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ties for a particular site, a more reliable evaluation 
will result. fn this case, however, the benefit-cost 
procedure or this paper provides a useful framework 
[or evaluating the available alternatives . 

The user should also recognize that some important 
considerations are beyond the scope of an economic 
analys is but may well have an important impact on the 
final dec ision. For example , the economic analysis 
does not completely reflect the role of operational 
flexibility In evaluating median treatments. An arteria l 
highway with a two-wa y left-tu r n lane is (ar more flexible 
operationally than a highway with a median barrier. 
Such flexibility makes r outine operation less restric 
tive since left-turns are not prohibited, and the treat
ment has better sel"Vice capability under transient con
ditions such as roadway constr uction or a traffic 
accident. In this case, both the economic and opera
tional cons iderations favor the same median treatment, 
but in other situations the re may be trade-offs to be 
made by the decis.ion maker. Tn short, the economic 
analysis is an ext r eme ly important part of t he selection 
of an optimal median treatment, but other less quan
tifiable factors also deserve consideration. 
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Highway Design Consistency and 
Systematic Design Related to 
Highway Safety 
;ohn C. Glennon, Transportation Consulting Engineer, Overland Park, Kansas 

ouglas W. Harwood, Midwest Research Institute, Kansas City, Missouri 

Th' 
ac~s P~per proposes a more systematic approach to highway design for 
as a•eving consistent designs to meet the needs of driveTs . It is Intended 
ties. c~:alyn to"'.'ard promoting optimal improvements of existing facili · 
curre s natu~e •s conceptual. The topics covered fnclude (a) a critique of 
desi nt Practices; (bl the evolution of highway design ; (c) objectify ing the 

gn Process ; (d) consistency of design in relation to driver expectancy ; 

(el application to achieve design consistency; and (f) developing a cost· 
effectiveness methodology. 

For almost 4 decades, highway designers have relied on 
criteria presented in a series of design policies of the 



78 

American Association of State Highway and Transporta
tion Officials (AASHTO). Although these publications 
provide a unique framework for geometric design, they 
neither treat geometric design as a systematic process 
nor provide any insights on designing highways to meet 
the critical needs of drivers. The AASHTO design poli
cies have often led to inconsistently designed highways. 
Conceived as a way of communicating standards of good 
practice, these policies have often become the sole 
authorities. When asked about the adequacy of a design, 
some designers say "It's consistent with the AASHTO 
blue book" rather than "It meets the needs of the driver ." 

As the recent AASHTO "3R Guide" (1) shows, the 
basic scenario of the highway communifY is rapidly 
changing from a massive road-building campaign to a 
decided attempt to optimize the traffic safety and ser
vice of existing highways. Although many design errors 
are "poured in concrete," this changing emphasis pro
vides an outstanding opportunity to improve existing 
highways so they are more consistent with the needs of 
the driver. But this goal can only be accomplished if 
the design process is objectified to the extent that it 
maximizes the effectiveness of design improvements sub
ject to funding constraints. 

EVOLUTION IN HIGHWAY DESIGN 

Between the inventions of the wheel and the automobile, 
the primary concern of road builders was "getting the 
road user out of the mud." Only the structural aspects 
of design were considered. In the 1920s, when a per
sonal automobile became a reality for many people, 
there began the evolution of a highway design technology 
of which many remnants remain. Most of the early high
way design engineers came from railroad engineering 
backgrounds. 

As highway transportation developed in the 1930s 
(aided particularly by government employment-support 
programs), more and more paved roads were built. By 
the late 1930s, the number and speeds of vehicles began 
to multiply. With these trends came frequent traffic 
jams and large increases in highway fatalities. 

In 1937, as a reaction to these highway transportation 
problems, the American Association of State Highway 
Officials (AASHO) organized the Special Committee on 
Administrative Design Policies. The purpose of this 
committee was the formulation of administrative policies 
aimed at stimulating uniform practices of good highway 
design that would result in maximum safety and useful
ness . Between 1938 and 1944, this committee formu
lated the following seven policy statements: A Policy 
on Highway Classification, September 16, 1938; A Pol
icy on Highway Types (Geometric), February 13, 1940; 
A Policy on Sight Distance for Highways, February 17, 
1940; A Policy on Criteria for Marking and Signing No
Passing Zones for Two- and Three-Lane Roads, Feb
ruary 17, 1940; A Policy on Intersections at Grade, 
October 7, 1940; A Policy on Rotary Intersections, 
September 26, 1941; A Policy on Grade Separations for 
Intersecting Highways, June 19, 1944: and A Policy on 
Design Standards-Interstate, Primary and Secondary 
Systems. Many of the criteria presented in these pol
icies still undergird current AASHTO design policy 
manuals. These criteria, of course, were based on 
the vehicle performance, highway design, and traffic 
operations of the 1930s. As a result, the validity of 
their application in current highway design technology 
may be questionable. 

As an example of the mismatch between design stan
dards and current highway operations, consider the ex
ample of the design and operation of passing zones. 
First, the design of passing sight distance (~) only in-

directly considers the design of usable passing zones. 
The second inconsistency is that the design for passing 
sight distance and the striping of highways for no-passing 
zones are based on entirely different criteria. The cur
rent MUTCD (3) standards for no-passing zones (which 
indirectly set the dimensions for passing zones) are 
based on criteria presented in the 1940 AASHO policy 
(4). Unlike the current design for passing sight dis
tance, which uses a constant 16.1-km/h (10-mph) speed 
difference between passing and passed vehicles for all 
design speeds, the sight distance for striping is based 
on speed differentials that range from 16.1 km/ h (10 mph) 
at a 43.3-km/ h (30-mph) design speed to 40.2 km/ h (25 
mph) at a design speed of 112. 7 km/ h (70 mph). These 
criteria are considerably more liberal (and more haz
ardous) than the desig n criteria (5). 

Not only is the validity of current design standards 
in question but, more important, geometric design prob
lems are also compounded by the lack of a systematic 
approach to highway design. Present methods of design 
are often based on solutions to old problems rather than 
the specific nature of the problem at hand. In addition, 
because of the complexity of highway design, the design 
tasks are generally assigned to seemingly independent 
teams, which ignores the basic principles of system de
sign optimization. Although direct lines of communica
tion may exist between task teams, the lack of defined 
responsibility and authority toward the total system de
sign may prevent a solution close to the optimum. 

Recently, increasing emphasis has been given to the 
systems engineering approach to design. This is a cre
ative form of problem solving that emphasizes the total 
design or task rather than merely considering the effi
ciency of each component part. The primary principle 
in applying the systems approach to design is to maxi
mize system performance for a given cost or to mini
mize cost for a given performance. This general ap
proach, of course, is not new. What is new is that the 
systems approach is completely rational rather than in
tuitive and uses such formalized techniques as game 
theory, queuing theory, linear programming, dynamic 
programming, control theory, critical path methods, 
network theory, and various optimization techniques. 

