and inspect con
struction to assure compliance with per
mit requirements? This could be a major 
consideration in whether the process is 
administered at a State or local level. 
Experience has shown that without 
followup to check on compliance, the pro
gram soon collapses. 

COORDINATION AMONG AGENCIES 

Within any jurisdiction there are a number 
of agencies directly or indirectly involved 
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in access management. The recognition 
of the roles played by these agencies and 
coordination to assure consistency in the 
administration and enforcement of access 
management techniques is a requirement 
in the development of a comprehensive 
program. 

The following administrative processes, 
often under several different agencies, 
are usually involved in access manage
ment: 

• Zoning Regulations 
• Subdivision Approval 
• Site Plan Review 
• Issuance of Building Per mi ts 
• Issuance of Occupancy Permits 
• Issuance of Driveway Permits 
• Street Design and Construction 

Zoning 

Many localities have several effective 
access control techniques included in 
their zoning regulations. These regula
tions often reflect support for the drive
way or curb-cut regulations that have 
been established, either by duplicating 
those design requirements or by stating 
requirements for compliance with drive
way permit standards. It is particularly 
important that local zoning codes affirm 
different sets of design standards for dif
ferent types of development;· the estab
lishment of different regulations for dif
ferent land uses is a long-established and 
well-accepted function of zoning regula
tions. 

The following statement from the Zoning 
Ordinance of the City of Chesapeake, 
Virginia, provides a typical illustration: 

Section 4-1.3 Barriers Required, 
Ingress, Egress 

A. Curbs, walls, fences or similar 
devices shall be located along 
the perimeter of parking lots, 
garages, and storage areas, 



except at entrances and exits in
dicated on approved parking 
plans. 

B. Such barriers shall be so de
signed and located to prevent 
parked vehicles from extending 
beyond property lines of parking 
lots and garages and to protect 
public rights-of-way and adjoin
ing properties from damaging ef
fects of surface drainage from 
parking lots. 

C. Parking lots, garages and storage 
areas shall be designed and con
structed so that all maneuvering 
to park and unpark can take 
place entirely within property 
lines of lots, garages and storage 
areas. 

D. The use of streets, sidewalks, 
alleys or other public rights-of
way for parking and maneuvering 
to and from off-street parking 
spaces is prohibited except 
where such maneuvering is 
necessary in the use of drive
ways for access to and from sin
gle-family and two-family dwel
lings in residential or office dis
tricts. 

E. Ingress and egress to parking 
areas shall be limited to drive
way entrances and exits speci
fied in parking area plans as ap
proved by the Department of 
Public Works. 

Of particular importance is the require
ment that all manuevering be done on
site. 

Zoning is also used as an effective tool 
when a developer seeks to change the 
designated use of his property to a use 
which would attract more traffic. While 
rezoning cannot normally be conditioned 
on the provision of public works improve-
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ments, it is quite often denied because of 
the lack of adequate facilities to handle 
the proposed use. 

Building set-back lines and cone-of-vision 
areas are often prescribed in local zoning 
ordinances. 

Subdivision Approval 

The subdivision approval process affords 
authorities the opportunity to control ac
cess to major roads. Techniques included 
in most subdivision regulations provide 
for: 

• Establishing m1rumum building set
back distances from major highways 
or reference right-of-way lines 

• Minimizing connecting points with 
major roadways 

• Requiring internal street systems of 
adequate capacity to serve general
ized traffic 

• Assuring adequate frontage to pro-
vide proper ingress/egress 

Portions of the subdivision statutes for 
the State of Wisconsin are also presented 
in Appendix C as an example of how this 
process is used to manage access. 

Site Plan Review 

Prior to issuance of permits for improve
ments, many jurisdictions require that the 
plan for physical site improvements be 
reviewed by applicable agencies. This 
usually includes those responsible for 
traffic management and gives them the 
chance to regulate access point location 
or design. Modifications can be required 
that reduce or eliminate the adverse im
pact that poorly-desi.gned access could 
have on the roadway. 



Building Permits 

Prior to issuance of a building permit for 
all structures other than one- or two
family dwellings, many localities require 
written certification from the applicable 
agency that the site plan has been re
viewed and approval is granted. As de
scribed in the previous paragraph, site 
plan review includes review of proposed 
access. The building permit proccess, 
therefore, is another means of assuring 
that access has been adequately con
sidered. 

Occupancy Permit 

Many cities require the issuance of a Cer
tificate of Use and Occupancy whenever 
the use of a structure changes. This cer
tificate is granted only after approval of 
various agencies including those respon
sible for traffic management. Access 
control techniques can be required to off
set projected adverse impacts on traffic. 
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Driveway (Curb-Cut) Permits 

The single most-widely used process for 
controlling access to public streets is the 
driveway permit process. Generally, prior 
to construction of any type of access 
point to a public street, a permit giving 
approval to do so must be acquired from 
the governmental agency with responsi
bility for the roadway. Plans must be 
submitted, and general guidelines for geo
metrics and construction followed. While 
potentially a powerful tool for access 
management, the guidelines are often too 
general and lack comprehensiveness. 
Coupled with a lack of consistent imple
mentation, this process seldom provides 
the degree of benefit which it is capable 
of producing. Excerpts from the St. 
Charles, Missouri, ordinance related to 
driveway permits are included as a refer
ence in Appendix D. Wording and drive
way specifications vary with different 
jurisdictions; however, the general intent 
is the same. 





CHAPTER IV. EXISTING PROGRAMS 

RANGE OF CURRENT POLICIES 

At the present time, all states and many 
local jurisdictions throughout the country 
have some type of policy to regulate 
access to the roadways under their re
spective control. The comprehensiveness 
of these policies and the degree to which 
they are applied differ widely however. 

Some· jurisdictions, both state and local, 
feel that each situation is so unique that a 
comprehensive body of law concerning 
access control would be too restrictive. 
Their policies simply state that access to 
the roadway can only be had after obtain
ing a permit from the governing body. 
This permit process and any standards 
prescribed are usually based on "sound 
engineering judgment". Few, if any, 
general conditions or standards are legis
lated, and each situation is reviewed and 
administered according to the individual 
judgment of the reviewing official. 

Other jurisdictions have taken steps to 
classify all roadways and prescribe writ
ten standards for access based upon road
way function and traffic characteristics. 

The majority of states, cities, and coun
ties, however, fall somewhere between 
these two categories. A policy is adopted 
which requires a permit for access to the 
roadway. Provision is made for review 
based on general standards for driveway 
widths, spacing and location with respect 
to an intersection. Very few of these 
standards, however, are based on traffic 
characteristics and roadway function. 

In an attempt to exercise tighter control 
over the location and design of access 
points, some states have devised other 
means of controlling access locations. In 
Oregon, for example, access points have 
been assigned to all land parcels abutting 
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state highways, whether or not any devel
opment has taken place. This guarantees 
that all spacing and design guidelines can 
be safely met, and requires potential 
developers to consider the location of the 
access point as a constraint in site design. 
There also exists a somewhat different 
permit process through which landowners 
can request additional or relocated access 
driveways, subject to the approval of the 
highway commission. 

Many cities across the country such as 
Portsmouth, Virginia, New Orleans, 
Louisiana, and Kansas City, Missouri, use 
the site plan review process to control 
access construction. No building permits 
for commercial construction will be 
issued without approval of the driveways 
by the agencies responsible for traffic 
movement. 

Broward County, Florida, requires a "no 
access easement" to be dedicated along
side all new roads that are submitted for 
approval for plot recordation. Anyone 
wishing access to property abutting this 
roadway must apply to the County for 
approval which will be granted or denied 
based on general standards and appli
cation of good engineering judgment. 

Most local jurisdictions practice some 
form of access control management with
out adoption of a formal policy. Zoning 
ordinances prescribe set-back lines for 
buildings to be constructed adjacent to a 
roadway; they often contain general 
requirements for driveway widths, and 
distances from intersections. Subdivision 
regulations seek to prevent irregular lots 
with inadequate frontage for access, and 
usually limit access points to a major 
roadway. Site plan review, generally 
established by ordinance, often prescribes 
certain conditions relative to geometric 
design, spacing, frequency, and location 
of driveways. 

-Preceding page blank 



The variations in policy comprehensive
ness and implementation in jurisdictions 
around the country stem from many 
factors. It has only been in the relatively 
recent past that the importance of access 
control has begun to be realized by the 
majority of traffic system managers and 
others engaged in the movement of traf
fic. The difficulty in adopting and imple
menting a policy that would work in a 
variety of situations (i.e., urban areas 
versus rural areas) and the lack of ade
quately trained manpower have also con
tributed to the lack of viable programs. 

Adoption of comprehensive policies has 
also been hampered by interjurisdictional 
disagreement. Many cities feel that the 
regulations sought by state agencies are 
too restrictive; that they would be detri
mental to the commercial or industrial 
development essential to their economy. 
They feel that they need greater flexi
bility to deal with unusual situations. The 
states, however, feel that they have a 
heavy monetary investment in the con
struction and maintenance of many streets 
within the cities and that they have a 
right and an obligation to the public to 
see that these investments are protected. 

Experience in many cities and states, and 
discussions with the authorities in various 
agencies indicate that even where a writ
ten policy exists, there is often a wide 
variation in the way it is actually admin
istered. The policies are usually so gen
eral that the entire approval process is 
left up to the "good engineering judg
ment" of local representatives to make 
whatever adjustments or recommenda
tions they feel are most appropriate for 
the particular situation. This often leads 
to different levels of access control even 
within the same jurisdiction and provides 
a strong case for opponents who claim the 
policies are discriminatory and arbitrary. 

Another major problem, particularly at 
the state level, is the lack of adequately 
trained manpower to administer and 

30 

enforce access management provisions. 
Consequently, there is often little on-site 
inspection or followuf to determine level 
of compliance. 

Examples of existing programs that are 
being used in selected areas are described 
in the following. 

WISCONSIN 

The State of Wisconsin has recognized the 
need for access management as a major 
ingredient of highway planning. "The 
State Highway Planning Program does not 
end with the production and adoption of a 
functional system plan. Such a plan is of 
little value unless refined and converted 
into working tools assuring its implement
ation. Making the functional system plan 
an integral part of the on-going highway 
development process is. therefore, essen
tial to plan implementation."(!) 

Several significant actions relating to 
that objective have been or are being 
taken by the State Highway Commission. 
Among these are: 

The development of access type and 
spacing criteria and highway design 
standards related to route function, 
level of service and traffic volume. 

Essentially, the Wisconsin program pro
vides for development of function al clas
sification of the highway system and 
relates this to facility type. Utilizing 
these classifications, type of access con
trol and spacing of access points is then 
prescribed within the plan. Figure IV. I 
shows the relationship of functional high
way classifications and facility types. 

A concept basic to the development of 
the State Highway Plan has been that the 
level of service to be provided for each· 
facility should be commensurate with the 
function of the facility. In other words, 
the concept assumes that the longer the. 



trips or the more active the centers to be 
served by a facility, the higher should be 
the level of service provided; i.e., prin
cipal arterials should provide higher levels 
of service than primary arteials, primary 
arterials higher than standard, and so on 
down the functional ladder. 

FUNCTIONAL FACILITY 
HIGHWAY TYPES 
SYSTEMS 

PRINCIPAL 
ARTERIAL 

FREEWAY 
PRIMARY 
ARTERIAL 

EXPRESSWAY 

STANDARD 
I 

ARTERIAL 
EXPRESSWAY 

MINOR II 

ARTERIAL 
TWO LANE - - - - ARTERIAL 

HIGH 
COLLECTOR 

LOW 
COLLECTOR 

- - - -
LAND ACCESS LOCAL 

SOURCE: State H,g~way Commission of Wisconsin. 

Figure IV.1. Relationship of Functional 
Highway Classification Systems 

and Facil!ty Types 

For simplicity, the State Highway Plan 
relates level of service to average operat
ing speed, though a more precise defini
tion would include such other factors as 
traffic interruptions, freedom to man
euver, safety, driving comfort and con
venience, and operating costs. 

Several geometric design features plus 
the traffic volume of a highway facility 
combine to produce an actual level of 
service for that facility. Thus, only when 
these features meet or exceed certain 
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criteria for the particular traffic volume 
and route function, can the highway de
signer be assured that his product will 
produce the desired level of service. The 
features most critical to level of service 
are those relating to points of access, to 
widths and types of roadway, surface, and 
to geometrics of grade and curvature. 

Thus, to assure that highway improve
ments would be so designed as to imple
ment the level of service objectives of 
the State Highway Plan, it was necessary 
to produce highway function-related 
criteria, or standards, for access type and 
spacing, and for geometric design stand
ards. 

Past practice in state highway design in 
Wisconsin had been to select pertinent 
geometric standards based essentially 
only on traffic volume variations, 
although topography and traffic composi
tion had been considerations. Thus, the 
levels of service to be provided were 
generally commensurate with the volume 
of traffic regardless of the function of 
the route. Such a practice of ten resulted 
in overdesign of facilities of lower f unc
tion and . underdesign of facilities of 
higher function. It also, of course, re
sulted in a variable level of service on any 
route as the traffic volume fluctuates. 

Recognition of the importance of func
tional systems and their dependency upon 
design characteristics led to the incorpor
ation of route function in Wisconsin's 
latest highway design standards. These 
standards limit the number of design clas
ses which may apply to any one functional 
system, while allowing such variance in 
geometric characteristics within a parti
cular functional classification as may 
accommodate different traffic volume 
ranges without appreciable change in the 
level of service. These standards repre
sent an important step in the process. 

A comparable set of criteria for the type 
and spacing of points of access were 



Table IV.1. Guidelines f_£>_r ~ccess Type and Minimum Spacing for Suburban Areas 

Intersecting 
Highway 

Standard Arterial 

Design 
Year ADT 

20,000-30,000 
l 0,000-20,000 
3,500-10,000 

< 3,500 

Minor Arterial 5,000-25,000 
< 5,000 

High-Type Collector > 2,500 
< 2,500 

Low-Type Collector > 2,500 
< 2,500 

Local > 2,500 
< 2,500 

Private All Volumes 

Legend: 

Minimum Access Spacing 
A: 5 miles 
B: 2 miles 
C: 1 mile 
D: 2,000 feet 
E: 1,000 feet 
F: 500 feet 
G: 300 feet 

Access Type 

0: No Access 
l: Interchange 
2: At-Grade 

Source: Adopted from Reference 1. 
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Table IV.2. Guidelines for Access Type and Minimum Spacing for Rural Areas 

Intersecting 
Highway 

Standard Arterial 

Minor Arterial 

High- Type Collector 

Low-Type Collector 

Local 

Private 

Legend: 

Design 
Year ADT 

5,000-10,000 
3,000-5,000 
1,000-3,000 

< 1,000 

1,000-5,000 
< 1,000 

> 500 
< 500 

> 500 
< 500 

> 500 
< 500 

> 500 
< 500 

Minimum Access Spacing 
A: 5 miles 
B: 2 miles 
C: 1 mile 
D: 2,000 feet 
E: 1,000 feet 
F: 500 feet 
G: 300 feet 

Access Type 
0: No Access 
1: Interchange 
2: At-Grade 

Source: Adopted from Reference 1. 
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developed. These criteria relate both to 
route function and traffic volume. 
Understandably, the frequency of allow
able access decreases as the function and 
traffic volume increase. Similarly, the 
type of access (at-grade intersection, 
interchange, or closure or separation) 
varies with the function and traffic 
volume but in this case the function and 
traffic volume of both facilities must be 
considered. Table IV .1 and Table IV .2 
were developed as guidelines for rural and 
suburban areas. 

PENNSYLVANIA 

The Pennsylvania Department of Trans-

acter of the roadway which it accesses." 
Driveways are separated into four cate
gories, based on the amount of traffic 
they are expected to serve. A description 
of each classification and typical ex
amples of land uses normally associated 
with each follows: 

• Minimum-use driveway. A driveway 
normally used by not more than 25 
vehicles per day, such as: 

(A) Single-family dwellings, duplex 
houses 

(B) Apartments with five units or 
less 

portation has issued regulations stating • Low-volume driveway. A driveway 
normally used by more than 25 vehi
cles per day but less than 750 vehi
cles per day, such as: 

that " ... no driveway, local road, or drain-
age facility or structure shall be con
structed or altered within State highway 
right-of-way and no drainage facility of 
the Department shall be altered or con
nected onto without first obtaining a 
permit from the Department ... 11(2) The 
Regulations define a complete program 
including legislative authority, proce
dures, driveway requirements and design 
guidelines, and enforcement information. • 
Figure IV .2 provides a composite of the 
table of contents of this document to 
illustrate its comprehensiveness. 

In Pennsylvania, all encroachments onto 
state highways are required to be ap
proved by the State Highway Department. 
The Regulations provide, however, that 
those localities who wish may review ap
plications before they go to the State and 
provide comments and recommendations. 
The Regulations state that " ... The De-
partment will consider any comments or • 
recommendations resulting from this re
view prior to approving the access per-
mit ... " 

Location and design requirements are 
based primarily on " ... the amount and 
type of traffic that it (the driveway) is 
expected to serve and the type and char-
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(A) Off ice buildings 

(B) Elementary and junior high 
schools 

(C) Car washes 

Medium-volume driveway. A drive
way normally used by more than 750 
vehicles but not less than 1,500 vehi
cles per day, which does not normally 
require traffic signalization, such as: 

(A) Motels 

(B) Fast food restaurants 

(C) Service stations and small shop-
ping centers or plazas 

High-volume driveway. A driveway 
normally used by more than 1,500 
vehicles per day, which often re
quires traffic signalization, such as: 

(A) Large shopping centers 

(B) Multi-building apartments or of
fice complexes 
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Standards are then provided by the De
partment for location, width, grade, sight 
distance, and other design parameters 
based on the classification of driveway 
and the speed of roadway and type of 
traffic. Figure IV.3 provides an example 
of the design criteria provided which must 
be adhered to in access design. 

The major problem facing Pennsylvania 
and a concern of many jurisdictions is the 
Jack of manpower to carry out the pro
gram. Lack of adequately trained tech
nicians at both the State and JocaJ levels 
precludes adequate administration and en
forcement of the access management pro
gram. This is a very common problem 
throughout all jurisdictions and one which 
can only be solved through reaJlocation of 
resources as the importance of access 
management is recognized. 
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RO.-A·0WAY 

TWO WAY ENTli!ANCE WITH MEDIAN DIVIDEII. 

COLORADO 

The State of Colorado has developed a 
comprehensive statewide plan which pre
scribes access control based on classifi
cation of the roadway according to func
tion and traffic characteristics. 

A copy of this access code is included in 
Appendix B. The import ant element to be 
stressed in this plan is not necessarily the 
individual provisions, but the coordination 
and involvement of all jurisdictions. 
Without acceptance and commitment 
from everyone involved, access manage
ment programs have little chance for 
success. 

w 
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Figure IV.3. Design Criteria Example 
from Pennsylvania Department 

of Transportation 
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CHAPTER V. RETROFIT PROGRAM 

The problems of applying access control 
to a developed arterial pose one of the 
greatest challenges to the traffic mana
ger today. Many studies have documented 
the damaging effects that access points 
have on the quality of traffic flow pro
vided by a roadway. The official respon
sible 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. 

To introduce a program of access control 
on an existing roadway, however, is of ten 
very difficult. There could be technical 
problems in highly developed areas which 
make some access techniques physically 
impossible to implement. Social and poli
tical pressures will develop from those 
that feel that their access is being unduly 
restricted. There will be many situations 
that require compadng the cost of eco
nomic hardship to an individual to the 
benefits accruing to the general public. 

Discussions in Chapter II concerning legal, 
social and political aspects of access 
management are particularly relevant in 
retrofit situations and should be 
thoroughly understood by those respon
sible for implementing an access control 
program for retrofit projects. 

TECHNIQUES APPLICABLE 
TO RETROFIT PROGRAMS 

There are a variety of techniques that can 
be used in retrofitting an existing road
way with stricter access control. The 
majority of these fall into four basic 
categories: 

• Driveways 
• Medians 
• Frontage roads 
• Miscellaneous 
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Driveways 

Location of driveways is critical if they 
are not to interfere with the safety and 
operations of the street and sidewalk. 

It is important to locate driveways away 
from major intersections. This constraint 
is as much for the ability to enter and 
leave the property as for the benefit of 
intersection safety and operations. 
Exiting a driveway during peak-hour con
ditions at traffic signals is difficult where 
the queue of standing or slow-moving ve
hicles never allows a sufficient gap for 
entry into the highway. Many jurisdic
tions place a 10- to 50-foot limit between 
the edge of the near driveway to curb re
turn radius at the corner. This distance 
will allow the driver to properly align 
himself in a traffic lane before entering 
the intersection. It also eliminates un
usual crossing angles through the pedes
trian crosswalk area. It should be noted 
that left turns from driveways within 100 
to 200 feet of a major intersection should 
be prohibited either by sign or by a center 
median. Visibility of the movement for 
vehicles making left turns from the cross 
street is poor within this area. Anothe.r 
locational constraint is to place driveways 
either at median openings or 150 feet or 
more from the nearest opening. 

Driveway width and turning radius affect 
the speed at which vehicles enter or exit. 
The probability of vehicles entering and 
exiting simultaneously also makes it im
portant that adequate width be provided 
to avoid blockage. For commercial drive
ways, many jurisdictions require a mini
mum width of 20 and 30 feet for one-way 
and two-way driveways. Maximum widths 
are usually between 30 and 40 feet at the 
property line, and 50 feet at the curb; 
however, these should relate to a variety 
of operational characteristics as is dis
cussed in Chapter VII. 

- - - - - ---- -- -
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The number of driveways and spacing be
tween them are important design ele
ments. This desired spacing is based on 
several factors including function of main 
roadway, speeds of through traffic, and 
entering and exiting driveway traffic. 
Traffic simulation studies by Stover et al. 
(l) indicated that spacing of access points 
at distances greater than 1.5 times the 
distance needed for the entering vehicle 
to accelerate to the speed of the through 
traffic stream increases the absorption 
characteristics of the traffic stream and 
decreases delay to entering vehicles. 
Table V.l indicates recommendations 
based on separate research efforts for 
minimizing conflicts caused by driveway 
spacing.( 1) 

While these represent desirable spacings, 
it is often not possible to provide such 
generous spacing in actual practice, par
ticularly when trying to adapt an access 
control program to an existing situation. 

Many jurisdictions limit the amount of 
frontage utilized for driveways to 60 per
cent; others limit entrances to one every 
75 or 100 feet. What is important is 
limiting the access points to those that 
are essential for full realization of land 
use potential and maximum roadway ef
ficiency. Minimum guidelines for spacing 
include requiring at least 24 feet between 
ends of driveway curb radii and 12 feet 
between end of radii and property line. 
These dimensions should be used along 
with applicable driveway design stan
dards. 

Essential to the control of driveway ac
cess 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, dis
approve, and assure compliance with 
stated specifications. The importance of 
maintaining adequate levels of service re
quires that the curb cut program receive 
high priority. 
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Table V.1. Minimum Spacing of 
Driveways and Other Unsignalized 

Access Points to Alleviate Overlapping 
Right-Turn Conflict Areas for Adjacent 

Access Points on Urban Arterials 

Minim um Spacing 
Arterial Glennon 

Speed et a1.(a) Stover(b) 

35 mph 150 feet 100 feet 

40 mph 185 feet 180 feet 

45 mph 230 feet 310 feet 

(a) Measured near curb to near curb 
based on: 8.5 f ps2 deceleration 
for vehicle in right-hand through 
traffic lane, 2.1 fps2 accelera
tion from 0 mph start for 30 mph 
arterial speed and 1.7 fps2 accle
r a tion of all higher arterial 
speeds. Source: Ref. 2. 

(b) Measured center to center of 
driveway based on: vehicle in 
right-hand lane through traffic 
lane cannot change lanes and 
decelerates 15 mph below arter
ial speed, vehicie exiting drive
way accelerates from 0 mph to 
arterial speed -- 15 mph at an 
average acceleration of 3.1 fps 2• 

Source: Ref. 3. 

Design guidelines concerning driveway 
location, spacing, number and geo
metric considerations are discussed in 
Chapter VII. 

Medians 

Left turns entering and exiting drive
ways account for the majority of total 
driveway accidents and a substantial 
amount of delay. 

Box ( 4), in his studies in Skokie, Illinois, 
found that 70 percent of driveway acci-



dents occurred from left-turning ve
hicles to or from a driveway. Medians, 
therefore, can be an effective way of 
eliminating this left turn 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 of
ficial recognizes that accidents and de
lays will be reduced if the median is in
stalled. The roadside business with no 
direct opening opposite his entrance 
feels that he will suffer financially. In 
many situations, both are right. In one 
research effort, a study was conducted 
in three cities to measure the economic 
impact of medial access control. These 
results are quoted as follows: 

"These studies of three Texas cities 
attempt to answer two questions about 
customer traffic: first, the extent to 
which a median would restrict it and, 
second, the influence that the change 
would have on the sales of the business 
concerned. 

The assumption that losses in left-turn 
customer traffic are offset by inqeases 
in right-turn traffic was not completely 
borne out. Customer turns appear to be 
inversely related to city size and traf
fic volume. In the two smaller cities, 
there was an increase in right-turn cus
tomer traffic after the median was 
built. In San Antonio, however, where 
traffic volume and speeds were high, 
there was a reduction in right turns. In 
the three cities as a whole, the reduc
tion in total customer traffic averaged 
about 10% after the median was instal
led. 

The analysis of turning movements in 
San Antonio indicated a 59% reduction 
in the left-turn and U-turn movements 
and a 23% reduction in the right-turn 
movements into businesses in the after 
period. Businessmen along the route 
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felt that the increased traffic speed 
made it more hazardous to make right 
turns into businesses. They believed 
the motorist feared a rear-end accident 
when slowing down to make a right
turn; consequently, he passed by, rather 
than risk an accident. 

Regardless of the reasons for the 
change, medial access control clearly 
has an influence on customer traffic. 
Superficially, this seems of over
whelming importance to the commer
cial sector. But further analysis indi
cates that the total volume of traffic is 
not of paramount importance to the 
abutting operations; rather it is the 
economic composition of the customer 
traffic. A comparison was made to re
late changes in individual business 
volumes to changes in left-turn ingress 
traffic. When all firms that lost sales 
were grouped together, their aggregate 
loss in left-turn traffic was 49%. Those 
that gained in sales lost only 26% of 
their left-turn traffic. 

This shows some relationship between 
the losses in left turns and losses in 
business volumes. This relationship is 
not strong enough, however, to allow 
accurate predictions of the influence of 
a restriction in left-turn traffic on an 
individual firm's sales volume. Many 
additional factors such as management, 
general location, extent of competition, 
etc., are equally important in deter
mining this effect. 

For analysis of the overall sales volume 
effect of the median installation, the 
businesses were divided into two 
groups, traffic-serving and nontraffic
serving. The traffic-serving group was 
mainly service stations, motels, and 
restaurants. Table V.2 shows that both 
the traffic- and nontraffic-serving 
firms in the study areas generally had a 
decline in sales in the after period 
while comparable control areas showed 
a modest increase in sales. 



Table V.2. Sales Volume Comparison 

Sales Volume 
Before After 
Median Median 

Pleasanton 

A. Traffic-Serving 
Businesses 
1. Study Group 100 95.8 
2. Control Group 100 100. 8 

B. Nontraffic-Serving 
Businesses 
1. Study Group 100 82.4 
2. Control Group 100 104.3 

San Antonio 

A. Traffic-Serving 
Businesses 
1. Study Group 100 76.4 
2. Control Group 100 102.0 

B. Nontraffic-Serving 
Businesses 
1. Study Group 100 103.4 
2. Control Group 

From an economic standpoint, the stim
ulus to new growth was perhaps the 
most significant effect of the median 
program. The program created attrac
tive and desirable commercial sites in 
each of the three areas. The desir
ability of these sites was demonstrated 
by the rapid influx of new businesses 
after the construction period. Some 
business Jost by older firms may have 
been absorbed by the new firms. 

The construction process itself pro
duced the most severe shock to the 
economic system of the community. 
This effect was most severe in Bay
town, the middle-sized city, where 
some businesses were completely iso
lated from traffic for varying lengths 

of time. The effect was Jess severe in 
Pleasanton, the smallest city, where 
local customers had few alternatives 
for shopping. In San Antonio, the 
largest city, the effect was Jess uni
form. Certain kinds of firms, such as 
service stations, were severely 
affected, but their losses were off set 
by gains in the nontraffic-serving busi
nesses. After the construction was 
completed, total business volume began 
to rapidJy recover. After a fuJJ year 
with the median, total business volume 
was above the pre-construction level in 
both San Antonio and Baytown. Some 
of this gain was due to the establish
ment of new businesses along the 
facility, and many older firms were stilJ 
below their base volumes. In general, 
the businesses operating in older, Jess 
modern, less well-kept buildings were 
not able to regain their lost sales 
volumes. More modern firms with 
vigorous, progressive management most 
often increased their sa.ies. 

In another analysis shown in Table V .3, 
the sales of firms witb. median openings 
were compared with the sales of firms 
without median openings. In the aggre
gate, 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 
with and without median openings, 
strongly supports the contention that 
"individual management or manage
ment's reaction to changing conditions 
exerts a much stronger influence on 
sales than does specific location in re
lation to median openings." 
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A technique that has worked well in 
many situations, particularly existing, 
developed areas, has been the two-way 
Jef t-turn Jane in lieu of a median. This 
technique provides many of the benefits 
of shadowing left-turning vehicles while 
providing access. It is not applicable in 



Table V.3. Effect of Median Openings 
on Sales Volume 

Sales Volume 

Before 
Median 

Firms at Median Opening 

1. Traffic-Serving 
Businesses 100 

2. Non traffic-Ser vi ng 
Businesses 100 

3. Total 100 

Firms Not at Median Opening 

1. Traffic Serving 
Businesses 100 

2. Nontraff ic-Ser ving 
Businesses 100 

3. Total 100 

After 
Median 

99 

68 

89 

56 

100 

94 

all situations, however, and the war
rants and effectiveness evaluations des
cribed in Chapter VI and Chapter VIII 
should be thoroughly considered. 

In the upgrading of a roadway from two 
to four or more lanes, the introduction 
of some type of median control should 
al ways be considered in the interests of 
safety and preservation of design ca
pacity. 

In the installation of a new, raised 
median or the analysis of effectiveness 
of an existing one, the median openings 
require special attention. Cha_pter VII 
provides guidelines for the spacing and 
design of median openings. 

Frontage or Ser vice Roads 

In situations involving high-volume, 
high-speed arterials, it is often feasible 
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to consider the construction of frontage 
roads in a retrofit program. This is an 
expensive technique and of ten time
consuming when right-of-way has to be 
purchased. 

Frontage roads allow the jurisdiction 
complete control of access to the ar
terial and provide for loading and 
parking which might otherwise have to 
be accepted on portions of the arterial. 

There are several general design con
siderations which will affect safe, ef
ficient frontage road use: 

• 

• 

• 

• 

• 

A separation of at least 150 feet will 
allow the frontage road to operate 
reasonably well at the cross streets. 
Outer separations of less than this 
require special treatment. 

Frontage roads which can be ter
minated each block operate well with 
respect to the arterial and its cross 
streets. This type of design should be 
considered if continuity of the fron
tage road is not a requirement. 

One-way, rather than two-way fron
tage roads should be used, if possible. 

A m1mmum 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 streets/ arterials should 
be maximized due to complex and 
confusing movements. 

• Pedestrian and bicycle movements 
should utilize the frontage roads, as 
should on-street parking needs. 

Miscellaneous 

In the miscellaneous category of tech
niques which are applicable to retro
fitting are actions such as signalization 
of high-volume driveways, inst~lla~ion 
of one;;,way operation, channelization, 



speed control, and pro hi bi tion of move
ments. 

The retrofitting process should be con
tinuous. Access control techniques, just 
as other traffic management actions, may 
become obsolete as conditions change. 
Warrants and measures of effectiveness 
described in Chapter VI and Chapter VII 
should be used as criteria to evaluate the 
applicability of existing access control 
measures to current conditions. This 
should be done whenever accident rates 
begin to show an increase, but, as a 
minimum, every five years. A typical 
sequence may be the evolution of a road
way from a situation where no separate 
provisions are made for Jef t turns, to a 
two-way Jef t-turn Jane, to a raised 
median with protected left-turn bays. 
Each would be warranted under different 
conditions of left turns and through move
ment volumes. At some point, chan
nelized driveways may have to be upgrad
ed with signalization as volumes increase. 
The function of a roadway may change 
from collector to arterial due to traffic 
re-routing or land use changes. This 
would require analysis of all access
associated conflicts to determine the 
degree of upgrading necessary for the new 
conditions. 

IMPLEMENTATION 

The application of access control tech
niques t<;> 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 which 
defines access control in terms of pub
lic weJf are and transportion safety and 
efficiency. Zoning regulations, sub
di vision requirements, site plan review, 
and the process for obtaining building 
permits, curb cut permits, and occu
pancy permits should all be reviewed 
and coordinated to project the same 
objectives relative to access control. 

The need for a comprehensive, balanced 
program, as defined in Chapter III, is 
essential for successful retrofit pro
grams. 

A well-documented engineering study 
complete with economic evaluation 
should be conducted. This study should 
outline objectives of improvements, de
fine and quantify specific problems (ac
cidents, delays), and develop alterna
tive solutions to reduce the impact of 
these problems. Alternatives should be 
realisticaJJy evaluated and, where bene
fits dearly outweigh all costs, proposed 
for implementation. 

Throughout this entire 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 to 
instaU a median, dose excess driveways 
or reduce their width is often very neg
ative. A fuU 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 im
pacts inasmuch as they are the ones 
who stand to gain the most. 
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Politically, a retrofit program may be 
very difficult for e!ected officials to 
support due to the real and imagined 
impacts on affected businesses. It is 
very import ant to de cum ent these in
dividual impacts as well as those ac
cruing to the general public. The alter
native 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 f uJJ 
documentation and adequate reasons if 
they are going to be asked to do some-



thing that may be construed as being 
detrimental to a segment of their con
stituency. 

The legal problems associated with imple
mentation were discussed in Chapter II; 
however, it is important that local legal 

counsel be involved from the very begin
ning. Legal interpretations regarding 
marginal access changes have been varied 
and need to be reviewed from the stand
point of local precedent. 
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CHAPTER VI. TECHNIQUES FOR ACCESS MANAGEMENT 

ACCESS MANAGEMENT TECHNIQUES 

Following adoption of a comprehensive 
policy, the next step in the development 
of an access control program is the iden
tification 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 associ
ated with driveways. 

A traffic conflict is defined as an event 
involving two vehicles where evasive 
acticn is required by one or both drivers 
to avoid collision. This corrective action 
can involve acceleraticn, deceleration, 
path correction, or any combination of 
the three. The severity of the conflict 
depends on the degree of the evasive 

action r_equired.(l) 

An example of potential conflict points at 
a typical four-way intersection is shown 
in Figure VI.l. 

24 CONFLICT 
POINTS 

Figure Vl.1. Conflict Points at a 
Typical Four-Way Intersection 

These conflicts can be substantially 
reduced through the application of various 
access management techniques. An 
example of how this can be achieved is 
illustrated in Figure VI.2 where only right 
turns in and right turns out are permitted 
at a driveway location. 

4 CONFLICT 
POINTS 

Figure Vl.2. Driveway Intersection 
With Restricted Access 

Under high-volume conditions, such a 
design can serve to enhance the safe and 
efficient operation at a particular loca
tion. 

Four major functional objectives essential 
to the goal of minimizing the frequency 
and severity of traffic conflicts associ
ated with driveways are identified as fol
lows: 

• 
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Limit the number of conflict points: 
These techniques directly reduce the 
frequency of either basic conflicts or 
encroachment conflicts, or reduce 

-- ----- ----
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the area of conflict at some or all 
driveways on the highway by limiting 
or preventing- certain kinds of maneu
vers. 

• 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. 

• Reduce deceleration reguirern ents: 
These techniques reduce the severity 
of conflicts by increasing driveway 

turni ngspeeds ,bydecreasi ngthrough 
highway speeds, or by increasing 
driver perception time. 

• Remove turning vehicles from the 
through lanes: These techniques 
directly reduce both the frequency 
and severity of conflicts by providing 
separate paths and storage areas for 
turning vehicles. 

Using these functionai objectives as a 
guide, 66 alternative actions or tech
niques have been identified. These tech
niques are listed in Table VI. l where they 
are categorized by functional objectives. 

A discussion of each of these techniques 
is provided in Appendix A of this docu
ment. 
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Table Vl.1. Access Management Techniques 

CATEGORY A 

LIMIT NUMBER OF CONFLICT POINTS 

A.I: Install median barrier with no di
rect left-turn access 

A-2: Install raised median divider with 
left-turn deceleration lanes 

A-3: Install one-way operations on the 
highway 

A-4: Install traffic signal at high
volume driveways 

A-5: Channelize median openings to 
prevent left-turn ingress and/or 
egress maneuvers 

A-6: Widen right through lane to limit 
right-turn encroachment onto the 
adjacent lane to the left 

A-7: Install channelizing islands to pre
vent left-turn deceleration lane 
vehicles from returning to the 
through lanes 

A-8: Install physical barrier to prevent 
uncontrolled access along property 
frontages 

A-9: Install medial channelization to 
control the merge of left-turn 
egress vehicles 

A-10: Offset opposing driveways 
A-11: Locate driveway opposite a three

leg intersection or driveway and 

install traffic signals where war
ranted 

A-12: Install two one-way driveways in 
lieu of one two-way driveway 

A-13: Install two two-way driveways 
with hmi ted turns in lieu of one 
standard two-way driveway 

A-14: Install two one-way driveways in 
lieu of two two-way driveways 

A-15: Install two two-way driveways 
with limited turns in lieu of two 
standard two-way driveways 

A-16: Install driveway channelizing island 
to prevent left-turn maneuvers 

A-17: Install driveway channelizing island 
to prevent driveway encroachment 
conflicts 

A-18: Install channelizing island to pre
vent right-turn deceleration lane 
vehicles from returning to the 
through lanes 

A-19: Install channelizing island to con
trol the merge area of right-turn 
egress vehicles 

A-20: Regulate the maximum width of 
driveways 

CATEGORYB 

B-1: 

B-2: 

B-3: 

B-4: 

B-;: 

B-6: 

B-7: 

SEPARATE BASIC CONFLICT AREAS 

Regulate minimum spacing of 
driveways 
Regulate minimum corner clear
ance 
Regulate minimum property dear
ance 
Optimize driveway spacing in the 
permit authorization stage 
Regulate maximum number of 
driveways per property frontage 
Consolidate access for adjacent 
properties 
Require highway damages for extra 

B-8: 
B-9: 
B-10: 

B-11: 

P,..12: 

driveways 
Buy abutting properties 
Deny access to small frontage 
Consolidate existing access when
ever separate parcels are assem
bled under one purpose, plan, 
entity, or usage 
Designate the number of driveways 
regardless of future subdivision of 
that property 
Require access on collector street 
(when available) in lieu of addi
tional driveway on highway 

Source: Adapted from Reference 1. 

