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Velume-I: Traffic Control Practices for Low
Velume Rural Roads: National Edition

PREFACE

The purpose of the National Handbock of Traffic Contrgl Practices for
Low Volume Rural Eeads (NLVR) is to assist local government units
throughout the United States (US) in providing safe local roads for the traveling
public, It is recognized that funds for construction, maintenance and operation of
the local road system are limited and therefore, the Handbook is aimed at
providing a rational balance between maximuum safety and minimum cost.

The use of the Handbook by local agencies throughout the US will mean
more consistent signing and markiag of local roads, thus providing roads which
betier meet the expectancy of the drivers and are therefore safer. The consistent
use of the practices should also decrease the legal liahbility of local government
umits in case of lawsuits arising from roadway crashes.

The National LVR Handbook is intended for county (or similar vmits) and
city engineers, county road supervisors, city street superintendents, township
boards, and other local officials with low-volume road and strect safety
respousibilities.

Note: Low-Volume is normally defined as 400 vehicles per day or less.

The Maml on Uniform Traffic Control Devices for Streets and Highways
(MUTCD 2000) provides guidelines for design, installation and use of traffic
control devices (sigus, siguals, and markings) but the guidelines ate not
substitutes for engineering judgment. It is intended that the NLVR Handbook
suggest guidelines for use in conjunction with the MUTCD 2000 for traffic
conirol device installation on low volume rural roads. This NLVR Haudbook
supplements MUTCD 2000 bat is not intended to be a replacement. Every local
government unit shonld have a copy of the latest MUTCD available for
reference.

This first national edition (2003) is intended to be in conformance with the
Manual On Uniform Traffic Contral Devices (MUTCD), Millenninm Edition,
(as of December 28, 2001) hereafter referred to as MUTCD 2000. The National
Handbook should not differ from the MUTCD 2000 and is meant omly to
supplement it In that respect, keep in mind that MUTCD 2000 is the standard
that must be followed. The National Handbook is not & standard but is intended
to provide completely compatible, supplementary material. Its main objective is
t0 assist persons in proper interpretation of the MUTCD 2000 and other topics



that the project director/author believes should enhance low-volume roads
safety.
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CEAPTER1
INTRODUCTION

The Problem

County and township roads camying fewer than 400 vehicles per day are
classified as low-volume rural reads (LVR) and make up a high percentage of
the total rural road mileage in the US, The many miles of these low-volumne
rural roads present counties and townships with sericus concerns, most of which
are financial; i.e., how to provide comstruction and maintenance dollars tg
improve existing roads or simply maintain them at their current condition;
replace or upgrade substandard bridges, and install or maintain necessary traffic
signs or pavement markings. In other words, the problem is to provide a
reasonzably safe roadway system at reasonable cost. A desirable objective is to
provide a roadway system in which a prudent driver, even a stranger to the area,
will be able to safely travel the roads.

Purpese

The main purpose of this National Low-Volume Roads (NLVR) Handbook
is to assist local government officials in providing traffic contro! and guidance
far persons driving on LVR. The suggested practices in the Handbook are in
accordance, with the Manuzl on Ugiforin Traffic Conitrol Devices, Millenninm
Edition (as of December 28, 2001) (MUJTCD 2000) and, in some cases, address
more specifically the application of MUTCD 20600 to low-vohune rural roads
(MUTCD 2000, Part 5). The NLVR also includes background information on
the characteristics of low wvolume rural roads. Through the use of this
background information, lacal governments should be able to better undersiand
the problems of low-volume rural roads and their users, and can therefors,
provide a safer roadway.

In order to increase umiformity nationwide, MUTCD 2000 includes
guidelines or warrants for most types of traffic control devices. The guidelines
outline the decision process to be followed before z traffic control device is
installed or removed. MUTCD 2000 states "the decision to use a pardcular
device at a particular location should be made on the basis of an engincering
study of the location." This NLVR docs niot address all situations; however, it
has been developed to provide guidance for its users. The need for the placement
of traffic confrol devices as shown in the figures and discussed in the written
material has been developed for typical situations as a result of past enginesring
studies and experience of the Project Director/Author.
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Statements made in the NLVR, "if an engineering study indicates”, "to be
determined by the engineer," or “to be determined by enginecering judgment.”
MUTCD 2000 specifically states that the decision to use a device is based on
engincering judgment and engineering studies,

These statements are relevant because MUTCD 2000 specifically indicates
that while MUTCD 2000 provides standards for the design and application of
traffic control devices, it should not be a substitute for engineering judgment.

- - The MUTCD 2000 defines an engineering study as: (Sec 1A-13)

“The comprehensive analysis and cvaluation of avzilable pertinent
information, and the application of appropriate principles, standards, guidance
and practice as contzined in this Manual aud other sources, for the purpose of
deciding upon the applicability, design, operation or installation of a traffic
control device. An engineering study shall be performed by an engineer, or by
an individual working under the supervision of an engimeer, through the
application of procedures and criteria established by the engineer. An
engineering study shall be documented.”

" The MUTCD 2000 defines engineering judgment as: (Sec 1A-13)

“The evaluation of available pertinent information, and the application of
appropriate principles, standards, guidance and practices as contained im this
Manual and ether scurces, for the purpase of deciding wpon the applicability,
design, operation or installation of a traffic control device. Engineering
judgment shall be exercised by an engineer, or by an individual working under
the supervision of an engineser, through the application of procedures and criteria
established by the engineer. Documentation of engineering judgment is not
required.”

In such instances, reference is made to MUTCD 2000 which states,
"Jurisdictions with responsibility for traffic conirol, that do not have qualificd
engineers on their staffs, should seek assistance from others such as the state
transportation agency, their county, a nearby large city, or a traffic engineering
consultant" It is clear that the decision to use traffic contral devices rests with
the jurisdiction responsible for the roadway. Remember, everyone is responsible
for his or her own actions and if it is not clear to a person whether an
engineering decision is being made it is recommended that he/she should get
assistance. Also, it may be a goed idea for county personnel to discuss this
matter with the county attorney.

Such safety matters as bridge load limits, roadway surface and cross
section, toadway geometry (sharpness of curves and sight distance on vertical
curves, etc.) and the remioval of moadside obstacles are not addressed in this
NLVR Handbock.
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Backgrovnd

Traffic contro! devices are all signs, signals, markings, and other devices
placed on, over, or next to a street or highway by authority of a public body or
official having jurisdiction to regulate, warm, or guide traffic.

The need for uniformity in the meaning design, usage, placement, and
maintenance of traffic control devices has been recognized for many years. [n
response to this meed, a manua! for uniform taffic contro! devices for rural
highways was fitst published in 1927. This was followed by a manual for urban
streets in 1929. Combined manuals for rural and urban areas were published
periodically untif 1978 when the Manual on Uniform Traffic Control Devices
(MUTCD) was approved and published by the Federat Highway Administration
(FEWA) as the National Standard for all highways open to public travel.
Subsequent publications of this National Standard were issued in 1988 and
2000. The Millennium edition of the MUTCD (with corrections as of December
28, 2001) MUTCD 2000 is the current mamual an which this NLVR Handbook
is based. Most States adopt the MUTCD; however, several have a state-specific
version, which should be in substantial compliance.

MUTCD 2000 Gaidelines or Warrants

In order to increase umiformity nationwide, MUTCD 2000 includes
guidelines or warrants for most types of traffic control devices. The guidelines
outline a decision process that should be followed before a traffic control device
is insialled or removed. The decision to use a particnlar device at a specific
location should be made on the basis of an engineering study of the situation or
on the basis of engineering judgment. MUTCD 2000 provides gnidelines for
design and use of traffic contral devices (signs, signals, and markings) but the
guidelines are not substitutes for engineering judgment. It is intended that the
NLVR Handbook suggest guidelines for use in conjunction with MUTCD 2000
for traffic control device installation on low-volume rural roads. Therefore, this
Handbook is meither a substitute for cngineering judgment nor a legal
requiternent for installation. However, once a decision to install a traffic control
device(s) is made, the device must conform to the MUTCD 2G00 and once
installed, there is a duty to maintain the device (ITE, Traffic Control Devices
Handbook, 2001).

OLD MEANINGS OF "SHALL", "SHOULD" AND "MAY" (MUTCD,
1988 Edition)

- The following terms were nsed consistently throughout the 1988 MUTCD,
and were defined as follows: (MUTCD, 1988)
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1. SHALL - A mandatory condition. Where certain requirements in the design or
application of the device are described with the "shall" stipulatiom, it is
mandatory when an installaion is made that these requirements be met.

2. SHOULD - An advisory condition. Where the word "shonld” is used it is
considered to be advisable usage, recommended but not mandatory.

3. MAY - A permissive condition. No requirement for design or application is
intended.

NEW FORMAT OF THE MUTCD 2000

. The Millenmium Edition of the MUTCD (MUTCD 2000) uses a different
format. In an attempt to facilitate better understanding of MUTCD 2000
requirements and differentiation between Standards that are mandatory and must
be satisfied, Guidances that are recommended and shonld be followed, but not
mandatory and Options that are permissive siatements of practice that may be
done but carry no requirement or recommendation have been collected and
placed under their appropriatc heading. For example, all the old “shall”
statements were collected and printed under the heading of “Standards”; all the
old “should” statements were collected and printed under the heading of
“Guidance”; all the old “may” (permissive) statements were collected and
printed under the heading of “Options”. A new section, under the heading of
“support” is intended for informational purposes only, and contains no shall
should or may statements.

The MUTCD 2000 preserts the following definitions of
standards, guidance, option and support (MUTCD 2000,

Introduction, p 1-3):

When used in this handbook, the fext headings shall be defined as follows:

1. Standard (the old “shall” statements) — a statement of required,
mandatory, or specifically prohibitive practice regarding a traffic
coptrol device. All standards are labeled and the text appears in bold
Iarge type. The verb shall is typically used. Standards are sometimes
modificd by Options.

"2, Guidance (the old “should” statements) — a stafement of
recommended, but not mandatory, practice in typical situations, with
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deviations allowed if engineering judgment or enginecring study
indicates the deviation to be appropriate. Al Guidance statements
are labeled and the text appears in large type. Guidance text is the
same size as Standard text but it is not bold. The verb should s
typically used. Gnuidance statements are sometimes modified by
Opticns. '

3. Option (the old “may” Statements) — a statement of practice thatis a
permaissive condition and carries ne requirement or recommendation,
Options may contain allowable modifications to a Standard or
Guidance. All Option statements arc labeled and the text appears in
small type.

4, Support (new category not in the previous MUTCD) - an
informational statement that does not convey any degree of mandsate,
recommendation, authorization, prohibition, or enforceable
condition. Support statements are labeled and the fext appears in
small type. The verbs shall, should, and may are not used in Support
statenents. ’

To emphasize and differentiate standards from guidance,
options and support, standards in the Millennium MUTCD

(MUTCD 2000) are printed in bold print.

Standard (MUTCD 2000)

. 23CFR [Federal Code Governing US Highways] 655.603 also states that
traffic control devices on all strects and highways open to public travel in cach
siate shall be in substantia! conformance with standards isseed or endorsed by
the Federal Highway Administrator. [Done via MUTCD 2000 and all updatss,
amendments, interpretations, etc.]

New MUTCD 2000 section on Low Volume
Roads |

The MUTCD 2006 now has a section, “Part 3, Traffic Control Devices on
Low-Volume Roads.” It is important to understand two things: (MUTCD 2000,
section: SA.01)

I It only applies to roads with AADT (Anmual Average Daily
Traffic) of 400 vehicles or less.

2. The facility must lic outside of built up areas of cities, towns and
communities.
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~ Although Part 5 allows some lessening of standards for roadways that are
¢ligible, most other parts of MUTCD 2000 still apply (and must be applied if
there is any discrepancy). Also, other sections of MUTCD 2000 can always be
applied, ie., it is not mandatory to follow Part 5 even for low-volume roads.
Also, it is not clear to the Project Director, exactly how AADT 400 will be
determined. \
Compliance dates:

There are many changes in the new MUTCD 2000 dne to nsw standards,
etc. However, this does not mean a road authority has to immediately changs all
their traffic control devices. A phase-in period to conform te new standards has
been established.

Use' of the Handbook

This NLVR Handbock is intended as a supplement to MUTCD 2000,
thereby assisting local government officials in the proper use of traffic control
devices. Other information is included that may help lecal gevernment officials
to both increase road safety and reduce liability from lawsnits arising from
roadway accidents.

A suggested procedure is presented below:

Suggested Procedure

. Outlined below is one suggested procedure, which may be followed in order
te make effective use of the Handbook on a unit-wide or 2 spot-location basis.
Steps 2, 3, 5 and 6 will be explained in more detzil in later sections,

Steps Actions

1. READ to understand the NLVR Handbock

2 CLASSIFY roads according to LVR type

_3 IDENTIFY area of concern

4 LOCATE section in the NLVR Handbook which addresses
the concern

5 PRIORITIZE concerns
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6 Develep 2a PLAN OF ACTION based on priorities

7 TAKE ACTION

It is recommended that counties and other local usnits of government use
some process to evaluate their road system to identify areas of concern. There
are many ways to do this, which is best determined by each individuat
governmental unit. Somic examples will be presented in later sections.

PRINCIPLES

More effective use of the NLVR Handbook is possible when the user has an
tunderstanding of some principles relating to good operating practices. Included
in: the basic principles are driver expectancy, positive guidance, and consistency.

Driver Expectancy

Drivers, and people in general, expect things to operate in certain ways.
When entering a dark room & person will expect to find an on-off toggle switch
for the lights. One also expects the switch will operate up for on and down for
off. When it works the other way around, or when there is a rheostat knob, it -
takes a bit longer to respond to what is actually there. The same situation cccurs
with drivers. When a driver's expeclancy is incorrect, either if takes longer to
respond properly or, even worse, the driver may respond poorly or wrongly.
(Alexander, G.I. and H. Lunenfeld, 1972) K, for example, a curve sign shows a
curve to the right but the road actually curves left, one can imagine the difficulty
the driver has in properly negotiating the curve at night - especially a stranger to
the area. This may seem to be an extreme example; however, this has been
observed rather frequently in the "Winding Road Sign" in which the bottor or
beginning curve points in the wrong direction.

What the driver expects on a road is greatly influenced by what was
experienced on the previous section of road. Studies have showsn that what a
driver saw - presence or absence of traffic control devices, road surface type,
condition and width, narrow bridges or culverts; etc., (this might be called the
"roadway environiment") - is what the driver expects for the next 1/2 to 1 mile.
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Driver expectancy is affected not only by the very recent experiences but
also by those things drivers have learned through past experiences, e.g., advance
railroad crossing warming signs are at all railroad grade crossings, stop signs are
red, curve waming sigas are yellow and diamond shaped, etc.

It follows that the consistent use and placement of traffic control devices
can do a great deal toward ensuring that the driver's expectancy is appropriate.
This is particulatly true for drivers not familiar with the roadway. The
unfamiliar driver should be considered when signing a roadway.

Driver expectancies are also affected by the type of road such as an
interstate highway, state highway, county or township road. The driver expects
to drive each of these with different levels of caution.

Positive Guidance

Positive guidance is the concept that a driver can be given sufficient
information where he needs it and in a form he can best use it to safely avoid a
potential hazard. (Alexander, G.J. and H. Lunenfeld, 1973) Positive gnidance
can be given to the driver through combinations of signs, object markers, safe
 advisoty speed signs, and probably most imiportant of all, the view of the road
ahead. If drivers can see the curves far enough ahead to judge their sharpness
and adjust to a safe speed, or see the approaching cars on cross roads because
the intersections were clear of sight obstmuctions, or if there were no
intersections hidden by the crest of a hill| if all narrow bridges and culverts were
visible to drivers from both directions, there would be little need for anything
more than an occasional stop or yield sign to assign the right of way at the
intersection of LVR roads with higher volume roads. The condition just
described might be called "roadway positive guidance." Studies have shown that
the edge of the roadway ahead is among the most important guidance
information the driver uses. Using the edge of roadway in this manner provides
an casy and effective way of providing positive guidance at narrow bridges and
culverts or other roadside obstacles.

An Example of Positive Guidance - "Tapering” is a simple technique in which
the traveled way (miaintained part of the road) is gradually narrowed (tapered)
some distance ahead of say, a narrow culvert. If tapeting is used, the driver
simply follows, as usual, the edge of roadway and thus is guided away from the
roadside obstacle. (See Figure 2.) If tapering is not used, the driver may niot ses
the end of the short culvert and if he continues to follow the edge of roadway
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(fanlty guidance) he may drop a wheel off the end of the culvert This is
illustrated in Figure 1.

The details of the tapering technique are found in Appendix 1.

- ’a’Note: Road is wider than structure

FIGURE 1. Before Tapering Road
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i. Roadway wider than culvert or bridge.

2. Roadway edge leads driver into culvert or ditch instead of on roadway.

- @’ Note: Road is gradually narrowed to same width as structure
FIGURE 2. After Tapering Road
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1. Tapered section - roadway edge leads away from ditch or culvert ends, ie.,
roadway width is gradually reduced to width of structure. (Ses chapter 4 for
narrow bridge signing and marking)

Consistency

Consistency relates to the "sameness" of the nature of the road
from one section to another. Inconsistencies are sudden changes in
the nature of the road. Inconsistencies violate a driver's
expectancy, thus either the road should be made consistent, which
is usually impractical, or something should be done to correct the
driver's expectancy, i.e. restructure the driver's expectancy. In the case of a
hidden: curve in a nearly straight roadway, the use of a curve warning sign with,
perhaps, an advisery speed plate should correctly restmucture the driver's
expectancy. Afier seeing the curve sign, with advisory speed plate the driver
expects the curve, knows whether the road curves left or right, and knows the
speed at which the curve can be comfortably and safely driven.

Other examples of incomsistencies are:

A 2-lane road suddenly narrowing to a 1-lane road.

A blacktop road changing to a gravel road.

A bridge narrower than the approaching roadway.

A blind intersection in an area where most intersections have clear sight
distances.

Whether or not a situation is an inconsistency may depend on the direction
in which the driver is traveling, and what he/she has experienced in the last hatf-
rmile or s0. .
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FIGURE 3. Plan and Prefile Views of a Road

The driver, traveling from 1 tc 4 in Figore 3, finds the first part of the road,
1 to 2, very consistent, i.c., there is hardly time to pick up speed before seeing or
being on another curve. Afier passing 2, the road is straight for as much as a
mile, and the driver now expects the road to continue - straight - and what is
seen confirms this expectancy as visual clues make the road appear to continuye
straight from 3 to 4 - "just a littfle dip,” thinks the driver. What a surprise te have
to suddenly handie three 30 mile-per-hour curves. Obviously, some expectancy
resitucturing shonld improve safety and signing is likely the best way to do it.
For the driver traveling from 1 to 4, signs should not be needed at 1 or from 1 to
2 since the alignment is consistent. A curve wamning sign prior to 3 (probably
with an advisory speed plate) should be sufficient to give the driver enough
information to handle the simation, i.c., the sign has satisfactorily changed his
expectancy so, "what he expects is what he gets” Now, consider the driver
traveling from 4 to 1. Likely, the driver will need an advance curve warning
sign, with spced plate, placed prior to 4. From 3 to 2, the driver's expectancy
builds and more of the same straight road is expected. Prior to 2, an advance
"winding road sign” is likely neceded for the unfamiliar driver to know what to
expect.

Driving the roads is one way to identify inconsistencies. A useful techuique
for locating inconsistencies, information deficient locations, and expectancy
violating sitnations is the Commentary Driving Procedure, described in a later
section (Appendix 10).

LVR A B, and C Roads* - As noted earlier, a driver's expectancy is influeniced
by the type of road being traveled and how the driver perceives the road
Traditionally, highways have been classified by administrative jurisdiction such
as state, county, or township, by volume and most frequently according to
function such as arterials, collectors or local service. It is impessible for a driver
to perceive the administrative classification of roads without siate, county or
township route markers, It is difficult, if not impossible, for the driver to judge
the fimnction of the road or its volume without special training. What the driver
does observe are the physical roadway characteristics that effect his/her
perception of a rcasonable or comfortable speed, and degree of vigilance
required to drive a road safely, such as, width and type of surface, riding quality,
road surface drainage, the presence or absence of traffic control devices, hills,
and sharp curves. The LVR road classifications, LVR Type A, LVR Type B,
and LVR Type C, are simply guidelines that give us some idea of how drivers
perceive a road and how most will probably drive it.

LVR A, B and C Roads describe a classification system that was developed
solely for use in the Handbook and does not relate to the state classification
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system or other traditional classification systems. Ii is based solely on presumed
driver perception.
LVR Type A B and C Roads, used in this handbook are related te roadway

LVR Road Type

LVR A LVR B LVRC
Characteristic* See Figures See Figure 6 Primitive

A&S See Figures 7,

3&9
| Typical Width of 22' or greater, 1624 2073 2 or no visible
Traveled Way and 3 or 4 visible visible whesl wheel paths
number of visible whesl paths paths
wheel] paths (if gravel) -
Prudent Operating 40 mph or greater 25-45 mph 40 mph or less
Speed
Surface Materiat paved or aggregate | agpregate natural surface may
have some aggregats
Riding Quality No adverse effect may cause typically poor;
reduction in may be impassable
) operating speed due to poor weather

Drainage All-weather rcad — | All-weather road — | Fatr-weather road —ditches

good surface Some surface are narrow or nenexistents

drainage; water pording; water surface ponding

carried to ditches carried in ditches | likely te affect driveahility

characteristics that drivers readily observe. These characteristics in turn are
assumed to influence the way drivers perceive and drive these roads and the
drivers” expectancies.

The key to the LVR classification is driver perception and expectancy of the
road and how it wonld be driven safely by a driver exercising reasonable care. It
is. fsnportant to understand that the LVR ABC system is based on driver
perception, ic. how the driver perceives the road, which in turn influences how
the driver drives the road. However, the perception can be related to some
typical physical characteristics.

