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Preface 

Mobility, frequently acclaimed as our fifth freedom, is the 

basic fiber of modern society. Without mobility, progress in 

our community is stifled; with it, growth and prosperity prevail. 

Although mobility is basic to our society, it is also our nemesis. 

The price we pay for mobility is the hazard of personal injury 

and property damage d4e to collisions of errant vehicles. It may 

seem pessimistic to assume that accidents resulting from mobility 

are inevitable but, realistically, this is true. So long as 

people choose to operate their vehicle of mobility, Murphy's 

law prevails; when things can go wrong, they will. Only complete 

automation may eliminqte accidents, but people build and operate 

automation systems! 
As a people, we may not be able to change our final destiny, 

but through the application of technology we can alter the 

degree of its impact. Unscrambled, this means that we cannot 
eliminate traffic accidents; but we can reduce the number and 

severity of accidents through the application of recent develop

ments in design criteria, design standards, design policy and 

practices, and safety devices for streets and highways. A train

ing course has been prepared to present this technology, and 

this document is the participant's notebook for the training 

course. 

This course was developed under the auspices of the Federal 

Highway Administration's Offices of Highway Safety, Engineering 

and Traffic Operations. It provides a practical approach to 

the application of traffic safety in the design and operation 

of streets and highways. Upon completion of the course, the 

participants should be qualified to: 

• Effectively integrate safety as a principal criterion 

in planning, designing and operating traffic facilities. 

• Identify hazardous conditions or situations, and 

• Select and apply appropriate coutermeasures to eliminate 
or neutralize any hazard. 

This course was prepared by the Texas Transportation Institute 

under Contract No. DOT-FH-11-9449 with the Federal Highway 
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Administration, under the guidance of John R. Watson, Jr., 
Contract Manager, and the Technical Advisory Committee for the 
project. Principal authors in the development of the course 
were N. J. Rowan and D. L. Woods of the Texas Transportation 
Institute, Texas A&M University. Other authors included V. G. 
Stover, J. H. Dozier and D. A. Andersen. 

Disclaimer 

The contents of this notebook reflect the views of 
the authors who are responsible for the facts and the 
accuracy of the data presented herein. The contents do 
not necessarily reflect the official views or policies of 
the Federal Highway Administration. This notebook does not 
constitute a standard, specification or regulation. 
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TOPIC 1 SESSION 1 . . 

INTRODUCTION 

Objectives: 

As a resuZt of this session, the participant 
t>hou'td: 

1. Consider specific safety probZems from a 
broader, more comprehensive point of view, 

2. Approach the tasks of design/operations/ 
management with an attitude more attuned to 
safety, and 

3. Integrate safety as a principaZ criterion 
in the design/operations process. 

1.1.1 DEFINING THE HIGHWAY SAFETY 
~ROBLEM 

As we begin a course on Safety Design and 
Operational Practices, we should perhaps 
attempt to resolve the question - What is the 
highway safety problem? It is not quite so 
easily defined because it is different things 
to different people, dependent upon each 
one's own perspective. It may be classified 
as an engineering problem, an education 
problem and as an enfcrcement problem, depen
dent upon one's point of view. Actually, it 
is a combination of all three, plus more. 

Highway safety is obviously a social problem 
because of its profound effect on society. 
This point is illustrated by the National 
Safety Council statistics on motor vehicle 
accidents for 1976 (.l). 

General Statistics 

Deaths 
Disabling injuries 
Costs 

Accident Totals 

Fatal 
Disabling injury 
Property damage 

and non-disabling 
injury 

Total 

No. of 
Accidents 

40,600 
1,2tl0,000 

15,600,000 
16,800,000 

46,700 
1,800,000 

$24.7 Billion 

No.· of 
Drivers 
Involved 

59,000 
2,000,000 

26,400,000 
28,400,000 

Regardless of which formula one May use to 
compute the monetary loss and the physio
logical and psychological stress due to these 
accidents, the true cost to society is so 
great that it defies comprehension. Yet 
society seems to accept this nemesis as 
simply a part of life. Why? Is it simply 
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the price we pay f6r the convenience of the 
highway mode? These questions certainly 
relate to the technological and scientific 
(engineering) aspects of highway safety,_and 
we will try to resolve some of these ques
tions. 

At least part of the safety problem is 
explained, hypothetically, by stating that it 
is inherent in man's nature. What does that 
mean -- that man is bent upon killing himself? 
Indirectly, yes! Since the beginning of 
recorded history, man has desired mobility. 
Through desire, ambition and even restlessness, 
man has wished to travel from place to place 
for various reasons. In the 15th century, 
Martha "Mother" Shipton recorded in her poem 
"Prophesy" the following lines: 

"Carriages without horses shall go, 
And accidents will fill the world 
With woe." 

Even though Mother Shipton was accused of 
being a witch, she could have drawn this 
conclusion simply as a student of human 
nature. She could have observed that man is 
inherently physically lazy; he will not walk 
when he can ride. He is impatient; he wants 
to travel quickly or rapidly. He is invent
ive; he wi11 experiment and expand his know
ledge and technology until he finds a better, 
faster way. And, he is daring - he will 
overextend himself on rare occasions and be
come the victim of the laws of chance -- in 
other words, he can have an accident. Per
haps this explains why we have accidents in 
highway travel as well as.in every other 
mode. Does this mean that accidents -- death 
and destruction -- are inevitcble, so why 
fight them? The response is, yes and no, for 
so long as we have humans at the control of 
the transport vehicle, there will be 
accidents; however, to accept this phenomenon 
as inevitable and not attempt to correct it 
would be against the natural laws of human 
nature. The inherent ambition of man presses 
him to more efficient transportation on the 
one hand, and this same compulsion pushes man 
to work and to devise methods of reducing the 
probability and severity of accidents. No, 
we will never eliminate accidents but yes, we 
will make significant reductions in accidents 
through technological advancement. 

,. 

If traffic safety is a social problem like a 
disease, then why do we not attack it as we 
have polio, smallpox and other illnesses and 
eliminate the nemesis? We have done this to 
som~ extent; but, somehow, traffic accidents 
are more "accepted" than most diseases. It 



is believed that the probability of occur· 
rence has a great deal of influence. In an 
epidemic, people relate very closely because 
of the high probability of contracting the 
disease. But traffic accidents always 
"happen to the other guy" because of the in
frequency of their occurrence to the individ
ual. Through some simple calculations and 
typical accident rates, we may determine the 
following statistics: 

• On the average, a driver will be involved 
in an accident every 55,000 miles. Even if 
he should drive 20,000 miles per year, he 
still averages an accident approximately 
every three years - and this includes all 
accidents - fender benders to fatals. 

• Further, we may note that one fatal 
accident occurs every 22,000,000 miles. 
Again, for a driver who drives 20,000 miles 
per year, he may expect to be killed every 
1100 years! Is it not natural that the 
driver relates an accident, particularly a 
fatal accident, as something that happens to 
the other driver? 

As engineers we should consider yet another 
view of the highway safety problem and the 
high degree of emphasis that is currently 
placed upon it. This is reflected in where 
we are in the transportation mode life cycle. 
In theory, there are six basic steps or 
phases in the life cycle of any transpor
tation mode. These include: 

• Need 

• Technological Breakthrough 

• Developmental Phase 

• Mature Phase 

• Declining Phase 

• Basic Service Phase 

How does life cycle relate to traffic safety? 
Let us explain briefly each phase of the life 
cycle. 

Need. There is always a need for a better 
mousetrap -- or a faster, more efficient 
transportation mode, whether it be actual or 
perceived. How else could we explain the 
current clamor over the SST? 

Technolo~ica1 Breakthrough. In order for the 
need to e satisfied, a technological break
through, or an invention, is necessary. For 
example, the invention of the wheel and the 
domestication of the horse aided highway 
transportation greatly; however, the major 
breakthrough was the invention of the internal 
combustion engine. 

Development Phase. The development phase is 
the period in which a transportation system is 
expanded to satisfy public need and desire. 
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In highway transportation, the developmental 
phase encompasses the period from the 1920's 
to the present, or at least to the 1960's. 
During this period, we experienced the 
tremendous expansion of highway facilities -
the primary, secondary, urban and Interstate 
highways. In the automobile, we have 
experienced developments in propulsion, 
control, and construction methods that have 
made possible auto ownership by practically 
every American of driving age. We have 
transformed the embryonic T-model on the 
dusty trail (or sea of mud!) to a highly 
sophisticated transportation system that is 
an integral part of our independent lifestyle. 

Mature Phase. At some point in the most 
recent years, our highway system went into the 
Mature Phase. As in life, the mature phase is· 
the time for maximum service. In highway 
transportation, it is a time to shift our 
priorities. Whereas in the d~velopmental 
phase we concentrated on developing a comhlete 
system, we now must concern ourselves w1t 
operating this complete system. This change 
in priority brings several operational 
criteria to the forefront - environmental 
quality, social concern and safety. During 
the developmental phase we had neither the 
time, the technology, nor the inclination to 
develop all these qualities to their maximum 
extent. But now is the time of concern --
the time to fine-tune this fantastic system 
of streets and highways, and to make it serve 
mankind more safely and efficiently. 

Declining Ph~se. The declining phase is that 
per1od when a technological breakthrough has 
facilitated the beginning of the development 
of a new transportation mode. The new trans
portation mode attracts users away from the 
mature mode and takes away the resources that 
must be available for maintenance and opera
tion. The re~ult of declining resources is 
declining service and thus the declining 
phase. Such a mode will go through various 
stages of disrepair until it is reduced to 
providing basic service. 

Basic Service Ph~se. The basic service phase 
is that phase in which a given transportation 
mode provides the service or services that it 
can provide more effectively and economically 
than any other transportation mode. For 
example, the railroad has gone through the 
declining phase and is now operating in the 
basic service phase. It is handling those 
large commodities and providing the services 
that can be provided best and most economic
ally by rail transportation. 

Based on the premise that highway transport
ation is.now in the mature phase, it is 
logical that our efforts should be devoted 
primarily to improving the system to make it 
operate more safely and more efficiently. 
This will be accomplished through the 
implementation of new technology gained from 
operating experience with the current system. 
Most of this implementation will result in 



modifications of existing facilities rather 
than reconstruction. This current emphasis 
on implementation of improvements should not 
and cannot preclude the necessity for some 
new construction. As the population expands, 
it is necessary that we expand our system 
accordingly. 

It is a gross error to claim the insensitivity 
of highway engineers as the root of the high
way safety problem. It is true that highway 
engineers have in the past operated according 
to criteria that were not compatible with 
current thinking. The same can be said for 
planners, for administrators and even enforce
ment officials. But they were acting in good 
faith, serving the public as best they could 
with the technology available to them at that 
time. For example, the roadside sign supports 
used along our Interstate highways in the 
early 1960's are not acceptable according to 
today's standards; yet they were designed 
according to the accepted criteria of that 
time. These supports were serviceable; they 
maintained the sign in a position that it 
could be read by the driver. They were 
designed to be aesthetically pleasing, to 
require a minimum of maintenance, and to 
facilitate easy maintenance of the grass area 
around the sign. They were comparatively 
economical; thus, they possessed the 
attributes of good engineering. But ... 
people ran off the road, struck these sign 
supports and suffered serious injury or death. 

Safety was not a criterion for two reasons. 
First, we had not considered the negative 
alternative -- the paved roadway was built to 
drive on -- the roadside was built to drain 
surface water. In addition, the attitude of 
the populace until recently was that an 
individual who ran off the roadway was either 
drunk or otherwise reckless and irresponsible 
and probably deserved his fate. Since that 
time, however, we have come to realize that 
the unfortunate driver may not be guilty of 
some wrong and deserves every consideration 
for lessening the chances of misfortun~. In 
fact, the cause of the errant driver's 
dilemma may be due to roadway or operational 
deficiencies that have become deficient be
cause of the rapid advancements in technology. 

Then, perhaps we can describe the highway 
safety problem in this manner: Safety 
problems exist because we must operate a 
highway system whose elements are in various 
stages of obsolescence due to changing tech
nology, for drivers who demand the maximum 
state of mobility, using the most modern 
automobiles that are within their financial 
means. We will never catch up, but it is our 
duty to keep trying. 

1.1.2 STATISTICAL INFERENCES OF TRAFFIC 
ACCIDENT DATA 

Now that we have defined, at least to a 
degree, the safety problem, the question is, 
"What can we do about it? Where are the 
~afety problems, and what countermeasures 
should we use to combat the problem?" As 
will be discussed within this course, there 
are a number of measures by which we may 
identify safety problems, but analysis of 
accident statistics is the most common method 
used today. Let us explore some inferences 
that may be drawn from accident statistics. 

First, just how good is our track record in 
dealing with the safety problem? Fatality 
rates over the years can provide a realistic 
measure. In 1937, the fatality rate was 14.6 
and in 1975 it was 3.3 per 100 million vehicl~ 
miles; thus, we have reduced the rate by 77%. 
Improved engineering practice shares this 
accomplishment with automakers, educators, 
and enforcement personnel. · 

Statistics can be used to identify areas of 
potential improvement. A survey of accident 
experience by accident type should give us at 
least a preliminary indication of where we 
should direct our resources. For illustra
tive purposes, 1976 da~a on fatal accidents 
for a representative state are compared as 
follows (l): 

Type of Accident 
Percent of 

Total Fatalities 

Pedestrian-Vehicle 
Collisions 

Vehicle-Vehicle Collisions 
Head-on 17% 
Rear-end 4% 
Angle 15% 
Sideswipe 1% 

Train-Vehicle Collis1ons 
Fixed Object Collisions 
Run-off-the-Road; Overturn 

in Road (loss of control) 
Bicycle-Vehicle Collisions 
Others 

16% 
37% 

2% 
25% 

11% 
2% 
7% 

rnT 

In reviewing these statistics, we quickly 
note that there are certain types of acci
dents that contribute substantially to 
the highway safety problem. It appears 
logical to consider the potential effect 
that may be realized through concerted 
efforts in these areas. These are listed in 
the numerical priority based on percentage 
of total fatalities. 
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1. Fixed.Object Collisions 25% 

2. Pedestrian-Vehicle Collisions 16% 

3. Head-on Collisions 17% 

4. Angle Collisions 15% 

5. Loss-of-Control Collisions 11% 

·Fixed object collisions and loss-of-control 
collisions can be classified under one . 

·general category as out-of-control collisions, 
and they will account for approximately one
third of all accidents. These collisions 
generally involved only one vehicle losing 
control or over-driving the situation and 
becoming involved with a hostile environment. 
This hostile environment may include the 
encountering of critical side slopes or 
skidding which would cause overturning on the 
ruadway or roadside. If, however, a fixed 
object exists within the area wnere the 
vehicle is out of control, then the collision 
becomes a fixed object collision. The source 
of the trauma is the same; the environment 
may differ. This particular type of 
collision perhaps has a high probability of 
correction by engineering methods. There 
are three alternatives: (1) we may eliminate 
the fixed object or the hostile environment 
such as a steep side slope, (2) we may erect 
a barrier or a cushion that will redirect or 
intercept the errant vehicle to avoid the 
trauma; or (3) we may even be able to elimi
nate the conditions which caused the vehicle 
to go out of control. This is an area in 
which there is considerable potential and, of 
course, this is an area where a great deal of 
work already has been done. A substantial 
part of this course relates to the single
vehicle-accident situation. 

The right-angle collision or typically the 
intersection collision constitutes a very 
large portion of the fatal accidents -
roughly one-sixth of the total. These 
statistics could be worse than they are if it 
were not for the extensive efforts that have 
been made in the area of improving the quality 
of traffic control, the design of intersect
ions and the many grade separations on 
controlled-access facilities. Accidents in 
this category are attributable to several 
factors, not all of them deficiencies in 
design and operation. Education and enforce
ment'must share the credit. Efforts must be 
intensified in programs oriented to the 3 
E's - Engineering, Education, and Enforcement. 
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Another category of vehicle-to-vehicle 
colli~ions, the head-on collision, also 
const1tutes 17%, or roughly one-sixth of 
the total fatal accidents; These are largely 
the product of our two-lane highway system. 
Many of these could be reduced by eliminating 
the two-lane highways; however, this is 
totally unfeasible from the economic stand
point. There are methods of improving the 
safety of two-lane highways, and we will 
touch upon some of these in this course . 

. !~eluded ~re_hetter sight distance applica
tlo~s, cl1mb1~g lane an~ passing lane appli
catlons, and 1mproved h1ghway cross ~ections. 

In s~i~l another area, the vehicle-pedestrian 
colllSlO~, we have 16%, or again approximate
ly one-s1xth, of the total fatal accidents. 
In many states the pedestrian accident 
experience is even higher. For example·, the 
national statistics show that roughly 20% of 
all fatal accidents are pedestrian types, and 
30%.of al~ urban fatal accidents are pedes
t~al~ ~cc1dents. These numbers become very 
s1gn1f1cant, and a new dimension is added 
by pointing out that only two and a half per
cent of all accidents involve pedestrians. 
This demonstrates the severity of the vehicle
pedestrian collision. 

Pedestrian accidents are not easily dealt 
with because of the very nature of the 
conditions surrounding the accidents. The 
major contrast in operating characteristics 
is highly contributory. Pedestrians are slow 
and vulnerable, where vehicles are compara
tively fast and invulnerable. When there is 
a conflict between vehicle and pedestrian 
the vehicle wins. Pedestrian controls and 
safety provisions are not' as effective as they 
should be because of a general disregard for 
laws pertaining to pedestrians and a general 
lack of enforcement. Enforcement officers 
claim that it is virtually impossible to 
enforce pedestrian laws. 

We need to take a close look at our track 
record. Where is the greatest accident 
experience in our own locality, and which 
~ypes offer the greatest potential for 
1mprovement? Portions of this course are 
directed toward the identification and 
correction of hazards based on accident ex
perience. 

1.1.3 WHOSE RESPONSIBILITY IS SAFETY? 

Responsibility for safety is a rather nebu-· 
lous charge. When we analyze the situation 
we find that there are a large number of ' 
transportation-related disciplines that . 
contribute to the safety or the lack of 
safety of a given highway system. This sec
t!on_wi~l attempt to enumerate some of these 
d1sc1pl1nes and the manner in which they 
influence highway safety. 



1.1.31 Administration 

Persons responsible for the administration 
of a highway system, whether they be city, 
county, state or federal employees, have a 
very strong influence over the safety of 
that system. The administration ma~es 
decisions relative to the direction of pro
grams, and these programs may be designed to 
accomplish a wide range of goals and objec
tives. If a high degree of emphasis is 
placed on safety within the direction of the 
programs, then certain levels of safety im
provement will be achieved. If, on the other 
hand, little regard is given to safety, then 
little will be achieved. 

Administrators (and politicians) have a great 
deal to do with the availability of funds for 
highway improvements. Further, administra
tors have a great deal of influence on the 
ways in which these funds will be spent. In 
the same manner as in the direction of pro
grams, funds can be made available for safety 
improvements or they can be directed to other 
needs. Safety depends on administrative 
decision. 

Administrators establish the order of 
priorities. The relative safety of a given 
highway system will depend to a great degree 
on the priority given to safety programs and 
projects. 

It is important that the administrator 
recognize the value in establishing sifety 
as a principal criterion in planning, design, 
operation and maintenance of highway systems 
and to utilize staff to the fullest extent 
to implement safety in all programs related 
to the highway system. 

1.1. 32 Planning 

Perhaps very few people think in terms of 
the planner as having a direct or substantial 
influence on the safety of a highway system. 
On the contrary, safety may begin or end with 
the decisions made in the planning process. 
For example, the planner assumes responsi
bility for street network layout. We all 
know that intersection safety is dependent 
to a great degree on the pattern of the inter
section; that is, how the various approach 
legs come together. Further, we all know that 
very little can be done to improve the safety 
of skewed intersections, offsets and other 
"oddball" situations. Thus, safety influences 
begin when the first line is laid on the 
paper; the orientation and relationship of 
these various lines representing streets 
determine essentially forevermore the effi
ciency and safety of operations, 
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Planners also assume a role of establishing 
and controlling land use policies. Certainly, 
land use has a great deal to do with the 
safety of a particular street or intersection. 
We may attempt to design a facility whereby 
land use and access will have a minimal 
effect on safety and operations. But that 
which we are able to do depends to a great 
degree on the policies that control land use 
and access. Thus, the planner has a very 
decided effect on safety through his actions 
with regard to access and land use. 

1.1. 33 Design 

Geometric design is the implementation of 
the planning process. This is the point at 
which the layouts envisioned by the planner 
are given dimension. The requirements of 
design and ultimately of operation must be 
incorporated at the planning stage. The 
designer must employ established criteria 
that are based on operational requirements. 
The designer must evaluate trade-offs and 
make decisions as to which alternatives are 
the more utilitarian within the constraints 
imposed by administration policy and the 
basic plan established by the planner. The 
safety of the facility depends to a great 
degree on how well the designer utilizes 
existing technology and how high a priority 
he gives to safety criteria. 

1.1.34 Construction 

The construction of the highway is the im
plementation of planning and design decisions. 
It is important that construction carry out 
the intent of the planning and design process 
as nearly as possible, particularly in areas 
that relate to operational efficiency and 
safety. Ther.e should be minimal field 
changes, and these should be made to effect 
greater safety and operational efficiency 
rather than to sacrifice it for the benefit 
of other aspects. 

Many times the construction agency has re
sponsibility for operating traffic concur
rently with the reconstruction of a facility. 
The manner in which detours are designed and 
operated determines to a great degree the 
level of safety that will be achieved. It 
is necessary that the construction agency 
consult those responsible for tr~ffic oper
ations and then carry out the directives of 
this group as closely as possible. Too 
frequently detours are thought of in terms 
of temporary situations. In extensive con
struction jobs, these should be viewed more 
as permanent arrangements as they can last 
for several years. 



1.1.35 Operations 

Traffic operations is the implementation of 
planning and design decisions. In another 
way, it can be viewed as the regulation of 
the use of a facility. The driver inform
ation and traffic control systems must insure 
that the safety benefits designed into the 
facility are achieved. Conversely, traffic 
control and information systems designed by 
the operations engineer cannot correct plan
ning and design deficiencies. At best, the 
effects of a bad condition caL only be 
minimized. To correct these deficiencies 
requires traffic operations input during-the 
planning and design stages. 

1.1.36 Maintenance 

Safety should be a primary objective in all 
maintenance. Changing the basic design 
should not be undertaken without consulting 
the designer regarding changes, and obtain
ing his concurrence. Also, roadside 
appurtenances which must be maintained 
frequently due to collision damage should 
be brought to the attention of appropriate 
personnel to determine if a redesign would 
eliminate the maintenance problem and at the 
same time improve the safety of the system. 

1.1.37 Enforcement 

Enforcement should have as its basic objec
tive the safety of the motoring public. 
Enforcing the regulations in accordance with 
operational intent of the regulation is most 
important. Also, in accident investigation, 
the officer's responsibility is to first ob
tain care for the injured and then to clear 
the roadway in order to protect the remainde.r 
of the motoring public. After this, the 
accident investigation should be accomplished. 
Enforcement should encourage motorists to 
never leave their damaged vehicles in the 
roadway if they can be moved safely_. 

Further, enforcement personnel can add greatly 
to the safety improvements by iqentifying 
trouble spots. Problems in interpreting and 
negotiating difficult roadway geometry fre
quently are first detected by enforcement. 
By having a good working relationship between 
engineering and enforcement, many of these 
problem areas can be located and corrected 
before major accidents occur. 

1.1.38 Safety is a Cooperative Effort 

With all of these different disciplines in
volved, highway safety is obviously a 
cooperative effort. Effective leadership 
must be exercised by management, and cooper
ation and effective communication must be 
achieved at all levels of activity. One 
method of achieving this cooperative effort 
is through safety operational and design 
review teams. By proper selection of review 
team structure, several different disciplines 
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may be rep~esented, and their input may be 
achieved through a structured and deliberate 
process. 

1.1.4 OPTIMUM VERSUS MINIMUM DESIGN 

quoted directly". 

"There has been a tendency to base highway 
design upon minimum standards rather than to 
adopt an optimum design. WhiZe minimum stan
dards may have been adequate for the existing 
or even the assumed conditions, they may be 
inadequate if speeds and traffic voZumes in
crease more rapidZy than anticipated. As a 
resuZt, more often than not, a new faciZity, 
expected to reach capacity years in the 
future, has become overZoaded and Zess than 
satisfactory aZmost immediateZy upon being 
opened to traffic. " 

"The acceptance of minimum standards as the 
criteria for design too often occurred for 
reasons of economy. FrequentZy, a more 
ZiberaZ design wouZd have cost ZittZe more 
over the Zife of the project and wouZd in
crease its safety and usefuZness substa.,
tiaZZy. AZthough much progress has been 
noted in the use of optimum design in many 
areas since 1967, the importance of the 
message cannot be overemphasized. " 

"TypicaZ exampZes of the appZication of im
proved design incZude: sight distances 
greater than the minimum, fZattening side 
sZopes sufficientZy to eZiminate the need 
for guardraiZ, provision of increased right
of-way widths to avoid steep side sZopes, 
and use of drainage pipe in Zieu of an open 
steep-sided ditch. The Handbook of Highway 
Safety Design and Operating Practices, issued 
by the FederaZ Highway Administration in · 
revised form in 1973, describes and iZZus
trates a number of these probZems." 

"AZZ too often, minimum design standards 
attempt to reZy on the use of warning signs 
or other added roadside appurtenances for 
the safe operation that couZd have been buiZt 
in by the use of higher standards in the new 
project at a minimaZ cost. Often the safety 
deficiencies generated by minimum design are 
impossibZe to correct by any known traffic 
device or appurtenance. A warning sign is a 
poor substitute for adequate geometric de
sign." 

"Consistency in design standards is desirabZe 
on any section of road, because probZem 
Zocations are generaZZy at the point where 
minimum design treatment is used. Highways 
buiZt with high design standards put the 
traveZer in an environment which is funda
mentaZZy safer because it is more ZikeZy to 



compensate for the driving errors he even
tuaZZy wilZ make." 

1.1.5 DEFINITION OF A SAFE ROADWAY 

In keeping with the optimum design philosophy, 
a definition of a safe roadway is offered as 
food for thought. 

~ safe roadway is one in which none of the 
driver-vehioZe-roadway interactions approaches 
the oriticaZ ZeveZ at any point along its 
Zength." 

Safety is an attitude -- the attitude of all 
concerned with highways -- the administrator, 
designer, builder, the operator and the user. 
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TOPIC 2 SESSION 1 
MODEL SAFETY IMPROVEMENT PROGRAMS 

Objectives: 

With further study of the avai~able documents~ 
the partiaipant should be able to: 

1. O~ganize a safety improvement program to 
include the teahniaal elements recommended 
in the presentation, 

2. Identify hazardous locations based on 
analysis of aaaident data, and non-aaaident 
measures, 

3. Establish a priority list of loaations 
to be treated, 

4. Analyze proposed alternative treatments 
and 

5. Analyze the effectiveness of improve
ments. 

2.1.1 INTRODUCTION 

The Spot Safety Improvement Program for the 
Federal Aid Highway system was outlined in 
the FHl'IA Policies and Procedures Memorandum 
21-16, dated August 30, 1965. This_PPM was 
superseded by FHPM 6-8-2-~. Later~In . 
conformance with the requirement of the High
way Safety Act of 1966, sixteen standards 
for education, enforcement, engineering and 
judicial pra~tices were adopted in ~n.effort 
to improve h1ghway safety. Two additional 
standards have since been adopted. Of these 
18 standards, 3 and part of another pertained 
to engineerin~ improvements. These standards 
provide for identification ?f p:oblem 
locations (Standard 9), design 1mprovements 
(Standard 12), traffic operations improve
ments (standard 13) and pedestrian facility 
improvements (standard 14). This session 
pertains to the implementation of the 3 + 
standards, .with particular emphasis on 
Standard 9. 

For many years, city and state agencies had 
practiced safety improvement programs under 
the name of "Traffic Engineering Analysis · 
of Accident Data." Traffic engineers 
utilized accident spot maps to assist them 
in visually identifying problem locations, 
specifically locations with high accident 
frequencies or high severity of accidents. 
Also, spot maps were used to identify 
pedestrian accidents, night accidents, and 
accidents involving drinking drivers. Spot 
maps were supplemented by high accident 
frequency location lists, and some agencies 
with statistical expertise employed accident 
rates and other statistical measures to re-
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fine the process of identifying and assigning 
priority to high accident locations. 

Methods of analysis included the development 
of a collision diagram whereby the traffic 
engineer could identify accident character
istics that may yield suspect causative 
factors. Collision diagrams were supplement
ed with condition diagrams which showed the 
physical features of the accident locations. 
The traffic engineer could use the collision 
diagram, condition diagram, field studies, 
and his experience to identify deficiencies 
in the design of t~e facility or control 
strategy used to regulate and inform traffic 
on the facility.· 

These safety improvement programs were 
generally a part of the routine functions of 
the traffic engineering department and were 
carried out by a traffic technician under 
the direction of the traffic engineer. 
Guidelines for the conduct of these programs 
were minimal, generally limited to inform
ation available in the Traffic Engineering 
Handbook and the experience of the traffic 
engineer. 

As indicated previously, the FHWA Policy and 
Procedures Memorandum 21-16 gave positive 
identification to the procedures that were 
to be followed in reducing or eliminating 
safety hazards at.locations on Fede~al Aid 
Highway Systems. This memorandum clearly 
defined the spot safety improvement program 
as a program completely separate from the 
regular construction program. Projects under 
this new program must satisfy two basic 
criteria: 1) They must be identified -as 
needing improvement based on accident 
analysis, and 2) They must be expected to 
produce a measureable reduction in the number 
and/or severity of accidents. 

Procedures outlined in PPM 21-16 (now FHPM 6-
8-2-1) include the following: 

• Establishment of a field reference system 
for identifying location of individual 
occurrences. This might be in the form of 
reference mileposts, coordinates, etc. 

• There must b~ maintained a traffic records 
system with the capability to correlate 
collision data with vehicle driver and high
way data, including the capability to 
correlate accident experience with existing 
geometric features and traffic character
istics at specified locations. The ultimate 
objective of the system should be to identify 
causative factors of highway collisions. 



• A procedure for identifying and reporting 
hazardous elements and locations based on 
accident analysis. 

• A system for ranking proposed safety pro
jects based on the potential for reducing the 
number and/or severity of accidents to pro
vide for high-yield improvements to be pro
grammed first. 

• A regularly scheduled review and revision 
of rankings or priorities. 

• A "before and after" accident evaluation 
program for analyzing types of hazardous 
conditions in relation to types of improve
ments to better define identification, 
analysis and improvement scheduling tech
niques. 

2.1.2 A MODEL SPOT IMPROVEMENT PROGRAM 

The safety improvement program outlined in 
PPM 21-16 is an excellent safety improvement 
program, but it is felt that a greater 
returR can be realized, particularly in the 
urban areas, by establishing a broader spot 
improvement program. A spot improvement 
program should be responsive to operational 
problems in general whether they be congest
ion or safety. Further, problem locations 
should not be classified as design or 
operational problems until the source of the 
problem is analyzed. Many times it is 
found that both design and operation~! 
deficiencies contribute to the problem. Pre
sented in subsequent paragraphs are steps 
that constitute a model spot improvement pro
gram. This is a six-step program identical 
in many ways to the program presented in 
NCHRP Report #162 (1), Methods for Evaluat
ing Highway Safety Improvements, except that 
a much broader base of measures is suggested 
in dealing with a broader scope of problems. 
The steps are identified as follows: 

• Identifying Problem Locations 

• Selecting Alternative Improvements 

• Evaluating Improvement Alternatives 

• Programming and Implementing Improvements 

• Evaluating Effectiveness of Improvements 

• Evaluating the Program 

2.1.3 IDENTIFYING PROBLEM LOCATIONS 

A systematic method of identifying problem 
locations is most important. This is the 
point where the total program is enhanced or 
limited, based on the objective of the pro
gram. A rather broad objective can be 
achieved by setting up a broadly-based 
identification procedure. The elements of 
the identification procedure should include: 
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2. 1. 31 Tra·ffic Measures 

Speed and Delay Studies. Even limited 
stuaies on the arter1al system will pinpoint 
problem locations and will contribute great
ly to the formulation of long-range programs. 

Volume/Capacity Studies. Most cities main
tain a V?lume count program. If capacity 
computat1ons are made for the system and the 
V/C ratio is determined, an overall ~valuat
ion of the system operation can be made. 

With computer technology available today, 
this could be a routine operation. 

2.1.32 Field Observations 

This is one of the principal methods of 
identification now in use, because of our 
natural exposure through driving. The field 
observation technique can be improved great
ly by making aerial observations. A heli
copter is better, but a light plane will 
perhaps suffice if a helicopter is not 
available. 

2.1.33 Diagnostic Team Study 

A specialized approach has been used to 
identify problems over a selected section of 
an urban system. The method was developed 
and used ina multi-state sponsored research 
project entitled, "Diagnostic Studies of 
Highway Visual Communications." It was used 
on rural and urban section~ of freeways and 
arterials, and is now being adopted for use 
in certain agencies. The team study 
approach involves the forming of a multi
discipline team (design, operations, main
tenance, and lay persons) to drive the 
route in question and comment spontaneously 
on their difficulty in carrying out assigned 
driving tasks. Comments are tape-recorded 
for evaluation later. The team is brought 
together for a critique; this is also re
corded. It is important that the team 
concentrate on identification of problems 
rather than seeking alternativa solutions. 

2.1.34 Citizen Input 

Citizens are a constant source of problem 
identification, but it would be desirable 
to detect problems by other methods before 
the citizen feels compelled to call •. 

2.1.35 Enforcement Input 

Patrolmen who drive the system observe many 
problems. This input should be organized so 
that it is effective and uniform. 



2.1.36 Use of Accident Data 

Currently, federal policy requires that 
identification of hazardous locations be 
based on analysis of accident experience. 
Four different analysis techniques commonly 
are used: 

• Number of accidents method (frequency) 

• Rate of accidents method 

• Number-rate method 

• Rate-quality control method 

The first two methods are quite simple and 
readily adaptable to the smaller highway 
and street systems. The latter two listed 
above are recommended for larger systems 
with higher traffic volumes and wider 
variations of traffic. 

TABLE 

ACCIDENT DATA 

Number of 
Accidents 

Basic Data Requirements Method 

Time period X 

Accident locations X 

Section lengths 

Traffic volumes 

Average accident rates 

Categories of highways 

Table 2.1.1 shows the basic data require
ments for each of the four methods of 
analysis. 

The data described in Table 2.1.1 are suffi
cient for the purpose of identifying hazard
ous locations. However, additional inform
ation will be needed later for evaluating 
alternative safety improvements and prepar
ing program information such as: 

• Type of accident 

• Severity of accident 

• Time of day 

• Lighting conditions 

• Weather conditions 

• Type of traffic control 

2 .1.1 

REQUIREMENTS 

Accident Number- Rate-Quality 
Rate Rate Control 

Method Method Method 

X X X 

X X X 

X X X 

X X X 

X X X 

X X 

TABLE 2 .I. 2 

Criteria 

Sections: 

Accidents per mile 
Accidents per MVM 

Intersections and Spots: 

Number of Accidents 
Accidents per MV 
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ACCIPENT CRITERIA MEASUREMENT UNITS 

Number of 
Accidents 

Method 

X 

2.1-3 

Accident 
Rate· 

Method 

X 

X 

Number
Rate 

Method 

X 

X 

X 

X 

Rate-Quality 
Control 
Method 

X 

X 



This type of information is included in 
standard accident reports. 

Table 2.1.2 shows which of the criteria 
measurement units are applicable to each of 
the alternative methods of analysis. 

Number of Accidents Method. This system can 
be used effectively for small ~own street 
systems, local street systems in larger 
cities and low volume county roads. 
Consideration of the exposure factor is not 
as significant as on systems with higher 
traffic volumes or wider ranges of traffic 
volumes. 

This is the simplest and most direct 
approach. All accidents are recorded by 
location and by the time period during which 
they occurred (usually months). Use of an 
accident spot map has proven to be one of the 
best ways to document the information. 

The simplicity of this approach is justified 
because of low traffic volumes. There will 
not be many accidents, and few clusters of 
accidents will be found. Where clusters do 
appear, there will be an objective basis for 
investigation to determine if some element 
of roadway facility may be contributing to 
the accidents. 

Accident rate method. Analysis by number of 
accidents alone can result in misleading 
conclusions when there is considerable 
variation in traffic volumes throughout the 
road or street system. Two locations having 
the same number of accidents should not 
reflect the same degree of hazard potential 
if one carries twice as much traffic as the 
other. The accident rate method considers 
this variable. 

In addition to the basic information on 
accidents and their locations, we must also 
know the traffic volumes at all locations-
and we must be able to compute systemwide 
accident rates for comparison with specific 
locations. 

The accident-rate method involves the steps 
described below. With relatively small 
systems, the processes and calculations can 
be performed manually. With larger systems 
a computer should be used for calculations 
and processing of data. 

1. Locate all accidents in accordance with 
accepted coding practices. 

2. Identify number of accidents in each 
established section and at individual inter
sections and spots. 

3. Calculate the actual accident rate for 
each established section during the study 
period. 
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Rate/MVM = 

4. Calculate the actual accident rate for 
each intersection or spot during the study 
period. 

Rate/MV 
(no. of accidents at intersection 
or spoti(l06) 

(ADT atocation)(no. of days) 

5. For the same period, calculate the 
systemwide average accident rates for 
sections, intersections and spots--using the 
formulas above and the summation of total 
accidents, total vehicle miles and total 
vehicles 1 respectively, for each category of 
location. 

6. Select accident rate cut-off values as 
criteria for identifying hazardous locations. 
A value about twice the systemwide rate 
usually is realistic and practical. 

7. If actual rates exceed the minimum 
established criteria, the location is 
identified as hazardous and placed on the 
list for investigation and analysis. 

Selection of the cut-off value (step 6) is 
not as critical as it might appear. The 
principal purpose is to control the size of 
the list of locations to be investigated--a 
shorter list with high values, a longer list 
with low values. Experience will disclose 
the proper level for a particular agency. 

The accident rate method is more complex than 
the accident numbers method--and usually 
gives better results. But compromises are 
made in detail of specific and overall 
statistical reliability. Some of these 
limitations are overcome by the rate 
quality control method and the number-rate 
method. Most agencies with large complex 
systems should adopt one of these-latter two 
methods. 

Number-Rate Method. The number-rate method 
is applicable to all highway or· street 
systems--regardless of size of system or 
variations in traffic volumes. 

A location with relatively high numbers of 
accidents per mile may appear to be quite 
hazardous. But if the traffic volume is 
exceptionally high at the location, the 
accident rate may not be abnormal--and the 
situation may not be as bad as it appears. 

On the other hand, a location with relatively 
few accidents may show a very high accident 
rate because of extremely low traffic 
volumes. And again, the situation may not be 
as abnormal as it appears. 

If both the number of ac~idents and accident 
rate at a location greatly exceed the 
average, we can be reasonably sure that the 



accident record is abnormal--and that 
conditions should be examined. The number
rate method is based on this concept. Add
itionally, this method considers variables 
related to categories of highways and types 
of intersectidns--categories differentiating 
between rural and urban locations, number of 
lanes, divided or undivided and access 
control. 

The number-rate method involves the following 
steps in addition to the basic recording of 
accidents and their locations: 

1. For sections of highway, compute average 
accidents per mile for each category of high
way--based on total data for all sections of 
each category. 

Av. accidents per mile 

E(number of accidents) 
E(miles of category) 

Av. accidents per MVM = 
E(numbcr of accidents)(l0 6) 
E(section ADT)(no. of days)(section length) 

2. Identify all clusters of accidents (2 or 
more within 0.10 mile) at spots and inter
sections, and compute average accidents per 
location and per million vehicles for each 
category of highway. 

Av. accidents per location 
total number of accidents 
total number of locations 

Av. accidents per MV = 
(total number ·of accidents}(l06) 
E(location ADT)(no. of days) 

3. Select cut-off values for each of the 
criteria above--start with values about 
twice the systemwide average for each high
way category. 

4. For each section, calculate both the 
actual number of accidents per mile and per 
vehicle mile. 

5. For each cluster of accidents (spot or 
intersection) calculate both the number of 
accidents and the accidents per million 
vehicles passing the location. 

6. All locations with numbers of accidents 
and accident rates both higher than the 
critical cut-off values should be placed on 
the hazardous location list. Comparisons 
must be made with criteria for the particular 
category of highway being analyzed. 

Rate Quality Control Metho~. The rate 
quality control methoa-r5-applicable to 

systems of all sizes and ranges of traffic 
volumes. As with the number-rate method, 
consideration is made of various categories 
of highway--rural, urban, 2-lane, 4-lane, 
etc. But the rate quality control method 
assures control of the quality of the 
analyses by applying a statistical test to 
determine whether a particular accident rate 
is unusual, as related to a predetermined 
average accident rate for locations having 
similar characteristics. The tests applied 
are based on the commonly accepted assump
tions that accidents fit the Poisson distri
bution. 

The critical rate is determined statistically 
as a function of the systemwide average 
accident rate for the category of highway and 
the vehicle exposure (vehicles or vehicle 
miles) at the location being studied. 

Critical rates are computed by the following 
formula: 

Rc = Ra + K~ -
0.5 
m 

Where: Rc = Critical accident rate 
(For sections-accidents per MVM) 
(For intersections or spots
accidents per MV) 

Ra Systemwide average accident rate 
by highway category 
(For sections-accidents per ~WM) 
(For intersections or spots
accidents per ~W) 

m Vehicle exposure during study 
period (~W or HVM) 

K ., Constant 

The value of K determines the level of con
fidence that accfdent rates above the 
critical rate are significant and have not 
resulted by chance. A 95% level of confi
dence is desirable. Example values of K £or 
various levels of confidence are shown below. 

Level of Confidence 

0.995 
0.95 
0.90 

K 

2.576 
1.645 
1. 282 

The rate quality control method involves the 
following steps in addition to the basic 
recording of accidents and their locations. 

1. Compute sys~emwide average number of 
accidents per MVM for each category of high
way--based on total data for all sections of 
each category~ 
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2. Identify all clusters of accidents (2 or 
more within 0.1 mile) at spots and inter
sections, and compute systemwide average 
accidents per MV at such locations by 
categories of highways. 

Av. accidents per MV = 

3. For each individual location, determine 
the vehicle exposure, m, during the study 
period. 

For sections: 

m = 

(section ADT)(no. of days)(section length)=MVM 
(106) 

For intersections and spots: 

m c {location ADT)(no. of days) MV 
(106) 

4. For each location, compute the critical 
accident rate, Rc, by the formula: 

Rc = Ra + K ~ - .OS y-m m 

Where: Ra = Average accident rate for 
category of highway being 
studied 
(MVM for sections--MV for inter
sections and spots) 

m = Vehicle exposure at location 
(MVM for sections--IN for inter
sections and spots) . 

K Constant for probability level 

Start with a value of K = 1.5. A larger 
value of K will reduce the length of the 
hazardous location listing--but will increase 
the level of confidence that the locations 
truly •re hazardous. A smaller value of K 
will produce a longer list with a lower 
level of confidence. 

5. Compute the actual observed accident 
rate at each location for the same time 
period. 

For sections: 

Accidents per MVM = 

no. of accidents 
. millions of vehicle m1les 

For intersections and spots: 

Accidents per MV = 

no. of accidents 
m1llions of veh1cles 

6. Compare the actual accident rate with the 
critical rate at each location and prepaYe a 
list of all locations (sectors, intersections 
and spots) with rates exce·eding the critical 
value. 

An Example Application. The Georgia DOT has 
developed a computer record analysis pro
cedure that establishes priorities for·spot 
and section improvements. The major features 
of the analysis procedure are outlined below. 

• Computation of accident rates. The acci
dent file is linked to the state volume file 
so that rates may be determined automatic
ally. 

• Computation of accident severity. To pro
vide a measure of accident severity at a 
given location or section, Georgia has · 
assigned an empirical weighting system to 
Fatal, Personal Injury (class A, B, and C), 
and Property Damage accidents, as follows: 

IF - Fatal accident - 5 

IA Personal injury accident, Class A 4 

IB - Personal injury accident, Class B - 3 

Ic - Personal injury accident, Class c - 2 

PD - Property damage only - 1 

Therefore, the average severity becomes: 

s = 

• Significance of accident statistics. 
Once the data for a location have been deter
mined, the.question is, are the larger 
statistics, frequency, rate, and severit~ due 
to chance or a real difference in conditions? 
This question is resolved by determining the 
critical level of each of the statistics as 
discussed earlier. 

Critical frequency 

F + K fF: 
a VJt 1 

2m 

Where: Fe 

Fa 

Critical frequency 
Average frequency for all road
ways of same class for state or 
area 

K Constant for probability level 

m Average exposure of traffic 
during study 

Similarly, critical rate and critical sever
ity also can be computed. 
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Critical rate -

Rc = Ra + K~ 1 
- 2m 

Where ra = average rate for all roadways 
of same class for state or area 

Critical severity = 

Sc = Sa + KJ;i. 1 
- Zm 

Where Sa = average severity for all roadways 
of same class for state or area. 

Safett indices. A comparison is then made of 
actua statistics with critical statistics to 
determine if the location is to go on the 
priority listing. This is accomplished by 
computing a Safety Index for e~cn of the 
statistics. 

Frequency Index: 

Rate Index: 

Severity Index: 

FI = F 
Fc 

RI = R 
~ 

SI = S 
~ 

If none of the three indices is greater than 
1.0, this would indicate that the safety 
problem at the location is not critical and, 
therefore, it would be dropped from further 
consideration. 

Final Ranking of Accident Locations For 
Pr1or1ty Purposes. The spot an~ sect1on 
locations are ranked on the bas1s of each of 
the indices' being weighted empirically as 
follows: 

Index Points = 
FI(0.70) + RI(O.SO) + SI(Z.O) 

Therefore, to summarize, the Georgia method 
includes the following steps: 

• Calculate accident rates based on 
frequency and severity 

• Compute 'critical values for frequency, 
rate and severity 

• Compute safety indices by comparing 
actual to average frequency, rate and 
severity 

• Rank the locations according to index 
points using an empirical weighting scheme 
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2.1.37 The Hazardousness Rating Formula 

In research conducted by Taylor and Thompson 
(2), a Hazardousness Rating formula w~s 
developed which incorporates both.acc1dent 
and non-accident measures or pred1ctors. 
This formula is intended to be a supplement 
rather than an alternative to accident record 
systems in the identification and ranking of 
problem locations. The following paragraphs 
briefly describe the procedure developed by 
Taylor and Thompson. 

Indicators Used in the Formula. From the 
initial lis~ of indicators, the following were 
selected for inclusion in the final Hazardous
ness Index: 

• Accident Measures 

+ Accident Rates 

+ Accident Numbers 

+ Accident Severity 

• Non-Accident Measures 

+ Traffic Conflicts 

+ Erratic Maneuvers 

+ Sight Distance Rati9 

+ Volume/Capacity Ratio 

+ Driver Expectancy 

+ Information System Deficiencies 

Scaling and Weightins Factors. Having 
selected these n1ne 1ndicators, Taylor and 
Thompson established a scaling system for 
transforming the raw data for each indicator 
into a form which would be compatible with 
other indicators in the final Hazardousness 
Index. A scale of 0 to 100 was used for the 
Indicator Value where 33 designates the 
separation of "normal" and "hazardous," and 

.67 designates the separation of "hazardous" 
and "very hazardous." As a next step, four 
control values were established for each 
indicator which would designate limits for 
each level of hazardousness. For example, 
the indicator values for number of accidents 
is shown in Figure 2.1.1. Similar relation
ships between raw data and indicator values 
were also developed for the other eight 
indicators. 

Once the scaling factors used to reduce the 
raw data were identified, the next step was 
to determine how much weight each of the 
indicators should carry in the final Hazard
ousness Index formula. Based on workshops 
attended by various highway officials from 
around the country, the following weighting 
factors were determined: 
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Figure 2. 1. 1 Indicator Values for Number of Accidents 

Indicator 

Number of Accidents 
Accident Rate 
Accident Severity 
Volume/Capacity Ratio 
Sight Distance 
Traffic Conflicts 
Erratic Manuevers 
Driver Expectancy 
Information System 

Deficiencies 

Final Weight 

14.5 
19.9 
16.9 

7.3 
6.6 
5.3 
6.1 

13.2 

10.2 
100.0 

Determination of the Hazardousness Rating 
Formula. Using the weighting factors from 
above and applying them to the scaling 
factors related to the raw data, the Hazard
ousness Index is used in the following 
general form: 

- E[wi cr.v.)i] 
H.I. - ~ w. 

where: 

l. 

H.I. is the Hazardous Index for the 
site under study 
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Wi is the weighting factor for indicat
or 'i 
(I.V.)i is the Indicator Value for 
indicator i 
~wi is the sum of the weighting 
factors for all the indicators used at 
the site under study 
The form used for the actual calculation of 
the Hazardousness Index is shown in Figure 
2.1.2. Note that the weights for indicators 
not used or for which data are not availaole, 
are not included in the calculations. 

Application of the Hazardousness Index. 
It is not practical to collect all the 
indicator data for all spot locations within 
a particular jurisdiction. Some of the in
dicators require exten·sive data collection 
while others require at least a visit to the 
site. Therefore, it is not feasible to 
utilize the Hazardousness Index as a screen
ing process. Rather, its value lies in 
comparing the relative hazardousness of 
various sites already under consideration. 
Taylor and Thompson suggest the following 
procedure for identifying hazardous 
lo~ations: 

1. Select the top "20" sites (arbitrary 
number, but perhaps twice the number for 
which treatment funds are likely to be 
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DETEAMUIATIOH OF HAZAROOUSIIESS IIIDEX 

Site Number O.tt 

rne 

Indicator Partial 
Indicator Datd Value ~ llelsht H. I.'s 

Nlllllber of Accidents __ acc/yr X 0.145 . 
Accident Rate __ ace/HEY X 0.199 . 
Accident Severity __ dollars X 0.169 . 
VolUflle/Capaclty 

Ratio X O.D73 . 
Sight Distance 

Ratio __ (wt.avg.) X 0.066 . 
Traffic Conflict __ conf/hr. X o.Ps3 . 
Erratic Maneuvers ____ e.lll./hr. X 0.061 . 
Driver Expectancy __ (wt.avg.) 0.132 . 
Info. System 

__ (wt.avg.) Deficiencies X .Q...!.!lL . 
s-: • 
H 1 • Sum of Partial H. I.'s • 
• • Sum of Appllcable Weights --

Relative Strength of Evaluation: 

Suol of Applicable Weights x 100 • __ s 

Do not Include weights for Indicators not used at this site. 

Figure 2.1.2 Form for Determination of the 
Hazardous Index 

available) on the basis of the accident 
records system alone. (It is suggested that 
this screening process be accomplished by 
developing a computer program and format to 
provide partial Hazardousness Indices on the 
basis of the first three terms of the HRF.) 

2. Add "5" sites for which a number of 
citizen complaints have been registered. 

3. Add "5" sites which the safety officials 
know to be hazardous even though a few or no 
accidents have occurred (perhaps by chance, 
because of new construction or a major change 
in operational characteristics, etc.). 

4. Collect the non-accident inq~cator data 
for these 30 sites. 

5. Compute the relative hazardousness of the 
30 sites on the basis of the comprehensive 
Hazardousness Rating Formula. 

2.1.38 Sensitivity of Analysis Methods 

Several methods of identifying high hazard 
locations are available for implementation, 
and the method chosen by an agency must be 
suited to the qualifications anq needs of the 
agency. Certainly each agency should strive 
to use the method of identification that is 
most effective for the given application. 
The agency should periodically evaluate the 
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effectiveness of method employed to insure 
that the method is, in fact, identifying, 
those locations that constitute the greatest 
safety hazards. The sensitivity of the 
method used is very important and should be 
checked periodically. 

2.1.4 SELECTING ALTERNATIVE IMPROVEMENTS 

The purpose of this section is to set forth 
some orderly ~ystematic procedures for in- · 
vestigating the hazardous locations and for 
identifying possible solutions. 

The Manual of Traffic En~ineerin~ Studies, 
published by the Institute of Transportation 
Engineers, sets forth a basic approach for 
analyzing hazardous locations. This involves 
four basic steps: 

• Prepare collision diagrams 

• Summarize accident characteristics 

• Conduct field observations 

• Prescribe improvements 

Suggested procedures to be followed are 
described in the following sections. 

2.1.41 Prepare Collision Diagrams 

Most accident reporting systems provide for 
fairly comprehensive information on accident 
occurrence and related conditions--information 
such as: 

• Location description 

• General geometric layout of location 

• Time and date of each accident 

• Severity of accident 

• Pavement condition for each accident 

·• Weather at each accident 

• Intended paths of vehicles involved 

• Intersection control devices 

Graphical presentation of such information 
usually is more effective than statistical 
summaries. A simple collision diagram will 
facilitate analyses--particularly at inter
sections. Strip maps or multi-page maps are 
necessary to illustrate accidents on long 
sections of highway. 

2.1.42 Summarize Accident Characteristics 

By summarizing factual data related to 
accidents, it,frequently is possible to 



identify relationships between accidents and 
possible contributing factors. When data for 
all accidents at a particular location con
sistently show common characteristics of time 
of day, weather, type of accident, or other 
conditions, some of the mystery is removed, 
and these indicators can be used to point the 
direction of further investigations. 

The importance of good factual reporting is 
obvious. Unreliable summarized data can lead 
to erroneous conclusions. But reliable data, 
summarized in meaningful ways, can be one of 
the most valuable tools for evaluating 
hazardous locations. 

2.1.43 Field Observations 

It may be necessary to observe hazardous 
locations in the field if causes of accidents 
cannot be determined from diagram and 
statistical summaries. Observations also may 
be needed to verify assumptions m~Je in the 
office. 

Procedures for field observation normally 
should include the following steps: 

1. Review of existing available data--
accident reports, accident summpries, . 
diagrams, traffic counts, violation summar1es 
and other operational data. 

2. Schedule the observations according to 
apparent significant characteristics--night
time, wet pavement, etc. 

3. Select several good vantage points and 
observe drivers to identify unusual behavior 
and, if possible, determine the cause of the 
behavior. 

4. Drive through the location several times 
from different directions--with particular 
attention to how the driver might see the 
environment. 

S. Inventory unique features not included 
in existing records. 

6. Discuss the situation with persons re
siding in or working near the locations -
for the personal insight. 

7. Document the findings and conclusions. 

The ITE Manual of Traffic Studies lists 
eleven questions that the analyst should 
consider during a field observation: 

1. Are the accidents caused by physical 
conditions of the road or adjacent property, 
and can the conditions be eliminated or 
corrected? 

2. Is a blind corner responsible? Can it be 
eliminated? If not, can adequate measures be 
taken to warn the motorists? 

3. Are the existing signs, signals, and 
pavement markings doing the job for which 
they were intended? Is it possible they are, 
in any way, contributing causes of accidents 
rather tha~ contributions to accident pre
vention? 

4. Is traffic properly channelized to mini
mize the occurrence of accidents? 

5. Would accidents be prevented by the pro
hibition of any single traffic movement, such 
as a minor left-turn movement? 

6. Can part of the traffic be diverted to 
other thoroughfares where the accident 
potentialities are not as great? 

7. Are night accidents far out of proportion 
to daytime accidents, based on traff'ic 
volume, indicating need for special nighttime 
protection, such as street lighting, signal 
control or reflectorized signs or markings? 

8. Do conditions show that additional 
traffic laws or selective enforcement are 
required? 

9. Is there a ~eed for supplemental studies 
of traffic movement, such as driver observ
ance of existing control devices, speed 
studies of vehicles approaching the accident 
location and others? 

10. Is parking in the area contributing to 
accidents? If so, perhaps reduction of the 
width of approach lanes or sight obstructions 
in advance of the intersection resulting from 
the parking are causing the accidents? . 

11. Are there adequate advance warning signs 
of route changes so that the proper lanes may 
be chosen by·approaching motorists well in 
advance of the arra, thus minimizing the need 
for lane changing near the accident location? 

2.1.44 Prescribe Improvements 

After identifying hazardous locations and the 
.related circumstances that probably have 
contributed to accidents, the next step 
obviously is to determine what action would 
be most effective to correct, or at least to 
improve the situation. 

Unfortunately, this decision frequently is 
not as clear cut as it might lppear. Often 
we jump to an apparent obvious conclusion 
without considering all alternatives--or the 
ultimate effect that a particular action 
might precipitate. Someday we may be able 
to feed a computer with data on all circum
stances and conditions and receive back a 
100 percent foolproof solution. Until 
that time comes, .however, there is no sub
stitute for careful, comprehensive and 
logical ·analysis by an experienced person. 
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TABLE 2 .1. 3 

EXAMPLE CHECKLIST OF POTENTIAL IMPROVEMENTS 

SECTIONS 

• Eliminate parking 

• Install delineators 

• Add guardrail-embankments 

• Add guardrail-fixed objects 

• Remove fixed objects 

• Flatten fill slopes 

• Add polntod or roised modlan 

• o .. llcking 

• ResurFacing 

• Widen trove led way 
• Reconstruction 

• Install delineators 

• Add guardrail 

• Resurfoci ng 

BRIDGE/UNDERPASS 

• Install delineotan 

• Install lighting 

• Energy absorption devices 

INTERSECTIONS 

• Install or improve warning 

and/or directional sigro 

• Install minor leg stop control 

• Install lighting 

• Install pedestrian signals 

• Improve signals 

• lrotoll now signals 

• Install warning signals 

• Install or Improve edge marking 

• Install or improve warning and/or 

directional signs 

• lnstqll median barrier 

• Breobway sign and I ight 

standards 

• Install lighting 

• Shoulder stabilization 

• Widen shoulders 

• El imfnato median crossover~ 

• Add cljrn~ing Iones 

• Install warning signs 

• Reconstruct curve 

• Add guardrails 

• Bridge widening 

• Install slop ahead signs 

• Install yield sign 

• Install all-way slop signs 

• Install warning signals 

• Curtail left-turn movement. 

• Provide for lort-turn movements 

• Oeslicking 

• Install rumble strips 

There are several sources of information that 
will assist in the selection of improvement 
alternatives. NCHRP Report No. 162, "Methods 
for Evaluating Highway Safety Improvements," 
provides accident reduction forecasts for 
various types of improvements. Table 2.1.3 
presents an example checklist of potential 
improvements. Table 2.1.4 lists a number of 
general countermeasures associated with given 
accident patterns. 

Several important items should be kept in 
mind during the process of selecting appro
priate improvements: 

1. Identify all practical improvements-
everything from a do-nothing alternative to 
an ultimate alternative such as complete 
reconstruction. We are not making a final 
decision. The principal objective is to 
make certain we do not overlook an alter
native that may be the most practical and 
economically~advisable solution. 

2. Identify all practical combinations of 
improvements. 

3. For each alternative, identify the 
potential effect of the improvement--the 
number of accidents, the types of accidents, 
and the severity of the accidents. 

Documentation. There needs to be complete 
documentation of data and logic leading to 
prescription of applicable improvements. 
When the time comes to evaluate the results 
of implemented improvements, the analyst will 
need to know the background and considera
tions that led to the recommendations-
questions related to: 

• Problem Identification. What method was 
used to identify the problem at the hazardous 
location, and how was the problem defined? 

• Accident Characteristics. What accident 
data were available and how were they 
utilized? 

• Selection of Applicable Improvements. 
·Which improvement:. or combinations of 

improvements were considered? Which were 
not considered applicable and why? 

• Location of Peculiarities. Are there any 
peculiarities about the hazardous location 
that may cause the improvements to produce 
non-typical results?· 

2.1.5 EVALUATING ALTE~~ATIVE IMPROVEMENTS 

The objective in this step is to determine 
which of the several alternatives will pro
vide the greatest return for the resources 
expended. Generally, an evaluation pertains 
to the consideration of several alternatives 
at a single location. Care should be 
exercised, however, in evaluating the total 
effects of alternatives, particularly where 
an alternative will result in the re-routing 
of traffic or some other major change in the 
operational pattern. Where such major 
changes may be experienced, the evaluation 
should consider possible increase in 
accidents at other locations due to these 
changes. 

Evaluations are based principally on economic 
analyses and will involve the following ·six 
steps: 

1. Estimating accident reduction 

2. Assigning values to accident reduction 

3. Estimating secondary benefits 

4. Estimating improvement costs 

s. Analyzing improvement at each location 

6. Assigning program priorities 

It is generally agreed that an analysis 
id~ntifying annual benefits and annual costs 
is acceptable for safety improvement evalu
ations. 
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TABLE 2.1.4 

GENERAL COUNTERMEASURES FOR ACCIDENT PATTERNS AND THEIR PROBABLE CAUSES 

ACCIDENT PATTERN PROBABLE CAUSE GENERAL COUNTERMEASURE 

Aight-angle collisions at Restricted sight distance. Remove sight obstructions 
uns i gna 11 zed lntersec- Restrict parking near corners 
tions Install stop signs (see MUTCD) 

Install warning signs (sec MUTCD) 
Install/improve street lighting 
Reduce speed 1 imit on approaches1< 
lnsta 11 signals (see MUTCD) 
Install yield signs (see MUTCD) 
Channelize: intersection 

Large total intersection Install signals (see MUTCD) 
vol1.1me Reroute through traffic 

High:approach speed Reduce speed I iml t on approaches'~ 
Install rumble strips 

Right-angle coli is ions at Poor visibility of signals lnsta II advanced warning devices (see MUTCD) 
s lgnal ized Intersections Install 12-in. signal lenses (see MUTCD) 

lnsta II overhead signals 
lnsta II visors 
Install back plates 

Improve location of signal heads 
Add additional signal heads 
Reduce speed limit on approaches* 

Inadequate signal timing Adjust amb~r phase 
Provide all-red clearance phases 
Add mu 1 t i.-d i a 1 controller 
Install signal actuation 
Retlme signals 
Provide progression through a set of signal-

ized intersections 

Rear-end collisions at Pedestrian crossing Install/improve signing or marking of 
unsignalized inter- pedestrian crosswalks 
sections Relocate crosswalk 

Driver not aware of Install/improve warning signs 
intersection 

Slippery surface Overlay pavement 
Provide adequate drainage 
Groove pavement 
Reduce speed limit on approaches* 

I Provide "SLIPPERY WHEN WET" signs 

Large numbers of turning Create left- or right-turn lanes 
vehicles Prohibit turns 

Increase curb radii 

* Spot speed study should be conducted to justify speed. 1 imit reduction. 
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TABLE 2.1.4 (Cont'd) 

ACCIDENT PATTERN PROBABLE CAUSE GENERAL COUNTERMEASURE 

Rear-end collisions at Poor visibility of signals Install/improve advance warning devices 
signa 1 i zed intersections Install overhead signals 

Install 12 ln. signal lenses (see MUTCD) 
Install visors 
Install back plates 
Relocate signals 
Add additional signal heads 
Remove obstacles 
Reduce speed limits on approaches* 

lnaq~quate signal timing Adjust amber phase 
Provide progression through a set of signal-

ized intersections 
.. 

Ped(lstrlan crossings Install/improve signing or marking of pedes-
trian crosswalks 

Provide pedestrian "WALK" phase 

S llppery surface Overlay pavement 
·Provide adequate drainage 
Groove pavement 
Reduce speed 1 imit on approaches* 
Provide "SLIPPERY WHEN WET" signs 

Unwarranted. slgn<Jls Remove signals (see MUTCD) 

Pedestrian accidents at Large turning volumes Create left- or right-turn lanes 
Intersections Prohibit turns 

Increase curb radii 

Restricted sight distance Remove s i·ght obstruct ions 
lnsta 11 pedestrian crossi~gs 
Improve/install pedestrian crossing signs 

·Reroute pedestrian paths 

Inadequate protection for· Add pedestrian refuge islands 
pedestrians 

Inadequate signals I nsta II pedestrian signals (see MUTCD) 

Inadequate signal phasing Add pedestrian "WALK" phase 
Change timing of pedestrian phase 

School crossing area Use school crossing guards 

* Spot speed study should be conducted to justify speed limit reduction. 
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TABLE 2.1.4 (Cont'd) 

ACCIDENT PATTERN PROBABLE CAUSE GENERAL COUNTERMEASURE 

Pedestrian accidents Driver has inadequate warn- Prohibit parking 
between intersections ing of frequent mid-block Install warning signs 

crossings Lower speed 1 im it'~ 
Install pedestrian barriers 

Pedestrians walking on Install sidewalks 
roadway 

Long distance to nearest Install pedestrian crosswalk 
crosswa 1 k lnsta 11 pedestrian actuated signals (sec MUTCD) 

Pedestrian accidents at Sidewalk too close to Move sidewalk laterally away from highway 
driveway crossings trqveled way 

Left-turn collisions at Large volume of left turns Provide left-turn signal phases 
Intersections Prohibit left turns 

Reroute left-turn traffic 

- Channelize intersection 
Install STOP signs (see MUTCD) 
Create one-way streets 
Provide turning gui~elines (if there Is a dual 

left-turn lane) 

Restricted sight distance Remove obstacles 
I nsta II warning signs 
Reduce speed 1 imi t on approaches'~ 

Right-turn collisions at Short turning radii Increase curb radii 
Intersections 

Fixed-object ·collisions Objects near traveled way Remove ob~tacles near roadway 
Install barrier curbing 
Install breakaway feature to 1 ight poles, 

signposts, etc. 
Protect objects with guardrail 

Fixed-object collisions and/ Slippery pavement Overlay existing pavement 
or vehicles running off Provide adequate drainage 
roadway Groove existing pavement 

Reduce speed 1 imi t''' 
Provide "SLIPPERY WHEN WET" signs 

Roadway design inadequate Widen lanes 
for traffic conditions Relocate islands 

Clo$e curb lane 

Poor delineation Improve/install pavement markings 
Install roadside delineators 
Install advance warning signs (e.g.' curves) 

·---·- -

* Spot speed study should be conducted to justify speed limit reductions. 
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ACCIDENT PATTERN 

Sideswipe collisions between 
vehicles traveling in oppo
site directions or head-on 
coil is ions 

Collisions between vehicles 
·traveling in same direc

tion such as sideswipe, 
turning or lane changing 

Collisions at driveways 

Night accidents 

Wet pavement accidents 

TABLE 2.1.4 (Cont'd) 

PROBABLE CAUSE 

Roadway design inadequate 
for traffic conditions 

Roadway design inade
quate for traffic con
ditions 

Left-turning vehicles 

Improperly located drive
way 

Right-turning vehicles 

Large volume of through 
traffic 

Lar~e volume of driveway 
tr~ffl c 

Restricted sight distance 

Poor visibility 

Slippery pavement 

GENERAL COUNTERMEASURE 

Install/improve pavement markings 
Channelize intersections 
Create one-way streets 
Remove constrictions such as parked vehicles 
Install medi~n divider 
Widen lane~ 

Widen lanes 
Channelize intersections 
Provide turning bays 
Install advance route or street signs 
Install/improve pavement lane lines 
Remove parking 
Reduce speed limit* 

Install median divider 
Install two-way left-turn lanes 

Regulate mrnimum spacing of driveways 
Regulate mimumum corner clearance 
Move driveway to side street 
Install curbing to define driveway location I' 
Cons·ol idate adjacent driveways 

Provide right-turn lanes 
Restrict parking near driveways 
Increase the width of the driveway 
Widen through lanes 
Increase curb radii 

Move driveway to side street 
Construct a local service road 
Reroute through traffic 

Signalize driveway 
Provide acceleration and deceleration lanes 
Channelize driveway 

Remove sight obstructions 
Restrict parking near driveway 
Install/improve street lighting 
Reduce-speed limit1r 

Install/improve street lighting 
Install/improve delineation markings 
Install/improve warning signs. 

Overlay existing pavement 
Provide adequate drainage 
Groove existing pavement 
Reduce speed limit* 
'Provide "SLIPPERY WHEN WET" signs 

* Spot speed study should be conducted to justify speed limit reduction. 
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The assumptions behind this approach are: 

• The relative merit of an improvement is 

• Type of location (sections, curves, inter
sections, etc.) 

measured by its net annual benefit or benefit/ • Type of improvement 
cost ratio. 

• All costs can be reduced to an equivalent 
uniform annual cost. 

• All benefits can be reduced to an 
equivalent uniform annual benefit 

• An improvement will be needed for its 
entire service life. 

Information needed for analyses includes: 

• Initial costs 

• Annual costs 

• Terminal values 

• Service life 

• Benefits 

• Interest rate 

Estimating Accident Reduction. The premise 
for proposing an improve~ent at a ha~ardous 
location is that there w1ll be benefits re
sulting from accident reduction. T~e just
ification for any improvement, and 1ts 
priority, is based on the :atio of ~he 
benefits and the costs of 1mplement1ng the 
improvement. Therefore, the predi~t~on o~ 
accident reduction becomes very cr1t1cal 1n 
the process of evaluating improvements. 

Benefits eventually will be identified in 
dollar amounts related to reductions in 
·fatalities, personal injuries and property 
damage--but init~ally the ya:dstick ~ill b~ 
reduction in acc1dent rate w1th cons1derat1on 
of types of accidents and their se~erit~es. 
Required input data for each locat1on w1ll 
include: 

• Historical accident experience--accident 
rate, types of accidents and severity. 

• Estimated future ADT--the growth or 
decline of traffic volumes. 

• Expected reduction in accident rate--by 
type of accident or by severity. 

Accident reduction forecast tables in NCHRP 
162 provide reasonable indicators (based nn 
limited experience data) of p:)tential 
accident reduction ioJlowing implementaton of 
particular improvements. Th~ organization of 
tables identifies several possible combina
tions of conditions: 

• Urban and rural 

• Two lanes or more than two lanes 

Expected accident reduction for any future 
year is calculated as: 

Accidents Saved = 

N . p ADT - future year 
ADT - record per1od 

Where: N = the number of accidents in the 
period before the improvement 
project 

P the percent reduction selected 
from the table (expressed as a 
decimal). 

Assigning Values to Accident Reduction. Two 
methods commonly are used for assigning 
economic values to accident reductions: 

1. Costing by severity class, or 

2. Costing by type of accident 

Motorists pay for accidents in one or more 
of the following ways: 

• Direct settlement paid to other persons 

• Payment as a result of judicial proceed
ings 

• Medical and pr9perty damage repair costs 

• Automobile insurance premiums 

Basic Accident Cost Data. The most reliable 
data on acc1dent costs would be those which 
have been collected locally. Information 
from the Motor Vehicle Administration, local 
insurance companies, fleet operators and the 
Public Health Service,. will be more sui table 
than nationwide statistics. Two of the more 
commonly used nationwide studies are summa
rized below: 

Severitr_ Class 

Fa tal 
Non-Fatal Injury (Avg) 
Property Damage Qnly 

Cost Per Accident 

NHTSA 

$287,000 
$ 3,200 
$ 520 

NSC 

$113. 500 
$ 6,200 
$ 570 

While NHTSA did not attempt to place a value 
on human life, it did include calculable 
costs associated with the loss of human life--
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wages lost, medical expenses, leg~l fees, 
insurance payments, home and fam1ly care and 
property damage. About eight percent of 
total costs were assigned to "pain and 
suffering." 

Accident cost data from the source above 
reflects one philosophy as to what cost 
elements are included. Basic cost data 
adopted by any agency must reflect concepts 
and judgments acceptable to that agency. 
Top management should be involved in these 
decisions. 

Benefit Comput~tions--Based on Redu~ed · 
Acc1dent Sev~r1ty. When calculating acc~dent 
reduction benefits on the basis of sever1ty 
of accidents, the following steps are followed: 

1. Select or develop average cost data for 
each of several classes of severity--i.e., 
fatalities, one or more classes of injuries, 
and property-damage-only accidents. 

2. Compute the expected accident re~uction 
(numbers of accidents) by each sever1ty 
class, for each year of the service life of 
the improvement. 

3. Multiply the average costs for each 
severity class by _accident reduction numbers 
for each year. 

4. Compute the total of all classes for 
each year and calculate the total annual 
benefits. 

utations--B 

1. Select or develop average cast data by 
accident severity classes. 

2. Establish categories of types of 
accidents (head-on, side swipe, left turn, 
etc.) and determine the frequency of each 
severity class for each accident type. 

3. Compute the average-cost for each 
accident type: 

Average accident cost = 

(Ff) (Cf) + (Fi) (Ci) + (Fp) (Cp) 
Ff + Fi + Fp 

Where: Ff Number of fatal accidents for 
this accident type 

Fi • Number of injury accidents for 
this accident type 

Fp Number of property damage 
accidents for this accident type 

Cf Average cost per fatal accident 
Ci Average cost per injury accident 
Cp Average cost per property damage 

accident 
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4. Multiply the average accident cost for 
each accident type by the reduction of each 
accident type and sum all types to obtain a 
total dollar value for each year. 

Either of the above techniques is acceptable. 
Costing by type of accident reduces the in
fluence of the rare event, a fatal accident, 
yet reflects its importance through the types 
of collision. If it is difficult to obtain 
data relating accident severity to types of 
accidents, costing by severity class may be 
more practical. 

Estimating Secondary Benefits, The primary 
benefit to be expected from the implementa
tion of an accident reduction improvement is 
a decrease in accident rate or severity, and 
the benefit analysis should focus on these 
factors. However, the possibility should 
not be overlooked that a safety improvement 
also may affect other road user and ·non-road 
user benefits. Fe-r example, a signal in
stallation may reduce certain types of 
accidents while simultaneously increasing 
motorist delay; signal progression may re
duce rear end collisions and lower auto 
emission levels; and street lighting has 
been shown to have a beneficial effect on 
both nighttime accide-nts and street crime. 

Examples of secondary benefits might include: 

• Reduced traffic congestion--which will not 
only decrease idling time and cost for 
vehicles but also reduce motorist delay. 

• .Improved roadway and roadside geometries-
which can minimize wear to vehicle components 
and also reduce fuel consumption. 

• Higher speed of operation from realignment 
of a series of sharp horizontal curves. 

• Smoother operation from implementation of 
a one-way street system with signal progres-
sion. · 

·• Reduction in the need for vehicular 
"slow-downs" by improving the sight distance 
on the approach to a YIELD-controlled inter
section. 

• Reduction of the time and mileage for 
lost motorists by improving guide signing 
at an interchange. 

• Elimination of motorist delay by pro
hibiting left-turns at selected locations. 

• Reduction in street crime brought about 
by improved roadway lighting. 

• More effective use of enforcement and 
other protective service personnel brought 
about by fewer accident-related duties. 



Often these benefits will be negligible 
compared .to the accident reduction benefits. 
But under some circumstances the secondary 
benefits 1 will be significant and should be 
included in the analyses. 

Estimatins Improvement Costs -- The expected 
service life of each improvement and the 
cost of implementation are basic input for 
analysis. 

Estimated Service Life -- The service life is 
the period of time that the improvement can· 
reasonabl¥ be expected to affect accident 
rates. Twenty years usually is the maximum 
time for major geometric changes of roadways 
or bridges. Examples of estimated service 
life used in California are: 

Improvement 

Signals 
Safety Lighting 
Median Barriers 
Flashing Beacons 
Guardrail 
Pavement Grooving 
Signing (major) 
Signing (minor) 
Raised Pavement Markers 
Guide Markers 
Painted Stripes 

Service Life 

15 years 
15 years 
15 years 
10 years 
10 years 
10 years 
10 years 

5 years 
5 years 
5 years 
2 years 

Both the costs and benefits of improvements 
should be calculated for the period of time 
designated as expected service life. The 
analysis period should not extend beyond the 
period of reliable forecast. Thus, the 
estimated service life should reflect the 
length of time that estimated accident re
duction reasonably can be expected instead of 
the physical life of the improvement. For 
example, given a strong possibility of an 
intervening solution, such as improved vehicle 
design, traffic diversion or highway re
construction, the service lives of the alter
natives should be adjusted to reflect the 
shorter planning horizon. 

Improvement Costs. There are three basic 
parts of improvement costs: 

• Initial ·costs--the investment prior to and 
during construction. 

• Annual costs--the annual expense required 
to keep the improvements operating. 

• Terminal value--the amount recoverable at 
the end of the service life. 

The manner of estimating initial costs will 
vary with the complexity of the improvement. 
Routine installation of signals, signs and 
similar standard installations can be based 

on average costs from experience. More 
extensive improvements will require pre-. 
liminary design and estimating of quantities 
as bases for cost estimates. 

Many improvements require an annual expend
iture for maintenance and operation. For 
example, a traffic signal will have annual 
costs for electrical power and equipment 
maintenance. Annual cost figures can be 
obtained by analyzing operating cost da~a. 
For some improvements, the annual cost will 
be zero or so small that it can be ignored in 
the economic analysis. 

The terminal value is the difference between 
the monetary value at the end of the period 
of service and the future cost of removal, 
repair, transfer and/or sale. For a safety 
improvement, it may include signing that is 
useable at another location or salvageable 
guardrail. If a proposed improvement will 
have terminal value, it should be included in 
the analysis. However, most improvements 
have very little terminal value. 

E uivalent Uniform Annual Benefits and Costs. 
In or er to con uct meaning ul economic 
analyses, there is need to convert the 
computed benefits and costs to equivalent 
uniform annual values--with appropriate 
consideration of interest rates and the cost 
of capital investment. 

E uivalent Uniform Annual Benefits (EUAB). 
en estimate ene Its rom acci ent re

ductions are expected to be reasonably uni
form through each year of the lifespan of the 
improvement, the calculated annual benefit 
value may be used directly as the "equivalent 
uniform annual benefit." 

Accident reduction usually will be related 
to projected traffic volumes--and if a sig
nificant increase in traffic is expected, the 
benefits will increase proportionally during 
the period. Simple averaging of the annual 
benefits will not give a proper basis for 
economic evaluation. It is necessary to· 
establish an equivalent uniform annual 
benefit (EUAB) with consideration of the 
interest rate. The following formula should 
be used: 

EUAB 

CRiE (each year's benefit)(each year's PWi) n n 

Where: Capital Recovery Factor for n 
years (service life of improve
ment) at interest rate i 
Present Worth Factor for each 
year at interest rate i 
Summation of all years of 
service life 
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The factors for capital recovery and present 
worth may be found in conventional interest 
tables. 

Equivalent Uniform Annual Costs (EUAC). Be
cause the cost of an improvement consists of 
an initial investment, recurring annual costs 
and consideration of salvage value, it is 
necessary to establish an equivalent uniform 
annual cost (EUAC) during the life of the 
improvement. If the annual costs are uniform 
through the period, use the formula: 

EUAC = 

CR~(l) - T (nthyear SF~) + K 

If the annual costs vary from year to year, 
use the formula: 

EUAC 

cR! I I + r KiPw!] - T(SF~) 

Where: CRi 
n 

PWi 
n 

SFi 
n 

1 
K 
T 
n 
I: 

Capital Recovery Factor for n 
years at an interest rate-of i 
Present Worth Factor for each 
year at an interest rate of i 
Sinking Fund Factor for n 
years at an interest rate of i 
Initial cost of improvement 
Constant annual cost 
Terminal value of improvement 
Service life of improvement 
Summation of all.years of 
service life 

The values for capital recovery factor, pre
sent worth factor and series present worth 
factor can be found in conventional interest 
tables or calculated using the formulas in 
Table F-2 in Appendix F of the Research 
Report. 

Criteria Fdr Selection and Priorities. The 
values for the equivalent uniform annual 
benefits and costs computed for each improve
ment are used to establish indices for 
selecting improvements and establishing 
priorities. 

The two indices are: 

e NET ANNUAL BENEFITS--the difference be
tween equivalent uniform annual benefits and 
costs (EUAB - EUAC) 

• BENEFIT/COST RATIO--the ratio of the 
equivalent uniform annual benefits to costs 
(EUAB/EUAC) 

The significance of these indices is quite 
evident. As long as the net annual benefit 
is a pos1tive value, the improvement is a 
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feasible investment. But if we have a choice 
between two or more improvements, the one 
with the largest net annual benefit should 
be selected. Similarly, any benefit/cost 
ratio value of more than one indicates a 
feasible improvement. 

Rankin~ For Program Consideration. Once we 
have i ent1fied the improvement, or combina
tion of improvements which will assure the 
maximum net annual benefits at each location, 
the next step is to establish priorities for 
implementation of the improvements. 

The list may be quite long--and it will be 
evident that accomplishment of the total 
program will require several years. It is 
convenient to establish a series of annual 
programs which may be related to specific 
annual budgetary allocations. 

Several factors may influence decisions on 
selecting specific improvements for a part
icular year. Some of these may be non
economic considerations. But, to the extent 
practical, priorities should be based on 
relative economic merit of individual 
improvements. And, one of the generally 
accepted indices for this purpose is the 
computed benefit/cost ratio. 

The benefit/cost ratio (EUAB/EUAC) should be 
computed for the selected improvement at 
each location--and the total list should be 
structured in descending order of benefit/ 
cost ratios. The current annual program 
should include projects selected from the 
top of the list. The amount of available 
funds would determine the number of projects 
that can be selected for that year. 

Documentation. There needs to be complete 
documentation of data and logic leading to 
the selection of eligible improvements. 
When the time comes to evaluate the results 
of implemented improvements, the analyst will 
need to know the background and considera
tions that led to the recommendations-
questions related to: 

• Improvement parameters--What are the 
estimated service lives of the applicable 
improvements? Estimated costs? 

• Improvement performance--What is the 
estimated accident reduction of each 
applicable improvement? 

• Evaluation data--What is the equivalent 
uniform annual cost of each improvement? 
Equivalent uniform annual benefit? 

• Evaluation results--Which improvements 
were selected? What were their benefit/cost 
ratios? Which improvements were rejected? 
Why? 



2.1.57 Sensitivity of the Economic Analysis 

It should be recognized that certain factors 
of the economic analysis may be highly 
sensitive and significantly affect the o~t
come of the analysis. Particular atten~Ion 
should be given to interest rates, terminal 
values and service lives. The key to real
istic results is in the selection of real
istic values and consistency in their select
ion. 

In the selection of interest rates, it 
appears most logical to select the rate at 
which the agency can borrow for capital 
expenditures. Long-term improvements are 
affected substantially by a radical departure 
either higher or lower than the prevailing 
rate. 

The sensitivity of terminal values and 
service life were previously discussed~ but 
should be recognized as important consider
ations in the economic analysis. 

2.1.6 PROGRAMMING AND IMPLEMENTING IMPROVE
MENTS 

There is need to place the highway safety 
improvement program in proper perspective-
and to establish policies and procedures 
to implement the program effectively. 
Normally, this will involve top-level manage
ment decisions. 

Basic Objectives and Policies. Most highway 
agencies operate on the bas1s of some 
established objectives and policies, written 
or unwritten, which define their purpose, 
goals and general framework of management. 
Quite often, safety is included as one of the 
criteria governing the design, construction 
and maintenance of highway facilities. But 
seldom has there been a singular effort 
directed solely at assuring safety in highway 
facilities. Only since the Federal govern
ment has stepped into the picture and 
established safety standards and provided 
financial incentives for safety programs have 
highway agencies been required to direct 
specific attention to safety. 

In some ways this turn of events has been 
unfortunate--because it has placed highway 
safety considerdtions in a separate category 
of operations rather than as an integral part 
of the basic objectives and policies of a 
highway agency. But at least our attention 
has been directed to assuring safe highway 
facilities--and administrative officials of 
each agency now should acknowledge formally 
the extent of commitment to highway safety 
within their overall programs. 

Some states have statutes requiring that 
available highway funds be used first for 
maintenance~-so as to assure protection of 
the investment in existing facilities--and 
only the remaining funds can be used for new 
construction and improvements. The same 

type of priorities might be applicable to 
assure protection of the motorists. 

The point is that safety programs need not 
be financed only with specified, earmarked 
funds. A well-conceived, totally comprehen
sive safety program might well be integrated 
with overall highway program objectives with
out finanacial limitations. But if highway 
agencies are not ready to mak~ this C?m~it
ment the practice of earmarking specific 
fund~ will at least assure a minimum safety 
program. 

Formal policy statements should be developed 
by each agency to clarify the status of the 
safety program and to define its scope and 
responsibilities. 

Program Coordination. It is evident that 
safety improvements cannot be programmed and 
implemented entirely independent of other. 
highway programs--even when separate funding 
is provided. Car~ful planning and coord
ination is essential. 

After proposed s~fety improvements have b~en 
identified, the regular highway construction 
program should be reviewed to ascertain if 
any major improvement_s are planne~ at the 
locations of the proposed safety Improvements. 

If major work is not planned or if the 
proposed safety improvement will not be 
affected by reconstruction--the safety 
improvement should be implemented as soon as 
possible. 

If the safety improvement will be replaced or 
negated by reconstruction in a few years, the 
following options are open: 

• Recompute ·the net annual benefits or the 
benefit/cost ratio for the improvement with 
a reduced service life. If the results are 
still significantly positive, implementation 
should proceed. 

• If the countermeasure cannot be economic
ally justified with reduced service life, it 
·should be determined whether the reconstruct
ion can be accelerated for earlier completion. 

• If reconstruction cannot be accelerated 
sufficiently,one or more lesser improvements 
should be re-evaluated·to determine whether 
a smaller investment may bejustified as a 
stopgap measure. 

In some·agencies, it will be necessary to 
coordinate safety improvement programs with 
other agency divisions--such as traffic 
engineering and maintenance--when these 
divisions have responsibilities for perform
ing minor improvements and betterment work 
not included in the formal construction pro
gram; and certainly. there_is n~e~ ~or· 
coordination with the design diVIsion to 
make certain the findings and conclusions 
relative to existing hazardous locations are 
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considered when establishing design standards 
and procedures for new construction projects. 

• How will the work be performed? 

• Who will design the improvement? 

• Who will be responsible for work perform
ance? 

Safety improvements may be accomplished by 
contract or with direct labor by agency work 
forces. Large complex improvements usually 
should be performed by contract, while 
agency work forces often can execute effect
ively the smaller-type improvements. Each 
agency must analyze its own capabilities and 
t~e economics of the alternative approaches. 

Some improvements may be so simple that 
little design effort is required--remo~ing 
obstacles, striping pavement, installing 
routine signs and signals, etc. Other 
improvements may require considerable study 
and design effort--intersection design, 
grade separations, channelization, large 
signs, sophisticated signal systems, etc. 
Work by contract will require more extensive 
design and the specification documentation. 
There is need to identify the extent of 
design work and the level of expertise re
quired--and assign specific design responsi
bilities to appropriate units within the 
agency or to outside consultants. 

Depending on the type of work involved, 
different organizational units and levels 
within an agency may be called upon to super
vise work performance--units arc as follows: 

• Construction Division 

• Maintenance Division 

• Traffic Engineering Division 

• District Engineers 

Specific responsibilities should be identi
fied for directing and/or supervising the 
work of both contractors and agency employees 
for each proposed improvement. 

2.1.7 EVALUATING IMPLEMENTED IMPROVEMENTS 

One of the principal weaknesses of past 
experience with highway safety programs has 
been lack of adequate follow-up and evalua
tion of the actual results of implemented 
improvements. 

There are three possible results that may 
be expected from a safety.~mprovem~nt: there 

may be an increase in acc1dents, there may 
be a decrease, or there may be no change, 
If there is no change or a negative improve
ment, another alternative should be tried; 
if there is a significant improvement, the 
confidence in this alternative is needed for 
possible use at other locations. 

2.1.71 Basis for Comparison 

The purpose for implementing an improvement 
is to effect a significant accident reduc
tion. Several techniques have been employed 
for evaluating results. · 

Before and After Analysis. This analysis 
compares accident exper1ence at a particular 
location before and after improvement im
plementation. To obtain statistically-· 
reliable data for evaluating a type of 
improvement, the before and after accident 
experiences at several locations may be 
grouped together. 

Parallel or Control Group Analysis. This 
analys1s compares accident exper1ence at 
the improved location with accident experi
ence at similar locations not receiving 
improvements. Comparisons are made with 
the experience at these "control group" 
locations during the "after" period or with 
the trend in experience from "before" to 
"after." 

Performance Standard Analysis. This analysis 
compares 1mprovement performance with stan
dard performance for that improvement--and 
is applicable only when performance standards 
have. been established. 

Before and after analyses have been used 
more extensively than the other techniques, 
probably because of the difficulty in find
ing truly similar control locations. 

2.1.72 Evaluation Procedures 

Before and after studies may be conducted 
.at a single location or at several locations 
with similar characteristics where the same 
improvement has been implemented. A regular 
program should be established for reviewing 
all implemented improvements every three 
months during the first year, and annually 
thereafter. 

The basic data needed are: 

• The improvement documentation--location, 
time, etc. 

• Accident data--how many, what types, how 
severe 

• Traffic volumes 

• Any significant changes in the physical 
environment (other than the improvement) 
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which may influence accident records-
illumination, skid resistance, etc. 

Before and after comparisons normally will 
be made in terms of accident rates-accidents 
per million vehicles or per million vehicle 
miles. The basis for measurement will be 
percent reduction of accident rate. Com
parisons also may be made in terms of numbers 
of accidents, but adjustments must be made · 
for both time periods and changes in traffic 
volumes for meaningful results. 

Before and after data should reflect com
parable time periods, preferably at least 
twelve months. When less than twelve month 
data are available following implementation,' 
the before data should be selected from the 
same months as the after data. For example, 
if after data are based on a period from 
October to March, the before data should be 
based on experience for the same months of 
the preceding year--or for the average of 
those months for several preceding years. 
For each location, or for each group of 
locations with similar characteristics and 
improvements, the change in accident experi
ence is calculated and identified as: 

Percent Accident Reduction = 

100 (Accident rate before) - (Accident rate after) 
(Accident rate before) 

This procedure should then be repeated to 
identify changes in accident experience by 
types of accidents and severity of accidents. 
This will permit evaluation of the overall 
effect of the improvement. For example, the 
total accident rate may not have been 
materially reduced, but a significant de
crease in severity of accidents will result 
in measurable overall benefits. On the 
other hand, a reduction in accident rate 
may produce little benefit if, for some un
foreseen circumstance, the severity of acci
ents shows a marked increase. 

The original premise was that each improve
ment was economically justified. Using the 
actual findings on reduction of accidents 
by types and severity along with updated 
data on accident costs and the costs of 
implementing improvements, it can now be 
determined whether a wise decision was made. 
And,.more importantly, the findings will help 
to make better decisions next year. 

2.1.73 Significance of Results 

Before jumping to a conclusion about the 
merits of a particular improvement and its 
effectiveness in reducing accidents, it is 
necessary to take a second look at the data 
to determine how much confidence to place in 
the findings. 

There is a certain degree of chance in all 
happenings. Just because a coin comes up 
heads 7 times out of 10 flips, we would not 
have much confidence in predicting 70 heads 
out of 100 flips. We are reasonably sure 
it is going to even out about 50-50 in the 
long run. But if it happened that heads 
came up 70 out of the next 100 times, the 
results would start to be significant--we 
would begin to believe the coin was unbal
anced, or that something other than mere 
chance was controlling the happening. 

The same thing applies to accident data. 
We would have little confidence in predict
ing great changes on the basis of one week's 
experience, or a month--or probably even 
three months. The more experience we 
observe, the greater will be our confidence. 

Suppose two locations had the accident ex
perience shown below for periods of one year 
before and one year after implementation of 
an improvement. 

Before 
Location Accidents 

A 
B 

50 
5 

After 
Accidents 

30 
3 

% Reduction 

40 
40 

Even though both locations experienced the 
same percent reduction during the same 
period, we would have a great deal more con
fidence in the findings at location A than 
at location B. 

A simple test can be employed to determine 
whether the results at a particular location 
(or group of locations) are truly statisti
cally significant. The test assumes that 
the distribution of accidents at a location 
has the general characteristics of a Poisson 
distribution. This distribution is illus
trated graphically by the curves in Figure 
2.1.3, and relates the total number of 
accidents in the data period preceding the 
improvement to the percent reduction of 
accidents following implementation of the 
improvement. 

-The curves in Figure 2.1.3 are designed to 
assure a 95% level of confidence that the 
indicated accident reduction was significant. 
This means there is only a 5% probability 
that the reduction occurred merely by 
chance. A 95% level of confidence is con
sidered generally acceptable. 

The lower of the two curves reflects a 
liberal test of significance--the upper 
curve a more conservative test. Testing of 
results at a particular location involves 
the following steps: 
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1. Identify the number of accidents in the 
data time period before implementation (the 
time should be comparable to the after
implementation data time period). 