C-1: 

C-2: 

C-3: 
C-4: 
C-5: 
C-6: 

C-7: 

D-1: 
D-2: 
D-3: 
D-4: 

D-5: 

D-6: 

D-7: 

D-8: 

D-9: 
D-10: 
D-11: 
D-12: 

CATEGORY C 

LIMIT DECELERATION REQUIREMENTS 

Install traffic signals to slow high
way speeds and meter traffic for 
larger gaps 
Restrict parking on the roadway 
next to driveways to increase 
driveway turning speeds 
Install visual cues of the driveway 
Improve driveway sight distance 
Regulate minimum sight distance 
Optimize sight distance in the per
mit authorization stage 
Increase the effective approach 
width of the driveway (horizontal 
geometrics) 

C-8: 

C-9: 
C-10: 

C-11: 
C-12: 

C-13: 

C-14: 

Improve the vertical geometrics of 
the driveway 
Require driveway paving 
Regulate driveway construction 
(performance bond) and mainte
nance 
Install right-turn acceleration lane 
Install channelizing islands to pre
vent driveway vehicles from back
ing onto the highway 
Install channelizing islands to move 
ingress merge point laterally away 
from the highway 
Move sidewalk-driveway crossing 
laterally away from highway 

CATEGORYD 

REMOVE TURNING VEHICLES 
FROM THE THROUGH LANES 

Install two-way left-turn lane 
Install continuous left-turn lane 
Install alternating left-turn lane 
Install isolated median and decel
eration lane· to shadow and store 
left-turning vehicles 
Install left-turn deceleration lane 
in lieu of right-angle crossover 
Install medial storage for left-turn 
egress vehicles 
Increase storage capacity of exist
ing left-turn decelera!lon lane 
Increase the turning speed of 
r ight-anglc median crossovers by 
increasing the effective approach 
width 
Install continuous right-turn lane 
Construct a local service road 
Construct a bypass road 
Reroute through traffic 

D-13: Install supplementary one-way 
right-turn driveways to divided 
highway (noncapacity warrant) 

D-14: Install supplementary access on 
collector street when available 
(noncapacity warrant) 

D-1.5: Install additional driveway when 
total driveway demand exceeds 
capacity 

D-16: Install right-turn deceleration lane 
D-17: Install additional exit lane on 

driveway 
D- 18: Encourage connections between 

adjacent properties (even when 
each has highway access) 

D-19: Require two-way driveway opera
tion where internal circulation is 
not available 

D-20: Require adequate internal design 
and circulation plan 
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CHAPTER VII. DESIGN GUIDELINES 

The design elements involved in the appli
cation of access management techniques 
are those concerned primarily with the 
following: 

• Operational Controls 

• Geometric Design Criteria 

• Physical Site Parameters 

This chapter discusses each of these ele
ments and provides general design guide
lines for consideration in the use of appli
cable techniques. Specific design criteria 
are provided in Appendix A along with a 
discussion of each technique. 

Of particular importance, however, is the 
fact that these criteria are only guide
lines, they do not constitute design stand
ards which must be blindly accepted. De
sign elements for any particular situation 
must be arrived at by considering the op
erational requirements of the users as 
well as the physical site parameters. Fig
ure VIII.l indicates the factors which 
must be considered in developing an ap
propriate design. 

DESIGN VEHICLE 

The physical characteristics of vehicles 
and the proportion of different sized ve
hicles in the traffic stream are important 
and positive controls in the design of ac
cess management techniques. It is there
fore necessary to examine all vehicle 
types and establish a representative-sized 
vehicle that needs to be accommodated. 
Two general classes of vehicles are typi
cally used - - the passenger vehicle and 
trucks. In the design of any access man
agement techniques, the iargest design 
vehicle likely to be encountered with con
siderable frequency must be taken into 
account to determine the design of the 
critical elements. 
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Vehicle Performance 

Acceleration and deceleration rates of 
vehicles are often critical parameters in 
determining access management design. 

OPERATIONAL CONTROLS AND CRITERIA 

Design Vehicle Dimensions 
Vehicle Deceleration Rate 
Vehicle Acceleration Rate 
Driver Perception-Reaction Time 
Speed Differentia! Between Vehicles 
Vehicle Turning Path and Speed 

LEADS TO 

GEOMETRIC DESIGN REQUIREMENTS 

Lane Widths 
Median Dimensions 
Deceleration Lane Lengths 
Acceleration Lane Lengths 
Driveway Spacing 
Driveway Dimensions 
Channelizing Island Dimensions 

WHICH MAY BE CONSTRAINED BY 

SITE PARAMETERS 

Available Right-of-Woy for Widening 
Median Width 
Frontage Width 
Setback to Buildings and Parking Areas 
Driveway Spacing 
Corner Clearance 
Mojor Intersection Spacing 
Spacing of Median Openings 
Other 

FIGURE VII.I. STt:.PS IN DEVELOPING 
DESIGN CRITERIA 

Source: Adapted from Reference 1. 



These rates of ten govern the dimensioning 
of such design features as acceleration 
and deceleration lanes, driveway dimen
sions, and sight distances. 

With the passenger car, relatively rapid 
accelerations and decelerations are pos
sible. Because of this, the passenger car 
seldom controls design, and it is often 
necessary to consider the performance 
characteristics of the other types of ve
hicles that are expected to be encounter
ed. 

Minimum Turning Paths 

Most design elements affecting access 
control must consider the required area 
needed by different types of vehicles to 
complete their turning maneuvers. The 
principal dimensions affecting design are 
the minimum turning radius, the wheel
base, and the path of the inner rear tire. 
Table VII. I gives the minimum turning 
radii of selected design vehicles. These 
are also illustrated in Figure VU.2. 

The P-design vehicle will satisfy the re
quirements for all passenger car vehicles. 
The SU-design vehicle requirements are 
suitable for all single-unit trucks and 
smaller buses. However, on most facil
ities serving truck traffic or larger buses, 
the design vehicle for semi-trailer combi
nations must be considered. Of the three 
truck tractor semi-trailer combinations, 
the WB-50 is the most critical for design 
purposes. 

GEOMETRIC DESIGN REQUIREMENTS 

Geometric design deals with the visible 
dimensions of a roadway and involves 
those elements which have a direct bear
ing on driver behavior and traffic per
formance. Thus, its main purpose is to 
provide for the safe, efficient, and con
sistent movement of traffic. For this 
reason, geometric design has a very 
important role in the design of access 
management techniques. 
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TABLE VII.I. MINIMUM TURNING 
RADII OF DESIGN VEHICLES 

Minimum 
Design Min. Inside Turning 
Vehicle Radius Radius 

Type Symbol (Feet) (Feet) 

Passen- p 15.3 24 
ger Car 

Single-
Unit SU 28.4 42 
Truck 

Single-
Unit BUS 23.1 42 
Bus 

Semi-
trailer WB-40 19.9 40 
Inter-
mediate 

Semi-
trailer 
combi- WB-50 19.8 45 
nation 
large 

Semi-
trailer 
Full- WB-60 22.5 45 
trailer 
combination 

Lane Widths 

No feature of a highway has a greater in
fluence on the safety and comfort of driv
ing than the width of lanes that are used. 
In most urban areas, 10 foot to 13-foot 
lane widths are generally used with a 
12-foot lane being the most predominant, 
especially on roadways having operating 
speedsgreaterthan40 mph. On roadways 
having operating speeds less than 40 mph, 
reduced lane widths are commonly used, 
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especially where right-of-way and exist
ing development become stringent con
trols. An 11-foot lane width is adequate 
for through lanes and 10-foot lanes are 
typicaUy used for turn lanes. These lane 
widths, however, must be used with judg
ment. If heavy truck traffic is antici
pated, an additional 1-foot of width is 
desirable. Also, where unequal width 
lanes are used, it is desirable to locate 
the wider lane on the outside adjacent to 
the curb for the larger vehicles that typi
cally occupy that lane. 

Medians 

A median is defined as that portion of a 
divided highway separating traffic that is 
traveling in opposing directions. In terms 
of access control, they are used primarily 
to control left turns, U-turns, and cross
ing movements at designated locations. 

There are basicaUy two types of medians 
used in access control; raised medians and 
flush (painted) medians. Raise·d medians 
are usuaUy classified into one of three 
groups: narrow barrier medians of from 2 
to 8 feet, which are used to prohibit left 
turns and crossovers; medians with turn 
bays of from 12 to 20 feet wide, which 
are used to provide exclusive left-turn 
lanes; and, wide medians, used to shadow 
vehicles crossing the arterial and also to 
provide double left-turn lanes at major 
intersections. 

Painted medians are also classified into 
three groups: those which prohibit mid
block crossings and provide for intersec
tion turns only; those which have left
turn bays to allow access to specific 
driveways and cross streets; and those 
which provide for continuous two-way 
left turns. 

Major elements involved in median design 
for access control include width, spacing 
of openings, and the geometrics of median 
noses at openings. The following is a dis
cussion of each of these elements. 
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Median Widths - - 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 mini
mum of 2 feet for the "narrow barrier" 
median up to approximately 80 feet which 
approaches two independently-designed 
roadways. 

In access control, one of the most impor
tant 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 loca
tions is a median width of 14 feet which 
provides for a 10-foot turning lane and a 
4-foot median separator. 

On urban arterials with numerous drive
ways on each side of the street, it is 
sometimes desirable to provide for a 
two-way, left-turn 1ane which enables 
left turns to be made from the median 
from both directions, With this concept, 
a median width of 12 feet to 14 feet is 
desirable. 

In some instances, a vehicle moving from 
a driveway or side street has difficulty in 
finding an acceptable gap in the major 
street traffic to cross two streams of 
traffic. In such cases, it may be desirable 
to provide a median as a shield for a ve
hicle waiting in the median opening for a 
break in traffic, This typically requires a 
median of approximately 24 feet in width. 

To accommodate vehicles making U-turns 
at median openings, the width of a median 
becomes a key design element. One 
requirement for a satisfactory design for 
a U-turn is that the width of the highway, 
including the median, be sufficient to per
mit the turn to be made without en
croachment beyond the outer edge of the 
roadway. Figure VII.3 gives the minimum 



designs for median width for various de
sign vehicles. 

p 

TYPE OF MANEUVER 

M - Mir,, widlh of median - feel 
for design vehicle 

WB-40 SU BUS WB-50 

Length of design vehicle 
19' 50' :30' 40' 55'55' 

Inner 
-- -,=.,....::i..- 12' I Lane 

10 -~(iif&I 32 60 64 68 70 70 
lnr,er 
Lane :.J ---------,-----=-=-~--=---
Inner 
Lane 

lo 20 48 52 56 ~-\J' 
Ouler 
Larie 

-
24 

FIGURE Vll.3. MEDIAN 
DESIGNS FOR U-TURNS 

A passenger vehicle requires a minimum 
width of 20 feet to turn from the inner 
lane to the outer lane of a two-lane op
posing movement. Similarly, a WB-50 
requires a 58-foot median. 

Median End Treatments -- The form of 
treatment given to the end of a median 
adjacent to lanes of opposing traffic 
depends largely on the available width. In 
nearly all cases of raised medians, the 
median end is curbed to delineate the lane 
edge and to provide space for signs, 
markers, and lighting standards. For 
4-foot-wide sections, the shape of the 
nose is usually semicircular as is shown in 
Figure Vll.4. 

SEMI-CIRCULAR 

~ 

MEDIAN WIDTH 
W = 2R 

FIGURE Vll.4 

c:P 
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For median ends wider than 4 feet, a bul
let-nose design as shown in Figure VII.5 is 
used to conform better with the paths of 
the turning vehicles. 

BULLET NOSE 

~ 

,MEDIAN ~ _ 
w ... 

FIGURE VII.5 

The bullet nose is formed by two sym
metrical portions of control radius arcs 
that closely fit the path of the inner rear 
wheel of the selected design vehicle. The 
advantage is that the driver of the left
turning vehicle has a better guide for the 
maneuver and the need for encroachment 
is minimized. 

Length of 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 roadway 
pavement, but in no case less than 
40 feet. Where the crossroad is a 
divided highway, the length of the 
opening should be at least equal to the 
width of the crossroad roadway plus 
that of the median width plus 8 feet. 
The 40-foot minimum length of opening 
does not apply to openings for U-turns 
as discussed ear lier. 

Spacing between median openings is 
provided in Table VII.2. In all cases 
openings should not be provided where 
safety to vehicular traffic will be sacri
ficed. 

Figure Vll.6shows minimum median open
ing designs based on a control radius of 
40 feet and 75 feet for a 90-degree inter
section. The control radius is made tan
gent to the upper median edge and to the 



Passenger Design Vehicle Semi-Tractor Trailer Desi n Vehicle 
Median Oeening ~Feed Median Oeening Feet 

Median Bulletnose Se m ic i rcu la r Median Bulletnose Semicircular 
Width Median Median Width Mediar. Median 

4'* 76' 76' 4'* 122' 146' 
6' 60' 74' 6' 115' 144' 
8' 53' 72' 8' 1 I 0' 142' 

10' 47' 70' 10' 105' 140' 
12' 43' 68' 12' 100' 138' 
14' 40' min 66' 14' 96' 136' 
16' 40' min 64' 16' 92' 134' 
20' 40' min 60' 20' 85' 130' 
24' 40' min 56' 24' 78' 126' 
32' 40' min 48' 32' 67' 118' 

Control Radius of 40' Control Radius of 7 51 

* Bulletnose should be modified to accomodate turning radius. 

FIGURE VII.6. MINIMUM MEDIAN OPENINGS 
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centerline of the undivided crossroad, 
thereby locating the semicircular median 
end or forming a portion of a bullet nose 
end. The resulting length of median open
ing varies with the width of median as 
shown in the accompanying tables. 

TABLE VII.2. MEDIAN OPENING SPACING 

Running 
Speed 
(mph) 

30 

40 

45 

50 

55 

All Speeds: 

Source: 

Auxiliary Lanes 

Minimum Spacing Between 
Median Openings (feet) 

250 

300 

350 

425 

500 

Plus 25 feet for 
each car to be 
stored in the trun 
lane at maximum 
queue length. 

Openings provided at all 
arterials, all collectors, 
and some local streets. 

Ref. (4) 

The primary purpose of auxiliary lanes is 
to provide storage for turning vehicles, 
both left and right. A secondary purpose 
is to provide space for turning vehicles to 
decelerate from the normal speed of traf
fic to a safe speed for the turns or for 
stopping. Additionally, auxiliary lanes 
may be provided for loading or unloading 
passengers from buses or from passenger 
cars. Another type of auxiliary lane is 
the acceleration lane. These lanes are 
typically used at intersections with no 
signal control where it may be desirable 
to provide an area for vehicles turning 
right or left onto a major street from a 
cross street to accelerate to a speed 
which allows them to merge safely with 
the through traffic. 

Auxiliary lanes should be at least l O feet 
wide and preferably 12 feet wide. Desir
ably, the lane width should be in addition 

to that of the gutter pan. The length of 
auxiliary lanes for turning vehicles typi
cally consists of three components: 
(1) deceleration length, (2) storage length, 
and (3) taper. The total length of the 
auxiliary lane should be the sum of the 
length for these components. Common 
practice, however, is to accept a moder
ate amount of deceleration within the 
through lanes and to consider the taper as 
part of the deceleration length. 

Some important design criteria to be con
sidered with auxiliary lanes are discussed 
in the following. 

Left- Turn Lanes -- The use of storage 
lanes for left turns or U-turns is ex
tremely important in urban areas where 
capacity and safety are problems. Along 
arterials, as few as 20 to 50 left turns per 
hour can seriously disrupt flow in through 
lanes if an exclusive lane is not provided. 

The storage length of an exclusive left
turn lane is a critical design element. 
Inadequate length presents a safety prob
lem in that vehicles queuing in the lane 
will eventually back into the through traf
fic lanes. Also, utilization of the turn 
lane will be impaired if this occurs, as 
vehicles desiring to move into the turn 
lane will be unable to do so and must wait 
for the through lane to move ahead. Also, 
through lane capacity is reduced when 
turning vehicles have backed into the 
through lane and are not moving. 

There are several techniques used to 
determine necessary storage length. 
Some cities have established "minimum" 
lengths for lanes with low turn volumes. 
Typical minimum lengths are 100 or 
150 feet. Other jurisdictions have used 
concepts from capacity charts and nomo
graphs to set the storage length. Still 
others have used a "rule of thumb" from 
the AASHTO Red Book which suggests 
that by using 1.5 or 2.0 times the number 
of vehicles which arrive at a uniform rate 
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during the peak period, a good estimate of 
the volume to be stored is obtained. 

The important factors which determine 
the length needed are: 

• The design year volume for the 
peak hour 

• An estimate for the number of 
cycles per hour if the location is 
signalized 

• The type of signal phasing and 
timing which will control the 
left-turn movement 

The designer can use the following guides 
in setting the storage length of a turn 
lane: 

• Assume each vehicle to be 
stored uses 25 feet of length. 

• Use a minimum storage length of 
l 00 feet if the number of left 
turns per hour (design peak hour) 
is 60 or less. 

• For signalized locations use the 
following formulation: 

L = (K) (V) (25) 
(N) 

where: 

L = design length for left-turn 
storage, in feet 

K = constant, generally a value 
of 2.0 is used 

V = estimated left-turn volume 
during design peak hour, in ve
hicles per hour 

N = number of cycles per hour, 
in design peak hour 

• If a double (side by side) left
tum bay is installed, assume that 
a length of 0.6 x L will be suffi
cient. However, double left 

turns normalJy must be given a 
left-turn signal phase to operate 
properly. 

• For calculated lengths of L 
equals 300 feet or greater, or for 
left-turn volumes exceeding 300 
vehicles per hour, it is desirable 
to consider the use of other 
techniques such as double left
turn lanes. 

• In order to reduce the total 
length of queues formed in the 
left-turn lane, it is a desirable 
practice to allow "permissive" 
turns to be made following "pro
tected" turn phases. Permissive 
turns are made when gaps in op
posing traf fie occur and can in
crease the capacity of a turn 
lane by from 20 to 50 percent. 

Right-Turn Lanes -- The required length 
for a right-turn lane is calculated in the 
same manner as described for left-turn 
lanes. Signal timing1 pedestrian activity, 
and vehicle arrival patterns are the most 
important aspects for consideration when 
designing the length, Normally, a mini
mum storage length of 100 feet should be 
provided. Width of a right-turn lane is 
usually set at 10 to 11 feet, with the 
10-foot dimension being quite adequate 
unless large trucks and buses are using the 
lane. An important factor in establishing 
a right-turn lane is the location of bus 
stops. It may be necessary, for example, 
to relocate a nearside stop to midblock or 
to the farside if a right-turn lane is intro
duced. 

Tapers for Left-Turn Lanes -- In order to 
develop the width needed for exclusive 
turn lanes, a transition must be effected. 
This transition, or taper, allows a driver 
to recognize that an exclusive lane is 
being developed and also allows some de
celeration to occur prior to entering the 
storage lane itself. There are two view
points on how a taper should be designed. 
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By using a short taper, the presence of an 
exclusive turn lane is more pronounced 
and drivers are less likely to "stray" into 
the lane by mistake. Also, a shorter taper 
allows for a longer, full-width storage 
area. The second viewpoint argues that 
longer tapers are more desirable from an 
aesthetic standpoint and also that a driver 
is able to use the area for deceleration, 
thus increasing safety in the through lane. 

Because capacity considerations are be
coming more critical in most urban areas, 
current practice appears to be moving to
ward the use of shorter tapers and corres
pondingly longer lengths for full-width 
storage lanes. Thus, the following general 
guides are presented: 

A minimum taper length of 60 feet 
should be used. 

For typical urban arterials, a taper of 
90 feet is adequate. 

For high-speed arterials (40 to 50 
miles per hour), the taper should be 
increased to 150 feet if possible. 

There are many ways to shape the taper 
area, and the AASHTO Red Book illus
trates a straight-line taper, a partial tan
gent taper, and tapers based on symmet
rical and asymmetrical reverse curves. 

Tapers for Adding or Dropping Lanes -
When a right-turn lane is added to the 
roadway, the taper used can be rather 
short. In general, a 10:1 taper will be 
aesthetically and operationally adequate, 
and may be of any design including a 
straight line. When a lane is dropped, 
usually on the far side of a major inter
section, the taper used must be gradual so 
that drivers have the opportunity to 
merge safely into the adjacent lane. 
Taper rates of 30:1 or 40:1 are usually 
adequate, with the flatter taper being 
used for higher speed roadways. A 30: 1 
taper means that a 12-foot lane can be 

dropped in 360 feet and that ~fter 180 
feet a vehicle will begin to encroach on 
the adjacent lane. Adequate warning 
signs must accompany any lane drop 
situation, regardless of the adequacy of 
the taper design. 

Tapers for Redirecting Lanes -- When a 
left-turn storage lane is designed along an 
arterial which has no median or only a 
narrow median, it is necessary to move 
the through lanes laterally to attain the 
necessary width at the intersection. For 
speeds up to 40 miles per hour, a taper of 
25: 1 or 30: l should be used. For speeds in 
excess of 40 miles per hour, a 40:1 taper 
works well. When speeds are quite low 
(20 to 25 miles per hour), the designer 
may : _vert to tapers of 15:l or 20:1 if 
space problems exist. Figure VII.7 illus
trates design guidelines for various tapers 
used for urban conditions. The AASHTO 
Blue Book contains a complete discussion 
of recommended values for acceleration 
and deceleration lanes for rural condi
tions, some of which may be applicable to 
high-type design, high-speed urban road
ways. 

Channelization 

Channelization is the separation or regu
lation of conflicting traffic movements 
into definite paths of travel by means of 
traffic islands or pavement markings to 
facilitate the safe and orderly movement 
of both vehicles and pedestrians. Proper 
channelization increases capacity, im
proves safety, provides maximum conven
ience 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 opera
tions. 

Design of channelization usually involves 
the following significant controls: the 
type of design vehicle, the cross sections 
on the cross streets, the expected vol-
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umes in relation to capacity that are ex
pected to use the intersection, the num
ber 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. 

60 

Design Principles -- The following prin
ciples 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 con
fronted with more than one deci
sion at a time. 

2. Unnatural paths, such as reverse 
curvature, or a left-turn maneu
ver requiring an initial turn to 
the right, should be considered 
only under special situations. 

3. Area of vehicle conflict should 
be reduced as much as possible. 
However, merging and weaving 
areas should be as long as condi
tions permit. Channelization 
should be used to keep vehicles 
within well-defined paths that 
minimize the area of conflict. 

4. Traffic streams that cross with
out merging and weaving should 
intersect at or near right angles. 

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. Refuse 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 shouid be established as 
a part of the design of a chan
nelized intersection. 



10. Channelization may be desir
able to separate the various 
traffic movements where mul
tiple-phase signals are used. 

Islands -- An island is a defined area be
tween 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 partic
ular intersection layout. Islands should be 
located and designed to offer little hazard 
to motor vehicles, be relatively inexpen
sive 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 con
ditions 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 im
mediately obvious, easy to follow, and of 
unquestionable continuity. When design
ing an island, attention should be given to 
the fact that the driver's eye view is dif
ferent from a plan view. Particular care 
must be taken where the channelization is 
on or beyond a crest vertical curve, how
ever 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 move
ments to nearly right angles. The outline 
of islands should be easy flowing curved 
lines or straight lines nearly paralled 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 an unusable area 
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in the normal vehicle path. Islands first 
approached by traffic should be indicated 
by a gradually widening marking or a con
spicuously roughened strip that directs 
traffic to one side in a path easily tra
versed at the likely 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 7 5 square feet 
and preferably 100 square feet. Accord
ingly, triangular islands should be not less 
than about 12 feet, and pref er ably 15 
feet, on the side after rounding of cor
ners. Elongated or divisional islands 
should be not less than 4 feet wide and 20 
to 25 feet long. 

Islands should be highly visible at all 
times. For most conditions, delineation 
by mountable curbs is preferable to bar
rier curbs. On streets in congested areas, 
where vehicular speeds are low, steep
faced island curbs 6 to 8 inches in height 
are appropriate for protection of pedes
trians, signal and lighting standards, signs, 
etc. Raised islands are sometimes diff i
cult to see at night because of the glare 
from oncoming headlights or from distant 
luminaires or roadside businesses. Ac
cordingly, where raised islands are used, 
the intersection should have fixed-source 
lighting. Island shapes, sizes, delineation, 
offset, etc., are discussed further and 
illustrated in P_art V of the Manual on 
Uniform Traffic Control Devices. 

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 desir
able 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 off set at 
least 2 feet, and preferably 4 feet, from 
the normal (median) edge of pavement. 
The median island should then be grad
ually 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 pave
ment edge of a turning roadway. 

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 lane or a grad
ually widening auxiliary pavement, it may 
be desirable to offset the nose of large 
islands 2 to 4 feet outside the edge of 
shoulder. In heavily-developed areas, an 
offset as small as 1-foot may be appro
priate for barrier curbs where the ap
proach nose of the island is offset and 
tapered, particularly where pedestrian 
traffic is a factor. 

Driveways 

The speed at which vehicles can safely 
and effectively negotiate turning maneu
vers at driveways is governed by several 
design parameters: driveway width, re
turn radius, lateral offset, approach 
angle, approach flare, and usable drive
way length. Figure VII.8 shows the vari
ous design components that typically need 
to be considered. 

Table VII.3 illustrates the relationship be
tween turning maneuvers and design ele
ments for various vehicular turning 
speeds. These combinations of design ele
ments can be utilized to develop safe and 
efficient driveway designs. A more de
tailed description of how these design ele
ments were developed can be found in 
Ref ere nee (1 ). 

Vertical Geometrics -- Adequate design 
of driveway grades should reflect con
cideration for basic functions of the high
way and the site which the driveway 
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Driveway 
Width Property Line 

Unused Driveway Pavement 

Approach Width ___j 

L • Driveway Length 
r • Curb Return Radius, ft 
a•• Driveway Alignment Angle, degrees 
~ • Lateral Offset Distance, ft 

FIGURE VII.8. DRIVEWAY 
DESIGN ELEMENTS 

Source: Reference (l) 

serves. Generally, in order to safely per
form ingress/egress maneuvers, driveway 
profiles should provide for sufficient 
clearance between the vehicle and drive
way surface. Figure VII.9 illustrates an 
acceptable driveway profile. 

The shoulder slope ;jSually varies from 
1/2"/foot (4 percent) to 3/4 11 /foot 
(6 percent). However, the shoulder 
slope should be maintained for the full 
width when constructing the driveway. 

For grade changes greater than those 
shown, vertical curves at least 20 feet 
long should be constructed and length "A" 
should be increased. Grades (G2) shall be 
limited to 15 percent for minimum-use 
driveways and from 5 percent to 8 per
cent for low-, medium- or high-volume 
driveways within the right-of-way. 
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FOR A 90 DEGREE DRIVEWAY ANGLE- Ol 

Turning Spttd = 6.6 mph Driveway Length = 33 feet 

Driveway Drivewa~ Return Radius (feet) (r) 
Offset 

(feet)(6) _Q_ _1._ JO 15 20 25 

0 23 20 17 14 

2 24 20 17 14 

4 24 21 17 14 

6 21 18 I 5 14 

8 19 16 14 

10 17 17 14 

Turning Speed = 10 mph Driveway Length = 51 feet 

Driveway Drivewa~ Return Radius (feet) (r) 
Offset 

(feet) (6) 0 5 10 15 20 25 - - - - - -
0 23 20 16 

2 24 21 18 14 

4 23 20 17 14 

6 -- 25 21 18 15 14 

8 25 22 19 16 14 

10 23 20 17 15 14 

Turning Speed = 15 mph Driveway Length= 74 feet 

Driveway Drivewa:,, Return Radius (feet) (r) 
Offset 

(fe_et) ( 6) 10 15 20 25 lQ. ~ 40 

0 23 20 17 

2 24 20 17 14 

4 24 21 17 14 

6 -- 25 21 18 15 14 

8 25 22 19 16 14 

10 23 20 17 15 14 

FOR A 30 DEGREE DRIVEWAY ANGLE- O' 

Turning Speed= 2, mph Driveway Length = I 1' feet 

Driveway Drivewa:,, Return Radius Ueet) (r) 
Offset 

(feet) (6) _Q_ _1._ ....!Q_ 11. .lQ_ 25 30 ~ 40 

0 23 23 22 21 20 20 19 19 18 

2 20 20 19 19 18 18 17 17 17 

4 17 16 16 16 1, 15 15 14 

6 15 15 14 

8 14 

10 14 

Turning Speed = 30 mph Driveway Length= 172 feet 

Driveway Drivewa:,, Return Radius (feet) (r) 
Offset 

<teet) (6) 0 10 20 lQ. 40 

0 

2 25 24 

4 23 23 22 21 20 

6 20 20 19 18 17 

8 18 18 17 16 16 

JO 16 16 15 15 14 
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FOR A 4.5 DEGREE DRIVEWAY ANGLE-a 

Turning Speed = 20 mph Driveway Length= 73 feet 

Driveway Drivewa:i: Return Radius (feet) (r) 
Offset 

(feet) ( 6) 0 .5 10 Jl. 20 2.5 .1Q. 3.5 40 
0 24 23 22 21 20 18 
2 2.5 24 23 21 20 19 18 17 16 
4 21 20 19 18 17 16 1.5 15 14 
6 18 17 17 16 15 14 
8 16 15 1.5 14 

10 1.5 14 

Turning Speed = 25 mph Driveway Length = 121 feet 

Driveway Drivewa:i: Return Radius (feet) (r) 
Offset 

(f~t) (6) 0 .2._ 10 1.5 20 2.5 30 35 .!!Q_ 
4 2.5 
6 2.5 24 23 22 21 
8 2.5 24 23 22 21 21 20 19 

10 23 22 22 22 20 19 19 18 17 

FOR A 60 DEGREE DRIVEWAY ANGLE - a 

Turning Speed = 1.5 mph Driveway Length = 74 feet 

Driveway Drivewa:i: Return Radius (feet) (r) 
Offset 

(feet) (6) 0 .5 ..!.Q_ Jl. 20 11_ 30 3.5 

0 2.5 23 21 19 17 1.5 14 

2 24 22 20 18 17 1.5 14 

4 20 18 17 16 14 

6 18 16 15 14 
g 16 1.5 14 

10 14 

Turning Speed = 20 mph Driveway Length = 137 feet 

Driveway Drivewa:i: Return Radius (feet) (r) 
Oft set 

(feet) (6) 0 .5 ...!Q_ 1.5 20 2.5 30 3.5 40 

2 -- 24 

4 -- 25 23 22 20 

6 2.5 23 22 20 19 18 

g 2.5 24 22 21 20 18 17 16 

10 24 23 22 20 19 18 16 1.5 14 



Be;w, drio,e.,oy at 
ttie edoe ol 
pavemenl\ 

! PAVEMENT \ 

SHOULDER 

Length A 
10' Min. (MUW111m u,e) 

40°Min. (Law, Medium, 11:14!:h) 

Recommended Grade Changes (D) 

ADT Desirable Maximum 

Low Volume Driveway (0-500) +6 percent Controlled by 
Vehicle Clearance 

Medium Volume Driveway (500-1500) .:!:_3 percent ~6 percent 

High Volume Driveway () 1500) 0 percent +3 Percent 

FIGURE VII.9. VERTICAL 
GEOMETRICS FOR DRIVEWAYS 

Frontage Roads 

Frontage roads are access control meas
ures that have numerous functions, de
pending on the kind of arterial highway 
they serve and the character of the sur
rounding commercial area. They segre
gate 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 prop
erty. Thus, the through character of the 
highway is preserved and is unaffected by 
subsequent development of the roadside. 
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The frontage-road system can add tre
mendous flexibility to the operation of a 
highway when utilized as an auxiliary fa
cility. A continuous frontage-road sys
tem provides ma,ximum 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 re-



suit of the elimination of marginal stream 
friction. Some tradeoffs are realized by 
increasing the frequency of conflicts and 
delay by indirect routing for some maneu
vers. 

Design -- Key factors which should be 
considered in frontage road design are the 
following: 

• A separation of at least 150 feet 
will allow the frontage road to 
operate reasonably well at the 
cross streets. Separations of 
less than this require special 
treatment. 

• Frontage roads which can be 
terminated each block operate 
well with respect to the arterial 
and its cross streets. This type 
of design should be considered if 
through continuity of the front
age road is not a requirement. 

• One-way rather than two-way 
frontage roads should be used to 
enhance operations and safety. 

• A minimum outer separation of 
8 feet should be used, for pedes
trian refuge, safe placement of 
traffic control devices, and for 
lpndscaping. 

• 

• 

Visibility at intersections of 
frontage roads/cross streets/ 
arterials should be maximized 
due to complex and confusing 
movements. 

Pedestrian and bicycle move
ments should utilize the front
age road, as should on-street 
parking needs. 
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• Connections between the ar
terial and frontage road are an 
important element of design. 
Slip ramps or simple openings in 
a narrow outer separation gen
erally work reasonably well. 

• For frontage roads of a local 
service character, it is neces
sary to provide only for pass-
ing an occasional parked 
vehicle. For one-way, low-
speed, low-volume operation, 
the minimum width can be 
approximately 28 feet. For 
two-way operation, an addi
tional parking lane is generally 
desirable which requires a 
minimum width of 36 feet. 

Sight Distance 

At minor intersections and driveways 
along an arterial street, greater than min
imum stopping sight distance should be 
available along the arterial because of the 
time -required by vehicles, particularly 
trucks, to cross the arterial from a "stop" 
position. This sight distance should be 
sufficient to avoid the hazard of collision 
between a vehicle starting from the 
"stop" position to cross the highway and a 
vehicle on the through highway operating 
at the design speed and appearing after 
the crossing movement has begun. 

Table VII.4 summarizes the required sight 
distance along an arterial for a vehicle 
waiting to cross the arterial. The width 
of the median is not accounted for in this 
table and may be ignored if the median is 
narrow; however, where the width of the 
median is 20 feet or more for a passenger 
vehicle or 40 feet or more for a truck, the 
required sight distance can be computed 
on a 2-stop crossing. 



TABLE Vll.4. REOUIRED SIGHT_DISTANCE ALONG ARTERIAL 
STREETS FOR A VEHICLE STOPPED ON THE 

CROSS ROAD TO CROSS THE ARTERIAL 

Sight distance DR and DL 
Design vehicle 

crossing arterial 
in feet per 10 mph of arterial 

design speed, for arterial width of: 

2 Lanes 4 Lanes 6 Lanes 

p 

SU 

WB-50 

DL = SAFE SIGHT DISTANCE 

TO THE LEFT 

100 

130 

170 

120 

150 

200 

DR'" SAFE SIGHT DISTANCE 

TO THE RIGHT 
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CHAPTER VIII. EVALUATION OF TECHNIQUES 

In the consideration of alternative ac
tions, it is necessary that a common basis 
of evaluation be developed. The following 
sections provide criteria for evaluating 
access management techniques in three 
areas: 

• Engineering Feasibility 

• Operational Effectiveness 

• Economic Viability 

ENGINEERING EVALUATION 

Evaluation from an engineering standpoint 
considers the geometric design and opera
tional requirements for implementation of 
a technique. With a complete set of de
sign and operational requirements avail
able, the highway agency can determine if 
a particular technique can be physically 
implemented at a particular site. If the 
site meets the geometric requirements 
for the technique, the technique is tech
nically feasible for that location. If the 
geometric requirements are not met, the 
technique is infeasible and should be 
abandoned in favor of some other alterna
tive. 

Operational controls and criteria deal pri
marily with vehicle, driver, and traffic 
characteristics. These characteristics 
determine the geometric requirements of 
physical control implementation. These 
are available from many sources and 
design manuals which describe character
istics for various vehicle classifications 
and situations. References l and 2 pro
vide information regarding characteristics 
used in developing access control tech
nique designs shown in Chapter VII and 
Appendix A of this text. 

Physical restrictions to implementation 
appear as longitudinal or transverse con
straints. Major longitudinal constraints 
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include insufficient property frontage 
widths, driveway spacings, corner clear
ances, major intersection spacings, and 
median opening spacings. Major trans
verse constraints include insufficient 
right-of-way width, median width, or set
backs ( to buildings or parking areas). 

Table VIII.l illustrates the range of pos
sible major physical constraints that could 
affect implementation of the techniques 
described in Chapter VI. These are 
general considerations to be used in 
selecting alternatives. Each technique 
selected as an alternative solution must 
be evaluated on the basis of physical con
ditions actually existing along the road
way when it is to be implemented. 

OPERATIONAL EFFECTIVENESS EVAL
UATION 

Operational conditions on a roadway can 
be defined by measures of effectiveness 
(MOE's) such as travel time, interruptions, 
freedom to maneuver, operating costs, 
safety, and comfort and convenience. 
The operational benefit of alternative 
access management measures can thus be 
compared if their individual impact on 
these MOE's is known. In an effort to es
tablish this relationship, a study was con
ducted of the impact of various access 
management techniques on accidents and 
delay (1). 

The information in this study was 
developed using several site specific para
meters: 

• Level of development (number of 
commercial driveways per mile) 

• 
• 

Highway traffic volume 

Driveway traffic volume 

Preceding page blank 



Possible Maior Physical Constraints to Implementation 
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TABLE VIII.! GENERAL ENGINEERING FEASIBILITY OF TECHNIQUES 
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To simplify the evaluation, these para
meters were each categorized as low, 
medium or high, based on the values 
shown in Table VIII.2. 

The results of this study are summarized 
in Table Vlll.3 which provide an indication 
of the annual reduction in accidents or 
hours of delay which can be expected if a 
particular technique is implemented. 

The combinations of site parameters used 
in quantifying and classifying the effec
tiveness measures are: (1) highway 
volume and level of development; (2) 
highway volume and driveway volume; or 
(3) highway volume alone. Each of these 
parameters are designated in the tables as 
high, medium, or low as previously de
fined. As the tables are constituted, 
highway volume is always the primary site 
paramater, and level of development and 
driveway volume are secondary site para
meters. 

Not all techniques are included in Table 
VIII.3 due to difficulty in obtaining credi
ble information. Further details of the de
rivation of this data can be found in Ref
erence 1. 

ECONOMIC EVALUATION 

The economics of implementing access 
control techniques are highly variable be
cause of many aspects that are either lo
cational or activity-dependent. In this 
period of ever-tightening budgets and in
creased competition for available funds, 
however, it is essential that the imple
menting officials be able to economically 
justify their proposed capital expendi
tures. Comparison of expected benefits, 
both quantitative and/or qualitative, with 
proposed expense is necessary during the 
early planning stages to determine project 
feasibility. 

While a variety of methods are available 
for developing this comparison, the bene-
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fit/cost ratio and utility /cost ratio are 
two of the most widely used. 

Benefit/Cost Method 

Benefit/Cost Method is perhaps the most 
widely used by street and highway 
agencies. This method states the relative 
worth of several alternatives in terms of 
ratio between the annual benefits derived 
from the project and the annual costs, 
including both capital and maintenance 
costs. An assumed interest rate must be 
used to place all dollar values on an 
annual basis for the life of the project. 
Ratios greater than 1.0 indicate that the 
project is economically sound. Analysis 
may be done on either the incremental 
benefits and costs of moving upward 
among the project alternatives or may be 
computed for each on a total cost and 
benefit basis. 