The typical physical characteristics usually found on each LVR road class
are sunmmarized in Table 1. Upon eatering a road, many or most of the physical
characteristics are almost immediately secen by the driver. After driving a short
distance, the width of road, type of surface, and riding quality i.c., the “nature”
of the road, will “suggest™ an appropriate safe speed to a reasonably prudent
driver (a driver exercising reasomable care). Thus Table 1 shounld provide
guidance on how drivers may perceive a particular roadway. It is important to
notgs that drivers’ perceptions may change as conditions change. All it takes is a
little rain for the effects of a well-drained versus a poorly drained road to
become apparent to the driver. Afier an LVR type C road is graded and/or
widened it may be perceived as an LVR type B. Figures 4 through 11 show
examples of physical characteristics that LVR types A, Band C roads may have.-

TABLE 1. Classification of LVR Roads by Typical Physical Characteristics
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*Note: Parameters of characteristics are approximate estimate and may vary
duc to local cenditions,

FIGURE 4. LVR Type A Paved Road
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Smppi g ad.equaie forusual | adequate for usual adequate for usual
Sight Distance operating speed operating speed operating speed
Influence of None slow down to pass difficult to pass
Opposing Traffic opposing vehicle opposing vehicle

FIGURE 11. LVR Type C Road (close up)

Ouce the driver perceives the roads’ characteristics, it is assumed the
average, prudent driver will drive the road accordingly. In Table 2 are
summarized some of the assnmed expectancies related to the LVR classification
of rural roads just presemted By knowing what a driver may expect,
inconsistencies can be identified and appropriate actions can be taken to lessen
or remedy the problem. :

TABLE 2. Some Driver Expectancies by Readway Type

Table 3 shows the proper handling of some selected inconsistencies for the
three LVR types of roads. Note that just as driver expectancies are different for
cach type of road (drivers expect a lower level of signing and maintenance on an
LVR Type C than on an LVR B or A road), inconsistencies are also different.
For example, what may be an inconsistent situation on a LVR A road, ofienisa
consistent situation on a LVR C road and consequently may require little or no
positive guidance and minimgl signing regarding perception; however, an
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engineering study or engineering judgment should always be used to determine

the
for

LVR Read Driver Perceived
Type LVR Rozad Type
Inconsistency
Discussion
LVRA LVRB LVRC
TorY should be should be should be
Intersection signed signed sipned
Railroad shall have shall have Shall have
Crossing advance sign advance sign advance sign
and crossbucks | and crossbucks anc crossbucks
Namrow all shatl be all shall have all shall have
Bridge or signed positive positive
Culvert guidance -some guidance
should be (few should
sigaed be signed)
Low Water | should be may be may be
Stream Crossing | signed signed signed
Dead End not applicable not applicable not applicable

signing or not signing relative to driver perception and expectancy.

TABLE 3. Handling of Selected Inconsistencies

Sunmumary:

nesd

Classifying the roads as LVR A, B, or C for the purpose of siguing
praovides guidance for local government agencies to treat ali reads in a consistent
fashion relative to meeting drivers” expectancy. This is important in meeting the
objective of providing a reasonably safe roadway system at a reasonable cost.
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Tratiic Control Devices
MUTCD Definitions:

The MUTCD 2000 defines Traffic control devices as all signs, signals,
markings, and other devices used to regulate, wam or guide traffic, placed on,
over, or adjacent to a strect, highway, pedestrian facility or bikeway by authority
of a public agency having jurisdiction. They assist the driver in a mumber of
ways, including wamning of potential, assigning vehicular right-of-way at
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intersections, providing guidance in navigating the chesen route and informing
the driver of regulations such as speed limits, no parking, and weight limits.
Information may be given to the driver using a combination of the devices.
Standardization of design and usage of traffic control devices helps the driver to
quickly understand the information provided so that snitable action can be taken.

Reguirements of Traffic Control Devices

The Manual on Uniform Traffic Control Devices (MUTCD 2000) and this
NLVR Handbock set forih basic principles and guidelines that govern the design
and usage of traffic control devices. It is important that these principles and
guidelines be given consideration in the exercise of enginecering judgraent for
the selection and usage of each device.

To be effective, a traffic control device should mest five basic requirerments.
They are:

1. Fulfill 3 need;

2. Cammand attention of drivers;

3. Convey a clear, simple meaning to drivers;

4, Command respect of drivers; and

5. Give adeqguate time for proper response by drivers.

These requirements are met through properly designing, placing, operating
and maintaining traffic control devices. Basic requirements, considerations and
device applications are outlined in Table 4 (ITE, Traffic Contrel Devices
Handbook, 2001)

Design of the device rcfers to size, color, shape, reflectorization anmd
mgssage. The design is imporiant in drawing atiention to the device, conveying a
clear meaning, and when combined with proper placement, can provide an
adeqguate time for response by the driver. The design of traffic conirol devices is
included in MUTCD 2000. In the design of some devices, minor modification
of specified desiga elements is allowed provided that the essential appearance
characteristics are met.

TABLE 4: Traffic Control Device Requirements. (Source: ITE Traffic Control
Devices Handbook, 2001)

Basic Consideration | Application to Traffic Control Devices

Requirement Employed

Fulfill a need Design Device revisions required after changes in
taffic
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Operation

Agppropriate device and equipment
installed for traffic requirements

Maintenance | Replacement of defective or illegible
devices .
Uniformity Appropriate standard device and
: application
Command Design Size, contrast, color, shape, composition,
attention and iflumination
: Placement Within the viewer’s cone of visien
Maintenance | Legibility of device maintained with
, advance visibility and retroreflectivity
Convey a clear, | Design Shape, size, color, message simplicity
simple meaning
Flacement Positioned to address the sitnation when
applicable
Operation Consistency between similar situations
Uniformity Standard legends for similar sitnations
Give adequate Design Legibility and size appropriate for roadway
fgogeme < Placement Appropriate legibility and location for
adeguate response time ,
Ogperatien Placed, maintained, and operated ina
uniform and consistent manner
Uniformity Facilitation of quicker responses by

road users

Based on MUTCD 2000, Section 1402, p. 1A 1.
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Placement of a device should assure;
1. Tt can be easily seen by a driver so it will command attention and
will also provide an adequate time for driver response.
Z. It is properly positicned with respect to the situation to aid in
conveying the proper meaning,

Maintenance of devices should inmsure that legibility is retained for good
visibility and driver respect, and that devices are removed when mo longer
needed. Maintenance includes removing weeds, brusk, etc., which obstruct the
driver's view of the device.

Uniformity or consistency means similar situations should be treated in a similar
fashion. The use of & standard device where it is not appropriate may be as bad
or even worse than using a nonstandard device. Such misuse may result in
disrespect for the device at those locations where the device is needed or the
misuse might increase the risk of crashes.

Drivers expect uniformity and, as stated earlier, it is important that the
driver's expectancy be met.

References ‘
Alexander G. J and H. Lunenfeld, "Some Factors Affecting Reception and Use
~ of Information by Drivers”, Public Roads (June 1972).

Alexander G. J and H Lumenfeld Positive Guidance in Traffic Contzol
(Washington, D.C.: U.S. Department of Transportation, Federal Highway
Administration, 1973).
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CHAFTER 2

TRAFFIC SIGNS

GENERAL

Sigms
Functionally, signs are classified as follows:

REGULATORY signs are notice of traffic laws or regulations and aie
established by ordinance or resolution of the jurisdictional authority.

WARNING signs call attention to potentially hazardous conditions on
orf next to a road.

GUIDE sigas provide navigation information.

All aspects of signing have been standardized including shape, color,
design, size, placement, and reflectivity.

Reguirements

Althongh MUTCD 20060 does not present a legal requirement to install any
particular traffic control device, once the decision is made to install a patticular
device, the design and application of that device must conform to MUTCD
2000.

Or as stated in MUTCD 2000 (Section 1A 09):

Standard (MUTCD 2000)

This Manual describes the application of traffic control devices, but shall
not be a legal requirement for their installation.

However, this does not mean or imply that a road jurisdiction can ignore
needed traffic control devices. Engineering judgment should be used.

The MUTCD 2000 makes it clear that once the decision to install a particular
traffic control device is made, it must conform to MUTCD 2000 or a similar
state version. As stated in MUTCD 2000 (in Section 1A.07):

Handboeok Note:
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In this section, and throughout the rest of this handbock, where a section is
headed “standard”, “guidance”, “option” or “support” followed by a reference to
MUTCD 2000, it has been copied from the MUTCD 2000. If the reference is
followed by “condensed” it means not all of the MUTCD 2000 section was
quoted; if it is followed by “paraphrased” it micans that the writer of this
handbook attempted to summarize the essence of the section’s meaning. It is the
intention that the information is the same or consistent with MUTCD 2000,
which goveras in the case of any discrepancics or question of interpretation.

STANDARDIZATION OF LOCATION (MUTCD 2608, Section 2A.16)

This section contains excerpts from MUTCD 2000 that are considered
relevant to the LVR handbook. Sign location really cannot be standardized
engineering judgment is usually required. Several examples are presented later
i this handbock.

Guidance: (MUTCD 2000, Section 2A.16)

Signs should be located on the right side of the roadway where they are
easily recognized and nnderstood by road users. Sigas in other locations should
be considered only as supplementary to signs in the nommal locations, excert as
otherwise indicated.

Signs should be individually installed on separate posts or
mountings except where one sign supplements another or where
route or directional signs must be grouped. Signs should be

located so that they: (MUTCD 2000, Section 2A.19)

Are outside the clear zone unless placed on a breakaway or yielding
support;
Optimize nighttime visibility;
Minimize the effects of mud splatter and debris;
Do not abscure each other; and
Are not hidden from view.

mouow >

Standard: (MUTCD 2000, Section 2A.16)
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Signs requiring different decisions by the road user shall be spaced
sufficiently far apart for the required decisions to be made safely. One of the
factors considered when determining the appropriate spacing shall be the posied
or 85™ percentile speed.

Guidance: (MUTCD 2000, Section 2A.16)

Because regulatory and warning information is more
critical to the road user than guidance information, regulatory and
warning signing whose location is critical should be displayed
rather than guide signing in cases where conflicts occur.
Information of a less critical nature should be moved to less critical

locations or omitted.

See figures 13 through 17 for proper location of signs.

Mogunting Height: MUTCD 2000, Scction 2A_1R)

Standard:

Signs installed at the side of the road in rural districts shall
be at least 1.5 m (5 ft), measured from the bottom of the sign to the
near edge of the pavément. If parking or pedestrian movements
should occur, the clearance to the bottom of the sign shall be at

least 2.1 m (7 fi).
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Option:

The height to the bottom of a secondary sign mounted
below another sign may be 0.3 m (1 ft) less than the height

specified above.

Where signs are placed 9 m (30 ft) or more from the edge
of the traveled way, the height to the bottom of such signs may be

1.5 m (5 ft) above the level of the pavement edge.

A route sign assembly consisting of a route sign and
auxiliary signs (see MUTCD 2000, Section 2D.27) may be treated

as a single sign for the purposes of this section.

The mounting height may be adjusted when supports are

located near the edge of the right-of~-way on a steep backslope.

Latera! Qffset MUTCD 2000, Section 2A.19) (See figure 13)

Standard:
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The minimum lateral offset from the edge of the shoulder
(of if no shoulder exists, from the edge of the pavement) to the
near edge of a réadside—mounted sign shall be 1.8 m (6 &).
Roadside-mounted sign supports shall be breakaway, yielding, or
shielded with a longitudinal barrier or crash cushion if within the

clear zone.

The minimum lateral offset from the edge of the shoulder
(or if no shoulder exists, from the edge of the pavement) to the
near edge of overhiead sign supports (cantilever or sign bridges)
shall be 1.8 m (6 ft). Overhead sign supports shall have a barrier

or crash cushion to shield them if they are within the clear zone.
Guidance:

All supports should be located as far as practical from the
edge of the shoulder. Advaatage should be taken to place signs
behind existing roadside barriers, on over-crossing structures, or
other locations that minimize the exposure of the traffic to sign

supports.

Standard:
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If signs are placed on existing supports, they shall meet

other placement criteria contained in this Manual.
Option:

Lesser lateral offsets may be used on connecting roadways
or ramps at interchanges, but not less than 1.8 m (6 ft) from the

edge of the traveled way.

In urban areas where lateral offsets are limited, a minimum

lateral offset of 0.6 m (2 f) may be used.

A minimum offset of 0.3 m (1 f) from the face of the curb
may be used in urban areas where sidewalk width is limited or

where existing poles are close to the curb.

Option (MUTCD 2000, Section 5A.04):

. [Applicable only to low volume roads as defined by the MUTCD 2000] A
Iateral affect of not less than 0.6m (2 fit) from the roadway edge to the roadway
edge of a sign may be used where roadside featores such as terrain, shrubbery
and/or trees prevent lateral placement in accordance with Section 2A.19.

Orientation (MUTCD 2000, Section 24 21)

Guidance:
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Signs should be vertically mounted at right angels to the

direction of, and facing, the traffic that they are intended to serve.

Where mirror reflection from the sign face is encountered
to suéh a degree as to reduce legibility, fhe sign should be turned
slightly away from the road. Sigas that are place 9 m (30 fi) or
more from the pavement edge should be turned toward the road.
On curved alignments, the angle of placement should be
determined by the direction of approaching traffic rather than by

the roadway edge at the point where the sign is located.
Option:
On grades, sign faces may be tilted forward or back from the vertical

position to improve the viewing angle.

Posts and Mountings (MUTCD 2000, Section 2A.22)

Standard:
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" Sign posts, foundations, and mountings shall be so constructed as to hold
signs in a proper and permanent position, and to resist swaying in thé wind or
displacement by vandalism.

Support: (MUTCD 2000, Section 2A.22)

The latest edition of AASHTOs “Specifications for Structural Supports for
Highway Signs, Luminaires, and Traffic Signals” contains additional
information regarding posts and mounting,

Maintenance (MUTCD 2000, Section 2A.22)

Guidarnce:

All traffic signs should be kept properly positioned, clean, and legible, and
should have adequate retroreflectivity. Damaged or deteriorated sigas should be
replaced.

To assure adequate maintenance, a schedule for inspecting (both day and
night), cleaning, and replacing signs should be established. Employees of
highway agencies, police, and other public agencies whose duties reguire that
they travel o the roadways should be encouraged to report any damaged,
deteriorated, or obscured sigas at the first opportunity.

Steps should be taken to see that weeds, trees, shmubbery, and construction,
maintenance, and vtility materials and equipment do not cbscure the face of any

sign.

A regular schedule of replacement of lighting clements for illuminated signs
should be maintained.

Agencies are encouraged to make periedic nighttime inspections of their
signing to insure proper performance/visibility.
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WARNING SIGNS

General: This section contains excerpts from the MUTCD 2000 that are
cansidered relevant to the LVR Handbook with respect to warning signs.

Funciion ef Warning Signs (MUTCD 2000, Section 2C.01)

Support:

Waming signs call attention to unexpected conditions on or adjacent to a
highway or street and to situations that might not be readily apparent to road
users. Warning signs alert road users to conditions that might call for a reduction
of speed or an action in the interest of safety and efficient traffic operations.

Application of Warning Siemns (MUTCD 2000, Section 2C.02)

Standard: (MUTCD 2000, Section 2C.02)

The use of warning signs shall be based on an engineering study or on
engineering judgment.

Guidance: (MUTCD 2000, Section 2C.02)

The use of warning signs should be kept to a minimum as the unnecessary
use of warning signs tends to breed disrespect for all signs. In situations where
the condition or activity is seasonal or temporary, the warning sign should be
removed or completely covered when the condition or activity does not exist.

Support: (MUTCD 2000, Section 2C.02)

The application of warning sigus can be classified into the categories shown
in Table 2C-1 [of MUTCD 2000]. Warning signs specified herein [MUTCD
2000] cover most of the conditions that are likely to be encountered. Special
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warning signs for low-volume roads are defined in MUTCD 2000, Section
5A.01.

Design of Warning Signs (MUTCD 2000, Section
2C.03)

Standard: (MUTCD 2000, Section 2C.03)

All warning signs shall be diamond-shaped (square with one diagonal
vertical) with a black legend and border on a yellow background unless
specifically - designated otherwise. Warning signs shall be designed in
accordance with the sizes, shapes, colors, and legends contained in the "Standard
Highway Signs" book.

Standard: (MUTCD, 2000, Section 2A.05):

Where a word message is applicable, the wording shall be as herein
provided. Standardization of these designs does not preclude further
improvement by minor changes in the proportion or orientation of symbols,
width of borders, or layout of word messages, but all shapes and colors shall be
indicated. . '

The important word in the above standard is “miror.” For word sigus, only
minor changes should be considered. Also, all word messages shall use standard
wording and letters as shown in the MUTCD 2000, the “Standard Highway
Signs” book and the “Standard Alphabets for Highway Signs and Pavement
Marking” (MUTCD 2000, Scction 2A.14, Word Messages)

For symbols only those shown in the MUTCD 2000 are allowed. As stated
in the MUTCD (MUTCD 2000, Section 2A.13 Symbols)

Standard:

Symbol designs shall in all cases be unmistakably similar to those shown in
MUTCD 2000 and the "Standard Highway Signs” book.

Placement of Warning Signs (MUTCD 2000, Section 2C.05)

Standard: (MUTCD 2000, Section 2C.05)
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Warning signs shall be insialled in accordance with the general
requirements for sign placement as described in MUTCD 2000, Sections 2A 16
to ZA2l

Support: (MUTCD 2000, Section 2C.05)

The total time needed to perceive and complete & reaction to a sign is the
sume of the times necessary for Percepticn, Identification (understanding),
Emotion (decision making), and Volitien (execution of decision), and is called
the PIEV time. The PIEV time can vary from several seconds for general
warning signs to 6 scconds or more for waming sigas requiring high road user
judgment.

Guidance: (MUTCD 2000, Section 2C.05)

Warning signs should be placed so that they provide adequate PIEV time,
The distances contained in Table 12 Appendix 5, [MUTCD 2000, Table 2C-4],
are for guidance pirposes and should be applied with engineering judgment.
This table is reproduced in this handbock in Appendix 6. Warning signs should
not be placed too far in advance of the condition, such that drivers might tend to
forget the warning because of other driving distractions, especially in urban
areas. -

Minimum spacing between waming signs with different messages should be
based on the estimated PIEV tiine for driver comprehension of and reaction o
the second sign. [This is discussed further in this handbook in a following
section. In general, on LVR with 55 mph (88km/h) speed limit, they should not
be closer than 200 & (61m).

The effectiveness of the placement of wamning signs should be periodically
evaluated wnder both day and night conditions.

Table 12 in Appendix 5 lists snggested sign placement distances for three
conditions. This table is provided as an aid for determining warning sign
location.

NLVR Eandbook Discussion

It is important ta take great care to place signs only where they are needed
in order to prevent breeding disrespect for the signs.

If it is feasible, sight obstructions should be removed so that signs become

unnecessary. At all times signs shall be visible and kept clear of obstructions
such as trees, bushes, and weeds.
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The two basic criteria for placement of advance wamning sigas are the
approach speed and the reduced speed required to comply with the sign
message! In rural areas, two signs shonld not be located closer together than 200
feet (61m) along the highway. All signs should be located so as to be viewed by
miotorists without obstruction for a distance of at least 400 feet (122 m) based
uponn deceleration from 55 mph (88 km/h) te 30 miph (48 ka/h) Table 12
Appendix 5 (Condition C, MUTCD 2000, Table 2C-4)** Placing signs in dips
or beyond the crest of hills, and placing informational signs on curves should be
avoided.

*See Appendix 5 for advance warning sign placement.

*¥*Vary according to prevailing (operating) speeds if an engincering study
so determines (See Appendix 5).

SOME SELECTED WARNING SIGNS

This section will illustrate several warning signs used frequently on low-
volume roads. The first series will be Intersection Waming Signs (W2-1 through
W2-6).

Guidance: (MUTCD 2000, Section 2C.34)

The intersection sign should iltusirate and depict the general configuration
of the intersecting roadway, such as cross road, side road, t-intersection, y-
intersection or curvilinear alignment.

Intersection signs should not be used on approaches controlled by STOP
signs, YIELD signs, signals, or where Junction signing (MUTCD 2000, section
2D.13 and 2D.28) or advance route turmn assembly signs (MUTCD 2000, section
2D.29) arc present.

46



Where the side roads arc mot opposite each other, the symbol for the
intersection should indicate a slight offsct.

Option: (MUTCD 2000, Section 2C.34)

The relative importance of the intersecting roadways may be shown by
different widths of lines in the symbaol.

An advamce strect mame plague (MUTCD 2000, section 2C.45) may be
installed below an Tntersection sign.

Standard Stz

33“ :wI

See MUTCD 2000
Page 2C-2%

CROSS ROAD Sign (W2-1)
MUTCD 2000, Section 2C.34

The CROSS ROAD sign is intended for use on a
through highway to indicate the presence of an
obscured crossroad  intersection. The relative
importance of the infersecting roads may be shown by
different widths of the line iu the diagram. The diagram
for a crossroad intersection with a slight offset should
indicate that the side roads are not opposite each other,
If the crossroad occurs in the vicinity of a curve, the
symbol may be modified appropriately.

EXAMPLE: Figure 15; p. 47
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We3L

Standard Size

30" 230

S=e MUTCD 2000
Page 20-2

SIDE ROAD Sign (W2-2, W2-3) (MUTCD
2000, Section 2C.34)

The SIDE ROAD sign, showing a side-road
symbol, either left or right, and at an angle of either 90
or 45 degrees, is intended for use in advance of a
side-road intersection according to the sarne warranis as
set forth for the CROSS ROAD sign. The relative
importaace of the intersecting roads may be shown by
different widths of line in the diagram. If the side road
occurs in the vicinity of a curve, the symbo! may be
modified appropriately.

T- SYMBOL SIGN (W2-4) (MUTCD 2000, Section
2C.34)

The T - SYMBOL sign is intended for use to
wam traffic approaching a T-intersection on the road
where traffic must make a turn either io the lefi or the
right This sign should not generally be nsed en an
approach where traffic is reguired to stop before
entering the intersection. The relative importance of the
intersecting roads may be shown by different widths of
line in the diagram It may be desirable to place two
directional LARGE ARROW sign or chevrons at the
head of the T, directly in line with approaching trafiic.
EXAMPLE: Figures 16, 17, pp.48, 4%
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V25

Standard See

367 230°

Ses MUTCD 2000
Paga 3C-29

Wa-1a
Standerd Size

35" 138"

[ inimum Size

30" x30"

See MUTCD 2000
Page 2C-19

Y- SYMBOL Sign (W2-5) (MUTCD 2000,
Section 2C.34)

The Y- SYMBOL sign is intended for use to
warn traffic approaching a Y-intemscction on the road
that forms the stem of the Y. The sign should not
generally be used at a Y-intersection that is channelized
by traffic islands. The relative importance of the
intersecting roads may be shown by differerit widihs of
ling in the diagram. It may be desirable to erect a two
directional LARGE ARROW sign at the fork of the Y
directly in line with approaching traffic.