2. Compute the percent accident reduction 
at the location (See instructions in pre
vious section). 

3. Adjust, if necessary, the number of 
"before" accidents: If the bef:lre time 
period is longer than the after time period 
(this is the usual case), adjust the number 
of before accidents, B', to reflect differ
ences in traffic volumes and time periods. 

, (After ADT)(Days in after period) 
B = B (Before ADT) (Days in before period) 

For intersections, use the sum of the ADT on 
each of the legs and divide by 2 to obtain 
average ADT. If the traffic volume changes 
during the before or after period, multiply 
each ADT by the number of days it was appli
cable. If the after time period is longer 
than the before time period, the number of 
before accidents, b, .need not be adjusted. 
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Figure 2.1.3 Poisson Tests For Significance 

4. Refer to the curves in Figure 2.1.3 
and locate the point of intersection of the 
number of accidents and the percent reduc
tion. 

5. If the intersection point is below the 
bottom curve, we are not sufficiently con
fident that the improvement actually caused 
that amount of accident reduction. The data 
are not considered significant as bases for 
future judgments. 

6. If the intersection point is above the 
top curve, we are 95% certain that the acci
dent reduction was attributable to the 
improvement. Data from these locations 
should be reliable for updating our standards, 
guides and criteria for future planning. 

7. If the intersection point falls between 
the two curves, the significance of the 
results is uncertain. Continue to collect 
data from the location for an additional 
period of time an~ then re-evaluate the im
provement. 

2.1.8 EVALUATING THE SAFETY PROGRAM 

Previously we discussed the need for a high
way agency clearly to· establish basic 
objectives and policies for its highway 
safety program. Subsequently, a management 
system framework was defined to facilitate 
accomplishment of objectives. 

Periodically there is need to evaluate the 
total safety program in terms of: 

Effectiveness. Are we getting results 
consistent w1th the defined objectives? 
Is there evidence of positive benefits? 
Are the expenditures economically justi
fied? 

At~ropriateness of Objectives. Are current 
o Jectives appropriate? Have conditions 
changed or is there any indication of trends 
which would point to redirection of effort? 

Criteria and Procedures. Based on experi
ence, should changes be made in criteria 
and procedures for planning and implement
ing programs? Are the values used for 
forecasting still valid? Are the basic 
data on costs and benefits realistic? Is 
accident reporting of adequate quality and 
precision? · 

Legislators and top officials will have a 
principal interest in the first evaluation 
above--effectiveness. They have made a 
commitment to the program, established ob
jectives and allocated resources for safety 
improvements. They should expect an account
ing of the results--both costs and benefits. 
And they should know what to expect from 
future investments. 
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Those persons charged with responsibility 
for executing the safety program should have 
a keen interest in the third evaluation 
above--criteria and procedures. The effec
tiveness of future programs is dependent on 
reliable data, realistic criteria and sound 
decisions. There is a need continually to 
improve and refine the program management. 

All levels of officials and management should 
have an· awareness of changing conditions and 
of circumstances which might suggest changing 
the direction and scope of safety efforts. 

·2.1.81 Effectiveness 

Resources have been invested in highway 
safety improvements. What did we get for 
our money? 

Effectiveness is best measured in terms of: 

' Increase or decrease in acci4ent rates 
and accident severity at improved ~ites. 

• Total reduction in cost of accident 
damage. 

• Return on investment of improvement ex
penditures. 

This type of information should be summarized 
from actual experience data and presented in 
graphical or tabular form. 

• Are the cost estimates reliable for im
plementing improvements? 

• Are the estimates of improved service 
life realistic? 

• Is the interest rate appropriate for 
economic analysis? 

• Are the analyses providing valid compari
sons of costs and benefits? 

• Are the priority indicators realistic? 

2.1.82 Programming and Implementing Improve
ments 

• Are all available earmarked safety funds 
being utilized? 

• Is the safety program adequately coordi
nated with other agency improvement programs? 

• Is there any overlap of responsibility 
for planning and implementing safety im
provements? 

• ·Are various improvements being implemented 
in the most economical manner? By contrac
tors? By agency work forces? 

• Is the scheduling ~rocess effective? Are 
there problems with manpower utilization.and 
meeting target dates? 

• Should there be change~ in the approach 
to funding safety improvements? 

2.1.83 Evaluating Implemented Improvements 

• Is all necessary information being docu
mented accura~ely? 

• Are the data on post-implementatiqn 
accidents reported adequately? 

• Are the tests adequate to assure that the 
results are significant? 

• Do we have a reasonable level of confi
dence that the results were primarily 
attributable to the improvements? 

• Are the actual benefits and costs at each 
location reasonably close to our predictions? 
If not, why? 

• Is there reasonable consistency in the 
results from one location to another? 

2.1.84 Evaluating the Highway Safety Pro
gram 

• Are the benefits identified with highway 
safety improvements sufficient to justify 
the investments in the program? 

• Are there particular types of investments 
that are more productive than others? 

• What is the total scope of the problem? 
Are we making progress? 

• Is there need to adjust the levels of 
funding or to predict emphasis? 

• Is top management getting the information 
they need for policy decisions? 

·• Based on experience, is there need to up
date standards, guides and criteria for 
planning safety improvements? 

• Can improvements be made in the safety 
management system procedures? 

2.1.85 Summary - Spot Safety Improvement 
Program 

A spot safety improvement program involves 
six principal steps: 

• Identifying Problem Locations 

• Selecting Alternative Improvements 

• Evaluating Improvement Alternatives 

Rev: 1.1/77 2.1-24 



Those persons charged with responsibility 
for executing the safety program should have 
a keen interest in the third evaluation 
above--criteria and procedures. The effec
tiveness of future programs is dependent on 
reliable data, realistic criteria and sound 
decisions. There is a need continually to 
improve and refine the program management. 

All levels of officials and management should 
have an· awareness of changing conditions and 
of circumstances which might suggest changing 
the direction and scope of safety efforts. 

·2.1.81 Effectiveness 

Resources have been invested in highway 
safety improvements. What did we get for 
our money? 

Effectiveness is best measured in terms of: 

' Increase or decrease in acci4ent rates 
and accident severity at improved sites. 

• Total reduction in cost of accident 
damage. 

• Return on investment of improvement ex
penditures. 

This type of information should be summarized 
from actual experience data and presented in 
graphical or tabular form. 

• Are the cost estimates reliable for im
plementing improvements? 

• Are the estimates of improved service 
life realistic? 

• Is the interest rate appropriate for 
economic analysis? 

• Are the analyses providing valid compari
sons of costs and benefits? 

• Are the priority indicators realistic? 

2.1.82 Programming and Implementing Improve
ments 

• Are all available earmarked safety funds 
being utilized? 

• Is the safety program adequately coordi
nated with other agency improvement programs? 

• Is there any overlap of responsibility 
for planning and implementing safety im
provements? 

• ·Are various improvements being implemented 
in the most economical manner? By contrac
tors? By agency work forces? 

• Is the scheduling ~recess effective? Are 
there problems with manpower utilization.and 
meeting target dates?_ 

• Should there be changes in the approach 
to funding safety improvements? 

2.1.83 Evaluating Implemented Improvements 

• Is all necessary information being docu
mented accura~ely? 

• Are the data on post-implementation 
accidents reported adequately? 

• Are the tests adequate to assure that the 
results are significant? 

• Do we have a reasonable level of confi
dence that the results were primarily 
attributable to the improvements? 

• Are the actual benefits and costs at each 
location reasonably close to our predictions? 
If not, why? 

• Is there reasonable consistency in the 
results from one location to another? 

2.1.84 Evaluating the Highway Safety Pro
gram 

• Are the benefits identified with highway 
safety improvements sufficient to justify 
the investments in the program? 

• Are there particular types of investments 
that are more productive than others? 

• What is the total scope of the problem? 
Are we making progress? 

• Is there need to adjust the levels of 
funding or to predict emphasis? 

• Is top management getting the information 
they need for policy decisions? 

-• Based on experience, is there need to up
date standards, guides and criteria for 
planning safety improvements? 

• Can improvements be made in the safety 
management system procedures? 

2.1.85 Summary - Spot Safety Improvement 
Program 

A spot safety improvement program involves 
six principal steps: 

• Identifying Problem Locations 

• Selecting Alternative Improvements 

• Evaluating Improvement Alternatives 
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• Programming and Implementing Improvements 

• Evaluating Effectiveness of Improvements 

• Evaluating the Program 

All of these steps are essential for a 
viable program, and it is evident that there 
are-alternative methods for the accomplish
ment of these steps. Methods employed by 
a particular agency should be selected on the 
basis of the needs, availability of data, and 
the technical capability within the agency. 
Perhaps the most important final point is to 
stress the need for documentation. The 
entire process, throughout the six steps 
should be documented for the benefit of legal· 
protection and information value. 

The procedure described below is an alter
native for the first three steps in the Spot 
Safety Improvement Program. 

2.1.9 COST-EFFECTIVENESS SAFETY PROGRAM FOR 
ROADSIDE IMPROVEMENTS 

Some types of hazards, particularly roadside 
hazards, do not have high accident rates on 
any single hazard, but, when struck, can 
produce a very severe accident. The improve
ment of these hazards must, therefore, be 
based on a probabilistic type of model pf 
the type developed by the Texas Transporta
tion Institute (3) and described below. 
Cost-effectiveness analysis depends upon the 
probability of the hazard being struck, the 
severity of the resulting collision, and the 
total cost of the improvement. 

The Spot Safety Improvement Program is pre
dicated on the assumption that the frequency 
or rate of accidents will indicate a need 
for safety improvements, and that the value 
of these improvements may be measured in 
dollar terms. 

The procedure described below is an alter
native for the first three steps in the Spot 
Safety Improvement Program: 

• Identifying Problem Locations 

• Selecting Improvement Alternatives 

• Evaluating Alternative Improvements 

It should be emphasized that this approach 
applies only to roadside hazards, whereas 
the Spot Improvement Program is applicable 
to all hazardous situations. 

Cost-Effectiveness Model. The general cost
effectiveness model is expressed in the 
following equation: 

Cost-Effectiveness Value = 

where: 

Annualized Cost of the Improvement 
Hazard Reduct1on Achieved 

C/E 

HB 

.HA 

Cost in dollars to eliminate 
one serious injury or fatal 
accident 
Annualized first cost of the 
improvement 
Annualized maintenance cost 
after improvement 

= Annualized maintenance cost 
before improvement , 
Annual cost to repair after 
being hit--after condition 
Annual cost to repair after 
being hit--before condition 
Probability of object being 
struck--after condition 
Probability of oqject being 
struck--before condition 
Hazard index, before improve
ment 
Hazard index, after improve
ment (Hazard Index is product 
of probability of a vehicle 
leaving the roadway, probabil
ity that vehicle will travel 
laterally to the hazard, and 
the severity of the collision) 

The cost elements in the numerator are all 
computed directly from the cost estimates. 
The probability of the object being hit is 
determined by the product of the probability 
of an errant vehicle reaching the object and 
the probability of a vehicle encroaching on 
the roads ide. · 

The denominator elements are computed as the 
product of the probability of the vehicle 
leaving the roadway, the probability of an 
encroachment to the hazard, and the severity 
of a resulting collision. 

Interpreting the C/E Value. The cost
effectiveness value 1s the cost of eliminat
ing one serious or fatal accident. The 
nature of the model is such that the C/E 
value computed can be negative, ejther by 
the cost factors in the numerator being 
negative or by the difference of the hazard 
values in the denominator being negative. 
Assuming that a negative change in the 
relative hazard is not acceptable (i.e., a 
negative denominator will be disregarded), 
the negative C/E value will be meaningful 
and would indeed indicate that the agency 
would save money if the improvement is under
taken. The magnitude of the C/E value is 
also important. 

The smaller the C/E number, the more benefit 
is derived from the work. This means a 
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smaller cost to accomplish the reduction of 
a possible fatality or injury. The end pro
duct of any program is to accomplish the 
greatest good with the least cost. 

Program Application. The application pro
cedure to evaluate safety improvements for 
roadside hazards comprises three related 
functions as summarized below: 

1. Conducting a detailed physical inventory 
of the highway system to identify and locate 
each roadside hazard, · 

2. Recommending feasible safety improvement 
alternatives for each hazard or for groups 
of hazards, and 

3. Evaluating the recommended safety im
provement alternatives using a computerized 
cost-effectiveness analysis model. Data 
are recorded on the appropriate forms (See 
Figures 2.1.4, 2.1.5, and 2.1.6). These 
data sources provide the basic input informa
tion for analysis by the cost-eff~ctiveness 
model. 

The inventory scope includes all applicable 
roadside hazards located in the median or 
within a 30-ft lateral distance adjacent to 
the outer edge of the traveled lanes. Since 
the recommendations for alternative safety 
improvements will govern to a great extent 
the cost-effectiveness results, the inventory 
team must include personnel having consider
able experience in traffic operations, 
geometric design, maintenance, and cost
estimating. Field trials of the inventory 
procedure indicated that a four-person team 
represents an efficient working force, to 
include as a minimum a driver, a data re
corder, and two decision-makers to recommend 
safety improvements. 

A one-week course which presents the cost
effectiveness application methodology was 
prepared recently by TTl and the Texas De
partment of Highways and Public Transporta
tion for the Federal Highway Administration. 
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OFFSET 
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HIGHWAY 
CLASS. CODES 
Full Control Access 

I Interstate 
2 Non-Interstate 

Non -Control Access 
3 Two-Lone 
4 Multi-Lone 

Divided 
5 Multi-Lone 

Undivided 

Other 
6 One-Way 

Frontage Rood 
7 Two-Way 

Frontage Rood 
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Rev: l/78 
Roadside Hazard Inventory Form 

2.1-Z'l 



Rev. 4-1-/'f. 

Idantification 
Code 

~ Utility Poles 

@ Trees 

~ Rigid Signpost 

~ Rigid Base Luminaire Support 

05. Curbs 

06. Guardrail or Median Barrier 

07. Roadside Slope 

08. Ditch (includes erosion, 
riprap runoff ditches, etc.-
do .. .!!2i include ditch formed 
by intenectiooa of froet sod 
back alopea) 

@ Culvert• 

@ Inlets 

~ Roadway Under Bridge Structure 

12. Roadway Over"Bridge StrUCture 

13. Retai~ing Wall 

Descriptor 
Codes 

(00) 

(00) 

(01) single-pole-mounted 
(02) double-pole-mounted 
(03) triple-pole-mounted 
(04) cantilever support 
(OS) overhead sign bridge 
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(03) 

(01) 

(02) 

(03) 

(04) 
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(00) 

(01) 
(02) 
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(04) 

(01) 
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(03) 

(01) 
(02) 
(03) 

mountable design 
non~untable design less than 10 inches high 
barrier design greater than 10 inches high 

w-section with standard post spacing(& ft - 3 in.) 
(including departing guardrail at bridge) 

w-section with other than standard post spacing 
(including departing guardrail at bridge) 

approach guardrail to bridge--decreased post 
spacing (3 ft - J.l} in.) adjacent to bridge 

approach guardrail to bridge--post spacing not 
decreased adjacent to bridge 

post and cable 
Metal Beam Guard Fence (Barrier) (in median) 
median barrier (CMB design or equivalent) 

~~ ~ 
sod positive slope Mtll 

sod negative slope SLOP« ON 

concrete-faced positive slope 
concrete-faced negative slope 
rubble rip-rap positive slope 
rubble rip-rap negative slope . ~OSITIVE 

____/.-SLOPE 

~NEGATIVE 
"'SLOPE 

headwall (or exposed end of pipe cvlvert) 
gap betw.en culvert• o~ parellel roadways 
sloped cu,J.vert with grate 
sloped culvert without grate 

raised drop inlet (tabletop) 
depressed drop inlet 
sloped inlet 

bridge piers 
bridge abu~nt--vertical face 
bridge abu~nt--sloped face 

~ open gap between parallel bridges 

~ closed gap between parallel bridges 

(03) 
(04) 

(05) 

(06) 

rigid briagerail--smooth and continuona construction 
semi-rigid bcidgerail--smooth and continuous 

construction ~ 

other bridgerail--probable penetration.· .... ~gging, 
pockating or vaulting 

elevated gore abu~nt 

(01) face 

~ exposed end 

<::) Denotes Point Ha~ard 
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TOPIC 3 SESSION 1 
DRIVING EXPECTANCY IN SAFETY DESIGN 

Objectives: 

1. The partiaipant should beaome aware of 
the importanae of driving expeatanay in 
obtaining safe operation of the highway 
system and be able to evaluate a segment of 
roadway for driving expeatanay problems, and' 

2. Be able to utilize the primaay aonaept 
in the design of the driver information 
system. 

3.1.1 THE DESIGN PROCESS 

The design of a roadway is a complex inter
action of the design policy of the agency, 
the preferences of the design engineer, and 
the environmental, political, social and 
economic constraints imposed by society. The 
combination frequently does not result in a 
design that easily will meet the expectations 
of all the motoring public. These areas of 
expectancy conflicts (or design inconsistencie~ 
result in driver uncertainty, an incre~se in 
response time, an increase in the probability 
of inappropriate driver response and, in 
concept at least, an increase in accident 
potential. 

For these reasons a review of the design 
process and its relationship to safety is 
appropriate. 

Design requirements usually are expressed 
in terms of observable conditions (speed, 
volume, delay, etc). The driver decision
making portion of the driver-roadway-vehicle 
complex system cannot be quantified easily. 
They are difficult to translate into design 
criteria and, therefore, difficult to in
corporate into the design process. This can 
lead to compromises in the design process, 
particularly in the use of minimum standards 
when there is little or no justification for 
the use of such standards. AASHTO recognized 
this problem when the Policy on the Geometric 
Design of Rural Highwars (l) adopted a de
S1ra le as well as a m1nimum standard for 
most design features. 

If driving expectancy is to be integrated 
into the design process, a rather compre
hensive knowledge of the concept is required, 
as well as a sincere desire on the part of 
the de~igner to utilize the concept in the 
design process. 

3.1.2 EXPECTANCY AS A BEHAVIORAL CONCEPT 

The general concept of expectancy has been 
a part of psychology for many years. Indeed, 
the concept of "set" was explored before the 
turn of the century. It can be defined as 
the process in which an individual with 

· an established set of concepts and ideas is 
presented with a stimulus and responds to 
that stimulus in some manner. If the stimulus 
and situation match the individual's expect
ancy, there is no confuict, and the response 
generally can be expected to be the proper 
one. Conversely, if the situation is not 
as the individual expects (i.e., as he 
perceives), then uncertainty exists, and the 
response (or lack of response) may be un
related to the situation except that the 
stimulus triggered the response cycle. 

The basic expectancy model can be described 
as a complex servo-mechanism with a feedback 
loop. The driver learns from previous 
experience and adapts his response pattern 
more nearly to the demands of the situation. 
Figure 3.1.1 is a graphical representation 
of the model. 

Individual's 
concentration or 

,-+- lack of concentration -
I 

fatigue, inattention, etc. 

I L 

Individual's 
preconditioned H Stimulus t-~ Response I set of expected Interpretation 
condtions 

Environmental 
Conditions 

Figure ~.1.1 Simplified Expectancy
Response System. 

This model presumes the existance of a 
preconditioned set of expectations followed 
by the presentation of the stimulus within 
the environment created by the environmental 
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and psychological modifiers. The absence 
of a predetermined set (i.e., expectancy) 
dictates random behavior or utter confusion 
on the part of the operator. Thus, the 
model, even though highly simplistic, is 
reasonable and necessary to the successful 
operation of a motor vehicle. 

3.1.3 EXAMPLES OF EXPECTANCY IN DRIVING 
SITUATIONS 

The highway engineer long has recognized 
that certain situations were very difficult 
for the motoring public. Possibly the most 
graphic example is the replacement of stop 
signs with signals. For the first few days 
of operation, it is common for drivers' to 
complete a stop and proceed on through the 
intersection, regardless of the signal dis
play that is illuminated. The use of tan
gential exit ramps when the main roadway 
makes a curve to the left results in many 
exiting maneuvers that were not planned. 
Many other cases can be cited. For example, 
midblock traffic signals, a sharp curve at 
the end of a long tangent section, the pro
blem of the first signal encountered upon 
entering a large metropolitan area, etc. 
These examples suggest that driving expect
ancy has been a part of the highway engi
neering process for a long time. However, 
driving expectancy was regarded as an indi
vidual design criterion rather than as a 
comprehensive design philosophy. 

3.1.4 DEFINITION OF DRIVING EXPECTANCY 

Driving expectancy can be defined as "an 
inclination, based on previous experience, 
to respond in a set manner to a roadway or 
traffic situation." It must be stressed 
that the initial response is to the expected 
situation rather than to the actual situa
tion. In most instances the two are similar 
enough so as to create minimal problems. 
Where design inconsistencies occur due to 
changes in standards with time, designer 
preference or any of a variety of reasons, 
the initial response will be delayed at best 
and wrong at the worst. 

3.1.5 DRIVING INFORMATION SOURCES 

The sources of information used by the 
motorist are extensive. Studies by Rockwell 
(2) and others have demonstrated that drivers 
do not concentrate on the road surface but 
rather spend much of their driving time view
ing roadside objects, other traffic, the 
horizon, etc. While a complete listing of 
all the sources is impractical, two broad 
groups can be defined: 1) Formal Informa
tion Sources - those that are designed spe
cifically to convey information; and 2) In
formal Information Sources - those that are 
intended primarily for some other purpose 
and incidentally are used as an information 
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source by the driver. Formal sources in
clude all traffic control devices (i.e., 
signs, signals, markings, channelization, 
etc.), whereas informal sources include 
buildings, rivers, geometric situations, 
and other similar items. 

The unique part of the information source 
concept is that the informal, not the formal, 
is the dominant source for the motorist. 

3.1.6 TYPES OF DRIVERS 

To further complicate the information pro
cessing problem, drivers have a wide variety 
of experience and training. With the excep
tion of the first year of driving, most 
drivers have sufficient experience behind 
the wheel to know the fundamentals of oper
ating a motor vehicle safely. Experience 
with a particular roadway section, however, 
depends entirely on the frequency of use of 
that segment of roadway by the driver. In 
this context, three driver types can be 
identified: 1) The familiar driver - one 
who drives the roadway on a regular basis; 
2) Infrequent driver - one who uses the road
way once or twice each year; and 3) The un
familiar driver - one who is using the road
way segment for the first time. While there 
is not a specific "design driver," most de
signs tend toward the familiar driver since 
this is the source of a majority of the 
pressure. A system which meets the needs 
of the unfamiliar motorist also would satis
fy most of the other drivers' needs and, 
therefore, should be the basic design driver. 
This point will be discussed in greater de
tai~ later in this session. 

3.1.7 DRIVER.INFORMATION PROCESSING 

The driver has available a wide range of 
information sources at one point in time. 
The process by which the information is 
selectively accepted and used by the driver 
is referred to as information processing. 
Alexander and Lunenfeld (3) have described 
three basic levels: -

• Control Level - Activities and informa
tion which relate to manipulation of the 
vehicle. 

• Guidance Level - Speed and path selection. 

• Navigation Level - The process of plan
ning and executing a trip from its origin 
to its destination. 

Rowan and Woods (4) also define three levels 
of driver information processing. These de
finitions parallel very closely with those 
of King and Lunenfeld above, differing only 
in the scope of the definition. 

• Positional Information - Information 
utilized in maintaining lane position and 



desired speed.· This information is predom
inantly near the vehicle, generally less 
than 300 ft (90 m) away. 

• Situational Information - Information 
used to avoid undesirable interaction with 
pedestrians, other vehicles or roadway geo
metric situations. These sources are usual
ly 300 to 1000 ft (90 to 300 m) from the 
vehicle. 

• Navigational Information - That informa
tion used in selecting the path from the 
origin to the destination of the trip. Nav
igational information is variable but is com
monly distant from the point wnere the action 
must be taken. 

3.1.71 Information Primacy 

The three general levels of information are 
not of equal importance to the motorist. 
Alexander and Lunenfeld (3) suggest that a 
distinct processing order-exists. At the 
top of the primacy hierarchy is information 
utilized to maintain position on the roadway 
(control level or positional level). Second 
in priority is situational or guidance in
formation. At the bottom of the hierarchy 
is navigational information. The primacy 
concept thus suggests that positional or 
contiol information must be processed com
pletely before processing can begin at the 
situational or guidance level. Further, this 
level must be satisfied before navigational 
information will be processed. 

The importance of this concept in safety 
design is the recognition that maintaining 
a high level of lane identification and 
demarcation reduces the demand for time to 
process positional information, and thereby 
increases the time available to process 
situational and navigational information. 
This, in turn, reduces the potential for 
erratic maneuvers and the accident potential. 

3.1.8 THE DESIGN DRIVER 

The concept of a design driver has been 
discussed at great length in the literature 
in recent years.· The fact remains that 
while most design standards implicitly 
assume a design driver, they never actually 
define the characteristics of such a driver. 
As previously noted, drivers have vastly 
differing experience and training backgrounds. 
This; combined with physical and mental 
characteristics of the driving population, 
suggests the need for a design driver. The 
information relative to design driver 
characteristics presented in Table 3.1.1 is 
presented with the intent that it be used as 
supplemental information for existing design 
and traffic control standards. With some 
experience in the application of such infor
mation we may at some future date be better 
prepared to develop explicit design driver 
criteria. 
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3.1.9 SUMMARY 

Several significant points have been incl~d
ed in this section. Briefly, they are: 

• Driving expectancy has been a part of the 
design process for many years, but as an 
independent criterion rather than as a com
prehensive design philosophy. 

• The initial response to any situation is 
to the expected condition rather than to the 
actual conditinn. 

• The higher the level of maintenance of 
the roadway delineation system, the lower 
the need for time to process positional 
information and the more time that can be 
devoted to situational and navigational 
vigilance. 

• A design driver should be established 
to guide design decisions. 

A definitive procedure has not yet been 
developed to formally incorporate driving 
expectancy into the design process (5). 
The "Driver Expectancy Checklist" (6), the 
"Positive Guidance" paper (3) and tne 
"Driving Postulate Concept"-(7) are attempts 
to provide some guidance to tne designer in 
this regard. Since the design practices of 
the states differ in many details, the 
driver expectancies will be somewhat differ
ent in each area. A set of driving postu
lates must be established which conform 
to the practices of the individual state and 

TABLE 3 .1.1 

SUGGESTED DESIGN DRIVER CHARACTERISTICS 

Characteristics 

Visual Acuity 

Perception-Reaction Time 

Eye Height 

Color Blindness 

Visual Angle 
Horizontal 

Detection 
Identification 

Vertical 
Up 
Down 

Intelligence Quotient 

Levei of Value 

Z0/40 

3.5 Seconds 

3.0 Ft (0.9 m) 

Red & Green 

70 



the design prepared accordingly. Simply 
stated, the designer's attitude must reflect 
a concern for not "surprising" the motorist. 
Stated more concisely, "Every design must be 
engineered rather than handbooked." 
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TOPIC 3 SESSION 2 
DESIGN CONSISTENCY 

Objectives: 

The objective of this session is to 
familiarize the participant with design 
consistency such that he wilZ be able to: 

1. Identify basic inconsistencies in 
geometric design, 

2. Identify the operational and safety 
requirements for achieving design consistency, 
and 

3. Utilize an analysis of traffio operations 
as an integraZ part of alignment deeign to 
achieve design consistenay. 

3.2.1 INTRODUCTION 

Streets and highways are intended to provide 
quality transportation, but how do we measure 
the quality of transportation? To describe 
the attributes of a good highwcy, a user may 
propose the following list: 

1. High speed -- a speed consistent with 
development, terrain and type of highway. 

2. Uniform speed -- few stops, and no 
critical, slow-speed sections. 

3. No congestion -- sufficient capacity to 
handle demand without excessive delay and 
reduced speed. 

4. Wide road -- a roadway with adequate lane 
w~dth and shoulders for driving comfort at 
the selected speed. 

There are perhaps many descriptors of quality 
in a roadway, but these illustrate two 
specific points: operating speed appears in 
practically every descriptor of quality, and 
consistency in operation (and in design) 
appears to be a major factor. It is by de
signing a highway according to uniform 
operating speed, a desi~n speed, that we 
achieve consistency in esign. 

3.2.11 Definition 

Design consistency is a relatively new term 
although designers have been concerned about 
it for years. Even in the 1930's when the 
design speed concept was established, the 
1ntent was to achieve uniformity in 
operation--to design a highway so that the 
driver may know what to expect in geometric 
characteristics as he drives along a roadway. 
Thus, we may define design consistency as the 

"condition which exists when the geometric 
features of the roadway are consistent with 
the operational characteristics as deter
mined by what the driver expects of the 
roadway ahead and what he is willing to 
accept in terms of operational quality." 
Leisch describes design consistency as the 
achievement of an appearance--a message con
veyed by the visual appearance of the 
facility which is consistent with the desired 
operational characteristics of the highway. 
It is human factors at work. 

3.2.12 Types of Consistency Problems 

Design consistency describes the positive 
approach of achieving operational quality in 
the design of new facilities or in the re
design of existing facilities. More impor
tant, perhaps from the safety viewpoint on 
existing facilities, is the identification 
and correction of inconsistencies. Incon
sistencies normally relate to: 

1. Changes in design speed 

2. Changes in cross section, and 

3. The incompatibility in geometry and 
operational requirements. 

Chan~es in Design Speed. Changes in design 
spec may occur on a g1ven highway due to 
the highway being -built in separate projects 
over an extended time period. This is due 
to a number of factors, including changes in 
standards, agency policy, re-classification 
of the facility, and availability of funding. 
Other inconsistencies may be only apparent 
from policy decision, such as the selection 
of a design speed which is not consistent 
with the terrain, the development, and the 
character of the roadway. For example, a 
design speed of 50 mph (80 km/h) may be 
chosen for a local road that has all other 
appearances of a high-speed rural highway. 
If the design consists of long tangents with 
occasional curves at critical design curva
ture, then.the roadway presents an "apparent" 
design inconsistency to the driver. The 
long tangents convey an almost unlimited 
operating speed, whereas the curves impose 
severe restrictions. It is important that 
design speed be selected on the basis of 
anticipated operational characteristics 
rather than available funds. Historically, 
economic conditions are far more temporary 
than highway alignment. 

Changes in Cross Section. There are two 
maJor types of design inconsistencies rela
tive to cross section: "point".or discrete 
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inconsistencies, and a general incompatibil
ity between cross section and alignment. 

Significant changes in cross section a~ a 
specific point generally are characterized 
by changes from 2-lane to multi-lane, other 
lane drops, the elimination of shoulders, 
narrowing lane widths, narrow bridges, and 
others. These are generally the result of 
changes in standards, policies and funding 
between successive projects. These must be 
dealt with through a combination of design 
and traffic control measures. 

The second form of cross section inconsis
tency is the result of upgrading the highway 
cross section without upgrading alignment. 
Sometimes pavements are widened and shoulders· 
added on an older 2-lane highway to accom
plish an "economical" improvement. The 
wider cross section on an old alignment con
veys a conflicting message to the driver: He 
develops an expectancy based on the visual 
aspects of the cross section because it is 
more apparent than the alignment. 

Incom atibility of Geometric Features and 
terating Requirements. T ere are several 

e ements of the design process which appear 
to have been done for the purpose of fitting 
the geometric pieces together conveniently 
and economically rather than for the purpose 
of satisfying operational requirements. A 
classic illustration of this inconsistency 
is the direct entry ramp or turning roadway. 
The unquestionable objective of this design 
concept was to permit vehicles to enter or 
merge with a moving traffic stream without 
coming to a complete stop. However, the 
direct entry ramp presents only the "go," 
"no-go" choice and forces the driver to come 
to a complete stop if a gap in the traffic 
stream is not immediately available. Once 
the vehicle has stopped, then the function 
of the ramp or turning roadway has been de
feated. There are numerous other such in
consistencies that the designer must deal 
with through operational analysis. 

It is incumbent upon the design engineer and 
the traffic operations engineer to coopera
tively and in a coordinated effort identify 
existing inconsistencies and correct them, 
and to establish design practices which will 
minimize to every extent possible inconsis
tencies, or, from a positive approach, 
maximize the consistency between geometries 
and operations. 

3.2.2 METHODS OF IDENTIFYING INCONSISTENT 
DESIGN 

For the most part, the methods that are 
available for the identification of incon
sistent designs are the same as those 
presented earlier in the model safety im
provement program. Inconsistent design 
relates to safety problems, and accident 
records are used extensively to identify the 
location, the nature, and the magnitude of 

the problem. Also, inconsistencies may 
result in operational problems which can be 
identified through measures of operational 
efficiency such as travel time, speed, delay, 
etc. The reader should refer to the section 
on safety improvement programs for a detailed 
treatment of-most of the methods of iden
tifying inconsistencies. The discussion 
here will be limited to those methods that 
are unique to this section. 

In a recent project dealing with Highway 
Geometric Design Consistency Related to 
Driver Expectancy (1), Messer suggested 
several traffic operations measures that can 
be used to detect inconsistencies. They are: 

1. Speed 

2. Speed changes 

3. Lateral placement 

4. Erratic maneuvers 

5. Driver behavior studies 

One of the most practical methods of iden
tifying inconsistencies is through an 
operations analysis. Through an operations 
analysis, it is determined what level or 
quality of operation is expected or should 
be expected by the driver, and field obser
vations are made to determine whether the 
roadway geometry permits the expected oper
ational quality. 

Skewed Speed Distributions. Traffic speeds 
at a point on the highway are normally dis
tributed. That is, a sample of speeds will 
display the characteristic bell shaped curve 
when conditions are normal. When they are 
not normal, skewed distributions occur (2). 
When speeds are skewed to the left, as shown 
in Figure 3.2.1, then this may mean that a 
geometric condition is as bad or worse than 
it appears to be. Also, it could mean that 
the speed restrictions of the geometric 
condition are below what is desired by the 
drivers. The flatness of the distribution 
curve on the right indicates a high frequency 
of speeds at the physical limit. It also 
indicates that many drivers would drive 
faster if permitted. 

A skew to the right indicates that the geo
metric condition appears worse than it 
actually is. A disproportionate number of 
drivers slow down to a given speed, whereas 
others who are familiar with the location do 
not. This results in a large number of 
speeds at the "apparent" physical limit. 

3.2.3 METHODS OF ACHIEVING DESIGN CONSIS
TENCY 

There are several methods of achieving de
sign consistency, including the conventional 
graphical methods, perspective plotting 
techniques, and modeling. 
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Figure 3.2.1 Skewed Speed Distribution 

3.2.31 Conventional Methods 

Typically, the designer uses a combination 
of plan view and profile of the roadway plus 
extensive experience in design to help him 
to visualize the finished product. Much 
helpful information is included in the Blue 
Book and the Red Book in the forms of guide-. 
lines for the coordination of horizontal and 
vertical alignment. Still, these are only 
guides to help the designer in gaining 
experience. Even the experienced designer 
needs more th~n simply a plan and profile. 
Leisch (3) utilizes an operational profile 
in which-he plots the operating speed of 
automobiles and trucks in conjunction with 
normal plan and profile data. This approach, 
which he calls his design speed application, 
will be covered subsequently. 

3.2.32 Driving Expectancy Checklist 

A driving expectancy checklist prepared by 
Rowan and Woods (4) and published by AASHTO 
is one approach available to the designer so 
that he may check to make sure that all 
operational requirements are included for 
consideration in the design process. It is 
not a replacement for experience and design; 
it serves to assist the designer in consid
ering all operational requirements. 

3.2.33 Perspective Plotting 

There are numerous perspect.ive plotting tech
niques available to the designer to assist 

him in visualizing the finished product. One 
such system, the RDS, Roadway Design System 
(5), generates, among many other things, a 
series of perspective plots that are built 
from alignment and cross section data. Again, 
perspective plotting does not replace experi
ence and technique in road design; it simply 
serves as a tool to help the designer do ~ 
better job in applying his experience and 
technical expertise. 

3.2.34 Modeling 

Physical modeling is used on many complex 
interchanges and/other complex designs. It 
is used more to fit proposed designs to an 
existing land area than to assure operational 
responsive geometries. Modeling is used 
frequently as a public relations tool to 
sell projects to the public and/or political 
factions. 

Modeling is difficult to use in analyzing 
the operational effects of geometry because 
of the difficulty of viewing the model from 
the drivers' viewpoint. Some have developed 
optical viewing devices similar to peri
scopes so that the designer may, through a 
series of prisms, view along the model road
way and achieve some semblance of driver 
perspective. General~y, however, models are 
too expensive to construct for this single 
purpose. Perspective plotting will accom
plish basically the same thing at a much 
lower cost. 

3.2.4 ILLUSTRATIVE EXAMPLES OF DESIGN 
CONSISTENCY 

3.2 .. 41 Design Speed Application 

Design speed has been used for 40 years as 
a means of achieving consistency in geomet
ries. It has served well as a general guide, 
but its major effect has been dependent upon 
how it was applied by the designer. In some 
instances, there is a lack of assuring oper
ational consistency dealing with a route as 
a whole, including the relationship between 
cars and trucks. Jack Leisch, in his paper, 
"New concepts in Design Speed Application as 
a Control in Achieving Consistent Highway 
Design," presented at the 56th Annual Meet
ing of TRB, January 1977, has suggested new 
concepts in design speed applications. These 
new concepts consist of the following: 

1. 10 mph (15 km/h) rule -- Reduction of 
design speed should be avoided where possible, 
and limited to 10 mph (IS km/h) where abso
lutely necessary. Potenti~l passenger car 
speeds should not be permitted to vary more 
than 10 mph (IS km/h), and potential truck 
speeds should not be permitted to drop more 
than 10 mph (IS km/h) in the main lanes 
(see Figure 3.2.2). · 

2. Speed profile -- Potential passenger car 
and truck speeds are charted along with the 
plan and profile of the proposed roadway 
(See Figure 3.2.3). 
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DESIGN PRINCIPLE 
THE 10 MPH (15 KPH) RULE 

• WITHIN A GIVEN DESIGN SPEED, POTENTIAL AVERAGE 
PASSENGER CAR SPEEDS GENERALLY SHOULD NOT VARY 
MORE THAN 10 MPII (15 KPH) 

• A REDUCTION IN DESIGN SPEED WHERE CALLED FOR 
NORMALLY SHOULD NOT BE MORE THAN 10 MPH (15 KPH) 

• POTENTIAL AVERAGE TRUCK SPEEDS GENERALLY SHOULD 
BE NOT MORE THAN 10 MPH (15 KPH) BELOW AVERAGE 
PASSENGER CAR SPEEDS AT ANY TIME ON COMMON LANES 

Figure 3.2.2 The 10 mph Desjgn Rule (Souroe: 
Leisoh (~_)) 

Problems occur when low design speeds are 
used and the controlling features are dis
persed along the highway such that drivers 
t~ad to speed up on flat tangent sections 
and then slow down to negotiate the con
trolling curvatures. When it is necessary 
to utilize the lower design speed, then all 
features of the highway should be designed 
in accordance with that speed. 

Design speeds are sometimes too low for the 
driver's expectation and his judgment of the 
surrounding conditions. There are some 
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basic values that should be adhered to wher
ever practicable. These are illustrated in 
Figure 3.2.4. Essentially, we should be. 
designing for 70 mph (112 km/h) in flat, 
open terrain, 60 mph (96 km/h) in rolling 
terrain, and SO mph (80 km/h) in urban 
areas. Of course, rugged mountainous terrain 
and highly urbanized areas may necessitate 
deviation from these values, but the designer 
should be required to justify without ques
tion any variations from these recommended 
values. Figure 3.2.5 presents Leisch's 
design speed designation concept. 
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CHARACTER OF ALINEMENT AND RELATED SPEED 
MUST BE LOGICAl,. AND UNDERSTANDABLE TO THE DRIVER 

Figure 3.2.4 
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DESIGN SPEED DESIGNATION CONCEPT 

DESIGNATED 
i:?ESIGN SPEED 

MPH 

30 
40 
50 
60 
70 
80 

KPH 

50 
65 
80 
95 

110 
125 

POTENTIAL INCREASE 
PERMISSIBLE. WITHIN 

DESIGN SPEED 

I IMPERIAL UNITS I MPH 

METRIC UNITS 

301040 MAX.' 

40TO 50 MAX.' 

50 T060 MAX.' 

60 TO 70 MAX.' 

70'• 
80 .. 

t<PH 

50 TO 65 MAX.' 

65 TO 80 MAX.' 

8Qro9!> MAX.' 

95 TO 110 MAX.' 

110 .. 
125 .. 

• ALINEMENT CONFIGURATION TO !lE ADJUSTED. AS REQUIRED. 
TO LIMIT POTENTIAL SPEED TO NOT MORE THI\N 10 MPH (15 
KPHl ABOVE THE DESIGN SPEED DESIGNATION. APPROPRIATE 
DESIGN MEASURES SHOULD BE APPLIED TO SECTIONS OF 
"MAX." SPEF.D. 

"FOR DESIGN PURPOSES. NO POTENTIAL SPEED INCREASE IS 
CONSIDEflED fOR DESIGNATIONS OF 70 liND 80 MPH (110 
AND 125 KPH); HOWEVER SPECIAL ATTENTION SHOULD llE 
ACCORDED TO SECTIONS INVOLVING !.ONG TRIPS AT HIGH, 
SUSTAINED SPEEDS. 

Figure 3.2.5 [Sourae: Leiaah (~)] 

The key to applying Leisch's new application 
concept is the determination of operating 
speed at successive points along the route 
to facilitate plotting of the speed profile. 
As outlined in Leisch's paper, the basic 
characteristics of the speed profile are 
predicated on the following: 

1. Low volumes (free-flow conditions) 

2. Average (running) speeds of traffic 

3. Favorable roadway conditions--daylight, 
good weather, etc. 

4. Average (running) speeds on horizontal 
curves, in accordance with the "low volume" 
relations of average running speed to design 
speed 

5. "Top average speeds" representative of 
free moving vehicles (passenger cars and 
trucks) on relatively straight open sections 
of roads, outside the influence of any other 
geometric constraints 

6. Separate average (running) speeds for 
passenger cars and for trucks plotted in 
juxtaposition; on near level grades, average 
truck speeds are assumed to be 5 mph (8 km/h) 
below average passenger car speeds 

7. Truck speeds selected to be representa~ 
tive for a particular highway; ·.weight-power 
ratio of 200 assumed as an average. 

8. Acceleration and deceleration for pas
senger cars predicated primarily on and 
extrapolated from 1965 AASHO Geometric 
Design Policy 

9. Acceleration and deceleration for trucks 
compiled from 1965 Highway Capacity Manual, 
1965 AASHO Geometric Design Policy, and 1972 
FHWA Dynamic Design for Safety 

As can be noted, the speed profile consists 
basically of three speed elements: speed on 
curves; top average speed on the straight 
portions of the highway; and truck speeds 
(3). The process of developing the speed 
profile utilizes the predetermined values 
and elements as identified below: 

a. Top average $peeds of passenger cars-
guidelines, Tables 3.2.1 and 3.2.2 

b. Top average speeds of trucks--5 mph (or 
8 km/h) below top average speeds of passenger 
cars 

c. Average speeds of passenger cars on 
horizontal curves--Figure 3.2.6 

d. Average speeds of trucks on horizontal 
curves--Figure 3.2.6, less 5 mph (or 8 km/h) 

e. Deceleration of passenger cars approach
ing a horizontal curve--Figure 3.2.8 

f: Acceleration of passenger cars departing 
a horizontal curve--Figures 3.2.7 and 3.2.9 

g. Deceleration of trucks approaching a 
horizontal curve--Figure 3.2.10 

h. Acceleration of trucks departing a hori
zontal curve--Figure 3.2.11 

i. Deceleration of trucks operating on 
grades--Figure 3.2.12 

To provide a better understanding of how the 
various charts and related material are used 
in constructing the speed profile, the 
following illustration extracted from Ref
erence 3 is presented for this purpose. 

An application of the speed profile to an 
actual problem involving approximately an 
8-mile section of highway is demonstrated in 
Figure 3.2.13. The horizontal and vertical 
alignment of the existing highway (except 
for the dash lines at po1nts a, b and c) are 
shown in the two upper blocks of the figure. 
The variable horizontal curvature (which 
originally was constructed on the basis of a 
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TABLE 3.2.1 

AVERAGE SPEED OF FREE-MOVING VEHICLES 
Compiled from Highway Statistics-1972 

Type of Average Speed - mph 
Highway Pass. Car Truck Bus A 1 1 

Rura 1 Inters tate 66.6 59.8 64.0 64.9 
Rura 1 Primary 58.6 54.0 57.5 57-5 
Rura 1 Secondary 53.3 49.8 51.2 52.6 

Urban Interstate 57.5 53.0 56.1 56.4 
Urban Primary 43.4 40.7 39.0 42.8 
Urban Secondary 40.0 38.6 37.4 39.9 

TABLE 3.2.2 

GUIDELINES FOR TOP AVERAGE SPEEDS OF PASSENGER CARS 
FOR VARIOUS TYPES OF HIGHWAYS* 

Type of Highway Quality and Condition 
Fac i 1 i tv Favorable Moderate 

mph (kph) mph (kph) 
Rural Highways 

Interstate 65 (1 00) 60 (95) 
Primary - Main 60 (95) 55 (90) 
Primary - Intermediate 55 (90) 50 (80) 
Secondary 50 (80) 45 (70) 

Urban Highways 

Interstate 60 (95) 55 (90} 
·Arterial - Main 50 (80} 45 (70) 
Arterial - Intermediate 45 (70) 40 (65) 
Secondary - Feeder 40 (65) 35 (55) 

•'r Representative of low-volume, free-flowing conditions on open, near 
level and straight highways. 

Rev: ll/77 
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SPEED-CURVATURE RELATIONSHIPS 

PERMISSIBLE AVERAGE RUNNING SPEEDS ON CURVES OF GIVEN RADII 
AT LOW-VOLUME, FREE -FLOW CONDITIONS -APPLICABLE TO PASSENGER CARs 

V- DESIGN SPEED, MPH 

CORRESPONDING AVERAGE 
RUNNING SPEED, MPH 

De- MAX. DEGREE OF CURVE* 

Rc-MIN. RADIUS, FEET 

V --DESIGN SPEED, KPH 

CORRESPONDING AVERAGE 
RUNNING SPEED, KPH 

IMPERIAL UNITS 

250 300 350 400 460 530 600 680 760 840 

METRIC UNITS 

Dm-MAX.DEGREEOFCURVE** 21.0 17.8 14.4 11.9 10.4 8.9 7.5 6.8 5.9 5.1 4.6 4.0 3.7 3.2 2.7 

Rm- MIN. RADIUS, METERS 80 ss 120 145 165 195 230 255 290 3 ·;o 375 425 465 540 650 

* Dc=57295780~Rc (BASED ON CENTRAL ANGLE SUBTENDING 100-FOOT ARC) 

** Dm= 1718.8734+ Rm {BASED ON CENTRAL ANGLE SUBTENDING 30-METER ARC) 

·-
TABULAR VALUES ARE BASED ON AN AVERAGE MAXIMUM SUPERELEVATION RATE OF .OB. 

FOR A DESIGNATED OR ESTIMATED DESIGN SPEED, ANY LARGER RADII BEYOND THE ARROW 

ARE ASSUMED TO HAVE THE SAME AVERAGE RUNNING SPEED AS AT THE ARROW. 

AOAPTEO FROM: AASHO GEOMETRIC DESIGN POLICY, 1965 

Figure 3.2.6 [Source~ Leisch (!)] 
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3 