In presenting benefit-cost ratios, it is use
ful to group projects into two or three 
gro ps (e.g., 1.0 to 3.0 as "low priority", 
4.0 to 9.0 as "medium", and above 9.0 as 
"high priority" projects) in order to mini
mize insignificant differences in the nu
merical ratio. It has been found that 
policy or political groups making decisions 
on priorities sometimes blindly accept 
insignificant differences-say of 0.2--in 
ratios as being "absolute" and will set 
priorities accordingly. By grouping a 
number of projects in broad categories, 
the programming of street projects can 
retain flexibility as preliminary design is 
taking place; with one project being sub
stituted for another if obstacles arise. 

Usually, the inclusion of benefits in time 
savings will be controversial. Unless a 
strong case can be made for including this 
factor, it is best eliminated from the 
process or used simply as a subjective 
factor to favor one or another project of 
otherwise equal desirability. 



TABLE VIll.2. OPERATIONAL EVALUATION PARAMETERS 

Number of Commercial 
Level of Development Driveways per MHe Average 

Low 0-30 15 
Medium 31-60 45 
High >60 75 

Highway Volume ADT Range ADT Average 

Low 0-5,000 3,000 
Medium 5,001-15,000 10,000 
High >15,000 20,000 

Commercial 
Driveway Volume ADT Range ADT Average 

Low 0-500 250 
Medium 501-1,500 1,000 
High > 1,500 2,000 

TABLE VIII.3-A. PREDICTION OF DELAY AND ACCIDENT REDUCTION 
FUNCTIONAL ::lRJECflVE A - - LIMIT '<u,rnrn ::lF CO,'sFLICT POl';D 

Technique<, with Quan1if.ed ~enef1t':i 

Anm.1,11 Accident Reduction a..-.d/r.>r (.\nnual 1-tour!I ,.,f Delay Reduction) --
H1gh ... ay Volume 

Low ,\.1ed.um H1.,h 

Opera-
t1onal Ooerationdl Pararneter Level Ooerath.mal Pardmeter Le1,eJ ~rational Parameter Le,..el 

Pararneter 
TKhninue 1•""""'11on (a) Low Medium Hi"'h Low Medium Hi"'h Low 

A-1 . 2 -2.7 u 6.1 -4.0 4,7 l l.6 -5.0 

A-2 . l 2.2 l.8 10.7 u I 1.2(2628) lJ.7(60591 6.J 

A-3 . 2 --- --- --- --- 9.9()0405) IJ.6()6 jQQ) ---
A-4 l l 0.12(-3581 0.28'-358) 0.43(-J;S) 0.20(-39/ll 0,49(- 397 l) 0.76(-3975) 0.26(-15735) 

l 3 0.17(-358) 0.42(-358) 0.65(-358) 0.30(-3975) 0,74(-3975) J, 14(-3975) 0.;2(-ll735) 

A-5 I l 0.08 0.19 0.29 o.,. O.JJ 0.51 0.19 

2 l O.Ol 0.13 0.19 0.09 0.22 0.34 0.12 
3 l O.ll O.JI 0.49 0.23 O.ll 0.8l O.JI 

A-6 . 2 0.2; 0,40 .on O.lO 0.79 1.09 0.76 

A-8 I --- --- --- --- 0.4 o.• ---
A-10 I 0.40 0.90 1.60 0.7 1.7 2.6 1.0 

A-II l -0.)8 -0.60 -0.60 -1.0 -1.0 -0.8 -1.&/o 

A-ll I 0.02 0.07 0,11 0,0l 0.12 0.18 0.06 

A-ll I 0,09 0.21 0.)2 O.ll 0.37 O.l7 0.21 

A-14 I 0,28 0.70 1,08 O.lO 1.22 1.88 0,68 

A-ll I O.H 0.84 I.JO 0.60 (.;6 2.26 0.82 

A-16 I I O.Ol 0,1 l 0.19 0.09 0.22 0.34 0.12 
2 I 0.08 0.19 0.29 0.14 0,)3 O.ll 0,19 
3 I O.IJ 0.31 0.49 0.23 0.5l 0.85 0.11 

A-17 I I 0.010 0.02l 0.039 O.Oili :l.044 C.068 0.02, 
2 I 0.008 0.019 0.029 0.014 O.Oll 0.0ll Q,019 
3 I 0.0ll 0.032 0.0;9 0.023 0.05l 0.085 C.Oli 

A-19 I 0.08 0.19 0.29 0.014 0.033 0.051 0.019 

A-20 I --- --- --- --- o., o., ---

• Note: All benefits eKpres.sed as benefits per 1nstallat1on ex::ept those marked " 1 " indicating benehts per mile or 11nprovement. 

a. Operation.al Pardmeter Code 
I. Driveway volume 
2. Lewel of de'tlelopment Ccommerc1a.l driveways ;>er mile) 
3. Accidents dependent on drivellf'ay volume and delay depende'lt only on h1gh...,ay volume 
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Med1u,7l H1"'h 

8.1 21.3 

17 ,2(61Jl) 31.2(17046) 

14.9173000) 20.4(912;c1 

0.67(-15735) I .02(-ll7 35) 
I .00( · 157 35) 1.53(-157351 

G.45 0.6'1 
0.10 Q.q6 
Q.7l J.ll 

1.20 1.63 

0.4 0.4 

2,3 3.6 

-1.4 -1.2 

0.16 0.26 

O,lO 0,77 

1.66 l.l6 

2.00 3.06 

0.10 0.46 
0.45 0.69 
0.7l Lil 

0,060 0.092 
0,045 0.069 
0.075 0.1 il 

0.04l 0.069 

0,4 o., 



TABLE VIII.3-B. PREDICTION OF DELAY AND ACCIDENT REDUCTION 

FlJ:-,.jCTJUNAL l)~JEC rlVI:. ~ - - SEPAllA rE H:\.SIC CONl~LIC r All[AS) 

Tect~niquc~ with Qudnllt.ed nenef11s 

AnnJa.l Accident lleduc t i.m ard/or (Armual'-'H-"o'-'u"-"'-="l~[)~•~l~a.,_ ~R~•~du~c~•~•o~n_l -----------, 

H1g'lv..J.y Volume 

Opera
t1onc:1,I 

Parameter 
Techn1g_ue QQ_rn:in (a) 

B-5 

B-6 

B-9 

B-10 

B-12 

I (cl 

O_QerdllOnJI Pararr:cter Level 

Low Medium H, h 

0.2) 0.2l 0.25 

0.10 0.H 

0.26 

0,2l 0.25 0.25 

"-1cd1u:n 

Over .:1, t.,,nal Parc1.·ne 1er Levt:I 

Low Mediu n H1g_h 

C.49 0.49 o.~9 

0.17 0.50 

OM 
0.49 0.49 0.11.9 

0.19 a.~, 0.73 

• Note: All benefits ex.pre!l!.ed as benel11s per drter1al dr1vew::.y eliminated, or collector dr1Ve\llay ac1ded. 

a. Operational Parameter Code 

I. Dr,.,..e...,av Volume 
2, Acc,den'ts dependent only on h1gh-....ay volume 

Uoerat1or,.il P:i~.l1rl•1cr L~-.cl 

Lo,- \ 1\ee!1Jrr. H1ih 

o.n 0,7] 0.7J 

0.20 0.70 

C.62 

0.71 0.73 0.73 

0.}6 0.87 1.ll 

TABLE VIII.3-C. PREDICTION OF DELAY AND ACCIDENT REDUCTION 

FUNCT!VNAL VBJECTIV~ C -- Ll~IT MAXIMUM DECELEW.ATl0N REQUIREMl.:.f'I-.T.S 

~A,,nnuco.l Acc1denl !leduc11un <1nd/or_(Annuco.l Hour~ of Del..1r Re::luct1Jn) 

H1gh11,1ay Volume 

Low \1ed .Jrn H1 h 

Oper.:1.-
t10llal Ooerallonal Parameter Level Oper.:1.t.0na.l Parc:1,netcr Level Ooerc:111onal Par::11neter LeveJ_ 

Para1neter 
TechniQJe Op11on (a) Low Med1"Jm H!&_ti Low Medil .. ,TI H1J2h 

C-2 I 0.016 0.018 0.058 0.027(2)) I 0,066(91) 0.102(182) 

C-3 I I 0.05 0.11 0.l0 0.09 0.23 0.16 
2 I 0,02 0.06 0.09 0.04 0.11 0,16 
J I 0.04 0.11 0 .16 0.08 0. 18 0.29 

C-4 2 1.9 3.0 4.2 H 6.0 8.2 

C-7 I 0.016 0.03S 0.058 0.027(23) 0.066(9 I l 0.I02(18J) 

C-8 I (2).J) (IOI.OJ (202.8) (l0.6) (202.8) (405.6) 

C-9 I (25.J) (101.4) (202.8) (l0.6) (202.Sl (405,6) 

C-10 I (25.J) (101.4) (202.0) (50.6) (Z0l.8) <•o5.6I 

C-11 I 0.02 0.0l 0.07 0.QJ 0.08 0.1) 

C-12 I --- -·- --- --- 0.4 0.4 

C-13 I 0.008 0.QI~ 0.029 0.014 0.0JJ 0.051 

• ."fole: All benerils expressed as benefits per dr,lieway e:ii:cept for C.~, ...,,h1ch 1s m benellts per mile of parking remowed. 

a. Op,erauonal Parameter Code 
I. Dr 1veway 1,1olume 
2. Level of delielopment (commerc1al dnveways per mlle) 

73 

Low \1ee'l1um H11!h 

0.0}7(30) 0.090(1211 C.118(2,1) 

0.1 l 0.12 a ~s 
0.06 :), \0:, C.22 
0. 10 o. 25 0. l~ 

5.7 9.0 12.l 

0.0}7O0) 0.090(122) 0.118(2•3 

(75.9) (i04.2) (608.4) 

(75.9) (;04.2) (608.•l 

(7l.~) 004.21 (608.o) 

0.05 0.11 0.17 

--- o., 0.• 

0.019 0.045 0.069 



TABLE VIII.3-D. PREDICTION OF DELAY AND ACCIDENT REDUCTION 

FUNCTII.JNAL OBJECTIVE D -- REMOVE TUl!~ING VEHICLES 01! QUEUES Fl!I.JM SECTIONS 0~ THE THl!OUGH LANE~ 

Techn1que5 with Quantified Benel1u 

AMual Accident Reducuon and/or IAnnual Hours or Dela¥ Reduc1ion) 

Highway Volume 

Low Medium HIOh 

Opera-
tional Onerat1onal Parameter Level Ooerational Parameter Level n...-a111Vla.l Para""" er Level 

Parameter 
Techniaue IOotion (al Lo., Medium Hii!.h Lo., Medium Hi•h Low 

D-1 . 2 4,4 7.1 9.7 8.8 ll,9(26281 19.0(60,91 1 l.l 

D-2 . 2 4.4 7.1 9.7 1.8 ll.9(26281 19.0160591 1 l.l 

D-l 2 1.7 i., 6.4 l.2 7 .1(26281 ll.l(6059l ,.1 

D-4 I 0.1 l O.l2 0.49 0.2) o.n<2,i1 0.8~6061 O.ll 

D-l I -- - O.ll 0.19 --- 0.22 O.l4 1.2 

D-6 I 0,02 o.o4 0.07 O.Ol 0.07 0.11 0.()lj 

D-7 I 0.026 0,06) 0.0•7 o.o., 0.11(26)) 0.17(J45l 0.062 

D-8 1 0.01 O.Ol 0.04 0.02 0.04 0.07 0.03 

D-9 . 2 --- 1.4 2,1 -- - 1.1 3.6 ---
D-14 I (cl --- --- --- ... -0.U -0.03 ---
D-16 I 0.02 0.05 0.07 O.Oll2ll 0.08(91) O.ll(l8l) 0.051l2l 

• Note: ,A,,11 benefits are expressed as benehu per installation except rhose marked"•", lndicating benef11s per mile of improvement. 

a. Operational Parameter Code 

I. Driveway Volume 
2. Accidents dependent only on highway volume 
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Medium Hi•h 

20.9(69J,l 21.6(17°'6) 

20.9169H) 28.6(170'61 

1 l.6(69H) 21.0(17°'6 

0.7~6941 l.U(l70ll 

J.O 4., 

0.10 0,16 

0.1~694) 0.2l(97ll 

0.06 0.09 

).) 4.9 

-0.0l -0.0l 

0.110221 0.17(24ll 



Costs 

In this analysis, costs are defined as cost 
of land ~cquisition, project design and 
construction, and any dislocation or other 
social costs. Inasmuch as the purpose of 
the analysis is to relate the annual bene
fits received to the annual costs incurred 
. . --~ ' it is necessary that these costs be an-
nualized by applying a capital recovery 
factor to the initial costs and a uniform 
present worth series factor to any salvage 
value. Both of these factors are vari
able-depending on the period of analysis 
and the vestcharge rate (often called in
terest or opportunity cost). 

Approximate costs were developed for the 
66 access management techniques des
cribed in Chapter VI. 

It was recognized at the time of develop
me~t ~ow~ver, that because of the high 
variation m construction costs due to in
flation, geographical location, time of 
year, method of construction, and other 
variables, the prices developed for each 
technique were best used as relative indi
cators for comparing several alternatives. 
For this reason, Table Vlll.4 has been 
developed using the categories and costs 
developed; however, all prices have been 
reduced to a unit value and each tech
nique calibrated against that unit. This 
will enable the designer to compare one 
technique with another through the de
velopment of unit cost figures for his area 
and conditions. A technique with an index 
r~ting of 50 would be 50 times as expan
sive as~ technique with a rating of 1. By 
developmg costs for a technique with a 
unit (l) rating, general cost estimates can 
be assumed for other techniques. It must 
be emphasized, however, that it is still 
essential that specific costs be developed 
fo~ any construction estimate when any
thmg but a general approximation is 
needed. 

In evaluating the costs of a few tech
niques, it was evident that the costs were 
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highly variable and site-dependent. Diffi
culty in estimating a representative cost 
was apparent, and therefore no specific 
costs were estimated for these tech
niques. In these cases, it was felt the 
specific location, conditions and para
meters need to be carefully evaluated to 
obtain a representative cost estimate. 

Benefits 

Benefits are usually expressed as a reduc
tio~ in costs to the road user. Implemen
t~tion of a~cess management techniques 
will usually impact two main areas: 

• Accident costs 

• Costs associated with time of 
vehicle operation 

Accident Costs 

Traffic accidents result in costs to so
ciety, whether they are direct or indirect 
costs. These costs inc!ude property 
damage, medical costs, productivity los
ses, and social welfare losses. 

Costs Associated with Time of Vehicle 
Operation 

Any vehicle entering or leaving a direct 
access point on the highway has the po
tential of influencing the progress of 
through vehicles. The driveway maneuver 
can delay other drivers by causing them 
to change lanes, decelerate, or stop com
pletely. These influences are increased 
~hen highway or driveway geometrics are 
madequate for the existing conditions. 
Excessive delay can also be experienced 
by vehicles exiting a driveway due to in
adequate design or control. Factors most 
often constituting these time-related 
costs inc Jude: 

1. Driver /Passenger Time Delay 
2. Fuel Consumption 
3. Tire Wear 
4. Oil Consumption 
5. Maintenance Costs 
6. Depreciation 



TABLE VIlI.4 RELATIVE IMPLEMENTATION COSTS OF 

ACCESS MANAGEMENT TECHNIQUES 

Functional Objective A - - Limit Number of Conflict Points 

Technique 

A- I: Install Median Barrier With 
No Direct Left-Turn Access 

A-2: Install Raised !\-ledian Divider 
With Left-Turn Deceleration Lanes 

A-3: Install One-Way Operations 
on the Highway 

A-4: Install Traffic Signal at 
High-Volume Driveways 

Construction Option 

I. Basic construction - median barrier on existing paved median 
and jug-handle or cloverleaf construction 

2. Basic construction plus additional pavement widening 

3. Basic construction plus additional pavement widening and 
right-of-way acquisition 

I. Basic construction - raised median with openings on existing 
paved median 

2. Basic construction plus additional pavement widening 

3. Basic construction plus additional pavement widening and 
right-of-way acquisition 

I. Signing and striping 

I. Two-phase pretimed signal installation 

2. Three-phrase semi-actuated signal installation 

A-5: Channelize Median Openings !. Channelizing island to prevent left-turn egress maneuvers 
to Prevent Left-Turn Ingress and/or 
Egress Maneuvers 2. Channelizing island to prevent left-turn egress 

3. Close median opening to prevent all left-turn maneuvers 

.A.-6: Widen Right Through-Lane to I. Highway widening 
Limit Right-Turn Encroachments 
onto the Adjacent Lane to the Left 2. Highway widening and right-of-way acquisition 

A-7: Install Channelizing Island to I. Channelizing island on existing median 
Prevent Left-Turn Deceleration 
Lane Vehicles From Returning to 
Through Lanes 

A-8: Install Physical Barrier to I. Barrier curb 
Prevent Uncontrolled Access 
Along Property Frontages 

A-9: Install Median Channelization I. Channelizing island on existing median 
to Control :Vlerge of Left-Turn 
Egress Vehicles 

A-10: Offset Opposing Driveways 

A-11: Locate Driveway Opposite 
a Three-Leg Intersection or 
Driveway and Install Traffic 
Signals Where Warranted 

A-12: Install Two One-Way Drive
ways in Lieu of One Two-Way 
Driveway 

I. Close and relocate driveway 

I. Two-phase pretimed signal installation 

2. Signal installation plus closing and relocating driveway 

!. Convert two-way driveway to one-way operation and construct 
additional one-way driveway 

Relative 
Cost 
Index 

370 

608 

798 

195 

738 

I, 180 

15 

30 

60 

2 

2 

2 

186 

282 

3 

144 

9 

30 

39 

6 

2. Close two-way driveway and construct two one-way driveways 5 
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Table VIll.4, Continued 

Technique 

A-13: install Two Two-Way 
Driveways with Limited Turns 
in Lieu of One Standard Two-Way 
Driveway 

Construction Option 

1. Construct one driveway and channelize both driveways 

2. Close one driveway and construct two channelized driveways 

A-14: install Two One-Way Drive- 1. Signing 
ways in Lieu of Two Two-
Way Driveways 

A-15: Install Two Two-Way Drive
ways with Limited Turns in Lieu 
of Two S!andard Two-Way Drive
ways 

A-16: install Driveway Channel
izing Island to Prevent Left-Tum 
Maneuvers 

A-17: install Driveway Channel
izing Island to Prevent Driveway 
Encroachments Conflicts 

1. Channelize two angled driveways 

2. Close two driveways and construct two ~gled limited-turn 
driveways and medial turning bays 

3. Channelize two t-driveways 

1. Driveway widening and channelization to prevent left-tum 
egress vehicles 

2. Driveway widening and channelization to prevent left-turn 
egress vehicles 

3. Driveway widening and channelization to prevent both 
left-turn ingress and egress vehicles 

l. Medial channelizing island and driveway widening 

2. Driveway curbing (one side) 

3. Medial channelizing island, driveway widening, and driveway 
curbing (one side) 

A-18: Install Channelizing Island 1. Channelizing island 
to Prevent Right-Tum Decelera-
tion Lane Vehicles from Returning 2. Channelizing island and deceleration lane widening 
to the Through Lanes 

Relative 
Cost 
index 

8 

16 

2 

34 

2 

4 

4 

7 

2 

3 

3 

8 

3. Channelizing island, deceleration lane widening, and additional 10 

A-19: Install Channelizing Island 
to Control the Merge Area of 
Right-Tum Egress Vehicles 

A-20: Regulate the Maximum 
Width of Driveways 

right-of-way acquisition 

1. Channelizing island and driveway widening 4 

l. Curbing 
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Table VIII.4, Continued 

Functional Objective B -- Separate Basic Conflict Areas 

Technique 

B-1: Regulate Minimum Spacing 
of Driveways 

B-2: Regulate Minimum Corner 
Clearance 

B-3: Regulate Minimum Property 
Clearance 

B-4: Optimize Driveway Spacing 
in the Permit Authorization Stage 

B-5: Regulate Maximum Number 
of Driveways per Property Frontage 

B-6: Consolidate Access for 
Adjacent Properties 

B-7: Require Highway Damages 
for Extra Driveways 

B-8: Buy Abutting Properties 

B-9: Deny Access to Small 
Frontage 

Construction Option 

1, Close one driveway 

2. Close and relocate one driveway 

1. Close one driveway 

2. Close and relocate one driveway 

1. Close one driveway 

2. Close and relocate one driveway 

1. Implemented during the permit authorization stage 

J. Close one driveway 

J. Close two driveways and construct one driveway on property 
line 

2. Close one driveway and construct one driveway on property 
line 

J. Basic construction - costs are highly variable 

J. Basic construction - costs are highly site-specific 

l. Basic construction - costs are highly variable and dependent 
on land value 

2. Construct connection between properties 

3. Close one driveway and construct one driveway on property 
line 

B-10: Consolidate Existing Access J. Close one driveway 
Whenever Separate Parcels are 
Assembled Under One Purpose, 
Plan, Entity, or Usage 

B-11: Designate the Number of J. Implemented during the permit authorization stage 
Driveways Permitted to Each 
Existing Property and Deny Addi-
tional Driveways Regardless of 
Future Subdivision of that 
Property 

B-12: Require Access on Collector J. Construct one driveway 
Street (when available) in Lieu of 
Additional Driveway on Highway 

1. No direct estimate, 
2. No incremental cost. 
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Relative 
Cost 
Index 

2 

8 

2 

8 

2 

8 

NC 2 

2 

II 

8 

2 

8 

2 

6 



Table VIII.4, Continued 

Functional Objective C -- Limit Maximum Deceleration Requirements 

Technique 

C-1: Install Traffic Signals to 
Slow Highway Speeds and Meter 
Traffic for Larger Gaps 

C-2: Restrict Parking on the 
Roadway Next to Driveways to 
Increase Driveway Turning Speeds 

C-3: Install Visual Cues of the 
Driveway 

Construction Option 

1. Two-phase pretimed signal installation 

1. Signing 

l. Suspended red-yellow flashing beacon 

2. Advance warning sign and flashing beacon 

3. Driveway illumination 

C-4: Improve Sight Distance by 1. Signing 
Preventing Parking on the Traveled 
Way, Either Totally or Partially 

C-5: Regulate Minimum Sight l. Close and relocate one driveway 
Distance 

C-6: Optimize Sight Distance 1. Implemented during the permit authorization stage 
in the Permit Authorization Stage 

C-7: Increase the Effective 
Approach Width of the Driveway 

C-8: Improve the Vertical 
Geometrics of the Driveway 

C-9: Require Driveway Paving 

C-10: Regulate Driveway Con
struction (performance bond) and 
Maintenance 

C-11: Install Right-Turn 
Acceleration Lane 

C-12: Install Channelizing Islands 
to Prevent Driveway Vehicles 
from Backing onto the Highway 

C-13: Install Channelizing Islands 
to Move Ingress Merge Point 
Laterally Away from the Highway 

C-14: Move Sidewalk - Driveway 
Crossing Laterally Away from 
Highway 

1. No incremental cost. 

1. Increase return radii on both sides of driveway 

1. Partial driveway reconstruction 

2. Mountable curb removal 

l. Driveway paving 

1. Implemented during the permit authorization stage 

1. Acceleration lane 

2. Acceleration lane and additional right-of-way acquisition 

1. Channelizing islands 

I. Channelizing island and driveway widening 

1. Sidewalk relocation 
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Relative 
Cost 
Index 

30 

(I 

6 

4 

10 

8 

2 

6 

NC
1 

10 

19 

4 

3 



Table VIII.4, Continued 

Functional Objective D -- Remove Turning Volumes or Queues from Sections of the Through Lanes 

Technique 

D-1: Install Two-Way Left-Turn 
Lane 

D-2: Install Continuous Left-Turn 
Lane 

Construction Option 

I. Basic construction - median striping on existing median 

2. Basic construction plus additional pavement widening 

3. Basic construction plus additional pavement widening 
and right-of-way acquisition 

1. Basic construction - median striping on existing median 

2. Basic construction plus additional pavement widening 

3. Basic construction plus additional pavement widening 
right-of-way acquisition 

Relative 
Cost 
Index 

16 

560 

1,000 

25 

806 

1,567 

D-3: Install Alternating Left-Turn 1. Basic construction - median striping on existing median 20 

564 

1,006 

Lane 
2. Basic construction plus additional pavement widening 

3. Basic construction plus additional pavement widening 
and right-of-way acquisition 

D-4: Install Isolated Median and 1. Basic construction - median installation and highway widening 73 
Deceleration Lane to Shadow and 
Store Left-Turning Vehicles 2. Basic construction plus right-of-way acquisition 117 

D-5: Install Left-Turn Deceler- 1. Deceleration lane installation 15 
ation Lane in Lieu of Right-Angle 
Crossover 

D-6: Install Medial Storage for I. Channelizing island and existing median alteration 10 
Left-Tum Egress Vehicles 

D-7: Increase Storage Capacity 1. Storage increase for a continuous curbed median 13 
of Existing Left-Turn Deceleration 
Lane 2. Storage increase for an isolated curbed median 28 

D-8: Increase the Turning Speed 
of Right-Angle Median Crossovers 
by Increasing the Effective 
Approach Width 

D-9: Install Continuous Right
Tum Lane 

3. Storage increase for an isolated curbed median plus 
additional right-of-way acquisition 

4. Highway widening for two-lane left-turn bay at an isolated 
curbed median 

5. Highway widening plus additional right-of-way acquisition 
for two-lane left-turn bay at an isolated curbed median 

I. Uniformly widened crossover Jane 

2. Flared crossover Jane 

3. Increased return radius of median opening 

4. Increased median opening width 

1. Basic construction - continuous right-turn lane 

39 

71 

130 

2 

99 

2. Basic construction plus additional right-of-way acquisition 194 
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Table VIII.4-, Continued 

Technique 

D-10: Construct a Local Service 
Road 

D-11: Construct a Bypass Road 

0-12: Reroute Through Traffic 

D-13: Install Supplementary One
Way Right-Turn Driveways to 
Divided Highway (non-capacity 
warrant) 

D-14: Install Supplementary 
Access on Collector Street When 
Available (non-capacity warrant) 

0-15: Install Additional Driveway 
When Total Driveway Demand 
Exceeds Capacity 

D-16: Install Right-Turn Declera
tion Lane 

D-17: Install Additional Exit 
Lane on Driveway 

D-18: Encourage Connections 
Between Adjacent Properties 
(even when each has highway 
access) 

D-19: Require Two-Way Driveway 
Operation Where Internal Circula
tion is Not Available 

D-20: Require Adequate Internal 
Design and Circulation Plan 

1. No direct estimate. 
2. No incremental cost. 

Construction Option 

1. Frontage road 

1. Bypass road 

1. Basic construction - costs are highly variable and location
dependent 

1. Construct one one-way supplementary driveway 

1. Construct one supplementary driveway at no cost to the 
highway agency 

l. Construct additional driveway 

1. Deceleration lane 

2. Deceleration lane and additional right-of-way acquisition 

l. Additional driveway lane construction 

1. Connection between properties 

1. Basic construction - costs are site-specific 

1. Basic construction - costs are highly variable and location
dependent 
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Relative 
Cost 
Index 

NC 1 

NC1 

NC 1 

6 

NC2 

6 

9 

16 

8 

2 

NC 1 

NC 1 



UTILITY /COST METHOD 

With social, community, and environ
mental factors becoming more important 
in street projects, measures of non-quan
tifiable subject matter must be applied to 
estimate the approximate value of a proj
ect. Many procedures exist and are 
known by names such as "cost-effective
ness", "utility cost", and "value method
ology". In essence, all deal with the same 
problem: how to combine quantifiable 
and non-quantifiable variables into a 
single figure of merit. 

The principal steps in most of these new 
evaluation methods are: 

• Goals and objectives for each 
project are set forth. 

• The relative importance of each 
goal, and then each objective 
within a goal, is determined. 

• A set of measures ("utility" 
measures) is defined for each ob
jective. These are specific 
statements which allow the 
evaluators to determine how 
well a given design meets a 
given objective. 

• Each utility measure is given a 
rating for each alternative under 
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• 

• 

consideration. A rating scale 
from 1 to 5 or from 1 to 10 is 
commonly used. 

An effectiveness or utility score 
for each alternative is found by 
multiplying the objective weight 
by its rating, and then summing 
to obtain a single rating for the 
alternative. 

The utility or effectiveness rat
ing for each alternative is com
pared with the project costs, 
usually in a "utility-cost" ratio. 
The alternative project having 
the highest ratio, either total or 
incremental, is considered the 
best alternative. Although these 
methods do indicate the relative 
merit of several alternatives, 
the numerical value of a utility 
cost ratio does not in itself 
describe the value of a project in 
the overall plan of public expen
ditures. What is sometimes done 
is to select the best alternative 
using utility-cost and then to 
develop a "benefit-cost" ratio to 
compare its value with other 
public projects. 

Typical goals and objectives used for 
access management projects are shown in 
Table VIII.5. 



TABLE VIII.5 GOALS AND OBJECTIVES FOR STREET IMPROVEMENTS 

A. Objectives directly affecting the highway users: 
1. Minimize motor vehicle running cost 
2. Minimize motor vehicle travel time 
3. Minimize traffic accidents and their cost 
4. Maximize travel comfort and convenience 

B. Objectives directly pertaining to highway design: 
5. Minimize the monetary cost of highway construction, maintenance, and 

operation 
6. Maximize the quality of travel service 
7. Provide for high-capacity facilities to be used by maximum percentage of 

total area traffic 

C. Objectives related to community transportation: 
8. Maximize coordination and integration of total transportation system of all 

modes 
9. Provide adequate transportation to all land areas and land uses in accordance 

with land-use plans 

D. Objectives related to community development factors: 
10. Enhance the achievement of the overall regional and community development 

plans 
11. Preserve and enhance the community goals and attributes in support of its 

desired type of community 
12. Enhance the provisions for national defense and emergency transportation 
13. Conserve open space 

E. Objectives related to community social factors: 
14. Preserve the historical and "sacred" areas and objects 
15. Minimize the adversities to residents and establishments occasioned by ROW 

procurement and route location 
16. Preserve the desired social attributes of local areas and the community 
17. Provide for and preserve neighborhood unity 
18. Minimize air pollution 
19. Minimize the nuisance from noise 
20. Preserve and enhance natural beauty and scenic enjoyables 
21. Maximize the pleasing effects of aesthetics and design to achieve effects 

compatible with local areas 
22. Enhance the opportunities for recreation 
23. Minimize the disruption of activities during the construction phase 

F. Objectives related to economic factors: 
24. Minimize the adverse consequences to business, trade, and industry, before, 

during, and after construction 
25. Maximize conservation of resources 
26. Preserve land values 
27. Promote land use in accordance with economic development plans 

Source: Ref. 3 
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CHAPTER IX. APPLICATION OF TECHNIQUES 

This chapter provides an overview into 
the use of the various access management 
techniques and an example of the applica
tion of the various principles described in 
the previous chapters. 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: 

• 
• 

Definition of problem 

Inventory of operational and physical 
characteristics of roadway segment 
and area. 

• Identification of alternative solutions 

• Evaluation of alternative solutions 

• Selection of alternative providing 
greatest operational and cost-effec- · 
ti ve solution 

These should be classified as high, 
medium, or low as per Table IX. l. The 
roadway segment should be physically 
identified as: 

• M u1 til ane divided 

• M ul til ane undivided 

• Two-lane 

Step 3: Select the alternative techniques 
that may be applicable to the problem (s). 
This is accomplished through the use of 
Table IX.2: 

• Select the segment of TableIX.2(A, 
B, or C) which corresponds to the 
highway volume (high,medium,low) 

• Find the horizontal section of that 
tablethat corresponds to the physical 
definition of the roadway (multilane 
divided, two-way, etc.) 

These steps are further defined in the fol- • Enter that portion of the table within 
the column that describes the opera
tional parameters of the roadway 
segment (level of development or 
driveway volume-high, m ediurn, 
low). The techniques listed in this 
square are those which may be ap
plicable to this particular situation 

lowing recommended procedure. 

Step 1: Definition of problem. This step 
implies recognition that operational or 
safety conditions are not within para
meters acceptable to the affected com
munity. These obviously vary with the 
roadway character, urban or rural setting, 
type and volume of traffic, and com- • 
munity values. Many jurisdictions set 
theoretical accident rates and/or delay 
levels (or levels of service) beyond which 
they institute investigation. 

Step 2: As a minim urn, identify the 
operational and physical characteristics 
of the roadway segment to be studied in
d udi ng: 

• Highway volume 

• Driveway volume 

• Level of development 
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• 

Evaluate each of these techniques as 
per the procedures described in 
Chapter VIII 

Engineering 

Operational 

Economics 

Select that technique (or group of 
techniques) which provides the 
greatest cost-effective solution in 
achieving the comm unity's goals 



TABLE IX. l. OPERATIONAL EVALUATION PARAMETERS 

Number of Commercial 
Level of Development Driveways per Mile Average 

Low 0-30 15 
~edium 31-60 45 
High >60 75 

Highway Volume ADT Range ADT Average 

Low 0-5,000 3,000 
Medium 5,001-15,000 10,000 
High >15,000 20,000 

Commercial 
Driveway Volume ADT Range ADT Average 

Low 0-500 250 
Medium 501-1,500 1,000 
High > 1, .500 2,000 
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TABLE IX.2-A. WARRANTS FOR_ TECHNIQUES 

LOW 

~ ..!... ...£.. JL 
8 2 llf 
9 3 18 

10 4 19 
11 ' 12 6 

7 
8 
9 

10 

~ ..!... ...£.. JL 
10 8 2 14 

9 3 18 
10 4 19 
II ' 12 6 

7 
8 , 

10 

~ ..!... ...£.. JL 
10 8 2 14 

9 3 18 
10 " 19 
11 ' 12 6 

7 
8 
9 

10 

LOW HIGHWAY VOLUME 
(Less Than ,,ooo) 

OPERATIONAL PARAMETERS 

MEDIUM 

Multilane Divided 

~ ..!... ...£.. JL 
8 2 14 , 3 18 

10 4 19 
11 ' 12 6 

7 
8 
9 

10 

Multilane Undivided 

~ ..!... ...£.. JL 
10 8 2 14 

9 3 18 
10 4 Iii 
II ' 12 6 

7 
8 , 

10 

Two-Lane 

~ ..!... ...£.. JL 
10 8 2 14 

9 3 18 
10 4 19 
11 ' 12 6 

7 
8 
9 

10 
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HIGH 

~ ..!... ...£.. 
8 1 , 2 

10 3 
11 " 12 ' 6 

7 
8 
9 

10 

~ B ...£.. 
4 8 1 

10 , 2 
10 3 
11 " 12 ' 6 

7 
8 
9 

10 

~ B ...£.. 
4 8 I 

10 9 2 
10 3 
11 4 
12 ' 6 

7 
8 
9 

10 

JL 
14 
18 
19 

JL 
14 
18 
19 

JL 
14 
18 
19 



TABLE IX.2-B. WARRANTS FOR TECHNIQUES 

LOW 

.l!... ..!... ..£. ..Q_ 

6 2 2 ' 7 3 3 6 
9 , 

" 7 
II 6 , 8 
12 8 6 Ill 
ll 9 7 16 
14 10 8 17 
1.5 11 9 18 
18 12 10 19 
19 II 20 
20 12 

14 

.l!... ..!... ..£. ..Q_ 

10 ' 2 " II 6 3 14 
12 8 4 16 
14 9 ' 17 
IS 10 6 18 
18 II 7 19 
19 12 8 20 
20 9 

10 
II 
12 
14 

.l!... ..!... ..£. ..Q_ 

10 ' 2 4 
II 6 3 14 
12 8 " 16 
14 9 ' 17 
15 10 6 18 
18 II 7 19 
19 12 8 20 
20 9 

10 
JI 
12 
14 

MEDIUM HIGHWAY VOLUME 
c,,ooo - 1 ,,ooo> 

OPERATIONAL PARAMETERS 

MEDIUM 

Multilane Divided 

.l!... ..!... ..£. ..Q_ 

I I 2 3 
2 2 3 ' , 3 " 6 
6 " 

, 7 
7 ' 6 8 
8 6 7 14 
9 7 g 16 

11 8 9 17 
12 9 10 18 
13 10 II 19 
14 II 12 20 
IS 12 ll 
17 14 
18 
19 
20 

Multilane Undivided 

.l!... ..!... ..£. ..Q_ 

1 I 2 l 
2 " 3 4 
3 ' 4 14 
8 6 , 16 

10 8 6 17 
II 9 7 18 
12 10 8 19 
14 II 9 20 
16 12 10 
17 II 
18 12 
19 ll 
20 14 

Two-Lane 

.l!... ..!... ..£. ..Q_ 

l I 2 3 
8 4 3 " 10 ' 4 14 

II 6 ' 16 
12 8 6 17 
14 9 7 18 
15 10 8 19 
16 II 9 20 
17 12 10 
18 II 
19 12 
20 ll 

Ill 
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HIGH 

.l!... B ..£. 
2 2 I 

" 3 2 

' " l 
6 , 

" 7 6 ' 8 8 6 
9 9 7 

II 10 8 
14 II 9 
17 12 10 
18 II 
20 12 

ll 
14 

.l!... B ..£. 
2 " I 
3 ' 2 

" 6 3 
8 8 4 

10 9 ' II 10 6 
14 II 7 
16 12 8 
17 9 
18 10 
20 II 

12 
ll 
14 

.l!... ..!... ..£. 
3 " I 

" ' 2 
8 6 l 

10 8 4 
11 9 ' 14 10 6 
16 II 7 
17 12 8 
18 9 
20 10 

11 
12 
ll 
14 

_Q_ 

I 
2 
3 , 
7 
8 

13 
i4 
:..5 
16 
17 
18 
19 
20 

_Q_ 

I 
2 
l , 
7 
8 

I) 

14 
1.5 
16 
!7 
18 
!9 
20 

_Q_ 

l 
4 

ill 
l.5 
16 
i7 
18 
i9 
20 



TABLE IX.2-C. WARRANTS FOR TECHNIQUES 

LOW 

~ B ...£.. ...Q_ 

6 2 2 .5 
7 J 3 6 
9 .5 4 7 

II 6 .5 8 
12 7 6 14 
13 8 7 16 
14 9 8 17 
15 10 9 18 
18 II JO 19 
19 12 II 20 
20 12 

14 

A B ...£.. ...Q_ 

II 2 2 4 
14 J J 16 
15 5 4 17 
18 6 .5 18 
19 7 6 19 
20 8 7 20 

9 8 
10 9 
II 10 
12 II 

12 
14 

~ B ...£.. ...Q_ 

II 2 2 4 
14 J 3 14 
1.5 5 4 16 
18 6 .5 17 
19 7 6 18 
20 8 7 19 

9 8 20 
IQ 9 
II JO 
12 II 

12 
14 

HIGH HIGHWAY VOLUME 
(More Than J.5,000) 

OPERATIONAL PARAMETERS 

MEDIUM 

Multilane Divided 

~ l ...£.. ...Q_ 

I I 2 3 
2 2 J .5 
.5 3 4 6 
6 4 .5 7 
7 .5 6 8 
8 6 7 14 
9 7 8 16 

II 8 9 17 
12 9 10 18 
13 10 JI 19 
14 II 12 20 
1.5 12 13 
17 14 
18 
19 
20 

Multilane Undivided 

A l ...£.. ...Q_ 

I I 2 J 
2 2 J 4 
J 3 4 14 
8 4 .5 16 

II .5 6 17 
12 6 7 18 
14 7 8 19 
15 8 9 20 
16 9 JO 
17 10 II 
18 II 12 
19 12 13 
20 14 

Two-Lane 

~ l ...£.. ...Q_ 

3 I 2 3 
8 2 J 4 

II J 4 14 
12 4 .5 16 
14 ' 6 17 
1.5 6 7 18 
16 7 8 19 
17 8 9 20 
18 9 10 
19 10 11 
20 II 12 

12 13 
14 
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HIGH 

~ l ...£.. 
2 2 I 
4 3 2 
.5 4 3 
6 .5 4 
7 6 .5 
8 7 6 ., 8 7 

11 9 8 
14 10 9 
17 II 10 
18 12 11 
20 12 

13 
14 

~ l ...£.. 
2 2 I 
3 3 2 
4 4 3 
8 .5 4 

II 6 .5 
12 7 6 
14 8 7 
16 9 8 
17 JO 9 
18 II 10 
20 12 II 

12 
13 
14 

~ B ...£.. 
3 2 1 
4 J 2 
8 4 )· 

II .5 4 
12 6 .5 
14 7 6 
16 8 7 
17 9 8 
18 10 9 
20 · 11 10 

12 II 
12 
13 
14 

...Q_ 

I 
2 
3 
.5 
7 
8 
9 

10 
II 
12 
13 
14 
1.5 
16 
17 
18 
19 
20 

...Q_ 

I 
2 
3 
4 
9 

II 
12 
13 
14 
1.5 
16 
17 
18 
19 
20 

...Q_ 

3 
4 
9 

II 
12 
14 
1.5 
16 
17 
18 
19 
20 
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CHAPTER X. SITE PLAN REVIEW 

Essential to every access management 7. Driveway Location--is location rela
tive to intersection, other driveways, 
and/or property line within 
prescribed guidelines? 

program is the site plan review process. 
This procedure provides for the review of 
all proposed construction and improve
ment plans (public and private) to assess 
the probable impact the project would 8. Total number of driveways--are there 

sufficient driveways to handle enter
ing volume; can number of driveways 
be reduced? 

have on the street system, traffic move
ment and safety, and future transporta-
tion planning to assure compliance with 
existing regulations, including access-
related requirements, and suggest changes 9. Auxiliary lanes--is there a need to 

provide auixiliary lanes on the main 
roadway to handle entering or exiting 
traffic? 

where necessary. 