In the past, the complexity of the highway systems 
design process often forced highway administrators to 
decompose the process unnaturally into noninteractive 
tasks, ignoring many of the necessary feedback aspects 
of the process. Unfortunately, the highway engineering 
community has not had the necessary tools to consider 
all of the interactions, let alone objectively weigh al
ternative designs, in coordinating the data and perform
ing the design. 

Now that the Interstate system is nearly complete and 
there is a trend toward improving the safety and useful
ness of the 5 968 000 km (3 700 000 miles) of existing 
highway network, it is past time to develop an objective 
design process whereby the design engineer can both de
sign new facilities and optimize future efforts to improve 
the performance of the existing system. 

OBJECTIFYING THE DESIGN PROCESS 

To avoid some of the highway design problems of the past 
requires a comprehensive description of the highway de
sign process. In other words, the total process must be 
completely defined from setting goals to achieving the 
completed design (or redesign) of a highway. The en
tire, conceptualized design process is shown in Figure 
1 and discussed below. An appreciation of the relations 
and interactions shown in Figure 1 is the first step to
ward making each element of the idealized design pro
cess concrete rather than abstract. A major research 
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figure 1. The highway d•ign process. 
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Figure 2. Conceptualized relation between driver performance and highway system demands in creation of 
accident circumstances. 

Alert ond } 
using good 
dtivin<:i 
judge: men I 

{

Clrr Str-~ct 
Htgh Won lfort ic 
Poot We o l h.('l r 

f ouh V "" h;e l c;i 

1 

-\, !."'"" ""~"-~~ '""'' 
\._ , ..... _ _....-., ( I 

t Crit ical A(cid@nl ' ) ') 
Grcum•tonco with \/ 1..

1 
(' I 

low Risk Time Correct Acc idenl 
1
1 J 

\..1 ( 
I 
I 
I I 
I / 
"' Accident 

Oc curence 

/Ur>ovoidabl• 

Slef'py, drunk, } 
1nollenl1ve , elc , 

SY STEM DEMAND CIJRVE 

TIMf-

effort is necessary to develop practical, yet valid, pro
cedures and criteria for each element of the design pro
cess. The following discussion of the design process 
suggests an approach that addresses the need [or spe
cific design criteria, performance measures (measures 
of effectiveness), and decision-making tools . 

The apex of the objective design process is the re
quirement that desired goals be defined and completely 
quantified. ln addition, of course, these goals must be 
defined within the framework of a functional classifica
tion of highways. This points to a primary weakness of 
the AASHTO policies. Although they name the goals of 
safety, efficiency, economy, and comfort, they do not 
operationally define these goals. 

The first part of objectifying the design process, 
therefore, requires a format for functional classifica
tion of highways and the formulation of a framework for 
operationally defining the goals of highway design in each 
functional class. The functional classification should 
consider the trade-offs between the functions of traffic 
service and land access, including rural or urban de
velopment needs and the level and type of traffic to be 
served. 

The second major step in defining the design process 
shown in Figure 1 is an objective description of the basic 
constraints of driver, vehicle, traffic, and environ
mental characteristics and the interactive relations 
among these characteristics and between them and road
way characteristics. It is also important to identify how 
these constraints and their interactions set the require
ments for the development of design criteria. 

In developing design criteria that are functionally re
lated to the design constraints, the real solution is one 
of matching the limited sensory and motor capabilities 
of the driver to the requirements of the driving task for 
various combinations of vehicle, roadway, traffic, and 
environmental constraints. Figure 2 shows conceptually 
that the performance of most drivers is usually adequate 
to the demands of the highway system. Accidents occur 
when either (a) driver performance falls below the level 
required by the system at that time or (b) system de
mands exceed driver performance at that time. In de
veloping geometric design criteria, therefore, a basic 
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principle should be to avoid peaks in the system demand 
curve created by inconsistency in design. 

In the design process, a lack of understanding of basic 
design constraints and how they affect the solution con
tributes to piecemeal s olutions that prevent optimiza
tion. The current approach tends to ignore the consis
tency of various combinations of design elements and 
thus oversimplify the process and limit the reliability 
of relations for most design purposes. But the primary 
reason for the lack of useful and definitive relations be
tween design criteria and basic operational constraints 
is that these definitions depend on the complex interac
tions between the components of the highway transporta
tion system, between their attributes, and between these 
and their environment. Until the significant interactions 
in the system can be quantified, reliable design criteria 
cannot be established. 

The next major step in the design process (Figure 1) 
involves defining design speed as a function of design 
goals and constraints for each of the functional classes 
of highway. Without question, tbe "design equation" is 
most sensitive to vehicle speed-not only because the 
ability to stop or corner is a function of the square of 
speed but also because the impact forces of a collision 
are also a function of the square of speed. 

AASHO design policies define design speed as "the 
maximum safe speed that can be maintained over a spe
cific section of highway when conditions are so favorable 
that the design features of the highway govern" (2) . This 
definition is abstract and does not lend itself to being an 
objective basis for design. It is difficult to imagine, 
under conditions "so favorable' ' and with modern design 
standards of 3.6-m (12-ft) lanes, flat cross slopes, and 
relatively flat grades, that any design feature other than 
horizontal curvature could govern maximum safe speed. 
Actually, in a physical sense, this is true. If driver, 
vehicle, traffic, and environmental coDstraints are 
eliminated from the design equation, the only design 
feature that physically governs maximum safe speed 
Uor modern highway designs) is horizontal curvature. II 
this were true in an operational sense, the speed for long, 
level, tangent sections would be unrestricted and, where 
horizontal curvature was introduced, the concept of an 



" 

overall design speed for that facility would be incon
gruous. 

What is required is an operational definition of design 
speed that encompasses driver, vehicle, roadway, en
vironmental, and traffic constraints and their relations 
to the design of an efficient, safe, and economical high
way facility. To achieve this basis, for example, the 
designer requires knowledge of the characteristics of a 
"design vehicle" and how they relate to vehicle stability 
at various speeds-e.g., aerodynamics, suspension, 
weight, weight distribution, steer angle related to turn
ing radius, accelerative capabilities, and braking capa
bilities. 

The next major step is to define the design criteria 
objectively. The different kinds of criteria apply to the 
specification of the basic design elements, the longi
tudinal variation of horizontal, vertical, and cross
sectional elements, and the combinations of design ele
ments (in general but also for special locations such as 
intersections, interchanges, and weaving sections). The 
process of developing design criteria involves analyzing 
the criticality of the interact ive relations between the 
design constraints and the design elements for various 
highway speeds and selecting that level of criticality that 
limits the probability of an undesirable event (e.g. , ac
cident or congestion). 