ACCELERATION RATES OF PASSENGER CARS 
FROM A POINT ALONG A HIGHWAY WHEN 

· ALINEMENT AHEAD BECOMES CONDUCIVE 
TO HIGHER SPEED 

PERCENTAGE OF ACCELERATION RATES FROM CURVE "A" 
ASSUMED APPLICABLE FOR CONDITION WHEN 

SR-REOUIRED SPEED VIEW PERCEIVED BY DRIVER DEPARTING 
REDUCTION PRIOR TO LIMITING CURVE AT POINT 3 

LIMITING CURVE 
POINT 1 TO 2 UNRESTRICTED SEMI-RESTRICTED RESTRICTED 

< 10 MPH 50% 40% 20% 

10-20 MPH 75% 60% 30% 

>20 MPH 100% 80% 40% 

:\\0~ CURVE 
uc ~ P~ v1~ ~~O \)~-.!~ 0 LIMITING t:::J ~C~1 i1t ..q 

~S'?~~O :\0 c;~ 2 THE SPEED 3 ~0 lJ~~"'o 
S'- ?~"T OF VEHICLE 4. O~lv 

~~~ q 

Figure 3.2.7 Basis for Passenger Car Accelerations for Continuous 
{Uninterrupted-Flow) Operation on Highways 
[Sourae: Leisah (~}] 
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SOURCE: 

AASHO Geometric 
Design Policy, 1965 

Figure 3.2.8 Deceleration of Passenger Cars 
Approaching a Curve which Limits 
the Speed [Sour>ce: Leisch ( E_)] 
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DISTANC£ REACHED 
UPON ACCELE~ATIOfr( 

L 

SCHEMATIC OF 
VEHICLE OPERATION 

* UNII£STIIICTEO YIEW · NO SPEED·LIMITINI; HOMETIIICS 
YISIILE FOR TWO MIL£5 otl MOllE 

SEMI-RESTRICTED VIEW' NO SPEED-LIMITING GEOMETRIC$ 
VISIBLE FOR APPROXIMATELY ONE MILE 

RESTRICTED VIEWc SPEED-LIMITING GEOMETRICS VISIBLf 
AHEAD WITHIN ONE- HALF MILE 

EXAMPLE 

GIVEN' 
5 0= 40 MPH SEMI-RESTRICTED 
s.= 'e MPH GRADIENT ON DEPARTURE +I% 
S1 • 48 MPH 

SOLUTION' 

L • 3200' 

Figure 3.2.9 Acceleration of Passenger Cars 
Departing a Curve which Limits 
the Speed [Source: Leisah ( ii_)] 
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AASHO Geometric Design Policy, 1965 

Dynamic Design for Safety, FHWA, 1972; 
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Dynamic Consideration of Highway 
Alinement and Cross Section 
(Sub-heading -Sight Distance) 

Deceleration for required speed 
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* Taken as 1.5 times Values used for Passenger Cars. 

Figure 3.2. 10 
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Deceleration of Trucks Approaching a 
Curve which limits the Speed on or 
Near Level Conditions [Source: Leisch 
( ~)] 
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DISTANCE TO ACCELERATE FROM CURVE SPEED 

Acceleration of Trucks Departing a Curve 
Which Limits the Speed on or Near Level 
Conditions [Source: Leisch (~] 
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DISTANCE TRAVELED ON UPGRADE (OR DOWNGRADE) 

Speed-Distance Relations for Operating Trucks on 
Grades (Weight-Power Ratio: 200) [Source: 
Leisch (~] 



:;:o 
m 
< 

__, 
__, 

......... 
"'-.1 
"'-.1 

tN 

N 
I 

f-1 
~ 

420 

260 

100 
-

Al•750' fZ30M) 
11•16!0'(500N) (SOMfl'H/8oKPH) 

(TONPH/IIOKPH} lf!• 7 !50'(2 30M) 

...... 1Jo "'-- (SONPH/8oKPMk ' .~ $0 

R •3820'(1165M) 

1-+.o.a% 

so 

ISO a 
lf!•II40'(350M) 

(60MPH/9SKPH) 
z.tsO 

'<•1630 '(500M) 
(70 MPH/IIOKPH} 

HORIZONTAL ALINEMENT 

h~ , {~~) {240M) 

~~ - .c. ~ ~.z% !'-.... _s po ... ~ ...... ~ 

" :;,. 

(~ -r-.. I'""' I"'"' ~ e 
~~ """" , !"'-

/00 ( so. "')ISO 2C!O 2~0 

v ~ J 
[l'l 

ll• 7!J0'(230M) 
150 MPH/ 90 KPH) 

350 

r-- r-. r-. 
& ....;.: ~ t--
0"11 r.l 

300 3~0 

lv. 
~0( J 

(:Z~M)'-.1•.' 
I'-. 

4C?O 
L------J.. _____ .._ _____ .J... _____ ..._ _____ ..J ~ _ ---- _____ I I I I I I I 

I 
FT 1M 

I~ 

~0 

100 
260 

!10 
100 

Q...L.Q 

0 10- 20---~ - 3o 40- 50 60 70 80 90 100 110 120 METRIC 

VERTICAL ALINEMENT STATIONS 

60 >-- -·e-->-- ·-->- ·-1-~ - >--~._.l_...v 1 vff···y ~~·· Vv- >-lll-tJl I l 
: ~r~!dM~~TVF~~"~-:~,. ~ 41~~~>::~".,~:'·=~ --- r;~-'- ~~~~±±~ -=-=: 

~ I ' I ~ ~ 
T~F"f"ICI ~ '\. .I 

I 'I ~' - l1
1

1 I I I I I I I I I I I I 

30 

20 so 100 !50 200 250 300 350 ~0 

SPEED PROFILE-INITIAL DESIGN 

60 
~A05a~G«· Y«HICL~& 

~ v .,... l 

~ 
,.-

i\_ v, too- - 1--1-- ~' 
too-• -- ~ - ~---

.,._ 
~- ·- - 1-- ·---1-- -·-- ~ --

_L ~~~!!_{!..!._~~ ., 
·-I- f- -f _.;:!"':!~~~- - 'i 

SPEEDS ~ELA1E fo - - - - - 1-- '-I- 1--- '- - - ·-1--1-- 1-- 1- AL/6NM~NT CI-IANGIA.S AT 

: CLIM./NtJ I 
I I a,b ANo c, ANo cuMl!JIN~ 

L.AN£.!5 INTIOIC£D AT I CLIM/NAIO 
t1 AND e. I 1 1 LANI II.AAIIi 

so I~ 1~0 ll 200 250 _LL l ~qo 350 ~0 . . 

50 

40 

30 

I< PH 
MPHI IOO 
60

190 
~ 80 

70 

40 ~ 60 

301: 
20 30 

""I'" 100 
60 

90 

~ 80 

70 
40-l 60 

30f!!O 

40 

o 10 20 30 «) !10 eo 10 eo to too no 120 

SPEED PROFILE-ADJUSTED DESIGN 
METRIC 
STATIONS 

Figure 3.2.13 Demonstration of Speed Profile Application 
[Source: Leisch (3)] 



design speed of SO mph (80 km/h), in 
combination with the undulating profile, 
produces highly variable speeds as demon
strated in the third block of the figure. 
The speed profile was constructed in accord
ance with speeds and acceleration data 
obtained from Figures 3.2.6 to 3.2.12. 

The speed profile for the existing condition 
(shown for travel in one direction) reveals 
the high inconsistency of the design and its 
resulting operations. The speed trend for 
passenger cars indicates considerable vari
ations requiring a series of decelerations 
and accelerations, with changes in average 
speed as much as lS mph (24 km/h). Even 
more erratic is the truck speed profile which 
shows critical variations not only in its 
speed but in the relative speeds between 
passenger cars and trucks. 

The "trouble-spots" can be spotted readily 
by examining the speed profile. The problems 
become apparent with respect to the charac
ter of the alignment to achieve a more 
appropriate design speed and a more consis
tent operation for passenger vehicles, as 
well as the combination of the horizontal 
and vertical alignment to improve truck 
operations. The lack of conformity to the 
10 mph (lS km/h) rule is quite obvious on 
this existing facility. The situation at 
any one point or at a given short section of 
the facility is quite obvious~ The location 
of the relatively rapid changes in speed can 
be noted readily, along with the more danger
ous speed changes ot more than 10 mph (1~ km/ 
h). The most obvious are the locations where 
the speed between passenger cars and trucks 
exceeds 10 mph (lS km/h). At several 
locations, the differences are of the order 
of 2S and 30 mph (40 and 48 km/h, respective
ly). 

Some situations are of particular concern. 
For example, between Stations 140 and lSS, 
trucks are rapidly decelerating while pas
senger cars are accelerating. Such a 
condition is most hazardous, and in this case 
particularly so, since the average speed 
differential between the two vehicle types 
over this section of road is nearlY 20 mph 
(32 km/h). Another undesirable situation 
may be noted between Stations 300 and 30S 
where passenger cars are decelerating to 
negotiate a horizontal curve, while trucks 
are continuing to ac~elerate on a downgrade. 

These are just some of the points of concern 
which are quite obvious. A methodical study 
of the speed profile provides a thorough in
sight to the operational characteristics of 
the highway and in spotting the inconsisten
cies of design and potentially hazardous 
locations. Although not mentioned in this 
writing, a plot of a sight distance profile 
in consonance with the speed prof1le pro
vides further and added perception to the 
problem and a more thorough means of evalu
ation and diagnosis for improvement. 

A demonstration of this analysis by the use 
of speed profile on the existing highway 
immediately reveals the means for remedial 
measures. Any number of improvements come 
to mind, depending largely upon socioeconomic 
considerations. An example of a rather 
minimal improvement, but complying with the 
design principle of the 10 mph (lS km/h) 
rule is demonstrated in the same figure as 
points a, b and c on the horizontal align
ment, and at points d and e on the vertical 
alignment (profile). The improvement indi
cates the realignment of three horizontal 
curves (at a, b and c) from a design speed 
of SO mph (80 km/h) to a design speed of 60 
mph (96 km/h)(a change in radius of from 7SO 
feet (230m) to 1140 feet (3SO m)), and in 
profile the introduction of a truck climbing 
lane at two locations (d and e), at approxi
mate Stations 137 to 178 and 238 to 322. 

The suggested improvements were selected and 
coordinated with the development of an ad
justed and revised speed profile, as shown 
in the bottom block of Figure 3.2.13. The 
new speed profile indicates the compliance 
with the 10 mph (15 km/h) rule. By the 
indicated adjustments, the design speed 
designation has been changed from SO mph to 
60 mph (80 to 96 km/h), providing a more 
consistent design and ~niform operation. As 
shown, the speed variance of passenger cars 
is within 10 mph (16 km/h), and truck speeds 
on common lanes are not more than 10 mph (16 
km/h) below the speed of passenger cars. 
A similar speed profile was developed for 
travel in the other direction (not shown) 
which required further profile adjustments. 
This illustrates a simple example of what 
can be accomplished with the application of 
the speed profile. For more complex prob
lems where extensive improvements or road 
relocations ar-e encountered, or where new 
highways are proposed, including a series of 
alternative locations and highway type vari
ations, the.speed profile becomes even more 
significant in optimizing design and opera
tional conditions. 

3.2.42 Consistency in Cross Section 

As mentioned previously, inconsistencies in 
cross section may fall into two major cate
gories: those that occur at a point, and 
those in which there is a general inconsis
tency between cross section and alignment. 
Examples of point inconsistencies are 
reduction in the number of lanes, transitions 
to and from divided highways, narrowing of 
lanes and/or shoulders, and many more. There 
are several primary considerations in the 
treatment of point or discrete inconsisten
cies. 

1. Satisfactory sight distance should ·be 
provided. The driver must be able to see the 
geometry and respond to its requirements. 
Some of the special considerations such as 
Decision Sight Distance, to be discussed in 
Session 3.4,should be utilized. 
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2. The inconsistency should be transitioned 
within the realm of acceptable driver per
formance. · For example, taper lengths should 
be adequate when transitioning from a divided 
to an undivided section. 

3. Decisions and responses should be dis
tributed such that the driver workload is 
not exceeded. For example, the transition 
to a 2-lane undivided from a divided roadway 
should not occur precisely at the point where 
the number of lanes is reduced. The reduc
tion in lanes should occur prior to the 
elimination of the median. 

In the other case, the general incompatibil
ity between cross section and alignment is 
correctable through administrative and pro
gramming decisions rather than specific 
design processes. In these times of austerity 
programs, this inconsistency is more likely 
to occur. As highway agencies attempt to 
achieve maximum results from the resources 
available, the comparatively lower cost of 
upgrading the cross section without changing 
the alignment will become increasingly attrac
tive, To prevent the occurrence of this 
inconsistency, design supervisors must stress 
the importance of design balance in the for
mulation and review of safety improvement 
programs. 

3.2.43 Coordination of Horizontal and Verti
cal Alignment 

The Blue Book presents general design con
trols relative to the combination of hori
zontal and vertical alignment. These are 
presented on pages 212 and 213 of the Blue 
Book. Leisch, in an earlier paper, expands 
these general controls in a human factors 
treatment of the subject (~). 

1. The horizontal and vertical alignments 
should be in balance. A generous, flowing 

d 
VI EWING DISTANCE 

Desirable Relation: L = d 
Acceptable Minimum: l-=0.65d 

alignment in one plane is not compatible 
with small and frequent breaks in the oth~r. 

2. Horizontal and vertical elements should 
coincide with profile elements--both with 
respect to position and length. 

3. An important feature in achieving bal
anced alignment design is the proper 
proportioning of the tangent and curve 
elements of the roadway. In composition of 
the alignment, long tangent-short curve 
arrangements should be avoided in lieu of 
shorter tangents and longer curves, and, 
where feasible, approach gradual curvilinear 
form. 

4. Compound curves should not be used where 
a sharp curve follows a long flat curve. 

5. Sight loss, where the road disappears 
and reappears, should be avoided. 

6. A sag curve on a long straight road 
appears to be a sharp break in the profile 
and should be avoided. The greater the dis
tance to the sag when it first appears in 
view, the longer should be the sag curve. A 
general rule which may be applied is shown 
in Figure 3.2.14. 

7. Generally, long sight distances are de
sirable, but extremely long views may be 
misleading to the driver. 

8. The designer should impose a generalized 
limit to the number of alignment breaks that 
are visible to the driver at any one time. 
Normally, these should be limited to two 
breaks horizontally and three breaks verti
cally. 

3. 2. 5 SUMMARY· 

One of the principal considerations in pro
viding consistency in design is providing 
sufficient sight distance--the ability to see 

L 

Figure 3.2.14 Viewing Distance to Sag Vertical Curve 
[Source: Leisch (6)] 
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the road ahead. This is probably the most 
important single design element from the 
safety standpoint. The complexity of opera
ting on modern highways, with the need to 
frequently process information while driving, 
requires even longer sight distances at 
certain locations. This, referred to as 
"Anticipatory Sight Distance," is particular
ly important at areas of potential hazard 
an~ at points requiring complex driver 
decisions. Areas or points of concern may 
involve intersections, interchanges, lane 
drops, railroad grade crossings, draw 
bridges, toll collection booths, design 
speed reduction zones, and others. Another 
term which may be used for this type of 
sight distance is "Decision Sight Distance." 
These terms will be discussed in greater 
detail in subsequent sessions. 
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TOPIC 3 SESSION 3 
HORIZONTAL ALIGN~lENT AND SKID RESISTANCE 

Ob-jectives: 

As a result of this session, the partiaipant 
should be able to: 

1. Identify the design and operational 
variables influenaing dynamia vehiale 
behavior on horizontal aurves. 

2. Identify several alternatives available 
for the improvement of dynamia vehiale per
formanae on horizontal aurves, 

3. Evaluate the relative effectiveness of 
these various alternatives. 

3.3.1 INTRODUCTION 

Horizontal alignment design :s a very broad 
subject area that is treated quite thorough
ly in the Blue Book, the Red Hook, and 
numerous highway engineering textbooks. We 
will not attempt to cover the broad range of 
material that may be found i~ these refer
ences. Instead, we will concentrate on 
factors related quite specifically to ~he 
safety aspects of horizontal alignment and 
to more recent developments in technology. 

Part of this presentation centers around the 
four variables included in the fundamental 
horizontal alignment relationship: curva
ture, speed, superelevation and friction. 
For a moment, let's explore some history 
relative to these four variables to see how 
and perhaps why they are related as they are 
today. 

Early highways were designed for animal-
drawn vehicles that rarely exceeded 8 mph 
(13 km/h) and, therefore, speed was not a 
design factor (1). Length and maneuver
ability of vehicles were prime considerations. 
The typical freight wagon pulled by four · 
horses was approximately 50 ft (15 m) in 
length and required a turning radius of 105 
ft (32 m) to remain within a 12 ft (3.6 m) 
roadway. If a shorter radius w•s required, 
cu~ve widening was necessary. 

Because of the low speed conditions, roadways 
were crowned rather than banked in the 
curved section. The objective was to remove 
the water from the roadway as quickly as 
possible, and there was no apparent need for 
banking the curves for wagon transportation. 

As automobiles were developed and began using 
the highways at speeds up to 20 or 25 mph 
(32 or 40 km/h), the crowned sections on 
horizontal curves became objectionable (!). 

Drivers would cross over and take the inside 
of the curve in order to avoid the negative 
cross slope. Needless to say, this created 
a certain element of danger, particularly 
on highly-travelled roadways and those with 
blind corners. 

One of the earliest responses to speed as a 
design criterion was the introduction of 
superelevation in 1912 by the state of New 
York. Superelevation was applied to curves 
sharper than R=SOO ft. (150m). The rates 
were one inch per foot (8.33 cm/m) for macadam 
surfaces and 5/8 inch per foot (5.2 cm/m) 
for concrete surfaces. These rates were 
fixed regardless of speed and regardless of 
curvature. The statement was made that 
variations in these rates were considered 
useless. 

Concurrent with the introduction of super
elevation, some states introduced curve 
widening. The objective was to widen the 
curve so that side tracking of the vehicles 
could be accommodated. Widening ranged 
from 3 ft (1 m) on flat curves up to 8 ft 
(2.4 m) for very sharp curves. 

The first mathematical 
elevation was provided 
and Harrison developed 
(1): 

treatment of super
in 1920 when Ludeke 
a mathematical model 

V2 
e = --

lSR 

It was noted that this model required up to 
5 times the superelevation used in practice 
at that time. Thus, pavement skid resistance 
or friction took care of the difference. 

The introduction to superelevation by the use 
of spirals came in 1926 when the General 
Motors Proving Ground built the first fully
spiraled roadway in this country. In 1929 
the Bureau of Public Roads built the first 
public roadway with spiral curv~s in Virginia, 
the Mount Vernon Memorial Highway. 

In the 1930's Ralph Moyer conducted studies 
to determine acceptable friction factors for 
horizontal alignment design. He blindfolded 
passengers in automobiles traveling on curves 
and attempted to determine the relationship 
between passenger comfort and coefficient 
of friction. He found that when the coe
fficient was less. than 0.10, passengers could 
not sense clearly whether they were on a 
curve or tangent. At speeds that would pro
vide a coefficient of 0.10 or greater, the 
passengers clearly could sense that they were 
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on a curve; and when the coefficient was in
creased to 0.30, the passengers felt distinct
ly uncomfortable. Thus, we find the develop
ment of friction factors was based on "seat 
of the pants" friction. The question now is, 
how did all of this affect our current ap
proach to horizontal alignment design? 

Over the years, we have established a 
strong relationship between speed and curva
ture whereby we choose to control curvature 
to accommodate speed. Further, we utilize 
superelevation to enhance driver comfort as 
well as to compensate for friction demand. 
Early in the development of design criteria, 
we selected friction factors on Ariver com
fort instead of friction capability. Current 
technology has contributed much more, as we 
will see. 

3.3.2 BASIC HORIZONTAL CURVATUIU~ RELATION
SHIP 

By assuming that the vehicle is in an instant
aneously static position relative to the cross 
section of a curve, we may use engineering 
mechanics to derive the standard AASHTO 
centripetal force equation, 

v2 
e + f = m (1) 

In metric units, the equation becomes 
v2 v2 

e+f=~=~ 
!:loOK l .1. I R 

Where: c 
f 
v 
v 
R 

Superelevation 
Coefficient of friction 
speed in mph (km/h) 
speed in (meters/sec) 
feet (meters) 

(2) 

This equation is used principally to determine 
the minimum radius or maximum speed for 
critical design conditions. On the basis of 
optimum design as discussed earlier, we 
should avoid using critical levels for design 
wherever possible. The importance of this· 
recommendation can be illustrated by consider
ing some assumptions made in the application 
of the AASHTO Formula. Specifically, the 
application of the formula assumes that the 
design superelevation exists at th~ begin-
ing of the curve, and that the vch1cle 
tracks precisely the design radius of curva
ture. Neither of these is assured under 
most conditions. 

The full design superelevation is achieved 
at the beginning of the curve only when 
spiral transition curves are employed. When 
the 2/3 - 1/3 practice is applied, only two
thirds of the design superelevation is 
achieved at the beginning of the curve. What 
does this mean to the vchic.lc-roaclway inter
action? An additional demand - up to about 
.03 - is placed on the friction supply. This 
would be critical only when the friction 
supply is low, or a critical radius of 
curvature is selected. If we avoid these 

two situations through design decisions, a 
safer condition is achieved. 

Another critical assumption in applying·the 
AASHTO formula is that vehicles will track· 
precisely the vehicle curve. A comprehensive 
research study (2) showed that a substantial 
percentage of drTvers experience brief 
curve segments that are appreciably sharper 
than the design radius. This means that some 
of the margin of safety - that difference 
between available friction and accountable 
friction demand - is used to maintain traction 
through the sharper vehicle paths. What can 
the designer do about this? Principally, 
there are two available actions; avoid crit
ical horizontal curves and maintain friction 
supply as high as practicable. 

Perhaps we should point out typical friction 
supply-demand conditions. Figure 3.3.1 
shows the design friction coefficients for the 
stopping maneuver. Presumably, these can be 
used to estimate available cornering friction 
supply. Superimposed on this same figure is 
the design friction coefficients for horizont
al curve design. The difference in these 
two curves is the "margin of safety" that must 
accommodate the friction demands that are not 
predictable such as differences in vehicle 
paths, braking, acceleration, wind gusts, 
surface irregularities and others. 

3.3.3 FRICTION: SUPPLY VS. DEMAND 

The cardinal rule in horizontal alignment 
design is that friction supply should always 
be greater than friction demand. This is 
simply stated, but the question follows: 
To accomplish this rule, do we lower the 
demand or increase the supply? Generally, 
efforts in recent years have been to increase 
the supply rather than to modify demand. 
Perhaps there is a need for both as will be 
discussed herein. First, we should explore 
factors which influence supply and demand. 

3.3.31 Factors Influencing Friction Supply 

Factors which influence the available fric
tion are listed and discussed briefly in 
this section. 

• Weather Conditions 

• Surface Texture (Macrotexture, Micro
texture) 

• Surface Drainage 

• Cross Slope 

• Tire Characteristics 

• Vehicle Speed 
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Figure 3.3.1 Typical Friction Supply 
Relationship 

Demand 

Weather Conditions. Weather has the great
est inffilCilCeOI\Pavement friction. For 
example, a dry pavement may.ha!e a coeffi
cient of about 0.60. When 1t 1s wet the 
coefficient may ran~e from .10 to .60 
and when the wet surface freezes, the 
coefficien~ is reduced to about 0.10. 
It appears most practical to design for wet 
pavements, hut ice should be given some con
sideration in areas where it is most preva
lent. 

Surface Texture. Macrotexture and micro
texture are terms used to describe surface 
texture. Microtexture refers to the gritty 
aggregate surface that makes intimate con
tact with the tire and provides skid resist
ance. Macrotexture is the coarseness of the 
pavement surface which is provided by the 
size, shape and gradation of aggregate 
particles making up the pavement ~urface. 
Both arc necessary for good, consistent 
friction characteristics. Each is achieved 
in different ways, and illustrations are in
cluded in a recent Ai\SIITO "Guidelines for 
Skid Hesistant Pavement Design" (3). The 
methods of achieving a desirable ~lcrotexture 
include: 

• Using good non-polishing aggregates in 
paving mixtures, hoth bituminous :1nd portland 
cement. 
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• Using the sprinkle treatment to place non
polishing aggregates in the upper layer of 
bituminous concrete pavements. This is 
.accomplished by sprinkling the surface with 
3-7 psy or 1.1 - 2.7 kg/m2 of aggregate after 
placement of the hot mix and rolling in 
using conventional rolling methods. 

• Using a silica sand mix on low speed roads 

• Using synthetic aggregates that degrade 
slowly with use, always providing a new high 
skid resistant surface. 

• Using a bituminous surface treatment 
(seal coat) with non-polishing aggregate. 

• Controlling cement factor and water
cement ratio in portland cement concrete. 

• ~sing air entrainment in portland cement 
concrete. 

• Using finish methods that will result in 
a gritty surface. 

Macrotexture also is achieved in several ways 
(~), including the following: 

• Using proper proportions of angular non
polishing coarse aggregate 



• Using bituminoU'S surface treatment (seal 
coat) of suitable gradation. 

• Using open-graded asphalt friction course 
to facilitate surface drainage. 

• Texturing portland cement concrete pave
ments by brooming or dragging with tines or 
other apparatus. Sawing is used on in
place pavements. 

Surface Draina~e. Surface drainage is essen
tlal to avoid . ydroplaning. Surface drain
age is accomplished using a combination of 
macrotexture and cross slope. Also, open 
graded asphaltic paving mixtures are being 
used to facilitate subsurface drainage. The 
open-graded mix forms a porous pavement that 
water may penetrate, and an impervious layer 
under the pavement carries the water to the 
edge of the roadway. 

Recent research indicates that the drainage 
potential for open graded mixes is relative
ly low (actually about 15 percent of the 
cross sectional area). This ~eans that 
only low intensity rainfalls could be expect
ed to drain through the open-graded course. 
In areas subjected to long periods of re
latively low intensity rainfall, the open
graded surface course can be most effective. 
Where higher intensity rainfalls arc in
volved, the open-graded surface course can
not substitute for adequate cross slope in 
providing pavement surface drainage. 

The use of pavement grooving to provide a 
path for the water to escape from beneath 
the tire has been proven effective. The 
grooves can be provided initially by brooms 
or tines. Grooving of pavements with low 
skid resistance can substantially reduce the 
problem. Longitudinal grooves should be 
used to increase lateral stability and 
transverse grooves should be used when 
increased stopping frictions is desired. 

Tire Characteristics. Tread depth, tread 
pattern and t1re prissurc arc highly in
fluential on the occurrence of hydroplaning. 
However, these factors are not within the 
realm of control by the designer. 

Speed Effects. The speed of the vehicle has 
two major ctfects on friction supply. First, 
friction decreases as speed increases. This 
phenomenon is defined as "speed gradient." 
Second, speed is one of the primary factors 
in the cause of hydroplaning. 

The "speed gradient" of friction, the re
lationship of skid nu1nhcr to vehicle speed, 
is very important to the design process, but 
perhaps even more important in the friction 
measurement process. Figure 3.3,2 illus
trates the variation in frictional character
istics on· roadways within a state. The 
percentile distribution could be very 
important information for decisions relative 
to providing highly skid-resistant surfaces. 

3.3.32 Factors Influencing Friction Demand 

According to the centripetal force equation, 
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Figure 3.3.2 Percentile Distribution of 
Relation between Friction 
Capability and Vehicle Speed 
for 500 Pavements in One State 

friction demand is a function of speed, curv
ature and superelevation but, in reality, 
there are several other factors that influence 
friction demand. These are: 

• Tracking or cornering 

• Vertical acceleration 

• Longitudinal acceleration 

e. Braking 

• Wind velocity 

Trackin_g or Cornerifg. Application of the 
Ai'iSH'ro c-entripetal orce equation generally 
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assumes that the vehicle will conform pre
cisely to the design radius of the curve 
when, in fact, a driver makes frequent 
steering adjustments in rounding a curve. 
Each steering adjustment constitutes a 
decreased radius of curvature, and these 
irregularities result in the driver travers
ing several successive curve segments, many 
of them much sharper than the design radius. 
Tlris effect has been verified through re
search (2). A photographic study was con
ducted uiing motion pictures made from a 
vehicle following other vehicles through a 
horizontal curve. The motion picture photo
graphy permitted the measurement of the 
lateral position of a vehicle from the 
centerline as it moved through the horizonta~ 
curve. Then, by geometric computations, the 
incremental curvature of the vehicle path 
could be defined. 

By using regression techniques, a relation
ship has been developed for relating the 
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radius of vehicle path to the design radius 
of curvature for a given speed. Figure 3.3.3 
provides the radius of vehicle path curve 
that may be expected with a given highway 
curve. This relationship is based on the 
estimated percentage of drivers that can be 
expected to exceed the indicated vehicle path. 

What is the application of this added inform
ation? The designer may use it to justify 
the selection of horizontal curves with 
greater radius than is determined for minimum 
requirements. 

Vertical Accelerations. Vertical acceler
ation effects on friction demand are the 
result of two types of behavior. Vertical 
curves reduce the net effect of the normal 
force (weight of the vehicle) and thus in
crease friction demand. This is not very 
critical on well-designed highways because 
of long vertical curves used for visual 
controls. Vertical accelerations also result 

1500 

600 800 1000 

RADIUS OF HIGHWAY CURVE 

Figure 3.3.3 Percentile Distribution of Vehicle Path vs. Highway Radius 
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from surface irregularities .. If such 
irregularities occur on a hor1zontal curve, 
their effects can be very signif~c~nt. 
Correction of the pavement durab1l1ty 
problem is the obvious answer. 

3.3.4 MEASURING PAVEMENT FRICTION - THE SKID 
NUMBER AND SURFACE TEXTURE 

The relative skid resistance of various pave
ments can best be determined through measure
ments. ASTM method E274 is recommended, with 
due attention given to standardized pro
cedures and the calibration of skid testers. 
The FHWA has developed calibration procedures 
and has established skid calibration centers. 
Several portable pavement friction te~t~rs 
are available, but these are not sens1t1ve to 
the effect of speed, and should, therefore, 
not be considered as substitutes for skid 
testers. 

From measurements taken at two or more 
different speeds, a skid resist~nce:spe~d 
gradient can be established for ~st1mat1ng 
the lo~s in skid resistance at hlgher speeds 
and for evaluating the effects of coarse 
texture. The skid resistance-speed gradient 
is determined by dividing the change in skid 
resistance by the corresponding change in 
speed. A pavement with coarse macrotexture 
provides better relief of water pressure and 
hence a smaller skid resistance-speed grad
ient than a pavement with a finer macro
texture. Thus speed gradients can, in 
principle, be determined from mea~urements of 
macrotexture, but so far correlat1ons h~ve 
not been consistently high. Methods wh1ch 
have been used by various agencies include 

60 

stereophotographic analysis (ASTM ES59), the 
sand patch test, the grease smear method, and 
the outflow meter. 

A simple depth gage such as that used to 
measure the tread depth of automobile tires 
may be used to measure the average depth of 
grooves on tine finishes and grooved pavement 
surfaces. A typical speed vs. skid number 
relationship is presented in Figure 3.3.4 
C.?) • 

3.3.5 CRITICAL MANEUVERS AND FRICTIONAL 
REQUIREMENTS 

The safe performance of desired maneuvers is 
dependent upon the existence of sufficient 
pavement friction. It is well known that the 
friction required (demand) increases with 
speed. The friction available terids to de
crease with increasing speed. Loss of control 
is the usual result when friction demand 
exceeds friction av~ilable. The friction at 
the point where available friction and demand 
friction are equal is defined as the "critical 
friction," and the associated speed is defined 
as the "critical speed." 

, Stopping Maneuvers. The design of a highway 
assumes as a m1nimum that the driver will be 
aLle to stop before hitting an obstacle in 
his path. The minimum stopping distance is 
expressed as the sum of the distance traveled 
during perception-reaction·time and the 
distance required to stop after the brake is 
applied. This results in the basic equation 
for the required skid number, 

1 I I 
Assumed For Theoretical Analvsis ~! I I 
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where: 

FNs ~ Skid number demand for stop
ping 

dmin ~ Available stopping sight 
distance in feet 

V c Initial velocity in miles per 
hour 

TPR c Perception-reaction time in 
seconds 

Figure 3.3.5 illustrates the relationship of 
available friction and demand friction for 
the stopping maneuver for sight distances 
ranging from 200 to 1000 ft (61 to 305 m) 
assuming a 2.5 second perception-reaction 
time. 

Cornering Maneuvers. Lateral friction dur
ing cornering must be sufficient to generate 
the lateral forces necessary to traverse a 
given curve. From the centripetal forces 
equation, the demand skid number in cornering 
can be determined. The equation is as 
follows: 

v2 
Crrn- - e) 100 

2 ... 

2 

~ 60 
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~ 40 
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FNs • 0.3 (d-3.67V) 

Observations of vehicles traversing horizon
tal curvature indicate that a degree of 
curvature somewhat greater than the design 
value consistently is used. The empirical 
equation to approximate the 90th percentile 
curvature is given by the following equation: 

where: 

Dv • 1.014 + 1.128 D 

Dv .. 90th percentile curvatures 

D Design degree of curvature 

Passin¥ Maneuvers. Passing maneuvers are 
probab y the most critical non-emergency 
maneuvers performed on a two-lane highway. 
Several characteristics combine during the 
passing maneuver to influence the demand for 
friction: the maneuver is performed at 
relatively high speeds, the passing vehicle 
executes both the· pull-out and return 
maneuvers against negative superelevation 
due to the normal crown and, finally, the 
maneuver involves combinations of forward 
and lateral acceleration. 

~inety percent of the passing maneuvers 
radii were 1470 ft (450 m) or greater and, 
therefore, this value can be and has been 
substituted into the passing maneuver demand 
friction number to yield the following 
relationship: 

E~oornpte 2 

0 ~-----T--------~------~~~-----r------~--------~------~ 
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Figure 3.3.5 Critical Speed For Emergency Stop Imposed By 
Sight Distance and Available Friction 
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FNp = 100 
vz - e) 15(1470) 

.. vz 
no- lOOe 

if a normal crown of 0.02 feet per foot is 
assumed, this reduces to 

Hydroplanin~. When operating on wet pave·
ments, ave icle's steering and braking · 
capabilities are impaired. As the depth of 
water increases, the wheel becomes physically 
separated from the pavement, and hydroplaning 
exists. Hydroplaning is an exceedingly 
complex phenomenon that commonly is asso
ciated with an appreciable depth of water on 
the pavement surface. This condition is en
co~ntered during exceptionally high intensity 
ra1n or on pavements with poor drainage 
characteristics. Wheel path ruts produce 
puddling and, therefore, provide the potential 
for hydroplaning. 

Th~ ¥eneral equation·for estimating the 
cr1t1cal speed for the onset of hydroplaning 
is: 

where: 

Vc = Critical Speed (mph) 

P = Tire Pressure (psi) 

K = Constant 

for: Low texture pavements or smooth tires 
K = 8 

High texture pavements or fully 
treaded tires K = 10 

Table 3.3.1 illustrates typical critical 
speeds for varying tire pressures: 

TABLE 3.3.1 CRITICAL HYDROPLANING SPEEDS 

Tire Pressure Critical Speeq, mph (km/h) 

psi (kPa) K=B K=lO 

20 (138) 36 (58) 45 ( 7 2) 
24 ( 16 5) 39 (63) 49 (79) 
26 (1 7 9) 41 (66) 51 (8 2) 
28 ( 193) 42 (68) 53 ( 8 5) 
30 ( 207) 44 (71) 55 (86) 
35 (241) 47 (76) 59 ( 95) 
50 ( 345) 52 (84) 71 (114) 
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3.3.6 SUMMARY OF HORIZONTAL ALIGNMENT DESIGN 
PRACTICES TO IMPROVE SAFETY 

Th~re are a number of practices in horizontal. 
al1gnment.that may be exercised to assure 
improved safety. Basic to these practices is 
the question posed earlier: Is it more 
practical to reduce friction demand through 
a modification of design standards or to in
crease friction supply? Actually both 
approaches are appropriate, but there is 
greater potential in increasing friction 
supply than in modifying existing formulas to 
reduce demand. To summarize there are 
several points to be considered in both 
approaches. 

• The designer should exercise practices of 
achieving ~he maximum skid resistance through 
the select1on of materials and design methods 
of pavement surface design recommended in the 
AASHTO Guidelines for Skid Resistant Pavement 
Design should be considered. 

• Designer should consider optimum design 
rather than minimum design philosophy. A 
proper_balance between initial cost, 
operat1onal costs, and service life should be 
sought. 

• Flat cross sections are unavoidable in 
transitions to horizontal curves. This 
problem is compounded when transitions are 
placed where the longitudinal slope is also 
flat or essentially flat. The designer 
should have a system for detecting these 
situations and avoiding them. Plotting 
contours, flow paths, etc., will reduce the 
lik~lihood of catastrophic circumstances. 

• Horizontal sight distance problems have 
been virtually eliminated through the high 
standards normally used on modern, high
speed highways. These problems may have 
been re-introduced by the placement of rigid 
barriers in narrow medians and by the 
installation of roadside barriers in advance 
of ramps. Very serious problems have arisen 
at diamond interchanges where bridge rails 
and traffic barriers block the view of 
drivers negotiating the intersection of a 
ramp or frontage road with the overpassing 
roadway. The designer should consider 
stopping sight distance as a minimum 
condition. For increased safety, he should 
c?nsider anticipatory or decision sight 
d1stance. Providing stopping sight distance 
may present a false sense of security when 
the driver's needs are not to stop but to 
make an important decision relative to a 
maneuver required of him by a geometric 
constraint that he cannot see in time to make 
the proper decision. 
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TOPIC 3 SESSION 4 
VERTICAL ALIGNMENT 

Objectives: 

The participant ahouZd be abZe to: 

1. SeZect maximum and minimum grades baaed 
on safety and operationaZ controza. 

2. Design satisfactory truck cZimbing and 
auxiZiary passing lanes. and 

3. Select and apply appropriate sight 
distance controls relative to the safety and 
operational requirements of streets and 
highway. 

3.4.1 INTRODUCTION 

To identify a general objective of vertical 
alignment design, it seems entirely appro
priate to quote the new Red Book, A Policy 
On Desi n of Urban Hi hwa s and Arterial 

treets . It 1s state very succ1nctly 
that 11 hignways should be designed to en
courage (and permit) uniform operation 
throughout." This could be stated as a 
general objective for the entire design 
process, but it seems most appropriate. for 
vertical alignment design. 

3. 4 .11 Scope 

There are three specific areas of vertical 
alignment that we will explore in greater 
detail. These are: 

• Control of Grades - The steepness and 
length of grades 

• Vertical Curves - Joining grades 

• .Sight Distance Alternatives 

It is not the intent in this session to 
delve into vertical alignment in its most 
minute detail. Since time is limited, we 
will concentrate on some historical back
ground of design controls so we may better 
understand the standards available to us 
today. Further, we will examine some new 
controls for vertical alignment design. For 
example, viewing time and anticipatory 
sight distance or decision sight distance 
may be more meaningful in certain instances 
than stopping sight distance. 

3.4.12 Background and Evolution of Design 
Controls 

The general objective stated above is entire
.ly appropriate for the present day mode of 
operation on our streets and highways, and 

it was a good general objective for the· engi
neers of highways and roadways during the · 
pre-automobile era. In fact, our predeces
sors in highway engineering were far more 
concerned with vertical alignment than we 
are today. 

·Grades. During the era of horse-drawn 
.wagons there was a very critical concern 
for grades because the steeper the grade, 
the more horses were required for pulling 
a given load and, consequently, higher 
operating costs were experienced. Figure 
3.4.1 illustrates the grade effects on 
number of horses and the relative costs 
taken from Wiley's Highway Text published 
in 1928 (2). It 1s easy to realize even 
today that grades were most important part~ 
icularly when the maximum speed was some
thing on the order of eight mph (13 km/h). 
At such speeds, .horizontal alignment was of 
little concern and, therefore, the road 
could be built as indirect as necessary to 
achieve relatively flat grades. 

Figure 3.4.1 Effect of Grades on Hauling 
Power (Source: WiZey) 

The average grade resistance (~) was com
puted as 

where: 

RR = 20g 

RR = rolling resistance per ton of 
load 

g = the grade in percent 

For example, a 4-ton (3600 kg) freight wagon 
would offer a resistance of 400 pounds 
(182 kg) when being pulled up a grade of 5%. 
Early design guides pointed out that one 
horse typically could pull one-tenth his 
weight under sustained loading. In other 
words, it would require four, 1000-pound 
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(454 kg) horses to pull a 4-ton (3600 kg) 
freight wagon up a 5% grade without stopping 
for rest. Under extreme loading conditions 
a horse was able to pull one-half of his 
weight but only for brief loading periods. 
Our predecessors had done their homework well, 
and they had things under control until the 
automobile came along. 

Economics of construction always has been 
a principal issue in the planning and design 
of highways. With the advent of automobiles, 
economics was a primary consideration for a 
major change in layout and construction 
methods. The automobiles and trucks had 
much greater power than horse-drawn wagons, 
and, as a result, were not restricted to the 
flatter grades that were previp4sly necessary. 
The highway industry turned to much steeper 
"grass roots" grades, and, in fact, conducted 
a great deal of research in the gradeability 
of trucks. With reduced restrictions on 
grades, economic factions pressed for 
straight alignment, on the basis that highway 
costs were equated dir~ctly with road 
mileage. 

In more recent years, we have observed some 
tempering of the strict economic philosophies 
in the interest of operational, environmental 
and safety issues. As highway technology 
has advanced, we realized that grass roots 
grade lines may not be the most desirable 
from the operational standpoint. As capacity 
considerations came into being and certainly 
the maintenance of uniform operating speeds, 
we came to realize that the flat grades 
required by early horse-drawn vehicles pro
vided definite operational advantages. 
Further, flatter grades and smoother verti
cal curves provided greater sight distance 
and more passing opportunities, and thus im
proved the safety of the facilities. 

With the modern construction equipment, we 
found that we could slice through the hills 
~nd fill the valleys to achieve a smooth 
flat grade line at moderate costs. However, 
the massive cuts and fills exposed the in
sides of the mountains an'd brought about 
strong objections by the environmentalists. 
At this point in time, we are seeking a 
reasonable balance between environmental, 
operational, and economic factors. 

Vertical Curves. Until the advent of the 
motor vehjcJe, there was very little concern 
relative to vertical curves in alignment 
design. For example, two 5% connecting 
grades resulted in an approximate 6-degree 
intersection angle which would be of no 
real concern to wagon and buggy traffic 
operating at about 8 mph (13 km) maximum. 
If there were any problems with the inter
section of the relatively steep grades, only 
a small amotint of rounding would be suf
ficient. 

However, as motor vehicles became more 
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·common, speeds increased, and two new re
quirements emerged in the design of the 
vertical profile--these were comfort and 
sight distance. C. C. Wiley in his 1928 
Highway Engineering text points out the 
need for some vertical curvature to relieve 
the discomfort of vertical accelerations, 
but mainly he expressed concern for drivers 
being able to see each other in the meeting 
situation. He stated that drivers should 
be able to see each other end avoid a head-· 
on collision, and that this would require 
approx~mately 400ft (122m). There was no 
mention of speed in connection with this 
sight distance. 

Also, in the early 1920's another authority 
stated that vertical curves should be of a 
reasonably large radius to avoid the dis
comfort aspects--not less than SOft (15m). 
About the same time, another authority sug
gested that parabolic vertical curves be 
used, and that the lengths should be 100 ft 
(30 m) for algebraic differences in grade of 
1 to 3 percent, 200 ft (61 m) for dif
ferences of 3 to 6 percent, and 300 ft (91 
m) for algebraic differences greater than 
6 percent. 

I~ 1929 AASHO established a minimum sight 
d1stance of 500 ft (152 m) for vertical 
curve design (3). As measurement criteria 
they set the height of eye at 4.5 ft (1.4 ~) 
and the height of object at 4.5 ft (1.4 m). 

In the 1930's the German engineers who de
signed the autobahnen used 370 meters (1215 
feet) as sight distance criteria for verti
cal Lurves. This was also the first indi
cation of design speed considerations, for 
the autobahnen was designed for 180 kilome
ters per hour, which is roughly 112 miles 
per hour. The Germans used 3.9 ft (1.2 m) 
for height of eye and 8 inches (20 em) for 
height of object. 

In 1939 AASHO reviewed the work of the 
Germans and collectively adopted new 
s~a~dards that rel~ted to providing visi
b111ty of small obJects that may be in the 
path of the vehicle. Heretofore, the only 
concern had been that drivers see each 
other in the meeting situation and be able 
to avoid head-on collisions. Here was the 
first provision in this country for drivers 
to see small objects. It was readily 
labeled the "dead cat" theory. As usual, 
there was considerable controversy in the 
committee that composed these new standards, 
some favoring zero object height whereas 
others favored larger values. The 4-inch 
(10 em) object height was a compromise. 
Thus, the standards called for height of 
eye of 4.5 ft (1.4 m) and height of object 
of 4 inches (10 em). Design speeds which 
were adopted in 1938 were incorporated into 
sight distance standards. 

Current AASHO standards provide for a height 



of eye of 3.75 ft (1.1 m) and height of 
object of 6 inches (15 em). 

Many feel that current stopping and passing 
sight distance standards are inadequate for 
certain elements of vertical alignment 
design, and new measures such as Minnesota's 
viewing time of 11 seconds and Jack Leisch's 
suggested anticipatory sight distance are 
under consideration. 

3.4.2 DESIGN CONSIDERATIONS IN CONTROL OF 
THE GRADE LINE 

~.4.21 Design Controls 

Minimum Grades. For rural highway cross 
sections where surface water is drained by 
ditches, the travel way may be built to a 
0% or flat grade. It is presumed that the 
ditch section will have sufficient slope 
for satisfactory drainage. Where curbs are 
used. for drainage, the minimum grade is 
0.35% for high-type facilities and 0.50% 
for other facilities. In concept, these 
minimum grades are excellent; however 
experience in many of the midwestdrn states, 
where topography is virtually flat, shows 
that these minimum grades cannot be attained. 
Fortunately, in a number of these cities, 
rainfall frequency is such that street 
flooding is an acceptable trade-off. 

Maximum Grades. Maximum grades arc con
trolled on the basis of the type of facility 
and the· type of terrain. Standards for 
maximum grades are primarily arbitrary 
policy because their effects on operation 
are not scientifically well-defined. The 
various states, through AASHO, have had ex
treme difficulty in arriving at acceptable 
maximum grades. In 1956, AASHO established 
standards for the Interstate system as 
follows: 

"For design speeds of 70, 60, and 
50 miles per hour, gradients gen
erally shall not be steeper than 
3, 4, and 5 percent, respectively. 

,Gradients 2% steeper may be pro-
vided in rugged terrain 0) . " 

However, it was not until 1961 that the 
states reached a consensus concerning maximum 
grades to be used for highways other than 
freeways. Standards adopted by AASHO in 
1961 are presented in Table 3.4.1. 

Length of Grade. Maximum grade in itself is 
not a complete design control. It is also 
necessary to consider the length of a par-
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ticular grade in relation to the desirable 
vehicle operation. The term "critical length 
of grade" is used to indicate the maximum. 
length of a designated up-grade upon which a 
loaded truck can operate with a specified 
minimum speed reduction. AASHTO currently 
recommends that a minimum speed reduction of 
15 mph (24 km/h) be used for design (4). It 
is anticipated that the recommended minimum 
speed reduction will be 10 mph (16 km/h) 
when the new AASHTO standards are published. 
Figure 3.4.2 gives the critical length of 
grade related to percent upgrade and speed 
reduction. 

TABLE 3.4.1 AASHO STANDARDS FOR MAXIMUM 
GRADES 

Topography 
Design Speed, mph (km/h) 

30 40 50 60 70 
( 48) (64) (80) (9 7) (113) 

Flat 6 5 4 3 3 
Rolling 7 6 5 4 4 
Mountainous 9 8 7 6 -

3.4.22 Design Alternatives 

The controls for designing the grade line 
are rather specific. Satisfying these con
trols is necessary to achieve operational 
efficiency. There are several methods, 
however, in which these controls may be 
satisfied. For example, the designer may 
flatten the grade to accommodate loaded 
trucks within a specified speed range. 
Also, the designer may alter the length of 
grade to insure the desired level of 
operational quality. There are times, 
how~ver, when· it is not economically feasi
ble to flatten the grade or alter the 
length. Under such conditions there is yet 
a third alternative, and that is to pro
vide an auxiliary lane, a truck climbing 
lane, for the slower moving vehicle. Truck 
climbing lanes are also beneficial ~o 
slower moving passenger cars as well. 

3.4.23 Climbing Lane Design 

There are three principal elements in climb
ing lane design: analyzing the need for a 
climbing lane, determining the beginning 
point, and determining the point at which the 
climbing point may be terminated. These 
three elements are treated in this section. 

Analyzing Need. Perhaps the most important 
element of climbing lane design is deter
mining whether or not a climbing lane is 
needed. Most agencies utilize a capacity 
and level-of-service analysis procedure to 
determine need. Such a procedure is out
lined in ·~ Policy on Geometric Design of 
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Rural Highways." In applying such a pro
cedure, care should be exercised in assuming 
that a high level-of-service be maintained. 
The level-of-service to be achieved in the 
section where a climbing lane is being 
considered should not be lower than ,in the 
adjacent sections of highway. 

It is believed that analysis of climbing lane 
needs have been too conservative, resulting 
in reduced safety and operational efficiency. 
In a more liberal approach, some agencies 
have based the need for climbing lanes more 
on the occurrence of reduced truck speed 
rather than capacity reduction. Generally, 
the class of facility is taken into consider
ation in'applying this more liberal practice. 
For example, climbing lanes may be provided 
on primary two-lane highways based on speed 
reduction only. For secondary class of 
highways, the speed differential and capacity 
analysis may be used. The important point 
is, consider the climbing lane as a useful 
and efficient tool to provide uniformity of 

·operation rather than as a necessity to avoid 
extreme congestion and disruption. 

Climbing lanes are applicable on multi-lane 
highways where extreme grade conditions re
duce the level of service below that provided 
in adjacent sections. 

Determining the Beginning of Climbing Lane. 
The best method of Illustrating clim ing 
lane design is by example. The proposed 
grade line shown in Figure 3.4.3 is to re
ceive a climbing lane. The major problem 
at this point is to determine where the 
lane starts and where the lane ends. The 

starting point js determined from Figure 
3.4.3 as the point where the truck speed 
decreases 15 mph (24 km/h) below entry 
speed. Of course, other speed differentials 
may be selected as designer choice, but this 
differential and the data included in the 
figure are current AASHTO values (4). From 
the truck entry speed of 47 mph (7o km;h), 
the loaded truck is assumed to decelerate 
along the 2% grade line curve throughout 
the length of the grade, 2500 ft (762 m). 
It ~ill be noted that at the end of the 
2500 ft (762 m), 2% grade, the truck speed 
should be about 33 mph (52 km/h). Then we 
note that the dotted line extends hori
zontally to the left to intercept the next 
proposed grade, 4% grade, 1100 ft (335 m) 
in length. Now, the deceleration would 
occur along the line of the 4% grade until 
it reaches 32 mph (52 km/h). Thus, the 
distance from the beginning of the grade 
at which the truck speed is reduced to 32 
mph (52 km/h) is 2500 ft (762 m) on a 2% 
grade, plus 100ft (30m) on.the 4% grade, 
for a ~otal of 2600 ft (792 m). This marks 
the beginning of the climbing lane, and the 
lane should be full width at this point. 
A 50 to 1 entrance taper should be pro
vided in advance of this point. Also, 
this is the maximvm distance along the 

·grade at which the climbing lane should be 
started. It certainly would be acceptable 
to begin the climbing lane sooner. 

Determining the Terminal Point for the 
C1Tn1bins Lane. The chmbi·ng lane should 
be continued until the truck regains an 
appropriate speed for re-entering the 
traffic stream. As a minimum, this should 
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be 32 mph (52 km/h). Tt is preferable that 
higher.speeds be achieved before reentry. 
One maJor factor is whether or not the 
clim~ing lane terminates in a passing or no 
pass1ng zone. If termination is in a passing 
zone, then the minimum acceptable speed can 
be tolerated because higher speed vehicles 
will n~rm~lly be able to pass. If, however, 
the cl1mb1ng lane terminates in a no passing 
zone then it should be continued until the 
truck is able to regain speed to at least 
40 mph (64 km/h). To determine this point 
r~fer again to Figure 3.4.3 where the dott~d 
l1nes show deceleration of the truck to 
approximately 18 mph (28.8 m). 

At that point the dotted line shows transfer 
of truck operating characteristics to a 
plus 1% grade, and it may be noted that the 
truck begins to accelerate and continues to 
accelerate along the 1% curve throughout the 
700 ft (210 m) grade. The grade changes to 
0%, and the truck characteristics change 
also as noted by the horizontal line from 
the plus 1% to 0% grade line. This curve 
shows the speed-distance relationship of the 
truck as it returns to 32 mph (51 km/h) at 
1300 ft (400 m) along the flat grade. To 
achieve a speed of 40 mph (64 km/h), an 
additional 3000 ft (910 m) of the 0% grade 
line is required. Beyond that point a 
transition is provided at a SO to 1 taper. 
Thus, the length of a truck climbing lane is 
established. 

3.4.24 Designing for Passing Opportunities 

One of.the maj~r issues with safety on two
l~ne h1ghways 1s the head-on collision. Many 
t1mes, head-on collisions occur because 
drivers attempt to pass when there is in
sufficient.clearance from opposing vehicles. 
Much of th1s may be due to frustrations 
inc~rred while drivers follow slow-moving 
veh1cles over an extended section with no 
passing opportunities. In rough terrain 
where passing restrictions are common it 
may be d~s~rable to ~esign for passin~ 
opportun1t1e~ by add1ng an auxiliary lane 
even though 1t may not be justified totally 
on the basis of truck speeds. 

Design Controls 

It is difficult to identify specifically the 
~ontrols that should be utilized in determin
lng whether or not auxiliary lanes should be 
provided. Two controls have been selected and 
are presented here. They are: (1) following 
time and (2~ traffic queue length. For the 
purpose ~f 1l~ustration, following time has 
been arb1trar1ly set at two minutes or one 
mile, whichever is shorter. This is an 
assumption based on the supposition that 
drivers will begin to take undue chances in 
pas~ing after they have fol·lowed a slow-moving 
veh1cle for this specified time. 

In applying the queue length criterion to 
establishing the distance into a no-passing 
zone where it would be desirable to provide 
an auxiliary passing lane, there are four 
variables that must be considered by the 
designer. These are: 

1) Maximum queue length 

2) Average time headways of vehicles forming 
the queue 

3) The speed of the slow vehicle 

4) Normal operating speed (the operating 
speed of the queue before it is impeded by 
the slow vehicle) 

Maximum Queue Length. The maximum queue 
length is variable dependent upon the serviee 
expected of the facility and the volume of 
traffic. For secondary roadways and for 
higher volume facilities, the queue length 
would be greater tt~n for low volume primary 
roads. A range of 2 to 4 vehicles in the 
queue appears to be reasonable, but this is 
certainly subject to more deliberate 
consideration. 

Average Time Headways. Average time headways 
is computed us1ng the traffic volume during 
the peak period. For example, a volume of 
400 vehisles per hour will result in 3600 
seconds/400 vehicles = 9 second average 
headway. 

~ of Slow-movins Vehicle. The speed of 
~low-moving veh1cle is a function of the 
assumed operational characteristics. The 
slow speed may be the result of a truck 
negotiating grades in which case the speed 
m~y bc.dctermin~d from an operational pro
flle discussed 1n Session 3.2. Also, the 
slow speed may be determined as the IS
percentile speed of the traffic stream. 
E~ch situation should be analyzed to deter
mine the most realistic slow-speed vehicle 
to be considered. 

Normal Operating Speed. The operating speed 
of the queue before It is impeded by the 
slow-moving vehicle can be determined in 
several ways, including the use of the as
percentile spe~d, the average running speed 
or the speed l1mit for the facility. 

The objective of this approach is to deter
mine t~e distance int~ a no-passing zone 
whe:e.lt would.be des1rable to provide an 
aux1l1a:y pass1ng lane. This is accomplish
ed by f1rst determining the time which will 
be required to form a specified queue length 
and then converting this to distance on the 
bas~s of the ~peed of the slow-moving 
veh1cle. To 1llustrate, let us assume a 
slow-moving vehicle at the IS-percentile 
speed of 35 mph and a normal operating speed 
as the 85-percentile speed of 60 mph. 
Further, let us assume a peak hour volume of 
300 vehicles per hour and a maximum queue 
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length of three vehicles .. Thus, the average 
time headway is 3600/300 = 12 seconds. The 
distance required for the queue to be formed 
is computed as follows: 

V1V2H 
D = V1t = ~ 

v2-vl 

where 

H 

t 

Speed of slow vehicle (15 percentile 
speed) 

Normal operating speed (85 percentile 
speed) 

Total headway time of queue (max. no. 
of vehicles in queue times average 
headway) 

Total elapsed time from the point where 
the slow-moving vehicle enters the no
passing zone 

For our example 

D _ 3 5 ( 1. 4 7) ( 6 0) (1 . 4 7) (3 6) 
- 00(1.47) - 35(1.47) 

In this illustration, an auxiliary passing 
lane should be provided at 4460 feet within 
the no-passing zone. 

When the auxiliary lane is added, it should 
be continued until all vehicles that have 
joined the queue have an opportunity to pass. 
Here, the designer should use a queue length 
based on 95% probability of occurrence 
rather than an avera~e value. For an 
average arrival of three, one may expect as 
many as six or more arrivals in one out of 
twenty situations (95% probability level). 
If we assume five seconds per vehicle for 
the passing situation, then the required 
passing time will be 5 x 6 = 30 seconds. 
During the passing operation, as many as 
three additional vehicles could have arrived. 
Thus, the minimum passing distance would be: 

Dp = 9 X 5 X 35(1.47) = 2315' 

Certainly, it should be noted that this is a 
conceptual treatment of providing passing 
opportunities on two-lane highways. The 
principal objective in presenting this 
concept is to stimulate designers into 
positive thinking regarding passing 
opportunities rather than accepting the 
negative approach of prohibiting passing 
where sight distances are inadequate. It is 
hoped that designers will usc the concepts 
presented herein to develop a rational 
design method for providing satisfactory 
passing opportunities. 

3.4.3 DESIGN CONSIDERATIONS IN THE APPLIC
ATION OF VERTICAL CURVES 

The principal objectives in designing 
vertical curves are to insure driving com
fort, to enhance the aesthetic quality of 
the highway and provide sufficient sight 
distance for the driver to operate on the 
highway with reasonable safety and efficiency. 
AASHTO, in its Policy on Geometric Design of 
Rural Highways and Polict on Design of 
Urban Hi~hways and Arterial Streets, provides 
four dif erent controls for vertical curves 
These are: (1) stopping sight distance, 
(2) passing sight distance, (3) comfort, and 
(4) headlight sight distance (for sag type 
vertical curves). All of these controls are 
applied through formulas for the computation 
of the length of curve required to provide 
sight distance or comfort, given the al
gebraic difference in grades and the design 
speed. It is not the intent here to delve 
into AASHTO standards in detail as they are 
readily accessible in the Blue Book or 
Red Book. It should suffice to point out 
that the latest changes in AASHTO '"ere adopt-· 
ed in 1971 when AASHTO established desirable 
versus minimum values for stopping sight 
distance. In essence, AASHTO retained its 
previous stopping sight distance standards as 
minimum values. These were based on the 
assumption that drivers voluntarily would 
driver slower during wet weather conditions 
and, thus, speeds assumed for actual operating 
conditions were less than the design speeds. 
Table 3.4.3 presents these minimum values as 
well as the assumed speed for conditions 
used to compute the minimum values. 

The desirable stopping sight distance values, 
to be used in preference to minimum values, 
are determined on the basis of design 
speed. f:xpericnce has shown that a sub
stantial percentage of drivers travel at 
the design speed under wet pavement condi
tions. Desirable values also are shown in 
Table 3.4.3. 

The length of vertical curve required for 
specified conditions can be computed using 
formulas in the Blue Book. However, cook
book solutions such as the graphical solution 
shown in Figure 3.4.5 are also available in 
the Blue Book as well as practically every 
state design manual. 

Two points are to be made relative to the 
application of AASIITO's standards. First, 
desirable stopping sight distance values 
should be used on all new construction and 
should he applied to every extent possible 
when upgrading existing £acilities. Minimum 
values should be applied only where achieving 
desirable values would be economically 
prohibitive and unreasonably disruptive to 
the abutting property and general area 
served by the roadway. The second point, 
lengths of vertical curve determined by the 
formulas or by the charts, are minimum values 
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TABLE 3.4.3 

STOPPING SIGHT DISTANCE 

Perception and Coefficient Braking 
Brake Reaction of Distance 
T1me D1stance Friction on Level 

sec. feet f feet 

Minimum Design Criteria 

2.5 103 . 36 73 
2.5 132 • 33 131 
2.5 161 . 31 208 
2.5 191 .30 300 
2.5 202 .30 336 
2.5 213 .29 387 
2.5 224 .28 443 
2.5 235 .27 506 

pesirab1e Design Criteria 

2.5 110 .35 86 
2.5 147 .32 167 
2.5 183 .30 278 
2.5 220 .. ;29 ·. 414 

2.5 238 .29 485 
2.5 257 .28 584 
2.5 275 .28 670 
2.5 293 .27 790 

1 ft = 0.305 m 

StoEEing Sight Distance 
Rounded 

Computed for Design 

feet feet 
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for the conditions described. This means 
that shorter lengths of curves should not 
be employed; however, it is perfectly accept
able, and most frequently desirable, to use 
lengths that are longer than the minimum 
values. 

-3.4.31 The Effects of Viewing Time/Distance 

A fundamental rule in geometric design is 
that stopping sight distance shall be 
provided throughout the entire length of 
highway. A driver should be able to drive 
at a reasonable and prudent speed with 
confidence that he will be able to stop his 
vehicle before colliding with a foreign body 
intruding into the vehicle path. Also, it 
is common practice to provide passing sight 
distance where it is economically feasible. 
These are basic rules that were appropriate 
and sufficient for low volume 2-lane rural 
highways which were prevalent when these 
controls were established. With the complex 
roadways of today and high-speed, high
density traffic operations, additional con
trols are necessary. 

Drivers are faced with complex decisions 
and operational tasks at intersections, 
interchanges, lane drops, etc., that take 
considerably more time than the simple 
decision and reaction to stop. New design 
controls which take into consideration oper
ational perception and reaction times should 
be adopted. Four alternatives are proposed 
herein. 

Zero Object Height 

One alternative is to provide the normal 
stopping sight distance, but base the measur< 
ment of sight distance on a zero object heigl 
to permit the driver to sec the pavement 
surface (See Table 3.4.4). If the driver is 
able to see the pavement surface he should b 
able to interpret the geometry and perceive 
the need for a particular maneuver. Using 
zero object height while maintaining the sam 
sight distance will require flatter vertical 
curves. 

Viewing Time 

Another alternative is to provide a fixed 
amount of viewing time so that the driver 
can view the pavement surf~ce in the area 
where the decision is to be made and reach 
proper decision and response. The Minnesot; 
DOT attempts to provide an 11-second viewin1 
time for decision points such as entrance 
and exit ramps at freeway interchanges. Th 
11 seconds is an allowance for detection, 
decision and response to the conditons at 
the ramp terminal. Sight distances and K 
values for vertical curves for 11-sccond 
viewing times are presented in Table 3.4.4. 

Anticipatory Sight Distanc~ 

A third alternative is to base design on 

anticipatory sight distance. This sight 
distance is based on a time allowance for the 
detection, decision ana response process to 
allow drivers to make logical and proper 
responses to complex decision points on the 
highway. Anticipatory sight distances are 
quite long as illustrated in Table 3.4.4 and 
result in extremely long vertical curves as 
illustrated in the same table. A typical 
example of anticipatory sight distance is 
a design practice in California a few years 
ago whereby a driver must be able to see 
the pavement surf~ce for a distance of 2000 
ft (610 m) in advance of a lane drop. 

Decision Sight Distance 

The fourth alternative is to base design 
on decision sight distance. Decision sight 
distance, as developed in conjunction with 
the positive guidance concept, is a sight 
distance based on time requirements for 
various elements of the driver decision 
process. The components of decision sight 
distance are presented in Table 3.4.5. 

Pre-maneuver time is the time required for 
a driver to process information relative to 
a situation. It consists of the time to: 
(1) detect and recognize the situation, 

· (2) decide on the proper maneuver and (3) 
initiate the required action. 

• Detection and Recognition Time--These two 
elements of the information-handling process 
include time periods for latency (delay be
tween time when stimulus is presented and 
time eyes begin to move), eye movement to 
situation, eye fixation, and finally re
cognition or perception of the situation. 
Time for these elements increases with the 
complexity and number of stimuli and with 
increasing vehicle speed. 

• Decision and Response Initiation Time-
Having perceived the situation, the next 
step in the process is to identify the 
alternative maneuvers, select one and 
then initiate the required action. These 
steps are often referred to as the reaction 
to the stimuli. Since the required maneuver 
is likely to be a lane change, the time 
required to decide on this maneuver, search 
for possible gaps and to initiate the 
action, can range from 2 to 7.1 seconds (or 
even longer under heavy traffic volume 
conditions). 

The final component is the time required to 
accomplish a vehicle maneuver. Since it is 
the intent to allow the driver time to take 
an evasive action other than a quick stop, 
the assumption is made that a lane change 
maneuver will be required. Based on data 
provided by AASHTO's GDRH, this is assumed 
to be between 4.5 - 3.5 seconds, decreasing 
with increasing speed. 

It is interesting to note that the design 
values for decision sight distance (Table 
3.4.4) arc comparable to those sight distances 

Rev: 2/78 3.4-9 



:;10 
II) 

< 

...... 
-..,j 

-..,j 

c..> 

""" I 

...... 
0 

Des.ign 
Speed 

30 

40 

50 

60 

70 

80 

TABLE 3.4.4. 

CREST VERTICAL CURVE DESIGN DATA 
Based on Various Sight Distance Criteria 

L • KA K = s2 100 c~ + /ih;) 2 

Stopping Sight 
Normal Stopping Distance 0" 11-Second Viewing 
Sight Distance Object Height Time (Minn.) 

Sight K-Value Sight K-Va1ue Sight K-Value 
Distance h 2 - o.s• Distance h2 = o• Distance hz = o• 

200 28 200 53 485 310 

300 65 300 120 645 550 

450 145 450 270 800 850 

650 300 650 560 970 1250 

850 515 850 960 1130 1700 

1050 780 1050 1470 1290 2210 

hl = 3.75' h2 as indicated 

Anticipatory Decision 
Sight Distance Sight Distance 

Sight K-Value Sight . K-Value 
Distance h2 = 0' Distance hz = o' 

600 480 500 330 

800 850 675 610 

1100 1610 800 940 
! 

1500 3000 1060 1500 

2000 5330 1175 1840 

3000 12000 1350 2430 



TABLE 3.4.5 DECISION SIGHT DISTANCE (5) 

'""" Design Pre·Maneuver 
Speed Maneuver 
mph D•ttctlon 

Daclolon (laM 
and RIIIPOftM (kphl and Recognition 

Initiation 
CNngtl -· -· -· 30 t.6 4.2·8.6 

(481 

40 1.5 ".2·8.8 
1641 

50 1.5 4.2 ·8.8 
1801 

60 2.0 4.7 •7.1 
(871 

70 2.0 4.7. 7.1 
11131 

80 2.0 4.7 •7.1 
11291 

change manuever will be required. Based on 
data provided by AASHTO's GDRH, this is 
assumed to be between 4.5 - 3.5 seconds, 
decreasing with increasing speed. 

It is interesting to note that the design 
values for decision sight distance (Table 
3.4.4) are comparable to those sight distances 
provided in the 11-second viewing time as 
used by Minnesota. These values are consider
ably less than anticipatory sight distances. 

Of these four methods introduced, the most 
logical is the decision sight distance. It 
provides a rational basis for the selection 
of these values whereas others are, for the 
most part, arbitrary decisions. It is much 
easier to improve upon rationally-based 
design standards than it is those which 
are established arbitrarily. 

3.4.32 Effects of Drainage 

Vertical curves controlled by high speeds 
and long sight distances may present drain
age problems in the general vicinity of the 
crest of the vertical curve. These problems 
result from the combination of curbed sec
tions, relatively flat cross sections, and 
flat longitudinal profiles. Critical drain
age areas are fairly easily defined using 
the criteria outlined in AASIITO policy (4). 
In effect, any curve with a K-value grcaier 
than 143 may present drainage problems when 
curbs are used for drainage control. Al
ternatives for improving this situation 
include the use of shoulders to carry the 
drainage run-off, frequent drainage inlets 
to remove surface water and reduce pending, 
and perhaps most important, to increase the 
cross slope to remove surface water from the 
bridge more quickly. The solutions arc 
complex, but it is very important to recognize 
the factors that create the problem. 

4.6 

4.11 

4.0 

4.0 

3.6 

3.11 
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O.Citlon Sight DIIUMe 

Rounded 
Summation 

Computed for Design 
ft. -· fL 

hnl 
lml 

10.2. 12.8 449· 658 450· 550 
(137. 1701 1137. 1681 

10.2 ·12.8 569· 741 800· 750 
(183. 2281 1183. 2291 

9.7 ·12.1 713. 889 725· 900 
(217. 2711 1221. 2741 

10.7 ·13.1 944 ·1155 950·1175 
(288. 3521 (290. 3581 

10.2 ·12.6 1050 ·1296 • 1050. 1300 
(320. 3951 (320· 3961 

10.2 ·12.8 1199 ·1482 1200. 1500 
1366. 4521 1366. 4571 
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TOPIC 3 S.ESSION 5 

CROSS SECTION: 

Objectives: 

The participant shouZd be abZe to seZect 
roadway cross section eZements and estabZish 
appropriate dimensions in such a manner as 
to enhance the operationaZ and safety 
aspects of the roadway. 

1. To identify various roadway cross section 
eZements having a significant inftuence on 
safety. 

2. To review the capacity and safety effects 
of various Zane widths. 

3. To e~pZore some "good practice~" reZative 
to traffic safety and the roadway cross 
section. 

3.5.1 INTRODUCTION 

Sessions 5 and 6 of this topic area deal 
with safety aspects of street and highway 
cross sections. Because of the broad r~nge 
of operational characteristics and require
ments the general cross section subject has 
been divided further into roadway elements 
and roadside elements. This session deals 
with elements of the roadway, whereas 
Session 6 deals with roadside elements. 

Subjects to be covered relative to roadway 
elements include lane widths, cross slopes, 
shoulders, median treatments and auxiliary 
lanes. 

3.5.2 LANE WIDTHS 

There is considerable controversy over accept
able minimum lane widths for different types 
of streets and highways, particularly for 
urban streets built and operated by local 
jurisdictions. 

For a considerable period of time, however, 
the lane width question for freeways and 
primary rural highways was resolved. Both 
AASHTO Policy Manuals, (1,2), the Blue Book 
and the Red Book,specificaily recommend 12-ft 
(3.6-m) lanes. In this period of austerity, 
even these standards are coming under close 
scrutiny. There are several research/demon
stration projects around the country involv
ing experimentation with narrower lanes on 
freeways. One notable study is a section of 
U.S. 59 (Southwest Freeway) in Houston (~), 
where a 2.5-mile (4-km) section of freeway 
was converted to 10.5-ft (3.2-~) lane widths 
in order to increase the number of lanes. 

.ROADWAY ELEMENTS 

Cross section comparisons for "before" and 
"after" conditions were as follows: 

Three-lane Section Before After· 

Left Shoulder 10 ft (3 m) 10 ft (3 m) 
Main Lanes 36 ft (11 m) 42 ft (13 m) 
Right Shoulder 10 ft (3 m) 4 ft (1. 2m) 

Four-lane Section Before After 

Left Shoulders 10 ft (3 m) 10 ft (3 m) 
Main Lanes 48 ft (15 m) 52.5 ft (16 m) 
Right Shoulder 10 ft (3 m) 5.5 ft (1. 7 m) 

This section of freeway was converted in May 
1976 at a cost of approximately $38,800. 
The results to date have been very favorable, 
as shown in the following summary: 

• Increase in ADT: 85,000 to 90,000 

• Increase in 2-hour PM Peak flow: 13,500 
to 15,000 vehicles (1500 vehicles) 

• Increase in Peak Hour flow: 6400 + 7700 
vehicles 

• Reduction in Delay: 1000 vehicle-hours/ 
day (PM Peak) 

• Accident Experience: Accident rate in the 
test section decreased, whereas rate in 
adjacent sections continued to increase. 

It is significant·to note that th~se demo~
stration projects have involved h1gh-dens1ty 
urban freeways, and effort~ have been m~de 
to relieve serious congest1on. Comprom1ses 
are reasonable in such instances, but perhaps 
should not imply the relaxation of current 
standards under other conditions. In other 
words a successful project in Houston under 
90,000 vpd should not imply that 10.5-ft 
(3.2-m) lanes are acceptable on rural Inter
stat~ highways with considerably lower volumes. 

Lane widths on two-lane primary highways are 
believed to be more critical than lane widths 
for freeways. Narrowing the lanes on two-lane 
highways will force opposing traffic even 
closer together. On two-lane primary highways 
we should be striving for more space between 
traffic streams. For several years Texas has 
used a modified cross-section k~own as the . 
"divided two-lane highway," as Illustrated 1n 
Figure 3.5.1 .. It is noted that 12-ft (3.6 m) 
lanes are standard, and reductions are made in 
paved shoulder widths. It is conceivable that 
lane widths could be reduced to 11 ft (3.4 m) 
to insure sufficient space between opposing 
flows if this concept is applied to narrower 
crown widths. 
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Figure 3.5.1 Two-Lane Double Striped Highway Overlay of Existing Pavement 

Lane widths in urban areas are highly 
variable, and there is considerable contro
versy as to the widths that lanes should be. 
APWA reported in 1969 on a survey of urban 
arterial design standards (4) which is 
indicative of practices, standards, and 
philosophies concerning arterial design. 
In the following paragraphs, some direct 
quotes and others paraphrased, the practices 
relative to lane widths in 24 urban areas are 
reviewed. 

The discussion of lane widths centers upon 
striping policies in the study areas. Widths, 
in general, are measured from the center of 
a lane stripe and, for the curb lane, from 
the face of the curb. The curb lane, inside 
lane, and turn lane are discussed both as 
separate entities and as they affect one 
another in the operations of the whole street. 

The curb lane has the most variable width 
because it may include the gutter width and 
may include or be a parking lane, or have 
a specialized use such as an exclusive bus 
lane. Side friction caused by cars entering 
and leaving the roadway has the greatest 
effect on this lane, All of these factors 
must be considered in the design of the curb 
lane. 

When the curb lane is not used exclusively 
as a parking lane it should be wider than 

the other travel lanes. One reason is that 
the gutter width is not always considered as 
part of the usable lane width. It has been 
stated that the curb lane should be wide 
enough to keep cars from riding in the gutter 
where the pavement may fail, especially near 
drainage inlets. A wider curb lane helps 
turning vehicles to stay in the lane while 
turning into and out of driveways. 

Column 1 of Table 3.5.1, Lane Width Standards 
by Type, contains a summary of the preferred 
or most common curb lane widths used as 
through travel lanes. In practice, the range 
of lane widths is much wider, varying from 
10 to 14ft (3 to 4.3 m). The most common 
curb lane width to serve moving traffic is 
12ft (3.6 m) Ci)· 
Where the curb lane is used as a parking lane 
during all but peak hours, a 10-ft (3-m) lane 
width is often required. While narrow, it 
is still of sufficient width to handle peak 
hour traffic. Cities which provide permanent 
parking lanes on arterial streets often use 
only a 7- or 8-ft (2.1- or 2.4-m) lane width. 
In some of these areas it is felt that when 
the parking lane is converted to a travel 
lane all the lane widths on the street will 
be adjusted; and so, until then, the travel 
lanes are made as wide as possible (i). 

The inside lane includes any lane between the 

Rev: 2/78 3.5-2 
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curb lane and the street centerline or median. 
Traffic on an inside lane should move 
relatively smoothly because most of the 
points of conflict along a street are located 
at the sides. A major exception is the 
left-turning vehicle, which may disrupt 
traffic at points where exclusive turn 
lanes are not provided. Because of these 
relatively free conditions, inside lanes 
are generally not as wide as the curb lane. 
A summary of the preferred or most used 
inside lane widths is in column 2 of Table 
3.5.1, Lane Width Standards by Type. The 
range of inside lane widths varies between 
9 and 12 ft (2.7 and 3.6 m) with an 11-foot 
inside lane most commonly designated. 
Officials generally agree that a 10-ft 
(3.0-m) lane width may be an acceptable 
minimum on arterials carrying few commercial 
vehicles. As it is usually very difficult 
to control the movement of commercial 
traffic, officials generally stated that the 
11-ft (3.4-m) lane would better accommodate 
most traffic conditions. Twelve-foot 
(3.6-m) inside lane widths are mostly in 
the "preferred" category and are most often 
used in new roadway construction through 
relatively undeveloped areas. 

A Los Angeles report discusses the accepta
bility of an 11-ft (3.4-m) lane width as 
opposed to the 12-ft (3.6-m) width found 
in mo'st state and federal requirements. The 
object of the report was to demonstrate to 
the state that a 12-ft (3.6-m) lane width 
requirement on projects using state gas-tax 
money was both unrealistic and unnecessary 
in the Los Angeles area Ci)· 
Studies and observations made in various 
locations differ as to whether traffic vol
umes decrease with decreasing lane width. 
One city observed a 6;5 volume ratio when 
comparing 12-ft (3,6-m) lanes to 11-ft 
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(3.4-m) lanes. At least three jurisdictions 
reported that there has been no observable 
difference in capacity on lane widths vary
ing between 10 and 12ft. (3.0 and 3.6 m). 

Acceptable standards for turn lane widths are 
generally less than for those carrying 
through traffic because vehicles entering 
and leaving the lane generally do so at a 
low speed. Table 3.5.1, column 3, lists the 
preferred or most used turn lane widths. 
Turn lane widths were found to vary from 9 
to 12ft (2.1-and 3.6-m), with the 10-ft 
(3.0-m) turn lane by far the most common. In 
many areas the geometries of the transition 
into the turn bay and the signalization 
associated with the turn lane appear to be 
more importa~t than the width of the lane. 

In some jurisdictions a turn lane is fel~ to 
be a sufficiently valuable addition to the 
roadway that one will be added even at the 
expense of the other lane widths at an inter
section. For example, a 50-ft (15-m) four
lane arterial with 13-ft (4.0-m) curb lanes 
and 12-ft (3.6-m) inside lanes may be striped 
as five 10-ft (3.0-m) lanes at an intersection 
to include a t~rn lane (!). 

The APWA survey included case studies relative 
to narrow lanes and accident experience. A 
case study in Detroit, Michigan, compared 
Fort West and Grand River Avenues. Fort 
West with four 10-ft (3.0-m) moving lanes, 
a 9-ft (2.7-m) two-way left turn lane and 
two, 11.5-ft (3.5-m) parking lanes (with peak 
hour restrictions) had an accident rate of 
1600 accidents/100 million vehicle miles 
(1000 accidents/100 million vehicle 
kilometres). Grand River, with four, 11-ft 
(3.4-m) moving lanes, two 11-ft (3.4-m) 
parking lanes (with peak hour restrictions), 
and a 10-ft (3.0-m) two-way left-turn lane 
had'an accident rate of 700 accidents/100 
million vehicle miles (435 accidents/100 
million vehicle kilometres). The difference 
was attributed primarily to the narrower 
lanes along Fort West f!). 

A case study in Portland, Oregon, involved a 
"before" and "after" study on a widening 
project of a one-mile (1.6-km) section of 
West Burns ide. . Before widening, the street 
was 36ft (11m) wide with two, 9-ft (2.7-m) 
moving lanes and two, 9-ft (2.7-m) parking 
lanes with peak hour restrictions. The 
street was widened to 44 ft (13.4 m) with 
two, 10-ft (3.0-m) inside lanes and two, 
11.5-ft (3.5-m) curb lanes with parking 
prohibited. Volumes increased from 15,600 
to 19,500 ADT, and the accident rate 
decreased from 7400 to 3900 accidents/ 100 
million vehicle miles (4600 to 2400 accidents/ 
100 million vehicle kilometres). 



3.5.3 CROSS SLOPES 

The cross slope of the highway or street is 
a design compromise between the requirements 
for drainage and the requirements for 
satisfactory and comfortable vehicle 
operation. On the one hand, it would be 
preferable to have a very steep cross slope 
that would remove the water from the pave
ment surface very quickly and reduce the 
probability of hydroplaning. On the other 
hand, steering control in steep cross slopes 
requires a very concerted effort on the part 
of the driver, and is not good from the 
standpoint of driver comfort and safety. 
Thus, design values seek an optimum balance 
between drainage requirements and steerage 
control. It appears, however, that steerage 
control has dominated in recent years, 
because many of our high-speed highways have 
cross slopes as low as 1/8 inch per foot 
(1%). It is the opinion of some that 
designers should strive toward the maximum 
recommended cross slope of high-speed 
facilities of 1/4 inch per foot (2%) 
as a minimum condition. 

Urban cross sections, particularly those on 
arterial streets pose entirely different 
problems. Not only must the pavement drain 
the surface water, but the pavement along 
the curb line is expected to serve as a 
drainage channel as well. Many city streets 
have a parabolic cross section which permits 
steeper slopes in the lane next to the curb. 
Steep slopes in the curb lanes pose some. 
problems for tall trucks and buses, partlcu
larly where utility poles and other fixed 
objects are placed immediately adjacent to 
the curb. 

Flatter cross slopes in the outside lane 
may improve traffic operation, but these 
also increase the width of street inundated 
by water during heavy rainfall. There are 
general rules which should be followed in 
determining the portion of the street that 
may be inundated by water during a design 
rainfall. These are as follows: 

• Freeways: none 

• Major Arterials: outside lanes only 

' Collector Streets: all except for one 
lane in each direction 

• Local Streets: all except for one lane 
in the center of the street 

3.5.4 SHOULDERS 
Perhaps one of the greatest assets of rural 
highways is the shoulder. The safety effects 
of shoulders, however, can not be fully 
documented by research. Certainly, a 
shoulder is an element of driver comfort and 
has a direct bearing on the relative safety 
of a roadway. Roadway shoulders nppcar in 
various forms and, based on the type of 
construction, laws and local driving 
practices, serve different functions. For 
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·example, grass shoulders are definitely 
emergency stopping areas, and areas where a 
vehicle may avoid an immediate collision 
with an approaching vehicle. Gravel shoulders 
provide some greater stability and may be 
utilized for stopping,whether it be emergency 
or routine. Paved shoulders provide the 
greatest comfort and the greatest operational 
efficiency, while serving many functions. 
Not only do paved shoulders serve for emer
gency escape and emergency stops, but they 
may also serve as slow-moving vehicle lanes 
where permitted by law. Also, paved shoulders 
facilitate the development of acceleration 
and deceleration lanes at rural intersections. 
In states that permit driving on shoulders, 
paved shoulders are naturally used as 
acceleration-deceleration lanes. 

The Highway Capacity Manual states that the 
effect of paved shoulders on capacity is 
equivalent to an added one foot of lane width. 
For example, a highway with 11-ft (3.4-m) 
lanes and paved shoulders would have the same 
capacity as a highway with 12-ft (3.6-m) 
lanes but no paved shoulders. The major 
safety advantage to paved shoulders on narrow 
highways is due to the greater tolerances in 
vehicle steerage permitted by the paved 
shoulder. It is the opinion of many that 
head-on collisions frequently are caused by 
persons running off the pavement to the 
right and then losing control and going into 
the opposing traffic lanes as they attempt 
to regain the pavement. This loss of control 
generally is due to the rutting and wind 
erosion by trucks on roadways without paved 
shoulders. Any width of paved shoulder, 
even 2 to 3 ft (0.6 to 0.9 m), will serve 
to nullify this effect. 

In states where permitted, the paved 
shoulder on two-lane highways permits through 
vehicles to pull out and go around vehicles 
waiting to make a left turn. In other 
states, where it is unlawful to pass on the 
right unless there is a specified lane, 
states have designated the shoulder as a 
driving lane so the traffic can legally pass 
to the right. An example of a specific 
design providing this operational feature 
is illustrated in Figure 3.5.2. 

The desirable and minimum standards for 
shoulder widths are dependent upon the 
function of the shoulder and the character 
of the highway. The AASHTO Red Book (~) 
indicates that 10-ft (3.0-m) surfaced right 
shoulders should be provided on freeways 
and other high-type highways. Where there 
are high proportions of heavy trucks, 12-ft 
(3.6-m) surfaced shoulders are justified. 
This width is selected apparently on the 
basis of having a 2-ft (0.6-m) clearance 
between the edge of the vehicle and the 
through traffic lane for emergency stops. 
For emergency stopping conditions on other 
types of facilities, particularly arterial 
streets and long-span, high-cost structures, 
a desirable minimum width is 8-ft (2.4-m) 
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Figure 3.5.2 Left-Turn Bypass Lane 

while an absolute m1n1m1m is 6ft (1.8 m). 
These widths serve the purpose of emergency 
stopping space, 

In states that allow slow vehicles to move 
onto the shoulder to permit others to pass, 
desirable shoulder width is 10ft (3,0 m). 
Minimum shoulder width for this type of 
operation is 8ft (2.4 m). 1t should be 
noted that reduced shoulder widths create 
a hesitancy on the part of drivers to pull 
over onto the shoulder and, further, a hesi
tancy on the part of other drivers to pass 
under restricted conditions. 

Left shoulders are desirable on all divided 
urban highways. On urban freeways with 4 
lanes, paved shoulders of a minimum of 4 ft 
(1.2 m), and preferably 6 ft (1.8 m), should 
be provided on the median side. On freeways 
with 6 or more lanes, this paved shoulder 
width should be increased to 10 ft (3.0 m) 
because the left shoulder becomes a frequently
used emergency stopping ~rea for disabled 
vehicles. 

Design standards do not discuss the matter 
of utilizing narrow paved shoulders under 
conditions of temporary improvements to 
existing two-lane highways. Mention is made, 
however, of utilizing shoulders as narrow 
as 2 ft (0.6 m) to provide edge protection 
to pavements. From the safety standpoint, 
the designers should recognize a very 
significant value to paving a narrow strip 
along two-lane highways which may be used 
temporarily as high-volume bypass facilities. 
As discussed previously, this measure could 
reduce the occurrence of head-on collisions 
significantly. 

A case in point is the final segment of U.S. 
75 between Dallas and Houston in the early 
1970's when Interstate 45 was being completed. 
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The old highway which was to be downgraded 
to a local road when I-45 was complete, was 
a 22-ft (6.7-m) wide concrete pavement with 
6-ft (1.8-m) gravel shoulders. The heavy 
truck traffic caused an erosion of shoulder 
material away from the pavement edge. In 
meeting trucks on the narrow pavement, pas
senger cars frequently would run off the 
pavement, particularly at night; in an attemp~-
to regain the lane on the pavement, drivers 
could be thrown out of control and across 
the centerline into the opposing traffic 
lane. During a period of approximately two 
years, this section of roadway had a very 
high fatality rate, most of the fatalities 
resulting from head-on collisions. In re
trospect, even a narrow paved shoulder would 
have been highly cost-effective in reducing 
the severity and frequency of accidents. 

3.5.5 MEDIANS 

Mcdia~s serve a wide range of purposes 
dependent upon the type and location of the 
facility. Medians on rural highways are 
intended primarily to physically separate 
opposing traffic streams, reducing the 
probability of encroachment and reducing 
the effects of headlight glare at night. 

In urban areas, and particularly on urban 
arterials, medians prevent illegal or un
wanted crossovers, prohibit or channelize 
left turns, provide pedestrian refuge, shield 
cars stopped in the middle of the street, 
and serve as an area for street beautifi
cation. A well-designed median should in
crease the safety and efficiency of a street 
and enhance the appearance. 

In urban design, the major question is, 
barrier median or painted median? The answer 
depends on the intended function: Access 



or access control. The painted median ac
commodates access, whereas the barrier median 
prevents access. Barrier medians should be 
used on new arterials where access is limited 
in the interest of efficient traffic opera
tion. Where barrier medians are used to 
prohibit left turns, right turns should be 
restricted or limited to major drives or 
entrances to major developments. If right
turn access is permitted, then U-turns will 
be needed at crossovers to facilitate an 
alternative to direct left turns. 

Where it is desirable to permit access, then 
two-way left-turn lanes or painted medians 
should be provided. Two-way left-turn lanes 
are preferred over painted medians because 
they leave little doubt relative to the 
legality of driving in the area, whereas 
some drivers are hesitant to enter a painted 
median for fear of legal action, 

Two-way left-turn lanes offer a significant 
safety advantage, particularly when compared 
to an arterial with no median. They facil
itate the removal of traffic slowing or 
stopping to make a left turn from the through 
lanes. The literature indicates that install
ation of a median left-turn lane, regardles~ 
of type, reduces accidents involving left
turning vehicles. Installation of the two
way left-turn lane to replace a conventional 
left-turn lane was found in one study to 
reduce total accidents by about 33% with 
especially favorabie reductions of 45% and 
62%, respectively, for head-on and rear-end 
type accidents (6). According to the 
literature, the nead-on collision, which has 
been a primary concern among those consider
ing the installation of the two-way left-turn 
lane design, has proven in every study to be 
an uncommon occurrence and of negligible 
concern. 

The width of barrier-type medians has 
considerable influence on their safety. 
Narrow medians on arterial streets have been 
found to have negative safety effects (~). 

They prevent mid-block left-turns but, in 
doing so, they create the need for U-turns at 
intersections and median openings. The U
turns are more hazardous than mid-block turns 
from a two-way left-turn lane. The width of 
median required to accommodate U-turns will 
be covered later in Session 3.7. 

In addition to providing space for left-turn 
lanes, the median serves other purposes, in
cludil)g the "shadowing" of vehicles, i.e., 
vehicles stopping in a median opening while 
crossing one traffic stream at a time. A 
median width of 20 ft (6 .1m) and preferably 
24. ft (7. 3 n\) is needed where traffic is 
expected to operate in this manner. 
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3.5.6 AUXILIARY LANES 

Most safety aspects of auxiliary lanes hav~ 
already been discussed relative to other 
elements of this session. To reiterate, 
however, acceleration and deceleration lanes 
are significant safety features for the 
rural highway and the urban arterial as 
well as the freeway. Under rural conditions, 
however, the need for such lanes may be 
alleviated to some degree if paved shoulders 
are provided and it is permissible for them 
to be used as acceleration and deceleration 
lanes. 

Also, climbing lanes and other auxiliary 
lanes for permitting more convenient passing 
maneuvers have been discussed in other 
sections of this course. There is no doubt 
that climbing lanes add to the safety and 
the operational efficiency of a highway. · 

In urban areas where parking may be permitted 
on arterial streets, there are a number of 
recent innovations that improve safety and 
efficiency. One is the gap arrangement of 
parallel parking. In Figure 3.5.3 it will 
be noted that very little additional space 
is required to leave 10-ft (3.0-m) spaces 
between every other vehicle in the parking 
lane. This configuration permits drivers 
to pull directly into the parking space 

flaintld li"" 

Figure 3.5. 3 Paired Parking Lay.out 

and maneuver into the parking position 
outside of the influence of through traffic. 
Where traffic must utilize the outside 
through lane in order to maneuver into a 
parking space, there is a significant loss 
in street capacity as well as the hazard 
of a vehicle backing up in a through traffic 
lane. 



Angle parking is taboo on most arterial 
streets. A recent application of angle 
parking at a 22.5-degree angle improves 
operating conditions. The main safety prob
lem is associated with the fact that a driver 
backing out of a normal angle parking space 
cannot see until he is well into the traffic 
stream. This results in frequent collisions. 

'At ]2.5 degrees, however, the driver is able 
to see back up the traffic stream and avoid 
conflicts with through vehicles as he backs 
out of the parking position. 
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TOPIC 3. SESSION 6 

CROSS SECTION: 

Objectives: 

1. The participant shoul-d become aware of 
the need for a clear zone of greater width 
than the basic 30-foot requirement and of 
the additional- width required for safety 
under various roadside conditions, and 

2. Be abl-e to sel-ect roadside design 
elements to insure safe traveroaZ of the 
roadside incl-uding: 

a) Ditches 
b) Curbs 
c) Side sl-opes 
d) Drainage structures 

3.6.1 INTRODUCTION 

In the early 1960's, as substantial mileage 
of the Interstate system was built, sign
nificant changes were observed in traffic 
operating characteristics. Speeds in
creased significantly and the characteristics 
of the typical rural highway accident 
changed appreciably. Instead of running 
head-on into opposing traffic or striking 
trees and other fixed objects immediately 
adjacent to the roadway, many drivers were 
simply running off the new freeways, 
colliding with the ditch, the backslope, 
bridge piers, sign supports, and any other 
objects that may be in the way. Since 
these were higher speed accidents, and conse
quently more spectacular, and because they 
were happening on a facility that had been 
justified on the basis of safety, there was 
considerable dilemma. From all of this 
emerged the clear roadside concept. In its 
report, the Special AASIIO Traffic Safety 
Committee (1) reported in 1967 the desira
bility to improve the design of the road
side and the appurtenances along highway 
facilities. This committee published 19 
recommendations relative to roadside design 
in their 1967 report, fondly referred to as 
the Yellow Book. From these 19 recommenda
tions the clear roadside concept was formu
lated by the Federal Highway Administration 
and made a requirement on Federal Aid High
way Projects, with major emphasis, of course, 
on the Interstate Highway System. 

The clear roadside concept is, in fact, a 
design practice which requires that, to 
every extent possible, the area adjacent to 
the driving lanes be maintained clear of 
fixed objects and with a gentle topography 
which can be negotiated by an errant vehicle 
with a good chance for recovery of control. 
The clear roadside concept suggested that 

ROADS I DE ELEr1ENTS 

insofar as practicable, the entire roadside 
should be kept clear of hazards, but par
ticular attention should be given to.a 
lateral clearance of 30 (9.15 m) ft. The 
Yellow Book states specifically the basis 
for the 30 (9.15 m) ft clear distance as 
follows: 

"For adequate safety, it is desirable to 
provide an unencumbered recovery area up to 
30 ft (9.15 m) from the edge of the traveled 
way; studies have indicated that about 80% 
of the vehicles in the 'run-off the road' 
accidents did not travel beyond this limit." 
(I) 

In other words, the committee says, clear 
the roadside as far as you can but make 
sure it is at least 30ft (9.15 m). 

The committee further recognized that it 
would be practically impossible to totally_ 
clear the ·roadside, even for the 30-ft 
(9.15-m) width. Therefore, they specified 
an alternative condition of making fixed 
objects breakaway or "install an appropri
ate vehicular guardrail or barrier that 
will afford protection to motorists." 

Since a rather stormy beginning amid the 
turmoil of the 60's, the clear roadside 
concept has become a common practice in the 
design and redesign of highway facilities. 
Most important, it has created a different 
attitude or a different philosophy on the 
part of designers. More definite criteria 
have now been developed to aid the designer 
in creating clear roadsides. These are 
discussed in more detail in Topic 5. 

3.6.2 BACKGROUND INFORMATION 

While the concern for roadside safety was 
mounting, there were a number of pioneering 
research efforts around the country that 
contributed data that would be extremely 
valuable to the development of technology 
for the improvement of roadside safety. At 
the General Motors Proving Ground, re
searchers were amassing data relative to 
run-off-the-road accidents in conjunction 
with their normal automobile proving ground 
activities. Due to the abundance of driving 
activity on the roadways of the proving 
ground, numerous single vehicle accidents 
occurred --so many in fact that the re
searchers were able to compile data on the 
distribution of lateral encroachments and 
angular encroachments. These data are 
presented in Figure 3.6.1. Also, in the 
interest of improving roadside safety on 

3.6-1 
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the proving grounds, GM engineers conducted 
extensive tests in full-scale vehicle 
traversals of various slope and ditch con
figurations (2). This pioneering research 
is reported i~ Volume 39 of Highway Research 
Board Proceedings. 

Hutchinson and Kennedy (3), while at the 
Illinois Engineering Experiment Station, 
conducted an extensive study of vehicle 
encroachments onto highway medians. The 
results of this study were subsequently 
published in Illinois Engineering Experiment 
Station Bulletin 482 and subsequently in 
Transportation Research Board publications. 
The curves developed by Hutchinson and 
Kennedy on the distribution of lateral en
croachments and encroachment angles are 
illustrated in Figure 3.6.2. 

In a much later study a comprehensive project 
of vehicle behavior on various side slope, 
back slope, and ditch combinations w~s con
ducted under the auspices of the National 
Coonerative Highway Research Program (i) . 
The"results of this project will be discussed 
later. It should be remembered that the 
encroachment data presented above are for 
very flat roadsides. 

3.6.3 PRIORITY FOR ROADSIDE TREATMENT 

Through the several years of research and 
study of the roadside safety problem, there 
has emerged a basic set of priorities that 
should be followed in improving roadside 
safety. These priorities should be followed 
regardless of whether it is a new project, 
an improvement to an existing project, and 
whether it is rural or urban, and whether 
it is local, state, and/or federally 
funded. These priorities are: 

• Eliminate the hazard 

• Relocate the hazard 

• Mike the hazard breakaway 

• Redirect and/or attenuate the vehicle 
in providing protection from the hazard. 

The application of these priorities is 
illustrated briefly in the following para
graphs. 

3.6.31 Eliminate the Hazard 

To accomplish this step, it is necessary 
to review all objects along the roadway and 
eliminate those which are unnecessary to the 
operation of the facility. This could mean 
eliminating signs that are installed on 
the basis of practice rather than need, 
and it could mean combining signs on one 
support to eliminate excessive sign supports. 
Removal or elimination of hazards also in
volves the flattening of critical slopes to 
facilitate the driver's maintaining control 
of an encroaching vehicle. Eliminating the 
hazard could also include the modification 
of drainage facilities to eliminate the 
culvert headwalls, table top drain&ge iniets 
and other features that constitute un-

necessary fixed objects near the roadway. 

3.6.32 Relocation of Appurtenances 

Appurtenances which constitute fixed object 
hazards may be relocated longitudinally or 
laterally to reduce their likelihood of 
producing a fixed object collision. Some of 
the most obvious problems are the placement 
of signs in gore areas and on the outside 
edges of curves where they have a high 
probability of being hit. These signs may 
be moved longitudinally to a point where 
there is less probability of a collision. 
Overhead signs may be moved to existing 
bridge structures eliminating the need for 
supports altogether. Also, overhead signs 
may be moved to a point where the sign 
bridge supports may be located behind a 
protective traffic barrier. This may be 
done so long as relocation of the sign does 
not reduce the operational effectiveness of 
the sign. Fixed objects such as signs and 
luminaire supports may be relocated laterally 
to reduce the probability of a collision. 
Later~l relocations should not be used, 
however, as a tradeoff for nonbreakaway bases. 
Even when these objects are moved laterally, 
breakaway devices should be employed because 
they are relatively economical. The only 
exception would be where objects are located 
behind an existing traffic barrier. 

3.6.33 Make Fixed Objects Breakaway 

All sign supports, luminaire. supports, and 
mile-post markers should be made to yield 
or breakaway if struck by an out- of-control 
vehicle. This does not apply to devices 
which are placed behind an existing traffic 
barrier, but certainly it is impractical to 
consider the installation of a traffic barrier 
to protect devices which can be made break
away. 

3.6.34 Redirect or Attenuate Vehicles 

There are many objects along the roadway 
that cannot be eliminated, relocated, or 
made breakaway. These may be in the form of 
continuous hazards such as steep side slopes, 
natural streams, rock face cuts, and the 
opposing traffic stream. These hazards may 
also be point hazards such as bridge piers, 
elevated gores, and overhead sign bridges. 
Generally c6ntinuous hazards are treated 
using traffic barriers which intercept and 
redirect out-of-control vehicles before they 
intrude into the hazard area. Point hazards, 
on the other hand, utilize crash cushions 
to attenuate the vehicle. That is, the 
crash cushion absorbs the kinetic energy of 
the vehicle, slowing it within the deceler
ation limits of the passengers within. 

A great deal of this course is built around 
the technology by which these roadside treat
ment priorities are accomplished. In this 
session, we will deal with the first two, 
elimination and relocation, while separate 
sessions later on will deal with priorities 
3 and 4. 
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3.6.4 ELIMINATION OF HAZARDS 

We have already pointed out that elimination 
of hazards involves the removal of unneces
sary fixed objects along the roadside. This 
can be achieved through a comprehensive 
field survey and study of traffic operations 
'requirements. Our main concern in this 
session dealing with the roadside cross 
section is the control of side slopes, back 
slopes, and ditches and in the treatment 
of drainage structures. 

Only recently have efforts been directed 
toward quantifying how the incremental 
variation of front slopes, back slopes and 
the ditch region between the slopes relates 
to accident severity. It is generally 
accepted that wide flat side slopes, free 
of fixed objects, contribute greatly to the 
safety of the roadway, but for a majority 
of highways, the cost of providing this 
standard would be prohibitive. The design 
engineer has been handicapped by the lack of 
objective criteria in the area of selecting 
safe combinations of slopes for roadway 
design. To enable him to evaluate alterna
tives and thus achieve optimum roadside 
safety in his design, objective criteria must 
be made available to him. 

3.6.41 Roadside Critical Areas 

The sequence of events that can occur when a 
vehicle leaves the roadway is greatly in
fluenced by the roadside ~eometry. Three 
regions of the roadside are particularly 
important when evaluating the safety aspects: 
the top of the slope (hinge-point); the 
front slope, and the toe-of-the-slope (inter
section of the front slope forming a ditch). 
The hinge-point and front slope regions are 
particularly import~nt with regard to the 
design of long slopes where a driver could 
attempt a recovery maneuver or reduce speed 
before impacting the ditch area. In add
ition, the hinge-point adds to the loss of 
steedng control because the veilicle tends 
to become airborne. A driver's normal in
stinct is to attempt to return to the road
way, and obviously there is a front slope 
steepness at which the vehicle will roll 
during a recovery maneuver. This maximum 
negotiable steepness must be considered in 
design. Also, there are situations where 
the toe-of-slope is close to the roadway so 
that the probability of reaching the ditch 
is high, in which case safe transition 
regions between front and hack slope must 
be provided. 

Each region affects vehicle response in a 
different way and for a different set of 
operating conditions. When individual 
criteria are determined for each, the pi6ces 
may be put together to produce safety guide
lines for total roadside slope design. 

An NCIIRP project (5) has addressed the toe
of-slope region with particular emphasis on 

safe combinations of slopes forming various 
ditch shapes. This work involved a combina
tion of mathematical simulation (HVOSM) and 
full-scale vehicle testing. Other research 
(6) has investigated the hinge point and 
front slope region and the driver return 
maneuver. 

The tentative design curves and discussion 
of vehicle behavior during ditch traversal 
presented here are based on the NCHRP study. 
This study included investigation of simulated 
traversals at 60 mph (37.3 km/h) and 25-degree 
encroachment angle for all combinations of 
front and back slopes from 3:1 to 6:1 and 24 
full-scale tests on 7:1 front slopes and 3:1, 
4:1, and 6:1 back slopes on both vee and round 
ditches. Four ditch configurations were 
evaluated: vee dit.ch, round ditch, trapezoidal 
ditch, and rounded trapezoidal ditch. Ditch 
widths were varied from zero (vee ditch) to 
16ft (4.9 m). All traversals including full
scale tests, were conducted in a free-wheeling 
mode (no driver steering control). 

3.6.42 Criteria 

The tentative design curves are developed on 
the basis of a severity index of 1.0 and 1.6 

.from which safe combinations of front 'and 
back slope forming each of the ditch config
urations may .be selected. The severity 
indices of 1.0 and 1.6 represent degrees of 
expected occupant restraint of "no restraint" 
and "seat belt restraint," respectively, as 
discussed below. 

To fully evaluate the response expected 
during traversal of a particular ditch con
figuration, the resultant acceleration of 
the three axes must be considered. Although 
vertical G's usually represent the predominant 
component, lateral and longitudinal ~·s can 
be appreciable in certain combinations of 
slope and ditch shape. Since tolerable 
(limit) accelerations are not equal in the 
three axes, a method of evaluating the re
sultant effect is as follows: 

SI = 

where SI 
ALON 

ALAT 

AVER 

Severity Index 
Acceleration experienced in 
longitudinal axis, G's 
Acceleration experienced in 
lateral axis, G's 
Accelerati'on experienced in 
vertical axis, G's 
Tolerable acceleration in 
longitudinal (X-axis) direction,G's 
Tolerable acceleration in lateral 
(Y-axis) direction, G's 
Tolerable acceleration in vertical 
(Z-axis) direction, G's 

This form follows the elipsoidal theory of 
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failure indicated by Hyde (7). The normal
izing values used in the development of 
design curves are based on unrestrained 
occupant values: 

GXL 7 G's 

GYL 5 G's 

GzL 6 G's 

Therefore, the severity index equation becomes: 

SI 

A severity index of 1.0 represents a result
ant acceleration which may be safely toler
ated by an unrestrained occupant, A severity 
index of 1.6 represents the upper limit of 
acceleration considered safe for seat belt 
restraint. 

3.6.43 Effects of Ditch Type 

Vee Ditches. Although it might appear 
contrary to intuitive reasoning for a 60 mph 
(97 km/h) 23 degree traversal, crossing ~he 
vee ditch generally produced g-forces wh1ch 
were less severe than those caused by tra
versing rounded or trapezoidal ditches having 
widths of 8 ft (2.~ m) or less, or the 
rounded trapezoidal ditches having widths of 
4 to 8ft (1.2 to 2.4 m). The effect of 
ditch width on vehicle acceleration is 
discussed separately under each of the other 
three ditches. 

The similarity of g-forces produced by cross
ing the vee ditch and the o!her dit~h 
configurations was substant1ated us1ng 
several comparison bases: 50-mscc average 
g-forces, event time average g-forces, or 
the 50-msec severity index particularly for 
conditions producing severity indices in 
the range of 1.0 to 1.6. G-forces were 
greater for pairs of slopes when the steeper 
slope was located on the front slope. 

It was also found that vehicle bwnper pene
tration into the back slope during vee ditch 
traversal was approximately equal to that 
occurring in the other three configurations 
when the width was less than 8 ft (2.4 m) 
and comparable slope combinations were used. 

Rounded Ditches. A phen6menon observed in 
masic study using an 8 ft (2.~ m) round 
ditch was evident throughout the entire 
width spectrum: round ditches generally 
produced g-forces that were more severe than 
the other three configurations for compara
ble slope combinations. This w~s p~rticular
ly evident for steep slope combinatJons and 
narrow ditch widths. Crossing a 3:1-4:1 
round ditch in the range of 4 to 8 ft (1.2 
to 2. 4 m) wide is more sevc·re than crossing 

a vee ditch of comparable slope combination. 
On the other hand, the round ditch is less 
than the vee ditch for the flatter slope 
combinations and widths greater than 4 ft 
(1.2 m). It was also n?ted tha~ th~re was 
very little difference.ln s~ver1t~ among 
all shaped ditches hav1ng w1dths 1n the 
16-ft (4.8-m) range. 

Trapezoidal Ditches. The trapezoidal shape 
is a construction compromise between a 
round and a vee ditch. From a safety 
standpoint, the trapezoidal cross-sect~on 
appears to offer a ditch section that 1s 
safer to cross at high speeds particularly 
for the steeper slope combinations. The g
forces produced by the trapezoidal ditch 
were, in general, lower than the vee or the 
rounded ditch. 

Rounded Tra¥ezoidal Ditches. Very little 
safety bene it was realized by rounding the 
basic trapezoidal cross-section to produce 
the rounded trapezoidal configuration. The 
vehicle accelerations for the two trapezoidal 
cross-sections were very similar for compar
able widths and slope combinations; however, 
the rounded trapezoidal produced slightly 
lower g forces in several cases. 

The rounded corners provide a more gradual 
transition to and from the flat bottom. 
The fact that bumper penetration for this 
ditch section was considerably less than for 
all other shapes may be attributed to the 
more gradual transition, Therefore, less . 
severe vehicle damage could be expected dur1ng 
a rounded trapezoidal ditch traversal. 

No significant reduction in severity was 
realized after the ditch width was increased 
beyond 12ft (3.6 m). This width apparently 
is ample to allow the vehicle to stabi~ize 
after reaching the flat bottom before 1t 
impacts the back slope. 

3.6.4 SUM~~RY OF DTICH TRAVERSAL STUDIES 

The 16 tests on the 4:1 and 5:1 back slopes 
with a front slope of approximately 7:1 
revealed that these combinations could be 
safely negotiated at speeds up to 60 mph 
with no rollover hazard and only moderate 
discomfort if the driver was adequately 
restrained. 

The test driver experienced considerable 
difficulty in achieving the 20-degree exit 
angle at speeds of 50 to 60 mph (80 to 97 
km/h) due to rear wheel drift, yet he had 
a 42-ft (12.8-m) wide pavement in which to 
negotiate the turn. A 25-degree encroachment 
angle at these speeds can be ex~cuted ~y.a 
professional driver under certa1n ~ond1t1ons, 
but probably is too severe for des1gn purposes. 

Response is influence~ appreciab~y by the 
speed and angle at wh1ch the vehicle enters 
the ditch region. At the 25-degree encroach
ment angle, bumper contac~ and rear overhang 
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drag were observed in all tests above 40 mph 
(64 km/h). 

Vertical accelerations comprise the predom
inant accelerations in ditch traversal and 
consequently contribute most significantly 
to the resultant acceleration. Lateral 
and longitudinal accelerations can be 
considered to be virtually negligible in 
round ditch traversals and in vee ditch 
traversals at speeds less than 50 mph (80 
km/h). Although relatively high acceleration 
"spikes" may be experienced, their time 
duration is so short that they do not 
appreciably affect the average acceleration. 

When no steering or braking control was 
applied, the path followed by the test 
vehicle throughout the maneuver agreed, on 
a qualitative basis, with the predicted 
path. In general, very little redirection 
was observed as the vehicle passed through 
the ditch. 

Although the resultant accelerations observed 
at each site were higher for the vee ditch 
than the corresponding round ditch, the vee 
ditch did not appear to be significantly 
more severe. The driver considered the vee 
ditch to be less severe than the round at 
the higher speeds, whereas the reverse was 
observed for the low-speed tests. 

The vee ditch generally produced g-forces 
that were less severe than those caused by 
traversing the round or trapezoidal ditches 
having widths of 8 ft (2.4 m) or less, or 
the rounded trapezoidal ditch in the 4 to 
8 ft (1.2 to 2.4 m) range. 

Round ditches generally produced g-forces 
that were more severe than the other three 
configurations for comparable slope combina
tions, particularly for steep slope combina
tions and narrow ditch widths. 

Very little difference in severity can be 
expected between the shaped ditches when the 
width exceeds 16 ft (4.8 m). 

The trapezoidal ditch configuration offers a 
cross-section that is safer than the others 
to cross at high speeds, particularly for 
the steeper slope combinations. The g-forces 
in general, were lower than the vee or the 
rounded ditch. 

Very little safety benefit was realized by 
rounding the basic trapezoidal cross-section 
to produce the rounded trapezoidal ditch. 

No significant reduction in severity was 
realized after the trapezoidal ditch was 
widened beyond 12ft (3.6 m). 

Desirably, slope combinations would be 
selected such that unrestrained occupants 
could be expected to sustain no injury and 
the vehicle would not incur major damage 
during traversal. However, site conditions 

such as restricted right-of-way or other 
factors beyond the designer's control may 
dictate the use of slope combinations 
steeper than desirable. Therefore, design 
curves are presented for both conditions 
in Figures 3.6.3 and 3.6.4 for various 
ditch configurations. Only the "desirable" 
design curve is shown in Figure 3.6.5 because 
the "limiting" curve lies above 2:1. Slopes 
steeper than 2:1 are difficult to construct 
and maintain and are therefore considered 
not desirable~ In Figures 3.6.3 through 
3.6.5 the "desirable" design curve is based 
on a severity index of 1.0 and bumper pene
tration of 4 to 4.5 in. (10.16 to 11.43 em) 
whereas the "maximum" design curve is based 
on a severity index of 1.6 and bumper pene
tration of 6.0 in. (15.24 em). 

These curves provide the design engineer with 
objective criteria for selection of travers
able slope combinations and ditch shape under 
60 mph/25-degree encroachment conditions such 
as might be encount~red on high-speed facil
ities. The design curves are applicable for 
ditch location up to 60 ft (18.3 m) from the 
edge of the roadway. 

3.6.5 USE OF CURBS 

Curbs are installed on highways in urban areas 
on and near bridges, at intersections for 
lane dividers, near underpasses, and in other 
selected locations. The diverse functions 
of curbs include: drainage, delineation, 
access control, aesthetics, and safety. Also, 
some configurations are intended to serve as 
barriers, and some enhance maintenance opera
tions. 

Examination of standard designs employed in 
more than 30 states indicated that these 
states follow the guidelines set out in the 
current Blue Book. A study of earlier guide
lines (9, 10) suggests that the use of curbs 
dates to tne time when highways were routed 
through cities. On such street routes, pro
tective islands for pedestrians were necessary. 
Curbs also were used by passengers when step
ping down from running boards of automobiles, 
and they served to redirect slow-moving auto
mobiles away from sidewalks. Photographs of 
early divided highways on which speeds were 
limited clearly show that curbs provide an 
attractive method of delineating the edges of 
the roadway. The evolution of curbs has been 
an orderly process of applying existing 
practices to new locations. 

In such urban areas, provision must be made 
for pedestrians on bridges and along the road
way. These pedestrian areas usually are 
separated from the roadway by a curb. Fre
quently highways are designed for a specific 
speed, and later the speed limit is increased, 
yet the geometries of the highway and appurt
encances such as curbs remain the same. 
Increased speeds, greater traffic volumes, 
and constantly changing vehicle capabilities 
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can result in collisions, the severity of 
which can be aggravated by curbs. Beaton and 
and Peterson (11) conducted full-scale crash 
tests in 1953 to ascertain the " ... ability 
of various types of curbing to serve as a 
physical barrier to cars striking the curb, 
and also to determine the potential damage 
to both car and curb." Subsequently, Beaton 
and Field (12) reported findings of tests 
on bridge curbs and rails. These studies 
clearly demonstrated the behavior of an auto
mobile following a collision with a curb. 
The "jump curves" presented in these earlier 
studies were examined and led to those pre
sented in the present study. 

Employment of mountable curbs in medians 
and along the edges of roadways and the use 
of traffic barriers in conjunction with curbs 
continues in many states. A series of live
driver tests in Washington (13) clearly 
indicated that a mountable curb in the median 
did not produce redirection of a speeding 
automobile. Earlier, full-scale tests on 
raised medians were conducted by the California 
Division of Highways in conjunction with 
development of cable median barriers. 
Standard-sized automobiles and smaller sports 
cars easily mounted raised medians having · 
6 in (15.2 em) high curbs (.!.i,). 

In recent years, a sloped face'concrete median 
barrier has been adapted for use on bridges 
and as a barrier between the edge of 'the 
traveled way and fixed hazards such as bridge 
columns, or steep-cut sections. The use of 
this configuration seems to be replacing the 
twoJstep barrier curb shown in the Blue Book 
(AASHO Curb Type B) (15). Full-scale tests 
(16, 17, 18) on "safety shape" median barriers, 
allil onanadaptation of this shape to bridge 
barriers (19) have led to the current trend 
for employing such barriers. 

Often roadside barriers or bridge barriers 
are located behind curbs, and the behavior 
of colliding vehicles has been discussed by 
others (20, 12, 14). Such installations 
aggravate-a seconaary collision incident. 

Knowledge of the action on impact should be 
a major tool in design decisions as to the 
use (or omission) of curbs and their specific 
location in relation to the edge of the 
traveled lane. 

An NCHRP study (8) was recently completed, 
having as its obJective investigation of the 
safety aspects of curbs from the standpoint 
of vehicle impact. 
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The approach taken to investigate the effects 
of curbs on vehicle behavior included a com
bination of full-scale testing and simulated 
impacts using the Highway-Vehicle-Object
Simulation-Model (HVOSM). Three curbs 
(AASHO Types C, E, and H) were selected for 
detailed study because they represented the 
most commonly used curb configurations through
out the country. A fourth configuration 
designated Type X was selected as an experi
mental "barrier" curb. The dimensions of the 
13-in (33-cm) high Type X curb were those of 
the lower portion of the "New Jersey" concrete 
median barrier. The study conditions are 
summarized in Tables 3.6.1 and 3,6.2. Vehicle 
behavior was evaluated during impact with four 
curb systems. The results are d~scussed in
dividually below. 

3.6.51 Redirection 

None of the AASHO curb designs investigated 
are satisfactory for installation on high
speed facilities where redirection is the 
primary design intent. Examjnation of 
Figures 3.6.6 and 3.6.7 leads to the con
clusion that redirection may be expected when 
encroachment angles are five degrees or less 
at speeds in excess of 60 mph (96 km/h). 

Conventional curbs do not function as 
barriers. At present, the most promising 
highway barrier concepts are the New Jersey 
"safety shape," and the California Type 20 
bridge barrier. It is realized that none of 
these fit into the curb classification, but 
it is clear that a height of 2.67 ft (0.8 m) 
is required to achieve consistent vehicle 
redirection. 

3.6.52 Vehicle Attitude 

Curbs similar to AASHO Types C, E, and H can 
produce vehicle ramping under various combin
ations of speed and angle impact conditions 
such that there is a strong possibility that 
the vehicle will vault a 2.25-ft (0.68-m) 
guardrail located behind the curb. The guard
rail offset distance to restrain a ramped 
vehicle differs for various angles, speeds, 
and curb geometry. A secondary collision 
with guardrail located behind a curb can be 
compounded if the offset is such that the 
initial vehicle front-end dipping causes the 
bumper to snag beneath the rail face. 

Obviously, it is uneconomical to remove all 
curb in front of guardrail; however, use of 
rubbing rails is recommended to alleviate 
bumper snagging. The deep face rail (Thrie
Beam) can also be used effectively. 

Maximum bumper rise occurs in the range of 
8-10ft (2.4 - 3m) behind the 6-in (15.2-cm) 
curbs. Therefore, existing curb/guardrail 
combinations in which the rail offset is in 
this range should be considered most critical. 

3.6.53 Vehicle Accelerations 

Curbs 6 in (15.2 em) high or less produce 
slight vehicle accelerations. However, al
though decelerations are slight, a curb will 
aggravate any collision resulting off the 
traveled lane because it represents a dis
continuity in the vehicle path with which 
the driver must contend. Additionally, curb 
impact at high speeds (35 mph or greater) is 
capable of damaging the vehicle steering 
mechanism which diminishes control of a car 
by its operator. 

Curbs offer no enhancement to safety on high
speed highways from the viewpoint of vehicle 
behavior following impact. For this reason, 
it is recommended that the use of curbs on 
high-speed highways be discontinued. 

Figures 3.6.6 through 3.6.7 indicate that 
curbs may have potential redirection capa
bilities on low-speed facilities; however, 
the decision to con~truct them should be 
based on considerations other than redirection 
alone. Typical reasons for curb installation 
include access control, delineation and 
drainage. Delineation and drainage may be 
achieved by other means which do not produce 
a discontinuity in the roadway. 

Curbs located in front of traffic barriers 
can aggravate a secondary collision with the 
guardrail by producing vehicle ramping. Curbs 
should not be used in front of guardrails, 
and consideration should be given to removing 
existing curbs in front of traffic barriers 
on high-speed highways. The AASHTO Barrier 
Design Guide (22) should be followed when 
barriers and curbs are used together. 

3.6.6 SAFETY DESIGN OF ROADSIDE DRAINAGE 
STRUCTURES 

As discussed in an NCHRP publication (1), 
some highway drainage structures are poten
tially hazardous and, if located in the path 
of an errant vehicle, can substantially in
crease the probability and/or severity of 
an accident. Sound engineering can minimize 
a number of these hazards and modify the 
form of remaining hazards to reduce the num
ber and severity of accidents. NCHRP 3 out
lines four principal objectives for providing 
safer roadsides. In order of priority they 
are: 

• Unnecessary drainage structures should be 
eliminated. 

• Necessary drainage structures should be 
located so that they create the least possible 
hazard. 

• Structures that cannot be eliminated should 
be designed to inflict minimum damage. 

• Where the first three objectives cannot 
be feasibly accomplished, a traffic barrier 
should be installed. 
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TABLE 3.6.1 

FULL-SCALE TEST SEQUE~CE 

Test Refe::ence Curb 
N1.:mber Type 

N-l E 

N-2 (rerun) E 

N-3 E 

N-4 E 

··~ N-5 E 

r 
N-6 E 

N-7 E 

TY?E E CURB 
N-8 E 

N-9 E 

N-10 E 

N-11 c 

N-12 c 

N-13 c 

\Slv· • R•l• N-14 c 'I ~·3 sc••• r:r 

J N-15 c 

TYPE C CURB 
N-16 c 

N-17 c 

N-18 c 

N-19 c 

Speed 
(;,oh) 

30 

30 

45 

60 

30 

45 

60 

30 

45 

60 

30 

45 

30 

45 

30 

45 

60 

60 

60 
--

Note: All tests conducted in a "hands-off" free-wheeling mode. 

Angle 
(de..?rees) 

5 

5 

5 

5 

12.5 

12.5 

12.5 

20 

20 

20 

5 

5 

12.5 

12.5 

20 

20 

5 

12.5 

20 

~ 

TABLE 3.6.~ 

CURB COLLISIO~S SIMULATED BY HVOSM 
(48 SH!ULATED TESTS) 

Speed (lll?h) 

I Cu::b --~- I---
I ! Encroach~ent I 30 I I l 

r~~ ·-- ------- .A..n:;::..c (d<:i;ree:;) I I 45 . 60 I 75 

t-G'-' I . ·' I 
.l . I (!) • I I 

,,.,;,. ;) I X I I 10 l X X 
12.5 X 

X 
15 I X X X - X 

20 . X I X I X -c-

.~; ·1 r ,·;'1 <1> 
-1-n 

R·2'" )"' ,. 
·~ ' • r 

--::. •• J ...... 

•E • 

(1)' .. -, -
~~-;--:! ·.( ,.,; •t sco 

--- --- -~"l 
- H· 

L. I -~ • ( 

r·-~J. ~ 
-x- -, 

Notes 

5 
10 
12.5 
15 
20 

5 
10 
12.5 
15 
20 

5 
10 
12.5 
15 
20 

(l) Ref. 1965 AASHO Blue Book, pg. 228. 

X X 

X I : 
X 

X X 

X X 

X X 

I X X 

X X 

X X 

(_~) Modified form of New Jersey concrete median barrier. 

·x 

X 

X 

X 

X 

X 

X 

X 
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(1) All simulation conducted in "hands-off'' free-wheeling mode, 
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The principal function of the drainage struc
ture should not be overlooked when considering 
the above objectives; therefore, traffic-safe 
design should not be allowed to seriously 
impair the hydraulic function of the structure. 
Consideration of hydraulic requirements may 
result in increasing the size, number, or 
length of drainage structures to satisfy 
safety objectives. In the final analysis, 
judgments may need to be based on economic 
considerations of a number of alternative 
designs. Traffic-safe drainage structures 
should not have steep faces protruding above 
the ground or steep-sided depressions below 
the surface. 

3.6.61 Drop Inlets 

Drop inlets, usually located in medians, fall 
within two categories: Flush-type and pro
jecting. 

Flush type usually consist of metal grates 
mounted atop concrete catch basins and are 
traffic-safe in that a vehicle can pass over 
them without striking an obstruction. The 
grate must have sufficient strength to support 
the design wheel with bars spaced and arranged 
such as to prevent penetration by the narrow
est vehicle tire using the facility. Other 
desirable characteristics of flush median 
drop inlets are: 

• Hydraulic efficiency of a flush-type grated 
median is satisfactory in as much as debris 
usually is not a problem. 

• A wider or longer inlet will reduce by
pass flow during peak runoff. 

• Orientation of the bars should be parallel 
to the flow for greater hydraulic efficiency. 

• The concrete apron around the inlet dis
courages overgrowth, improves inlet effici
ency, assists in maintenance, and reduces 
erosion. 

Projecting drop inlets present serious safety 
problems for vehicles striking the projecting 
surfaces, particularly since they usually are 
located quite close to the roadway. Pro
jecting inlets include concrete slab-topped 
inlets (table-top), metal gratotoppcd concrete 
catch basins, and inlets flush with the ground 
on three sides but having an exposed vertical 
face where the flow enters the structure. 

Vertical projections should not be permitted 
except where medians are very wide and the 
structure is beyond the recovery area. 
Projecting inlets should be replaced hy flush 
inlets where possible, or as a last resort, 
protected by guardrail or other barriers. 

3.6.62 Culvert Headwalls 

In selecting a satisfactory design, it is 
necessary to consider the physical condition 

of the site, the hydraulic requirements and 
the cost of alternative treatments. Three 
general solutions have been used: 

• Lengthening the culvert to place the ends 
beyond the specified recovery area. 

• Modifying the culvert end structure to 
accept a grate that is designed to carry a 
vehicle. 

• Installing a roadside barrier to protect 
traffic. 

In comparing these alternatives, the location 
and form of any longitudinal open channels 
should be taken into consideration. Steep
sided longitudinal channels are hazards in 
themselves; relocation of the channel to
gether with extending the culvert may prove 
to be the best overall solution. At many 
locations, the hydraulic efficiency of grated 
inlets may be impaired by the collection of 
debris. In such cases, lengthening of the 
culvert may result in improved reliability 
and lower maintenance costs. 

Listed below are desirable characteristics 
of culvert headwalls: 

• Culvert end structure should be located 
outside the designated recovery area where 
there is sufficient right-of-way. 

• Vehicle should be protected from falling 
into the structure by grates when the in
stallation is within the recovery area. 

• Any projection of the end structure above 
the ground surface should be minimal. 

• When the above cannot be accomplished, 
vehicle occupants should be protected by 
sufficient length of properly installed guard
rail. 

• Guardrail should not be installed if it 
constitutes a greater hazard than the drain
age structure itself. 

• When possible, culvert end structures 
should be oriented away from the direction of 
traffic. 

3.6.63 Access Road Culvert Headwalls 

Most culverts are constructed to carry stream
flow across the right-of-way. Access roads 
present special problems with culvert design 
because the culvert headwall is exposed 
directly to traffic flow either in a median 
cross6ver or on a side access road. The 
abrupt culvert headwall and associated steep
er drainage slopes create a "pocket" in which 
an errant vehicle can become trapped. 

Side access road culverts can often be moved 
laterally beyond the normal recovery area; 
however, median crossover culverts are usually 
close to the travel lanes and must be protected 
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by other means. Sloped grates offer one method 
of reducing the severity of impact. A com
puter simulation of a vehicle traveling over 
a grate slope of 10:1 resulted in a non-injury 
vehicle action. Slopes of 6:1 produced vehicle 
rollover (actually pitch over) even on ditches 
2 to 3 feet (0.61 to 0.91 m) deep. Some 
designers advocate a maximum longitudinal 
slope no steeper than 20:1 in ditch areas. 
The dynamic vertical tire load on the sloping 
grate is about 5 times the static wheel load; 
therefore, the grate must be adequately de
signed to accommodate this loading. 

3. 6. 7 RELOCATION OF APPURTENANCES 

We have already discussed to some degree 
the relocation of appurtenances to improve 
roadside safety. One of the classic 
examples of relocation is the removal of the 
big T-mount gore sign. The T-mount gore 
sign is perhaps one of the greatest errors we 
have made in the application of signing 
technology. It was intended to present 
information relative to the adjacent exit plus 
information relative to the subsequent exits, 
all on one support. The decision to utilize 
the gore mount for infonnution relative 
to the adjacent exit was a mistake. At the 
point the driver can see the sign and respond 
to it, it is too late for him to negotiate 
the exi~ safely. This information is needed 
in advance of the exit ramp and should be 
presented either in a series of roadside 
signs, or on an overhead sign when there arc 
3 or more lanes on the facility. The only 
information needed at the exit ramp is a 
confirmation and definition of the exit 
point. This is accomplished effectively by 
the common "EXIT" sign. For a detailed treat
ment of the guide signing procedure, one should 
refer to the Manual on Uniform Traffic Control 
Devices or the State MaJiua]. 

Wherever practicable, overhead signs should 
be attached to bridge structures. Bridge 
designers arc likely to point out all of the 
negative effects, such as the bridge was not 
designed for that purpose; there arc no 
mounting brackets; and wind loading effects 
were not included in the bridge de~;l gn·; also, 
the backs of the signs protruding up above 
the bridge rail will be detriment:~ 1 1o the 
visual aesthetics from the overcrossing road
way. From a positive viewpoint, the signs 
constitute virtually no additional wind load 
above and heyond that imposed by the bridge 
rails; and drivers rarely notice the backs 
of sjgns, and if they do they can he dressed 
up; one should be able to economize sign
ificantly by eliminating an expensive struct
ure, and, at the same time, improve the road
side safety through the elimination of a 
major fixed object. If it is not practicable 
to locate the sign on a nearby bridge, then 
a sign bridge structure should be employed. 
There are several ways in which th:is structure 
may be treated to enhance the roadside safety. 
First, there is the possi hili ty of nwking an 
overhead sign support breakaway. A breakaway 

overhead sign support was developed by the 
Texas Transportation Institute in a multi
state cooperative research project (~). 

The overhead sign bridge can be moved long
itudinally for several hundred feet without 
major consequence in most cases. The designer 
should remember that drivers tend to key on 
the sign; that is, drivers will tend to take 
the action indicated at the sign. This means 
that the sign should be located at or in 
advance of the point where the designer wants 
the action to take place. Thus, an overhead 
sign pertaining to an exit ramp can be located 
several hundred feet in advance of the begin
ning of the exit maneuver but should not be 
located beyond the exit point. 

In recent years, designers have reconsidered 
practices in bridge design relative to the 
usc and location of bridge piers in the 
design of interchange structures. Often times 
designers used 3 and 4 sets of piers in order 
to keep spans short and more economical. 
Now they realize that this may be a false 
economy and have increased span lengths to 
improve the safety of the roadside. 

A great safety advantage may be realized by 
the lateral relocation of many devices. These 
include primarily luminaire supports which 
can be moved to the median and protected by a 
median barrier, installed for other reasons. 
Also, sign supports may be integrated with 
the median barrier, eliminating their hazard 
as roadside obstacles. 

Where there is no median barrier or where it 
is not practical to move objects to the median, 
they may be moved laterally from the roadway. 
This may be done with signs and with luminaire 
supports. Lateral relocation should be per
formed to reduce the probability of impact 
and/or to locate the objects behind a traffic 
barrier, on a back slope, or on or behind a 
retaining wall. In the case of luminaire 
supports, the designer may vary the mast 
arm length in order to achieve an optimum 
location for the support. One outstanding 
exmnplc of this practice is the design of 
the lighting system for I-405 in Portland, 
Oregon. 
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TOPIC 3 SESSION 7 
INTERSECTION DESIGN 

Objectives: 

1. The partiaipant shouZd be able to 
identify the driver's needs at interseations, 

2. Be able to apply reaZistia sight distanae 
criteria in intersection design. and 

3. SeZeat interseation design features to 
maximize the safety and effiaienay of inter
seation operation. 

3.7.1 INTRODUCTION 

In the development of this session, it was 
assumed that the participant has a~ailable 
the latest copies of the Blue ~ook and the 
Red Book. The intricate detail of inter
section design criteria and design elements 
are left to the participant to gain through 
study of these documents. Materials pre
sented herein relate primarily to supplement
ing these documents. Extractions are 
utilized only in unique circumstances. 

3.7.2 FUNCTIONAL CLASSIFICATIONS OF 
INTERSECTIONS 

While the classification of streets is 
necessary for effective communication 
throughout the planning-design-operation 
process, a functional intersection classi
fication system is greatly needed to properly 
coordinate design and traffic operations. A 
system of intersection classification has 
been devised to reflect the operational and 
design requirements based on the types of 
facilities comprising the intersection, as 
follows: 

1. Minor to Minor 

2. Major to Minor 

3. Major to Major 

4. Major to Expressway/Freeway 

A description of each of the intersection 
classes is provided in the subsequent para
graphs. 

3.7.21 Minor-Minor Intersection 

This is an intersection of two low-volume 
roads, characterized by the intersection of 
two residential streets. The basic inter
section is not greatly different from the 
two intersecting roadway cross sections. 

'Gontrol--Basic right-of-way rule applies. 

Operational requirements 

• Drivers must be able to identify the 
intersection. 

• Drivers must be able to see each other 
and judge speed and distance. 

Design requirements 

• Horizontal and vertical alignment must be 
compatible with operational requirements. 

• Paths on approach and through intersection 
must be natural. 

• Sight distance must be sufficient for 
conditions. 

• Design must be compatible with environ
mental conditions. 

3. 7. 22 Major-Minor Int·ersection 

Because of intensified operating conditions, 
some changes in configuration are frequently 
required to accommodate changes in operation. 

Control--Priority of use assigned by law and 
reinforced by stop signs or signals. 

Operational requirements 

• Drivers on the minor road must be able to 
detect the importance of the major road. 

• Drivers on the minor road must have sight 
distance to judge speed, distance, and gaps 
in major traffic streams from stopped 
position. 

• Drivers on the major road must be able to 
identify the minor road. 

• Drivers on the major road must be able to 
see a vehicle stopped on the minor road. 

Design requirements 

• Horizontal and vertical alignment must be 
compatible with operationa~ requirements. 

• Paths on approach and through intersection 
must be natural. 

• Sight distance·must be sufficient for 
conditions. 

• Design must be compatible with environ
mental conditJops. 
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3.7.23 Major-Major Intersection 

Not only are there drastic changes in 
operating conditions, but now capacity 
considerations are necessary due to the 
regulated sharing of common space. The con
figuration of the intersection is now the 
principal determinant of operational safety 
and efficiency. 

·Control--Priority is not specifically assigne.d 
by law except basic right-of-vay rule; 
authority is given to establish control 
devices; type of control (present and future) 
should be established prior to design (yield, 
two-way stop, four-way stop, signals). 

Ope~ational requirements 

• Drivers on each approach must be able to 
detect the importance of the intersecting 
roadway. 

• Drivers must be able to determine the 
required lane or position in order to 
accomplish the intended maneuver. 

• Drivers must be able to identify and 
respond to the control device. 

• Drivers must be able to identify the re
quirements of the intersecting traffic 
stream and judge the characteristics of that 
stream as they relate to the ~aneuver. 

Design requirements 

• Horizontal and vertical alignment must be 
compatible with operational requirements. 

• Paths on approach and through intersect
ion must be natural. 

• Traffic should be separated according to 
maneuvers. 

• Turning maneuvers should be physically 
accommodated. 

• Turning roadways should be designed for 
reasonable speeds. 

• Good transitions to turning roadways and 
auxiliary lanes should be provided. 

• Sight distance must be sufficient for 
conditions. 

• Design must be compatible with environ
mental conditions. 

3.7.24 Major To Expressway/Freeway 

The grade separation or low-order interchange 
emerges when one or both of two operating 
conditions prevail: the at-grade intersect
ion can no longer accommod~te the demand 
volume, or it is desirable to have continuous 
flow on one or both facilities. 

Control--Priority assigned by law (single 
lane entering multiple lanes); control 
devices are provided for any right angle 
crossings. 

Operational reqtl'i r·em·ents 

• Requirements for intersections within the 
interchange are the same as for the major
minor or major-major intersection. 

• Operational requirements of ramps 

+ The driver must be able to define the 
maneuver points in adequate time to respond. 

+ The driver must be able to transition 
naturally from the freeway environment to 
the highway environment. 

+ The driver must be able to comprehend and 
respond to control measures and directional 
signing in the transition from freeway to 
highway environment. 

Design requirements 

• All of the requirements for major-major 
intersections apply. 

• Additional requirements for ramps 

+ Exit ramps should be single lane at the 
gore. 

+ Exit ramps should leave at flat angle 
(4 to 5 degrees) and have an adequate taper. 

+ Exit ramps should not have critical 
vertical alignment. 

+ Exit ramps should be of sufficient length 
to permit normal deceleration. 

+ Exit ramps should always leave main lanes 
on a tangent section. 

+ The section from the exit gore to the 
intersection of the cross road or frontage 
road should be designed as.a system to 
facilitate the environmental transition. 

+ Entrance ramps should also be single lane. 

+ Entrance ramps should approach at flat 
angles (aim them to th~ taper) and should be 
at essentially the same grade as main lanes. 

+ Entrance ramps should always join main 
lanes on·a tangent section. 

+ The taper of the entrance ramp is most 
important. A long, gradual taper fits the 
natural manevuer. 

+ Entrance and exit ramps should always be 
on the right. Major bifurcations are a very 
different problem. All must satisfy driving 
expectancy to every extent possible. 
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3.7.3 SAFETY DESIGN ELEMENTS 

A detailed treatment of the design elements 
for urban intersections at grade is provided 
on pages 675 -725 of the Red Book. There 
are however, some elements that are specific
ally related to safety and should be treated 
in greater detail or on the basis of a 
different interpretation. 

3.7.31 Sight Distance 

Several different approaches for considering 
sight distance and the design of intersect-· 
ions are available to us. Most commonly, 
stopping sight distance is a basic rule -
stopping sight distance should be provided 
at every point alorig any given facility. 
Stopping sight distance, however, is not 
sufficient for intersection design. Gener
ally, the perception-reaction time used in 
computing stopping sight distance is in
sufficient for intersection req~irements. 
In approaching the intersection, the driver 
must be able to interpret the geometry, 
reach a decision as to what will be required 
of him, and carry out whatever maneuvers may 
be required to negotiate the intersection. 
Early, we covered several approaches to 
sight distance at decision points. At that 
time they were related primarily to freeway 
interchange and lane drop conditions. Here, 
~hey should be related to the intersection. 
Table 3.7.1 provides decision sight distance, 
sight distances which should be appropriate 
for intersections. It can be noted that 
these decision-sight distances provide for 
perception-time and for a reaction time re
lated to lane changing. This should be 
sufficient for most intersection maneuvers. 

The measurement criteria for the sight 
distances are equally important. The re
commended eye height of 3.75 feet (1.14 m) 
is representative of practically all drivers. 

The 6:inch (0.15 m) object height normally 
used for stopping sight distance seems in
appropriate as does the 4.5 foot (1.37 m)' 
object height normally ass9ciated with pass
ing sight distance. In the intersection, 
it is necessary, most generally, that the 
driver be able to see the intersection 
surface; in other words, there is a zero object 
height. Only under these conditions can the 
driver observe and place into proper per
spective the vertical relief features of the 
intersection. 

In addition, provisions must be made for the 
driver to see other vehicles approach-ing the 
intersection. There are three conditions or 
cases of intersection sight distance. The 
determination of intersection sight.distances 
in these three cases is made using one of the 
two schematics shown in Figure 3.7.1. 

At uncontro e ~ntersect~ons, ~t may e 
desirable to provide for drivers to simply 
adjust spead to avoid a collision. This 
case should be limited to low-volume, low
speed intersections. AASHTO recommends that 
2 seconds be allowed for perception-reaction 
time, plus 1 additional second to activate 
the brake or accelerator. Distances traveled 
in three seconds are as follows: 

Speed, mph 
Speed, km/h 

Distance, ft 
Distance, m 

20 30 40 50 
32 48 64 80 

90 130 180 220 
27 40 ~3 67 

60 70 
96 112 

260 310 
80 93 

Substituting these distances in the sight 
triangle schematic for da and db will 
facilitate the determination of a clear 
sight triangle. These distances are quite 
critical and should be used with extreme 
care. 

TABLE 3. 7.1 DECISION SIGHT DISTANCE 

Timet Oecitlon Siehl Dill-

D"lgn Pre·MIMUVtr 
Speed Maneuver Rounded 
mph DIIICIIOn 

Dec.ition ILene Summotlon 
Computed 

forD"il" 
lkphl ond AoiPDnll Cht .... l 

fl. 
ft. end Aeco~nllion -· lml Cnllllllon lml -· -· -· 30 1.& 4.2 ·11.6 4.11 10.2. 12.6 449. &58 450· 650 

1481 1137. 1701 1137. 1681 
40 1.5 4.2 ·6.8 4.11 10.2 ·12.8 6&9· 741 600· 750 

1641 (183. 2261 1183 < 2291 

&0 1.5 4.2 ·8.6 4.0 9.7 ·12.1 713. 889 725. 900 
lBO I (217. 2711 1221. 2741 
60 2.0 4.7 •7.1 4.0 10.7 ·13.1 944 ·1155 950 ·1175 

1971 1288. 3521 1290· 3581 
70 2.0 4.7. 7.1 3.11 10.2. 12.8 1050 ·1296 • 1050 ·1300 

11131 1320. 3951 1320. 3961 

80 2.0 4.7•7.1 3.1 10.2 ·12.8 1199 ·1482 1200 ·1500 
11291 1366. 4521 1366. 4571 
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NO STOP OR SIGNAL CONTROL AT INTERSECTION 
-CASES I aD-

Figure 3.7.1 Sight Distance At Intersections 
--Minimum Sight Triangle· 

Case Vehicles to Sto . In 
compar1son to ase , 1t 1s more esirable 
to provide for both vehicles approaching an 
uncontrolled intersection to be able to stop 
before arriving at the intersection. The 
stopping distances recommended by AASHTO are 
as follows: 

Design Speed, mph 30 40 50 60 70 
Design Speed, km/h 48 64 80 96 112 

Safe Stopping Distance, feet 
Minimum 200 275 350 475 600 
Desirable 200 300 450 650 850 

Safe Stopping Distance, metres 
Minimum 61 84 107 145 183 
Desirable 61 92 137 198 259 

These values are substituted in the sight 
triangle for distances da and db, or they 
may be used in the following formula develop
ed by similar triangles from this sight
triangle: 

a da 
db "' da - b 

Case III--Enabling Stopped Vehicles to Cross 
a Major H1ghwa~. Where stop control is used 
on a m1nor roa , it is necessary to provide 
for the driver of the stopped vehicle to see 
along the major highway a sufficient distance 
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for him to cross the highway without inter
fering with oncoming vehicles. This is 
illustrated in the Case III schematic. The 
sight distance, d, is computed as follows: 

where, 

d = 1.47 V (J + ta) 

V = design speed on major highway, 
mph 

J • perception and reaction time, 
sec 

t = time required to traverse 
a distance S • D + W + L 

·The time, ta, varies with different drivers 
and vehicles, but AASHTO design information 
is provided on the graph (see Figure 3.8.2). 

l.(vtt.. C~OtTtONI 

~ ~ ~ w ~ ~ 
. I• DISTANCE TRAVEU'D DUBINO ACC[L[AATION-~HT 

Figure 3.7.2 ·sight Distance At Intersections 
--Case III Data On Acceleration 
From Stop 

3.7.32 Turning Radii 

The radius of curb returns seems to be one 
of the most controversial and variable 
elements of intersection design. AASHTO in 
its Blue Book and Red Book present very 
comprehensive and complicated treatments 
while the municipalities tend to practice a 
very simplified treatment. The attitude of 
AASHTO on urban design seems to be summed up 
in the following quotation from the Red Book. 

"In conclusion, corner radii at intersections 
on arterial streets should satisfy the re
quirements of the vehicles using them to the 
extent practical in consideration of right
of-way available, angle of intersection; 
pedestrians, width and number of lanes on 
the intersecting streets, and speed reduct
ions. The following summary is offered as 
a guide: 



• Radii of 15 to 25 feet (4.5 to 7.6 m) 
are adequate for p'assenger vehicles. These 
may be provided at minor cross streets where 
there is little occasion for trucks to turn, 
or at major intersections where there are. 
parking lanes. Where the street has suff~
cient capacity to retain the curb lane as a 
parking lane for the foreseeable future, 
parking should be restri~ted for appropriate 
distances from the cross~ng. 

• Radii of 25 feet (7.6 m) or more at 
minor cross streets should be provided on 
new construction and on reconstruction where 
space permits. 

• Radii of 30 feet (9.1 m) or more at 
minor cross streets should be provided where 
feasible so that an occasional truck can turn 
without too much encroachment. 

• Radii of 40 feet (12.2 m) or more, and 
preferably three-centered compound curves or 
simple curves with tapers to fit the paths 
of appropriate design vehicles,_sho~ld be 
provided where large truck comb~nat~ons and 
buses turn frequently. Larger radii are also 
desirable where speed reductions would cause 
problems. 

• Radii dimensions should be coordinated 
with crosswalk distances or special designs 
to make crosswalks·safer for pedestrians. 

Corner curb radii on two-way streets have 
little effect on left-turning movements. 
Where the width of the arterial street is 
equivalent to four or more lanes, generally 
there is no problem of encroachment by left
turning vehicles." 

In a survey of 24 cities (3), APWA found a 
range of curb radius of 15-to 50 feet (4.5 
to 15.2 m) with 15 to 30 feet (4.5 to 9.1 m) 
being most common. In their survey, they 
found a consensus of opinion that large 
turning radii are necessary at major inter
sections to handle the turning movements of 
large vehicles. Many municipal engineers 
feel, however, that radii greater than 30 
feet (9.1 m) cause problems for pedestrians 
and, in some cases, for traffic signal 
placement. To minimize these problems, it 
is suggested that, when a radius larger than 
30 feet (9.1 m) is necessary to provide ade
quate vehicle tu~ning movement, a radius of 
about 75 feet (22.9 m) be used in conjunc
tion with intersection channelization. The 
results of the APWA survey are presented in 
Table 3.7.2. 

The ultimate objective in standards for 
turning radii is to satisfy the design ve
hicle requirements. The new Red Book presents 
scale drawings of vehicle paths for all 
design vehicles, the passenger car up through 
the WB-60. Included in this series is a new 
design vehicle, the BUS. It is similar in 
many respects to the SU vehicle which was 

previously·utilized to depict buses, except 
the BUS has a 25-foot (7.6-m) whee~ base 
comparable to newer large buses be~n~ used 
in urban transit systems. These des~gn 
vehicle paths except for the passenger cars 
are reptoduced in Figures 3.7.3 throu,h_3.7.7 
in scale dimensions so they may be ut~l1zed 
to make transparencies for design purposes. 

TABLE 3.7.2 CURB, GUTTER, AND CORNER 
RADIUS STANDARDS 

Curh Gutter Corner 
Jurl•41cllon ll•loht(la.) Widlh(fl.) Radlu•(fl.) 

Ati;;il;.~(;.-:- .•.••...••.......• ::-c.-o - Z 25 
llaltimMc-, Md ..... , .. , .. .. • • . .. R 2 Ui 
C'hkil,tn, II.·..................... rt~ 1 15 
Cinrinnati, Oh. , .......•.•.. , . . • 6 2" :JO 
fl111lf! Cnunty, Jo1 .... , . , . ,, ., ,, , , , 6 1% 40 
llPR\'('f, Cf'l ..• , , , , . , , , , , o,,,,,, , , f; 2 :JO 
ll•troit, Mi., .• , .... ,., .•... ,,,,, 7 15• 
t~ugl"tlf', Or ..•.•...••••• , , , , ••• , G 11-' lG 
~·1. y.•,,,.th. Tx .................. , 7' 20 

~~~~~~~'"Ci~~·,.i~:::::::::~:~::::: ; ··2 ~g 
I.ftnAinj{, ~ott ..................... G 114 16-30 
I .oM AnKrlto«, Ca ....• o o ••• o 0. o... Ill 2 26' 
rAolliA\'illf', Ky ........ •o. .... • • .. 8 1%' 15 
Mitltllrlown, Oh .•.•• , , o o •• ,. o,., ~ 2 30t 
Ouo:.hft, Nh ••• , • , , , • , . , , , • , , , , • , 6 1 \i.M !iO 
l'al4Atlrnu. Ca ••..•• , .••• o •••• , , • , 8 21i 
rhnrnac, At. , •. , ..... , , , ...••• , , G 20 :\0 
l'corll;ancl. Or .. , , •...•.• , o, •• o •• , ti 16,25 
::;1\)('n\, Or ••• , , • , , • , • , , . , • • • • • • 6 Z0 30 
::;knkir, II. ......... , .. .. . . • . .. • . G • 2f.n 
T~>rontn, On ..• , • , •...•....••• , o o 6 

30 Tu1,.A, Ok, .•...••..••••••.• • •• • • li IO 
WaAhintrtnn, D.C •.••..•••.•• , •• ·_::..'·.:..•--------"'--

N..,t,.": 

Kanu 

r..a· 
1·:1" 

IG-60' 

I 10• wh,•rr hra\'f ,•quipmrnl 
• 0"' on m•rlifw (11tnt" ru:ul ... } 
~on at at~ l't>IJ~trur-tcrl rnncl,. 
'20' al urh•rt:el int.-rt~~Ciion• 
• fi" on rn~rltan.tt 
• 35" al freeway• 

1 ft = 0.303 m 

3.7.33 Lane Widths 

Mt'di111 aro'df' ~~ ,. .... 
as· 

g• 
2' 

w 

f ~f'ldotn built 
•1• on ml'fflnn" 

u· 
I.G' 

n.c· 

• 3-t«!lllf'r•!d courve 
M curb 1en~rally intearal with pav .. 

rnent 
II 1046' where heav1 bu. tralfie 

Lane widths for urban arterials are also 
controversial and variable from one agency 
to another. The Red Book points out that 
12-foot (3.66 m) lanes are desirable and 
required on freeways and principal arterials. 
Where right-of-way is limited, the Red Book 
suggests a minimum of 11-foot (3.35 m) lanes. 

