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Foreword 

The 10 papers in this Record were presented in two conference sessions at the 1989 
Annual Meeting of the Transportation Research Board. Together they address a number 
of current concerns for aspects of sight distance design contained in A Policy on Geometric 
Design of Highways and Streets (AASHTO Green Book, 1984), including site-specific 
intersections, design vehicle variances, stopping sight distance, and passing sight distance. 
The papers document research supporting the need for a review and possible revision 
of those parts of the Green Book on criteria and standards for highway sight distance 
design. 

v 
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Highway Sight Distance Design Issues: 
An Overview 

JOHN c. GLENNON 

This paper presents a brief overview of the conference session 
at which the papers in this Record were presented. The goal 
of this session was to present the best current thinking on the 
development and presentation of design criteria and values for 
stopping sight distance, passing sight distance, intersection sight 
distance, decision sight distance, and railroad-highway grade 
crossing sight distance. In looking at the adequacy of current 
design criteria and values, a major focus was the compatibility 
of these values with current and future operations of large 
trucks. 

The papers in this Record were presented at a conference 
session held at the TRB Annual Meeting in Washington, D.C., 
on January 26, 1989. The session, "Highway Sight Distance 
Designs Issues," was cosponsored by two TRB committees: 
Geometric Design (A2A02) and Operational Effects of Geo
metrics (A3A08). Not only do these two committees have a 
long history of cosponsoring TRB sessions, workshops, and 
symposia concerning topics of timely interest, but they also 
have a longstanding focus on highway design policies in gen
eral and highway sight distance criteria in particular. This 
latter interest is manifested by the fact that seven of eleven 
participants in this outstanding conference session were mem
bers of these committees. 

The seed for this session began when the members of TRB 
Committee A2A02 decided in 1986 to make sight distance its 
priority topic. At that time, the intention of the committee 
was to work toward a formal presentation of both the short
comings of the current AASHTO Policy on Geometric Design 
for Highways and Streets (Green Book) and some clear rec
ommendations for updating that publication (1). At about the 
same time, Committee A3A08 initiated planning for a mid
year conference entitled "Beyond the Green Book." This 
conference, which focused on gaps in the Green Book and 
tools needed to supplement it, was held on November 9-10, 
1987, in Austin, Texas (proceedings of the "Beyond the Green 
Book" conference are currently in press). 

By far the major point of discussion that emerged from 
floor discussions and workshops at the midyear conference 
was the need to evaluate and update highway sight distance 
design values. Researchers pointed out not only the lack of 
evidence on safety effectiveness but also several inconsisten
cies of logic in the Green Book. Designers who attended the 
midyear conference were concerned with updated design val
ues in the Green Book, particularly as they apply to recon
struction projects. In January 1988, therefore, Committee 

John C. Glennon, Chartered. 8340 Mission Road, Suite B-12, 
Prairie Village, Kans. 66206. 

A2A02 decided to sponsor a session on sight distance at the 
1989 Annual Meeting and was immediately joined in the effort 
by Committee A3A08. 

IDENTIFICATION OF GREEN BOOK NEEDS 

One of the major concerns about the Green Book is the level 
of commitment given to its production. This was the first 
major AASHTO design policy produced by AASHTO alone. 
Although inputs and critiques were solicited from selected 
segments of the industry, the major contributions were made 
by members of the AASHTO Task Force on Geometric Design, 
who individually prepared the chapters through generous 
donations of their time. Although these efforts are to be 
applauded, the question remains whether this level of effort 
represents an appropriate dedication of the highway com
munity as a whole to a publication that directly affects the 
application of billions of dollars in highway funds. This author 
suggests that efforts were inadequate to make the Green Book 
an adequate reflection of the technology available at the time 
it was published. In particular, the following major needs have 
been identified by Committee A2A02 and should be addressed 
in future updates of the Green Book (many of these themes 
are evident in the papers presented in this Record). 

Update Policies in More Timely Manner 

The Green Book was the first major update of national high
way design policies in 11 years for urban highways and in 19 
years for rural highways. A more dynamic process should be 
adopted to ensure that policies are reviewed and updated in 
a more timely fashion. Although an update is under way at 
this writing, it appears that the revisions will be mostly 
cosmetic. 

Involve Research Community 

The Green Book failed to recognize major recent research 
findings both in the updating of policies and in the presen
tation of reference lists at the end of each chapter. The research 
community, through TRB and other appropriate groups, should 
be brought directly into the process to identify, critique, and 
evaluate research for inclusion in the design policies. 

Develop Definitive Research Synthesis Program 

A well-defined program of pragmatic research should be 
developed to synthesize methodologies to be incorporated 
into design policies that will promote optimization, design 
consistencies, and operational effectiveness. 
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Expand Design Criteria for Flexibility 

A major shortcoming of all past design policies is that they 
have failed to acknowledge the need for design criteria struc
tured to be sensitive to site-specific conditions, particularly 
with regard to the functional class of roadway. Many of the 
concerns about tort liability for design deficiencies could be 
abated by giving proper attention to developing design criteria 
that demonstrably reflect the operational and safety needs of 
the particular roadway. Detailed discussions of which design 
dimensions can be altered and which cannot, and how much 
they can be altered under differing conditions of traffic vol
ume, composition , and speed ; surrounding terrain and devel
opment; and functional class of roadway could go a long way 
toward the better use of highway funds. These discussions 
should of course include the tradeoffs among operational, 
safety, and economic goals . 

Develop a Clearer Connection Between Design and Traffic 
Operational Criteria 

In comparing the Green Book with the 1978 Manual of Uni
form Traffic Control Devices (2), Committee A2A02 identi
fied several major incompatibilities that are either ignored or 
rationalized away by these publications. The committee's 
position is that every design criterion should reflect the antic
ipated operation of the highway, including the compatible 
application of traffic control devices. 

Stress the Importance of Highway Maintenance 

The safe and efficient operation of highways depends on the 
continued maintenance of design factors such as cross-slope, 
superelevation, pavement skid resistance , sight distance , and 
related factors. The Green Book should emphasize the need 
to maintain these critical features. 

Write Policies for Wider Audience 

Current AASHTO policies, including the Green Book, are 
written almost entirely from the perspective of a state depart
ment of transportation. Broader consideration should be given 
to the wide variety of local jurisdictions that could use the 
policies as authoritative documents if the policies were prop
erly focused. 

EXAMPLES OF SIGHT DISTANCE DESIGN CONCERNS 

The subject of highway sight distance offers an excellent illus
tration of the committees' concerns about design standards 
and the Green Book . Sight distance is one of the most basic 
design inputs affecting horizontal alinement, vertical aline
ment, and cross-sectional elements. Focusing on sight distance 
within the context of the Green Book thus represents a first 
meaningful step toward addressing the many concerns of both 
Committee A2A02 and Committee A3A08. 

The two committees cosponsoring the 19S9 conference ses-

TRANSPORTATION RESEARCH RECORD 1208 

sion have identified several aspects of sight distance design 
that they believe need further consideration and develop
ment. Many of these concerns have been expressed above, 
several are repeated in the other papers in this Record , and 
a few are outlined further below. 

Stopping Sight Distance 

1. The Green Book model for stopping sight distance, which 
was adopted 50 years ago, is overly simplistic and clearly 
inappropriate for all highways under all operating conditions. 
Although the model inputs have been subjected to consid
erable fine tuning over the years, the model has scarcely been 
scrutinized for its relevance to the driving task. Valid concerns 
persist that the parameters used to exercise the model do not 
correspond to human visual limitations, to the likelihood that 
a given event will occur (for example, a 6-inch stationary 
object in the road), or to the ability to decelerate large vehi
cles. Several authors in this Record (Hall and Turner; Neu
man; Urbanik et al.; and Harwood et al.) suggest more mean
ingful approaches to determining stopping sight distance design 
values. 

2. The Green Book does not treat sight distance require
ments relative to site-specific design or operational features 
(such as intersections). 

3. The Green Book does not recognize possible design vehicle 
variances. For example, traffic data indicate that the eye height 
for a pickup truck driver may be more appropriate as the 
stopping sight distance for low-volume rural roads. 

4. The Green Book stopping sight distance values are 
inconsistent for highway curves, not only because locked
wheel braking would cause loss of control, but also because 
the truck driver's eye height advantage is lost for sight obstruc
tions such as walls or continuous vegetation (3) . 

5. Recent accident research, reported by Urbanik et al. in 
this Record, demonstrates some insensitivity of safety to Green 
Book design values. For example, the 6-inch stationary object 
does not represent a frequent or severe hazard. Also, highway 
sections with deficient sight distance (compared with Green 
Book values) do not necessarily show adverse accident 
experience. 

Passing Sight Distance 

1. The Green Book model incorrectly represents the sight 
distance need because it minimizes the possibility of aborting 
the pass ( 4). 

2. A more appropriate operational model was first pos
tulated in 1969, and several papers since that time have reit
erated the flaws in the AASHTO model and presented usable 
alternatives (4-9). 

3. Design and operational values given in the Green Book 
and in the Manual on Uniform Traffic Control Devices are 
incompatible (4, 5, 7) . 

4. The Green Book indirectly discourages any effective 
"design" for passing zones because it only considers overly 
long vertical curve lengths (Harwood et al. in this Record) . 

5. Recent use of the Green Book model has led several 
authors (10-13; Harwood et al., in this Record) to draw 
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flawed conclusions about the passing sight distance needs of 
large trucks. 

Intersection Sight Distance 

1. The Green Book presents Case I intersection sight dis
tance as an alternative, then admits that it is not a safe prac
tice. This flaw was first pointed out in the 1940 AASHO Policy 
(14). 

2. The Green Book considers seeing the top inch of a pas
senger car as an adequate design object for intersection sight 
distance. This criterion is wholly inadequate for nighttime 
conditions where a vehicle cannot be seen above terrain 
obstructions until its headlights are visible. 

3. The Case III-B sight distances are not practical, partic
ularly if the design turning vehicle is a large truck (Mason et 
al., in this Record). 

Railroad-Highway Grade Crossing Sight Distance 

The minimum Green Book sight triangle actually promotes 
truck-train collisions because the truck cannot stop but can 
only clear from the sighting point (Fitzpatrick et al., in this 
Record). If the truck driver brakes, the truck will collide with 
the train before coming to a full stop. If the driver begins to 
stop and then decides to proceed, he will collide with the train 
before clearing the crossing. 

CONCLUSIONS 

Many issues persist concerning the development, presenta
tion, adequacy, and usability of the AASHTO design values 
for highway sight distance design. This Record not only 
addresses a majority of these issues, but also provides differ
ent perspectives on many of the issues. The concerned reader 
should read all of the papers and all of the major cited ref
erences to see how they fit together to form a representative 
body of knowledge on the subject of highway sight distance 
design. 
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Stopping Sight Distance: Can We See 
Where We Now Stand? 

J. W. HALL AND D. s. TURNER 

This paper examines the development of stopping sight distance 
(SSD) methodology over the past 75 years. Publications between 
1914 and 1940 show that sight distance became increasingly 
important, but that it was not thoroughly understood. The 
emphasis during this period was on letting drivers see other 
vehicles in sufficient time to take evasive action. This concept 
changed drastically with the 1940 publication of AASHO's 
classic methodology, which made specific reference to objects, 
eye heights, and driver perception and reaction times. Evi
dence shows that the new procedures were gradually assimi
lated into the design process. Since 1940, emphasis has been 
on fine tuning the methodology by modifying its parameters. 
The paper discusses the prominent factors affecting SSD and 
traces their development over the past 75 years. The sensitivity 
of stopping sight distance to changes in the key parameters is 
examined. Characteristics and weaknesses of the methodology 
are discussed through a review of the recent technical litera
ture. Five potential problems with the current AASHTO pol
icies are discussed. Conclusions are drawn regarding the 
appropriateness of the current methodology and several spe
cific recommendations are offered for additional research on 
this important topic. 

Most highway and traffic engineers are familiar with the topic 
of stopping sight distance (SSD) as it is applied to the design 
and operation of streets and highways. They generally rec
ognize that because of its dependence on human, vehicle, 
highway, and environmental factors, sight distance is a com
plicated issue. Although the publication of standards by 
AASHTO (1) might lead them to believe that this complex 
problem has been resolved, and that designs conforming to 
the standards will achieve the desired results, engineers are 
finding that it is expensive to comply with the current stan
dards, especially in the reconstruction of existing highways. 
While this is a serious issue, with obvious financial and legal 
implications, its resolution may be hampered by our myopic 
view of the current sight distance standards. The intent of this 
paper is to examine the development of SSD methodology, 
to point out inconsistencies in the current procedures, and to 
pose topics for further research. 

HISTORICAL DEVELOPMENT 

Conventional wisdom has it that the origin of sight distance 
standards can be traced to a pair of 1940 AASHO publications 

J. W. Hall, Department of Civil Engineering. University of New 
Mexico, Albuquerque, N. Mex. 87131. D. S. Turner, University 
of Alabama, Tuscaloosa, Ala. 35486 

(2, 3). It would be inappropriate, however, to conclude that 
the issue was ignored at the state or national levels prior to 
that time. Early engineering textbooks, which typically 
emphasized the materials aspects of highway construction, 
devoted little attention to the subject. For example, the haz
ard of limited sight distance was recognized in a 1914 text ( 4, 
p. 97) by Blanchard: 

Sharp curves are points at which collisions are very liable to 
occur, particularly if the view is obstructed. Sometimes, if it 
is impossible to increase the radius of the curve, a great 
improvement can be obtained by clearing away obstructions 
so that the curve can be seen throughout its entire length when 
approached in any direction. 

This was probably a good idea, but highway engineers of that 
era would argue that the suggested treatment was quite expen
sive. Two years later, coincident with the first Federal-aid 
Highway Act, a text (5, p. 45) by T. R. Agg advises: 

Safety Considerations. Steep grades, sharp curves and knolls 
that obstruct the view ahead should be avoided in the interest 
of safety. There should always be a clear view ahead for at 
least 250 ft and if a curve exists on a hill, the grade should be 
flattened around the curve if possible so as to permit a quick 
stop in case of emergency. 

While Agg may have been correct, the engineer of today 
would feel uncomfortable with this statement. Why 250 ft? 
What about speed? What are the object and eye heights? And 
what kind of emergency is Agg talking about? There aren't 
any answers to these questions, because the statement above 
is the entire reference to sight distance in the text. But perhaps 
today's questions weren't appropriate then. Vehicles were 
taller and provided greater eye heights and ground clearance, 
while speeds were lower. By 1924, the third edition of Agg's 
text (6, p. 91) expanded on the issue of sight distance as 
follows: 

Curves. Horizontal and vertical curves, embankments, rail
road crossings and intersections with other highways, consti
tute the dangerous portions of a public highway .... To min
imize danger at curves it is desirable to provide ample sight 
distance and to construct horizontal curves with long radii and 
ample superelevation. The sight distance should be such as to 
permit a view of an approaching vehicle 400 ft away. That 
distance will permit both vehicles to be brought to a stop before 
colliding. Since the line of sight on a horizontal curve will 
depend upon whether the curv~is in cut or not and upon the 
width of cleared right-of-way, no standard radius of curvature 
can be suggested that will provide the desired sight distance 
but it is easily computed in any case .... The radius of cur-
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vature for vertical curves that will give a sight distance of 400 
ft is about 3,500 ft and this applies regardless of the rate of 
grade if the algebraic difference in grades exceeds about 5 
percent. 

Agg's revised text clears up the vagueness in the 1916 ver
sion by identifying what has to be seen and what driver action 
is expected, and indicating that the principle applies to both 
horizontal and vertical curves. The reference to the radius of 
a vertical curve is appropriate because some engineers in those 
days recommended the use of circular vertical curves to min
imize earthwork. The distance has increased to 400 ft because 
of a better understanding of the issue, an increase in vehicle 
speeds, or both. 

Early references to sight distance are not limited to text
books; Brightman (7, p. 114) indicates that Michigan's prac
tice in 1926 was to provide 500 ft of sight distance: 

The subject of visibility is one that cannot be overlooked and 
it is related to both horizontal and vertical alignment. In order 
that the motorist may always see far enough ahead for safety, 
the road should be so aligned that a clear vision of 500 feet 
ahead is available. This is worked out by long curves and the 
cutting away of banks which may hide the view in horizontal 
alignment. The vertical alignment is solved by the use of ver
tical curves in the grades which allow a car to be seen at a 
point 500 feet distant at all times. 

Two years later, AASHO adopted a standard of practice 
on road design (8, pp. 12-13) requiring that "horizontal and 
vertical curves be used which provide a sight distance of at 
least 500 feet." 

An informative article by Baldock (9, pp. 732-34) shows 
that in 1935 the practice in Oregon was to design all trunk 
highways, except through mountains, for vehicular speeds of 
75 to 100 mph. As indicated by the following excerpts from 
Baldock's article, Oregon was cognizant of the problems in 
designing for these high speeds. 

Early in the consideration of vehicular speeds it was deter
mined that three speeds would have to be considered as 
follows: 

1. Critical speed, the maximum that can be attained with 
the standards used and beyond which only the most skillful 
racing drivers can operate without extreme hazards. 

2. Designed speed, 80 percent of the critical speed and a 
speed that is safe for skillful drivers. 

3. Recommended safe speed, which takes into account nor
mal traffic conditions and the limitations of the ordinary driver. 
Hence a speed somewhat less than the designed speed. 
The critical speed of an automobile on a highway is controlled 
by the following factors: (1) the ability of the operator to 
function properly-the human equation, particularly in emer
gencies; (2) the ability of the mechanism of the vehicle to 
operate at high speeds without undue hazard; (3) the stopping 
distance or the distance travelled during the reaction time of 
the operators plus the braking distance; (4) the curvature ... ; 
(5) the horizontal sight distance on curves, which, of course, 
varies with the curvature, the position of the vehicle on the 
road and the distance from the line of travel to the sight dis
tance obstruction; (6) the sight distance over vertical curves; 
(7) the sight distance required in passing vehicles at varying 
speeds; and (8) the gradient used in the mountain sections. 

Baldock clearly shows an understanding of the relationship 
between speed and sight distance. He also presents Oregon's 
method of calculating stopping sight distance, which is similar 
to current methods except that it assumes a driver reaction 
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time of 0.5 sec. The frictional values used in the stopping 
distance equation were 0.5 on wet pavement and 0.8 on dry 
pavement; the latter condition is comparatively rare in Ore
gon. For a designed speed of 80 mph, the stopping distance 
would be 740 ft, and a sight distance of 1,500 ft is specified 
for vertical curves. 

At the national level, there was increasing awareness of the 
relationship between design and safety. In 1935, for the first 
time, the Annual Report (10, p. 6) of the Bureau of Public 
Roads (BPR) included a brief section entitled Highway Safety, 
which states in part: 

In approval of plans for highway construction it [the BPR] has 
constantly endeavored to effect a desirable widening of sur
faces, straightening of alignment and reduction of grades to 
make the roads suitable for the increased speed of modern 
traffic. 

Nevertheless, the BPR report does not specifically mention 
the issue of sight distance. A text ( 11, p. 417) published in 
this same year offers the following guidance on sight distance: 

On double-track paved roads, the sight distance should be such 
that a driver can observe an approaching vehicle without being 
startled when travelling at normal road speeds and with the 
corresponding degree of concentration of attention given the 
road. On account of increasing automobile speeds a minimum 
sight distance of 600 ft is desirable. 

Another indication of state practice in the mid-1930s is 
provided by a report (12) from the Ohio Department of High
ways, which indicates that 

One danger point of the highway which receives more consid
eration than previously is the abrupt change at the crest of a 
hill where the driver is unable to see a safe distance ahead. 
On new construction and on reconstruction projects on main 
roads the sight distance on vertical curves are [sic] kept at a 
minimum of 1,000 feet on two-lane, 1,500 feet on three-lane, 
and 800 feet on four-lane pavements, unless this is economi
cally prohibitive. 

The Ohio report also presents a graph for determining the 
length of a vertical curve based on the algebraic difference in 
grades and the desired visibility length (500 to 1,500 ft). The 
chart is very similar to Figure 111-39 in the current AASHTO 
standards (1) except that it assumes a 4.5 ft eye height. 

Concern with sight distance was not limited to engineers in 
the United States. A British textbook (13) derives sight dis
tance formulas for summit vertical curves that are similar to 
those used in current standards. The model assumes that two 
vehicles approach the summit from opposite directions, and 
the recommended sight distance allows each vehicle to decel
erate to a stop before colliding with the other. The text notes 
that "one of the lowest cars on the road has an eye height of 
approximately 3 ft 9 in," and this figure is used in the cal
culations. The calculated braking distance of 240 ft for trunk 
roads with 60 mph speeds is doubled and then rounded to 
550 ft "which gives the drivers half a second each to spare." 

Standards for the 5,000-mi Reichsautobahn system, with a 
design speed of 112 mph (180 kph), provided for stopping 
sight distance. According to one source (14, pp. 292-94), the 
German calculations were based on a 1-sec perception-reac
tion time, and frictional coefficients of 0.4-0.5. Furthermore, 
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In computing sight distance along curves and at summits a 
standard car is assumed, 4.9 ft high, with the eye of the driver 
3.9 ft above the ground and 4.3 ft from the vertical plane of 
the two right wheels of the car. Two kinds of obstacles are 
considered: (1) A standard car and (2) an object near the 
summit projecting 20 cm (about 8 in) from the ground surface 
upwards. 

The use of a lower eye height presumably reflected the design 
of the vehicle fleet. The standards recognized the importance 
of considering objects other than vehicles. In level terrain, 
their designs often used horizontal curve radii greater than 
the 6,560 ft necessitated by these standards; however, design 
standards were lowered when topography made compliance 
uneconomical. 

The BPR's 1936 Annual Report (15, p. 15) specifically 
recognized the importance of providing adequate sight dis
tance in the interest of enhancing highway safety. 

One matter that confronts highway officials which is of great 
present importance and which will be of much concern in the 
future is the eradication of those conditions that are now or 
may be conducive to accident, injury, and death .... The 
greatly increased speed of motor-vehicle travel requires a gen
eral increase in sight distances and the elimination of obstruc
tions to view at intersections. 

The literature of the day seemed to have difficulty in dis
tinguishing among the various reasons for providing adequate 
sight distance. One author (16, pp. 21-24), however, appears 
to concisely identify two principal types of sight distance: 

The general feeling is that 1,000 ft is the shortest sight distance 
that may be regarded as reasonably safe on two-lane roads to 
be traveled at 60 miles per hour. In a distance of 1,000 ft a 
driver of a vehicle moving at 60 miles per hour can normally 
pass another vehicle moving at 40 miles per hour and avoid 
collision with an approaching vehicle traveling at 60 miles per 
hour. 
Sight distance on four-lane highways having parkways or median 
strips separating the opposing traffic lanes may be reduced 
appreciably below those on two-lane or three-lane roads because 
the possibility of accidents on them is limited largely to rear
end collisions. The safe sight distance for four-lane roads, 
therefore, should be at least that distance in which a moving 
car can be brought to a full stop. It will range from 300 to 700 
feet depending on the speed and braking power of the vehicles 
involved. The American Association of State Highway Offi
cials recommends a minimum sight distance of 500 feet for 
four-lane roads and 800 feet minimum on other Class A and 
Broads. 

Else\.vhere, the same article notes that AASI-IO reconunends 
a minimum sight distance of 800 ft on horizontal curves; a 
reduction to 500 or 600 ft for design speeds of about 40 mph 
is permitted in mountainous terrain. This recommendation 
and the previously cited standard of practice (8) clearly show 
that AASHO was providing guidance on sight distance issues 
prior to the publication of its 1940 policy (2). 

The first discussion on this topic by the Highway Research 
Board was in 1937, when the Proceedings (17) included a 
report from its Committee on Sight Distances. The report 
introduced the concept of nonpassing sight distance and iden
tified several areas where additional research was needed to 
properly quantify the parameters involved. Several of the 
report's most significant conclusions are as follows: 
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If safety is to be built into our highways, it is vitally necessary 
that the road be opened up to view for a sufficient distance 
to enable the driver ... to control the speed of the vehicle to 
avoid encountering unexpected obstacles in its path [p. 111 ]. 
The assumed design speed of a highway is considered to be 
the maximum approximately uniform speed which probably 
will be adopted by the faster group of drivers but not, nec
essarily, by the small percentage of reckless ones .... The 
length of highway visible to a driver at every point should be 
in excess of the distance required to bring the vehicle to a stop 
before reaching a stationary object in the same lane when 
travelling at the assumed design speed of the highway. This 
distance may be termed the safe stopping distance. Values for 
the factors entering into its determination should be chosen 
conservatively in order that drivers who normally drive faster 
than the assumed design speed and drivers who do so occa
sionally also may avoid encountering obstacles in the road 
[p. 112]. 
For non-passing minimum sight distance two seconds for per
ception time, one second for brake reaction time, and 0.4 for 
the uniform coefficient of friction may be considered reason
able values. They result in non-passing minimum sight dis
tances equal in feet to about ten times the assumed design 
speed in miles per hour. The variation is not uniform, being 
greater at high speeds and less at lower speeds. For four-lane 
and divided highways a greater margin of safety may be advis
able. This may be secured by assuming a speed 10 miles per 
hour greater than the assumed design speed of the highway 
for sight distance purposes [p. 118]. 

Despite the extensive discussion of sight distances in the 
HRB paper, there is no mention of eye or object heights. For 
rural highways with a design speed of 60 mph, the stopping 
sight distance calculated using these HRB procedures is about 
11 percent less than current AASHTO standards. But, if one 
accepts the admonition to assume a speed that is 10 mph 
greater than the actual design speed, the calculated sight dis
tance is 13 percent greater than current AASHTO values. 

The BPR's 1937 report (18, p. 2) again recognized the 
importance of sight distance and implied that a substantial 
portion of the highway system posed a hazard to motorists. 