As provided for in the jurisdiction's 
adopted policy, an applicant must request 
approval for access. This request should 10. 
take the form of an application giving 
pertinent details regarding applicant, area 
location, use of site, any applicable fees, 

Projected conditions--is proposed site 
plan suitable. for projected uses and 
expected traffic volumes. 

and a site plan or drawing which indicates 11. 
all locational, geometrics, and physical 
design requirements. The site plan should 

Physical construction design--an all
weather surface and construction 
materials sufficient to withstand 
type and volume of traffic should be 
required. 

be sufficient in detail to allow a qualified 
technician to review for the following 
factors:· 

1. 

2. 

3. 

4. 

5. 

6. 

Circulation pattern -- site plan and 
design should allow for all vehicular 
circulation to take place on-site and 
not on the street at any time. 

Angle of driveways--are they condu
cive to safe, efficient entry and exit 
of site? 

Driveway radii--are they designed to 
accommodate prevailing types of 
traffic and speeds on roadway as per 
design guidelines? 

Driveway grade--does it provide for 
entry and exit at safe speed. 

Sight distance--can adequate sight 
distance be provided for entry and 
exit? 

Driveway Width--is width adequate 
to handle type and volumes of traf
fic? 
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12. General--Does overall design, circu
lation pattern, entrance/exit location 
provide for minimal impact on the 
street system consistent with provid
ing reasonable access to the site for 
its proposed use? 

Figure X .1 provides a typical site plan 
highlighting those areas of interest to the 
reviewer. 

Guidelines to assist in site review are pro
vided in Chapter VII and Appendix A; 
however, it is important that the review 
process be consistent with those standards 
adopted and used by the particular 
governing jurisdiction. 

Jurisdictions should encourage their in
volvement during the conceptual status of 
site planning. This is particularly true on 
large sites where there is often multi-use 
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Figure X.1. Site Plan Evaluation 

/j 
,' 

/j 
~ 

// 
1. Circulntinn pattern 

2. Angle of drivPwRys 

3. Driveway radii 

4. D1""ivewny grade 

S. Sight distance 

6. Driveway width 

7. Driveway location 

8. Total numbP1 of driveways 

9. Auxiliary lanPs 

10. Projected conditions 

11. Physical construction de!:lign 

12. General 

~~ 
·~ 0 ?5 ',ti 



or staged construction. By meeting in the 
early stages of the project, owners/ 
designers are made aware of the juris
dictions' concerns and requirements, and 
costly redesign and often ill-will can be 
avoided. Figure X .2 indicates the desig
nation of access points on the conceputal 
site plan of a large multi-use area. The 
detailed site design can now be oriented 
around these prescribed access points. 

Another important aspect of early juris
dictional involvement in site olan review 
is also evident in Figure X.2, Coordination 
of Access with Adjacent Property. In the 
figure, Garner Court (proposed) is being 
required by the jurisdiction to be located 

N 

in such a position as to align with another 
roadway which has been platted (but not 
constructed) on adjacent property north 
of the site. In this situation, Garner 
Court will be platted and right-of-way 
reserved up the northern boundary of the 
site. The road will be constructed up to 
the point shown with a cul-de-sac pro
vided until such time as the northern 
property is developed. When the 
developers of the northern tract apply for 
subdivision approval, they will be required 
to construct their roadway up to the cul
de-sac and remove the perimeters of the 
unused roadway on the circle. (This is 
sometimes retained as parking; roadway 
characteristics must be considered.) 

~ 
FUTURE DEVELOPMENT 

•• _LFUTUP.E ACCESS 

FUTURE 
COMMERCIAL 

TRAFFIC SIG~AL 

EXISTING 
COMMERCIAL 
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APPENDIX A. ACCESS MANAGEMENT TECHNIQUES, WARRANTS 
AND DESIGN 

A-1: INSTALL MEDIAN BARRIER WITH NO DIRECT LEFT-TURN ACCESS 

The physical median barrier is a route 
design technique for controlling access on 
arterial highways. The barrier, which can 
be a New Jersey type or a simple barrier 
curb, eliminates direct left turns at all 
driveways and U-turns along the highway. 
Indirect left turns to driveways are ac
commodated by right-hand ramps (jug
handle) and crossovers or by cloverleaf 
loops at cross streets. 

This technique reduces the basic conflict 
points from 9 to 2 at all driveways. 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-tum 
conflicts at minor driveways will probably 
increase proportionally to the number of 
indirect left turns. Some tradeoff is real
ized by the creation of additional basic 
conflict points at indirect left-turn loca
tions. 

------

Warrants 

This technique is generally warranted on 
multilane arterial highways with speeds 
greater than 40 mph, ADT's greater than 
10,000 vehicles per day, and levels of 
development between 30-60 driveways per 
mile. Left-turning movements should 
equal or exceed 150 vph on a 1-mile sec
tion during peak periods. Also, this tech
nique is warranted along highway sections 
where mid-block accident experience in
volving left-turning vehicles is excessive. 

Design 

Figures A.1.1 and A.1.2 indicate alter
native ways of accommodating left-turns 
where technique A.l 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. 
Guidelines are provided in Chapter VII 
and Reference 1. 

l __ J l __ J l __ J L 
-== 

FIGURE A.1.1. MEDIAN BARRIER WITH INDIRECT 
LEFT-TURN RAMP (CLOVERLEAF LOOP) 

95 Preceding page blank 
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FIGURE A.1.2. MEDIAN BARRIER WITH INDIRECT 
LEFT-TURN RAMPS (JUG-HANDLE) 
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A-2: INSTALL RAISED MEDIAN DIVIDER WITH LEFT-TURN DECELERATION LANES 

This median treatment directly controls 
access on urban multilane highways by 
preventing left turns and U-tums across 
the median except at a few designated 
locations. Access is provided with left
turn 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 reduces the frequency of 
total conflicts by reducing the basic con
flict points from 9 to 2 at all minor drive
ways. More important, it completely 
eliminates the more hazardous crossing 
conflict points at these driveways. For 
intersections and major driveways, the 
frequency and severity of conflicts asso
ciated 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-tum volumes at minor 
driveways where desired left turns are 
accomplished through indirect, circuitous 
paths. 

Warrants 

This technique is generally warranted on 
multilane highways with speeds of 30 to 
45 mph, ADT's greater than 10,000 vehi
cles per day, and levels of development 

97 

greater than 30 driveways per mile. Left
turning movements should exceed 150 vph 
on a 1-mile section during peak periods. 
In addition, this technique may be war
ranted by a high-accident experience 
associated with mid-block, left-turning 
vehicles. 

Design 

The storage length of an exclusive left
turn lane is a critical design element. In
adequate length presents a safety problem 
in that vehicles queueing in the lane will 
eventually back into the through traffic 
lanes. Also, utilization of the turn lane 
will be impaired if this occurs, as vehicles 
desiring to move into the turn lane will be 
unable to do so and must wait for the 
through lane to move ahead. Also, 
through lane capacity is reduced when 
turning vehicles have backed into the 
through lane and are not moving. 

The important factors which determine 
the length needed are: 

• The design year volume for the peak 
hour (DHV) 

• An estimate for the number of cycles 
per hour if the location is signalized 

• The type of signal phasing and timing 
which will control the left-tum move
ment 

Design guideline are provided in Chapter -
VII. 



Based an me<:tian width (MW)--select 
applicable layout. 
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A-3: INSTALL ONE-WAY OPERATIONS ON THE HIGHWAY 

Converting an urban arterial highway to 
one-way operations is intended to facili
tate better traffic movement by reducing 
the stream friction between opposing 
facilities. For a given roadway width, 
one-way operations can increase capacity 
by as much as 50 percent. 

Improvements in safety result from one
way operations because the more severe 
opposing left-turn conflicts are elimi
nated at all driveways and intersections. 
Conflict points are reduced from 9 to 2 at 
driveways where right turns are per
mitted. No crossing conflicts are possible 
for these driveways. On the left side 
where left turns occur, the conflict points 
decrease from 9 to 3, with one crossing 
conflict point remaining. 

When considering this technique for im
plementation, other system conditions 
must be reviewed to achieve the best 
solution for -the problem at hand. For 
instance, turning conflicts are reduced at 
all intersections. Pedestrian-vehicular 
conflicts are also reduced because of the 
decrease in total movements. Also, one-
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way streets lend themselves to better 
signal progression. However, some trade
offs may occur by increasing the fre
quency of conflicts resulting from lane
changing encroachments, turns from a 
wrong lane, and indirect (around-the
block) maneuvers. 

Warrants 

As mentioned earlier, one-way operations 
can be implemented on two-lane and 
multilane undivided arterial highways, and 
a nearby parallel highway is needed to 
carry the reverse-direction traffic. Com
mercial driveways should number at least 
30 per mile, and turning maneuvers into 
these driveways should comprise 30 per
cent or more of the total traffic over a 1-
mile section during peak periods. Daily 
traffic volume should exceed 5,000 vehi
cles with posted speeds between 30 and 40 
mph. Inadequate capacity could also war
rant this technique. This technique is also 
warranted along highways exhibiting high 
accident rates with insufficient rights-of
way available for other remedial tech
niques. 



A-4: INSTALL TRAFFIC SIGNAL AT HIGH-VOLUME DRIVEWAYS 

Signals at high-volume driveways are in
tended to reduce the inordinate delay to 
driveway vehicles and to eliminate cer
tain high-frequency conflict points by 
separating conflicting maneuvers in time. 
Increasing the number of signal phases de
creases the number of conflict points to 
the level where only basic diverging con
flict points remain. A two-phase signal
ized driveway will have five conflict 
points, and a three-phase signalized drive
way will have only three conflict points. 

If properly designed, installed, and main
tained, traffic signals tend to reduce 
right-angle collisions, vehicular-pedes
tr ian collisions, and opposing left-turn 
collisions. Additional benefits can accrue 
by creating larger gaps in the traffic 
stream at downstream driveway locations. 
Some tradeoffs may be introduced, how
ever, by increasing rear-end conflicts on 
the highway and by creating queues that 
block nearby upstream driveways. Also, 
indiscriminate application of signals can 
increase total delay if delay to through 
vehicles is increased more than delay to 
driveway vehicles is decreased. 

Warrants 

Applicable warrants (MUTCD>2 for signal 
installation at commercial driveways in
clude consideration of traffic volumes and 
accident frequency. 

The Minimum Vehicular Volume warrant 
is intended for application where the vol
ume of intersecting traffic is the prin
cipal reason for consideration of signal 
installation. The warrant is satisfied 
when, for each of any 8 hours of an aver
age day, the traffic volumes on the high
way and on the driveway exceed those 
given in Table A.4.1. 

The Interruption of Continuous Flow war
rant applies when traffic volume on the 
highway is so heavy that traffic on the 
driveway suffers excessive delay or 
hazard. The warrant is satisfied when, 
for each of any 8 hours of an average day, 
the traffic volume on the highway and the 
on the driveway exceed those given in 
Table A.4.2. 

Design 

The Manual on Uniform Traffic Control 
Devices, and Transportation and Traffic 
Engineering Handbook provide specific 
criteria for various situations. State and 
local standards must also be applied to 
provide signalization consistent with 
other intersections in the area. 

Type of controller operation (fixed-time, 
fully-actuated, etc.), number of phases, 
phase duration, and hours of operation 
will be dependent upon traffic volumes, 
site conditions, and method of operation. 

TABLE A.4.1. MINIMUM VOLUME WARRANT FOR A TRAFFIC SIGNAL 

Number of Lanes for Moving Vehicles Per Hour Vehicles Per Hour Traffic on Each Approach Major Street (Total on Driveway (One 
Major Street Driveway of Both Approaches Direction Only) 

1 1 500 150 
2 or More 1 600 150 
2 or More 2 or More 600 200 

1 2 or More 500 200 

100 



TABLE A.4.2. INTERRUPTION OF CONTINUOUS FLOW 
WARRANT FOR A TRAFFIC SIGNAL 

Number of Lanes for Moving 
Traffic on Each Approach 

Major Street Driveway 

Vehicles Per Hour 
Major Street (Total 
of Both Approaches 

Vehicles Per Hour 
on Higher-Volume 

Minor Street Approach 
(One Direction Only) 

1 
2 or More 
2 or More 

1 

1 
1 

2 or More 
2 or More 

Controls to be considered for installation 
include: 

1. A minimum of two signal faces 
should be displayed to through traf
fic. 

2. Unless physically impractical, at 
least one and preferably both of the 
signal faces should be located 40 to 
120 feet beyond the stop line and 
within a field of view of approxi
mately 20 degrees right and left, 
measured from the approach center
line at the stop bar. See Figure -
A.4.1. 

3. For suspended signals, the bottom of 
the signal housing should be 15 to 19 
feet above pavement grade at the 
center of the roadway. For side
mounted signals, the bottom of the 
signal housing should be 8 to 15 feet 
above the sidewalk or, if none, above 
the pavement grade at the center of 
the roadway. 

4. The two signal faces should be con
tinuously visible for the distance 
shown for the applicable design speed 
unless physical obstructions exist. 

750 
900 
900 
750 

75 
75 
100 
100 

Visability of Signal Faces 

Percentile 
Speed (mph) 

Minimum 
Visability 

Distance (feet) 

20 
25 
30 
35 
40 
45 
50 
55 
60 

100 
175 
250 
325 
400 
475 
550 
625 
700 

When physical conditions prevent the 
driver from a continuous view of 
these two indications, an additional 
signal head may be added or the 
approach may be supplemented by 
suitable sign or hazard warning 
beacon advising the driver of signal
ization ahead. 

5. Signal supports should be located as 
far as practical from the edge of the 
traveled way. As a minimum, they 
should be 2 feet behind the curb line, 
or where there is no curb, 2 feet 
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FIGURE A.4.1. SIGNAL PLACEMENT 

beyond the edge of the usable 
shoulder. 

Frequency of accident occurrence is 
sometimes a warrant for signal installa
tion. Typical warrants are as follows: 

1. An adequate trial of less restrictive 
remedies has failed to reduce the 
accident frequency. 

lU2 

2. Five or more reported accidents, of 
types susceptible of correction by 
traffic signal control, have occurred 
within a 12-month period, each acci
dent involving personal injury or 
property damage to an apparent 
extent of $100 or more. 

3. There exists a volume of vehicular 
and pedestrian traffic not less than 
80 percent of the requirements speci
fied either in the minimum vehicular 
volume warrant, the interruption of 
continuous traffic warrant, or the 
minimum pedestrian volume warrant • 

4. The signal installation will not seri
ously disrupt progressive traffic flow. 



A-5: CHANNELIZE MEDIAN OPENINGS TO PREVENT 
LEFT-TURN INGRESS AND/OR EGRESS MANEUVERS 

This median technique directly controls 
access on highways by preventing left
turn ingress and/or egress maneuvers. 
The left-tum maneuvers are restricted by 
channelizing the medians on divided high
ways to physically prevent vehicles from 
crossing. 

The technique reduces the frequency of 
total conflicts by reducing the basic con
flict points from 9 to 5 when eliminating 
either left-turn ingress or egress maneu
vers, and from 9 to 2 when eliminating 
both left-tum maneuvers at driveways. In 
particular, this measure eliminates the 
more severe crossing conflict points 
caused by left-tum ingress or egress 
movements. However, the maximum 
reduction in the frequency of conflicts is 
moderated by increases in right-tum man
euvers and other indirect left turns which 
are accomplished through circuitous 
paths. 

Warrants 

This technique is warranted on multilane 
divided highways with speeds of 30-45 

mph, ADTs greater than 5,000 vpd, and 
levels of development greater than 30 
driveways per mile. In particular, it is 
warranted at driveways where safety 
problems are caused by a small number of 
left-turn maneuvers. The prohibited turns 
should not exceed 100 vpd. Also, this 
technique may be justified at sites that 
meet accident warrants. 

Design 

Case I: (see Figure A.5.1) Highway 
Medial Channelization to Restrict Left 
Turn Egress Vehicles. 

Case II: (see Figure A.5.2) Restriction of 
Left-Turn Ingress Maneuvers. 

Case III: (see Figure A.5.3) Elimination 
of Egress and Ingress Maneuvers. 

Note: Lane lengths, tapers. radii as per 
design guidelines in Chapter · VII. 

__ J l ____ J : l ___ J l __ 

----------
l r l r 1 r 

FIGURE A.5.1. HIGHWAY MEDIAN CHANNELIZATION TO RESTRICT 
LEFT-TURN EGRESS VEHICLES 
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ADDITION OF RAISED MEDIA"I TO DIRECT AND CHANNELIZE FLOW 

J l J l __ ... 4· MIN -~-----.... ---_;-_ -.... -------------.... -... -_-.... -... ---... -..... -..... ..,.._ ............... -~~ 
16 - -

l r )if l r 

FIGURE A.5.2. HIGHWAY MEDIAN CHANNELIZATION 
TO RESTRICT LEFT-TURN INGRESS VEHICLES 

___ J l _____ J l ___ J l __ 

;; 

... ------... 
(: : ) 

CLOSE OPENING~ 

: t:-ZCK ·3 -;:;;;-; 

l r l r 

FIGURE A.5.3. MEDIAN OPENING CLOSURE TO RESTRICT 
INGRESS AND EGRESS VEHICLES 

Source: Reference (3) 
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A-6: WIDEN RIGHT THROUGH-LANE TO LIMIT RIGHT-TURN 
ENCROACHMENTS ONTO THE ADJACENT LANE TO THE LEFT 

The physical widening of a right through 
lane is intended to reduce the frequency 
of right-tum encroachment conflicts 
(sideswipe) on an arterial with narrow 
lanes and frequent driveways with inade
quate approach width. Encroachment 
conflicts occur when right-turning drive
way vehicles swing into the path of 
another vehicle in the adjacent lane to 
the left. 

Warrants 

Since encroachment conflicts due to 
right-turning driveway vehicles are the 
problem to be addressed with this tech
nique, a level of development of 20 drive
ways is the major warranting condition. 
Traffic volume should exceed 5,000 vpd, 
and right-turn driveway entrance volume 
per mile should exceed 100 vehicles 
during the peak hour. Also, highway 
speeds should exceed 30 mph. This tech-
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nique is also warranted where high acci
dent rates indicate a right-turn encroach
ment problem exists. 

Multiple driveways with narrow approach 
widths that only allow minimum turning 
speeds also warrant consideration of this 
technique. 

Design 

Practices and standards pertaining to the 
curb lane vary a great deal among urban 
areas. Additional factors such as gutter 
width and intended usage (buses, bicycles) 
should be considered. It is generally 
agreed that the curb lane, when not an 
exclusive parking lane, should be wider 
than the other lanes in order to facilitate 
turning vehicles and prevent encroach
ment onto adjacent left lane. A 12 foot 
lane exclusive of gutter area is recom
mended minimum. 



A-7: INSTALL CHANNELIZING ISLAND TO PREVENT LEFT-TURN 
DECELERATION LANE VEHICLES FROM RETURNING TO THROUGH LANES 

The installation of a channelizing island 
between a through and a left-tum lane 
can be applied on divided urban highways 
where encroachment problems between 
through and left-turning vehicles exist. 
The channelizing island wiH eliminate 
sideswipe conflicts between vehicles in 
the two adjacent Janes. An increase in 
the number of single-vehicle mishaps, 
however, may occur due to through 
vehicles striking the island. 

Warrants 

This technique is warranted on divided 
highways with greater than 10,000 vpd 

and at driveways with greater than 50 
left-turn ingress vehicles during the peak 
hour. The site shoulc be characterized by 
a history of encroachment conflicts due 
to left-turn vehicles reentering the 
through lanes. 

Design 

Figure A.7.1 iUustrates recommended 
dimensions pertaining to application of 
this control technique. Information con
tained in Chapter VII should be reviewed 
to comply with applicable deceleration 
and storage requirements for vehicular 
speeds. 

____ J l.__ ____ ___,J l +- " ~ + """' ooe,«o ""' 

- -......_ ,_- - - _,_ STORAGE-, './-, ~ - -
........-- t-"° TAPER LENGTH ,n ~LENGTH IL! ... _'; 11 :.----------

+ MEDIAN WIDTH (MwI18 MIN _::::::::= 1 2· .,J///4 ~ 8' r-t ~ t , -2 
_,J..-------------,,-AREA)20QSQFT7' . ' --- -----

PAINTED SKIP LINE !OPTIONAL) 12 PAINTED YELLOW EDGE LINE 

,2 ... 

l r l ( l r----11 

FIGURE A.7.1. CHANNELIZING ISLAND TO PREVENT LEFT-TURN 
DECELERATION LANE-YE.HICLES FROM RETURNING TO THROUGH LANES 
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A-8: INSTALL PHYSICAL BARRIER TO PREVENT UNCONTROLLED 
ACCESS ALONG PROPERTY FRONTAGES 

The installation of a physical barrier 
along a single property or many adjacent 
frontages is a design technique for con
trolling access on all kinds of highways. 
The control of access can be accom
plished by erecting fences, barriers, 
plantings, or curbs adjacent to the road
way or shoulder. Possibilities exist for 
the construction of rock walls, raH 
fences, or other structures that are com
patible 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 defin
ing driveway openings. The frequency of 
conflicts is reduced because the number 
of possible conflict points is limited to 
the defined driveway openings. 

Warrants 

This technique is warranted on all high
ways where open access exists and where 
the highway ADT exceeds 10,000 vpd. 

Where open access highways exist, this 
technique is warranted when the highway 
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ADT exceeds 10,000 vpd and the level of 
development is greater than 45 driveways 
per mile. For consideration at single 
properties only, total driveway ADT 
should exceed 500 vpd. High accident 
rates involving the open access situation 
will also warrant this technique. 

Design 

Regulation of uncontrolled access along 
property frontages can be accomplished 
by several methods. Included in this list 
are: 

• Barrier 

• Curbing 

• Shrubbery 

• Railing 

Of the above, curbing is widely used due 
to: (1) ease of installation; (2) low mainte
nance; and (3) effectiveness. Care how
ever 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-9: INSTALL MEDIAN CHANNELIZATION TO CONTROL 
MERGE OF LEFT-TURN EGRESS VEHICLES 

The instaJJation of a channelizing island in 
a median opening will serve to control 
dr,iveway access by channeling left-turn
ing vehicles into and from the driveway. 
It will also effectively block vehicles 
from reentering the through Janes once 
they have been committed to a left-turn 
Jane. 

This technique should reduce the fre
quency of conflicts associated with left
tum egress vehicles because it reduces 
the total area of the merge conflict. In 
addition, it forces the left-tum vehicle to 
merge at a relatively flat angle, thereby 
minimizing the speed differential with 
through vehicles. 

Warrants 

hour. The site should be characterized by 
a history of merge conflicts associated 
with left-turn egress vehicles. 

Design 

Application of this technique is best
suited for multilane divided highways. 

Design information pertinent to left-turn 
storagP. Janes can be obtained from Chap
ter VII. In addition to the recommended 
design shown in Figure A.9.1, construction 
of the channelization island should re
flect: 

• Clearly-defined path for egress move
ment 

• This technique is warranted on divided 
Adequate safety area to contain merg
ing vehicles 

highways with greater than 10,000 vpd 
and at driveways with greater than 50 • Adequate merging lane width 
left-tum egress vehicles during the peak 

• Elimination of bottleneck conditions 

J++l --------------- .... --------------
12' 

12' 

12' 

FIGURE A.9.J. CHANNELIZATION TO CONTROL LEFT-TURN EGRESS 
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A-10: OFFSET OPPOSING DRIVEWAYS 

This technique involves the longitudinal 
separation of driveways on opposite sides 
of the highway, and it can be imple
mented either at existing locations or as 
an optimization practice when authorizing 
driveway perm its. 

Offsetting driveways should be considered 
if opposing driveways are causing crossing 
conflict problems. The separation dis
tance 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 con
flict points. Conflict points are reduced 
from 32 for directly opposing driveways 
(4-leg intersections) to 18 for the two off
setting driveways (two 3-leg inter
sections). The more severe crossing con
flict points decrease from 16 to 6. 

Implementing this technique will cause an 
increase in the frequency of left-tum 
ingress and right-tum egress maneuvers. 
Also an increase in weaving maneuvers 
results. 

I - 300' SEPARATION - I 
i--- DESIRABLE ---, 

IA) 
"PREFERRED" 

Warrants 

This technique can be implemented on all 
undivided highways where the traffic 
volumes do not warrant 4-way traffic 
signals at driveway locations. Property 
frontage must also be sufficient to 
accomodate the 300-ft. driveway separa
tion. Development near the driveway 
location should contain fewer than 45 
driveways per mile with highway speeds 
ranging between 30 and 45 mph. Drive
way volume should exceed 1,000 vpd and 
highway ADT should be less than 10,000. 
Driveway- to-driveway maneuvers should 
total at least 150 per day or 30 during the 
peak hour. Accident experience could 
also warrant the application of this tech
nique. 

Design 

Greater interference with through traffic 
is likely when the driveways are offset as 
shown-in Figure A.10.lb. The right-turn 
egress to lei t-tum egress maneuver poses 
a greater threat to traffic safety than 
does the left-tum egress to right-tum in
gress manuever. Maximum benefits are 
obtained when driveways are separated by 
at least 300 feet. 

181 
'"ALTERNATE" 

FIGURE A.10.1. DIFFERENCE IN WEAVING ~1\ANEUVERS RESULTING 
FROM DRIVEWAY OFFSET CONFIGUR.\ TION 
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A-11: LOCATE DRIVEWAY OPPOSITE A THREE-LEG INTERSECTION OR 
DRIVEWAY AND INSTALL TRAFFIC SIGNALS WHERE WARRANTED 

Where traffic signal warrants can be sat
isfied (see Technique A-4-), this measure 
involves locating a driveway opposite a 
three-leg intersection either during the 
driveway permit authorization process or 
by relocating an existing driveway. Traf
fic operations along an arterial are 
directly affected by the number and loca
tion of driveways or intersections. Inter
ference to traffic operations should be 
minimized by constructing an additional 
driveway opposite an existing three-leg 
intersection rather than at a neighboring 
location. As the number of access points 
along an arterial decreases, the quality of 
traffic flow wiU usuaUy improve unless 
congestion results at the access locations 
due to the turning vehicles. Because of 
the greater separation between drive
ways, a more efficient progression speed 
for through vehicles should be realized. 
The instaUation of traffic signals helps to 
regulate vehicle speeds and also controls 
the turning maneuvers. 

Reducing the number of conflict points is 
the functional objective of this technique. 
Conflict points are reduced from 18 for 
the two separate three-leg intersections 
to 10 for three-phase signalization of a 4-
leg intersection. The more severe cross
ing conflict points are reduced from six to 
three. 

Warrants 

This technique is warranted on aU types 
of highways where sufficient frontage is 
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available to locate a driveway opposite a 
three-leg intersection or driveway. If an 
existing driveway is being relocated, the 
separation distance before relocation 
should be Jess than 300 feet. Driveway
to-driveway maneuvers should number 
either 30 during the peak hour or 150 per 
day for a signalized location. Cross
street volume should exceed 1,000 vpd, 
and highway ADT should be greater than 
10,000. 

Design 

The major elements associated with this 
technique are the driveway construction 
and traffic signal installation. Driveway 
design depends upon the specific function 
of the driveway and also the location and 
conditions under which the driveway wiJJ 
be operating. AU design elements such as 
width, angle, radii, channelization, and 
vertical geometrics should provide for 
optimum driveway operations. These 
driveway design elements are specified in 
the Driveway Design section of Chapter -
VII. 

The second major design element related 
to this technique is the installation of 
traffic signals. AH design elements such 
as signal sight distance, signal head 
height, signal support location, and num
ber of phases are included in Tech
nique A-4-. AU traffic signal installations 
need to meet at least one of the warrants 
in the MUTCD. 



A-12: INSTALL TWO ONE-WAY DRIVEWAYS IN LIEU OF ONE TWO-WAY DRIVEWAY 

This access control technique involves the 
opening of two one-way driveways to re
place a single two-way driveway. Al
though it appears that this technique may 
decrease the overall safety of the loca
tion by increasing access points, it actu
ally should increase safety through the re
sulting reduction in total conflict points. 

The two one-way driveways, by limiting 
the turning maneuvers that can be made 
at each driveway, will have eight conflict 
points, two of which are crossing conflict 
points. The two-way driveway has nine 
conflict points, of which three are cross
ing conflict points. The overall benefit of 
implementing this technique is that one 
crossing conflict point is eliminated. 
Also, by separating the opposing driveway 
flows, head-on encroachment conflicts on 
the driveway are eliminated. 

Warrants 

This technique is warranted at point loca
tions on all types of highways. The level 
of development should be less than 60 

driveways per mile. Highway ADT should 
be greater than 10,000 vpd, and highway 
speeds should be less than 35 mph. At the 
commercial site, at least 40 vph should 
turn left across through traffic to enter 
the driveway during peak periods. Front
age widths should be at least 150 feet, 
where practical, to ensure that minimum 
driveway separation distances can be at
tained. 

Design 

Figure A.12 shows geometric layout. 
Several considerations must be made in 
order to effectively apply this technique 
including: traffic volume, geometry, and 
roadway width. Of primary importance in 
this design is the separation distance. As 
a rule, the greater the distance between 
the driveways, the more efficient and 
safer will be traffic operations. 

Chapter VII contains minimum driveway 
separation distances applicable under this 
control measure. It is important that 
adequate internal circulation be provided 
when using this technique. 

DRIVEWAY 

♦ 
DRIVEWAY 

MINIMUM SEPARATION __ ...,. ♦ 

FIGURE A.12. MINIMUM DRIVEWAY SPACING 
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A-13: INSTALL TWO TWO-WAY DRIVEWAYS WITH LIMITED TURNS 
IN LIEU OF ONE STANDARD TWO-WAY DRIVEWAY 

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. The two 
driveways wiH have a total of six conflict 
points, two of which are crossing conflict 
points. The one two-way driveway has 
nine conflict points, three of which are 
crossing conflict points. Turning veloci
ties can be increased by angling the drive
ways to receive turning vehicles. 

Warrants 

This technique is warranted at point loca
tions on divided highways with sufficient 
median width. The level of development 
should be less than 60 driveways per mile. 

Highway ADT should be greater than 
l 0,000 vpd, and highway speeds should be 
greater than .35 mph. At the commercial 
site, at least 40 vph should turn left 
across through traffic to enter the drive
way during peak periods. Frontage widths 
should be at least 200 feet, when practical, 
to ensure that minimum separation dis
tances can be attained. 

Design 

Figure A.13 shows a recommended layout 
for two two-way driveways along a rural 
divided highway. The driveway angle with 
the through lanes is typical; however, a 
minimum of 45° is allowable. In urban 
settings, the driveway angle is nearer 90°. 
Distances between the driveways should 
follow recommendations outlined in Chap-
ter VII. -

r--Minimum 50'--1 

t 

30' R 

.. 1 .. ~I 
- - -10MIN-.. 

FIGURE A.13. TWO-WAY DRIVEWAYS WITH LIMITED TURNS 
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A-14: INSTALL TWO ONE-WAY DRIVEWAYS IN LIEU 
OF TWO TWO-WAY DRIVEWAYS 

This driveway operations technique is 
aimed at limiting the number of basic 
conflict points at a single property. Spe
cifically, it reduces the number of cros
sing conflict points by changing driveway 
operations from two two-way driveways 
to two one-way driveways. This tech
nique is applied during the permit-author
ization stage or at existing sites with 
appropriate reconstruction. The direc
tional control accompanying one-way 
operations will result in improved drive
way and highway operations by allowing a 
smaller variety of maneuvers to be made 
at each driveway. As a result, highway 
speeds will increase, and delay times will 
be reduced. 

Accident frequencies are expected to de
crease because the total number of con
flicting points will be reduced from 18 
to 10. Four crossing, three merge, and 
three diverge conflict points are elimi
nated at the two driveways. Accident 
severities are not expected to substan
tially decrease. 

Possible detrimental effects may occur 
because turns made into, or from, the 
wrong driveway may initiate a severe 
conflict. Also, if a vehide misses the 
intended entrance driveway, no other op
portunity will exist to enter the other 
driveway. 

Warrants 

This technique is warranted on all types 
of highways where highway speeds are 

less than 50 mph and traffic volLITTies 
greater than l 0,000 vpd. At point loca
tions, individual 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 m P1. High accident rates involving 
driveway maneuvers will also warrant this 
technique. 

Design 

The individual direction of travel on the 
driveways is an important consideration 
with this technique. The driveways should 
be operationally arranged so that the one
way directions are egress and then ingress 
proceeding downstream. Table A.l~ lists 
the recommended driveway separation 
distances to be used with this technique. 

TABLE A.l~ 
RECOMMENDED 

DRIVEWAY SPACING DISTANCES 

Highway Speed 
(mph) 

Driveway Spacing 
(ft) 
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20 
25 
30 
35 
40 
45 
50 

85 
105 
125 
150 
185 
230 
275 



A-15: INSTALL TWO TWO-WAY DRIVEWAYS WITH LIMITED TURNS 
IN LIEU OF TWO STANDARD TWO-WAY DRIVEWAYS 

This technique is aimed at reducing con
flicts at properties by replacing two two
way driveways with two limited-tum 
driveways. This can be done during the 
permit authorization stage or at an exist
ing location with appropriate reconstruc
tion. 

This technique reduces the frequency of 
conflicts at a single property by eliminat
ing four crossing, four merge, and four 
diverge conflict points. Accident severi
ties and vehicular delays are not expected 
to change substantially. Turning veloci
ties can be increased by angling the drive
way to receive turning vehicles. 

Warrants 

This technique is warranted at point loca
tions on aH types of highways. The level 
of development should be less than 60 
driveways per mile. Highway ADT should 
be greater than 10,000 vpd, and highway 
speeds should be greater than 35 mph. At 

the commercial site, 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, where practical, to ensure that mini
mum separation distances can be at
tained. The technique will also be war
ranted at locations where accident exper
ience indicates a change in driveway 
operations. 

Design 

In the design of this technique, considera
tion should be given to limiting the num
ber of conflict points between ingress/
egress vehicles and through movements. 
Access driveway approaches preferably 
should be positioned between 90° -60° to 
the highway and 60° -45° in special cases. 
On high speed roads, an angle of 60° is 
preferred to facilitate the higher speed. 
In no event shall the angle be less than 
45°. Figure A.15 shows a recommended 
layout for a high speed roadway. 

1 Minimum 50'----, 

l 

3C R 

... , .... 1 

- - -1C"Ml'J-.. 
FIGURE A.15. ANGLED TWO-WAY DRIVEWAYS WITH LIM!TED TURNS 
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A-16: INSTALL CHANNELIZING ISLAND TO PREVENT LEFT-TURN MANEUVERS 

This driveway design technique directly 
controls access by preventing left-tum 
ingress and egress maneuvers. The left
turn maneuvers are restricted by a chan
nelizing island in the driveway throat. 
The main objective of this technique is to 
reduce the number of conflict points by 
limiting the basic crossing conflicts. 

The technique reduces the frequency and 
severity of conflicts by reducing the basic 
conflict points from nine to two at a 
driveway. This measure completely 
eliminates the crossing conflicts that 
accompany left-turn ingress and egress 
maneuvers. However, the reduction in 
conflicts is moderated by a possible 
increase in right-turn and indirect left
turn maneuvers. Travel time may 
increase to vehides denied the oppor
tunity to make left turns. 

Warrants 

This technique is warranted on undivided 
highways with speeds of 30-45 mph, 

II 
30' 

ADT's greater than 5,000 vpd, and drive
way volumes of at least 1,000 vpd. The 
prohibited turns should number less than 
100 vpd. High left-turn accident rates 
will also warrant this technique. 

Design 

Regulation of left-turning traffic by using 
channelization islands is an effective 
means of prohibiting unsafe ingress/egress 
manuevers. The island construction 
should be offset a minimum of 4 feet 
from the traveled throughway and be of 
sufficient width to effectively deter un
wanted maneuvers. Figures A.16.1 
through A.16.3 show recommended geo
metric layouts to eliminate unwanted 
movements. In addition, placement of 
turn prohibition signs (R3-l, R3-2) as out
lined in the MUTCD will serve as a 
motorist warning device. 

l 

II 

+ II '... • .~· ~· 
l 

,,..,f'· -

.,.,. 