The APWA survey generally supports the AASHTO 
position as illustrated in Table 3.7.3. In 
the approaches to intersections, however, 
cities sometimes relax their standards in 
order to achieve certain lane arrangements. 
It will be noted in Table 3.7.3 that turning 
lanes are most generally much narrower than 
the through lanes. Further, even the through 
lanes can be reduced in width with a reason
able degree of success·if the lengths of re
duced lane widths are maintained rather 
short. Certainly, it is not recommended that 
through lanes be reduced in width as a 
general practice. However, if a more work
able arrangement can be achieved only through 
reducing lane widths, then such should be 
given consideration. As an extreme example, 
Figure 3.7.8 shows how the city of Houston 
gained left-turn lanes within a 44-foot (13.4 
m) cross section (4). This was done on an 
experimental basis; and at last report the 
accident experience had reduced significantly, 
and the delay at the intersection was reduced 
substantially! 
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su R = 42' 1" = 20' 

I 

SU O.ESI'GNI VEHICLE 
TURNLN'G R'ADI:US = 42' 

Scaf;e (' = 2d 

FiJUre 3.7.3 SU Design Vehicle Template 



WB-40 

WB-40 DESIGN 
.,.,.nn SEMITRAILER 

R=40' 

,. 
/_ 

// <ffil/. 
/ / 

....L-..;..- COMBINATION 
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WB-40 DESIGN VEHrCLE 
TURNING RADIUS = 40' 

Scale 1•• 2r/ 
Figure 3.7.4 WB-40 Design Vehicle Templ~te 
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WB-50 

10 
10 

I WB- 50 DESIGN 
SEMITRAILER 
COMBINATrON 

R=45' 

WB-5j0 DESIGN VEHICLE 
Tl)RNJ:NG R:ADIUS : 45' 

Scale I"= 20' 

Figure 3, 7. 5 WB- 50 De~_ign Vehicle Template 
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WB -60 DESIGN VEHICLE 
TURNING RADIUS = 45' 

Scale 1• =- 2d 
Figure 3,7.6 -wB-60 Design Vehicle Template 
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Figure 3.7.7 Bus Design Vehicle Template 



TABLE 3.7.3 LANE WIDTH STANDARDS BY TYPE 

Jyrlftdicllon C•rbl(ll,) 

Ati,;-~b,C-;.-~ .......•..•... 0 0 •• :::--11 
Jnold•((l.) 

10 
IJnltlmDrr., ~fd .••••••• , • , , •••••• , • . 12 
Chirago, Jl. . , , ••. , , , , , •. , , , , • , •• , , 12 
Cineinnati, Oh .. , , • , , • , • , , , , • , •• , , , 11 
Dntl~ County, f,. , , . , , . , . , .. , . , ... , 12\i; 
Dcnvr.r, <:a. , , , , , , • , , • , , , •• , , , , • , , • 12 
DP.troit, Mi ........................ Jt(17)J 
Jo~ug<>nt>, Or .•••••• , , ••• , •• , , •••• , , • I~ 
n. Worth, Tx. '""""""'"'"' 11(18) 
Glt•ndul~. Ca ••••• , ••• , • , , , • , • , , , • , • 11 
Kan,.ttll City, Jrfo, ••.•••••• , • , , • , , , , 12 
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3. 7.34 Deceleration Distances 

From a safety standpoint, the urban designer 
very frequently does not provide for adequate 
deceleration into turning lanes and thus 
creates a delay and needless speed differ
ential hazard in the through lanes. It is 
desirable that deceleration distances be 
provided in accordance with the values set 
forth in the Red Book. They are as follows: 

Average Running SEeed D"ec·e1'e·ration Length 

20 mph 32 km/h 160 ft 49 m· 

30 mph 48 km/h 250 ft 76 m 

40 mph 64 km/h 370 ft 113 m 

50 mph 80 km/h 500 ft 152 m 

Equally important are the acceleration 
distances. The Red Book does not treat 
acceleration distances other than in associ
ation with ramps and interchanges. Greatly 
improved operation may be achieved by. pro
viding straight taper acceleration areas 
using basically the same dimensions that are 
set forth above for deceleration distance. 

3.7.35 Storage Requirements for Turnin~ 
Lanes 

Too frequently, city street design standards 
call for a fixed length storage in the left 
and right turn lanes regardless of the 
number of vehicles to use that lane. The 
length of storage should be computed on the 
basis of the number of vehicles to be stored. 
A good approach for storage requirements is 
a length to satisfy 1 1/2 to 2 times the 
length required for the average number of 
vehicles to arrive during a signal cycle. 
For unsignalized intersections, a storage 
capacity of approximately two minutes of 
operation should be provided. 

3.7.4 AUXILIARY LANES 

Auxiliary lanes at intersections serve a 
wide range of purposes including the storage 
for turning vehicles both left and right. 
Other purposes include space for deceleration 
and'acceleration, for bus stops and for 
access to abutting property. 

3.7 .41 Left Turn Lanes 

The left turn lane is perhaps the most 
important of all auxiliary lanes. It has 
advantages that are directly related to 
safety. For example, the left turn lane 
permits the traffic with major operational 
differences to separate and thus avoid 
drastic differentials in speed and delay 
characteristics. By increasing the opera
tional efficiency of the intersection, the 
capacity and safety are also increased. 

One major improvement as a result of separate 
left turn lanes is the increased visibility 
afforded the turning-vehicle. Although it is 
frequently overlooked, it is a major factor 
in improving the safety of intersection 
operations. The improved visibility is 
illustrated in Figure 3.7.8. In essence, the 
driver waiting to make a left turn can see 
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a greater distance down the opposite inter
section approach and judge better the avail
able gaps in the traffic stream. Of course, 
this is applicable only at intersections 
where separate left turn signal indications 
are not provided. 

At extremely high volume intersections, where 
there are two or three through lanes on each 
approach, the single left turn lane is 
generally considered detrimental to the over
all intersection capacity. This is true 
because of the movement of left turning 
vehicles on a single lane as opposed to the 
movement of through vehicles on 2 or 3 lanes. 
This situation can be improved greatly by 
providing dual left turn lanes where 
possible. Dual left turn lanes may not be 
applicable where there is insufficient width 
in the throat of the cross street, and where 

·the median on the arterial is extremely wide. 
Dual left turn lanes cannot be expected to 
reduce left turn signal timing requirements 
by SO%, but certainly a reduction on the 
order of 30 to 35% is reasonable. 

Designers have attempted several ways to 
handle left turn movements without reducing 
the through movement capacity at the inter
section. One such method is to provide an 
advance left turn as shown in Figure 3.7.9. 
This would have to be a special circumstance 
where sufficient right of way is available. 
On the other hand, however, a minor street 
may be used in lieu of a diagonal cutoff. 

Figure 3.7.9 Special Design For Turning 
Movements 

Other treatments that have been used are the 
indirect left turns as illustrated in Figure 
3.7.10 and 3.7.11. 

The integration of exclusive left turn lanes 
with 2-way left turn lanes has certain safety 
overtones, not necessarily from the aspect. 

!t:J' J'l' 1'--------= -=--rrr-=-:§_-__ _ -=-= _ _..,~dl'l'tl;=-1-= -.;._,:::;::_----=-=~)))-== 
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Figure 3.7.10 Indirect Left Turn Through 
A Crossover 
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Troffic Signol 
· Controll~ Crouint 

Figure 3.7.11 Special Left-Turn Designs 
For Traffic Leaving Highway 
With Narrow Median 

of head-on collisions, but collisions with 
islands and channelization used to assure an 
exclusive left turn lane. Unfortunately, 
early documentation of the two-way left turn 
lane suggested the use of a barrier-curb 
divisional island along the exclusive left 
turn lane and complete shadowing of the 
left turn lane as shown in the upper half of 
Figure 3.7.12. · Typically, accident reports 
on the early installation of two-way left 
turn lanes showed a reduction in vehicle-to
vehicle collisions but an increase in fixed 
object collisions as a result of the raised 
islands. As a result of extensive 
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Lane Designs to Illustr.ate Changes in Channelization 
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experience with the two-way left turn lane, 
~ertain desirable practices have emerged. 

• T~e two-way left tu:n lane is ¥enerally 
cont1nued on through m1nor or uns1gnalized 
intersections ·(See Figure 3.7.12). 

• For signalized intersections or those 
controlled by four-way stops, it is generally 
advisable to restrict entry into the lane 
for a reasonable distance from the intersect
ion. This is accomplished much more effect
ively with paint lines, thermoplastic 
stripes, or raised pavement markers. A 
double yellow stripe is fairly effective in 
restricting opposing entry. An overload in 
the left-turn lane does not block the 
through lanes (Sec Figure 3. 7. 12). 

• The shadowing effect does not appear 
necessary. Some use paint to delineate be
tween the exclusive and the two-way left 
turn lane while others simply leave the area 
open. The only thing that they change is the 
double yellow stripe alongside the exclusive 
lane. ·Both systems seem to work quite well. 

3.7.42 Right Turn Lanes 

Right turn lanes are a great asset to the 
operational efficiency of urban arterial 
intersections. Right turns from the through 
lanes do not create the same safety hazard 
as do left turns from the through lanes. 
However, the right turn lane is significantly 
beneficial for efficient operation. It 
permits widening of the intersection to 
accommodate a greater capacity of traffic; 
but most important it separates out the 

.right turn maneuvers so that they may be 
handled as a free right turn, right turn on 
red, or on multiple signal phases. The 
design of the right turn lane is very 
similar to the design of the left turn lane. 
There should be adequate storage and a 
smooth taper into the lane. 

.... 

3.7.43 Bus Loading Facilities 

With the increased emphasis on the use of 
public transit, specific attention should be 
given to the accommodation of buses and· 
passengers at the intersection. Ideally, 
the bus stop should be removed from the 
intersection. This can be accomplished 
through mid-block bus stops as illustrated 
in Figure 3.7.13. 

It is not always possible or desirable to 
remove the bus stop completely from the 
intersection. Then the question becomes, is 
a near side or far side bus stop better? In 
most instances, it appears that a far side 
stop is more appropriate particularly where 
right turn lanes are provided. The far 
side stop provides a minim~m of interference 
with turning traffic and with through traffic 
where the bus stop is an auxiliary lane. 
When the bus is not at the stop, then the 
auxiliary lane-bus stop is an area that can 
be used for acceleration. Near side bus 
stops are preferable whe~e there is parallel 
parking and a low percentage of buses. An 
illustration of near side and far side bus 
stops is presented in Figure 3.7.14. 

NIAWID( IIGHJ-JUIN LANI 
AND fAWIDI IUS lAYS 

Figure 3. 7.1 4 Near-Side Right-Turn 
Lane and Far-Side Bus 
Bays 

MID•ILOCK IUS lAYS 

Figure 3.7.13 Mid-Block Bus Bays 
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3.7.5 MID-BLOCK ACCESS CONTROL 

In general, operational problems at mid-block 
locations relate to lack of or improper 
control of access. Too many driveways, poor 
driveway design and the lack of acceleration
deceleration lanes invariably reduce the 
quality of traffic flow and safety on the 
facility. On such streets, these conditions 
generally exist in the vicinity of the 
intersections and result in reduced capacity. 

The most critical problem with mid-block 
access is the left-turn maneuver into a 
drive\':ay, when such a maneuver is made from 
the inside through lane. One obvious cor
rection is the introduction of a barrier 
type median that prohibits the mid-block 
left-turn. However, this generally is not 
a practical solution where access has al
ready been granted. To say the least, it 
is politically unpopular. On the other hand, 
·barrier medians should be employed in the 
de\elopment of new arterials where land use 
has not yet developed. When useq in this 
manner, the land use will be forced to de
velop according to another access form. 
When barrier medians are used, and direct 
access to land is permitted, consideration 
should be given to the circulatory effects 
of gaining access to the land use. U-turns 
at the intersection arc most impractical. 
Access by "circling the block" can be pro
vided by the proper street layout. The 
most desirable, however, is to encourage 
access from a side street after turning left 
at an intersection. 

Where right-turns into driveways arc per
mitted, one-way angle drives are preferred. 

NCHRP Report 91 provides recommended design 
·standards for driveways that will minimize 
the effects on traffic operation. 

Where there is existing development without 
access control, many cities have found 
painted medians or two-way left-turn lanes 
to be very effective in improvirig the qual
ity of traffic flow, safety and capacity. 
The success of painted medians is dependent 
upon the local or state laws pertaining to 
crossing painted medians, and the degree to 
which they are enforced. In eitner case the 
operational concept is the same - provide a 
space where turning vehicles may pull out of 
the through lanes and wait for an opportunity 
to turn. 

Two Way Left Turn Lanes. The two-way left
turn lane 1s cons1dered superior to the 
painted median channelization because it 
removes the confusion that may arise as to 
whether or not turns are permissible. The 
Manual on Uniform Traffic Control Devices 
now 1ncludes standard markings and signs for 
two-way left turn lanes, and they are used · 
extensively throughout the country. 

The safety benefits of the two-way left-turn 
lanes are documented, and the improvements 
in quality of flow are obvious. Some have 
advanced the idea that they increase the 
capacity of intersections by reducing the 
number of left-turns to be accommodated· 
at the intersection. Obviously, if the turns 
are permitted at mid-block, those that would 
have otherwise been routed through the in
tersection to gain access have been elimin
ated. 

An alternate to the two-way left turn lane 
design is the U-turn at a median opening. 
This permits the driver to change direction 
by making a U-turn and enter the abutting 
property through a right-hand driveway 
entrance. This degign is impractical for 
most urban areas because of the extensive 
right-of-way required. Figure 3.7.15 shows 
that very wide medians are required even to 
accommodate a passenger car, and these widths 
increase more than twofold for the larger 
design vehicles. 
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Figure 3.7.15 Minimum Designs for U-Turns 

Frontage Road Connections. Frontage roads 
on pr1nc1pal arter1al streets are not very 
common, but exist in numbers that perhaps 
deserve mention because of the serious 
problems developed at intersections. The 
new Red Book makes a very significant point 
in the design of intersections with frontage 
roads. A direct quotation makes the point 
very clearly! 

"For satisfactory operation with moderate
to-heavy traffic volumes on the frontage 
roads, the outer separation should preferably 
be 150 feet (46 m) or more in width at the 
intersection. The 150 foot (46 m) dimension 
is derived on the basis of the following 
considerations: 

(1) It is about the minimum acceptable 
length needed for placing signs and other 
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traffic control devices to give proper 
direction to traffic on the cross street. 

(2) It usually affords acceptable storage 
space on the cross street in advance of the 
main intersection to avoid blocking the 
frontage road. 

(3) It enables turning movements to be made 
from the main lanes onto the frontage roads 
without seriously disrupting the orderly 
movement of traffic. 

(4) It facilitates U-turns between the main 
lanes and the two-way frontage road. (Such 
a maneuver is geometrically possible with a 
somewhat narrower separation but is extreme
ly difficult with commercial vehicles.) 

(5) It alleviates the problem of wrong-way 
entry onto the through lanes of the arterial." 

3. 7.6 CHANNELIZATION 

Channelization in general is a rather basic 
subject that is treated in a number of 
references including both the Blue Book, the 
Red Book and the Manual on Uniform Traffic 
Control Devices. The fundamental values of 
channelization are summarized in 10 points 
presented and quoted directly from the Red 
Book. 

"There are many advantages that can be 
obtained from a properly channelized inter
section. These include the following: 

(1) The paths of vehicles can be channel
ized so that not more than two paths cross 
at any one point. 

(2) The angle and location at which 
vehicles merge, diverge, or cross can be 
controlled, 

(3) The amount of paved area can be reduced, 
thereby decreasing vehicle wander and 
narrowing the area of conflict between 
vehicles. 

(4) Clearer indications can be given of the 
proper manner in which movements are to be 
made. 

(5) The predominant movements can be given 
preference. 

(6) Areas can be reserved for pedestrian 
refuge. 

(7) Separate storage lanes or areas can be 
provided that allow turning vehicles to wait 
clear of through traffic lanes. 

(8) Space can be provided for traffic 
control devices so that they·can be more 
readily perceived. 

'(9) Prohibited turns can be discouraged, if 
not prevented. 

(10) The speeds of vehicles can b~ control
led to some extent." 

It has long been recognized that the driver 
associates the width of the roadway with the 
intended operating speed. The wider the 
roadway and traffic lanes the higher the 
expected speed of operation. On high speed 
facilities (Design speeds over 45 mph) the 
use of any type of curb is discouraged. 
Where they must be used, it is recommended 
that the curbs be located outside the shoulder 
edge. On high speed roadways, all channel
ization must be accomplished with flush pave
ment markings. 

On urban roadways the primary factor in 
selecting raised curb or flush channelization 
is the nature of the situation approaching 
the channelizing element. Where the driver 
must make an overt maneuver to be in a 
position to impact the curb, raised curb 
channelization is recommended. A lane 
drop or redesignation of the function of 
a down stream lane (i.e., the trap lane 
situation) a flush channelization system is 
appropriate. Rolled curbs or mountable 
curbs may be used in circumstances where the 
downstream situation is much more hazardous 
than impacting the curb or what is behind 
the curb (i.e., conversion from one-way to 
two-way operation). General use of such 
devices is however discouraged. 

The major point to be made here relative to 
channelization is the need for detailed 
design to fit vehicle path. It is imperative 
that the designer utilize, as a minimum design 
control, the templates illustrated in Figure 
3.7.3 to 3.7.8. These are minimum design 
paths for the indicated vehicles. It would 
be even more desirable to utilize the 
operating characteristics of the design 
vehicles for 10 to 15 mile per hour operation. 

Problems with channelization generally result 
when operational limitation~ are overlooked. 
Convenience in design and layout generally 
results in straight lines and circular 
treatments such as illustrated in Figure 
3.7.16 where a semi-circle is used to treat 
the end of an island. Considering the needs 
for traffic operation, it is desirable to 
give the island a bullet-nose shape as 
illustrated in Figure 3.7.16. The traces of 
vehicular paths illustrate the operational 
problems cuused by the semi-circular nose. 

3.7.7 SPEClAL RURAL INTERSECTION DESIGN 
FEATURES 

Rural intersections pose significant safety 
problems in perhaps a slightly different 
way as compared to urban arterial intersect-
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Figure 3. 7.17 Left-Turn Bypass Lane 

ions. Major safety problems in the rural 
area are the result of speed differentials, 
generally due to vehicles slowing or stopped 
to make a turning movement at the inter
section. For minor rural intersections the 
effects of speed differential may be reduce_d 
greatly by flaring the intersection and 
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permitting through trkffic to by-pass to the 
to·the right of a vehicle waiting to make a 
left turn. This is, in essence, the pro
vision of a left turn lane, but when a left
turning vehicJe is not present, the left 
turn lane becomes the through lane. This is 
illustrated in figure 3.7 .1 7. 

3.7.17 



Major rural intersections frequently employ 
turning roadways as a means of maintaining 
high operating efficiency for the right 
turning vehicles. The geometric design of 
turning roadways has generally been based on 
a balance between available right-of-way and 
the desired level of operation (design speed) 
of the turning roadway. Recent experiences 
have shown that the distance to the begin
ning of the turning roadway from the inter
section is a critical dimension. There is 
a range of dimensions that should be avoided 
because of the response characteristics of 
drivers crossing at the intersection. 

Accidents appear to occur when a driver 
waiting to cross the roadway notes a later
al movement of the vehicle approaching the 
intersection. He assumes that the vehicle 
is entering the turning roadway w~en, in 
fact, the vehicle may simply be responding 
to a widened pavement area. The driver, 
waiting to cross, checks traffic from the 
opposing direction and, finding none, pulls 
out into the intersection only to find that 
he is struck by the vehicle that he had mis
judged previously. To avoid this conflict, 
the designer has two alternatives. First, 
he can design the turning roadways very 
conservatively, pulling the connection points 
in very close to the intersection. A 
second and more preferable alternative when 
right-of-way is available is to make the 
physical separation point between turning 
roadway and through lanes at least 800 feet 
(245 m) from the intersection. For normal 
highway speeds, this suggests that we should 
avoid any design which would result in the 
physical separation being between 200 feet 
(60 m) and 800 feet (245 m) from the inter
section. 
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TOPIC 3 SESSION 8 
SAFETY AND OPERATIONAL REQUIREMENTS FOR INTERCHANGES 

-
Objectives: 

The partiaipant shouLd be abLe to: 

1. Identify the features of i~terahanges 
that produae safety and operat~onaL probLems, 

2. AppLy a generaLized o~erationaL anaLysis. 
to e~isting and proposed ~nterahanges, and 

3. EvaZuate the adequaay of geometria 
eLements of interahanges ba~ed on the 
desirabLe safety and operat~onaL aharaater
istiaa of the eZementa. 

3.8.1 INTRODUCTION 

3.8.11 Definition and Purpose 

Fundamentally, an interchange as it is · 
applied in modern highway technology simply 
provides an opportunity for traffic to 
transfer from one roadway to another. 
Implicitly, an interchange pertains to those 
fac11ities which provide a vertical se-para
tion of two main traffic flows from which 
the transfers take place. In other words, 
a modern interchange is a grade separation 
with connecting ramps. 

Interchanges are justified on the basis of 
policy (the Interstate system) and ope:ation
al criteria: to provide greater capac1ty; 
to provide for the maintaining of higher 
operating speeds; and to reduce the prob
ability of vehicular conflict and, as a 
result, improve traffic safety. In summary, 
the purpose of the interchange is to 
separate conflicting flows and to facilitate 
interchanging movements with a minimal amount 
of interference. The purpose here is not to 
delve deeply into the fundamentals of inter
change warrants and policy but to review very 
briefly the characteristics of interchanges 
which appear to contribute positively and 
adversely to safety. The basic requirements 
of interchange design have been spelled out 
to a reasonable degree at this point, and 
we should add perhaps that the traffic move
ments in an interchange should be accomplish
ed as simply as possible and with a minimum 
of undue surprises to the driver. When this 
is accomplished, a good design generally has 
been provided. 

3.8.12 Interchange Types 

There are many interchange types that have 
been employed throughout the country - many 
more types than are actually justified. One 
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of the major problems with interchanges ~s 
the strong personal influence of the des1¥n
er. Althciugh innovation of the designer 1s 
commendable, uniformity in design is a very 
strong virtue. Uniformity permits the driver 
to anticipate requirements based on what he 
sees at the moment. 

·we will not attempt to identify and discuss 
all types of interchanges. For such a 
detailed treatment one should consult the 
Red Book (1) and the Blue Book (~). The 
major point is that interchange type should 
depend upon the type of facilities between 
which interchange is to take place. _F<;>r 
example, the diamond is the most eff1c1e~t 
of the interchanges used for the connect1on 
between freeways and surface streets. It 
requires a minimum travel distance and pe:
mits a uniform change from freeway operat1ng 
conditions to surface street operating 
conditions. 

The clover-leaf is reasonably efficient for 
low and intermediate volume interchanging 
movements between two controlled-access 
facilities. Inherent problems of the clover
leaf relate to extreme operational changes 
imposed on the interchanging drivers. Thus, 
the key issues in using such an interchange 
type are sufficient land area to design the 
loops properly, sufficient weaving s~a~e 
for ingress and egress, and the prov1s1on of 
collector-distributor roads to handle the 
higher volume weaving condit.ions. 

Interchanging traffic between two high-type, 
controlled-access facilities, i.e., two Inter
state highways, generally requires a dire~t
ional interchange - one in which all poss1ble 
movements are provided by direct turning 
roadways rather than loops and intersections. 
Directional interchanges take many forms, 
dependent upon the topography, the available 
land area and to a great degree the innova
tive thinking of the designer. Again, 
uniformity permits a driver to think ahead 
and to plan ahead. Lack of uniformity 
maintains a certain level of driver confusion. 
Confused drivers make more mistakes, have 
more accidents, and require more signing 
and traffic control measures. 

3.8.13 Typical Interchange ·Problems 

Thirty years' exp~rience with various types 
of interchanges have revealed certain 
operational problems (3). We will identify 
some of-these problems-and discuss them 
briefly. Later, corrective alternatives will 
be discussed. 



Poorly-defined Exit Points. Particularly in 
early des1gns, approach1ng drivers were un~ 
able to see the pavement surface in the exit 
area due to vertical alignment. Parallel 
deceleration lanes were frequently designed, 
and there is no assurance that a driver will 
use a parallel deceleration lane. If the 
driver does not see the ramp terminal early, 
and if he does not utilize existing deceler
ation space, then he may exceed the design 
conditions of the ramp after he leaves the 
main lanes. 

Drastic Speed Changes. Critical exit ramp 
geometry often 1mposes more severe change 
than is expected or considered acceptable by 
the driver. 

Inadequate Visibility. 
not prov1de suff1c1ent 
so that the driver can 
the roadway geometries 
accordingly. 

Many times, we do 
visibility distance 
~nterpret properly 
and plan his maneuvers 

Confusin~ Geometries. In many instances, we 
developighly channelized intersections and 
ramp terminals that look good in plan view 
on paper but result in driver confusion 
when viewed from the vehicle. 

Poorly-defined Entrance Points. There are 
two major problems: First, tne entrance to 
the ramp from the cross street and, second, 
the entrance or merge point with the free
way may not be well defined. The failure to 
define either of these points veri well may 
result in reduced efficiency due to increased 
driver confusion. 

Exceeding Driver Work Load Capacit~. Some 
entrance ramp des1gns require theriver to 
look over his shoulder to find a gap in the 
traffic stream, to look ahead to make sure 
the way is clear, and to steer a compound 
curve, superelevated and tapered into a 
horizontal curve on the freeway. This simply 
overloads the driver, and he is unable to 
accomplish all these tasks at one time. 

Unnatural Merge Requirements. Left-hand 
entrances require unnatural maneuvers. The 
driver bas less visibility and less experi
ence and, therefore, does not merge right as 
well as he merges left. Further, it is un
real to expect a driver to merge with a high 
density traffic stream at 45 to SO miles per 
hour through a direct entry-type ramp 
terminal. Thus, such a ramp iE totally in
compatible with the operational requirements. 
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3.8.14 Types of Accidents 

Certain types of accidents are associate~ 
directly with and/or influenced to a_great 
degree by the type and design of the inter
change. These will be reviewed briefly. 

Rear-end Collision. The rear-end collision 
lS by far the most frequent accident type 
associated wit·h interchanges. It occurs 
on the entrance ramp and is the result of the 
driver attemptir.g to simultaneously look over 
his shoulder to judge the traffic, and to 
maintain a sufficient gap with the vehicle in 
front. · 

Fixed Object Collisions. Fixed object 
coll1sions relate to 1nterchanges primarily 
because of the fixed objects that are inherent 
due to the configuration of the overpassing 
structure. The proximity of piers to the 
roadway and to the point where decisions must 
be made simply results in a higher frequency 
of occurrence in the i~terchange area. 

Ran-off-the Road c·olTisio·ns. Interchanges 
are obv1ously po1nts of decision, and un
fortunately, they are points of critical 
geometry. These two in combination result 
in a higher frequency of out-of-control type 
collisions. 

Intersection Conflicts. Interchanges with 
surface-type fac1l1ties result in inter
sections at grade. These intersections are 
frequently located very near the structure 
and, consequently, are subject to limited 
sight distance due to bridge rails, traffic 
barriers and vertical alignment of the cross
ing roadway. 

Wrong-Way Movements. In almost all cases, 
wrong-way movements begin at the interchange. 
Some simply ~annat be avoided; others, how
ev~r, generally result from driver confusion 
which is usually a direct result of the 
design. 

3.8 .2 INTERCHANGE ACCIDENT EXPERIENCE 

There are several methods of identifying 
critical elements and operational problems in 
interchanges, but perhaps the most direct 
method of examining safety problems is to 
compare accident statistics relative to the 
various interchange elements. Several 
recent research projects have provided a 
substantial amount of data upon which we ma.y 
make a study of interchange elements. 
Perhaps the most comprehensive of these 
studies is the Interstate System Accident 
Research Study II by the Federal Highway 
Administration (4). This study is used to 
identify the critical elements of the inter
change and to give them a certain priority 
relative to accident rates. Because accident 
characteristics are so different under rural 
and urban conditions, we will look at the 
general distribution of accidents for each 
of the two conditions. 



3.8.21 Rural Interchange Accident Rates 

Figure 3.8.1 presents data on accident rates 
by interchange element. It should be noted 
that for rural conditions the highest rate 
is on the exit ramp (346 accidents per 100 
million vehicle miles of travel). It is 
difficult to identify the exact cause in such 
a generalized study, but most of these 
accidents are due to drivers being exposed to 
critical ramp geometry in their transition 
from freeway operating speeds. 

The second most critical element in rural 
interchanges is the entrance ramp. It should 
be noted in Figure 3.8.1 that the rate on 
entrance ramps is roughly half that of exit 
ramps. Again, these accidents are attribut
able mainly to critical geometry. 

The third most critical element in rural 
interchanges is the deccleratioq area. All 
other elements have roughly the same rate. 

3.8.22 Urban Interchange Accident Rates 

In Figure 3.8.1 it is quickly noted that the 
highest accident rate on any element of the 
interchange is on the entrance ramp (718'. 

accidents per 100 million vehicle miles). 
This high rate is obviously due to the 
situation where the driver must look over his 
shoulder to find a gap in the traffic stream 
and, when doing so, increases the likelihood 
of being involved in a rear-end collision 
with the car ahead. 

The second highest rate is on the exit ramp 
(370 accidents per 100 million vehicle 
miles). This could be due, in part, to rear
end collisions with traffic that is stopped 
for a control device on the surface street 
system. 

Also in Figure 3.8.1, it can be noted that 
the deceleration lane and the acceleration 
lane elements have comparable rates. In 
general, however, the rates for urban inter
changes are roughly two times the rate for 
rural interchanges. 

Table 3.8.1 presents the accident frequency 
and accident rates for various distances on 
each side of the interchange (4). On the 
exit side, the higher accident-rates are 
observed at distances of less than one mile 
from the interchange area (the interchange 
area being defined as the limits of the 
ramp terminals); Further, it can be noted 
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TABLE 3.8.1 ACCIDENT RATE BY PROXIMITY tO INTERCHANGE 

PIT SIDE 
Distance to exit-ramp 

nose ahead 
Accidents Accident 

rate ' 
URBAN 

Less than .2 miles .................................... . 
.2· .4 miles ....... - .......................... . 
.5· .9 miles ................................... . 

Number 
722 

1,209 
786 
280 
166 

Number 
131 
127 
110 

1.0-1.9 miles .......... - ...................... . 
2:0-3.9 miles . . .............................. .. 
4.0·7.9 miles .............................. . 

More than 8 miles • ................................ . 

RURAL 
less than .2 miles ................................. .. 

. 2· .4 miles ................................... . 
,5- .9 miles .................................. . 

1.0-1.9 miles . . ................................ . 
2.0·3.9 miles ................................. .. 
4.0-7.9 miles ................................... . 

More than 8 miles • . .. ... .................. . ... . 
I Numher of accidents rcr 100 million vehicle tnill•· 
: Small sumrle •ize. 
• No data a•ail:oblc. 

19. 

160 
459 
559 
479 
222 
46 

75 
63 
69 

76 
75 
69 
69 
68 
62 

that these rates are roughly 1.5 times the 
rates on other sections of the freeway. For 
rural conditions, however, there is virtually 
no increase in rates outside of the immediate 
interchange area. 

It should be noted that the rate for rural 
entrance ramps is roughly twice the rate for 
normal highway conditions. This is perhaps 
due to critical geometric characteristics of 
entrance ramps. The lower rate is indict
ative of lower speeds and relatively fewer 
surprises to the driver. Entrance ramps on 
urban freeways are entirely a different 
matter. It is noted that the highest rate 
of all is observed on urban entrance ramps. 
This high rate is due largely to the rear-
end collision3 resulting from exceeding the 
driver work load. It is the situation in 
which the driver must look over his shoulder 
to select a gap in the traffic stream and 
move forward to intercept that gap. Frequent
ly, however, there is a vehicle in his path 
that is detected too late to avoid a 
collision. Fortunately, these conditions are 
minor. but their effect on operation of the 
interchange is m0st devastating. They tend 
to block the facility during the times of 
greatest activity. 

Rear-end type collisions have been greatly 
reduced through the implementation of ramp 
signal control Q~. Ramp control reduces 
the congestion 1n the merge area by permit
ting only one vehicle at a time in the 
merge process. From a design standpoint 
these rear-end collisions may be reduced 
greatly by designing the ramp to parallel 
the main lanes such that the driver can 
select or maintain visual contact with his 
gap through the rearview mirror while keeping 

Distance to entrance-ramp 
nose behind 

URBAN 

Less than .2 miles . . .................. _ ........... . 
.2· .4 miles .. . . .. ............................ . 
.5· .9 miles .................................... . 

1.0-1.9 miles . ... . ........................... . 
2.0·3.9 miles ............................. . 
4.0·7.9 miles ............................. . 

More than 8 miles • ......................... . 

RURAt 
Less than .2 miles ..................................... . 

.2· .4 miles ................................ . 
.5· .9 miles ................................... . 

1.0-1.9 miles . ... . ........................... . 
2.0·3.9 miles .................................. . 
4.0·7.9 miles . . ............................ . 

More than 8 miles • . . ...................... . 

Accidents Accident 
rate 1 

Number Number 
426 122 

1,156 ]25 
655 105 
278 84 
151 59 
200 75 

117 80 
482 82 
560 72 
435 64 
169 51 
52 40 

"his eyes directed ahead of the vehicle, 
These design features ~ill be discussed in 
greater detail later. 

3.8.23 Accident Rates By Type of Ramp 

A rather significant research study (5) has 
shown that some ramps are inherently safer 
than others, and these results are reflected 
in Table 3.8.2. Looking first at entrance
ramps, it is evident that the accident rates 
are relative to the confusion factors - the 
greater the confusion, the greater the 
accident rate. Evidence to this effect is 
reflected in the rates for left-hand, 
scissor, and trumpet ramps. 

For entrance ramps presenting only a moderate 
level of confusion, we find moderate accident 
rates. Note that "button hook" ramps, loops 
without collector-distributor roads, and 
clover-leaf ramps without C-D roads have 
rates ranging from 64 to 78 accidents per 
100 million vehicle miles. The simplest 
ramps - the diamond, the clover-leaf ramps 
with C-D roads and direct connections - have 
the lowest rates. From this we should con
clude that simplicity is a prime virtue. 

Noting again information in Table 3.8.2, we 
find essentially the same patterns for the 
various exit ramp types, but the rates are 
higher - in fact, they are disproportionate
ly higher for the major confusion types. It 
may be noted further that button hook and 
direct connection exit ramps have relatively 
high rates. Again, this reflects the in
tensity of the combination of high speed 
and critical geometry. 
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TABLE 3,8,2 ACCIDENT RATES BY TYPE OF 
FREEWAY RAMP (i). 

Accident Rate • 
Ramp Type On Off On&otl 

I. Diamond ramps ............... ·-·-··-- 0.40 0.67 0.53 
2. Cloverleaf ramps with 

collector-distributor roads • ................ 0.45 0.62 0.61 
3. Direct connections ............. oo••·--·· 0.50 0.91 0.67 
4. Cloverleaf loo~s with 

collector-distributor roads' .... 0.38 0.40 0.69 
5. Buttonhook ramps ...................... ~~:~ 0.64 0.96 0.80 
6. loops without collector-

distnbu:or roads 0.78 0.88 0.83 
7. Clover lea! ramps wftiio;;t·· .... _ .. ··--

collector-distrioutor roads 0.72 0.95 0.8~ 
8. Trumpet ramps ................. ::::::===::::: 0.84 0.85 o.ss 
9. Scissors ramps ................... _ .............. 0.88 1.48 1.28 

10. left side ramps ............... _ ............... 0.93 2.19 1.91 
Average -.----·-··----- 0.59 0.95 0.79 

I Aecidrnts J')Cr million ~ehicles. 
• Only \he On & Off rate include$ lhe accidenll occurriag oo I he col~c\or .. 

di!.lributor road,. 

3.8.3 OPERATIONAL ANALYSIS 

In this section we will review briefly the 
operational requirements of the basic entrance 
and exit movements through an interchange. 
We will attempt to identify and present a non
technical approach to defining driver inform
ational needs that must be satisfied in order 
to achieve the safest operating conditions in 
the interchange area. 

3.8.31 The Exit Maneuver 

In reviewing a preliminary design of an 
interchange, the designer must, through an 
imaginative process, put himself in the 
position of the approaching driver and 
consider all aspects of interpreting the 
freeway interchange geometry. In doing so, 
he will find that the first requirement is 
good effective directional signing, placed 
well in advance of the exit. Additional 
signing and markings should identify the 
specific exit point. The driver cannot 
depend totally on the signing system. He 
must have visibility of the deceleration 
lane, the taper, the ramp gore, and other 
elements of the ramp in proper order. It is 
necessary that the driver be able to view 
this area of departure well in advance so 
that he can plan his maneuver and reduce his 
speed to conform to the geometric require
ments. If, however, he is unable to see the 
area of departure and the ramp beyond it, he 
likely will not adjust speed sufficiently. 

Unless otherwise alerted and prompted, most 
drivers will utilize leisure, in-gear 
deceleration rather than braking. Braking 
seems to be a last resort. Thus, it is 
essential that sufficient deceleration 
distance be provided on the ramp beyond the 
ramp gore. One cannot assume that all 
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drivers will utilize a parallel deceleration 
lane if ·there is an opportunity for them to 
enter the ramp without it. 

It is important that all geometric features 
of the ramp and the connection to the surface 
street be visible as soon as possible. 
Further, the driver must comprehend and be 
ready to respond to the requirements of this 
geometry. There are several connection 
possibilities at the other end of the ramp: 

• A diamond ramp that connects directly to 
the surface street 

• A merge with another traffic stream 

• A merge with a collector-distributor road 

• A merge with a one-way frontage road 

• An intersection with a two-way frontage 
road 

The first two are generally expected by the 
driver but the latter three generally are not 
expected, and the information must be convey
ed primarily by the visual aspects of the 
geometry. Roadway lighting can be used 
effectively to enhance the safety of these 
latter alternatives, particularly the 
collector-distributor road connection. 

3.8.32 The Entrance Maneuver 

Again following the driver through his 
maneuvers by an imaginative process, the 
designer would first find a possible break
down in driver information in locating the 
connection from the cross street onto the 
ramp. This is accomplished most effectively 
by a combination of good directional signing 
and by good geometry which puts the connect
ion in full view of the driver well in time 
for him to make whatever maneuver is 
necessary to gain access to the connection. 
Complications arise when there are multiple 
entry points, or driveways that appear to be 
entry points. Partial cloverleafs and other 
designs that bring the entrances and exits 
into a single point of convergence frequent
ly introduce unncessary confusion. In these 
instances, the designer must use channel
ization and signing to prevent wrong-way 
entries. This is one point where the simple 
diamond interchange has a tremendous advant
age. 

Another very awkward situation arises when 
the ramps are not integrated into the front
age road system. In many ~ases frontage 
roads are forced outside the access limits 
and result in two successive intersections 
with the cross street - one for the frontage 
road and one for the ramp. The drivers fail 
to comprehend the jurisdictional problems 
that have prevailed, and the result is 
confusion. 



Two-lane ~ntrance ramps that are quite common 
with directional interchanges can be virtual 
nightmares from the standpoint of operations. 
In a situation such as illustrated in Figure 
3.8.3, where a two-lane ramp joins a three
lane freeway to result in four lanes down- . 
stream, merging the left lane of the ramp w1th 
the outside lane of the freeway is a disaster. 
There is no relief valve. Both lanes are 
enclosed from the outside, and speeds are 
high. This situation is avoided by most 
drivers until, under high-volume conditions, 
they are simply forced to remain in their 
respective lanes. This situation can be 
solved as shown in Figure 3.8.4 where the 
two lanes are brought parallel, and the out
side lane is dropped at a point downstream. 

Once the driver has gained access to the ramp, 
there are certain characteristics that must 
be provided if the driver is to make a safe 
and efficient entry. At some point on the 
ramp prior to entry, he should look over his 
shoulder to get a general view of the 
traffic stream with which he is to merge. 
This first look should be fairly easy and 
should be achievable in a short period of 
time. To do this he needs to be at 
essentially the same grade and perhaps even 
a little above the main lanes so that he can 
get a good view. From there, he must quickly 
come into a position parallel with the main 
lanes so that he can pick up the traffic 
stream in his rearview mirror before reaching 
the gore of the ramp. From that point he 
must be able to operate with the information 
given in his rearview mirror. Ideally, he 
will have a long, tapered entry at the same 
grade as the through lanes, and the length 
of the taper will be 50 to 1 over a distance 
of something on the order of one thousand 
feet (330m). Further, a paved shoulder 

~:.;::--==-==-==_::=:_:...:::_:...::_:..::_::.-=-=-=-=_=_=_= 

Figure 3.8.3 Two-Lane Entrance Terminal -
Inside Merge 
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should permit the driver to continue at a 
reduced· speed and not be forced to stop at 
the end of the merge area if he has been un
able to accomplish the merge. Above all, 
this merge area should not be on a 
horizontal curve. This simply adds an 
additional element to the driver workload 
and one that will induce stopping rather 
than merging. 

: 1 ••• + 

3.8.4 OPERATIONAL UNIFORMITY IN DESIGN 

Aside from elements that have already been 
discussed, there are other elements for 
which uniformity is of the essence. These 
include interchange patterns, interchange 
spacing, lane drops, frontage roads, and 
cross-street characteristics. 

3.8.41 Interchange Patterns 

Although there is a certain amount of 
uniqueness to every interchange, it is 
detrimental to the operational quality for 
every interchange to be designed totally 
different from the next. Further, many 
highway agencies around the country have 
approached interchange design with the 
philosophy that every_ interchange should be 
different. On the other hand, some states 
have selected basic interchange types or 
patterns to be employed £or the two basic 
operational conditions, that is freeway-to
surface street and freeway-to-freeway 
operations. The uniqueness of individual 
sites has been used to effect minor modifi
cations that adapt the general freeway 
pattern to the specific location. This 
latter design approach has proven far more 
desirable. 

Many states have adopted the diamond inter
change as the basic interchange for freeway 
to surface street type operation. This 
easily conforms to a fundamental driver 
expectancy rule that the exit point be 
located on the advance side of the inter
change, and the entrance point be located on 
the downstream side of the interchange. 

All interchanges should provide for all 
legal man~uvers. To omit a movement because 
it is of a low volume in the estimated 
traffic demand is unrealistic. It is a point 
of extreme confusion for those few who are 
looking for the connection and, further, it 
puts the designer in a position of predicting 
future land use that may influence the 
demand for the omitted maneuver. 

Some agencies build crossovers rather than 
interchanges. When drivers see a structure 
ahead, they associate this with an inter
change. When they arrive on the scene, there 
may be some confusion in sear~hing for the 
nonexistent ramp connections. Thus, any 
crossover should be associated and integrated 
with a nearby interchange. 



A particularly important need that must be 
met is that of providing the motorist with 
sufficient advance information on the type 
of interchange ahead, and the path he must 
follow to reach his.desired destination. 
This is especially critical if the inter
change pattern is unique and unexpected by 
the motorist. For example, if a series of 
simple diamond interchanges is followed by a 
parclo interchange, the driver's expectancy 
will not be fulfilled, resulting in critical 
operations. Diagrammatic signs are possible 
solutions. 

3. 8. 42 Spacing 

The Yellow Book (3) suggests a minimum 
spacing of intercnanges for proper signing 
to be at least one mile between urban cross
roads and twice as much along rural sections. 
Obviously, spacing of less than one mile 
creates difficulties in fitting in the ramps 
and maintaining sufficient weaving space. 
On the other hand, attempting to space inter
changes too far apart in the urban area will 
result in excessive demand on the ramps that 
are provided. Also, the fewer connections, 
the less true service·that the freeway pro
vides to the urban area. In other words, 
for a freeway to be functional, there must 
be frequent access.points; we cannot go 
overboard on this because putting in too 
many access points will reduce the operation-

• al efficiency. Therefore, the spacing of one 
mile as a minimum should also be considered 
very close to optimal. Ramp connections in 
urban areas should not exceed two miles. 

3.8.43 Freeway Ramps 

Although we have already discussed to some 
extent the operational requirements of ramps, 
they are extremely important, and AASHTO has 
provided a very comprehensive safety treat
ment of ramps in the new Yellow Book. 
Therefore, the recommendations listed below 
have been taken directly from the Yellow 
Book (~). 

Ramps 

"Because of the potential for 
accidents at ramps and ramp term
inals, particular concern with 
geometric design and traffic 
operation at these locations is 
advised. 

There usually are more accidents 
on exit than on entrance ramps, 
especially at cloverleaf inter
changes. Damaged delineators 
and skid marks testify to the 
accuracy of this statement. 
Special attention to gore areas 
as described later in this 
Chapter is strongly recommended. 
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Exit ramp capacity and safety can 
and should be increased at many 
locations. This is often readily 
accomplished by the improvement 
of facilities at or on the cross
road~ which will expedite traffic 
flow generally, or by the addition 
of vehicle storage space along the 
ramps and approaches to prevent 
a back-up on the ramp or even on 
the freeway itself. Where heavy 
exiting traffic is combined with 
heavy through traffic, rear-end 
a~cidents are likely to be pre
valent. One method to relieve 
this condition is to add a long 
auxiliary lane in advance of the 
exit ramp. Such lanes usually 
appear as through lanes to the 
driver and tend to operate as 
interchange lane drops. Special 
pavement marking and signing is 
necessary to prevent the use of 
such a lane BS an added through 
lane. 

The recommendations listed below 
are intended to supplement and 
strengthen the recommendations 
in existing AASHTO publications. 

Exit Ramps 

I. Exit ramps should normally 
have a single lane at the gore, 
although they may be widened for 
increased capacity and storage 
shortly beyond the gore. The 
ramp terminal at the crossroads 
should have length, capacity, and 
turning room to accommodate the 
stored vehicles. Two-lane exits 
should he used only when warranted 
by traffic volumes and when an 
auxiliary lane with adequate 
length and taper is provided. 
Two-lane exits are generally re
served for ramps connecting 
controlled access highways. 

2. When the number of lanes 
leaving a point of divergence is 
greater than the number of 
approach lanes plus one, the 
number of approach lanes should 
be increased to provide adequate 
capacity and to permit proper 
lane assignment. 

3 •. A major consideration in the 
locations and design of exits is 
the provision of adequate visi
bility for the motorist approach
ing the exit ramp on the freeway 
mainline. Sight distances of 
1,000 feet or more to the exit 
gore are desirable. Ramps that 
drop out of sight are a potential 
hazard and should be avoided wher
ever practical. 



4. Left-hand exit ramps have poorer 
operational and safety.records than 
right-hand exits and should not be 
used on new construction. Existing 
left exits should be signed 
diagrammatically. 

S. On loop ramps a constant radius 
curve beyond the exit terminal pro
vides for better operation and is 
preferred to a compound or broken
back curve. On direct connecting 
ramps, reverse curves without an 
adequate intervening tangent for 
superelevation transition should be 
avoided. 

6. Exit ramps should begin where 
the freeway mainline is on a tangent 
wherever possible. Where a curve 
location is necessary, special treat
ment is required. A parallel speed 
change lane should be considered, 
and the exit gore itself sno~ld be 
located well in advance of or well 
into the curve. Where an exit on 
a curve to the right is in a cut 
section with impaired visibility, 
consideration should be given to 
cut widening or to adding an 
auxiliary lane in advance of the 
exit for orientation. 

7. The exit ramp loops of clover
leaf interchanges provide a potential 
for run-off-the-road accidents as a 
result of vehicles exceeding the 
design speed. For this reason, a 
relatively flat recovery area on the 
outside of the curve should be pro
vided. 

8. To provide adequate distance for 
maneuvering and for signing at suc
cessive exits within an interchange, 
the following minimum distances 
between gore points are suggested: 
1,000 feet between exits on a free
way mainline and 800 feet between a 
mainline exit and an exit on a 
collector-distributor road or a split 
in the ramp. Multi-lane ramps may 
require more than 800 feet between 
sequential exits. 

Entrance Ramps 

1. In general, entrance ramps should 
have a single lane at the entrance 
nose. Where a two-lane entrance ramp 
is warranted by traffic volume, an 
additional lane should be provided 
on the freeway with the outside ramp 
lane merged into the added lane with 
a normal taper. The additional lane 
may be continuous or it may be term
inated with a normal taper an 
appropriate distance down stream (a 
minimum of 1,500 feet is suggested) 
depending upon traffic demands. 
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2. Variations in the width of 
entrance ramps can cause congestion 
and hazard. The provision of a two
lane throat at the beginning of the 
entrance ramp at the crossroad may 
be needed tolaccommodate turning 
maneuvers. A gradual but obvious 
reduction of this width, however, 
to a single lane prior to the entrance 
nose is desirable. 

3. Entrance ramps and merging areas 
should be lengthened to account for 
the effects of ascending grades in 
cases where a substantial volume 
of slow-moving traffic is anticipated. 

4. Entrance ramps from local streets 
should always join the main traffic 
stream from the right. Where direct 
connections are provided between two 
freeways, left-hand junctions are 
occasionally a necessity. Whether 
right or left hand, such junctions 
require added lanes on the mainline 
with an appropriate lane drop down
stream. Drivers must always have 
full notice of any merging, lane 
changing, or other action required 
of them. 

. S. On urban freeways where ramp 
metering is used. on-ramps must pro
vide adequate storage for vehicles 
which may be delayed because of 
the metering. 

Slip Ramps 

1. Slip ramps should normally be· 
used only on freeway sections with 
one-way frontage roads. Slip ramps 
from a freeway to two-way frontage 
roads are generally unsatisfac~ory 
beca~se they tend to induce wrong
way entry to the through lanes of 
the freeway and cause accidents at 
the ramp-frontage road junction. 

2. Slip ramps to a frontage road 
should be long enough to enable 
traffic to slow down sufficiently 
to enter the frontage road safely. 

3. An intersection of a slip ramp 
with a one-way frontage road should 
be sufficiently in advance of a 
crossroad intersection to provide 
adequate weaving length for turning 
traffic plus storage." 

Ramp curvature has been considered as an in
fluencing factor in several freeway safety 
studies. If interchange on~and off-ramps are 
classified as either straight or curved 
(excluding scissors, left-side ramps, and 
direct connections), straight ramps have been 
found t6 have a 12 percent lower overall 
accident rate (5). In a New Jersey study of 
on-ramps without acceleration lanes, increas
ing the ramp radius from 40 to 1000 feet 



(12 to 305 m) was found to provide little 
benefit in terms of highway safety. The 
important ·factor is not the radius of the 
ramp but whether or not traffic slows down 
or stops before entering the freeway (~). 
The lack of correlation between accident 
frequency and the horizontal curvature of 
ramps was also noted in a study of freeways 
in Texas ·c~). 

Another factor reported in the literature on 
ramps has been their location on the left- or 
right-hand side of the freeway. All left
hand entrance and exit ramps in a New Jersey 
study had poor accident experience (7). This 
same finding was also reported in an-early 
study of left-hand ramps in California (~). 

Although no single ramp design element 
contributes greatly to accident experience, 
on- and off-ramps with high accident 
frequencies are identified by the following 
combination of characteristics: freeway 
under the structure; distance back to the 
st<ucture of less than 750 feet (220m); 
freeway on an upgrade at the junction of the 
ramp with the freeway; and direct-entry 
maneuvers. Conversely, low-accident ramps 
are indicative of the following combination 
of conditions: long acceleration or auxil-

. iary lane; distance back to the structure 
greater than 750 feet (220m); and freeway 
on a downgrade at the junction with the ramp 
(~). 

Entrance Terminals. The merging process is 
accomplished at the entrance terminal and 
involves the driver selection of an adequate 
gap for entry into the freeway traffic flow 
from an on-ramp. Although the design of 
the merging area does not provide for the 
regulation of gaps in the traffic stream 
of the freeway, the proper arrangement 
of geometric elements can assist drivers 
in making safe and efficient merges. 
The importance of the entrance terminal 
in highway safety is evidenced by the fact 
that approximately 53 percent of on-ramp 
accidents occur in the merging area (i). 

The major variable studied in the entrance 
terminal area has been the length of 
acceleration lane available for the merging 
maneuver. If the acceleration lane is less 
than 800 feet (245 m) long, the accident 
rate tends to be above average, especially 
where high entrance speeds are possible. 
When the merging areas are short, the most 
common accident in the entrance terminal is 
the rear-end collision. These collisions 
usually occur when drivers are forced to look 
back over their shoulders to find an accept
able gap in the through traffic for merging. 
When a driver stops or slows down instead of 
continuing a merging maneuver, a rear-end 
accident frequently results because the 
following driver is watching the freeway 
traffic and does not anticipate a speed 
change. The process of entering a freeway 
can be expedited by changing the merging 
maneuver to the less complex and more common 
lane-changing maneuver through the use 

of an adequate parallel acceleration lane. 
In this situation, the entering driver can 
select an adequate gap by looking into a · 
rear-view mirror and can change lanes at 
approximately the speed of"the through 
traffic (7, 8, 10, 11). Entrance terminals 
with auxiTiary Iane~ or long tapers, are 
generally classified in the low accident 
group, while designs with short tapers, 
direct entry, or short acceleration lanes 
are usually in the high accident category 
(~. 11). 
Approximately 23 percent of all through-lane 
accidents occur in the vicinity of the 
entrance terminal (8). A recent evaluation 
of data collected for the Interstate System 
Accident Research Study II found that as the 
ratio of ramp to mainline traffic volumes 
increases, the accident rate also increases, 
regardless of the length of the speed change 
lanes. Little difference in accident rates 
for acceleration lanes of various lengths is 
evident when the merging traffic is less than 
six percent of the freeway traffic. As the 
percentage of merging traffic increases be
yond this value, the additional length of 
acceleration lanes provides a significant 
reduction in a~cidents (~). 

Another factor considered in the safety 
appraisal of entrance terminals is sight 
distance. The restriction of sight distance 
to either the driver on the ramp and/or the 
driver on the freeway normally produces an 
accident-prone design (7, 8). The probabi
lity of an accident at ramp locations is re
lated to the vertical alignment of the free
way. The location of entrance terminals at 
points where the through lanes are on down
grades has a lower accident frequ~ncy than 
merging areas when the freeway traffic is on 
an upgrade, at the top of a crest, or at the 
bot~om of a sag (!!). 

Although several studies have reported the 
effects of ramp merging control, little 
attention has been devoted to its effect on 
safety. Reduced accident experience was re
ported in an Atlanta, Georgia, stud~ after 
the installation of a traffic signal on a 
high-accident urban freeway ramp (12). Rear
end collisions were reduced from 7~to 8 in 
the year following the installation of ramp 
merging control. Similar results have been 
demonstrated in Houston and Dallas, Texas. 

In summary, the relative safety of entrance 
terminals is enhanced with geometric designs 
that provide long acceleration or auxiliary 
lanes, adequate sight distances for both 
freeway and ramp drivers, and freeway lanes 
on downgrades. Attention to these design 
details also improves the operational char
acteristics of the merging area. 

Exit Terminals. The design of an exit term
inal must provide for the efficient and safe 
transition of traffic from the freeway to the 
off-ramp. If the traffic volume on the exit 
ramp is not a controlling factor because of 
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a traffic spill-back condition, then the 
diverging process only involves the driver 
steering the vehicle from the through lane 
to the ramp. To prevent the development of 
any discontinuity on the freeway system, the 
geometry of the diverging area must be 
arranged so that any necessary speed reduct
·ions can be accomplished off the through 
lane by the exiting traffic. About 44 per
cent of traffic accidents on off-ramps occur 
in the exit terminal, and over 50 percent of 
off-ramp accidents are single vehicle types 
·c.~). 

The length of deceleration lane available 
for the diverging maneuver has been the major 
design parameter considered in the safety 
evaluation of exit terminals. Off-ramps 
with speed-change lanes have a lower accident 
rate than those ramps without speed-change 
lanes (~). 

Roadside signs, which are normally placed on 
the outside edge of curves and in the ramp 
nose, are the most vulnerable fixed objects 
in the exit terminal. Out-of-control veh
icles normally leave the roadway on the out
side edge of a curve while in entrance or 
exit terminals. In the case of off-ramps, 
the gore is extremely vulnerable to those 
drivers who misjudge the exit location (5). 
Geometric designs which allow off-ramp gores 
hidden behind an overpassing structure, out
of-sight over the crest of a vertical curve, 
or around a curve obscured by an embankment 
or structure, result in potentially high 
collision locations (.!2_). 

The types of accidents that occur in the area 
of the exit terminal are summarized by the 
following conditions: slowed for the exit 
and hit in the rear; turned from the wrong 
lane; missed the exit and stopped; hit the 
island nose; hit in the rear because of 
sudden stops in traffic (7). In general, 
these types of accidents can be reduced if 
the design of entrance and exit terminals 
provides adequate speed-change lanes, control 
of access, and proper sight distances to 
encourage smooth traffic flow at proper 
operating speeds. 

Another important consideration is the design 
of the gore area on grade rather than 
elevated. When elevated it is virtually 
impossible to des1gn a relatively safe gore 
or bifurcation area without the usc of impact
absorbing devices. It is important, there
fore, to key the gore or bifurcation points 
at grade. 

Weaving Area. Weaving maneuvers are very 
CoiilmonlntFie interchange area and involve 
the crossing of traffic streams by vehicles 
moving in the same general direction through 
diverging and merging processes. Unfortun
ately, little information is available in the 
literature on the subject of weaving accidents 
as related to various elements of interchange 
design. 

At a weaving section, a vehicle in one 
traffic stream may collide with a vehicle 
in the other stream if the movements of the 
two vehicles converge on the same place at 
the same time. No matter how abrupt or how 
gradual the weaving maneuver, there is the 
possibility of an accident at each merging 
or diverging movement. As a result, the 
length of the weaving section has no in
fluence on the Jiossibility of traffic 
collisions, alt ough length may very well 
influence the accident probability (14). 
In a recent analysis of interchange -
accidents, the accident rate was found to 
decrease significantly as the length of the 
weaving area is increased. In addition, as 
traffic volumes increase, the accident rate 
also increases. The accident rates level 
off for weaving lengths in the range of 7UO 
to 800 feet (215 to 245m) (~). 

Geometric designs for weaving maneuvers 
should provide weaving sections that are at 
least 1000 feet (308 m) in length. Addition
al research is needed to correlate the re
lative safety of weaving areas with other 
significant features of geometric design 
and traffic control. 

3.8,44 Lane Drops 

The manner in which lane drops are designed, 
marked and signed are fundamental to the 
safety of freeways and particularly inter
changes. The following three paragraphs are 
excerpts from the second edition of the 
"Yellowbook" (~). 

"An important factor in providing 
for safe and efficient traffic 
operations on freeways is main
tenance of a basic number of lanes 
over a substantial length of rpad
way. Lane balance at interchanges 
must also be considered, but too 
often in the past application of 
this latter principle has resulted 
in violation of the former princi
ple, i.e., the abrupt ending of a 
through lane at an exit. These 
have been found to be very hazard
ous locations. Lane drops should 
be avoided, and auxiliary lanes 
utilized to obtain lane balance 
at interchanges. 

When a change in the basic number 
of lanes is made, the lane drop 
should be provided downstream of 
an exit gore and not at the exit. 
Major freeway-to-freeway inter
changes are an exception to this 
rule. Lane reduction designs at 
major freeway interchanges should 
be subjected to thorough study 
to assure that hazardous operating 
conditions are kept to a minimum. 
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When lane drops are unavoidable, 
the primary design consideration 
is to alert traffic to the un
expected restriction in driving 
conditions. The lane drop should 
be located so as to be highly 
visible to approaching traffic, 
and removed from other decision 
points. Sight distance of 1,000 
feet (305m) and a 70:1 taper 
should be provided. A full width 
10 foot (3 m) shoulder, free of 
obstacles, should be provided 
along and downstream of the taper 
for emergency use. Lane drops 
should not be located on sections 
of road with near-minimum horizont
al curvature and/or crest vertical 
curvature. Advance signing for 
lane drops is an essential require
ment." 

A recent research study (23) on lane drops 
is reported in NCHRP Report 175. A summary 
of research findings of that stuqy are 
quoted as follows: 

"A well-designed lane drop will 
inform an approaching driver, in 
a timely manner, of three very 
important facts: 1) that a lane 
drop situation is ahead;. 2) how 
far ahead; and 3) what action the 
driver must take. Accordingly, 
the following eight principles 
have been developed to serve as 
guidelines for lane drop design: 

1. The lane drop should be placed 
where the surface of the roadway 
remains visible continuously for a 
significant amount of time. 

2. The lane drop should be placed 
away from attention-dividing 
conditions, such as ramps or 
complicated direcional signing. 

3. The lane drop taper should 
provide adequate visual cues that 
inform a driver that his lane is 
ending and should allow a smooth 
lane change transition in the 
taper area, 

4. The lane drop should be placed 
on the side of the freeway that is 
better with respect to given traffic 
and geometric conditions. 

5. The lane should appear to end 
on the same side of the freeway 
as the operational lane drop. 

6. When a lane drops at an exit 
ramp, an escape area of adequate 
dimensions should be provided to 
allow for a smooth transition into 
through lanes. 

7. When a lane is added at an on
ramp and dropped at a nearby off
ramp, the entering drivers should 
be notified that the lane they are 
traveling in is not a continuous 
lane for through travel. 

8. Consistent and appropriate 
traffic control devices should be 
used in advance of a lane drop 
(~). 

Five different lane drop situations, 
based on design functions, have · 
been identified: 

1. Outlying situations - designed 
to accommodate reduced demand at 
the perimeter of a metropolitan 
area. 

2. Add-drop situations - designed 
to accommodate temporarily increased 
demand at a weaving section. 

3. Drop-add situations - designed 
to accommodate reduced demand 
through a ~ajor interchange. 

4. Step-over situations - designed 
to reduce problems caused by left
hand ramps. · 

5~ Lane split situations - designed 
to accomplish major route connections. 

Applications of the design principles 
to each of the functional situations 
are discussed in this report (~). "· 

3.8.45 Cross Streets 

It is essential that designs of ramps and 
interchanges give adequate consideration to 
thei~ effects on the local streets to which 
they connect. Designs which provide good 
sight distance and avoid operational problems 
for the local facilities are essential. Exit 
ramps built immediately adjacent to the ends 
of overpasses may have sharply restricted 
sight distances. Consideration must be given 
to the effect of grades on the crossroad, in 
order to provide sufficient sight distance 
for the safety of turning maneuvers to and 
from the interchange ramps. Close attention 
should be given in interchange design to 
providing above-minimum sight distance along 
crossroads in view of the extra demand placed 
upon drivers in these area~. 

Simple designs for ramp terminals at cross
roads induce the fewest wrong-way movements 
and otherwise improve operations. At too 
many locations, geometries at the inter
sections of ramps.with the cross streets 
are confusing and hazardous. 

Complicated i~tersections require an ex
cessive number of signs and other traffic 
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~ontrol devices. It is strongly emphasized 
that over-control tends to confuse drivers 
and generate sight distance problems. · 
Simple, straight-forward design with a 
minimum of operating controls is desirable 
for ramp connections with intersecting 
streets. 

3.~.46 Structures 

Structures are an integral part of inter
change design and permit one roadway to pass 
over or under one or more roadways without 
interference to any crossing streams of 
traffic flow. However, about 10 percent of 
the fatal accidents on interchanges occur to 
vehicles passing under the structure; and 
vehicles passing over the structure are in
volved in approximately six perc~nt of the 
fatal accidents (8). The safety problems 
that are attributable to this de~jgn element 
of interchanges involve the collisions of 
vehicles with the piers, abutments, parapets 
and curbs while passing under or over the 
structure. 

The physical obstruc~ions provided by piers, 
abutments, and bridge rails are more 
vulnerable in the off-ramp than in the on
ramp situation, because the off-ramp vehicles 
have a structure straight ahead more often 
than on-ramp vehicles. 

The situation of overcrossing versus under
passing for the main freeway has been 
investigated in regard to interchange safety, 
If the ramps are associated with an under
passing freeway, slightly lower accident 
rates result from the gravity assistance of 
deceleration on off-ramps. 

The distance from the on- or off-ramp to the 
nearest structure appears to have no 
statistical significance for accident 
frequency. However, reports do indicate 
that high-accident locations result from 
interchange designs with ramps under the 
structure proper and with ramp terminals 
less than 750 feet {230 m) from tne struct-
ure (!i). · 

Although some benefits accrue from under
passing freeway arrangements, safer designs 
are produced when the main freeway passes 
over the minor facility and when the ramp 
terminals are not located near the structure 
proper. 
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TOPIC 4 SESSION 1 
SAFETY IN PLANNING 

Objectives: 

1. As a resuLt of this session. the 
partiaipant shouZd better understand the 
planning proaess reLationship to safety. 

2. The partiaipant shouLd gain an under
standing of the street design. driveway 
Zoaation and design. Zayout of the on-site 
aircuLation system. and buiLding Zoaation 
interaations as they reLate to system safety. 

4.1.1 LAND USE-STREET SYSTEM INTERACTION 

The transportation system is the predominant 
man-made, semi-permanent framework around 
which the land uses and urban activity pat
terns develop. Land development, in turn, 
affects the street system in virtue of its 
location, type, intensity, access design, 
and site layout. Consequently, the land use 
and transportation·elcments are major 
components of the urban comprehensive plan. 

The Comprehensive Plan is the official state
ment that sets forth the major policies 
concerning the future physical development 
of the municipality. The characteristics of 
the plan are that it is comprehensive, gen
eral, and long-range. It is comprehensive 
in that it encompasses all geographic parts . 
of the community and all functional clements 
relative to the community's development. The 
plan is general in that it summarizes policies 
and proposals and does not indicate specific 
locations or detailed regulations, long-
range in that it addresses the perspective 
of problems and possibilities 20 to 30 years 
in the future. While there is only one 
current comprehensive plan for a city, there 
may be several functional or categorical 
plans dealing with the several elements in
cluding: Transportation, land use, popula
tion, economic base, community facilities, 
administrative organization, and municipal 
ordinances. 

Experience has demonstrated that the compre
hensive plan is used most effectively in 
guiding city decisions when: 

• The plan is formally adopted by the gov
erning body 

• There has been a lengthy period of public 
debate prior to adoption. 

• The plan is available to and understandable 
by the general public. 

Rev: 11/77 
4 .. 1-1 

• The plan is updated periodically to re
flect the current development policies and 
goals of the community. 

Provided that a municipality has a current 
and officially-adopted comprehensive plan, 
together with the appropriately-drafted city 
ordinances, city officials can exercise con
siderable direction over the city's growth 
and development. A major element of this 
effort will involve the street system. 

4.1.2 THE STREET SYSTEM 

The arterial street system should identify 
the boundaries of neighborhoods as suggested 
schematically in Figure 4.1.1. An arterial 
should not divide a neighborhood into two or 
more parts. Access to the residential 
neighborhoods and large-scale commercial and 
industrial development should be provided at 
a limited number of points which are of a 
high-quality design. Intermediate inter
sections might be provided to adjacent streets 
and access points where the median design 
limits the number of turning movements. Such 
a development scheme implies the implementa
tion of a functional street system. In 
simplest terms, this means that individual 
streets should be identified by the degree 

· ARTERIAL 

Figure 4.1.1 Arterial Streets Should Define 
the Boundaries of Neighborhoods 



to which they should serve the mutually
incompatib~e functions of movement and access. 

At one end of the spectrum, the primary 
arterials should accommodate movement; the 
accesi function should be permitted only to 
the extent that it does not interfere with 
safe, efficient, and relatively high-speed 
movement. Local streets, at the other 
extreme, principally serve land access -
movement is provided to a higher classifi
cation of street for completion of the trip. 
The degree to which different functional 
classes should accommodate movement and 
access is indicated by the following sketch:· 

Primary Arterial 

Secondary Arterial 

· Collector 

Local 

Once the concept of functional classifica
tion is accepted, the function and general 
character of the different street classifi
cations can be identified more specifically 
as follows: 

• Primary Arterial Street 

+ Be continuous for substantial distances 
{10 to 15 miles or more) 

+ Connect major activity areas within the 
urban region 

+ Connect with principal intercity highways 
leading·to/from other metropolitan areas 

+ Serve trips which are 5 to 7 miles or 
more in length 

+ Safely accommodate traffic at speeds of 
40 to 45 mph 

• Secondary Arterial Street 

+ Serve trips which are 2 to 6 miles in 
length 

+ Be continuous for distances of 2 to 6 
miles 

+ Intersect with intercity highways that 
con~ect to other urban areas within the 
reg1on no~ connected by a primary highway 
and arter1al street network. 

• Collector Street 

+ Continuous for a distance of 3/4 - mile 
or less 

+ Connect with neighborhood shopping, school 
and recreational facilities 

• Local Residential Street 

+ Terminate at a T-intersection with a col
lector street 

+ Serve a limited number of dwelling units 
(perhaps 24 dwellings for a cul-de-sac; 36 
to 48 for a loop) 

In the case of apartments and commercial 
development, the circulation isles within the 
parking lots serve the function of the local 
street. Hence, the lowest classification of 
public street in a large commercial or apart
ment area normally will be a collector 
street. 

Although the idea of functional classifica
tion is simple in concept, its relevance in 
safety design cannot be overemphasized. 
Traffic safety-will result only when efficient 
traffic operations are achieved through the 
separation of the movement and access 
functions. This necessitates a systems design 
of adjacent land developments in combination 
with the design of the street elements with
in the median and at the margin of the 
traveled roadway. 

4.1.21 Median Access Control 

The high speeds and large traffic volumes 
experienced on arterial streets in developed 
areas suggests that median designs should 
limit left turn openings to intervals of ap
proximately 450 feet between signalized 
intersections (1). These openings should be 
designed to provide limited movements only. 
Designs such aJ shown schematically in 
Figures 4.1.2, 4.1.3, and 4.1.4 will limit 
the number of conflict points. Alternating 
the designs as indicated in Figure 4.1.5 
will provide access to and from both sides 
of the arterial. Designs of this type should 
be implemented on new sections of arterial 
streets prior to development of the adjacent 
properties .so that the site plans can be ·de
signed for compatibility with the median 
design. 

The safety advantages of barrier median de
signs are indicated in a 1967 report by Paul 
Box (2). His studies indicated that 60 per
cent of all driveway accidents in Skokie, 
Illinois, involved left turn maneuvers. The 
same study found that the driveway accident 
rates on arterial streets without control 
of left turns was three times that of streets 
having barrier medians. 
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Figure 4.1.3 Left Turn from Arterial to 
Intersecting Minor Street 
o~ Major Access Point 

4.1.22 Marginal Access 

Analysis of traffic signal progression on 
two-way streets suggests that major signal
ized intersections with primary arterial 
streets should be at uniform intervals of 
between 1400 and 1800 ft (430 and 550 m) and 
at intervals of 1200 to 1600 ft (370 to 490 m) 
for secondary arterials. Such long intervals 
do not present difficulty for developments 
such as regional shopping centers, large 
office/industrial parks and large residential 
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Figure 4.1.4. Opposing Left Turns from An 
Arterial Street to An Inter
secting Minor Street at A 
Four-Way Intersection 

subdivision that frequently have frontages 
that are greater than these distances. There
fore, the major access points to large-scale 
developments can conform to the selected 
signal spacing, and the site plan can be 
developed accordingly. 

Individual tracts having less than 400 to 
500 ft (120 to 150 m) of frontage on the 
arterial can be designed with a common . 
circulation system and common access points 
to the arterial. Individual parcels, in 
turn, take direct access from the common 
circulation system. 

Such access requirements on individual prop
erties can be controlled through the zoning 
subdivision and othe~ development control 
ordinances in addition to design standards. 
Restrictions on driveway locations and 
spacing can be exercised by specifying: 

• Minimum frontage that can be developed 
by subdivision of large tracts 

• Maximum number of driveways pe~ length 
of total frontage 

• Maximum number of driveways per property 

• Minimum distances from intersecting 
streets and other driveways 

4.1.3 COMMERCIAL DEVELOPMENT 

Control of access to single family and 
duplex residential subdivisions can be more 
easily achieved than for commercial and 
apartment development. This in part results 
~rom the frequently-held attitude--especially 
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·by many developers--that all frontage on 
arterial streets is best suited for non
residential uses. 

A clear statement of the problem in terms of 
accommodating efficient traffic movement on 
arterial streets, rather than as restriction 
on access, will help overcome objections and 
facilitate implementation of improved access 
design practices. This will require a more 
technically-sophisticated and comprehensive 
approach in which movement, access, and on~ 
site development are considered to be inter
dependent elements of a complex design 
problem. · 

ARTERIAL OR SIGNALIZED 
COLLECTOR STREET -$- INTERSECTION 

ARTERIAL OR 
COLLECTOR STREET 

SIGNALIZED 
INTERSECTION 

Figure 4.1.5 Access to Primary Arterial 
Street at Intermediate Non
Signali~ed Intersections 

The initial· site planning should anticipate 
the future traffic conditions and controls 
that might be imposed as traffic volumes on 
the arterial increase. This will help ensure 
the long-term economic stability of the 
development and can be encouraged by zoning 
greater depth for commerical uses. The 
commonly used depth of 200 ft (90 m) is in
adequate to develop a site plan that will 
not result in on-site circulation problems 
from extending into the adjacent arterial 
street. Increasing the depth to a minimum 
of 250 or 300 ft (76 or 61 m) greatly in
creases the flexibility for improved site 
development designs. 

Increased frontage on the arterial street 
also is essential in order to develop 
improved driveway designs and achieve a 
reasonable separation between a driveway and 
an intersecting street. In order to minimize 
conflict between vehicles turning into a 
direct access driveway and through movement 
past the driveway, minimum lot frontages 
such as the followiilg are suggested (7) for 
consideration: -

Intersection 
Location 

Functional Near Far 
Class of ·street Corner Corner Mid-Block 

Primary Arterial 900 ft 450 ft 400 ft 
(275 m) (140 m) (140 m) 

Secondary Arterial 300 ft 350 ft 350 ft 
(90 m) (105 m) (105 m) 

Coll,ector 200 ft 200 ft 200 ft 
(60 m) (60 m) (60 m) 

Properties with less frontage should be 
provided with access via a collector
distributoi system rather than having direct 
access to the main lanes of an arterial 
street. A service (frontage) road frequently 
has been used to provide the direct access 
function--especially where the adjacent land 
is in commercial uses. While this design 
eliminates the problem of numerous direct 
access driveways, it results in a large 
number of conflict points where the service 
road intersects the per.pendicular street 
(See Figure 4.1.6). The conflict problems 
and congestion become acute even with moder
ate traffic volumes on the service roads. 
Relocation of the service road to increase 
the distance between the intersections as 
indicated in Figure 4.1.7 will improve traf
fic operations and reduce accident potential. 

A rear collector road eliminates many of the 
undesirable operational features of the 
service road design. It offers improved 
intersection control because of the greater 
separation between the collector street and 
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the arterial as indicated in Figure 4.1.8. 
Pedestrian protection and flexibility of 
design also are enhanced; however, greater 
design skills are required, and site develop
ment costs are increased • 
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Figure 4. 1. 6 
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Figure 4.1.7 Relocation of Service Road 
Intersection 

REAR COLLECTOR 

ARTERIAL 

Figure 4.1.8 Rear Collector Design for 
Stand-Alone Commercial 
Properties 

4.1.31 Driveway Design 

The entire siti plan is related to the drive
way location and design in an effective 
development design. The entrance must be 
able to accept the maximum traffic expected 
to enter the site so that traffic does not 
back up into the arterial street. The on
site design must provide for a clearly
defined sequence of decision alternatives in 
order to minimize driver confusion. Inter
ferences from other auto and/or pedestrian 
traffic in the vicinity of the driveway· can 
be avoided through appropriate attention to 
site layout. 

Entrances to major commercial and industrial 
developments should be designed similar to 
an arterial street including right and left 
turn lanes separate from the through traffic 
lanes. Free right turn lanes also should be 
provided to allow traffic to enter the site 
without interfering with other traffic on 
the arterial street. A barrier median should 
extend at least 250 ft (76 m) into the site, 
and no entrances or exits should be provided 
to or from adjacent parking areas (1). This 
median should be of adequate width T8 to 10 
ft or 2.4 to 3 m) so that an appropriate 
sign can be located within it in order to 
clearly identify the location of the access 
point. 

Driveways to smaller commercial developments 
can be designed with a direct or parabolic 
taper as indicated in Figure 4.1.9 so that 
interference with traffic on the arterial is 
minimized. Long, unrestricted curb openings 
should be avoided; Box (2) found that such 
driveways had an accident rate that is four 
times that of driveways which are designed 
to restrict eqtry/exit to specific points. 
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Figure 4.1.9 Commercial Driveway Design 

4.1.4 RESIDENTIAL DEVELOPMENT 

The limited access subdivision is highly 
compatible with the hierarchy of functional 
classification. The discontinuous street 
pattern, curvalinear alignment, and in
frequent intersections with the arterial 
street system discourage through traffic and 
high speeds. The local street serves land 
access, and the collector streets integrate 
the subdivision with the city by distributing 
traffic to the surrounding arterials. 

The landmark study by Harold Marks (3.) 
clearly identified safety benefits ot the 
limited access subdivision design. Over a 
five-year period, one or more accidents 
occurred at 50 percent of the intersections 
in conventional gridiron subuivisions, com
pared to less than 9 percent of the inter
sections in the limited access subdivisions. 
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Use of the 3-legged or T-intersection 
greatly reduces the accident potential 
within the subdivision. The simple nature 
of the T-intersection results in three major 
conflict points compared to 16 for the 4-
legged intersection as indicated below: 

Hierarchial design of the street system so 
that the minor of the two streets is the stem 
of the T results in an automatic assignment 
of right-of-way. Consequently, as indicated 
in Figure 4.1.10, the accident experience of 
3-legged intersections has been found to be 
substantially less than that for the common 
4-legged intersection. It also should be 
noted that the 4-legged intersection within 
limited access subdivisions experience about 
one-third the accident rate (accidents per 
intersection per year) of similar intersec
tions in the gridiron subdivision street 
pattern. 

These data indicate that accident experience 
can be minimized through the design of resi
dential subdivisions utilizing the concept 
of limited access to the development and the 
use of 3-legged intersections as the prin- • 
cipal intersection design within the sub
division. Lots of the perifery of the sub
division can be designed to provide for 
access control as well as to buffer the 
residences from the street~ Designs which 
orient the residential development inward 
toward the neighborhood of which they are a 
part and eliminate ~11 direct access to the 
adjacent arterial street are more successful. 
The inward orientation is often emphasized 
by the construction of a wall or fence and 
plantings along the right-of-way line to the 
separation. Such treatment, with the advan
tages of visual protection, pedestrian 
crossing, elimination of parking, and more 
convenient service are achieved in addition 
to the elimination of direct access to the 
arterial street! 
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Figure 4.1.10 Accident Comparison of 
Three- and Four-Legged 
Intersections [Sou~ae: 
Maroke (~)] 

Reverse frontages and cul-de-sac lot design 
shown in Figure 4.1.11 are preferred designs. 
Rear alley, service road, and side-on designs 
shown in Figure 4.1.12 are not recommended 
for new development. However, they often 
can be used to advantage when modifying 
extension gridiron subdivisions to achieve 
many desirable features offered by the 
limited access subdivision. 

ARTERIAL STREET 

Cul-de-Sac Reverse Frontage 

Figure 4 .1. 11 Preferred Residential Lot 
Design Adjacent to Arterial 
Streets 
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4.1.41 Modification of Existing Subdivisions 

Older residential subdivisions which were 
designed with a gridiron street pattern can 
be modified to achieve many of the benefits 
of the modern limited access subdivisions-
r-educed through traffic, lower speeds, and 
fewer accidents. Discontinuity of the grid
iron pattern can be accomplished through the 
application of diagonal traffic diverters at 
4-legged intersections and abandonment of 
short sections of street as indicated in 
Figure 4.1.13. Intersections with the 
arterial street at the edge of the subdivision 
can be reduced in number and/or simplified 
by: redesign and/or the use of a barrier 
median to limit movements to right turn 
movements only; abandonment of a portion of 
the block adjacent to the arterial to create 
a short, dead-end street with side-on lots, 
and, construction of cul-de-sacs, It is 
essential that the concept of moqifying the 
existing neigborhood street system to achieve 
the advantages of a limited access subdivision 
is accepted by a majority of the residents in 
the affected area before the changes are 
implemented. 