EXAMPLE: Figure 16; pp. 48

STOP AHEAD Sign (W3-1) (MUTCD 2000, Section
2C.26)

A STOP AHEAD sign is intended for use oo an
approach to a STOP sign that is not visible for a
sufficient distance to permit the driver to bring his
vehicle to a stop at the STOP sign. (See MUTCD 2000
Table 2C-4, p.2C-6 for guidance on placement).
Obstruction{s) causing the limited visibility may be
permianent or intermittent. The STOP AHEAD sign
shall be minimum of 30" x 30". In some cases it may be
used for emphasis where thete is poor observance of the
STOP sign.

EXAMPLES: Figure 15, 16; pp.47, 48
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Wa-2a

. Standerd Size

A a3

Mini Clina
T &

See MUTCD 2600
Page 2C-18

Wi-6R

YIELD AHEAD Sign (W3-2) (MUTCD 2000, Section
2C.26)

A YIELD AHEAD sign is intended for use on
an approach to a YIELD sign that is not visible for a
sufficient distance 1o permit the driver to bring his
vehicle to a stop at the YIELD sign (See MUTCD2000
Table 2C-4, p.2C6 for guidance on placement).
Obstruction(s) causing the limited visibility may be
permanent or intermitient. The YIELD AHEAD sign
shall be a minimum of 30" x 30" in size.

EXAMPLES: Figure 15, 16; pp.47, 48

LARGE ARROW Sign (W1-6, W1-7) MUTCD 2000,

Section 2C.34)

: The LARGE ARROW sign shall be a horizontal
rectangle with a standard size of 48" x 24", having a

“large arrow (WI-6) or a double head arrow (Wi-7). It

shall have a yellow background with symbol in black.
A LARGE ARROW sign is intended to be used to give
notice of a sharp change in alignment in the direction of
travel. It is not to be used where there is no change in
the direction of trave! {(ends of median, center piers,
etc.). The LARGE ARROW sipn, when used, shall be
erected on the outside of a curve or on the far side of an
intersection, in line with and at right angles to,
approaching traffic. To be cffective the LARGE
ARROW sign should be visible for at least 500 feet and
trial runs by day and night may be desireble to
determine final positioning.
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Wi-7
Standard Size
4" ¢ 24
Ses MITTCT 2000
Page 2C-29

VS
‘Sfendérd Size
13" x24

See MUTCD 2000,
Page 209

TWOQ DIRECTION LARGE ARROW Sign (MUTCD
2000, Section C.35)

Standard:

The Two-Directional Large Arrow (WI1-7)
sign shall not be used where there is no change in the
direction of travel such as at the beginnings and ends of
medians or at the center piers.

If used, it shall be installed on the far side of a T-

intersection in ling with, and at approximately a right
angle to, approaching traffic. The Two-Directional
Large Arrow sign shall be a horizontal rectangle.
EXAMPLE: Figure 16; p. 48

CHEVRON ALIGNMENT Siga (WI-8) (MUTCD
2000, Section 2(.10)

The Chevron Alignment sign shall be a
vertical rectangle with a minimum size of 12" by 18", It
shall have a yellow background with chevron symbol in
black. The size of sign used should be determined by an
engineering stidy or engineering judgment.

A Chevron Alignment sign may be used as an
alternate or supplement to standard delineators and to
the Large Amrow sign. The Chevron Alignment sign is
intended to be used to give notice of sharp change of
alignment with the direction of travel. Chevron
Alignment sign is intended to provide additional
emphasis and guidance for vehicle operators as to
changes in horizontal alignment of the roadway.

Standard:

Whern used, Chevron Alignment sigas, shall be
installed used, are erected on the outside of a curve,
sharp tumn, or on the far side of an intersection, in line
with and at approximately a right angle to approaching
traffic.

Spacing of the signs should be such that the motorists
always have two in view, until the change in alignment
climinates the need for the signs. To be effective,
Chevron Alignment signs should be visible for at least
500 feet; trial runs by day and night may be desirable to
determine final positioning, *

EXAMPLE;: Figure 17 pp. 49
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*See Appendix 7 for suggested placeiment
Replacement of Large Arrows at T-intersections

The Chevron alignment sign may be used to replace the two-directionat arrow at
T-intersections. A series of six chevrons are placed side by side. (Three pointing
left, three pointing right as shown in Figure 17, which shows a typical chevron
placement at 2 T-intersection, used in place of the double arrow.

Cattle Crossings

The Advance CATTLE CROSSING sign is intended to alert drivers that
cattle may be crossing in the roadway ahead. Thers is a possibility that the
driver may develop a disregard for the sign's meaning when cattle are not seen in
the roadway at several Advance CATTLE CROSSING sign locations. The
driver's respect for the sign can be increased by placing the Advance CATTLE
CROSSING sign only when and where an engincering study or engineering
judgment determines it is needed. The recommended practices may also be used
for other animal crossing signs.

Description of Traffic Control Devices and Uses

The Advance CATILE CROSSING sign
shonld be used if the cattle cross at least twice a day
most of the year and/ or the stopping sight distance
is inadequate.

Wits
Stendard Size”
30t x30*
‘Se MUTCTZA00.

Page 2C.31

NLVR Handbook Discussion

If cattle cross less than once a day but more than once a week, the
responsible agency shonld use engineering judgment to decide whether to use
permanent sigas, temporary signs or no sigas at all. The reasons for the decisien
shounld be recorded.
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For open range country an Advance CATTLE CROSSING sign with a
supplemeniary plate NEXT__ MILES may be used.

REGULATORY SIGNS

Intersections

It is desirable for a driver to have an unobstructed view of the intersection
and a length of the intersecting road sufficient to permit stopping or slowing the
vehicle to aveid collisions. The minimum sight distance considered safe under
varions conditions is related directly to vehicle speeds and to the disiances
traveled while the driver sees the sitnation, reacts and brakes, and shonld be
determined by an engincering study.

Note: See Appendix 6 for further discussion of sight distances at intersections.

Those unfamiliar with the principles of the intersection sight distance shounld
read this material before continuing with this section.

Descriptions of Traffic Control Devices and Uses
Given below are some of the MUTCD 2000 warrants for regulatory and

warning sigas for intersections.

REGULATORY SIGNS
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STOP Sigr (R1-1) MUTCD 2000 Section 2B.04
Application:

Because the STOP sign cavses a substantial
inconvenience to moterists, it should be used oanly
where warranted. MUTCD 2000 lists specific warrants.

Guidance:
Hi1

Standazd Sze- STOP signs should not be used unless engineering
o judgment indicates that one or more of the follawing

Mlirdenun Size A .

24" 124" conditions exist:

See MUTCD 2000

Page 257 A. Iniersection of a less imporiant road with a main

road where application of the normal right-of-way nule
would not be expected to provide reasomably  safe
operation,

B. Strect entering a through highway or street.
C. Unsignalized intersection in a signalized area.

D. High speeds, restricted view, or crash records
indicate that a need for control by the STOP sign.

E. At Railroad Grade Crossings, under specific
conditions (Se¢ MUTCD 2000 Part 8 Section 8B.07
and chapter 3 of this handbook)

Standard [Condensed] (MUTCD 2000, Section 2B.05)

. STOF signs shall not be installed at intersections where traffic
control signals are installed and operating.
. Poriable or part-timie STOP signs shall not be used except for

emergency and temporary traffic control.

Additional Guidance (MUTCD 2000, Section 2B.05):

. STOP signs should not be used for speed control.

. STOP signs should bs installed in a manner that minimizes the
numbers of vehicles having to stop.

- A STOP sign should not be installed on the major strect unless

Jjustified by a traffic engineering study.
STOP Sign Placement

The STOP sign shall be installed or the correct side of the traffic lane to
which it applies.
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When visibility is restricted a Stop Ahead sign shall be installed in advance
of the STOP sign. :

STOP and YIELD signs shall not be mounted on the same post.
Guidance (MUTCD 2000, Section: 2B.06) (condensed)

¢ Stop lines, when used, should be located at the point where the road
user should stop.

o If only ene stop siga is installed on an approach, it should not be placed
on the far side.

e  Where roads intersect at an acute angle, the STOF sign should be set at
an angle or shielded so it is cut of view of the traffic to which it does
not apply.

e  Where there is a marked crosswalk at the intersection the STOP sign
should be installed in advance of the crosswalk.,

MULTIWAY STOP APPLICATIONS (MUTCD
2000, Section 2B.07)

Standard: (MUTCD 2000, Section 2B.04,
condensed)

If the number of approach legs controlled
by STOP signs at an intersection is 3 or
more, the numeral on the supplemental
plague if used, shall correspond. At
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intersections where &ll approaches are
controlled by STOP signs, a supplemental
plague (R1-3 or R1-4) shall be mounted
below each STOP sign.

Ei-3 Ri-4

Support: (Condensed/paraphrased)

Multiway stop control is used where
volume on the intersecting roads is
approximately eqgual if ceriain traffic
conditions exist.

Guidance:

e The decision to install multiway stop
control should be based on an
engineering study. '

e Minimum volumes warrants and other
guidance in MUTCD 2000 Section
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2B.07 should be considered in the

engineering study.
EXAMPLES: Figures 14, 15, 16; pp. 46 - 48

YIELD Sign (R1-2) MUTCD 2000 Section 2B.08

The YIELD sign assigns right-of~way to traffic on
certain  approaches to an imtersection. Vehicles
controlled by a YIELD sign nieed to slow down or stop,
when necessary, to avoid interfering with conflicting
traffic.

Ri=
Standard Ske
34" 236" z 36"
See MUTCD 2000
Page ZB-7
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YIELD Sign Placement (MUTCD 2000, Section 2B.10)
Standard: (condensed/paraphrased)

The YIELD sign shall be installed on the correct side of the traffic lane to
which it applies.

When engineering judgment determines that sign visibility is restricted, a
Yicld Ahead sign shall be installed (See MUTCD 2000, Table 2C-4 for
guidance).

The YIELD sign shall be located as close as practical to the intersection it
regulates, while optimizing its visibility to the road user it is intended to
regulate.

YIELD and STOF signs shall not be mounted on the same post.
Guidance (MUTCD 2000, Section 2B.10): (candensed/paraphrased)

YIELD lines, when used, should be located at a point where the road user
should vield.

Where two roads intersect at an acute angle, the YIELD sign should be
positioned or shiclded so the legend is out of view to the traffic to which it does
not apply.

Where there is a marked crosswalk at the imtersection, the YIELD sign
should be installed in advance of the crosswalk line nearest to the approaching
traffic.

YIELD Signs may he installed (MUTCD 2000 Section 2B.09):

‘A. When the ability to se¢ potentially conflicting traffic is sufficient to
allow a road user traveling at the posted speed, the 85™ percentile
speed, or the statutory speed to pass through the intersection or to stop
in a safe manner.

B. If controlling a merge-type movement on the entering roadway where
acccleration geometty andfor sight distance its not adequate for
merging traffic operation.

C. At the second crossroad of a divided highway where the median width
is 9 m (30 ft) or greater. A STOP sign may be installed at the entrance
to the first roadway and a YIELD sign may be installed at the entrance
to the second roadway.

D. At any intersection where a special problem exists and where
-engineering study indicates the problem to be susceptible to correction
by use of the YIELD sign.

See Examples: Figures 14, 16; pp. 46, 48
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LOW-VOLUME ROAD INTERSECTION SIGNING CONSIDERATIONS

The following is adapted from the Traffic Control Devices Handbook (TCDH)
(ITE 2001). It is recommended that all agencies with responsibility for road
safety have a copy (available from Imstitutc of Tramsportation Engineer’s
bockstore). :

Sight Triangle:

-The decision to use a specific traffic contzol device at an imtersection is
based upon the driver's ability to see the other legs of the triangle. The sight
triangle is used to describe the area, which should be clear of dbstacles from a 2-
9 fi (2.74 m) height during all seasons of the year (ITE 2001). A sight triangle is
shown in Figure 12. '

STOP signs, YIELD signs, or no cortral?

The primary cousideration for installing either a STOP or YIELD sigaon a
low-volume road is intersection sight distance. If the motorist does not have
adequate visibility of another vehicle on the intersecting roadway, then some
type of intersection control should be considered or the roadside features that
restrict the sight distance should be removed. The ITE TCDH recommends the
distances shown in figure 12. Note that for roads that cany little traffic, the
possibility that two vehicles will arrive at the intersection at the same time is
very small. Initially, it is necessary to determine whether enough sight distance
exists so that motorists can adequately detect the presence of other vehicles in
sufficient time to avoid a collision. If adequate sight distance does exist, then an
intersection warning sign could be considered but not required. If the approach
traffic volumes are less than 100 ADT, ther a YIELD sign could be considered
since there is little possibility of two vehicles arriving at the intersection at the
same time. As the traffic volumes exceed 100 ADT and begin to approach 400
vehicles, then a STOP sign should be considered. Normally, the STOP or
YIELD sign is instalied for the vehicles approaching on the lower-volume
roadway.

Usually, STOP sigas or YIELD signs are used in pairs; however, there may
be some locations where this does not apply. When 2 minor road (Type C)
intersects a major road the location may indicate that anly one quadrant does not
have an adequate sight triangle (See Figure 14), Due care is recommended in the
installation of non-paired STOP signs or YIELD signs, Such installations should
be comsidered only if justified and recommended by an enginecring study.
Engineering judgment is required

It is very important to also determine if a STOP AHEAD or YIELD
AHEAD sign should be used, H adequate sight distance to see the STOP or
YIELD sign (as indicated by MUTCD 2000, Table 2C-4, Handbook Table 12) is
not available, a STOP AHEAD or YIELD AHEAD should be installed.
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T—][utersect._ion Signing:

Because of the widely accepted rule of the road, “yield to the right” at
uncontrolled intersections, the minoer leg of a T-intersection should be controlied
with a STOP or YIELD sign. Otherwise, according to the “yield to the right”
rule, a driver on the intersecting leg of a T-intersection with no traffic control

wauld have the right of way ro matter how minor the leg, and some courts may
rile this way.

Note: Refer to Figures 13, 14, 15, 16 and 17 for some typical examples of
intersection signing.

Additional details for determining adeguate intersection sight distance can
be fonnd in Appendix 6.

' ' MINGR
i RGAQ L
I
—"H'A]ER""__J“- ——————————— -
ROAD {
I
1|J_|
JEH
<8
1=
[
11
i
: , Operating Speed (mph)
bistance (ft)| 10 |} a0 |- 30 | 40 | 50 | -e8
stop | D | 45 sc | 130 | 180 | zz20 | 260
Control "1} s0 | so ] s0 | s0.| so 50
No 0o - |15 | 200 | 325 | 475 | 650
tontrol - A - }1es | Zo0 | 325 | 475 | “65Q

'FIGURE 12. Recommended Intersection Sight Triangle and Sight Distances at
: Varicus Speeds

SOURCE: “Field Guide for Unpaved Roads,” published in March 1997 by the

Wyoming Technology Trausfer and reproduced in “Traffic Control Devices
Handbook, ITE, 2001.”
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SPEED LIMIT Siga (R2-1) (MUTCD 2000, Section
2B.11)

Two types of Speed Limit
signs may be used: one to
designate passenger car speeds,
including any nighttime information
or minimum speed limit that might

- apply; and the other to show
any special speed limits for
trucks and other vehicles.

Standard (MUTCD 2000, Section 2B.11)

Afier an engineering study has been made in accordance with established
traffic engineering practices, the speed limit sign shall display the limit
established by law, ordinance, regulation or as adopted by the authorized
agency. The most common practice is to use the 85" percentile speed. If a public
jurisdiction is not familiar with commen, appropriate methods to set proper
speed limits, the State DOT or a consultant should be contacted.

The speed limit shown shall be in multiples of 5 mph (10 km/h)

Guidance: (MUTCD 2000, Section 2B.11)

When a speed limit is to be posted, it should be the 85™ percentile speed of
free-flowing traffic, rounded up to the nearest 5 mph (10 km/h) increment.

Standard: (MUTCD 2000, Section 2B.15)

Location of Speed Limit Signs (MUTCD
2000, Section 2B.15)
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Speed Limit (R2-1) signs, indicating speed limits for which pesting is
required by law, shall be located at the points of change from one speed limit to
another,

At the end of the section to which a speed limit applies, a Speed Limit sign
showing the next speed limit shall be installed. Additional Speed Limit signs
shall be installed beyond major intersections and at other locations where it is
necessary to remind road users of the speed limit that is applicable.

Speed Limit signs indicating the statutory speed limits shall be installed at
entrances to the State and at jurisdictional boundarcs of metropolitan areas.

At locations where the speed limits changes at a specific point on the
roadway for opposite directions of travel, be sure to place speed limit signs
applicable to the direction opposite each other to aveid overlapping speed zones.
v Reduced Speed Ahcad Signs (R2Z-5 Series)
(MUTCD 2609, Scction 2ZB.16) '

REDUCED

SPEEﬁ The Reduced Speed Ahead (R2-5 series) sigus
ARERD shall be followed by a Speed Limit (R2-1) sign
- installed at the beginming of the zone where the spead
limit applies. MUTCD Table 2C-4 (Handbook Table

Standard: (MUTCD 2000, Section 2B.16)

12), coundition “C” value should be considered to

determine location.

Guidance: (MUTCD 2000, Section 2B.16)
REDUCED

‘ The Reduced Speed Ahcad (R2-5 series) signs
SPEED should be used to inform road users of a reduced
speed zone when engineering judgment indicates the
3 , need for advance notice to comply with the speed
| limit posted ahead Some states use the word

: “AHEAD” under the numerat.
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Option: (MUTCD 2000, Section 2B.16)
ZGHE ' The following methods may be used to provide Toad
%@D users with advance notice of a change in the speed
& el 2 limit.
R2<Zc 1. Any of the R2-5 series of signs may be
displayed.

2. An assembly consisting of the Speed Limit
(R2-1) sign with a supplemental legend
plaque BEGIN mounted abave the R2-1 sign
and a supplemental distance plagie, such as
1/6 kmm or ¥4 mi, mounted below the R2-1
sign may be displayed.
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SIGN PLACEMENT ILLUSTRATIONS

The Following five pages illustrate recommended sign placements.
Enginecring judgment should be used in all cases. (Note: For simplicity, metric
not included in figures. Refer to MUTCD 2000 for metzic values.)
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FIGURE 13. Height and Lateral Location of Signs
Note: Recommended lateral placement of signs is 12 fi (3.66 m) from the
traveled way; if clearance is not available the minimum should be 2 ft (0.6 m).

64



ACUTE ANGLE INTERSROTION
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FIGURE i4. Example Locations for STOP and Yield Signs
Note: Recommended lateral placement of signs is 12 ft (3.66 m) from the

traveled way; if clearance is not available the minimum shounld be 2 fi (0.6 m).
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Note: Iutended for use on Type A and B roads. May be used on Type C roads.

66



DRIRABLE 19" WRERR
BIGHT G WAY PREMITS {Sevmrs may slan ks
T+ used. Beo Figurs 383

L™ y .

X My ) "'E:"M ~ WA
f T H BT
DHELILABLE 38 WHERE
FINHT-OF WA Y PREBITY W17
g £ ~
H
2 .

Eor divdamresy.

WIia W32

Skl f2 nsed i + Lavwe dwa-directionad
$iroTlald algm azree { LT ey e mead
sanzet e aron when added exephasds fx
A TAlvwt sboad nzsded wr dosized

o8 the Interseciiun,

FH¥Sne Ansendic s, Tabls 11 Paga 142) for dbtamess,

FIGURE 16. Example Location of Signs on T and Y Intersections
Note: Intended for use on Type A and B roads. May be used on Type C roads

67



UORSEEINI- L 10 MONBIBIST WIS 3IWNET

L

T anIg
ATIOAS Axed-oa] ]

posn ney Sevn sl RER
XG5 GRERLGB L R

]
|

ol € 03 R AR
ity

e
v

68



HORIZONTAL ALIGNMENT SIGNS: TURNS AND
CURVES

The TURN and CURVE warning signs inform a driver of a change in the
horizontal direction of the roadway. Before the decision can be made to use this
type of sign, and which specific sign to use, engineering judgment shounld take
many factors into consideration. First, the higher of the operating approach
speed (prevailing speed) or the established speed limit must be compared with
the advisory safe speed of the curve in order to establish whether a TURN sign
or a CURVE sign is necessary as well as to determine the need for an advisory
speed plate. Other considerations include using cngincering judgment to
determing if the curve is consistent with the previous roadway alignment, and
the classification of the road type with regard to driver expectancy. For example,
a Type C LVR with consistent curves throughout may need no curve or tura
signs. Consistent curve signing is essential.

Horizontal Alignment Signs (W1-1 threugh W1-5) (MUTCD 2000, Section
2C.06) '

Option: (MUTCD 2000, Section 2C.06)

The Horizontal Alignment Turn (W1-1), Curve (W1-2), Reverse Turn (W1-
3), Reverse Curve (W1-4), or Winding Road (W1-5) signs may be used in
advance of situations where the horizontal roadway alignment changes. A Large
Ariow (W1-6) sign may be used on the outside of the turn or curve (See Page
34).

Guidance: (MUTCD 2000, Section 2C.06)

The application of these signs should conform fo Table 5 (MUTCD 2000
Table 2C-5). (Handbook Table 5 below)

Handbook Note:

Curve and turn signs are common
o LVR, and their proper application
may be important for reducing crash
risk by enhancing driver expectancies
of curves and turns ahédd. This
subsection addresses important issues
related to signing curves and turns.