Synthesis is an important and necessary part of this 
development. Complete and comprehensive documenta
tion of data is of little use unless it can be synthesized 
into a usable body of knowledge. By means of this kind 
of synthesis, sensitivity analysis can be performed to 
identify the more significant parameters that affect the 
safety effectiveness of any design improvement. 

Figure 3 shows the general matrix of analysis. The 
necessary synthesis of data and information on inter-

Figure 3. General matrix for synthesis of interactive 
relations. 
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active relations involves the following five basic steps: 

1. Define a measure of hazard; 
2. Formulate multidimensional data matrixes; 
3. Statistically select an appropriate hazard value 

from data elements in each matrix cell; 
4. Apply statistical procedures to predict expected 

hazard values for empty matrix cells; and 
5. Reiterate the synthesis process, combining ma

trixes for higher orders of development. 

First, we must define a measure of hazard so that 
the effect of varying dimensions of highway design ele
ments, and combinations thereof, can be objectively 
evaluated (this step is desc:ribed further below). Second, 
for each value of a design element, multidimensional 
data matrixes of hazard measures are classified by in
cremental values for the various combinations of the de
sign constraints. The class range for each design ele
ment or design constraint in the matrix is then deter
mined by analyzing the sensitivity of the dependent hazard 
measures to variations in the values of the design ele
ments and design constraints. Third, within each cell 
of each matrix, the data elements (U there are more than 
one) are statistically analyzed to select the appropriate 
hazard value for that cell. Fourth, statistical procedures 
(analysis of variance, multiple regression, and so on) 
are applied to each data matrix to predict the expected 
hazard values for any empty matrix cells. And, finally, 
the synthesis process is reiterated, and successively 
higher orders of development are achieved by Gombining 
appropriate matrixes (submodels) into more inclusive 
matrixes. 

A measure of hazard must be defined so that the ef
fect of varying dimensions of highway design elements, 
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and combinations thereof, can be evaluated by some cri
terion of "good." At any location, the degree of accident 
hazard is a function of two variables: accident frequency 
and accident severity. If two locations have the same 
accident frequency, the one that has the lower accident 
severity is less hazardous. If two locations have the 
same accident severity, the one that has the lower ac
cident frequency is less hazardous. Thus, neither ac
cident severity nor accident frequency can serve alone, 
but both must be integrated into one criterion. 

The degree of accident hazard can be defined in sev
eral ways. It is a measure of the potential for a par
ticular highway location to produce a given time rate of 
accidents with some average consequence (such as aver
age cost or the number of fatalities, fatal accidents, or 
fatal plus injury accidents per total accidents). In short, 
the definition of accident hazard depends on the definition 
of accident severity, which, in turn, depends on the ob
jective of the highway safety improvement program
whether it is intended to maximize the reduction of total 
accidents, accident costs, fatalities, fatal accidents, or 
fatal and injury accidents. 

Because the process of relating all dimensional values 
of the design elements and the design constraints to par
ticular values of hazard is a very complex task, it is ex
tremely difficult to visualize the final product of the 
synthesis. But, for the sake of illustrating the proposed 
process of sensitivity analysis, let us assume that the 
product of the synthesis will take the form of a mathe
matical model that relates the independent variables that 
dimension the design elements, the design constraints, 
and the many interactions thereof. Because of this com
plexity, the practical application of the synthesis of in
teractive relations may be highly questionable. Using 
this kind of formulation for a practical cost-effectiveness 
decision-making framework may be so cumbersome as 
to render it useless. 

The discussion above suggests that the model be tested 
for sensitivity to various levels of the independent vari
ables. As the variables that contribute lesser sensitiv
ity are discovered, they are dropped from the model, 
and the newer, simplified model is tested for predictive 
precision. This process is repeated, and the least sig
nificant variables are successively dropped or combined 
until the trade-off between predictive precision and sim
plification for practical application is optimized. The 
final form of the model will predict a large portion of 
the variation in the hazard measure by means of the 
simplest possible model of independent variables. 

Successful development of a comprehensive set of de
sign criteria forms the basis for an objective design 
policy that will enable the highway engineer to design 
each highway close to optimum. These designs can be 
accomplished if the art and the science of decision mak
ing are placed in the proper perspective, the tools of 
scientific decision making are brought advantageously 
to bear at the appropriate points in the design process, 
and engineering judgment is focused at the appropriate 
levels. In addition, the comprehensive and objective 
design policy will provide a framework for assimilating 
future improvements of design data and technology into 
the design process. 

CONSISTENCY OF GEOMETRIC DESIGN 
IN RELATION TO DRIVER 
EXPECTANCY 

Consistency has always been recognized as an underlying 
principle in highway design as exemplified by the follow
ing rules of thumb contained in AASHTO design policies. 
From A Policy on Design Standards (1945): 

Sudden changes between curves of widely different radii or between long 
tangents and sharp curves shou ld be avoided. 

From A Policy on Geometric Design of Rural Highways 
(19 54): 

Horizontal and vertical alignment should not be designed indepen
dently . They complement each other and poorly designed combina
tions can spoil the good points and aggravate the deficiencies of each . 

From A Policy on Geometric Design of Rural Highways 
(1965) (2): 

The 'roller-coaster ' or 'hidden-dip' type of profi le shou ld be avoided . 
Such profiles generally occur on relat ively stra ight horizontal alignment 
where the roadway profile closely follows a rolling natural ground line. 
Examples of these undesirable profiles are still evident on many high 
ways. 

From A Policy on Design of Urban Highways and Ar
terial Streets (1973): 

Curvature and grade should be in proper balance. Tangent alignment 
or flat curvature with steep or long grades, and excessive curvature with 
flat grades, are both poor design . A logical design is a compromise be
tween the two, which offers the most in safety, capacity, ease and uni
formity of operat ion, and pleasing appearance within the practical limits 
of terrain and area traversed . Wherever feasible the roadway should 'roll 
with' rather than 'buck' the terrain. 

Although the concept of design consistency has been 
given substantial attention in the design policies, there 
is a general lack of explicit criteria for the contiguous 
combination of basic design elements or for the longi
tudinal variations of such features as horizontal align
ment, vertical alignment, and cross section. Without 
these explicit criteria, highway designers will continue 
to build inconsistent geometric details into highways. 

Recent attention has been focused on clesign consis
tency through the development and widespread recogni
tion of the concept of driver expectancy. The general 
term expectancy relates to a stimulus-response process 
in which a person with an established set of ideas and 
concepts is presented a stimulus (visual, auditory, tac
tile, or other) and responds in some way to this stimu
lus. Although the stimulus triggers the response, the 
response may be either directly related or totally un
related to the stimulus. The person's set of ideas 
and concepts (predisposition), which greatly influences 
his or her response to the stimulus, is called ex
pectancy. 