Modification of the Stevens Neighborhood 
in Seattle reported by Orlob (4) resulted in 
a 50 percent reduction in trafric on east
west streets and a 25 percent reduction on 
north-south streets. Total cost, including 
the first year's maintenance of l~ndscaping, 

MODIFIED STREET PATTERN 

Figure 4.1.13 Modification or Gridiron 
Street Pattern to Achieve 
Limited Access Subdivision 
Characteristic 

for modification of six intersections, was 
$38,000. Accidents were reduced from an 
average of 12 per year during the five-year 
period prior to the modification to only one 
accident in·the two years following the 
change. 

4.1.5 DEVELOPMENT CONTROLS 

The city has a number of tools available for 
the effective management of the development 
of the transportation system and the adjacent 
land uses. These include: 

• Zoning ordinance 

• Subdivision ordinance 

• Major street ordinance 

• Official map 

• Surety and performance bonds 

• Conditional use permit 

• Building permit 

• Driveway permit 

• Occupancy permit 

• Administrative procedures 

4.1.51 The Zoning Ordinance 

Zoning is essentially a means of insuring 
that land uses in a community are properly 
situated in relation to one another. It 
allows the control of the type and density 
~f development in each area so that individual 
property and neighborhoods can be serviced 
adequately by the recreation facilities and 
utility systems. The ordinance provides for 
regulation of: 

• Height and bulk of structures 

• Area of a lot which may be occupied 

• Density of development 

• The use that may be made of the property 

The zoning ordinance also might be employed 
to enhance traffic safety in the following 
ways: 

1. Zone large tracts which can be developed 
compatible with the arterial system and are 
of sufficient size to provide flexibility in 
design of the on-site circulation system. 
Examples of suggested minimum sizes for 
different types of development are: 10 acres 
for apartments and general commerical; and 
80 acres for single family residential. 

Rev: ll/77 4.1-8 



2. Zone for densities of development that 
are compatible with the street system. Land 
uses which generate large traffic volumes 
should be zoned for locations where the 
arterial street has the capacity to accommo
date the traffic volumes, and adequate medial 
and marginal access design can be provided. 

3. Require adequate off-street parking and 
loading spaces so that parking on streets 
(other than on local and collector streets 
in single family and duplex residential 
areas) can be eliminated. 

4. Require permit and establish review pro
cedures for parking lots, of marc than some 
maximum size (say 20 spaces) constructed as 
part of any apartment, commercia!, or in
dustrial development. 

4.1.52 Subdivision Ordinance 

The subdivision ordinance is a locally-adopted 
law enacted by each municipality which governs 

'the process of converting raw land into build
ing sites. A developer/owner is not permitted 
to make improvements or to divide and sell the 
land until the planning commission has ap
proved the plot of the subdivision. Approval 
or disapproval is based on compliance or 
noncompliance with the development standards 
set forth by the ordinance. 

While the subdivision regulations serve a 
wide range of purposes, they can be utilized 
to achieve improved safety by the following: 

1. Require intersection designs (such as T
intersections within subdivisions) that can 
safely accommodate expected traffic volumes 
and prohibit designs (jogs) that are 
confusing or may present traffic and safety 
problems. 

2. Require sidewalks and bicycle paths to 
accommodate pedestrians and bicyclists 
separate from automobile traffic. 

3. Require street patterns that discourage 
through traffic on local residential streets 
and which have limited access to the adjacent 
arterial streets. 

4. Establish minimum lot size which can have 
direct access to the arterial and require 
common access and/or internal circulation 
via private access easements, or public 
streets, where arterial street frontage is 
subdivided into lots. 

5. Establish building lines that make it 
possible for vehicles to maneuver without 
interference to traffic on the arterial 
street. 

4.1.53 Street Development Ordinance 

The major street (thoroughfare) ordinance 
might be a separate document or it might be 
incorporated into other ordinances--princi
pally the subdivision ordinance. In any 
case, the thoroughfare element of the com
prehensive plan needs to be translated into 
specific criteria relative to the planning 
and design of the street system and the 
development of adjacent land as it relates 
to the street system. Areas that need to be 
addressed in the ordinance include: 

1. Establishment of minimum rights-of~way 
and cross-sections for different functional 
classes of streets 

2. Establishment of basic horizontal and 
vertical design criteria. 

3. Establishment of minimum horizontal and 
vertical curvature 

4. Identification of typical intersection 
configurations 

5. Establishment of signalized intersection 
spacing 

6. Specifications of- frequency of access 
points 

Most municipalities currently exercise some 
degree of control over the above except for 
areas 5 and 6. Guidelines similar to those 
indicated in Table 4.1.1 are suggested. 

4.1.54 Other C~ntrol Mechanisms 

The official mapping po~ers can be utilized 
to identify the future location of proposed 
arterial streets and other public facilities. 
This map indicates the planned extension of 
the arterial street system; therefore, it 
can be an effective means of communicating 
future street and access availability to the 
private development interests. 

Surety and performance bonds can be employed 
to insure that driveways are located and 
constructed as specified. Thus, it presents 
the municipality with a means of achieving 
driveway designs which.allow for safe maneu
vering when exiting and entering the street 
and minimizes the conflict between access 
and traffic movement. 

A conditional use requirement can be written 
into the zoning ordinance to provide a review 
and approval procedure to ensure that the 
site layout (including access, internal 
circulation, and building location) will 
provide for convenient and safe traffic flow. 
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TABLE 4 .1.1 

EXAMPLE OF ACCESS CONTROL GUIDELINES 
FOR URBAN HIGHWAYS AND STREETS 
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A conditional use requirement can be written 
into the zoning ordinance. The objective of 
such a permit is to provide a review and 
approval procedure to ensure that the site 
layout (including access, internal circula
tion, and building location) will provide 
for conven~ent and safe traffic flow. It 
It also provides the means of ensuring that 
adequate provision has been made for fire 
protection, solid waste pick-up, and pedes
trian movement. 

When the building permit and the driveway 
permit are processed and issued jointly, 
similar control can be achieved relative to 
access design and internal circulation. The 
occupancy permit could be employed in a 
simple fashion when a new occupant is pro
posing to move into an existing developed 
property. 

In any event, administrative procedures must 
be implemented to ensure compatibility 
between the several ordinances and coordina
tion in their application if convenient, 
efficient and safe access designs are to be 
implemented. 
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TOPIC 4 SESSION 2 

SAFETY CONSIDERATIONS IN PUBLIC TRANS.IT 

Objectives: 

The paPticipant shouZd be abZe to: 

1. Gain an awaPeness foP pubZio tPans
poPtation considePation in street design. 

2. EstabZish design guideZines for on-street 
bus stops, 

3. EstabZish safety and operationaZ design 
guideZines for reserved Zanes ana exoZusive 
Poadways for buses. 

The continued growth in urban areas has 
generated increased opportuniti~s for 
conflict between automotive, transit, walk
ing, and other forms of urban transportation. 
Much of the interest in safety has been 
directed toward the reduction of automobile 
accidents. An increased awareness that all 
the modes of urban transportation need to 
be coordinated and the recent emphasis on 
Transportation Systems Management (TSM) is 
stimulating increased interest in safe~y 
considerations in transit services. Bus 
loading and unloading areas, pedestrian 
volumes in the vicinity of high-volume bus 
stops, and reserved lanes are but a few of 
the areas involving safety considerations in 
the design of transit services. 

Poor safety performance (i.e., high accident 
experience) results from poor design and/or 
inefficient operations. Designs and techni
ques that yield efficient operations also can 
be expected to provide safe operation. How
ever, the specific accident information that 
would be most useful in the evaluation of 
different designs is only sporadically avail
able. 

4.2.1 SAFETY IN TERMINAL DESIGN 

Terminal areas present unique problems in 
separation of vehicular and pedestrian 
traffic due to the variety of access modes -
park-ride, kiss-ride, taxi feeder bus, walk
ing, and bicycles. In addition, large areas 
for the park-ride and sizeable storage for 
the kiss-ride pickup are required. In
adequate design will increase passenger 
delays and cause negative impact on surround
ing property, as well as create safety 
problems. 

Suggested guidelines for the general design 
of transit terminals are: 
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• Access and circulation in the vicinity of 
the terminal should be in the following 
priority: pedestrian, bicycle, transit, 
taxis, kiss-ride, and park-ride. 

• The distance from the access points to 
any intersection should be adequate to pro
vide for maneuvering and to minimize 
'conflicts. 

• Adequate capacity should be provided at the 
access points 

• Terminal area layout should minimize 
conflicts between the modes 

• Automobile drivers should not be confront
ed with multiple decisions at one time (e.g., 
decision points should be spaced adequately) 

• Signi~g should be simple 

• Flex~bility to.adjust to changes in transit 
volume lnd operations should be provided 

PARK-RIDE 
LOT 

VARIABLE DEPENDING 
ON DEMAND 

2!50ft( 76 m} MIN. 

Figure 4.2.1 Schematic Layout of Small 
Transit Terminal with Common 
Access Drives for Autos and 
Buses 



PARK- RIDE LOT 

• 

Figure 4.2.2 Schematic Layout of Sub
urban Transit Terminal with 
Separate Access for Private 
Autos and Transit Buses 

Where larger transit passenger demands are 
present and park-ride/kiss-ride operations 
are involved, the terminal area should be 
located off-street but with convenient access 
to/from the arterial. Examples of site lay
outs that encompass design principles out
lined above are shown in.Figures 4.2.1 and 
4. 2. 2. 

Small terminal facilities might be provided 
along the freeway frontige road as shown in 
Figure 4.2.3 or adjacent to an arterial 
street as shown in Figures 4.2.4 and 4.2.5. 
The offstreet design shown in Figure 4.2.5 is 
the better design from a safety standpoint in 
that it provides a physical barrier between 
the curb lane of traffic and the buses; it 
also avoids the long open section of curb 
resulting with the turn-out design. The turn
out design should be limited to locations 
where no more than two buses will be stopped 
at any one time. 

4.2.11 Bus Loading Areas 

Buses serving particular routes should stop 
at the same loading location each time in. 
order to minimize confusion and service t1me. 
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The familiarity developed by regular riders 
will result in less pedestrian movement and 
reduced opportunity fo·r persons in a rush to 
catch their bus to fall or collide with other 
individuals. 

When buses are stopped parallel to the curb, 
a minimum of 90 ft (27. 4 m) (Figure 4. 2. 6) 
should be provided for each bus that would be 
at the ·stop at the same time. The sawtooth 
design is more efficient in use of linear 
space. It also enables passengers to see the 
route identification on the front of all 
buses from the downstream end of the plat
form area. 

4.2.2 SAFETY DESIGN FOR ON-STREET BUS 
OPERATIONS 

4.2.21 On-Street Bus Stops 

The on-street bus <.top is that part of the 
roadway occupied by the transit vehicle while 
stopped to load and unload passengers plus 
the area needed to maneuver to and from the 
curb. Stops might be located on the.near
side of an intersection, or the fars1de, or 
at a mid-block location. Location is a 
function of vehicular·traffic, pedestrian 
movements, and physical characteristic~ of 
the specific location. Therefore, an lnvest
igation should be made to select the best 
location for each bus stop. 

Sufficient room must be provided to allow the 
bus to pull parallel to the curb. Non
parallel stops will interfere with traff~c 
movement in the adjacent lane and cause ln
convenient conditions for passengers 
(especially those leaving the bus via the 
rear door). Both present potentially hazard
ous situations. Minimum dimensions for near
side and farside stops are shown in Figure 
4.2.7; Figure 4.2.8 gives similar dimensions 
for mid-block stops. An additional 45 ft 
(13.7 m) are required for every additional 
bus when two or more buses are at the same 
stop simultaneously. 

4.2.21 Lane Width 

Width of the traffic lane requited for bus 
transit operations depends on various factors 
including: 

• Vehicle dimensions 

• Speed of operation 

• Horizontal alignment 

• Traffic in adjacent lanes 

• Driver reactions 
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Figure 4.2.5 Schematic of Off-Street Bus Stop 
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Figure 4.2.6 Bus Loading Areas 

For purposes of establishing lane width for 
transit operations, the gutte~ section should 
not be considered as part of the lane for 
three reasons. First, the ride character
istics with the right wheels in the gutter are 
undesirable. Second, the repetitive impact of 
the transit coach wheels passing over the 
grates on drop inlets causes physical deter
ioration of the drop inlet which requires 
expensive maintenance. And third, the drain
age requirements during wet conditions 
necessitate that the bus not infringe on the 
gutter section. 

fAR SIQE S!QP 

. ~· . 

fAR SIDE STOP 
AFTER RIGHT TURN 

Figure 4.2.7 

Figure 4.2.8 
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Minimum Requirements for Near
Side and Far-Side Bus Stops 

Minimum Requirements for Mid
Block Bus Stop 



The m1n1mum lane width for bus operation 
should be 12ft (3.66 m), ~xclusive of 
gutter sections, in order to provid~:for 
adequate driver reaction at normal transit 
operating speeds. Where available pavement 
width is restricted, the lane width for 
transit operation may have to be reduced; 
however, it should not be less than 11 ft 
(3.35 m). 

When separate roadways are provided for 
buses, the recommended widths, exclusive 
of 1.5 ft (0.46 m) curb and gutter section 
on each side, are: · 

• 14 ft (4.26 m) for one-way operation 

• 24 ft (7.31 m) for two-way operation 

4.2.23 Exclusive Bus Lanes on Ar~erial 
Streets 

In most cases, inexpensive sign, signal, and 
marking changes appear to be adequate for 
implementing exclusive bus use of curb lanes. 
Accident rates on streets with reserved bus 
lanes reportedly are not different from those 
on other arterials carrying similar traffic 
volumes. 

However, the type of accident pattern that 
might be expected will be different. For 
example, a high percentage of the auto-bus 
accidents on the contra-flow curb lane in 
Indianapolis, Indiana, involved autos approach
ing the contra-flow lane from the near-side; 
drivers apparently did not look for southbound 
buses on a one-way northbound street. 
Accidents involving pedestrians may also occur 
because of the buses traveling in an unexpected 
direction. 

The bus-accident rate on NW 7th Avenue in 
Miami, Florida, was increased several-fold 
when the median bus lane was implemented. 
Most of the accidents involved autos that 
were making illegal left turns or other 
illegal uses of the bus lane. However, the 
accident rate per million bus-miles on the 
northern section of NW 7th Avenue where there 
was a median barrier were about one-seventh 
to one-ninth the rate on those sections with
out a barrier median. This difference 
suggests that a physical barrier which will 
prevent midblock left turnlng is desirable 
where a reserved bus lane is provided. 

Traffic posts or 6 in (15.2 em) high 
dividers have been utilized in a few 
instances to provide separation bet~een auto 
traffic and the contra-flow bus lanes. Such 
physical separation probably is most 
desirable when the volume of buses is re
latively low so that an on-corning bus is not 
in view at all times. 

Where median bus lanes are utilized, it is 
essential that an adequate area for passenger 

refuge should be provided. When the refuge 
island is of minimal width - 5 to 6 ft 
(1.5 to 1.8 m) - a protective barrier fence 
should be provided in the bus stop area -
especially where passengers are leaving 
through the rear door. Where wider refuge 
areas - 8 to 10 ft (2.4 to 3.0 m) or more -
are provided, additional protection is not 
necessary. 

4.2.3 FREEWAY-RELATED TRANSIT IMPROVEMENTS 

Accidents on the Santa Monica Freeway in Los 
Angeles approximately doubled with the 
implementation of the diamond lane project. 
However, there was an indication of a down
ward trend in accidents during the life of 
the project. The very large number of 
accidents during the first week (nearly 5-
times the number of accidents per week in the 
"before" base period) suggests that there is 
a "learning period" associated with the 
implementation of preferential treatment of 
buses and high-occupancy vehicles. Since 
there was no ready explanation for the 
increased accidents, there is no apparent 
action that might be taken to improve the 
safety performance of such projects. 

·Tangent section freeway ramps should have a 
minimum width of 14ft (4.26 m), exclusive 
of curb and gutter sections where buses will 
be entering and leaving the freeway; 
appropriate widening, of course, must be pro
vided on horizontal curvature. Where buses 
bypass the queue of autos on the ramp 
shoulder, as in the Los Angeles area, a 12 ft 
(3.66 m) pavement, 11 ft (3.35 m) absolute 
miniffium is suggested. 

Because of the lower acceleration capability 
of the city transit coach, relatively long 
acceleration lanes should be provided where 
buses enter the freeway system. In most 
cases, however, it will not be feasible to 
provide an acceleration lane which would 
permit the buses to achieve the sp~ed of 
traffic before merging into the traffic lane. 
Desirable practice would be to provide 
sufficient length so that the bus could 
merge at a 10-rnph (15 krn/h) maximum speed 
differential. The minimum length of the 
acceleration lane, exclusive of taper, 
should not be less than 500ft (152m), 
however. 

4.2.4 SECURITY IN TRANSIT SERVICES 

Specifications for bus stop shelters should 
specify transparent panels so that the 
interior of the stop is clearly visible from 
passing vehicular traffic. Lighting within 
the shelter and in the vicinity of the bus 
stop sh6uld be adequate to provide a high 
level of illumination at night. Such designs 
discourage criminal attacks on waiting 
passengers. 

Rev: 2/78 4.2-5 



REFERENCES 

1. Link,·Dan. Freeway Contra-Flow Bus Lanes: 
Some Policy and Technical Issues. Traffic 
Engineering, January 1975. 

2. Cheaney, E.S.; Hoess, J.A.; Thompson, R. 
B. and Svehla, R.L. Safety in Urban Mass 
Transportation: Research Report. Report No. 
UMTA-RI-06-0005-75-3. Urban Mass Transport
ation Administration, March 31, 1976. 

3. Wattleworth, J.A.~ Courage, K.G.; 
Wallace, C.E.~ Siegel, R.L. Evaluation of 
Some Bus Priority Strategies on NW 7th Avenue 
in·Miami. Paper presented at 56th Annual 
Meeting of the Transportation Research Board, 
January 1977. 

4. Glennon, John C. and Stover, Vergil G. 
A System to Facilitate Bus Rapid Transit on 
Urban Freeways. Report to Url\lan Mass Trans
portation Administration, Contract H-807, 
December 1968. 

5. Recommended Standards for Design and 
Maintenance of Bus-Related Road Improvements, 
Interim Report No. 2. Badler-Ringrose
Wolseld, Inc. For Metropolitan Transit 
Commission, Henepin County, and Minnesota 
Highway Department, 1973. · 

6. Evaluation Report on the Santa Monica 
Freeway Diamond Lane Project After 21 Weeks 
of Operation. Report of the California 
Department of Transportation, September 1976. 

7. Levinson, H.S., Hoey, W.F., Sanders, D.B. 
and Wynn, F.H. Bus Use of Highways: State 
of the Art. National Cooperative Highway 
Research Program Report 143, Highway 
Research Board, 1973. 

Rev: ll/77 4.2-6 



TOPIC 4 SESSION 3 
DESIGNING A SAFE DRIVING ENVIRONMENT 

Objectives: 

1. The partiaipant shouLd be abLe to define 
the driving environment and be abLe to 
utiLize this definition in design of a safe 
driving situation, 

2. Further, the partiaipant aan estabLish 
a priority system for evaZuation of 
operationaZ, safety and environmentaL goaZs 
when a aonfLiat arises, and 

3. Be abLe to estabLish the aZternatives for 
improving pedestrian and biayaZe safety. 

4.3.1 INTRODUCTION 

The driving environment includes all features 
of the roadway and its environs which are 
normally visible to the motorist. Thus, all 
the features which are designed in or added 
on are combined with naturally-occurring 
elements to produce the total effect which 
the driver perceives. Within this context, 
there are three general areas of concern: 
1) Landscaping and roadside beautification; 
2) Bicycles and 3) Pedestrians. Each of 
these three areas will be considered from 
the safety point of view. 

To compound the problem of developing and 
maintaining a safe driving environment, the 
combined effect of individual clements each 
designed to provide a maximum of safety and 
beautification may result in a less than 
beautiful facility which is frequently un
safe. This effect is known as the "Gestalt· 
Effect." Stated simply, this principle 
theorizes that the whole is not necessarily 
equal to the sum of the individual pnrts. 
The effect must be determined for each 
unique combination of natural and man-made 
elements. For example, startling, beautiful 
vegetation can aid in keeping the driver 
alert in long tangent sections, thus reducing 
accident potential or distraction of the 
driver in areas of high driver work load 
which can contribute to the accident potent
ial. Thus, beauty like safety must be built 
in with due consideration of the potential 
safety and operational interactions that are 
certain to occur. 

4.3.2 CONFLICTING REQUIREMENTS 

Designing the driving environment almost 
immediately results in a conflict between 
the goals of the various groups involved in 
the design process. A direct straight line 
between origin and destination is the least 
distance and hence the least time and fuel 
consuming route. It ~~y, however, result in 
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excessive cuts and fills, destroy historic 
or unique features, be monotonous to the 
driver and frequently are unsafe. Conversely, 
a narrow twisting roadway matched almost 
exactly to the terrain and avoiding all 
environmental sensitive areas provides a 
minimum of impact on land use but can also 
result in excessive grades, a reduced level 
of safety, added travel distance which in
volves greater fuel consumption and air 
pollution. 

Similarly, large trees can be very beneficial 
in creating a proper perspective for the 
motorist, blocking undesirable views and 
providing a pleasant view. Conversely, 
if they are placed within the clear zone, 
trees constitute a substantial hazard to the 
motoring public. These points bring up the 
logical question of which criteria should 
govern the design when conflicts exist. 
Conceptually, the highest priority must go 
to operational requirements. References in 
the operational elements of the system are 
most frequently the reason for excursions 
onto the roadside with the associated safety 
problems. The safety of motorists who en
croach upon the roadside is certainly a 
higher priority than uplifting their spirits. 
As a basic policy, all three criteria should 
be equally weighted until it is apparent that 
a conflict between these criteria exists. 
At this point the following decjsion priority 
is suggested: 

(1) Operational Requirements 

(2) Roadside Safety Requirements 

(3) Beautification Criteria 

It should not be interpreted that these 
criteria are mutually exclusive. It does 
mean that changes in the nature of the 
treatments may result from the priorities 
which are established. For example, when a 
particular location would require plantings 
for aesthetics purposes which are to be located 
fifteen feet from the pavement edge, a shrub 
with many smaller members would be used in 
lieu of a tree. Often keeping the public in
formed of the need for the safety improvement 
will help ease possible objections to 
restrictions placed on beautification measures. 

4.3.3 SAFETY REQUIREMENTS OF LANDSCAPING AND 
SCENIC IMPROVEMENTS 



4.3.31 Landscaping and Safety 

Landscaping involves the use of reshaping the 
land surface, selected plantings and natural
ly occurring or selected objects to enhance 
the visual appearance of the roadside. At 
points of low driver work load, such treat
ments may serve to stimulate the driver and 
help to keep him alert. In areas of critical 
driving control requirements, the same treat
ment may constitute a hazard by distracting 
the motorist. Careful planning can result 
in a safe, relatively attractive roadway. A 
few guidelines are available to assist the 
designer in the selection of landscaping 
elements so as to enhance the visual quality 
of the roadway and at the same time result 
in a safe roadway. 

• Avoid treatments involving fine detail. 
The dynamic driving environment does not 
permit a detailed review of the roadside 
elements. 

• Select treatments involving vegetation 
native to the area. Native plants which arc 
well adapted to the local soil and moisture 
conditions increase the probability of 
survival and reduce maintenance costs. 

• Select plants which change colors with the 
seasons. Any treatment, regardless of how 
beautiful it might initially be, will lose 
its effectiveness with repeated exposure. 
Selection of plants which change colors with 
the seasons intermixed with evergreens can 
provide an interesting yet dynamic roadside. 

• Match beautification treatment to driving 
situation. Areas of high driving task 
requirements should have relatively low 
attractiveness treatments such as grass or 
low ground cover. Areas of low driver 
concentration can use treatments of high 
attractiveness. 

4.3.4 BICYCLE SAFETY 

Bicycle transportation is just one step 
removed from pedestrian travel. The two 
modes are similar in many ways. First, they 
both depend on the individual for propulsion 
and second, they are both relatively exposed 
in a mixed traffic stream with motorist 
vehicles. The bicycle safety statistics 
parallel those for pedestrians but at a some~ 
what lower level. In 1975 there were 975 
pedacyclist deaths which represents 2.2% of 
the total fatalities nationally. This is a 
disproportionally high percentage considering 
the difference in bicycle travel as compared 
to auto travel. For a more detailed study, 
1975 statistics for one state are considered. 
Of 2,945 fatal accidents, 57 or 1.9% were 
pedacyclist. All pedacycle accidents in
cluding injury and non-injury incidents were 
only 0.7% of the total reported accidents in 
the state. These statistics reflect a very 
small proportion of the total accidents, but 
they are characteristically quite severe, and 
apparently occur at a comparatively high rate. 

Bicycle-miles travel data-are not readily 
available for a positive comparison. 

Some data are available on causative factors 
relativecto bicycle accidents. Table 4.3.1 
presents'\he distribution of 384 accidents 
in Santa Barbara, California. These are 
compared to 142 accidents in Davis (Table 
4.3.2) with roughly half with and half with
out bike lanes (!)· 

A landmark study (1) to improve the quality 
and consistency of-bicycle facility planning 
and design, conducted by DeLeuw, Cather and 
Company, was reported in 1975. The key 
findings of the study as reported in "Safety 
and Locational Criteria for Bicycle Facili
ties," FHWA-RD-75-112, are included. For 
those directly involved in the bicycle plan
ning and design, a review of the complete 
report is essential. The key findings were 
as follows: 

Bicyclists Perceive Significant Benefits 
From Bike Lanes 

Surveys of bicyclist perceptions indicate 
that most cyclists believe streets with bike 
lanes are far safer than they would be with
out the lanes. On the average, cyclists 
feel that bike lanes decrease the safety 
hazard to nearly half what it would be were 
no bike lanes present on the street. Belief 
in the relative safety of bike lanes was 
expressed in a great variety of street 
situations from commodious suburban streets 
with wide lanes and no auto parking to auto
impacted urban streets with narrow bike lanes 
and parked cars. Some sophisticated 
bicyclists perceive little benefit from bike 
lanes, being satisfied to depend upon their 
own riding skills and judgment in traffic. 

Bike Lanes Have Positive Impact on Traffic 
Flow Characteristics 

Presence of lane delineation lines normalizes 
the incidence of extremely close passes and 
wide avoidance swerves by motor vehicles. 

~ike Lan~s ar~~gnificantly More Effective 
1n ReJuc1ng ~otor Veh1cle Collis1ons 
ffianl'frevTmis:fYl3eiTeVe 
Re~ent accid?nt studies have provided data 
bas'cd on _accident causal factors and some 
direct evidence on the effectiveness of bike• 
lanes in reducing collision incidence. These 
studies show that overtaking and sideswipe 
collisions occur far more frequently than 
bike lane critics alleged. Studies indicate 
that.bj~e lanes are effective in reducing 
the 1nc1dence of a number of other bike-motor 
vehicle collision types. 

Research has shown that motor vehicles on 
streets with 25 mph speed limits will exceed 
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TABLE 4.3.1 

BICYCLE-MOTOR VEHICLE ACCIDENTS 
IN SANTA BARBARA, CALIFORNIA 

1971-1973 

Type 

A- Cyclist Exited Driveway Into Motorist's Path 

B- Motorist Exited Driveway Into Cyclist's Path 

C- Cyclist Failed to Stop/Yield at Controlled 
Intersection 

D- Cyclist Made Improper Left Turn 

E- Cyclist Rode Qn Wrong Side of Street 

F- Motorist Collld-d With Rear of Cyclist 

G -Motorist Failed to Stop/Yield at Controlled 
Intersection 

H - Motorist Made Improper Left Turn 

I - Motorist Made Improper Right Turn 

J - Motorist Opened Car Door Into Cyclist's Path 

TABLE 4.3.2 

ACCIDENT DISTRIBUTION COMPARISON 

Accident Santa Barbara Davis Davis 
Type (No Bike Lt.nes) (No Bike Lanest:) (With Bike Lanest:) 

A 8.59 "7.89 1.45 
8 5-73 3-95 2.90 
c 8.)) 7.89 11.59 
0 11.20 5.26 14.49 
E 14.)2 18.42 7.25 
F 4. 17 7.89 1.45 
G 1· 81 19.74 20.29 
H 12.75 15.79 28.99 
I 11.20 1).16 11.59 
J 7.29 o.oo o.oo 
Other ..!.:.iL ---
Total 99.99 99.99 100.00 

*Percentages In these columns reflect percent of total accidents which 
could be classified •. Accident percentages In iubsequent tables are 
also bated upon total accidents which could be dasslfle4. 
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Percentage 

8.59 

5-73 

8.33 

11.20 

14.23 

4. 17 

].81 

12.76 

1 1. 20 

7-29 

Total 

).95 
2.82 

7.91 
].91 

10.]3 

).95 
16.38 
18.08 
10.17 
0.00 

18.08 

99.99 



90 percent of bicyclists in speed. The high 
incompatibility restricts the number of 
locations where mixing should be considered. 
Locations where conditions satisfactory for 
mixing may occur include streets where motor 
vehicle speeds are constrained on long down
grades, on approaches to intersections and 
on_lightly traveled streets. 

Bidirectional Facilities are Strongly Dis
couraged 

Accident data reveal that riding against 
traffic is a primary cause of bicycle-motor 
vehicle accidents. Studies have shown that 
single direction facilities are most effec
tive from a safety standpoint. 

Inconvenient or Indirect Routing is the 
Pr1mary Reason G1ven for Non-Use of a Bicycle 
Fac1hty 

Bicycle facilities must connect logical 
bicycle trip origins with their de~tination 
conveniently and directly. Facilities which 
fail to provide convenient and direct service 
will simply not be used unless they afford 
significant recreational benefits. 

No Single "Desi~n Cyclist" Can be Identir'ied 
as a Basis for es1gn 

There is a tremendous range of bicyclist 
physiological capabilities, bicycling judg
ment and skill, and trip purposes. Hence, 
the planner should consider the full range 
of cyclist types expected to use a facility 
or, in response to specific planning policy, 
may tailor the design to the needs and capa
bilities of a specific user group. 

Six Levels of Service for Bicycle Operation 
can be De hned 

These service levels are related to similar 
levels defined in the Hi~hway Capacity Manual 
and describe a quality o bicycle flow. 
Specific speed, volumes, and densities have 
been ascribed to these service levels. 

Specific Bictcle Facility Width Criteria 
can be Estab 1shed 

Research has established minimum bicycle 
separation distances which can be used to 
define lane widths. The recommendations in 
this report should replace the multitude of 
conflicting width specifications which have 
been promulgated previously by various 
authorities. 

These equations are of particular use in 
facility design--particularly locations where 
bicycles interfere with high speed traffic. 
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Direct Consideration of Bicfcle Traffic 
Volumes 1n Warrants for Tra f1c Control De
Vlces Appears App!opr1ate 

"Recent res·earch has included a major effort 
to evaluate the role of bicycles in traffic 
control warrants, and a user's manual in
cluding specific warrants has been suggested. 
Additional research and testing in this area 
appear desirable." 

Fifteen Criteria Measures Have Been Identified 
Which Should be Considered 1n the B1keway 
Locat1on Plann1ng Process 

Principal user-related criteria include 
potential use, basic width, connectivity, 
safety, grades, and barriers. Secondary 
user-related criteria include attractiveness 
of the bicycling environment, image ability, 
air quality, surface quality, and truck 
traffic intensity. Non-user-related criteria 
include cost and funding, competing use and 
security. All of these criteria must be 
considered, to varying degrees, depending on 
site circumstances and policy objectives. 
It is particularly important that user travel 
needs be kept uppermost in weighing the con
straints of conflicting criteria categories. 

Desifn and Locatibn Techniques and Criteria 
Shou d be W1dely D1ssem1nated to Planners 
and Techn1cians Act1ve in the F1eld 

The infant state-of-the-art has resulted in 
many local agencies doing their own "pioneer
ing" with the result that many mistakes have 
been duplicated and little standardization 
has taken place in location, design, and 
graphics. Dissemination of material in this 
manual and future research efforts, similar 
to that enjoyed by the Manual on Uniform 
Traffic Control Devices and the Highway 
Capacity Manual, will greatly aid professionals 
in this field. 

4.3.41 Bicycle Planning 

Bicycle planning is a new activity in many 
of the urban areas. In-some respects, 
bicycle planning is similar to the planning 
of the street network. However, there are 
some major points that should be reviewed 
briefly. 

Most bicycle riding activities may be clas
sified into the following categories: 

• Neighborhood riding is done mostly by 
young children. Except for school trips, 
riding is often purposeless and is not 
limited to a specified route. 

• Recreation riding is a leisure time 
activity for all ages. Routes should be 
considered Which provide a minimum of con
flict with vehicular traffic. Aesthetics 



are important, and attention should be given 
to providing pleasing visual impressions 
whenever possible. 

• Commute riding is increasing due mainly 
to parking difficulties, energy conservation, 
and physical fitness reasons. Routes of 
this type should be as direct as possible 
between work and living areas. Aesthetics 
becomes less important but the need for 
parking facilities at the work trip end in
creases. 

• Sport riding and touring with sophisti
cated, lightweight bicycles usually requires 
facilities built for higher speeds and 
longer trips. Facilities of this type may 
not be entirely compatible with those for a 
more leisurely type of riding. 

Various types of facilities may be combined 
to form the bicycle network much as local, 
collector, and arterial streets form the 
urban street network. Various methods of 
describing.these facility types exist; how
ever, the following appear to be the most 
common (2_). 

• Class I (Bike Path or Protected Lane)-
A completely separated right-of-way desig
nated for the exclusive use of bicycles. 

• Class II (Bike tane)--A restricted right
of-way designated for the exclusive or 
semi-exclusive use of bicycles; through 
motor vehicles are not permitted. Vehicle 
parking and access to property as well as 
pedestrian access to parked vehicles are 
allowed. 

• Clas~ III (Bike Routes)--A shared right
of-way designated as such by s1gns placed 
on vertical posts or stenciled on the pave
ment. Classes II and III are not appropriate 
for freeway application. 

~~5le Network Planning. Having e~tab
rrsnea the types of trips to be accommodated 
and the various kinds of bicycle facilities, 
the following network planning procedure can 
be considered for the development of a com
prehensive bicycle plan. 

Step 1. Conduct Inventories of existing 
facilities. Determine traffic volumes, 
speeds, and parking conditions on street 
facilities, and physical dimensions of the 
street. Explore the availability of semi
private and municipal rights-of-way such as 
utility and abandoned railroad rights-of-way 
and areas around lakes and reservoirs. 

Step 2. Forecast demand for bicycle facili
ties. Conduct origin-destination studies or 
1n-home interviews as to bicycle usage 
according to number of riders in family, 
number of bicycles, and number and type of 
trips. Based on areas with similar socio
economic characteristics, project trips 
between these zones as well as intra-zonal 
travel. Consider amount of generated traffic 
by addition of a new facility. 
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Step 3. Establish planning and design stan
dards. 

Step 4. Design bikeway network and facili
ties. 

Step 5. Prepare alternative plans where 
more than one alternative exists. 

Step 6. Evaluate plans. Utilize govern
mental personnel responsible for city plan
ning, traffic operations, street maintenance 
and transit, and parking management for 
review .. Involve citizens from bicycling, 
public service, environmental and other in
terested groups. 

Step 7. Select final plan. 

Step 8. Implement plan. 

Step 9. Evaluate results. Evaluate use and 
operations of constructed and marked bicycle 
facilities as input for future bicycle plan
ning. 

_The comprehensive bicycle plan should offer 
similar service to all bicyclists within 
the confines of the planning area. In ad
dition, the plan should provide continuous 
routes connecting th~ smaller community 
bicycle systems. This is the rationale 
behind the "honeycomb" system as suggested 
by the City of Dallas in which Class I 
Bicycle Paths on exclusive right-of-way for 
the honeycomb, providing a network for travel 
between individual zones as well as around 
the zone. Within each zone, Class II Bicycle 
Lanes on city streets provide for movement 
within the zone and outward to the Class I 
facilities. Class III Bicycle Routes in turn 

_provide access to higher type facilities. 

Potential for Reducin~ Demand. A potential 
bicycle market for ur an areas can be 
estimated based on the data presented by 
Everett (6). Everett's data indicate that 
the commuter bicycle trip is feasible up to 
six miles one way. Thus, assuming that there 
is a total demand of 100,000 trips per day 
in an urban corridor, that 40 percent of the 
people would be willing to divert to the 
bicycle, and further that the peak hour is 
10 percent of the ADT, the potential peak 
hour bicycle demand i~: 

(100,000)(.4)(.4)(.1) = 1600 trips 

This represents about one freeway lane or 
50 loaded buses or 22-75 passenger transit 
vehicles. Thus, the potential impact of the 
bicycle on the transportation planning pro
cess could be rather significant. 

However, bicycle riding is a fair weather 
activity for most persons. During periods 
of he.avy rain, wind, snow or other adverse 



weather conditions, bicycle riding will be 
reduced substantially. Since the transpor
tation plan is usually based on the tenth 
highest hourly loading during the year, 
there ar~ relatively few areas of the country 
where year around cycling exists. For this 
reason, the impact of the bicycle on the 
need for other transportation modes will be 
nil except in a very few special instances. 
There is a need for bicycle facilities, but 
the reduction in vehicular traffic demand 
will, in most cases, be "icing on the cake" 
rather than having the effect of reducing 
the need for other transportation facilities. 
For this reason, care must be exercised t~ 
insure that the vehicular capacity of exist
ing streets not be reduced by the proposed 
bicycle facilities. 

The fact that bicycle use does not reduce 
the demand for other transport~tion facili
ties should not be misconstrueq to mean 
that there is not a real need for bicycle 
facilities. The increased use of bicycles 
combined with efforts to get more vehicular 
capacity from existing streets will undoubt
edly lead to greater vehicular-bicycle 
conflicts and accidents. Additionally, 
bicycle traffic mixed· with motor vehicle 
traffic impedes flow and reduces capacity. 

The transportation.manager should include 
bicycle planning as a part of the overall 
transportation system. 

4.3.42 Bicycle Facility Design 

Design Guidelines. The FHWA publication 
"liTl<eways - State of the Art - 1974" pre
sents a detailed discussion of design re
quirements of all types of facilities. This 
publication should be available to every 
agency as a reference document for planning 
and design of bicycle facilities. Further, 
the agency should develop its own design 
standards for bicycle facilities, similar in 
many respects to city street design stan
dards. Major items to be included in bicycle 
facility design standards are: 

• Design speed 

• Horizontal curve controls 

• Minimum facility cross sections 

• Maximum grades 

• Lateral and vertical clearances 

• Intersection layouts 

• Grade separations 

Intersection Design. Regardless of the type 
of bicycle £ac1I1ty, conflict with vehicular 
traffic is inevitable at intersections. 
Turning bicyclists must cross vehicle paths, 
and turning vehicles must cross bicycle paths. 
There are two genera! approaches to partially 
resolving problems at intersections. 
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• Channel the bike lane off the street so 
that it operates as a parallel or adjacent 
intersection. 

• Terminate the protected bike lane immedi
ately prior to the intersection, placing 
bicycles back into the traffic stream. 

• For a more detailed treatment, refer to 
"Bikeways- State of the Art.- 1974" by 
FHWA. Also, illustrations of other inter
section treatments are shown in Figure 4.3.6. 

Grade Separations. Where vehicle volumes 
prevent at-grade crossing by bicycles, ·grade 
separations may be constructed. Underpasses 
are preferred somewhat due to lower vertical 
clearances for bicycles than for vehicles. 
Also, the down-grade approach to the under
pass allows the bicyclist to gain momentum 
in order to carry him up the other side. 
Underpasses, however, need to be well-lighted 
and should provide line-of-sight throughout, 
if possible. 

4.3.43 Operation and Control of Bicycle 
Facilities 

The operational controls for bicycle facili
ties serve two fundamental purposes: 

• To deiineate the bicycle facility 

• To insure the safety of the cyclist 

For on-street bicycle facilities, the regu
latory devices for vehicular control will 
generally serve for cyclists as well. The 
primary control requirement is therefore one 
of delineation of the bicycle lane. For 
separate bicycle facilities, the safety of 
the cyclist is the primary concern. Warning 
signs and intersection right-of-way control 
devices are the principal controls. 

4.3.44 Bi"cycle Plan Review 

The following planning and design points 
are suggested for special attention in the 
review of bicycle plans. 

Planning. 

• System Continuity. Considered here should 
be whether cr not the system is indeed a 
comprehensive system providing for a variety 
of trip lengths and purposes or whether those 
improvements being made will only benefit 
certain. areas. 

• Implementation Scheduling. All of a pro
posed bicycle system cannot be constructed 
or implemented immediately. Where possible, 
those elements that will benefit the most 
people first should be given precedence. 
For example, building a bike path around a 
lake should probably be done after bicycle 
access facilities are provided to the area. 
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\ 
Curb Cut ___J 

(o.) Bicycle Lanes craning 
Intersection 
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to cross intersection 

(c.) Bicycle Lones 
continued on crou street 

Figure 4.3.1 Typical Bicycle Channelization Arrangements 
At Street Intersections . 

• Effects of Vehicular Capacity on F~cili
ties. Either Class II Bike Lanes or Class 
III Bike Routes reduce the effective street 
width usable by vehicular traffic. Care 
should be taken in reviewing bicycle plans 
to retain sufficient capacity of streets 
within a given corridor. 

Desi&!! 

• Lane Width and Lane Location for Class II 
Bike Lane facilities should be carefully 
reviewed. Lane width must be adequate to 
prevent bicycles from encroaching upon the 
traveled roadway. This is especially im
portant in the event that two-way bike lanes 
must be used. If street width is not suf
ficient to allow adequate bicycle lanes, 
route relocation should be considered. 

• Grades on Class I Bike Path facilities 
which parallel street facilities should be 
less than those on the street facility to 
encourage use of the bike path. Not only 
the steepness, but also the length of grades, 
is· important. 

Operation 

The bicycle plan review should include an 
operational analysis of the plan with respect 
to safety of the cyclists. Bicycle facility 
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sections wich are not open to view of passing 
motorists may be an invitation to criminal 
acts and should also be considered in the plan 
review. 

4.3.45 Cost of Bicycle Facilities 

The cost of bicycle facilities varies dra
matically with the type of facility. The 
cost data presented below in Table §.~.3 
were obtained from the City of Dallas and 
reflect 1974 costs.· Approximately half of 
the maintenance cost is for security 
surveillance. 

4. 3".46 Funding of Bicycle Facilities 

The following quote comes from the publica
tion, "The 1973 Federal-Aid High\•ay Act 
An Analysis." 

BiaycZe and Pedestrian FaaiZities--The 
States may build separate or preferential 
bicycle facilities and walkways in conjunc
tion with the non-interstate federal aid 
highway projects and will be financed from 
funds for the system on which the facility 
is located. The Federal share of the cost 
of such projects will be 70 percent, but not 
more than $2 million per state and $40 



TABLE 4.3.3 

BICYCLE FACILI1Y COST PER MILE 

Initial 
Cost 

(1975 Base) Annual 
Type of Excluding Maintenance 

Facility Land Costs 

Bikeways $30,000+ $1,500 (Asphalt) 
$ 950 (Concrere) 

Protected 
Bicycle Lane 
On Street $ 6,000 $600 

Unprotected 
Bicycle Lane 
On Street $ 3,000 $300 

Bike Route $ 700 $100 

million per fiscal year may be used for "them. 
Funds authorized for other federal road pro
grams, e.g., forest and public lands, 
highways, parkways, etc., may also be used 
for this purpose. 

In addition, Interstate funds can be u·sed 
for bicycle facilities which are included 
in new construction. Federal funds for 
bicycle and pedestrian facilities are limited 
to $2~ million per year for each state. The 
non-Interstate funds can be used for 70 per
cent of the cost with the remaining 30 per
cent coming from local sources. 

All bicycle facilities must meet the follow
ing criteria: 

• The safety of the bicyclist, pedestrians, 
or vehicular traffic must not be impaired; 

• The proposed facility must be a part of 
and connect to elements of the existing or 
planned system; 

• The facility must be under the jurisdic
tion of a public agency; and 

• There must be sufficient existing or 
projected demand to render the proposed 
facility cost-effective. 

4.3.5 PEDESTRIAN SAFETY 

Pedestrian travel is the most fundamental 
transportation mode--virtually every trip 
begins and ends as a pedestrian movement. 
Without the protection of a mass of metal 
surrounding the individual to increase the 
momentum and serve as armor, the pedestrian 
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is at a great disadvantage. Herein lies the 
basic safety problem. Just how serious is 
the safety problem? 

Even a cursory review of accident statistics 
shows that the pedestrian safety problem is 
very significant. Using recent nationwide 
statistics, the following significant points 
are made: 

• 20% of all urban motor vehicle accidents 
involved pedestrians. 

• 30% of all urban fatal accidents in
volved pedestrians. 

• 25% of fatal pedestrian accidents involved 
children 14 or under. 

• 25% of fatal pedestrian accidents involved 
adults 65 or over. 

• 70% of all pedestrian accidents occurred 
while pedestrians were crossing the street. 

• 40% of all pedestrian accidents occurred 
while pedestrians were crossing at the inter
section. 

From these statistics, it is obvious that 
pedestrian safety is a major problem. Fur
ther, the problem relates to the young and 
the old, and to pedestrian errors as well as 
driver errors. 

The pedestrian mode is a significant part of 
the urban transportation system, and there 
are pedestrian problems that must be solved 
in order to achieve and maintain a viable 
urban transportation system. These problems 
relate to the planning, design and operations 
aspects of tFansportation. Safety must be a 
principal criterion, but like other modes, 
the transportation manager must co~sider ~he 
general service aspects of pedestr1an facl
lities in satisfying public need. 

All things considered, we must view the 
pedestrian problem in the traditional sense; 
that is: 

• Enforcement 

• Education 

• Engineering 

+ Planning 

+ Design 

+ Operation 

4.3.51 Safety Design of Pedestrian Facilities 

The safety design of pedestrian facilities 
will be discussed in several areas: sub
division standards; city street design 
practices; and CBD treatments. 



,.3.52 Subdivision Standards 

Fundamental pedestrian safety begins with 
the layout of the subdivision. It is at 
this point that we establish an evironment 
which is hostile or conductive to the safety 
and efficiency of pedestrian travel. Some 
of the features that deserve attention in 
subdivision planning and design are dis
cussed. 

Sidewalks. Contrary to practice in recent 
years, s1dewalks should be required in all 
residential areas, and on collectors and 
arterials when pedestrian movements are not 
restricted. These may be combine4 with pro-· 
visions for bicycles where the numbers of 
either are not so excessive that they are 
totally incompatible. In residential areas, 
sidewalks should be placed on both sides of 
the street. A minimum width of 4 feet is 
common (2). There are pros and cons relative 
to the location of the sidewalks ~n the 
border area. Some cities place the sidewalk 
imJll.ediately adjacent to the curb, but this 
results in difficult construction at the 
intersection of driveways. Most cities 
place the sidewalk approximately one foot 
from the property line. 

Pedestrian Easements. In the new concepts 
·of subd1v1s1on layout, long blocks, cul-de
sacs and discontinuous local streets are 
recommended to deter vehicular movement. 
These same practices tend to discourage 
pedestrian and bicycle movements. With ade
quate planning of the pedestrian circulation 
system and with the provision of easements 
through long blocks and cul-de-sacs, pedes
trian flow can be increased and vehicular 
traffic reduced. 

At least one city has established a regula
tion requiring easements where block lengths 
exceed 600 feet. An argument against pedes
trian easements presents two major points: 
Noise and security problems created by 
pedestrians walking alongside private prop
erty, and the question of who maintains the 
easement area. These should be recognized 
and dealt with satisfactorily in formulating 
a regulatory policy. 

Pedestrian Circulation S~stem. Pedestrian 
systems should be planne to connect with 
neighborhood shopping, recreational and 
public transit facilities. This is accom
plished through the rational or practical 
arrangement of streets and easements. Street 
layouts can be developed to provide maximum 
pedestrian circulation while minimizing the 
need for easements. 

Residential Neishborhood Intersections. For 
veh1cular traff1c, the T-1ntersection has 
proven to be safer and operationally more 
efficient because of the inherent natural 
control feature and the fewer number of con
flicting paths. For these same reasons, 
T-intersections are preferred for pedestrian 
safety. 

Location of Pedestrian Generators. Care 
shou14 be exercised 1n the locat1on of . 
facilities that attract pedestrian activity. 
For example, schools, parks·, shopping, etc., 
are typically located for vehicle access. 
In doing so, we frequently create maximum 
conflict between those accessing such 
facilities by foot and by vehicle. Locational 
planning can likewise be used to minimize 
this conflict. At least crossings can be 
controlled through location to th~ extent 
that pedestrian access may occur naturally 
at controlled intersections rather than at 
mid-block and other uncontrolled points. 

4.3.53 Pedestrians ort Art~rial Streets 

The vehicle-pedestrian conflict on arterial 
streets is especially critical because of 
the moderate speeds and high traffic volumes 
on the arterial. There are a number of 
design and operation features that should be 
considered in the design and operations pro
cedures to increase the safety of pedestrians. 

Sidewalks. Sidewalks should be provided 
along arterials regardless of the relatively 
low number of pedestrians. Otherwise, 
pedestrians are forced into the street. Side
walk dimensions may be tailored to need. 
Also, placement may help to eliminate main
tenance of grass areas. 

Refuge Islands. On wide streets, it is 
des1rable to design medians such that they 
serve the function of pedestrian refuge. 
Also, where intersections result in extremely 
long pedestrian paths, islands may be in
stalled to channel traffic, reduce the 
exposure of pedestrians to traffic and give 
pedestrians an opportunity to cross one 
stream of tra£fic at a time. 

System Continuity. The same concern for 
system cont1nu1ty should be exercised for the 
pedestrian system as for the vehicle system. 
In fact, even greater consideration may be 
given to the directness of route because 
pedestrians tend to operate in that manner 
whether intended or not. Sidewalks should 
be designed to approach the crosswalk. Par
ticularly in construction areas pedestrians 
are channeled into the street for short 
distances without any protection considera
tions. 

Pedestrian Barriers. Pedestrian barriers 
should be used more frequently to prevent or 
deter pedestrians from entering or crossing 
the street at undesirable locations. It 
should be recognized, however, that there is 
a difference between deterrant barriers and 
prohibitive barriers, and they should be 
used according to the intent or relative 
hazard involved. For example, prohibitive 
barriers should be used on freeways, and 
rail-type deterrant barriers may be used to 
block mid-block crossing points on arterial 
streets. 
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4.3.54 Pedestrian Grade Separations 

One approach to improving pedestrian safety 
is to physically separate pedestrians and 
vehicles. This may be done in horizontal 
arrangements and vertical arrangements. 
Horizontal systems will be discussed later. 

Grade separations, either over or under the 
roadway, are justified or warranted on the 
basis of perhaps three principal conditions. 

• Policy considerations, e.g., the Inter
state system 

e· Hazardous speed conditions 

• Combined vehicle and pedestrian demand 
exceeds capacity of the facility 

On arterials and freeways, grade separations 
are typically elevated; however, they should 
be placed above or below grade b~sed on full 
consideration of the relative merits. Ele
vated facilities are easier to police and 
generally pose fewer maintenance problems. 
Underpasses pose serious enforcement prob
lems when there is not a direct line of 
sight through the facility, and a general 

.open atmosphere. On arterial streets, 
underpasses should be limited to situations 
where a split grade may be utilized- -not 
more than half the height of the pedestrian 
way should be below grade. 

Elevated facilities could be made more 
effective by providing alternate methods of 
climbing to the crossing. The accommodations 
for wheelchairs and bicycles, if permitted, 
require long grades which are folded or built 
in a circular form. The added walking dis
tance is objectionable to those who are able 
to climb stairs and, therefore, it would be 
desirable to provide a direct stairway as an 
alternate access method. 

There are numerous advantages and disadvan
tages of elevated and below-grad~ pedestrian 
facilities. These are summarized in Figures 
4.3.2 and 4.3.3 (~). 

4.3.55 Horizontal Separation Systems 

Aside from the typical sidewalk system in 
suburban or outlying areas previously dis
cussed in "Integrated Systems," horizontal 
separation embraces the concept of separating 
pedestrians and vehicles in the same plane. 
This generally constitutes designation of 
certain areas for exclusive use by pedestri
ans. Some of the alternatives for horizontal 
separation are as follows: 

Sidewalk Widening. Sidewalks in downtown 
areas may be w1dened by the elimination of 
parking and the utilization of this space 
for sidewalks, as illustrated in Figure 
4.3;4. Such projects can range in magnitude 

from simply the clinical treatment of re
ducing the street width, to serpentine . 
treatment with variable widths to facilitate 
mid-block passenger loading and intersection 
turn lanes, to the placement of plantings 
and other decorative treatments to serve as 
a buffer to traffic. Widening in this manner 
reduces the confusion, and improves the 
safety and appearance of the street caused 
by the congestion resulting from curb park
ing. The advanteges and disadvantages of 
sidewalk widening are listed in Figure 4.3.4, 

Arcade Setbacks. In new construction, or 
where old construction is being remodeled, 
the building can be recessed to create 
additional nedestrian space as shown in 
Figure 4.3.5. This provides the advantage 
of sidewalk widening while maintaining"street 
width. It also provides partial cover from 
the elements. The advantages and disadvan
tages of arcade setbacks are presented in 
Figure 4.3.5, 

Partial Malls. According to most references, 
1t 1s d1ff1cult to distinguish between the 
high-quality sidewalk widening project and 
the partial mall. Perhaps this differentia
tion should be·on the basis of traffic 
restrictions. For example, Nicollet Mall in 
Minn~apolis limits the vehicular intrusion 
to buses, taxicabs and emergency vehicles. 
Whereas, the street was at one time a 4-lane 
street, it is now limited to two lanes. 
Cross street traffic on the various inter
secting streets is not restricted, but the 
elimination of turns at the intersections 
greatly improves pedestrian operations. 

Full Malls. Full malls are typified by the 
exclus1on of all vehicular traffic except 
emergency vehicles. A schematic illustration 
of the full mall, along with the advantages 
and-disadvantages~ are presented in Figure 
4.3.6. They provide the opportunity for a 
full aesthetic treatment which may serve as 
a stimulus for the urban area. Development 
is generally funded substantially by the 
business sector. In the application of the 
full mall, the major concern of the trans
portation manager is the integration of the 
mall with the remainder of the transportation 
system. Transit, vehicular movement and 
parking are necessary for the support of the 
pedestrian system. 

Auto-Free Zones. The auto-free zone is prin
Clpally an extension of the full mall concept 
where automobile traffic is restricted to 
give pedestrians exclusive use of an area 
comprised of multiple street segments. The 
auto-free zone has the greatest impact on 
vehicular travel because it concentrates 
movement, access and parking on the periphery 
of the area. Because of the problems en
countered in servicing the area, it is 
generally realistic to permit the operation 
of buses, emergency vehicles and service 
vehicles in the auto-free zone. In this re
spect, it is quite similar to the Nicollet 

Rev: 11/77 4.3-10 



Rev: 

ADVANTAGES 

• Separat•s pedestrian moveffl~nt 
from vehicular movement 

• Can provide more direct, conven
ient paths for pedestrians 

• Provide elevated visual vantage 
point 

• Provide direct linkage of major 
activity centers 

• Can be built in increments and 
expanded into comprehensive system 

• Particularly applicable to new 
construction 

• May utilize public rights-of-way 
linking and/or passing through exist
ing buildings 

• Allows more compact and efficient 
arrangement of retailing space 

• Improves at-grade vehicular 
circulation 

• Provides cover for at-grade 
pedestrian movement 

DISADVANTAGES 

• Expensive to construct 

• Requires change-in-grade and numerous 
entry points 

• Difficult and expensive to provide 
access into existing development 

• Could diminish retail activity at 
the street level 

• Coordination of property owners may 
be difficult to achieve 

• Elevated elements form areas at-grade 
that present security problems 

• Difficult to coordinate to at-grade 
and below-grade transit systems 

• Creates potential danger of falling 
objects if not totally enclosed 

• Adds to the already cluttered 
cityscape 

• Difficult to service for emergency, 
fire, security, etc. 

Figure 4.3.2 Advantages and Disadvantages 
of Above-Grade Systems 
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ADVANTAGES 

• Separates pedestrian movement from 
vehicular movement 

• Provides built-in protection from 
sun and incl~ment weather 

• Does no~ have to follow traditional 
parallel grid pattern 

• Does not visually or physically ob
struct the urban landscape 

• Can be built in increments 

• Particularly applicable to new 
construction 

• Can be linked directly to existing 
underground systems 

• Provide direct linkage between major 
activity centers 

• Improves vehicular circulation at 
grade 

DISADVANTAGES 

• Extremely expensive to construct 

• Require change-in-grade and numerous 
entry points 

• Difficult to link new and old 
huildings 

• Orientation and coherence are adversely 
affected due to loss of visual contact 
with city 

• Artifici~lly created environment 

• High potential .for crime 

• Emergency servicing is restricted 

Figure 4.3.3 Advantages and Disadvantages 
of Below-Grade Systems 



vehicle 
roadway 

ADVANTAGES 

seating/etc. 
landscaping 

parking lane transfonned 
to wide sidewalk 

SECTION 

• Increased sidewalk space relieves 
pedestrian congestion in areas of high 
volume 

• Additional buffer zone reduces poten
tial for conflict and accident 

• Annoyance of noise and fumes reduced 

• Visual obstruction of parked autos 
eliminated 

• Increases space for pedestrian 
amenities 

DISADVANTAGES 

• Reduces width of street available 
to vehicle 

• Increases vehicle congestion on sur
rounding streets 

• Does not solve the problem of conflict 
at intersections 

• Pedestrian exposure to weather is not• 
affected 

Figure 4.3.4 Advantages and 
Disadvantages of 
Sidewalk Widening 
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ADVANTAGES 

existing 
sidewalk 

building . 

growld floor setback 
(arcade) 

SECTION 

• Relief of pedestrian congestion 

• 3uffer zone reduces potential for 
conflict and accident 

• Reduced annoyance from fumes and noise 

• Increased space for pedestrian 
amenities 

• Some shelter from sun and incle~ent 
weather 

• Does not reduce vehicle space 

D I SADVAN'T AGES 

• Does not solve the problem of 
conflict at intersections 

• Depends on cooperation of builders, 
developers and other private interests 

• Reduces store frontage and retail 
sales space 

Figure 4.3.5 Arcade Setbacks 



FULL MALLS I 

PLAN 

FULL r.!ALL (URBAN STREET) 

SECTION 

Figure 4.3,~ 
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ADVANTAGES 

• Eliminates conflict within mall 
area 

• May be integrated with public 
transit 

• Allows use of people-movers, jitneys, 
etc. 

• Can be developed in stages 

• Allows a wide range of communal 
activities (art fairs, craft shows, 
entertainment, etc.) 

• Can integrate with existing parks, 
plazas, etc. to create "system" of 
urban open space 

• Stimulates retail activity 

• Provides freedom from noise, fumes, 
and usual obstruction of vehicles 

• Eliminates on-street servicing of 
stores 

DISADVANTAGES 

• High developmerit, operating and main
tenance costs 

• Requires comprehensive preplanning 

• Increases traffic volumes on sur
rounding streets 

• Depends on total cooperation of pro
perty owners and other retail interests 

• Acts to reduce retail.activity on 
nearby streets 

• Creates legal problems with property 
lines, etc. 

• r.lay require extensive utility up
grading 

Full Malls (Urban Streets) 



Mall in Minneapolis. 

4.3.56 Pedestrian Spot Improvements 

Signal Timinf. Pedestrian signal displays 
may be 1nsta led, and signals may be timed 
more efficiently for pedestrian operations. 
Also, the specialized phasing, the "all-red" 
interval, may be used to increase the effi
ciency of pedestrian flow and increase 
safety through the elimination of pedestrian
vehicle conflicts. 

Removal of Obstacles. One of the major 
problems 1n hlgh-density urban areas is the 
normal "clutter" that reduces the capacity 
and serviceability of pedestrian facilities. 
This "clutter" consists of functional objects 
such as newspaper dispencers, mai~boxes, 
litter cans, fire plugs, sign posts, light 
posts, signal posts and other forms of street 
furniture. Even though these may be 
desirable or necessary items, their applica
tion or use may be regulated so as to reduce 
the interference with the pedestrian flow 
network. 

Widening Crosswalks. In the pedestrian 
system, as 1n the vehicular system, the 
intersection is the major capacity-limiting 
feature. For vehicular flow, intersection 
widening has proven to be an effective means 
of increasing street capacity. In the same 
manner, widening crosswalks may increase the 
capacity of the pedestrian system. 

Pedestrian Lighting. Although lighting may 
not increase the capacity of pedestrian 
facilities, its value in the safety and 
security of pedestrians is obvious. Light
ing in other areas such as pedestrian con
nections to recreational areas, shopping 
centers and other pedestrian generators 
permit drivers to see and avoid passengers. 

Regarding the application of lighting for 
the safety protection of pedestrians, one 
should refer to FHWA Report No. FHWA-RF-76-
9, "Fixed Illumination for Pedestrian 
Protection--U:;ers Manual." 

A study in Kentucky (4) listed a number of 
countermeasures that nave been used success
fully in reducing the potential for pedestrian 
accidents. They are: 

1. Prohibition of vehicle parking 

2. Designation of one-way streets 

3. Improvements in overhead street lighting 

4. Use of crosswalks 

5. Installation of pedestrian signals 

6. Use of pedestrian harriers 

7. Prohibition of pedestrians (on Interstate 
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highways) 

8. Improvements in driver regulations 

9. Installation of pedestrian refuge islands 

10. Use of reflectorized apparel for pedes
trians 

11. Installation of special pedestrian 
signing and markings 

12. Widening of shoulders (in rural areas) 

13 •. Installation of sidewalks 

14. Grade separation of crossings 

15. Construction of pedestrian malls 

16. Construction of playgrounds (in urban 
areas) 

17. Conduct of pedestrian education pro
grams 

18. Increased enforcement of pedestrian and 
dri ve·r regulations 

REFERENCES 

1. Smith, D.T. Safety and Location Criteria 
for Bicycle Facilities. FHWA-RD-75-112. 

2. APWA. A Survey of Urban Arterial Design 
Standards. Chicago, Illinois, 1969. · 

3. Scott, W.G. and Kazan, L.S. A Compari
son of Costs and Benefits of Facilities for 
Pedestrians. Report No. FHWA-RD-75-7, 
National Technical Information Service, 
Springfield, Virginia, 22151. 

4. Zeeger, C.V. an·d Deen, R.C. Pedestrian 
Accidents in Kentucky. TRR 605, Transpor
tation Research Board, 1977. 

5. Smith, D.T. Bikeways -- State of the 
Art -- 1974. FHWA-RD-74-56, 1974. 

6. Everett, M.D. Roadside Air Pollution 
Hazards in Recreational Land Use P~anning. 
American Institution Planners, 1974, pp. 83-
89. 

7. Guide for Bicycle Routes. American 
Association of State Highway Officials, 1974. 

8. The Seattle Engineering Department,Traffic 
and Transportation Division. Bikeway System 
Planning and Design Manual. City of Seattle, 
August 1975. 

4.3-15 



TOPIC 4 SESSION 4 
ROADWAY LIGHTING SYSTEMS 

Objectives: 

The participant should be able to: 

1. Locate the source documents and deter
mine the application of roadway lighting as 
a means of improving the safety and operation
al efficiency of traffic faciliti~s. 

2. Select light sources and specify 
design controls for the achievement of 
visibility, safety and efficient ~nergy 
utilization, and 

3. Select the type and location Zuminaire 
supports to minimize the potential and 
severity of vehicular collisions with the 
supports. 

4.4.1 INTRODUCTION 

Safety is one of the ultimate objectives in 
roadway lighting. When road users can see 
better, they presumably operate more 
efficiently and more safely. Lighting 
serves all road users - pedestrians and 
operators of bicycles, motorcycles, auto
mobiles, buses and trucks. lt provides 
night.visibility of the roadway, of traffic, 
and development conditions along the way. 
It aids some in seeing others, such as 
drivers seeing pedestrians and bicyclists. 
From the safety standpoint, none is 
necessarily more important than the other, 
except in certain circumstances, drivers 
greatly outnumber pedestrians and bicyclists; 
therefore, we will frequently refer to the 
principal function of lighting as that of 
providing driver visibility. 

The most common method of illuminating the 
highway is by vehicle headlights. Virtu
ally all of our rural highways and many of 
our city streets must be, by economic 
necessity if nothing else, lighted by 
vehicle headlights. Vehicle headlighting 
certainly has its limitations, and these 
limitations have become more critical as 
vehicle speeds have increased. This has 
been offset greatly by the effective use of 
reflective marking and delineation mate
rials. These are used to aid the driver in 
viewing geometric conditions and physical 
obstacles beyond the illumination range of 
the vehicle headlights. 

Fixed source roadway lighting becomes 
important when the vehicle headlights, 
supplemented by markings and delineation, 
no longer provide sufficient driver ~isi-

bility. This normally occurs in urban areas 
where traffic conditions are more intense, 
roadways are more complex, and these factors 
are aggravated by the influence of develop
ment along the roadways. Thus, we have 
identified the factors which justify light
ing and, subsequently, we will consider 
some of the design requirements and char
acteristics. 

4.4.2 WARRANTS FOR ROADWAY LIGHTING 

Warrants are conditions that justify the 
installation of fixed source roadway light
ing. Generally, four conditions are 
embodied in the published warrants: 

• Geometric conditions 

• Traffic operating conditions 

• Environmental or developmental condi
tions 

• Accident experience 

Currently, there are two publlshed sources 
for lighting warrants: 

• An Informational Guide for Roadway 
Lighting, AASHTO, 1976 

• Warrants for Roadway Lighting, NCHRP. 
Report 152 

The Informational Guide is the "official" 
warrant source for highway agencies, partic
ularly Federal~atd projects. These warrants 
are based principally on experience related 
to roadway classification, traffic volume, 
traffic maneuvers, interchange spacing, 
night accident rates and environmental 
conditions. Unfortunately, AASHTO has 
addressed warrant applications primarily to 
fTeeway and expressway type facilities. 
Urban arterial streets are treated very 
superficially and, in effect, little or no 
direction concerning warrants or guidelines 
has been given to local agencies. 

Warrants presented in the NCHRP report are 
based on an analytical approach which pro
vides a priority scheme as well as warrants. 
Using this method the designer is able to 
determine a numerical score relative to the 
need for roadway lighting based on g~o
metric, operational, and .environmental 
conditions, as well as accident experience. 
For a detailed treatment of either of these 
methods, one should refer to the appropriate 
document. 
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4.4.3 TYPES OF ROADWAY LIGHTING SYSTEMS 

Types of roadway lighting systems may be 
described in several ways; however, in 
terms of safety, the various types of 
systems required to satisfy the driver 
visibility needs seem most appropriate. 
Thus, the following types are presented: 

• Continuous Lighting Systems. This re
fers to the use of uniformly-spaced lumin
aires along the roadway to illuminate the 
roadway and the adjacent areas. Continuous 
systems are used wherever there is a . 
continuing deficiency in headlights providing 
sufficient driver information. Continuous 
systems may be used to light freeways, 
arterials, collectors and local streets. 
Depending on the character of the facility, 
continuous systems may be on masts 30 to 50 
ft (9 to 15 m) high mounted in the median 
where applicable; or they may be along the 
side of the street in a oneside, staggered or 
orposite arrangement, depending on the width 
of the street. Also, high-mast lighting, 80 
to 150 ft (24 to 46 m) high, may be used in 
continuous systems on wide, complex freeway 
sections. 
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• Partial Lighting Systems. Partial light
ing refers to the installation of luminai~es 
at critical points along a roadway, at an 
intersection, or in an interchange area. 
The luminaires are generally intended to 
increase the visibility and target value of 
critical geometry and operational features. 
As an example, Figure 4.4.1 shows the 
application of partial lighting to a free
way interchange. Partial lighting, some
times referred to as "safety lighting" has 
been used more commonly in the lighting of 
interchanges and major intersections in 
rural or suburban areas. 

• High-mast Interchange Lighting. A 
specialized form of illumination known as 
high-mast lighting is frequently used to 
light freeway interchange areas. Because 
the driver generally needs to see the 
various elements of the interchange in 
proper perspective, an area lighting 
concept aids driver visibility. Masts 80 
to 150 ft (24 to 46 m) high and spaced 
strategically in the interchange are used 
to support several luminaires which light 
the entire area. 

afet 
Clearance 

•c•- SIMPLE CROSSROAD
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•D"·COMPLEX CROSSROAD
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Figure 4.4.1 Partial Lighting for Interchanges 
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4.4.4 TYPES OF LIGHT SOURCES 

The most important element of the illumi
nation system is the light source. It is 
the principal determinant of the visual 
quality, economy, efficiency, and .energy 
conservation aspects of the illumination 
system. Although there are many types of 
light sources available, major emphasis will 
be placed on the characteristics of those 
sources that are currently used for public 
lighting. 

Light sources that are normally used for 
roadway lighting today are gaseous discharge 
lamps. Light is produced in this type lamp 
by passing an electric current through a 
gaseous medium. The characteristics of the 
gaseous medium determine the color of the 
light and the efficacy of light output. 
For example, a mercury vapor gas produces a 
blue-white light at approximately 55 lumens 
per watt, and a sodium vapor gas produces 
a yellow monochromatic light at ~pproximate
ly 175 lumens per watt. 

There are four types of high-intensity dis
charge lamps used today: 

• Mercury 

• Metal halide 

• High pressure sodium 

• Low pressure sodium 

4.4.41 Mercury Vapor 

The mercury vapor lamp was invented in the 
1930's and with development through the 
years has become the most widely used 
street lighting source. The principle of 
operation of the mercury lamp is represent
ative of all gaseous discharge lamps. The 
characteristics of the gaseous medium 
determine the color of the light and the 
efficacy of light output. 

Most mercury lamps are constructed llfith two 
envelopes, an inner envelope (arc tube) 
that contains the gaseous medium, and an 
outer envelope that shields the arc tube 
from outside drafts and changes in temper
ature. The inner envelope usually contains 
nitrogen which prevents oxidation of 
internal parts. In reflector lamps the 
outer envelope, by means of a metallic
reflecting coating applied to its inner 
surface, serves also to direct the light 
into a beam. Semi-reflector lamps have a 
portion of the bulb covered with a phosphor 
coating. The essential construction details 
shown in Figure 4.4.2 are typical of lamps 
with fused arc tubes within an outer 
envelope. · 

The most common form of mercury lamp is the 
clear bulb. The clear mercury lamp produces 
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a bluish-white light at efficacies of 50-65 
lumens per watt. While the light source 
itself appears to be bluish-white, there is 
an absence of red radiation, especially in 
the low and medium pressure lamps, and most 
colored objects appear distorted in color 
rendition. Blue, green and yellow colors 
in objects are emphasized; orange and red 
colors appear brownish. 

The poor color rendition led to the develop
ment of phosphor-coated mercury lamps with 
efficacies slightly greater than the clear 
bulbs. Although the phosphor coating 
corrects the brownish appearance of orange 
and red colors, it creates a problem with 

.control of the emitted light. 

The light is emitted from the arc which, in 
turn, excites the phosphors that coat the 
inside of the envelope. Light produced by 
the phosphors is more difficult to control 
than light produced from the point source 
of the clear bulb. For this reason, clear 
mercury vapor lamps are more widely used 
for roadway lighting. 
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Figure 4.4.2 Construction Details of a 
Mercury Vapor Lamp 



4.4.42 Metal Halide 

Metal halide lamps, introduced in the 
1960's, provide better color with greater 
efficacy (75-100 lumens per watt) than 
mercury lamps through a combination of 
metallic vapors in the arc tube. Additives 
to mercury and argon gas in the arc tube 
are generally iodine compounds of metals 
such as indium, scandium or thallium. 

In general, metal halide lamps are similar 
in construction to mercury lamps, but a 
close look will reveal several construction 
features which are different. The arc 
tubes in metal halide lamps are ~sually 
smaller than in mercury lamps for equivalent 
wattage, with a coating or reflector at the 
ends of the arc tube. Some metal halide 
lamps include a system for either shorting 
the starting electrode to the operating 
electrode or opening the starting electrode 
circuit. This is required to prevent elec
trolysis in the fused silica between the 
starting and operating electroqes, 
especially when a halide such as sodium 
iodine is used in the lamp. 

Almost all varieties ·of available "white
light" metal halide lamps prod:.tce color 
renditions desired. They are commonly used 
for lighting sports arenas, commercial 
business districts, and parks. Instability 
and short lamp life preclude extensive use 
of metal halide lamps in roadway lighting. 

4.4.43 High-Pressure Sodium 

The most recent addition to the discharge 
lamp fauily is the high-pressure sodium 
lamp, with 130 lumens per watt, which is 
second only to the low.pressure sodium 
vapor lamp. 

In high-pressure sodium lamps, light is 
produced by electricity passing through 
sodium vapor. The high-pressure sodium, 
with a combination of gases in the arc tube, 
provides a soft, pinkish-yellow light that 
is generally well-accepted by the driving 
public. The light source appears to pro
vide better visibility with less glare. 

The high-pressure sodium lamp is constructed 
with two envelopes, the inner envelope (arc 
tube) being polycrystalline alumina which has 
the properties of resistance to sodium attack 
at high temperatures, as well as a high melt
ing point, and good light transmission even 
though this material is translucent. The 
arc tube is normally filled with sodium, 
mercury, and xenon gas. The xenon gas acts 
as a starting gas, and as the arc tube be
comes hotter; the mercury and sodium vapor
ize and add color to the discharge. Since 
very little ultraviolet energy is emitted 
by the high pressure sodium arc tube, it is 
unlikely that this type will find any 
advantage in the addition of coatings to the 
outer envelope. 
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Because of the small diameter of a high
pressure sodium lamp arc tube, no starting 
electrode is built into the arc tube as in a 
mercury lamp. Since the high-pressure 
sodium lamp does not contain a starting 
electrode, a high-voltage, high-frequency 
pulse is used to ionize the xenon starting 
gas to facilitate starting. Once started, 
the lamp warms up in approximately 15 
minutes during which time the color rendi
tion will change from poor when the lamp 
first starts, to its normal spectrum when 
stable operating conditions are achieved. 

To achieve the necessary electrical control 
needed for high-pressure sodium, special 
ballasts are required. These ballasts 
incorporate starting circuits that provide 
pulse voltages in the range of 2250 to 7000 
volts in order to strike the arc, since 
these lamps do not incorporate a starting 
electrode or heater coil as is found in 
other types of high-intensity discharge 
lamps. 

4.4.44 Low-Pressure Sodium 

In low-pressure sodium lamps, light is pro
duced by passing electricity through vapor
ized sodium at an efficacy of 150 to 180 
lumens per watt. The gas used for starting 
is neon with small additions of argon, 
xenon, or helium. 

When low-pressure lamps are first started, 
the light output is the characteristic red 
of the neon discharge, and this gradually 
changes to the characteristic yellow as the 
sodium is vaporized. The yellow color is 
objectionable to many drivers and, due to 
its monochromatic character, it produces 
poor color rendition. 

Another disadvantage of the low-pressure 
sodium lamp is its size. For example, the 
180 watt lamp, including the fixture, is 
54 inches (1.4 m) long. 

4.4.45 Summary Comments - Light Sources 

Mercury vapor is certainly not as presti
gious in relative efficacy as it was in the 
past, but it still serves a purpose. It 
has a very long life and an appealing color 
quality in a blue-green environment. Thus, 
for lighting in parks, etc., it is still 
perhaps the best choice. 

The metal halide source was to provide all 
of the qualities of mercury, plus some 
additional qualities. The combination of 
metallic vapors was to increase the efficacy 
and color quality. The result was, however, 
a relatively unstable light source of re
latively short life. Metal halide sources 
are most popular in sports lighting, but 
have never been completely satisfactory on 
the roadway. 



The high-pressure sodium lamp is the latest 
development of technology, and, therefore, 
it provides the best in current compromises. 
The sodium content results in high efficacy, 
whereas the blend of vapors provides reason
able color quality. It is particularly 
adaptable for browns and greys, the pre
dominant colors of roadways and buildings. 
Long life and high efficacy stimulate popular
ity in a time of economic stress and energy 
consciousness. 

The low pressure sodium source has the 
highest efficacy but the lowest degree of 
acceptance of any of the sources presented 
herein. Its lack of popularity is attri
buted primarily to its yellow, monochromatic 
light. Apparently, people prefer light 
sources that enhance natural surroundings. 
Applications, however, indicate that low
pressure sodium is not objectionable as a 
source for freeway lighting. Apparently 
the harshness and the monochromaticity are 
reduced by the vehicle headlights, and 
people are ~ot as closely associated with 
the freeway environment as they m-e with 
the arterial ~nd residential street environ
ment. 

These are broad generalizations, and it 
should be noted that with a wide variety of 
sources there is no one best solution for 
a given lighting application. The require
ments should be known: the characteristics 
of the light sources with these requirements 

in mind should be reviewed, and the sources 
that are not suitable should be eliminated. 

Table 4.4.1 presents various sources and 
their respective efficacy and estimated 
lamp life. The given characteristics should 
aid the designer in choosing the light 
source best suited for a given application. 

4.4.5 DESIGN CRITERIA 

In this country, lighting designed according 
to the illuminance concept utilizes average 
maintained illumination and uniformity as 
design criteria. Average maintained 
illumination, expressed as horizontal 
illumination in foot-candles (lumens per 
square foot), or lux (lumens per square 
meter), is the average illumination on the 
horizontal road surface at the end of the 
design life of the lamp, and at the lowest 
allowable maintenance condition. Uniformity 
is usually express~d in terms of average to 

'minimum illumination on the roadway. In 
some instances, designers have utilized 
maximum, rather than average to minimum. 
Design criteria are published by AASHTO and 
IES (1), (3). Tables 4.4.2 and 4.4.3 pre
sent the current design criteria. 

It has been proposed that lighting in this 
country should be designed on the basis of 
the luminance concept. What is the differ
ence between the illuminance and luminance 

TABLE 4, 4 .1. TYPICAL AREA A~D ROADJ·: . .w LIGilTJSG LA~IP CHARACTER! STICS (1) 

l.umen~ Per Watt l.um~ns w~'.!..!:1_S!.. Rated Ave. \ Maint Color Optical Cost 
(Inc lud. l.ump ~.::!.."B..<:. l.i fe (I Irs~~ Qi'Tr•'.!- Rrn- Control Jni t 1'3'1 Op('Til· 
Ballast Only p.) at c:.~nd dition (l.amp) tiona! 
l.osses) of rated (Po><er) 
(2.) TITl;---· 

Incandescent N/A 11-18 [>55-15300 5R-Rf:.O 1500-12000 82-86 f:xc. Excellentj Low lligh 

Tung$tCn·llalogen N/A 20-22 6000-BOOO 300-1500 2000 93 Exc. f:x. Ver- ~!oder. lligh 
deal 
Poor 
llorh. 

l'luorescent 58-69 7o-n 4200-15500 60-212 \0000-12000 (.8 Good Poor ~Ioder. ~1od1:r. 

flcrcury-Clcar . H·54 44·5R 77110-57500 175-1000 24000+ 62-82 Fair Good ffoder . ~fader. 

~lcrcury-W/Phosp. 41-59 49-63 8500-63000 175-)f\00 240(10+ 50-73 Good Fuir ~fuder. ~fodcr. 

ffeta I llallde 65-110 80-125 14000-115000 175-1500 7500-15000 58-74 Good Good lligh 1.01< 

lligh Pressure Sodium 70-130 95·140 9500-140000 )00-1000 20000-24000 73 Fair Good lligh I. ow 

l.ow l'rcssure Sodium 78·150 Bl·l8~ 4650•3300() 35-180 180.00 100( 4 -) P~or Poor High Low 

Notes: 
··. (1.) All figures show operating rungcs typical for lamp sizes normally used in area and roadway applications. 

(2.) Ranges shown cnvor low watta~e jamps with rcRulated type h;lllasts (worst condition) through high wattage lamps 
with reactor type ballasts (hcst condition), 

(3.) Rated average life is hosed on survival of at least SO\ of a lar~c group of lamps operated under specified test 
conditions nt 10 or more burninr. hours per start. 

(4.) Low pressure sod!~ la111ps •aintain initial IUIIICn ratinl! throughout life, but lamp wattage increas.-s. Consid.-ring 
this change ln wattaae, the lu•inous efficacy oF these lamps (includina ballast losses) at 18000 hours is 
67-117 luaens par watt. 
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TABLE 4.4.2 RECOMMENDATIONS FOR ROADWAY AVERAGE 
MAINTAINED HORIZONTAL ILLUMINATION 

Vehicular 
Roadway Commercial Classification - fc lux 

Freeway 0.6 6 

Expressway 1.4 15 

Major 2.0 22 

Collector 1.2 13 

Local 0,9 10 

Alley 0,6 6 

TABLE 4.4.3 RECOMMENDED AVERAGE-TO
MINIMUM UNIFORMITY RATIOS 

' 
Recommended Ratios 

For Roadways in - ANSI(!) FHWA/ AASHTO (_§_) 

Commercial Areas 3:1 4:1 

Intermediate Areas 3:1 4:1 

Residential Areas 6:1 6:1 

concepts? The illuminance concept which 
is almost universally used in the United 
States is based on the premise that by 
providing a given level of illumination and 
a uniformity of distribution, satsifactory 
visibility will be achieved. 

The luminance concept, which is fairly 
popular in parts of Europe and is promoted 
by some people in the United States, is 
based on the premise that visibility is re
lated to the luminance of the pavement and 
the objects on the pavement. This, in turn, 
is related to the reflectance properties of 
the pavement and the objects on the pave
ment. The primary obstacles to implementing 
the luminance design concept is that of 
estimating pavement reflectivity for a wide 
variation of pavement types and ambient 
conditions. Estimation of the reflective 
properties of the objects that drivers must 
see is also difficult. Information of this 
type is needed because the luminance 
measurement is made of light flux reflected 
from the pavement and the object to an 
observer. With further development, it is 
feasible that luminance design procedures 
could be incorporated into the ANSI re
commended practice by the early 1980's. 
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URBAN 

Intermediate Residential 
fc lux fc lux 

0.6 6 0.6 6 

1.2 13 1.0 11 

1.4 15 1.0 11 

0.9 10 0.6 6 

0.6 6 0.4 4 

0.4 4 0.4 4 

4.4.6 ILLUMINATION DESIGN PROCEDURE 

The s~eps in the design process are as 
follows: 

• Selection of Typ~ of Light Source 

• Selection of Light Source Size and 
Mounting Height 

• Selection of Luminaire Type 

• Luminaire Spacing and Location 

• Checking For Design Adequacy 

The design procedure is far too lengthy for 
presentation here, but the reader is re
ferred to a detailed treatment in the FHWA 
Roadway Lighting Handbook (.1_). 

4.4.7 LIGHTING MASTS AND BASES 

4 . 4 • 71 Masts 

There are principally five types of masts 
utilized for luminaire supports. These are: 

• Steel - galvanized or painted 

• Aluminum 

• Stainless steel 

• Wood 

• Concrete 

The advantages an·d disadvantages of each 
are discussed in the following paragraphs. 



Steel. Galvanized 
popular because of 
and extended life. 
popular because of 
problem. 

steel masts are extremely 
comparatively low cost 
Painted poles are less 

the continual maintenance 

Aluminum. Aluminum masts have two 
pr1nc1pal attributes: 

• They are relatively maintenan~e-free due 
to their resistance to corrosion when 
exposed to the natural elements 

• They are lighter in weight than other 
types and thus offer less inertial resist~ 
ance to impacting vehicles. 

Stainless Steel. Stainless steel masts are 
light weight and corrosion resistant. They 
employ an integral breakaway bas~ that is of 
the progressive shear type. 

Wood. Wood is perhaps the most ~conomical 
or-fighting masts, particularly in the 
forest regions. Wood may be treated to 
resist rotting and deterioration, dyed to 
appear more attractive; but the major dis
advantage is that they may be installed only 
by the method of embedment. Direct embedment 
precludes the possibility of utilizing break
away features. 

Concrete. Concrete poles are extremely 
popular in certain regions where cement and 
concrete aggregates are plentiful. Thus, 
the principal advantage of concrete poles 
is related to economics. Disadvantages are 
that concrete poles can be installed only 
by the embedment method, and they nre ex
tremely heavy even though they arc made by 
pre-stressing concrete. Collisions with 
concrete masts cause failure of the concrete; 
however, the pre-stressing cables may pull 
the heavy mast down on to the colliding 
vehicle. 

4.4.72 Breakaway Base Requirements 

There are several types of bases currently 
used to support luminaire masts. There are 
several.factors considered in the selection 
of a particular type of base: the method of 
construction, type of mast, funds available, 
agency policy and safety. This latter 
criterion is one of the most important 
considerations, and in the past, it has 
frequently received little or no consider
ation. 

As a principal safety consider~tion, break
away or frangible luminaire supports should 
be used wherever the support is exposed to 
traffic (5). There are exceptions, however, 
as outlined in the AASHTO Guide, "Standard 
Specifications for Structural Supports for 
Highway Signs, Luminaires and Traffic 
Signals." Some of these exceptions are 
summarized as .follows: 
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• The supports are located well beyond the 
clear roadside requirements (e.g., high-mast 
lighfing); 

• The supports are located upon or behind 
barriers existing or installed for other 
purposes; 

• The supports are located on retaining 
walls; or 

• The relative hazard of a fallen support 
is greater than the hazard of the vehicle 
colliding with a fixed base support (e.g., 
supports in low speed, high pedestrian 
volume areas and at intersections where the 
luminaire support is integrated with the 
signal mast) 

The acceptability of breakaway devices for 
use on all new Federal-aid projects is 
determined on the basis of compliance with 
the AASHTO standard specifications. The 
dynamic performan~e of the breakaway 
supports under automobile impact is the 
basic measure of satisfactory breakaway 
characteristics. Satisfactory dynamic 
performance is indicated when the maximum 
change in momentum for a standard 2250 
pound (1020 kg) vehicle, or its equivalent, 
striking a breakaway support at speeds of 
20 to 60 mph (32 kmh to 97 kmh) does not 
exceed 1100 pound-seconds (489'3 N-sec), but 
desirably does not exceed 750 pound-seconds 
(3336 N-sec). 

There are other alternatives to full-scale 
crash testing (10). The specification 
permits testingoy a method "equivalent" to 
vehicle (automobile) crash testing. Act
ually, in the future an equivalent test, or 
test series, will probably become the pre
ferred method because, presumably, it would 
eliminate the variation in crush character
istics of crash vehicles. Presently there 
is no universally applicable equivalent 
test. However, there are nonautomobile test 
procedures that are considered.equivalent 
for some types of hardware--luminaire 
supports, slip base and load concentrating 
sign supports, and, with a bogie only, 
single post timber and base bending sign 
supports. 

Two ~quivalent test devices have emerged so 
far. One is a pendulum, the other is a 
bogie. In both, vehicle crush character
istics are simulated by the use of an 
expendable aluminum honeycomb cartridge that 
is placed between a relatively rigid striking 
face and the principal mass of the test 
device. Controlling a relatively few 
characteristics of such test devices should 
ensure consistent results between devices. 

In determining if an item meets the require
ments of the AASHTO specifications, testing 
and reporting procedures comparable to those 
given in NCHRP Report 153 should be followed. 
Acceptance may be based on a single test if 



the test change in momentum and the analytic
ally-inferred changes in momentum over the. 
speed range are less than 750 pound-seconds. 
If the first dynamic test change in momentum 
is between 750 and 1100 pound-seconds, a 
second dynamic test will be needed unless 
assurance that the test results are 
representative of what would result from 
fuTther dynamic tests can be demonstrated 
analytically and statically. The results of 
the second test must also meet the specific
ation requirements. 

4.4.73 Types of Luminaire Support Bases 

There are numerous types of luminaire 
support bases currently in service. Some of 
the more common types are described in the 
following paragraphs. Their presentation 
herein does not imply that they are accept
able for use on Federal-aid projects. In 
fact several are included to emphasize that 
they are not acceptable and should not be 
used where they are exposed to traffic, 
particularly high-speed traffic. 

Butt-Type Bases. Probably the most basic 
of all support methods is the butt-type 
base which is embedded directly into the 
soil. It is by far the cheapest in most 
instances, and the only method applicable 
to wood and to concrete. Also, embedment 
may be used to install galvanized steel and 
aluminum masts. As mentioned previously, 
breakaway features are not possible when the 
embedment method is used. Further, masts 
get out of plumb during the seasons of high 
rainfall or spring thaws when the ground is 
soft and when the masts are subjected to 
high winds. Obviously, the butt-type bases 
do not meet the dynamic requirements of the 
AASHTO specifications. 

Flanfe Bases. Most steel and aluminum poles 
are 1tted with a plate or a flange at the 
base of the mast to facilitate bolting to a 
foundation or to some form of base. On 
steel poles, this is generally a steel plate 
that is fitted and welded to the base of 
the mast prior to galvanizing or painting. 
On aluminum poles, a cast aluminum base 
plate is fitted over the lower end of the 
shaft and is welded to the mast. 

Although flange bases are frequently are used 
by bolting directly to a foundation without 
an intermediate breakaway device, they 
generally do not meet the dynamic require
ments. Such applications should be restrict
ed to locations where they are not exposed 
to traffic or otherwise excepted in the 
AASHTO specifications. 

Cast Aluminum Transformer Bases. "Seren
dipity" - the fortune of find1ng valuable 
things not sought for - can be used to 
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· describe the development of the cast alum
inum transformer base as a breakaway device. 
The T-base orignally was devised to house 
the transformer or ballast. It was made of 
cast aluminum as one alternate to reduce 
the corrision effects. Other T-bases were 
made of steel plate and galvanized or paint
ed to reduce the corrosion effects. The T
base soon proved to be not so good for 
housing the ballast because of moisture and 
insect damage to the electrical components. 
However, the cast base did prove to be a 
safety device because it would yield and 
break apart when struck by a vehicle. To
day, virtually no one designs a system to 
use the T-base to house the ballast, but 
many agencies have specified T-bases as 
safety devices. 

Cast aluminum T-bases are manufactured in 
various forms, but generally they are square 
to fit the flange of the mast and either 
straight or slightly tapered outward to fit 
the anchor bolts of a concrete foundation. 
The earlier T-bases were 20 inches (SO em) 
tall, and it has been found that this is an 
optimum height. It is important that the 
colliding vehicle strike the T-base rather 
than the mast. . In this manner, the vehicle 
imparts a certain amount of shock which is 
desirable in causing a quick, rapid failure 
and subsequent release of the mast. Ex
perimental versions of shorter bases result
ed in extensive damage to the mast and an 
increased resistance to failure which, in 
turn, increased the probability of injury 
to the vehicle occupants. 

Cast aluminum T-bases have been used to 
improve the safety of existing lighting · 
systems. For example, a system which 
consists of galvanized steel masts flange
mounted to concrete foundations, was 
modified by simply inserting under the 
flange mounting a transformer base which had 
the same bolting configuration, both top 
and bottom. 

Since the issuance of FHWA Notice NS040.20 
of July 14, 1976, there have been no T
bases to qualify for use on Federal-aid 
projects. There are several manufacturers 
and other agencies that are exploring design 
modifications that may bring the T-base into 
compliance with the AASHTO dynamic require
ments. 

Frangible Couplin~s. A frangible coupling 
can e used with flange mounted steel or 
aluminum supports to greatly improve their 
impact behavior. The coupling, illustrated 
in Figure 4.4.3, is simply a short, extruded 
aluminum connector or sleeve· that is thread
ed internally. It is placed on the founda
tion anchor bolts; and the flange of the 
support is attached to the top of the 
coupling.with cap screws. When the support 
is struck by a vehicle, the coupling breaks; 
and the intensity of the collision is great-
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ly reduced. The fluting of the insert is 
essential to its satisfactory behavior upon 
impact. 