Construction of through routes was begun some 15 or 20 years 
ago when the speed of vehicles was much slower and traffic 
considerably less in volume. The roads built were designed for 
conditions as they were then foreseen, and were influenced 
somewhat by the necessity of rapidly extending the mileage. 
Engineering standards in respect to sight distance, curvature, 
and grade have been steadily raised but much of the early 
construction reflects the earlier standards and is unsafe for 
modern traffic .... The condition of these highways cannot 
be considered satisfactory so long as many sections present 
unexpected dangers to the motorist. 

In a section of its 1938 Annual Report (19, pp. 2-4) entitled 
Greatest Needs on Main Roads are Widening, Longer Sight 
Distances, and Reduction of Curvature, the BPR stated: 

Eliminating those curves that have become traffic hazards at 
the now normal driving speed and increasing sight distances 
by road straightening and by grading at the tops of hills are 
widespread needs on the existing main highways. These defects 
are found generally on roads in every part of the country and 
their danger to traffic is the consequence of an increase in 
vehicle speed far beyond what was visioned 15 or 20 years ago 
and far in excess of the legal limitations that existed in most 
states. 

In the same report, however, the BPR blames drivers for 
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accidents on roads it describes as hazardous. In a year when 
32,000 persons died on the nation's highways, BPR reports: 

At the same time it must be recognized that accomplishment 
of all these things (e.g., sight distance improvements) will not 
constitute a solution of the accident problem. The present 
condition of main highways is not conducive to accidents except 
when rendered so by risk taking drivers. The data available 
on the causes of accidents indicate that improper acts by vehi
cle drivers are the element common to most accidents .... 
There is a relatively small group of definitely accident-prone 
drivers who experience a relatively large number of accidents. 

A 1939 textbook (20) notes that 5 ft is generally used as 
the height of the driver's eyes above the road surface. With 
respect to vertical curves, the text notes: 

The minimum length of vertical curves at summits will be 
governed by the distance within which two vehicles are within 
sight of each other, this distance being defined as the "sight 
distance." Proper sight distance varies for different conditions 
and should be greatest on roads having smooth pavements 
with no parking strips between opposing Janes of traffic. Rec
ommended sight distances vary from 350 to 1,000 ft for rural 
highways, the maximum being applicable to high-speed through 
highways. 

For horizontal curves, this text recommends minimum sight 
distances of 800 ft (measured along the roadway center line) 
on primary and heavily traveled secondary state highways, 
although 500 ft is a desirable minimum on local highways. 
The text also provides the following tabulation of stopping 
distances: 

Stopping Distance, Feet 

Quick Thinker, Slow Thinker, 
Speed Good Brakes Fair Brakes 

20 30 55 
40 100 170 
60 200 330 
80 325 550 

Finally, in 1940, Agg published the fifth edition (21, p. 154) 
of his text; his discussion of sight distance at vertical curves 
suggests that the concern is drivers seeing each other. 

When two vehicles approach the top of a hill from opposite 
directions on a highway at least two lanes wide, there is no 
element of danger if each is held to its proper lane and the 
drivers are able to see each other while they are still a rea
sonable distance apart. The line of sight of an automobile 
driver is about 5 ft above the road surface. With that factor 
fixed, the curvature is readily computed for any desired sight 
distance. The problem then becomes one of determining what 
constitutes a reasonable sight distance, but upon this point it 
is not easy to be specific. Perhaps a good basis for preliminary 
computations is to determine how much distance is required 
to bring a vehicle to a stop from the extreme road speed to 
be expected (if there is any such thing as a limit to speed, 
which seems doubtful). If the road surface permits a reasonable 
application of the brakes without starting a skid, a vehicle with 
four-wheel brakes could be stopped in about 300 ft from a 
speed of 60 mph. To this must be added about 75 feet as the 
distance traveled during the "reaction time." This would indi
cate that about 800 feet is the minimum sight distance for 
summits on busy trunk-line highways. Many of the state high
way departments are designing the trunk highways with a sight 
distance of 1000 ft or more. 
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This overview of sight distance prior to 1940 suggests that 
the issue was recognized as being important, but it was not 
thoroughly understood. The emphasis was to provide suffi
cient sight distance for the driver to see other vehicles in 
sufficient time to avoid them. In only one domestic reference 
(17) is the concept of avoiding obstacles in the road discussed. 
Only the foreign authors (13, 14) used an eye height of less 
than 4.5 ft. In hindsight, AASHO's 1940 sight distance policy 
(2) represented a significant change from previous practice, 
although interestingly enough it received no notice in Engi
neering News-Record, which covered most of the highway 
developments of that era. The minimum sight distances based 
on the revised procedures ranged from 200 ft at 30 mph to 
600 ft at 70 mph. Some highways designed according to pre
vious criteria did not satisfy the new requirements. 

Perhaps the most dramatic change introduced by the 1940 
standards was the substitution of a small object as the feature 
that must be seen. AASHO's selection of a 4-inch-high object 
(2) was justified as follows: 

The stationary object may be a vehicle or some other high 
object, but it may be a very low object such as merchandise 
dropped from a truck or small rocks from side cuts. To be on 
the safe side the surface of the pavement should be visible to 
the driver for the entire length of the non-passing sight dis
tance, but the necessity for it is questionable. Large holes 
rarely are encountered in modern pavements and very small 
objects generally can be avoided without the necessity for 
stopping. Therefore, a height of object of 4 inches is assumed 
in determining non-passing sight distance. 

Table 1 summarizes the historical development, the 1940 
standards, and the well-documented changes over the past 48 
years. The 1940 policy established the fundamental meth
odology that is still in use today, but there has been a fairly 
continuous change in individual parameters toward safer val
ues. For example, driver eye height has been reduced by a 
foot, whereas pavement friction values were reduced to 
approximately 70 percent of their original values. The only 
element that has not changed significantly is the driver; as a 
result, the assumed perception-reaction time has remained 
virtually constant. 

REVIEW OF SELECTED RECENT RESEARCH 

Glennon (26) performed a critical review of SSD literature 
for a Transportation Research Board report to Congress. He 
drew the following (paraphrased) conclusions: 

1. Alignment changes performed to improve stopping sight 
distance appear to be safety-effective when very short por
tions of a roadway are improved to provide very long sight 
distances. 

2. Alignment changes are normally cost-effective only on 
highways that have (a) very high traffic volumes and (b) major 
hazards that are hidden by a sight obstruction. 

3. Highway agencies must be careful when making minor 
lengthening of extremely substandard crest vertical curves. 
Unless care is used, it is possible to provide better sight dis
tance for a short length of highway while causing an increase 
in the total length of roadway with inadequate sight distance. 
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TABLE 1 HISTORY OF STOPPING SIGHT DISTANCE PARAMETERS 

Eye Perception-
Reference Pavement Stop Height Object Friction Reaction Time Sight 

Source No. Condition Condition (ft) Height Factors Speed (sec) Distance (ft) 

Agg, 1916 5 At least 250 
Harger, 1921 22 5.5 5.5 ft 
Agg, 1924 6 -5 ft 400 
Michigan, 1926 7 -5 ft 500 
Oreeon, 1935 9 Wet, dry -5 ft 0 ."i wet 80% of 0.5 1,."iOO @ ~o mph 

0,8 dry critical speed 
Wiley, 1935 11 -5 ft Normal road 600 

speeds 
Ohio, 1937 12 1,000 (two lanes) 

800 (four lanes) 
Conner, 1937 16 -5 ft 500 (four lanes) 
HRB, 1937 17 Unexpected 0.4 fylaximum uniform 

obstacles speed 
Bateman, 1939 20 5 -5 ft 
Agg, 1940 21 5 -5 ft 
AASHO, 1940 2 Dry Locked wheel 4.5 4 in. 

AASHO, 1954 23 Wet Locked wheel 4.5 4 in . 

AASHO, 1965 24 Wet Locked wheel 3.75 6 in. 

AASHTO, 1970 25 Wet Locked wheel 3.75 6 in. 

AASHTO, 1984 Wet Locked wheel 3.5 6 in. 

NCHRP, 1984 29 Wet Controlled 3.33 4 in . 

4. Treatments such as site-specific warning signs, advisory 
speed plates, and reduced speed zones should be encouraged 
at the locations where a crest vertical curve hides a hazard. 
The Limited Sight Distance sign has been ineffective in pro
viding the proper warning to motorists. 

5. Stopping sight distance on horizontal curves may be a 
particular problem. Cornering forces on the tires consume a 
portion of the friction force that might otherwise be used for 
deceleration. In addition, large trucks require longer SSDs 
than cars. For vertical curves, the truck driver's increased eye 
height offsets the required additional stopping distance; this 
advantage is not available for horizontal curves. 

6. Low-cost treatments such as clearing vegetation or 
removing other minor obstacles on the inside of horizontal 
curves is a cost-effective technique to increase SSD on vir
tually all highways. Minor clearing on the inside of a curve 
can sometimes produce spectacular increases in SSD. 

7. The skid resistance of pavement on the approaches to 
a limited sight distance roadway section might receive partic
ular consideration. 

Neuman et al. (27) examined the functional requirements 
of stopping sight distance. Their study identified several 
inconsistencies in the present AASHTO policy, including the 
following: 

1. SSD accidents are event-oriented. The mere presence 
of a segment of highway with inadequate SSD does not guar
antee that accidents will occur. In:i::lequate SSD is simply one 
item in a chain of events that leads to a collision. For example, 
a site with a minimally limited SSD on a low-volume, low
speed, rural route would rarely produce a critical linkage of 
events to cause a collision. 

2. The probabilities of occurrence of SSD-related critical 
events define the relative hazard of any individual location. 

800 ( Horiz C) 
0.40@ 60 mph <l 
0.50@ 30 mph Design speed 3@ 30 mph 200@ 30 mph 
0.40@ 70 mph 2@ 70 mph 600@ 70 mph 
0.36@ 30 mph 85-95% of 2.5 
0.29@ 70 mph design speed 
0.36@ 30 mph 80-93% of 2.5 
0.27@ 70 mph design speed 
0.35@ 30 mph Min: 80-93% of 2 .5 
0.27@ 70 mph design speed 
0.35@ 30 mph Design speed 2.5 200@ 30 mph 
0.28@ 70 mph 850@ 70 mph 
By numerical Design speed 2.5 

integration 

The joint probability of an accident is a function of traffic 
volumes, frequency of conflicts, and other factors. 

3. The severity of SSD-related collisions may be more 
important than the frequency of such accidents. High-severity 
collisions may dominate cost-effectiveness studies of potential 
improvements. 

4. There are many minor, uncontrollable factors that con
tribute to accidents at limited SSD locations. These minor 
factors (worn tire tread, deficient vehicle braking character
istics, irregular pavement, impaired driver, and the like) become 
more important when the driver enters a critical situation and 
tries to avoid an accident. 

These researchers also report .that at locations where defi
cient sight distance is caused by short vertical curves, length
ening the vertical curves could make the situation worse. 
Although the degree of SSD deficiency, as reflected by the 
safe speed, may be improved, the distance over which a driver 
experiences a deficiency may increase. In other words, an 
expensive reconstruction project might transform a short ver
tical curve with a seriously restricted sight distance into a 
longer vertical curve with only a marginally higher safe speed. 

Neuman and Glennon (28), in an effort hampered by the 
lack of data, attempted to establish the cost-effectiveness of 
SSD improvements. They were able to establish upper limits 
on the effectiveness of sight distance improvements by con
structing a model based on optimistic assumptions. Their model 
showed quite clearly that eliminating SSD deficiencies by 
making geometric changes to vertical or horizontal curves 
could only be justified in the presence of high traffic volumes 
or when significant hazards existed within the restricted sight 
area. 

Olson et al. (29) performed a series of controlled roadway 
experiments to evaluate perception-reaction time, driver eye 
height, object height, and braking distances. Their findings 
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caused a significant stir in the highway engineering commu
nity . Although they found that the 90th-percentile test driver 
had a perception-reaction time of 2.4 sec, they recommended 
retention of the traditional 2.5 sec because their test drivers 
probably had a heightened awareness and were not subject 
to factors (for example, fatigue) faced by normal drivers. 

On the basis of their results, the researchers recommended 
changes to parameters in the AASHTO SSD equations. They 
proposed that the driver's eye height be reduced from 42 to 
40 in, and that the object height be reduced from 6 to 4 in. 
In addition, they suggested another deviation from current 
AASHTO procedures. They contended that a driver will 
"modulate his braking control" so that he can decelerate with
out losing directional stability. They recommended a numer
ical integration technique for calculating braking distance, 
rather than relying on the AASHTO Jocked-wheel, skid-to
a-stop method. 

The researchers also concluded that the higher eye height 
of truck drivers allowed them to initiate braking sooner at 
locations where sight distance is restricted by vertical curva
ture . As a result, stopping sight distance requirements for 
large trucks under these conditions are reasonably similar to 
those for passenger cars . Other researchers (Harwood et al., 
in this Record) report that this may not be the case because 
of variances in truck drivers' braking skills. In addition, the 
increased truck driver eye height provides no benefit when 
emergency stopping conditions exist within sharp horizontal 
curvature. 

MEASURING THE RELATIONSHIP BETWEEN 
ACCIDENTS AND STOPPING SIGHT DISTANCE 

The primary reason for increasing SSD is to provide improved 
safety benefits to motorists. Unfortunately, it is difficult to 
know how much to improve SSD to obtain a given level of 
improvement because data are lacking on the relationship 
between SSD and accidents. Several studies have examined 
sight distance as one of many factors contributing to crashes; 
nevertheless, these general research efforts have failed to pro
duce a realistic model to define the change in accident rates 
for specific treatments that change sight distance. 

Two studies offer possible insight into the issue. Farber (30) 
employed a Monte Carlo simulation technique to investigate 
accident potential for a limited SSD situation. He investigated 
the hypothetical situation of left-turning vehicles just down
stream from a sight-distance-limiting crest vertical curve. He 
was able to draw conclusions about accident potential as a 
function of traffic volume, sight distance, and related factors. 
Such simulation methods have previously been used in other 
types of research to gather realistic data on parameters such 
as conflicts, operating conditions, and accident potential. 
Continued development of Farber's model might be a useful 
way to develop a similar model describing the relationship 
between safety and stopping sight distance . 

Olson et al. (29) performed a statistical analysis on ten pairs 
of sites that were matched for similarity-except for their 
sight distance. In seven of these pairs, the limited sight dis
tance site had more accidents than its companion. In two 
cases, the limited and full sight distance pairs had approxi
mately the same number of collisions, whereas in one case, 
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the limited sight distance location actually had fewer accidents 
than its matching site. Overall, the limited SSD sites had a 
50 percent higher accident rate than the locations with ade
quate SSD. 

With the exception of these two studies, there does not 
appear to be any work that conclusively defines the relation
ship between limited SSD and accident rates. The absence of 
sufficient data on this issue limits our ability to predict the 
results of changes to the existing methodology. 

SENSITIVITY OF STOPPING SIGHT DISTANCE 
PARAMETERS 

The methodology for calculating SSD is found in the AASHTO 
Green Book (1). The basic equations to determine SSD at 
crest vertical curves utilize six variables: 

1. Perception-reaction time, 
2. Driver eye height, 
3. Object height, 
4. Vehicle operating speed, 
5. Coefficient of pavement friction, and 
6. Algebraic difference in grades . 

If the basic SSD methodology is to be modified to improve 
roadway safety, an understanding of the role and sensitivity 
of each of these parameters is necessary. In other words, if 
any one of the parameters is to be changed, it is important 
to know the effect on other parameters and the resulting 
overall change in sight distance . Five of the parameters will 
be reviewed in the following discussion; the sixth parameter, 
algebraic difference in grades, is a product of local site con
ditions and is not specifically discussed . Because several of 
the references dealing with eye and object height changes also 
report the effect on crest vertical curve length, this latter 
characteristic is included in the comparisons. 

Perception-Reaction Time 

Recent research has confirmed that 2.5 sec is a reasonable 
perception-reaction time regardless of design speed (29) . Woods 
(30) noted that any change in perception-reaction time was 
actually a change in the distance traveled at the design speed. 
Thus, the effect on SSD was highly speed dependent. Glennon 
(32) and Farber (33) indicated that for changes in perception
reaction time, the increase in SSD became significant at higher 
speeds. Hooper and McGee (34) reached the opposite con
clusion, contending that at higher speeds the braking com
ponent of stopping sight distance became the dominant factor, 
even though a significant distance was traveled during the 
increased perception-reaction time. 

Driver Eye Height 

The sensitivity of eye height appears to have been thoroughly 
investigated and reported in the technical literature. As shown 
in Table 2, stopping sight distance has been found to be rel
atively insensitive to changes in driver eye height. The data 
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TABLE 2 EFFECT OF CHANGES IN EYE HEIGHT ON STOPPING SIGHT DISTANCE 
AND VERTICAL CURVE LENGTH 

Source 

Farber Olson Khasnabis AASHTO Woods Woods 
(33) (29) (35) (J) (30) (30) 

~Eye height (in.) -6 -2 -3 -3 -1.2 -6 
Percent change (-15) (-5) (-7) (-7) ( -3) ( -13) 
~SSD (%) +5 + 1.5 +2.7 +2.5 
~Curve length(%) +3 +5.3 +5.0 +2.3 + 11.5 

TABLE 3 EFFECT OF CHANGES IN OBJECT HEIGHT ON VERTICAL CURVE LENGTH 

Source 

Khasnabis AASHTO 
(36) (1) 

~Object height (in.) 6 to 0 6 to 0 
Percent change (-100) ( -100) 
~Curve length (%) +79 +85 

in the Table regarding vertical curve length changes are based 
on the specific set of assumptions employed by the research
ers, so an absolute comparison is not possible. 

Even with the inherent differences between the studies, 
Table 2 still shows that a 3-in decrease in eye height only 
produces a 3 percent increase in the necessary SSD, while a 
6-in decrease requires a 5 percent increase in SSD. There is 
a relatively strong consensus among these researchers that a 
moderate reduction in driver eye height produces a small 
resultant change in vertical curve length and stopping sight 
distance. 

Object Height 

Considerable research has been devoted to the role of object 
height in determining SSD. Four studies, summarized in Ta
ble 3, indicate that stopping sight distance is more sensitive 
to object height than to driver eye height. For example, mov
ing from a 6-in object to a 0-in object increases crest vertical 
curve length by approximately 80 percent. Smaller reductions 
in object height have a less drastic effect; halving the object 
height to 3 in increases the vertical curve length by 10-18 
percent, depending on assumptions. 

Vehicle Speed 

At least three investigators have determined that travel speed 
is an extremely sensitive parameter. Woods (30) showed that 
a 10 percent increase in vehicle operating speed yielded an 
increase of approximately 40 percent in crest vertical curve 
length for speeds between 40 and 65 mph. Farber (33) found 
that "small deviations in speed are equivalent to large devia
tions in stopping sight distance." This same conclusion is sup
ported by others (35). 

Woods Khasnabis Olson Woods 
(32) (36) (29) (32) 

6 to 2 6 to 3 6 to 3 6 to 4 
(-67) (-50) (-50) (-33) 
+24-30 + 18 +10 + 12-16 

Pavement Friction 

The most sensitive parameter in determining SSD appears to 
be the pavement friction value. Farber (33) found a noticeable 
relationship between friction effects and design travel speed, 
and he observed that SSD sensitivity to pavement friction 
increased with speed. Woods (30) states that "pavement fric
tion is the most sensitive parameter in crest vertical curve 
design." He showed that for f values near 0.35 (a fairly low 
value, comparable to the 15th percentile of a typical state's 
total friction meilsurements), crest vertical curve length 
increased about 4 percent for each 0.01 change in pavement 
friction. As friction values dropped lower, curve lengths 
increased at an even greater rate. For very low f values (around 
0.10), a change of only 0.01 caused a 20 percent change in 
vertical curve length. 

The highest level of sensitivity is at the lower end of the 
pavement friction scale. This is also the region in which brak
ing characteristics are poorest. Thus, at locations where a high 
degree of hazard already exists because of low f values and 
marginal sight distance, relatively minor changes inf produce 
drastic changes in SSD. The worst possible effect occurs at 
the worst possible location~ 

Pavement friction values are partially dependent on envi
ronmental conditions. Hill and Henry (36) report that a pave
ment's f value will decrease by more than 0.01 for a temper
ature increase of l0°C. In some parts of the country, daily 
temperature swings are twice this much, resulting in friction 
changes of 0.02-0.03. Based on the 15th-percentile f value 
of 0.35 reported by Woods, this change in temperature could 
increase the necessary SSD 8 to 12 percent. 

Summary of Parameter Sensitivities 

Of the five parameters reviewed, the most sensitive is pave
ment friction, followed by vehicle operating speed. The least 
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sens1t1ve appears to be driver eye height. It is interesting, 
however, that most recent research and discussions have focused 
on driver eye and object heights, two of the less sensitive 
parameters in determining stopping sight distance. The poten
tial daily change in ambient temperature at sites with low 
friction values has a significant affect on SSD, yet the issue 
has received relatively little attention. 

POTENTIAL PROBLEMS WITH THE CURRENT 
METHODOLOGY 

A review of the historical development of SSD demonstrates 
that the early highway engineers did not have a thorough 
understanding of the issue. In 1940, AASHO set up a plau
sible model with the potential to at least standardize this 
design parameter. Efforts during the past half-century have 
focused on adjustments to this model, although comparatively 
little attention has been directed to its validity . From a mac
roscopic view, the basic model possesses certain difficulties 
that warrant further attention. 

Driver Vision Requirements 

Considerable attention has been directed to the subject of 
object height , and in the last decade it has been reported that 
the undercarriages of many passenger vehicles cannot clear 
an object 6 in high. This has led to suggestions that the object 
height should be lowered. A reduction, however, may be 
unrealistic. Consider the situation where 600 ft of sight dis
tance is required. The current model assumes that on a tan
gent, level road, the normal driver should not have a problem 
seeing a 6-in-high object at this distance; in the absence of 
atmospheric interference, this corresponds to seeing a 0.2-in
high object at 20 ft. By comparison, the standard letters on 
a 20/20 eye chart are 0.35 in high, whereas the 20/40 letters 
are 0. 70 in high. Because of variations in driver licensing 
requirements and the general deterioration of a driver's visual 
abilities with age, the prudent highway engineer might plan 
for drivers with a static visual acuity of 20/40 . In other words, 
the design driver must only be able to distinguish among 
objects that are 3.5 times as large as the object assumed for 
sight distance purposes. Granted, the driver does not have to 
read the object. On the other hand, the object need not have 
the contrast, either with itself or with the roadway, that is 
provided by a black-and-white eye chart. In addition, the 
static acuity measured in a standard vision test imposes a less 
demanding requirement than the dynamic acuity required in 
the driving task. 

Furthermore, in the case of a vertical curve, the driver is 
faced with an additional problem: the entire object (either 6 
or 4 in high) doesn't suddenly become visible. Rather, the 
driver initially has a line of sight to the very top of the object; 
as he approaches the object, there comes a point where he 
has a line of sight to the bottom of the object. Consider a 
1,600-ft vertical curve with an algebraic difference in grades 
of 5.9 percent; with this design, a driver with an eye height 
of 3.5 ft will have a line of sight to the top of a 6-in-high 
object at a distance of 600 ft. Nevertheless, the driver will 
not have a line of sight to the entire object until he has 
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approached to within 435 ft. The separation between where 
the driver might first see the top and the bottom of the object 
corresponds to approximately 1.9 sec at 60 mph, or 75 percent 
of the assumed conservative perception-reaction time. 

Probability of an Accident with a 6-Inch-High Object 

The previous section made the point that a typical driver will 
have difficulty in seeing a 6-in-high object at rural highway 
speeds. But it is also appropriate to consider how frequently 
an object of this kind is actually struck in an accident. Analysis 
by Woods (30) found that the collision rate for objects of this 
size or smaller was only 0.02 per million vehicle miles. This 
is at least two orders of magnitude smaller than the collision 
between pairs of multiple vehicles. The small probability of 
a collision with objects of this size suggests that we may be 
designing for an event that almost never occurs. In addition, 
a change to a 0-in object height, however desirable from a 
theoretical viewpoint, would appear to have a negligible effect 
on accident rates; it is questionable whether drivers can dis
cern such small objects at the distances required for rural 
highway speeds. 

Liability Trends 

State highway agencies paid an estimated $120 million in judg
ments and settlements from tort liability claims in 1986, and 
spent at least another $20 million in defending these cases 
[Turner et al. (37)]. Engineers are properly concerned about 
this issue, especially since the number of suits is growing at 
an annual rate of 17 percent. Data are not readily available 
to show what share of these suits involve contentions of inad
equate stopping sight distance, but the previously cited acci
dent data imply that the number would be small. Although 
it would take additional research to reach a definitive con
clusion, it appears that the extensive financial resources required 
to upgrade older roads to current SSD standards might be 
better spent on alternative improvements. 

Vehicle Characteristics 

There is no doubt that the current methodology does not 
provide adequate SSD for trucks on horizontal curves, regard
less of object size (26). A current study (30) has found that 
a truck driver's ability and efficiency are major factors in 
assessing whether current standards are sufficient for large 
trucks in individual SSD maneuvers. Potential changes in 
braking systems might reduce the disparity between trucks 
and passenger vehicles, but as with any change to the vehicle 
fleet, this would be a longer-term solution. In the meantime, 
truck accident experience related to SSD warrants further 
examination. 

Another vehicle characteristic, the lighting system, has not 
been given proper attention in the development of the SSD 
model. Previous discussion has noted that the driver may have 
difficulty detecting a 6-in-high object during the daylight at 
highway speeds. With properly aligned low-beam headlights, 
the driver on a typical rural road at nighttime will not be able 
to see an object in the road at these same speeds. 
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Pavement Friction 

AASHTO (1) descl'lbes the friction al coefficient:; used in the 
model as generally conservative. Although there is a g n ra l 
cons nsl1 s that designing for adequate top1 ing sight distance 
on an icy road i inappropriate, it is proper to recognize that 
pavement friction can change significantly in response to envi
ronmental fa ctor . The variation f fricti on with increasing 
temperature was previously noted . In addition , the frequency 
and intensity of rainfall that serves to cleanse the pavement , 
as well as the quality of materials used in the pavement, can 
have a significant effect. - ve n if the SD model had 11 other 
fault ·, it. applicMion to a pecific loca tion using an assumed 
nearly all-inclusive fricti na l oefficient may produce a sub
standard design . 