Driver expectancy relates to the readiness of the 
driver to respond to events, situations, or the presen
tation of information. If an expectancy is met, driver 
performance tends to be error free. When an expec
tancy is violated, longer response time and incorrect 
behavior usually result. Although driver expectancy is 
similar to the basic expectancy model given above, the 
expected situation is always changing and environmental 
factors are more evident, and thus the predictability of 
the response is reduced . That the response is to an ex
pected situation rather than the actual situation is the 
vital distinction in understanding the use of driver ex
pectancy in the design process. 

APPLICATION OF DESIGN CONSISTENCY 

In the most general sense, design consistency means 
that combination of design elements (and their dimen
sional specification) that does not violate the abilities of 
the driver to guide and control the vehicle. Therefore, 
the concept of driver expectancy is wholly embodied in 
the general definition of design consistency. In a cer-
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tain sense, then, the term design consistency can almost 
be used interchangeably for driver expectancy. 

The term driver expectancy 1·elates a subjective ap
praisal of the adequacy of driver behavioral responses 
to particular highway situations or conditions. From 
this general concept is derived the idea of design con
sistency, which describes those combinations of geo
metric design elements that do not violate driver ex
pectancies. Thus, human factors engineers, psycholo
gists, highway engineers, and the public for that matter 
can generally agree that certain extreme combinations 
of geometric design elements constitute inconsistent de
sign. The·se are the design features that usually tend to 
induce noticeable discomfort in the driver. 

Using the concept of driver expectancy directly, how
ever, to determine what is or is not consistent design 
(particularly for those design features that are close to 
a threshold value) presupposes that driver expectancy 
can be discretely quantified for a multitude of geometric 
design configurations. But the feasibility of this kind of 
quantification is questionable. There do not appear to be 
any studies that lend quantification (or for that matter 
even dimension) to the human aspect of driver expec
tancy. When one looks at driver expectancy as a 
statistical description of the driving population, a pos
sible basis for quantification might involve observations 
of overt behavior such as erratic maneuvers. But there 
are problems in the precision and statistical description 
of data not to mention the complexity of an experimental 
design to isolate the effects of design features from the 
confounding effects of diverse driver, vehicle, and en
vironmental factors. In other words, it is unclear 
whether it is feasible to isolate the incremental effects 
of design elements and features on some measure of 
driver expectancy in empirical studies. 

An alternative is to develop criteria i.from state-of
the-art syntheses) for performance elements of the driv
ing task based on how critical they are to the safe and 
efficient operation of individual driver-vehicle compo
nents subject to the constraints imposed by geometric 
design features. In other words, establish time
distance-speed relations appropriate to maintain thresh
old vehicular stability (both dynamically and in an object
avoidance mode) dependent on the following limitations: 
driver perception, vehicle performance, driver-vehicle 
and vehicle-roadway interaction, and combinations of 
these. 

. In further describing this approach to evaluating de
sign features for design consistency, it is easiest to talk 
about the countermeasures to driver guidance and con
trol problems. These may be grouped into at least six 
general countermeasure approaches: 