The frangible coupling has been tested and 
is approved for use on Federal-aid projects. 
Another license is developing of slightly 
different version of this concept. 

Multi-directional Slip Base. The multi
directional slip base, illustrated in 
Figure 4.4.4, operates on the breakaway 
concept of high resistance to overturning 
and low shear resistance. The base consists 
of two identical plates, one welded to a 
foundation attachment. These plates are 
slotted in a triangular configqration (See 
Figure 4.4.4) so that when bolted together 
they will slip apart regardless of the 
angular direction of the impact. The multi
direction slip base probably offers the 
least resistance to collision of all of the 
breakaway concepts. As an additional advant
age, the mast noramlly is not destroyed by 
the impact of collision. With some minor 
repairs, it generally can be reinstalled, 
thus reducing the total cost of the install
ation when all economic factors are con
sidered. The multi-directional slip base 
has been adopted by quite a number of state 
agencies as their standard design for 
luminaire supports. 

The multi-directional slip base has been 
approved for use on federal-aid projects 
when designed and installed in acconlance 
with requirements outlined in FHWA Notice 
N5040.20 (July 14, 1976), as follows: 

BREAKAWAY COUPLING SUPPORT 
SYSTEM 

COUPLING FAILURE MODE 

Figure 4.4.3 Frangible Inserts ror Luminaire 
Supports 

1. Weigh 600 pounds (272 kg) or less 
(Supports weighing 1000 pounds (454 kg) have 
been qualified through testing). 

2. Have a total slip face clamping force 
less than 45 kips. (A force one-quarter 
this amount or less would be preferred and 
should give good service under wind loads.) 
(The clamping force must be controlled by 
installing bolts with a torque wrench, using 
torque limiting nuts, or another acceptable 
method.) 

3. Have a 28-gage steel keeper plate or 
equivalent to prevent "walking." 

4. Have washers with the clamping bolts of 
sufficient strength to prevent the washers' 
cupping into the vee slots. 

5. Have ·a stub height of 4 inches or less. 

There is some hazard associated with snagging 
on the stub of the breakaway structure when 
the vehicle suspension system is fully com
pressed during impact, particularly when the 
structure is located near a hinge point in 
the fill slope. We may need to consider some 
form of deflector on the stub to eliminate 
the snagging potential. 

Stainless Steel Bases. A specially-designed 
stainless steel base and support has been 
used extensively as a breakaway design by a 
number of state agencies. The shaft of the 
support is fabricated from stainless steel 
and is welded to a stainless steel base or 
box as shown in Figure 4.4.5. This base is 
then riveted to a stainless steel base plate 
which is bolted to a concrete foundation. 
The failure mechanism is in the area where 
the box is riveted to the base plate. When 
a vehicle strikes the box, the rivets are 
sheared, and the support breaks away. 

Integral An~hor Base. A commercially produced 
oase is available in cast aluminum for 8-, 9-
and 13-inch (20.3-, 22.9-and 33.0 em) aluminum 
masts. These are applicable to mounting 
heights up to 50 feet (15m). These bases, 
similar to a flange mounting in many respects, 
arc designed to fracture just above the anchor 
bolts. All three sizes have been tested and 
are approved for use on Federal-aid projects. 
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Figure 4.4.4 Multi-directional Slip Base 

Sl.lf'FITlt.R IS. ..QNEO TO HI{:" 
DA.$E St:A1 ft'( C~CU',WEIIENTAL 

WELD YIITll AOOil~~.\l. STRfNGTH 
BY SJ>OT Y.ti.OINU SLIPf'ITUk 
tABS 10 HI(;H BASE $ICIHT. 

Figure 4.4.5 Stainless Steel Base 
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4.4.8 MEDIAN LIGHTING SYSTEMS 

Because freeways and expressways were, by 
design, wide multi-lane roadways with a 
median strip separating the two directional 
roadways, the conventional one-side and 
staggered lighting systems were not·appli
cable to the entire system; each roadway 
was lighted independently from the outside 
edge of the roadway. Early considerations 
of placing luminaire supports in the median 
were rejected because the median was to re
main a clear area for reasons of safety. 
Accident experience on early freeways in
dicated a severe problem with vehicles 
crossing the median, particularly the 
narrow medians in urban areas, and colliding 
with vehicles in the opposing direction. 
Physical barriers which were used to reduce 
vehicle encroachment could then be used to 
protect the lighting system,. or to eliminate 
or reduce the probability of a collision 
with a luminaire support. Integrating the 
luminaire support with the median barrier 
has become the most common approach to 
lighting freeways and expressways in urban 
areas. 



The popularity of the median lighting con
figuration is due to a number of factors. 
Perhaps the primary one is e~onomy. Placing 
the luminaire supports in the median reduces 
the number of supports required for supple
mental lighting in the areas of ramp terminals 
and interchanges. Also, since there is only 
one row of supports, there is need for only 
one run of electrical conductor. Savings in 
material and construction costs are sub
stantial. In addition to the economic ad
vantage of median lighting, there is a ser
vice advantage; median lighting simply pro
vides better visibility. The highest level 
of illumination is along the median and in
side higher speed lanes. The illumination 
level dissipates slowly across the traffic 
lanes, and out into the areas adjacent to 
the roadway. The horizontal light component 
is proportionately high in the border areas 
and aids the driver's visibility. This 
effect is compared by schematic (figure 4.4.6) 
to show the contrast with side-mounted light
ing. In the side-mounted configuration the 
highest illumination level is along the edge 
of the roadway, between the driver and the 
peripheral area. This is, in effect, a 
brightness curtain that reduces the driver's 
abi~ity to see beyond the edge of the roadway. 
The net result is an "illumination tunnel". 

Figure 4. 4. 6 
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Comparative Distribution of 
Illumination for Median vs. 
Side-Mounted· systems. 
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Due to the economic and service factors, 
median lighting should be the first 
consideration in lighting the main lanes of 
freeways and expressways. However, there 
are several conditions where median light
ing may not be the most applicable. Among 
these are: 

• Freeways and expressways where the median 
is to be used for transit vehicles. 

• Freeways and expressways where there is no 
median barrier and the relative hazard of 
fixed-object collisions would be increased. 

• Freeways and expressways where the median 
is too wide for both directional roadways to 
be lighted from one mast. 

Regarding the first of these conditions, 
freeways in· some large metropolitan areas are 
being designed or re-designed to provide an 
exclusive travel way for bus rapid transit 
in the median area. This may be two-way 
operation, or one-way reversible to accom
modate buses flowing the peak direction only. 
Regardless, this type of operation may pre
clude the use of median lighting. The 
exception, of course, is in the situation 
where two rigid median barriers are used to 
separate the busway from the main lanes. In 
this instance, luminaire supports may be 
integrated with the median barriers. Because 
the barriers arc not in the center of the 
median area, the system may require single 
luminaires mounted on each barrier, or one 
row with twin mast arms, one arm longer than 
the other to balance the system. The choice 
between these two alternatives is largely 
dependent upon the width of the busway and 
the capability of the m~dian-mounted system 
to provide complete coverage. 

The second condition which may preclude the 
use of median lighting is the situation where 
there is no median barrier, and the placement 
of luminaire supports would perhaps constitute 
a greater hazard than if they were side
mounted. The additional hazard one may anti
cipate is in the case of a luminaire support 
being driven into the opposing traffic lanes 
by the impact of a collision. The result of 
such a collision is largely speculative be
cause speed of the colliding vehicle, the 
angle of impact, the distribution of the mass 
of the support and many other factors deter
mine the post-collision behavior of the 
support. There are two points to consider 
in reaching a decision on whether to use 
median lighting·without the protection of a 
median barrier. First, the current Federal 
Highway Administration policy permits the 
use of breakaway luminaire supports in 
medians when the median contains no barrier 
and is wider than 40 ft (12 m). Thus, on all 
Federal-aid projects this policy will govern. 



Another approach to determining whether 
median lighting should be used is provided 
in Figure 4.4.7, where the "relative hazard" 
of side-mounted vs. median-mounted configur
ations is compared. In this study conducted 
by TTl (6), the relative hazard was det.P.r
mined as-the product of:· 

• ·The probability of a vehicle encroaching 
on the median or roadside far enough to 
strike a support 

• The probability of the vehicle actually 
striking a support 

• The probability of the support .encroach
ing upon the opposing traffic lanes 
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This study was based on a comparison of a 
median-mounted system and side-mounted 
system, with the median width as the variable 
It should be noted that both systems were 
mounted SO ft (15 m) high. Longitudinal 
spacing was 250 ft (76 m) for the median
mounted systems and 225 ft (69 m) for the 
side-mounted system (considered to be 
comparable quality). The side-mounted system 
was mounted 15 ft (4.6 m) laterally from the 
edge of the travel way. Based on these 
conditions, it may be noted in Figure 4.4.8 
that for any median width greater than 
about 32ft (10m), it is relatively safer to 
use a·median-mounted system. 

·In the third case, there is naturally a 
limit to the width of a median where median 
lighting can be utilized effectively. Mast 
arm lengths greater than about 20 ft (6 m) 
are impractical. Thus, if one chooses to 
place the light source over the edge of an 
inside shoulder of 6-10ft (2-3m), then the 
practical limit on median width would be 52 
to 60ft (16-18 m). There are a number of 
installations where median lighting is used 
in median widths in this range, and they 
provide excellent service. It should be 
noted, however; that Type II or Type III 
luminaires are generally used and they may be 
tilted upward transverse to the roadway by 
an angle of S .to 10 degrees, or to their 
maximum vertical adjustment in the slip
fitter. 

It is a foregone conclusion that breakaway 
bases should be used when median-mounted 
lighting is used without a median barrier. 
Experience throughout the nation has demon
strated an unquestionable safety advantage 
of breakaway bases on the intermediate to 
high-speed traffic facilities such as free
ways and expressways. 

When.luminaire supports are integrated with 
a median barrier, breakaway bases may or 
may not be applicable, dependent upon the 
type and characteristics of the median bar
rier. Median barriers are normally of three 
types: flexible, semi-rigid and rigid (7, 
8) characterized by the amount of deflection 
permitted during impact. For more detail on 
median barriers, refer to NCHRP Report No. 
118, or to "Guide for Selecting, Locating, 
and Designing Traffic Barriers," published 
by AASHTO in 1977. Typically, allowable 
deflection for the three types are 8-12 ft 
(2.4 - 3.6 m), 2ft (.6 m) and 0 ft, 
respectively (~). Because of the large de
flection of the flexible barrier, median
mounted lighting should not be integrated 
with this type of barrier. The luminaire 
support would constitute a fixed or semi
rigid object in a flexible system, and the 
barrier system would simply guide the vehicle 
into a collision with the luminaire support. 
If for s~me reason luminaire supports must 
be integrated with flexible barriers, they 
cert~inly should have breakaway bases. 
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Luminair~ supports frequently are integrated 
with semi-rigid barriers with a great degree 
of success (9). The semi-rigid barrier is 
typically a aouble-beam section using two 
flexbeams or standard W-sections on wood or 
steel posts. Design standards limit de
flection to 2ft (0.6 m), and the system pro
vides a certain amount of beam action to 
redirect a vehicle and reduce the effect of 
"pocketing" the vehicle against the 
luminaire support. Generally, there are two 
modifications in the barrier design when 
luminaire supports are included: (1) the 
barrier beams are spread with additional 
blocking to provide more space between the 
beam and the luminaire support and (2) the 
barrier is stiffened in the vicinity of 
the support to increase the beam action and 
further reduce the pocketing effect. For 
further details, see Reference (9). Some, 
however, have chosen to contin~e-the normal 
section of the barrier without widening or 
stiffening and simply use breakaway supports. 

Integrating luminaire supports with rigid 
concrete median barriers is perhaps the 
simplest of all such installations. Several 
different agencies around the country have 
chosen different approaches. The main 
problem stems from the barrier design. The 
standard barrier is 6 inches wide at the top 
and tapers out toward the base. Because the 
base plate on luminaire supports is typically 
about twice the dimension of the top of the 
barrier, some modifications are necessary for 
compatibility. 

One alternative is to widen the top of the 
barrier in the vicinity of the luminaire 
support. At least one state has used this 
method, and apparently it has been success
ful. Rather than use localized widening, 
Texas chose to widen the barriers to 8 inches 
(20 em) and re-design the luminaire support 
to fit the top of the barrier (Figure 4.4.8). 
The round tapered steel pole is forced into 
an oval shape to fit a base plate 8 inches 
(20 em) in width. This desirn has been 
tested in full-scale crash tests and install
ed in a substantial number of locations. It 
is the standard design for Texas. 

It should be noted that in both situations, 
a drilled-shaft type foundation is placed 
under the barrier at the support location, 
and sufficient re-enforcement of the concrete 
is provided. Many rigid barriers today are 
constructed using prefabricated (pre-cast) 
sections or slip-forming methods. In both 
instances, the section to contain the luminaire 
support is formed and poured by conventional 
procedures, after the other sections have 
been placed. 

In other design variations some, including 
the state of Minnesota, hav~ left an opening 
in the median barrier to facilitate mounting 
the luminaire supports flush with the top of 
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Figure 4.4.8 Luminaire Support Mounted on 

Concrete Median Barrier. 

the median. Continuity across the openings 
is provided by a steel plate bolted across 
the opening. In Wisconsin, a split barrier 
was used to provide protection of luminaire 
supports as well as sign supports, bridge 
piers and other fixed objects. The two 
barrier sections are spaced 36 inches (.91 m) 
apart, and luminaire supports are mounted . 
flush with the median. It is interesting to 
note, also, that the electrical conductors 
are placed within.the space between the two 
barriers, which is not covered. Wisconsin 
experience has shown that some vehicular 
collisions result in the vehicle vaulting up 
onto the top of the barrier and striking the 
luminaire support. Currently, the strategy 
is to use aluminum poles which provide some 
breakaway relief, especially when hit 
approximately 3.5 ft (1m) above the found
ation. They are considering re-designing 
future installations to provide breakaway 
features at the top of the barrier. 

4.4.9 SUMMARY 

Lighting is an effective tool for the improve
ment of the night-time operational efficiency 
and safety of streets and highways. Basic
a1ly, lighting i.ncreases driver visibility, 
permitting a more orderly identification 
and execution of driver tasks. 

Lighting should be integrated into the over
all traffic operations engineering functions 
in the same manner as signing, delineation 
and marking the facility. It is simply a 
tool to be used in providing the driver with 
needed information. 
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There is an orderly process of planning, 
designing and operating roadway lighting 
systems that should be developed within each 
operating agency. The major steps of this 
process are as follows: 

1. Analyzing the need-for lighting- estab
lis~ing warrants and priorities 

2. Selecting the lighting system configura
tion 

3. Selecting the proper equipment 

4. Designing the illumination system 

5, Maintaining and operating the system 
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TOPIC 4 SESSION 5 
RAILROAD GRADE CROSSING SAFETY 

Objectives: 

The participant should be able to: 

1. Identify the various studies necessary 
for an analysis of traffic control needs at 
a particular rail-highway grade crossing. 

2. Better evaluate the types of materials 
for grade crossing surfaces that are most 
compatible with various combinations of rail
road and highway conditions. 

3. Examine the potential of pqssive and 
active warning systems. 

4. Review the various types of crossing 
surfaces and to illustrate the effect of 
surface condition on crossing safety. 

4.5.1 INTRODUCTION 

The railroad grade crossing safety problem 
has existed since the advent of the rail· 
road. Although the number of fatalities 
resulting from accidents at railroad grade 
crossings has remained fairly constant over 
the years, the fact remains that every year 
considerable injury and property damage 
result from accidents of this type. 

In 1974 there were 219,301 railroad grade 
crossings in use in the United States. At 
these crossings, 3079 accidents were report
ed, resulting in 3155 injuries and 1128 
deaths. These accidents, while being a 
relatively small percentage of total 
accidents, are usually quite severe and 
result in severe consequences to the motor
ist and bring about considerable notoriety. 

4.5.11 The Safety Problem at Railroad 
Grade Crossings 

Fundamentally, the rail-highway grade cross
ing is a simple intersection of two traffic 
streams. The characteristic that one stream 
is automobiles, and the other is trains, is . 
the first complicating factor. While there 
may be several thousand vehicles using the 
highway, 10 to 12 trains per day is a rather 
high volume for most crossings. Thus, the 
major problem with rail-highway grade cross
ings stems from the fact that, because of the 
infrequent encounter of many drivers with 
trains at a particular crossing, the driver 
grows to expect the absence rather than the 
presence of trains. For this reason, the 
approach warning system and the crossing 
control system must change the driver's 
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expectancy and alert him to actions that 
may be required of him to assure a safe 
crossing. 

Car-Train Rel~tionship. The fact .that the 
automobile IS easily maneuverable, whereas 
maneuvers made by the train must be planned 
and deliberate, places the automobile always 
in the position of yielding to the train 
traffic. Drivers normally do not question 
this responsibility placed on them. On the 
other hand, they develop dangerous expect
ancy patterns because they seldom encounter 
a train at a rail highway grade crossing. 

Needs of the Driver. Recognizing that the 
negative expectancy pattern exists, the 
driver needs very positive advance warning 
on the approach to a crossing. Since his 
expectancy must be changed, it is necessary 
to institute redundancy in approach warning. 
Unique signs should be placed on both sides 
of the road, and it is desirable that these 
be supplemented with pavement markings. When 
the driver has reached a certain point in 
his approach to the crossing, he should be 
given specific information concerning his 
responsibility at the crossing. If it is 
an uncontrolled crossing and the burden is 
placed on the driver for the detection of 
an approaching train, he should be told. If 
there is limited sight distance and the safe 
approach speed is less than the normal high
way speed, he should be informed according
ly. Further, if the crossing is controlled 
by gates or signals, the driver should be 
advised so that he can develop his expect
ancies accordingly. 

Quite frequently, geometric conditions of 
the highway or the abutting property in
fluence the traffic operation at the cross
ing. These conditions should be considered 
very.carefully and the driver advised accord
ingly. For example, horizontal and vertical 
alignment of the highway often re~trict the 
view of the crossing itself from the point 
where the driver must make a d~cision regard
ing the s~fety of the crossing. Also, 
physical features on abutting property may 
restrict the view of trains on unprotected 
crossings. All of these factors should be 
taken into cons:i:deration in the design of the 
approach warning system. 



4.5.2 RAILROAD GRADE CROSSING IMPROVEMENT 
PROGRAMS 

The development and implementation of a 
railroad grade crossing improvement program 
may involve various state and local govern
mental agencies as well as the respective 
railroad companies. Most improvement 
programs require the studying and inventorying 
of crossings, prioritizing of crossings for 
improvement, and the reviewing 0f various 
alternatives for achieving improvement •. 

4.5.21 Engineering Study 

The engineering study should consist of 
(1) a survey of the physical fea~ures of the 
crossing, its approaches and its general 
environment, (2) a study of accident history; 
and (3) an analysis of accident potential. 

Study of Physical Features 

Roadway Conditions 

• Obtain design plans of roadway if avail
able. 

• Update plan from field observations, make 
note of all driveways, intersections and 
other geometric co~ditions that may exist. 

• Make photographs or color slides at 
selected intervals along each approach, to
ward the crossing and along the track 
approaches. 

• Check pavement surface condition. 

• Check availability of escape routes for 
vehicles to avoid a collision with a train 
on the crossing. 

Track and Train Conditions 

• Determine the number of main tracks, 
sidings and other auxiliary trackage. 

• Obtain data on train frequency and train 
speed. 

• Determine geometry of track approaches 
that may have an influence on visibility of 
an approaching train. 

Traffic Conditions 

• Obtain traffic volume data for both 
approaches. 

• Obtain traffic speed data similar to 
that obtained for speed zoning. Where there 
is a condition of natural decleration in 
the traffic stream, speed measurements should 
be made in the approach zone where the driver 
should be looking first for a train on the 
track approaches. The speed data should be 
analyzed to determine the 85-percentile speed 
for later sight distance computations. 

• Determine turning movements near the 
crossing, particularly within the approach 
warning system. 

• Determine percentage of truck traffic 
required by law to stop at crossings. This 
information will be helpful in making a 
decision as to whether added lanes should 
be provided. 

Crossing ControL 

• Obse!ve the sufficiency of crossing 
protection systems while a train is occupy
ing the crossing. Notation should be made 
of the general appearance, alignment, main
tenance and repair, for effective communica
tion with the railroad company. 

• A check should be made for fixed object 
· hazards placed unduly close to the traffic 

lanes, such as pipes or rail sections placed 
in the ground to p~otect the signal standard. 

• Location and sufficiency of stop lines 
sh6uld be checked. 

Approach Warning System 

• The sign location and message content 
should be recorded for all signs on both 
approach roadways. 

• Advance warning pavement markings should 
be checked for condition and location. 

Sight Distance EvaLuation 

• Train speed and the 85-percentile speed 
of traffic on each approach should be used 
to establish a sight triangle that will 
provide stopping distance on wet pavements 
for vehicles on each approach. 

• If sight distance is not sufficient, 
action to eliminate the problem, or a 
determination of the safe approach speed, 
should be made. 

• Determine the maximum distance on each 
~pproach that a driver will be able to see 
the crossing and/or the control devices 
under day and night conditions. 

Accident History 

City and State Agency Reports. 
reports should be obtained from 
appropriate records file for at 
last three years. 

Accident 
the 
least the 

RaiLroad Accident Reports. Accident reports 
should be obtained from the appropriate rail
road agency files. 

Causative Factors. All accident data should 
be analyzed to determine if possible causative 
factors can be isolated for consideration in 
the approach warning and control treatment. 
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4.5.22 Environmental Study 

Driver Exeectancy. This section is intended 
to determ1ne whether the driver is condition
ed to expect a potential vehicular conflict 
in the approach to the crossing. 

• Check to determine whether the driver has 
been traveling in rural, suburban, or urban 
conditions prior to the crossing approach. 

• Determine the number and locations of 
intersections or other potential conflict 
areas on each of the approaches to the 
crossing. 

Competition for Driver Attention 

• Determine whether geometric conditions 
on the approaches to the crossing are such 
that they demand the attention of the driver 
during the period in which he must be making 
a decision regarding the crossing. 

• Observe entering traffic conditions at or 
near the crossing and determine whether it 
has a significant effect on driver attention 
to the crossing. 

• Determine intersection activity and 
controls for their effects on driver atten
tion to the crossing. 

Other Environmental Effects 

• All formal information systems including 
signs, markings, delineations and other 
appurtenances should be checked as to their 
possible effect on crossing safety. 

• Other informational systems including 
advertising signs and lighting should be 
observed with special emphasis on their 
effects on driver awareness of the crossing. 

• Activity of abutting development near the 
crossing and crossing approaches should be 
observed and conditions listed that could 
affect driver performance at the crossing. 

• All other traffic activity, geometric 
conditions, natural conditions (such as late 
evening sun), and environmental development 
should be surveyed. 

4.5.23 Inventory Data 

Much of the information discussed above 
currently is being assembled as part of the 
National Railroad-Highway Grade Crossing 
Inventory developed cooperatively through 
the Federal Highway Administration, the 
Federal Railroad Administration, the Assoc
iation of American Railroads and the indivi
dual states. This national.inventory is 
aimed at placing on computer file pertinent 
data related to all public grade crossings, 
grade separations, private crossings, and 
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pedestrian crossings. The data in this 
file are grouped into four major categories: 

• Geographic location of the crossing 

• Detailed information for public vehicular 
crossings 

• Physical data at the crossing 

• Highway classification and vehicle traffic 
volume data 

Several states also have opted to collect 
additional information relative to the cross
ing in order to implement some form of grade 
crossing improvement priority system. This 
will be discussed in the following section. 

Another advantage of the inventory data file 
is that it is site specific. That is, a 
unique number in the form of a plastic tag 
is attached to the control device at the time 
that the inventory is made. This allows for 
the positive identification of the crossing 
and provides a common link for future acci
dent and inventory data collected by various 
governmental agencies and railroad companies. 

4.5.24 Hazard Index Priority Rating 
and Warrants 

Although it is desirable for all grade 
crossings to have the optimum level of traf
fic control or separation, this is rarely 
possible due to limited funds. Thus, avail
able funds should be allocated to those 
locations where the provision of control 
devices and other improvements will have the 
greatest potential for accident reduction. 
To aid in this task, most organizations 
currently employ ~orne form of priority rating 
or hazard index system. The bases for these 
systems are discussed below. 

Improvements Based on Hazard Ratings. A 
number of hazard rat1ng formulas have been 
used to compute a relative index of hazard 
for individual or groups of crossings. Three 
basic variables are common to most of these 
methods: 

• The relative effectiveness of various types 
of traffic control device 

• The probability of conflict between trains 
and vehicles 

• Sight distance rating 

Bezkovovainy (1) found that 11 of the most 
popular hazard-rating formulas applied to 
grade crossings in Lincoln, Nebraska, resulted 
in virtually identical rank ordering of cross
ings. He arso concluded that the New Hampshire 
Formula provided the best fit for the average 
of the 11 formulas. The New Hampshire Formula 
is fairly simple to use and has been included 
in the software computer program package of 
the National Inventory Project. 



A recent study conducted in Florida (2)devel
oped an accident prediction model that can be 
used to identify groups of crossings that will 
have the most accidents if not improved. The 
model, which also can predict post-modification 
accident rates, uses traffic, number of trains, 
vehicle speed, train speed, number of lanes, 
and presence of control devices as~the indepen
dent variables. 

Improvements Based on Warrants. The techni
ques discussed above have been developed 
mainly for ranking a group of crossings as 
to their priority of need. The determination 
of exactly which device is needed by these 
methods requires a "juggling" process to fit 
other constraints in a trial and error . 
process. Another technique which incorporates 
the control device requirements into the 
decision-making process is the "warrants" 
technique. One study (3) revieweq urban 
grade crossing accidents in Indiana for 
1963-64. "Protection nomographs'' were then 
developed to determine the potential hazard 
of individual crossings. · 

The diagnostic team study method has been 
used quite extensively in the identification 
of crossing deficiencies and recommending 
safety improvements. 

In any case, the use of hazard rating formulas 
or warrants requires engineering judgment and 
should not be viewed as the sole answer to a 
a question relative to the implementation of 
improvements. · 

4.5.25 Improvement Alternatives 

Crossing Closure. The first alternative that 
should e investigated is whether the cross
ing can be eliminated or not. This alterna
tive may be desirable for the railroad 
company, especially if it reduces the accident 
potential and may improve train operations. 
On the other hand, the re-routing of vehic
ular traffic may increase travel time, cause 
economic repercussions and act as a deterrent 
to emergency vehicles. 

Railroad Consolidation and Relocation. An 
addit1onal alternat1ve for improvement, which 
involves closure, is the consolidation and 
relocation of railroads in urbanized areas. 
The impact of railroad 'relocation may indeed 
be widespread and thus require long-range and 
often complex planning. 

Another possible railroad-highway crossing 
closure alternative is the relocation of the 
highway. This is often possible where loops 
or bypasses around urban areas can be built 
using grade-separated crossings, 

Grade Separations. The optimum improvement to 
a grade cross1ng is separation of the con
flicting vehicular and train movements. Al
though this alternative requires a large 
expenditure of funds, the benefits may be very 

real in terms of reducing accidents, relieving 
highway congestion and improving train opera
tions. The grade separation alternative 
especially should be considered in the design 
of new highway routes and in improvements to 
railroad facilities. 

Traffic Control Devices and Crossin¥ Surface. 
Once the alternat1ve of closure, re ocat1on, 
and grade separation have been considered and 
rejected, the next alternatives for improve
ment are the selection and placement of ade
quate traffic control devices and crossing 
surfaces. This subject is covered in the 
remainder of this session. 

4.5.3 TRAFFIC CONTROL AND WARNING SYSTEM 
REQUIREMENTS 

There are two basic categories of traffic 
control and warning systems: passive 
systems and active systems. Passive traffic 
control systems, consisting of signs, pave
ment markings, and grade crossing illumin
ation, identify and direct attention to the 
location of a grade crossing, to permit 
motorists and pedestrians to take appro
priate action. Active traffic control 
systems inform motorists and pedestrians of 
the approach or presence of trains; loco
motives or railroad cars on grade crossings. 

To a large degree the type of control re
quired will depend upon the volume of train 
and vehicular traffic and the sight distance 
at the intersection of the roadway and the 
railroad track. In the following sectiqn . 
we will look at the various considerations 
which pertain to the provision of adequate 
sight distance or the countermeasures neces
sary where adequate sight distance cannot be 
obtained. · 

4.5.31 Sight Distance 

The provision of adequate sight distance 
at railroad crossings is no less important 
than the provision of sight distance at 
major highway intersections. There are 
three basic sight distance models which are 
applicable in providing visibility at rail 
grade crossings (See Figure 4.5.1). 

• Visibility of crossing from an approaching 
automobile. It is recommended that the 
crossing be visible to the driver on the 
approach road for a distance equal to the 
stopping sight distance (for the appropriate 
design speed) plus a clearance length of 20 
ft (6 m) as shown as SD1 in Figure 4.5.1. 
Where doubt exists in selecting a design 
speed, it is suggested that the 98th percent
ile approach speed or a speed of 10 mph 
(16 km/h) above the 85th percentile approach 
speed be ·adopted as a basis for design. 
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Curved alfgnment obscuring the crossing, or 
gradelines where the crossing is located just 
beyond a crest, should be avoided. The cross
ing should not only be visible but should be 
clearly identified as such. 

• Visibility of an approaching train from 
an approaching automobile. This model is 
somewhat analogous to the AASHTO Case II 
model adopted in intersection design in which 
the driver on the approach road should be 
able to see down either leg of the railroad 
a distance, SDz, so that he can recognize a 
train in sufficient time to either stop clear 
of the crossing or proceed ahead of the 
train. Table 4.5.1 sets out these sight 
distance requirements Ci)· 

• Visibility of an approaching train from 
an automobile stopped at the crossing. 
Adequate sight distance along tpe tracks 
(SD3) should be provided to enable the driver 
whose vehicle is stopped at the crossing to 
accelerate and clear the crossing in advance 
of an oncoming train. This sigpt distance 
should be based on the maximum approach 
speed of trains and should consider long 
vehicles with low acceleration potential such 
as school buses and large tractor trailer 
combinations. Table 4.5.1 sets out this 
sight distance requirement (0 mph). 

4.5.32 Information Needs 

The information needs of the driver will 
generally correspond to the three possible 
elements of traffic control: initial 
warning, final warning, and crossing control. 
Each of these is discussed below. 

Initial Warning 

Driver Attention. From the engineering and 
environmental studies, determine the initial 
warning necessary to demand the driver's 
attention. Initial warning can include ad
vance warning messages, pavement markings, 
raised pavement markings for auditory and 
tactile stim~lation, and advance flashers. 

Crossing Location. The initial warning 
system design should assist the driver in 
locating the actual crossing. Determination 
can be made from the engineering and environ
mental studies of the steps necessary to 
advise the driver of the crossing location. 
In some cases, geometric and environmental 
conditions may be such as to prevent actual 
visual location of the crossing by the 
driver. In such cases, the driver should 
be so advised by the initial warning. 

Operating Conditions. A determination should 
be made from the engineering and environ
mental studies as to the operating conditions 
the driver should expect. If modifications 
in operating conditions, such as a speed 
change, must be made by the driver, the 
initial warning should advise the driver of 
the changes required. 
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Final Warning 

Decision Information. The final warning of 
the grade crossing should provide the driver 
with all the information necessary to make 
a stop or go decision. The engineering and 
environmental studies will provide the 
necessary input for determining the informa
tion that must be provided for the stop or 
go decision. For example, if geometric, 
visibility, traffic or environmental condi
tions are such at a crossing that the driver 
cannot be made aware of an approaching train, 
the final warning system should advise the 
driver 0f this situation. 

FinaZ Action. The final warning system, if 
needed, should be designed to alert the 
driver of the conditions prevailing at the 
crossing. 
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so1 - Safe Stopping Sight Distance 

SD2 - Distance Along Track Such That Vehicles 
Traveling at Speed Limit Can Beat Train 
from Point "A" or Stop 

SD3 Distance Down Track Such That Train 
Cannot Arrive in Less Than 11.0 Seconds. 

Figure 4.5.1 Illustration of Sight Distance 



Crossing Control 

HiePaPchy of ContPoZ. In addition to 
initial and final warning systems, crossing 
controls such as crossbucks, flashing light 
signals, and gates used with flashing light 
signals are installed to identify the crossing 
location and warn of train presence. Ideally, 
all crossings should be marked with the high
est order of control devices, ie., gates and 
signals. This, however, cannot be done due 
to the cost of installing these devices. 
Thus, there is a need to somehow prioritize 
those crossings that need upgrading to 
estimate where financial resources may be 
used most effectively. Additional informa
tion relative to the selection of control 
devices will be presented later. 

4.5.33 Application of Advance Warning 
Devices 

In 1967, the Texas Transportation Institute 
initiated a research study with the Texas 
Highway Department in cooperation with the 
Federal Highway Administration to study safety 
conditions at public rail-highway grade cross
ings in Texas (5). Part of this study includ-. 

ed the establisnment of an interdisciplinary 
diagnostic team to study a sample of crossings 
for the purpose of identifying crossing · 
characteristics which contribute to accidents. 
The study recommendations for 36 particular 
sites may be generally applicable to a large 
number of other sites. They were as follows: 

• All signs and devices pertaining to ad
vance warning and crossing control should be 
placed on both sides of the approaching road
ways so that maximum effectiveness may be 
achieved. It was pointed out that vehicles 
following larger vehicles and vehicles. in the 
act of passing are not afforded an appropriate 
opportunity to view advance signs and control 
devices unless they are placed on both sides 
of the approach. 

• Two advance warning signs should be pl·aced 
on each approach. The first advance warning 
sign should be located at a distance where 
the driver could make a comfortable stop 
before reaching the crossing. This sign 
should be located at the stopping sight 
distance, including adequate allowances for 
perception and reaction time. The sign should 
be an advance railroad crossing sign, Wl0-1. 
Where the signal used for crossing control 

TABLE 4.5.1 REQUIRED DESIGN SIGHT DISTANCES FOR COMBINATIONS OF HIGHWAY AND TRAIN VEHICLE SPEEDS 

Train Design sight distance for highway speed of: 

Speed 0 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
(mph) mph mph mph mph mph mph mph mph mph mph mph mph mph mph mph 

Distance Along Railroad From Crossing 

10 162 126 104 94 91 94 96 99 ,101 107 .113 118 125 129 138 
15 242 189 156 141 137 141 143 147' 152 161 169 176 187 194 207 
20 323 252 208 118 182 188 191 197 203 214 226 235 250 258 276 
25 404 315 260 235 227 235 238 246 253 267 282 293 312 322 344 
30 484 378 312 281 273 281 286 295 303 321 339 352 374 387 414 
35 565 441 364 328 '318 328 333 342 354 375 395 411 436 452 483 
40 645 504 416 376 364 376 382 394 406 428 452 470 500 516 552. 
45 725 567 468 422 409 422 429 442 455 482 508 528 561 580 620 
50 807 630 520 470 454 470 476 492 5Q6 534 56.4 586 624 644 688 
55 886 694 573 516 500 516 524 540 556 588 621 645 685 710 758 
60 967 756 624 562 546 562 572 590 606 642 678 704 748 774 828 
65 1049 819 676 610 591 610 619 638 657 695 734 762 810 837 895 
70 1129 882 728 656 636 656 666 68'• 708 750 790 822 872 904 986 
75 1210 945 780 704 681 704 714 737 758 803 847 879 935 967 1035 
80 1290 1008 832 752 728 752 764 788 812 856 904 940 1000 1032 1104 
85 1370 1070 885 799 774 779 812 835 861 910 960 998 1059 1097 1172 
90 1450 1134 936 844 818 844 858 884 910 964 1016 1056 1122 1160 1240 
95 1533 1200 990 890 865 890 910 935 960 1020 107~ 1115 1190 1225 1310 

Distance on Highway from Crossing (ft) 

20 65 95 125 165 215 270 330 395 470 560 640 745 840 965 

NOTE: Wet pavement conditions and a 2.5 second think-reaction time is assumed for 
these calculations. 

1 foot • 0.305 metres; 1 mph • 1.61 km/h 
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is not visible to the driver at the first 
advance warning sign, it is desirable to use 
a double flashing amber light in conjunction 
with the advance warning sign and inter
connected with the signal so that it would 
operate only when the signal is activated. 

• The second advance warning sign should be 
located at a point comparable to the braking 
distance at the design speed of the facility 
or the speed limit, whichever is higher. The 
message included in this sign should inform 
the driver as to the type of crossing control 
device and/or the sight conditions at the 
crossing. The second advance warning sign 
should indicate the type of protection at 
the crossing. 

• For non-protected crossings, the second 
advance warning sign should convey a dynamic 
message such as "LOOK FOR TRAINS'' with arrows 
pointing in each direction that ~ould be 
suggestive of the dynamic requirements of the 
driver to actually look for a train. In sit
uations where visibility of tjafns is re
stricted, it is recommended that a combina
tion of signs be used to warn the driver of 
the existing conditions. The first and upper
most sign of the "tree" should be diamond 
shaped and include the message "LHHTED VIEW 
OF TRAINS." The second sign should be a 
square conveying an advisory speed. 

• For crossings controlled by flashing light 
signals, the second advance warning sign 
should convey the message, RR SIGNAL AHEAD. 

• Consideration should be given to increas
ing the size of the conventional crossbucks 
used at non-protected crossings to 1 ft x 
6 ft (0.3 x 1.8 m) with construction consist
ing·of white, reflectorized sheeting as a 
background for black letters. These cross
bucks should be well maintained and, further, 
they should be placed on each side of both 
approaches to the crossing. 

• Spot illumination should be considered 
at non-protected rail-highway grade cross
ings. Where provision of such illumination 
is not feasible, some type of delineation 
device should be used to inform the driver 
of the presence of a train on a crossing. 
It was suggested that some unique delineation 
system be placed on the opposite side of the 
track so that it would be visible under the 
train and would indicate motion by the inter
mittent passage of the train wheels. 

• These recommended traffic control systems 
are summarized in the following figures: 

+ Unsignalized Crossing with Unobstructed 
View, Figure 4.5.2 

+ Unsignalized Crossing with Obstructed View, 
Figure 4.5.3 
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4.5.4 TRAFFIC CONTROL SYSTEMS FOR RAILROAD
HIGHWAY GRADE CROSSINGS - MUTCD PROVISIONS 

On April 1, 1977, FHWA announced the addition 
of Part VIII - Traffic Control Systems for 
Railroad~Highway Grade Crossings to the Manual 
on Uniform Traffic Control Devices (6). This 
new addition supplements or supersedes parts 
of the MUTCD and replaces Bulletin No. 7 
"Railroad-Highway Grade Crossing Warning 
Systems - Recommended Practices" published by 
the Association of American Railroads. Thus, 
it should be used by all persons engaged in 
the planning, design and construction of 
traffic control systems for railroad-highway 
grade crossings as the basic reference source. 

The new Part VIII of the manual has four basic 
sections: 1) General Provisions, 2) Signs 
and Markings, 3) Signals and Gates, and 4) 
Alternatives Process for the selection of 
Systems and Devices. Subsequent discussion 
of each of these four sections will pertain 
to significant changes particularly as they 
relate directly to safety. 

General Provisions. This section addresses 
the funct1ons of control systems, the use of 
standard devices, uniform provisions, pro
visions for crossing closure, and traffic 
controls during construction and maintenance. 
It is recommended specifically that control 
boxes and equipment housing should be located 
outside a clear zone of 30 feet where practi
cal. 

Signs and Markings. This section presents 
spec1f1c 1nformat1on relative to the design 
and application of cross bucks, advance warn
ing signs, pavement markings, illumination 
and other supplementary signs. Of particular 
significance is t~e provision for placement 
of the Wl0-1 Advance Warning Sign 750 feet 
(230 m) or more in advance of the crossing 
in rural areas and 250 feet (75 m) in ad
vance of the crossing in urban areas. Also, 
there is a provision for use of the NO 
PASSING ZONE pennant sign on the left side 
of the roadway at the beginning of the no 
passing zone on the approach to the crossing. 
Other details relative to signs and markings 
are illustrated in Figure 4.5.4. 

~nals and Ga·tes. This section presents 
u:rormation relative to flashing light 
s1gnals, both post-mounted and cantilever
mounted, a~tomatic gates, train detection 
traffic signals near grade crossings and ' 
recommended operating practices for drivers 
at grade crossings. A key provision relative 
to safety design,. is "breakaway or frangible 
bases shall not be used for cantilever 
signal supports. Where conditions warrant 
escape areas, attenuators, or properly ' 
designed guardrails should be provided." 
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Figure 4.5.4 Traffic Control Devices Used at Railroad Crossings. 

Alternatives Process for the Selection of 
Systems and Devices. This section is quoted 
1n total from the Manual on Uniform Traffic 
Control Devices for Streets and Highways (6) 
because of its relevance in this course ana 
because it is completely new material. 

"The seZeation of traffia aontroZ deviaes at 
a grade·arossing is determined by pubZia 
agenaies having jurisdictional responsibility 
at speaifia locations. AZl signs, signals, 
and pavement markings used in aative or 
passive aontrols, shall meet requirements of 
laws, regulations, or standards adopted by 
State and loaal agenaies, effective at the 
time of selection. 

Aative grade arossing traffia aontrol systems 
range from 

1. Post mounted flashing light signals to 
2. Automatic gates aombined with 

a. Post mounted flashing light signals, 
b. Cantilever flashing light signals, and 
a. Combination of the above 

3. Any of the foregoing may or may not in
aopo~ate a bell. 

Due to the large number of significant 
variables whiah must be considered there is 
no single ?tandard system of aative traffia 
aontrol deviaes universally applicable for 
grade crossings. Based on an engineering 
and traffia investigation, a determination 
is made whether ~ny aative traffia aontrol 
system is required at a arossing and, if so, 
what type is appropriate. Before a new or 
modified grade· arossing traffia aontrol 
system is installed, approval is required 
from.the appropriate agenay within a given 
State. 

Numerous hazard index formulas have been 
developed over a period of 40 years to 
assess the.relative amount of hazard at a 
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grade crossing based upon some combination 
of its characteristics but no one such 
formuta has universat acceptance. Neverthe
tess~ use is made of these formutas in the 
e~ercise of judgement determination of the 
system to be instaZZed. 

Determination of the need for active traffic 
controt devices shouZd incZude an anaZysis 
of the fotto~ing factors and their inter
retationships: 

1. VoZume of vehicuZar traffic - an ADT of 
Zess than 1.000 ~ouZd require other signi
ficant ~arrants. 

2. Votume of raitroad traffic - tess than 
si~ trains per day ~ouZd normaZZy represents 
tight e~posure e~cept ~here passenger train 
operations e~ist. 

3. Ma~imum speed of raitroad tr(Z-?ns - speeds 
in e~cess of 50 miZes per hour (80 km/hr) in 

· rurat areas or 35 mites per hour (o8 km/hr) 
in urban areas deserve carefuZ consideration. 

4. PermissabZe ma~imum speed of vehicuZar 
traffic - speeds in excess of 35 miZes per 
hour (5~ km/hr) in ruraZ areas or 25 miZes 
per hour (40 km/hr) in urban areas deserve 
carefuZ consideration. 

5. VoZume of pedestrian traffic - pedestrian 
votume of 150 or more per hour may be a 
significant determinant. 

8. Accident record - occurrance of a train
invoZved accident ~ithin a 3-year period 
indicates a need for carefuZ anaZysis. 

7. Reduced sight distances - Zimited vie~ 
of tracks shouZd be checked for approaching 
driver reaction. 

8. PotentiaZ for compZete eZimination of 
grade crossings ~ithout active traffic 
controZ devices - cZosing ZightZy used cross
ings and instaZZing active devices at other 
more heaviZy used crossings. 

Determination of the need for automatic gates 
shouZd take into account the foZZo~ing add-
i tiona Z faa tors: 

1. MuttipZe main tine raiZroad tracks·. 

2. MuZtipZe tracks at or in the vicinity 
of the crossing ~hich may be occupied by a 
train or Zocomotive so as to obscure the 
movement of another train approaching the 
crossing. 

3. High speed train operation combined ~ith 
timited sight distance at either singZe or 
muZtipZe track crossings. 

4. A combination of high speeds and moderate
Zy high voZumes of high~ay and raiZroad 
passenger or freight traffic. 

5. High speed passenger trains. substantiat 
numbers of schooZbuses or trucks carrying 
hazardous materiaZs~ or continuing accident 
occurrences. 

6. Recommendations of a muttidisciptinary 
diagnostic inspection team. 

7. Any combination of the conditions Zisted 
above. 

4.5.5 CROSSING SURFACE CHARACTERISTICS 

The railroad grade crossing must be structur
ally adequate to carry the loadings of both 
rolling stock and vehicular traffic crossing 
perpendicularly to the railroad tracks. In 
essence, the crossing must exhibit some of 
the characteristics of both of the intersect
ing roadbeds. 

4.5.51 Safety Aspects 

The condition of the crossing affects the 
safety of motorists in two ways: 

• At a crossing where the surface is in 
poor condition, the driver's attention may 
be diverted as he attempts to find the 
smoothest crossing path. This detracts from 
what should be his principal task--checking 
for the presence of trains. 

• A crossing in poor condition also may 
cause the driver to lose control, thereby 
striking a fixed object such as a sign or 
other crossing control appurtenance. 

4.5.52 Crossing Surface Types 

Various materials have been used for railroad 
grad~ crossings. These include: 

• 'Timber 

• Bituminous 

• Cast-in-place concrete 

• Pre-cast concrete slabs 

• Rubber panels 

• Unconsolidated ballast 

Generally speaking, the type of crossing to 
be used will be determined by: 

• Traffic speed and volume 

• Train frequency 

• Frequency of tr~ck repair 

• Soil conditions 

• ·Cost 
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Crossings on high-speed, high-volume train 
routes should be of the type that can be 
removed in sections to permit frequent repair 
of the railroad track. These locations would 
be best served by a timber or rubber panel 
type of crossing. On rail lines with less 
train traffic and fewer track repairs, more 
permanent, less-easy-to-remove-and-replace 
crossing types, such as bituminous or cast-in
place concrete, may be used. 

4.5.6 SUMMARY 

Although the number of railroad grade cross
ing accidents has remained fairly constant 
over the years, the accidents which do occur 
result in considerable injuries and fatalities. 
Experience indicates that a large number of 
these accidents are the result of the motor
ist becoming conditioned to the non-presence 
of a train at the intersection apd, thus, he 
does not notice an approaching train. This 
situation is made even worse at crossings 
where good sight distance of the crossing 
and approaching train is not available. 
Therefore, the installation of adequate 
signs, markings, and flashing light signals· 
is needed to attract the motorist's attention 
to the crossing location. The condition of 
the crossing surface also must be maintained 
if the driver is not to be distracted or 
lose control of his vehicle due to the rough 
surface. 
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TOPIC 4 SESSION 6 
SAFETY DESIGN IN CONSTRUCTION AND MAINTENANCE OPERATIONS 

Objectives: 

1. The participant should understand the 
importance of designing detours and temporary 
roadways to the standards of the approach 

,roadway, 

2. Further, he wiZZ be cognizant of the 
need for special safety devices, signs and 
markings to insure the safety of construction 
and maintenance personnel and be able to 
select appropriate safety devices for such 
situations, and , 

3. Be capable of planning and scheduling 
work ~eriods which will minimize the hazard 
to construction and maintenance personnel 
including the necessary public information 
program. 

4.6.1 INTRODUCTION 

The majority of roadway construction pro
jects are within existing right-of-way 
lines. Even roadways constructed on a new 
alignment must somewhere be tied into the 
old roadway. Because alternate routes do 
not always exist there is a need for the 
movement of traffic over a roadway while it 
is under construction. Also, temporary 
blockages of one or more lan0s on a street 
or highway may be necessary for maintenance 
of the road and its appurtenances. Thus, 
it becomes the responsibility of the public 
agency in clwrge to provide the driver with 
a travel way through the maintenance or 
construction area which provides at least a 
minimum level of operating efficiency. 

In this session we will review the various 
classifications of construction and 
maintenance areas, discuss the design 
criteria for detours for these areas, and 
suggest methods of traffic control, person
nel protection, and maintenance scheduling 
which have been used successfully by other 
public agencies. 

4.6.2 CONSTRUCTION AND MAINTENANCE AREA 
TYPES 

The circumstances under which construction 
and maintenance activities are conducted 
vary according to the surrounding area. 
Similar types of activities on rural or urban 
roadways require different design criteria 
and traffic control methods. In addition, 
the roadway configuration, such as two-
lane as opposed to multi-lane, may dictate 

alternate ways of handling traffic. This 
is_the basis for the following four cases of 
maintenance and construction activities. 

4.6.21 Case 1: Urban Multi-lane Facilities 

This case includes freeways and arterial 
streets in urban areas. Normal traffic flow 
may be disrupted for activities such as 
roadway resurfacing or widening, under
ground utility work, or maintenance of 
signs, signals and other roadside ap
purtenances. Because facilities of this 
type are likely to exhibit relatively high 
traffic volumes, maintaining adequate 
capacity and a reasonable level of service 
become a primary concern. Traffic may need 
to be diverted to the frontage road or 
detoured over other major arterials or work 
activities may have to be prohibited during 
peak traffic periods. During non-peak 
periods when traffic is flowing more freely, 
the speed differential between normal 
traffic and traffic in work areas may be
come more critical. 

4.6.22 Case 2: Urban Two-lane Facilities 

Roadways of this type include residential 
streets and other relatively low volume 
city streets. Work activities may include 
tr~ffic control device and street lighting 
maintenance as well as other utility in
stallation and repair. A major concern is 
the provision of access to abutting property 
during street renovation work. Capacity 
and speed differential problems are rela
tively minor. 

4.6.23 Case 3: Rural Multi-lane Facilities 

Highways of this type include freeways 
and other high-type facilities on which a 
number of activities may occur. These in
clude maintenance activities such as pave
ment marking or sign placement or more long
term repairs such as resurfacing, joint 
repair or bridge deck work. Construction 
activities would include addition of 
another lane or regrading. Capacity is not 
usually severely impaired in rural areas 
by activities of this type and because 
level of service remains fairly high, the 
speed of vehicles through the work area 
becomes the major problem. On divided 
fatilitics where one-half of the roadway is 
closed and the other is converted to two
way traffic, proper markings and signing 
must be used to prevent wrong-way movements. 
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4.6.24 Case 4: Rural Two-lane Facilities 

This highway category contains the majority 
of highway mileage nationwide. A number of 
work activities may occur on this type of 
facility including road surface and shoulder 
repair, bridge widening and overall re
construction of the roadway. In many cases 
adequate alternate routes for the diversion 
of traffic are not present. Thus, while a 
portion of the roadway is being worked on, 
traffic is handled through a ~ne-lane 
section by alternating the direction of 
traffic flow. Extreme care must be utilized 
in this situation to separate conflicting 
traffic streams. As with all rural highways 
controlling the speed of vehicles entering 
the work area becomes a major consideration. 

4.6.3 DESIGN CRITERIA 

A driver on a street or highway b~ilds up 
a certain expectancy of what lies ~head 
according to the roadway he has previously 
encountered. Inclusion of a piece of 
highway construction equipment, a construc
tion worker, or some obvious discontinuity 
in roadway characteristic will violate the 

,driver's expectancy. This violation of 
expectancy is not in itself critical if it 
does not force the driver into making an 
erratic or rash maneuver. In order to 
lessen the effect of such a change we 
should attempt to accomplish two thing~. 
These are: 

• Warn the driver as soon as possible 
• Make the change in a smooth and uniform 
manner 
These objectives can best be met by observ
ing the following design criteria. 

4.6.31 Design Speed 

As a general rule, the roadway through the 
work area should be designed for not more 
than a 10-15 mph (16-24 km/h) reduction in 
speed from the existing roadway. Speed re
ductions greater than this require more 
transition distance and place greater de
mands on traffic control devices. 

' Reducing speed to a safe operational level 
approaching construction and maintenance 
sites is always a problem. The Iowa Depart
ment of Transportation has developed a tech
nique for achieving reduced speeds which 
employs a serpentine path layed out with 
cones on the approach to'the site. This 
system has been dubbed the "Iowa Weave." 

Traffic control for the Iowa Weave begins 
two miles from the site and continues the 
typical one mile, one-half mile, 1000 feet 
and 500 feet warning signs. Two approach 
lanes are reduced to a single lane (the 

lane not being closed). The path into the 
site then involves two lane changes. This 
system is presented in the sketch below. 

• 
' 

.. 
• • ,·. : 

- .... -· ..... ·~ ... 
• • • • . . . ·-

GENERAL SCHEI1ATIC OF 
THE IOl/A HEAVE 

Effective speed reductions from 55 mph to 30 or 
35 mph have been reported with this system(!Q). 

4.6.32 Roadway Geometry 

Vertical and horizontal curvature are pri
marily governed by the design speed selec
ted for the work area. The cross section 
of the roadway should be similar to the 
rest of the roadway in order to provide 
for continuity through the work area. It 
is most important that the operational ef
fects of roadway geometry fall within the 
acceptable range of requirements for satis
factory driving expectancy. 

4.6.33 Sight Distance 

The driver must have adequate sight distance 
of the roadway if he is to adequately re
act to his surroundings and other vehicles. 
As hii speed increases this sight distance 
must also increase proportionally. For this 
reason, sight distance may be described in 
terms of time rather than distance. This 
measure known as "viewing time" should be in 
the range of 10 to 15 seconds. 

4.6.34 Advance Planning 

Early in planning stages of a construction 
and/or maintenance operation of substantial 
magnitude, the traffic control plan must be 
worked out. This plan consists of three 
basic features: 

1. Planning the diversion routes; 

2. Selecting construction zone length and 
activity sequence consistent with reasonable 
operational criteria; 

3. Executing a public information program to 
advise the motorist of the impending activity. 
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The planning of diversion routes will 
identify critical points in the system and 
suggest an optimal project length consistent 
with safety. Seldom should the site on high 
volume facilities exceed two miles and fre
quently a length of one-half mile will be 
desirable. Longer construction jobs will 
necessitate staged activities to insure· 
motorist safety. Construction on both sides 
of a stream of traffic at one time should 
never be permitted. 

The public information program will most 
certainly include mass media coverage; how
ever, por~able roadside signs at the job site 
for a per1od of one to two weeks prior to 
the beginning of construction has proven most 
successful in alerting motorists to the 
impending change. 

4.6.35 Storage Areas 

Construction or maintenance operations typi
cally have some storage requirement for mat
eria~s and/or debris. Frequently, space 
prov1ded for a safe roadside becomes the most 
convenient location for such storage. While 
the necessity for on-site storage is recog
nized, great care in selection of the site 
must be exercised to insure safety. The 
following general guidelines are offered in 
this regard: 

1. Avoid gore areas and roadside areas 
adjacent to ramps. 

2. Avoid sites adjacent to horizontal 
curves. 

3. Avoid sites where the geometry is complex 
or where the driver is fully occupied with 
the driving task. 

4. Provide sufficient separation between 
the traveled lanes and the storage area. 
A minimum distance of 20 feet on high-speed 
roadwaysand 14 feet on uncurbed lower speed 
roadways are suggested. 

4.6.4 TRAFFIC CONTROL 

The control of traffic through construction 
and maintenance areas is similar to normal 
traffic control except that there is a 
greater need to command the driver's at
tention and warn him of danger. Drivers 
are conditioned by normally smooth traffic 
flow to not expect surprises such as sudden 
changes in alignment, construction equip
ment, or reductions in operating speed. 
Thus the primary task of traffic control 
through work areas is to select the proper 
devices to communicate with the driver 
under both day and night conditions. 
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4.6.41 Control Device Selection Criteria 

The type and extent of traffic control de
pends to a considerable degree on the fol
lowing factors: 

The classification of the roadwa 
area 1n w ic t e wor 1s locate . H1g -
speed rural facilities will requ1re con
siderably more advance warning due primarily 
to higher operating speeds on these types 
of highways. On two-lane sections of road
way where one lane is closed and the other 
lane is operated as an alternately re
versi~le lane, extra care must be paid by 
traff1c control personnel to avoid the 
simultaneous movement of conflicting 
traffic streams. On urban streets, traffic 
con~rol may ~e complicated by the proximity 
of 1ntersect1ng streets, the need to provide 
access to abutting property, and in general 
the many more possible movements desired by 
motorists. 

The type of work being performed. Traffic 
control for large-scale, semi-permanent con
struction jobs such as highway grading and 
paving, bridge replacement, or storm sewer 
installation usually require a number of 
permanent type signs, barricades and other 
control devices which are installed when 
construction is begun and removed when the 
job is finished. Other less permanent 
activities such as pavement overlay jobs or 
shoulder rehabilitation may require traffic 
control devices which are moved periodically 
to keep up with the actual work that is 
going on. Even more portable must be the 
traffic control devices used with mainte
nance activities where the work may be com
pleted in a matter of a few hours or less. 

4.6.42 Credibility 

To be most effective, traffic control de
vices used in conjunction with construction 
and maintenance activities must reliably 
convey the message necessary to attain the 
desired response from the driver. This 
means that the message must be accurate and 
current -- in other words, credible. Ac
curacy involves presenting the correct 
m~ssage to th~ driver. In general, advising 
h1m of a part1cular hazard at a specified 
location is preferable to making a general 
statement. For example, TRUCKS HAULING · 
NEXT 2 MILES is preferable to SLOW. ' 

Staying current with the work activities 
also improves credibility. How many times 
have we seen ROAD CONSTRUCTION AHEAD or 
MEN WORKING ~igns when there is no evidence 
of any construction activity? Another 
example is the posting of a reduced speed 
limit throughout the entire length of a 
highway resurfacing job when conditions on 
only a short section present a hazard to 
traffic. Signs that are not applicable 
during non-work times should be removed or 
covered with an opaque material. 



4.6.43 Maintenance of Control Devices 

Traffic control devices are usually in
stalled at the beginning of a construction 
or maintenance job to meet certain state or 
local requirements. As the work progresses, 
little is done to keep these devices current 
and in good repair. Damage by construction 
equipment, obliteration of devices by road 
spray, and accidental respositioning reduce 
the effectiveness of traffic control de
vices. Also, certain devices such as pave
ment markings must be replaced at the end 
of the work day if they have been obliter
ated by construction during the day. Removal 
of non-functional marking immediately is also 
important to safe operation. 

4.6.44 Use of Control Devices 

The use of traffic control devices for the 
movement of traffic through and around road 
or street construction, maintenance, and 
utility work is described in detail in 
Part VI of the 1971 Manual on Uniform 
Traffic Control Devices (MUTCD). fhis in
formation covers the following subjects: 
signs, cones, flagging, and pavement mark
ings. Some of the practices in using these 
devices which have proven successful are 
discussed in the following sections. 

Signin,. Many signs normally used elsewhere 
will a so find application for signing 
construction and maintenance operations. 
Other signs with messages unique to these 
types of activities are also used. Warning 
signs added in these work areas should be 
diamond shaped and contain a black text on 
an orange background. Existing warning 
signs and other signs in the work area 
should be allowed to remain if their use is 
still required. 

The location of the first warning sign 
depends upon the distance at which the sign 
must be read in order for the driver to make 
the required maneuver. This distance is in 
turn related to the driver's approach speed, 
his perception-reaction time, and the speed 
at which we want him to enter the work area. 

Cones, Barricades and Lights. Once the 
driver's speed has been reauced to a safe 
operating speed, the next concern is guiding 
him through the work area. This is usually 
accompli~hed through the use of cones and 
barricades as illustrated in Part VI of 
the MUTCD. In general, these devices should 
be orange in color with white stripes ex
cept for traffic cones which are solid 
orange. Barricades, either post-mounted 
or portable, are used for longer term work 
activities while cones arc used primarily 
for short time, maintenance type activities. 
Vertical panels, 6 to 8 inches (15 to 20 
em) wide and 24 inches (61 m) in height 
striped and reflectorized in·a manner simi
lar to barricades are also used for channel
ization. 

.More protection to motorists and workers 
can be provided by using a safety type 
barrier. One State uses metal beam guard 
rail bolted to oil barriers which are partial 
filled bags of sand for stability. In other 
instances, sections of concrete median bare 
rier have been used to temporarily separate 
two-way traffic. The sections of concrete 
barrier have the potential for reuse at 
other construction sites. 

One of the primary uses of cones and 
barricades is the transition required to 
close one or more lanes. The MUTCD suggests 
that the transition taper be determined as 
the product of the 85th percentile speed 
and the width of the transition. This 
value should be retained as the minimum 
design for work area transitions. A desir
able design would be twice this value as 
shown in Table 4.6.1. 

TABLE 4.6.1 SUGGESTED TRANSITION TAPER 
LENGTH FOR 12-FT (3.6 M) LANE CONSTRUCTION 
AREAS 

Minimum Desirable 
Design Speed Transition Transition 
mph (km/h) Length Length 

ft (m) ft (m) 

70 (113) 840 (256) 1680 (512) 

60 (97) 720 (219) 1440 ( 439) 

55 (143) 660 (201) 1320 ( 4 02) 

50 ( 8 0) 600 (183) 1200 (365) 

40 (64) 480 (146) 960 (293) 

In addition to reflectorized cones and 
barricades, safety through work areas at 
night may also be improved by the use of 
various types of lighting devices. Portable 
floodlights may be used to illuminate 
particularly hazardous locations, especially 
those where double work shifts are used and 
construction vehicles must cross the road
way. Another method which has been tried 
involves building the lighting system 
before doing the rest of the construction. 
This is readily applicable to interchanges 
where high mast lighting is to be used. 

Hazard identification beacons are flashing 
yellow lights which are typically mounted 
above a freeway lane(s) that ends or above 
a sign to draw attention to the sign. Bea
cons of this type are used primarily in 
semi-permanent locations. 

Barricade warning lights are portable, 
lens-directed, enclosed lights emitting a 
yellow light. They may be used in either 
the steady burn or flashing mode according 
to their type as defined in the MUTCD and 
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depending on their specific application. 
Due to their portability and reasonable cost, 
barricade warning lights are useful supple
ments to reflectorized barricades. Where 
horizontal and vertical curves are involved, 
random flashing lights used for delineation 
may actually tend to only confuse the driver 
more. In this case reflectorized delineators 
and pavement markings may be less disconcert
ing to the driver. The use of timber barri-
cades has caused much confusion in recent 
months. The term does not apply to any 
barricade made of wood but rather to a spec
ific design composed of a large timber member 
as a base with a barricade constructed on 
top of it. Accident experience with this 
type of design has proven to be unsafe for 
the motoring public and it is no longer 
acceptable for use; Any of the standard 
barricades presented in the MUTCD can be 
used; however, care should be exercised to 
insure that the design characteri~tics of the 
barricade conform exactly to the MUTCD 
Standard. Additional members, ~ame plates 
or similar materials may not be used. 

The use of sand bags to provide stability 
for Type I or Type II barricades is common. 
When used, the ballast elements must be on 
the lower members of the barricade system to 
avoid the possibility of it going through 
the vehicle's windshield on impact. 

F~.zging and Traffic Control Practice:;. Most 
non the rOii(l" types of maintenance ana con
struction require the use of flag personnel. 
These people serve the foll01ving functions: 

• Provide a dynamic warning to traffic 

• In some cases alternate the direction of 
traffic on a one-way section 

• Close a section of roadway during danger
ous operations such as blasting 

• Direct drivers through what may he a 
somewhat confusing course 

• Answer questions about conditions and 
possible delays 

The exact type of flagging activities needed 
in work ares depends mainly on the roadway 
location and the type of activity. For 
example, the direction of traffic on a one
way section may be alternated by giving a 
metal hoop or other type of baton to the last 
driver in a platoon who in turn gives it to 
the flag person at the other end, thereby 
signifying the section is clear. An alter
native is a flag signal between the indivi
duals doing the flagging. Where one end of 
the section is not visible from the other, 
two-way radios should be used. 

Pace vehi~les may also be used to lead traffic 
through a complicated construction area. Pace 
vehicles also can be used to create gaps in 
the traffic during which time construction 

Rev: 2/78 4.6-5 

activities may take place on the roadway main 
lanes. 

Pavement Markin~s. All construction or main
tenance areas w ich must be maintained over
night should be brought up to the minimum 
level of traffic control prior to shutting 
down the job each night. For overlay and 
seal coat operations, one state requires the 
contractor to replace all pavement markings 
at the end of each day's operation. 

The pavement markings on detours must include 
the full complement of markings--the double 
yellow centerline and both edgelines. In 
addition, the use of raised pavement markings 
between the two elements of the centerline 
will bring greater attention to the hazard. 
The markings should begin several hundred 
feet in advance of the beginning of the de
tour to insure that the driver has an oppor
tunity to adapt to them prior to entering 
the detour. 

When construction is completed, all pavement 
markings which do not match the finished 
alignment should be completely removed. 
Drivers tend to follow the centerline and 
have been known to drive into a roadside 
ditch following an old, centerline. Sand 
blasting, carbide tip grinding or burning 
can be used to eliminate undesired markings. 
Care must be exercised to insure that the 
removal of the marking does not result in the 
appearance of a line at night. The removal 
of a line will alter the reflectance proper
ties, and the area may appear very bright 
against the darker pavement. 

4.6.5 HAZARD REDUCTION 

In addition to the proper design of roadways 
in work areas and the use of adequate traffic 
control procedures, two other areas also 
exist for the improvement of safety in main
tenance and construction areas. These deal 
with the protection of personnel in the work 
area and the scheduling of work activities 
to reduce traffic congestion. 

4.6.51 Protection of Maintenance Personnel 

In the Roadway. In spite of the traffic con
trol, the use of safety jackets, the use of 
flagmen, and a great many other safety-orient
ed techniques designed to protect maintenance 
personnel working in the roadway, accidents 
still occur. This is particularly true on 
high-volume, high-speed facilities. Where 
maintenance personnel must work under such 
conditions for extended periods of time, the 
use of some type of inertia barrier can be 
effectively utilized. The design of inertia 
barriers will be discussed in another section 
of these notes. 

Another protection device that can be 
effectively used on high-volume, high-speed 
facilities to protect personnel working in 



TEXAS CRASH CUSHION TRAILER 
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Figure 4.6.2 Crash Cushion Trailer. 

the roadway is the portable crash cushion. 
This unit consists of crash cushions mounted 
on a trailer which is towed behind a large 
truck. The design principle of the portable 
crash cushion is similar to that for the 
barrel crash cushion as discussed in Session 
5.2 of these notes. The truck is placed just 
in advance of the work area, and the brakes 
are set to serve as the backup for the crash 
cushion. Errant vehicles penetrating the 
work site will impact the crash cushion 
rather than maintenance personnel. This type 
of crash cushion is illustrated in Figure 
4. 6. 2. 

The portable barrel crash cushion was 
developed by the Texas Department of Highways 
and Public Transportation, and is not known 
to be manufactured and sold commercially. 
There are, however, portable devices utiliz
ing other energy absorption systems that are 
commercially available. 

Moving Maintenance. Moving maintenance oper
ations requ:rre-special consideration. In 
practice the use of arrow boards mounted on 
a truck which irails the actual operation 
has proven most successful on high-volume 
facilities. The use of a portable crash 
cushion on the trailing vehicle is an added 
safety feature for the errant driver. Cer
tainly slow-moving vehicle warning panels 
should be in place on the rear of the vehicle, 
and vehicles should be equipped with a rotat
ing beacon. 

Roadside Maintenance. Advance warning of 
roadside maintenance operations, i.e., those 
that move along the roadway, often have the 
advance notification much too far in advance 
of the operation. The advance warning is 
noted and the driver is alerted to possible 

conflict with maintenance vehicles. However, 
after a half-mile or more with no indication 
of the maintenance operation, the driver 
resumes his normal driving pattern. Advance 
warning for roadside maintenance operations 
should be maintained within one-half mile of 
the actual operation at all times. 

Another common accident pattern for mainten
ance personnel involves maintaining grass on 
too steep a side slope. While it is commonly 
recognized that a tractor cannot safely 
operate on a 2:1 slope, the hazard of a 3:1 
slope is not as well recognized. A tractor 
operating on a 3:1 slope will have wheel drop 
into an erosion rut and roll the tractor over. 
A recent study in Texas indicates that a sub
stantial number of accidents involving main
tenance were of the type described above. 
Maintenance vehicles operating on slopes 
steeper than 4:1 should be equipped with 
roll-bars and provision to prevent rollover 
should be considered. A better solution is 
to maintain these slopes with especially
designed vehicles with telescoping arms. 

4.6.52 Scheduling of Maintenance Activities 

The accident potential on high-volume road
ways can be reduced by judicious scheduling 
of maintenance operations. On multi-lane 
roadways the basis of scheduling should be 
a level of service analysis indicating that 
the lanes which remain open will be able to 
accommodate the flows, desirably at level of 
service C. This·would permit some degree of 
accommodation of the turbulence which is al
ways associated with lane blockage. 
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Maintenance work on urban freeways frequently 
involves diverting traffic onto other fa
cilities. Corridor analysis must be used 
to determine if the corridor composeu of 
other freeways, arterials and collector 
streets is capable of handling the total 
traffic load. If it is not, work schedules 
may need to be adjusted or stage construc
tion may be required to allow more of the 
traffic to remain on the primary roadway. 

The use of planned diversion routes can 
result in a reduction of the traffic demand 
in the work area, if the driver is made 
aware of the problem and the alternative 
routes. The posting of a temporary sign 
at the work site several days in advance 
of the scheduled date should make the 
driver aware of the situation. T~e sign 
should advise the motorist of the date, time 
and degree of blockage which will result. 

.Also, newspaper advertising indicating the 
situation and suggesting alternative routes 
can be effective in combination with the 
signing of the site. Commercial radio 
traffic situation announcements can be uti
lized on the day of the blockage to remind 
the motorist to take alternative routes. 

Some cities have ordinances prohibiting all 
maintenance activities on city streets and 
alleys during the peak periods except in 
emergency situations. In addition, many 
cities require that a work permit be ob
tained from the city traffic engineer before 
any work activities are commenced within 
the right-of-way lines. 

4.6.6 SUMMARY 

Practically every maintenance or construction 
operation may be temporary or permanent 
depending on how we view it. Individuals 
responsible for traffic operations through 
these areas must realize that the situation, 
whether it exists for an hour or a year, 
will affect a number of motorists who 
are probably unfamiliar with the dangers 
involved in traveling through the area. 
No matter how temporary these situations 
may be, it is still a public responsibility 
to protect the safety of each motorist. 

In addition to providing for tho safety of 
the motorist, personnel in the work area 
must also be protected by the use of 
proper signing, safety vests and other 
equipment. Other devices such as inertia 
barriers and the truck-mounted barrel cush
ion have also shown good potential for 
injury reduction. 

This session may be summarized by the 
followini techniques quoted from the 
AASHTO publication, "Highway Design and 
Operational Practices Related to Highway 
Safety," Second Edition, 1974: 
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1. Adequate attention to traffic handling 
during planning and design stages. 

2. Detour alignment and surface that will 
allow traffic to pass smoothly around 
the work zones. · 

3. Long tapers for lane drops or squeezing 
traffic for transition areas. 

4. Adequate maintenance of all traffic 
control devices and pavement markings 
for complete day and night effective
ness, including use of temporary marking 
materials which can be removed when · 
traffic patterns change. 

5. Use of roadway illumination and warning 
lights as necessary. Use of steady 
burning lights in preference to flash
ing lights· to delineate the travel path 
through or around a work area. The very 
short "on" time of flashing lights does 
not enable motorists to focus on the 
light and to make a depth perception 
estimate. Flashers should be limited 
to marking spot hazards or occasional 
short lengths of straight-line delinea
tion. 

6. Cones, delineators, painted drums or 
lightweight barricades as a means of 
channelizating traffic. 

7. Removal of signs and markings from job 
site when they are no longer needed. 

8. Use of shadow trucks to follow slow
moving maintenance equipment such as 
stripers or sweepers. 

9. Use of transports to move slow-moving 
equipment between worksites. 

10. Removal of contractor's equipment 
completely off the roadways and 
shoulders at night, on weekends, and 
whenever equipment is not in operation. 

11. Holding conferences and job site 
discussions well off the traveled way 
and never in the median or on a narrow 
structure. 

12. Protection for personnel exposed to 
traffic hazards during the performance 
of their duties, including use of 
safety vests by all workmen. 

13. Possible limitation of working hours to 
off-peak periods. 

14. Parking of workers' private cars well 
off the shoulders. 
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TOPIC 4 SESSION 7 
SIGNING AND DELINEATION 

Objectives: 

The participant shouZd be abZe to: 

1. Recognize the importance of sign pZace
ment and design on safe operation. 

2: SeZect sign supports which wi~Z provi~e 
a mazimum of safety for the motor~ng pubZ~c. 

3. Uti Uze the Zatest design criteria in 
the design of breakaway and yieZding devices. 

4. SeZect and appZy deLineation systems in 
a ~anner which wiZZ achieve a ma~imum of 
safety for the monetary investment. 

4.7.1 INTRODUCTION 

4.7.11 The Importance of Good Driver Com
munications 

A fully informed driver, given sufficient 
time to respond to a situation, will rarely 
make a serious driving error. Conversely, 
inadequate information or time to respond to 
the situation results in a high probability 
of an erratic maneuver and high potential 
for an accident. Thus, communication with 
the driver is essential to a safe driving 
environment. 

4.7.12 The Hierarchy of Driver Information 
Needs 

As discussed in Topic 3, Session 1, there 
are three general levels of driver informa
tion needs. These are: 

1. Positional information 

2. Situational information 

3. Navigational information 

Traffic signs fall into the latter two cat~
gories. This suggests that careful sclect1on 
of the location of signs so as to offer the 
greatest potential for complete transfer of 
the information is necessary. The key factor 
is the determination that situational and 
navigational information are lower on the 
driver's priority list than is positional 
information. 

4.7.13 The Basic Signing Principles 

The basic signing principle is locating the 
needed information in advance of the point 
where action is required. The distance re
quired will depend on several factors, the 

dominant one being sign size. The larger 
the letter size, the closer to the action 
point the sign can be located. Another fun
damental principle is that of sign redundancy. 
This is particularly true for roadside signs 
since the driver may not be able to read any 
given sign due to blockage by a larger 
vehicle or a situation requiring the full 
attention of the motorist. Repetition of 
the sign is a commonly recommended solution 
to this problem. 

A third basic principle is not to locate 
signs in areas of high driver work load. The 
location of the device must be close enough 
to the action point to allow the driver to 
associate with it, and far enough away to 
permit adequate time to respond. Often, in 
a desire to insure adequate response time, 
signs are located at points where they will 
not be read (i.e., on the inside of a tight 
horizontal curve). Failure to fully consider 
the situation in which the device must per
form or adherance to rigid standards regard
less of the location of the sign can result 
in a non-functional traffic control device. 

The basic signing principles-are: 

1. Place the device in advance of th~ action 
point; 

2. Provide sufficient time to respond a~
propriately (either by increasing sign s1ze 
or 'locating it farther upstream or both); 

3. Provide redundant information' 

4. Avoid areas of high driver work load. 

The safety treatments for signing and deline
ation must be executed within these basic 
principles. The traffic control functions 
must not be comprised as the benefits gained 
through hardware redesign may well be lost 
due to driver indecision and confusion. 

4.7.14 Driving Expectancy In Signing 

The 
green ac groun or 1rect1ona s1gning on 
freeways is a dominant feature in the 
driver's pattern of scanning for information. 
The use of other colors even on a temporary 
basis can create a tendency to overlook the 
entire assembly. This is probably the re
sult of the consequences of failing to exit 
at the proper point resulting in considerable 
increase in trip length. 
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Interchanse Element Location. One of the 
more s1gn1ficant points of confusion regard
ing signing deals with the identification of 
unusual maneuver points. For example, a 
"folded diamond" or partial cloverleaf that 
requires a left turn in advance of the 
structure in order to go to the right on the 
intersecting roadway requires a great deal 
of preparatory information in order to be 
driven in a natural manner by t~e driver. 

The expected manuever is to turn right to go 
right, and advance information must prepare 
the driver to do the unexpected. 

Si n Priorit The 
pr10r1ty o tra 1c contra ev1ces normally 
assuming(i.e., (1) Regulatory, (2) Warning, 
and (3) Guide, is reversed on modern freeways. 
Directional signing is the primary concern of 
the driver following information on lane 
position and other traffic. Warning and 
regulatory devices take on a much lower 
priority. One driver's comments were as 
follows: 

"Those ZittZe bZaak and white signs teZZ you 
anything: Don't Throw Litter on the High
way, Don't Park on the ShouZders, aZmost 
anything. The thing that is important to me 
is whiah Zane I have to be in, in order to 
get wher~ I want to go." 

This inversion of priority indicates that 
black and white regulatory signs on freeways 
are of questionable effectiveness particular
ly in the vicinity of an overhead sign. 

Roadway Division Points. Locations where the 
roadway divides frequently are not balanced. 
More lanes go to one destination than to the 
others. As a general rule, the driver 
expects the roadway with the larger number 
of lanes to be the most important roadway. 
For example, if an Interstate highway and 
state highway have a directional interchange 
where the state highway required the greater 
number of lanes, the driver's normal 
expectation is violated, and a special effort 
in the advance signing is required to alter 
this expectation effectively. 

Left Hand Exits. Left hand exits from a 
divided highway violate the normal exit to 
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the right expectation. This situation 
requires special treatment such as addition 
of the "LEFT" complement to the advance · 
signing. This is particularly true when all 
signing is located on the right side. 

Lane Drops. The dropping of a lane that has 
been continuous for some distance creates 
many problems for motorists. The yellow tab 
"EXIT ONLY" has reduced this problem greatly 
when combined with complementary pavement 
markings. 

The key issue in designing to meet the 
driver's expectation is anticipating ·how the 
driver will react to a given situation. When 
the normal reaction differs from the maneuver 
the designer intends, extraordinary traffic 
control on information systems must be used 
to correct the driver's expectations. 

4.7.2 SAFETY CONSIDERATIONS IN SIGN 
LOCATION 

4.7.21 Overhead Signs 

Selecting Safe Locations. Consistent with 
the highest priority treatment, any sign 
should first be reviewed to determine that 
it is indeed an essential part of the traffic 
control system. If not, it should be re
moved. Assuming that it is needed, then the 
location should be one which affords a maxi
mum of safety to the motoring public. The 
subsequent sections present guidelines for 
achieving maximum safety from signing and 
delineation systems. 

The prioritias for sign location are: 

1. On an existing bridge or overpassing 
structure 

2. Behind or integrated with an existing 
barrier used to protect the errant driver 
from a critical area · 

3. Right side of the roadway in area of low 
vehicle encroachment 

4. At the roadside near the pavement edge 
with adequate redirection or attenuation 
treatments·. 

It should be noted that the fourth alternative 
carries with it substantial safety treatment 
costs which tend to offset the additional 
costs of locating the sign support well away 
from the pavement edge. The design of re
direction and attenuation devices is dis
cussed in subsequent sections and therefore 
will not be discussed at this point. 

Overhead signs are an essential part of the 
freeway driver communications system(!)· 



~upports for these signs should not be located 
1n areas of high vehicle encroachment. For 
example, the overhead directional signing 
for a freeway exit ramp should not be 
located in the gore area (1). The support 
is located in an area of hTgh encroachment, 
and the information is beyond the action 
point. Observation of driver behavior CI) 
suggests that drivers tend to execute neces
sary maneuvers at the location of the over
head sign rather than in advance of it. For 
this reason, the overhead sign installation 
should be at or in advance of the theoretical 
gore as indicated in Figure 4.7.1. 

Figure 4.7.1 

Theoretical Gore 

Gore 

Location of Overhead 
Signs for Exit Ramps 

Frequently, the information contained on the 
overhead bridge can be divided into twQ 
parts. When this is possible, a cantilever 
overhead sign from the right side of the 
roadway can convey effectively the ramp in
formation to the driver. 

The tendency to execute driving maneuvers 
at the location of the overhead sign suggests 
that horizontal curvature can substantially 
alter the effectiveness of overhead direc
tional signing since the driver is unable to 
associate the sign message with the roadway 
lanes until the vehicle is in close proximity 
of the sign location. Thus, where overhead 
signs are located on horizontal curves, con
sideration should be given to moving the sign 
location upstream a sufficient distance to 
permit adequate time to complete the neces
sary maneuvers prior to reaching the critical 
point in the roadway. This is particularly 
true for unusual geometric situations such 
as left hand exits or double exit designs 
(i.e., cloverleaf interchange). 

The supports for overhead signs, under 
certain circumstances, can be made break
away. The requirements are twofold: 

1. Three or more supports required for 
stability, and 
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2. The support must be separated by suf
ficient distance to insure that only one 
support can be struck by an errant vehicle. 
Design criteria for breakaway overhead signs 
are presented by Olson Cl). 

4.7.22 Large Roadside Signs -Multiple Post 
Supports 

Large roadside signs require substantiai 
supports to insure against failure due to 
wind loading. The most fundamental treat
ment for signs that cannot be removed or 
relocated is to make the supports breakaway. 

·Breakaway Metal Sueports. The basic concept 
of the breakaway s1gn support is to provide 
a structure that will resist wind loads yet 
fail, at preselected locations, when struck 
by a vehicle. The loading conditions for 
which the support must be designed are as 
shown in Figure 4.7.2. Three critical con
nection locations and their required chaTac
teristics under each loading condition are 
indicated. When these connections are 
properly designed, the support will be stable 
and will possess the breakaway characteristics, 
when struck by a vehicle, as shown in Figure 
4. 7. 3. 

The Breakaway Hinge. 

Wind Loading. The design of a breakaway 
sign support and hinge is based on its 
capacity to resist imposed wind loads. An 
example will be presented to illustrate the 
approach. Assume that a 16 by 8 ft (4.8 by 
2.4 m) roadside sign panel is desired as 
shown in Figure 4.7.4. 

To compute the wind load, the formula from 
the 1975 AASHO specifications will be used. 
The formula is: 

where: 

2 p = o.oo2s6 (1.3V) cd ch 

p 

v = 

Wind pressure in pounds per 
square foot 
Wind speed from map (MPH), 50-
year Mean Recurrence Interval 
Drag coefficient of sign (see 
Table 4.7.1) 
Coefficient for height above 
ground measured to the centroid 
of the loaded-area (see Table 
4. 7 .1) 
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Figure 4.7.2. Breakaway Sign Loading Conditions 
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Figure 4.7.4 Wind Loading 

Figure 4.7.3 Collision Behavior for 
Breakaway Signs 
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TABLE 4.7.1 WIND LOAD COEFFICIENTS 

Elliptical 

vd > 64 

0.4S 

0.79 

1.2 
1.7 

(Broadside) 1.7 (D/d
0

- 1) + CdD (2- D/d
0

) 
(Facing Wind) 

Elliptical Cdd 
(Narrow Side) 
(Facing Wind) 

[
4 -

3
D/D0 ] 

OTHER ELEMENTS Cd 

SIGN PANEL 
L/W = 1.0 1.12 

= 2.0 1.19 

= s.o 1.20 
= 10.0 1.23 
= lS.O 1.30 

Traffic Signals 1.2 
Ltuninaires with 
generally rounded 
surface o.s 
Ltuninaires with 
flat sides 1.2 
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1. 20 

2.0 

Where: V d = Wind Speed (mph) 

D/d
0 

= Ratio of Major to Minor 
Diameter of Ellipse 

Cdd = Drag Coefficient for a 
Cylindrical Shape of 
Diameter d

0 
CdD = Drag Coefficient for a 

Cylindrical Shape of 
Diameter D 

HEIGHT COEFFICIENT (~) 

Height (feet) ch --
0 - lS 0.8 

lS - 30 1.00 
30 - so 1.10 
so - 100 . l.ZS 

100 - lSO 1.40 
lSO - zoo l.SO 
200 - 300 1.60 



Let the wind velocity be ~00 mph (160 km/h). 
From Table 4.7.1, the shape factor for the 
sign is approximately 1.19 and height factor 
is 0.8 at 12 feet. Using the AASHO formula 
for the normal wind pressure on the sign 
panel, the pressure is computed as: 

p = 0.00256 (1.3 X 100) 2 1.19 X 0.8 

p 41 psf (1.96 kPa) 

The moment diagram resulting from the wind 
load is presented in Figure 4.7.4. Loadings 
on the vertical supports for the sign panel 
have been neglected. The required section 
modulus for A441 steel is: 

s M 
s 

63.0 kip-feet x 12 
25 kip/in 2 

30.2 in. 3 (495 cm 3) 

Thus, two 8 by 20 supports having a combined 
section modulus of 34 in.3 (557 cm)3 may be 
used. After selecting a support size, the 
next step is to check them for all other 
AASHO requirements (see AASIIO Specifications). 
Several types of materials are available that 
may satisfy the structural requirements of 
the sign supports, the most common being 
timber, aluminum, or steel. 

Fuse Connection. The fuse connection must 
be des~gned to_resist the maximum moment pro
duced In_the sign support at the hinge area 
by the wind loads on the sign. This fuse 
con~ec~ion is a friction-type joint, with the 
re~ls~Ing moment-producing force being a 
friCtion force which is developed between the 
fuse plate and the sign support by tension in 
~he attachin~ bolts. A slotted fuse plate, 
Illustrated In Figure 4.7.5, is used in the 
connection. 

When a vehicle strikes the support, the slip 
bas~ is broken loose and, as the support 
begins to deform in the direction of movement, 
the two bolts holding the fuse plate to the 
lower part of the support slip out of the 
slo~ted bolt holes, and the hinge becomes 
activated as illustrated in Figure 4.7.2. A 
recommended procedure for designing the fuse 
connection is as follows: 

• Determine maximum wind moment at the hinge 
point. This determines the moment capacity 
of the fuse connectiop. 

• Determine the required bolt force to 
develop the friction force between the fuse 
plate and the support. The initial bolt 
force can be determined by: 
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1. 

2. 

m 
cr Required Force 

Where: m is the moment to be resisted 
d is the depth of the post 

Individual bolt tension Required force. 
fn • 

f = 0.2 

Where: f is the joint friction assumed 
as 0.2 

n is the number of bolts 
(usually 2 per post) 

3. Select bolt size to accommodate bolt ten
sion. 

f.RI CTI ON FUSE PLATE 

--jl-1' , .. 
BASE DETAIL 

3'-o" 

M~tric Conversion 
1 lnch = 2.51 em 

Figure 4.7. 5 Breakaway Hardware 

• Select the next larger standard bolt size. 

• Check the tension that will be produced 
in the bolts selected. Since the stresses 
in a_bolt will tend to relax over a period 
of time (creep), the bolt will lose some of 
the tensile force in it as time passes. In 
~r~er to produce a friction-type bolted 
JOint, the bolts must have an initial tension 
fore~ equal to 70% of the specified minimum 
tens~le strengt~ of the bolts. The required 
tension for various bolt sizes is shown in 
Table 4.7.2. 

• The initial holt tension must be obtained 
by the calibrated wrench method. Specifi
cations for these methods are outlined in 
the aforementioned S£ecification for 
Structural Joints Using ASTM A32S or A490 
Bolts·, and should be closely followed at 
Oofllthe design and construction stages. 



Background-to-Post Connection. The maximum 
connection force anticipated is 10,000 lbs. 
(44,500 N). 

Rotational Stiffness of Sign Background. 
A minimum stiffness of 100-ft-lb/degree 
(5,730 ft-lb/radian) [135.6 N · m/<;legree 
(7764 N • m/radian)) also has been assumed. 

TABLE 4. 7. 2 FASTENER TENSION* 

M1nmum Fastener Tension, 
Bolt Size KiEs (N) 
inches (em) A 325 Bolts A 490 Bolts 

1/2 (1. 27) 12 (53) 15 (67) 

5/8 (1. 59) 19 (84) 24 (107) 

3/4 (1.90) 28 (124) 35 (156) 

7/8 (2. 22) 39 (173) 49 (218) 

1 (2.54) 51 (227) 64 (285) 

* Source: Specification for Structural 
Joints using ASTM A325 or A490 Bolts, 
6th Edit1on, Sept. 1, 1966. 

Sign Supports 

Slip Bases. Single support slip base designs 
and multiple support slip base designs with 
an 8-foot clearance between supports are 
acceptable without further testing if they 
are of a type that has been tested and 
accepted in the past, provided: 

• The post does not weigh more than 45 
pounds per foot and the total weight be~ow 
the hinge does not exceed 600 pounds (S1ngle 
supports are not expected to have hinges nor 
is it expected that their posts plus sign 
panels would weigh as much as 600 pounds) · 

• The total clamping force at the slip face 
does not exceed 45 kips. (One-quarter or less 
of this amount would be preferred and would 
be closer to current practice.) (The clamp
ing force must be controlled by installing 
bolts with a torque wrench, using torque 
limiting nuts, or another acceptable method.) 

• Washers used with the clamping bolts are 
of sufficient strength to prevent the washers' 
cupping into the vee notches. 

• The stub height is no more than 4.inches. 

• Where used, the upper hinge is designed 
to withstand the bending moment at the hinge. 

(Little or no factor of safety is expected 
to be provided in this joint.) 

Where multiple support slip base designs 
provide less than 8 feet of clearance between 
supports, all supports within an 8-foot path 
must be considered as acting together. The 
acceptability of su~h a design may be ~eter
mined by crash test1ng a layout that w1ll 
cause the requisite number of supports to 
be struck, or acceptability may be inferred 
by multiplying the number of supports by the 
energy loss that a vehicle would_exper~ence 
striking a single support and us1ng th1s 
value to determine the change in momentum. 
Criteria for slip base bolt tension are 
presented in Table 4.7.3. 

TABLE 4.7.3 

BOLT TORQUE FOR BREAKAWAY SLIP BASES 

Bolt Size Torque 
inches (em) inch - lh ·rN · m) 

5/8" (1. 6) 600" It (68) 
3/4" (1. 9) 900" It (102) 
7/8" (2.2) 1000" # (113) 

. 1 II (2.5) 1500" # (169) 

Timber Posts. Wooden posts can be success
fully used as a breakaway support for signs. 
The "Federal Highway Administration guide
lines" (4) contain the following statement 
regarding timber sign supports. 

"Timber breakaway supports are quite feasible. 
However, it is believed that there is no 
past testing ~hat would qualify designs under 
the new AASHTO specification. However, 
available information suggests that soil 
mounted timber designs (without concrete 
foundation collars or soil bearing plates) 
would be acceptable if the posts have uniform 
cross-sections and if, in an 8-foot (2.4-m) 
path, there is or are: 

A single post with an elastic section modulus 
no greater than 24 in3 (393 cm3J [a fuZZ 
dimension 4" X 6" (20 em X 15 am) post) 

Two posts, each with an elastic moduZ~s no . . 
greater than 18 in3 (295 am3) [fuZZ d~mens~on 
3" x 6" (8 am x 15 em) or 4" x 5" (10 em x 
13 am) posts] 

Three posts, each with an·elastia section 
modulus no greater than 14 in3 (229 cm3) 
[fuZZ dimension 3" x 5" (8 am x 13 am) or 
4" x 4" (10 am x 10 am) posts)." 

Other designs sho·uld be qualified through 
dynamic .testing. 

It is apparent that this guideline excludes 
the use of weakened timber post support 
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systems. While it is not suggested that 
immediate projects be undertaken to replace 
weakened post breakaway devices, the use of 
such designs on projects involving federal 
funding is not permitted. 

For timber sign supports, the height above 
the ground line is critical. Sankey (3), 
based on dynamic tests of wood post sign 
supports suggests a minimum clearance to 
the bottom of the sign of 6' -0" (1.8 m) 
with a more desirable value of 7' -0" (2.1 m). 

4.7.3 SMALL ROADSIDE SIGNS 

4.7.31 General 

Small signs are defined as those supported 
on a single support or on two supports less 
than 6.fee~ (1.8 m) apart. The general ex
pectation IS that all supporting elements 
will be struck by the impacting vehicle. 
Breakaway devices for this classification of 
sign may be broadly classified as unidirec
tional and multidirectional. Both types are 
discussed below. 