CONCLUSIONS 

Prior to the 1937 report by the HRB Committee on Sight 
Distances, the rationale for a policy on stopping sight distance 
was po rly understood. E1111 hasis was placed on providing 
sufficient di lance for a driver to see and avoid other vehides 
but the distances were not analytically related to driver, vehicle , 
or roadway characteristics . Roadbeds and roadsides designed in 
compliance with these minimum recommended sight distances 
became substandard as vehicle speeds continued to increase. 
The methodology described in the 1940 AASHO policy sought 
to incorporate the factors that influence a driver's ability to 
re pond to obstacles in the roadway. Since that time , the 
melll dology has remained un. hanged, although the individ
ual parameters have been fine-tuned in an effort to account 
for changes in roads, vehicles , and driver behavior. 

Stopping sight d istance has become a topical issue for sev
era 1 rea. ons. De igners argue , for xample, that recent adjust
ments to individual parameters in the model have had two 
effects : 

1. Highway de igned in accord with previous policies have 
suddenly become sub~'.!andard, thus creating potential liability 
problems. 

2. The expense of meeting the revised standards in the 
construction of new highways, and especially in the recon
struction of older alignments, adds significantly to project 
cost. This issue is critical because the benefits of the revisions 
have not been demonstrated . 

If the highway engineering community had faith that the 
current SSD model reflected the needs in actual driving con
ditions, the foregoing effects could probably be accepted. 
T here is growing concern that th 1940 model doe not, and 
perhaps cann l reflect the realitie of driving. On one hand , 
it does not properly account for driver vi ion limitations , large 
trucks , nighttime driving, and realistic variations in pavement 
friction. On the other hand , further model adjustments to 
resolve these theoretical shortcomings may not be justified 
because 

1. Available accident data fail to support the contention 
that the type of incident that the SSD model is intended to 
guard against is even a minor problem on existing rural high
ways. 
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2. The significant extra costs of highway construction and 
reconstruction occasioned by adjusting model parameters to 
reflect the extremes of current or projected driver, vehicle , 
or highway conditions could prove detrimental to overall high
way system safety if the limited funds for improvement are 
used to provide an optimal, rather than a realistic, level of 
highway safety. 

RECOMMEND A TIO NS 

There is clearly a need to reexamine the role and importance 
of stopping sight distance in the safe operation of streets and 
highways. Although several ongoing and recently completed 
studies have examined individual components of this issue, 
and have made valuable contributions to the state of the art, 
there is a need for a more thorough study that would address 
the following issues: 

1. Does the current model for stopping sight distance address 
a real problem, as exemplified by actual accident experience 
on sections of road that do not meet current standards, or is 
it a theoretical aberration that does not properly reflect actual 
operating conditions? 

a . If the model properly portrays realistic hazards on 
the highway system, what, if any, modifications are 
needed to better accommodate these conditions? 

b. If the model does not adequately represent the con
ditions experienced by the average, reasonably pru
dent driver, what methodology is required to reflect 
realistic conditions? 

2. Since compliance with current SSD standards on recon
structed highway segments limits the number of projects that 
can be undertaken within budgetary constraints, what is the 
systemwide tradeoff among SSD, highway safety , safe road
sides, and other design and operational factors that influence 
safe roadway operation? 

3. Other transient hazards on the roadway, most notably 
animals but also stalled vehicles in a traffic lane, create haz
ards for the motorist. Has too much attention been devoted 
to the theoretical 6-in-high object in the roadway? 

4. Although AASHTO standards are developed and 
accepted by state highway agencies , and are applicable to rural 
highways under their control, they are often imposed in a de 
facto manner on local roads administered by counties and 
cities. There is a need to establish the relevancy of AASHTO's 
design standards in general, and SSD standards in particular, 
to local roads. 
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New Approach to Design for Stopping 
Sight Distance 

TIMOTHY R. NEUMAN 

Design for stopping sight distance (SSD) is among the most 
basic, critical considerations in the total design of a highway. 
SSD requirements affect all geometric elements-horizontal 
and vertical alinement and cross section. Despite the impor
tance of SSD, there is continuing, growing dissatisfaction among 
many de ign engineer with the current policy and general 
approach toward S D. Such dissatisfaction can be attributed 
to U1c problems and costs of meeling current design policy 
which have changed in l'ecent yeal's coupled with a lock of 
evidence of the safety effectiveness of the policy. This paper 
present a new approach to SSD design. It involves the aban
donment of the concept that a single operational model for 
SSD is appropriate for all highway types under all conditions. 
Instead, the approach presented here suggests functional high
way classification as the foundation fol' determining SSD design 
policy and values. A range of different operational models and 
driver, vehi le, and roadway parameters would be possible for 
different classes of highways. This, in turn, allows a range of 
design values for SSD for a given design speed, rather than 
just one value for all conditions. The paper presents examples 
of such models, with assumed values for driver reaction time, 
pavement friction, and object height. Illustrative calculations 
of SSD for five different classes of highways are shown. The 
calculations indicate the potential for SSD design values to vary 
significantly from those currently shown ·by the AASHTO 
policy. 

Design for stopping sight distance (SSD) is among the most 
basic, critical considerations in the total design of a highway. 
SSD requirements affect all geometric elements-horizontal 
and vertical alinernent and cross section. 

Despite the importance of SSD, there is continuing, grow
ing dissatisfaction among many design engineers with the cur
rent policy and general approach to the subject. Such dissat
isfaction can be attributed to the problems and costs of meeting 
current design policy, which have changed in recent years, 
coupled with a lack of evidence of the safety effectiveness of 
the policy. 

Engineers and researchers have made much progress toward 
investigating stopping sight distance requirements (J-3). Their 
efforts have been valuable in quantifying important measures 
of effectiveness and in helping to put SSD in perspective with 
other design needs. Yet research focus thus far has not addressed 
the real issue in SSD: the basic model used to determine SSD 
values for highway design. 

This paper is intended to focus the technical debate con
cerning SSD and to present a new approach to SSD design. 

Jack E. Leisch & Associates, 1603 Orrington Avenue, Suite 1200, 
Evanston, Ill. 60201. 

This approach represents a major change in policy, yet one 
that is clearly overdue. In brief, it involves the abandonment 
of the conce pt that a si ngle opera1ioll'll model for S D is 
appr priate for aU highway types und r aJI conditions. In tead 
it suggests jimctional higl11vny classifica1io11 as the foundation 
for determining SSD design policy and values. 

HISTORICAL REVIEW OF SSD 

Current basic design policy for SSD has remained unchanged 
for almost 50 years. It is summarized (4-6) as follows: 

The minimum sight disiance available on H highw11 should be 
sufficiently long LO enable a vehicle traveling nt or near the 
likely top speed to slop before reaching an bje t in ii path . 
While greater length is dcsirublc . sight disrnnc · HI every point 
along lhc highway houlu be al kasc that required (or a below 
average operator or vehicle to stop. 

AASHTO "Object in Road" Model 

The American Association of State Highway and Transpor
tation Officials (AASHTO) model for SSD, formalized in 
1940, describes design requirements in simple terms, as shown 
in Figure 1. The parameters of interest in SSD design include 
eye height, object height, perccption-reacti n tim ", pave
ment-tire coefficient of friction, and peed of operation. What 
is notable is that design policy as formulated establishes the 
same operational model (collision avoidance of an object in 
the road) and the same values for each parameter, regardless 
of the type of highway. 

Evolution of AASHTO Policy 

The AASHTO design policy has changed as the population 
of vehicles and drivers has changed and as operational and 
safety research has shed light on safety effectiveness of SSD. 
Table 1 summarizes the changes in AASHTO policy design 

He 

FIGURE 1 AASHTO model for stopping sight distance. 
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TABLE 1 EVALUATION OF AASHTO STOPPING SIGHT DISTANCE POLICY 

Design Parameters 

Eye Object 
Height Height 

Year (ft) (in.) 

1940 4.5 4 

Perception- Assumed 
Reaction Tire-Pavement 
Time Coefficient of 
(sec) Friction (J) 

Variable" Dry-from 0.50 at 

Assumed Speed 
for Design 

Design speed 

Effective Change 
from 
Previous Policy 

30 mph to 0.40 at 
70 mph 

1954 4.5 4 2.5 Wet-from 0.36 at Lower than design speed 
30 mph to 0.29 at (28 mph at 30-mph 

No net change in design 
distance 

70 mph design speed ; 59 mph at 
70-mph design speed) 

1965 3.75 6 2.5 Wet-from 0.36 at Lower than design speed 
30 mph to 0.27 at (28 mph at 30-mph 

No net change in design 
distance 

80 mph design speed; 64 mph at 
80-mph design speed) 

1970 3.75 6 2.5 Wet-from 0.35 at Minimum values-same as Increase in SSD of up to 
250 ft at 70 mph 30 mph to 0.27 at 1965 ; desirable values-

80 mph design speed 
1984 3.50 6 2.5 Wet-from 0.35 at Minimum values-same as No net change from 1970 

30 mph to 0.27 at 1965 ; desirable values-
80 mph 

0 3.0 sec at 30 mph to 2.0 sec at 70 mph. 

and parameters and the effects of these changes on actual 
design. 

The most recent changes, reflected in the 1984 policy, have 
the effect of lengthening the required vertical curve and 
increasing the required horizontal curve offset for a given 
design speed. These changes , combined with increasing 
emphasis on reconstruction problems and costs, have high
lighted SSD as a major design concern. In many cases of major 
reconstruction, an existing alinement must be revised if the 
design agency desires such reconstruction to be compatible 
with current policy. 

Nevertheless, as pointed out in previous work (7), blanket 
alinement reconstruction is clearly not a cost-effective design 
approach. Other recent research confirms that , in terms of 
accidents and safety, there is little reason to believe that SSD 
design is having the kinds of safety effects that designers believed 
would occur or intended to occur. 

PROPOSED SSD OPERATIONAL MODEL FOR 
DESIGN OF HIGHWAYS 

This paper proposes a revised operational model for stopping 
sight distance. More precisely, a series of models is proposed 
rather than one single model. This paper outlines the frame
work for these models and illustrates possible resulting design 
values for SSD. There are four key elements of the proposed 
approach: 

1. SSD requirements are considered to be related to a num
ber of possible operational events, rather than only one event. 

2. There are inherent differences in the operating char
acteristics and safety experiences of different highway types. 
The overall design approach should recognize these differ
ences through the use of operating models that relate to each 
highway type. 

3. Human factors and vehicle-roadway parameters also dif
fer with roadway type. 

design speed 

4. SSD requirements differ along the same highway. 
Demands on drivers and vehicles and probabilities that critical 
operations will occur are not uniform, but vary according to 
other physical, geometric, and operating conditions. 

Functional Classification 

SSD design models should be based on the functional clas
sification of the highway system. Of primary interest is loca
tion (rural or urban), cross section (undivided or divided), 
general level of traffic volume, and control of access. Solely 
for the purpose of illustrating the approach here, five distinctly 
different types of highways are considered-low-volume rural 
roads, two-lane primary rural highways, multilane urban arte
rials, rural freeways, and urban freeways. 

For each type of highway , there are many critical events 
that might reasonably serve as the basis for an SSD opera
tional model. Table 2 summarizes these and addresses the 
concerns of interest-frequency of an occurrence and severity 
of the consequences of the event. Confronting a large object 
in the road may be a critical event for design of low-volume, 
high-speed highways when one considers the lower relative 
probabilities of vehicle-vehicle conflicts. For other highway 
types, however, accident and operational experience-as well 
as common sense-dictate that other more frequent and seri
ous conflicts offer better representations of critical operations. 
On facilities with uncontrolled access , crossing or rear-end 
conflicts with stopped vehicles are important. On rural free
ways, fewer vehicle-vehicle conflicts occur, making vehicle
object conflicts relatively more important. 

For the purpose of discussion, design critical events for the 
five highway types are presented here. They are 

• Low-volume road (L VR)-single-vehicle encounter with 
a large object (1 ft high); 

• Two-lane primary rural highway (2LRP)-vehicle-vehi
cle conflict involving crossing or stopped vehicle; 
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TABLE 2 ROADWAY EVENTS RELATED TO SSD 

Type of Event 

Two-Lane Rural Highway 

Object in road 
Large animal 

Road debris 
Rocks 
Small animal 
Ice patch 
Pothole, washout 

Vehicle in road 
Head-on 
Rear-end 
Crossing 

Pedestrian/bicyclist 

Rural Freeway 

Object in road 
Large animal 

Road debris 
Rocks 
Small animal 
lcepatch 
Pothole, washout 

Vehicle in road 
Rear-end 

Pedestrian/bicyclist 

Urban Arterial 

Object in Road 
Large animal 
Road debris 
Rocks 
Small animal 
lcepatch 
Pothole, washnut 

Vehicle in road 
Head-on 
Rear-end 
Crossing 

Pedestrian/bicyclist 

Urban Freeway 

Object in road 
Road debris 
Small animal 
lcepatch 
Pothole, washout 

Vehicle in road 
Rear-end 

Pedestrian 

Frequency of Occurrence 

Variable-generally 
infrequent 

Infrequent 
Infrequent 
Occasional 
Infrequent 
Infrequent 

Very infrequent 
Frequent 
Occasional 
Very infrequent 

Variable-generally 
infrequent 

Infrequent 
Infrequent 
Infrequent 
Infrequent 
Infrequent 

Infrequent 
Infrequent 

Very infrequent 
Infrequent 
Very infrequent 
Infrequent 
Infrequent to occasional 
Occasional 

Infrequent 
Frequent 
Frequent 
Frequent 

Frequent 
Very infrequent 
Infrequent 
Infrequent 

Frequent 
Very infrequent 
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Severity of Conflict/ 
Impact 

Severe 

Minor to moderate 
Minor 
Minor to moderate 
Minor to moderate 
Minor 

Very severe 
Severe 
Severe 
Very severe 

Severe 

Moderate 
Moderate 
Moderate 
Minor to moderate 
Minor to moderate 

Very severe 
Very severe 

Severe 
Minor 
Minor 
Minor 
Moderate 
Minor to moderate 

Very severe 
Moderate to severe 
Severe 
Very severe 

Moderate 
Moderate 
Moderate to severe 
Moderate to severe 

Moderate to severe 
Very severe 

• Multilane urban arterial (MUA)-vehicle-vehicle rear
end conflict; 

Driver, Vehicle, and Roadway Characteristics 

• Rural freeway (RF)-single-vehicle conflict with small 
(0- to 6-in.) object; and 

• Urban freeway (UF)-vehicle-vehicle conflict (rear-end). 

Selection of these design critical events represents an attempt 
to identify events that would (a) occur frequently en ugh and 
(b) result in evere enough consequences that a reasonably 
cost-effective basis for highway design migbt ensue. 

Operational model parameters require assumptions concern
ing driver behavior, vehicles, and roadway characteristics. 
These might also be expected to vary by highway type. Among 
the parameters of interest are 

• Perception-reaction time, tp1R; 

• Vehicle type(s); 
• Assumed deceleration and braking behavior; and 
• Available pavement-tire friction. 
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Perception-Reaction Time 

Current design policy assumes 2.5 sec for perception and reac
tion time and hard braking for collision avoidance with the 
6-in. object. Within the framework of functional classifica
tion, it is reasonable-in fact desirable-to differentiate in 
development of model assumptions. Regarding driver behav
ior, the driver's state of mind has an important effect on 
performance. Whether the driver is alert or fatigued and what 
the driver's expectations are for the type of trip and highway 
should vary by functional classification. A second consider
ation is the complexity of the driving task, which is strongly 
related to highway functional type. Uncontrolled-access, high
speed highways present constant decisions to drivers. Rural 
freeways by their very nature are easy to drive. Urban free
ways, because of the density of traffic and frequency of inter
changes, are relatively more difficult to drive. 

The AASHTO policy discusses driver reaction time in the 
context of whether information is expected or unexpected and 
the distribution of driver reaction behavior. The median driver 
reaction time for responding to unexpected, simple infor
mation is about 1.5 sec. More complex decisionmaking and 
consideration of 85th-percentile versus median drivers result 
in reaction times of 5 sec or more. 

There are clearly differences in the types of decisions, the 
state of drivers, and the need or desire to design for 85th
versus 50th-percentile behavior. The example below illus
trates how a different set of driver assumptions could translate 
to a range of assumed perception-reaction times for the var
ious highway types studied here. 

Driver's 
state 

Complex-
ity of tasks 

Assumed 
tP1R (sec) 

Percent 
(PIR 0f 
AASHTO 

Two-Lane 
Primary 

LVR (Rural) 

Alert Fatigued 

Low Moderate 

1.5 3.0 

60 120 

Vehicle Type 

Urban Rural Urban 
Arterial Freeway Freeway 

Alert Fatigued Fatigued 

High Low High 

2.5 2.5 3.0 

100 100 120 

AASHTO SSD requirements are based solely on passenger 
car characteristics. Some recent research has challenged the 
AASHTO assumptions that the added height of a truck driv
er's eye compensates for his vehicle's longer stopping require
ments. Furthermore, in terms of design for horizontal SSD 
requirements, a truck driver's greater eye height offers no 
advantage. There is evidence, however, that advancing brake 
technology will soon produce truck stopping distances that 
are much shorter than those produced by the current fleet. 

A revised set of models for SSD policy should fully inves
tigate the truck-passenger car sensitivities. SSD design for 
rural primary highways and urban highways may need to be 
based on truck rather than passenger car characteristics. 
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Deceleration and Braking 

There are two aspects to an assumed design value for the 
friction factor. The first is the friction capability of the pave
ment. To the extent that this tends to vary for different high
way types, the operational model's friction chracteristics should 
vary. The second aspect is the assumed or desired driver 
action. Is a hard braking response to every event on all high
way types a reasonable or desirable model assumption? The 
model proposed here again differentiates among highway 
classes. Higher-class facilities could be designed assuming a 
greater standard of comfort than is assumed for lower classes. 
The lowest-class facilities, in turn , should probably be designed 
with minimal consideration for driver comfort. This is con
sistent with the approach intended by AASHTO in presenting 
design policy by functional classification. 

When a range in assumed friction characteristics and dif
ferences in assumed driver braking behavior are used in model 
development , further SSD variation can be expected. For 
discussion purposes, the design values for f shown in Fig
ure 2 were used to compute SSD. These values are consistent 
with the rationale discussed above-that lower-class facilities 
should be designed with minimal consideration for driver com
fort. Note that to simplify the presentation, only passenger 
car braking is assumed. Truck behavior, as stated previously, 
may be a better basis for SSD design for some highway types. 
Analysis of the possible effects of design for trucks was beyond 
the scope of this paper. 

Stopping Sight Distance Requirements 

Once design models and parameters have been selected, it is 
possible to calculate SSD requirements by functional highway 
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FIGURE 2 Design values for coefficient of friction by 
functional class. 
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TABLE 3 STOPPING SIGHT DISTANCE REQUIREMENTS BY HIGHWAY TYPE 

Two-Lane Primary Multilane Urban 
Design Low-Volume Road" 
Speed 

dPIR (mph) dn SSD 

30 66 75 141 
40 88 148 236 
50 110 253 363 
60 132 375 507 
70 

NOTE: dp1R, d8 , and SSD value.s in feet. 
" t pfR = 1.5 sec. 
btP,R = 3.0 sec. 
<tp18 = 2.5 sec. 

Rural Highwayh Arterialc 

dPIR dn SSD dPIR 

110 
176 167 343 147 
220 278 498 183 
264 414 680 
308 583 891 

type and design speed. The standard equations shown in the 
AASHTO policy (6) are used: 

SSD = dpfR + dB 

dPIR distance traveled during perception-reaction time 
(ft) 

dB distance traveled while braking (ft) 
dPIR = 1.47 v oeJPtR 

dB = (V Des) 2/30J 
Voes = design speed (mph) 
tp1R = perception-reaction time (sec) (above) 

f = design coefficient of friction for braking (Figure 2) 

If SSD design values are calculated for each class of highway 
using the above assumptions, the values shown in Table 3 
result. Note that the cumulative effect of varying the param
eters results in a range of stopping sight distances from 363 
to 545 ft for 50-mph highways. This produces values that are 
from 79 to 118 percent of current AASHTO policy (see Fig
ure 3). 

It is also important to note the relationship between func
tional class and stopping sight distance . Much lower values 
than AASHTO recommends are shown for low-volume rural 
roads. Somewhat higher values than AASHTO recommends 
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FIGURE 3 Stopping sight distance design values by highway 
type. 

Urban Freewayh Rural Freeway' 

dn SSD dPIR da SSD d PIR dB SSD 

79 189 
157 304 
269 452 220 298 518 183 362 545 

264 462 726 220 545 765 
308 681 989 257 817 1,074 

are called for in the case of two-lane primary rural highways . 
The greatest values are indicated for rural freeways. Although 
one might argue with the relative spread or specific parameter 
values used, the overall results appear logical, and they are 
consistent with many engineers' views of design. The values 
illustrate what is considered to be the desired result, that is, 
a meaningful variation in SSD by functional class. 

TRANSLATION OF SSD VALUES TO HIGHWAY 
DESIGN REQUIREMENTS 

The final step in the new approach to SSD design is devel
opment of design lengths for vertical curves and offsets through 
horizontal curves. Here again, variations in the functional 
SSD models may produce variable design results. Such vari
ation reflects the lack of one single object or eye height 
assumption that is appropriate for all highway types. 

Vertical Curve Design 

The functional operational models previously presented imply 
the eye and object heights shown below. (The author has not 
evaluated SSD requirements for trucks for this paper. Greater 
eye heights would be used, along with much longer SSD val
ues. This sensitivity should be investigated, and selection of 
a rational model made.) Design values of 2.0 ft for tail lights 
and 1.0 ft for a large object are used. 

Vertical curve length requirements are calculated using the 
following ( 6): 

For SSD < L 

L = A (SSD)2/100 [(2h 1)
1
'
2 + (2h2 )

112]2 

For SSD > L 

L = 2(SSD) 

where 

L = length of crest vertical curve (ft) , 
A = algebraic difference in grades, 
h, = height of eye (ft), and 
h2 = height of object (ft) . 

Tables 4-8 show vertical curve length design values for the 
full range of design speeds. To illustrate the variability in 
design, consider Figure 4, which shows a plot of crest vertical 
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TABLE 4 DESIGN LENGTH REQUIREMENTS FOR CREST 
VERTICAL CURVES ON LOW-VOLUME ROADS
LENGTH OF VERTICAL CURVE IN FEET 

Design Speed (mph) 
Algebraic 
Difference 30 40 50 60 70 
in 
Grades X (SSD=l4J ft.) (SSD•236 ft.) (SSD=353 ft.) (SSD=507 ft.) (SSD= --

90 J20 J50 J80 

90 120 J50 J90 

90 J20 J77 465 

90 J20 3J4 624 

go J42 400 760 

90 197 480 936 

90 237 560 1092 

8 90 270 640 J248 

JO 

99 304 719 

117 338 799 

Oes1 gn assumptions: 

Coefficient of braking friction per Figure 2 
Perception/reaction t1me • 3.0 sec. 
Height of Objec t • 2.0 ft. 
Height of Eye = 3.5 ft . 

1404 

1553 

Numbers above the 1 i ne represent minimum curve 1 engths based on 

Length = 3 x Voes 

ft.) 

TABLE 5 DESIGN LENGTH REQUIREMENTS FOR CREST 
VERTICAL CURVES ON TWO-LANE RURAL PRIMARY 
HIGHWAYS-LENGTH OF VERTICAL CURVE IN FEET 

Design Speed (mph) 
Algebraic 
Difference 30 40 50 
in 
Grades 'l (SSO= -- ft.) (SSD•34J ft . ) (SS0=498 ft.) 

JO 

120 J50 

120 J50 

J20 277 

J46 456 

254 575 

326 629 

362 804 

436 g1g 

491 1034 

545 1149 

Design assumptions: 

Coefficient of braking friction per Figure 2 
Perception/reaction time = 3.0 sec. 
Height of Object • 2.0 ft. 
Height of Eye = 3.5 ft . 

60 

(SSD=680 ft . ) 

180 

28J 

64J 

857 

J071 

J285 

15 00 

17J4 

1928 

2J42 

Numbers above the 1 i ne represent minimum curve lengths based on 
Length = 3 x Voes 

70 

(SSD=89J ft.) 

210 

703 

1103 

1471 

1639 

2207 

2575 

2943 

3310 

3678 

curve length design values for the five functional models com
pared with current AASHTO policy for 50-mph design speed. 
What is interesting is the great variation in length require
ments. For example, for a low-volume road with a A of 6 and 
50-mph design speed, the vertical curve length requirement 
is 480 ft , compared with the AASHTO values of 660 ft to 960 
ft . Rural freeway vertical curve requirements would be much 
greater under the model assumptions-1,340 ft . This results 
from the use of a 6-in. object height for rural freeways rather 
than a 1.0- or 2.0-ft object height. 
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TABLE 6 DESIGN LENGTH REQUIREMENTS FOR CREST 
VERTICAL CURVES ON MULTILANE URBAN 
ARTERIALS-LENGTH OF VERTICAL CURVE IN FEET 

Oesign Speed (mph) 
Al gebra1c 
Difference 30 40 50 60 70 
i n 
Grades t (SSD• l89 ft.) (SSD•304 ft.) (SSD•452 ft.) (SSD= -- ft.) (SSD• -- ft.) 

8 

10 

90 J20 150 

90 120 150 

90 120 185 

90 120 364 

90 176 473 

90 248 568 

90 300 663 

J08 343 757 

138 385 852 

162 428 947 

Design assumptions: 

Coeff i cient of braking friction per Figure 2 
Percept1on/reaction time = 2.5 sec. 
Hei 9ht of Object • 2. 0 ft. 
Height of Eye • 3. 5 ft. 