1. Improve driver detection-These kinds of counter
~~~su.res app~y mainly to design [eatures that do not fit 
d t erns of drive.r expectancy and are also difficult to 
e~ect bu~ cannot be improved by direct alteration. An 
. mple is to change the position of a lane drop that is 
~~st over a crest so that it is on an upgrade just down-
r~am from a sag_ vertical curve. 

The~e !~crease driver perception and response time
that do kmds. of countermeasures apply to design features 

P ?ot fit patterns of driver expectancy and where 
ercept1on r1 ' i · i arnple is . me is 1m ted by sight obstructions. An ex-

tical to 1ncrease the distance between a crest ver-
3 cur~e ~nd a close downstream intersection. 

cou~t Eliminate "false cue" designs-These kinds of 
drive ermeasures apply to design features that violate 
acuo~ expecta.ncy and also misguide driver control 
lnate s . . : Prime. example is complete redesign to elim
line ca si e-road intersection that is tangent to a main-

urve. 
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4. Decrease driver guidance and control demands
These kinds of countermeasures apply to design features 
that violate driver expectancy in terms of perceiving the 
critical nature of required speed and path corrections. 
A typical example is providing a spi.ral transition to a 
sharp horizontal curve. Another example is increasing 
short taper lengths at lane drops or at lane- and 
shoulder-width transitions. 

5. Increase driver expectancy-These kinds of coun
termeasures apply to design features that violate driver 
expectancies that are determined by immediately pre
ceding trip experiences. An example here is building in 
horizontal curvature to "break up" an 8-km (5-mile) 
tangent section. 

6. Build "relief valve" designs-These kinds of 
countermeasures apply when all other countermeasures 
are unfeasible. For example, a lane drop can be ac
complished by using a painted taper and carrying the full 
lane width an additional 61 to 121 m (200 to 400 ft) down
stream. 

Developing this kind of basis requires that performance 
criteria answer the following kinds of questions: 

1. What are the threshold values of factors that limit 
perception of a geometry-e.g ., lateral rate of conver
gence and flat line of vertical sight (parallax)? What is 
their relation to speed? 

2. What are realistic perception times for various 
design features? Is perception time related to speed? 

3. What maximum dynamic response (onset rate of 
lateral acceleration, br_aking deceleration, and so on) 
should be designed for? How does the critical nature of 
the responses of the driving population relate to various 
design features? 

4. What is the time-distance degradational effect of 
consistent design on driver expectancy when an incon
sistent design feature is introduced? 

As a simple and straightforward illustration of this 
approach, consider the driver traversing from a tangent 
section to a circular horizontal curve. For horizontal 
curves, it is standard practice to provide a cross-slope 
transition from the normal crown on the tangent to full 
superelevation on the curve. Without a spiral transition, 
however, this cross-section transition appears to create 
a compound dilemma. This is most easily illustrated by 
the example shown in Figure 4. A driver approaching 
an unsplraled curve i s presented first with problem area 
1 i·n which the cross slope is less than 0.01 m/ m (ft/ ft). 
Because of this slight cross slope, the pavement does 
not drain well, and thus a section is created that has a 
high potential for hydroplaning. The driver no sooner 
gets through problem area 1 (where he or she may have 
experienced partial loss of control) than he or she is 
presented with problem area 2. In problem area 2, the 
driver may experience some steering difficulty because 
the cross slope requires steering opposite to the di
rec.tion of the upcoming curve. When the vehicle passes 
from problem area 2 to problem area 3, the driver must 
reverse steering to follow the curve. At this point, if 
the driver steers the degree of highwa y curve, the lateral 
acceleration will be greater than that designed for since 
problem area 3 does not have full supeI'elevation. 

At design speed, for this example, the driver pro
ceeds through the "compound dilemma area" in 2.6 s. 
Whether a driver can react adequately to these demands 
on his or her abilities of perception, guidance, and con
trol in the time required is questionable . 

If the example is carried one step further, past re
search (6) shows that drivers do not always expect ve
hicle stability requirements to be critical on sharper 
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Figure 4. Crots·slope transition area and related 
maneuvering problems. 
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horizontal curves that do not have spiral transitions. As 
a result, lateral accelerations on sharper curves can 
exceed assumed design values by as much as 2.13 m/ s 2 

(7.0 ft/s 2
) . In addition, because of insufficient space to 

perform an adequate spiral maneuver (the natural path 
of the vehicle), the rate of change of lateral accelera
tion can easily exceed 4.57 m/s2 ( 15.0 ft/s 2

). 

This onset rate is clearly in the range of dynamic in
stability when one considers the extreme control require
ments placed on the driver and the marginal ability of the 
tire-pavement interface to counteract such extremes. 

Why, then, not add spiral transition curves that du
plicate the natural path of the vehicle in a noncritical 
maneuver mode? Even the spiral designs that provide 
a continuously decreasing radius over the nominal 
lengths suggested by AASHO (2) will hold the onset rate 
of lateral acceleration under 0:91 m/s 2 (3.0 ft / s 2)-a rate 
that is entirely within the stable control range. 

The basis of design that is apparent here is that those 
curves that generate more than some minimum onset 
rates should have spiral transitions . Although the 
AASHO "blue book" (2) and most state highway design 
manuals suggest using spiral transitions, the astute ob
server is hard-pressed to find a spiral curve in most 
states. What is apparently needed is a clearer descrip
tion (sales job) for designers of the critical nature of 
driver control needs in the absence of the spiral. 

DEVELOPING A COST-EFFECTIVENESS 
METHODOLOGY 

Although the development of valid cost-effectiveness 
evaluation techniques is difficult without the kinds of in
puts discussed earlier, these inputs are of little use 
without the development of an objective cost-effectiveness 

methodology for the implementation of appropriate de
sign alternatives. 

The administrator of a highway department, faced 
with the task of reducing accident hazard on a jurisdic
tional basis, must make decisions on the nature of the 
roadway and desired roadside designs while subject to 
constraints that affect those decisions. Normally, the 
principal constraint is limited funds. If there were no 
funding limitations, certainly the administrator would 
provide adequate lane widths, large-radius curves, long 
vertical curves, flat grades, and flat roadsides free of 
fixed objects close to the roadway. In this situation, the 
administrator has few decision-making problems. But, 
in reality, the administrator rarely works with un
limited funds and therefore strives for a strategy that 
allows the greatest benefits for available funds . 

The basis of a cost-effectiveness analysis is that al
ternative methods are available for reaching an objective 
and each alternative requires resources and produces 
benefits. A cost-effectiveness analysis systematically 
examines the cost and effectiveness (by using some di
mensional measures) of alternative methods for ac
complishing an objective. 

The desired cost-effectiveness methodology requires 
a complete decision framework for (a) computing the ac
cident hazard associated with any highway location, de
pendent on the dimensions of its design elements and op
erational parameters; (b) computing the relative hazard 
reduction of alternative designs; (c) computing the total 
cost of a design improvement, including initial costs and 
differential operational and maintenance costs; (d) com
puting the relative cost-effectiveness of alternative de
signs;· and (e) choos ing tl;le appropriate alternative. 

The cost-effectiveness formulation has two basic 
components, the hazard evaluation and the cost evalu
ation, as shown below: 

(I) 

where 

C/ E = cost-effectiveness, 
C1 =cost of improvement, 
He =hazard before improvement, and 
H, = hazard after improvement. 

As seen in this basic formulation, the hazard evaluation 
is used twice to compute the hazard reduction. The basic 
form of the hazard evaluation was discussed earlier. A 
brief description of the cost evaluation is given below. 

In many highway situations, the difference in hazard 
between des ign alternat ives may be mar g!nal. If this is 
t rue , then at least ln some cases the cost-effectivenes s 
compar ison will be most sens itive to the cost differences 
between des ign alternatives. The most important aspect 
of this sensitivity is the trade-off between the differen
tials of initial installation costs and maintenance costs. 
A generalized form of the cost- evaluation model is given 
below. Although a much more comprehensive fo r m of 