Unidirectional Breakaway Posts. The most 
basic type of unidirectional '5"reakaway sign 
support is the inclined slip base. The 
design as depicted in Figures 4.7.6 and 4.7.7 
utilizes a 4-bolt slip base inclined at 10° ' 
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Figure 4.7.6 General Details of Pipe Supports 

or 20° vertically toward the direction of 
traffic flow. Inclining the slip base results 
in a vertical component and ensures that the 
sign rotates and moves upward sufficiently 
to allow the impacting vehicle to pass freely 
under the sign without incurring a secondary 
collision with the top of the automobile. 
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Figure 4.7.7 General Details of Small Sign 

Rev: ll/77 4.7-8 



Early designs of this-type included a hinge 
in the support. Subsequent testing demon
strated that the hinge was superfluous when 
used for small signs, and it has been elimi
nated from later designs. The design is not 
suited to lightweight, thin-walled pipe sup
ports which may be liable to crushing at the 
point of impact, thus delaying base release 
and causing the sign to strike the top of the 
automobile. A limitation of this type of 
support is its directional properties. The 
support is generally not suited to instal
lations in narrow medians or traffic islands 
separating opposing traffic flows. 

ALL SIGN PANELS OF 
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ATTACHED TO POST 
BY f,WO ~;, 6" U- BOLTS 
WITH MUFFLER CLAMPS 

Metric Conversion 
1 inch=2.54 em 
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CONCRETE 
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'o 
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Figure 4.7.8 Route Marker with Multi
Directional Slip Base 
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Figure 4.7.9 Recommended Multi-Directional 
~lip Base with Rise Modification 
for 5 inch Pipe Support 
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Figure 4.7.10 Details of Multi-Directional 
Slip Base 
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4.7.32 Multidirectional Slip Bases 

The impact with a unidirectional slip base 
from the side can result in a severe impact. 
In locations where the support is expected 
to be struck from any one of many angles, the 
multidirectional slip base is appropriate. 
Figures 4.7.8 through 4.7.10 illustrate the 
multidirectional slip base concept. The base 
is- designed to pitch up and over the vehicle 
for any direction of hit. It is suggested 
for sign locations in medians, in channeliz
ing islands, and at other locations where.the 
sign can be hit from more than one predom1-
nant direction. 

Another type of multidirectionql breakaway 
base involves the use of a pipe coupling at 
or just above the ground line, The pipe 
threads provide a weakened plane on which 
failure occurs. The sign post pulls out of 
the coupling and either passes over the 
vehicle or is hooked on the front of the 
vehicle depending upon the imp&ct speed (S). 
Figure 4.7.11 illustrates this basic design. 
It is particularly effective as an arterial 
street breakaway device. This system has 
successfully used pipes up to 2 1/2 inches 
in diameter. Test data indicate that such 
systems will meet the FHWA criteria of 1100 
pound-seconds. The use of a stub pipe in 
the soil with the sign support inserted 
inside the stub has been used successfully 
for delineator supports. The reader is re
ferred to Dale (6) for the d~sign details of 
one such system.-

4.7.33 Special Problems of Breakaway Devices 

Breakaway sign supports are subject to main
tenance problems which did not exist for 
rigid supports. Probably most significant 
is the wind vibration problem which tends 
to work the bolts in the slip base loose. 
In some of the early installations, the bolts 
actually worked completely out of the slot. 
A keeper plate of thin (20-gage) sheet metal 
is now commonly used to restrain this action. 
Combined with routine maintenance of the 
bolt torque, this practice virt1..1ally has 
eliminated the vibration problem. 

Another common problem is overtorquing of 
the bolts in the slip base. The slip base 
operates on the weakened shear plane concept. 
If the bolts are overtorqued, high friction 
exists between the slip base elements. A 
large impact force is required to activate 
the base, and it is not uncommon for the base 
to "lock up" under these conditions. The 
bolt tension specified in Table 4.7.2 should 
be used as a guide. This can be obtained by 
the use of a torque as indicated in Table 
4.7.3. In the absence of a torque wrench, 
the one-half turn-of-the-nut method (17) can 
be used to approximate the proper torque. 

This specific technique is detailed in 
reference (17). It is significant to note that 
the angle or-turn of the nut is dependent 
on bolt size·. 

WHEN VEHICLE IMPACTS PIPE THREADS 
WILL PULL CUT OF COUPLING CAST IN 
CONCRETE. IF COUPLING THREADS ARE 
DAMAGED, COUPLING CAN BE UNSCREWED 
FROM LOWER PIPE AND REPLACED. 

STANDARD THREADED 
PIPE COUPLING -2:._ 

SOIL 

STANDARD PIPE FOR POST

<" DIAfi£TER DEPENDS ON 
......--- SIGN DIMENSIONS ANO 

WIND LOADS 

Figure 4. 7.11 Threaded Coupling Break_away 
Feature 

Many field te~ts have revealed that small 
traffic control devices located less than 7 
ft. (2.1 m) above the ground at the bottom 
of the panel resulted in secondary collisions 
with the windshield of the impacting vehicle. 
Mile post markers and delineator posts almost 
always are lower than the 7 feet. The secon
dary collision can take place only if the 
device is pulled loose from the post during 
impact. A connection of sufficient strength 
to insure that the device will not be pulled 
from the post should be used. 

Upon impact the sign is bent down in front 
of the vehicle in low speed impacts, and 
breaks and wraps itself around the front of 
the vehicle on high speed impact. Hirsch, 
et. al (5) indicate that the MUTCD standard 
del1neator and mile post markers will be 
safe on impact. Figure 4.7.12 illustrates 
the coupling application,and Figure 4.7.13 
illustrates a variation of the pipe insert 
concept which has been used successfully. 
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4.7.4 BASE BENDING (YIELDING) SIGN SUPPORTS 

Performance of this type of support is much 
more difficult to predict than other support 
types. Variations in the depth of embedment, 
the soil resistance and many other factors 
influence their dynamic behavior. For this 
reason, a reasonably conservative approach 
to design is currently recommended by FHWA 
( i). Quoting from this source: 

"For this type struature, unZes& aaaeptabiZity 
is demonstrated through testing and/or an 
approved anaZytiaaZ method of whiah there 
is none today, posts shouZd be set in soiZ to 
a depth no greater than 3.5 feet (without 
aonarete foundation aoZZars, soiZ bearing 
pZates, or anahors) and, wjthin an 8-foot 
path, the pZastia seation moduZi shouZd not 
exaeed: 

For singZe post, 1. 3 in3 ( 21. 3 am3 J 

For two post, eaah 0.? in3 (11,5 cm3) 

For three ~osts, eaah 0.4 in3" (6.6 am3) 

The Federal Highway Administration recommend
ation also includes •n adjustment based on 
the ultimate tensile strength of the material. 
Recent testing (June 1977) indicates that this 
adjustment may result in acceptance of 
supports which when subjected to impact have 
unacceptably high decelerations. There-
fore, it is recommended that the basic 
criteria above be used without applying the 
adjustment. 

The plastic section moduli should be computed 
on the gross section of all the elements 
included in the basic post. Some manu
facturers suggest that two elements combined. 
together actually behave as two independent 
units and therefore the plastic modulus should 
be the sum of the two individual moduli 
rather than that of the composite section. 
Recent controlled tests suggest that prior 
to physical separation of the two clements, 
the deceleration experienced by a 2250 lb 
(1023 kgm) vehicle is well above the accept. 
able level when the plastic section modulus 
of the combined cross section exceeds the 
values listed above. 

4.7.5 DELINEATION AS A SAFETY TREATMENT 

Delineation is a general term referring to 
any method of identifying the limits of the 
operating area for the motorist. Delineation 
provides the motorist with a greater sense 
of security, reduces uncertainty, and there
by increases the time available to search for 
the lower levels of information needed (i.e., 
situational and navigational information). 
In this sense, adequate delineation is an 
essential part of any safety program. Right 
and left side edge lines are recommended for 
all roadways with any substantial traffic 

volume. The literature contains several 
references to the effectiveness of edge lines 
in reducing accident rates (Basile [8], 
Musick [9], and Tamburri [10]. These find
ings suggest little or no reduction on 
continuous sections of open roadway, but a 
significant reduction at access points. 
Total accident rates usually were not 
changed significantly; however, the fatal 
accident rate generally is reduced (8, 9). 
Recent reports (15) indicate substantiaT 
run-off-road accident reduction when edge 
lines are used. 

The research findings seem to be mixed in 
regard to the safety benefits of edge lines. 
Tamburri (.!Q), however, demonstrated a 
reduction in median-related accidents when 
yellow left edge lines were used. Thomas 
(11) observed that edge lines tend to move 
traffic toward the centerline and demon
strated the overwhelming positive attitude 
of the motoring public to them. With the 
potential accident reduction combined with 
a highly favorable public reaction, the 
general use of edge lines is deemed to be 
desirable. 

Post-mounted delineation has, on the other 
hand, not been as favorably accepted. For 
example, Longenecker (12), Tamburri (10), 
and Taylor (13) repor-tthat post-mounted 
roadside delineation reduced the accident 
rate only on relatively sharp curves during 
periods of darkness. Studies by the Arizona 
Highway Department (14) suggest that neither 
edge lines nor post-mounted delineation have 
any significant effect on the accident rate 
on open tangent sections, and further that 
post-mounted delineation was more cost
effective than edge lines for maintenance 
reasons. From the safety standpoint, it 
seems apparent that continuous post-mounted 
delineation i·s probably not beneficial. 
Special situations such as restricted width 
bridges, curved ramps, relatively sharp 
horizontal curves (D > 5°) and other unusual 
situations can, however, best be safety 
treated using post-mounted delineation. 

for Safet Post-

Situation 
Approach to 
Stop-Controlled 
Intersection -
Rural Area 

Culvert Head
wall Well off 
the Pavement 

Guardrail on 
Tangent Roadway 
Sections 

Treatment 
Use crystal delineators 
beginning with 200 foot 
openings and reducing to 
10 foot spacing for the 
last 500. feet. 
Use no delineation if road
side (positive delineation) 
is used. Use yellow post
mounted delineators other
wise. 
No special treatment 
required. 
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Narrow Bridge 

Horizontal 
Curves (an 
accident re
duction on the 
order of 30% 
can be expected) 

Pattern of crystal deline
ators beginning 1000 feet 
from the structure and 
funneling traffic between 
the two edges of the bridge 
structure. 
Use post-mounted deline
ators on the outside of 
the curve only. A spacing 
of 3 VR - SO is adequate. 
All curves of 5° or greater 
having a central angle of 
zoo or more should be 
treated. 

4.7.14 Suggested Delineation P~tterns 
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TOPIC 5 SESSION 1 
TRAFFIC BARRIERS 

Objectives: 

The objeative of this presentation is to 
prepare the partiaipant for the following 
tasks: 

1. Identify roadway and roadside aonditions 
warranting the installation of traffia 
barriers, 

2. Seleat a longitudinal barri~~ suitable 
to the aondition or situation identified, and 

3. Speaify the design requirem~nts of a 
longitudinal barrier installation to meet 
the aurrent safety ariteria. 

5.1.1 INTRODUCTION 

Many rigid obstacles along the roadside can
not be removed or made breakaway. These 
objects must be safety treated in order to 
provide an acceptable level of safety for the 
motoring public. The primary ·method of 
achieving this safety goal is to redirect the 
vehicle or soften the impact through the use 
of vehicle attenuation systems. This session 
considers the primary requisites for the 
design of traffic barriers. 

5.1.11 Need for Traffic Barriers 

Traffic barriers are required when the hazard 
without the barrier is greater than the 
hazard of the barrier itself. There are 
several general conditions which dictate the 
use of some form of traffic barrier. 

• High sp0ed crossover into the opposing 
traffic lanes or excursions onto the road
side by an errant vehicle 

• Control of pedestrian movement 

• Control or elimination of certain traffic 
movements 

• Roadside obstacles that cannot be removed 
or relocated and which are subject to impact 
by an errant vehicle 

The second and third conditions frequently 
are accommodated by devices that have no 
major structural requirements. Tncluded in 
this classification are fences, curbs, earth 
berms and similar treatments. The first and 
fourth conditions involve two requirements 
that frequently conflict. First, the barrier 
must contain or redirect the errant vehicle 
without imposing unacceptable conditions on 

the occupants; and, second, the barrier must 
satisfy the first criterion for a wide range 
of vehicle sizes and weights and for a 
varierty of impact speeds and angles. These 
two requirements result in design compromises 
for practical application. 

5.1.2 TYPES OF BARRIERS 

All traffic barriers may be classified into 
two major categories: 1) Longitudinal 
Barriers and 2) Crash Cushions. Longitudinal 
barriers may be categorized further as a) 
Roadside Barriers Lnd b) Median Barriers, 
including all devices that have substantial 
longitudinal dimensions, and whose primary 
function is to prevent an errant vehicle 
from reaching an object or situation. Typi
cally, longitudinal barriers are applied to 
situations which constitute large-area or 
linear hazards such a~ ditches, fill slopes, 
streams and groups of point hazards. Crash 
cushions include all devices designed to 
soften the impact of an errant vehicle with 
a rigid object. Typically, crash cushions 
are applied to bridge piers, overhead sign 
supports, and other fixed objects of a 
discrete nature. · 

5.1.21 Dynamic Performance Criteria for 
Vehicular Traffic Barrier 

In satisfying the two requirements discussed 
above, vehicular barriers must meet three 
basic criteria: 1) Structural adequacy, 2) 
Impact severity, and 3) Vehicle trajectory. 
The AASHTO Guide for Selecting, Locating, 
and Designing Traffic Barriers (1) suggests 
dynamic performance criteria for-traffic 
barriers presented in Table 5.1.1. 

5.1.3 ROADSIDE BARRIERS 

These consist of a longitudinal system used 
to prevent the errant vehicle from entering 
a particular area along the roadside due to 
the inherent hazard of that area. Inherent
ly, traffic operates only to one side of the 
barrier. 

5.1.31 Warrants for Roadside Barriers 

Two basic types of hazards are treated using 
roadside barriers: 1) Embankments, and 2) 
Roadside obstacles that cannot be eliminated 
or made to breakaway. Conditions warranting 
the use of a barrier on embankments relate 
primarily to the height and steepness of the 
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embankment. Embankments which are relatively 
flat and tin which full control of the 
vehicle can be maintained need not have a 
roadside barrier. Indeed, the use of a 
barrier in such instances may well increase 
the hazard rather than reduce it. Steep 
embankments where the vehicle will go to the 
bottom of the slope regardless of driver 
control inputs ~ay require a roadside 
barrier, depend1ng to a large degree on the 
nature of the hazard at the bottom of the 
slope. Since the vehicle will py necessity 
be forced to the bottom of the slope, the 
objects or situations at that point should · 
determine the need for protective devices. 
In the absence of a critical safety condition 
at the toe of the slope, the criteria pre
sented in Figure 5.1.1 are suggested. 

Many design situations dictate the use of a 
very flat side slope adjacent tp the traffic 
way and a somewhat steeper slope &t 10 to 12 
ft (3 to 3.6 m) from the pavement edge (i.e., 
barn roof design): When the difference is 
excessive, rounding of the slope &s indicated 
in Figure 5.1.2 can eliminate the need for a 
traffic barrier. 

Obstacles on the side slope can create a 
substantial hazard to the driver of an errant 
vehicle. It is currently common practice to 
safety treat all objects located within the 
clear distance (30 ft (9.1 m) .in most 
instances. The vehicle leaving th~ roadway 
onto a steep side slope will, by necessity, 
travel to the bottom of the slope. Thus, 
the required clear zone is much greater than 
30 ft (9.1 m) in this instance. Figure 
5.1.3 is a suggested guideline to assist 
the decision maker in identifying the situa
tions which do not warrant a roadside bar
rier. From Figure 5.1.3 it can be noted 
that for fill slopes flatter than 4:1 the 
30-ft (9.1-m) clear distance is appropriate. 
For slopes steeper than 4:1 the required 
clear zone increases to about 100 ft (30.5 
m) at a side slope of 3:1. The basic 30-ft 
(9.1-m) clear distance is suitaole for all 
cut-section slopes flatter than 2:1. 

Tables 5.1.2 and 5.1.3 provide a listing of 
warranting condit1ons for obstacles which 
cannot be removed or relocated. 

5.1.32 Warrants for Side Ditch Treatments 

Side ~lopes typically end in ditches. Ve
hicles leaving the roadway must be able to 
safely traverse these ditch sections. Many 

~ditch cross sections are used--for example 
·the vee ditch, the trapezoidal ditch, and 
the rounded bottom ditch. Based on the 
forces on the vehicle's center of gravity, 
the Guide for Selecting, Locating, and 
Designing Traffic Barriers (1) presents a 
set of curves to assist in tne selection of 
the .preferred ditch design. These curves 
are presented as a composite in ~igure 5.1.4. 

5.1.4 DESIGN OF ROADSIDE BARRIERS 

A roadside barrier, as indicated in Table 
5.1.1 must: 1) redirect the vehicle without 
penetration or vaulting over the installa
tion; 2) not snag the vehicle or cause an 
abrupt deceleration, spinout or rollover; 
and 3) keep the maximum accelerations to 
tolerable levels. It is desirable that the 
vehicle trajectory and position of rest not 
intrude on adjacent traffic lanes. 

There are three functional design elements 
of a roadside barrier: 1) Standard section, 
2) End treatment, and 3) Transition section 
(applicable where the barrier is connected 
to another barrier of different character
istics, or located in close proximity to a 
rigid object). All three elements must 
function properly and compatably to the 
criteria stated above. 

5.1.41 Standard Sections 

The Guide for Selecting, Locating, and 
Designing Traffic Barriers (1) presents 
details relative to types of-roadside 
barriers that ~re considered operational at 
this time. "Operational" implies that the 
barrier has performed satisfactorily in 
full-scale dynamic tests, and has demonstrat
ed satisfactory in-service performance. The 
operational systems are summarized in Table 
5.1.4. For further detail, one should refer 
to the Guide. 

The height of roadside barriers ranges from 
27" (0.69 em) to 32" (.81 em); however the 
27" (0.69 em) height appears to be the most 
common. Some states have advocated greater 
heights, but increasing barrier height should 
be done with c~nsiderable caution. Greater 
heig·hts reduce the probability of vaulting 
over the rail but they also increase the 
possibility of snaggirig the posts. Further, 
the trend to smaller vehicles constitutes 
some concern for the performance capability 
of the greater heights. It appears most 
practical to assume a "wait and see"'position 
at this point in time. 

5.1.42 Transition Sections 

Transition sections are necessary to provide 
continuity when two different roadside 
barriers join, when a roadside barrier joins 
another barrier system (such as a bridge 
rail), or when a roadside barrier is attach
ed to a rigid object. The most common tran
sition is between roadside barriers and 
bridge rails or bridge abu~ments. 

Several operational transition sections are 
presented in the Guide in great detail. In 
all cases, it is fundamental to increase the 
stiffness of the approach rail to match the 
stiffness of the bridge rail. This is 
accomplished by decreasing post spacing. 

5.1-2 
Rev: 11/77 



< 

__, 
.......... 
-.....! 
-.....! 

(Jl 

I-" 
I 

V-1 

TABLE 5 .1.1 DYNAMIC PERFORMANCE CRITERIA 
BARRIERS FOR TRAFFIC 

Applicable Criteria 
llyndlhi c Perfonnance 

EvoluatiOII Critorlo l011titudi .. l hrriers 
Crash factot-.s 

;:o=sm~~~s Tennfnals Cushions 

1. ~trut.:tura 1 A. The tost article shall redirect 
l\liE'tlua~y the vehicle; hence, the vehicle 

XXX shall not penetrate or vault over 
the installation. 

8. The test article shall not pocket 
or snag the vehicle causing abrupt 
deceleration or ·spfnout or -shall 
-not cause the vehfale to -rollover. XXX XXX XXX The vehicle shall remain upright 
during and after impact although 
moderate roll and pitching is ac-
ceptable. There shall be no loose 
elements, fra~nts or other debris 
that could penetrate the passenger 
compartment or present undue hazard 
to other traffic. 

c. Acceptable test article performance 
may be by redirection, containment, XXX XXX or controlled penetration by the 
vehicle. 

D. The terminal shall develop tensile 
and/or flexural strength of the XXX st&Rdard section. 

II. Impact A. Where test article functions by re-
Severity directing vehicle, maximum vehicle 

accelerations (50 msec avg) measured 
near the center of mass should be 
less that the following values: 

Maximum Vehicle Accelerations (s's) 
Lat. long. Total Remarks XXX XXX XXX 
3 5 6 Preferred 
5 10 12 Acceptable 

These rigid body accelerations apply 
to impact tests at 15 deg. or less. 

B. For direct-on impacts of test article, 
where vehicle is decelerated to a stop 
and where lateral accelerations are 
mi"imum, the maximum average pennis-

XXX XXX sible vehicleo8eceleration is 12 g as 
calculated from veh~cle impact speed 
and passenger compartment stopping 
distance. 

I I I. Vehicle A. After impact, the vehicle trajectory 
Trajectory and final stopping position shall in-

XXX XXX XXX Hazard trude a minim,.. distance into adjacent 
traffic lanes. 

8. Vehicle trojectory bellind the terMinol 
XXX is acceptlb le. 
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*NOTE: IE&ININ8 OF ROUNDING MAY BE 

WITHIN SHOULDER WIDTH,IF DESIRED, 

PROVIDED SLOPE DF SHOULDER DOES 

NOT BECOME EXCESSIVE. 

EMBANKMENT 

ROADSIDE ELEVATION 

EOOATIONS 

[ 
6.9x J 

Y = x e - v2sin2e ' 

0 s x s dx 

d = v\in2e [ e - £] 
x --r3":""1r a 

d = d [e - 6. 9dx] 
y X V2sin2e 

y, x, dx, and dy in feet. 

Metric 

y=x [e- 2.lx J 
V2sin2e ' 

0 s x s dx 

d = V
2
sin

2
e [ e _ £] 

x 4.2 a 

[ 
2.ldx J 

dy = dx e - V2sin2e 

y, x, dx, and dy in meters. 

where, e =shoulder slope (ft/ft) [m/m], positive if sloping upward; 

£.=embankment slope (ft/ft) [m/m], negative if sloping downward; a 
V =vehicle velocity (ft/sec) [m/s]; and 

e = vehicle encroachment angle (deg), or the angle between vehicle 
heading and tangent to roadway. 

"0" = shoulder slope tAngent point, and origin of x-y axis. 
"P" = side slope tangent point. 

Figure 5. 1. 2a 
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Figure 5 .1. 3 Clear Zone Width, Speed and Slope Criteria 

TABLE 5.1.2 WARRANTS FOR TRAFFIC BARRIERS 
AT NONTRAVERSABLE OBSTACLES 

Nontraversable Hazard 
within the clear dis
tance 

Rough Rock Cuts 
Large Boulders 
Streams or bodies of 
water less than 2 feet 
deep 

Streams or bodies of 
. water more than 2 feet 
deep 

Shoulder drop-off with 
slope steeper than 1:1 
and 
a) Height greater than 

2 feet 
b) Height less than 2 

feet 

!V: 2/78 

Traffic Barrier 
Required 

Yes No 

X 

X 

X 

X 

X 

X 

5.1-5 

TABLE 5.1.3 WARRANTS FOR FIXED OBJECTS 

Fixed Objects within 
the Clear Distance 

Traffic control device 
support 
a) Breakaway design 

(1) Less than llOO 
(2) More than llOO 

b) Concrete support or 
greater in height 

Traffic Barrier 
Required 

Yes No 

lb-sec X 
lb-sec X 

X 

above the surround-
ing area 

Fixed sign bridge support X 

Bridge piers X 

Retaining walls and 
culverts X 

Trees > 6" in diameter X 
< 6" in diameter X 

Wooden pole or post within 
an area greater than SO 
square inch~s X 



FRONT SLOPE 
a1: a1 

10:18:16:1 5:1 4:1 3:1 

Barrier may be 
Warranted. See 
Figure 5. 1. 1. 