Change in MUTCD 20060

Previous editions of the MUTCD clearly specified when a turn (W1-1) or
curve (W1-2) sign must be used If an engineering study, usually by ball
banking, (see ADVISORY SAFE SPEED DETERMINATION guidance at the
end of this section) indicated an advisory speed of 30 MPIH or less, a turn sign
would be used; where as, if the advisory speed were greater than 30 MPH a
curve sign would be used. The MUTCD 2000 leaves the choice to engineering
judgment. (See note I under Table 5 below) However, unless there is good
reason to do otherwise, (which should be documented) it is recommended that
the choice should be based on Table 5.

TABLE 5. Horizontal Alignment Sign Usage (Table 2C-5, MUTCD 2000}

- i
Nugaber of Advisory Speed
Aligninent
Clhanges < FMMPH 7 3 MPH
1 Tuari !}@‘1—1}1 Carve (NW1-231 m
2F Reverse Twn® (Wi-3) Beverse Curvel(3V1-4)
3 o1 more? Winding Road {WL-5j |k
Notes:

1 Engineering judgment should be used to determine whether the turn or curve should be used.

2 Alignment changes are in opposite directions and are separated by a tangent distance of 180 m
(600 ft) or less.

3 A right Reverse turn (W1-3R), Right Reverse Curve (W1-4R), or Right Winding Read (W1-5R)
Sign is used if the first change in alignment is to the right; a Left Reverse Turn (W1-3L), Left
Reverse Curve (W1-4L), or Left Winding Road (W1-5L1) sign is used if the first change in alignment
is to the left.

Standard: (MUTCD 2000, Section 2C.06)

When engineering judgment determines the need for a horizontal alignment
sign, one of the W1-1 through W1-5 sigus shall be used.

Option: MUTCD 2000, Section 2C.07)
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The turm (W-1) sign or the curve sign (W1-2) sign may be combined with
the Advisory Speed (W13-1) plague to create a combination Horizontal
Alignment/Advisory Speed (W1-9) sign.

Standard: (MUTCD 2000, Section 2C.06)

When used, the combination Horizontal Alignment/Advisory Speed sign
shall supplement other advance warning signs and shall be installed at the
beginning of the turn or curve. The minimum size of the WI-9 sign shall be
1200 x 1200 mm (48 x 48 in) for high-speed facilities, and 900 x 900 mm (36 x
36 in) for low-speed facilities (a W1-9 sign is shown on page 55)

Description of Traffic Control Devices and Uses

VWi1R

Standerd S
30" 2 3BE

“See MUTCD 3000

Page 20-8

TURN SIGN (W1-1)

The TURN siga (WI-1R or WI1-1L) was
intended for use where engincering studies of
roadway, geometric, and operating conditions show
the advisory speed of a turn to be 30 MPH (48.28
kmv/h) or less, and this advisory speed is equal to or
less than the speed limit established by law or by
regulation for that section of highway. MUTCD
2000 states that engineering judgment sheould be
used to determine whether the Turn sign or Curve
sign should be used. Where a TURN sign is used, a
LARGE ARROW sign may be used on the outside of
the turn. Additonal protection may be provided by
use of the ADVISORY SPEED plague (W13-1).

Except in emergencies or when the condition
is temporary, an Advisory Speed plaque shall not be
installed until the recommended speed is determined
by an engiuneering study.

EXAMPLE: Figure 20; p.59
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CURVE SIGN (W1-2)

The CURVE sign (W1 -2R or 21) should be
used where enginecring judgment determines the
need and, usually, conditions are such that the
advisory speed is greater than 30 MPH (48.28 km/h)
and eqnal to ot less than the speed limit established
by law or by regulation for that section of highway. .
MUTCD 2000 states that engineering judgment
should be used to determine whether the Turn sign
or Curve sign shonld be used. Additional protection
may be provided by use¢ of the ADVISORY SFEED
plaque. :

W21,

EXAMPLE; Figure 21; p.60

WiZ2R

Standard Size
WA
See MUTTCLY 2000
Page 2C-5

REVERSE TURN Sign (W1-3)

The REVERSE TURN sign is intended
for use to mark two turns or @ CURVE and a
TURN in opposite directions as defined
previously for TURN and CURVE sigus that are
separated by a tangent of less than 600 feet
(132.88 m). If the first tum is to the right, a
RIGHT REVERSE TURN sign (W1-3R) shall be
used and if the first turn is to the left, a LEFT
REVERSE TURN sign (Wi-3L) shall be used.

For additional
protection the ADVISORY SPEED plate may be
used.

W1SR Engingering judgment should be uvsed to
Standard Ske decide between Reverse Curve and Reverse Tum
30' xf{l" Signs‘

See MUTCD 2000
Page 2C-8
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REVERSE CURVE Sign (W1-4)

The REVERSE CURVE sign is intended for
use to mark two curves in opposite directions, as
defined proviously for curve signs that are
separated by a tangent of less than 600 feet
(182.88 m). If the first curve is to the right a
RIGHT REVERSE CURVE sign (WI-4R) shall
be used, and if the first curve is to the left, a
LEFT REVERSE CURVE sign (WI-4L) shall be
used.

For additional protection the ADVISORY

SPEED plate may be used.
Engineering judgment should be used to
WAL decide between Reverse Curve and Reverse Turn
signs.
Standard Stze
307 30"
See MUTCD 2000
Page 2CG

WINDING ROAD Sign (WI-5)

The WINDING ROAD sign is intended for use
where there arc three or miore turns or curves, as
defined previously for TURN and CURVE sigus,
separated by tangent distances of less than 600 feet
(182.88 my). If the first turn or curve is to the right, a
RIGHT WINDING ROAD sign (WI-5R) shall be
used and if the first curve or tum is to the left, a LEFT
WINDING ROAD sign (WI-5L) shall be used. '

If the WINDING ROAD sign is used it shall be
erected in advance of the first curve.

Additional guidance may be provided by the

WI1-ER installation of road delineation markers and by use of
Stendma S the ADVISORY SPEED plate.
See MUTCD 2000
Page 2C7
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The signs may include a distance plague (MUTCD 2000, Section 2C.41)
indicating a length of roadway over which the
winding road condition exists.

ADVISORY SPEED Plate (W13-1)

The ADVISORY SPEED plate is intenided for
: use to supplement warning signs. It may be used in
W1E-1 comjunction with any standard yellow Wamming siga to

Standard Size indicate the maximum recommended speed around a
24 224" 5 curve or through potentially a hazardous location
e e (determined by an engineering study). Tt shall not be
See MUTCD 2000 used alone.

Page 5.2

EXAMPLES: Figure 20, 21; pp. 59, 60

WI-VE witds
W31

Combination Horizontal

Alignment/Advisery Speed Sign (W1-9)

(MUTCD 2000, Sectien 2C.07)

wWig
Standard Size
30" = 30
Sez MUTCD 2000

Pape 2C-9 The Turmm (W1-

1) sign or the curve (W1-2) sign may be combined with the
Advisory Speed (W13-1) plaque to create the combined sign (W1-
)
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Combination Horizontal

Alignment/Intersection Sign (W1-10)

W-1G

Standerd Sizm , The Turn (W1-
30° = 30°

See MUTCD 2000 . .

Pags 2C.-5 1) sign or the curve (W1-2) sign may be

combined with the cross road sign (W2-1) or the side road sign
(W2-2 or W2-3) sign to create a combined sign (W1-10) that
despite the condition where an intersection or side road occurs on a

curve or g turn.
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Use of Supplemental Plagunes (MUTCD 2000, Section 2C.35)

Option:

A supplemental plague may be displayed with a warning sign when
engineering judgment indicates that road users require additional information
beyond that contained in the main message of the warning sign. For example,
the plague may indicate distance to some condition.

Standard:

: Supplemental plagues shall be used only in combination with
Warning or regulatory signs. They shall not be mounted alone or
displayed alone. If used, a supplemental plaque shall be installed

on the same post(s) as the warning sign.

Design of Supplemental Plagues (MUTCD 2000, Section 2C.40)
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A Supplementa! plague shall have the same color legend, border, and
background as the waming sign with which it is displayed. Supplemental
plagues shall be square or rectangular. A section on advisory safe speed
determination can be found at the end of this section.

ADVISORY SAFE SPEED DETERMINATION

The advisory safe speed of a curve can be determined by the use of a ball
bank tudicator, also known as a slope meter (see Figure 19). For information
concerning the mounting of the ball bank indicator, refer to Appendix 4.

The first trial run is made at a speed somewhat below the aaticipated
maximum safe speed. Subsequent trial runs are conducted with 5 mph speed
increments. If a reading of 14 degrees or greater occurs at 20 mph or less then
the safe speed is below 20 mph. The curve should be signed for that speed, ie.,
10 or 15 mph, at which a 14 degrees reading cccurs. A reading of 12 degrees at
a trial speed of 20, 25, and 30 mph indicates that the trial speed, ie., 20, 25, or
30 mph is the safe speed. A reading of 10 degrees at speeds of 35 miph or greater
indicates a safe speed of 35 mph or greater.

FIGURE 18. A Curve and Its Diagrammatic Sign

Standard:
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Table 6 is intended for use in determining signing for Curves and Tums
for LVR Type A and LVR Type B roads. It may also be used for signing LVR
Type C roads if positive guidance is considered inadequate at specific locations.

TABLE 6. Signing for Curves and Turns*

FIGURY, 19, Ball Bank Indicatcr

(Source: Kansas State University; LVR Handbook, 2™ Edition)
Advisory Speed Based or Ball Bank Indicator

66 55 50 45 40 35 30 25 20

60 Cc CA CA CA TA TA TA

55 Cc CA CA TA TA TA
=[50 C CA TA TA TA
2,
?s 45 C TA TA TA
g ‘
=[[40 T TA TA
2,
O35 T TA
E
4 30 T

25

20 or

less

* optional, unofficial guidelines developed by Kansas State University

Key:

C - Curve Sign, Reverse Curve Sign (or winding road sigz if applicable)

T - Turn Sign, Reverse Tura Sign (or winding road sign if applicable)

A - Advisory Speed Plate

NOTE: When signing is used refer to Figures 20 and 21 for some typical

examples of curve and turn signing.
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V-8
‘Stenderd Size-
18" x 24

‘See MIOTCD.2600 -

Fagz 2C-0

wisg

StandtamiFre

3§ 148" x 42"
See MUTCD 2300
Page2C-37

signs, or both

CHEVRON ALIGNMENT Sign (W1-8)

The CHEVRON ALIGNMENT sign shall be a
vertical rectangle with a minimum size of 12" by 18",
It shall have a yeliow background with chevron
symbol in black.

Guidance: (MUTCD 2000, Secticn 2C.10)

Chevron Alignment signs should be visible
for a sufficient distance to provide the road
user with adequate time to react to the

change in alignment.

A CHEVRON ALIGNMENT sign may be used
to supplement standard delineation treatmnents and as
an alternate or supplement to the LARGE ARROW
sign. The CHEVRON ALIGNMENT sign is intended
to additional emphasis and guidance for wehicle
operators as to changes in horizontal alignment of the
roadway.

Guidance (MUTCD 2000, Sectien 2C.10)

Chevron Alipnment signs should be such that the road
user always has at least two in view, until the change
in alignment elimivates the niced for the signs. (See
Appendix 7 for one method of spacing and placement
O CUrves).

NO PASSING ZONE Sign (W14-3)

The NO PASSING ZONE sign should be used on
paved two-lane roads to warn of the beginning of
no-passing zones identified either by conventional
pavement markings, DO NOT PASS signs, or both.
When used, it shall be erected on the left side of the
rcadway at the beginning of the no-passing zones
identified by, pavement markings, DO NOT PASS

Curve warning signs showing a better picture of the actual curve, other than
those pictured in the MUTCD 2000 may provide more positive gnidance under
special conditions. An example of such a case and the recommended sign is
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shown in Figure 18. If such a diagrammatic sign is used, it shall conform to the
general specifications for sign design found in the MUTCD 2000.
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Examples OF Curve Signing
(Two-lane paved roads)

CHEVEIHT s W10 e
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e
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{erginesying study)™
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FIGURE 20. Example Signing and Pavement Marking on a Twwn With Safe
Driving Speed 30 MPH (50 kmv/hr) or Less
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FIGURE 21. Example Signing and Pavement Marking on a Turn With Safe
Driving Speed Between 30 MPH (50 kwm/hr) and 50 MPH (80 kaw/hr)
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CHAPTER 3
HIGHWAY-RATIL INTERSECTION (ERI) SIGNING

(RATLROAD GRADE CROSSINGS)

The railroad grade crossing, although a fairly common occurrence on
low-volume rural roads, still provides an inconsistency for the driver and must
. be marked The accidents that occur at railroad grade crossings, thongh
infrequent, are generally severe and often result in deaths. The responsibility and
authority for administering rail-highway grade crossings programs varcies from
state to state. For example, in Kansas, the secretary of Tramsportation is
responsible for all grade crossings in the state; the local agencies that have
Jjurisdiction of the roadway on which the crossing exists are respoxnsible for signs
and markings on the approaches. In general, the local jurisdiction is most always
responsible for signing and marking the approaches. The state DOT should be
contacted for details in your siate.

Description of Traffic Control Devices and Uses

There are three types of traffic control devices, which provide the driver
with information about a railroad grade crossing.

The RATLROAD CROSSING (Crossbuck) signs (R15-1, R15-2) (and the
accompatying sign to identify the existence of more than one track) are intended
for use at each approach of the crossing itself The placement and the
maintenance of these signs are the respomsibility of the railroad company.
Missing or damaged crossbucks should be reporied to the rilroad concerned or
to the designated amthority in your state,

A new standard has been added to the MUTCD 2000, as follows:
Standard: MUTCD 2000, Section 8B.01. (condensed).

A strip of retvo reflective white material not less than 50 mm (2 in) in
width shall be used on the back of each blade of each Crossbuck sign for the
length of each blade, at all highway-rail grade crossings, except those where
Crassbuck signs have been installed back-to-back.

A Strip of retroreflective white material, not less than 50 mm (2in) in
width, shall be used on each support at highway-rzil grade crossings for the full
length of the front and back of the support from the Crossbuck sign or Number
of Tracks sign to near ground level.

Two things should be pointed out in regard to the above standard; 1) it is
the responsibility of the railroad involved and 2) it has a 10-year phase in period.
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FIGURE 22: Highway-Rail Grade Crossing (Crossbuck) Signs (MUTCD 2000
Figure 8B-1)
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Highway-Rail Grade Crossing Advance
Warning Signs (W10 Series) MUTCD 2000,
Section 8B.03

RAILROAD ADVANCE Warning Signs (W10-1,
2,3,4)

According to the MUTCD 2000, a
RAILROAD ADVANCE (W10-1) warning sign shall

wns be used on each roadway in advance of every grade
Staraod Sins crossing, with very few exceptions. This sign is the
6% Dizvdetsy responsibility of the local agency that has jurisdiction
Do BHITCD over the approaching roadway.
pags BB

Wit-2 Wics wWig-s
Standard Size Standard Stze Standard Size
30" z30" 30" x30¢ 30" x30¢
See MUTCD 2000 See MUTCD 2000 See MUTCD 2600
Page 5F-2 Page 3F-2 Page 5F.2

Standard: MUTCD 2000, Section 8B.03

A Highway-Rail Grade Crossing Advance Warning (W10-1) Sign shall
be used on eack highway in advance of every highway-rail grade crossing
except in the following circumstances:

A, If the distance between the railroad tracks and the parallel highway,
from the edge of the track to the edge of the roadway, is less than 30 m
(100 ft), the W10-2, W10-3, or W10-4 signs shall be used on the
parailel highway to wam road users making a twn that they will
encounter a highway-rail grade crossing scon after making the turm;
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B. On low-volume, low-speed highway crossing minor spurs eor other
tracks that are infrequently used and are flagged by train crews;

C. In business districts where active highway-rail grade crossing traffic
comntrol devices are in use; and

D. Where physical conditions do not permit even a partially effectiv
display of the sign. :

The W10-2, 3 and 4 signs should be instalied on highways that are parallel
to railroad. The purpose of these signs is to warn a motorist making a twmn thata
railroad crossing is ahead. Where there is 100 feet or more between the railroad
and the parallel highway, a W 10- 1 sign should be installed in advance of the
railroad crossing and the W10-2, 3 or 4 sigas on the parallel highway would not
be necessary (See Figure 23) and MUTCD 2000, page 8B- 4).

STOP and YIELD Signs at Grade Crossings (R1-1. W3-1) (Haudbook
Recommendations. See next page for MUTCD 2000, Sec.8B.07 language on
this subject)

The use of the STOP and YIELD sigas at railroad-highway grade crossings
is allowed under certain conditions (sec next sectiont for conditions); hawever,
three things should be kept in mind:

1 In Kansas, the decision is the responsibility of the Secretary of

Transportation according to state statutes, other states may differ.

2. The decision should be made based on an engineering study.

3. Several research studies have concluded that STOP signs at grade
crossings have limited compliance, should be limited to those grade
crossings selected after need is established by a detailed traffic
engineering study.

Such crossings should have the following general characteristics:

¢ Highway should be secondary in character with low traffic
counts.

» Train traffic should be substantial (at least two-trains per day).
Line of sight to an approaching train is restricted by physicat
features such that approaching traffic is required to reduce
speed to 10 mph (16.09 km/h) or less in order to stop safely.

s At the stop line, there must be sufficient sight distance down
the track to afford ample time for a vehicle to cross the track
before the arrival of the train.

The engineering study may determine other compelling reasens for the need
to install a STOP sign, such as an interim measure until active traffic control
signals can be installed. STOF signs shall not be used on primary threngh
highways or at grade crossings with active traffic control devices.
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STOP or YIELD Signs at Highway-Eail Grade Crossings (MUTCD 20049,
Section 8B.07)

Option: (MUTCD 2000, Section §B.07)

At the discretion of the State law, STOP (R1-1) or YIELD (R1-2) sigus may
be used at highway-rail grade crossings that have two or more traing per day and
are without automaatic traffic control devices.

Support: MUTCD 2000, Section 8B.07)

Two or more trains per day means an average of two or more traius per day
operating over the highway-rail grade crossing for a 12-month period prior to
the installation of the STOP or YIELD coatrol sign.

Option: (MUTCD 2000, Section 8B.07)

For other highway-rail grade crossings with passive warning devices, STOP
or YIELD signs may be used based on an engineering study

Guidance: (MUTCD 2000, Section 8B.07)

The engincering stidy should take into comsideration such factors as
highway and train traffic characteristics (including volwme and speed), collision
history, and the need for active comtrol devices, and sight distance to the
approaching train.

Option: (MUTCD 2000, Section 8B.07)

If a STOP or YIELD sign is installed at a2 highway-rail grade crossing, it
may be installed on the Crossbuck post or on a separate post at a point where the
vehicle is to stop, or as near to that point.as practical.

Standard: (MUTCD 2000, Section 8B.07)

For all highway-rail grade crossings where STOP or YIELD signs are
installed, the placement shall conform to the requirements of Chapter 2B
MUTCD 2000]. Stop Ahead (W3-12) or Yicld Ahead (W3-2a) Advance signs
shall also be installed if the eriteria for their installation given in Section 2C.26
is met See Handbook page 48.
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Examples Of HRIT Signing
(Source; KDOT Maintenance Manual)

Connty Road - |

i . Raflroad Traska »
O 30 0 0 0 0 O 000 O 0 O
E ?

County Boad

FIGURE 23. Advance Stop Warning for Parallel Railroad Grade Crossing (See
Appendix 8 for additional examples)
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Pavement Markings at HRY

Sumrmary

Pavement markings in advance of a grade crossing shall consist of an X, the
letters RR, a no passing marking (2-lane roads), and certain transversc lines.
Identical markings shall be placed in each approach lame on all paved
approaches to grade crossings where grade crossing signals or automatic gates
are located, and at all other grade crossings where the prevailing speed of
highway traffic is 40 mph or greater. When used, a portion of the pavement-
marking symbol should be dircctly opposite the advance warning sign (See
figures 24 and 25). H needed, supplemental pavement marking symbol(s) may
be placed between the advance waming sign and the crossing. Distances to the
advanced warning sign are found in Appendix 5. Check the MUTCD 2000
language that is presented below.

MUTCD 2000 Language

Standard: (MUTCD 2000, Section 8B.16)
- All highway-rail grade crossing markings shall be retroreflectorized white.
All other markings shall be in accordance with Part 3 [MUTCD 2000].

Pavement markings in advance of a highway-rail grade crossing shall
consist of an X, the letters RR, a no-passing markings (two-lane highways), and
certain transverse lines as shown in [Figwres 8B-2 and 8B-3, MUTCD 2000,
pages 8B-13, 8B14]. (Seec Handbeok, next two pages).

Identical markings shall be placed in each approach line on all paved
approaches to highway-rail grade crossings where signals or antomatic gates are
located, and at all other highway-rail grade crossings where the posted or
statutory highway speed is 60 knvh (40 mph) or greater.

Pavement markings shall not be required at highway-rail grade crossings
where the posted or statutory highway speed is less than 60 kin/h (40 mph), or in
urban areas, if an engineering study indicates that other instalied devices provide
suitable waming and control.

Guidance; (MUTCD 2000, Section 8B.16)

When pavement markings arc used, a poriion of the X symbol should be
directly opposite the advance warning sign. The X symbol and leiters should be
elengated to allow for the low angle at which they will be viewed.

Stop Lines
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Guidance: (MUTCD 2000, Section 8B.17)

The stop line should be a transverse line at a right angle to the traveled
way at a point where a vehicle is to stop or to as near to that point as possible.
The stop line should be placed approximately 2.4 m (8 ) from the gate (if
present), but no closer than 4.6 m (15 /) from the nearest rail.

. No Passing Zone Signs (W14-3) - The "No Passing Zonc" sign may be instalied
at crossings to supplement no passing pavement markings. The siga is to be
placed on the left side of the highway at the beginning of the no passing zone.
The no passing zone should be 200 fi (60.96 m) preceding the grade crossing,

Advisory Speed Plate (W13-1) - The advisory speed plate may be used when
sight or geometric conditions require a speed lower than the posted speed limit.
The advisory speed plate should not be erected until the recommended speed has
been determined by an engineering study of the specific crossing. The advisory
speed plate must be mounted on the same assembly and is normally below the
advance warning sign (W-10 series).