the model can be anticipated, this example shows the 
overall concept: 

(2) 

where 

CA = total net annual cost of des ign imp rovement ; 
C, = total initial cost of desig11 improve ment in

cluding costs of design, right of way, r emoval , 
gr ading, paving, and structur e and highway
user cost differ entials during construction 
(dollars); 
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CRF = capital recovery factor; 
t = Uie of design improvement (years): 
l = investment return rate (percent/year); 

c ... =annual normal maintenance cost after improve
ment including surface repair and resurfacing, 
repainting traffic markings, mowing, snow and 
ice removal, and so on (dollars/ year); 

C.6 =annual normal maintenance cost before im
provement (dollars/ year): 

c .. = annual accident repair costs (to guardrails, 
bridges, signs, light poles) after improvement 
(dollars / year); 

c.1 = annual accident repair costs before improve
ment (dollars/ year): 

N, = annual number of collisions with highway struc
tures after improvement: and 

Na =annual number of collisions with highway struc
tures before improvement. 

1'he cost-effectiveness meth.odology developed should 
by design, lead directly to implementation. The meth
odology, of course, must be applied within the technical
economic-political decision-making framework of each 
highway agency, which ranges from the rural township 
highway department to the slate hicrhway department in 
the most urbanized stare. Therefore, the methodology 
requires a flexible optimization strategy that is respon
sive to program inputs that vary according to the highway 
design goals oI individual agencies. 

The complete cost-effectiveness methodology should 
have several built - in decision processes other than the 
basic cost-effectiveness computation. The best use 
should be made of decision tools such as game theory, 
linear programming, dynamic programming, control 
theory, network theory, and various optimization tech
niques. Furthermore, the methodology should be "com
partmentalized" so that subelements can be appropriately 
altered according to user needs without having to alter 
the entire methodology. 

The development of the description of the design pro
~ess, which was discussed earlier, will be valuable in 
identifying many aspects of the complete decision pro
cess. These include 

1. The integration of the design goals and the highway 
funcllonal classification into the decision process; 

2. The ability to compare design improvements with 
alternat.ive traffic operational improvements (for ex
ample, in many cases the application of "positive guid
~nc~" devices lZ) may be much more cost-effective than 
esign alternatives such as widening bridges}· 

h 3· Incorporation of decision-theory techniques to 
andle factors of uncertainty· 

ces~· b Met~ods for developin~ a simpler decision pro
e(f / using a particular set of solutions of the cost-
r eo tveness methodology for a given set of input pa
ameters· 

P 5· Th~ ability to optimize "earmarked" improvement 
i:~tgrams that are based on subjective decisions or ob-

ives other than safety· 
6· The fie "b·1·t ' Preci . X1 I l Y to accept future refinements in the 
7 sion of the interactive relation: and 

cisi~ The ability to balance the trade-off between pre
n and generalization for any particular user. 

In relati t · . 
techniq _ on ° item 3-inoorporating decision-theory 
of unce~~s. to handle factors of uncertainty-some degree 
binect in :in~y usually affec~s most of the variables com
uncertalnt~\u~ing alt_ernative de~i~ns. Sometimes this 
Values 1 s ealt with by combining "conservative" 
I · n other ca -ected for each _ses, the best estimate value is se-

variable. The decision-theory approach 
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recognizes that the choice has to be made and seeks to 
structure the problem to lncorporate estimates of un
certain factors rather than ignoring them. 

In relation to item 7-balancing the trade-off between 
precision and generalization for any particular user
there is always a trade-off between the degree of pre
cision and the degree or generalization in programming 
highway safety improvements. Maximum precision re
quires identifying exact values or all parameters that in
fluence accident hazard. Implementation requires that 
insignificant parameters be ignored and significant pa
rameters be categorized to minimize the collection of 
input qata. The methodology, therefore, necessarily 
includes sensitivity analysis at several points in the 
evaluation. This analysis tests the sensitivity of the 
decision variable to proposed omissions and generaliza
tions of the input parameters and provides a framework 
for balancing precision and generalization. 

Another integral part of the proposed methodology is 
outlining the ways and means of implementing the total 
highway improvement prog ram, as desc ribed below. 

Implementing the predictive cost-effectiveness pro
gram does not mean that a spot-improvement program 
that uses high-acc.ident-frequency identification pro
cedures should be discarded . Both programs are de
sirable. The cost-effectiveness program identifies po
tentially hazardous locations; the hlgh-accident
frequency identification program identifies locations 
that have demonstrated a high degree of hazard that may 
or may not be identified in the cost-effectiveness pro
gram. Because the cost-effectiveness program cannot 
precisely account for every single variable that con
tributes to accident hazard at every particular highway 
site, certain locations may actually have a higher de
gree of hazard than that assigned by the cost
effectiveness program. To identify these specific 
locations, the spot-improvement program may be more 
appropriate. Then, too, the cost-effectiveness method
ology should be helpful in determining the best alterna
tive improvement for sites identified in the spot
improvement program. 

Unlike the spot-improvement program, which re
quires a comprehensive inventory of accident records, 
the predictive hazard approach requires a comprehen
sive inventory of site parameters to identify and rank 
potential improvement sites. Although this inventory 
could be the most difficult aspect of th1~ implementation 
program, it may not be as difficult as it first appears. 
This is where the trade-off between precision and gen
eralization comes into play. The kinds and precision 
of inventory items should be generalized (simplified) to 
a degree consistent with the desired level of program 
precision. It is not nec·essary to invEmtory all highways 
in a jurisdiction before implementing the program. A 
priority inventory plan can be adopted that accounts for 
the most sensitive variables in the hazard evaluation. In 
other words, the inventory plan would assign higher 
priorities (and hence earlier scheduling) for inventory
ing high-volume highways, high-speE~d highways, and 
high-hazard locations such as intersections. 

To determine the general requirements ror program 
funding, statistical procedures can be applied to obtain 
a representative sample inventory of hazardous locations. 
By using this sample to generate an e·s timate for the total 
population of cost-effective site improvements, the total 
program funding requirement can be estimated. This 
indicates to the administrator the general levels of fund
ing that will be needed to meet various program ob
jectives (e.g., the degree of safety payoff over specific 
periods of time). 
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SUMMARY 

This paper suggests the development of a very compre
hensive systems analysis for quantifying the relations 
between highway design elements (and their combinations) 
and highway safety. It also suggests the need for de
veloping a rational cost-effectiveness methodology for 
optimizing the safety payoff of geometric design improve
ments. 

The paper is critical of current AASHTO design pol
icies and, at the same time, is "idealistic" about the po
tential improvement of these policies. This stance is 
not intended to sound pretentious but to encourage op
timism toward future improvements in the design pro
cess. Only by a critical review of current practices can 
we ever hope to identify the missing links in achieving 
design consistency. On the other hand, with an idealistic 
attitude, we can set the highest possible goals for the 
future, goals that will only be modified by real (and not 
imaginary) constraints. The antithesis-setting short
sighted goals-would prevent the achievement of solu
tions that are even close to optimal. 

This paper has stressed the need for more sophisti
cated analysis and decision-making procedures. There 
is little question of this need for, as the highway com
munity strives more and more for optimality, the tools 
must necessarily become more objective and complex. 
This paper, however, does not subscribe to the "black
box" philosophy. The methodology proposed is only a 
tool and as such must be comprehensible and responsive 
to the needs of a wide variety of users. 

Future design guides must "sell" themselves to the 
design engineer. Traditionally, the highway design en
gineer has not directly accounted for the critical nature 
of the driver's guidance and control needs. The engi
neer needs to be convinced that this approach to design 