FIGURE A.16.1. DRIVEWAY CHANNELIZING ISLAND TO PREVENT 
LEFT-TURN INGRESS MANEUVERS 
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FIGURE A.16.2. DRIVEWAY CHANNELIZING ISLAND TO 
PREVENT LEFT-TURN EGRESS MANEUVERS 

Source: Reference (3) 
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FIGURE A.16.3. DRIVEWAY CHANNELIZING ISLAND TO PREVENT 
LEFT-TURN EGRESS A ND INGRESS 1v\A NEUVERS 
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A-17: INSTALL DRIVEWAY CHANNELIZING ISLAND TO PREVENT 
DRIVEWAY ENCROACHMENT CONFLICTS 

This access control measure involves the 
construction of a driveway median island 
to control ingress and egress vehicle man
euvers. The technique can be applied 
either to existing driveways or in the per
mit authorization stage. 

The technique will reduce head-on encro
achment conflicts between driveway in
gress 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. 

Warrants 

This technique is applicable on all types 
of highways and for driveways with two
way operations. A history of driveway 
head-on accidents between opposing vehi
cles or between entering and parking 

20' R 

vehicles would warrant this treatment. 
Highway traffic volume should exceed 
5,000 vpd with speeds ranging from 
25-45 mph. At least 500 vpd or 100 
vehicles during the peak hour should uti
lize the driveway before constructing 
medial channelization. 

Design 

Installation of a driveway median should 
be made to prohibit encroachment by op
posing 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 
construction takes place on an existing 
driveway, adequate space for the safe 
operation of driveway vehicles must be 
achieved. Figure A.17 presents minimum 
geometric considerations for successfully 
implementing this technique. 

-----

FIGURE A.17. DRIVEWAY MEDIAN CHANNELIZING ISLAND 
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A-18: INSTALL CHANNELIZING ISLAND TO PREVENT RIGHT-TURN 
DECELERATION LANE VEHICLES FROM RETURNING TO THROUGH LANES 

The application of this technique involves 
installing a channelizing island to sepa
rate through-lane and right-turn decelera
tion lane vehicles. The channelizing is
land prevents turning vehicles from en
croaching on the through lanes and also 
guides the decelerating driver into the 
driveway by defining the desired vehicle 
path. 

Design 

The purpose of this design is to separate 
through and right-turn deceleration vehi
cles from unnecessary conflict. Con
struction of a raised median will ade
quately achieve the goal. This median 
should possess the following dimensions 
and characteristics~ 

The functional objective of this treatment • 2-feet in width 
is to elimi.late the encroachment conflict 
point for right-turn ingress vehicles. A • 2-foot separation from through 

traf fie lanes reduction in encroachment (basically side
swipe) conflicts will occur. However, an 
increase in the number of single-vehicle • Minimum of 6-foot extension into 

intersection mishaps may occur due to vehicles str ik-
ing the island. 

• 
Warrants 

Reflector izatior. for nighttime 
driving 

This technique is applicable to all high
ways with greater than 10,000 vpd. At 
least 50 right-tum ingress vehicles should 
enter the driveway during the peak hour. 
The site should be characterized by a 
history of encroachment conflicts due to 
right-tum ingress vehicles reentering the 
through lanes. 

I 
l 12• I 12• 12• ! 12• 

• Extend far enough to prohibit 
reentry into through lanes 

• Consist of sufficient lane width to 
safely accommodate traffic 

Additionally, signing such as W 12-1 and 
R3-2 should be utilized as an informa
tional aid. Figure A.18 shows a typical 
layout. 

I 

_J_•--4+ 1 + +1+i,--2-0'RM•N 

RtWLl"IE _Lil, --- --- --- ----
I I 

1'' "- 12' 1-"'1 
I 2•11.-1!=5 _ _!__00'-_---- _ - ~ LANE TAPER IN ACCORDANCE ~ 12 , 

......-- WITH CHAPTER VII 

SOLID WHITE Ll'JE .._ 

FIGURE A .18.1 CHI\ NNELIZING ISLA ND TO PREVENT 
RIGHT-TURN DECELERATION LA NE VEHICLES 

FROM RETURNING TO THROUGH LANES 
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A-19: INSTALL CHANNELIZING ISLAND TO CONTROL 
THE MERGE AREA OF RIGHT-TURN EGRESS VEHICLES 

This driveway design technique reduces 
the frequency of conflicts by reducing con
flict areas. The channelizing island will 
designate the correct right-tum egress 
path and more clearly define the merge 
area. 

The technique will reduce accident fre
quency and severity between right-turn 
egress vehicles and through traffic. 
These reductions will result from moving 
the basic conflict area longitudinally from 
the immediate driveway intersection. 
Delay is not expected to change. Possible 
tradeoffs might occur because of vehicles 
striking the channelizing island. 

Warrants 

This technique is warranted on all types 
of highways. Highway volumes should 
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exceed l 0,000 vpd, and highway speeds 
should be from 25 to 45 mph. Right-turn 
egress maneuvers should exceed 30 per 
hour. Total driveway volume should be 
less than 100 vph. This technique can also 
be applied at locations where accident 
histories indicate that an egress merge 
problem exists. 

Design 

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. 
Refer to Figure A.16.2 for recommended 
geometric layout. The addition of appro
priate signing (W4-l, MUTCD) will aid 
through-moving motorist of the impending 
merge. 



A-20: REGULATE THE MAXIMUM WIDTH OF DRIVEWAYS 

This is a regulatory technique 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 their entering or exit
ing speeds. This technique is applicable 
at a point location or as a standard for all 
driveways. Curbing is usuaHy used to 
define the extent of a driveway opening. 

The reduction in potential conflict areas 
is expected to be accompanied by a re
duction in accident frequencies and sever
ities. No tradeoffs are anticipated by 
regulating maximum driveway widths. 

Warrants 

This technique is warranted on all high
way types where excessively large drive-
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way widths exist. Highway volumes 
should exceed 5,000 vpd, and highway 
speeds should be less than 45 mph. Drive
way volumes should exceed 250 vpd. The 
technique is also warranted for general 
application along highways that experi
ence high accident rates associated with 
undefined driveways. 

Design 

Maximum driveway wi.dth is a function of 
design parameters appropriate to the ex
pectant vehicle usage. Consideration 
must be given to highway operating condi
tions, volume, geometry, sight distance, 
angle of intersection, and alignment (ver
tical and horizontal) as described in 
Chapter VII. Information contained in 
several techniques should be consulted in 
the initial phase. 



_B-1: REGULATE MINIMUM SPACING OF DRIVEWAYS 

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 relo
cating driveways. 

This technique indirectly reduces fre
quency 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 decelera
tion distance and perception time for 
motorists. Some tradeoffs may be real
ized by increasing average delay and rear
end conflicts at driveways as a result of 
increasing the average volume per access 
point. 

Warrants 

This access control technique is generally 
warranted for all types of arterials whel!"e 
conflict areas overlap and delays are 
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excessive. Highways with volumes 
greater than 5,000 vpd and speed greater 
than 25 mph are candidates for considera
tion. Also, the technique is warranted on 
arterials which have a level of develop
ment ranging from .30-60 driveways per 
mile and frontage widths greater than 100 
feet. Minimum driveway volumes greater 
than 200 vph at peak periods are neces
sary for warranting this technique. 

Design 

Table B.l contains desirable separation 
distances applicable to driveways on all 
types of roadways. 

TABLE B.l. DESIRABLE SEPARATION 
OF ADJACENT DRIVEWAYS 

Highway 
Speed 

20 mph 
25 mph 
.30 mph 
35 mph 
40 mph 
45 mph 
50 mph 

Minimum 
Spacing 

85 
105 
125 
150 
185 
2.30 
275 



B-2: REGULATE MINIMUM CORNER CLEARANCE 

This access control standard regulates the 
distance between a crossroad intersection 
and the nearest driveway location. In this 
text, corner clearance is defined as the 
distance, measured along the back of the 
arterial curb, from the nearest edge of a 
driveway to the nearest edge of the inter
section. 

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 addi
tional effect is that driveway vehicles 
will be delayed less by standing queues at 
signal-controlled intersections. A pos
sible tradeoff is that access to some 
corner commercial properties may be par
tially or totally denied. 

Warrants 

This technique may be applied on all types 
of highways where corner lot driveways 

create conflict and delay problems to 
through and driveway traffic. Highway 
ADT and speed shoui.d exceed 5,000 vpd 
and 25 mph, respectively. Severe limita
tions on corner frontage widths may 
render this technique impractical at loca
tions with frontage widths less than 100 
feet. 

Design 

This technique is aimed at minimizing 
driveway/intersection conflicts by pre
venting blockage of driveways upstream 
of an intersection due to standing traffic 
queues. Minimum driveway setback dis
tances should take into consideration 
typical traffic queue lengths while per
mitting sufficient movement to driveway 
vehicles. In rural areas, the corner clear
ance from the end of the radius should be 
a minimum of 20-40 feet; in urban areas, 
10-20 feet. 
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B-3: REGULATE MINIMUM PROPERTY CLEARANCE 

The regulation of rmmmum property 
clearance distances is an access control 
standard that helps increase the minimum 
spacing of access points. Property clear
ance is the distance, measured along the 
arterial curb, from the extended property 
line to the nearest edge of the driveway. 

The technique is expected to reduce 
deceleration requirements on the high
way. Conflicts will be reduced because 
drivers are allowed more perception time 
between successive conflict areas. 
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Warrants 

This technique may be applied on all high
way types where insufficient property 
clearance contributes to conflicts and 
delays to the through and driveway traf
fic. Highway ADT and speed should 
exceed 5,000 vpd and 25 mph. 

Design 

Table B.l contains recommended clear
ances between driveways. 



B-4: OPTIMIZE DRIVEWAY SPACING IN THE PERMIT AUTHORIZING STAGE 

This is a general operating practice that 
maximizes the spacing of adjacent drive
ways during the permit authorization 
stage. The technique is intended to sup
plement the operational benefits expected 
from Technique B-5, "Regulate Minimum 
Driveway Spacing." 

This technique indirectly reduces the fre
quency of conflicts by separating adjacent 
conflict areas and limiting the number of 
basic conflict points per length of high
way. The implementation of the tech
nique is expected to reduce the severity 
of conflicts as it allows more deceleration 
distance and perception time between 
driveways. 

Warrants 

This technique is warranted for all types 
of highways. Rts application is limited to 
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the permit authorization stage. Highways 
with volumes and speeds greater than 
5,000 vpd and 25 mph, respectively, are 
prime candidates. Also, the technique is 
warranted on arterials which have an 
anticipated level of development range 
from 30-60 driveways per mile. Minimum 
anticipated driveway volumes of 1,000 
vpd are required. 

Design 

This technique is aimed at max1m1zmg 
spacing between adjacent driveways along 
an arterial. Application of this technique 
is intended to supplement the information 
contained in Technique B.l. Figure B.4.1 
contains two arrangements: a.) minimum 
non-optimized driveway spacing and b.) 
optimized driveway spacing. 
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FIGURE B.4.1. OPTIMIZED DRIVEWAY PLACEMENTS 
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B-5: REGULATE MAXIMUM NUMBER OF DRIVEWAYS PER PROPERTY FRONTAGE 

This general access control standard 
limits the number of driveways per prop
erty relative to the length of available 
frontage. It is a route alternative that 
minimizes the number of driveways per 
length of highway. 

Genera11y, regulating the maxmium num
ber 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 wiU be reduced pro
portionately to the reduction in drive
ways. 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 tech
nique, traffic volume increases signifi
cantly at existing driveway locations, an 
increase in the frequency of conflicts at 
these locations is likely. Also, regulating 
the number of driveways permitted for a 
specific frontage length could have a sig
nificant 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. 
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Warrants 

The application of this access control 
measure is warranted on all existing 
arterial highways or as a standard for all 
new facilities. For implementation on 
existing highways, highway volumes and 
speeds should exceed 5,000 vpd and 30 
mph. Total access volumes to a property 
should exceed 500 vpd. 

Design 

The allowable number of driveways typi
cally follows the recommendations out
lined below: 

• Norma11y, only one driveway is per
mitted for residential usage and no 
more than two permitted for non
residential usage. 

• If property frontage exceeds 600 
feet, an additional driveway may be 
permitted. 

• Development may be restricted to a 
single ingress/egress point if served 
by an adequate collector road. 



B-6: CONSOLIDATE ACCESS FOR ADJACENT PROPERTIES 

This general opera ting practice encou r
ages adjacent property owners to con
struct joint-use driveways in lieu of sepa
rate driveways. Strategies for imple
menting this technique include closing 
existing driveways or authorizing joint
use driveways. 

/\ prime exarriple of this technique is the 
neighborhood shopping center, where 
access to several properties is provided by 
a few access points. 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 con
centrations is expected to be accom
panied by a reduction in the frequency 
and severity of conflicts. 

Warrants 

This technique is warranted on all types 
of highways. Highway ADT should exceed 
10,000 vpd and highway speeds should be 
greater than 35 mph. Driveway pairs with 
more than 50 vehicles using each drive-
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way per hour will be good candidates for 
this technique. 

Design 

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 the joint-use 
driveway be owned by both property 
owners. That is, the driveway should be 
located precisely straddling the property 
line dividing the two establishments. This 
practice will not enable either owner the 
opportunity to deny or restrict access to 
his neighbor's property. 

The resulting Jomt-use parking area 
should be accompanied by an efficient 
internal circulation plan. Internal circu
lation is discussed in detail in connection 
with Technique C-20, Require Adequate 
Internal Design and Circulation Plan. 
Consideration should also be given the 
driveway design parameters of return 
radii, offset distances, alignment angles 
and land widths, which are discussed 
in Chapter VII. 



B-7: REQUIRE HIGHWAY DAMAGES FOR EXTRA DRIVEWAYS 

This general access control policy re
quires the abutting property owner or 
developer to pay for highway damages if 
he desires an additional driveway beyond 
the number considered suitable and suffi
cient for access. The additional drive
ways are permitted only if they conform 
to other established driveway regulations. 
The compensation should reflect the in
creased operating and accident costs as
sumed by the motoring public. Payment 
for damages can be required either on ex
isting facilities or for sites being devel
oped. 

The policy of requirmg highway damages 
must be established by statute, code, 
ordinance or other means in order to be 
enforceable. Such a policy should help to 
discourage the construction of additional 
driveways. The average spacing of access 
points would be increased and driveway 
maneuvers will create less interference 
with through vehicle movement, thereby 
achieving better compatibility bt!tween 
accessibility and traffic operations. 
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Conflict points are indirectly reduced if 
the technique is a successful deterrent to 
additional driveways. A reduction in the 
frequency of conflicts would follow. The 
increased separation distance between 
basic conflict areas would increase per
ception time and lessen deceleration 
requirements, thus decreasing the seve
rity of conflicts. 

Warrants 

Requiring highway damages for extra 
driveways must be appiied in the planning 
stage. This technique is applicable to 
higher volume highways using specified 
standards for the number of driveways 
permitted for specific frontage widths. 

Design 

The guidelines for implementation of this 
technique will derive from the basic 
driveway sp_acing_ policy of the highway 
agency. Chapter VII provides guidelines. 



B-8: BUY ABUTTING PROPERTIES 

This access control measure is aimed at 
reducing the frequency of access points 
by purchasing small parcels that remain 
after a highway improvement. This elimi
nation of potential access points can aid 
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substantially in protecting the functional 
integrity of the highway by minimizing 
the frequency and severity of conflict 
points. 



B-9: DENY ACCESS TO SMALL FRONTAGE 

The denial of access to smaU 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 is 
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 sepa
rated, 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. 
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B-10: CONSOLIDATE EXISTING ACCESS WHENEVER SEPARATE PARCELS 
ARE ASSEMBLED UNDER ONE PURPOSE, PLAN, ENTITY, OR USAGE 

This is a general operating practice that 
requires specific changes on commercial 
sites when they are assembled for devel
opment or redevelopment. The consolida
tion 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 in
crease average spacing of access points 

along the highway. The consolidation of 
driveways reduces the number of access 
of points and thereby increases the spac
ing of driveways. The increase in drive
way spacing provides motorists of turning 
vehicles more time and distance to prop
erly execute their maneuvers. The sever
ity of conflicts should decrease because 
deceleration requirements are lessened. 
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B-11. DESIGNATE THE NUMBER OF DRIVEWAYS TO EACH 
EXISTING PROPERTY AND DENY ADDITIONAL DRIVEWAYS 

REGARDLESS OF FUTURE SUBDIVISION OF THAT PROPERTY 

This is a general regulatory policy which 
designates the maximum number of drive
ways 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 abut
ters. Such policy denies additional drive
ways 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 front
age. 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 dec1·ease because deceleration re
quirements are lessened. 
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B-12. REQUIRE ACCESS ON COLLECTOR STREET (WHEN AVAILABLE) 
IN LIEU OF ADDITIONAL DRIVEWAYS ON HIGHWAY 

This access control technique is aimed at 
maintaining the average spacing of drive
ways by locating additional driveways on 
collector streets instead of on the arterial 
highway when the existing driveways on a 
property are utilized to their capacity. 

This technique will reduce conflict fre
quency and severity by diverting some 
driveway vehicles to the collector street 
location where traffic volumes and speed 
are lower. 
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C-1: INSTALL TRAFFIC SIGNALS TO 
METER TRAFFIC FOR LARGER GAPS 

The size of traffic gaps on the arterial is 
an important factor influencing traffic 
flow and driver behavior. The installation 
of additional traf fie signals at intersec
tions or major driveways is an operational 
technique that helps create sufficient 
traffic gaps and allows driveway vehicles 
the appropriate use of these gaps. 
Closely-spaced traffic signals will also 
tend to regulate highway speeds, which 
will lessen the speed differential between 
through vehicles and driveway vehicles. 
Less time and distance will be necessary 
for deceleration of through vehicles that 
conflict with turning vehicles. 

Larger gaps and slower speeds reduce the 
severity of conflicts between merging and 
diverging streams of traffic. Also, some 
reductions in delay to driveway vehicles is 
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expected. The major tradeoff associated 
with this technique is the increased delay 
to through vehicles. 

Warrants 

This technique is applicable on all types 
of highways where, because of the lack of 
adequate gaps for driveway vehicles, 
speed differentials between through and 
turning vehicles are critical. Warrants 
discussed in Technique A.4 and Refer
ence 2 should be met. 

Design 

Installation of signals must conform to 
the requirements of the MUTCD, as 
described in Technique A-1./. of this 
Appendix. 



C-2: RESTRICT PARKING ON THE ROADWAY NEXT TO DRIVEWAYS 
TO INCREASE DRIVEWAY TURNING SPEEDS 

This technique increases the turning speed 
by removing constraining obstacles, spe
cifically parked vehicles, from areas adja
cent to driveways. Parked vehicles may 
indirectly contribute to driveway acci
dents by limiting the sight distance or 
influencing the turning paths of driveway 
vehicles. This technique is intended as a 
point measure, although route applica
tions 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 fre
quency also benefits from the increase in 
turning velocity. One possible tradeoff 
that accompanies this technique is a 
reduction in parking capacity. 

Warrants 

This technique is warranted at any drive
way location where parked vehicles cause 
excessively slow turning speeds resulting 
in rear-end conflicts between right-turn
ing and through vehicles. All highway and 
driveway ADT ranges, and all levels of 
development will benefit from this tech
nique's application. 
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FIGURE C.2. RECOMMENDED MINIMUM 
PARKING RESTRICTION ADJACENT 

TO DRIVEWAY OPENINGS 

Design 

In the design of driveways, consideration 
should be given to ensure safe and eff i
cient merging of driveway vehicles with 
through movements. Figure C.2 shows 
the recommended practice. 

In addition to the design elements in Fig
ure C.2, sight distance requirements in 
Chapter VII should be adhered to. 



C-3: INSTALL VISUAL CUES OF THE DRIVEWAY 

Adequate sight distance and visual reali
zation of the driveway location are very 
important factors to the safe and effi
cient operation of driveways and high
ways. Many existing driveways, however, 
Jack adequate visual cues and are the 
scene of many vehicular and pedestrian 
conflicts. 

Visual cues of driveways serve to limit 
maxmium deceleration requirements of 
highway vehicles by increasing driver per
ception time. Consequently, the severity 
of conflicts should be lessened. Rear-end 
conflicts are expected to decrease the 
most. 

Warrants 

Since sight distance could be a major 
problem, any isolated driveways with 
intersection sight distances Jess than the 
minimum, as set up by AASHTO, would 
warrant this technique. A JeveJ of devel
opment of Jess than 30 driveways per mile 
and daily highway volumes of greater than 
2,500 are needed. Highways speeds should 
exceed 35 mph. 
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The advance warning sign with flashing 
beacon would apply to isolated driveways 
with volumes greater than 500 vehicles 
per day. The red-yeJlow flashing beacon 
and driveway iJJumination schemes re
quire driveway ADT's greater than 1,000. 
The advance warning is also warranted 
when high accident rates indicate JocaJ
ized problems. 

Design 

If circumstances exist which cannot be 
eliminated by guidelines recommended in 
Technique C.2, advanced warning wiJJ be 
required. Consideration must be given to 
the geometric and grade layout, traffic 
JeveJ, and roadway type. Recommended 
visual cues include: flashing beacons, 
warning signs, contrasting pavements, re
f Jectorized treatments, driveway lighting, 
or any combination of the above men
tioned. InstaJlation of warning devices 
should adhere to recommendations out
lined in the M UTCD. 



C-4: IMPROVE DRIVEWAY SIGHT DISTANCE 

Adequate sight distance at driveway 
entrances is required to allow driveway 
egress drivers a sufficient view of the 
highway for acceptable gaps, and to pro
vide through drivers the necessary per
ception, 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, but not limited 
to, highway geometrics and topography, 
foliage and/or other landscaping, parked 
vehicles, and physical structures. Stat
utes 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. 

This action caHs for 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. 

On many arterials, sight distance is 
limited by the presence of parked vehicles 
in the roadway. It has become increas
ingly difficult for drivers to see a drive
way through the windows of modern 
designed parked cars. Eye contact is fre
quently impossible because the line of 
sight between the highway and driveway 
is blocked by parked vehicles. One way to 
reduce these disadvantages is to prevent 
or restrict parking space along a highway. 

Often commercial establishments with 
insufficient setback distances and internal 
parking problems will use the unpaved 
highway right-of-way for parking. This 
should not be encouraged 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 prac
tice. Stepped-up enforcement of regula
tions may be an effective deterrent. 
Other remedies should be tried if more 
critical problems occupy police time. 

The unused portion of the right-of-way 
can be separated from the property by 
methods suggested for Technique A-8. 

Warrants 

This technique is warranted at all existing 
driveways where adequate sight distance 
is not available. High accident experi
ence due to inadequate sight distance will 
also warrant this technique. 

Design 

In addition to utilization of information 
contained in Techniques C.2 and C.3 to 
increase driveway sight distance, elimina
tion or alteration of physical and geo
metric 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 phy
sical obstructions (shrubbery, fencing, 
walls, etc.). Chapter VII provides guide
lines for minimum sight distances at en
trances. 
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C-5: REGULATE MINIMUM SIGHT DISTANCE 

This regulatory policy is designed to con
trol driveway location by imposing mini
mum sight distance standards for drive
ways. 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 high
way without creating a hazardous situa
tion. The increased sight distance also 
decreases the speed differential between 
highway and driveway vehicles by allow
ing the through driver more perception 

time, which helps to reduce maximum 
deceleration requirements. These condi
tions should lead to a reduction in the 
severity of conflicts. 

Warrants 

The application of this technique should 
always be considered in the permit author
ization stage. Application to existing 
highways is appropriate where high-acci
dent rates are associated with sight dis
tance restrictions. 

Design 

~hapter VII p~ovides recommended sight 
distances appllcable to this technique. 
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C-6: OPTIMIZE SIGHT DISTANCE IN THE PERMIT AUTHORIZATION STAGE 

This is an operating policy which con
siders driveway location to optimize sight 
distance. Optimizing sight distance 
occurs in the permit authorization stage 
after a thorough review of the driveway 
location plans. The review enables the 
driveway to be located where maximum 
sight distance is available, consistent with 
other locational controls. 

The technique 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 direc
tions along the highway to enter the high
way without creating a hazardous situa
tion •. Optimizing the sight distance also 
decreases the required speed differentials 
between highway and driveway vehicles. 
Drivers are afforded more perception 
time which helps to reduce maximum 

deceleration requirements. These condi
tions lead to a reduction in the severity of 
conflicts. 

Warrants 

Requests for driveway permits in the 
authorization stage warrant this access 
control treatment. All highway types are 
candidates with particular attention to 
high-speed highways. 

Design 

Although frontage widths pose some 
limitations on the actual location, drive
ways should be located at the point of 
optimum sight distance along the front
age. This technique attempts to achieve 
sight distances greater than required 
minimums as given under Technique C.4. 
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C-7: INCREASE THE EFFECTIVE APPROACH WIDTH OF THE DRIVEWAY 

This technique is a driveway design tech
nique aimed at limiting the maximum de
celeration requirements on the highway. 
The technique affects driveway opera
tions by increasing the driveway turning 
speeds. Strategies for implementing this 
technique involve optimizing various 
driveway design parameters. 

Conflict severity will be reduced with this 
technique by decreasing the maximum de
celeration requirements for highway vehi
cles. Delay to through vehicles will also 
be reduced by increasing the turning 
speeds of ingress and egress vehicles. 

Warrants 

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 coun
termeasure for medium-to-high volume 
existing driveways. 

Design 

The speed at which vehicles can safely 
and effectively negotiate turning maneu
vers is governed by several design para
meters including: driveway width, return 
radius, lateral offset, approach angle, ap
proach flare, and usable driveway length. 
Figure C. 7 .1 shows the various design 
components that effect a change in the 
approach width. 

Tables in Chapter VII contain the results 
of examinations between turning maneu
vers and design elements for various 
vehicular speeds. From these tables, it is 
recommended that the various combina
tions of design elements be utilized to 
develop safe, efficient driveway designs • 
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DESIGN ELEMENTS 
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C-8: IMPROVE THE VERTICAL GEOMETRICS OF THE DRIVEWAY 

This technique is a general design stan
dard for new and existing driveways in 
which driveway profile guidelines are 
specified. These guidelines allow vehicles 
to efficiently execute driveway maneu
vers without the vehicle experiencing se
vere bouncing. Providing adequate drive
way profiles will result in desirable drive
way turning speeds only when the other 
driveway geometric characteristics will 
permit such speeas. 

Increasing driveway turning speeds limits 
maximum deceleration requirements on 
the highway and therefore decreases con
flict severity. Improvements to the drive 
way profile should not adversely affect 
utility installations or drainage require
ments. 

Warrants 

Application of this technique is desirable 
on all newly constructed or reconstructed 

driveways and on existing facilities where 
the driveway profile is adversely affect
ing traffic operations. Highway speeds 
should be at least 25 mph, and driveways 
should accommodate greater than 100 vpd. 
High accident experience could also war
rant this method. 

Design 

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 pro- . 
vide for sufficient clearance between the 
vehicle and driveway· surface. Chapter -
VII provides guidelines for acceptable 

driveway profiles. 
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C-9: REQUIRE DRIVEWAY PAVING 

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 drive
way speeds are difficult to maintain be
cause of potholing, ponding, and ilkfefined 
maneuver paths. With paving, inter
ference to through vehicles and conflict 
severity are reduced because the maxi
mum deceleration requirement is limited. 

Warrants 

This technique is warranted at all com-

exceed 100 vpd. High accident rates due 
to unpaved driveways wiJI also warrant 
this technique. 

Design 

Appropriate driveway thicknesses and sur
faces shall be instaHed to withstand 
expectant 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: 

mercial driveways where excessive inter- • 611 base stone plus JY2" asphalt, or 

4" reinforced concrete, or 
ference to highway-driveway operations 
results form the absence of driveway pav- • 
ing. Highway speeds should exceed 
25 mph, and driveway volume should • 7" non-reinforced concrete 
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C-10: REGULATE DRIVEWAY CONSTRUCTION (PERFORMANCE 
BOND) AND MAINTENANCE 

This technique is an access control policy 
that ensures a permanent and structurally 
adequate driveway surface. The strategy 
used in regulating construction is a per
formance 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 turn limits the decelera
tion requirements of through vehicles. A 
reduction in the severity of conflicts is 
the anticipated result. 

Warrants 

This technique is warranted for all drive
ways during the driveway permit process. 

Highway speeds should be at least 25 mph, 
and driveways should accommodate at 
least 100 vpd. This policy is most applic
able to urban-suburban areas. 

Design 

In order to ensure that the construction of 
a driveway is sound and structurally ade
quate, 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 out
lined in the permit-granting stage and 
plays a necessary function in maintaining 
adequate driveway operation and service 
life. 
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C-11: INSTALL RIGHT-TURN ACCELERATION LANE 

This design technique reduces through
lane deceleration_ requirements by facili
tating higher speed driveway merge man
euvers. The merge maneuver is facili
tated by a right-turn acceleration lane for 
use by right-turn egress driveway vehi
cles. 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 com
patible with highway running speeds. 

Merge and rear-end conflicts are ex
pected to decrease because of a reduction 
in the deceleration requirement of through 
vehicles. Increased perception times will 
also result. 

Warrants 

This technique is warranted on all high
way 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. 

Design 

A right-turn acceleration lane should be 
of sufficient width and length to a!low 
safe, efficient merging maneuvers to oc
cur. Chapter VII contains recommended 
dimensions to construct acceptable merg
ing lanes. (See Figure C.l 1.1.) 

O;:;IVE"W.AY 

-------------------------
SOLID '/,HITE LINE 

_________ "_ED_,._" ____ _./ JA c 

C.11.1. RIGHT-TURN ACCELERATION LANE 
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-- C-12: INSTALL CHANNELIZING ISLANDS TO PREVENT 
DRIVEWAY VEHICLES FROM BACKING ONTO THE HIGHWAY 

This driveway design technique is aimed 
at reducing through-lane deceleration re
quirements by preventing driveway vehi
cles from backing onto the highway from 
a parking area. The strategy for acheiv
ing this objective is to construct chan
nelizing 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 charac
terized by commercial parking areas flat
graded to the highway, with no physical 
distinction between the two areas. This 
method will define where access to a pro
perty 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 ac
cess along property frontages. Possible de
trimental effects may include an increase 
in through-vehicle conflicts with the in
stalled island. 

Warrants 

This technique is warranted on all high
ways where open access exists with ADT's 
greater than 10,000. Highway speeds 
should be less than 45 mph. Driveway 
volumes should exceed 200 vpd. High 
accident rates involving vehicles backing 
onto the highway will also warrant the 
technique. 

Design 

The design of islands to accomplish this 
technique is dependent upon geometric 
layout and highway speeds. Islands should 
be of adequate size to discourage undesir
able maneuvers but clearly define intent 
and direction for the turning vehicle. The 
island should conform to the channelization 
guidelines provided in Chapter VII. 

.145 



C-13: INSTALL CHANNELIZING ISLAND TO MOVE INGRESS 
MERGE POINT LATERALLY AWAY FROM THE HIGHWAY 

This driveway design technique is aimed 
at limiting the maximum deceleration re
quirements of tne through lanes. The 
driveway channelizing island will move the 
ingress merge point laterally away from 
the highway enabling ingress vehicles 
to enter the driveway at higher speeds be
cause other driveway vehicles will not in
terfere with the turning maneuver. 

This technique is expected to reduce the 
severity of rear-end and merge conflicts. 
Possible tradeoffs may accompany this 
technique due to through and driveway 
vehicles striking the channelizing island. 

Warrants 

This technique is warranted on all high
way types. Highway volumes should 
exceed l 0 ,000 vpd, and speeds should be less 

than 45 mph. Driveway volumes should 
exceed 1,000 vpd ar.d at least 40 right
turn ingress movements per hour should 
occur over peak-use periods. Sites that 
have a history of frequent ingress conflicts 
will warrant special consideration. 

Design 

The design of this channelizing device 
should be of adequate size to command 
motorist attention and clearly define 
directional path. The sides which parallel 
the through and driveway lanes should be 
of sufficient length to effectively control 
affected vehicles. As in the case of all 
islands, lane width should be sufficient to 
accommodate expected traffic volumes. 
Islands should conform to the channeli
zation guidelines provided in Chapter VII. 
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C-14: MOVE SIDEWALK-DRIVEWAY CROSSING 
LATERALLY AWAY FROM HIGHWAY 

This technique involves moving sidewalks, 
that are adjacent to driveways, laterally 
away from the highway. Interference 
between driveway ingress vehicles and 
through traffic will decrease because in
gress vehicles are provided sufficient stor
age space on the driveway to avoid pedes
trian conflicts. A reduction in conflict 
severity between through vehicles and 
driveway ingress vehicles is expected be
cause the maximum deceleration require
ments for through vehicles are lessened. 
Conflict severity between driveway 
ingress vehicles and pedestrians is also ex
pected to be reduced because of the in
creased deceleration distance provided. 

Warrants 

This technique is applicable for all types 
of highways and at driveways where pe-

destrian crossings cause interference be
tween highway and driveway vehicles. 
Highways with volumes and speeds great
er than 5,000 vpd and 30 mph, respective
ly, are applicable. Driveway volume 
should exceed 100 during the peak hour, and 
pedcstriancrossingsshouldtotal two or more 
during the same hour. The site layout 
must also provide adequate distance for 
the sidewalk shift. 

Design 

Sidewalk location is the key to the proper 
utilization of this technique. The place
ment should be at a distance which per
mits vehicular storage from through lanes 
and provides for minimal pedestrian con
tact. A minimum sidewalk setback dis
tance of 25-feet is recommended. 
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D-1: INSTALL TWO-WAY LEFT-TURN LANE 

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 fre
quency 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. 

Warrants 

This technique is warranted on multilane 
highways that have closely-spaced drive-

ways with a uniform and medium density 
of left turns along the highway. Highway 
volumes and speeds should exceed 10,000 
vpd and 30 mph. The level of develop
ment should exceed 60 driveways per 
mile, with less than 10 high-volume drive
ways. Left-turn driveway maneuvers per 
mile should total at least 20 percent of 
through volume during peak periods. High 
accident rates invoiving left-turn maneu
vers will also warrant this technique. 

Design 

Figure D.1.1 illustrates the major design 
considerations applicable under this 
Technique. Traffic lane widths of 12 feet 
are desirable, however, existing condi
tions, particularly in urban settings may 
dictate lane width modifications. 

l __ J l ___ J l ____ J l ___ j 
- _ 1_2, - J: DAS~ W~ L~ _ 

- - - ---..I 1 2, :C SOLID YELLOW STRIPE 

....Jso MIN~ 250' MIN ---i~ ___ _:_::...... ____ -===-"~~=--==--:=:--:============= 
S~~~\~~HITE LINE;,~ - ~' 12' .:,. ~ASHED YELLOW LI~ 

~ ===::::;::==;,:._;:...--=~=--= ~~::.....::::;:;;:;_~..,;.;;....---
' ' SOLID YELLOW LINE ::z:;: 12' 

12' 

I ( 1 r l r---1 ( l r 
'--------------\•MILE _____________ ,.. 

FIGURE D.1.1. TWO-WAY LEFT-TURN LANE 

148 



D-2: INSTALL CONTINUOUS LEFT-TURN LANE 

This technique is similar to the two-way 
left-turn lane, except that it provides in
dividual left-turn lanes for each traffic 
direction. Each left-turn lane is contin
uous, except at intersections where a 
snall far-side channelizing island discour
ages through movements. Left-turn vehi
cles can be stored in the continuous left
turn lane until an acceptable gap in op
posing traffic appears. The continuous 
left-turn lane will completely shadow 
turning traffic from both traffic streams. 
Accident frequency is reduced by rem ov
ing stopped or slow vehides from the 
through lanes, and accident severity is re
duced by allowing through vehicles addi
tional perception time to avoid left-turn 
crossing conflicts. Delay to through vehi
des will also be reduced because left-turn 
vehicles and queues will not block the 
through lanes. 

Warrants 

This technique is warranted on multilane 
highways that have occasional cross streets 

and closely spaced driveways with a uni
form and medium density of left turns 
along the highway. Highway volume and 
speed should be greater than 10,000 vpd 
and 30 mph, respectively. At least 60 drive
way should be served by 1 mile of high
way, and high-volume driveways should 
number less than 10. Left-turn maneu
vers should total at least 20 percent 
of through vehicles during peak periods 
along 1 mile of highway. High accident 
rates involving left-turn movements will 
also warrant this technique. 

Design 

Application of this technique follows sim
ilar requirements discussed in Technique 
D.l. The major difference is that suffic
ient width is available to permit con
struction of exclusive directional left
turn lane. If warranted and adequate 
space is available, an exclusive left-turn 
lane can be provided for each di vision of 
flow (see Figure D.2.1). 

___ J l __ J l _____ J l ___ J l __ J 
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( 

12' 
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i--------------- '•MILE---------------~ 

FIGURE D.2.1. CONTINUOUS LEFT-TURN LA NE 
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D-3: INSTALL ALTERNATING LEFT-TURN LANE 

The alternating left-turn lane will allow 
one traffic direction to have the oppor
tunity to cross the median into driveways, 
and after a determined distance, the left
tum lane is physically opened to the op
posing direction traffic. Thus, both traf
fic directions have a unique left-tum lane 
available for continuous left-turn maneu
vers over a limited section of highway. 
Left-tum access to some driveways is 
prevented because when the left-turn lane 
is availabb to one traf fie direction, the 
opposing traffic cannot attempt a left 
turn. 

Accident frequency and severity reduc
tions wHl result from the implementation 
of this technique. Frequency is reduced 
by removing stopped or slow-moving vehi
cles 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 re
duced because left-turning vehicles will 
not block the through lanes. 

Warrants 

This technique is applicable on all types 
of highways where sufficient space is 

available for construction of medial turn 
lanes. Median widths greater than 11 feet 
are necessary. Multilane undivided high
ways with an odd number of lanes will 
readily accomodate this technique by con
verting the odd lane to an alternating 
left-tum lane. Application is particularly 
appropriate where concentrations of drive
ways alternate from one side of the high
way to the other. 

Highways volumes and speeds greater 
than 10,000 vpd and 35 mph, respectively, 
will warrant the technique. Left-tum 
movements should exceed at least 15 per
cent of the through traffic over 1 mile of 
highway during peak driveway demand pe
riods. The level of development should be 
greater than 45 driveways per mile with 
spacing between ma;or driveways or inter
sections greater than 1,000 feet. High 
accident rates due to left-turn crossing 
movements of adjacent driveways will 
also warrant the technique. 

Design 

Alternating left-tum lanes can be used 
when property access is required and road 
way width is limited. Figure D.3.1 ex
hibits typical usage; length of storage 
lanes and taper should be determined as in 
Chapter VII. 

_j l __ J l ____ J l _____ J l __ J l __ ) 
DASH Eel W-11TE LINE 
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-------------- ·, M1LE -------------...... 