Numbers above the 1 i ne represent mi n1mum curve 1 engths based on 
Length = 3 x Voes 

TABLE 7 DESIGN LENGTH REQUIREMENTS FOR CREST 
VERTICAL CURVES ON URBAN FREEWAYS-LENGTH 
OF VERTICAL CURVE IN FEET 

Design Speed (mph) 
Algebraic 
Difference 30 40 50 60 70 
i n 
Grades i (SSD• -- ft.) (SSD= -- ft. ) (SSD•5J8 ft.) (SS0•725 ft.) (SS0•989 ft.) 

10 

150 

J50 

3J7 

496 

622 

746 

870 

995 

1119 

1243 

Design assumptions: 

Coefficient of braking friction per Figure 2 
Perception/reaction time = 3.0 sec. 
Height of Object = 2.0 ft. 
Height of Eye = 3.5 ft. 

180 

373 

733 

977 

1221 

J465 

J7og 

J954 

2198 

2442 

Numbers above the 1 i ne represent m1 nimum curve lengths based on 
Length • 3 x Voes 

Horizontal Offsets 

210 

8gg 

1360 

1813 

2266 

2719 

3172 

3626 

4079 

4532 

The minimum offset from the outside lane to a roadside 
obstruction to provide horizontal SSD is given by the follow
ing from the AASHTO policy (6): 

M = (5730/D) [1 - cos (SSD x D/200)] 

where M = offset from center of lane to obstruction (feet) 
and D = degree of horizontal curve. Design values here are 
solely a function of SSD values (Table 3) and not eye and 
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TABLE 8 DESIGN LENGTH REQUIREMENTS FOR CREST 
VERTICAL CURVES ON RURAL FREEWAYS-LENGTH 
OF VERTICAL CURVE IN FEET 

Algebraic 
o; fference 
ln 

30 40 

Des1gn Speed (mph) 

50 60 70 

Grades % (SSD• -- ft.) (SSD= -- ft.) (SSD=545 ft.) (SSD=765 ft.) (SSD•l074 ft.) 

150 201 

425 881 

670 IJ21 

894 1761 

1117 2202 

1341 2642 

1564 3082 

1788 3522 

2011 3963 

819 

1736 

2603 

3471 

4339 

5207 

6075 

6943 

7810 

2235 4403 10 8678 

Design assumptions: 

Coefficient of braking friction per Figure 2 
Perception/reaction time = 2.5 sec. 
Height of Object • 0.5 ft. 
Height of Eye = 3.5 ft. 

Numbers above the line represent minimum curve lengths based on 
Length • 3 x Voes 

Vl 
ic§ ~ ~9 

Ill ~~ ~-3- IV=50 MPHI (5 0 
c 
·- 7 
Q) 
(.) 

a5 6 .._ 
~5 
i5 4 
(.) 

·~ 3 LVR =Low Volume Road 

.c 2LRP = 2-lane Rural Primary Highway 

Q) MUA = Mutli·lane Urban Arterial 
Cl 2 UF • Urban Freeway 
<( RF= Rural Freeway 

<( 
500 1000 1500 2000 2500 

L-- Length of Vertical Curve (Feet) 

FIGURE 4 Comparison of crest vertical curve design 
requirements for SO-mph design speed. 
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object height parameters . The resulting values for the range 
of design speeds are shown in Table 9. 

REFINEMENTS AND ADJUSTMENTS TO 
REFLECT SPECIAL GEOMETRY OR CONOITIONS 

Current design policy for SSD does not account for :my of 
the operational variations in safe stopping requirements that 
actually occur along a highway. The present policy produces 
designs that are inconsistent operationally and inevitably not 
cost effective. The inclusion of a range of values to reflect 
operational variations is suggested as an important element 
of the recommended new approach to SSD. 

There are two aspects to be considered. The first is the 
effect of confounding geometry or unusual conditions within 
the influence of the area of limited sight distance . Examples 
include the presence of intersections, diverges, horizontal cur
vature, changes in cross section, and the like. At these loca
tions, additional sight distance should be routinely provided. 
Alternative design values to the base values presented earlier 
should be derived on the basis of rationally derived alternative 
values for the particular operational parameters of different 
highway types. To illustrate, consider the following possible 
adjustments (NC indicates no change over values recom
mended previously) : 

Highway 
Type 

Low-volume 
road 

Two-lane 
primary 

Urban 
arterial 

Rural 
freeway 

Urban 
freeway 

Condition 
with SSD 
Constraint 

Intersection, 
sharp 
horizontal 
curve 

Major 
intersection, 
sharp curve 

Change in cross 
section, major 
intersection, 
sharp 
horizontal 
curve 

Interchange 

System or major 
interchange 

Adjustments to Operational 
Model Parameters 

fp/R 

(sec) 

4.0 3.5 

5.0 3.5 

6.0 3.5 

7.0 3.5 

7.0 3.5 

h2 
(ft) 

0 

0 

0 

0 

0 

f 

NC 

NC 

NC 

NC 

NC 

TABLE 9 HORIZONTAL CURVE OFFSETS (M) REQUIRED FOR SSD 

Two-Lane 
Primary Multilane 

Low-Volume Rural Urban 

Design 
AASHTO Model Road Highway Arterial 

Speed Min . Des. 
(mph) SSD" M sso• M SSD M SSD M SSD M 

30 200 21.3 141 10.7 189 19.1 
40 275 21.5 325 30.0 236 15.9 343 33.3 304 26.2 
50 400 25.0 475 39.7 363 23.3 498 43.6 452 36.0 
60 525 30.8 650 47.l 507 28.8 680 51.5 
70 625 31.5 850 58.0 891 63.7 

NoTE: SSD and M values are in feet. 
"Min. SSD = minimum SSD based on assumed running speeds for wet pavement lower than full design speed (6). 
•oes. SSD = desirable SSD based on assumed full design speed (6). 

Urban Rural 
Freeway Freeway 

SSD M SSD M 

518 47 .2 545 52.1 
726 58.7 765 65.1 
989 78.4 1,074 92.3 
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TABLE 10 STOPPING SIGHT DISTANCE REQUIREMENTS FOR LOCATIONS WITH SPECIAL GEOMETRY OR CONDITIONS 

Two-Lane Primary Multilane Urban 
Design Low-Volume Road" Rural Highway Arterial Urban Freeway Rural Freeway 
Speed 

d PIR (mph) du SSD dPIR d u SSD d PIR 

30 176 75 251 265 
40 235 148 383 294 167 461 353 
50 294 253 547 368 278 646 441 
60 352 375 727 441 414 855 
70 514 583 1,097 

Norn : dp1R, d8 , and SSD values in fee l. 

The longer perception-reaction times are consistent with 
the unexpected and more complex driver decisions produced 
by the special condition. Similarly, an object height of 0 ft 
represents a rational requirement to see the pavement or 
geometry that contributes to the special condition. When these 
adjustments are used in the calculation of stopping sight dis
tance requirements, the results shown in Table 10 would apply 
to design. 

The implications of these adjustments are clear. In certain 
locations, regardless of the type of highway, stopping sight 
distance requirements are greater . This is because of special 
circumstances that may require additional time for drivers to 
make decisions or react. Why not formulate design policy to 
explicitly recognize these additional needs? On the other hand, 
it is undoubtedly costly, difficult, and, in the long run, coun
terproductive to formulate SSD design policy around a single 
most critical model. In most locations the long SSD values 
produced by the above parameters would clearly not be jus
tified by the costs of achieving such values. 

Other adjustments should also be made to reflect the dynamic 
requirements of braking on a curve or stopping on a down
grade. These adjustments would apply whenever the segment 
of restricted stopping sight distance coincides with moderate 
to severe horizontal or vertical alinement. Here, revised design 
values for the coefficient of braking friction can rationally 
produce adjusted design values. 

RECONSTRUCTION VERSUS NEW 
CONSTRUCTION 

The SSD issue cannot be completely addressed without men
tion of problems associated with reconstruction. The current 
AASHTO policy specifies that "this publication is intended 
to provide guidance in the design of new and major recon
struction projects ." The design profession is thus faced with 
a dilemma that seriously affects design , budgeting, and pro
gramming functions. Given the changes in design policy pre
viously described , every time a major reconstruction project 
occurs, one of three difficult choices must be made: 

1. Redesign the alinement to upgrade it to current SSD 
policy; 

2. Ignore any deficiencies in SSD (as measured against 
current policy) and reconstruct on existing alinement; or 

3. Evaluate each segment of alinement and either recon
struct or request a "design exception." 

The first approach is extremely costly. The second inevitably 
produces problems with tort liability. The third , undoubtedly 

d u SSD dPIR da SSD d PIR d a SSD 

79 344 
157 510 
269 710 514 298 812 514 362 876 

617 462 1,079 617 545 1,162 
720 681 1,401 720 817 1,537 

the best approach, is time-consuming. Moreover, when engi
neers evaluate existing SSD-deficient locations, most often 
there is no safety problem identified . A rational decision based 
on such analysis is to request a design exception. Design 
exceptions have unfortunately become routine in 4R projects, 
rather than special or unusual cases. This is not the fault of 
location and design engineers, but rather the inevitable result 
of a flawed design policy. 

The solution to this dilemma is to treat new construction 
SSD design differently from reconstruction within the frame
work of the policy. A rational decision, backed up by analysis 
of site conditions and actual safety , should not have to be 
labeled as a design exception. Instead, design values and pro
cedures should be determined in a manner that is sensitive to 
the particular difficulties and aspects of major reconstruction. 

SUMMARY 

This paper was intended to provide the design profession with 
a fresh approach to stopping sight distance. Example param
eter and design volumes were presented to illustrate the model 
concepts and to demonstrate the sensitivities that should be 
a part of stopping sight distance design policy. At this stage, 
the exact values cannot be fixed, but should be extensively 
tested through further research. Rather than focus on these 
values, the author urges researchers and designers to address 
the following concepts: 

1. The existing AASHTO operational model for stopping 
sight distance is not reflective of reasonably frequent occur
rences of critical events for all highway types . 

2. There are inherent differences in sight distance require
ments among highway types defined by their location, traffic 
volume, cross section, and access control. Such differences 
should be part of any operational model or models for SSD. 

3. Differences among highway types are also reflected in 
differences in assumed driver behavior and dynamic vehicle 
characteristics. Basic design parameters should vary for the 
range of highway types. 

4. Design for horizontal and vertical SSD should reflect 
additional operational needs imposed by confounding 
geometry. 

5. SSD design values should be separately derived for major 
reconstruction versus new construction. 

The most recent edition of the AASHTO policy provides 
an ideal framework for presenting a functionally classification
based SSD design policy. Concepts related to operational 
models, driver-vehicle design , parameters, and other basics 
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can be presented in Chapter II. Each individual chapter could 
then coniain separately derived design tables and chart for 
SSD. 

Shou ld U1e approach p.r ented here be adopted for high· 
way de ign, there would be much greater flexibility withi n the 
presentation of ta11dard values. Much more cost-effective 
designs would result providing additional sight distance where 
it is most needed. Such cost-effectiveness wou ld be achieved 
within the framework and values rather than through design 
exceptions in the policy. 
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Safety Effects of Limited Sight Distance on 
Crest Vertical Curves 

THOMAS URBANIK II, WANDA HINSHAW, AND DANIEL B. FAMBRO 

The safety effects of limited sight distance at crest vertical 
curves on two-lane rural highways in Texas were examined. 
Two large data bases consisting of 222 study segments of 
approximately one-mile lengths representing nearly 1,500 acci
dents were assembled to evaluate the effects that stopping sight 
distance along crest vertical curves has on accident rates. It 
was found that the relationship between available sight distance 
on crest vertical curves on two-lane roadways and accidents is 
difficult to quantify, even when a large data base exists. The 
AASHTO stopping sight distance design model alone is not a 
good indicator of accident rates on two-lane roadways in Texas; 
thus, use of this model alone will not result in cost-effective 
project design. Where there are intersections within the limited 
sight distance sections of crest vertical curves, there is a sta
tistically significant increase in accident rates. It can be inferred 
that other geometric conditions within limited sight distance 
sections of crest vertical curves could also cause a marked 
increase in accident rates. An example would be a sharp hor
izontal curve hidden by a crest vertical curve. The increase in 
accident rates because of intersections within limited sight dis
tance sections of crest vertical curves was more pronounced 
on roadways with higher volumes, implying that a threshold 
volume level may be determined based on considerations of 
cost effectiveness. 

This paper reports the results of an accident analysis on two
lane, two-way rural roads in Texas with 55 mph speed limits 
to determine the effect of crest vertical curve lengths on the 
number of accidents. The minimum design control for crest 
vertical curve length is the stopping sight distance. Stopping 
sight distance is calculated using basic principles of physics 
and the relationships among various design parameters. 
AASHTO defines stopping sight distance as the sum of two 
components: brake reaction distance (distance traveled from 
the instant of object detection to the instant the brakes are 
applied) and the braking distance (distance required for the 
vehicle to come to a complete stop). Crest vertical curves with 
stopping sight distance less than 450 ft are considered to have 
limited sight distance at 55 mph based on current AASHTO 
policy (1). In order to assess the cost effectiveness of recon
struction projects to upgrade vertical alignment, it is necessary 
to know the safety impacts of limited sight distance on crest 
vertical curves. 

Texas Transportation Institute, Texas A&M University, College 
Station, Tex. 77834. 

PREVIOUS RESEARCH ON SAFETY AND 
STOPPING SIGHT DISTANCE 

The vertical alignment of a highway is a balance of cost and 
safety. The effects of grade and stopping sight distance on 
accident rates on vertical curves have been analyzed in a 
number of studies . The results of the previous studies (2-16) 
appear to be inconclusive and inconsistent. 

The difficulty of obtaining adequate data to evaluate the 
effects of limited sight distance on accident occurrence is surely 
a significant cause of the inconsistency of previou research. 
Several factors contribute to the difficulty. The extreme var
iability seen in accident rates, even under carefully controlled 
circumstances, makes the detection of any effect of limited 
sight distance extremely difficult. In addition , the availability 
of sites necessary to the design of meanjngful comparison 
studies is limited because of the need to control for all ele
ments at or near the stopping sight distance restriction . 

If adequate controls are not used, the accident data recorded 
may reflect other geometric elements, such as intersections. 
This result is partially the result of the difficulty of defining 
adequately homogeneous sites . Additionally , it may be caused 
by accident data that are not recorded with enough precision 
to allow association between particular accidents and the short 
lengths of roadway that exhibit sight distance restrictions . This 
limitation sometimes necessitates the use of an overall seg
ment accident rate instead of the rate associated exclusively 
with the short distance exhibiting the sight re triction as 
the measure of the effect of limited stopping sight distance. 
Because there may be relatively few sight restrictions relative 
to the length of roadway, an overall segment accident rate 
may dilute any effect of the stopping sight distance restrictions 
within the segment. And, as seen in the present study, the 
effects of sight di tance re triction · may only be een through 
their interaclion with other geometric feature , again making 
their detection more difficult. All these factors help to explrun 
the inconsistencies seen in this review of lhe literature. 

STUDY DESIGN 

The initial study design was based on identifying the largest 
possible data base consisting of rural two-lane highways with 
and without limited sight distance. Potential study areas were 
identified in east and central Texas, where ·ufficient topo
graphic relief was known to occur and limited sight distance 
segments were believed to exist. 
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Criteria were established for selecting potential study seg
ments. The segment criteria included posted speed limit, prox
imity to signalized intersections, and segment length. The 
posted speed, including horizontal curves, had to be 55 mph 
or greater. The study segment could not be within one-half 
mile of a signalized intersection. The minimum segment length 
was set at one mile to eliminate short segments that might be 
overly affected by adjacent segments. These criteria were 
believed to be reasonable for controlling a number of factors 
(for example, horizontal curves and intersections) that could 
mask the effects of crest vertical curves. Specifically, hori
zontal curves and intersections are known contributing factors 
to accidents. 

METHODOLOGY 

In order to investigate the potential relationship between acci
dent rate and limited sight distance caused by crest vertical 
curves, sections of highway with varying amounts of limited 
sight distance were identified and grouped by road type. Two 
general road types-two-lane with shoulders and two-lane 
without shoulders-produced sufficient lengths of roadway 
for analysis. 

The initial selection of highway sections was restricted in 
an attempt to produce groups with segments as homogeneous 
as possible. The selection included only rural highways, and 
the geometry of each was carefully inspected to ensure con
formity to predetermined standards as previously stated. Every 
segment was visited and videotaped. 

Highway profiles were used to identify all vertical curves 
on the selected roadways and to characterize them by their 
length and K factor. Horizontal curves were also identified 
and the length and degree of curvature of each were recorded. 
Segments of approximately one mile in length were then defined 
on the sample roadways. These segments were used through
out the analysis as the experimental observations. The original 
roadway lengths were divided into these segments with the 
limitation that no vertical curve or horizontal curve was bro
ken into two segments. Thus, the segment lengths were kept 
as close as possible to one mile while honoring this restriction. 

The intersecting roads on each segment were counted and 
classified as numbered roads, county roads, or driveways, 
based on information available from the highway profiles. It 
was noted from actual observation of the sites that not all 
driveways were included on the plans. 

The relative amounts of limited sight distance were calcu
lated from the recorded data on crest vertical curves for all 
segments. Three criteria were used to define limited sight 
distance. AASHTO policy specifies a minimum stopping sight 
distance for a wide range of design speeds. The minimum 
values for 45 mph (325 ft), 55 mph ( 450 ft), and 65 mph ( 550 
ft) were used to calculate limited sight distance. The AASHTO 
policy also specifies a desirable stopping sight distance. The 
desirable value for 55 mph, which is the posted speed on all 
roadways in this study, is 550 ft-or the minimum value for 
65 mph. 

The length of roadway that was calculated to be limited for 
each segment according to each criterion was translated into 
the percent of the road segment that was judged limited 
according to the various distance criteria. These measures of 

TRANSPORTATJON RESEARCH RECORD 1208 

the relative amount of sight distance in the road segments 
were used to evaluate the effects of crest vertical curves on 
accident rates. In addition, the state numbered roads, county 
roads, and driveways on the segments were categorized 
according to whether they were within the limited sight dis
tance portions of crest vertical curves based on the three 
criteria for stopping sight distance. 

Texas accident data files, collected through the Texas 
Department of Public Safety and maintained by the Accident 
Analysis Division of the Texas Transportation Institute, pro
vided the accide.nt history for the selected highway sections. 
All accidents, with the exception of those reported by the 
driver, were considered in the calculation of accident rates. 

Four years of accident data, 1984 through 1987, were sum
marized for the analysis. Several years of data were desirable 
because of the extreme variability in accident rates, even in 
a carefully selected, homogeneous sample. The rates become 
more stable over several years and the incidence of zero rates 
is practically eliminated, which simplifies the analysis. To avoid 
the possibility of changes in the condition of the selected 
roadways a longer time interval was not used. It was verified 
that no construction occurred on the selected sites during the 
four years of the study. 

In addition, the computerized state roadway inventory files 
were used as the source of traffic volume for the analysis. If 
the annual average daily traffic (AADT) varied within the 
defined road segment, an average value was calculated. An 
average for the segment for the years considered in the anal
ysis was then computed for use in adjusting accident rates for 
AADT. A match with the roadway inventory (RI) files also 
ensured the valid identification of the roadway segments using 
the method of milepoints within control sections. 

The approximate one-mile segments served as the sampling 
unit for the analysis. Data from the three sources-highway 
profiles, accident data files, and roadway inventory files
were summarized by road segment and merged to produce 
the complete data set for analysis. 

Other units of measurement were considered and rejected 
because of the inherent limitations of the data . If one could 
identify accident locations exactly on the roadway, their rel
ative positions with respect to crest vertical curves could be 
known . This knowledge would allow a direct comparison 
between accident rates on crest vertical curves and on sections 
of roadway with flat vertical alignment. This method of com
parison was rejected because the recorded accident locations 
were not believed to be precise. The somewhat arbitrary one
mile segment length was selected to generate as large a s<1.mple 
as possible without going beyond the known limitations of the 
data . 

STATISTICAL METHODS 

Multiple regression techniques were employed to investigate 
and measure the effects of limited sight distance on accident 
rates. Two types of accident rates were considered as depend
ent variables in the analysis: accidents per mile and accidents 
per million vehicle miles (MVM). In both cases, it is of prime 
importance to adequately model the effect of AADT on the 
rate before attempting to evaluate other potential effects . 
Without first adjusting for AADT, examination of the pos-
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sible effects of limited sight distance is not meaningful. Mul
tiple regression provides the methodology for making these 
simultaneous adjustments and the associated tests. 

Certain assumptions must be met before the use of a least
squares regression analysis is valid. The first is that the obser
vations on the dependent variable are independent. There is 
no reason to believe that the observations of accident rates 
for the different road segments in this analysis are not inde
pendent. Nevertheless, one could not use multiple observa
tions from consecutive years and comply with this assumption. 
Thus, this requirement provides another reason to summarize 
the several years of accident data for each segment into a 
single observation. 

Another assumption that must be met is that the dependent 
variable, in this case accident rate, is normally distributed 
with constant variance . The least-squares analysis is robust 
against deviations in the normality requirement; that is, if the 
assumption is not strictly met, the analysis is still valid . But, 
if the assumption of equal variance is not met, the analysis 
may be flawed. 

Accident rates are generally believed to follow a Poisson 
distribution, not a normal distribution. Additionally, it is known 
that the Poisson dislribution has a variance th.at is equal to 
its mean. In other words as the accident rate increa e , the 
variance increases. Therefore the assumption of equal vari
ance is also violated. 

Averaging the numbers of accidents over several years makes 
the distribution more nearly normal, and taking the logarithm 
of the rates prior to analysis helps to eliminate the problem 
of unequal variance or heteroscedasticity. Therefore, instead 
of accidents per mile a year and accidents per million vehicle 
miles, the analysis uses the logarithms of both these variables. 
In order to accommodate the few zero accident rates, the 
logarithm of the accident rate plus one was used. The adjust
ments are believed to make the analysis statistically valid. 

A nominal significance level of 0.05 is used in interpreting 
the statistical analyses. Thi value mean that there is only a 
5 percent chance of making an error in stating that a given 
relationship is nonzero. The actual significance probabilities 
are reported in many cases to allow the reader further inter
pretation of the results. Also, due to the limited data available 
for some tests, results that approach significance (0 .05 < 
p < 0.10) will be noted . 

RESULTS 

Two-Lane Roads with Shoulders 

One hundred and sixty-eight road segments were defined from 
the group of two-lane roads with shoulders. Nine hundred 
and ninety accidents had occurred on these combined seg
ments, the average annual accident rate p r mile varying 
between 0.0 and 8.25. Averaged AADT values ranged between 
943 and 9,075. Table 1 gives the frequency of road segments 
within specified AADT intervals. 

Figure 1 provides a plot of accident rate per mile versus 
AADT. Several ob ervations can be made from this graph. 
First, the strong relation hip between accident rate and AADT 
is illustrated. Second, the increasing variance as the average 
accident rate increases can be een. Last , the tremendous 
variation in accident rates for fixed AADT can be noted. It 
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TABLE 1 TWO-LANE 
ROADWAYS WITH 
SHOULDERS-FREQUENCY 
AND PERCENT OF SEGMENTS 
BY AADT 

AADT Freq Percent 

.s. 2000 15 8.9 

2·2999 36 21.4 

3.3999 45 26.8 

4-4999 40 23.8 

5-5999 21 12.5 

_?_ 6000 11 6.5 

Total 168 100.0 

is the explanation of thi variability that is attempted through 
the additional variables in the multiple regression analysis, 
including the measurements of limited sight distance. 

The relative amounts of limited sight distance varied greatly 
depending on the criteria used to define adequate sight dis
tance. The percentages of limited sight distance are summa
rized for the three criteria examined in Table 2. Only two 
road segments contained lengths with limited sight distance 
using the lowest criterion-325 ft stopping sight distance . 
Thus, no analyses could be performed based on sight distance 
of less than 325 ft because of the lack of data. That is to say, 
virtually all two-lane roadway segments with shoulders meet 
the AASHTO minimum criteria for 45 mph. The other two 
sight distance criteria yielded adequate numbers of segments 
for analysis, although the majority are not sight deficient by 
any of the three standards. 

The effects of limited sight distance using the criterion of 
450 ft, the minimum value for 55 mph, will be examined first. 
The terminology "percent limited stopping sight distance" will 
hereafter be used to indicate the percent of the roadway that 
has less than the specified stopping sight distance based on 
the current AASHTO driver eye height (3.5 ft) and object 
height (0.5 ft). Figure 2 examines the possible relationship 
between accident rate per mile and this measurement of lim
ited sight distance. The percent of roadway with limited sight 
distance ranges as high as 35 percent, but very few segments 
have more than 20 percent limited sight distance. No strong 
relationship can be seen between the average accident rate 
and percent limited stopping sight distance. From Table 2 it 
can be seen that 134-or 80 percent-of the road segments 
have no limitation of sight distance according to this standard. 

The relation hip between percent limited stopping sight 
distance and AADT is illustrated in Figure 3. There is no 
association apparent in this figure. In other words, the sample 
data set is well balanced with respect to these two variables. 
The presence of limited stopping sight distance is not asso
ciated with only particular values of AADT, but is well rep
resented across the full range-between 2,000 and 8,000 vehi
cles daily. This balance contributes to confidence in the 
analytical results. 

Regression analyses were performed on the logarithms of 
accident rate per mile and accident rate per MVM. Included 
among the independent variables examined were AADT, the 
square of AADT, percent limited stopping sight distance, 
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FIGURE 1 Accident rate per mile versus AADT, two-lane roads with shoulders. 