is not only rational but highly justified. This requires 
a clear and concise justification of the human-factors 
criteria that are used in design procedures. 

The proposed methodology should be of great value 
in the design of new facilities as well as in the upgrading 
or redesign of existing highways and streets. When 
funds are not available for extensive upgrading of an 
existing facility, the methodology should aid in demon
strating the cost-effectiveness of upgrading by replace
ment during normal maintenance procedures. For ex
ample, for roadside hazards, as these elements wear 
out or are damaged or destroyed, they can be replaced 
by their more cost-effective counterparts. 

In these times of increasing litigation against highway 
departments on the basis of their safety responsibility 
in highway accidents, a comprehensive and active pro
gram of implementing the most cost-effective improve
ments in order of priority should be a very convincing 
argument against liability for the government unit. 
Furthermore, this comprehensive and active implemen
tation program should demonstrate to legislatures and 
the public the wise use of public funds and thus help 
avert the predicted deterioration of the existing system 
because of increasingly inadequate maintenance funds. 
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Discussion 
Sally Free, Center for Auto Safety, Washington, D.C. 

The Center for Auto Safety agrees that the procedures 
now used to formulate highway design standards are not 
only inadequate and obsolete but also detrimental to the 
safety of the traveling public . Present standard-setting 
methodologies have failed to reduce the annual highway 
death toll below the staggering 40 000 mark. It is ap
parent that radical decreases in accident and fatality 
rates can no longer be realized by simply applying "com
mon sense" solutions to old problems. 

The system now in effect is one of flexible standards
that is, standards that are subject to negotiation between 
the Federal Highway Administration (FHW A) and the 
states. Vague terminology, so-called engineering judg
ment, and exhortatory language are poor substitutes for 
clear, mandatory performance criteria and objectives. 

Instead of independently establishing objective per
formance criteria to ensure the safe design and con
struction of the nation's roads, FHW A has simply in
corporated by reference many AASHTO design policies. 
One need only look at the Code of Federal Regulations, 
Volume 23, Part 625, to see the influence of AASHTO. 
The close involvement between FHW A and AASHTO dur
ing all stages of the decision-making process has had a 
tremendous effect on how agency decisions are made
important decisions that affect the public's safety, pock
etbook, health, and environment. Indeed, this unique 
partnership has allowed AASHTO to shape the direction 
of federal standards and policies, the content of rule
making, and even the enforcement capabilities of the 
regulating agency- FHW A. 

This represents a rather disturbing situation since 
the state highway departments as a result have remained 
largely self-regulated, writing their own standards 
through AASHTO. These standards are far from optimal: 
much of the time the needs and safety of the driver are 
neglected in favor of wording that is excessively ad
vantageous to and protective of highway officials and de
partments. The principal motives and objectives behind 
many of these design standards are the hopes of highway 
officials that the policies will lessen liability, decrease 
costs, and increase state discretionary use of federal 
money. These standards ~nd policies are often simply 
a collection of suggestions and recommendations that 
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are lacking in detail, are highly qualified and ambigu
ous, and provide so-called technical guidelines that have 
not always been substantiated by research or field ex
perience. In reference to the imprecise use of termi
nology, one FHWA attorney bas noted that "the 'stan
dards' are so easily ci.rcumvented th.at they have become 
essentially meaningless." 

The National Transportation Safety Board (NTSB) has 
characterized highway design standards as having origi
nated from a "fragmented remedial approach" to safety. 
That is , isolated safety improvements are made based 
on "post mortem investigations" rather than initiating a 
systems approach to accident prevention at the design 
stage. The 1969 NTSB study, Compatibility of Standards 
for Drivers, Vehicles, and Highways, points to everyday 
traffic situations that illustrate the interrelationships of 
all elements in the highway system. The study malntains 
that the highway community has not adequately considered 
these interrelationships in the development and issuance 
of highway design standards. As a consequence, many 
design standards for different surface transportation sub
systems are incompatible, and highway operating and 
design problems result. The development of performance 
based design standards accompanied by a rational ex
planation of the function of these standards is recom
mended. 

Although the concept of systems compatibility or sys
tems engineering has been advanced since the 1960s, 
there has been little acceptance of the idea by highway 
departments. This lack of success stems not from a 
faulty methodology but rather from the need to change 
old policies and attitudes. First and foremost among 
the policy changes needed as a condition for the imple
mentation of an effective systems engineering approach 
is for FHW A to establish itself firmly as a regulator and 
promulgate its own standards. FHWA can no longer be 
simply a mechanism for resource transfers. In addition, 
FHWA and other standard-setting agencies such as the 
National Highway Traffic Safety Administration (NHTSA) 
must better coordinate and communicate their policies, 
standards, and rulemaking procedures. A responsible 
approach to improving the process must include an ex
tensive review and evaluation of all standards to deter
mine their relevance and compatibility. For systems 
engineering to succeed, design engineers must begin 
thlnking in holistic terms about the highway environ-
ment rather than just reacting to isolated problems that 
surface as a result of the present piecemeal design ap
proach. 
. The systems engineering approach is advantageous 
~~ that it forces highway engineers to think in new and 
ifferent terms. Isolated improvements and short-term 

~olutions as a basic approach may be shown to be the 
east cost-effective alternatives over the long term. In

stall t' a d a ton expenses, maintenance costs, safety benefits, 
n operational efficiency can be more meaningfully 
:v~uated when the transportation system is viewed and 
1;ts:igned as a functi.onal ':"hole. An understanding of the 
'td system operation will enable engineers to better 

emuy and di · · and. pre ct problems, evaluate alternatives, 
· unplement solutions. 
In ~:s t ems engineering should help reduce tort liability. 
high cent years, the willingness of the courts to hold 
high:ay age~c1es and officials accountable for faulty 
conce~y design has caused tort liability to be of major 
and fau~; In a.n attempt to justify highway deficiencies 
agencie/ desi~n as accepted practice, many highway 
is the ' 

1 
are Ul ging the adoption of lower standards. It 

agenc~r iope that courts will no longer hold the highway 
""ill ~s accountable to the higher standards and that this 

r~~s stantiall~ reduce their exposure to tort liability. L . ottompt" ilt->dvi"d '"'!•gaily miog,td•d. Th• 
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cause of liability suits is not the standards but hazardous 
roadway conditions. A lowering of standards can only 
serve to increase fatalities and injuries a.nd thereby cor
respondingly increase the number of claims made against 
highway departments. Incompatible and inadequate 
standards will give the lawyer the opportunity to "pick 
and choose" the standard that best suits the needs of a 
client. At a conference session on the compatibility of 
standards at the Fifty- sixth Annual Meeting of the Trans
portation Research Board, FHW A trial lawyer David 
Oliver reached the following conclusion: 

Without standards, accidents will occur and legal judgments will ensue. 
Without compatibility, standards will be not only unenforceable but 
also indefensible. Without cooperation there will be no 'standards.' 
The driver, vehicle, highway design functions must be integrated or the 
legal function will bare its teeth . 

C. William Gray, Ohio Department of Transportation 

The subject of this paper is timely, and its purpose-to 
promote a more systematic approach to highway design
will be enthusiastically supported by highway designers 
when the concept has been developed to a usable level. 
I have read the paper from the outlook of a designer in
stead of that of a researcher, since design is my back
ground, and I believe this paper will have little impact 
on design until more research is performed and the sys
tem is much more thoroughly developed. The urgent 
need and motivation for design policy changes are clearly 
and accurately stated in the introduction in the statement 
that we are rapidly changing from a massive road
building campaign to one of improving the traffic safety 
and service of existing highways. 