FIGURE D.3.1 ALTERNATING LEFT-TURN LANE 
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D-4: INSTALL ISOLATED MEDIAN AND DECELERATION LANE 
TO SHADOW AND STORE LEFT-TURNING VEHICLES 

The functional objective of this technique 
is to remove turning vehicles or queues 
from the through lanes at a major drive
way. Improvements in left-turning opera
tions 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 vehi
cles 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-turn crossing 
conflicts should be reduced because the 
turning drivers are allowed additional per
ception time. Some tradeoffs may occur 
because of through vehicles colliding with 
the channelizing islands. 

Warrants 

AU undivided highways are candidates for 
this technique. Typical locations would 

have levels of development of less than 30 
driveways per mile, driveway volumes 
greater than 1,000 vpd, and highway vol
umes greater than 10,000 vpd. Left-turn 
volume should exceed 100 vph during the 
peak period. 

Design 

The decision components of this technique 
are the deceleration lanes (taper and stor
age), median islands, and the tapering 
length of the highway. Design parameters 
for the deceleration taper and storage 
lengths appear in Chapter VII. ·1n many 
cases, additional rights-of-way will be 
needed to facilitate construction of need
ed deceleration lanes and median islands. 
Figures D.4.1 and D.4.2 provide design 
guidelines. 

DRIVEWAY 
YELLOW CHANNELIZATION LINES 

1' • 2' WIDE; 8' ON CENTERS 
""'"" S,OMGE "'Z + + 

I TAPER LENGTH I ,. a .. 

RAISED OR PAINTED MEDIANS 
(RAISED MEDIAN PERMITS SIGNS) 

FIGURE D.4.1. ISOLATED DECELERATION LANE DESIGN 
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D-5: INSTALL LEFT-TURN DECELERATION LANE 
IN LIEU OF RIGHT-ANGLE CROSSOVER 

This median treatment facilitates left
turn access to a driveway by providing a 
left-tum deceleration lane in place of a 
right-angle crossover. The principal ob
jective 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 vehi
cles can diverge at higher speeds and be
cause stopped vehicles or queues are re
moved from the through lanes. The se
verity of left-tum 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 deceler
ation lane. 

Warrants 

All multilane divided highways with me
dian widths of 14 feet or greater are po
tential locations for this application. A 
median opening must exist in order to 
provide for turning maneuvers. The de
velopment near this location should in
clude fewer than 45 driveways per mile 
with major driveways or intersections 
1/4-1/2 mile apart. Highway speeds 
should exceed 35 mph, and driveway ADT 
and highway ADT should be greater than 
1,000 and 10,000, respectively. Left turns 
should total 10 percent of the peak-period 
traffic volume. 

Design 

Design considerations are similar to those 
described in Chapter VII. 

__ J l ____ j l ___ J l __ 
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FIGURE 0.5.1. LEFT-TURN DECELERI\ TION LA NE 
IN LIEU OF RIGHT -ANGLE CROSSOVER 

153 



D-6: INSTALL MEDIAL STORAGE FOR LEFT-TURN EGRESS VEHICLES 

The instaJJation of medial storage for left
tum driveway egress vehicles' ori multi
lane divided highways improves left-turn 
operations by removing those turning vehi
cles from the through lanes of the high
way. This allows left-turn egress driv
ers additional perception time, which in tum 
reduces the severity of left-tum egress 
merge conflicts. 

Warrants 

All multilane divided highways with me
dian widths of at least 18 feet are appli
cable locations. A median opening has to 
exist in order to provide for the turning 
maneuvers. A development of less than 
45 driveways per mile near the location is 
necessary, and highway speeds should 

range from 30-45 mph. Highway volume 
should exceed 10,000 vpd, and left-turning 
egress volume shouM exceed 300 vpd. 
Frequency of left-turn accidents could 
also constitute a warrant for this im
provement. 

Design 

A minimum median width of 18 feet is 
needed for this treatment. Also, a lane 
width of at least 14 feet must be main
tained between the channelizing island 
and the median end. The island should oc
cupy 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-feet safety area. 
Guidelines are provided in Chapter VII. 

___ J++l ____ _ 
12' 
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FIGURE D.6.1. MEDLi\N STORI\GE FOR LEFT-TURN EGRESS VEHICLES 
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D-7: INCREASE STORAGE CAPACITY OF EXISTING 
LEFT-TURN DECELERATION LANE 

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 ac
ceptable 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. 

Warrants 

AH multilane divided highways with exist
ing deceleration lanes and insufficient 
storage lengths are applicable locations. 
A level of development for the highway 
section should contain fewer than 45 
driveways per mile with major driveways 
or intersections 1/4-1/2 mile apart. Drive
way ADT and highway ADT should exceed 
1,000 and l 0,000, respectively. 

Design 

The design of this technique involves two 
alternatives. These alternatives are: ( l }
increasing the length of an existing 
storage lane where sufficient median 
length is available; or 

-ALTERNAT-IYEIA ----..Jj+ ·L 
l......... A001TIONAL EXISTING 
jSTORAGE CENG~STORAGE--i.t ,, .. - I - CENGTH I 

Increase Storage Capacity 
Extend Left-Turn Lane 

(for Median Widths 14'-18') 
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(2) widening the highway to facilitate 
left-turning maneuvers from two lanes. 
The second condition considers the pos
sibility of right-of-way acquisition. 
Several construction options exist under 
each of these conditions. 
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The design for storage capacity should be 
based on the through traffic volumes for 
both directions, the percentage of left 
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turns in the one direction, and the high
way speed. Design parameters are dis
cussed in Chapter VII. 



D-8: INCREASE THE TURNING SPEED OF RIGHT-ANGLE MEDIAN CROSSOVERS 
BY INCREASING THE EFFECTIVE APPROACH WIDTH 

This technique is aimed at improving the 
left-turning maneuvers of vehicles at 
median openings. The objective is ac
hieved by increasing the approach width 
and thereby increasing the turning speed 
of crossover vehicles. The improved de
sign of media crossover reduces the se
verity of rear-end conflicts by reducing 
the maximum deceleration requirements 
of through vehicles following turning 
vehicles. 

Warrants 

The application of this technique is pos
sible on multilane divided highways with 
median widths exceeding 4 feet. Level of 
development should exceed 15 driveways 
per mile, and traffic volume should ex
ceed 5,000 vpd on the highway. 

Design 

1. Increase the width of the left lane in 
the vicinity of the median opening. 
A sufficient lane width for arterial 
highways is from 11-13 feet. These 
lane widths are considered adequate 
for comfortable maneuvers by turn-

ing vehicles. A mm1mum of 2 feet 
widening is recommended for this de
sign. Also, a 10: 1 taper is desirable 
for proper operation. Figure 0.8.1 is 
a typical layout of the proposed de
sign. 

2. Increase the left-lane width by flar
ing. The minimum flare offset should 
be 2 feet at a rate of 15: 1 taper. 
Figure D.8.2 is a typical design. 

3. Increase the approach width by increas
ing the return radius of the side of the 
median nearest to the turning vehicle. 
This geometric improvement is sug
gested for median having a width of 
15 feet or more. Figure O.8.3 illu
strates the technical design elements 
of the proposed improvement. 

4. Increase the total width of the me
dian opening. The additional width 
helps turning vehicles to perform the 
maneuver with larger radii. The to
tal width of the opening, however, 
should not exceed 50 feet. Fig
ure 0.8.4 is a typical design of this 
case. 
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FIGURE 0.8.1. WIDENING OF LEFT LANE 
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D-9: INSTALL CONTINUOUS RIGHT-TURN LANE 

A continuous right-tum lane is essentially 
a combination of a right-turn acceleration 
and deceleration lane that is extended to 
accommodate several nearby driveways. 
It is used along a section of highway 
where driveways cannot otherwise accom
modate right-turning queues and/or high 
enough right-turn speeds. This technique 
reduces the frequency and severity of 
rear-end conflicts by removing turning 
vehicles at higher speeds and by shadow
ing right-turn queues. 

Warrants 

This technique is warranted on all types 
of highways with volumes exceeding 

11' MIN 

i'"'~ 

15,000 vpd, levels of development greater 
than 60 driveways per mile, and speeds 
above 30 mph. Right-turning vehicles per 
mile should exceed 20 percent of the 
directional highway ADT. 

Design 

Application of this technique is appro
priate where access to driveways cannot 
be achieved at safe right-turn speeds. 
Figure D.9.1 exhibits typical guidelines. 
Variation in lane widths are common. 
Chapter VII contains typical design con
siderations. 

(See Chapter VII) 
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FIGURED. 9.1. CONTINUOUS RIGHT-TURN LANE 
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D-10: CONSTRUCT A LOCAL SERVICE ROAD 

Frontage roads are access control meas
ures that have numerous functions, de
pending on the kind of arterial highway 
they serve and the character of the sur
rounding commercial area. They segre
gate local traffic from the higher-speed 
through traffic, and intercept driveways 
of abutting commercial establishments. 
Cross connections between the through 
traffic Janes and frontage roads, usuaJJy 
provided in conjunction with crossroads or 
intersections, furnish the means of access 
between through roads and adjacent pro
perty. Thus, the through character of the 
highway is preserved and is unaffected by 
subsequent development of the roadside. 

The frontage-road system can add tre
mendous flexibility to the operation of a 
highway when utilized as an auxiliary fa
cility. A continuous frontage-road system 
provides maximum land service to pro
perties abutting the highway facility. 
Also, during periods of saturated flow on 
urban highways, frontage roads provide 
the operational flexibility often required 
to aJJeviate congestion on the system. 

The frontage road, as an access control 
measure, reduces the frequency and se
verity 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 re
sult of the elimination of marginal stream 
friction. Some tradeoff s are realized by 
increasing the frequency of conflicts and 
delay by indirect routing for some maneu
vers. 

Warrants 

Frontage roads are warranted in the plan
ning stage for primary divided arterials 
with speeds of 4-55 mph and an antici
pated high level of development (greater 
than 60 driveways/a mile). Usually traf
fic volumes exceeding 20,000 vpd are as
sociated with this type of development. 

Design 

Key factors which should be considered 
are discussed in Chapter VII. 
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D-11: CONSTRUCT A BYPASS ROAD 

The continued growth of commercial 
strips along major arterials has magnified 
the problem of access control. Many 
highway agencies have been unable to al
leviate congest ion occurring in the vicin
ity of such commercial developments. 
Attempts to relieve the congestion have 
ultimately led to building a bypass route
--a technique currently utilized by most 
state highway agencies. 

Bypasses provide motorists with the op
portunity 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 
traf fie (including trucks) from slower lo
cal traffic. 

Warrants 

Bypasses are warranted when the arterial 
for which it substitutes has a traffic vol-

ume greater than 20,000 vpd, a level of 
development greater than 60 driveways 
per mile, and when no other access con
trol technique can solve the problem. Ex
cessive accident rates may also warrant a 
bypass. 

Design 

Design and construction of a bypass ro~te 
is subjected to the same standards applic
able to major highways. Appropriate de
sign standards based on intended use 
should be followed. Established docu
ments such as "A Policy on Geometric 
Design for Rural Highways," "A Policy ?n 
Design of Urban Highways and Arterial 
Streets" and "Design Standards for the In
terstate System," "Geometric Design 
Standards for Highways Other Than 
Freeways," and "Geometric Design Guide 
for Local Roads and Streets" should be 
consulted. 
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D-12: REROUTE THROUGH TRAFFIC 

In this technique, the separation of 
through traffic from local traffic is ac
hieved by using other adjacent facilities 
to reroute through traffic. The technique 
helps to reduce congestion and the fre
quency and severity of conflicts by sepa
rating and rerouting higher-speed through 
vehicles to where they have less potential 
of conflict with slower-speed local traf
fic. 

Warrants 

Rerouting through traffic is warranted 
when the number of access points on arte
rials exceeds 80 driveways per mile, and 
ADT is over 20,000 vpd. Also, this tech
nique is warranted when other on-site 
techniques are infeasible. Frequent acci
dents associated with driveway maneuvers 
could also constitute a warrant for appli
cation of this technique. 
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D-13: INSTALL SUPPLEMENTARY ONE-WAY RIGHT-TURN DRIVEWAYS 
TO DIVIDED HIGHWAY 

This driveway location technique is aimed 
at removing turning vehicles and queues 
from sections of the through lanes. Strat
egies for achieving this objective involve 
installing supplementary one-way right
turn 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 ass·ociated with right-tum 
maneuvers. Where the T-driveway has 
only one lane, each for ingress and egress, 
this technique will add substantially to 
the total driveway capacity. 

Warrants 

This technique is warranted at high
volume driveways on multilane highways 
that have volumes and speeds greater 
than 10,000 vpd and 30 mph. A minimum 
300-foot frontage width is desirable, 

Design 

This control measure is particularly appli
cable at large commercial or industrial 
complexes such as regional shopping cen
ters 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 tech
nique. 

I I l 
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FIGURE D.13.1. SUPPLEMENTARY ONE-WAY RIGHT-TURN DRIVEWAYS 
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D-14: INSTALL SUPPLEMENTARY ACCESS ON 
COLLECTOR STREET WHEN AVAILABLE 

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 ac
cess point for vehicles to use when enter
ing or exiting a property. 

The average volume of all driveways to a 
property wiH decrease after the supple
mentary 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 
co11ector. Delay to arterial and driveway 
vehicles will be reduced because the indi
vidual driveway volumes are smaller. 

Warrants 

This technique is warranted on all types 
of unlimited access highways. Levels of 
development greater than 45 driveways 
per mile will especially warrant consider
ation. The availability of a suitable col
lector street is essential to this tech
nique. The individual existing driveways 
need not be utilized to a high percentage 
of their C"ipacities. 
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D-15: INSTALL ADDITIONAL DRIVEWAY WHEN 
TOTAL DRIVEWAY DEMAND EXCEEDS CAPACITY 

This is a technique aimed at removing 
turning queues or vehicles from sections 
of the through lanes. The technique pro
vides supplementary access to single pro
perties when the demand for access ex
ceeds existing driveway capacity. 

The additional driveway will reduce the 
delay occurring to through and driveway 
vehicles by allowing an additional access 
point for vehicular use. Speeds on the 
highway may be increased because the 
length of queues waiting to enter a drive
way will be reduced. The technique will 
also allow driveway turning maneuvers to 
be made with less delay. 

Although additional conflict points are in
troduced by the driveway additions, the 
frequency of rear-end conflicts may de
crease, under certain conditions of drive
way use, because the length of turning 
highway queues is reduced. 

Warrants 

This technique is applicable on all high
way types. The demand for an access 
must be such that delays and conflicts are 
frequent. Driveways with volumes great
er than 5,000 vpd located on highways 
with traffic volumes and speeds greater 
than 10,000 vpd and 35 mph, respectively, 
are prime candidates. 
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D-16: INSTALL RIGHT-TURN DECELERATION LANE 

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. 

Warrants 

This technique is applicable on all high
way types. Highway ADT's should exceed 
10,000 vpd, and highway speeds should be 
at least 35 mph. Driveway volume should 

exceed 1,000 vpd with at least 40 right
tum ingress movements during peak pe
riods. This technique should not be ap
plied on frontages less than 150 feet in 
width, or where the deceleration lane will 
restrict access to upstream properties. 
High accident rates involving right-turn 
ingress vehicles will also warrant this 
technique. 

Design 

Design guidelines are provided in Chapter 
vu. 
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D-17: INSTALL ADDITIONAL EXIT LANE ON DRIVEWAY 

This technique involves construction of an 
additional driveway exit lane to better 
facilitate egress maneuvers. Right-turn 
and left-turn egress maneuvers are made 
more efficiently because drivers are not 
delayed by egress vehicles wanting to turn 
in the opposite direction. The egress ca
pacity of the driveway is also signifi
cantly increased. 

Total driveway delay should decrease sig
nificantly because of the increased capac
ity due to the separation of egress-turning 
maneuvers. However, if insufficient ap
proach length is available, a reduction in 
the capacity potential may result because 
of internal conflicts associated with con
siderable weaving at the exit. 

Warrants 

This technique is applicable for all high
way types and at driveway locations 
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where egress maneuvers are hindered be
cause separate turning lanes are not pro
vided. Highway speeds should normally 
exceed 30 mph with highway volumes sur
passing 5,000 vpd. Existing driveway vol
umes should exceed 1,000 vpd (approxi
mately 500 egress vehicles). 

Design 

In the design of the technique, considera
tion must be given to driveway width, 
traffic volumes, internal circulation and 
highway operation. The additional lane 
should be sufficiently wide to safely ac
commodate 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 neces
sary to facilitate traffic operation. 

FIGURE D.17.1. INSTALLATION OF ADDITIONAL 
EXIT LANE ON DRIVEWAY 
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D-18: ENCOURAGE CONNECTIONS BETWEEN ADJACENT PROPERTIES 

This driveway operation technique is aim
ed at removing turning vehicles or queues 
from the through lanes. The strategy for 
achieving this objective is to encourage 
adjacent property owners to permit pro
perty-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 establish
ments do not need to exit onto the high
way and then enter the neighboring drive
way. 

Highway conflicts will be reduced because 
the highway will no longer be used in 
traversing from one property to the next. 

Warrants 

This technique is warranted on all high
way types. Of particular interest are ad
jacent properties with small frontage 
widths. All highway ADT volumes and 
highway speeds from 25 to 45 mph will 
exist at the candidate locations. Drive
way volumes should exceed 500 vpd. 

Design 

This technique is intended to serve adja
cent 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. 
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D-19: REQUIRE TWO-WAY DRIVEWAY OPERATION WHERE 
INTERNAL CIRCULATION IS NOT AVAILABLE 

This driveway design and operations tech
nique is aimed at removing recirculating 
driveway vehicles or queues from the 
through lanes. The strategy for imple
menting this technique is to require two
way driveway operations in lieu of one
way operations at locations where inter
nal circulation is not available. This 
technique is intended to be implemented 
in the permit stage; however, it may be 
implemented at existing locations to alle
viate specific problems. 

The number of conflict points will be min
imized by implementing this technique 
because recirculating vehicles will not use 
the highway; however, total conflicts will 
not necessarily be reduced. Increased 
congestion and delay may result internally 
or at the driveway entrance. 

Warrants 

The technique is warranted on all highway 
types. The internal circulation of the 
parking area must be shown to be inade
quate for one-way operation. Particular 
attention should be paid to properties 
whose frontage widths are less than 100 -
feet. Driveway volumes should be less 
than 250 vpd. This technique is not re
commended on higher volume driveways. 

Design 

Application of this technique requires 
that adequate driveway design practices 
be utilized to achieve maximum use of 
limited space. Discussions contained in 
Chapter VII should be consulted for spe
cific considerations pertaining to ap
proach width, signalization, auxiliary 
lanes, driveway width, and internal circu
lation. 
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D-20: REQUIRE ADEQUATE INTERNAL DESIGN AND CIRCULATION PLAN 

This is a general access control policy 
that may be utiJized on existing faciJities 
or in the driveway permit stage. An ade
quate internal design and circulation plan 
is intended to ensure harmony between 
highway, driveway, and internal opera
tions. Driveway and internal operations 
wiJJ be improved by providing adequate 
internal property design and controls. 
Through traffic wi11 experience a de
crease in interference because the inter
nal design wiJJ minimize queuing on the 
highway and vehicles searching for 
parking places are able to recirculate in
ternaJJy. Conflict frequency and severity 
are expected to decrease because deceJe
ra tion requirements are lessened. 

Warrants 

This technique is applicable to aU types of 
highways. Implementation is feasible on 
existing facilities but primary considera
tion should be given this policy during site 
plan approval. Highway speeds should 
equal at least 25 mph and highway vol
umes should exceed 5,000 vpd. For smaU 
commercial establishments, driveway vol
ume should exceed 100 vpd. Peak-hour 
driveway volume for large commercial 
establishments, such as shopping centers, 
should number at least 150 vehicles. 

Design 

Application of this technique is dependent 
upon a number of factors including avail
able space, traffic volumes, highway 
operation, internal circulation require
ments, geometry, and site location. Sev
eral techniques should be consulted for 
discussions pertaining to the operational 
efficiency of the driveway and which ad
dress minimizing conflicts with through
moving vehicles. 

Internal circulation designs should provide 
adequate handling of limited parking and 
maneuvering areas; minimize internal in
terference by supplying storage areas to 
egressing movements; and distribute in
gressing vehicles into the main circulation 
pattern with minimal hesitation and con
fusion. The foJJowing list reflects recom
mendations by which this technique can 
be properly applied. 

1. General location of driveway en
trances 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 Jong sides of 
parking areas should be paraJJeJ. 

4. Curved, triangular, and other irregu
larly shaped parking areas should be 
avoided. 

5. Traffic aisles should be aligned paral
lel to the Jong dimension of the park
ing areas where feasible. 

6. Irregularly shaped areas should be de
signed with the traffic aisles paraUel 
to the longest side. 

7. Traffic aisles shouid serve two rows 
for stalls; that is, they should be 
double-loaded. 

8. The perimeter of the parking area 
should be lined with parking staJJs to 
the maximum exter:t. 
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9. Parking areas serving combined park
ing-use functions, such as combined 
customer and employee parking, 
should be designed to provide dis
tinctly separate areas and traffic 
control for each use function. 

10. Traffic flow and control should be 
analyzed carefully for optimum ef fi
ciency. 

11. Landscaping and lighting should be 
designed after the optimum maxi
mum capacity design has been ac-

hieved. If the maximum capacity de
sign is altered to suit other criteria 
(such as an owner's request for great
er 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 re
location of the lighting standards. 
Where feasible, landscaping should be 
planned in the same manner, espe
cially where irrigation and sprinkler 
systems with underground water pip
ing are included. 
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ways and Arterial Streets - 1973, 
American Association of State High
way Officials. 

2. "Manual on Uniform Traffic Control 
Devices for Streets and Highways," 

U.S. Department of Transportation, 
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APPENDIX B. THE STATE HIGHWAY ACCESS CODE 

THE 
STATE HIGHWAY ACCESS CODE 

ADOPTED BY THE COLORADO STATE HIGHWAY COMMISSION 
JULY 16, 1981 

EFFECTIVE ON AUGUST 31, 1981 

State of Colorado 
State Department of Highways 

4201 East Arkansas Avenue 
Denver, Colorado 80222 
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STATEt£NT OF BASIS NI> PURPOSE REGARDIII. 
THE RULE NI> AEGULATIOt KNOI.N AS 

THE STATE HIGIMAY ACCESS CODE 
BY lME COLORADO HIGINAY ~ISSIOt 

This code Is based upon the authority granted in C.R.S. 1973, 43-2-147, as 
arended (hereafter "the act"). The act sets forth certain requiresrents before 
this code could be adopted as a rule and regulation. Al 1 these requiresrents 
have been met. 

After the act was passed ln 1979, a task force was established to draft the 
code, The task force consisted of merrt>ers fran a variety of discipl Ines, 
Inc 1 ud Ing eng I neers,. Department of H 1 ghway personne 1, represent at i 11es of the 
Colorado Hun 1 c I pal League and Colorado Count 1 es Incorporated, represent at i 11es 
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 pro-
posed code and invited to provide canments and to attend a public meeting to 
discuss the draft. These meetings were held to canply with subsection 43-2-147-
(2) of the act. 

On No11emer 1S, 1979 the code was submitted to the legislati11e council as 
required by subsection 43-2-147(2) of the act. The council, in turn, submitted 
the code to the legislative canmittees of reference of the second reg..ilar 
session of the S2nd General Assembly, 

At a joint meeting of the House and Senate Transportation Canmittees held on 
Harch 13, 1980 the code was rejected and referred to the Interim Ccmnittee on 
Transportation for re-working during the SIJ'll'ner, Pursuant to specific direc
tions fran the Joint canmlttees the Department of Highways held a series of 
public meetings throughout the state to collect public ccmnents to assist in the 
SU1111er legislative review, Prior to the meetings every unit of local go11ernment 
was provided the latest draft of the code and invited to make ccmnents ar\d 
attend one of several meetings held around the state, 

After a series of hearings before the Interim canmlttee, in which anendments 
were made to the code, the code was resubmitted on January 7, 1981, to the 
canmltteess of reference In the 1st regular session of the S3rd General 
Assembly, The canmmlttees decided to take no further action on the code, thus 
clearing the way for the Colorado Highway Canmission to adopt the code as a rule 
and regul at Ion, 

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 goverrwnents, 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 plbl lc"s health, safety, and welfare ls protected, smooth traffic flow is 
maintained, highway rlght-of~ay drainage is maintained, the functional level of 
the highways ls maintained, and the property owner"s right of access to the 
general street system ls protected, 

The rule establishes design standards and criteria to be fol lowed in 
applying for, granting or denying, building, using and maintaining access 
approaches, and sets forth the procedures to follow and standards to apply in 
reconstruct 1 ng and re locat 1 ng ex I sting access approaches and 1 n requesting a 
court to enjoin 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 Canmission to follow in determining the 
functional classifications of state highways. 

-ii-

175 



The design standards set forth In the rule ar~ based upon national and state 
standards Intended to ensure the safety of the motor I st and pedestrl an. The 
standards and specifications In the code are base~ In part upon the references 
In section 1.5 of the code and In part upon the engineering expertise and judg
ment 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 
des I gn standards are cons I dered to represent the 115tate of the art" In h I ghway 
engineering. They are reference sources known and accepted In the highway 
design profession. 

In brief, the rule l~lernents the act and provides a reference for the 
public and the personnel of the State Department of Highways In applying for and 
administering, respectively, permits for access to state highways. 

-111-
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1.1 Authority, 

SECTI <It OtE 
I N11IXIUCT I <It 

These standards are pranulgated pursuant to CRS 1973, as .mended, 43-2-147, 
The State Department of Highways and local go11errments are authorized by 
the Statute to regulate vehicular access to or fran any public highway 
under their respective jurisdiction from or to property adjoining a public 
highway. The State Highway Corrmission is directed to adopt a state highway 
access code for the inl)lementation of the Statute on all state highways. 
The Corrmission shall determine the functional classification of all state 
highways, 

1 .2 Purpose, 

It 1 s the purpose of this code to provide the procedures and standards 
necessary to protect the public health, safety and welfare, to maintain 
snooth traffic flow, to maintain highway right-of-way drainage, and to pro
tect the functional le11el of public highways while meeting state, regional, 
local, and private transportation needs and Interests, 

The 1 ack of adequate access manangement on the highway system and the 
proliferation of driveway and other access approaches ls a major contribu
tor to highway accidents and the greatest single factor behind the 
functional deterioration of highways in the State. As new access 
approaches are constru::ted and traffic signals erected, the speed and capa
city of the highway decrease, and congestion and hazards to the traveling 
motorist Increase, As a result, significant anounts of tax dollars must be 
spent to widen highways, provide additional oper~tlon and safety measures 
and constru::t new highways, The economic and social costs of widening 
major highways are becoming almost prohibitive. 

This code ls based upon the authority granted ln the Act and considers 
existing and projected traffic volumes, the functional classification of 
publ le highways, adopted local 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 drive
way, other operational aspects of the driveway, the availability of 
vehicular access fran local streets and local roads rather than a state 
highway, reasonable access by local streets and local roads, and the public 
health, welfare, and safety, 

Section one discusses the authority, purposes and structure of the code, 
and defines those words that are technical or variable ln their meanings 
and require definition for the purposes of this code, Section two provides 
the administrative procedures for i~lementation of 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 the public 
highways. Section three shall be used to determine if an access approach 
should be allowed within the context of the highway's function In the 
transportation system and the assigned access category. Section four pro
vides standards for the design and construction of all access approaches. 
These standards are based upon criteria and specifications that are 
necessary to ensure the public health, welfare, and safety, 

1 .3 Implementation, 

After the effective date of the access code, no person shall constru::t any 
driveway providing vehicular access to or from any state highway from or to 
property adjoining a state highway without an access permit Issued by the 
appropriate local authority or designated Issuing authority, with the 
written approval of the State Department of Highways. 

-1-
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Access permits shall be issued only In ccmpl iance with the code and may 
Include terms and conditions authorized by the access code. In r.o event 
shal 1 an access approach be al lowed or permitted, that Is detrimental. to 
the public health, welfare, and safety. 

Vehicular access to or frcm property adjoining a state highway shall be 
provided to the general street system, unless such access has been acquired 
by a publ le authority. Pol Ice, fire, anbulance, and other erergency 
stations shall have a right of direct access to state highways. After the 
effe,:-tlve date of the Act, no person may submit an application for subdivi
sion approval to a local authority unless the subdivision plan or plat 
provides that all lots and parcels created by the subdivision wl 11 have 
access to the state highway system In conformance with this code. The 
provisions of this code shall not be deened to deny reasonable access to 
the general street system. 

1.4 Deflnltions1 

1. 11Acceleratlon lane" means a speed-change lane, Including tapered 
areas, for the purpose of enab 11 ng a vehicle enter Ing a roadway to 
Increase Its speed to a rate at which It can more safely merge with 
through traffic. 

2. "Access approach" means any drl veway or other po Int of access such as 
a street, road or highway that connects to the state highway. 

3. "Access category" means the degree to wh I ch access approaches are 
control led according to the five categories described In section 
three. 

4. "Access control plan" means a roadway design plan which designates 
preferred access locations and their designs for the purpose of bring
Ing those portions of roadway Included In the access control plan Into 
conformance with their access category to the extent feasible, Also 
called an access managenent plan. 

5. 11Act 11 means CRS 1973, 43-2-147, as a,-,ended. 

6. 11ADT1 1 means the average t""0'""Way daily traffic in nlllt>er of vehicles 
for the specified year. 

7. 11 Appl icant" means owner of property or representat Ive of owner 
applying for an access permit. 

8. "Appropriate local authorltY'' means the board of county ccmnlssioners 
If the driveway Is to be located In the unincorporated area of a 
county and the governing body of the municipality if the driveway is 
to be located within an incorporated municipality. 

9. 11 Bani:Midth11 means the time in seconds or the percent of cycle between 
a pair of parallel speed I Ines which del lneate a progressive movenent 
on a time-space dlagran. It Is a quantitative measurement of the 
through traffic capacity of a signal progression system. A 10% band
width has very little traffic capacity, while a 40% bani:Mldth has good 
traffic capacity. 

10. 11Code" means for the purposes of this code the STATE HIGHWAY ACCESS 
COOE. 

11. "Control of access" means the condition In which the right of owners 
or occupants of land abutting to a roadway, ls controlled by public 
authority. 

12. 11Control led-access hlghwayt• means every highway, street, or roact.iay In 
respect to which owners or occupants of abutting lands and other 
persons have no legal right of access to or frcm the sane except at 
such points only and In such manner as may be determined by the public 
authority having Jurisdiction over such highway, street, or roai:May. 
[CRS 1973, 42-1-102(13)] 
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13. "Deceleration lane" means a speed-change lane, including tapered 
areas, for the purpose of enabling a vehicle that is to make an exit 
turn frcm a roadway to slow to a safe turning speed after It has left 
the malnstrean of faster-,rovlng traffic. 

14. "Department" means for the purposes of th Is code the State Department 
of Highways. 

15. "Design Hour Volure" also 11 DHl/ 11 means a traffic vehicle volu-ne deter
mined for use in the gecmetric design of highways. For the purposes 
of this code, the DH\/ shall be the 30th highest hourly volure occuring 
daily in the 20th year unless otherwise specified. 

lE,. "Divided highway" means a highway with separated roadways for traffic 
in opposite directions, such separation being Indicated by depressed 
dividing strips, raised curbings, traffic Islands, or other physical 
separations or indicated by standard pavement markings or other 
traffic control devices. 

17. "Driveway" means an access approach frcm private property or fron 
public property that is not a public street, road or highway. 

18. "Functional classification" means a classification system that defines 
a public roadway according to its purposes in the local or statew:de 
highway plans. 

19. "Genera 1 street system" means the interconnecting ·network of city 
streets, county roads, and state highways In an area. 

20. 11Grade separation" means a crossing of two roadways, or a roadWay a'"ld 
a railroad, at different levels. 

21. "Gradient" rreans the rate of regular or graded ascent or decent. 

22. 11Highway 1 means the entire width between the boundary lines of every 
way plb1 icly maintained when any part thereof ls 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. 
[CRS 1973, 41-1-102(33)) 

23. "Interchange" means a grade separation where the crossing roadways are 
interconnected by directional r~s providing for connecting rrovements 
between the roadways. 

24. 1'1 ssulng authority' means the government entity which Issues access 
approach permits and includes the board of county ccmnlssloners, the 
governing body of a municipality, and the State Department of 
Highways. 

25. "Lane" means the portion of a roadWay for the rrovement of a sing 1 e 
I ine of vehicles and does not include the gutter of the roadway or 
shoulder. 

26. "Local road" means a county road, as provided In CRS 1973, 4}-2-108 
and 4}-2-109. 

27. "Local street" means a municipal street, as provided In CRS, 1973, 
43-2-123 and 4}-2-124. 

28. "l"edlan" means that portion of a highway separating the opposing 
traffic flows. 

29. ''Other points of access" means pub1 le local streets, roads and 
highways that are not driveways. 
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30. 11 Peak hour vol une" means for the purposes of this code the sane as 
des I gn hour vol 1.me ( DHV). 

31. "Permit issue date" means the date of Issue of the approved access 
pennlt as recorded on the permit form, 

32, "Potential for signalization" means an access approach that has the 
potential within the life of the permit, to have an 8th highest hourly 
volune projected to occur on an average day that exceeds 50 vehicles, 

33. "RoadwaY'' means that port I on of a h l ghway Improved, des I gned or 
ordlnarl ly used for vehicular travel exclusive of the berm or 
shoulder, In the event a highway Includes two or more separate road
way "roadwaY'' refers to any SI.Ch roadway separately but not to a 11 
such roadways collectively, 

34, "State hlghwayt' means a highway on the state highway systen as defined 
In CRS 1973, 43-2-101, 

35, "Sight distance" means the distance visible to the driver of a passen
ger vehicle measured along the normal travel path of a roadWay to the 
roadway surface or to a specified height above the roadway when the 
view Is unobstructed by traffic. 

36, "Signal" or "signalization" means a traffic control signal or device, 

37, "Signal progression" means the progressive movenent of traffic at a 
planned rate of speed without stopping through adjacent signal lzed 
locations within a control systen. 

38. "Speed change lane" means a separate 1 ane for the purpose of enab 11 ng 
a vehicle entering or leaving a roadway to Increase or decrease lts 
speed to a rate at which It can more safely merge or diverge with 
through traffic, Acceleration and deceleration lanes are speed change 
lanes. 

39, "Stopping sight distance" means the distance required by a driver of a 
vehicle, traveling at a given speed, to bring his vehicle to a stop 
after an object on the roadway beccnes visible. It Includes the 
distance traveled during the perception and reaction times and the 
vehicle braking distance, 

40. "Storage lane" means additional lane footage added to a deceleration 
lane to store the maximum nlll'Der of vehicles 1 lkely to accU11.Jlate 
during a critical period without Interfering 1otlth the thru travel 
lanes. 

41, 11Tirre-space diagran" means a chart on which the distance between 
signals and signal timing Is plotted against time, The chart, when 
completed, Indicates signal progression, banciolldth and speed of 
traffic. 

42. 11Vph" means vehicles per hour and shall be counted or estimated at the 
h l ghest hourly vol 1.me for a 11 references to vph In th Is code unless 
otherwise specified, A vehicle entering or exiting an access approach 
will be considered a count. 

43. 11\Jorking day" means any day that the permlttee can prosecute a normal 
day of work exclusive of delays as a result of lnclenent weather, 
labor disputes and material shortages. 
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1 ,5 References, 

The standards and specifications contained In parts three and four of this 
code are based upon good engineering judgement and the following 
engineering references used by the State Department of Highways. 

1, A Pol Icy on Design of Urban Highways and Arterial Streets, lltnerlcan 
Association of State Highway and Transportation Officials, Washington, 
D.C., 1973, 

2. Transportation and Traffic Engineering Handbook, Institute of Traffic 
Englreers, Washington, D.C., 1976. 

3. Manual on Uniform Traffic Control Devices for Streets and Hi hways, 
H,U.T.C.D. U.S. Department of Transportation and the Federal Highway 

Achlnlstratlon, Washington, D.C., 1978, 

4, The Colorado Supplenient to the Manual on Uniform Traffic Control 
Devices for Streets and Highways, State Department of Highways, as 
arended, 

5, The following manuals and standards of the State Department ,1f 

Highways, 

a. Roadway Design Manual, 1980 as anended 

b, Materials Manual, 1981, as anended 

c. Constru::tlon Manual, 1981, as anended 

d, Standard Specifications for Road and Bridge Construction, 1981 

e. H & S Standard Plans, 1980 

6. Evaluation of Techniques for the Control of Direct Access to Arterial 
Highways, Report No. FH'wA-RD-76--85, Federal Highway Administration, 
Washington, D.C., 1975, . 

7, Trip Generation, second edition, Institute of Transportation 
Eng I neers, 1979, 
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SECTIOI 1\0 
ADHINISTRATIOI 

2.1 The fol lowing procedures are supplied to conform with the administrative 
requirements of the Act. 

2.2 Access Categorization of State Highways 

1. The State Highway Ccmnlssion shall assign to each state highway 
section or segnent of highway an access category frCJ11 section three of 
this code based upon the present National Highway Function 
Classification, consideration of existing and projected traffic 
volumes, the functional classification of publ le 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 fran local streets and roads rather than a state 
highway and reasonable access by city streets and county roads, 

2, The process to determine the assigned access category shall be as 
follows• (1) the Department shall prepare a draft category assignment 
schedule and a Illustrative map consistent with section 2.2.1, for 
each state highway section or segnent within each county, (2) the 
appropriate parts of the draft documents shall be sent to the 
appropriate local goverrments and the metropolitan planning 
organizations for their review and ccmnent, (3) at the request of the 
appropriate local authority, public meetings shall be scheduled by the 
Department to consider proposed revisions, (4) based upon the results 
of the meeting, attempts shall be made to resolve any differences, (5) 
If any disagreements remain unresolved, a statewld~ advisory cam,lttee 
shall be set up by the Departmer.t as an Impart: al rev! ew board to 
resolve the remaining dlsagreenents between the Department and the 
reviewers, (6) the canpleted draft shall be presented to the Highway 
Cam,isslon In public hearing for final action, (7) the approved 
category assignment schedule sha1 I be made aval lab le to the public, 
all permit Issuing authorities and local goverrments. 

3. Local goverrment or the Department may submit to the State Highway 
Cam,isslon requests for changes In the adopted access categories 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 Depart
ment shall review and provide a recam,endation to the Cam,isslon on 
each request. The local goverrment or jurisdiction shall be notified 
of requested changes by the Department at least 60 days prior to High
way Ccmnisslon action. Local government will be provided with a copy 
of all pertinent documents 30 days prior to c011mlssion action, A 
meeting between the local goverrment and the Department shall be held 
If the local government so requests, The Highway Conmlssion shall act 
upon pending category change requests no less than once each six 
calendar months, and more often as necessary. Al 1 reasonable local 
goverrment requests that are In cOll1)llance with the purposes of this 
code and the procedures outlined in Section 2.2.1, of the code, shall 
receive a favorable reccnmendation fran the Department. 