Tilumination at Grade Crossings- Handbook Discussion®

At grade crossings where railroad operations are conducted at night,
particularly where train speeds are low, where crossings are blocked for long
pericds, or crash history indicates that motorists experience difficulty in seeing
trains or control devices during the hours of darkness, illumination at and
adjacent to the crossing may be installed to supplement other tw=ffic control
devices where an engineering analysis determines that better visibility of the
train is needed. Repardless of the presence of other control devices, illumination
will aid the motorist in observing the presence of railroad cars on a crossing
where the gradient of the vehicular approaches is such that the headlights of an
oncoming vehicle shine under or over the cars.

Recommended types and locations of luminaries for grade crossing
illumination are contained in the American National Standard Practice for
Roadway Lighting, RP8*. In any event, luminaries shall be so located and light
there from se directed to adequately illuminate the side of the train but care must
be taken as to not interfere with aspects of the railroad signal system and not
interfere with the field of view of members of the locomotive crew. An
engineering study should determine the proper placement. (See also, MUTCD
2000, page 8C-1, section 8C.01)
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*Available from the Muminating Enginecring Society, New York, N.Y, 16017
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FIGURE 24, Example Placement of Warning Sigas and Pavement Markings at
Railread-Highway Grade Crossings [Source: MUTCD 2000, Figurs 8B-2, page
8B-13] (See mnext page for alternative (narrow) pavement markings)
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Low Ground Cilearance Highway-Rail Grade Crossing Sign (W10-5)

Guidance: (MUTCD 2000, Section 8B.14)

If the highway piofile conditions are
sufficiently abrupt to create a hang- up situation for
long wheelbase vehicles or for trailers with low gieund
clearance, the Low Ground Clearance Highway-Rail
Grade Crossing (W10-5) sign shounld be installed in
advance of the highway-rail grade crossing,

wils

Standard: (MUTCD 2000, Section 8B.14)

New warning signs such as this that might not be readily recognizable
by the public shall be accompanied by an educational plaque, LOW GROUND
CLEARANCE which is to remain in place for at least 3 years after its initial
installation (see Chapter ZA).

Guidance: (MUTCD 2000, Section 8B.14)

Auxiliary signs such as AHEAD, NEXT CROSSING, or USE NEXT
CROSSING (with appropriate arrows) should be placed at the nearest
intersecting highway where a vehicle can detour or at a point on the highway
wide enough to permit a2 U-turn.

If engineering judgment of roadway geometric and operating
conditions comfirms that vehicle speeds across the railroad tracks should be
below the posted speed limit, a W13-1 advisory speed plaque should be posted.

Option: (MUTCD 2000, Section 8B.14)

K the highway-rail grade crossing is rough, word message signs such as
BUMP, DIP, or ROUGH CROSSING may be installed. A W13-1 advisory
speed plague may be installed below the word message siga in advance of rough
crossings.

Support: (MUTCD 2000, Section 8B.14)

Information on railroad ground clearance requirements is also available
in the “American Railway Engineering and Maintenance-cf-Way Asscciation’s
Engineering Manual”, or the American Association of State Highway and
Transportation Officials’ “Policy on Geometric Design of highways and Streets™
(see Section 1A.11)
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CHAPTER 4

NARROW BRIDGES, CULVERTS AND ROADSIDE

OBSTACLES

General:

Bridges and culverts that are narrower than the approach roadway and
narrow toadways with obstacles adjacent to the shoulder violate the driver's
expectancy and are, therefore, considered to be inconmsisteucies. As such,
positive guidance should be provided so that the driver has sufficient
information to safely negetiate the nammow bridge, culvert or adjacent obstacle.
This section covers several different, but related, problems - narrow bridges and
culverts, ene-lane bridges and culverts, and readside obstacles.

Description of Traffic Cantrol Devices and Uses

WS-2a

Standard Siz2

3" g 2

See MUTCD 2000
Poga 2C-17

NARROW BRIDGE Sign (W5-2) (W5-2a) (MUTCD
2000, Section 2C.14 and 5C.05)

Guidance:

A NARROW BRIDGE (W5-2) sign should ke
used in advance of any bridge or culvert having a
two-way readway clearance width of 4.9 to 5.5 m (16
to. 18 ft), or any bridge or culvert having a roadway
clearance less than the width of the approach travel
lanes.

Additional emphasis should be provided by the
use of object markers, delineators, and/or paverment
markings.

Option:

A NARROW BRIDGE sign may be used in
advance of a bridge or culvert en which the approach
shoulders are narrowed or eliminated.

The Narrow Bridge (W5-23) symbol sign may be
used as an alternate to the word message NARROW
BRIDGE sign.

EXAMPLES: Figure 27, 28; pp. 79, 80
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Standard Siz=

%ll ;%1'
Minimm Stz

30" x30*

See MUTCD 2000
Page 5C-3

Standard Size

35" x 35"

See MUTCD 2000
Page 2C-19

ONE-LANE BRIDGE Sign (W3-3)

Guidance: (MUTCD 2000, Sectior 2C.15)

A ONE LANE BRIDGE (W35-3) sigan should be
used on two-way roadways in advance of any bridge or
culvert:

A. Having a clear readway width of less than 4.9 m (16
fi), or .

B. Having a clear roadway width of less than 5.5 m (18
fi) when commercial vehicles constitute a high
propottion of the traffic, or

C. Having a clear roadway width of 5.5 m (18 fi) or
less, where the sight distance is limited on the approach
to the structure.

Additional emphasis should be provided by the use
of object markers, delineators, and/or pavement
markings.

EXAMPLES: Figure 27, 28; pp. 79, 80

PAVEMENT ENDS Sign (W8-3)

Guidance: (MUTCD 2000, Section 2C.23)

A PAVEMENT ENDS (W8-3) word message sign
should be used where a paved surface changes to either
a gravel treated surface or an earth road surface.

Option: (MUTCD 2000, Section 2C.23)

An Advisory Speed plague (see Section 2C.42)
may be used when the change in roadway condition
requires a reduced speed.
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ROAD NARROWS Siga (W5-1)

Guidance: (MUTCD 2000, Section 2C.13)

A ROAD NARROWS (W5-1) sign should be
used in advance of a trausition on two-lane roads where
the pavement width is reduced abruptly to a width such
that vehicles might not be able to pass without
reducing speed. '

¥iZ1 Opticn: (MUTCD 2000, Section 2C.13)
sﬁ‘ffxﬂg’;‘f% Additional emphasis may be provided by the use of
Sae MUTCD 2000 object markers and delineators (see Chapters 3C and
Page 2017 3D). The Advisory Speed (W13-1) plague (see Section
2C.42) may be used to indicate the recommended
speed.
Fandbook Discussion

Since the driver's expectancy changes with the physical characteristics of
the roadway, the degree of positive guidance required also changes. The
following guidelines are intended for use at or near a nariaw of one-lane bridge
or culvert. These guidelines are divided according to the type of road on which
they are to be used. Engincering judgment shonld be used.

LVR Type A: (See Figures 26 through 30)
L. A NARROW BRIDGE sign or a ONE-LANE BRIDGE sign shouid
be used an each approach.
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2. Type 3 object markers (see Figures 27 and 28) shall be used on each
approach. : '

The approaches to the structures should be tapered (see page 140
Appendix 1)

Guardrail may be used.

Delineators may be nsed.

Pavement markings may be used.

“

o

LVR Type B and LYR Type C:

i A NARROW BRIDGE sign or a ONE-LANE BRIDGE sign
may be used.

2. Type 3 object inarkers shalf be used on each approach, UNLESS
the approaches to the structure aze tapered such that the structure
ts no louger narrower than the roadway (sec page 140 and
Appendix 1). I tapering is used, Type 3 object markers may be
used to warn of additional objects (¢.g. concrete bridge rails)*.

In addition fo the sigas, which designate narmow bridges or culverts, or one-
lane bridges or culverts, the existence of the structures and/cr adjacent obstacles
can be shown through the use of object markers (see Figures 26 - 30) or other
measis of positive guidance. Since it is generally believed that the driver gets the
most information from the physical characteristics of a roadway, there is a
greater potential for providing the driver with positive guidance by modifying
the physical characteristics to lead the driver safely throngh the area. This is the
principle involved in the practice of tapering the approach of a roadway so that it
gradually nammows to the width of the strocture (See Appendix 1).
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OBJECT MARKERS (from MUTCD, page 3C-1)

Object Marker Design and Placement Height Support (MUTCD, Section
3C.01)

Object markers are used t0 mark obstructions within or adjacent to the
roadway.

Standard: (MUTCD 2000, Section 3C.01)

Whern used, object markers shall consist of an arrangement of one or more
of the following types:

Type 1—either a marker consisting of nine yellow retrorefiectors, each with a
mininwm diameter of 75 mm (3 in), mounted symmetrically on a yellow or
black diamond pane! 450 mm (18 in) or more on a side; or on an all-yellow
retroreflective diamond panel of the same size.

Type 2—either a marker consisting of three yellow retroreflectors, each with a
minimum diameter of 75 mm (3 in), arranged either horizontzlly or vertically on
a white panel; or on an all-yellow retroreflective panel, measuring at least 150 x
300 mm (6 x 12 in).

Type 3—a striped marker, 300 x 900 mam (12 x 36 in), consisting of a vertical
rectangle with alternating black and retroreflective yellow stripes sloping
downward at an angle of 43 degrees toward the side of the obstruction on which
tzaffic is to pass. The minimnm width of the yellow stripe shall be 75 mm (3 in).

Piacement

Guidance: (MUTCD 2000, Section 3C.01)

When used for marking objects in the roadway or objects that are 2.4 mi (8
) or less from the shoulder or curb, the mounting height to the bottom of the
object marker should be at least 1.2 m (4 fi) above the surface of the ncarest
traffic lane.

When used to mark objects more than 2.4 m (8 &) from the shoulder or
curb, the mounting height to the bottom of the object marker should be at least
1.2 m (4 &) above the ground.

Option: (MUTCD 2000, Section 3C.01)



When object markers or markings arc applied to an object that by its nature
requires & lower or higher mounting, the vertical mounting height may vary
according to need.

Markings for Objects in the Roadway MUTCD 2000, Section 3C.02)

Standard: (MUTCD 2000, Section 3C.02)

Obstructions within the roadway shall be marked with a Type 1 or Type 3
object marker. In addition to markers on the face of the obstruction, warning of
approach to the obstruction shall be given by appropriate pavement markings
(sce Scction 3B.10).

Option: (MUTCD 2000, Section 3C.02)

To provide additional emphasis, large surfaces such as bridge piets niay be
painted with diagona! stripes, 300 mm (12 in) or greater in width, similar in
design to the Type 3 object marker.

Standard: (MUTCD 2000, Section 3C.02)

The alternating black and retroreflective yellow stripes (GM-3L, OM-3R)
shall be sloped down at an angle of 45 degrees toward the side on which traffic
is to pass the obstruction. If traffic can pass to either side of the obstruction, the
alternating black aad retroreffective yellow stripes (OM-3C) shall form chevrons
that peint upwards.

Option: (MUTCD 2000, Section 3C.02)

Appropriate sigas {(see MUTCD 2000, Sections, 2B.28 and 2C.18, MUTCD
2000) directing traffic to one or both sides of the obstruction may be used
instead of the object marker.

Markings for Qbjects Adiacent to the Roadwav

Support; (MUTCD 2000, Section 3C.03)

~ Objects not actually in the roadway may be so close to the edge of the road
that they need a marker. These include underpass piers, bridge abutments,
handrails and culvert headwalls. In other cases there may nmot be a physical
object involved, but other roadside comditions such as narrow shoulder
drop-ofis, gores, small islands and abrupt changes in thc roadway alignment
may make it undesirable for a driver to leave the roadway and therefore would
create a need for a marker. Note: Type 2 or 3 may be used for such purpose.

End of Roadwavy Markers:

Support; (MUTCD 2000, Section 3C.04)



The end-of-roadway marker is used to wara and alert road users of the end
of a roadway in other than constriction or maintenance areas.

Standard; (MUTCD 2000, Section 3C.04)

The end-of-roadway marker shall be one of the following: a marker
comsisting of ming red retroreflectors, each with a minimum diameter of 75 mm
(3 in), mounted symmetrically on a red or black diamond panel 450 mm (18 in)
or more on a side; or on a retroreflective red diamond panel 450 mm (18 in) or
more on a side.

Option: (MUTCD 2000, Section 3C.04)

The end-of-roadway marker may be used in instances where there are no
alternate vehicular paths,

. Where conditions warrant, more than one marker, or a larger marker with or
withont a Type III barricade (see Section 3F.01), may be used at the end of the
roadway.

Standard: (MUTCD 2000, Section 3C.04)

The minimum mounting height of an end-of-the-roadway marker shall be
12 m (4 &).

Guidance: (MUTCD 2000, Section 3C.04)

Appropriate advance warning sigas (see MUTCD 2000, Chapter 2C) should
be used. ‘

See Figure 26 on the next page for Typical Object Markers and Typical End of
Road Markers.
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FIGURE 26. Example Type [, Type 2 and Type 3 Object Markers (From
MUTCD 2000, page 3C-2)
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hitting the markers. (See Figure 4-2 for Alternate A for use of Type 3 Object
Markers on all four comers.)

YR 3 ORIELTE _
T vhe 2 QRIRGY
- MAREER Mingn ¢
RUSSUARD &F
BEIDGE GROWLVERT | 3’§
"’"‘"\. ﬁ“ }R
TRAVELED WY il AV WAY %‘ Nf.{ ﬂ
. -2 +1 L N . SO
H 4 — SCE———— O )
& ¢ "
#
TYTZ 2 DRIELT SRR 4 IIRIROT
, MARERE MAKEER
84
"5:‘ 2{3&% & Tﬁ? SRR w«««w-g-
anrg; bt . H¥ ?5?3?@35? § g
mymm‘? : 5 4 F
" g"“m TRAVELED WAL l
_?..-,«._;;.w ity "g: o, ;Twwmg . el - . ’:3'55 -
Aswovusen sz . suovtoEn vl .
TRAVELED ; i
WAY

CRITOT WARKER POTT IO &
BE PLACED AUAIHTY SABE
PERDE PORT

FIGURE 29. Example Mounting of Object Marker

Marking Narrow Structures-Handbook
Discussion

For certain narrow structures that méy be used by equipment wider than
the structure, the mounting height of the object markers may be adjusted to a
lower height according to need, based on engineering judgment.

If the mounting height of the object markers is lower than normal
height, the maintenance of the object markers may require the removal of



vegetation, debris or other obstruction to maintain good visibility of the object
market.

The local authority installing the traffic control devices shonld retain
permanent documentation of the locations and justification for erccting lower
object markers.
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WEIGHT LIVITT SIGNS (R12-1 to R12-5)
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Due to seasonal weakening of the road surface, obsolescenice of bridges or
pavements, or other impairment of roadways, it is often necessary to limit the
load permitted on a roadway.



Standard; (MUTCD 2000, Section 2B.43)

If used, the Weight Limit sign shall be located in advance of the applicable
section of highway or structure.

Guidance: (MUCTTD 2000, Section 2B.43)

If used, the weight limit sign with an advisory distance ahead legend shoutd
be placed at approach road intersections or other points where prohibited
vehicles can detour or turn around.

Option: (MUTCD 2000, Section 2B.43)

The Weight Limit sign (R12-1) carrying the legend WEIGHT LIMIT (X)
TONS, may be used to indicate restzrictions periaining to total vehicle weight
restrictions including load. '

Where the restriction applies to axle weight rather than gross load, the
legend may be AXLE WEIGHT LIMIT (X) TONS (R12-2).

To restrict trucks of certain sizes by relerence to empty weight in residential
districts, the legend may be NO TRUCKS OVER (XX) TONS (or XX Kg)
EMPTY WEIGHT (R12-3).

In areas where multiple regulations of the type described above are
applicable, a sign combining the necessary messages on a single panel may be
used, such as WEIGHT LIMIT (X) TONS PER AXLE, (XX) TONS GROSS
(R12-4).

Posting of specific load limits may be accomplished by use of the Weight
Limit symbol sign (R12-5). A sign confaining the legend WEIGHT LIMIT on
the top two lines, and showing three different truck symbels And their
respective weight limits for which restrictions apply may be used, with the
weight limits shown to the right of each symbol as (XX) T. A bottom line of
legend stating GROSS WT may be included if needed for enforcement purposes.



Low water stream crossings, (LWSC’s or fords), are rarely encounntered by
the driver; therefore, they can be considered inconsistencies and should be well
marked. Engineering judgment should be used. Some states may have state-
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specific laws or policies that relatc to low-water
crossings. Your state DOT should be consulted.

These signs are not specifically shown in MUTCD
2000. However, when used they shall conform to criteria
in sections 2C.02 and 2C.03 of MUTCD 2000, which
covers the application and design of warning signs.

The FLOOD AREA AHEAD sigan shall consist of
black letiers and border on 2 yellow background. It shall
conform to MUTCD 2000 standards for warning signs as
covered in MUTCD 2000, Sections 2C.02 and 2C.03,
MUTCD 2000.

The IMPASSABLE DURING HIGH WATER sign
shall consist of black letters and borders on a yellow
background It shall conform to MUTCD standards for
warning signs. (MUTCD 2000, Sections 2C.02 and
2C.03)

The DO NOT ENTER WHEN FLOODED sign shall
comsist of black letters and border on a white background.
It shall conforin to MUTCD standards for regnlatory
signs. (MUTCD 2000, Sections 2B.01, 2B.02 and 2B.03)

cuw waircR STREAM CROSSINGS



Since it is a regulatory sign it requires a resolution or ordinzuce to be passed
before it is installed.

A supplemental DISTANCE ADVISORY plate should be used if the location of
an LWSC is not apparent from a point in advance of the crossing at least as
great as the distances shows in MUTCD 2000, Table 2C4. The plate would
normally display the legend "XX FEET” based on engineering judgment, and
would be placed directly beneath and on the same post as the FLOOD AREA
AHEAD sign (See Figure 32). The plate shall consist of black letters and border
on a yellow background. It shall not be used alone.

An ADVISORY SPEED platc may be used if an
engingering study or engineering judgment determines
that the maximum recommended speed at an LWSC is
less than the usnal operating speed. If used, the plate
shall be placed directly beneath and on the same post as
the FLOOD AREA AHEAD sign unless a supplemental
DISTANCE ADVISORY plate is wvsed ie., the two
plates should not be used together (See Figure 32).

Fandbook Discussion

Experience reporied by persons having responsibility for road systems
including LWSCs indicates some concerin with liability problems growing out of
their use (Carstens and Woo, 1981). However, a majority of officials having this
experience report that they are satisfied with LWSCs and the road users seem to
accept them.

This experience suggests that a risk analysis generally will show that the
potential for crashes and liability will be reduced, rather than increased, when a
LWSC is substituted for a bridge that is structurally deficient or functionally
obsolete. An engineering study or engineering judgment should be used to



determine that adequate waming of the prescnce of a LWSC be given to
minimize the risk of crashes.

One of the conclusions from the resgarch is that the risk of crashes and
liability would be further reduced if motorists were discouraged from crossing a
LWSC while it is flooded (Carstens and Woo, 1981). The findings from an
evaluation of alternative signing patterns support this conclusion by suggesting
the usc of a regulatory sign with the message DO NOT ENTER WHEN
FLOODED. The intent of this sign is to prohibit passage across the LWSC if the
roadway is covered with water.

At LWSCs, debris or mud may remain on the roadway after floodwaters
have receded and erosion of the roadway may have occurred. Thus, it is
important that road segments with LWSCs be checked following heavy rains so
that any required maintenance may be performed promptly or that the road can
be closed if necessary.

On LVR Type A and LVR Type B roads, the three signs FLOOD AREA
AHEAD, TMPASSABLE DURING HIGH WATER and DO NOT ENTER
WHEN FLOODED, should be used (see Figure 32).

On LVR Type C roads, the FLOOD AREA AHEAD sign should be used.
The IMPASSABLE DURING HIGH WATER and/or DO NOT ENTER WHEN
FLOODED sigas miay be used in addition.

For LVR Type A, LVR Type B, and LVR Type C roads, if only one sign is
used, it should be the FLOOD AREA AHEAD sign. If ;morc than one siga is
used, the first sign should be the FLOOD AREA AHEAD sign.

The placement of the sign(s) may vary depending on the usual operating
speed and the terrain. It is important not to overload the driver too rmuch
information or too many tasks to perform, such as a steep grade to negotiate
with the FLOOD AREA AHEAD sign on the steep grade. In a case such as this
it is best to warm of the sicep grade and also warmn of the LWSC before the grade.
Distances longer or shorter than those shown in Figure 32 may be used if an
engineering study or engineering judgment so indicates.

Reference
1. R L. Carstens and R. Yun-Hao Woo, Liability and Traffic Control

Considerations for Low Water Stream Crossings (Ames, Iowa: Engineering
Research Institite, Towa State University, April 1981).
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CHAPTERS
SIGN INSTALLATION AND SIGN SUPPORT SYSTEMS

Imtroduction

Most of the material on the sign installation in this chapter is repreduced
with minor editing, from the USDOT, FHWA, Maintenance of Small Traffic
Signs; A guide for Street and Highway Maintenance Personnel, FHWA-RT-20-
002, Washington, DC, 1990

General Location Guidelines

All locations for signs should be carefully checked before installing the sign
to assure that there is no sight obstruction between the sign's location and the
motorist's point of observation.

Some of the common problem placements to be avoided are:

s Beycnd the crest of a hill;

e  Where there are dips in the roadway;

e  Where a siga could be obscured by pazked cars; Where a sign wonld
create an obstruction for pedestrians, joggers, or bicyclists;

s  Where a sign would interfere with the driver's visibility of hazardous

" locations or objects;

e Where sign visibility would be impaired due to existing overhead
lumination;

e Where signs are vulnerable to roadside splatter, or to being covered
with snow by plowing operations;

e Where sigas are too close to trees or other foliage that could cover the
sign face, or could grow and cover the sign face. Remember, it doesn't
take long or cost much to cut brush out of the way.

If a roadway design does not permit adequate placement of the required

sigas, then it may be worthwhile to consider a revision in the geometric design
of the roadway. A bad geometric design cannot be corrected by signing,

The tongitudinal location of signs along the highway depends on the type of
sign used, the nature of the message, and the desired motorist response.

As a general rule of thumb,

Warning signs are normally placed in advance of the condition to which
they call attention. Regulatory signs are placed where their mandate or
prohibition applies or begins.