Those of us who have studied AASHTO design policies 
and applied them to highway design consider them to be 
excellent publications. If the use of AASHTO design 
policies has failed to meet the needs of today's drivers, 
perhaps the blame rests with the people who have not 
used these policies as a basic foundation for design and 
then added to that foundation from the vast store of in
formation available from operational data and experience 
and current research findings. That is a very difficult 
task in today's rapidly changing world, and I think that 
is really what this paper is trying to do, 

I might observe here that even our language is rapidly 
changing and that perhaps it does not need to change so 
much. Practicing highway design engineers would more 
readily understand and adopt new concepts and design 
policies if they were expressed in more commonly under
stood words. The last statement of the introduction is 
an example of how words can be hard to understand. In 
discussing design for the needs of the driver, it says, 
"But this goal can only -be accomplished if the design 
process is objectified to the extent that it maximizes the 
effectiveness of design improvements subject to funding 
constraints." I think that says spend your money where 
it will do the most good. Having said that either way, 
we now need to go much beyond what this paper does to 
explain to the highway designer how to maximize design 
effectiveness or how to do the most good with our money. 

The paper does recognize communication problems by 
stating the following in the summary: "The methodology 
.. . must be comprehensible and responsive to the needs 
of a wide variety of users." We could also say that the 
policies must be understood by highway designers so that 
they can apply them to all types of highway projects. 

The paper recognizes, in its discussion of the evolu-
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tion of highway design, the recent application to design 
of the systems engineering approach, which uses game 
theory, queuing theory, linear programming, dynamic 
programming, control theory, critical path methods , 
network theory, and various optimization techniques . 
Just the statement that all those things have recently 
evolved pinpoints the difficulty designers have in keep
ing current. I do not really understand some of these 
techniques, and I believe that many designers share my 
view . (Note that none of the theories named are in
cluded in the list of references at the end of the paper .) 

Harwood and Glennon' s discussion of objectifying the 
design process is based on Figure 1 but does not convey 
a clear understanding of the figure . At that point, it is 
clear that the paper will not provide a designer with an 
objective design process to use today, but, as the paper 
states, a- major research effort is needed to produce a 
design process that will achieve safe, consistent highway 
designs. 

The statement that "the only design feature that phys 
ically governs maximum safe speed (for modern highway 
designs) is horizontal curvature" should be modified to 
add sight distance. Maybe only horizontal curvature 
governs maximum speed but, in considering maximum 
safe speed, sight distance is a very important design 
feature and must be included with horizontal curvature 
as a governing feature. 

Figure 3 shows an involved concept-a matrix for the 
synthesis of interactive relations-without a clear ex
planation. 

The discussions of the consistency of geometric de
sign in relation to driver expectancy and application of 
design consistency are appropriate. These subjects are 
of much greater concern to designers today than they 
were a decade ago, and they should be a major influence 
in future design policies. 

In discussing the cost-effectiveness methodology, the 
authors have recognized the realistic nature of highway 
improvements by stating the following: "The method
ology, · of course, must be applied within the technical
economic-political decision-making framework of each 
highwa y agency .. .. " That has been true in the past and 
I am sure it will continue to be true in the future. 

In view of the ever-increasing demand to improve our 
highways for greater traffic service and safety, it is a 
necessity that the highway designer have cost-effective 
design decision tools as proposed in this paper. I hope 
the paper will result in subsequent research and progress 
toward an early achievement of usable modern design 
policies, and I would encourage the authors and others 
to continue to work toward that objective. 

Authors' Closure 
We want to thank both Free and Gray for their discus
sions. Both of their viewpoints- Free's as a highway 
safety advocate and Gray's as a state highwa y designer
are different from our own, but their discussions help 
to both clarify and add depth to the intent of our paper . 

Much of Free's discussion highlights the points made 
in our paper. She says, "The development of 
performance-based design standards accompanied 
by a rational explanation of the function of these stan
dards is recommended," and we agree. She says, "Iso
lated safety improvements are made based on 'post 
mortem investigations' rather than initiating a s ystems 
approach to accident prevention at the design stage," and 
we agree. She says, "Systems engineering should help 
reduce tort liability," and we agree. She also says, "In
stallation expenses, maintenance costs, safety benefits, 
and operational efficiency can be more meaningfully 

evaluated when the transportation system is viewed and 
designed as a functional whole," and again we agree. 

Although almost half of Free's discussion is in tune 
with our technical thesis, the other half gets into a far
reaching indictment of the process of setting national de
sign standards. We definitely disagree with Free's opin
ion that the FHW A-AASHTO partnership has been some 
sort of back-room conspiracy aimed at protecting some 
vested interests of the state highway agencies at the ex
pense of the motoring public. Both FHW A and AASHTO 
obviously share Free's deep concern for highway safety 
because they have (independently and jointly) sponsored 
many of the technological developments that have led to 
the improved safety performance of our highways. The 
roles of FHWA and the states as the major supporters of 
the Transportation Research Board belie Free's argument. 

Free states that present standard-setting methodolo
gies have failed to reduce the annual highway death toll 
below the staggering 40 000 figure. Our question is, 
Who ever deduced that highway design practices are the 
major contributor to highway accidents? Then, too, how 
can "present standard-setting practices" themselves 
ever make a measurable impact without the political 
recognition of the very large funding allocations needed? 
We must keep in perspective that it is difficult to change 
quickly the momentum created by hundreds of thousands 
of kilometers of highway that were designed and built be
fore the advent of modern highway design technology. 

What we have attempted in our paper is not to sug
gest discarding the present methodologies that Free 
claims are obsolete and detrimental but rather to recog
nize that the scenario of highway development has 
changed dramatically and that it is time to fine-tune 
our design methodologies so that highway agencies can 
reach a better balance between their safety responsi
bility and their fiscal responsibility. This balance can
not be achieved by using Free's "more is better" philos
ophy. This is why cost-effectiveness analysis is im
portant to the design process . Although many highways 
could justify even high-cost safety improvements, there 
are other highways-particularly in the category of low
volume local roads-that cannot justify any safety im
provements at all. 

Gray has also highlighted many of the points in our 
paper but from a different perspective than Free's or 
ours . In addition, Gray's discussion is more a direct 
critique of the paper. We welcome his h>:>mespun lan
guage. He has rightly pointed to our flaws in clearly 
communicating our thesis. Communication is a con
stant problem in any profession. Idea papers often go 
for years without being understood by practitioners. 
This is mostly the fault of the authors, but then, too, 
the process of adapting abstract concepts so that they 
fit concrete and practical applications is naturally dif
ficult and always requires considerable input by the 
practitioner, who usually is not paid to deal with con
cepts. 

We also appreciate Gray's confession that he knows 
very little about most of the established systems engi
neering tools of optimization. This, of course, does 
not reflect on his stature as a highly respected member 
of the highway engineering community. Gray's state
ment, however, does r aise a question: Why is highway 
design one of the few engineeri ng pr ofessions that does 
not know of and r egularly use these systems technlques ? 

In closing, we again thank the dis cussants for their 
respons ive inputs. It was exactly this kind of open dia
logue that we were trying to generate . Our only hope is 
that the dialogue will continue. 

Publication of this paper sponsored by Committee on Operational Effects 
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