3:1 

BACK 
4:1 SLOPE 

a2:a2 

~~~~~~~~~~~~--l~~----~----~5:1 

: 1 

1 ft = 0.305 m Figure 5.1.4 Preferred Ditch Sections 

TABLE 5.1.4 OPERATIONAL ROADSIDE BARRIERS 

Barrier llynamic Vehl,lr Ac(~l~rntiun ( J: I~) l111pact 
Systc-m D~fll'ction Lateral l.ongituJinal TotRl An&lO 

Cnhlr Guanlrail 11. ()I NA :\,\ 6 zs• 

"W" Beam-Weak Post I)' NA :.lA 1 6" 

"W" B~nm-Wcak Post 7, 3 I 3.11 3. I NA 27.8° 

Box Beam •1. 8 I 5.8 2.8 NA 26° 

Blocked out "W" 
Section (Wood Posts) 2 • 8 I 6.1 3.0 NA 22.2° 

Blocked out "W" 
Section (Wood Posts) 2, 3 I 7.0 6.8 NA 24° 

Blocked out "W" Sec-
tion .(Ste~l Posts) 2, 6 I 6.9 3.8 NA 2s• 

Blocked out "W" Sec-
tion (Steel Posts) 4 .1 6.6 3.9 NA 28.4° 

Blocked out "W" Beam 
(Steel "C" Posts) 2, 9 I 6.8 3.7 NA 2s• 

Blocked out "Thrie 
Beam" (Steel Posts) 0 o 6 I 4.1 2.9 NA 15° 

Blocked out "Thrie 
Beam" (Steel Posts) 1. 5' 7'. 9 3.9 NA zs• 

Concrete Barrier 0 I 6.0 5.0 NA 15° 

Concrete Barrier 0 I 9.0 7.0 NA 25" 
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SLOPE 

WIDTH .I 

ln1pact Exit Spocd 
(mnh) Angle 

44 15° 

57 1. 

59 9" 

58 o• 

60 15° 

68 14° 

66 16° 

57 s• 

59 NA 

59 <10° 

56 15° 

61 12" 

62 7" 



Where a 6' 3" (1. 90 m) spacing is commonly 
used, the spacing is reduced to 3' 1~'' 
(.95 m) for a distance of 25 feet (7.62 m) 
immediately preceeding the bridge (See 
figure 5.1. 5). Also, stiffening the long
itudinal elements may be done by doubling 
the beam or using a thrie beam. 

It is of utmost importance that the connect
ion to the bridge-end develop the tensile and 
flexural strength of the approach rail. · 
Also, the connection should be flared or 
sloped so that an errant vehicle from either 
direction will not snag on the connection. 
Strong post systems must be used on tran
sitions to rigid bridge rails or bridge 
ends. The rail should be blocked out and 
rub rails may be required to avoid snaggi,g. 

It is suggested that the transition length 
be 10 to 12 times the differenc~ in dynamic 
deflections of the two barriers peing joined. 

5.1.43 End Treatments 

The end of a roadside barrier constitutes 
the most serious hazard of the barrier 
system. Thus, it is imperative that the 
rail end be treated satisfactorily. There 
are two basic requirements of the end 
treatment. It must be crashworthy if it is 
within the clear zone, and it must be 
capable of developing the full tensile 
strength of the standard rail clement. To 
be crashworthy, the end treatment should not 
spear, vault, or roll the vehicle for head
on impacts, and vehicle accelerations should 
not exceed the recommended limits. 

The Guide presents only two end treatments 
that arc considered "operational" and both 
are of the breakaway cable terminal (BCT) 
type. One employs wood posts while the 
other utilizes steel posts with breakaway 
features. Other end treatments that have 
been used include turned-down-ends, flared, 
earth berm and anchorage in the back slope. 

End treatments of concrete roadside barriers 
include flaring, tapering, earth berms and 
tieing into the backslope. Of these, taper
ing appears to be most questionable because 
of ramping effects. 

Terminals upon which there is long term 
accident data showing desirable impact per
formance will usually be considered accept
able. 

The cost of safety end treatment of W-beam 
guardrail has concerned many highway 
engineers. Reports of excessively large costs 
on particular systems has limited the general 
application of some treatments. For this 
reason, an attempt was made (1, 2) to deter
mine the experience in several states in 
order to provide a reasonable basi~ for 
decision making. 

SAFETY 
END 

TREATMENT 

Flared and embedded rail 
Break-away cable terminal 
Turned down rail (falldown) 
Flared 

AVERAGE 
COST 

$300 
$210 
$200 
$300 

On the basis of cost, the BCT and Turned Down 
Ra~l (Fall~own.type) are about equal cost . 
while flaring Increases the cost appreciably. 
The reader is reminded that the turned down 
rail (falldown type) is not currently approved 
for genera~ use although the dynamic perform
ance upon Impact by a compact vehicle appears 
to be somewhat superior to the BCT (~). 

5.1.44 Location of Roadside Barriers 

The location of roadside barriers pertains 
principally to the lateral and longitudinal 
positioning of the barrier and the length of 
need to shield the hazard. Lateral position
ing (Figure 5.1.6) is based on achieving a 
clear shoulder width while maintaining a 
distance from the hazard, particularly a 
fixed-object hazard, that is greater than 
the dynamic deflection of the barrier. 
Dynamic deflections for operational barriers 
are given in Table 5.1.4. 

Where the hazard is a steep embankment 
(Figure 5.1.6) and dynamic defl~ction is not 
so critical, a minimum clearance of 2' 
(0.61 m) is recommended. 

Barriers located on a side slope must be 
carefully reviewed to insure that an impact
ing vehicle will not vault over the barrier. 
As a general guideline, the barrier should 
not be placed on the lower slope but up at 
the break point between the slopes. These 
criteria are illustrated in Figure 5.1.7. 

The longitudinal (and lateral) location of 
the beginning of a roadside barrier shielding 
an "area of concern" is determined on the 
basis of the expected angle of departure from 
the travelled way. Figures 5.1.8 and 5.1.9 
illustrate the layout variables for protect
ion for traffic in both directions of travel. 
The equations for determining the X and Y 
dimensions to establish the length of needed 
barrier are as follows: 

X and 
y LH - (~) (x) 

Definitions of .variables are given in 
Figures 5.1.8 and 5.1.9. 

Table 5.1.5 is used to determine runout length 
(LR)' flare rateS' and shy distance (Ls). 
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To avoid vaulting over the rail, the side 
slope in front of the barrier must be 
controlled not to exceed 10:1. Figure 5.1.10 
illustrates the areas in which the 10:1 or 
flatter slope must be attained. 

EXAMPLE: 
The following example illustrates the pro
cedure for locating the beginning point of 
a roadside barrier to protect traffic from a 
roadside object. 

EXAMPLE: 

Assumptions • 4:1 side slope 
• 24 inch ~ pier 
• 16 feet from the 

pavement edge 
• 70 mph des:i.gn 
• 5000 ADT 

From Figure 5.1.8 

LR 440 1 (134.1 m) 
LH = 16 1 + 2 1 = 18'(4.9 m + .61 m = 5.51 m) 

(Distance to back of pier) 
0 (Tangent distance in front of the 
hazard) 
14' (4.3 m) (Distance to rail- 2ft 
(.61 m) inside pier) 

a = 25 (Horizontal run on flare) 

b 1 (Transverse run on flare) 

Shy 
Distance 10' (3 m) 

Flare Rate = 25:1 

c.fr) - 4 18 + (0) 14 49.4 X = o:zg 

y 

1 
Cn) 

18 -

18 + if40 

c#o) 
"' so ft 

(49.4) 15.98 "' 16 ft 

A minimum of eight posts 
Adjacent to the structure 

(15. 2m) 

(4.9 m) 

•hall b• •P•<•d a< l'-1''~ 
~ 6 1 - )

11 
I I 1-c I 

r I I 

....&......1--B __.__._R__.__.__B ~D t ~ 
Point of rail connection ~ 
to structure. 

Figure 5.1.5 Barrier Transition Detail 
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5.1.5 MEDIAN BARRIERS 

A longitudinal system used to prevent an 
errant vehicle from crossing that portion of 
a divided highway separating the traveled 
ways from opposite traffic directions 
constitutes a median barrier. 

5.1.51 Warrants for Median Barriers 

Figure 5.1.11 presents the suggested warrants 
for median barriers as related to median 
width and traffic load. These criteria are 
based on median crossover accidents, research 
data and professional judgment. Within the 
optional area of Figure 5.1.11, the barrier 
should only be installed following an ex
tended history of crossover-the-median 
accidents. 

5.1.52 Design of Median Barriers 

The median barrier is composed of three 
basic sections: 1) The standard section; 
2) The transition section; and 3) The termi
nal section. Fi~ure 5.1.12 illustrates 
these three basic elements of the median 
barrier. 

The desirable structural and safety charac
teristics of median barriers are presented 
in Table 5.1.1. Standard sections for the 
more commonly used median barriers are 
presented in Figure 5.1.13. A summary of 
the test data on impact performance is in
cluded in Table 5.1.6. 

5.1.53 The Standard Section 

Median barriers are commonly categorized 
as flexible, semi-rigid, or rigid. Flexible 
systems generally undergo larger dynamic 
deflection upon impact and therefore usually 
result in lower impact forces on the im
pacting vehicle than do the semi-rigid or 
rigid systems. Guidelines for the appli
cation of rigid, semi-rigid and flexible 
barriers are given in Table 5.1.6. 

The median barrier standard sections that are 
currently classified as operational are 
illustrated in Figure 5:1.13. It should be 
noted that MB2 is a flexible barrier 
while MB3, MB4W, MB4S, MB7, MB8, MB9 and 
MBlO are classified as semi-rigid. MBS is 
the only .operational rigid barrier. Several 
variations of the Concrete Median Barrier 
(CMB) particularly the pre-cast variations 
(MBEl and MBE3) are very promising but have 
not had sufficient in-service experience to 
be classified as operational. For more 
detail, the designer should refer to the 
Guide for Selecting, Locating, and Designing 
Traffic Barriers and all of the FHWA direct
ives that will be forthcoming as additional 



(J1 . 
...... 
I 

~ 

Barrier-to- Hazard Distance --.. I l 

(a) Rigid Object Protection 

l·2tt Minimum--
Desirable 

(b) Embonkm•t Protection 

Figure 5.1.6 ~arrier-to-Hazard Distance 
for Roadside Protection 
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Lc 

Area of Concern 
(Hazard) 

Clear Zone Line 

X 

End of Barrier 
Need 

Use Crashworthy 
Terminal 

~--~~~~-----------------------E_O_P __ ~------~----~~--~L5 
...,.. .. ___ Traffic 

----------------------

Figure 5.1.8 Approach Barrier Layout Variables 

Clear Zone Line For Opposing Traffic::-., 

Use Crashworthy Terminal 

X 

End of Barrier 
Need 

/~b 
Area of Concern 

(Hazard) 

....,.. ... __ Adjacent Traffic 

--- --- ----- --- --------- __.____,.____._ 

___ .. _Opposing Traffic 

Figure 5.1.9 Approach Barrier Layout for Opposing Traffic 
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TABLE 5 .1. 5 DESIGN PARAMETERS FOR ROADSIDE BARRIER LAYOUT 

Design Traffic Volune (AIYI') 

o.:er 6000 2000-6000 

~ating Rlnout Rmout 
Speed Ie!Y,Jth leiXJth 
!nl>hl Lp_(ft) Ln. (ft) 

7C 480 440 

60 400 360 

50 320 290 

40 240 220 

*When ~ <.5Ls, ~ shall have a 

minimum len:Jth = 2a (.5Ls-L2) 
b 

Where a = flare rate from this table 
b 

800-2000 

Rmout 
Ie!Y,Jth 
~(ft) 

400 

330 

260 

200 

I I I. z: I EOP 

f---L,.,.----..4 a/b (.5L 1• L2l 

'\..Tangent prajectlan in advance of 
hazard. 

Figure 5.1.10 Suggested 
Roadside Slopes For 
Approach Barriers 

800-250 under 250 

Rlnout Rlnout 
length Ie!Y,Jth Shy Line Flare 
~(ft) Lp_(ft) Offset- L8(ttl Rate (a:b)* 

360 330 10.0 15 ** 

300 270 a.o 13 ** 

240 210 6.5 11 ** 

180 160 s.o 9 ** 

**Values are for yielding barrier (2'> dynamic deflection) 

for rigid barriers increase numerator by .l[ro] 2 

V = operating speed (nq:>h) 

**Adjustment factor for rigid barriers is 

v2(3.86 x lo-4), When Vis in Krn/hr. 

~tric Conversions 

1 ft. = 0.305m 
1 rrph = l. 6l.la!Vh 

Area of 

ji) 
End of Terminal 

Area of Coocern 

Flare Slope Meets 
Criteria in Tablelii.- E -I 

(A) Des1ra ble 

~./Flore Slope Flatter Than 
~ Criteria in Table :m:-E-1 

(8) Acceptable 

TRAFFIC 

Terminal 

TRAFFIC 

5. 1-11 
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Figure 5.1.11 Median Barrier Warrants 
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Figure 5.1.12 Definition of Median Barrier Elements 
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Figure 5.1.13 Operational Median Barrier Systems 
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information will be gathered following 
publication of the Guide. 

Care should be taken to select a barrier 
that has dynamic deflection characteristics 
that are compatible with available median 
width. Table 5.1.7 presents suggested 
barrier types relative to available median 
widths. 

In Figure 5.1.13 it is noted that rail 
heights range from 27 inches (0.69 m) to 
33 inches (0.84 m). Barriers utilizing the 
standard W-Section rail are generally in
stalled at the lower mounting heights, to 
avoid snagging by the posts. Note that MB4W 
uses a rub rail to prevent snagging. 
Concrete median barriers are optimally 32 
inches (0.81 m) high to control vehicle 
trajectory, barrier stability, sight 
distance, and psychological effects on 
driver behavior. 

5.1.54 Transition Sections 

Median barrier transition sections are need
ed when median barriers of significantly 
different stiffness are joined, when a median 
barrier such as a bridge rail, or when a 
median barrier must be stiffened to shield 
fixed objects such as luminairc supports or 
bridge piers. No median barrier transition 
sections have been determined'to fully meet 
the operational definition; however, the 
Guide presents details relative to a number 
of transitions that may be later classified 
as operational. 

Impact performance requirements of median 
barrier transitions are essentially the 
same as those for standard sections. 
Structural requirements of special important
ance are summarized as follows: 

• All rail splices should be capable of 
developing full tensile and flexural 
strength of the weaker rail. 

• A flared or sloped connection should be 
used to avoid snagging of an errant vehicle. 

• Strong post median barrier systems must 
be used in transitions to CMB or bridge 
rails to parapets or rigid objects. 

• Transitions should be stiffened as uni
formly as possible over a distance not less 
than 25 feet (7.6 m). 

5.1.55 Terminal Section 

An untreated end of a median barrier 
constitutes an extreme hazard. lmpact with 
the end of a metal beam barrier can result 
in penetration of the passenger compartment, 
and impact with the end of a concrete 
barrier results in a very abrupt stop. 

Rev: 11/77 

Where the median barrier is terminated 
within the clear distance of the travel way, 
a crashworthy end treatment is necessary. 
There are several methods of developing a 
crashworthy end treatment including the 
following: 

1) Breakaway Cable Terminal (BCT) 

2) Crash Cushion 

3) Flaring 

4) Earth Berm 

There are two variations of the BCT median 
end treatment, one using wood posts and the 
other using steel posts with slip bases. 
Both are considered operational and are 
illustrated in Figure 5.1.14. One special 
crash cusion, the G.R.f.A.T. which utilizes 
hi-dri cell cartridges and steel telescoping 
thrie beam fender panels, is considered 
operational. Other types of crash cushions 
have been used in this application, but are 
not considered fully operational at this 
time because of a lack of in-service 
exper_ience. 

Emergency openings through median barriers 
should be avoided. Where such openings must 
be provided, possibly the best configuration 
is the double flared design illustrated in 
Figure 5.1.15. The ends do not require 
safety treatment but should be gently sloped 
for aesthetic purposes. 

The barrier also can be buried in an earth 
berm. This eliminates the blunt end and 
penetration problems but may result in the 
vehicle's going airborne or creation of a 
rollover condition. Since the need for 
the barrier his been reduced to a point where 
it can be discontinued, this hazard is con
sidered to be minimal. 

5.1.56 Barrier Selection Guidelines 

Once it has been determined that a barrier 
is warranted, a selection must be made. 
Although the process is complicated by the 
number of variables involved, the lack of 
objective criteria and local preferences, 
there are general guidelines which should 
be followed. 

Goals 

• Best protection at the least cost within 
the constraints of the situation 

• Crashworthy transitions to other barriers 

• Minimum maintenance requirements 

• Aesthetically pleasing appearance 

Table 5.1.8 lists many of the pertinent 
factors in the barrier selection process. 
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TABLE 5.1.6 SUMMARY OF IMPACT PERFORMANCE OF OPERATIONAL 
MEDIAN BARRIERS 

c V~hicl~ Acceleration (gls) Impact 
Barrier 0 Dynamic Impact Speed 
System d llcflcct ion Longitudinal Angle e Lateral Total (mph) 

Post and Cable MBl 17,0 I NA NA NA 25° 87 

Double "W" Section 
Weak Post ~IB2 7, 0 I NA NA NA 25° 56 

Box Beam ~IB3 0.75 NA NA NA 10° 4g 

Box Beam ~IB3 5, 5 I NA NA 5.3 25° 56 

Blocked Out "W" 
Section with Rub 
Rails (Wooden 
Posts) MB41\ 2 o 0 I NA NA NA 25° 6g 

Blocked Out "W" 
Section, No Rub 
Rails ,(Steel 
Posts) MB4~ }. 5 I NA NA 5.7 16° 67 

Concrete Median 
Barrier MB5 01 6.0 5.0 NA 150 61 

Concrete Median 
Barrier ~IBS 0 I g,o 7.0 NA 25° 62 

Thrie .Beam MB9 0 o 3 I 5.3 2.0 NA 17° 54 

Thrie Beam MB9 3, 2 I 6.3 6.6 NA 25° 66 

Exit 
Angle 

NA 

NA 

30 

go 

15° 

go 

11.5° 

70 

20 

<10° 

TABLE 5.1.7 SUGGESTED MEDIAN BARRIERS AS RELATED TO MEDIAN WIDTH 

Rev: 11/77 

Median Width Suggested ·Barrier 

Up to 18 feet Rigid or Semi-Rigid2 

18 to 30 feet Rigid, Semi-Rigid, or 
Flexible3 

30 to 50 feet Semi-Rigid or Flexible 

1rf warranted by Figure IV-A-2. 
2semi-rigid system with dynamic deflection greater 
than one-half of median width not acceptable. 

3MB1 system not acceptable. 
Metric Conversion: 1 ft = 0.3048-m 

5.1-15 



w 

r··~r.r! 
Medioln 8drr1er Bre.tk6<~JY Cable Terl'linal 

(!) til DIU CAfi:TiltiOGl 

(!) DIA~ItAOMJ 
(!j THill[ I!I(.Aitol PAHILS 

@MOst """P 
r-2'-a" ~,- ~ 

r-t::~:t -'=;_~J:-~ l~=~~·:;~:~ 
_L: r· ~ -~~ -;-; 7.1 -- "\ · • 

CD !!Y 
!C~EVATION 

Hi-dd cell cartrld•JI!S u~ed in conjunction wtth tele~coplng Heel 
thrie bUM fender paneh. I'I:Jtl3 

Figure 5.1.14 Opera tiona1 ~!edian Barrier End Treatments 

-----TRAFFIC 

d 

e* 

.... ,. ~··. 

TRAFFIC ·---·--) 

~ ;3·-o· 
f:_L 

median barrier 

* e must be ~ 25 degrees. 

Figure 5.1.15 

Rev: 11/77 

Suggested ~mergency Opening Design for Semi-Rigid 
or Rigid Systems 
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Maintenance factors which must be considered 
are presented in Table 5.1.9. 

5.1.57 Maintenance Characteristics of 
Barriers 

The selection of a barrier type sho~ld in
clude adequate consideration of the 
maintenance problem. Table 5.1.9 contains 
a list of some of the more pertinent con
siderations. Table 5.1.10 contains a summary 
of the time and material needs for repair 
of various barrier systems. 

5.1.6 A COST-EFFECTIVENESS SELECTION 
PROCEDURE 

5.1.61 Introduction 

Collisions involving vehicles with roadside 
objects represent a problem inherert to any 
existing highway facility. Consequently, 
roadside safety improvement programs have 
evolved to provide guidance in eliminating 
those problem locations where attention is 
vitally needed. For the most part, these 
programs share the following policy base. 

• Obstacles which may be removed should be 
eliminated. 

/ • Obstacles which may not be removed ~hould 
be ·relocated laterally or in a more pro
t~cted solution. 

• Obstacles which may not be moved should 
be reduced in impact severity. Breakaway 
devices and flattened side slopes offer 
such an improvement. 

• Obstacles which may not be otherwise 
treated should be shielded by attenua
tion or deflection devices. 

While the above mentioned points of design 
summarize the available alternatives, the 
questions of "where, when or how" are often 
left unanswered. Limited funds are also a 
factor most agencies face. The designer is 
thus confronted with the problem of selecting 
those alternatives which offer the greatest 
return in terms of safety benefits. 

The purpose of this cost-effective selection 
procedure is to provide a technique for 
comparing alternate solutions to problem 
locations. Present value of the total cost 
of each alternative is computed over a given 
period of time, taking into consideration 
initial costs, maintenance costs, and 
accident costs. Accident costs incurred by 
the motorist, including vehicle damage and 
personal injury, are considered together 
with accident costs incurred by the highway 
department or agency. Selection of the 
alternative with the least total cost would 
normally be made. 

With regard to traffic barriers, the cost
effective procedure can be used to evaluate 
three alternatives: 

1. Remove or reduce hazard so that shielding 
is unnecessary; 

2. Install a barrier; or 

3. Do nothing, i.e., leave hazard unshielded. 

The third option normally would be cost 
effective only on low volume and/or low 
speed facilities, or where the probability 
of accidents is low. With regard to item 
2, the procedure allows one to evaluate any 
number of barriers that can be used to shield 
the hazard. Each location and its alterna
tives should be approached on an individual 
basis. Through this method the effects of 
average daily traffic, offset of barrier or 
hazard, size of barrier or hazard, and the 
relative severity of the barrier or the 

.hazard can be evaluated. 

The procedure presented herein has been 
adopted from the work of Ross, et.al. (1) 
and permits objective evaluation of the
options at a given $ite. The procedure in
cluded in this document is more generally 
applicable and is recommended for general 
use. 

5.1.62 Applications 

Implementation of the cost-effective proced
ure primarily involves the determination of 
several input values. The computations are 
simple and require only basic mathematics. 
It should be noted that during the course of 
the text, the word "obstacle" is used quite 
frequently. I.n this context, the term is 
meant ot apply to either a hazard or im
provement, whichever the case may be. The 
following steps summarize the procedure to 
be followed in the cost-effective analysis. 

1. 

2. 

3. 

From existing or proposed geometry de
termine the following: 

A = lateral placement of the roadside 
obstacle from EOP 

L horizontal length of the roadside 
obstacle 

W = width of the roadside obstacle 

From volume counts or estimates, de
termine the average daily traffic, ADT 
(vehicles per day). This value should 
represent the two-way volume flow. 

Determine the encroachment frequency, 
E (vehicle encroachments per mile per 
year), from Figure 5.1.16. Figure 
5.1.16 was obtained from data discussed 
previously. Other available data or 
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TABLE 5.1.8 SELECTION CRITERIA FOR ROADSIDE BARRIERS 

ITEM 

A. Deflection 

B. Strength and Safety 

C. Maintenance 

D. Compatibility 

E. Costs 

F. Field Experience 
G. Aesthetics 
H. Promising New Designs 

CONSIDERATIONS 

1. Space available behind barrier must be adequate to permit dynamic 
deflection of barriers. 

1. System should contain and redirect vehicle at design conditions. 
2. System should be least hazardous available, consistent with costs 

and other considerations. 
1. Collision maintenance. 
2. Routine maintenance. 
3. Environmental conditions. 
1. Can system be transitioned to other barrier systems? 
2. Can system be terminated properly? 
1. Initial costs. 
2. Maintenance costs. 
3. Accident costs to motorist. 
1. Documented evidence of barrier's performance in the field. 
1. Barrier should have a pleasing appearance. 
1. It may be desirable to install new ·systems on an experimental basis. 

TABLE 5.1.9 MAINTENANCE FACTORS INFLUENCING ROADSIDE BARRIER SELECTION 

ITEM CONSIDERATIONS 

A. Collision Maintenance 1. Typical crew size 
2. Typical man-hours to repair (exposure) 
3. Typical barrier damage 
4. Special equipment 
5. Ability of rail to be repaired or straightened 
6. Salvage value 
7. Level of working knowledge 

B. Routine Maintenance 1. Cleaning and painting 
2. Mowing and clearing vegetation 

c. Environmental Conditions 1. Snow or sand drifting 
2. Snow or sand removal 
3. Weathering or corrosion due to environment or chemical effects 

D. Material and Storage 1. Dependence on a number of parts 
Requirements 2. Availability of parts 

3. Storage facilities required 

Rev: ll/77 5.1-18 



System 

Gl-Cable Guardrail 

G2-W-Beam on Steel 
Weak Posts 

G3-Box Beam 

G4(1W)-Blocked Out 
W-Beam on Wood 
Posts 

G4(1S)-Blocked Out 
W-Beam on Steel 
Posts. 

MBl-Cable Barrier 

MBl-Cable Barrier 

MBl-Cable Barrier 

MBl-Cable Barrier 

MB2-W-Beam on 
Steel Weak 
Posts 

MB3-Box Beam 

MB4W-Blocked Out 
W-Beam on Wood 
Posts 

MB4S-Blocked Out 
W-Beam on Steel 
Posts 

MB5-Concrete 
Median Barriers 

MB7s~;~~!n~:ame 

MB7-Aluminum f 
Strong Beam 

t-ffi8-Aluminum 
Balanced Beam 

MB9-Blocked Out 
Thrie Beam 

MBlO-W-Beam on 
Steel Breakaway 
Posts 

Rev: 11/77 

TABLE 5.1.10 COLLISION REPAIR DATA FOR BARRIERS 

Typical Average 
Typical Material Repaired or Replaced Refurbishment Time 

Crew Size Rail (ft.) Posts (Man-Hours/Foot of Rail) 

UNAV 112 8 0.30 

UNAV 45 4 0.33 

5-6 32 5 0.92 

4 35 4 0.35 

3-4 38 4-5 0.32 

3-4 75 8 0.10 

,3-4 75 8 0.13 

3-4 75 8 0.055 

3-4 75 8 0.083 

3-4 53 4-5 0.32 

UNAV 36 4 0.61 

4-5 25 4 0.36 

4-5 57 4-~ 0.36 

Not 
4-5 UNAV Applicable 3.50 

4 66 11 0.48 

4-6 66 11 0.73 

·' 
-----------------NO DATA AVAILABLE----------------

I I · I 
-----------------NO DATA AVAILABLE----------------

5-7 56 2 0.59 

Metric Conversion: 1 ft 0.305 m 
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adjustments of the above may be used at 
the discretion of the designer. This 
latitude offers an option to the user 
and helps to preserve the generality 
of the model. 

4. Determine the collision frequency, C 
(accidents per year), from the appro
priate nomographs given in Figures 5.1.17 
and .5.1.18 (dependent on obstacle 
length). The nomographs combine the 
over-all geometry with a given encroach
ment frequency to yield the collision 
frequency. Collision frequency, C, is 
the predicted number of times a given 
obstacle will be impacted by an errant 
vehicle per year. The nomographs are 
used in the following manner. 

• Locate and mark the encroachment fre
quency, Ef, on vertical axis(}) 

• On horizontal axis~locate the lateral 
placement, A, and construct a vertical 
reference line the full height of the graph. 

• Locate and mark the point where the 
lateral placement reference line intersects 
the width, W, curve in intersection. 

• Project a horizontal line to the ~ht 
from that point to the vertical axis\2) 
and mark the point of intersection. 

• Locate and mark the point where the 
lateral placement reference line intersects 
the length, L, curve in consideration. 

• Project a horizontal line to the ~t 
from this point to the vertical axis~ 
and mark the point of intersection. 

• Lay a ~aigh~edge across the points 
marked on~and 4 and cons~ct a line 
t9 intersect ver ical axis~ Mark the 
point of intersection. 

• From the point det~ined construct a 
line to vertical axis~keeping approximately 
parallel to guidelines. Mark the point of 
intersection. 

• Lay a straight-edge ~oss~e marked 
points on vertical axes~and~and construct 
a line cbnnecting the two. Read the colli
sion frequency, cr. where the line inter
sects the collision frequency axis. 

An example demonstrating the application of 
one of the nomographs is given in Figure 
5.1.19. It may be necessary to adjust the 
collision frequency in locations where the 
geometry and traffic conditions are criti
cal. Off-ramp gore areas represent such a 
situation, and an upward adjustment factor 
of 3 has been suggested. Mathematically, 
the collision frequency is given in the ex
pression below. 

E 
lO { 60 [(L + 62.9) • P[Y ~A] 

' 
J=W 

+ 5.14 E P[Y >A+ 6.0 + 
23

2- 1 ]] 
J=l 

where, 

and, 

and 

5. 

the variables A, L, W and E are as. 
previously defined 

Y = the lateral displacement, in feet 
(metres), of the encroaching ve
hicle, measured from the edge of 
the traveled way to the longitudi
nal face of the roadside obstacle; 

P[Y ~ •.• ] =probability of a vehicle 
lateral displacement.greater than 
some value. These probabilities 
may be taken from Figure 5.1.20; 

J the number of the 1-ft (.3m) wide 
obstacle-width increment under 
investigation. (If the obstacle 
is not a whole number of feet 
(metres) wide, the number of 
increments investigated is ob
tained by rounding the width down 
to the nearest whole foot (metre). 

Assign a severity index to the obstacle 
of concern. Hazards can be denoted 
according to the hazard classification 
codes given in Table 5.1.11. It is 
suggested that the severity index be 
chosen on a scale of 0 to 10 according 
to the criteria given in Table 5.1.12. 
For example, if it is estimated that an 
impact with the obstacle will result in 
injuries qr a fatality 60 percent of the 
time, select an index of 7. Correspond
ing to the index is an estimated accident 
cost which includes those costs associated 
with vehicle damage and occupant injuries 
and/or fatalities. Figure 5.1.21 is a 
graphic representation of accident cost 
versus severity index. Discretion is 
advised in assigning severity indices 
and the designer is encouraged to exhaust 
all available objective data before 
resorting to judgment. 
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J 
6 20 68 12 30,940 
7 10 60 30 66,070 
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TABLE 5. 1.11 HAZARD CLASSIFICATION CODES 

~: Circled Codes denote Point Hazard 

Identification Code Descriptor Codes 

~ Utility Poles 

@ Trees 

~ Rigid Signpost 

Rigid Base Luminaire 
Support 

05. Curbs 

06. Guardrail or Median 
Barrier 

GUARDRAIL END TREATMENT CODES 
I Not beginning or ending at structure

Safety treated 
2 Not beQIMing or ending at structure

Not safety treated 
3 Beoinnino or ending at structure

Full- be.n COINOtlon 
4 Ell9iMiftl or IIICiine at atructure

Nol full-beam connection 

07. Roadside Slope 

Rev: 11/77 

(00) 

(00) 

(01) single-pole-mounted 
(02) double-pole-mounted 
(03) triple-pole-mounted 
(04) cantilever support 
(05) overhead sign bridge 

(00) 

(01) mountable design 
(02) non-mountable design less than 

10 inches high 
(03) barrier design greater than 10 

inches high 

(01) w-section with standard post spacing 
(6 ft-3 in.) (including departing 
guardrail at bridge) 

(02) w-section with other than standard 
post spacing (including departing 
guardrail at bridge) 

(03) approach guardrail to bridge-~de
creased post spacing (3 ft-1 in.) 
adjacent to bridge ··-

(04) approach guardrail to bridge--post 
spacing not decreased adjacent to 
bridge 

(05) post and cable . 
(06) Metal Beam Guard Fence (Barrier) 

(in median) 
(07) median barrier (CHB design or 

equivalent 

(01) sod positive slope 
(02) sod a&l&tive slope 
(03) concrete-faced positive slope 
(04) concrete-faced negative slop~ 
(OS) rubl»le rip-rap positive slope 
(06) rubble rip-rap negative slope 

5.1-26 



TABLE 5.1.11 (cont.) 

08. Ditch (00) 
(includes erosion, 
rip-rap runoff ditches, 
etc.--does not include 
ditches formed by inter
aectioll of frOilt and 
!»ack slopes 

@ Culverts (01) headwall (or exposed end df pipe 
culvert) 

@,Inlets 

12. 

Roadway under Bridge 
Structure 

Roadway over Bridge 
Structure 

13. Retaining Wall 

@ Miscellaneous Point 
Hazards 

(02) gap between culverts on parallel 
roadways · 

(03) sloped culvert with grate 
(04) sloped culvert without grate 

(01) raised drop inlet (tabletop) 
(02) depressed drop inlet 
(03) sloped inlet 

(01) 
(02) 
(03) 

@ 
@ 
(03) 

(04) 

(05) 

bridge piers 
bridge abutment, vertical face 
bridge abutment, sloped face 

open gap between parallel bridges 

closed gap between parallel 
bridges 

rigid bridgerail--smooth. and con
tinuous construction 

semi~rigid bridgerail--smooth and 
continuous construction 

other bridgerail--probable penetra
tion, snagging, pocketing or 
vaulting 

elevated gore abutment 

(01) face 

@ exposed end 

. (01) pedestal base > 6 in. above 
ground, < 1 ft. diam, 

(02) pedestal base > 6 in. above 
ground, > 1 ft. diam~ 

(03) historical mopument < 1 ft. 
wide 

(04) historical monument> 1 
ft. wide 
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Identification Descriptor End Treatment Code 
Code· Code Besinning Ending 

1. Utility Pole 
1 0 - -

2. Trees 
2 0 - -

3. Rigid Signpost 
3 1 - -
3 2 - -
3 3 - -
3 4 - -
3 5 - -

4. Rigid Base.Luminaire Support 
4 0 - -

5. Curbs 
5 1 -. -
5 2 - -
5 3 - -

6. Guardrail or Median Barrier 
6 1 1 1 
6 1 1 2 
6 1 1 3 
6 1 1 4 
6 1 2 1 
6 1 2 2 
6 1 2 3 
6 ' 1 2 4 
6 1 3· 1 
6 1 3 2 
6 1 3 . 3 
6 1 3 4 
6 1 4 1 
6 1 4 2 
6 1 4 3 
6 1 4 4 
6 2 1 1 
6 2 1 2 
6 2 .· 1 3 

TABLE 5.1.12 SEVERITY INDICES 

Severity-Index Identification 
Survey Adjusted Code 

6 
7.1 27.5 6 

6 
6 

8.0 50.0 6 
6 
6 

4.7 8.9 6 
7.2 30.0 6 
7.2 30.0 6 
7.2 30.0 6 
8.1 52.5 6 

6 
6 

7.5 37.5 6 
6 
6 

2.4 2.4 6 
4.1 4.7 6 
3.7 3.7 6 

6 
6 

3.7 3.7 6 
4.0 4.0 6 
3.6 3.6 6 
4.5 7.5 6 
5.6 15.2 6 
5.7 15.9 6 
5.3 13.1 6 
5.7 15.9 6 
3.3 3.3 6 
3.3 3.3 6 
3.3 3.3 6 
4.6 8.2 6 
4.5 7.5 6 
4.7 8.9 6 . 4.5 7.5 6 
5.0 . 11.0 6 
3.9 3.9 6 
4.2 5.4 6 
3.8 3.8 6 

6 
6 

Descriptor End Treatment Code Severity-Index 
Code Beginnins End ins Surve! Adjusted 

2 1 4 4.7 8.9 
2 2 1 5.8 1&.6 
2 2 2 5.9 17.3 
2 2 3 5.5 14.5 
2 2 4 5.9 17.3 
2 3 1 3.5 3.5 
2 3 2 3.5 3.5 
2 3 3 3.5 3.5 
2 3 4 4.8 9.6 
2 4 1 4.7 8.9 
2 4- 2 4.9 10.3 
2 4 3 4.7 8.9 
2 4 4 5.0 11.0 
3 1 1 3.7 3.7 
3 1 2 4.0 4.0 
3 1 3 3.3 3.3 
3 1 4 4.5 7.5 
3 2 1 5.6 15.2 
3 2 2 5.0 11.0 
3 2 3 3·.9 3.9 
3 2 4 5.0 . 11.0 
3 3 1 3.2 3.2 I 

3 3 2 3.2 3.·2 
3 3 3 3.2 3.2 
3 3 4 4.4 6.8 
3 4 1 4.0 4.0 
3 4 2 4.5 7.5 
3 4 3 3.9 3.9 
3 4 4 4.7 8.9 
4 1 1 3.7 3.7 
4 1 2 4.0 4.0 
4 1 3 3.6 3.6 
4 1 4 4.5 7.5 
4 2 1 5.6 15.2 -4 2 2 5.7 15.9 
4 2 3 5.3 13.1 
4 2 4 5.7 15.9 
4 3 1 3.3 3.3 
4 3 2 . 3.3 3.3 
4 3 3 3.3 3.3 
4 3 4 4.6 8.2 
4 4 1 4.5 7.5 
4 4 2 4.7 8.9 
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Identification, 

Code 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

·6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

Descriptor 
Code 

4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
·6 
6 
6 
6 

' 6 
7 
7 

"1 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

TABLE S.I.IZ SEVERITY INDICES (cont.) 

End Treatment Code Severity-Index Identification Descriptor End Treatment Code Severity-Index 
Beginni~ Ending Survel: Adjusted Code Code Beginning Ending Survel!: Adjusted 

4- 3 4.5 7.5 7. Roadside Slope 
4 4 5.0 ll.O 7 1 - - 3.0 3.0 
~ 1 3.9 3.9 7 2 - - 3.0 3.0 
1 2 3.9 3.9 7 3 - - 2.5 2.5 
1 3 3.9 3.9 7 4 - - 2.5 2.5 
~ 4 3.9 3.9 7 5 - - 5.1 11.7 
2 1 3.9 3.9 7 6 - - 5.1 11.7 
2 2 3.9 3.9 
2 3 3.9 3.9 8. Ditch 
2 4 3.9 3.9 8 0 - - 0.0 o.o 
3 1 3.9· 3.9 
3 2 3.9- 3.9 9. Culverts 
3 3 3.9 3.9 9 1 - - 7.9 47.5 
3 4 3.9 3.9 9 2 - - 5.5 14.5 
4 1 3.9 3.9 9 3 - - 3.3 3.3 
4 2 3.9 3.9 9 4 - - 7.7 42.5 
4- 3 3.9· 3.9-
4 4 3.9 3.9 10. Inlets 
1 1 4.4 6.8 10 1 - - 5.7 15.9 
1 2 4.4 6.8 10 2 - - 3.1 3:1 ' 
1 3 4.4 6.8 10 3 - - 3.3 3.3 
1 4 5.0 11.0 
2 1 5.6 15.2 11. Roadway Under Bridge Structure 
2 2 5.7 15.9 11 1 - - 9.3 82.5 
z 3 5.! 13.1 11 2 - - 9.3 82.5 
2 4 5.7 15.9· 11 3 - - 2.5 2.5 
3 1 4:0 4.0. -
3 2 4.4 6.8 12. Roadway Over Bridge Structure 
3 3 4.0 4.0 12 1 - - 7.2 30.0 
3 4 4.6 8.Z: 12 2 - - 5.5 14.5 
4 1 4.5 7S 12 3 - - 3.3 3.3 
4 2. 4.7 8.9· 12 4 - - . 3.0 3.0 
4-. 3 4.5 7.5 12 5 - - 9.3 82.5 
4- 4- 5~o 11.0· 12 6 - - 9.3 82.5 
1 1 4.2 5~4 

1. 2 4.2 5.4 13. Retaining Wall 
1 3 4.2 5.4 13 1 - - 3.3 3.3 
1 4 4.2 5.4 13 2 - - 9.3 82.5 
2 1 ·4.2 5.4 
2 2 4.2 5.4 14. Miscellaneous 
2 3 4.2 5.4 Point Hazards 
2 4 4.2 5.4 14 1 - - 7.5 37.5 
3 1 4.2 5.4 14 2 - - 9.3 82.5 
3 2 . 4.2 5.4 14 3 - - 7.5 37.5 
3 3 4.2 5.4 14 4 - - ·9.3 82.5 
3 4 4.2 5.4 

I 
4 1 4.2 5.4 
4 2 4.2 5.4 
4 3 4.2 5.4 
4 4 4.2 5.4 



Metric Equivalent Equation 

E 
C • ~ [(L + 19.2) • P[Y ~ A] 

J•W 
+ 5.14 E P[Y ~A+ 1.8 + 23

2
- 1 )] 

J=1 

Ef in Encroachments/km/yr 

L, Y, A, and Win metres 

(The width of J may be taken as 1 metre with 
the number of J units equal W rounded to the 
nearest whole number.) 

This equation may be implemented directly 
into the cost analysis or used as a double
check for the collision frequency nomographs. 
Computation of the collision frequency for 
multiple objects requires specinl rocedures. 

6. Determine the initial cost of the 
obstacle, C . If it is already in place, 
its initia1 1cost may be assumed to equal 
zero. For example, if a group of 
median bridge piers had been in existence 
for ten years, then the initial cost of 
a no improvement alternative would be 
taken to be zero. On the other hand, 
improvements to such a hazard would re
quire initial expenditures which should 
be so designated. 

7. Determine the ave~age damage cost to 
the obstacle per accident, CD (present 
dollars). 

8. Determine the average maintenance cost 
per year, CM, aRsociated with the upkeep 
of the obstacle (present dollars). 

9. Determine the average occupant injury 
and vehicle damage cost per accident, 
Covn• which would be expected as a 
result of a collision (present dollars). 
Table 5.1.12 or Figure 5.1.21 may be 
used to determine CovD in the absence 
of mroe definitive date. Direct inter
polation of the cost table is suggested 
to increase the occurrence of the 
estimate. 

10. Determine the useful life, T, of the 
obstacle (years). 

11. Determine the capital recovery and sink
ing fund factors, CRF and SF for the 
useful life. T, and a current interest 
rate come from Tables 5.1.13 and 5.1.14. 

12. Estimate the expected salvage value of 
the obstacle, Cs, at the end of its use
ful life (future dollars). 

13. Calculate the total annual cost, CAT, 
from the following·equation: 

CAT = c1 [CRF] + CDC£ + CM + COVDCf -

Cs(SF) 

or, to determine those costs which are 
directly incurred by the highway depart
ment (or implementing agency), (CA ), use 
the equation below: D 

These total annual costs represent an 
estimated value related to some appurtenance/ 
barrier. Any number of locations or alter
natives may be evaluated by utilizing this 
method, and a priority ·listing may be 
established. This weighting scheme provides 
some insight as to where the greatest return 
in safety may be realized. 
Summary of Variable Definitions 

A = lateral placement of the roadside 
obstacle from EOP (feet) [metre] 

L x horizontal length of the roadside 
obstacle (feet) [metre] 

W = width of the roadside obstacle 
(feet) [metre] 

ADT = average daily traffic (vehicles per 
day, two-way) 

encroachment frequency (encroach
ments per mile per year) [encroach
ments per kilometre per year] 

collision frequency (accidents per 
year) 

SI = severity index 

CI = initial cost of the obstacle 
(present dollars) 

c0 = average damage cost per accident 
incurred to the obstacle (present 
dollars) 

average maintenance cost per year 
fo! the obstacle (present dollars) 

average occupant injury and vehicle 
damage cost per accident (present 
dollars) 

. c8 = estimated salvage value of the 
obstacle (future dollars) 

total present worth cost associated 
with·the obstacle (dollars) 

Ctn = total present worth direct cost 
associated with the obstacle 
(dollars) 

CRF, SF economic factors for some current 
interest rate 

Rev: 1/78 5.1-30 
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tN 
1-' 

Useful 
Life T 
{_years) . 0. 0. . 

1 1.000 
2 0.500 
3 0.333 
4 0.250 
5 0.200 
6 0.167 
7 0.143 
8 0.125 
9 0.111 

10 0.100 
11 0.091 
12 0.083 
13 0.077 
14 0.071 
15 0.067 
16 0.063 
17 0.059 
18 0.056 
19 0.053 
20 0.050 
21 0.048 
22 0.045 
23 0.043 
24 0.042 
25 0.040 
26 0.038 
27 0.037 
28 0.036 
29 0.034 
30 0.033 

Rev: ll/77 

1.0. . 2.0 . 
1.010 1.020 
0.508 0.515 
0.340 0.347 
0.256 0.263 
0.206 0.212 
0.173 0.179 
0.149 0.155 
0.131 0.137 
0.116 0.123 
0.106 0.111 
0.096 0.102 
0.089 0.095 
0.082 0.088 
0.077 0.083 
0.072 0.078 
0.068 0.074 
0.064 0.070 
0.061 0.067 
0.058 0.064 
0.055 0.061 
0.053 0.059 
0.051 0.057 
0.049 0.055 
0.047 0.053 
0.045 0.051 
0.044 0.050 
0.042 0.048 
0.041 0.047 
0.040 0.046 
0.039 0.045 

TABLE 5.1.13 CAPITAL RECOVERY FACTORS (CRF) 

Interest Rate i (Percent) 
3.0 . 4.0 .. 5.0 ·- 6.0 .• 7.0 .. 8.0 

1.030 1.040 1.050 1.060 1.070 1.080 
0.523 0.530 0.538 0.546 0.553 0.561 
0.353 0.360 0.367 0.374 0.381 0.388 
0.269 0.275 0.282 0.288 0.295 0.302 
0.218 0.225 0.231 0.237 0.244 0.250 
0.185 0.191 0.197 0.203 0.210 0.216 
0.161 0.167 0.173 0.179 0.186 0.192 
0.142 0.149 0.155 0.161 0.167 0.174 
0.128 0.134 0.141 0.147 0.153 0.160 
0.117 0.123 0.130 0.136 0.142 0.149 
0.108 0.114 0.120 0.127 0.133 0.140 
0.100 0.107 0.113 0.119 0.126 0.133 
0.094 0.100 0.106 0.113 0.120 0.127 
0.089 0.095 0.101 0.108 0.114 0.121 
0.084 0.090 0.096 0.103 .0.110 0.117 
0.080 0.086 0.092 0.099 0.106 0.113 
0.076 0.082 0.089 0.095 0.102 0.110 
0.073 0.079 0.086 0.092 0.099 0.107 
0.069 0.076 0.083 0.090 0.097 0.104 
0.067 0.074 0.080 0.087 0.094 0.102 
0.065 0.071 0.078 0.085 0.092 0.100 
0.063 0.069 0.076 0.083 0.090 0.098 
0.061 0.067 0.074 0.081 0.089 0.096 
0.059 0.066 0.072 0.080 0.087 0.095 
0.057 0.064 0. 071 0.078 0.086 0.094 
0.056 0.063 0.070 0.077 0.085 0.093 
0.055 0.061 Q.068 0.076 0.083 0.091 
0.053 0.060 0.067 0.075 0.082 0.090 
0.052 0.059 0.066 0.074 0.081 0.090 
0.051 0.058 0.065 0.073 0.081 0.089 

. 9.0 . 10.0 . 11.0 . 12.0 
1.090 1.100 1.110 1.120 
0.567 0.576 0.584 0.592 
0.395 0.402 0.409 0.416 
0.302 0.315 0.322 0.329 
0.257 0.264 0.271 0.277 
0.222 0.230 0.236 0.243 
0.199 0.205 0.212 0.219 
0.181 0.187 0.194 0.201 
0.167 0.174 0.181 0.188 
0.156 0.163 0.170 0.176 
0.147 0.154 0.161 0.168 
0.140 0.147 0.154 0.161 
0.134 0.141 0.148 0.155 
0.128 0.136 0.143 0.150 
0.124 0.131 0.139 0.147 
0.120 0.128 0.136 0.143 
0.117 0.125 0.132 0.140 
0.114 0.122 0.130 0.137 
0.112 0.120 0.128 0.136 
0.110 0.117 0.126 0.134 
0.108 . 0.116 0.124 0.132 
0.106 0.114 0.122 0.130 I 
0.104 0.113 0.121 0.129 I 

0.103 0.111 0.120 0.128 
0.102 0.110 o. 118 0.127 
0.101 0.109 0.118 0.127 
0.100 0.108 0.117 0.126 
0.099 0.107 0.116 0.125 
0.098 0.106 0.115 0.125 
0.097 0.106 0.115 0.124 



U'1 . 
....... 

I 

VI 
N 

Useful 
Life T 
:_vears) o. 1 

1 1.000 
2 0.500 
3 0.333 
4 0.250 
5 0.200 
6 0.167 
7 0.143 
8 0.125 
9 0.111 

10 0.100 
11 0.091 
12 0.083 
13 0.077 
14 0.071 
15 0.067 
16 0.063 
17 0.059 
18 0.056 
19 0.053 
20 0.050 
21 0.048 
22 0.045 
23 0.043 
24 0.042 
25 0.040 
26 0.038 
27 0.037 
28 0.036 
29 0.034 
30 0.033 
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1.0 2.0 3.0 
1.000 1.000 1.000 
0.498 0.495 0.493 
0.330 0.327 0.323 
0.246 0.243 0.239 
0.196 0.192 0.188 
0.163 0.159 0.155 
0.139 0.135 0.131 
0.121 0.117 0.112 
0.106 0.103 0.098 
0.096 0.091 0.087 
0.086 0.082 0.078 
0.079 0.075 0.070 
0.072 0.068 0.064 
0.067 0.063 0.059 
0.062 0.058 0.054 
0.058 0.054 0.050 
0.054 0.050 0.046 
0.051 0.047 0.043 
0.048 0.044 0.039 
0.045 0.041 0.037 
0.043 0.039 0.035 
0.041 0.037 0.033 
0.039 0.035 0. 031 
0.037 0.033 0.029 
0.035 0.031 0.027 
0.034 0.030 0.026 
0.032 0.028 0.025 
0.031 0.027 0.023 
0.030 0.026 0.022 
0.029 0.025 0.021 

TABLE 5.1.14 SINKING FUND FACTOR (SF) 

Interest Rate i (Percent) 
4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
0.490 0.488 0.486 0.483 0.481 0.477 0.476 0.474 0.472 
0.320 0.317 0.314 0.311 0.308 0.305 0.302 0.299 0.296 
0.235 0.232 0.228 0.225 0.222 0.219 0.215 0.212 0.209 
0.185 0.181 0.177 0.174 0.170 0~ 167 0.164 0.161 0.157 
0.151 0.147 0.143 0.140 0.136 0.132 0.130 0.126 0.123 
0.127 0.123 0.119 0.116 0.112 0.109 0.105 0.102 -0.099 
0.109 0.105 0.101 0.097 0.094 0.091 0.087 0.084 0.081 
0.094 0.091 0.087 0.083 0.080 0.077 0.074 0.071 0.068 
0.083 0.080 0.076 0.072 0.069 0.066 0.063 0.060 0.056 
0.074 0.070 0.067 0.063 0.060 0.057 0.054 0.051 0.048 
0.067 0.063 0.059 0.056 0.053 0.050 0.047 0.044 0.041 
0.060 0.056 0.053 0.050 0.047 0.044 0.041 0.038 0.035 
0.055 0.051 0.048 0.044 0.041 0.038 0.036 0.033 0.030 
0.050 0.046 0.043 0.040 0.037 0.034 0.031 0.029 0.027 
0.046 0.042 0.039 0.036 0.033 0.030 0.028 0.026 0.023 
0.042 0.039 0.035 0.032 0.030 0.027 0.025 0.022 0.020 
0.039 0.036 0.032 0.029 0.027 0.024 0.022 0.020 0.017 
0.036 0.033 0.030 0.027 0.024 0.022 0.020 0.018 0.016 
0.034 0.030 0.027 0.024 0.022 0.020 0.017 0.016 0.014 
0.031 0.028 0.025 0.022 0.020 0.018 0.016 0.014 0.012 
0.029 0.026 0.023 0.020 0.018 0.016 0.014 0.012 0.010 
0.027 0.024 0.021 0.019 0.016 0.014 0.013 0.011 0.009 
0.026 0.022 0.020 0.017 0.015 0.013 0.011 0.010 0.008 
0.024 0.021 0.018 0.016 0.014 0.012 0.010 0.008 0.007 
0.023 0.020 0.017 0.015 0.013 0.011 0.009 0.118 0.007 
0.021 0.018 0.016 0.013 0. 011 0.010 0.008 0.117 0.006 
0.020 0.017 0.015 0.012 0.010 0.009 0.007 0.116 0.005 
0.019 0.016 0.014 0.011 0.010 . 0.008 0.006 0.115 0.005 
0.018 0.015 0.013 0. 011 0.009 0.007 0.006 0.115 0.004 



5.1.53 Example 1 - Roadside Slopes 

In the first example, it is desired that 
criteria be established to indicate when it 
is cost-effective, in terms of ADT and side
slope, to shield an embankment. It is as
sumed that an operating speed of approxi
mately 60 mph (96.6 km/hr) exists. The gen
eral geometry of the roadside is illustrated 
in Figure 5.1.22. For purposes of analysis, 
both the average daily traffic, ADT, and ~he 
roadside slope will be considered as varia
bles. Values assigned to other variables are 
assumed to fall within a reasonable expected 
range. The following analysis will consider 
shielding with a roadside barrier first and 
then the alternative of no shielding. 

!!!TAlC CONVERSION: 

Ut • 0.30~M 
-t-
1 

Figure 5.1.22 Roadside Slope Geometry 

.Roadside Barrier 

Before this alternative can be considered in 
the cost-effectiveness procedure, the flared 
end-treatment geometry should be established 
by implementing the barrier flare criteria 
set forth in Section B. On the basis of 
these criteria, the flared sections were as
sumed to exhibit the following general. 
geometry: 

• The average offset equals 15ft (4.6 m). 

• The horizontal length of the flared sec
tions equals 256 ft (78.0 m). 

• And the total rail length needed equals 
257ft (78.4 m). 

These lengths represent the total length of 
need of the flared section plus a breakaway 
cable terminal treatment. 
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In continuing, the roadside barrier analysis 
involves two distinct computations. In the 
first case, costs associated with the flared 
portion of the barrier are computed. Then, 
costs associated with the barrier proper. or 
the tangent section are computed. The two 
are then combined to determine the total 
cost. However, a minor adjustment must be 
made in determining the collision frequency 
since the flared portion and the barrier 
proper are joined at a common point. The 
following general rule applies in this and 
other such cases: 

For two objects joined together, use the 
actual length (L) of the object with the 
highest severity ~ndex (SI) and subtract 
31.4 (9.6 for metric equivalent) from the 
length of the other object when determining 
their respective collision frequencies. 

This rule is illustrated in the following 
example: Note that the cost determination 
steps follow the format previously outlined. 

Flared ]llg Treatment 

1. 

2. 

3. 

4. 

A 15 ft (4.6 m) 

L = 256 ft (78.0 m) 

W 1 ft (.305m) (rail width) 

10,000 (assumed) 

3.2 

0.078 (Actual length is used to 
determine Cf because SI for flared 
section is fiigher than for bar
rier proper.) 

5. Code 06-01-1; SI = 3,7 

6. 

7. 

8. 

9. 

10. 

11. 

12, 

c = M 

COVD 

T 

CRF 

SF 

$13.00 (assumed) per foot at 257 
ft (78.39 m) 

$3,341 

$225 

$1.50 per foot per year (assumed) 
at 257ft (78.4 m); 

$386 

$7,192 at SI 

15 years 

0.117 

3,7 (Figure 5.1.21) 

at an assumed rate of 8% 
0.037 

$3.00 per foot (assumed) at 257 
ft (78.4 m) 

$771 
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13. CAT • 3341 (0.117) + 225 (0.078) + 
386 + 7192 (0.078) - 771 (0.037) 

CAT $1,327 

CAD= 3341 (0.117) + 225 (0.078) + 386 
- 771 (O. 037) 

CA = $766 . D 

Barrier Proper 

1. 

2. 

3. 

4. 

5. 

6. 

A = 10 ft (3.05 m) 

L 1000 ft (305 m) 

W 1 ft (.31 m) 

ADT 10,000 

Ef = 3.2 

Cf = 0.29 based on L - 31.4 or 968.6 
ft (295 m) (See Example 1) 

Code 06-01-3-2; SI = 3.3 (See Table 
5.1.10) 

$13.00 per foot (assumed) at 
1000 ft (305m); 

$13,000 

$225 (assumed) 

$1.50 per foot per year (assumed) 
at 1000 ft (305m); 

$1,500 

$5,874 at SI 3.3 

15 years 

11. i 8% 

CRF 

SF 

12. c
5 

CAT 

CAT 

TOTAL CA 

TOT/L CD 

Rev: 2/78 

0.117 

0.037 

$3.00 per foot (assumed at 
1,000 ft (305m); 

$3,000 

13000 (0.117) + 225 (0.29) + 
1500 + 5874 (0.29) - 3000 (0.037) 

1521 + 65 + 1500 + 1703 - 111 

$4,678 

$2,975 

1327 + 4678 = $6,005 

766 + 2975 ~ $3,741 

These two total costs represent values as
sociated with an average daily traffic 
equaling 10,000 vehicles per day. The 
above steps are repeated for higher values 
of ADT until enough data points are deter
mined to plot CAr versus ADT. Ultimately, 
the total barrier values as a function of 
average daily traffic will be used in the 
alternative comparison. 

Unprotected Slopes 

Another alternative which should be con
sidered involves no shielding at all. This 
alternative requires no direct expendi
tures since it is assumed that the problem 
involves existing roadways. Consequently, 
only the total costs (to include occupant 
and vehicle damage) can significantly indi
cate the benefits/disbenefits associated 
with no shielding of the embankment. 

For purposes of analysis, four slopes have 
been considered as variables in addition 
to the average daily traffic control. These 
slopes and their respective estimated 
severities for assumed site conditions 
are as follows: 

• (3.5:1) slope - severity index equals 3.5 

• (3:1) slope - severity index equals 4.0 

• (2.5:1) slope - severity index equals 
4.5, and 

• (2:1) slope - severity index equals 5.0 

(Note that for fills steeper than about 3:1 
the height of fill shou~d be expected to 
influence severity.) 

Although the slope severities are not spe
cifically identified in the ha?ard inventory 
information, a severity index is listed for 
a negative slope. Assuming that this nega
tive slope represents an average situation 
and that a 4:1 slope is approximately average, 
then the severity index of a 4:1 slope would 
be found to equal 3.0. Furthermore, since the 
severity index of the roadside barrier is 
greater than that of the 4:1 slope, then in no 
way can the barrier be more cost-effective. 
By taking the average slope as a base, the 
severities of the other gradients were esti
mated, and occupant and vehicle damage costs 
were assigned. The initial, damage, mainte
nance, and salvage costs were all taken to be 
zero since it is assumed that the existing 
geometry requires no direct expenditures. By 
choosing the average daily traffic again to 
equal 10,000 vehicles per day and considering 
a 3.5:1 ~lope, the costs may be determined by 
the following steps: 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

A= 10 ft (3.05 m) 

L = 1,000 ft (305 m) 

W = 30 ft (9.15 m) 

10,000 

3.2 

0.30 

3.5 

c1 $0 

c0 = $0 

eM $o 

COVD = $6,533 at SI 

T 15 years 

CRF = 

3.5 

0 .117] 

0.037 
$0 

at an assummed interest 
rate of 8% 

SF = 
cs = 

CAT 0 + 0 + 0 + 6 53 5 ( 0 • 3 0) - 0 

= $9,961 

CA $0 
D 

30.000 

26,000 
BARRIER MORE 

COST EFFECTIVE 
20.000 

TOTAL 

ANNUAL 16,000 

COST 

10.000 

6,000 

Total costs for the four slopes and varying 
volumes are calculated in a similar manner to 
provide the hasis of comparison for the no 
protection alternative. 

Comparison 

The various situations can best be compared 
by plotting curves of total present cost versus 
average daily traffic. Such a set of curves 
is shown in Figure 5.1.23. By interpreting 
the data the following conclusions may be 
drawn: 

1. Vnprotected slopes of 3:1 and flatter 
are more cost-effective than the batrier for 
an average daily traffic up to and in excess 
of 50,000 vehicles per day; i.e., the barrier 
is not warranted; 

2. The 2.5:1 slope, unprotected, (assumed 
severity 4.5) becomes less cost-effective 
than the barrier for an average daily traffic 
equal to or above 7,500 vehicles per day; and 

3. The 2:1 slope, unprotected, (assumed 
severity 5.0) becomes less cost-effective than 
the barrier for an average daily traffic equal 
to or above 7,500 vehicles per day. 

This analysis serves to provide some in
sigh~ as to where roadside barrier protection 
of slopes may or may not be more cost
effective. General design guidelines or 
policies may be established and, more im
portantly, justified in terms of the highest 
returns in safety. 

SEVERITY= 5.0 

SEVERITY : 4.5 

SEVERITY • 4.0 

SEVERITY = 3.5 

UNPROTECTED SLOPE 
MORE COST- EFFECTIVE 

0 ~------~--~~---~------~-----~--------
0 10,000 20.000 30,000 40.000 60.000 

AVERAGE DAILY TRAFFIC. ADT I VEHICLES PER DAY I 

Figure 5.1-23 Cost Comparison Curves 
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General Comments 

1. The analysis, as presented in this 
problem, involves only those costs associated 
with one side of the highway facility. If 
the same conditions exist on the opposite 
side, then the total costs for both sides 
would be double those previously determined. 

2. The average daily traffic should represent 
the two-way volume flow since the volume 
split is built into the analysis procedure. 
This adjustment is effected by the collision 
frequency nomographs. 

3 •. The useful life of a roadside slope is 
taken to be 15 years, which is o~viously not 
the real case. However, it is necessary to 
consider an equal time span for each alter
native in order to make the comparison 
legitimate. 

4. This example illustrates how the 
procedure can be used to determine the 
cost-effectiveness of two basic options, i.e., 
barrier shielding versus no shielding of 
slopes, for a given location. Although not 
considered here, the next desirable step 
may be to establish a priority or ranking 
system for reducing hazards within a given 
roadway system. The objective would be to 
make improvements that offer the greatest 
return in terms of safety. The following 
equation may be used for determining a 
ranking factor, R: · 

where 

R '" 
C~ - CAI 

CA 
Dr 

annual cost associated with the 
unshielded hazard over the period 
T; 

CA = annual cost associated with the 
I improvement over the·period T; and 

C • annual cost to the highway depart-
Ani ment or agency associ~ted with the 

improvement. 

Improvements should be made to those hazards 
having the highest value R first. Note that 
if the numerator is negative, the improvement 
would not be cost-effective. In Example 1, 
the ranking factor for placing a roadside 
barri'er to shield the 2:1 slope ,(assumed 
severity 5.0) for an ADT of 25,000 would be 
computed as follows: 

C = $16,710 (Slope) (From Figure 
AH 5.1.21) 

C "' $10. 612 (Barrier) (From Figure 
AI 5.1.21) 

CA = $3,530 (From previous calculations) 
Dr 
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thus 

or 

R = 16,710 - 10,612 

3,530 

R = 1. 7 

5.1.54 Example 2 - Bridge Piers 

Figure 5.1.24 shows a typical bridge pier 
hazard. Three alternatives will be consider
ed in the cost analysis as follows: 

1. No protection of the bridge piers 

2. Protection of the bridge piers with a 
roadside barrier rail 

3. Protection of the bridge piers with a 
combination roadside barrier rail and crash 
cushion system 

Subsequent to the cost calculations, a 
comparison of the three operations will be 
made based on a present worth basis, and the 
most cost-effective design will be identified. 
Note that the steps in the analysis correspond 
to those described in the introduction of the 
section above. 

-
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I 
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Figure 5.1.24 Bridge Pier Hazard 



Ng Protection 

1. 

2; 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

A 

L 

23.5 ft (7.17 m) or approximately 
23ft (7.02 m); 

32ft (9.75 m) and: 

W = 3 ft (.92 m) 

ADT = 75,000 (assumed) 

Ef 31.0 

cf = 0.11 

Code -01; SI = 9.3 (See Table 5.1.10) 

c1 $0 (since the piers are existing} 

CD $0 (assumed) 

CM = $0 (assumed) 

c0vD $169.340 at sr = 9.~ 
T 

CRF 

SF 

20 years 

0.1021 
0.022 

$0 

at an interest rate of 8% 

CA = 0 (.102) + 0 (O.lJ) + 0 + 169.340 
T (0.102) - 0 (0.022) 

$17,273 

CAn $0 

or considering collisions with both ends of 
the bridge pier hazard, 

$34,545 

$0 

These figures represent the present costs 
associated with no protection to the roadway 
hazard. The total cost, as would be expected, 
is quite substantial due to the severity 
associated with impacting a fixed bridge pier, 
while the total direct cost is zero since no 
improvements are involved. Although the 
existing geometry may not offer the best 
alternative, it must be calculated for use 
as a basis in comparison. 

Roadside Barrier 

Before the cost analysis can be implemented 
for this option, specific attention needs to 
•be directed toward identifying the barrier 
flare geometry. From the barrier flare 

criteria outlined previously, the placement 
values to be used in the cost procedure were 
assumed to be the following: 

1. The average offset for the flared sections 
equals 16 f~ (4.88 m) 

2. The projected longitudinal length of the 
barrier flare equals 151 ft (46.01 m) 

3. The actual length of the barrier flare 
equals 153ft (46.67 m). 

In determining the total costs associated with 
roadside barrier protection, two separate 
calculations will be made - one considering 
collisions with the barrier flare and the 
other involving impacts to the barrier proper. 
The sum of these two costs will represent the 
total value associated with the roadside bar
rier alternative. Note that costs for one 
direction of travel are computed, then doubled, 
to obtain costs for both directions of travel. 
It is assumed that a crashworthy end treatment 
is used at the upstream terminal. 

Barrier ~ 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8 0 

9. 

10. 

11. 

12. 

A 

L 

16 ft (4.88 m), 

151 ft (46.01 m) 

W = 1 ft (.31m)· 

ADT 75,000 

Code 

CI 

CD 

eM 

eM 

COVD 

T 

CRF 

SF 

cs 

cs 

31.0 

0.52 (Actual length is used to 
determine C , because SI for 
flared sectfon is higher than for 
barrier proper.) 

06:01-1-1 SI = 3.7 (Table 5.1.10) 

$13.00 per foot (assumed) at 
153ft (46.67 m), thus 

$1,989 

$225 (assumed) 

$1.50 per foot per year (assumed) 
at 153 ft (46.67 m); 

$230 

$7,192 at SI 3.7 

20 years 

0.102) 
at 8% 

0.022 

$1.50 per foot (assumed) at 
153 ft (46.67 m) 

$230 
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13. CA = 1989 (0.102) + 225 (0.52) + 
T 203 + 7192 (O. 52) - 230 (0. 022) 

= $4,285 

c = $545 
An 

Barrier Proper 

1. A= 13.5 ft (4.12 m); 

L 32ft (9.76 m); and 

2. ADT = 75,000 

3. Ef 31.0 

4. cf = .17 Based on L - 31.4"' 0.6 ft 
(0.2 m) (See rule in Section 
5.1.52.) 

5. Code 06-01-3-2 SI 3.3 (Appendix E) 

6. CI = $13.00 per foot (assumed) at 
32 ft (4.12 m); thus, c 1 $416 

CD $225 (assumed) 

for protection of both ends: 

Total CA = $10,726 
T 

Total CA $1,248 
D 

Roadside Barrier/Crash Cushion System 

The third alternative considered in the 
bridge pier analysis will be an integrated 
crash cushion - longitudinal barrier system. 
The crash cushion will be utilized as an end 
treatment to shield the end piers and the ends 
of the roadside barrier. The roadside 
barrier is placed along the 32 foot length 
(9.8 m) to shield the interior pier. Costs 
for each of the subsystems may be determined 
given their respective geometries, and a 
total present worth may be fixed. 

Crash Cushion - ~ Treatment 

1. A= 21ft (6.4 m), 

7. 

8. eM = $1. so per foot per year (assumed) 
25ft (7.6 m), 

8 ft (2.4 m) 

9. 

10. 

11. 

12. 

13. 

at 32 ft (4.12 m); thus 

c = M $48 

Cavn = $5,874 at SI = 3.3 

T 20 years 

CRF 0.102 

SF 0.022 

Cs $1.50 per foot (assumed) at 
32ft (4.12 m); thus Cs = $48 

CA = 416 (0.102) + 225 (0.17} - 48 
T + 5874 (0.17) - 48 (0,022) 

$1,078 

CA $79 
D 

The total barrier costs may now be found by 
totaling the values for the flare and the 
barrier proper. Furthermore, the total 
amounts considering shielding for both sides 
may be attained by doubling the costs 
associated with collisions from one side. 

Therefore, for protection to one end: 

Total CA 
.T 

Total CA 
D 
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4285 + 1078 = $5,363 

545 + 79 $624 

2. 

3. 

4. 

75,000 (assumed) 

31.0 

0.12 Based on L - 31.4 = -6.4 ft 
(-2.0 m) (See rule in Section 
5.1.53) 

5. Code 15-00-0-0 SI = 1.0 (Table 5.1.10) 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

5.1-38 

c 1 = $5,~00 (assumed) 

CD $1,000 (assumed) 

CM $150 (assumed) 

COVD $2,095 at SI = 1.0 

T 20 years 

CRF = 0.102 

SF= 0.022 

cs o.o 
1 

at an assumed interest 
rate of 8% 

CAT. (5000) (0.102) + 1000 (0.12) + 
150 + 2095 (0.12) - 0 (.022) 

$1,031 

CA "' $780 
D 



.Roadside Barrier 

~. A • 21ft (6.4 m), 

L • 32ft (9,8 m), 

W 1 ft (0.305 m) 

2. 

3. 

4. 

ADT = 75,000 

Ef 31.0 

0.19 (Actual length is used to 
determine Cf because SI for road
side barrier is higher than for· 
crash cushion.) 

5. Code 06-01-3-3 SI = 3.3 (Taple 5.1.10) 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

c
1 

= $13.00 per foot (assumed) at 
32ft (9.8 m); thus Cr = $416 

CD = $225 (assumed) 

CM = $1.50 per foot per y~ar (assumed) 
at 32ft (9.8 m); thus, 

eM $48 

$5,874 at SI 3.3 

T 20 years 

CRF = 0.102 l 
SF = 0.022 

at an as·sumed interest 
rate of 8% 

Cs = $1.50 per foot (assumed) at 
32ft (9.8 m); thus Cs = $48 

CA • 416 (0.102) + 225 (0.19) + 48 + 
T 5874 (0.19) - 48 (0.022) 

.. $1,248 

CA $132 
D 

Considering both the costs for the attenuator 
and the longitudinal barrier, the total system 
present worth values may be compared as follows: 

For protection of one end: 

Total CA 
T 

Total CA 
D 

1031 + 1248 = $2,279 

780 + 132 = $912 

and for shielding for both sides: 

Total CA = 2 (2279) = $4, 558 = T 
Total CA 2 (132) = $2C: 

n 
Comparison 

Table 5.1.15 summarizes the results of t-his 
example. By collectively reviewing the three 
proposed alternatives, several observations 
and conclusions may be outlined. However, 
the significance of these observations must 
be weighed in light of the assumptions made 
and the values assigned to the various para
meters. While these values are thought to 
be typical, they may not be representative 
of all areas. · 

1. While the no shielding alternative re
quires no direct expenditures, it does 
represent a very substantial total annual 
cost in terms of accident losses. 

2. On an annual cost basis, the roadside 
barrier/crash cushion system offers the best 
alternative. However, it does require a 
somewhat higher direct expenditure. 

3. The ranking factor indicates that of the 
two improvements, the crash cushion/roadside 
barrier combination would provide the great
est. return per dollar spent . 

TABLE 5.1.15 EXAMPLE COMPARISON 

Direct Annua 1 Total Annual 

OPTION 
Cost, CAo 

($) 
Cost, CA Ranking . 

($) T Factor, R 

1. No Shielding 0 $34,545 --
2. Shielding by Roadside 

Barrier $1,248 $10,726 19.1 

3. Shielding by Crash Cushion/ 
Roadside Barrier $ 264 $ 4,558 113.5 
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General Comments Existing Hazard 

1. Practically speaking, the main interest 1. 
in comparing alternatives two and three is 
to objectively decide whether the shorter, 
more expensive and less severe crash cushion 
would/would not enjoy an advantage over the 
longer, lower cost and higher severity barrier 
raj.l. 2. 

2. The main purpose of this example is to 
demonstrate the use of the cost-effectiveness 
approach in weighing several alternative 
solutions for one problem location. Other 
roadside hazard locations may be evaluated in 
a similar manner to organize a complete 
facility inventory and a set of ranking 
factors. 

5.1.55 Example 3 - Elevated Gar~ Abutment 

3. 

4. 

A = 19 ft (5.8 m); 

L = l ft (.305 m); and 

w 4 ft (1. 2 m) 

ADT = 80,000 

Ef = 33.5 

Cf by using equation may be determined 
as below: 

cf = ifi:~60 (1 + 62.9) (.73) + 

5.14 (0.455 + 0.405 + 0.360 
+ 0.325) 

0.17 and by applying an ad
justment factor of 3,0 for 
higher than normal encroach
ments (assumed), 

In this example, an elevated gar~ abutment 
has been chosen for analysis, and both costs 
for the hazard and an improvemen~ will be 
determined. By referencing the layout shown 
in Figure 5.1.25, those inputs necessary for 
the calculations may be obtained, and the 
procedure may be initiated. Also, higher 

cf (adjusted) = 3 (0.17) .. 0.52 

5. Code 12-06-0-0 SI = 9,3 (Table 5.1.10) 

than normal encroachments that are common to 
such a location will be considered in the 
analysis, and adjustments will be made accord
ingly. Furthermore, the evaluation will con
sider only collisions with the exposed gore 
and crash cushion, whichever the case may be. 
Also,the equation for Cf will be appli~d in 
lieu of the nomographs to demonstrate its use. 

MAIN LANES 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

ONE DIRECTION 13. 
8' 

lttHMlWWXi,@JliMHi~~lU!KWNlM 
II' 
Lr==:============l 

CI .. $0 

CD = $0 (assumed) 

eM = $0 (assumed) 

COVD = $169,412 at SI .. 9.3 

T = 15 years 

CRF .. 0.117 l at an assumed interest 
SF = 0.037 rate of 8% 

cs = $0 

CA 0 (0.117) + 0 (0.52) + 0 + 
T $169,412 (0. 52) - 0 (0.037) 

$88,094 

c = 
An 

$0 

Crash Cushion Improvement 

Figure 5.1.25 Elevated Gore Abutment 
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1. 

2. 

3. 

4. 

5.1-40 

A 

L .. 

w 

ADT = 

Ef = 
C:f by 
m1ned 

17 ft (5.2 m); 

25 ft (7.6 m); and 

8 ft (2.4 m) 

80,000 

33.5 

using the equation may ·be deter-
as below: 



5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

~ (25 + 62.9) (0.79) + 
J.v,:>oO 

5:14 (0.550 + 0.505 + 0.455 
+ 0.405 + 0.360 + 0.320 + 

0.290 + 0.260) 

0.27 and by applying an 
adjustment factor of 3.0 for 
higher than normal encroach
ments (assumed) 

cf (adjusted) = 3 (0.27) = 0.81 

Code 15-00-0-0 SI 1.0 (Table 5.1.10) 

CI = $5,000 (assumed) 

CD = $1,000 (assumed) 

$200 (assumed) 

COVD $2,095 at SI = 1.0 

T 

CRF 

SF = 

15 years 

0.117 1 
0.037 

at an assumed interest 
rate of 8% 

Cs $0 (assumed) 

CA 5000 (0.117) + 1000 (0.81) + 
T 200 + 2095 (0.81) - 0 (0.037) 

= $3,292 

CA $1,595 
D 

By comparing the total costs related to each 
of the two situations, it may be seen that 
from a safety standpoint the advantage ob
viously lies with the improvement alternative. 
The ranking factor for this site would be 53 
which further points out the benefits, in 
terms of increased safety, that can be real
ized by installing~a crash cushion at such 
a zone. 

In those locations where the traffic-geometric 
relationships become critical, the collision 
frequency may be adjusted upward at the dis
cretion of the designer. A factor of 3.0 has 
been proposed for gore areas, and this seems 
to be a legitimate number; however, in loca
tions where the variables are not so critical, 
possibly a lower factor would be appropriate. 
The decision on such an adjustment would rely 
strictly on the user's knowledge of the field 
and his engineering judgment. 

5.1.56 Example 4 - Isolated Roadside 
Obstacles 

As has been emphasized throughout this section, 
the most desirable roadside is one that is 
relatively flat and free of roadside hazards. 
If ample recovery room is provided, a driver 
of an errant vehicle will be able to return 
to the traveled way or safely stop the vehicle. 
Removal or relocation of hazards, or the 
installation of a breakaway device should 
always be the first option considered. How
ever, various exigencies may sometimes dictate 
that isolated obstacles such as small trees 
or small utility poles be located within the 
desirable recovery area. In such cases, the 
designer often is faced with the question: 
Should the obstacle be shielded by a 
barrier, even though it is obvious that the 
hazard potential of the barrier is less than 

·the obstacle? The following example 
illustrates how this question can be answered 
by the cost-effectiveness procedur&. 

Existing Hazard - No Protection 

Assume that the existing hazard conditions 
are the same as those in Example 2 except 
that instead of three bridge piers the 
obstacles are three small trees located on 
the roadside instead of the median. All of 
the parameters defined under no protection 
of Example 2 therefore apply here, 1 with 
one exception and that is the SI of the 
trees which is assumed as 5.0. It will be 
further assumed that the SI of the trees 
does not change over the 20-year period. 
Should not be the case, the procedure 
presented herein would not be applicable. 
Selection of an SI for such obstacles must 
be based primarily on engineering judgment 
due to an absence of objective criteria. 
From Figure 5.1.21: 

Thus, 

and 

COVD = ·$16 , 710 

CAT= 16,710 (0 .102) 

c = $1704 
.AT 

Protection by Roadside Barrier 

All of the parameters from the Example 2 
Roadside Barrier Section apply here. 

Thus, 

and 

CA = $10,726 
T 

$1,248 
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Comparison 

The most cost-effective alternative in this 
case is to leave the trees unshielded 
(assuming they cannot be removed) since the 
numerator of the ranking equation "R" is 
negative. Although the trees would have 
a greater hazard potential per accident, 
the considerably greater target area of the 
barrier and its closer proximity to the 
traveled way would result in considerably 
more barrier impacts than tree impacts. 
However, as the length of the line of trees 
increases, the difference in the cost of the 
two alternatives decreases. At some length 
of unshielded trees the barrier would become 
more cost effective. The reader should also 
remember that the size of the tree is very 
significant in this analysis. Repeated 
solution similar to the one above for 
different lengths of unshielded trees will 
reveal the break-even point where the 
barrier will be cost-effective. 

Rev: l/78 
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TOPIC 5 SESSION 2 
CRASH ATTENUATION SYSTEMS 

Objectives: 

The partiaipant shouZd be abZe to seZeat 
and Zoaate attenuators in a manner whiah 
wiZZ insure an eaonomia and safe operating 
environment for the motoring pubZia and to be 
abZe to effeativeZy utiZize the aost-effeat
iveness anaZysis proaedures tc evaZuate 
aZte1•native safety improvements. 

5.2.1 CRASH CUSHIONS 

Definition - Crash cushions are protective 
systems which prevent errant vehicles from 
impacting hazarcs by either smoothly de-
celerating the vehicle to a stop when hit 
head-on, or by redirecting it away from the 
hazard for glancing impacts. These barriers 
are used tri shield rigid object~ or hazardous 
conditions that cannot be removed, relocated, 
or made breakaway. 

5.2.2 WARRANTS FOR CRASH CUSHIONS 

Crash cushions have proven to be a cost
effective and safe means of shielding rigid 
objects. Their use is therefore warranted 
to shield rigid objects within the clear 
distance that cannot be removed or shielded 
by more cost-effective means. Studies in
dicate that crash cushions are considerably 
more cost-effective than conventional longi
tudinal barriers in many instances. 

The most common application of a crash 
cushion is in the ramp exit gore wherein 
practical design for the site calls for a 
bridge rail end in the gore. Where site 
conditions permit, a crash cushion should 
also be considered as an alternate to a road
side barrier for shielding rigid objects 
such as bridge piers, overhead sign supports, 
abutments, and retaining wall ends. Crash 
cushions also may be used to shield roadside 
and median barrier terminals. 

Since limited resources may preclude the 
shielding of all rigid objects, a priority 
system should bt established for crash 
cushion installation. In the absence of a 
more definitive procedure, the following 
equation may be used to establish priority: 

RF 

where 

(1 +NOA) x ADT x S 
10,000 

RF = ranking factor 

NOA = number of a<cidents at the site 
over a given period of time (the 
same period should be used for all 
sites); 
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ADT = average daily volume of traffic; 
and 

S = operating speed of roadway. 

Locations with the higher ranking number are 
considered the most hazardous and should be 
the first to receive crash cushion protection. 

Long steep downgrades present a unique type 
of problem with regard to traffic barriers. 
Loss of brakes on a vehicle on such a grade 
quickly produces a hazardous condition to its 
driver and to other motorists. Where such 
problems exist, special consideration should 
be given to the installation of a roadside 
decelerating devi~e. An experimental device 
which shows considerable promise is the 
gravel bed attenuator. Some states have in
stalled gravel bed attenuator systems, and 
the results are very encouraging. 

Another special condition for which crash 
cushions are warranted concerns the protec
tion of maintenance personnel, and the motor
ist, during maintenance operations. It has 
been shown that a portable crash cushion can 
be used effectively to provide this type 
of protection (l). Further studies have 
been made to establish recommended design 
configurations (.3). Also, a portable "truck
mounted attenuator'' has been developed and 
marketed commercially (i). 

A crash cushion or a vehicle arresting device 
also may be warranted at the end of a dead
end street or beyond a "T" intersection. 
Need should be based on an evaluation of the 
probability and consequence of an errant 
driver's going ~eyond the intersection. 

5.2.3 VEHICLE IMPACT ATTENUATION CONCEPTS 

Presently available vehicle crash cushions 
basically use one of the following two 
concepts to stop a speeding vehicle before 
it strikes a rigid obstacle. 

5.2.31 Kinetic Energy Principle - Newton's 
2nd Law 

The first concept involves absorption of 
the kinetic energy of the speeding vehicle 
by use of "crushable" or "plastically" de
formable materials or structures, o·r by the 
use of hydraulic "dashpots" or energy 
absorbers placed in front of the hazard. 
Devices of this type need a rigid backup 
or support to resist the vehicle impact force 
and deform the energy-absorbing material or 
structure. Figure 5.2.1 illustrates this 
principle applied to a compression type 
barrier. 
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JJ.Y...2 
2Q 

ENf;RGY ABSORBED 
BY ~R/ISH CUSHION • 

FD 

wv2· fD•-
2Q 

Figure 5.2.1 Principle of Absorbing Vehicle 
Kinetic Energy - Compression 
Device 

As illustrated in Figure 5.2.2, the stopping 
force (F) need not be constant, but the area 
under the force (F) vs deformation (D) graph 
of the crush cushion-should equal the kinetic 
energy of the impacting vehicle. The crash 
cushion should be designed so that it will 
stop a small 2,000-lb vehicle traveling at 60 
mph (96 km/h) with D equal to or greater 
than the minimum required stopping distance 
of 10ft (3m). Additional material and dis
tance also should be provided so that the 
device will be capable also of stopping a 
4,500-lb (2040 kg) vehicle traveling 60 mph 
(96 km/h). 

"BOTTOM 
DESIGN RAN_G•E---; (.$ OliT·,; 

CRUSH DISTANCE 

Figure 5.2.2 Typical Relationship Between 
Stopping Force and Distance 
of Crush 

The kinetic energy of the impacting vehicle 
is: 

where: 

M mass of the vehicle 

V = Imp&ct speed 

The energy absorbed by the attenuation 
device is: 

d D 

d = 0 

where: 

Fstop = Stopping force on the vehicle 
over distance liD 

liD Distance over which stopping 
force is applied 

D = Total crushing distance 

The stopping force vs. distance of 
deformation relationship will build up 
very quickly upon impact to the level re
quired to ~rush the initial elements of the 
device. The force level then will remain 
relatively constant until all of the energy 
of the vehicle has been absorbed. However, 
if the impacting vehicle has more kinetic 
energy than the attenuation device can absorb, 
then the device will "bottom out," and a 
much higher force will be acting against the 
vehicle. This action is illustrated in 
Figure 5.2.1 and 5.2.2. 

Assuming that the build-up of force occurs 
over such a short time period that the 
crush during this interval can be ignored 
and that the stopping force on the vehicle 
remains constant throughout the crushing 
period (i.e., no "bottoming out"), t]le 
critical deformation relationship can be 
developed for this type of device. 

Edevice = ~stopx D 

This is equated with the kinetic energy of 
the impacting vehicle: 

or 

Let the maximum average deceleration (a~) 
that can be tolerated without an excess1ve 
risk of injury to vehicle occupa~ts be 12 
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g's. The design vehicle has an impact 
speed of V and a weight of W~. Thus, a 
maximum deceleration of 12 g s can be 
developed from: 

Fd = mad = wd (12g) 
g 

where: 

Fd the design stopping force 

Wd = the weight of the design vehicle 

Then setting the st~pping force, Fstop• ~q~al 
to the design stopp~ng force, Fd 1 the cr~t~cal 
crush distance can be computed ~s follows: 

Fstop = Fd = 12 wd 

Dcrit w v2 w v 2 = v2 
d d m 

"2&Pd 2g(12Wd) 

where: 

= Critical crush distance in 
feet to obtain an average 
deceleration on the design 
vehicle of 12 g's 

V = Design vehicle impact speed in 
feet per second 

A summary of the critical crush distances 
for kinetic energy attenuation devices for 
various design impact speeds is presented 
in Table 5.2.1. 

The critical crush distance is independent 
of the design vehicle's weight but the 
resisting force is not, Thus, a vehicle 
which is traveling at speed V but has a 
weight W = fWd will stop in a distance Df 
as determined by; 

WF 2 wv2 
D f = ZgP" d .. ....z g:-.( ...... I"'I"izw:rd"J 

but since W = fWd where f is the ratio of W 
to wd 

2 
Df = fWdV. 

2g(l2Wd) 

Hence, knowing that 

v2 = 2adDcrit 2(12g) Dcrit 

Solvi~g.f?r D·rit in th7 Df ~quatio~ and 
subst~tut~ng for Dcrit ~n the Equat~on · 
above, it follows tnat 

w 
= 12g wd 

TABLE 5.2.1 

CRITICAL CRUSH DISTANCE FOR VARIOUS VEHICLE 
SPEEDS (IF a IS TO BE 12G OR'LESS) 

Impact Speed Critical Crush Distance 
mph (km/h) feet (metres) 

30 ( 48) 2.51 0.8 
40 (64) 4.45 1.4 

. so (80) 6.96 2.1 
60 (96) 10.02 3.0 
70 (115) 13.64 4.2 
80 (130) 17.81 5.4 

5. 2. 32 Conservation of Momentum Concept. 

Newton's 3rd Law. The second concept 
involves transfer of the momentum of the 
speeding vehicle to some expendable masses 
of material located in the path of the 
vehicle. The expendable masses (or weights) 
are usually containers filled with sand 
although water and other materials can be 
used. Devices of this type need no rigid 
backup or support to resist the venicle 
impact force since the kinetic energy of 
the vehicle is not absorbed, but merely 
transferred to the other masses. This type 
of crash cushion sometimes is referred to 
as an "inertia barrier." 

Figure 5.2.3 illustrates this principle 
applied to a speeding vehicle impacting a 
series of five masses or containers filled 
with sand. 

By the Law of Conservation of Momentum, the 
vehicle speed after first mass impact 
(assuming rigid body plastic impact) is 
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HAZARO 

~ 
r D 1 Yo • INITIAL SPEED 

TOTAL LENGTH OF BARRIER 

G) G e ®®I I II 
BEFORE IMPACT 

AFTER IMPACT 

MOMENTA BEFORE IMPACT = M01'.1ENTA AFTER IMPACT 

WV0 =: (W + W1J V1 

v, = vo(w~w,) 

Figure 5.2.3 Principle of Transferring Vehicle Momentum to Expendable Masses 
Assuming Plastic Rigid Body Impact 

The vehicle speed after second mass impact 
is 

The final speed after fifth mass impact will 
be 

V5 = v4 [ w ~ w
5 

] 

To obtain a constant change in velocity as 
the vehicle strikes each container (WI 
through Ws) it can be seen that containers 
must increase in weight (or mass) as they 
get closer to the hazard. 

Thus 

VI Vo - VI vo [ 1 - w l w t WI 

and 

v2=Vr-v2=Vr ll - w 
w ] + w2 

and so forth. It is apparent that theor
etically the vehicle cannot be stopped 
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completely by this principle. Practically, 
however, it is usually adequate to design 
the inertia barrier to reduce the vehicle 
speed to about 10 mph (16 km/h) after the 
final container is impacted. 

5.2.4 VEHICLE IMPACT ATTENUATION - GEOMETRIC 
AND DESIGN DETAILS 

In the preceding sections, the basic design 
criteria and concepts used in the develop
ment of most presently available vehicle 
impact attenuation devices were presented. 
To enable a crash cushion to perform as 
intended by the design, however, careful 
attention must be given· to several other 
geometric and design details. 

Figure 5.2.4 illustrates how a vehicle may 
ramp and·vault over the vehicle impact 
attenuation device if the resultant stopping 
force provided by the crash cushion is 
considerably lower than the vehicle center 
of gravity (C.G.). The energy absorbing 
material may deform more at the top than 
at the bottom and thus form a ramp for the 
vehicle. Figure 5.2.5 illustrates how a 
vehicle may also flip end-over-end due to 
the couple formed by the eccentricity of 
the resultant stopping force and the 
vehicle inertia force. 
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On the other hand, Figure 5.2.6 illustrates 
how a vehicle may submarine under the impact 
attenuation device if the resultant stopping 
force is considerably higher than the vehicle 
center of gravity. To guard against such 
behavior, as shown in Figures 5.2.4 and 
5.2.5, the resultant stopping force provided 
by the energy absorbing material or inertia 
masses should be located approximately 22 
to 24 in (55.8 to 61 em) above the roadway 
or ground (this is the approximate location 
of a passenger vehicle's center of gravity). 
In addition, the energy absorbing crash 
cushion materials are usually stabilized by 

v 

C.G. 

• 

a cable or.other anchoring system to prevent 
the material from moving up, down, or side
ways during the collision. 

Figure 5.2.7 illustrates how a vehicle may 
"pocket," ·"spin-out," or even "roll over" 
in a head-on off-center impact. This type 
behavior can occur if the vehicle crash 
cushion is extremely massive and/or stiff, 
thus generating a large eccentric stopping 
force and rotation couple on the vehicle. 

Thus far we have discussed vehicle impact 
attenuators (VIA) when hit head-on. Of 

RIGID 
HAZARD 

THE VEHICLE MAY SUBMARINE UNDER THE CRASH CUSHION 

e.G. 

• 
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Figure 5.2.6 Resultant Stopping Force Higher Than 
The Vehicle Center of Gravity (C.G.) 
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Figure 5.2.7 Vehicle Impact Attenuator is too Massive 
and Stiff (Stopping Force too Large) 
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'importance also is the behavior of these 
devices when the vehicle impacts them at 
an angle with respect to the VIA's longi
tudinal axis. Figure 5.2.8 illustrates how 
a typical vehicle impact attenuator will 
behave under an angle impact near the nose. 
In this case sufficient distance and energy 
absorbing material are usually available 
between the point of impact and the rigid 
hazard to stop the colliding vehicle safely. 
In such cases it is satisfactory to allow 
the vehicle to "pocket" and come to a complete 
stop, short of the rigid hazard. 

LONGITUDINAL AXIS VJ.A. 

IMPACT 
ANGLE 

........ ,"' ., \ 

..... -
\ 
\ 
\ .......... .,..., ..... 

Should the vehicle impact the VIA at an 
angle at a point near the rear of the VIA; 
a severe collision may occur when the vehicle 
strikes the rigid hazard. Figure 5.2.9 
illustrates this potential problem. In 
such a collision, distance and energy absorb
ing material are usually insufficient to · 
stop the vehicle safely before it strikes 
the rigid hazard. In an attempt to remedy 
this potential hazard, many VIA designers are 
cladding the sides of the vehicle impact 
attenuators with hard, stiff, and smooth 
panels which will prevent the vehicle from 

Vehicle Angle Impact Near the Nose 
of the Impact Attenuator 
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ANGLE 

Figure 5.2.9 Vehicle Angle Impact Near the Rear 
of the Vehicle Impact Atten4ator 
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"pocketing" and thus redirect it as shown 
in Figure 5.2.10. This figure illustrates 
typical cladding using 4' x 2' x 3/4 
(1.2 x .61 x .19m) plywood panels. The 

,provisions for redirection must be such that 
the VIA has lateral stability and still 
maintains the relatively "soft" crush char
acteristics under head-on impacts. 

5.2.5 SUMMARY OF DESIRABLE IMPACT ATTEN
UATION BARRIER CHARACTERISTICS 

For impact attenuation barriers to be effec-· 
tive and acceptable for use on the nation's 
highways, test results and experience gained 
through field installations indicate that 
it would be desirable for such barriers to 
have the characteristics described below. 

5.2.51 Vehicle Impact Attenuation Barriers 
(Crash Cushions Without Redirection 
Capabilities) 

• A crash cushion should smoothly stop a 
vehicle impacting it head-on. The vehicle 
should not vault over the barrier and 
should not become unstable and roll over. 
(It would be desirable for simple crash 
cushions to have the capability of stopping 
a vehicle impacting anywhere along its 
length and at any angle up to ·the maximum 
design conditions of impact speed, .vehicle 
weight, and impact angle). 

CRASH· CUSHION 

--

• A crash cushion should m1n1m1ze vehicle 
decelerations in such a manner that 
occupants restrained by seat belts can 
survive, preferably uninjured. 

• A crash cushion should remain essentially 
intact during and following a vehicle 
collision. A vehicle impact should not 
dislodge any hazardous elements into the 
traveled way. · 

• A crash cushion should be compatible with 
the roadway and fixed object it is guarding. 
It should not protrude into the traveled 
way or the shoulders provided for emetgency 
or evasive maneuvers by a vehicle. 

• A crash cushion should be capable of quick 
repair. All elements of a barrier should 
be so designed that when repairs are nec.es
sary they can be done quickly and with a 
minimum of special equipment. 

• A crash cushion should be mechanically 
reliable and dependable. It should be 
durable and withstand extreme environmental 
exposure--heat and cold, wet and dry, and 
corrosive elements expected under service 
conditions. 

• The foregoing requirements should be met 
by giving emphasis first to safety, second 
to economics, and third to aesthetics. 

HARDL.~TIFF AND 
SMOO 1 t1 PANELS ~ 

CLADDfNG 

Figure 5,2.10 Vehicle Angle Impact Into Vehicle Impact Attenuator 
Designed to Redirect Vehicle Rather Than Stop It 
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5.2.52 Vehicle Impact Attenuation Barriers 
(Crash Cushions with Redirection Capabilities) 

• A crash cushion with redirection capabil
ities should satisfy all the service 
requirements of a simple crash cushion of 
item 5.2.51 when a selected vehicle impacts 

or abutting longitudinal barriers (guardrails, 
bridge rails, or median barriers) in order· 
to prevent collisions with the ends of the 
adjoining or abutting barriers. A smooth 
redirection should be obtained at the 
transition point between the two barriers. 

it head-on. 

• A crash cushion with redirection capabil
ities should restrain and smoothly redirect 
a selected vehicle which impacts it along 
its length (or side). The impacting vehicle 
should not penetrate or vault over the 

5.2.53 Characteristics of Available Systems 

Table 5.2.2 summarizes the most common forms 
of attenuation systems. 

. barrier. The vehicle should not snag or 
pocket under side angle impacts. 

5.2.54 Costs of Attenuation Systems 

• A crash cushion with redirection capabil
ities should be compatible with ad~oini~g 

Table 5.2.3 summarizes approximate instal
lation and replacement costs of a number of 
alternative systems. 

TABLE 5.2.2 

SUMMARY OF STRUCTURAL AND SAFETY CHARACTERISTICS 
OF CRASH CUSHIONS L 

G-R-E-A-T Hi-Dro Energite Hi -Dri 
Systems Cell Sandwich Inertial Cell Sandwich 

(C2) (C4) (C5) 

1. Tolerable accelerations? Yes Yesl Yesl Yes 1 

2. 

3. 

4. 

5. 

Redirection capabilities? Yes Yes 

Back-up structure required? No Yes 

Debris produced upon impact? No No3 

Anchorage required? No Yes 

1For any reasonable design speed. 
2For a speed of 45 mph (72.4k/h) or less . 

. 3Except water. Water on the roadway can increase 
the potential for accidents by reducing skid 
resistance of pavement. Some anti-freeze 
agents may increase this potential. 

TARLE 5.2.3 

No Yes 

No Yes 

Yes No 

No Yes 

SUMMARY OF APPROXH1ATE COST FOR CRASH CUSHIONS 
[HIGH SPEED HIT WITH A 4500# (2045 Kg) VEHICLE] 

Type of Initial Maintenance 
Cushion Cost Cost Per Hit ----
G-R-E-A-T 8000 300 

Inertia Barrier 3000 900 

Hi-Dro Cell 13000 200 

Hi-Dry Cell 17000 300 

·-
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Hi-Dro Cell 
Cluster 
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Yes 2 

No 

Yes 

No3 

Yes 



An analysis of these costs reveals that the 
G-R-E-A-T system is the least expensive when 
less than ten hits are expected in the life 
of the system. Inertia systems are less 
costly for all frequency of hits in the life 
of the system below ten. 

5.2.6 DESIGN OF THE KINETIC ENERGY CRASH 
CUSHION 

The modular crash cushion dissipates the 
kinetic energy of a colliding vehicle by 
utilizing the concept of plastically deform
ing a set of crushable modules. These · 
modules are arranged such that the resultant 
force they exert on a vehicle very nearly 
coincides with the height of the vehicle's 
center of gravity. The modules arc con
strained vertically and laterally by cables 
but are free to move rearward during crush
ing. They are rigidly supported at the rear. 
The modules are either bolted or welded to
gether so they will remain fastened to each 
other duririg a crash; thus, they will not 
be thrown onto the roadway to create a new 
hazard. The cushion itself is designed to 
exert g-forces well within the range of 
human tolerance levels. 

5.2.61 Basic Equations - Kinetic Energy 
Cushion 

where: 

where: 

Distance required to completely 
stop a vehicle at the average 
g-force 

V = Impact velocity 
g Pull of gravity 
G Average deceleration of vehicle 

in g's; Center of gravity 

Nm 

G 
K = 

Fs 
DC 

Fs 

DC 

Number of modules in the crash 
cushion 
Average deceleration in g's 
Ratio of dynamic to static crush 
energy (usually 1.5) 
Average static crush force 
Crush distance of module 

Average static crush force 

Crush distance of module 

5.2.62 Design Methods 

Two design philosophies have evolved during 
the development of the modular crash cushion. 
One philosophy utilizes a single type module 
of a given crush strength and has a varying 
number of modules per row to give an in• 
creasing cu~hion crush strength. Cushions 
using this philosophy are referred to as 
"monomodular." The other philosophy 
utilizes several different strengths of 
modules to achieve this increasing cushion 
crush strength while maintaining a constant 
cushion width. Cushions using this phil
osophy are referred to as "polymodular." 

The Monomodular Cushion. The monomodular 
cushion has had extensive experimental and 
field crash experience. 

Figure 5.2.11 shows a plot of the data rep
resenting the static performance test for 
the one module. 

After solving for the stopping distance, Ds' 
the number of rows of modules, nr, can be 
found by dividing Ds by the crush distance 
each row can furnish, or 

Substituting the value of Ds from above nt 
equ~ls 

n = . r 

From Figure· 5. 2.11, the load at 18" is ap
proximately equal to the first peak load, and 
at t~is crush distance the row of modules 
behind will begin to crush, provided both 
rows have the same number of modules. Having 
design values for g, G, and Dc now gives 

n = r 2 (32. 2) (6) (I. 5) 

where V is in miles per hour (km/~}. It is 
obvious that at points in the cushion where 
the number of modules per row increases, the 
preceding modules can crush more than 18" 
(.46 m). Allowing for only 18" (.46 m) makes 
the design equation conservative, however, 
and since the saving of human lives is 
the ultimate constraint on this design prob
lem, conservatism is an appropiate attribute. 
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Combining the equation for NM and nr' one 
obtains 

and using design values for G, K, and Fs 
gives 

W(6)nr 
t.scs1m 

The nr and NM found above are minimum values; 
and larger values may be used to ~dd a factor 
of safety. Most present day crash cushions 
usually are designed for a 4,500 lb (2041 kg) 
car going 60 mph (96 km/h). Solving for nr 
and NM gives 

anrl 
13(4500) 

1448 

41 

The Polymodular Cushion. The polymodular 
cush1on des1gn ph1losophy entails a discrete 
element solution of a collision on a row by 
row basis. That is, whereas tQe monomodular 
cushion design philosophy begins by designing 
the overall cushion, the polymodular cushion 
philosophy begins by designing one row and 
then another and another until the kinetic 
energy of the vehicle is dissipated. The 
weight of the modules and the range of design 
vehicle weights are included in the design, 
thus making this design philosophy cover a 
broader range of safe performance than the 
monomodular design which is primarily de
signed for heavy vehicles with allowances 
made for lighter vehicles. 

5.2.7 DESIGN OF INERTIA BARRIER SYSTEMS 

The use of inertia barrier systems in the 
past ten years has increased dramatjcally. 
Analysis procedures using the conservation 
of momentum principle have been included in 
the highway safety literature for several 
years (5). The decelerations associated with 
inertia~arrier module impacts have not been 
so ge~erally available. For the most part, 
the design of inertia barrier systems has 
been dependent upon the recommendation of the 
manufacturers or upon direct field tests. 

This section has been prepared to provide the 
designer with a comparatively simpl~, yet 
logical, approach to designing inertia 
barrier systems with respect to the deceler
ation associated with impacting various 
modules of the system. 

Rev: 11/77 
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5.2.71 Basic Theory 

Due to the transferral of kinetic energy r~
sulting from impact with an inertia barrier 
module, a vehicle's velocity will change by 
a finite amount in accordance with the prin
ciple of the conservation of momentum 
assuming a completely plastic deformation as 
shown in Figure 5.2.13, 

where: 

vi 

vi+l 

wv 

ws 
g 

For a given 

= 

initial velocity of the vehicle 
final velocity at the end of 
module interaction 
weight of the vehicle 
weight of the inertia module 
gravitational acceleration 

wv 
module, W + W < 1.0 and /W is 

v s 
finite. Since a change in velocity occurs, 
the deceleration of the vehicle may be ex
pressed as 

where: 

average deceleration of the 
vehicle 

t = time 

It is assumed that all of the mass of the 
module is accelerated to the speed of the 
vehicle in a distance equal to the diameter 
(D) of the container. Thus, the time in 
which the vehicle experiences deceleration 
occurs over a distance "D" can be expressed 
as: 

. . t 
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Figure 5.2.13 Principle of Transferring 
Vehicle Momentum to Expend
able Masses--Assuming Plastic 
Rigid Body Impact 

where: 

t 

D 

time of deceleration 

diameter of the container 

= average velocity of the vehicle 
during impact, assuming a 
uniform deceleration rate. 

Substituting t into the A t equation, the 
change in velocity become¥ 

Solving this equation for Av: 

a = v 

S!ating v.+i in terms of v., the decelera
t1on can ~e expressed in t~rms of the'initial 
velocity, the weight of the vehicle and the 
weight of the inertia sand mass for a given 
deceleration distance "D." 

v. 2 
1 

wv 2 
(Vi W + W ) 

v s 

a = v 

2D 

v. 2 
1 

From this basic equation it is desirable to 
convert a to "g's," as the basic tolerance 
criteria Xre expressed in "g's;" to express 
the velocity in miles per hour ; and 
the diameter of the container in feet for 
dimensional agreement. 

G = 
·., 

where; 

Average deceleration in "g's" 
over the diameter of the con
tainer 

With this equation, the average deceleration 
per module may be calculated for any combi
nation of design vehicle and module elements. 

5.2.72 Development of the Design Charts' 

For convenience, the equation for "G" was 
solved for v ... Using a given maximum design 
de~eleration! the associated initial velocity 
pr1or to contact with an individual module 
is found by solving for v .. 

1 

2DgG 
2 

2 wv 
(1. 4 7) (1 - (W + w ) 2) 

v s 

y. = [ 2DgG ] % 

1 (1.47)2 (1 cw w~zw )2) 
v s 

This equation is plotted in Figures 5.2.14 
to 5.2.17 for 2250-lb (1020 kg), and 4500-
lb (2041 kg) vehicles impacting 3.0 ft (.91 
m) diameter modules. The family of curves 
reflecting the deceleration values between 
2 "g's" and 12"g's" is shown in relation to 
the weight of the mass in an individual 
module and the initial velocity of the 
vehicle prior to impact with the module in 
question. 

Rev: 11/7 7 5.2.13 



As stated above, the conservation of momen
tum principle has been used in this analysis 
to derive the equation for the change in 
velocity. It has been assumed that all of 
the mass in each module flies clear of the 
vehicle and does not contribute additional 
weight to the vehicle as it continues through 
the subsequent elements of the barrier. The 
change in velocity due to this transferral 
of kinetic energy from the vehicle to the 
mass in a 3.0 ft (.91 m) diameter module is 
plotted in Figures 5.2.14 to 5.2.17 for 
vehicle weights of 2250 lbs (1020 kg)~ 
respectively. 

The weights of the standard modules offe~ed 
by one manufacturer are plotted, These 
modules are 200 lbs (91 kg), 400 lbs (182 kg), 
700 lbs (318 kg), 1400 lbs (640 kg), and 2100 
lbs (960 kg). It is advisable to use a module 
slightly less than the weight of mass that 
will produce the desired deceler,tion for the 
initial modules of the system to ijSsure a 
conservative design. The use of ~ module of 
slightly greater mass than the-theoretical 
value necessary to produce the desired de
celeration is permissible for the latter 
elements of the system. The final cluster 
of modules is not designed by the momentum 
principle. Consideration of a~ailable s~ace, 
economics, and other factors w1ll determ1ne 
the mass designed to allow the slowed 
vehicle to "plow" to a halt .. It should be 
said, however, that as large a mass as 
possible should be made available to com
pletely stop a vehicle in dangerous locations 
Precluding this, a clear distance approxi
mately equal to six-tenths of the length of 
the barrier system (0.6 d) should be provided 
between the last barrier module and the 
hazard. 

5.2.73 Example Problem Solution 

Design of an inertia barrier system consist
ing of 3.0 ft (.91 m) diameter modules to 
stop a 2250 lb (1020 kg) vehicle veering 
from the roadway and impacting tho attenua
tor at an initial velocity of 58 mph (93 
km/h) is presented below. Seat belts are 
assumed to be in proper usc; therefore, a 
maximum deceleration of lO"g's", somewhat 
less than the 12 g's maximum suggested by 
FHWA (Table 5.1.1) has been assumed as the 
safe limit for the driver and passengers. 

From Figure 5.2.14, for the 2250 1b (1020 kg) 
~:~!~1~, 1 ~ince V0 = 58 mph (93 km/h) and 

Ws = 280 lbs (127.3 ~g) 

Use W = 200 lbs. 
so (91 kg) 

From Figure 5.2.1S, the change in velocity 
of the vehicle after transferral of a finite 
amount of kinetic energy to the module of 
sand is 

V
0 

= 58 mph (93 km/h) and 

Wso = 200 lbs. (91 kg} 

6V
0 

= 5 mph (8 km/h) 

Again, from Figure 5.2.14 but with a new 
velocity 

v1 53 mph (85 km/h) and "g's" < 10 
Ww = 480 lbs (217.7 kg) 

400 lbs. 
(181 kg) 

From Figure 5.2.15, 6V for V1 = 53 mph (85 
km/h) and Wsl = 200 lbs (9lkg): 

6V1 = 8 mph (12.8 km/h) 

v 2 = v1 - 6V1 = 45 mph (72.2 km/h) 

Iteration between Figures 5.2.14 and 5.2.15 
can be facilitated by using a table (Table 
5.2.4). 

TABLE 5.2.4 

EXAMPLE PROBLEM 

Conditions: Initial Velocity = 58 mph (93 km/h) 
Design Deceleration< 10 g's 

iteration 
i 

0 

1 

2 

3 

4 

5 

6 

Design Vehicle Weight = 2250 lbs (1020 kg) 
Reference: Figures 5.2.20 and 5.2.21 

Ws ~lsi 
Vi Lbs of Wt of 

(mph) Sand for Modules 6Vi Vi + 1) 
Max g's lbs (mph) (Vi - 6Vi) 

58 280 200 5 53 

53 480 400 8 45 

45 740 700 11 34 

34 1400 1400 13 21 

21 -- 1400 8 13 

13 -- 1400 5 8* 

8 -- 2100 4 4* 

* Somewhat below a speed of 10 mph (16 km/h). The 
frictional forces (plowing action) becomes the 
decisive factor in bringing the vehicle to a complete 
stop. 
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5.2.74 Validation of the Theory 

In order to validate the theory, actual 
test data were compared to the theoretical 
values of deceleration obtained from Figur~ 
5.2.14 to 5.2.17. 

The results of this analysis are sho~n 
graphically in Figure 5.2.18. The f1g~re 
visualizes the tendency of the theo:et1cal 
values to form a slightly conservat1ve de
sign averaging about five percent of the 
measured values. 

25 
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~ 
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Figure 5.2.18 Comparison of Theoretical 
and Measured Deceleration 

The tire-sand inertia barrier system does 
not allow the assumption of an average de
celeration throughout the diameter of the 
module. The stiffness of the tire causes 
the entire mass to accelerate prior to the 
complete penetration of the vehicle. The 
accumulation of weight by the vehicle during 
impact has been demonstrated in several 
tests. To a somewhat lesser degree, this 
occurs with plastic containers. Neverthe
less, a comparison of the deceleration due 
to the impact of the first single module of 
the barrier has been presented. In Table 
5.2.5· the deceleration values from tests, 
conducted by the Texas Transportation 
Institute for the NCHRP Project 20-7, are 
compared to theoretical values. The decel
erations from the full-scale tests were 
recorded on a tri-axis impact-o-~raph 
attached to the vehicle. 

The average peak deceleration over the dia
meter of the container could not be theo
retically predicted for all but the first 

module due to the partial absorption of 
kinetic energy by the tires as the barriers 
compressed together into one mass penetrating 
into the front end of the yehicle. 

5.2.8 DESIGN OF HI-DRO CUSHION CRASH MODE~
. ATION SYSTEM 

The Hi-Dro Cushion Crash Moderation System 
dissipates a colliding vehicle's kinetic 
energy by transferring the energy to an 
expendable mas~ of water. The water is 
contained in flexible modules with orifices 
to relieve and regulate pressures incurred 
by a colliding vehicle. The flexible 
modules, called cells, are positioned such 
that they apply a resultant force at approx
imately the vertical height of a vehicle's 
center of gravity. The modules require ~ 
rigid support in the rear, connection between 
modules, and vertical and lateral restraint 
with a cable and plywood diaphragm system 
as shown in Figure 5.2.20. 

Two types of cells are in present use, the 
vinyl cell and the cartridge cell. The vinyl 
cell is a hollow plastic cylinder with a 
nominal six-inch outside diameter and a one
forth inch thick wall, whereas the cartridge 
cell is made of vinyl-impregnated nylon 
fabric with the same nominal 6-in (15.24-cm) 
diameter. The cells have one end closed and 
the other end open. The open end has a 
glued-in insert containing sharp-edged orifices 
to regulate the release of water (See Figure 
5.2.19). 

The vinyl cells are fastened together in 
groups and generally are used for speeds 
under 50 mph (31 km/h). They also are used 
on the nose of the cell-sandwich system. 

The.cartridge'cells are used in conjunction 
with plywood diaphragms, interior panels, 
cable restraints, and fiberglass-coated 
plywood fendering panels, and comprise the 
cell-sandwich system. The fender panels 
are intended to deflect vehicles impacting 
on the side at an angle, providing redirec
tion instead of a complete stop. 

A crash cushion made of Hi-Dro cells depends 
on two physical phenomena for attenuating 
the energy of a high-speed vehicle: 

• Momentu~ transfer between vehicle and 
fluid and 

• The kinetic energy loss associated with 
the orifices 

Combining these two concepts .with a relative
ly soft plastic cell produces a design which 
has very little elasticity. 

Their units are reusable after impact and 
need only be refilled to regain their full 
protective value. This suggests that the 
system could be made to restore itself, if 
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TABLE s·. 2. 5 

COMPARISON OF THEORETICAL 
DECELERATION TO FIELD MEASUREMENTS FOR 

TIRE-SAND INERTIA BARRIER 

TTI Project RF 846-3 
Test Programs 

I-1 [1961 Ford: 
Wt. 4170 lbs (1895.4 kgm) 
Vi= 59 mph (36.6 km/h)J 

I-2· [1961 Renault: 
Wt. 1950 lbs (886 kgm) 

Impact-0-
Graph 

5.0 g's 

vi = 61.6 mph (38,3 km/h)) 10.0 g's 

Theoretical 

5.6 g's 

11.9 g's 

** The difference is Qp the conservative side, 

' Difference•* 

8.9 

. 15.9 

a self-controlled system can be provided 1. Low temperature performance of cell 

• Plastic will become brittle 

to replace the water in the cushion. 

Several criticisms have been leveled at the 
Hi-Dro cell concept. Most notable of these 
are: 

- ... ::--- - -
APPL~ 
FORCE 

CliP 

-·-- FWIO CHAMOER 

·-·- PLYWOOD INTERIOR 
PANELS 

Figure 5.2.19 Function of a Hi-Dro Cell 

• Water will freeze, or anti-freeze must 
be used 

2. The onset rate provided by the cushions 
commonly used is well above the recommended 
500 g's/second recommended by the Federal 
Highway Administration, 

3. Partial. contact with the barrier can 
cause the vehicle to spin and/or roll. 

In response to these criticisms, the manu
facturers indicate that the plastic current
ly being used is suitable for the temperature 
range from -40° F to +140° F. Since the 
plastic is not affected by salt, the use of 
sodium chloride as an antifreeze is feasible 
where low temperatures are expected. 

The onset rate can be controlled by altering 
the size and shape of the orifices and/or 
using empty or partially-filled cells near 
the front of the barrier system. The onset 
rate problem does not appear to be a critical 
one.· 

5.2.9 OPERATIONAL CRASH CUSHIONS 

Table 5.2.6 summarizes the operational crash 
cushions available at this time. Impact 
performance data are also presented. As 
can be seen in the table the impact conditions 
were not consistent. Also, the as-tested 
designs would not all necessarily be used 
for the same site conditions. Design and 
functional characteristics are discussed 
below. 

None of the cr~sh cushions have been standard
ized. Also, all of the operational crash 
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HI-ORO CUSHION CELLS 

STEEL BACKUP PLATE 

\ 

Figure 5.2.20 Hi-Dro Cell Sandwich Unit 

TABLE 5.2.6 
SUMMARY OF OPERATIONAL CRASH CUSHION SYSTEMS 

Barrier Reab 
Deformation Vehicle Accelerations ( gs ) Impact Vehicle Exit 

Head-On Side Speed Angle For 
System Impact Impact Lateral Longi tud"inal Total (mph) Side Impacts 

1-li-Dro Cell 
Sandwich 18.0 NA 9.8 NA 62 

Hi-Dro Cell 
Sandwich NA 5.2 8.4 NA 57 <10° 

Inertia 
Barrier 19.0' NA 8.7 NA 59 

Inertia No 
Barrier NA NA 7.9 NA 57 Redirection 

Inertia 
Barrier 35.0 NA 3.3 NA 58 

Inertia No 
Barrier 46 6.0 8.0 NA 59 Redirection 

Hi-Dro Cell 14.5 NA 7.2 NA 56 

Hi-Dro Cell NA 4.5 4.0 J'lA 60 go 
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cushions are patented. 

Recommended structural and safety criteria 
for crash cushions are presented in Table 5.1.1 
of these notes. 

5.2.91 Placement Recommendations 

It must be recognized that all of the crash 
cushions were designed and tested for 
relatively level terrain conditions. Adverse 
and unacceptable performance can be expected 
if the barrier is placed on or behind certain 
terrain conditions. It is highly desirable 
that the crash cushion be placed on a relative
ly flat surface (5 percent slope or less 
preferable) and that there be no appurten
ances between the traveled way apd the 
barrier. 

Two prominent roadside features which the 
desi~ner must often contend with are curbs 
and slopes. Tests and computer aimulations 
have shown that both of these features can 
cause an errant vehicle to rise above the 
terrain and become airborne and reach un
desirable roll and pitch angles. For new 
projects, curbs should not be built where 
crash cushions are to be installed. Existing 
curbs where cushions are to be installed 
should be removed,if feasible, in particular 
those that are higher than approximately 
4 inches (0.1 m). 

For roadside or median installations, it is 
desirable that the shoulder be extended to 
provide a relatively flat approach area to 
the cushion. 

Unanchored crash cushions (Inertial Systems), 
when placed on elevated gores, may walk or 
crack due to vibration of the structure. 
However, at this writing there is no clear 
pattern of such occurrences. 

The location of the cras.h cushion must allow 
for the penetration of the vehicle into the 
system. As illustrated in Figure 5.2.21, 
the last three modules of the inertia barrier 
should be outside the projected line of the 
hazard. Greater space should be provided 
where practical. 

Hazardous gore areas have received the 
greatest attention with regard to crash 
cushion installations. It cannot be refuted 
that ~hese areas have a higher potential for 
serious accidents than any other area of 
similar size along the roadway. Treatment 
of these areas should be given top priority. 
It now appears, however, that other areas, 
which heretofore had been shielded by con
ventional roadside barriers, can best be 
shielded, cost effectively, by crash cushions. 

Figure 5.2.21 shows examples of median and 
roadside hazards which can be shielded either 
totally or partially by crash cushions •.. _.'[he 
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approach areas should be flat and have no 
appurtenances between the traveled way and 
the cushion.' If these conditions do not· 

·exist and cannot be provid.ed, a roadside 
barrier placed near the shoulder i~ the 
recommended system. Selection of the barrier 
angle, e, should be based on the probable 
impact angle of encroaching vehicles. Impact 
angles will be dependent in most part on 
operating speeds, roadway alignment, and 
lateral distance from the traveled way to 
the cushion. For most roadside conditions, 
an angle of approximately 10 degrees or less 
is suggested. 

Shielded Hazard 

~ 0 u 
.... .... 
0 ... 

d 
1-
..... 
0 

c:: 
0 
·;:: 
u 

METRIC CONVERSION: 
Ql ... 

I ft - 0.305"ni 

0 
0 

Figure 5. 2. 21 Suggested Layout fo"r Last 
Three Exterior Modules in 
an Internal Barrier 

All of the operational crash cushions can 
probably be adapted to shield rigid objects 
such as those shown in Figure 5.5.22. 
However, with the possible exception of the 
median barrier end treatments, the inertia 
barriers are more easily adapted to shield 
rigid objects. First, they do not require 
a back-up structure. Secondly, if exposed, 
the rear part of a non-inertial barrier 
system may itself be a significant hazard. 
Such problems would arise for median 
installations. It is likely, however, that 
the non-inertial systems could be adapted 
by careful design of transition and attach
ment details. 



~TRAFFIC 

- FJ_.AT ·MEDIANS-

. (b) M.l!!!!P~ Obj~_ct 

.. · .. ·-. 

rigid object 

*SEE TEXT FOR SUGGESTED VALUE 

-FLAT ROADSIDE AREA-

Figure 5.2.22 

REFERENCES 

Examples of Possible Crash Cushion Application 
on the Roadside or in the Median 

Section A·A 

.-pier 

/ /.·. / / / ~ 

Secrion B·B 

1. Guide for Selecting, Locating, and De
signing Traffic Barriers. AASHTO, 1977. 

6. FHWA, Crash Cushions - Selection and 
Design Criteria, 1975 (FHWA Notice N 5040.16, 
February 16, 1976). 

2. Marquis, E.L., Hirsch, T.J., and Nixon, 
· J.N. Texas Crash Cushion Trailer to Protect 

Highway Maintenance Vehicles. Highway Re
search Record 460, HRB, 1973, pp. 30-39. 

3. Hirsch, T.J., Nixon, J.P., Hustace, D., 
and Marquis, E.L. Summary of Crash Cushion 
Experience in Texas - Four Hundred Collisions 
in Seven Years on One Hundred Thirty-Five 
Installations. Texas Transportation Institute 
Research Report 223-2F, November, 1975. 

4. Energy Absorption Systems, Inc., I, IBM 
Plaza, Chicago, Illinois 60~11. 

5. Hirsc.h, T .J. Crash Barriers -- State
of- the-Art. Paper presented to WAISHO 
Meeting, Helena, Montana, June 20, 1973. 

Rev: 1/78 5.2.21 



TOPIC 5 SESSION 3 
CROSS SECTION: NARROW BRIDGE TREATMENTS 

Objectives: 

The participant shouZd be abZe to: 

1. CZassify narrow bridges on the basis of 
width reZative to traffic operationaZ re-. 
quirements. 

2. Identify the features of the bridge 
affecting the probabiZity and severity of 
bridge accidents. 

3. SeZect and impZement treatments to 
improve the safety of narrow bridges, 

5. 3.1 INTRODUCTION 

Some have defined a narrow bridge as any 
bridge that restricts the lateral movement 
of vehicles relative to the adjoining .road
way section. In this context, virtually 
any bridge is narrow because it restricts 
drivers from leaving the roadway even though 
the bridge itself may be quite wide. This 

• may he academic, but it docs serve to 
illustrate the point that all bridges may 
deserve some special consioeration. 
However, it is obviously those that severely 
restrict the lateral movement of vehicles 
that are of greatest concern to us. Here 
again, restriction is an inverse function 
of the width of the bridge. 

"Narrow" bridges also may be defined or 
described on the basis of their effect 
on operational characteristics. The most 
common effect~ are driver behavior, 
reduction in capacity, and accident frequency. 

Driver Behavior. Driver behavior effects 
may be used to identify and describe the 
degree of a narrow bridge if the pridge 
causes driver apprehension. This apprehen
sion may be manifested in lateral vehicle 
displacement and/or a reduction in speed as 
the vehicle apprvaches and traverses the 
bridge. It has been observed that vehicles 
approaching and traversing a narrow bridge 
without opposing traffic simply move over 
the center line and continue through at a 
uniform speed. If, however, the vehicle 
is forced by on-coming traffic to remain 
in its lane, the most common effect then 
is the reduction in speed. 

Reduction in Capacity. Although it is 
measurable in terms of fewer vehicles per 
hour, a reduction in capacity is actually 
a result of driver behavior, specifically 
driver apprehension. Due to the restricted 

lane width in which the driver must travel 
and due to the close proximity of the 
physical barrier to the right (the bridge 
rail) drivers frequently react by slowing 
their vehicle. A more consistent reaction 
of drivers, however, is the increase of 
time headway between their vehicle and the 
vehicle in front of them. This appears to 
be a natural reaction of the. driver when he 
is placed under a stressful condition. 

Increases in Accident Frequency. The close 
proximity of the br1dge ra1l generally 
tends to increase the frequency and the 
rate of vehicular c~llisions. Rear end 
accidents mav also increase. 

Thus, when either or all of these operational 
characteristics ~re present, a bridge or a 
class of bridges may be termed "narrow." 

5.3.11 Classification of Narrow Bridges 

Because of the degree of the narrow bridge 
problem and the need for priorities in treat
ment, it is necessary that we establish a 
classification of narrow bridges and work 
from that classification in identifying and 
formulating safety treatment alternatives. 
For the purpose of presentation, narrow 
bridges are classified as follows: 

CLASS I Bridge Width ~ Crown Width 

CLASS II Roadway Width < Bridge Width -
~ Crown Width 

CLASS III Roadway Width > Bridge Width - (2-lane operation) 

CLASS IV Roadway Width > Bridge Width - (1-lane operation) 

Crown width is the pavement width plus 
shoulders and a minimum two-foot clearance 
on each side. · 

5.3.2 ACCIDENT EXPERIENCE 

Contrary to first thought, there are several 
ways in which an accident may occur at a 
bridge. Some vehicles may strike the end 
of the bridge rail; others may strike the 
approach rail to the bridge; some may pocket 
between the approach rail and the bridge 
rail; and others may snag on posts within 
the bridge; and still others may be redirect
ed or spin out and collide with opposing 
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Figure 5.3.1 is an illustration of the . 
probable distribution of accidents relat1ve 
to the bridge rail and the approach end. 
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vehicles. Data relative to the character of 
bridge accidents are not readily available. 
One study in Texas (1) on a primary 2-lane 
with frequent 26-ft T8-m) bridges showed that 
SO% of the bridge-related accidents involved 
vehicles striking the bridge rail, and the 
other 50% striking the bridge end or approach 
rail.''· While improvement of barriers at narrow 
bridges may enhance delineation and thus re
duce accident frequencies, the principle 
benefit to be expected is a reduction in the 
severity of accidents, It is believed that 
the character of the accident may be a func
tion of the class of bridge. 

5, 3. 3 ELEMENTS OF NARROW BRIDGE SAFETY 
IMPROVEMENTS 

There are three principal areas in which 
physical improvements to the bridge system 
will improve the overall safety of the 
bridge. These may be made singularly to 
effect s~fety improvements but, most general
ly, the improvements within all three areas 
or elements will be necessary to achieve a 
satisfactory level of narrow bridge treat
ment. These three basic elements arc: 1) 
the approach rail system 2) the bridge rail 
system 3) traffic control and warning 
system. 
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5,3,31 Appr~ach Rail 

The purpose of the approach rail of the 
bridge is to prevent errant ve~icles fro~ 
going down the embankment and 1nto t~e r1ver, 
stream, railroad, or whatever the br1dge 
may be crossing. Also, the approach rail 
must protect the errant dri~er fro~ strik
ing the rigid end of the br1~ge ~all, or 
the bridge parapet, or becom1ng 1mpaled 
on a loose section of the bridge rail. 
Further, the approach rail must perf<?rm 
this function in such a manner that 1t 
does not become a greater hazard than the 
one that it is shielding. Thus, the approach 
rail has the same basic requirements as 
roadside barriers, ie., a satisfactory 
approach end treatment, ribbon strength for 
structural integrity and compatibility with 
the end of the bridge rail to avoid pocket
ing of a colliding vehicle Cl) . 

5.3.32 Terminal Connection 

The requirements of a good terminal connec
tion are: 1) it should provide anchorage to 
the barrier rail so that full ribbon strength 
may be developed immediately, 2) it must not 
impale the vehicle, and 3) it must intercept 
the vehicle without causing it to vault or 
overturn. Although there are four basic 
types of roadside barriers used for approach 
end treatment of bridges, this presentation 
of bridge treatment presumes the W-section 
type of rail because it is the most common. 
A more detailed and broader treatment is 
provided in Section 5.2 dealing specifically 
with traffic barriers (See Reference 2 
Page 49~ -

There are four methods of etfecting a 
satisfactory terminal connection. These are: 

• Flared and embedded rail 

• Breakaway cable terminal 

• Turned-down rail (Texas Twist) 

• Flared rail 

Flared and Embedded. A very popular end 
tre.atment·-a.t-tne-moment is flaring and 
embedment in the backslope of the highway 
or, in some instances, a man-made mound. 
Obviously, the best treatment for the end 
of a traffic barrier or approach rail is to 
flare it away from the roadway gradually, 
until it intercepts a natural backslope to 
the roadway where it may be anchored secure
ly. This method frequently requires more 
length than other methods, but this may be 
an asset r~ther than a liability. At least 
it protects those vehicles that could 
otherwise have gone behind the rail. 
Additional costs may be offset by reducing 
the special treatment to avoid the ramping 
effect. The state of Virginia in 1976 
initiated a major program along Interstate 
81 to extend approach rails and tie them 
into the backslope. 



Other states such as Oregon have built 
earth mounds that conceal the end of the 
approach rail. This is particularly 
applicable where rigid approach rails such 
as the concrete barrier are used. 

Breakaway Cable Terminal. The breakaway 
cable terminal IS a means of providing 
immediate ribbon strength to the barrier 
rail to resist interior collisions and at 
the same time to provide an accordion effect 
that will reduce the probability of impale-. 
ment. In this method, the first post is 
made to break away, and the end of the rail 
is blunted so that the vehicle may force 
the rail to buckle. Then, the rail tends 
to function as an attenuation device. More 
detail is given on the breakaway cable 
terminal in Session 5.1. 

Turned-down Rail. The turned-down rail, 
commonly known as the Texas Twist has gone 
through an evolution of design wnich may 
account for much of the varied reaction to 
the system. The idea of burying the end of 
the rail and tapering it upward to full 
height was first developed by GM Proving 
Grounds back in the .1950's. Texas adopted 
the idea and added to it the concept of 
twistin~ the rail in order to achieve a 
low profile, full strength anchorage to a 
concrete foundation. Unfortunately, Texas 
also designed an intermediate support post, 
built to support the first 25-ft (7.6-m) 
section of rail at the midway point at an 
angle of 45° and at 1/2 normal rail height. 
This post constituted a very hard spot in 
the rail. This hard spot intercepted the 
vehicle, giving it an upward trajectory, 
and sending the vehicle out of control. Texas 
soon realized the problem with their design 
and eliminated the intermediate post. Thus, 
the first 50ft (15.2 m) of approach rail are 
secured in such a mahner that the rail can be 
ridden down if the vehicle strikes the rail 
terminal head-on. 

Because of a great concern for tne behavior 
of compact cars on traffic barriers, Texas 
has modified their design further to cause 
the rail to break down and avoid the vaulting 
effect on compact vehicles. This is accom
plished by using metal straps, rather than 
through-bolts to support the rail in the end 
sections. 

Flared Rail. One of the least popular and 
least effective methods of roil treatment 
involves simply flaring the end to avoid 
impalement by a vehicle leaving the roadway. 
The flaring effect is only good for vehicles 
leaving the roadway. Those that have already 
left and are attempting to regain control 
and come back on the roadway may be lined 

Rev: 2/73 5.3-3 

up perfectly with the flared end. Further, 
the flared rail does not provide immediate 
ribbon strength; typically, 150 ft (46 m) of 
rail are required to achieve ribbon strength 
unless there is specific end anchorage 
applied. 

5.3.33 Cost of Guardrail Safety End Treatment 

The cost of safety end treatment of W-beam 
guardrail has concerned many highway 
engineers. Reports of excessively large costs 
on particular systems has limited the general 
application of some treatments. For this 
reason, an attempt was made (3, 4) to deter
mine the experience in several states in 
order to provide a reasonable basis for 
decision making. 

SAFETY 
END 

TREATMENT 

Flared and embedded rail 
Break-away cable terminal 
Turned down rail (falldown) 
Flared 

AVERAGE 
COST 

$300 
$210 
$200 
$300 

On the basis of cost, the BCT and Turned Down 
Rail (Falldown type) are about equal cost, 
while flaring increases the cost appreciably. 
The reader is reminded that the turned down 
rail (falldown type) is not currently approved 
for general use (~). 

5.3.34 Post Spacing 

Post spacing is most critical to the perform
ance of semi-rigid traffic barriers on the 
bridge approach. For the W-beam rail, a 
normal post spacing of 6 ft- 3 in is utilized 
where the rail is expected to redirect the 
errant vehicle and guide the driver along 
the rail until the vehicle is brought to a 
stop. Where the rail attaches to the bridge, 
shorter post spacing is used to transition 
the rail behavior from a semi-rigid rail in 
the approach to a completely rigid rail on 
the bridge. Typically, posts are spaced at 
3ft- 1.5 in (0.95 m) which is 1/8 of a 
25 ft section, for this effect. 

5.3.35 Bridge Connection 

The connection of the approach rail to the 
bridge is one of the more important elements. 
This connection must bridge the in compatibi
lity between a semi-rigid approach rail and 
a rigid bridge rail. This is the point at 
which a colliding vehicle will pocket against 
the rigid end and spin helplessly out of 
control into the path of other vehicles, 



or possibly at an angle which may cause the 
vehicle to go through or over the bridge 
rail on the opposite side of the roadway. 
There are several requirements of this 
bridge connection which include development 
of the tensile strength of the rail. The 
attachment should be at least as strong as 
the tensile strength of the rail on the 
approach. The rail connection should not 
be inset into the rail parapet. On the 
contrary, it should be mounted with a 
spacer that will place the approach rail 
out away from the concrete parapet. This 
helps to reduce the incompatibility of the 
W-section and the concrete parapet. A 
third requirement is that the connection 
should have beam strength to avoid the 
pocketing. Again, post spacing is used to 
gain this beam strength while others have 
used a secondary rail, such as a channel 
section, behind the W-beam and across the 
joint between the approach rail and the 
bridge parapet (See Reference 2 Page 42). 

5.3.36 Bridge Rails 

Bridge rails have several requirements 
including: 1) beam strength 2) redirection 
capability 3) height, and 4) pedestrian 
passage (under certain conditions). In some 
instances, appearance has been substituted 
for strength and safety design; how else 
can we explain the flimsy, ornamental rails 
that have been used in bridge design? Rails 
should be designed for strength to resist 
penetration. (Rails should stop all vehicles 
sometime, but not necessarily all vehicles 
all cf the time), e.g., a rail should not be 

·expected to stop a heavily-loaded truck at a 
steep"angle and at high speed. On the other 
hand, it should be sufficient to stop the 
truck if it is proceeding at a slow speed 
and strikes the rail at a low angle. 

Bridge rails should have a redirection 
capability that will avoid snagging and 
spinning out. This attribute depends on a 
rail with a smooth face. Many bridge 
rails now in existence are a combination 
of concrete posts and concrete rails, and 
they do not have redirection capability. 
In fact, this type of design may be the 
cause of a high percentage of bridge 
accidents. To illustrate this point, refer
ence is made to a bridge improvement project 
on US 90 between Houston and San Antonio. 
This project is reported in detail in a 
1976 issue of Traffic En~ineering magazine. 
An analysis of accident ata (see Table 5. 3.1) 
showed that approximately one-half of the _ 
accidents were due to vehicles hitting the 
concrete posts and spinning out into the path 
of on-coming traffic. This situation was 
corrected by cutting off the old posts and 
recapping them to a lower height. A con
tinuous bridge rail was provided by extend
ing the W-section approach rail across the 
bridge. This treatment has reduced the acci
dent rate as illustrated in Table 5.3.2. 

There are numerous other types of bridge 
rails that may be considered for improving 
the performance of existing bridges. These 
include the concrete barriers, and the newly 
developed thrie-beam, which is one and one
half times the width of the W-section. 
The thric-beam eliminates the snagging of 
posts supporting the bridge rail and 

TABLE 5.3.1 "BEFORE" AND "AFTER" ACCIDENT EXPERIENCE 

Time Span 

(Before) Jan. 69-
Oct. 70 

(After) Nov. 70-
3/15/72 

Before 

After 

Rev: 2/78 

Accidents by Tn~e 
Hit 

Hit Hit Approach 
Time Side of Bridge Bridge 

Period ADT Brid2:e End Rail Total 

22 months 4,780 10 7 3 20 

17 months 5,690 1 2 1 4 

TABLE 5.3.2 "BEFORE" AND "APTER" ACCIDENT RATE 

Hit Side of Bridge 

1.14 acc/yr/1,000 veh 

0.12 acc/yr/1,000 veh 

5.3-4 

Rates 
Hit End of Bridge 
or Approach Rail 

1.14 acc/yr/1,000 veh 

0.37 acc/yr/1,000 veh 



increases the beam strength. The thrie-beam 
is an offshoot from an earlier application 
of simply overlapping two W-sections to make 
a stronger and wider bridge rail. 

Until just recently, AASHTO standards called 
for rather prominent curbs on bridges. Now 

·that we understand better the dynamics of 
vehicle collisions with bridge rails, we 
realize that the curb frequently causes the 
colliding vehicie to vault onto or over the 
rail. One method of eliminating the adverse 
effects of the curb is to block out the rail 
so that the rail may intercept the bumper 
of the vehicle before the curb causes the 
vehicle to vault. The end of the curb or 
walkway should be ramped in any case. 

Rail Heights. There are two basic requirement 
relative to rail height: the rail should be 
high enough that the vehicle will not vault 
over it and low enough that the driver or 
passengers will be able to see aver it or 
through it. Drivers tend to shy away from 
tall rails, and drivers and passengers become 
frustrated when they cannot see over the rail. 
Reconstruction processes should include 
consideration of reducing the height of the 
rail to dimensions recommended in current 
standards, keeping in mind that the primary 
function of the rail is to keep the vehicle 
from going over it. (See Reference 2 Page 114). 

Pedestrian Accommodations. In urban areas 
where there 1s substanti'al pedestrian 
activity, sidewalks should be continued 
across bridges, and generally separated 
from the traffic way by a 6-inch (15-cm) 
barrier curb. This appears to be completely 
acceptable for normal operating conditions 
on arterial streets. Where pedestrian walk
ways must be provided on bridges parallel 
to high-speed traffic streams, particularly 
those on access-controlled facilities, 
there should be two bridge rails--one between 
the pedestrians and the traffic stream and 
another at the outer edge of the pedestrian 
walkway. 

5.3.37 Traffic Control Elements 

The placement of signs is a critical factor, 
and it is not adequately covered in the 

'Manual on Uniform Traffic Control Devices. 
Signs should be placed well in advance of 
the bridge, and it is suggested that the 
signs be placed 10 times the 85 percentile 
speed in advance of the bridge end. 

Edge stripes may be used to increase the 
target value of the narrow bridge. Where 
edge stripes are already in place, these 
should be increased in width to 6 or 8 
inches (15 to 20 em) beginning at the NARROW 
BRIDGE sign and continuing to the bridge. 
Continuing the edge stripe across the bridge 
is desirable, especially where the bridge is 
wider than the roadway. Where the bridge is 
essentially the same w~dth as the roadway, 
dirt and debris at the edge of the bridge 
tend to obliterate the edge stripe. Further
more, the driver needs a closer reference 
point than the edge stripe when he gets into 
the close confinement of the bridge. The 
better treatment is to switch from edgeline 
to bridge rail delineation at the bridge. 
It is important, however, that we provide 
some delineation across the bridge. 

Where paved shoulders are provided and the 
bridge is narrower than the crown width, 
a tapered edge line should be placed begin
ning at the outside edge of the shoulder at 
the NARROW BRIDGE and tapered into the 
throat of the bridge. Then, the area 
between the tapered edge line and approach 
rail should be marked diagonally with heavy 
white reflectorized lines in such a manner 
that lines funnel the drivers onto the 
bridge (See Figure 5.3.2). This outer 
edge line may be supplemented further with 
reflectorized pavement markers~ Roadside 
delineators should be used to delineate the 
traffic barrier on the bridge approach. 
These delineators should be placed immedi
ately behind the rail at intervals of 25 ft 
(7.6 m), desirably. These delineators 
should be up above the rail so they will 
avoid most of the splash pattern of the 
traffic stream. 

Elements that are used to control traffic Hazard markers should be used to mark the 
and warn the driver that he is approaching end of the bridge for Class II, Class III, 
a bridge include warning signs, edge stripes, Class IV bridges. Hazard markers should be 
delineators, hazard markers and center stripes. of the types recommended in the Manual on 
NARROW BRIDGE signs should be used on Class Uniform Traffic Control Devices, and they 
III bridges. ONE LANE BRIDGE signs should should be applied to the br1dge-end or in 
be used on Class IV bridges. No advance direct alignment with the bridge rail. 
signs are necessary for Class I or Class II Hazard markers should be aligned with the 
bridges (where the structure is as wide or closest obstruction such as curbs where 
wider than the roadway crown section). curbs are provided on the bridge. 

Signs should be "gate-posted," tlwt is, 
placed on both sides of the approach roadway 
so that drivers in the process of passing or 
following a large truck will have maximum 
opportunity to get the message; further, 
gate-posting increases the target value of 
the signs tremendously. 

Of all the elements of narrow bridge 
treatments, delineation is perhaps the 
most important. Delineation can be used to 
draw the attention of the driver to the 
bridge and to identify the location of 
obstructions and the limits of the traveled 
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way. If this is done properly, then, hope
fully there will be less need for the 
interception and redirection devices. 

Centerline A~plications. Generally, passing 
is prohibite on Class II, III and IV 
bridges. Passing is restricted by using a 
double solid yellow line beginning 100 to 
500 ft (30 to 150 m) in advance of the 
bridge. 

Markings for'no-passing on bridges may be 
effectively supplemented with the use of 
yellow raised reflectorized pavement mark
ers. These markers provide good visibility 
even in wet weather conditions and produce 
an audible sensation to warn a driver that 
he may be straying into the opposing traffic 
lane. 

It is important that a psychological balance 
be achieved in the delineation of narrow 
bridges. Strong delineation along the 
approach rail and bridge rail m~y force the 
driver to the left unless the centerline is 
equally well delineated. Then the objective 
is to develop a visual channel with two 
delineation lines and force the driver 

,between them. 

5. 3. 4 SUMMARY 

It is obvious at this point in time that 
there are many obsolete bridges throughout 
the country. Many of these bridges need to 
be replaced,whereas others need improvement. 
There should be a proper balance between 
replacement and improvement programs, and 
those bridges that are scheduled for 
replacement should be improved to every 
extent practicable in the interim period. 
We cannot wait, lest we may be faced with 
the catastrophic results of the spectacular 
bridge accident in New Mexico a few years 
ago. A review of the conditions surrounding 
that crash indicate that perhap~ even a few 
of the points recommended in this section 
would have been sufficient to prevent that 
crash .. Therefore, it is incumbent upon us 
to make the best use of the bridge structures 
we have until something better can be 
provided. 
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TOPIC 6 SESSION 1 
LEGAL RESPONSIBILITY OF PUBLIC OFFICIALS FOR HIGHWAY SAFETY 

Objectives: 

1. The paPticipant shoutd be cognizant of 
the backgPound and devetopment of toPt 
Ziabitity as it retates to the modePn set
ting~ and 

2. To be abte 'to eitabtish an engineering 
management program that witt reduce the 
Ziketihood of tosses due to tort Ziabitity 
on the part of the individuat and the 
emptoying agency. 

6.1.1 INTRODUCTION 

What is the legal responsibility of public 
officials for highway safety? This is a 
very complex question, and the answer today 
may be somewhat different than it is to
morrow. Laws relative to tort liability at 
both the federal and state levels have been 
changed in recent years, and these changes, 
in turn, have altered materially the posture 
of the public official in the legal 
responsibility for highway safety. To 
better understand our position, perhaps we 
should approach the situation from the view
point of the average citizen. 

You all have heard the expression, "You can't 
fight city hall ... " Well, let me tell 
you something; the average citizen not only 
can 'fight city hall, but recent court 
decisions have held that, under many cir
cumstances, he can win the fight. He can 
win because, more and more, the courts of 
"the United States are saying, in effect, 
that the government is responsible for the 
torts committed by its agents, officers, and 
employees when they are acting within the 
scope of governmental authority. I repeat, 
the government is liable for the torts of its 
employees. 

That brings up the next question, and that 
is, what is a tort. A tort is a private or 
civil wrong; it is a wrong, independent of 
any contract, which gives rise to a civil 
law suit for money damages. The most common· 
tort is negligence, and negligence is the 
failure to use reasonable care in one's 
actions. Reasonable care, on the other hand, 
is that care that is expected to be exercised 
by a prudent person acting under the same 
or similar circumstances. 

Negligent acts can take many forms, but the 
ones that we are primarily concerned with 
are those relating to highway safety. 
Generally, someone is injured in an auto
mobile accident allegedly due to someone 
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else's negligence. it may be the other 
driver, or it may be the government agent. 
responsible for the highway facility, who 

·allegedly committed the tort of negligence. 
At any rate, the injured party wants to be 
compensated financially for the personal 
injury and property damages that he has 
suffered. How does he accomplish thi• part
icular goal? Well, he.has the right to sue-
but who does he sue? He may, of course, 
sue the person he feels is responsible for 
his injury. However, winning the suit is 
only half the battle - he must collect before 
he actually accomplishes his goal. Being 
awarded a judgment against a defendant does 
not insure compensation - unless the defend
ant is solvent, is insured or is an agent 
for a firm or governmental body that. is 
jointly responsible. 

Since government employees are not known for 
their great personal riches, their employer, 
the government, is the plaintiff's target 
for just compensation. As everybody knows, 
the government appears to be made out of 
money. So, if the plaintiff can just sue 
the government, the major part of his battle 
has been won. The trouble was, however, 
that, up until modern times, within the past 
20 to 40 years, an injured plaintiff has not 
been able to sue the government even though 
he was injured by the negligent acts of 
agents, officers, or employees of that 
governmental unit; Why could he not sue the 
government? The reason was due to the 
theory or concept that is called "sovereign 
or governmental immunity," exemplified .by 
the cliche, "The King Can Do No Wrong." 

6.1.2 THE IMMUNITY HISTORY 

How did this concept of sovereign or govern
.ment~l immunity come into existence? Well, 
one theory has it that it started at the 
Hill at Senlac, located near the r.ity of 
Hastings, England, in 1066. William the 
Conqueror, who was oftentimes called Crazy 
Willie or Willie the Bastard by his troops, 
defeated the Anglo-Saxon King at the Battle 
of Hastings and proclaimed himself, William, 
as King of England; and he brought with him 
a peculiar institution called feudalism. 
The interesting thing about feudalism is 
that under this particular institution the 
king owned all the land and, in order to 
raise money for himself, he leased this land 
to tenants who, in turn, paid him rent. The 
tenant, in order to pay his rent, subleased 
a part of his land to other tenants, who, in 
turn, in order to pay their rent, subleased 



This a part of their land to other tenants. 
concept of subleasing the land to tenants 
was the main idea behind feudalism. 

Feudalism worked fine for everyone except the 
"little person" down on the bottom of the 
ladder, meaning the so-called share cropper. 
All he did was work all day and pay all of 
the products of his labor to his landlord as 
rent Now these poor devils had practically 
no rights. In England at that time, there 
was no constitution; there were no statutes. 
The only law they had was called executive 
decree; the king simply decided what the 
law was. Now the poor people opjected to 
this form of law, and through a period of 
time they were able to convince the king 
that they were entitled to some type of 
justice and some type of forum through wh~ch 
they could attempt to obtain justice. _Th1s 
led to the creation of courts by the k1ng. 
These were called common law courts, and 
naturally the king said, "Since these courts 
have been created by me expressly far the 
people there are going to be certain ground 
rules that I am going to insist upon. The 
first rule is that I am never going to be 
a defendnnt in my own court, meaning you 
cannot sue me. The King Can Do No Wrong." 

This was the beginning of the concept that 
we call sovereign or governmental immunity. 
This doctrine crossed the Atlantic Ocean to 
America and became well established as the 
law in the United States. It was two
pronged: (1) You could not sue the gov~rn
ment unless the government gave you perm1s
sion to do so, and (2) Even if you could 
sue the government, the government was not 
responsible for the acts of its employees. 
These two rules pretty much prevented any
body from ever being successful in suing 
the ~overnment or ever being able to co!lect 
anything if they were able to sue. It 1s 
plain to see that if a person i~ ¥oing !o 
be injured, the best way to be 1nJure~ 1s by 
a guy who's driving a $25!000 au!omob1le 
rather than a fellow who 1s wear1ng a 
government uniform. 

6.1.3 WHAT ARE THE IMMUNITIES? 

These are freedoms from all tort liability 
as a "favored defendant." Historically, 
there have been three - family, charitable 
and governmental. We are concerned only 
with the last. 

After many years, the courts of the United 
States came to the conclusion that it was 
unfair to injured plaintiffs that they should 
have to suffer the entire consequences of 
the loss if they happened to be injured by 
the acts of governmental agents. Therefore, 
the court system actually w~s the first 
agency that began to eat away at the concept 
of governmental immunity. The courts began 
to rule that the government, when it is 
acting in a proprietary manner, ~caning to 
make a profit, should be respons~ble for t~e 
acts of its employees; but when Jt was act1ng 

in a governmental function, meaning to per
form those particular duties that are re
quired by law, then it should retain immunity 
from tort claims. 

This worked fine as long as the difference 
between a proprietary function and a 
governmental function was perfectly clear; 
however, it soon became evident from the 
decisions of the various courts throughout 
the United States that it was extremely · 
difficult in many instances to distinguish 
between a proprietary action and governme~tal 
function. Courts held that the construct1on 
and maintenance of a sanitary sewer were 
governmental functions, but, on the other 
hand that the construction and maintenance 
of a'storm sewer were proprietary functions. 
Some courts held that the operation of a 
municipal airport was a governmental 
function but that the operation of a port 
authorit~ was ~ proprietary function. In. 
fact one court even held that the operat1on 
of a'miniature train in a city.park was a 
governmental function, and that the ac~ions 
of the employees therein were_not attr1but
able to their employer, the c1ty. It became 
evident that the legislative bodies of 
governments .would have to step in and try to 
do something to correct these obvious 
deficiences. 

The first act was established in 1946 by the 
Congress with the passing of the F~d~ral Tort 
Claims Act which, among other prov1s1ons, 
held that the federal government would be 
liable for the negligent acts of its 
employees while acting under the scope of 
governmental authority in certain limited 
areas. Many states have followed th~ . 
federal guidelines and have passed s1m1lar 
types of tort clai.ms acts. Still other 
states, even though they have not gone 
as far as to pass a tort claims act, have 
passed specific statutes that make the state 
and local government liable for certain types 
of negligent acts of their employees, agents, 
and officers. 

At this point, it is obvious that negligence 
is the key to tort liability. To better 
understand the position of the public 
official and the government body in tort 
liability, let's take a look at the classic 
negligence case. The plaintiff, if he is to 
win a judgment, must prove that: 

(1) The defendant had a duty to use reason
able care towards the plaintiff 

(2) He breached.that duty, meaning that the 
defendant committed an act of negligence 

(3) The negligence committed by the defend
ant was the proximate cause of the plaintiff's 
injury 

(4) The plaintiff was not guilty of contri
butory negligence which caused the injury, 
and 

(5) He incurred resulting damages 
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It is not our intent to instruct you in how 
to win a case against the plaintiff. First, 
that is the duty of your attorney; second, 
in reality, the plaintiff is due compensation 
for bona fide damages. On the other hand, 
the public official needs to be able to 
understand those situations in which the tort 
claims may be real or justified and where 
they are not. For this reason, we should 
look at the defense aspects of the tort 
liability case. 

The best defense against tort liability is 
not necessarily an air-tight case against 
the plaintiff. It is, in fact, the avoidance 
of negligence by exercising sound judgment 
and due care - a prevent defense. We will 
address this point 1n greater detail later. 

The second major point in the classic 
negligence case pertains to whether or not 
negligence on the part of the public official 
was the proximate cause of the i~jury to the 
plaintiff. What is meant by pro~imate cause? 
Proximate cause is defined as, ''that which, 
in a natural and continuous sequence unbroken 
by any independent intervening cause, pro
duces the injury and without which the 
result could not have occurred." A better 
name than proximate cause might be the 
direct cause. 

The classic negligence case implies that the 
plaintiff must not be guilty of contributory 
negligence. Under the old classic concept 
of negligence suits this was true. Many 
states ~ow have passed statutes dealing with 
comparative negligence which says that, even 
though a plaintiff is negligent, he still 
will be able to recover if the defendant 
was more negligent than the plaintiff. Let 
me e-xplain it this way: If the defendant 
is found to be 100% negligent, and the plain
tiff is found to be 40% negligent, then 
under the comparative negligence doctrine, 
the plaintiff would receive only 60% of 
what he would have received had he not been 
negligent at all. 

There have been lawsuits in the United 
States in which plaintiffs have recovered 
very large judgments, and a close examination 
of the opinions as written in those cases 
leads one to believe that there was not 
enough negligence on the part of the defend
ant to justify this type of verdict. In 
other words, it appears that the jury re
turned a verdict for the plaintiff because 
the plaintiff was, in fact, injured and 
because the defendant could afford to pay. 
Based on those particular cases, it appears 
that the court system feels that it is too 
harsh to make an injured plaintiff suffer the 
entire burden of his misfortune himself if 
the burden of his loss can be spread among 
many such as the government .. Regardless of 
the legal basis of a case, where a jury is 
involved, it sometimes appears that the 
plaintiff has to prove only the following 
points: 
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'(1) The plaintiff was injured, 

(2) The defendant can afford to pay, and 

(3) There is some causal connection between 
the plaintiff and the defendant. 

It can be seen readily through this latter 
concept that if all governmental units accept 
full responsibility for all negligent acts of 
their employees the cost of providing govern
mental services could escalate beyond any· 
reasonable governmental financial capability. 

For this reason and without exception, the 
federal government and every state govern
ment that has passed any type of legislation 
making governmental agencies liable in tort 
suits, have included in this legislation 
various exceptions to liability. 

The ultimate goal, under the law, is not to 
escape liability, but to be protected from 
liability while using your best judgment 
and knowledge in building the best and 
safest highways and streets. 

6.1.4 LIABILITY OF STATE HIGHWAY DEPARTMENTS 
AND LOCAL GOVERNMENTS 

Now we do not have to be kicked in the head 
by a mule in order to see that the future is 
going to expand both governmental and 
personal liability for negligent actions in 
a majority of areas. With regard to the 
tort liability of state highway departments 
and local governments for design, construct
ion, and maintenance negligence, the question 
is often decided on the basis of whether 
or not the activity or decision involved is 
classified as a discretionary function and 
therefore exempt 'from liability. The great 
majority of case law at this time agrees that 
highway design is discretionary because it 
involves planning and policy decisions. 
Design functions are quasi-legislative, and 
many experts feel that these functions must 
be protected from judicial interference. 
However, courts will not invoke design 
immunity in instances in which the design is 
unreasonable, careless, inherently dangerous, 
or w:here changed conditions dictate remedial 
action. It is highly unlikely that negli
gence in the construction of highways and 
roads will receive governmental immunity. 
This is especially true if there is negli
gence in carrying out the design or if new 
features are built into the plan. The area 
that is least likely to receive the protect
ive umbrella of tort immunity is maintenance 
which fails to ~mploy a reasonable degree of 
care. Maintenance of highways falls into 
the operational area as contrasted to the 
discretionary function of planning and 
desi~n. Because of this fact, courts 
generally will find governmental liability 
in cases of apparent negligence in road 
maintenance. 



Today, because many courts and legislatures 
have snipped the membrane of. governmental 
immunity, the doctrine of restondeat super
ior allows the injured to loo to the gover
nment as well as the engineer, employee or 
administrator for judgments in tort claims. 
In the vast majority of jurisdictions, even 
under the new concepts of government respon
sibility, the official employee is still 
personnally liable for his negligent acts. 
However, under some tort claims acts and 
other similar state laws, a judgment or 
settlement against the employer constitutes 
a complete bar to any action against the 
employee whose act or omission gave rise to 
the claim. The future, therefore, seems to 
hold situations in which injured plaintiffs 

·will have a better chance of compensation. 
The cost of doing business as a unit of 
government will tend to increase, and the 
governmental employee may well see his own 
personal liability become more remote due 
to the responsibility of his employer. 

Now what can you as a government official or 
employee do to best avoid liability for 
yourself and your employer? You can: 

• Fulfill general duties, such as planning, 
design, construction, and maintenance with 
reasonable or even extreme care according to 
the most reliable, effective and proven 
methods that are available. 

• Create or establish a system of regular 
inspection of physical premises such as road
ways, signs, and signals with an emphasis 
on age, condition, function, and reliability. 
Try to anticipate changing conditions. Have 
a definite chain of command for reporting 
present and potential defects as well as 
changed conditions. Fix a definite respons
ibility for rapid remedial action in response 
to those reports. The keeping of an invent
ory of hazardous locations is not self
incriminating according to recent court 
rulings. 

• Abide by established policies, guidelines 
and manual specifications. In f~ct, as a 
general rule, design should be predicated on 
criteria well above established minimum 
standards. Minimum standards should be used 
only when absolutely necessary. 

• Stress the importance of reasonable care 
by all parties in areas of maintenance and 
construction. 

• Prepare standards of performance in the 
areas of design, construction, maintenance, 
and regulation and then follow or exceed 
those standards in every instance, 

• Beware of false economy. 

The foolish cutting of necessary expenditures 
in order to appear to the taxpayer fiscally 
sound leads inevitably to careless and 
negligent work. 
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Our transportation system must offer the 
safest means of travel possible even to the 
unthinking motorist. The failure to appro
priate and expend the funds necessary to in
sure the creation of this condition event
ually will lead to a greater burden upon the 
the taxpayer as a direct result of ever
increasing moriey judgments awarded by courts 
and juries to victims of a system that has 
become unsafe for.lack of proper funding. 
The only way to avoid any possible tort 
liability of governments, their agents and 
employees, is to avoid all accidents and re
sulting personal injury and property damage. 
Complete avoidance is, of course, impossible, 
but substantial reduction of accidents is 
not only possible but highly probable if 
every government official and every employee, 
agent or professional consultant, does their 
job as if their life and their property 
depended upon it which, in fact, may well be 
the case. 

The public is entitled to be safe in the 
knowledge that public highways, roads and 
streets will be designed, constructed, and 
maintained in the best manner possible, and 
that the watchwords will be "public safety" 
and not' "false economy." "Penny wise and 
dollar foolish" is not the solution to our 
common problems. 

6.1.5 GUIDELINES AND PROCEDURES FOR AVOIDING 
TORT CLAIMS 

6.1.51 Handling Complaints and Reports 

The most basic feature of the tort claims 
cases is negligence on the part of the agency 
employee. Characteristically, these actions 
claim failure to respond to complaints or 
failure to respond in a reasonable period of 
time. Thus, the approaches to minimizing 
claims involve rapid and orderly response 
to complaints along with maintenance of 
adequate records to document the actions 
taken. 

Possibly the most critical requirement in 
the handling of complaints is to designate 
on~ person or one office to receive all 
comp~aints or notices of defective traffic 
control devices. This person should: 

• Record the date and time of complaint. 

• Record the name, address and telephone 
number of individual. 

• Record the location and nature of the 
complaint. 

• Decide the nature of action to be taken. 

+ Instruct maintenance personnel to take 
appropriate action in case of malfunc
tions or loss of traffic control devices, 
pavement holes and similar potentially 
critical problems. 



+ Ask for police support until repairs 
can be completed, etc. 

• Maintain a record system by location 
(i.e., intersection or roadway segment.) 

• Review periodically these files and 
designate locations to be critically 
reviewed. 

\ 

6.1.52 Inventory of Traffic Control Devices 

Routine inspection of all traffic control 
devices, by day and at night, on a regular 
basis is a fundamental step in loss pre
vention. The period between inspections 
will vary, but a good guideline fpr most 
agencies is a six-month review. Traffic 
control in construction and maint~nance 
areas should be reviewed at the c~ose of 
each work day. Additionally, all agency 
employees should be trained to look for 
and report any defective devices, This is 
particularly important for police, solid 
waste collection personnel, utility workers, 
and other agency personnel who routinely 
work on the street system. Emphasis should 
be placed on identification anu reporting 
of defective or damaged devices. Each 
agency vehicle should contain a reminder 
card or display of the appropriate telephone 
number or office to notify when a 
defective device is identified. 

6.1.53 Design and Operational Reviews 

Based on complaint history, sites should 
be selected periodically for critical re
view. Both the basic design and the 
traffic control elements should be re
viewed in the field. If possible inter
views with persons who have filed'com
plaints should be conducted. Often rather 
minor improvements can result in sub
stantial improvement in the safety record 
of a location. 

6.1.54 Tort Liability Insurance 

In spite of all reasonable care on the part 
of agency personnel, some incidents are 
certain to occur. Claims resulting from 
these agencies can place a substantial 
burden on local governmental funds. This 
means that most agencies must maintain 
s~me f~rm of i~sur~nce. Larger agencies 
w1ll, 1n all l1kel1hood, be self-insured. 
Smaller units of government will most 
~ertainly be required to purchase liability 
1nsurance. 

6.1.55 Summary of Tort Loss Redqction 
Guidelines · 

• Provide a central focal point for ~11 
complaints dealing with highway or street 
design or traffic control. 

• Develop an organized program to respond 
to complaints and to evaluate points 
on the system which have an unusually 
high complaint rate. 

• Inventory traffic control devices on a 
regular basis. 

• Conduct a design and operational review 
of locations with unusually high com-
plaint rate. · 

• Develop a feedback system from agency 
employees. 

• Provide liability insurance against 
claims 
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