Guide signs are placed at varying locations to inforin drivers of their route



of travel, destinations, and peints of interest.

Although signs with different purposes should not be located closer
together than 61 meters (200 feet) if it can be avoided, signs at intersections and
in nrban areas cannot always meet the reguirements,

Signs should be placed so as to be compatible with other signs in the area
and with other roadway features in the area. For example, speed limit sigas
should not be placed just before an intersection, school zones, or a problem
curve, which is posted with a lower speed. Before placing warning signs, Table
2C-4 in MUTCD 2000 - "A Guide for Advance Warmning Sign Placement
Distance” should be vsed to determine minimum warmning sign placement
distances. (Handbook Table 12)

- Latera! Clearance for roadside sigas is the distance from the edge of the
roadway (edge of pavement) to the nearest edge of the sign.

All signs, regardiess of size, constitnte a potential hazard for the motorist.
Therefore, signs are normally located as far from the roadway as practical

The MUTCD 2000 states "nornally, signs should not be closer than 1.8
meters (6 feet) from the edge of the shoulder or, if no shoulder, 3.6 meters (12
Jeety from the edge of the traveled way". Qn most local roads and streets,
particnlarly in rural areas, these distances are umrealistic, impractical
and/or undesirable. On rural, low-volnme roads with no shoulder and
narrow right-of-way, these distances would put signs in the hushes or weads
and not meet the "prime directive” of having signs easily seen by drivers,
"visibility of ntmost importance,

As a general rule, the following guidelines should be followed:

* (et as close as possible to the 1.8 meter (6 feet) distance from the edge
of shoulder.

e All signs should be at least 0.6 meters (2 feet) outside the shoulder or,
if none, 0.6 mcters (2 feet) outside the traveled way. Otherwise, trucks
cor other large vehicles using the shoulder may hit the siga.

s Signs should be located at least 0.6 meiers (2 feet) behind the curh
when curb sections are used. This will help insure the trucks and other
large vehicles pulling up next to the curb will not hit the sign.

o Inurban areas, 0.3 meters (1 foot) behind the curh is permissible where
sidewalk width is limited or where existing polss are close to the curb,



Fundamentals of Sign Loecation

It is of the greatest importance that the placement of a traffic sign ensures that:
1. Ttcanbe casily scen by a driver and will command respect.
2. Tt is properly positioned to convey the proper meaning with respect to
the situation.

MUTCD sets guidelinies on sign placement. However, these are meant to be
used with engineering judgment. Sign positioning, as defined in the mamual is
associated with an assumed set of conditions pertraying & typical situation.

Since no two roadways are exactly alike, it follows that these basic
standards arc intended onty as a guide. The guidelines provided in the MUTCD
should be tempered by the existing conditions to assnre that the sign will be seen
by the drivers, ard that the drivers will have adequate response time.

Jurisdictions with responsibility for traffic control should have qualified
traffic engincering cxpertise on their staff or should seek assistance from their
state Department of Transporiation, county, nearby large city, traffic consultant
or Local Technica! Assistance Program (Techniology Transfer Center). -
Installing New Post and Sign
The proper steps in installing a new post and sign in a rural setting are;

s Use a cap to protect the driver—-these caps arc available in a variety of
sizes and shapes for the various sizes and shapes of the posts,

« Measure and mark the post 1.5 meters (5 fect) from the bottom of the
sign. Then drive the post to that mark. Bolt the sign to the post.

» For a wooden post, atiach the sign first, then measure and mark 1.5
meters (5 fect) from the bottom of the sign.

+  Measure the remaining length of the post, and dig a hole that decp. Tt is
important to tamp soil in around the pole for stability.



SAFE SIGN SUPPORT SYSTEMS

Vood Post

Wood posts ate the most common sign support. Posts of the proper size and
installation will break off when kit by a vehicle. They should be southern yellow
pine, grade 2 or equivalent, and pressure treated.

Small supports. Cross section is 10,000 sq. mm (16 sq. inches). Posts should be
buried in firm ground to a minimum recommended depth of S0cm (3 feet). You
may need to bury the post deeper to reduce vandalism Do niot encase post in
concrete. One or two posts* may be used. (*One post at each end of sign; not a
single post made of two rails bolted together.)

Large supports should be drilled. A 150mm x 200mm (6" x 8") wood post can
be used if the cross section is weakened by drilling two 75mm (3-inch) holes
dritled perpendicular to roadway. A 100mm x 100mm (4" x 4") is the largest un-
drilled wood post recommended to act as a breakaway support.

Sign paunels. Sign panels should be bolted to the post with oversized washers.
This will prevent the panel from separating from the post on impact and then
penetrating a windshield. Set the bottom of the sign panel a minimum 1.5 meters
(5 feet) above the roadway. This will limit the chance of the sign and post
rotating and hitting the car’s windshicld,

Perforated Sguare Steel Tube (PSST)

Another signpost is the perforated square steel tube design. It is used in many
localities.

Post support. Posts can be driven into the ground. Do not place concrete around
the post. A broken or damaged post is easier to remove if it is not driven or set
into the ground more than 0.9 meters (3 feet).

Breakaway devices. Slecve assemblies like the one shown in the lower drawing
will increase the safety of a sign when it is hit and make it easier to repair. After
the sign has been hit, the broken stub of the post can be removed from the base
steeve and a new signpost put back in place.

Maximum post size (to be considered breakaway)
Max. Sign size Post Size




750mm x 750mm 57mm X 57mm x 2.67mm
(30" x 30") (225"x225"x0.165")



Sign panels. Attach the sign panels tightly to the post and use oversized washers
to keep the sign from breaking looss from the post when a vehicle hits it Siga
pauels should be mounted a minimum of 1.5 or 2.1 meters (5 f or 7 f) above
the roadway, as appropriate for rural or urban, respectively.

There are many other products available commercially for sign supports.
Use depends on local requircments and costs. Below are four of the most
common types of small sign supports.
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FIGURE 33. Example Wood Post

U-Channel Stee! Post

The U-chanael rolled steel post is the second most commion small sign
support. It is considered breakaway since it will bend, break or pull out of the
ground when it is hit.



Post support. The post should be driven into the ground and not eucased in
concrete. In order to more easily extract damaged posts, drive the posts no
deeper than 1.1m (3.5 £.)
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FIGURE 34. Example Perforated Square Steel Tube Design

Breakaway devices. Commercial splices can be purchased to install at ground
level (see figure 35, lower drawing). They allow the post to break off on impact.
These devices improve safety when the post is hit, will make repair easier, and
will make it possible to use a U-channel post when it has to be placed in a
concrete area,

An alternate installation is to set a stub post in concrete with a 100mm
(4-inch) length available to bolt to the sign post as a base conmnection.

Sign panels. Sign panels should be securely bolted to the post with oversized
washers. This will prevent the panel from separating from the post on impact
and then penetrating a windshield. Set the bottom of the sign panel a minimim



of 1.5 or 2.1 meters (5 or 7 feet) above the roadway, as appropriate for rural or
urban, respectively. This limits the chance of the sign hitting a car's windshield.
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FIGURE 35. Example U channel
Steel Pipe Post

Steel pipe posts are used less frequently than wood or U-channel posts, but

are ofien used in cities to support small signs. Standard steel pipe, schedule 40,
galvanized, should be used.

Post support. Steel pipe posts can be driven directly into the ground to a depth of
at least 1.1 meter (3.5 feet). A steel plate (earth plate) measuring 102mm x



305mm x 6.4mm (4" x 12" x 0.25") should be welded or bolted to the pipe (see
fignre 36) to keep the sign from rotating in the wind and to help in driving the
post.

Breakaway devices. A collar assembly (see example in the lower drawing) is
recommended if the siga is likely to be hit. A collar asscmbly consists of a
concrete footing (usually 0.76z (2.5 deep x 0.3m (1') diameter), a 0.6m (2foot)
pipe base (usually one pipe size larger than the post), and a pipe reduction collar,
When the pipe post is hit, the post usually shears off just above the collar. This
speeds repair and replacement by installing 2 new collar. Often the pipe post can
be rewsed.

Sign panels. Sign panels should be securely attached to the pipe post ssing pipe
clamps. This prevents the sign panel from rotating or slipping loose from the
post if it is hit Tight fasteners will limit the danger of a sign penetrating a
windshield when a vehicle hits. Sign panels should be mounted a minimum of
2.1 meters (7 feet) abave the roadway.
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FIGURE 36: Example of steel pipe

Reference
USDOT, FHW A, Maintenance of Small Traffic Signs; A guide for Street and
Highway Maintenance Personnel, FHWA-RT-90-002, Washington, DC, 1990



CHAPTER 6
TEMPORARY TRAFFIC CONTROL

- CONSTRUCTION AND MAINTENANCE

General:

The special condition of construction and/or maintenance zones canses an
incensistency for the driver and therefore, some type of advance notice shoutd
be provided.

As stated in MUTCD 2000

Standard: (MUTCD 2000, Section 6B.01)

The control of road users through a temparary traffic control zone shall be
an essential part of highway construction, utility work maintenance operations,
and incident management.

Handbook Discussion:

For minor construction on low-volume rural roads, the simple notice may
be adequate —e.g., one sign on cither side of the work zone, as long as it lets the
driver know what to expect. Engineering judgment should be used. If there is
any doubt regarding the adequacy of the temporary traffic cantrol, local agencies
should seek assistance from the State, a County or consultant knowledgeable
(for example, trained and/or certified) in proper, temperary traffic control
practices). In all cases, applicable sections of the MUTCD 2000,particularly
Pait 6 or Part 5, should be followed.

The MUTCD 2000 gives a thorongh guide for the use of traffic contral
devices at construction and maintenance zomes. The current term for these
devices is, “Temporary Traffic Control” and it is Part 6 of MUTCD 2000. For
mainitenance and miner construction on LVR, there may mot be a need for the
sequence of construction approach warning sigus prescribed for major
operations. Engineering judgment must be used in all cases.

LVR Temparary Traffic Control

. As stated in MUTCD 2000, Part 5, Traffic Contro! Devices for Law-
Volume Roads (TCD/LVR) (defined by MUTCD 2000 as roads with AADT
400 vehicles or less).

Opticu: (MUTCD 2000, Section 5G.02)



Maintenance activities may not reguire extensive temporary traffic control
if the traffic volumes and speeds are low. The traffic operations shown in
[MUTCD 2000] Figures 6H-1, 6H-11, 6H-13, 6H-15 and 6F-16 of Part 6 are
among those that may be most applicable on low-volume roads. Also MUTCD
2000, Chapter 5, TCD/LVR has some key guidance that should be considered:

Guidance: (MUTCD 2000, Section 5G.02)

The safety of road users, including pedestrians and bicyclists, as well as
personne! in work zones, should be an integral and high priority clement of
every project in the planning, design, maintenance, and constraction phases. Part
6 should be reviewed for additional criteria, specific details, and more complex
‘temporary traffic control zone requirements. The following principles should be
applied to temporary traffic conirol zones:

A. Traffic movement shonld be disrupted as little as possible.

B. Road users should be guided in a clear and positive manner while
approaching and within construction, maintenance, aad wility work
areas.

Routine inspection and maintenance of traffic control elements shoutd
be performed both day and might.

D. Both the contzacting agency and the contractor should assign at least
onc person on each project to have day-to-day responsibility for
assuring that the traffic control elements are operating effectively and
any needed opcrational changes are brought to the atiention of their
SUPETVISOTS.

Traffic coutrol in temporary traffic control zones should be designed on the
assnmption that road users will only reduce their speeds if they clearly perceive
a need to do so, and then only in small increments of speed. Temporary traffic
control zones should not present a surprise to the road user. Frequent and/or
abrupt changes in geometrics and other features should be avoided. Transitions
should be well delineated and long enongh to accommodate driving conditions
at the speeds vehicles are realistically expected to travel.

A Traffic Control Plan (see Section 6C.01) should be used for a temporary
traffic contrel zone on a low-volume road to specify particular traffic control
devices and features, or to reference typical drawings such as those contained in
Part 6.

Support: MUTCD 2000, Section 5G.02)
Applications of speed reduction conntermeasures and enforcement can be
effective in reducing traffic speeds in temporary traffic control zones.

Handbook Discussion




The altermnatives presented here should provide sufficient puidance for the
case of mzintenance or minor construction on low-volume roads, In some cases,
to speed up construction, it may be betier to close the road to through traffic
during maintenance or coustruction. (See MUTCD 2000, Figure 6H-13, page
6H-31)

For more extensive construction or maintenance, follow the guidelines as
set for by MUTCD 2000, Part 6. It should be noted that such coustruction and
maintenance, regardiess of whether it is being done by public or private
agencics, if it is being donc on a public roadway, the guidelines should be
followed.

ROAD (STREET) CLOSED Sign (R11-2)

ROAD
CLOSED

Rii2
48" x 30"
See MUTCZO 2000
Page 5B-2
The ROAD {(STREET) CLOSED sign shall have a standard, and minimumm,
size of 48" x 30" (1200 x 750 mm).

The ROAD (STREET) CLOSED sigu should be used when the roadway is
closed to all road users except contractors’ equipment or officially authorized
vehicles. The R11-2 sign should be accompanied by apprepriate waming and
detour signing.

Guidance: (MUTCD 2000, Section 6F.08)

The ROAD (STREET) CLOSED siga should be installed at or near the
center of the roadway on or above a Type I barricade that closes the roadway
(See [MUTCD 2000} Section 6F.60).

Standard: (MUTCD 2000, Section 6F.08)

The ROAD (STREET) CLOSED sign shall not be used where road user .
flow is maintained or where the actual closure is some distance beyond the sign.



Lecal Trafiic Only Signs (R11-3a, R114)
Guidance: (MUTCD 2000, Section 6F.09)

The local Traffic Only Signs should be used where road user flow detours
to avoid a closure some distance beyond the sign, but where the local road users
can use the roadway to the point of closure. These sigas should be accompanied
by appropriatc warning and detour signing.

In nmal applications, the Local Traffic Only sign should have the legend
ROAD CLOSED XX KM (MILES) AHEAD LOCAL TRAFFIC ONLY(RI11-
3a).

Cption: (MUTCD 2000, Section 6F.G%)

In wban areas, the legend ROAD (STREET) CLOSED TO THRU
TRAFFIC (R11-4) or ROAD CLOSED, LOCAL TRAFFIC ONLY may be
used. Where the sign faces through traffic, it shall be preceded by au advance
RCAD CLOSED warning siga (MUTCD sec. 6B-17) with the secondary legend
AHEAD and, if applicable, an Advance DETOUR warning sign (MUTCD sec.
6B-16).

Position of Advance Warming Signs

Guidance: (MUTCD 2000 Section 6F.16)

Where the highway conditions permit, warning signs should be placed in
advarnice of the temporary traffic control zone at varying distances depending on
roadway type, condition and posted speed. Handbook Table 7 (MUTCD 20060,
Table 6C-1) contains information regarding the spacing of advance warning
signs. Where a series of two or more advance warning sigus is used, the closest
sign to the temporary traffic control zone should be placed approximately 30 m
(100 fi) for low-speed urban streets to 300 m (1000 ft) or more for expressways
and freeways.



ROAD CLOSED

ROAD CLOSED

10 MIILES AHEAD TO

LODAL TRAFFIC DNLY THRU TRAFFIC
Fii==& Fii-d
&0° »30% 60" x 36"
Sea MUTCD 2000 Sez MUTCD 2640
Page 2B.55 FPage 2B-58

Advance Warning Area (MUTCD 2600, Section 6C.04)

Guidance (parttial):

On the urban streets, the effcctive placement of the first wamning sign in
the feet should range from 4 times the speed limit to 8 times the speed limit in
MPH, with the high end of the range being used when speeds are relatively high.

Since rural highways are normally characterized by higher speeds, the
effective placement of the first warning sign in feet should be substantially
longer — from 8 to 12 times the speed limit in MPH. Since two or more advance
warning sigas are normally used for these conditions, the advanice warning area

should extend 1500 ft or more for open highway conditions -

TABLE 7. Suggested Advance Warning Sign
Source: MUTCD 2000, Table 6C-1

 Gistarce Belneen Signs®

Placement

P R B
ABt 7 By g

# (See Figures 37 and 38)
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FIGURE 37. Component Parts Of a Temporary Traffic Contral Zone
Source: MUTCD 2000 Figure 6C-1



Topleal ApsBestion 13
FIGURE 38. Temporary Road Closure
Source: MUTCD 2000 Figure 6H-13



Detour Signs and Markers

Genera! Discussion:

The DETOQUR ARROW sign (M4-10) is used at a point where a detour
roadway or route has been established due to the closure of a street or highway
to through taffic. It should normally be mounted just below the ROAD
CLOSED sign or the LOCAL TRAFFIC ONLY sign.

The DETOUR Arrow sign uses a horizontal arrow pointed to the right or
lefi as required at each location.

Each detour shall be adequately marked with standard temporary route
markers and destination signs as a responsibility of the highway agency. The
Detour marker (M4-8) mounted at the top of a route marker assembly is to be
used to mark a temporary route that branches from a regular numbered rouie;
bypasses a section of a route that is closed or blocked by comstruction, major
maintcnance, roadway damage or traffic emergency; and rejoins the regilarly
numbered route beyond that section.

The DETOUR sign (M4-9) is t0 be used for nnnumbered routes; for use in
emergency situations; for periods of short durations; or where, over relatively
short distances, it is not necessary to show route markers to guide traffic along
the detour and back to its desired route. A STREET NAME sign may be placed
above or incorporated in the DETOUR sign (M4-9) to indicate the name of the
roadway for which the detour was established.
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The END DETOUR sign (M4-8a and M4-8b) may be used to advise the
motorist that the detour has ended. The END DETOUR sign may be used on
either numbered highways or unnumbered roadways. If used on a numbered
highway, it should be erected above a route marker located near the end of the
detour.



V2.2
1220 x 1280 mm
(£8x42In)

DETOUR Sign (W20-2)

Standard: (MUTCD 2000, Section 6F.18)
The DETOUR Sign (W20-2) shall have the legend DETOUR, XX m (f),

XX Km (Miles), or AHEAD. Tt should be used in advarnice of a road user detour
over a different roadway or route,
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FIGURE 39. Work Beyond the Shoulder
Source: MUTCD 2000, Figure 6H-1



FIGURE 40. Lane closure on Low-Volume Twe-Lane Road
(TA-11)



Source: MUTCD 2000, Figure 6H-11
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FIGURE 41. Work in center of Low-Volume Road (TA-15)
Source: MUTCD 2000, Figurs 6H-15

Typioat Appiation 18



FIGURE 42. Surveying Aleng Centerline of Low-Velume Road
(TA-16)
Souzce: MUTCD 2000, Figure 6H-16

CEAPTER 7
SELF ASSESSMENT-DETERMINING POTENTIAL,
PROELEMS/RISKS
General

There are several strategies or methads that personns! responsible for
public safety on the local roadways-county’s or city engineers, road supcrvisors,
etc- can implement to insure that road signs and markings are properly installed
and maintained, a few will be presented below. The commentary driving
method, developed and promoted by Kansas State University (KSU) is very
efficient and cost effective. The anthor believes it is the most cost effective
method. (Nothing in this LVR handbook is intended to imply that any one of the
methods is the one method that must be used. What is important is that every
jurisdiction has some method that works for them.

Public jurisdictions have a duty to sign and /or mark certain specific
operating conditions, to install devices that conform to the MUTCD, and to
maintain these devices. Local agencies should have a policy, which includes
some systematic means to insure compliance with the above. Four are discussed
below, but are not the only methods that could be used, and they may not
necessarily be the best for a given local government.

Discussed here will be:
1. General Inspection Guidelines,
2. A sign management system,
3. Road Safety Audits, and
4. Commentary Driving.

The extent of the system, and whether formal or informal, depends upon the
particular needs of each jurisdiction.

Genera! Inspection Guidelines

The following sign inspection guidelines from the ITE Traffic Control
Devices Handbook (TCDH) may be beneficial (ITE, 2001).

A traffic control device must be periodically reviewed in the field either as a
maintenance requirement or to determine whether the device is fulfilling its
purpose. Inspection of traffic control devices can be triggered for a number of
Teasons:



Periodic maintenance inspection

Investigation of a citizen complaint

Safety study or investigation of crashes
Determination of retro reflectivity

Operational evaluation of recently completed projects.

Each visit to a location should review the effectiveness of all traffic control
devices even though the tip to the site may have been initiated for only one
device or one particular reason.

1t is imporiznt for tort liability purposes to document that the traffic control
devices were reviewed in the field by the agency personne! te supply evidence
that the device were in place at that time and in satisfaciory operaticnal
condition. The documentation, at 3 minimum, should indicate date, time, name
of inspector, location, any obscrvations and recommendations for traffic control
device improvements or replacement If improvements or replacements arc
recomumended, there should be some follow-up assurance that the work was
-accomplished. It is important that highway signs have proper retroreflectivity.
This is important for the safety of the motoring public at night. Tt may become
more important in the future as rewworeflectivity standards or guidelines are
developed by the FHWA. Chapter 8 presents the principles of retroreflection and
suggested policy for checking night visibility of highway signs.

Sign Management System

As stated in the ITE, Traffic Control Devices Handbook (TCDE) (ITE,
2001): The need for a detailed management system will vary with the miles of
roadway under jurisdiction, the number of traffic control devices instalied and
the capabilities of the agency. However, an agency shonld know the nurmber and
location of traffic control devices in its system, maintain them in good eperating
condition for the public and be responsive to any public ceticerns relative to the
devices.

Most loca! jurisdictions use some form or portion of a management system
although it may not be formalized Detzils may be found in the ITE, TCDH, a
viable system needs to be tailored to the local agencies specific needs. Thus,
only a list of suggested activities is presented here. As listed in the TCDH,
activities associated with a sign management system may inclode (TE 2601).

A. Need:
. 1. Inventory of traffic control devices
2. Feedback — complaints, inspection, surveillance
3. MUTCD applications '
4. Safety/liability concerns
5. Traffic control device programs- signing, markings, traffic

signals, railroad grade crossings, school zomes, tewporary
traffic control



B. New Traffic Control Devices:
1. Traffic control device evaluations
2. Traffic control on newly completed projects
3. Devices resulting from change in standards or pelicies



C. Mazaintenance activities:

1. Routine maintenance—cleaning, repair of deterioration,
vegetation control, post repair, device replacement, relamping,
removal, aperational review, contract maintenance.