2.3 Obtaining A Permit 

1, The Act provides local goverrment the authority to Issue access 
permits to state highways within their jurisdiction with the written 
approval of the Department, The local goverrment may request the 
Department administer or assist in the administration of driveway 
permits. 

2. Persons wishing to apply for access to a State Highway should contact 
their local government or the Department of Highway's District Mainte
nance Superintendent in their region to determine who Is responsible 
for processing permit applications. Requests must be submitted on 
standard access permit application forms obtainable fran the issuing 
authority. 
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3. Upon written request to the Department by the appropriate local autho-· 
rlty, the Department shall administer or assist In the administration 
of driveway permits to the state highway system In that Jurisdiction. 
The request sha 11 specify the extent to wh I ch the Department wi 11 
aaninlster the permit process, This authorization may be changed by 
the appropriate local authority at any time by written request to the 
Department. Changes In authorization shall take effect upon receipt 
of the written request by the Department, If the appropriate local 
authority requests the Department to process the access permit 
application but requires local approval prior to final action, this 
will constitute Department assistance, not administration. 

2.4 Application for an Access Permit to the State Highway When the Appropriate 
Local Authority Is the Issuing Authority 

1, The applicant shall slbmit his access approach request on authorized 
Department forms to the appropriate local author I ty, The local 
authority shall date and initial the original and carbon copy. The 
carbon copy acts as notice to the Department of the beginning of the 
maxlmun 45 days review period for the Issuing authority. The carbon 
copy shall be malled or delivered to the local office of the 
Department within ten days of application. After 45 days, if the 
Department has not received notice fran the Issuing authority of 
'their final action on the permit application, the Department shall 
contact the Issuing authority and take final action on the 
application within 20 days as required by the Act, 

2. Upon receipt of a completed permit application and required attach
ments on authorized Department forms, the Issuing authority shall use 
this code, and the Act and any other appl I cable State statutes for 
evaluating the application and preparing an access permit. The 
Issuing authority should work cooperatively with the applicant and 
attertpt to resolve all conflicts with the code prior to taking final 
act ion on the permit. It Is recanmended that the Issuing authority 
consult with the Department to help avoid any differences that might 
arise during Department review. The issuing authority shall complete 
Its review and take final action to approve or deny within 45 days. 

3, Requests for variance fran the standards of this code may be submitted 
to the Issuing authority by the applicant and shall be considered an 
attachment to the permit application. The request for the variance 
shall Include specific and docunented reasons for the request, Review 
of the variance request shall be consistent with section 2.9 of this 
code. 

4. The completed permit shall conform to all sections of this code. 
Variance procedures, section 2,9, may be used where the design 
standards of th Is code are not entire 1 y app 1 i cable given proposed 
access approach site specific conditions and local considerations. If 
the appropriate local authority does not approve the permit appl ica
tion, it shall 1} return the pennit application marked denied along 
with any attachments and a written explanation of the decision to the 
applicant, and 2) provide the Department with a copy of the denied 
application and the written explanation. The Department shal 1 not 
r.everse the denial decision by the local authority. Any appeal by the 
app 1 i cant of 1 oca 1 action sha 11 be to the local authority and be 
consistent with the standard appeal procedures of the local 
goverrment. The Department shall be notified of appeals made based 
upon local denials. 

5, If the issuing authority canpletes and approves the pennit, the 
Issuing authority shal 1 sign the permit and transmit the permit with 
al 1 attachments to the appropriate district engineer of the 
Department, Yithin 20 days fran receipt of the transmitted materials, 
the Department must act upon the permit or such pennit shall be deemed 
approved. Transmittal of the permit application, unsigned by the 
appropriate local authority, for the purpose of obtaining the 
Department's canments prior to local approval, does not constitute the 
Initiation of the 20 day review period, 
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6. If the permit ls approved by the appropriate local authority the 
Department shall review the permit for compliance with this code, and 
the Act and other state statutes which may be applicable. If 
necessary, the Department shall discuss the permit application with 
the appl leant and the local Issuing authority. Before denying a 
permit, the Department shall request a meeting between the local 
goverrrnent, the applicant, and the Department, and attempt to resolve 
differences. 

If the Department denies the application, the Department shall return 
the application and attaclments marked 'denied' to the appl leant along 
with a written explanation for the decision, and shall provide the 
local authority with a copy of the denied permit and the written 
explanation. 

7. If the Department approves the permit, the permit shall be signed by a 
duly author I zed representative of the Department and transmitted to 
the applicant. The applicant shall sign the permit if he accepts the 
terms and conditions and return the entire permit with the require 
permit fee to the Department In the attached envelope, When the 
Department has not received the signed copy and fee frcrn the applicant 
within 60 days, the permit shal 1 be deemed unacceptable to the 
applicant and therefore denied, After receiving the signed permit and 
fee the Department shall mark the permit paid, assign a permit nunber 
to the permit and return an original copy to the appl leant. The 
Department shall transmit a copy of the completed permit and the 
collected fee to the local govermient, If the appl leant does not 
agree to all the terms and conditions of the permit the permit shall 
be deemed denied, 

8. The permitted access approach shall be c~leted in accordance with 
the terms and cond It ions of the perm It pr I or to being used. In 
accepting the permit the applicant agrees to all terms and conditions 
of the permit. Should the applicant choose to contest a denied 
application, or the terms and conditions of a permit, he must do so 
within 60 days of receipt of the notice of denial or receipt of the 
permit transmitted for his signature. 

2 ,5 App fl cat I on for an Access Penni t to the State HI ghway when the State 
Department of Highways Is the Issuing Authority 

1 • The app 11 cant sha 11 slbn It h Is ccrnp l eted app l i cat I on and requ I red 
attaclments to the appropriate district engineer of the Department on 
authorized Department forms. The Department shall use this code, and 
the Act and any other applicable state statutes for evaluating the 
appl lcatlon and preparing an access permit, The Department should 
1110rk cooperatively with the applicant and atten1)t to resolve all 
conflicts with this code prior to taking final action on the 
application. If the Department falls to act within 45 days upon a 
requested access permit, su:h permit shall be deemed approved, 
Transmittal of an approved permit for the applicants signature, 
section 2.5.5, or transmittal of the denied application, section 
2.5.4, constitutes action as required by the Act. 

2. Requests for variance frcrn the standards of this code may be sl.bmitted 
to the District Engineer by the applicant and shall be considered an 
attachnent to the permit appl feat Ion. The request for the var I ance 
shall Include specific and documented reasons for the request. Review 
of the variance request shall be consistent with section 2,9 of this 
code. 

). The ~leted permit shall conform to all sections of this code. 
Variance procedures, section 2,9, may be used where the design 
standards of th Is code are not ent I re 1 y app I i cab 1 e g I ven proposed 
access approach site specific conditions and local conslder1,tlons. 
Before denying a permit, the Department shall request a rreetlng 
between the applicant, local goverrment and the Department and atten1)t 
to resolve differences. 
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It. If the Department den 1 es an app 11 cat 1 on, the Department sha 11 return 
the application and attactwrents marked 'denied' to the applicant along 
with a written explanation for the decision. 

S. If the Department approves an application, a permit shall be prepared 
and signed by the duly authorized representatlve of the Department and 
transmitted to the applicant. The applicant shall sign the permit If 
he accepts the terms and conditions and return the entire permit with 
the required permit fee to the Department ln the attached envelope. 
When the Department has not received the signed copy and fee from the 
applicant within 60 days, the permit shall be deened unacceptable to 
the applicant and therefore denied. After receiving the signed permit 
the Department shall mark the permit paid, assign a permit nunber to 
the permit and return an original copy to the applicant. The Depart
ment shall transmit a copy to the appropriate local authority If so 
requested. If the applicant does not agree to al 1 the tenns and 
conditions of the permit, the permit shall be deened denied. 

6. The permitted access approach shal 1 be completed ln accordance with 
the terms and conditions of the permit prior to being used. In 
accepting the permit the applicant agrees to all terms and conditions 
of the permit. Should the applicant choose to contest a denied appll
catlon, or the terms and conditions of a permit, he must do so within 
60 days of receipt of the notice of denial or receipt of the permit 
transmitted for his signature. 

2.6 Access Approaches that are not Driveways 

Requests for access approaches to the state highway which are not drlv~ 
ways, such as public locals road and local streets, shall be ad'ninlstered 
by the Department as discussed under 2.S, The local goverrment shall be 
considered the appl leant. The Department shall work cooperatively with 
local goverrrnent realizing that the access wll 1 serve many property owners. 
Access approaches to subdivisions and other develoi:ments shall be consi
dered drive.,ays until they become dedicated local public roads or streets. 

2,7 Further Action on Approved or Denied Permit Appl icatlons 

1. Any party who has received an adverse decision by the Department may 
request and shall receive a hearing before the State Highway Ccmnis
slon or before a hearing officer, at the discretion of the Conrnlsslon. 
If a hearing is held before a hearing officer, and thereafter either 
party Is dissatisfied with the result, appeal must be made to the 
State Highway Cannisslon In conformance with the provisions of the 
"State Administrative Procedure Act". The State Highway Conrnlssion 
may affirm, reverse, or rrodlfy the decision of the Department or 
hearing officer. The Conrnl ss Ion dee 1 s Ion Is f Ina 1 and subject to 
judicial review pursuant to the provisions of CRS 1973, 24-4-101, et 
seq, as anended, known as ''The State Aanlnlstratlve Procedure Act." 

Should the applicant (1) choose to contest a permit application denied 
by the Department or (2) choose to contest any of the terms or condi
tions of the permit, he must do so within 60 days of receipt of notice 
of denial or receipt of the approved permit. The applicant shall make 
his request for the hearing In writing and submit It to the local 
engineering district office of the Department, The request shal 1 
Include reasons the appl leant Is appealing the action and may Include 
recomiendatlons by the applicant that would be acceptable to him. It 
Is reconrnended the applicant pursue a request for a variance If he has 
not done so already, prior to requesting a Highway Conrnlsslon hearing. 
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2. The permit shall be deemed denied If the access approach Is not under 
construction within one year of the permit Issue date. A time exten
sion, not to exceed one year for each extension, may be requested of 
the Issuing authority In writing by the applicant prior to expiration 
of the permit. Denial of an extension may occur only when the issuing 
authority assertalns and doc1111ents that unforeseen and significant 
changes In highway traffic operations or proposed access approach 
operation, have or will occur that were not accounted for in the 
Issuing of the permit. The issuing authority shall notify the 
Deparbrent of all the approved or denied extensions within ten days. 

J. The permitted access approach shal 1 be c~leted In accordance with 
the terms and cond it Ions of the permit pr lor to being used. In 
accepting the permit, the applicant agrees to all terms and condi
tions of the permit. If the appl leant does not agree to all the terms 
and conditions of the permit, the permit shall be deemed denied. 

4. The expected dates of construction and use of the access approach 
shall be Included on the application form. The applicant shall notify 
the Individual or the office specified on his permit of the pending 
construction at least 48 hours prior to construction in State Highway 
rights-of-way. The access approach shall be cOITl)leted in an expedi
tious and safe manner and shall be finished within 45 days from 
Initiation of construction within the right-of-way. A construction 
time extension not to exceed JO working days may be requested from the 
Individual or office specified on the permit. 

5. The construct Ion of the access approach and I ts appurtenances as 
required by the terms and conditions of the permit shall be COIT1)1eted 
at the expense of the applicant except as provided In section 2.7.9. 

6. The Issuing authority and or the Department shall inspect the access 
approach during construction and upon its completion and ensure that 
all terms and conditions of the permit are met. 

7. It Is the respons I b 111 ty of the owner of the property to ensure the 
use of the access approach to the property ls not in violation of this 
code, permit terms and conditions or the Act. The terms and condi
tions of the permit are binding upon all assigns, successors-in-
lnterests and heirs. 

8. When a permitted driveway ls constructed or used in violation of this 
code, permit tenns and conditions, or the Act, either the Issuing 
authority or the Department or both may obtain a court order enjoining 
violation of the access code, permit terms and conditions, or the Act. 
Such access permits may be revoked by the Issuing authority if, at any 
time, the permitted driveway and Its use fall to meet the requirements 
of the Act, the access code, or the terms and conditions of the 
permit. 

9, Reconstruction, relocation, or conformance with this code of any 
driveway, whether constructed before, on or after June 30, 1979, may 
be required by the Deparbnent with written concurrence of the appro
priate local authority either at the property owner's expense if the 
reconstruction or relocation is necessitated by a change In the use of 
the property or 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 this code. 

2.8 Illegal Access Approaches 

The Deparbnent may Install barriers across or rerrove any driveway providing 
d I rect access to a state highway which is constructed w I thout an access 
permit after the effective date of the code. The property owner shall be 
sent lmnedlate written notice of the Department's action. Where practi
cable, the Department will notify the property owner and or illegal access 
user of pending action. 
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2.9 Variance Procedures 

1, A Request for variance fran the standards of this code shal 1 be 
slbmltted to the Issuing authority with a permit application and shall 
be considered an attaclment to the permit application form. The 
request for the variance shall Include specific and docurented reasons 
for the request. 

2. The Issuing authority shall consider the variance request along with 
the permit appl I cation. If In the opinion of the Issuing authority 
the variance request Is consistent with the requirenents of section 
2.9, the variance may be accepted. If the remainder of the permit Is 
In order, the permit shall be approved and the accepted variance 
attached. 

3. In the consideration of the variance request, the Issuing authority 
shall determine to the best of Its abll lty If the following clrcun
stances are met, (1) there Is exceptional and undue hardship on the 
appl leant, (2) a var I ance would not be detrimental to the publ le 
health, welfare and safety, and (3) a variance Is reasonably necessary 
for the convenience and welfare of the publ le. 

In the evaluation of the variance criteria two and three, valid consi
deration shall be given to the land use plans, policies, and local 
traffic circulation operations of the local Jurisdiction. 

4. If the variance request cannot be authorized, the Issuing authority 
shall continue to process the permit application to determine If a 
permit can be approved without a variance. 

S. At any time during the review by the Issuing authority of the permit 
application, the appl lcam. may supplenent his appl !cation with a 
variance request. 

6. When In the opinion of the Department al I of the following clrcun
stances are met, then It shall authorize a variance fran the standards 
of this code• (1) there Is exceptional and undue hardship on the 
appl leant, (2) a variance would not be detrimental to the pl.bl le 
health, welfare, and safety, and (3) a variance ls reasonably neces
sary for the convenience and welfare of the pl.bile. 

7. The Department shall review all materials sent with the variance and 
permit requests and may request additional lnfonnation fran the 
applicant or the Issuing authority. 

B. The conclusions of the Department regarding the variance shall be In 
writing with all pertinent Information attached and shall be Included 
as part of the perm It app 11 cat I on record. The Department sha 11 
Include In Its action any special terms and conditions that shall be 
Imposed on the permit If approved. 
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2.10 Access Control Plans 

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

2. An access control plan ls to provide the appropriate local authority 
and the Department with a corrprehenslve 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 signals or modifications shall meet the requirements of the 
Manual on Uniform Traffic Control Devices as required by state and 
federal statutes, The plan shall specify the assigned access category 
of the roadWay and to the extent practicable, conform to all standards 
and specifications in part four of this code, A public meetings shall 
be held during the developnent phase of the plan. All property owners 
abutting the State Highway shall be notified by the Department or the 
appropriate local authority. 

3, The plan n,.ist receive both the approval of the Department and the 
approprl ate local authority to beccme effect Ive. After an access 
control plan Is In effect, modifications to the plan shall receive the 
approval of the appropriate local authority and the approval of the 
Department, Where an access control plan is in effect, al 1 action 
taken In regards to access approaches shall be In conformance with the 
plan and this code unless both the Department and the appropriate 
local authority approve a variance under section 2,9 of this code, 

2,11 Processing Forms 

The Department shall provide at reasonable cost to the issuing authority 
a 11 necessary forms for the process Ing of access approach app 1 i cations, 
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 part, with the aaninistration of this 
code, 

2.12 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 al 1 lots and parcels 
created by the subdivision will have access to the state highway systen in 
conformance with this the State Highway Access Code, Direct access from 
the subdivision to the highway shal 1 be permitted only if the access 
approach meets the requirements of this code, 

2,13 l~rovements to a Lawful Access Approach 

The property owner or representative serviced by a lawful access approach 
may make a physical Improvements to the access approach with the permission 
of the issuing authority. The applicant shal 1 make his request on standard 
permit application forms and specify that his request is for improvements 
per this subsection. Processing shall be the sc111e as discussed under 2.~ 
and 2,5 except the Department and appropriate local authority may only take 
action on the request for Improvement. Denial of the application for 
I rnprovement s does not cons t it ute revok Ing the ex i st i ng access approach 
author I zat I on. 
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SECTl()I THREE 
ACCESS CATEGORY STANDARDS 

),1 This section provides a five step access classification system that ties the 
control of access and related design elements such as location of access and 
traffic signals to the functional purpose of each highway, The purpose of 
classifying the state highway system into different levels of access control Is 
to help ensure the protection of the functional integrity of each highway in the 
state system according to its purpose. The anount, frequency and location of 
access approaches and traffic signals have a direct effect on the capacity, 
speed, and safety of the highway. 

The functional characteristics presented in each category describe that category 
according to its intended use and purpose in the highway plan. Design standards 
describe the major design elements, that in the opinion of the Department, must 
be achieved to protect the function of the highway so categorized, 

3.2 Each state highway section or segment of highway shall be classified as provided 
in section 2.2 of this code, The existing design of the highway is not required 
to meet the design characteristics of the category assigned to the particular 
section at the time it is assigned to a category, All ne-1 access control deci
sions shal 1 be made according to the assigned category, This provides a 
mechanism for improving a highway to its functional purpose and integrity. The 
develo1J11ent of an access control plan is recoomended to improve existing condi
tions and is the most effective way to deal with site specific conditions, 
Access pennits Issued after the effective date of this code shall meet the 
design standards of section three. 

Along a few sections of federal-aid state highway, access rights were obtained 
and recorded by deed at the time of highway construction. An access deed either 
restricts all direct access or restricts direct access to specific locations. 
Where access is control led by deed, it may be necessary to obtain the prior 
approval of the U.S. Federal Highway Administration. 

3,3 Category One 

Functional Characteristics 

These highways are capable of providing high speed and high volume traffic move
ments over long distances in an efficient and safe manner, including interstate, 
Interregional, intercity, and in larger urban areas, intracity travel. 
Federal-aid interstate highways are typical of this category. 

Design Standards 

All opposing traffic movements shall be separated by physical constraints such 
as grade separations and median separators. Access, consisting of directional 
ramps, shall be suitably spaced and designed to provide the minimun differential 
between the speed of the through traffic stream and the speed of the merging or 
diverging vehicles. Location and design of access shall be detennined on an 
individual basis by the Department in accordance with their authority under CRS 
1973, 43-3-101, et seq as amended, and federal regulations governing federal-aid 
highway design and construction. Each access allowed to a category one highway 
must receive the approval of the State Highway Corm,ission. 

3 .4 Category Two 

Functional Characteristics 

These highways are capable of providing high speed and high volume traffic 
movements, usually over long dista~ces, in an efficient and safe manner 
providing for the majority of interstate, interregional, and Intercity, travel 
needs and sore Intracity travel needs in larger urban areas, Service to 
abutting land is subordinate to providing service to major traffic movements. 
The function of a Category Two is similar to Category One, Category Two is 
sc:metimes an early stage to developrent to a Category One where Category One 
design elenents will be incorporated at a future date when priorities and funds 
allow. 
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Design Standards 

1. Typical spacing of Intersecting streets, roads and highways shall be 
planned on Intervals of one ml le and normally based upon section 1 lnes 
where appropriate. One-half mile spacing shall be pennltted only when no 
reasonable alternative access exists. 

2. Private direct access shal 1 not be permitted except when the property In 
question has no other reasonable access to the general street system. When 
direct access must be provided, the following shall be In effects 

a. The access approach sha 11 continue unt 11 such t lme that seine other 
reasonable access to a lower functional category street or highway Is 
available and permitted. The access approach permit shall specify the 
future reasonable access location and, If known, the date the change 
wl II be made. At no t lme sha 11 the property be denied reasonab I e 
access to the general street system. 

b. All private direct access permitted under paragraph two above shall be 
for right turns only unless• (1) the access approach does not have the 
potential for signalization, and (2) out of direction movenent exceeds 
two miles, and (3) a left turn movenent can be designed that meets all 
safety requirements. 

c. No additional access shall be provided upon the splitting or dividing 
of existing parcels or contiguous parcels under the sane ownership or 
control, All access to the newly created properties shall be provided 
Internally fran the e,dstlng access approach(es) or a new access 
approach determined by the permit application process based upon the 
requirements of this code. 

3, Al 1 access provided shal 1 be done so with the understanding that If the 
highway Is reconstructed to a Category One, alternative access may be 
provided by a frontage road or other means. 

4. Opposing traffic movenents shall be separated by physical constraints such 
as grade separation or a median separator of sufficient design to 
physically prevent Illegal movements. 

S. Junctions with heavy volume cross streets should be either grade 
separations or Interchanges, 

6. Traffic signals should be programied to allow 4S mph speeds and a desirable 
bandwidth of at 1 east SO%, SI gna 1 s at Intersect Ions wl th major cross 
streets should be programed to optimize both streets equally, 

3,S Category Three 

Functional Characteristics 

These highways are capable of providing medium to high speeds and medium to high 
volune traffic movements over medll.lTl and long distances in an efficient and safe 
manner, providing for Interregional, Intercity and Intracity travel needs, 
Direct access service to abutting land ls si.bordlnate to providing service to 
traffic movement. 

Design Standards 

1, It Is the Intent that all Category Three highways be capable of achieving a 
posted speed limit of at least 4S "1)h and preferably 55 "1)h In undeveloped 
areas. The posted speed limit shall be used to meet the requirements of 
this code unless an approved access control plan to lmpove the highway 
requires that a higher speed limit be used, 

2, Private direct access to the state highway system shall be permitted only 
when the property In question has no other reasonable access to the general 
street system or If the denial of direct access to the state highway would 
be deterlmental to the traffic flow of the general street system, When 
direct access must be provided, the following shall be considered. 
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a. Such access shall continue until such time that sane other 
reasonable access to a lower functional category street or high
way ls available and pennltted, The access permit shall specify 
the future reasonable access location and, If known, the date the 
change will be made, At no time shall the property be denied 
reasonable access to the general street system. Subdivisions 
should be designed, If possible, to provide for alternative 
access at a future date, 

b, No rrore than one access approach shall be provided to an indlvid
ua 1 parce 1 or to cont I nguous parce 1 s under the sane ownership 
111less It can be shown that1 (1) additional access would be 
significantly beneficial to the safety and operation of the high
way or (2) allowing only one access approach would be ln conflict 
with local safety regulations, 

c, On two-lane undivided highways, access approaches shall be 
limited to right turns only unless either (1) the approach does 
not have the potential for signal I zat I on, and (2) a left turn 
shall not create unreasonable congestion or safety problems, and 
(3) the approach ls at least SOO feet frcrn the nearest signalized 
lnterse<::tion1 or (4) the approach does not have the potential for 
signalization and It can be shown that allowing left turns would 
significantly reduce congestion and safety problems at a nearby 
lnteresectlon1 or (S) the approach meets the requirements of 
3,S,4, below, 

d, Access approaches on highways other than two-lane undivided high
ways shall be limited to right turns only unless either (1) the 
approach does not have the potential for signalization, and (2) 
It can be shown that al lowing left turns would significantly 
reduce congestion and safety problems at a nearby intersection; 
or (3) there are no Intersections, e,dsting or planned, which 
allow a U-turn1 and left turns can be safely designed without 
signal lz.atlon1 or (4) the approach meets the requirements of 
3,S,4, below, 

3, Since lntersectlng streets, roads and highways may in time warrant 
signalization, It Is required that all lnterse<::ting streets, roads and 
highways, meet the signal spacing criteria under 3,S,S, below. Those 
that do not meet these requirements shall be limited to right turns 
only unless they meet the requirements of 3,S,2c and d above. 

4, Private access approaches which have the potential for signalization 
and desire left turn rrovements must (1) meet the signalization spacing 
requirements for lnterse<::tlng pl.bllc streets, roads and highways, as 
per 3,S,S below and (2) shall not Interfere with the location, 
planning, and operation of the general street system and access to 
nearby properties, 

S, Spacing and slgnallzatlon 

a, For those rural highway se<::tions where existing traffic signals 
are Infrequent and where slgnlflcant develoi:rnent Is not expected 
In the foreseeable future, spacing of al 1 intersecting public 
streets, roads and highways shall be on one-half mile Intervals, 
plus or minus approximately 200 feet, and based upon se<::tlon 
11 nes where appropriate and feas I b 1 e, Where topography makes 
one-half ml le Intervals Inappropriate, location of publ le 
approaches shal 1 be determined by topography, property owner
ships, property lines and physical design constraints. The final 
location should serve as many properties and Interests as 
possible to reduce the need for direct private access to the 
state highway. 

b. In urban areas and deve 1 oping areas where higher vo 1 umes are 
present or growth ls expected in the foreseeable future that wlll 
require signalization, It Is lrrperatlve that the location of all 
public approaches be planned carefully to ensure good signal 
progression, Generally a spacing of one-half mile for all Inter
sections should be maintained, This spacing is usually desirable 
to achieve good speed, capacity, and optimum signal progression, 

_, s-

191 



However. to provide flexibility for existing conditions and 
ensure optlmun two-way signal progression, an approved traffic 
engineering analysis shall be made to properly locate all 
proposed connecting access approaches that may require signaliza
tion, An optlmun two-way progression pattern shall be 
es tab 11 shed between t1o0 pl1> 11 c Intersect Ions that bracket the 
proposed approach as chosen by the Department. These bracket Ing 
Intersect Ions should be about one ml 1 e apart and be cons I dered 
acceptable, existing or possible future, signal locations. The 
progression pattern calculation shall use a cycle length of 
between 80 and 120 seconds and a travel speed of 45 mph unless 
the posted speed 1 lmlt Is less. A desirable bandwidth of 40% 
shall be used where existing conditions allow. In order to 
reduce the proliferation of delays to the motorist, a mlnlmun of 
JO% bandwidth shall be used where the existing optlmun bandwidth 
Is below 30%. Where Intersections have no signals presently but 
are expected to have signals, a 60% malnl lne, 40% cross street 
eye 1 e sp 11 t sha 11 be assuned. The green t !me a 11 owed to the 
cross street shall be considered no less than the time which Is 
required for a pedestrian to cross the ~.aln line at four feet per 
second. 

c. Those Junctions which would reduce the optlrnun bandwidth if a 
traffic signal were Installed shall be limited to right turns, 

d. When an existing access approach meets the warrants for a traffic 
signal as defined In the Kanual on Uniform Traffic Control 
Devices and the location does not meet the requirements of 3,5.5, 
a median separator should be Installed or the access approach 
designed to direct vehicles Into right turns only. These deslgn 
solutions may not be practicable or feasible where there are 
physical co;istralnts such as curbs. sidewalks, structures, and 
lack of rights-of-way. Piecemeal median separators are usually 
not desirable and could pose other safety and highway operation 
difficulties. The reconstruction, relocation. closure. or con
fonnance of the access approach with this code may be required to 
ensure that the purposes of this code and the Act are met. 

e. This code does not authorize or require the Installation of 
traffic signals. This Is governed by the Kanual on Uniform 
Traffic Control Devices under CRS 1973, as ai-ended. 42-4-SOl. 

).6 Category Four 

Functional Characteristics 

These highways are capable of providing for rooderate travel speeds and 
moderate traffic volunes for rnedlun and short travel distances providing 
for Intercity, Intracity and lnterc01TT11Unlty travel needs. There Is a 
reasonable balance between access and rroblllty needs within this category, 

Design Standards 

1. It Is the Intent that all Category Four highways be capable for 
achieving a posted speed 1 lmlt of 35 mph. The posted speed 1 lrr.!t 
shall be used to meet the requirements of this code 111less an approved 
access control plan to Improve the highway requires that a higher 
speed I lmlt be used. 

2. Private Direct Access 

a. No more than one access approach shall be provided to an Individ
ual parcel or to contiguous parcels under the sane ownership 
unless It can be shown that (1) additional access approaches 
would not be detrimental to the safety and operation of the high
way and are necessary for the safety and efficient use of the 
property, or (2) al lowing only one access approach would be In 
conflict with local safety regulations and the additional access 
would not be detrimental to p11>1lc health, safety and welfare. 

-16-

192 



b. On two-lane undivided highways, access approaches shall be limit
ed to right turns only unless either (1) the approach does not 
have the potential for signalization, and (2) left turns shall 
not create unreasonable congestion or safety problems, and (3) 
the approach Is at least 500 feet fran the nearest signal I zed 
Intersection, or (4) a signal will not be required and It can be 
shown that al lowing left turns would significantly reduce 
congestion and safety problems at a nearby intersection, or (5) 
the approach meets the requlrenents of 3,6.4 below. 

c, Access approaches on highways other than two-lane undivided high
ways shall be limited to right turns only unless either (1) the 
approach does not have the potential for signalization, and (2) 
It can be shown that allowing left turns would significantly 
reduce congestion and safety problems at a nearby intersection, 
or (3) there are no Intersections, existing or planned, which 
allow a U-turn and left turns can be safely designed without 
signal lzatlon1 or (4) the approach meets the requlrenents of 
3.6.4 below, 

J. Since Intersecting streets, roads and highways may In time warrant 
signalization, lt Is required that all intersecting streets, roads and 
highways meet the signal spacing criteria under 3,6.5, below. Those 
that do not meet these requlrenents shal 1 be 1 lmlted to right turns 
only unless they meet the requirements of J.6.2b and c above. 

4. Private access approaches which have the potential for signalization 
and desire left turn movesrents must (1) meet the signalization spacing 
requl nnents for Intersect Ing pub 1 lc streets, roads and highways, as 
per 3.6.5, below and (2) shal 1 not Interfere with the location and 
operation of the general street system and access to nearby 
properties. 

5, Spacing and Signalization 

a. For those rural highway sections where existing traffic signals 
are infrequent and where significant developnent Is not expected 
In the foreseeable future, spacing of all major intersecting 
public streets, road and highways should be on one-half mile 
Intervals plus or minus approximately 200 feet and based upon 
section lines where appropriate and feasible, Where topography 
makes one-half ml le intervals inappropriate, location of publ le 
approaches shall be determined by topography, property "JWenr
shlps, property 1 ines and physical design constraints. Minor 
Intersections that have the potential for signalization should be 
located to meet the requirenents of paragraph b that fol lows. 
Where the criteria of paragraph b ls Impracticable, a quarter 
mile interval shall be used. The final location should serve as 
ma,y properties and interests as possible to reduce the need for 
more public streets and direct private access to the state 
highway. 

b. In urban areas and developing areas where higher volunes are pre
sent or growth ls expected In the foreseeable future that will 
require signalization, lt ls imperative that the location of all 
public approaches be planned carefully to ensure good signal pro
gression. Where at all feasible, major intersection spacing 
shal 1 be on either one mi le or one-half mi le interval spacing. 
This spacing allows the greatest flexibility for locating minor 
signalized intersections between major Intersections while main
taining good traffic signal progression, and highway capacity. 
Additional minor Intersections that require traffic signals may 
be permitted where they will not restrict the signal progression 
ban~ldth es tab 11 shed by those major l ntersect ions that bracket 
the proposed Intersection. Where there ls one-half mile spacing 
of major Intersections, minor Intersections can be located gener
ally within about 550 feet of a one-half mile Interval location. 
Th ls may allow up to s Ix s I gnal s In a one ml le sect Ion. Where 
there Is one mile spacing of major Intersections, minor intersec
tions can be located at quarter ml le Intervals al lowing up to 
four signals per ml le, Whl le this category al lows more signals 
per mile than Category Three, lt Is still desirable to keep 
signals to a mlnlmun if possible. 
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c. To provide flexibility for existing conditions and ensure optimun 
two way signal progression, an approved traffic engineering 
analysis shall be made to precisely locate all proposed 
connecting access approaches that may require signalization. An 
optlm1.111 two way progression pattern shall be established between 
two major Intersect Ions that bracket the proposed approach as 
chosen by the Department. These bracketing Intersections should 
be about one mile apart and considered acceptable, existing, or 
possible future signal locations. The progression pattern 
calculation shall use a cycle length of between 80 and 120 
seconds and travel speed of 35 mph unless the posted speed ls 
less. A desirable bandwidth of 30% shall be used where existing 
conditions allow. In order to reduce the proliferation of delays 
to the motorist, a mlnlm1.111 of 20% bandWldth shall be used where 
the ex I st Ing opt lm1.111 bandWI dth Is below 20% and there Is 11 tt le 
or no chance to 1"1)rove the bandwidth. \Jhere Intersections have 
no signals presently but are expected to have signals, a maxlm1.111 
of 50% cross street cycle spl It shall be assuned. The green time 
allowed to the cross street shall be considered no less than the 
time which ls required by a pedestraln to cross the main line at 
four feet per second. 

d. Those Junctions which would reduce the optlm1.111 bandwidth If a 
traffic signal were Installed shall be limited to right turns, 

e. \Jhen an existing access approach meets the warrants for a traffic 
signal as defined In the Manual on Uniform Traffic Control 
Devices and the location does not meet the requirements of 3.6.5, 
a median separator should be Installed or the access approach 
designed to direct vehicles Into right turns only. These design 
solutions may not be practicable or feasible where there are 
physical constraints such as curbs, sidewalks, structures, and 
lack of rights-of-way. Piecemeal median separators are usually 
not desirable and could pose other safety and highway operation 
difficulties. The reconstruction, relocation, closure, or con
formance of the access approach with this code may be required to 
ensure that the purposes of this code and the Act are met. 

3.7 Category Five 

Functional Characteristics 

These highways al low for low to medl1.111 travel speeds and are typified by 
traffic rrovements over short distances. Access needs take priority over 
through traffic rrovements without c0111)ranislng the publ le health, welfare, 
or safety. Providing reasonable and safe access to abutting property Is 
the primary purpose of this access category. Category Five shall be 
assigned only to those sections of state highway that serve as frontage or 
service roads where there ls no Intended purpose of providing for through 
traffic rroveT1ents. 

Design Standards 

1. Generally a posted speed limit of at least 25 "1)h is acceptable. The 
exist Ing posted speed 1 imlt shal 1 be used In all access approach 
permit and design decisions. 

2. Mlnlmun spacing between signals Is that which Is necessary for the 
safe operation and proper design of adjacent Intersections. 
Preference In traffic signal timing shall be given to highways of a 
higher access category. 

3. Left turns shall be allowed provided required safety and design 
standards are met. 

4, The number of access approaches to a parcel shall be controlled by the 
minimum spacing requirements (section 4.9.14) and safety and design 
considerations In section four of this code. 
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SECTICJt FOOR 
DESIGN STANDARDS AND SPECI FICATICJtS 

4.1 The following design and construction standards and specifications are 
those which the Departn-ent has developed to protect the piilllc health, 
safety, and welfares maintain smooth traffic flow, maintain highway right
of-way drainage, and to protect the fu,ctlonal level of piilllc highways. 

4.2 When an application for access to a state highway meets the necessary 
criteria of section three of this code, section four shall be used to 
precisely locate, design and construct the access approach within the 
limitations set forth In Section Three. When a local goverrment ls the 
Issuing authority and It has established by ordinance or resolution design 
standards more stringent than those appearing In this section then such 
standards shall govern when required by the local goverrment, 

4,3 If an access approach meets Section Three criteria and Is unable to c~ly 
with Section Four criteria, the access approach permit should be denied 
unless a variance ls authorized In accordance with Section Two of this 
code, The most recent edition of the references In Section 1 ,5 may be used 
when determining the design standards to be appl led to a variance under 
Section 2,9, 

4.4 Access Approach Width 

1. Access approach width shall be measured exclusive of the radii or 
flares, between the ends of the return rad I I for approaches without 
curbs and those with street style curbed entrances. Driveways with 
curb cuts shall be measured behind the flared section, 

2. Sixteen to 24 feet of width shall be used for two-way approaches when 
the single unit vehicle vohme does not exceed 5 vph, except as noted 
In 4.4.3. below. 

3, Twentrflve to 35 feet of width shall be used for two-way approaches 
when any one or more of the following apply to the approach, 

a. Single unit volune exceeds 5 vph 

b, Multi-unit vehicles are Intended to use approach 

c, Single u,lt vehicles will exceed 30 feet In length 

d, Special equii:ment exceeds 16 feet In width 

4. One-way access approaches shall have a width of 16 feet to 24 feet. 
If two one-way access approaches are adjacent to each other, they 
shall be divided by a raised median at least 4 feet wide and no more 
than 25 feet wide. 

5, When a piilllc street, road, or highway Intersects with a state highway 
the design criteria of the local government and the Department shall 
be used to select an appropriate access approach width siilject to the 
approval of the Department. No two-way public approach(es) shall be 
less than 25 feet In width, 

4,5 Access Approach Radii 

1. No access approach shall have an equivalent turning radius of less 
than 20 feet except as permitted In section 4,5.6, 

2. A minimum of 50 foot equivalent turning radii shall be used for drive
ways when ll'Llltl-u,lt vehicles, or single unit vehicles exceeding 30 
feet In length, are Intended to use the driveway on a dally basis, 

3, The access approach equivalent turning radii shall not be less than 
that necessary to accCl!mJdate the turning radius of the largest 
veh I cl e for which the access approach Is Intended to use on a da 11 y 
bas IS, 

4. If the frequency of ll'Llltl-u,lt vehicles, or single unit vehicles over 
30 feet In length, Is such that two of these vehicles, one entering 
and one exiting, use the access at the sane time, radl I shall be 
adequate to accomrodate both vehicles with no turning conflicts, 
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S. The Issuing authority shall determine when and If curb tapers or curb 
returns are required In accordance with existing or planned condi
tions. 

6. When a plbllc street, road, or highway Intersects with a state ~lghway 
the des I gn er I ter I on of the 1 oca 1 goverrrrent and the Department sha 11 
be used to select an appropriate radii, corner and Intersection design 
slbject to the approval of the Department. 

4.6 Access Approach Surfacing 

1. All access approaches shall be surfaced lrrmedlately upon C0111>letlon of 
earthwork construction and prior to being used. 

2. The surfacing for all access approaches shall extend fran the highway 
traveled way to the rlght~f-ay line. 

3. Surfacing material shall be specified by the Department according to 
the Department's standard design specifications and the conditions and 
use of the access approach and the highway. Gravel will be permitted 
where conditions allow for Individual residential access approaches or 
field entrances, where curbs are not required. 

4. Surfacing l~rovements shall not be allowed on the highway right~f
way between driveways, unless a concrete curb or other physical 
obstruction, such as a drainage ditch, ls constructed to channelize 
access 11DVenents at permitted locations. 