TABLE 2 TWO-LANE ROADWAYS 
WITH SHOULDERS-FREQUENCY 
OF SEGMENTS BY THREE 
CRITERIA OF SIGHT DISTANCE 

Percent 
Limited Minimum Sight Distance (ft) 
Distance 325 450 550 

0 166 134 101 

1-10 16 13 

11-20 12 32 

21-30 0 4 12 

31-40 0 2 7 

41 + 0 0 3 

Total 168 168 168 

classification variables identifying the type of intersecting roads 
on the segment, and the number of intersecting roads within 
the limited sight distance sections of crest vertical curves. 
Interactions among these variables were also considered as 
potential contributors to the models. 

Linear terms in the regression model become multiplicative 
factors when the results are transformed back to the original 
scale of the data. This results from the original logarithmic 
transformation of accident rates. Examples of predictive val
ues are provided to aid in interpreLing the re ults. Poten tial 
predictive factors are modeled a either contin_uou. variables, 
such as AADT and percent limited distance, or n. categorical 
variables, such as the types of intersecting roads on a segment. 

The classification of segments according to the types of 
major intersections divided the road segments into four groups. 
Major intersections were initially placed in one of two cate
gories designated numbered or county roads-and the cross
classification of these two types produced the four possible 
groups. For example, one group represents segments that 
contain a county road, but not a numbered road; another 
group, segment that contain both numbered and county roads. 
It can be . een throughout the results that this categorical 
factor contributes to explaining variability in the accident rates 
before considering the factors of major interest in this study. 

The number of intersecting roads that are within the limited 
stopping sight distance sections of crest vertical curves is con
sidered as a separate continuous variable. All intersections, 
including the less prominent ones designated as driveways, 
are counted in this calculation. Only a small percentage of 
total intersections satisfy the condition of being within a lim
ited stopping sight distance section. In the two-lane-with
shoulder data set, only 19 of 299 roads-or 6 percent of the 
total intersections-are within sight-deficient curves using the 
sight distance criterion of 4SO ft. Table 3 gives the full sum
mary of available data on intersecting roads. 

The results of the analysis of the logarithm of accidents per 
mile are presented in detail. The accident rate significantly 
depended on AADT, modeled by a quadratic relationship. 
The type of intersecting roads also contributed to explaining 
the variability in accident rates. Using the AASHTO mini
mum criterion for SS mph of 4SO ft, the variable for stopping 
sight distance, percent limited stopping sight distance, was 
not significantly associated with accidents per mile after 
adjustment for these two factors. The variable for the number 
of intersecting roads within limited stopping sight sections of 
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TABLE 3 INTERSECTIONS ON T\l/0-
LANE ROADWAYS WITH SHOULDERS 
BY AVAILABLE SSD 

Type of Number of Intersections 
Intersection Total Available SSD (Ft.) 

Road <325 <450 <550 

Numbered 53 0 4 5 

County 221 0 9 22 

Dliveway 25 0 6 9 

Total 299 0 19 36 

TABLE 4 REGRESSION COEFFICIENTS FOR 
ANALYSIS OF MINIMUM CRITERION OF SIGHT 
DISTANCE FOR 55 MPH (450 FT) ON TWO-LANE 
ROADWAYS WITH SHOULDERS 

Dependent Variable: Logarithm of 
Accidents Accidents 
per mile per mvm 

Intercepts 

Neither County -0.1559 0.4065"* 
nor Numbered Roads 

County Road, -0.1179 0.4258** 
No Numbered Road 

Numbered Road, 0.1624 0.6805** 
No County Road 

Both County and 0.1222 0.6255". 
Numbered Roads 

AADT 0.0002563 .. 0.00002317 

AADT1 -0.0000000126 + 

Intersecting Roads -0.5452* -0.4139* 
within Influence of 
Restricted Sight Distance 

Interaction of AADT and 0.0001522' 0.0001169+ 

Intersection Roads 

+ =p < .1 . =p < .05 
=p < .01 

crest curves did have a significant effect when included in the 
model along with its interaction with AADT. The presence 
of the interaction with AADT yields a model with an increas
ing effect of the intersections as AADT increases. 

Examination of the alternative dependent variable, loga
rithm of accidents per MYM, yielded similar results. The 
estimated coefficients from the two analyses are presented in 
Table 4. Note the negative coefficients associated with the 
number of curve-influenced intersecting roads within limited 
stopping sight distance sections. The effect of the negative 
coefficient is overshadowed, however, by the positive coef
ficient associated with the interaction of AADT with this 
factor. A slight negative effect on accident rates is seen at 
low AADT values, but an overwhelming positive effect of 
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TABLES EST!!'vLA_TFn VA_LUES OF MY~TOF.NTS PER 
MILE ON TWO-LANE ROADWAYS WITH SHOULDERS 

AADT Number of Intersections Within Limited SSD Sections 

2000 

4000 

6000 

0 

0.41 

1.02 

1.63 

0.11 

1.16 

2.80 

2 3 

0.00 0 

1.30 1.45 

4.45 6.93 

curve-influenced intersections is demonstrated at higher AADT 
values. These results are demonstrated in Table 5, which pro
vides estimated values of accident rates from the model for 
accidents per mile. Note the slight decrease in accident rate 
as the number of intersections increases for AADT of 2,000. 
The effect is reversed, however, for the higher AADT values. 
The effects seen at the outer ranges of the data are extreme 
and should not be accepted casually. The more reliable esti
mates are associated with AADT values between 3,000 and 
5,000 vehicles, which represent over half of the sample data. 
These estimates assume a county road , but no numbered road 
on the segment. 

The plot of accident rate versus percent limited sight dis
tance is repeated in Figure 4, with the sample points con
taining curve-influenced intersecting roads indicated. Note 
that the majority of such points are associated with higher 
accident rates. This result is what is being brought out by the 
regression analysis. 

The same analyses were carried out using the more con
servative measure of sight distance. The value of 550 ft, which 
is the minimum value in the AASHTO policy for 65 mph, 
was used to calculate the percent of limited sight distance. 
These analyses yielded essentially the same results as those 
for the 450-ft criterion for both accidents per mile and acci
dents per MVM. The effects of intersections within limited 
SSD sections were statistically significant (p > 0.05) in both 
these analyses. 

Two-Lane Roads without Shoulders 

A smaller sample of 54 approximately one-mile road segments 
was defined from the selection of two-lane roads without 
shoulders that was identified by the Texas State Department 
of Highways and Public Transportation district offices. The 
total number of accidents occurring on these segments was 
464. Annual accident rates per mile varied between 0.0 and 
7.19. 

Examination of the distribution of AADT in this sample 
showed that there was very limited data available for AADT 
greater than 4,000 vehicles. Further, Table 6 provides the 
cross-classification of AADT and percent of limited sight dis
tance using the AASHTO minimum criterion for 55 mph of 
450 ft. The data illustrate extreme imbalance with respect to 
these two important variables. Only nine road segments are 
identified with AADT greater than 4,000, and each of these 
segments has little roadway with limited sight distance . Fig
ure 5 provides the plot of the relationship and it can again be 
seen that the segments with the higher AADT values are 
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TABLE 6 FREQUENCY BY AADT AND 
PERCENT LIMITED SIGHT DISTANCE (450 
FT) ON TWO-LANE ROADWAYS WITHOUT 
SHOULDERS 

Percent AADT 
Limited 

Distance <2000 2-3999 4-5999 ~6000 

0 3 8 3 2 

1-10 4 2 0 

11-20 6 11 2 

21-30 6 0 0 

31-40 0 3 0 0 

>40 0 0 0 

indeed restricted to low values of percent limited stopping 
sight distance. The higher AADT roadways do not contain 
large amounts of crest vertical curves with limited stopping 
sight distance. 

Because of the importance of accurately adjusting for AADT 
before evaluating the relationship between accident rates and 
limited sight distance, this group of road segments was split 
according to AADT values before proceeding with the anal
ysis. This step was deemed necessary because of the strong 
imbalance between AADT and percent limited stopping sight 
distance . Given the extremely unbalanced sample data, it 
could not be ensured that the modeling of accident rate on 

AADT would be adequate, and thus the evaluation of the 
effect of limited sight distance could be biased. The analysis 
could be performed in two parts, eliminating the problems 
just outlined. Because of the scarcity of data for AADT greater 
than 4,000, only those segments with AADT less than 4,000 
were analyzed in order to eliminate the potential bias caused 
by imbalance. 

This study sample of two-lane roads without shoulders rep
resents roads with considerably more limited sight distance 
sections than the previously analyzed roadways with shoul
ders. The available information on sight distance for each of 
the three criteria is shown in Table 7. These frequencies are 
restricted to those road segments with AADT of less than 
4,000. Almost all segments have limited sight distance sections 
when the more conservative criteria are used to define the 
measurement. A small percentage are, in part, limited using 
the stopping sight distance criterion of 325 ft. 

As in the previous data set, only a small percentage of the 
intersecting roads are within the limited stopping sight dis
tance sections of crest curves. Table 8 gives the breakdown 
of the data available on intersections within limited stopping 
sight distance sections for the two-lane-without-shoulders data 
set. 

The variable for limited sight distance using the criterion 
of 325 ft of required sight distance is examined first. Fig
ures 6 and 7 present the accident rate per mile against AADT 
and percent limited stopping sight distance, respectively . The 
same observations that were made previously in examining 
the first data set (two-lane roads with shoulders) hold here 
as well . In Figure 7, note the limited data available for percent 
stopping sight distance. The range is from 0 to less than 15 
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TABLE 7 FREQUENCY OF SEGMENTS 
BY THREE CRITERIA OF LIMITED 
SIGHT DISTANCE ON TWO-LANE 
ROADWAYS WITHOUT SHOULDERS 

Percent 
Limited Minimum Sight Distance (ft) 
Distance 325 450 550 

0 33 11 

1-10 9 6 2 

11-20 3 17 18 

21-30 0 7 10 

31-40 0 3 8 

41 + 0 6 

Total 45 45 45 

percent. The number of intersections within limited stopping 
sight distance sections is indicated in this figure. 

The regression analysis was performed in the same way as 
for the analysis of two-lane roads with shoulders. The results 
of the regression ofthe logarithm of accidents per mile a the 
dependent variable are presented in detaiL Again , the only 
significant effect , after adjustment for presence of major inter-
ections and AADT, was the number f intersections wil11in 

the limited stopping sight distance sections of crest curves. 

TABLE 8 INTERSECTIONS ON TWO-
LANE ROADWAYS WITHOUT 
SHOULDERS BY AVAILABLE SSD 

Type of Number of Intersections 
Intersecting Total Available SSD (ft) 

Road <325 <450 <550 

Numbered 13 0 3 7 

County 72 0 4 9 

Driveway 12 3 7 11 

Total 97 3 14 27 

The interaction of this factor and AADT was not significant 
(p > 0.1), indicating a clearly positive relationship with acci
dent rate for all AADT values. 

Figure 8 illustrates the relationship between accidents per 
mile and the percent limited sight distance using the 450-ft 
criterion. Indicated are the values associated with those seg
ments containing intersecting roads within the limited stop
ping sight distance sections of curves. Again , it can be seen 
that the segments with the highest numbers of intersecting 
roads within limited stopping sight distance sections of crest 
vertical curves have some of the highest accident rates. Also, 
there appears to be a negative relationship between accident 
rate and the percent limited stopping sight distance. 
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The regression analysis produced ambiguous results. The 
effect of the number of intersecting roads within limited stop
ping sight distance sections on the accident rate was positive 
and significant, but accompanying this effect was a significant 
negative relationship between accident rate and the percent 
of the roadway with limited sight distance. 

The effect of percent limited sight distance using the most 
conservative standard of 550 ft was finally examined . The 
results of that analysis repeated the negative association between 
accident rate and percent limited stopping sight distance. Again, 
the percent limited distance was highly significant , with a 
negative coefficient. Figure 9 presents the results . The effect 
of the number of intersecting roads within limited stopping 
sight distance sections of crest curves was not significant 
(p = 0.15). 

The coefficients from these three analyses are given in Ta
ble 9 for comparison. Special notice can be made of the rel
ative sizes of the coefficients estimating the effect of the num
ber of intersecting roads within limited stopping sight distance 
sections of crest curves. It is of interest that these coefficients 
are reduced by roughly one-half as the criterion for measuring 
limitations in sight distance becomes more conservative. For 
example, the coefficient of 0.36 for the 325-ft criterion is 
reduced to 0.17 when the "minimum" AASHTO criterion for 
55 mph ( 450 ft) is used. And the size of the corresponding 
coefficient for the 550-ft criterion was 0.07, which was found 
to be nonsignificant (p = 0.15) and thus is not included in 
Table 9. 

Both the models for the AASHTO minimum standard for 
55 mph and the minimum for 45 mph contain significant coef
ficients for the effect of intersections within limited stopping 
sight distance sections, using the adopted significance level of 
0.05. And the effect, if added to the model developed for 550 
ft required sight distance, approached significance (p = 0.15) . 
Nevertheless, the negative relationship between accident rates 

TABLE 9 REGRESSION COEFFICIENTS FROM THE 
ANALYSIS OF LOGARITHM OF ACCIDENTS PER MILE 
ON TWO-LANE ROADWAYS WITHOUT SHOULDERS 

Sight Distance Criterion (ft) 
325 450 550 

Intercepts 
Neither County 0.0986 -0.2404 0.3624+ 
nor Numbered Roads 

County Road, 0.3428• -0.1079 0.4436 .. 
No Numbered Road 

Both County and 0.4586+ -0.0655 0.5145• 
Numbered Roads 

AADT 0.0001645' 0.0004043 •• 0.0002929•• 

Percent Limited Sight 0.02223 -0.01715 .. 
Distance 

Interaction of AADT and -0.00001354• 
Percent Limited Sight 
Distance 

Intersecting Roads 0.3592• 0.1741' 
within Influence of 

Restricted Sight Distance 
+ = p < .1 . "'P < .OS 
•• = p < .01 
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TABLE 10 ESTIMATED ACCIDENTS PER MILE FOR SSD 
CRITERION-450 FEET ON TWO-LANE ROADWAYS 
WITHOUT SHOULDERS 

Percent Limited Number of Intersections Within Limited SSD Sections 
Stopping Sight 0 1 2 3 
Distance 

0 1.02 

20 0.83 1.18 1.59 2.08 

40 0.66 0.98 1.35 1.80 

0 3.52 

20 1.39 1.84 2.38 3.03 

40 0.26 0.50 0.79 1.13 

and percent limited sight distance remains for the 450- and 
550-ft standards. The effect is clearly negative for stopping 
sight distance of 550 ft. And the effect sometimes overwhelms 
the positive effect of the intersections, yielding estimated acci
dent rates that decrease for increasing percent limited distance 
with a stopping sight distance of 450 ft. Examples of this 
relationship are given in Table 10. The estimates assume the 
presence of a county road, but no numbered road. 

Examination of accidents per MVM, which was an addi
tional dependent variable for analysis, did not significantly 
alter any results already obtained using the accident rate per 
mile. 

In an attempt to understand the conflicting relationships 
modeled in this analysis, the values that seem to have the 
most influence on the negative relationship between accident 
rate and percent limited distance were examined. It was dis
covered that most of the segments that contain large relative 
amounts of limited stopping sight distance were from one 
area, all belonging to the same roadway section. Figure 10 
identifies these points. 

All the analyses for logarithm of accidents per mile , a 
dependent variable, were repeated, omitting this section of 
roadway. Many effects were no longer significant, which may 
be partly attributed to the reduction in the size of the data 
set. The coefficients and their significance levels for the adopted 
models for the three criteria were already presented in Ta
ble 4. Those results can be compared with these modified 
analyses . For the 325-ft criterion, the variable for intersections 
within limited stopping sight distance sections became insig
nificant (p = 0.12), leaving only the types of major intersec
tions and AADT in the model. In the analysis of the 450-ft 
criterion , the negative relationship between accident rate and 
percent limited stopping sight distance was dropped from the 
model because of nonsignificance, leaving only the positive 
relationship with intersections within limited stopping sight 
distance sections. The resulting model, therefore , clearly pre
dicts an increase in accident rate as the number of intersec
tions within limited stopping sight distance sections increases. 
The model for the 550-ft stopping sight distance criterion 
remained unchanged, although the significance level was 
reduced (p = 0.04). 

Another method of adjusting for differences that are known 
to exist among roadways, but for which we have no quanti
fiable measurements, was used. A constant term was intro
duced into the model for each different roadway, distin-
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guished by its control number. This method allowed an 
individual constant adjustment of the accident rate in each 
case. Again, some effects disappeared after incorporating this 
adjustment. Nonetheless, the positive effect of intersecting 
roads within limited stopping sight distance sections of crest 
curves based on the 325-ft criterion increased in its effect. 
The coefficient increased to 0.41 , compared with 0.36 pre
viously, with a significance probability of 0.01. All effects 
related to stopping sight distance (the relative amounts and 
the number of intersections within limited stopping sight dis
tance sections) were no longer significant (p > 0.05) in the 
analyses of the 450- and 550-ft criteria. 

These results are more meaningful when compared with 
similar analyses on the previous data set. The two-lane roads 
without shoulders were subjected to the same adjustment for 
different roadways for comparison. In the analysis of that data 
set, no changes in the models resulted. The models remained 
remarkably consistent in terms of the sizes of the coefficients 
as well . The limited data available for the analysis of two
lane roads without shoulders makes the ambiguous results 
open to question. The consistency of the analytical results of 
the larger sample of two-lane roads with shoulders can be 
interpreted with more confidence. 

SUMMARY AND CONCLUSIONS 

Two large data bases consisting of 222 study segments of 
approximately one-mile lengths representing nearly 1,500 
accidents were assembled to evaluate the effects that stopping 
sight distance along crest vertical curves has on accident rates. 

The study sites were carefully screened to control for other 
geometric and operational conditions that could affect acci
dent rates. All study segments were two-lane roadways. The 
roadways had 55 mph posted speeds and were located in rural 
areas of east and central Texas. The study segments with sight 
distance limitations generally had modest limitations; that is, 
sight distance limitations were generally less than the AASHTO 
minimum requirement for 55 mph design, but they were gen
erally better than the AASHTO minimum requirements for 
a 45 mph design . The following are the most significant 
findings: 

1. The relationship between available sight distance on crest 
vertical curves on two-lane roadways and accidents is difficult 
to quantify even when a large data base exists. 

2. The AASHTO stopping sight distance design model alone 
is not a good indicator of accident rates on two-lane rural 
roadways in Texas. Thus, adherence to the model alone in 
designing projects will not result in cost-effective projects. 

3. Where there are intersections within the limited sight 
distance sections of crest vertical curves, there is a statistically 
significant increase in accident rntes. 

4. It can be inferred that other geometric conditions within 
limited sight distance sec lions of c1 esl ve1 lical curves could 
also cause a marked mcrease m accident rates . An example 
would be a sharp horizontal curve hidden by a crest vertical 
curve. 

5. The increase in accident rates because of intersections 
within limited sight distance sections of crest vertical curves 
is more pronounced on roadways with higher volumes, imply
ing that a threshold volume level may be determined based 
on considerations of cost effectiveness. 
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Stopping Sight Distance Design for 
Large Trucks 

DOUGLAS W. HARWOOD, WILLIAM D. GLAUZ, AND JOHN M. MASON, JR. 

Stopping distance requirements for .large trucks are compared 
with current AASHTO stopping sight distance crileria. Key 
elements affecting stopping sight distance for trucks include 
perception-reaction time, truck braking distance, and truck 
driver eye height. The paper stresses the variability of truck 
driver braking performance and the safety benefits associated 
with antilock brake systems for trucks. Findings indicate that 
trucks with conventional brake systems may require stopping 
sight distances greater than those recommended by ·urrent 
AASHTO policy. The increased values potentially affect all 
related stopping sight distance design considerations (horizon
tal and vertical curvature, intersection sight distance, and 
highway-railroad grade crossings). The magnitude of increase, 
however, is highly dependent on individual driver brake per
formance capabilities. For drivers whose emergency braking 
performance is equivalent to the worst performance ob erved 
in braking tests for conventional brake ystcms, substantially 
greater stopping sight distance and longer vertical cur es would 
be needed than are u ed under current AASHTO criteria. 
Drivers with braking performance equivalent to the best per
formance observed in braking tests for conventional brake 
systems rec1uire only . light'ly longer stopping sight distance 
than current AASHTO criteria and require vertical curve lengths 
that are shorter than current AASHTO criteria. If antilock 
brake systems are eventually mandated for trucks, current 
AASHTO stopping sight distance policy would adequately 
accommodate the needs of large trucks. 

Sight distance is the length of roadway ahead that is visible 
to the driver. The minimum sight distance available on the 
roadway should be sufficiently long to enable a vehicle trav
eling at or near the design speed to stop before reaching a 
stationary object in its path. This minimum sight distance, 
known as stopping sight distance , is the basis for design cri
teria for crest vertical curve length and minimum offsets to 
horizontal sight obstructions. Not only is the provision of 
stopping sight distance critical at every point on the roadway, 
but stopping sight distance also forms the basis for a number 
of additional highway design and operational criteria, includ
ing intersection sight distance, railroad-highway grade cross
ing sight distance, and warning sign placement. 

Thi~ p:ipPr Pxamines the suitability of current stopping sight 
distance design criteria for large trucks in light of available 
data concerning truck characteristics, including braking dis
tance and driver eye height. The paper uses the current 
AASHTO Green Book (1) stopping sight distance model as 

D. W. Harwood and W. D. Glauz, Midwest Research Institute, 
425 Volker Blvd., Kansas City, Mo. 64110. J . M. Mason, The 
Pennsylvania State University. University Park. Pa. 16820 . 

the basis for determining truck requirements . Nevertheless , 
the authors recognize that this model is itself in need of a 
thorough review to determine whether it meets the sight dis
tance needs of drivers. 

CURRENT DESIGN CRITERIA 

This section summarizes the current AASHTO design criteria 
for stopping sight distance. 

Stopping Sight Distance Criteria 

Stopping sight distance is determined in the AASHTO Green 
Book (J) as the sum of two terms: brake reaction distance 
and braking distance. The brake reaction distance is the dis
tance traveled by the vehicle from the driver 's first sighting 
of an object necessitating a stop to the instant the brakes are 
applied . The braking distance is the distance required to bring 
the vehicle to a stop once the brakes are applied. 

The numerical values for the stopping sight distance criteria 
in the AASHTO Green Book are based on the following 
equation: 

where 

S = stopping sight distance (ft), 
tP, = perception-reaction time (sec), 
V = initial vehicle speed (mph) , and 
f = coefficient of tire-pavement friction. 

(1) 

The first portion of Equation 1 represents the brake reac
tion distance, and the second term represents the braking 
distance. The factors that influence braking distances are dis
cussed later in this paper. The coefficient of sliding friction 
is used by AASHTO in Equation 1 to determine the braking 
distance for a locked-wheel stop by a passenger car. 

Table 1 presents the AASHTO Green Book criteria for 
stopping sight distance. Thest: i.:rite1ia a11:; ua~cu Vll dlt d>>UllltJ 

perception-reaction time (tp,) of 2.5 sec and the assumed val
ues of speed and coefficient of friction shown in the table . 
The two values shown for the assumed speed, brake reaction 
distance, braking distance on level, and stopping sight dis
tance represent minimum and desirable designs, respectively . 
The subsequent analyses in this report are based on the desir
able sight distances , which are applicable to stopping by a 
vehicle traveling at the design speed of the highway. 
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TABLE 1 AASHTO CRITERIA FOR STOPPING SIGHT DISTANCE (J) 

Aseumed Braking Stopping Sight Distance 

Design Speed for Brake Reaction Coefficient Distance Rounded 
Speed Condition Time Distance of Friction on level Computed for Design 
(mph) (mph) (sac) (ft) f (ft) (ft) (ftl 

20 20-20 2.5 73.3- 73.3 0.40 33.3- 33.3 106.7-106.7 125-125 
25 24-25 2.5 88.0- 91.7 0.38 50.5- 54.8 138.5-146.5 150· 150 
30 28-30 2.5 102.7-110.0 0.35 74.7- 85.7 1n.3-195.7 200-200 
35 32-35 2.5 117.3-128.3 0.34 100.4-120.1 217.7-248.4 225-250 
40 36-40 2.5 132.0-146.7 0.32 135.0-166.7 267.0-313.3 275-325 
45 40-45 2.5 146. 7-165.0 0.31 172.0-217.7 318. 7-382. 7 325-400 
50 44-50 2.5 161.3-183.3 0.30 215.1-m.8 376.4-461. 1 400-475 
55 48-55 2.5 176.0-201. 7 0.30 256.0-336.1 432.0-537 .8 450-550 
60 52-60 2.5 190.7-220.0 0.29 310.8-413.8 501.5-633.8 525-650 
65 55-65 2.5 201.7-238.3 0.29 347.7-485.6 549.4-724.0 550-725 
70 58-70 2.5 212.7-256.7 0.28 400.5-583.3 613.1-840.0 625-850 

TABLE 2 CORRECTION TO AASHTO STOPPING SIGHT 
DISTANCE FOR GRADES (1) 

Increase for Downgrades 

Correction in 
Stopping Design 

Speed 
Distance (ftl 

(mph) 3% 

30 10 

40 20 

50 30 

60 50 

65 60 

70 70 

Correction of Stopping Sight Distance Criteria for 
Grades 

6% 9% 

20 30 

40 70 

70 

110 

130 

160 

Stopping sight distance is also affected by roadway grade 
because longer braking distance is required on a downgrade 
and a shorter braking distance is required on an upgrade. The 
AASHTO Green Book accounts for grade effects on stopping 
sight distance with the following equation: 

S = 1.47 tpY + 30(! + G) (2) 

where G equals percent grade/100 ( + for upgrade, - for 
downgrade. Table 2 presents the corrections to the stopping 
sight distance criteria for upgrades and downgrades recom
mended in the AASHTO Green Book . 