2. Emergency maintenance—damage due to vehicle collisions,
outages, missing devices.

3. Vandalism-graffiti removal/cleaning, replacement

D. Infrastructure:

1. Personne! — organization, job descriptions, productivity,
service levels

2. FEquipment- wtilization, special eguipment, rental versus

ownership :
Budget- personnel, equipment, materials, contracts
Materials- bulk purchase, specifications, contract services
Facilities- fabrication shops, bulk storage, inventory storage
. Signal maintenance shops- repair, testing, inventory

E. Management Control:

Qe w

1. Organization and supervision

2. Agency policies

3. Material control and accounting
4. Technical Expertise and contro!

Read Safety Aundits (TTE 2001)

In the late 1990°s, FHEWA was strongly promoting Road Safety Audits
(RSA) to improve roadway safety. RSA is a technique initiated in England and
used heavily in Australia, New Zealand and a few other countries. Several U.S
states have conducted pilot projects. Kansas DOT performs a form of RSA or
existing state rural roads on a county-by-county basis. Overall, it consists of
driving all the roads, noting potential problems and writing a report.

In recent vears, RSA is being adapted for difierent situations and can take
many forms, As originally develeped, it is defined as the formal explanation of
an existing or fiture road project or any other project which interacts with road
users, in which an independent qualified examiner reporis on the project’s
accident potential and safety performance. '

The essential elements of the above definition are that:

e [tis aformal process

s [tis an independent process

e Itis carried out by a team or individnal with appropriate experience and
training
It is restricted to road safety issues

s The outcome is a report that identifies road safety deficiencies and, if
appropriate, makes recommendations aimed at removing or reducing
deficiencies.



e  The report must be formally addressed by the appropriate road decision
makers
The ITE TCDH suggests an RSA for Traffic Control Devices would take the
following form (ITE 2001)

TABLE 8. Suggested Road Safety Audit Questions for Traffic Control Devices

(Source: ITE 2001)

1.
2.

3.

;—\D.u)

11.

12
13.

14.
. Are advance warning signs or markings needed?
16.
17.
18.

19.
. *Are the signal phasing and timing reasonable to serve the traffic demand?
21
22.
23.
24.

25.

Are road users using the readway facilities as intended?

Are the roadway alignment, width, condition and travel path apparent day
and night?

Is the traffic control device needed?

Are thiere roadway features or traffic conflicts that are not readily apparent
requiring warming signs and markings?

Do the roadway design, geometrics and operations form a consistent pattern
having broad usage or do they impose some unexpected operatiomal
problems?

Are the interactions of vehicles and/or road users obscured by horizontal or
vertical curves, vegetation, or other vehicles?

Is the application in conformance with the MUTCD or is it a unique
application?

Is the device the appropriate shape, color, legend and size?

Is the message clear and concise?

. Are the device placement and spacing adequate to provide a reasonable time

to read and react to the message? (Check vehicle speed, sign legibility,
pavement marking location and response time. )

Are the road users responding to traffic conirol device in an appropriate
manner?

Is the traffic control device frequently obscured by other vehicles?

Is the device legible, at the appropriate time for the road user, both daytime
and at night?

Are the signs, markings and signals consistent with each other?

Would redundant signing or pavement legends be a benefit?

Are the route markers and destination and distance signing consistent?
Where a marked route turns, is advance signing provided with conforming
route markers following the tum?

*Are the signal heads visible from au adeguate distance?

*Does the traffic signal create unnecessary stops and excessive vehicle
delay?

Are yme pedestrian movements adequately accommodated witheut vehicle
conflicts?

If there are bicycle facilities, ave they appropriately marked and signed?

Is the intersection treatment reasonable for the bicycle volume? Are the
special roadway uses (e.g., schools, elderly pedestrians, bus stops, right turn
lanes) that require special signing?

Do the facilities meet the requirements of the Americans with Disabilities
Act?

* These may not apply to most LVR




An RSA can be performed on existing highways although it is more
correctly called a Road Safety Audit Review (RSAR). An RSAR may be
performed by a team or by an individual; the team or individua! should have
experience and/or experiise in signing and marking of LVR.

Commentary Briving Procedure

The information that a driver receives from the road must be correct,
pertinent, concise and presented in such a way that it is readily undersiocd and
usable to the driver. In many cases, however, this information is not consistent
with what ke expects to receive or should receive. If the driver’s expectancy of
the roadway environment is violated, a potenitially hazardous situation exdsts. A
person whose expectancy is violated may react wrong, react more slowly, or not
react at all. The Commentary Driving Procedure was developed by R S.
Hostetter et al. (1985) and is highly useful in doing safety evaluations of Low
Volume Rural (LVR) Roads, quickly and cheaply. Commentary Driving is a.
procedure in which at the beginning of a section or road to be evalnated for
potentially hazardois locations, the driver (evaluator) states his “expectancies™
of the road and as he proceeds along the road he “comments” on
locations/conditions which violate his expectancy.

It must be emphasized that Commentary does nof, by itself, constitute a
complete cvaluation procedurc. It is only meant to flag possible deficient
locations that meed further engineering study. Afier doing the “commentary” on
a section of the road, the evaluator returns (at a later date) and does a more
detailed study of problem locations identified in the “commentary.” Note that
the problem locations those which violate a driver’s expectancy, are also
locations with information deficiencics.

Missing information

Incomplete information
Inappropriate message
Misleading/confusing information
Inappropriate location
Obstruction by weeds, brush, etc
Inconsistent information

Commentary Driving, and all methods of analyzing LVR should be greatly
aided by the use of Imformation Deficiency Evaluation Checklists. The
checklists have been developed for nine typical situations and “other”. These are
presented in the Appendix 10. '

Stop-controlled intersection
Narrow/one-lane bridge
Horizontal curve
Tangential intersection

halbel xS



5. Intersection which requires a turn
6. Railroad-highway grade crossing
7. Uncontrolled Y-intersection

8. Low water siream crossing

9. Height/weight limit restrictions
10. Other

Since Commentary Driving may not be as well known as several other
metheds that a local agency may use, and since it is more difficult to find in
readily available references, details are presented in the Appendix 9.

Refersnces:
Tmstitute of Transportation Engineers, Traffic Control Devices Handbook 2001,
Editor: James L. Pline, Publication No. IR-112 (ITE 2001).



CHAFTER 8 :
PRINCIPLES OF RETROREFLECTION

Introduction

MUTCD 2000 contains no requirement for sign shesting
retroreflectivity values. However, the U.S. Congress recently passed a law
mandating the Federa! Highway Administration (FEWA) to develop standards
for minimum highway sign retroreflectivity. The 1993 Highway Appropriations
Act contzined the following language; “The Secretary of Transportation shall
revise the MUTCD to include a standard for a minimmum level of retrareflectivity
that must be maintained for the traffic signs and pavement markings which
apply to all roads open te public travel”.

The concept of minimum standards of sign retroreflectivity is very
controversial. There has been considerable research on what form the standards
should take and several commitiees, organizations, etc., that have attempted to
evaluate the research and/er lobby for or against the reconunended values.

It is not the intent here to argue for or against these standards or to
attempt to speculate on what forin they will take. However, unless the U.S.
Congress repeals the law, which is uvalikely, some form of standards will
eventually be published in some form supplement or addendum to MUTCD
2000. Therefore, it behooves persons with responsibility for road and street
safety, e.g., installing and maintaining traffic signs, to have some basic
understanding of retroreflectivity. It is not well undersiood, even by Traffic
Engineering Professionals. Thus, the objective of this section is to present basic
definitions and key principles of retroreflectivity that should give the reader a
good (or better) understanding of retrorefiectivity.

This section will cover:
1. What retrereflectivity is,
2. Basic definitions,
3. Sheeting types,
4. Critical angles for

a. placement

b. measurement

¢. brightuess (luminance),
5. Results of a Cost Effectiveness Study, and
6. Miscellancous Information.

Retroreflectivity - What it is.
There are three types of reflection.
1. Miror,



2. Diffuse and

3. Retro.
These are illustrated in figure 43.
Light
Source
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*In highway signing “Retro-* is the important one.
FIGURE 43, Thres types of reflection

Unless we are in total darkness, where we see nothing, everything we see is
reflecting some light, otherwise we would not be able to see it. Generally, this is
diffuse reflection. Light rays that strike a surface are diffused or scattered in all
directions. We all are familiar with mirrors, and mimor reflection. A light ray
striking a mirror is reflected from the mirror at the same angle as it strikes the
mirrar. A surface that retroreflects, sends most rays of light that sixike it back
toward the direction it came from. Retvoreflection mecans that light is reflected
back toward the light source.

In regard to highway siguns, it is the principle of retroreflection that makes
road and street signs visible to the motorist at night when light from their
vehicles’ headlights strikes the sign sheeting and is retro-reflected back toward
the light source, ie., the vehicle headlights. The result of this is that the sign
appears to be “lit up”, i.c., have some degree of “brightness”. The name for this



brighimess is luminance. How much is retrorefiected — it is never 100% and how
bright the sign appears to a driver, dopends upon the sign sheeting and some key
principles discussed below.

The foliowing scction contains definitions that are imponant to
understanding the basic principles of retroreflection. These terins are directly
applicable te this discussion and will be used below to explain key principles of
retrareflection.

Basic Definitions

Retroreflection Definitions

. Retroreflection — reflection in which radiation is returned in directions close
10 the direction from which it came, this property being maintained over wide
variations of the direction of the incident radiztion (i.e., light hitting the sign).

Eetroreflector — a surfdce or device from which, when directionally
- irradiated, (e.g., by headlights) relatively large portion of the reflected radiation
is retroreflected.

Retroreflective Material — a material that has a thin continuous layer of
small retroreflective elements on a very near its exposed surfaced.

Reiroreflective Sheeting — a retroreflective material preassembled as a thin
film ready for nse.

Photometric Definitions

The Photometric terms defined below are used to specify the performance
of retroreflective materials.

' Luminous Fhre, F, the rate of flow of light from a source. The unit of this is
the lumen Q).

Luminous Intensity, I, the concentration or density of luminous flux per unit
solid angle in a given direction. The unit of luminous intensity is the candela
(cd.), formerly the candle, and luminous intensity is often referred to as candle-
pOWer.

Luminance, L, the light emitted per unit area of the surface. The luminance
in a given direction of a surface emitting light is the luminous intensity, I,



measured in that direction divided by the area of this surface projected
perpendicular to the direction considered. The unit of luminance is the foot-
lambert, the luminance of a surface emitting a flux of one Inmen per square foot.

Hlumination, E, at any point of a surface receiving Light is the density of the
luminous fiux at that point, or the flux divided by the area of the surface, when
the latter is uniformly illuminated The unit is the lumhen per square foot
(li/ft%), the illumination of a surface normal to the direction of the light one foot
from a source of one candle-power. This unit was formerly called the foot-
candls.

Specific Intensity, SI, is the ratio of luminous intensity of a surface to the
normal illuminance. The units are candelas per foot candle (cd/ic).

Specific Intensity per Unit Area, SIA, is the ratio of the lumincus infensity
of the surface to the normal Hluminance and to the area of the retroreflective
surface. Its units are candelas per foot candle per square foot (cd/fc/sq.ft.,
English System) or candelas per lux per meter square (cd/lux/m’, metric system)

Caefficient of Retroreflectivity, R, is the common term for SIA. It can be
defined in more common terms as, the mount of luminance (light) measured as
candelas that comes out from a retroreflective material per amount of light
coming into the material from a light source, e.g., vehicle headlights for a
specified geomctrical system (as described in the next section). Since the term
is interchangeable with SIA, the units are the same, candelas per footcandle per
square foot (cd/fc/fi®) or, in metric, candelas per lux per square meter (cd/Ix/nr’).

Geometrical System

The geometrical coordinate system used to describe retroreflection was
developed and standardized by the Subcommittee on Retroreflection of
Committee 2.3 on Materials of the International Contmission on INlumination
(Commission International de 1’Eclairage, CIE).

Reference Center, a point on or near a retroreflector which is designated to
be the center of the device for the purpose of specifying its performance.

Reference Axis, a designated line segment from the reference center which
is used to describe the angular position of the retrorefiector (i.c. a line
perpendicular to a sign face).

Hiumination Axis, a line segment from the reference center to the light
source [e.g., headlights].



Observation Axis, a line segment from the reference center to the receptor
[c.g. viewers’ eyes].

Observation Angle, a, the angle between the illumination axis and the
observation axis. The observation angle is always positive and in the context of
retroreflection is restricted to small acute angles.

Entrance Angle, 5, the angle from the illumination axis to the reference

axis.

Quick Reference Summary

For those not familiar with retrorefiectivity, it can be difficult to keep
the above terms straight. It may be helpful to remember:

1.
2.

3.

Highway signs are commonly said to be “reflectorized” but

the correct terin is retroreflective.

They are retzoreflective because they refiect the Light toward

the light source within a wide range of angles.

Hiuminance 1s the light that hits the sign, e.g., from a vehicle

headlight; luminance is the light reflected from the sign, which

gives the sign the appearance of being “litup”, i.e., luminance.

The coefficient of reflectivity, Ry (common term) or specific

intensity per unit area, SIA, is a measure of how muckh of the

light that hits the sign (ilhaminance) is retroreflected

(luminauce) toward the source (hieadlights),

The luminance of a sign is dependent upon:

a. R, —which depends on the material and the two angles in
b. and c. below.

b. The angle which the illuminance hits the sign (entfrance

. angle).

c. The angle between the viewer’s eye and the light source
{observation angle) (effect of angularity explained in the
next section), and

d. The amount of illumination hitting the sign which varies
according to type of headlights, headlight arm, angle from
headlight to sign and other environmental factors.

Summary of Key Points

- In regard to the above definitions, the key points in regard to sign brightness
at night — called luminance — depends upon the sign sheeting SIA (Specific
Intensity per unit area which varies according to type of sign sheeting), the



amount of light striking the sign surface from a vehicle’s headlights — called
illuminance, and some critical angles formed by the relative positions and
orientation of a vehicle, its headlights and a sign.

Figure 44 below illusizates a geomeltrical system that shows the most critical
elements and angles of a retrorefiection system (i.e., driver, vehicle headlights
and sign face). First, the reference axis is a line projection perpendicular to the
sign face from which the entrance angle, £ and observation angle, o, are
measured. The angle between the illumination axis, ie., a light ray
(illuminance) from the light source (headlight) to the sign and a line from the
sign (representing the reflected light or lnminance) to a driver’s eye (recepior) is
called the observation angle, ct.
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FIGURE 44; Schematic of Retroreflective Geometrical System

It is very important to understand that the brightness (luminance) of a
sign at night is very sensitive to the observation angle, o. The angle between the
line representing a light ray hitting the sign and the perpendicular projection
from the sign surface (reference axis) is called the enmtrance angles, £. Up to
about 30°, the brightness (luminance) of a sign is relatively insensitive to
changes in £ for most sign sheeting material, however, if a sign has poor
placcment or cnough twist to exceed this value it may have little or no
luminance.

Figure 45 below is a schematic dlagram showing the key angles o and
ﬂ in relation to a vehicle.
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FIGURE 45; Entrance and observation angles in retroreflectivity measurement.
Entrance angle, fi, is a function of:

Sign offset

Distarice of vehicle to sign
Travel lane of the vehicle
Curvature of the road
Twist of sign on post

Observation angle, « varies with:

e Distance of vehicle to sign
o  Separation of headlights and driver’s eyes

It is very important to understand that o, is the most important variable in
determining the brightness of a sign (its luminance) for a specified sheeting type
and given vatue of illuminance.

As illustrated in figure 45, how bright 2 sign appears to an approaching
driver (within an allowable f value) varies as a varies, and a varies with
distance as a vehicle approaches a sign, i.e., it will be very small when a yehicle
is far away and increases as the vehicle approaches the sign. Tt will also vary if



a vehicle changes lanes or position in a lane. It is important to understand that «
is not a constant value and sign brightness (luminance) changes when a changes.

Even though sign brightuess is more sensitive to « than f, B canaot be
ignored. If B is very large, e.g. greater than 20° to 30° luminance may be
substantially decreased (the actual limiting valoe of B varies with shesting type).
Beta (B) is best controlled by proper sign placement. Improper placement, e.g.
signs to far off the road, too kigh, bent or twisted, can result in large valnes of f
and also a decresse in the amonnt of light from the headlights (illuminance)
hitting the sign face and, therefore, the sign brightuess (luminance).
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FIGURE 46, Relationship between coefficient of retroreflection observation
angle with constant entrance angle,
(Note: Angle typically increases as a vehicle nears a sign)
aReulge in which sign needs to be visible to a driver in order to have time to react

properly.
Sign Sheeting Types

The two major categories of sign shecting are enclosed Iens, encapsulated
lens, and prismatic. Engincering grade sheeting is an example of enclosed lens
sheeting. Omne of the widely used encapsulated letis sign sheeting is generally
called high intensity or high performance sheeting. Newer, brighter shecting,
such as Diamond Grade™, are prismatic types.



Enclosed and encapsulated lens sheeting use glass beads to retroreflect
entering light rays. The prismatic type sheetings use other types of refiectors.
In general, the enclosed lens types (Enginecring Grades) have the least
brightness and the prismatic types have the greatest brightness for any given
value of illuminance that strikes the material. See Table © for typical STA values
of new sheeting by the most common ASTM types.

TABLE 9. Minimum SIA Values® for ASTM Types II, Iil and Diamond
Grade™ retro-reflective sheeting.

Sheeting Type and Common Names White Green Blue

Type [ (enclosed lens sheeting; engingering 70 g 4
grade)
140 30 10
Type II-A (enclosed lens sheeting; super-
engineering grade)

250 45 20
Type HI-A (encapsulatcd-lens sheeting, high-
intensity or high-performance)”

250 45 20
Type Ii-B (prismatic or cube corner; high-
intensity or high-performance)"

250 35 20
Type IH-C (cube-corner; high-intensity or high-
performance) ®

800 75 43

Diamond Grade

“Table values are from FP-85 except for Diamond Grade which is fiom the
manufacturers. '

"No differentiation is made between the terms “high-intensity” and “high-
perforinance.” (Type MI-A, high-intensity, supplied by 3M Company, has been
the most commonly used high-performance sheeting, but in recent years other
manufacturers are producing similar sign sheeting.)

Sign Brighiness Measures

The ability of sign sheeting to retroreflect light is measured by specific
intensity per uuit area, SIA or R,. Referring back to the definitions, it can be
scen that STA (R,) is defined as the ratio of the luminous intensity of the surface
[the sign brightness viewed from a given direction] to the normal illuminance
[light hitting the sign normal or perpendicular to the surface] and to the area of
the surface. SIA/ R, has been standardized for a specific [light] entrance angle
and a specific [viewer] observation angle - a=0.2 degrees and ff = - 4.0 degrees.
The unit of measuwrement for SIA/ R, is candelas (returned light or luminance)
per one-foot candle (of headlight illuminance striking the sign) per square foot
of sign sheeting (cd/fc/ft%). In the metric system the measure is candelas per lux




per square meter. Instruments that measure sign sheeting record the STA/ Ry
value only at these standard angles, i.e., 0 =02" and f = - 4.0°. Mamfacturers
- report the SIA/ R, values of new shesting at these standard angles. Sheeting
purchase specifications for SIA are given at these standard angles. When an
instrument to measure STA/ Ry, a retrorefiectometer, is used, it records the value
at the standard angles, only. For these standard angles, o = 0.2, § = - 4.0, the
luminance of a sign can be calculated by multiplying the footcandles hitting the
sign sheeting (measured at the sign surface) times the standard SIA/ R, value
times the arca of the sheeting. The luminance of all sheeting varies as thess
angles change and generally decreases as o increases as figure 8-4 illustrates.
From a long distance, say 1,000 or 2,000 feet, luminance is low because
iliwminance hitling the sign from the vehicle’s headlights is low (it varies
inversely with the squarc of the distance). As the vehicle moves closer,
illuminance hitting the sign increases and the observation angle is small — near
the standard 0.2°. As the vehicle nears the sign, at some point the observation
angle, @, increases to where the luminance decreases rapidly, even though
illuminance form the headlights may be increasing.

Note that to calculate what a sign’s luminance value would be at any other
angles than a = 0.2° and f = 4.0°, an R, value for those angles must be used. Ry
values at these angles are not readily available, as they can only be determined
by sophisticated, expensive laboratory equipment. However, there are computer
programs available that can make these sarts of calculations.

Life Cycle Costs

High performance or high intensity sheeting has a higher first cost than
enginecring grade shesting. Apparently this is the main reason some local
jurisdictions are relonctant to use it

A study done at Kansas State University (KSU) for the Kansas Department
of Transportation (KDOT) used KDOT cost figures and data on service life and
calculated life cycle costs for engineering grade sheeting and high intensity
sheeting. The results are shown below in Table 10.

TAELE 10, Life Cycle Costs for Engineering grade and High performance

Sheeting from a KDOT Study
Equivalent Average
Uniform Annual Anmyal
Cost, (§)° Cost, ($)
Engineering High- Engineering High-
Grade Performance Grade Performance
Overhead
Guids Sien (New) 243.40 206.28 163.35 162.50
Overhiead Guide
Signs(Refurbishing) 178.80 152.20 120.00 120.00
Roadside
Signs New) 6.95 4.79 4.66 3.77




*Equivalent Uniforim Annual Cost method is the preferred method for highway
life-cycle cost studies and is more accurate than other methods.

Checking Retroreflectivity

The use of a “Retroreflectometer” may some day become a requirement to
verify the retroreflective condition of all traffic control devices within the
jurisdiction of the agency. However, an expensive and time-consuming
retroreflectometere may mot be necessary if adequate sign inspection is
documented. Also, a high retroreflector reading does not ensure that 3 sign has
adequate night visibility to an approaching driver.

The agency should establish a written policy regarding the maintenance and
inspection of all traffic control devices. A written traffic contzol device
inspection program shows intent and when used propetly, should provide the
agency with good tort liability protection. As part of that policy would be a
section regarding sign retroreflectivity. The policy would include but is not
limited to the following:

1. Review cach traffic control device bi-annmally regarding
retroreflectivity.

2. A check list of times to be reviewed should be part of th
policy. _ ‘

3. The inspecticn wonld be cenducted at night and the agency
should train personnel in the proper methods to comgplete this
type of inspection.