5. Surfacing material may be defined as gravel or pavement. 

4.7 Speed Change Lanes 

1. Speed change lanes for right turning rovenents are required according 
to the table and text followings 

TABLE 4.7.1 

Posted Speed of Highway In lf>H 

25 30 to 40 45 to 50 55 For a 

If the -A-OHV 500 400 200 150 2 lane highway 
of the high- 1400 1200 800 600 4 or rore lanes 
way will exceed 

DHV/ADT DHV/ADT DHV/ADT DHV/ADT 
and the DHV OR 50/450 40/350 20/175 15/150 2 lane highway 
ADT of the 70/625 60/550 40/350 25/225 4 or more 1 anes 
access approach 
wl 11 exceed 

*The DHV of the Highway may be obtained from the latest copy of the 
"Colorado traffic volume studY'' for State Highways or fran the 
district office of the Department. 

a. For highways with four or rore thru travel lanes, DHV highway 
values shall be measured only In the direction of the access 
approach. 

b. For six lane highways, right turning volumes exceeding 200 DHV or 
1800 ADT require speed change lanes. 

c. Where no curb and gutter ls present, a shoulder shall be provided 
that matches the existing shoulder design along the highway. The 
shoulder should not be less than two feet. 

d. A right turn acceleration lane Is not normally required when the 
posted speed is 40 ~h or I ess, nor Is It requ I red at a 
signalized Intersection. It may be required where a high main 
line traffic volune makes the use of the acceleration lane 
necessary for vehicles entering the traffic strean through the 
use of acceleration and merging techniques. 
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2. For left turn Ing movements, speed change 1 anes are required to be 
placed within the median according to the following table and text: 

When DHV of 
the highway 
will exceed 

and the left 
turn Ing DHV or 
*ADT Into the 
approach will 

TABLE 4 .7 .2 

Posted Speed of Highway in lf>H 

25 30 to 40 45 to SO 55 

500 400 200 150 2 
1000 900 600 400 4 

DHV/ADT DHV/ADT DHV/ADT DHV/ADT 

30/250 20/175 15/125 12/100 2 
45/375 30/250 20/175 12/100 4 

access 
exceed 
* In high et11)lo')fflent areas average weekday traffic 

be required to be used instead of ADT. 

la,e highway 
or r10re lanes 

lane highway 
or rrore lanes 

estimates may 

a. For highways with four or more thru travel lanes, DHV highway 
values shall be measured only in the direction of the median 
speed change lane. 

b. A median area ls required in order to construct a lef: turn speed 
change lane. Both deceleration and acceleration lares shal 1 be 
constructed within the median for those access approaches for 
which left turns are required to have speed cha~ge lanes 
according to Table 4.7.2. Left turn acceleration la"les are not 
required• 1) when the posted speed is below 40 1-f'H unless 
required for pit> 1 i c safety by the Department O s di strict traffic 
and safety engineer, or 2) when the intersection is sigr,alized, 
or 3) where the acceleration lane would interfere wi:~ left turn 
ingress movements to other driveways, or 4) when se:tion 4,7,2c 
does not so require. 

c. Where a median does not exist or where a painted r:ie~:an is less 
than 14 feet In width, a painted median of at least 1, feet, pre
ferably 16 feet, not exceeding 18 feet in widU,. shall :.e 
constructed. Where there is a median of 14 feet ; , width or 
greater, the existing width shall be used, \./here tne existing 
median is of raised design any new median constructioc. s'1all also 
be of raised design unless otherwise instructed by ~ce Depart
ment. These design features wi 11 not be required whe•e physical 
constraints, curbs, sidewalks, structures, and lack of available 
rlght~f-way restricts installation. 

d. Table 4.7.2, was designed for a normal percentage ~ix of vehicle 
types. If the access approach w i 11 have a 1 arger percent age of 
vehicles exceeding 30,000 pounds gross vehicle weight, values of 
on~hal f of the access approach va 1 ues in the tab le r·,cy be used 
to require med l an speed change 1 anes in the interest of plb 1 i c 
safety. 

e, Trip Generation, second edition, The Institute of Transportation 
Engineers, 1979, shal 1 be used as a reference in est irnat ing DHV 
and ADT values of access approaches where required by this code. 

3. If the design of the access approach is within two different speed 
zones, the standards for the higher speed zone will ap~ 1y. When 
pit>llc safety so requires due to site specific conditions, such as 
sight distance, a turn lane may be required even through tne warrants 
In Table 4.7.2 are not met. 

4. Speed change lanes shall normally be 12 feet wide exclusive of gutter 
pan or shoulder, If existing thru travel lanes are less than 12 feet 
wide or If local government standards recorrnend, a lesser width may be 
used provided a minimum of 10 feet of width is attained. 

5. For the purposes of the tables in 4.7, the DHV for the access approach 
location Is considered synonymous with the term 'average peak hour 
volune often used for develo!Jllent analysis. 

-21-

197 



6. Speed, as used In these tables, refers to the posted legal speed limit 
at the access location at the time of permit application. A higher 
des I gn speed sha 11 be used If the sect l on of h I ghway Is present i y 
being redesigned or reconstructed to a 'higher speed or an approved 
access control plan requires a higher speed. 

7. Design hour volune, also called DH\/, means an hourly traffic vehicle 
volune detennlned for use In the geometric design of highways. For 
the purposes of this code, the DH\/ shall be the 30th highest hourly 
traffic volume of the projection for the 20th year unless otherwise 
specified. The purpose In the use of the 20th year DH\/ ls to help 
ensure the continued safety of the approach as road conditions change. 

8. The applicant shall slbnlt an estimate of the volune and type of 
traffic to use the access approach. The Department shall assist any 
applicant requesting DH\/ and AOT traffic estimates for the purpose of 
obtaining an access approach pennlt. 

9. When the access approach will exceed a DH\/ of 50 vehicles per hour It 
Is reccmrended that a traffic analysis be c00'4)1eted by the applicant 
In addition to 4.7.8 above. 

10. When speed change lanes are required, they shall be the lengths 
required according to the following tables and text. Table 4,7.10 
gives the distance required for changing speeds between the posted 
speed and the speed of the turn. 

Posted 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

TABLE 4.7,10 

ratio for l1lnlm1111 
straight 11D11 taper 

Stop Condition 15 mph turn taper Ratio 
Speed A D A D 

160 100 
100 200 90 150 7,511 7,511 
150 235 90 185 1011 811 
210 275 150 235 12,511 1011 
310 315 250 295 1511 11,511 
450 375 390 350 1511 13i1 
680 435 620 405 2011 1511 
850 485 795 450 22,511 18,511 

1020 530 970 500 5011 22,511 
1190 570 1140 540 5011 N/A 

The values under 1A1 are for acceleration lengths according to the 
posted speed 1 lmlt. The values under 1 D1 are for deceleration length 
according to the posted speed 1 lmlt. Al 1 values are given In feet. 
These values are for generally flat grades of less than 3% gradient. 
For all grades of 3% or greater, multiplication factors contained In 
the tables under 4.7.12 shall be used. 11lnlm1.111 tapers apply only to 
deceleration lanes where It Is not physlcal ly feasible to use the 
normal taper. 

a. The length of a taper Is calculated by multiplying the width of 
the speed change lane by the ratio value associated with the 
posted speed In the table. A 25 mph zone and a 12 foot wide 
speed change lane at a 7.5,1 ratio, requires a 90 foot taper. 

b. The length of the speed change lane shal 1 be the sun of the 
appropr late length fran Tab le 4 .7 .10, adjusted by 4 ,7 .12 If 
applicable, plus the taper, plus any storage requirements under 
4,7,11, for all access approaches where, (1) turning movement 
PHIi exceeds by twice the access approach turning movement values 
In Tables 4.7.1 or 4,7,2 which require speed change lanes, or (2) 
the number of vehicles In excess of 30,000 pounds gross vehicle 
weight using the approach exceeds 3 DH\/ and are at least 2S% of 
the appropriate values In Tables 4.7.1 or 4.7.2 or (3) the access 
approach Is on an access Category Two highway. 
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c. The length of the required taper shall be considered a part of 
the appropriate speed change length value given ln Table 4.7.10 
for all those approaches not Included under 4,7.l0b. The 
applicant that qualifies for this shorter length may choose, at 
hls discretion, to design to the specifications of paragraph 
4,7,lOb above If the Departrrent approves. This paragraph shall 
not be applied to highways with posted speed ln excess of 55 MPH 

d, Due to difficult physical or legal constraints and ln the 
Interest of providing sane degree of safety rather than none at 
all, lt may be necessary to forego all, or part of, the decelera
tion length and provide only the taper and storage lengths. This 
mlnlmun design criteria shall be used only on highways posted at 
35 tf>H or less when the requirements of 4.7,10 b and c are not 
feasible and, 1) the access category Is four or five, or 2) the 
highway has, In that section, four or 111:>re Intersections per mile 
per side and there ls driver expectancy of speed changes, turning 
111:>venents and weaving m:,venents along that section of highway. 

e, If a straight line taper Is used, the ratios in the right colunns 
of Table 4,7,10 are to be used. The value given ls the ratio of 
taper length to speed change lane width, Partial tangent tapers, 
or S',flmetrical reverse curve tapers, or as',flmetrical reverse 
curve tapers, may also be used provided a radius of at least 150 
feet ls used In curve calculations. 

f. 'Where It Is necessary to establ lsh a left turn median Island, 
tapers required for redirecting main travel lanes shall be 
according to the following table, 

TABLE 4,7,10f 

Posted speed In MPH 30 or less 35 40 45 55 and above 
Straight taper ratio 2011 2511 3011 4011 

11. For deceleration lanes where vehicle turning m:,venents are 30 OHi/ or 
greater, additional storage length Is required to accamiodate turning 
vehicles according to the following table, 

Turning vehicles per hour 30 
Required length In feet 25 

TABLE 4,7.11 

60 
50 

100 200 300 
100 175 250 

a. For every 15 DH\/ of trucks larger than single unit, the length of 
the average truck plus 10 feet shal 1 be added to the storage 
length required by 4,7,11. 
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12. Speed change lanes may require changes In length In accordance with 
the folloo,,-lng. 

For all 
posted 
speeds 

a. Deceleration lanes shall use the following multiplication factors 
In determining speed change lengtllt for al 1 grades of 3% or 
greater. Grade Is the ratio of the length on grade to the change 
In elevation. Multiply the factor given below times the length 
given In Table 4.7.10. 

TABLE 4.7.12a 

3 to 4.9% upgrade 
0.9 

5 to 7% upgrade 
o.B 

3 to 4.9% downgrade 
1.2 

5 to 7% downgrade 
1.3s 

b. Acceleration lanes shall use the following naJltlpllcatlon factors 
In detennlnlng speed change length for all grades of +3% or 
greater. Multiply the factor given below times the length given 
In Table 4.7.10. 

TABLE 4.7.12b 

Posted Speed 
2S 

3 to 4.9% upgrade 
1.3 

3 to 4.9% downgrade 
.7 

40 
50 
55 
60 

25 
40 
50 
55 
60 

1.3 
1.3 
1.4 
1.4 

5 to 7% upgrade 
1.5 
1.5 
1.5 
t.6 
1.7 

.7 

.65 

.65 

.6 
5 to 7% downgrade 

.6 

.6 

.55 

.5 

.5 

4.8 S!ght Distance 

1. The following table shall be used to detennlne the required stopping 
sight distance necessary as measured from the traveling vehicle :o the 
access approach. 

Posted speed, mph 
Required stopping 
sight distance In feet 

TABLE 4.8.1 

30 35 

200 250 

40 50 55 60 

300 375 450 550 650 

a. For calculating sight distance a height of 3.5 feet shall be used 
for the driver's eyes and a height of 6 Inches shall be used for 
the object. The driver's eye and the object shall be placed at 
the centerline of the Inside lane for measurenent purposes. 

b. Th I s tab 1 e I s based on wet pavement cond It Ions and the aver age 
vehicle maintaining the posted speed limit. 

3. Pennlts shall not be Issued that Include any design elenents or allow 
any turn Ing movenents, where the stopp Ing s I ght d I stances are not 
adequate to allow the safe movement of any motorist using the access 
approach or motorist passing the access approach. 

4. In addition to the stopping sight distances necessary for vehicles 
traveling on the highway to see objects In the traveled way It Is also 
necessary to provide the entering vehicle adequate sight distance In 
order to enter or cross the highway. The following table shall be 
used to establish the mlnlmun sight distance necessary for the 
entering vehicle. 
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*Vehicle expected to 
enter or cross highway 

Passenger car 
Single Unit Truck 
Hultl-unlt Trucks 

2 lane 
100 
130 
170 

TABLE '4 .8 .'4 

Sight distance is given in feet 
per 10 "1)h of posted speed 1 lmi t 

It lane 
120 
150 
200 

6 lane 
130 
170 
210 

a. Sight distance shall be measured at a height of 3.5 feet between 
the entering driver and the oncoming vehicle. 

b. The entering driver's eves shall be considered to be 15 feet back 
from the edge of the traveled way. 

c. If there Is no median or If the median is too narrow to safely 
store a left turning or crossing vehicle, the entire roadway 
width shall be considered from the approach, 

d. If the median can safely store the turning or crossing vehicle, 
then sight distance shall consider a two stop condition, The 
vehicle will stop once at the outside edge of the traveled way 
and again within the median. Each one-way highway direction 
shall be considered separately. 

*e. The vehicle shall be the largest vehicle normally intended to use 
the access approach. Norma 11 y means exceeds an average of one 
per day. 

f. After sight distance requirements are met and an access permit 
Issued, a sign structure or parked vehicle shall not be permitted 
where It will obstruct the required sight distance. 

lt.9 Other Design Elements 

1. For all curb cuts the vertical curve from the traveled way Into the 
access approach shall be the flattest curve that can be obtained. To 
prevent center or overhang drag, with some allowance for load and 
bounce, crest vertical curves should not exceed a four inch hi.11> in a 
10--foot chord and sag vertical curves should not exceed a four Inch 
depression In 10--foot chord, For access approaches that are not curb 
cuts including streets and private approaches using curb returns, the 
first 20 feet beyond the closest highway lane, including speed change 
lanes, shal 1 slope down and away from the highway at a 2% grade to 
ensure proper drainage control, Exceptions may be made where steep 
topography, such as rn::,untalns, make this requirement very difficult. 
The approved design r11.1st protect the highway from drainage flows. 
Valley gutters and cross pans are not reccmnended. 

2. \Jlthln the right-of-way, maxlm1JT1 grades shall be limited to ten 
percent for 1 ow vo 1 une res I dent I a 1 driveways. A 11 other access 
approaches shal 1 be 1 lmlted to a maximum of eight percent grade. 
Lesser grades may be required for drainage purposes. 

3. The horizontal axis of an approach to the highway shall normally be at 
a right angle to the centerline of the highway and extend a mlniml.lTI of 
'40 feet beyond the traveled way. An angle between 90 and 60 degrees 
shall be acceptable only if physical constraints require a skew angle 
less than 90 degrees. An angle less than 60 degrees is not 
acceptable. 

'4. Access approach specifications shall ensure that the access approach 
Is designed and constructed In a manner that will encourage proper use 
by the drive. Access approaches for one-way operation shall be 
approved only when design conditions ensure one-way operation, 

5. An access approach that has a gate across It shall be designed so that 
the longest vehicle using It can completely clear the traveled way 
when the gate is closed. 
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6. The access approach sha 11 be des I gned to fac 111 tate the 111:)verent of 
vehicles off the highway to prevent the queuing of vehicles on the 
traveled way. Access approaches shal 1 not be approved for parking 
areas that require backing maneuvers within a state highway right-of
way. All off-street parking areas ll'llSt include on-site maneuvering 
areas and aisles to permit user vehicles to enter and exit the site In 
forward drive without hestltatlon. 

7. fill slopes and cut slopes shall be constructed either to (1) current 
Department mlnlmun standards or (2) to the slope of the existing high
way near the approach, whichever Is safer. 

8. Access approach design shall provide for the safe 111:)vement of all 
highway right-of-way users, Including but not limited to pedestrians, 
bicyclists, and the handicapped. Sidewalks may be required where 
appropriate or when requested by local goverrment. 

9. In the event It beccmes necessary to remove any rlght-of....,ay fence, 
the posts on either side of the entrance shall be securely braced with 
an approved end post before the fence Is cut to prevent any slacking 
of the remaining fence. All posts and wire removed shall be turned 
over to the engineering district representative of the Department. 

10. Where necessary to remove or relocate a state highway traffic control 
device for the construction of a permitted access approach, such 
relocation or removal shall be accCfTll)lished by the applicant at his 
e>epense and at the direction of the Department, Any danage to the 
state highway beyond that which ls allowed In the permit shall be 
repaired lmnedlately, 

11. Further detal ls of construction and design Including paverent 
thickness and specifications, curb design and specifications, roadWay 
fill design and c~actlon, and other specific details shall be 
provided by the Department, 

12. Adequate advance warning Is required at all times 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 flag,ien. This Is also required by CRS 
1973,42-4-S0I, as ai-ended, The Department and Its duly appointed 
agents and ell1)1oyees shall be held harmless against any action for 
personal injury or property danage sustained by reason of the e>eerclse 
of the permit, 

13, Access approaches that cross or otherwise affect pedestrian, bicycle, 
or handicapped fac 11 It ies shal 1 have the necessary rood If I cat Ions to 
ensure the safe crossing of the access approach and the safe use of 
the facility by pedestrian, bicyclists and the handicapped. 

14, All access approaches should be separated by a distance equal to the 
stopping sight distance values In Table 4.8.1. This allows the 
111:)torist reaction and stopping distance between driveways. When speed 
change lanes are present it Is desirable that the distance between two 
access approaches are no less than the sun of the acce lerat Ion lane 
length of the first and the deceleration lane length of the second. 

15. The hours of work on or imnediately adjacent to the highway may be 
restricted by the Department due to peak hour traffic demands and 
other pertinent roadway operating restrictions. 

16. A copy of the permit shall be available for review at the construction 
site. If necessary, minor changes and additions shal 1 be ordered by 
the Department field Inspector to meet unanticipated site conditions. 

17. The pennlt may require the contractor to notify the individual or 
office specified on the pennlt at certain phases In construction to 
allow the field inspector to inspect various aspects of construction 
such as concrete forms, sl.bbase, and base course compaction. 
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lt.10 Drainage 

1. All access approaches shall be constructed In a mamer that, (1) shall 
not cause water to enter onto the roac!Way, and (2) shall not Interfere 
with the drainage system on the rlght-of-ay. 

2. The applicant shall provide, at his own expense, drainage structures 
for his access approach which will become an Integral part of the 
existing drainage system. The type and condition of these structures 
mJSt meet the approval of the Department In unincorporated areas. 
Approval mJst be obtained frC111 the municipality In Incorporated areas, 

3. Drainage structures• ( 1) shall not restrict the exl sting drainage 
system, (2) drainage pipe shall be a m1n1mun of 18 equivalent inches 
In dlaneter, (3) where hydrological studies have been completed, the 
drainage shal 1 be designed to handle at least the 2-1/2 year storm, 
for underground system and a five year storm for side drains but not 
less than the existing drainage system. 

It. The highway drainage system ls for the protection of the state highway 
rlght-of-ay. It Is not designed or Intended to serve the drainage 
requirements of abutting properties beyond that which has historically 
flowed to the state rlght-of-ay. Drainage to the state highway 
rlght-of-ay shall not exceed the undeveloped historical flow, The 
use of control led flow retent Ion ponds or stonn sewers should be con
sidered to control this flow frC111 developed properties. \,/hen curb and 
gutter Is required, the drainage ditch should be eliminated by 
Installing a stonn sewer system. 

lt.11 Maintenance 

1. The occupant and the property owner of the property serviced by the 
access approach shall be responsible for (1) meeting the terms and 
conditions of the permit and, (2) the removal or clearance of snow or 
lee upon the access approach(es) even though deposited on the access 
In the course of the Department highway snow renoval operations, The 
Department shall maintain 1n unincorporated areas the highway drainage 
system, Ir-eluding those culverts under the access approach which are 
part of that system within the rlght-of-ay, The permlttee, his 
sucessors and assigns, are responsible for the maintenance of the 
access approach beyond the travel and speed change lanes. 

ENO 
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APPENDIX C. SUBDIVISIO:-J STATUTES 
FOR THE STATE OF WISCONSIN 

WISCONSIN ADMINISTRATIVE CODE 157 

Chapter Hy 33 

LAND SUBDIVISION PLATS ABUTTING STATE 
TRUNK HIGHWAYS AND CONNECTING STREETS 

HJ U.01 
H1 33.02 
Hy u.os 

Ry U.04 
Hy 13.05 

H1 SS.01 

Purpose 
Buie pr,nclplea 
DeCnltlons for the pur
pose or U-,eae rulea and 
reirulatlon11 
Required Information 
Direct acces ■ to ■ tale 
trunk h!irhway 
Frequency or 1ueet or 
road connection■ 

Hy 11.07 

Hy 11.01 
Hy 33.09 

H:r l!.10 
Hy 31.11 
Hy U.12 

Temporary 1treet connec
tion■ 
Setback requirement■ 
Physical requirement■ or 
acceu 
Recommended procedure 
Variances 
Perrorma.nce bond 

By 33.01 Purpose. (1) PtJRPOSE or CHAPTER 236, Wis. STATS. The 
purpose of chapter 236 is "to regulate the subdivision of land to 
promote public health, safety and general welfare; to further the 
orderly layout and use of land; to prevent the overcrowding of land; 
to lessen congestion in the streets and highways; to provide for ade
quate light and air; to facilitate adequate provision for water, 
sewerage, and other public requirements; to provide for proper 
ingreaa and egress; and to promote proper monumenting of land sub
divided and conveyancing by accurate legal description. The approvals 
to be obtained by the subdivider as required in this chapter ahall be 
based on requirements designed to accomplish the aforesaid purposes." 

(2) PURPOSE OF RULF.S AND REGULATIONS. Accordingly, the purpose 
of these rules is to specify minimum standards necessary to meet the 
requirements of state highway commission review of land subdivision 
plats abutting the state trunk highway system as provided under 
aection 236.13 (1) (e) aa follows: 

"(e) The rules of the state highway commission relating to pro
viaion for the safety of entrance upon and departure from the abut-
ting state trunk highways or connecting streets and for the preserva
tion of the public intereat and investment in such bighway1 or 
streets." 
Bl■to171 Cr. Resl■ter, September, 1968, No. I, etr. 10-1-11. 

By 33.02 Basic principle■• Land subdivision tends to affect highway■ 
by generating traffic, increasing vehicular parking requirements, re
ducing light distance, increasing driveways and other access pointa 
and, in general, impairing safety and impeding traffic movementa. 
To control these tendencies and to carry out the purposes of chapter 
236, Wia. Stats., the commiuion promulgates the following buic 
requirements in this section and the specific rulea of aubsequent ■ec
tions of these rules and regulations: 

(1) Local traffic generated in subdivisions abutting on a state trunk 
highway ahall be 1erved by an internal 1treet aystem of adequate 
capacity, intersecting and connecting with state trunk highway■ at a 
minimum number of points and in a manner which ii safe, convenient. 
and economical to maintain and regulate. 

(2) Subdivision■ ahall be IQ laid out that the individua,J. lot.a or 
parcel■ do not require direct vehicular access to the hirhwa:,. 

Rest-ter, September, 11H, No. I. 
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Appendix C, Continued 

168 HIGHWAY COMMISSION 

(8) To accompliah reasonable fw1ctional lnte1ration and coordina
tion of roadwa;y1 and private drivewa71: 

(a) The commi11ion, particularly in the absence of a local compre
hensive reneral or maa~r plan or official map, will con1ider not only 
the immediate plat before it, but alao ita relationship to the acceaa 
requir"!menta of adjacent and contiguou1 1ubdiviaion1 and unplatted 
land1; 

(b) These rulea and regulation• ahall be applicable not only to the 
Juda proposed to be 111bdivided but alao to all land.a owned by, or 
under option (formal or informal), contract or leaae to the subdi
vider and which are contiguous to and adjoin tbe land beiq 
111bdivided. 

(4) Setbacka from the hi1hwa7 ■hall be provided u hereinafter 
1pecified. 

(6) The subdiviaion layout ahall include provi1ion for aurlace 
drainage in 1Uch a manner that the exiatinr highway drainace 171tem 
ia not adversely affected. 

l!ll■ter,1 Cr. Resl1ter, September, 1 IH, No. t, ell. 1~1-H. 

Ry 33.03 Oe6nitiona for the purpo■e of theae rulu and rerulationa. 
(1) "State Trunk Highway" includea connectinc atreeta aa defined 
in .aection 84.02 ( 11), Wia. Stats. 

(2) "Subdivision" i1 as defined in aect:on 236.02 ('7), Wia. St&ta.; 
;provided, however, that where the local unit of government, under 
section 236.45 (2), Wis. Stata., has adopted an ordinance govemnnc 
the 111bdivision or other division of land which ii more restrictive than 
the provisions of chapter 236, and has provided for commiaaion re
view, these rulea and regulations shall alao apply to those ,ubdi
visions or other divisions of land as 1pecified in the ordinance. 

{3) "Subdivision abutting a et.ate trunk highway" meana 
(a) A 3ubdivision aome part of which adjoina or abuta a It.ate 

trunk highway; or 
~b) A subdivision which includes streets one or more of which ia 

to be laid out or dedicated aa part of the subdivision, and which ia iO 
connect with a state trunk highway; or 

(c) A 1ubdivision which is aeparated from a at.ate trunk hirhway 
by unplatted lands which abut the highway and the nbdivillon and 
are owned by, or under option (formal or informal), contract. or leue 
to the subdivider. 

(') "Frontage street" or "frontage road" means a local street or 
road a'llliliary to and located on the aide of an arterial highway for 
1ervice to abuttinc property and adjacent areaa and for control of 
acceu. 

(5) "Street" or "road" includes alleya. 
1U■ter71 Cr. Rest1ter, September, 1811, No. t, ea. 1~1-11. 

81 13.04 Reqafred lnformatfon. The subdivider aball lhow on the 
face of the preliminary plat or on a separate sketch at a ,cale of not 
more than 1,000 feet to the inch, the a.pprmffl4t1 distance, and rela
tion.ships for the following: 

(1) The geographic relatiouhip to the proposed subdivision of an1 
a.nplatted lands which abut any ltate trunk Mghway and are con• 
tig,Jous to the proposed aubdiviaion, and the ownership righta iJl and 
tbe subdivider', interest, it any, in theae Juda. 

Rest,ter. September, 1111, No. I. 
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~ :.!6-13 ST. CIIARJ.ES ltEVl,lU> ORDINANCES I 26-IS.2 

Sec. 26-13.1. r.,rmil for construe-lion, repair, etc., of sidewalk, 
curb, elc-.-Uequired. 

No pcr,ion .-hall bei:in to construct. reconstruct, repair, alter 
or 1mule an~- sidewnlk, l'Urb, t'Urb-l·ut, driveway or street with
out lirsl t,l,tainin1: n 111•rmit from the city engineer. (Ord. No. 
:1725, § :?.) 

Sc<'. :!Ii- I :1.::. S.1 m<'--A1111lication. 

An appli1·a11l for a permit under section 26-13.1 shall fil~ 
with llw l"ily 1•11f'.inl'1•r an applic11tio11 ~howing: 

(,<) Nan11· aud ;illdrt•.ss of ow11er, or 11gent in charge of lhe 
prop,·rly al.Juli inl( the proJ>o>!t•d work urea. 

t 1, 1 N:,111e a111l :uhlre.,;.~ of 1mrty doing work. 
(t) Lncal11,11 of work area. 
(d) Attadu:d r>lan~ .~huwing <letail'I of the proposed nlter

atiou. 

• ,h lo injuring, ""'-• city pr11perLy ii:~nerally, eee I 18-27 of 1hi1 
Ht.•\isio~. 

:r10 
Supp. #~. ~-71 

,=--·-··· ---,~-~ --- -- ---
__ .;__ __ _ 

I Reproduced from 
/ _best av~ilable copy. 

t :.!6-13.3 STREETS ANO SIDEWALKS I 26-18.4 

(e) Estimated cost of the alterauon. 
(f) Suc:h other information as the city engineer shall find 

re,L~onabl)' nc~e:isary to the determination of whether a permit 
shall be i~,iued. (Ord. No. 3725, § 8.) 

Sec. 26-13.3. Same-Same-Filing and Inspection fees. 

The following fees shall accompany an application for a 
permit hereun<ler: 

(a) Th,~ liling fee:i shall be five dollars for each residential 
property and ten dollars for each commercial property; pro
vided, that when ~idewalks, curbs, curb-cuts, driveways or 
streets an, to be co11structed, reconstructed, repaired or altered 
simultancou~ly, only one permit and fee shall be required. The 
city eni:i11eer :ihall issue a permit for the construction of im
provemcnt:1, hy a subdivider or de\cloper, in the development 
of a subdivision prior to the sale of the lot or lots involved, at 
no emit, except for the inspecti,in fees in the followin11 
paragra11h . 

(b) The city engineer shall collect an inspection fee of two 
<lollars per lot. for deposit into the general fund of the city, 
for the inspection of the construction of improvements, by 
a suhdividcr or <leveloper, in the development of a subdivision. 
(Ord. No. 3725, I 9.) 

Sec. 26-13.-1. Same-FindinKH prerequisite lo i88uance. 

The c·:ty enl{ineer shall i>lSue a permit hereunder when he 
fm<l:1: 

(a) That the plans for the proposed operation are satis
factory. 

(l>) Th;,l lhc work i1hall be ,lone according to the specifica
tions of the city engineer. 

(r) That the operation will not unreasonably interfere with 
vehin1lar and r1edc.'\trian traffic, the l'l(re!III to and from the 
prorierly ,Llfel'lcd and adjacent pri.perties. 

(d) That the h,•allh, welfare and safety of the public will 
not be unre:111onably impaired. (Ord. No. 3725, § 10.) 

;\,HI.I 

Supp. I ~. 7-72 
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I 26-13.6 ST. CIIAKU:S REVISED ORl>INAN(;ES § 26-13.8 

Sec. 26-13.5. Same--Granled for drivewayH and curb-culr,,, 

The city engineer may grant pcrrniL~ for driveways and 
curlH:ut.s for each parcel of land under one owncn1hip a.'i 
follows: 

(a) For driveways and curb-cuts for properties uMed for 
11ehool, commercial or industrial purposes: Two dri \ eways and 
curb-cuts not to exceed twenty-five feet in width for each 
driveway or an aggregate total of fifty feet; provided, that 
the city engineer may require that a six inch vertical curb lie 
installed to proper!)· delini·ate the driveways. 

(b) For driveways and cua·b-euts for single family rc11i
dencea: Two dri vcwuys aml curb-cuts not to ellcced an aggre
gate total of twenty-five feet. 

(c) For driveways and curb-cuts for propcrtic~ w1ed 1111 

duplex or apartment dwellings: Two driveways and l'Ur·b-o.:uts 
not to exceed an aggregate total of thirty-two rc,•t. 

(d) The minimum distance that a driveway shall ht! located 
from a street intersection shall be thirty feet. Thi,; in,•:~:;urc
ment shall commence from the intersection of llu, tangent 
lines of the curb radiu:1 lletween the two inlt>rsl•ctin~ streds. 
(Ord. No. 3726, § 3; Ord. Nu. 37!10, § I; Ord. Nu. :1i;or., ~ I.) 

Sec. 26-13.6. Same-Same-Council may authorize granting 
or additional permits. 

The city council may 1111thuriie the city eni:-in•·l•r lo is,iuu 
a permit fur driVl'W1tys 1111d l'Ul'b-cut~ in u1lditiu11 Lu the al.,uvc 
numbers i,nd widlh,i. (Ord. No. 372f,, ~ -1.) 

Sec. 26-13.7. Same-Work done at nu cost tu dly; duration. 

All work done under a permit iMsued umln lhc pr,,visiun,; 
of sections 26-13 through 26-13.11 11hnll L<! dune al no l'Ust 
lo the city. Permit shall Ut!come void nfler ~ix months from 
iBSue date. (Ord. No. 3725, § 1 l.) 

8ft. 26-13.8. lngre~ and egress from public Ht reel; compo,.i
lion of curbs, i.idewalk11. etc. 

la) Ingress and egress to propc•rly from publit· stn•,•1s shall he 
made only upon a prop,?rly cuustrucled driHway. Curb,;, 

300.2 
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§ 2,;..13_9 S'11lErJ's AND SIDEWALKS § 26-13.9 

sid,•walks an,) drivrways shall be constructed of concrete in 
a<·conlanc,· w ,1.h I he spccifical ions on file in the office of the city 
cnJ,(in,•t•r. 

/hi Th,~ ci1_1· t'nl,(in,•l·r. upon the wriuen application of a properly 
ownH, ma.1· J,(ranl a temporary variance from the requiremenLB of 
scrl 111n 21;.;17 1,enai11i11J,( to the width and fall of sidewalks. 

1,· I Th,· ,·ii)' ,·nl-(ineer, UJ.Klll the wril.Len application of a properl)' 
uwnl'r, mav 1-(rant a 1em11orar.v 1•ariance from the requirements of 
suhst'l'liun (al n·lalive Lo ,lriH•ways heinJ,( constructed of concrete 
and IH'rmil a t1·1111u1rar1· drin•wa)' constructed of asphalt when the 
suLji,cl prupcrl)' dues not ha~e. and is nol ret1uired to have, 
sidewalks, and th,~ ahullinK pro11erly iloes nol have si,lewalks. 

ftl) Th,· l1•1111H1rary variant·cs authorized in subset·Lions lb) and 
11'1 may he IPrminatcd hy 1h,1 cil) cnicincer al such lime as 
sidewalks art' planned or c1,nstrul'll'd on 11ro1wr1ies abullinic the 
proµnly for whu-h Lcm11orar)· variancl'S wen· J,(ranted. When a 
1t·m11t,rar)· ,ariant·•· is Lt'rrninaletl, lht• proper!)' owner shall, 
wi1h111 si.~11 da)'s, 1·ons1 rut·L si,1,•walks or drin•ways in accordance 
.-·ith ""·lion :!li-:1'1 and suhsl-clion fal above. 

Ir I l'rop,·rl i,•s "hich have asphal I dri,·t•ways wior LO September 
i:1, 1!170, mar 111· n•pairt·d. 0Hrlayl'1l ur seakuat1e1l. 

10 S1d1·" al~s an,I dri\'CWa)·s mar he cunsl'rul'll•I of brick or 
,ton,· in 111,1 rn I "I I," h isluri,·al site t.lislril'I, wh,·n a plan for such 
1·011,1 rncl i,,n 1s appro1·1•1l hy !hi' 1·i1_1· enJ,(ine,•r and the board of 
ar1·h11 .. c:1ural n•vi,•w; pro,idt•d, that the ci11· roum·il, upon written 
.,,,1i1:un. 111:I\' l,!r,ull pt•rmis,i,,n for lht• 1·ons1rudion o( brick or 
slon,· ,icl,•walh, ;ind ,lrin:wa.1s in :,ny dislrit·I within the citr. 
10rd. No :17~:,, ~:,:Ord No. :17!111. ~~.Uni. No. ";':!--1!1, ~ :!.I 
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METRIC CONVERSION FACTORS 

APPROXIMATE CONVERSIONS FROM METRIC MEASURES 

SYMBOL WHEN YOU KNON MJLTIPLY BY TO FIND 

in ,, 
yd 
m, 

,nZ 

1,2 
ydz 
m,z 

oz 

lb 

t'jp 

lb~p 
ti oz 

C 

pl 

qi 

gal 
fl 3 

ydl 

or 

inches 

feet 
yards 
miles 

LENGTH 

2.5 
jQ 

0.9 
1,6 

AREA 

,,:uare inches 6. 5 

SQUOre feet 0.09 
square yards O b 
square miles 2.6 
acres 0.4 

centimetres 

centimetres 

metres 

kilometres 

square centimetres 

square metres 
square metres 

square kilometres 
hectares 

MASS lweicp) 
------- --------

ounces 

pounds 
short tons(2CXX>lb) 

28 
0.45 
0.9 

grems 

kilograms 

·megagrems 

teaspoons 

tablespoons 
fluid ounces 

cups 
pints 

quarts 

gallons 

cubic feel 

cub,c yards 

VOLUME 

5 
15 
30 
0.24 
0.47 
0. 95 
3.8 
0.03 
0. 76 

millilitres 

millilitres 
millilitres 

litres 
litres 

litres 

litres 

cubic metres 
cubic metres 

TEMPERATURE le•oct) 

Fahrenheit 

temperature 
5/9 (after 

subtracting 32) 
Celsius 

temperature 

SYMBOL 

cm 

cm 
m 
km 

cmZ 
mZ 
mz 

km2 

ho 

y 

kg 

Mg 

ml 

ml 

ml 
I 

I 

m3 

ml 

oc 

"' 

"' 

"' 

"' 

,. 

"' 
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APPROXIMATE CONVERSIONS FROM METRIC MEASURES 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 

mm 
cm 

m 
m 

km 

cmZ 

mZ 

kmz 
ho 

g 

k<;i 

Mg 

ml 

I 

n,3 

ml 

oc 

millimetres 

centimetres 
metres 

metres 

kilometres 

squere centimetres 

square metres 
square kilometres 

hectares (10,000m2) 

LENGTH 

0.04 
04 
3.3 
I I 

0.6 

AREA 

016 
1.2 
0.4 
2.5 

inches 
inches 
feet 

yards 
miles 

square inches 

square yard• 
sq11Jre miles 

acres 

MASS lweiQht) 

grems 

kilograms 

megagrams 

millilitres 

litres 
litres 

litres 
cubic metres . 

cubic metres . 

0.035 
2 2 
I I 

VOLUME 

803 
2.1 
1.06 
0.26 

36 
1.3 

ounces 

pCAJndS 

short Ions 

f I u,d ounces 

pints 
quarts 

gallons 
cubic feet 

cubic yards 

TEMPERATl.fiE (ea.oct) 

Celsius 
temperature 

Of ·40 0 '~ 
I I I ' I I I 1/ I I I I 

"C 40 - Z°O 0 

9/S(then 
odd 32) 

98.6 
80 ~ 120 

I I I I I I I t I I I 1 

Fohrenhetl 

temperature 
21 Z 

160 .. Z?(?f Of 
I I .L..J.,--L---11 

zo ~o 60 
r7 I 100 oc 80 

,n 
In 

fl 
yd 
mi 

in2 

ydZ 
mi2 

oz 
lb 

fl oz 
pl 
qt 

gal 
ff' 
yd3 

Of 
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Your Job Title and Agency: 

Work Responsibilities: 

1. Describe the overall value of the course to you. 

2. Will you, or an associate, find the textbook of value as a reference? 

3. Describe any changes you would make in technical content of the course, 
including adding or dropping topics and level of detail. 

4. Describe any changes you would make in the educational aspects of the course, 
including ~chedule and visual aids . 

.5. Which specific topic(s) was of greatest value to you? Why? 

6. Which specific topic(s) was of least value to you? Why? 

7. What suggestions do you have for improving future presentations of the course 
that have not been mentioned above? 

8. What types of persons can best benefit from this course? 
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