Application of Stopping Sight Distance Criteria to 
Crest Vertical Curves 

Vertical crests limit the sight distance of the driver. Crest 
vertical curves designed in accordance with the AASHTO 

Decrease for Upgrades 

Aasumad 
Correction In 

Speed for 
Stopping 

Condition Distance (ftl 

(mph) 3% 6% 9% 

28 10 20 

36 10 20 30 

44 20 30 

52 30 50 

55 30 60 

58 40 70 

criteria should provide stopping sight distance at least equal 
to the requirements of Table 1 at all points along the curve. 
The minimum length of a crest vertical curve, as a function 
of stopping sight distance (S), is calculated by AASHTO as 
follows: 

For S less than Lmin• 

AS2 
L . = =--=--==-

min 100 (ViH., + '\12/i;Y 

For S greater than Lmin• 

200 (\/H,, + Vil,,)~ 
Lmin + 2S - A 

where 

Lmin = minimum length of vertical curve (ft), 
S = stopping sight distance (ft), 
A = algebraic difference in percent grade, 

(3) 

(4) 

H, = height of driver's eye above roadway surface (ft), 
and 

H 0 = height of object above roadway surface (ft). 
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TABLE 3 MINIMUM VERTICAL CURVE LENGTHS (IN 
FEET) NEEDED TO PROVIDE AASHTO STOPPING SIGHT 
DISTANCE 

Algebraic Difference Design S~eed !mI!hto 
in Percent Grade 20 30 40 50 

2 60 90 150 260 610 
4 60 120 300 650 1,220 
6 60 170 450 970 1,820 
8 70 240 600 l ,280 2,420 

10 90 290 740 l ,610 3,030 

Note: Based on AASHTO driver eye he i ght of 42 in for a 
passenger car. 

70 

1,070 
2, 130 
3,190 
4,260 
5,320 

Equations 3 and 4 are based on the geometric properties of 
a parabolic curve. The AASHTO Green Book also suggests 
that it is typical practice to use a minimum vertical curve 
length that is at least three times the value of the design speed 
(expressed in mph). For stopping sight distance, the driver 
eye height (H.) used by AASHTO is 3.5 ft, and the object 
height (H0 ) used is 6 in. Table 3 presents the minimum vertical 
curve lengths required to atiain the desirable stopping sight 
distance criteria in Table 1 as a function of design speed. 

Application of Stopping Sight Distance Criteria to 
Horizontal Curves 

Sight distance can also be limited by obstructions on the inside 
of horizontal curves, such as trees, buildings, retaining walls, 
and embankments. Horizontal curves designed in accordance 
with the AASHTO Green Book would provide sight distance 
at least equal to the requirements of Table 1 along the entire 
length of the curve. For a circular horizontal curve, the line 
of sight is a chord of that curve, and the sight distance is 
measured along the centerline of the inside lane. The mini
mum offset to a horizontal sight obstruction at the center of 
the curve (known as the middle ordinate· of the curve) is 
computed in accordance with the following equation: 

( 
2s.65 s) M = R 1 - cos -1-~-

where 

M = middle ordinate of curve (ft), 
R = radius of curve (ft), and 
S = stopping sight distance (ft). 

CRITIQUE OF CURRENT DESIGN CRITERIA 

(5) 

This section reviews the recent literature relevant to stopping 
~ight distance criteria and its application to crest vertical curves 
ana norizomai curves . T nese criteria are based on consider
ation of a passenger car as the design vehicle. The critique 
calls attention to differences between passenger cars and trucks 
that are relevant to stopping sight distance design. 

Table 4, prepared by Glennon (2), summarizes the histor
ical evolution of the AASHTO stopping sight distance cri
teria. The Glennon summary addresses the following aspects 
of stopping sight distance criteria: 
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• Assumed speed for design, 
• Brake reaction time, 
• Coefficient of tire-pavement friction, 
• Eye height, and 
• Object height. 

Each of these factors is discussed below. 

Assumed Speed for Design 

The assumed speed for stopping sight distance design has 
historically been less than the design speed of the highway, 
because it was assumed that drivers travel more slowly on wet 
pavements than on dry pavements . This assumption was used 
to derive the lower value of stopping sight distance in Ta
ble 1. AASHTO notes that recent data have shown that driv
ers travel about as fast on wet pavements as they do on dry 
pavements. Therefore, the higher values of stopping sight 
distance in Table 1 are based on braking by a vehicle traveling 
at the design speed of the highway. All analyses of stopping 
sight distance in this paper have been conducted with the 
assumption that the braking vehicle-passenger car or truck
is initially traveling at the design speed of the highway. 

Brake Reaction Time 

The AASHTO criteria for stopping sight distance are based 
on a brake reaction time of 2.5 sec . This choice for brake 
reaction time has been confirmed as appropriate for most 
drivers by a number of studies, including, most recently, 
Johansson and Rumar (7) and Olson et al. (8). 

The brake reaction time is a driver characteristic and is 
assumed to be applicable to truck drivers as well as passenger 
car drivers, although experienced professional truck drivers 
could reasonably be expected to have shorter brake reaction 
times than the driver population as a whole . Nevertheless , 
the air brake systems commonly used in tractor-trailer com
bination trucks have an inherent delay of approximately 0.5 
sec in brake application (9). For purposes of this analysis, it 
is assumed that these factors offset one another and that the 
2.5-sec brake reaction time is appropriate for trucks . 

Coefficient of Tire-Pavement Fridion 

The coefficients of friction shown in Table 1 were chosen from 
the results of several studies cited in Figure III-1 of the 
AASHTO Green Book, and they are intended to represent 
the deceleration rates used by a passenger car in locked-wheel 
braking on a poor, wet pavement. The results cited by 
AASHTO that most closely match the criteria in Tobie l arc 
irum (1 :i.:.151 SLuoy uy iv.iuyt:1 '1110 3i1upt: (iv) '1110 (ift: U<i~t:O 
on locked-wheel skid test results obtained for new passenger 
car tires. 

An exceedingly important feature of truck stopping dis
tance is that trucks cannot safely make a locked-wheel stop 
without the risk of losing control of the vehicle. The discussion 
of braking distances later in this paper shows that the decel
eration rates used by trucks in making controlled stops are 
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TABLE 4 EVOLUTION OF AASHTO STOPPING SIGHT DISTANCE POLICY (2) 

DESI GN PARAMETERS 
Perception/ ASSUMED 

Eye Object Reaction TIRE/PAVEMENT ASSUMED SPEED EFFECTIVE CHANGE 
lleighi;: II eight Time COEFFICIENT OF FOR FROM 

YEAR (feet) (Inches) (Seconds) FRICTION DESIGN PREVIOUS POLICY 

1940 (]) 4.5 4 Variable-- DRY-- DESIGN SPEED 
3.0 Sec. @ f Ranges from 0.50 
30 mph to @ 30 mph t o 0.40@ 
2.0 Sec. @ 70 mph 
70 mph 

1954 (-1.) 4.5 4 2.5 WET-- Lower 'fhan Design No Net Change in 
f Ranges from Q. 36 Speed (28 mph @ 30 Design Diatances 
@ 30 mph to 0 , 29 @ mph Design Spe~d; 
70 mph 59 mph @ 70 mph 

Design Speed) 

1965 (~) 3.75 6 2.5 WET-- Lower Than Design No Net Change in 
f Ranges from O. 36 Speed (28 mph @ 30 Design Distances 
@ 30 mph to 0. 27 @ mph Design Speed; 
80 mph 64 mph @ 80 mph 

Design Speed) 

197 1 (§) 3.75 6 2.5 WET'-- Minimum Values-- Desirable Values 
f Ranges from 0 , 35 Same as 1965; are up to 250 
@ 30 mph to 0.27 @ Desirable Values-- feet greater than 
60 mph DESIGN SPEED minimum val uee 

1984 (l) 3.50 6 2.5 WET-- Minimum Values-- Computed valuee 
f slightly l ower Same as 1965; always rounded up 
than 1970 values Desirable Va lues-- giving slightly 
for higher speeds DESIGN SPEED higher values than 

generally lower than the deceleration rates used by passenger 
cars making locked-wheel stops. 

Driver Eye Height 

The minimum crest vertical curve criteria for stopping sight 
distance in Table 3 are based on a driver eye height for pas
senger cars of 3.5 ft ( 42 in). The driver eye heights for trucks 
are much greater than for passenger cars, which may partially 
or completely offset their longer braking distances on crest 
vertical curves. Nevertheless, the greater eye heights of truck 
drivers provide no comparable advantage for sight obstruc
tions on horizontal curves unless the truck driver is able to 
see over the obstruction. 

A review of recent evaluations of truck driver eye height, 
including studies by Middleton et al. (11), Burger and Mul
holland (12), and Urban Behavioral Research Associates, Inc. 
(13), found that truck driver eye heights can range from 71.5 
to 112.5 in. Middleton et al. estimated the average driver eye 
height for a conventional tractor to be 93 in. This value was 
also used by Olson et al. (8) in their recent studies of stopping 
sight distance. Nevertheless, it is important to remember that 
93 in represents an average truck driver eye height and that 
below average eye heights should also be considered. This 
paper includes sensitivity analyses for truck driver eye heights 
of 75 and 93 in. 

Object Height 

The object height used in determining the crest vertical curve 
lengths in Table 3 is 6 in. As shown in Table 4, a 4-in object 

1970 

height was used prior to 1965. The AASHTO Green Book 
presents the object height as an arbitrary rationalization of 
possible hazardous objects that could be found in the road
way. Others maintain that object height has historically rep
resented a subjective tradeoff of the cost of providing sight 
distance to the pavement and did not represent any particular 
hazard (2). The recent analysis of this issue by Olson et al. 
(8) assumed that the object height was meant to represent a 
specific possible hazard, but questioned the use of a 6-in object 
based on a study by Woods (14), which found that about 30 
percent of compact and subcompact passenger cars could not 
clear an object of that height . Whatever interpretation of 
object height is chosen, the crest vertical lengths for trucks 
should not be affected because trucks typically have under
clearances substantially greater than 6 in . 

Horizontal Sight Obstructions 

Increased eye height provides truck drivers no advantage over 
passenger car drivers at a horizontal sight obstruction, unless 
the truck driver is able to see over the obstruction. Never
theless, Olson et al. (8) indicate that the minimum offset to 
a horizontal sight obstruction (represented by the middle ordi
nate of the curve computed with Equation 5) is normally 
required only near the center of a horizontal curve. Figure 1 
illustrates a sight distance envelope-or "clear sight zone" -
where horizontal sight obstructions should not be present. 
The figure illustrates that less than the maximum offset to 
horizontal sight obstructions is needed within a distance to 
either end of the curve equal to half of the stopping sight 
distance. 
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FIGURE 1 Example sight obstruction envelope on horizontal 
curves for condition where the stopping sight distance is less 
than the length of the curve. 

Another problem associated with stopping sight distance 
on horizontal curves cited by Olson et al. (8) and Neuman et 
al. (15) is that the tire-pavement friction available for braking 
is reduced by the portion of the available tire-pavement fric
tion that is required for cornering. Olson et al. express the 
available friction for braking on a horizontal curve as 

f2 = fl - c~R -er 
where 

f = coefficient of friction available for braking, 
f, = total available coefficient of friction, 
V = vehicle speed (mph), 
R = radius of curvature (ft), and 
e = superelevation rate (ft/ft). 

(6) 

Equation 6 implies that the required stopping sight distances 
on horizontal curves should be longer than on tangents. 

TRUCK BRAKING DISTANCE 

Braking distance is defined in the AASHTO Green Book as 
"the distance required to stop the vehicle from the instant 
brake application begins." Braking distance is used in the 
determination of many highway design and operational cri
teria, including stopping sight distance, intersection sight dis
tance, vehicle change intervals for traffic signals, and advance 
warning sign placement distances. Currently all of these design 
and operational criteria are based on passenger car braking 
distances and do not consider the longer braking distances 
required for trucks. The process of bringing a truck to a stop 
involves a complex interaction among the driver, the brake 
system, the truck tires, the dimensions and loading charac
teristics of the truck, and the pavement surface characteristics. 
Because truck braking is much more complex than passenger 
car braking, it is necessary to discuss the role of each of these 
rh~rnrtPri~tirs in rlPtPrminine tmrk hrnkine rlist~nrPs 

Tire-Pavement Friction in Braking Maneuvers 

Vehicles are brought to a stop by brakes that retard the rota
tion of the wheels and allow tire-pavement friction forces to 
decelerate the vehicle. An understanding of the forces involved 
in tire-pavement friction is, therefore, critical to the under
sianding of braking disiam:es. 
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The coefficient of braking friction (fy) is defined as the ratio 
of the braking force (Fy) generated at the tire-pavement inter
face to the vertical load (Fz) carried by the tire. This can be 
expressed as 

FY 
fv = -

F, 
(7) 

On a horizontal curve, tire-pavement friction also supplies 
a cornering force to keep the vehicle from skidding sideways. 
The coefficient of cornering friction Ux) is the ratio of the 
cornering force (Fx) generated at the tire-pavement interface 
to the vertical load (F,) carried by the tire. In other words, 

(8) 

Figure 2 illustrates that both braking and cornering friction 
vary as a function of percent slip, which is the percent decrease 
in the angular velocity of a wheel relative to the pavement 
surface as a vehicle brakes. A freely rolling wheel is operating 
at 0 percent slip. A locked wheel is operating at 100 percent 
slip, with the tire sliding across the pavement. Figure 2 shows 
that the coefficient of braking friction increases rapidly with 
percent slip to a peak value that typically occurs between 10 
and 15 percent slip. The coefficient of braking friction then 
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decreases as percent slip increases, reaching a level known as 
the coefficient of sliding friction at 100 percent slip. 

The coefficient of cornering friction has a maximum value 
at O percent slip and decreases to a minimum at 100 percent 
slip. Thus, when a braking vehicle locks its wheels, it will lose 
its steering capability because of a lack of cornering friction. 

Locked-Wheel Braking versus Controlled Braking 

The discussion of Figure 2 implies that braking maneuvers 
can be performed in two ways: locked-wheel braking and 
controlled braking. Locked-wheel braking occurs when the 
brakes grip the wheels tightly enough to cause them to stop 
rotating, or "lock," before the vehicle has come to a stop. 
Braking in this mode causes the vehicle to slide over the 
pavement surface on its tires. Locked-wheel braking uses slid
ing friction (100 percent slip), represented by the right end 
of the graph in Figure 2, rather than rolling or peak friction. 
The sliding coefficient of friction takes advantage of most of 
the friction available from the pavement surface, but it is 
generally less than the peak available friction . On dry pave
ments, the peak coefficient of friction is relatively high, with 
very little decrease in friction at 100 percent slip. On wet 
pavements, the peak friction is lower, and the decrease in 
friction at 100 percent slip is generally larger. 

The braking distance required for a vehicle to make a locked
wheel stop can be determined from the following relationship: 

V2 
BD = 30fs 

where 

BD = braking distance (ft), 
V = initial speed (mph), and 
Is = coefficient of sliding friction . 

(9) 

The coefficient of sliding friction in Equation 9 is mathemat
ically equivalent to the deceleration rate used by the vehicle 
expressed as a fraction of the acceleration of gravity (g or 
32.2 ft/sec2). The coefficient of friction, and thus the decel
eration rate, may vary as a function of speed during the stop, 
so fs in Equation 9 should be understood as the average coef
ficient of friction or average deceleration rate during the stop. 

Controlled braking is the application of the brakes in such 
a way that the wheels continue to roll without locking while 
the vehicle is decelerating. Drivers generally achieve con
trolled braking by "modulating" the brake pedal to vary the 
braking force and to avoid locking the wheels. Controlled 
braking distances are governed by the rolling coefficient of 
friction, which occurs at a value of percent slip to the left of 
the peak available friction shown in Figure 2. Because of the 
steep slope of the braking friction curve to the left of the peak 
and the braking techniques used by drivers to avoid wheel 
lockup, the average rolling friction attained is generally less 
than the sliding friction coefficient. Therefore, controlled 
braking distances are usually longer than locked-wheel brak
ing distances. 

Locked-wheel braking is commonly used by passenger car 
drivers during emergency situations. Passenger cars can often 
stop in a stable manner, even with th front wheel locked. 
In this situation, although the driver lo es . teering contrnl, 
the vehicle generally slides straight ahead. On a tangent sec-
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FIGURE 3 Tractor-trailer dynamics with locked 
wheels (16). 
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tion of road, this is perhaps acceptable behavior; on a hori
zontal curve, the vehicle may leave its lane, and possibly the 
roadway. 

Trucks, in contrast, have much more difficulty stopping in 
the locked-wheel mode. Figure 3 illustrates the different 
dynamic responses of a tractor-trailer truck if its wheels are 
locked during emergency braking (16). The response depends 
on which axle is the first to lock-they usually do not all lock 
together. When the steering wheels (front axle) are locked, 
steering control is eliminated, but the truck maintains rota
tional stability. If the rear wheels of the tractor are locked, 
the axle(s) slides and the tractor rotates or spins, resulting in 
a "jackknife" loss of control. If the trailer wheels are locked, 
those axles will slide and the trailer will rotate out from behind 
the tractor, which also leads to loss of control. Although a 
skilled driver can recover from the trailer swing through quick 
reaction, the jackknife situation is generally not correctable. 
None of these locked-wheel stopping scenarios for trucks is 
considered safe. Therefore, it is essential that trucks stop in 
a controlled braking mode and that highway design and oper
ational criteria recognize the longer distances required for 
trucks to make a controlled stop. 

The braking distance for a vehicle to make a controlled 
stop can be determined from the following relationship: 

V2 
BD = 30/r (10) 

where f, equals the coefficient of rolling friction. As in the 
case of sliding friction, the coefficient of rolling friction (/,) 
in Equation 10 represents the average coefficient of friction 
or average deceleration rate during the entire controlled stop. 

Recent Research on Truck Braking Distance 

In research at the University of Michigan Transportation 
Research Institute (UMTRI), Olson et al. (8) suggested a 
model to predict braking distance as a function of pavement 
surface characteristics, tire characteristics, vehicle braking 
performance, and driver control efficiency. Parametrically, 
the model expresses the coefficient of rolling friction, f,, as 

f, = fµ x TF x BE x CE (11) 

where 

fµ = peak braking friction coefficient available given the 
pavement surface characteristics, 
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TF = adjustment factor for tire tread depth (8), 
BE = adjustment factor for braking efficiency (the effi

ciency of the braking system in using the available 
friction, typically 0.55 to 0.59 for conventional brak
ing systems) , and 

CE = adjustment factor for driver control efficiency (the 
efficiency of the driver in modulating the brakes to 
obtain optimum braking performance, typically 0.62 
to 1.00 for conventional braking systems) . 

A paper by Fancher (17), derived from the study by Olson 
et al. (8), used the model in Equation 11 to predict truck 
braking distances. Figure 4 shows the braking distances for 
trucks under controlled and locked-wheel stops with new and 
worn (2/32-in tread depth) tires in comparison with the braking 
distances assumed in the AASHTO Green Book. The braking 
distances predicted by Fancher are substantially longer than 
the distances for locked-wheel braking by a passenger car 
assumed by AASHTO. Figure 4 is based on a pavement with 
a skid number of 28 at 40 mph (SN40) and a driver who uses 
100 percent of the vehicle braking capability. Most truck driv
ers ~ould require even longer stopping distances. 

The data show that the braking performance of truck drivers 
under emergency conditions may vary widely. Most truck 
drivers have little or no practice in emergency braking situ
ations. This lack of expertise in modulating of the brakes in 
emergency situations results in braking distances that are longer 
than the vehicle capability. Olson et al. (8) studied the effect 
of driver efficiency on braking distance using both experi
enced test drivers and professional truck drivers without test 
track experience. The study found that the driver control 
efficiencies ranged from 62 to 100 percent of the vehicle capa
bility. The braking performance of the drivers tended to improve 
during the testing period as the drivers gained experience in 
modulating the brakes. Because so many drivers on the road 
lack experience in emergency braking, the Olson study rec
ommended the use of a driver efficiency of 62 percent in 
stopping sight distance design criteria. It should be recognized 
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that this . is a very conservative choice. Experienced drivers 
can operate at efficiencies approaching 100 percent. Further
more, in the future, antilock brake systems could eliminate 
the concern over driver efficiency by providing computer
controlled modulation of the brakes to achieve minimum 
braking distance. 

Because truck drivers exhibit such a range of emergency 
braking performance, a sensitivity analysis of stopping sight 
distance requirements to truck driver braking performance is 
presented in this paper. The driver with the worst perfor
mance in this sensitivity analysis is assumed to utilize 62 per
cent of the vehicle braking capability (that is, CE = 0.62 in 
Equation 11). The driver with the best performance is assumed 
to utilize 100 percent of the vehicle braking capability (that 
is, CE = 1.0). 

Figure 5 illustrates the deceleration rates (values off,) used 
to develop Figure 4. Figure 6 shows that the deceleration rates 
for controlled stops on a wet pavement by the best-performing 
driver (CE= 1.0) are generally between 0.20 and 0.25 g, and 
that they are relatively insensitive to vehicle speed. In con
trast, Appendix B of the report by Olson et al. shows decel
eration rates as high as 0.5 g in controlled stops on a wet 
pavement by experienced drivers. These tests were performed 
at the Chrysler Proving Ground on a pavement that appar
ently has a very high peak friction coefficient even when wet. 
The data in Figures 4 and 5 were derived theoretically from 
the model given in Equation 11. 

Antilock Brake Systems 

During the mid-1970s, regulations for truck braking distances 
were adopted, which resulted in the introduction of antilock 
brake systems on trucks. Shortly afterwards the restrictions 
were removed by court order, and because of a lack of con
sumer interest, trucks equipped with antilock brakes were no 
longer commercially available from domestic truck manufac
turers. Since that time, with technological advancements and 
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improved design, antilock braking systems have gained 
acceptance in Europe and are slowly being reintroduced into 
the United States, primarily through imported passenger cars . 
It is possible that antilock brake systems for trucks will become 
common in the United States (or may be required by regu
lation) within 5 to 10 years. Thus , the improvements in truck 
braking distances that might result from antilock brake sys
tems need to be considered in the development of future 
highway design criteria. 

The purpose of antilock brakes is to take the fullest advan
tage of available tire-pavement friction capabilities without 
locking the wheels and losing vehicle control. Antilock brake 
systems are designed to achieve and maintain the peak coef
ficient of tire-pavement friction shown in Figure 2, maximizing 
the braking effect. 

Antilock brake systems operate by monitoring each wheel 
for impending lockup. When wheel lockup occurs or is antic
ipated, the system releases brake pressure on the wheel. When 
the wheel begins to roll freely again , the system reapplies 
braking pressure. The system constantly monitors each wheel 
and readjusts the brake pressure until the wheel torque is no 
longer sufficient to lock the wheel. Present antilock brake 
systems are controlled by onboard microprocessors. 

A recent NHTSA study (18) of the performance of a com
mercially available antilock brake system on a two-axle, sin
gle-unit truck found a 15 percent reduction in braking distance 
for a straight line stop from 60 mph on a wet, polished concrete 
pavement surface with an SN40 of approximately 30 (similar 
to the surface used by the AASHTO Green Book in the 
specification of stopping sight distance standards) . Tests on 

other pavement surfaces and in other types of maneuvers 
found decreases in braking distance up to 42 percent with the 
antilock brake system. Furthermore, in addition to improving 
the braking efficiency by operating closer to the peak braking 
friction coefficient, antilock brake systems should also mini
mize the increase in braking distance caused by driver 
inexperience. 

Design Values for Truck Braking Distance 

The literature does not provide a clear indication of which 
braking distances should be used in highway design criteria. 
Many of the factors that influence braking distances, such as 
pavement characteristics and driver efficiencies, vary widely . 
For purposes of the evaluation of current highway design and 
operational criteria in this paper, three braking scenarios have 
been presented for consideration in the development of design 
criteria for trucks. These three scenarios are tractor-trailer 
truck with a conventional brake system and the worst-per
forming driver; tractor-trailer truck with a conventional brake 
system and the best-performing driver; and a tractor-trailer 
truck with an antilock brake system. Deceleration rates and 
braking distances for these three scenarios are shown in Ta
ble 5. These data are based on the results obtained by Fancher 
(17) and shown in Figures 4 and 5, with a minor change in 
the assumption concerning pavement surface properties (from 
SN40 of 28 assumed by Fancher to SN40 of 32 assumed by the 
AASHTO Green Book) . All of the braking distances in Ta
ble 5 are appropriate for an empty truck with relatively good 
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TABLE 5 TRUCK DECELERATION RATES AND BRAKING DISTANCES FOR USE IN HIGHWAY 
DESIGN" 

Deceleration Rate {g} Braking Distance {ft) 
Vehicle Worst Best Antilock Worst Best Anti lock 

Speed AASHTO PerformaBce Performance Brake AASHTO PerformaBce Performance Brake 
{mEh) Pol iCJ: Driver Driverc S,l'stem Pol iC,l' Driver Driverc S,lstem 

20 0.40 0.17 0.28 0.36 33 77 48 37 
30 0.35 0.16 0.26 0.34 86 186 115 88 
40 0. 32 0.16 0.25 0.31 167 344 213 172 
50 0. 30 0.16 0.25 0.31 278 538 333 269 
60 0.29 0.16 0.26 o. 32 414 744 462 375 
70 0. 28 0.16 0.26 0. 32 583 l ,013 628 510 

~ Based on an empty tractor-trailer truck on a wet pavement with SN~ 0 = 32. 
Based on driver control efficiency of 0.62. 

c Based on driver control efficiency of 1.00. 

radial tires (at least 12/32 in of tread depth). The braking dis
tances for empty trucks are generally longer than braking 
distances for loaded trucks because truck brake systems are 
adjusted to be most effective when the truck is loaded . The 
braking distances in Table 5 are based on the assumption that 
the front-axle brakes of the truck are operational and have 
no automatic limiting valve. 

The data for the worst-performing driver in Table 5 are 
based on an assumed 62 percent driver control efficiency (CE 
in Equation 11), which represents a very conservative, worst
case condition. The data for an experienced driver are based 
on a driver control efficiency of 100 percent and thus represent 
the full capability of conventional brake systems. Most truck 
drivers on the road today have control efficiencies that fall 
between these two extremes. The data for an antilock brake 
system represent deceleration rates between 0.31 and 0.36 g, 
which are consistent with the results of recent NHTSA tests. 
These estimates for antilock brake systems represent an 
improvement of 20 to 30 percent over the best-performing 
driver with a conventional brake system. The available NHTSA 
data (18) show this to be a conservative estimate of the 
improvement that could be obtained from future antilock brake 
systems. 