4, Any signage not meeting the guidelines set forth in the written
check list would be scheduled for replacement.

5. Records are to be kept as long as the sign remains at that
Iocation.

The basic theory is that it is more important that the signage perform
correctly under actual field conrditions than it is to meet specific retroreflective
numbers. As explained in previous sections, the standard R, (SIA) nombers (a
= 0.2° and B = - 4.0°) do ot insure that a sign appears bright (has good
luminance) to an approaching driver. Poor placement can negate a high Ra
(STA) value. After all, it is the driver that ultimately makes the observation of
the traffic control device.

Other Potential Implementation Methods

It is likely that there may be multiple options to determine and maintain
adequate nighttime visibility of sigus. This concept may alloaw local agencies to
implement the method(s) most suitable to them. Some of the possible methods
available are:

¢ Nighttime sign inspection by trained observers,



Expected service life,

Inspection panels,

Measured retroreflectivity values,
Control signs, or

Other methods.

Note: It may be advantageous for local governments to have a sign inventory
system. Sign Management Systems are discussed in the next chapter.



CEAPTER®S

INVENTORY SYSTEMS FOR TRAFFIC CONTROL
DEVICES

The material in this chapter is reproduced with permission from the "lowa
Traffic Control Devices and Pavement Markings: A Manual for Cities and
Comnties”, Towa DOT, Ames, TA 2001

An inventory of signs and markings is a critical element for effective
governmental transportation management practices. The investment in signs and
markings is significant when considering all the assets of a2 government agency.
The ideal inventory system would track signs and markings from initial
installation, through inspections and maintenance, and until removal from the
system. :




-FIGURE 48. Urban Street with signs and pavement markings

A traffic control device inventory can be a valuable asset in tort
liability cases. This inventory can provide documentation of the condition of
specific signs and markings in place for any given period. In addition, pertinent
inspection and maintenance activities would be roted in the inventory and
available for use by the agency.

An inventory sysiem can be used for many activitics. It can identify
sigas for replacement based on criteria such as age or condition. Recording and
evaluating maintenance and replacement history can help an agency to identify
high-vandalism areas or sign locations with visibility or operational deficiencies.
In addition, planning and budgeting for siga replacement or expansion of new
development ameas is much easier to accomplishk with inventory rccords
identifying existing signs and required maintenance activities. A sign inventory
can be used to manage personnel and maximize production by combining work
orders and scheduling routine maintenance activitics. The system can track
responses to requests and complaints, resulting in an improved level of service
to the public. -

FIGURE 49. Stop sign in poor condition
NOTE: Street siga is tmproperly placed



FIGURE 50. Vandalized Speed Limit siga

FIGURE 51. Vandalized sign

A critical element of a successfully operating inventory is the involvement
of all staff whose job requires an interest in traffic control devices. In a large
county, this staff may include engineers, transportation. planners, accountants,
office managers, enforcement officers, administrators, and most important,
installation and maintenance staff. In smaller counties it may be only two or
three employecs; however, this involvement is particularly important for the
staff responsible for collecting the original data, maintaining traffic control



devices, and keeping an inventory system current. An efficient inventory system
results from involvement of all interested parties.
Choosing a System

Inventory systems range from very basic to quite sophisticated depending
on the resources available to and the needs of an agency. A very basic inventory
system mmight consist of manual records, such as paper files of activities or a
card systern, to maintain the system and keep it current.

Many tramsportation agencies use an automated or computerized system.
Each agency should consider several factors before making a selection between
ong of the many computer programs available:

e  agency requircmients

s computer capabilities

» availability of trained staff to support the system and keep it current

e improved accuracy and production with use of laptop computers for

ficld operations

When sclecting an inventery system, the following issues should be addressed:

o Does the system match the selected data elements? Are all data
clements recorded?

e Isthere an understanding of the basic features of a sofitware program as
compared to data elements?

¢ Do the hardware and sofiwarc requirements of computer programs
maich the existing computer system?
Have user support and references been reviewed?
What does the initial cost include?
Are there maintenance costs with the program?

Software that provides basic mventory features has besn developed and is
avallable at minimal cost to local agencies. These programs can be effectively
used as a low-cost supplement to a sign management system.

Developing the System

Development of the system should involve key personmel, including
management represcutatives, office staff, work crew supervisors, sign workers,
and other affected offices within the agency. The development of an inventory
system should also include all critical tasks: selecting and purchasing software,
collecting initial data, daily operations, and reporting procedures, along with
ancillary tasks such as enforcement and risk management.

Choosing a Reference System

Several reference systems can be considered to locate traffic control devices
for the inventory. The chosen reference system should be comipatible with other



systems within the agency and use the same reference points. The most commen
refercnces used are shown in the following list:

route/milepost/distance

route/mile point/distance

link/node/distance

route/intersection/direction/distance

global positioning systems, which may offer additional location options
for the future

e linear referencing systems

Each of these reference methods has particular advantages to comsider, but
the most important factors are compatibility with other agency systems, staff
buy-in, and ease of uss.

Determining Elements of ihe Invemow

Inventory data elements are selected to provide most approptiate
informzation to mest agency nreeds. These elements can be divided into three
categories: core, critical, and desirable.

Core Elcments. Core data elements reveal lecation, description, condition, and
inspection and maintenance history. Core elements are essential to an inventory.
These elements identify replacements, provide documentation in tort liability,
and fornish benefits in management and budgeting.

Core elements typically include the following:

location

position

sign code (MUTCD designation)

sign condition

maintenance activities

installation, inspection, and maintenance dates

Critical Elements, Critical data elements provide more information about

devices. These elements are valuable in keeping proper inventories in stock and

can provide additional information that supports the agency in tort liability

issues. With data from the following critical element list, an agency can

document that traffic control devices comply with established standards and
guidelines.

Critical elements normally include the follawing:
s dimensions
e sheeting type
e sign blank type



= post/support type and condition
e sign grientation
e posted speed limit at the time activities were conducted

Desirable Elements. Desirable data clements can pirovide additional
information about sign installation that can help with maintenance and
replacement activities.

Desirable elements include the following:
o offset
o height
e reirorcflectivity (docnmentation will be more important when minimum
standards are adopted nationally)
inspector name
sign identification number, if different from MUTCD
images of the sign
comments
othier reference numbers

Collecting the Data

The most formidable task after selecting an inventory mianagement system,
whether manunal or computerized, is the collection of initial data. In addition to a
significant investment in staff time, collection costs can range from $2 to $5 per
sign. To reduce initial cost and staff time, phased data collection can be
considered. A systematic approach should be developed that completes the task
within a reasonable time, i.e., four years or less. Data may be collected by area
or sign type. Regular agency staff, temporary employees, or consultants can be
used to collect this data, but all should be properly trained. It is very important
that initial information be accurate.

When the inmitia! data collection effort is organized, the following
recommendations should be considered and/or followed: _

s Select a standard approach that matches other datbases within the
agency, if possible,
Decide whether to use route names or route numbers for location.
What sigas should be included? All or ome specific type, such as
regulatory signs?

» How do we determine whose sign is it?
Train personnel to collect and enter data
Determiae the area to be inventoried (do only a section each year until
the initial data collection is completed.)

s Decide whether to use manual data collection, laptop computers, or
photo/video logging to gather initial data.



Maintalning the Inventory

After an inventory system has been adopted and initial daia collection
activities are completed, the next critical task is keeping the system current. If
the inventory is mot up to date, much of the value and the investment in
resources will be lost in a relatively short time.

A work order process is a common method of keeping inventories current.
With this procedure, work orders are completed at the time any activity is
finished. Usually, the field crews that perforin the work are best gualified to
record the data. Pen-based computers have been used successfully for this
purpose in some agencies. It is important to enter this information into the
database on a regular schedule, daily if possible.

Documentation of imporiant daily activities should be a key factor in software
selection.

Inventories of traffic control devices can be a very valuable asset for any
transportation agency. However, development and establishment can involve a
significant investment in staff time and funding. Continued maintenance of the
system is mandatory for efficient and effective operation.

Pilease refer to the following sources for more in-depth information:
Institute of Transpaortation Engincers, Traffic Signing Handbook

Institute of Transportation Engincers, The Traffic Safety Toolbox: A Primer on
Traffic Safety. :

The Center for Transpottation Research and Education, a ceater of lowa State
University



CEAPTER- 10
MODERN ROUNDABOUTS

The modern rounidabout is the safest, most efficient form of intersection
traffic control available today. In this section, the term modern roundabout is
used to stress that these modem traffic control devices (TCDs) are distinctly
different from the big, high speed, generally confusing, circular intersections
built in fhe carly 1900's. Some of these circular intersections, sometimes called
rotarics, still exist in the castern USA. But they are not medern roundabouts.
The first modern roundabout was built in the USA in 1990. Kecp in mind
anything built prior to that is probably not a modern roundabout and most Likely
won't have the characteristics that make them safe and efficient.

There is no doubt that modern roundabouts are much safer than all
other forms of intersection traffic control. This is a proven fact based on both
USA studies and worldwide studies. A USA study of intersections where
modern roundabouts replaced stop signs and taffic signals showed the
roundabouts reduced all crashes by about 40% and injury crashes by about 80%.
Alsq, fatal crashes can be expected to be reduced by 90%.

In regard to efficiency, modem roundabouts require less stopping and
they reduce delay to motorists. Studies of several roundsbouts in Kansas by
KSU have shown that in regard to total stopping and delay they are comparable
to two-way stop controlled intersection, and have significantly less stopping and
delay (up to 80%) than four-way stop control and traffic signals.

In spite of the proven safety record and operational efficiency, there is
often unwarranted opposition by some persons. Usually the opposition is dne ta
lack of understanding of exactly what a moedemn roundabout is and/or confusing
them with the big, old traffic circles from years past or smal traffic circles that
may be used for speed control at residentia! intersections. Thus, it is important
that people understand what a modern roundabout is and what it isn’t The
following definitions from the Federal Highway Administration (FHWA)
Roundabout Guide are a good start (FHWA, 1999).



A roundabout is a type of circular intersection, but not all circular
intersections can be classified as roundabouts. In fact, there are at least three
distinct types of circular intersections:

. Rotaries are old-style circular intersections common to the
United States prior to the 1960's. Rotaries are characterized by a
large diameter, ofien in excess of 100 m (360 ft). 'This large
diameter typically results in travel speeds within the circulatory
roadway that exceed 50 kmv/h (30 mph). They typically provide
little or no horizontal deflection of the paths of through traffic and
may even operate according to the traditional “yield-to-the-right”
rule, i.e., circulating traffic yields te entering traffic.

. [Small] Neighhorhood traffic circles are typically built at
the interscctions of local strects for reasoms of traffic calming
and/or acsthetics. The intersection approaches may be uncontrolled
or stopcontrolled. They do mnot typically include raised
channelization to guide the approaching driver onto the circulatory
roadway. At some traffic circles, left-turning movements are
allowed to occur to the left of (clockwise around) the central
island, potentially conflicting with other circulating traffic.

. Roundabouts are circular intersections with specific design
and traffic control features. These features include yield control of
all entering traffic, channelized approaches, (i.e., raised splitter
islands) and appropriate geometric curvature to ensure that travel
speeds on the circulatory roadway are typically less than 50 km/h
(30 mph). Thus, rcundabouts are a subset of a wide range of
circular intersection forms. :



FIGURE 52, Kcy features of a roundabout

Key features in the figure above are described below (Scurce FHWA, 1999).

Central island

Splitter island

Circulatory
roadway

Apron

Yield line

The central island is the raised area in the center of a
roundabout around which tmaffic circulate.

A splitter island is a raised or painted area on an
approach used to separate entering from exiting traffic,
deflect and slow emtering traffic, and provide storage
space for pedestrians crossing the road in two stages.

The circulatory roadway is the curved path used by
vehicles to travel in a connter-clockwise fashion argund
the central island

If required on smaller roundabouts to accommodate the
wheel tracking of large vehicles, an apron is the
monniable portion of the central island adjacent to the
circulatory roadway.

A yield line is a pavement marking vsed to mark the
point of entry for an approach imto the circulatory
roadway- and is generally marked along the inscribed
circle. Entering vehicles must yield to any circulating
traffic coming from the left before crossing this line into
the circulatory roadway.
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Accessible Accessible pedestrian crossings should be provided at all

pedestrian roundabouts. The crossing location is set back from the

crossings vield line, and the splitter island is cut to allow
pedestrians, wheelchairg, strollers, and bicycles to pass
through.

Bicycle Bicycle treatments at roundabouts provide bicyclisis the

treatments option of traveling through the roundabount either as a
vehicle or as a pedestvian, depending on the bicyclist’s
level of comfort.

Landscaping buffers are provided at most roundabouts to
3 separate vehicular and pedestrian traffic and to encourage
La ﬂdSCapI pedestrians to cross only at the designated crossing
ng locations. Landscaping buffers can alse significantly
improve the aesthetics of the intersection.”
buffer

Inseribed The inscribed circle diameter is the basic parameter used
circle to define the size of a roundabout. It is measured between
diameter the outer edges of the circulatory roadway.

The Following roundabeut dimensions are illustrated in the Figure 53
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FIGURE 53. Roundabout Dimension Locations




Circulatory
roadway width

Approach width

Departure width

Entry width

Exit width

Euntry radios

Exit radius

The circulatory roadway width defines the roadway
width for vehicle circulation around the central island.
It is measured as the width between the outer edge of
this roadway and the central island. It does not include
the width of any mountable apron, which is defined to
be part of the central island.

The approach width is the width of the roadway used
by approaching traffic upstream of any changes in
width associated with the roundabout. The approach
width s typically no more than half of the total width of
the roadway.

The departure width is the width of the roadway used
by departing traffic downstteam of any chances in
width associated with the roundzbout. The departure
width is typically less than or equs! to half of the total
width of the roadway.

The eniry width defines the width of the entry where it
meets the inscribed circle It is measured
perpendicularly from the right edge of the entry to the
intersection point of the left edge line and the inscribed
circle.

The exit width defines the width of the exit where it
meets the inscribed «circle. It is measured
perpendicularly from the right edge of the exit to the
intersection point of the lefi edge line and the inscribed
circle.

The entry radius is the minimum radius of curvature
of the outside curb at the entry.

'The exit radius is the minimum radius of curvature of
the outside curb at the exit.

A modem roundabout has yield control on all entries. Vehicles in the circle
- on the one-way circulating roadway - have the right of way. It is ne different
than a driver entering a through one-way roadway with traffic traveling left to
right from a street with a yield sign at the intersection. The driver looks to the
left and enters the roadway immediately if there is a sufficient gap; or if there is
not a sufficient gap yields until there is one. The only difference in entering a



modermn roundabout compared to a one-way roadway is that the one-way
roadway being entered is curved.

Summary

In summary, cormpared to other forms of interseclion traffic control, modern
roundabouts - different than older traffic circles or rotaries built prior to 1990 -
are safer, require less delay or stopping and have lower life cycle costs. The
costs associated with constructing and operating a modern roundshout are
considerably less than the costs of a traffic signal. TIn short, use of modern
roundabouts for intersection traffic control can save lives and money while
cutting air pollution, and motorists’ frustration by reducing stopping, de.
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A

“A” Roads, 12-14, 18, 19,74
Advance Warning Sigas:
Placement of, 29, 30, 101, 148, 149
(See also listing of sign message)
Position of, 100
Advisory Conditions, 19
Advisory Safe Speed, determination of, 56, 57, 59, 60
Advisory Speed Plate, 54, 55, 59, 60
Uses of Supplemental Plaques, 55
Design of Supplemental Plaques, 56
Approach Sight Triangles, 151, 153
Arrow Sign, 34, 35,48

B

“B” Roads, 12, 13, 15, 18, 19, 74

Background, 3

Ball Banik Indicator, 57, 146, 147

Bridges, 72, 73, 74, 79, 8Q
Narrow, 73, 74, 79, 80
Oune Lane, 73

C

“C” Roads, 12, 13, 16, 17, 18, 19, 74
Cattle Crossings, 36
Chevron Alignment Sign, 35, 49, 58
Placement of, 159-163,
Citizen Service Request
System considerations, 144,
Sample Form, 145
Compliance dates, 5, 231
Commentary driving, 11, 114
Details, 168
Example Commentaries, 171
Running commientary, 170
Problem Site Investigation, 174
Consistency, 10,
Conversions, 206
Core Elements, 132



Critical Eicments, 132

Crossbucks (Railroad), 62

Crossroad Sign 31,47

Culverts, Narrow, Treatmnent of, 72, 79, 80
Curve Sigu, 52, 60

D

Departure Sight Triangles, 151, 153

Description of Traffic Control Devices, 37
Uses, 52

Degirable Elements, 132

Detour Signs and Markers, 104, 105

Driver Expectancy, 7, 11

E

Enabling Vehicies to Adjust Speed, 152
Engineering judgment, 2

Engineering Study 2

Expectancy, Driver, 7, 11

F

Formulae, 206

G

Grade Crossings, 61, 164-167

H
Hazard (Object) Markers, 75, 78-82
Highway-Rail Intersection (HRI) Signing, 61
Advance Warning Signs, 63, 66, 69
Sign Placement for Various Common Layouts, 164-167
Crossbucks, 62
Description of Traffic Control Devices and Uses, 61
INlumination at Grade Crossings: Handbook Discussion, 68
Low Ground Clearance Highway-Rail Grade Crossing Sign, 71
Pavement Markings, 67, 69, 70
Horizontal Alignment Signs: Turas and Curves, 50
Change in MUTCD 2000, 50
Handbook Note, 50
Usage, 51



I
Intersections:
Sight Distance, 151, 153, 154, 156, 157, 177
Inventory,
Traffic Control devices, 128
Elements, 132
Maintaining, 133
Investigation, Problem Site, 174
Checklists, 176
Use of Information Deficiency Checklists, 178
(Exhibits 1-8), 180-205

L

Large Amow Sign, 34, 59
Local Traffic only Signs, 100
Low Volume Road Intersection Signing, 41
Low Water Stream Crossings, &5

Advisory, 86

Handbook discussion, 86
LVR A, B, and C Roads, 12, 74

Classification, 13

Handling of Selected Inconsistencies, 19

LVT Temporary Traffic Control, 97

M .

Maintenance (See also Construction and Maintenance), 97
Manuat of Uniform Traffic Control Devices (MUTCD):
MUTCD 2000
Guidelines or Warrants 3,
Language, 67
New Format, 4,
Section on Low Volume Roads 5,
MUTCD 1998 Edition (Old Meanings ‘Shall’, ‘Should’, and ‘May”) 3,
Marking/Markers:
Object (Hazard), 75, 76, 78-82
Minimum Sight Triangle, 151
Multi-way Stop Applications, 39

N
Narrow Bridges, Culverts and Roadside Obstacles, 72
Handbook Discussion, 74
Narrow Bridge Sign, 72, 79, 80
NLVR Handbook Discussion 30, 36



Ne Passing Zone Sign, 58, 59, 60, 69, 79, 80

O
Object Markers, 75, 78-82
Design and Placement, 73,
End of Roadway Markers, 76
Markings for Objects
In the Roadway, 76

Adjacent fo the Roadway, 76
Marking Narrow Structures, Handbook Discussion, 81
One Lanc Bridge, 73, 79, 80

P

Pavement Ends Sign, 73
Pavement Markings, HRI, 67
Positive Guidance 8,
Principles

Driver Expectancy 7
Problem 1,
Purpose 1,

R

Reduced Speed Ahead Signs 44,
Regulatory Sigus, (See also listing by sign message), 37
Retroreflection, (See Retro reflectivity Handout), 116

Basic Definitions, 118

Checking, 126,

Sign Sheeting Types, 123, 124

Sign Brightness Measure, 124

Life Cycle Costs, 125

Other Potential Implementation Methods, 126
Reverse Curve Sign, 53
Reverse Tum Sign, 53
Raoad Characteristics and Classification, 12, 13, 74
Road (Street) Closed Sign, 99, 101
Roadway Access, 221
Roundabouts, 135, 219
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Landscaping Buffer, Splitter Islard, Yield Line)
137-139
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Sample Information Deficiency Log, 173
Self-Assessment
General Inspection Guidelines, 110
Sign Management System, 111
Road Safety Audits, 112, 113
Shall, Use of, 3
Should, Use of, 3
Side Road Sign, 32
Sight Distauce (Intersection), 151-158, 177
Sight Triangle, 41, 151, 152, 153-157
Sign Installation and Sign Support Systems, 89
Location, 89, 91
Guidelines, 90
Sign Placement Mlustrations (See Placement of Signs), 45-49
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Speed Determination, 56, 57, 59, 60
Speed Limit Sign 43,
Location 43,
Speed Plates, Advisory, 54, 55, 59, 60
Square Steel Tube (Perforated), 92
Stop Ahead Sign 33,47, 48
Stop Sign 37, 45, 46, 47, 48
Flacement 38, 64, 65, 66
Stream Crossings (See Low Water Stream Crossings), 85
Handbook Discussion, 86, 87, 88,
Steel Pipe Post, 95 )
Suggested procedure 6,
System
’ Choosing, 131
Developing, 131
Reference System, 131

T-Intersection Signing 42

T-Symbol Sign 32, 48, 49

Tapering, &, 9, 10, 140

Temporary Traffic Control
Construction and Maintenance, 97,
Handbook Discussion, 97, 98



Terms (Shall, Should, May), 3
Traffic Calming Measures, 214
Traffic Control Devices:
Definition of 20,
Description 37
Design of 20, -
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Maintenance of 22,
Placement of (sec Placement of Signs) 22
Requirements 20, 21,
Uniformity of 22,
References 22, -
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Handbook Note 23
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Maintenance 27,141
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Orientation 20
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Requirements 23,
Signs 23,
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Tura Sign, 52, 59
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U-Channel Steel Post, 93
Uniform Color Code, 213
Use of Handbook 6,

W
Warning Signs,
Application 28,
Design 28,
Function 28
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Winding Road Sign, 54
Wood Post, 92

Y

Y-Symbol Siga, 33, 48

Yield Abead Sign, 34, 47, 48, 107

Yield Control for Minor Roads, 155
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