It is important to note that the estimates of deceleration 
rate and braking distances in Table 5 for trucks equipped with 
antilock brake systems are very similar to the AASHTO cri
teria for passenger cars, which are also shown in the table. 

SENSITIVITY ANALYSES 

Sensitivity analyses were performed to investigate the differ
ences in stopping sight distance requirements for trucks and 
passenger cars. The stopping sight distance criteria for pas
senger cars were represented by the AASHTO criteria. The 
sensitivity analyses also examined the implications of the stop
ping sight distance analysis results for ere.st ve.rtir"I rnrvP~ "T1rl 

for horizontal sight obstructions. 

Stopping Sight Distance 

Stopping sight distance criteria for trucks were derived using 
the AASHTO stopping sight distance relationship given in 

Equation 1. The stopping sight distance criteria for trucks 
were based on the same brake reaction time (tP,) as the 
AASHTO criteria. The design speed of the highway is used 
as the initial vehicle speed in the braking maneuver. Three 
cases are considered for the coefficients of friction or decel
eration rates used by truck drivers for controlled stops: a truck 
with a conventional braking system and the worst-performing 
driver, a truck with a conventional braking system and the 
best-performing driver, and a truck with an antilock brake 
system . The estimated deceleration rates for these three cases, 
shown in Table 5, are based on braking on a poor, wet road 
by an empty tractor-trailer truck with good tires. 

Table 6 presents the stopping sight distance requirements 
for trucks derived from the data discussed above in compar
ison with the current AASHTO criteria. This comparison is 
also illustrated in Figure 6. Table 6 and Figure 6 show that 
the worst-performing driver with a conventional braking sys
tem requires substantially more stopping sight distance than 
the AASHTO criteria, up to 425 ft more sight distance for a 
70-mph design speed. The stopping sight distance require
ments for the best-performing driver with a conventional braking 
system are only slightly higher than the current AASHTO 
criteria. Thus, the assumption made about the braking per
formance capability, or braking control efficiency, of the driver 
is critical to stopping sight distance. There are essentially no 
data available to indicate the actual distribution of braking 
control efficiencies for working truck drivers. 

Table 6 also shows that the sight distance requirements for 

TABLE 6 STOPPING SIGHT DISTANCE REQUIREMENTS 
FOR TRUCKS IN COMPARISON WITH CURRENT 
AASHTO CRITERIA 

Reguired Sto1212ing Sight Distance (ft) 

Design ilorst 
Controlled Brak1nga 

Best Ant i l oc k 
Speed AASHTO Performance Pert ormance Brake 
'~=~' c:~~t::"~! n ... ~ .. ~- n~ : ·· - - - . ,. 

Lil I •Cl ., .:Jo \;C:lll 

20 125 150 125 125 
30 200 300 250 200 
40 325 500 375 325 
50 475 725 525 475 
60 650 975 700 600 
70 850 1,275 900 775 

a Based on deceleration rates and braking distances presented in 
Table 5. 
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trucks with antilock brakes are essentially equivalent to the 
current AASHTO criteria. Thus, the possibility of future gov
ernment requirements for truck antilock brake systems (or 
projected market penetration of such systems in the absence 
of government requirements) is critical to the assessment of 
stopping sight criteria. If antilock brake systems do come into 
fairly universal use and achieve the performance projected in 
Table 5, the current AASHTO stopping sight distance criteria 
should be adequate for trucks. 

Crest Vertical Curve Lengths 

Table 7 shows the minimum vertical curve lengths for a range 
of design speeds and algebraic differences in grade based on 
the stopping sight distance requirements for trucks in Ta
ble 6. The vertical curve lengths in Table 7 are based on a 6-
in object height and truck driver eye heights of 75 and 93 in. 

A comparison between the data in Tables 3 and 7 indicates 
that the minimum vertical curve lengths for the worst-per
forming driver in a truck with a conventional braking system 
are always longer than current AASHTO criteria-in some 
cases by a substantial margin. At the same time, the minimum 
vertical curve lengths for a truck with an antilock brake system 
or for the best-performing driver in a truck with a conven-

TABLE 7 MINIMUM VERTICAL CURVE LENGTHS (IN 
FEET) TO PROVIDE STOPPING SIGHT DISTANCE FOR 
PASSENGER CARS AND TRUCKS 

Al gebra ic Difference 
1n Percent Gr ade 3o 

Design Speed (mph) 
40 50 60 

TRUCK (driver e~e height = 75 in) 

Conventional Brake System with Worst Performance Driver 
2 60 90 240 420 910 
4 60 180 470 1,020 1,810 
6 70 250 710 1,520 2, 720 
8 90 350 940 2,030 3,630 

10 100 430 1, 180 2,530 4 ,530 

Conventional Brake System with Best Performance Driver 
2 60 90 130 260 340 
4 60 100 210 520 910 
6 60 110 380 780 1,360 
8 60 200 450 1,040 1,810 

10 80 250 630 1,300 2 ,261 

Anti lock Brake System 
2 60 90 120 200 350 
4 60 90 130 400 700 
6 60 120 300 600 1,040 
8 60 140 400 800 1,400 

10 60 200 500 1,000 1, 730 

TRUCK {dr iver Cl e he ign t • 93 ln l 

Convent i ona 1 Brake System with Worst Performance Ori ver 
2 60 90 200 230 720 
4 60 150 380 860 1,530 
6 60 190 600 1,290 2 ,300 
8 80 290 800 1,710 3, 100 

10 100 360 990 2,140 3,820 

Convent 1 ona l Brake System with Best Performance Driver 
2 60 90 120 220 390 
4 60 90 220 430 770 
6 60 130 320 660 l, 150 
8 60 150 430 880 1 ,530 

10 60 210 540 1,080 l ,910 

Anti 1 ock Brake System 
2 60 90 120 190 320 
4 60 90 190 340 640 
6 60 110 260 560 960 
8 60 120 370 740 1,270 

10 60 180 460 920 1,590 

Note: Based on stopping sight distances shown in Table 6. 

70 

1,570 
3, 140 
4, 710 
6,2BO 
7 ,850 

750 
1,530 
2,300 
3,050 
3,820 

510 
1,150 
1, 720 
2,300 
2 ,870 

1,330 
2,650 
3,980 
5,300 
6,630 

560 
1,290 
1,930 
2,580 
3,220 

390 
1,060 
1,590 
2, 120 
2 ,650 

45 

tional brake system are always shorter than the current 
AASHTO criteria. Stated another way, both the truck with 
the antilock brake system and the best-performing driver with 
a conventional brake system will always have enough stopping 
sight distance on a vertical curve designed in accordance with 
AASHTO criteria. 

Ffoally, the data in Table 7 show that the minimum vertical 
curve lengths are not very sensitive to the difference between 
75 and 93 in of driver eye height. The maximum difference 
in vertical curve lengths between these minimum and average 
driver eye heights is 600 ft in one extreme case, although most 
of the differences are substantially shorter. 

Horizontal Sight Obstructions 

The differences in stopping sight distance between passenger 
cars and trucks shown in Table 6 are generally not mitigated 
by increased driver eye height, as in the case of vertical sight 
restrictions. As shown in Equation 6, the sight distance 
requirements for horizontal curves should actually be some
what higher-as a function of curve radius and supereleva
tion-than for tangents. 

CONCLUSIONS 

A truck with a conventional brake system driven by a worst
performing driver requires up to 425 ft more stopping sight 
distance at 70 mph and requires longer crest vertical curves 
than current AASHTO policy recommends. Specific calcu
lated values of stopping sight distance and crest vertical curve 
length are given in Tables 6 and 7. 

In contrast, a truck with a conventional brake system and 
driven by a best-performing driver requires only slightly more 
stopping sight distance than current AASHTO policy and, 
because of increased driver eye height, requires shorter crest 
vertical curves than AASHTO recommends. This finding points 
to the critical role played by driver training and experience 
in emergency braking maneuvers. Unfortunately, current data 
do not provide any reliable estimates of the distribution of 
driver performance in the range between the extremes. 

In the worst-case scenario, there may be a need to increase 
stopping sight distance requirements to accommodate trucks 
with conventional brake systems. The safety benefits of such 
a change are not known, however, and it has not been estab
lished whether revision of current design criteria would be 
cost-effective. Changes in current design criteria are not rec
ommended unless a cost-effectiveness analysis indicates that 
longer vertical curves would produce safety benefits com
mensurate with the added construction cost. 

Trucks with antilock brake systems require less stopping 
sight distance and significantly shorter crest vertical curves 
than current AASHTO policy recommends. It appears that 
trucks with antilock brake systems can stop in the same or 
less distance than a passenger car. Thus, future government 
policy and industry practice concerning the use of antilock 
brake systems have major implications for highway design 
policy, because it is likely that no changes in current stopping 
sight distance design policies would be needed to accommo
date trucks if antilock brakes were required or widely used. 



46 

ACKNOWLEDGMENT 

The work reported in this paper was conducted under spon
sorship of the Federal Highway Administration. 

REFERENCES 

1. A Policy on Geometric Design of Highways and Streets. 
AASHTO, Washington, D.C., 1984. 

2. J. C. Glennon. Effect of Sight Distance on Highway Safety. 
In Stale-of-the Art Report 6. TRB, National Research Coun
cil, Washington, D.C., 1987. 

3. A Policy on Sight Distance for Highways. AASHO, Wash
ington, D.C., 1940. 

4. A Policy on Geometric Design of Rural Highways. AASHO, 
Washington, D.C., 1954. 

5. A Policy on Geometric Design of Rural Highways. AASHO, 
Washington, D.C., 1965. 

6. A Policy on Design Standards for Stopping Sight Distance. 
AASHTO, Washington, D.C., 1971. 

7. G. Johansson and K. Rumar. Drivers' Brake Reaction Times. 
Human Factors. Vol. 13, No. 1, February 1971. 

8. P. L. Olson, D. E. Cleveland, P. S. Fancher, L. P. Kostyn
iuk, and L. W. Schneiter. NCHRP Report 270: Parameters 
Affecting Stopping Sight Distance. HRB, National Research 
Council, Washington, D.C., June 1984. 

9. P. S. Fancher, R. D. Ervin, C. B. Winkler, and T. D. Gil
lespie. A Factbook of the Mechanical Properties of the Com
ponents of Single-Unit and Articulated Heavy Vehicles. Report 
DOT-HS-807-125. NHTSA, U.S. Department of Transpor
tation, December 1986. 

10. R. A. Moyer and J. W. Shupe. Roughness and Skid Resist
ance Measurements in California. Bulletin 37. HRB, National 
Research Council, Washington, D.C., 1951. 

TRANSPORTATION RESEARCH RECORD 1208 

11. P. B. Middleton, M. Y. Wong, J. Taylor, H. Thompson, and 
J. Bennett. Analysis of Truck Safety on Crest Vertical Curves. 
Report FHWA/RD-86/060. FHWA, U.S. Department of 
Transportation, 1983. 

12. W. J. Burger and M. U. Mulholland. Plane and Convex Mir
ror Sizes for Small to Large Trucks. Report DOT-HS-7-01721. 
NHTSA, U.S. Department of Transportation, 1982. 

13. Urban Behavioral Research Associates. The Investigation of 
Driver Eye Height and Field of Vision. Report DOT-FH-11-
9141. FHWA, U.S. Department of Transportation, 1978 (cited 
in Reference 39). 

14. D. L. Woods. Small Car Impacts on Highway Design, !TE 
Journal. April 1983. 

15. T. R. Neuman, J. C. Glennon, and J. E. Leisch. Stopping 
Sight Distance-An Operational and Cost Effectiveness Anal
ysis. Report FHWA/RD-83/067. FHWA, U.S. Department 
of Transportation, 1982. 

16. R. M. Clarke, W. A. Leasure, R. W. Radlinski, and M. Smith. 
Heavy Truck Safety Study. Report DOT-HS-807-109. NHTSA, 
U.S. Department of Transportation, March 1987. 

17. P. S. Fancher. Sight Distance Problems Related to Large 
Trucks. In Transportation Research Record 1052, TRB, 
National Research Council, Washington, D.C., 1986. 

18. R. W. Radlinski and S. C. Bell. NHTSA's Heavy Vehicle 
Brake Research Program-Report No. 6: Performance Eval
uation of a Production Antilock System Installed on a Two
Axle Straight Truck. Report DOT-HS-807-046. NHTSA, U.S. 
Department of Transportation, 1986. 

The findings and conclusions of the paper are those of the authors 
and do not necessarily represent the views of the Federal Highway 
Administration. 

Publication of this paper sponsored by Committee on Geometric 
Design and Committee on Operational Effects of Geometrics. 



TRANSPORTATION RESEARCH RECORD 1208 47 

Intersection Sight Distance Requirements 
for Large Trucks 

JOHN M. MASON, JR., KAY FITZPATRICK, AND DOUGLAS w. HARWOOD 

An analysis has been conducted to determine the sight distance 
requirements of large trucks at intersections. AASHTO policy 
is briefly reviewed and related vehicle characteristics are iden
tified. Truck characteristics are updated based on permitted 
1982 Surface Transportation Assistance Act design vehicles 
and published truck acceleration models. The results of sen
sitivity analyses are compared with current policy and are 
summarized for each of the intersection sight distance cases 
considered by AASHTO. The findings imply that current inter
section sight distance criteria may not be adequate for trucks 
when the current AASHTO models are exercised for the rep
resentative truck characteristics. Nevertheless, the findings, 
particularly for Case III intersection sight distance, result in 
impractically long sight distance requirements. Therefore, the 
development of alternative approaches for establishing realistic 
sight distance values is advocated. In particular, a truck driver 
gap-acceptance concept is proposed for further study. The gap 
lengths that truck drivers safely accept would be determined 
through field studies, and sight distance criteria would then 
be established to ensure that truck drivers on a side road 
approach would have sight distance at least equal to acceptable 
gap length. 

The J 984 AASHTO Green Book (J) classifies intersection 
sight distance as adequate when a driver has an unobstructed 
view of the entire intersection and sufficient lengths of the 
intersecting highway to avoid collisions. The AASHTO policy 
makes various assumptions of physical conditions and driver 
behavior, including vehicle speed, vehicle performance capa
bilities, and distances traveled during perception-reaction time 
and locked-wheel braking. 

The current intersection sight distance policy is based pri
marily on consideration of the passenger car as the design 
vehicle . Highway design and operational criteria, however, 
should consider the characteristics of all vehicles using a facil
ity with reasonable frequency. To address the need for addi
tional information an analysis has been conducted to deter
mine the sight distance requirements of large trucks at 
intersections. This paper focuses on the types of trucks that 
have been permitted since the 1982 Surface Transportation 
Assistance Act (STAA) but are excluded from the AASHTO 
Green Book. The analysis is a simple extension of the existing 
AASHTO intersection sight distance models to reflect the 
characteristics and performance of trucks as well as passenger 
cars . No specific changes in the AASHTO intersection sight 

J. M. Mason and K. Fitzpatrick, Pennsylvania Transportation 
Institute, Pennsylvania State University, University Park, Pa. 16802. 
D. W. Harwood, Midwest Research Institute, Kansas City, Mo. 
64110. 

distance policies are suggested on the basis of this analysis. 
Instead, the results of extending these models to trucks point 
to deficiencies in the AASHTO models themselves and the 
need for further research to develop new concepts for use in 
determining intersection sight distance policy. 

INTERSECTION SIGHT DISTANCE POLICIES 

The sight distance to be provided at intersections is deter
mined by calculating the unobstructed sight distance for vehi
cles approaching simultaneously on two crossing roadways or 
for vehicles accelerating from a stop at an intersection approach. 
Figure 1 illustrates the current design considerations for these 
two general situations. The simultaneous approach of vehicles 
on intersecting approaches is considered at "uncontrolled" 
intersections or where the minor approach has a posted Yield 
sign. The consideration of acceleration from a stop assumes 
that a Stop sign is present on the minor roadway or traffic 
signalization is provided for all approaches. 

AASHTO considers four general cases for establishing min
imum intersection sight distance dimensions. The four con
ditions represent various levels of control applied to at-grade 
intersections: 

Case 1. No control, but allowing vehicles to adjust speed. 
Case 11. Yield control where vehicles on the minor inter

secting roadway must yield to vehicles on the major 
intersecting roadway. 

Case Ill. Stop control where traffic on the minor roadway 
must stop prior to entering the major roadway. 

Case IV. Signal control where all legs of the intersecting 
roadways are required to stop by a Stop sign, or 
where the intersection is controlled by traffic 
signals. 

Case I-No Control 

The operator of a vehicle must be able to perceive a hazard 
in sufficient time to alter the vehicle's speed as necessary 
before reaching an intersection that is not controlled by Yield 
signs, Stop signs, or traffic signals . The sight distance required 
is a function of the speed of the vehicles and the time to 
perceive and react by accelerating or decelerating. 

The following equation represents AASHTO's method of 
determining the minimum sight distance along each approach: 

!SD = 1.47 * V * t (1) 
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B. CASE Ill 
STOP CONTROL ON MI NOR ROAD 

FIGURE I Design considerations for intersection sight 
distance (I). 

where 

!SD = du or db, minimum intersection sight distance (ft) 
(see Figure lA), 

V = speed of vehicle (mph), 
I = tP, + t, (sec) (assumed: t = 3.0 sec), 

tpr = perception-reaction time (sec) (assumed: tpr = 2.0 
sec), and 

t, = time required to regulate speed (sec) (assumed: 
t, = 1.0 sec). 

An earlier analysis of Case I intersection sight distance by 
McGee et al. (2) focused on its sensitivity to changes in the 
time needed to regulate speed (assumed by AASHTO as 1 
~f>r.) Sinr.f> n1>r.1>l1>rMirm , thr. vr.hiclr. ch::iracteristic, is inherent 
in the 1 sec, a change in the time needed to regulate speed 
was used as a surrogate for a change in the deceleration rate. 
Modifying t by V2 sec results in a 17 percent change in the 
required sight distance. When using this method of testing 
changes in dec~~eration rate, it is important to remember that 
change in the time to regulate speed can represent three dif
ferent things: a change in the final speed reached, a change 
in the distance traveled while decelerating, or a change in the 
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deceleration rate. Since the current design standard does not 
include an explicit term incorporating vehicle deceleration 
characteristics, the determination of the standard's sensitivity 
to this characteristic is limited. Because of these limitations, 
a new formula that incorporates consideration of deceleration 
rate (d) was proposed by McGee: 

WVA - d,,W;! 
JSDA = 1.47 v,1 rp, + v·a 

2.93 Vii (2) 

where 

!SD A du, minimum intersection sight distance for Vehi
cle A (ft) (see Figure lA), 

VA design speed for Vehicle A (mph), 
tP, perception-reaction time (sec) (assumed: tpr = 2.0 

sec), 
W = width of roadway on which Vehicle A is traveling 

(ft)' 
V8 design speed of Vehicle B (mph), and 
dA deceleration rate of Vehicle A (mph/sec) (note 

that if the vehicle accelerates, dA has a negative 
value). 

Equation 2 explicitly considers deceleration rate, but it does 
not incorporate vehicle length and is highly dependent on 
perception-reaction time. Vehicle length consideration is pre
sented later in the sensitivity analysis section of this paper. 

Case II-Yield Control 

The sight distance for the vehicle operator on the minor road 
must be sufficient to allow him to observe a vehicle on the 
major roadway approaching from either the left or the right 
and to bring the vehicle to a stop before he reaches the inter
secting roadway. This maneuver requires sight distance equal 
to stopping sight distance, which is a function of perception
reaction time and braking time. 

Case III - Stop Control 

The AASHTO Green Book states: "Where traffic on the 
minor road of an intersection is controlled by Stop signs, the 
driver of the vehicle on the minor road must have sufficient 
sight distance for a safe departure from the stopped position, 
even though the approaching vehicle comes in view as the 
stopped vehicle begins its departure movements" (Figure lB). 
Three basic maneuvers occur at the average intersection: 

1. Traveling across the intersecting roadway by clearing 
traffic on both the left and the right of the c..:russi11g vehicle, 

2. Turning left into the crossing roadway by first clearing 
traffic on the left and then entering: the traffic stream with 
vehicles from the right, and 

3. Turning right into the intersecting roadway by entering 
the traffic stream with vehicles from the left. 

Consequently, there are three separate sight distance criteria 
for a vehicle stopped at an intersection. (These conditions are 
referred to as Cases A, B, and C in Figure IX-23 of the 
AASHTO Green Book.) 
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Case Ill-A-Crossing Maneuver 

As stated in the AASHTO Green Book "the sight distance 
for a crossing maneuver is based on the time it takes for the 
stopped vehicle to clear the intersection and the distance that 
a vehicle will travel along the major road at its design speed 
in that amount of time." Case B in Figure 1 illustrates this 
condition. The sight distance may be calculated from the fol
lowing equation: 

ISD = 1.47 * V * (J + ta) (3) 

where 

/SD d, or d2 , sight distance along the major highway 
from the intersection (ft), 

V = design speed on the major highway (mph), 
J = sum of the perception time and the time required 

to actuate the clutch or an automatic shift (sec) 
(assumed: J = 2.0 sec), 

t0 time required to accelerate and traverse the dis
tance (S) to clear the major highway pavement (sec) 
(values of ta can be read directly from AASHTO 
Figure IX-21 for nearly level conditions for a given 
distance S), 

S = D + W + L, the distance that the crossing vehicle 
must travel to clear the major highway (ft) (see 
Figure lB), 

D distance from the near edge of pavement to the 
front of a stopped vehicle (ft) (assumed: D = 10 
ft), 

W = pavement width along path of crossing vehicle (ft), 
and · 

L = overall length of vehicle (ft) (AASHTO Green Book 
values are 19, 30, SO, SS, and 6S ft for the P, SU, 
WB-40, WB-SO, and WB-60 vehicles, respectively) . 

McGee et al. (2) found Case III-A to be generally insen
sitive to changes in vehicle characteristic values used in current 
AASHTO criteria. The current criteria are based on a truck 
with a length of SS ft. Increasing the truck length to between 
60 and 70 ft increased the required intersection sight distance 
by approximately 10 percent. An important concern noted by 
McGee et al. (2) is that the AASHTO curves for ta (time to 
accelerate) were established from empirical data observed 
prior to 19S4. 

Case 111-B-Turning Left into a Crossroad 

A vehicle turning left into a crossroad should have, as a min
imum, sight distance to a vehicle approaching from the right 
at the design speed. The turning vehicle should be able to 
accelerate to the average running speed by the time the 
approaching vehicle gets within a certain tailgate distance 
after reducing its speed to the average running speed, or the 
turning vehicle should be able to accelerate to the design 
speed by the time the approaching vehicle gets within a certain 
tailgate distance while maintaining the design speed . Figure 
IX-24 in the AASHTO Green Book describes the details of 
this case. 

AASHTO states that the required sight distances for trucks 
turning left onto a crossroad will be substantially longer than 
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those for passenger cars. AASHTO further indicates that the 
sight distance for trucks can be determined using appropriate 
assumptions for vehicle acceleration rates and turning paths . 
The specific assumptions, however, are not detailed in 
AASHTO policy. As presented, the case for this standard 
lacks sufficient information to derive the design curves for 
determining required sight distance dimensions. 

Case 111-C-Turning Right into a Crossroad 

A right-turning vehicle must have sufficient sight distance to 
vehicles approaching from the left to complete its right turn 
and to accelerate to the running speed before being overtaken 
by traffic approaching from the left and traveling at the same 
running speed. The Case IIl-C policy is described in Fig
ure IX-2S in the AASHTO Green Book. The sight distance 
requirement for a right-turn maneuver is only a few feet less 
than that required for a left-turn maneuver. As in Case 
IIl-B, AASHTO indicates that sight distances for trucks need 
to be considerably longer than for passenger vehicles, but 
sufficient information is lacking to derive the design curves 
for determining required sight distance dimensions. 

Case IV-Signal Control 

Because of the increased workload present at an intersection, 
the AASHTO Green Book recommends that drivers accel
erating at a signalized intersection should have sight distances 
available based on the Case III procedures. Hazards associ
ated with vehicles turning at or crossing an intersection 
strengthen the argument for providing the Case III sight dis
tance. The AASHTO rationale for this provision is that 
motorists should have sufficient sight distance to see the traffic 
signal in sufficient time to perform the action it indicates; 
have a view of the intersecting approaches in case a crossing 
vehicle violates the signal indication or the signal malfunc
tions; and have a sufficient departure sight line for a right
turn-on-red maneuver. 

SENSITIVITY ANALYSIS 

Table 1 contains a summary of the intersection sight distance 
parameters used in the AASHTO Green Book and the values 
of the vehicle-related parameters that were varied in the sub
sequent sensitivity analyses. The values in the AASHTO col
umn are those used in the current criteria. They include driver 
characteristics (perception-reaction time) and vehicle char
acteristics (deceleration or acceleration time, stopping dis
tance, and vehicle length). "Modifications for Truck Char
acteristics" in Table 1 represent updated truck characteristics 
data, including truck lengths, based on permitted STAA design 
vehicles and stopping sight distances for trucks. The sources 
of the truck characteristics data are documented below. The 
application of these data to derive sight distances for trucks 
for each intersection case is presented in the following 
sections. 

The revised passenger car and truck acceleration rates for 
Case I are based on the work of McGee et al. (2). The stopping 



TABLE 1 SUMMARY OF TRUCK CHARACTERISTICS FOR INTERSECTION SIGHT DISTANCES (ISO) 

Case 

CASE I 

ISD - l.47Vt 

CASE II 

ISD - SSD -

l.47Vtpr + 

v2 

30(f+g) 

CASE III-A 

ISO - l.47V(J+ta) 

t 4 • function(D+W+L) 

GAS~ 111-B ~ 111-C 

Perception

Reaction 

Time 

(sec) 

tpr - 2 .0 

tpr - 2. 5 

J - 2.0 

AASHTO (l) 

Deceleration/ 

Acceleration 

Time or Distance 

tr - 1.0 seconds 

AASHTO's SSD 

Values 

Speed SSD 

20 mph 125' 

30 mph 200' 

40 mph 325' 

50 mph 475' 

60 mph 650' 

70 mph 850' 

ta from 

AASHTO 

Figure IX-21 

Length of 

Vehicle 

NA 

NA 

19' PC 

30' SU 

55' WB-50 

From AASllTO Figure IX-27 

Modifications for 

Truck Characteristics 

Deceleration/ 

Acceleration 

Time or Distance 

New Eguation 

dA - 5.5 mphps for 

dA - 3.63 mphps for 

tractor-trailer 

combinations 

SSD for truck with 

worst and best 

performing drivers 

Driver 

Performance 

Speed Worst Best 

20 mph 150' 125' 

30 mph 300' 250' 

40 mph 500' 375' 

50 mph 725' 525' 

60 mph 975' 700' 

70 mph 1275' 900' 

tc from 

Gillespie's 

equation CD 

Seto TaLle 5 

70' 

pc 

75' 

70' 

75 I 

70' 

75' 

Length of 

Vehicle 

tractor semi-

trailer truck 

tractor semi-

trailer-full 

trailer truck 

(double bottom) 

NA 

tractor i;emi-

trailer truck 

tractor semi-

trailer-full 

trailer truck 

(double bottom) 

tractor semi-

trailer truck 

tractor semi-

trailer-full 

trailer truck 

(double bottom) 
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sight distances used for Case II are those derived by Harwood, 
Glauz, and Mason (in this Record), based on estimates of 
truck braking distances developed by Fancher (3). These dis
tances represent controlled braking by an empty truck on a 
poor, wet road with relatively good radial tires (at least 1

¥32 

in of tread depth). The truck braking performance of drivers 
varies widely as a result of driver experience and expertise: 
many truck drivers lack experience in emergency braking, and 
different drivers accept varying amounts of "risk" in what is 
potentially a hazardous operation that could lead to truck 
jackknifing. Fancher (3) found that the worst-performing driver 
has a braking efficiency of approximately 62 percent of the 
vehicle capability, while the best-performing drivers can achieve 
nearly 100 percent of vehicle capability. A range of stopping 
sight distances appropriate for both the worst and best drivers 
(62 to 100 percent driver control efficiency) is considered in 
this paper. 

Clearance times for trucks crossing intersections in Case 
III-A are based on a relationship developed by Gillespie ( 4), 
presented later in this paper. Truck acceleration performance 
for Cases III-B and III-C is based on test track data collected 
by Hutton (5). 

Truck lengths of 70 and 75 ft were considered. An overall 
length of 70 ft represents a ST AA tractor semitrailer truck 
with a 53-ft trailer unit. The overall length of 75 ft represents 
a STAA "double bottom" truck with a conventional cab
behind-engine tractor and two 28-ft trailers. 

Case I-No Control 

The current formula for Case I intersection sight distance 
includes the driver's perception-reaction time. The AASHTO 
formula implicitly accounts for vehicle characteristics through 
the 1.0 sec time to regulate speed assumption. 

As discussed earlier, McGee et al. (2) proposed an alter
native equation for Case I intersection sight distance that 
explicitly included deceleration rate (see Equation 2). The 
McGee equation estimates sight distances that are less than 
the AASHTO criteria. The equation does not adequately 
address Case I intersection sight distance because it does not 
consider vehicle lengths. A tractor-trailer requires more time 
to cross an intersection than a passenger car because of its 
increased length. Therefore, a further modification of the 
equation is proposed to account for the length of the crossing 
vehicle (B) and the deceleration rate of the conflicting vehicle 
(A): 

where 

d,, (W + l 0 )2 
2.93\ft 

(4) 

!SD A = d., minimum intersection sight distance for Vehi-
cle A (ft) (see Figure lA), 

VA = design speed for Vehicle A (mph), 
V8 = design speed for Vehicle B (mph), 
IP, = perception-reaction time (sec) (assumed: tP, = 2.0 

sec), 
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W = width of roadway on which Vehicle A is traveling 
(ft), 

La = vehicle length of Vehicle B (ft), and 
dA = deceleration rate of Vehicle A (mph/sec) (if the 

vehicle accelerates, dA is a negative value). 

Table 2 and Figure 2 compare the Case I intersection sight 
distances based on the AASHTO Green Book criteria and 
those given by Equation 4 for truck lengths of 70 and 75 ft. 
The results indicate that longer trucks require more distance 
than is provided by the AASHTO criteria for Vehicle B speeds 
up to 60 mph. The percent change in the sight distance required 
for Vehicle A ranges from an increase of 69 percent (when 
VA = 70 mph and Va = 20 mph) to a decrease of 5 percent 
(when VA = 20 mph and Va = 70 mph). 

Use of Equation 4 for Case I intersection sight distance is 
recommended because it explicitly considers both decelera
tion rate and vehicle length. Sight distances calculated from 
this formula are more sensitive to the vehicle length than to 
the deceleration term. The revised equation is still highly 
dependent on the driver perception-reaction time. 

Case II-Yield Control 

The Case II intersection sight distance procedure is merely 
an application of the AASHTO stopping sight distance for
mula, using the revised stopping sight distances for trucks 
shown in Table 1. The percent increase in sight distance for 
the worst- and best-performing truck drivers in comparison 
with the current AASHTO criteria is shown in Table 3. 

Case III-A-Crossing Maneuver 

The current AASHTO criteria for Case III-A intersection 
sight distance include two vehicle characteristics: vehicle 
acceleration from a stop and vehicle length. Both character
istics are used to determine the acceleration time parameter 
(t.) used in the criteria. AASHTO Green Book Figure IX-21 
provides distance versus time curves for acceleration by a 
passenger car, a single-unit truck, and a WB-50 truck. Vehicle 
length is necessary to establish the length of the hazard zone, 
in addition to the distance from the front of the vehicle to the 
edge of the intersecting pavement (AASHTO assumes 10 ft) 
and the width of the intersection. Table 4 lists the sight dis
tance required for an AASHTO WB-50 truck to cross a 30-
ft intersection, based on the AASHTO acceleration perfor
mance curve (AASHTO Green Book Figure IX-21). 

The WB-50 design vehicle is sensitive to changes in assumed 
length because a given percentage change in the length of a 
long vehicle is greater in absolute terms than the same per
centage change in the length of a short vehicle, and the lower 
acceleration rates of large trucks result in a longer acceleration 
time (ta) over a given distance. A factor to consider in the 
above sensitivity analysis is that the accuracy with which curves 
~a? b: r~ad is limited. Because the curves are relatively flat, 
it 1s difficult to determine the change in t. for small changes 
in distance traveled (for example, because of small changes 
in vehicle length). 

The acceleration time to clear a hazard zone has also been 
calculated using an equation developed by Gillespie ( 4). The 
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TABLE 2 COMPARISON OF CASE I INTERSECTION SIGHT DISTANCES (ISD) 

Sight 

Veh A Dist. 

Speed Cale. 

(ft) (ft) 

Veh A & Veh B -

20 88 

30 132 

40 176 

50 221 

60 265 

70 309 

Veh A & Veh B -

20 88 

30 132 

40 176 

so 221 

60 265 

70 309 

VEHICLE B SPEED (mph) 

20 mph 30 mph 40 mph 50 mph 60 mph 70 mph 

AASHTO 

Values !SD ISD ISD !SD 

(ft) (ft) (ft) (ft) (ft) 

70' tractor semi-trailer truck 

90 125 109 99 92 

130 202 170 152 140 

180 278 231 205 188 

no 355 292 258 237 

260 431 352 311 285 

310 507 413 363 333 

75' tractor semi-trailer-full trailer truck 

90 127 111 101 94 

130 206 174 155 143 

180 285 236 209 192 

220 364 299 263 241 

260 443 361 317 290 

310 522 423 371 340 

ISD 

(ft) 

87 

132 

177 

222 

267 

312 

88 

134 

180 

226 

272 

318 

!SD 

(ft) 

83 

126 

169 

212 

255 

298 

85 

128 

172 

215 

259 

302 

See Figure 1-A for vehicle A and vehicle B sight triangles . 

ASSUMPTIONS: W - 24 ft 

dA for 70' tractor semi-trailer truck - 3 . 63 mphps 

dA for 75' tractor semi-trailer-full trailer truck - 3.63 mphps 

dA values from Table 33 in reference 3, 85 percentile average 
deceleration rate on wet pavement with an initial speed of 
40 mph 

time Ctc) required for a truck to clear a hazard zone-starting 
from a full stop and remaining in initial gear during the maneu
ver-can be estimated by the following equation: 

tc = 0.682 L 11z + L r + 3.0 (sec) 
v,,,g 

(5) 

where 

~ ~ : -1----T-J ____....._,__-.----..------,~--,-----{I 
0 300 46o 500 

LHz = length or the hazard zone (frj , 
LT = length of the truck (ft), and 

v.,,8 = maximum peed in a selected gear (mph) (deter-
mined by Gillespie as 8 mph for a level surface). 

SIGHT DISTANCE (FT) 

FIGURE 2 Comparison of Case I intersection sight distances 
(Vehicle B speed = 40 mph). 

Gillespie also presented a maximum speed in initial gear ver
sus grade curve for determination of clearance time for trucks 
accelerating on a grade. Equation 5 assumes that the gear 
design, engine speed, and the tire size are such that the truck's 



TABLE 3 PERCENT INCREASE IN INTERSECTION SIGHT DISTANCES (ISD) 
OVER AASHTO CRITERIA 

Worst-Performance Best-Performance 
AASHTO Truck Driver Truck Driver 
SSD (l) ISD Percent ISD Percent 

Speed (ft) (ft) Increase (ft) Increase 

20 125 150 20 . 00 125 0 . 00 

30 200 300 50 . 00 250 25.00 

40 325 500 53.85 375 15.38 

so 475 725 52.63 525 10.53 

60 650 975 50.00 700 7.69 

70 850 1275 50.00 900 5.88 

TABLE 4 COMPARISON OF CASE III-A INTERSECTION SIGHT DISTANCES (ISD) 

AASHTO GILLESPIE--INTERSECTION CLEARANCE TIME 

WB-50 70' TRACTOR SEMI- 75' 
VEHICLE B TRUCK (55') TRAILER TRUCK 
SPEED ISD ISD 
(mph) (ft) (ft) 

20 370 423 

25 463 528 

30 556 634 

35 648 740 

40 741 845 

45 833 951 

50 926 1057 

55 1019 1162 

60 1111 1268 

65 1204 1374 

70 1297 1479 

Assumed : 
Width of pavement : 30' 
Distance from edge of pavement to front of vehicle: 10' 
ta determined from Figure IX-21 in AASHTO Green Book 

ta - 10.6 seconds for 55' truck 
t c de termined from Gillespie's equation 

tc - 12.38 seconds for 70' truck 
t c - 12.80 seconds for 75' truck 

TRACTOR SEMI-TRAILER-
FULL-TRAILER TRUCK 

ISD 
(ft) 

435 

544 

653 

762 

870 

979 

1088 

1197 

1306 

1414 

1523 
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SIGHT DISTANCE (FT) 

FIGURE 3 Comparison of Case III-A intersection sight 
distances. 

1,600 

maximum speed is 60 mph. It also assumes that a truck will 
remain in the initial gear without shifting while negotiating 
the hazard zone. 

Intersection sight distances based on the Gillespie model 
are also shown in Table 4. Use of the Gillespie model for a 
70- and 75-ft truck resulted in a 17 and 21 percent increase 
in time, respectively, compared with an AASHTO WB-50 
truck. These longer times produce a 14 percent increase in 
sight distance for a 70-ft tractor semitrailer truck and a 17 .5 
percent increase for a 75-ft tractor semitrailer-full-trailer truck. 
Figure 3 illustrates the results presented in Table 4. 

Cases 111-B and 111-C-Turning Left or Right into a 
Crossroad 

The vehicle characteristics considered in intersection sight 
distance for Cases III-B and III-Care acceleration rate, vehi
cle length, and vehicle turning path. The acceleration rate is 
a function of the distance traveled and the vehicle type. Cases 
III-B and III-C require considerably longer sight distances 
than Case III-A because more time is needed to turn left or 
right and accelerate to the design speed than is required to 
cross the intersecting roadway. 

Because the intersection sight distance criteria presented 
in the Green Book for Cases III-B and III-C lack the infor
mation to determine the parameter values needed to derive 
the design curves of AASHTO's Figure IX-27, the .following 
assumptions were necessary: 

l. Vehicle B (vehicle on major highway) maintains design 
speed throughout the turning maneuver by Vehicle A. 

2. In 1970, Hutton published a paper on the acceleration 
performance of highway diesel trucks accelerating from a 
stopped position to a maximum speed on a straight and level 
surface (5). The acceleration distance and time for Vehicle 
A are based on the Hutton curve data. The distance traveled 
by Vehicle A during a turning maneuver can be estimated for 
trucks with weight-to-horsepower ratios of 100, 200, and 300. 
Hutton also estimates the time (t,) for Vehicle A to complete 
the turning maneuver. Table 5 gives the dist_ance and time 
that would be required for Vehicle A to accelerate from a 
stop to various speeds. 
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3. The distance traveled by Vehicle Bis equal to the design 
speed of the major highway multiplied by the time for Vehicle 
A to accelerate from a stopped position to the design speed. 

4. A proposed methodology for quantifying AASHTO's 
tailgate distance is to consider the variation in average spacing 
between vehicles traveling at selected design speeds. This 
dimension is referred to as the "minimum separation" between 
the front bumper of the vehicle on the major road and the 
rear bumper of the turning vehicle (see Figure 4). No field 
data are available on the minimum separations actually accepted 
by drivers in making turning maneuvers at intersections. One 
approach to determine the minimum separation is to deter
mine the space gaps that drivers use when traveling at short 
headways. In other words, 

(6) 

where 

MS = minimum separation (ft), 
hm;n = minimum acceptable headway (sec), 

V = vehicle speed (mph), and 
L = vehicle length (ft). 

The following shows the minimum separations derived from 
this approach for a minimum acceptable headway of 1 sec 
and a vehicle length of 19 ft: 

Design 
Speed (mph) 

25 
30 
35 
40 
45 
so 
55 
60 
65 
70 

Minimum 
Separation (ft) 

18 
25 
32 
40 
47 
55 
62 
69 
77 
84 

It is known that some vehicles will travel at these minimum 
separations. It is possible that even shorter minimum sepa
rations might be maintained for brief intervals during a turning 
maneuver. 

Using the above assumptions and the information presented 
in the AASHTO Green Book, the following equations were 
used in this sensitivity analysis (see Figure 4 for dimensions 
in Case III-B): 

ISDA = Q - H (7) 

(8) 

(9) 

Q 

H = P - Dnp MS - L + R (10) 

(11) Dnp = 'TT* R/2 

where 

!SD A = d, or d2 , sight distance along the major highway 
from the intersection for Vehicle A (ft) (see Fig
ure lB), 

Q distance traveled by Vehicle B during Vehicle A's 
turning maneuver (ft), 

H = distance of Vehicle B from intersection when at 



TABLE 5 ACCELERATION TIMES AND DISTANCES FOR 
TRUCKS (6) 

WEIGHT/HORSEPOWER RATIO 

100 LB/HP 200 LB/HP 300 LB/HP 

Speed Time Distance Time Distance Time Distance 

(mph) (sec) (ft) (sec) (ft) (sec) (ft) 

25 15 400 20 500 25 600 

30 17 500 25 700 37 1000 

35 24 800 35 1100 50 1600 

40 30 1100 49 1600 65 2400 

45 38 1600 60 2500 85 3700 

50 47 2200 76 3600 107 5500 

55 57 3000 92 4900 * * 

60 67 4000 107 6400 * * 

65 77 5000 * * * * 

70 85 6000 * * * * 

*Information not available 

Q 

P-Dn 

L MS 
H=P-Dn - MS-L+R 

--~VehB 

12' 

FIGURE 4 Distances considered in Case 111-B criteria. 
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assumed minimu,n separation distance from Vehi
cle A (ft), 

V8 = velocity of Vehicle B (mph), 
tA = time for a stopped vehicle to move into traffic 

stream and accelerate to design speed (sec), 
J = sum of the perception time and the time required 

to actuate the clutch or automatic shift (sec) 
(assumed: J = 2.0 sec), 

t, = time for Vehicle A to complete the turning maneu
ver (sec) (based on Hutton data), 

P = total distance traveled by Vehicle A from stopped 
position to location when design speed is achieved 
(ft) (based on Hutton data), 

Dnp = distance Vehicle A traveled during the turning 
maneuver that is not parallel to highway (ft), 

MS = minimum separation (ft), 
L = length of Vehicle A (ft), 
R = radius ofturn for Vehicle A (ft) (based on assumed 

values from Table IX-20 in the AASHTO Green 
Book). 

Any differences in sight distance lengths between Case 
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III-B and Case III-C would be caused by the different turning 
radii (R) between a left turn and a right turn . ' 

The percent changes in required sight distance resulting 
from changes in the vehicle characteristics were determined 
by comparing the sight distances calculated from the above 
assumptions (for trucks with 200 and 300 weight-to-horse
power ratio) with the sight distances shown in AASHTO Fig
ure IX-27, Curve B-2a and Ca. Table 6 presents the sight 
distances calculated with the above assumptions and their 
percent differences from the AASHTO criteria. Figure 5 com
pares the revised sight distances in Table 6 directly with the 
AASHTO sight distances . For each weight-to-horsepower ratio, 
the revised intersection sight distances are greater (between 
51 and 139 percent) than the AASHTO criteria. 

SUMMARY OF FINDINGS 

A revised model developed in this study indicates that 
Case I intersection sight distance is quite sensitive to vehicle 
length, which is not considered in the current AASHTO cri
teria. Sensitivity analysis results indicate that trucks require 

TABLE 6 COMPARISON OF CASE III-BAND III-C INTERSECTION SIGHT 
DISTANCES (ISD) 

SPEED DISTANCE TIME DISTANCE MINIMUM CALCULATED 
VEH B VEH A VEH A VEH B SEPARATION ISD AASHTO 

Ve p t1 Q MS ISDA ISD PERCENT 
(mph) (ft) (sec) (ft) (ft) (ft ) (ft ) INCREASE 

design vehi cle - 200 lbs/hp , 70-foo t 

25 500 20 809 18 430 325 32 

30 700 25 1 , 191 25 620 450 38 

35 1,100 35 1,904 32 940 580 62 

40 1 , 800 49 2 ,999 40 1, 343 750 79 

45 2,SOO 60 4,101 47 1, 753 9S O 84 

so 3,600 76 S, 733 55 2, 292 1 ,190 93 

55 4 , 900 92 7 ,600 62 2, 866 1 ,440 99 

60 6,400 107 9 ,614 69 3,387 1 , 730 96 

65-70 DATA UNAVAILABLE 

design vehicle - 300 lbs/hp , 75-foot 

25 600 25 992 18 519 32S 60 

30 1,000 37 1, 720 25 854 4SO 90 

3S 1,600 so 2, 675 32 1 , 217 S!!O 110 

40 2,400 65 3 ,940 40 1,689 7SO 125 

4S 3,700 85 S,7S5 47 2 , 211 9SO 133 

so 5,500 107 8, 012 55 2,675 1 , 190 125 

55-70 DATA UNAVAILABLE 

NOTE: Radi~ cf turn, R - 60 feet 
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1,000 2,000 3,000 4,000 

SIGHT DISTANCE (FT) 

FIGURE 5 Comparison of Case 111-B and 111-C intersection 
sight distances. 

greater Case I intersection sight distance than the current 
AASHTO criteria for all approach speeds considered and for 
all crossing vehicle speeds up to 60 mph. 

The Case II intersection sight distance procedure is an 
application of the stopping sight distance formula. Stopping 
sight distance requirements for trucks depend on driver brak
ing performance. The best-performing driver requires up to 
a 25 percent increase in intersection sight distance; the worst
performing driver needs a 20 to 54 percent increase in required 
sight distance. The increased driver eye height for trucks, 
compared with passenger cars, may offset the need for part 
of this increase where sight distance is limited by a vertical 
obstruction. 

A sensitivity analysis found that 70- and 75-ft combination 
trucks require substantially longer intersection sight distance 
than an AASHTO WB-50 truck for Case III-A. In particular, 
intersection clearance times based on the model developed 
by Gillespie indicate that a 70-ft truck requires 14 percent 
more sight distance than an AASHTO WB-50 truck and that 
a 75-ft truck requires 17 .5 percent more sight distance. 

The sensitivity analysis also found that the selected trucks 
would require substantially more intersection sight distance 
than passenger cars for Cases III-Band llI-C. The additional 
sight distance requirements of trucks vary as a _function of 
weight-to-horsepower ratio. A 200-lb/hp, 70-ft truck requires 
between 51 and 103 percent additional sight distance com
pared with a passenger car, and a 300-lb/hp, 75-ft truck requires 
between 78 and 139 percent additional sight distance. 

The analysis presented in this paper is based on extending 
current AASHTO intersection sight distance models with data 
on the characteristics and performance of vehicles permitted 
since the 1982 STAA, but excluded from the AASHTO Green 
Book. Each intersection case resulted in increased sight dis
tance requirements. For Cases I, II, and III-A, the largest 
additional truck sight distance requirements range from 
approximately 125 ft to 450 ft. Cases Ill-B and llI-C result 
in an increase in sight distances of nearly 1,700 ft in some 
situations. The existing criteria for Cases III-B and III-C can 
require intersection sight distances of up to 1,700 ft. The 
revised requirements for trucks can be as large as 3,400 ft. 

It is clear from operational experience that sight distances 
as long as 3,400 ft are not necessary for safe operations at 
intersections, even where large trucks are present. Very few 
intersections have such long sight distances available, and it 
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is unlikely that either passenger car or truck drivers could 
accurately judge the location and speed of an oncoming vehi
cle at a distance of 3,400 ft. Rather, this result indicates that 
the current AASHTO model for Cases III-B and III-C for 
truck intersection sight distance, on which this analysis is based, 
is unrealistic. In particular, it is unrealistic to assume that 
potentially conflicting vehicles on the main road will make 
only minor adjustments in speed if a truck from the side road 
makes a left or right turn. 

There is a need to revise or replace the AASHTO model 
for Cases llI-B and Ill-C intersection sight distance, especially 
for trucks. Two alternative approaches are available. First, 
the AASHTO model could be revised to incorporate decel
eration by the main road vehicle when a truck executes a 
turning maneuver from the side road. Although more real
istic, this approach would increase the complexity of the model. 
The deceleration behavior of drivers would have to be based 
on field studies for a range of vehicle types, driver types, 
intersection geometrics, and approach speeds. 

An alternative approach to establishing practical sight dis
tance values is to base the criteria on gap lengths safely accepted 
by the side road trucks. The sight distance criteria should be 
developed to ensure that truck drivers on the side road would 
have sight distance that is at least equal to their acceptable 
gap length. Sight distances established from gap acceptance 
investigations would better represent actual operations at an 
intersection. 

Truck drivers need to view an adequate length of roadway 
to determine if there is an adequate gap on the major road 
to safely complete the maneuver. The gap lengths that truck 
drivers accept can be estimated through field studies. Factors 
that should be considered in the studies include 

• Location of intersection (rural or urban), 
• Traffic volume (peak hour, daily, and seasonal 

variations), 
• Vehicle mix characteristics (composition and vehicle con

figuration), and 
• Geometric elements (horizontal and vertical alignment 

and cross-section descriptions). 

FUTURE RESEARCH 

Field studies can provide the data to further develop the revised 
concepts for Case III truck intersection sight distance. The 
specific results that are necessary to evaluate the potential of 
a gap acceptance concept for intersection sight distance include 

1. Gap distances the trucks on minor roads will accept 
and reject during their maneuver onto or across the major 
roadway, 

2. Development of a speed profile (deceleration behavior) 
for major road vehicles during the maneuvers of a truck on 
a minor road, 

3. Acceleration characteristics (time/distance relation
ships) of the truck on the minor roadway during a crossing 
or turning maneuver, and 

4. Safe minimum separation distance between the turning 
vehicle (truck) and the oncoming vehicle. 

These data could also be used to revise the current AASHTO 
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model to incorporate deceleration by the vehicle on the main 
road . The preliminary findings presented in this paper indicate 
that the issues regarding truck intersection sight distance are 
also applicable to the needs of passenger car drivers. As such, 
the future research efforts identified above are equally impor
tant to consider in examining modifications to AASHTO's 
current intersection sight distance policy. 
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Passing Sight Distance Design for Passenger 
Cars and Trucks 

DOUGLAS W. HARWOOD AND JoHN C. GLENNON 

Safe and effective passing zones on two-lane highways require 
both adequate sight distance to opposing vehicles and adequate 
passing zone length. Current design and marking criteria for 
passing zones on two-lane highways are reviewed. A recently 
developed model of the kinematic relationships among the pass
ing, passed, and opposing vehicles is employed to evaluate the 
current design and marking criteria. The model is used both 
to evaluate the current criteria, which are based solely on 
passenger cars, and to consider the passing requirements when 
the passed vehicle, the passing vehicle, or both, are large trucks. 

Two major aspects of passing and no-passing zone marking 
criteria determine the safety and operational effectiveness of 
the passing and no-passing zones marked on two-lane high
ways: passing sight distance and passing zone length . Safe 
passing maneuvers require both adequate passing sight dis
tance and adequate passing zone length . Recent debate over 
passing zone design and marking criteria , however , has tended 
to focus only on passing sight distance and to ignore passing 
zone length . This paper gives thorough consideration to the 
important roles of both these factors based on recent advances 
in modeling the kinematic relationships among the passing, 
passed, and opposing vehicles. 

Current passing and no-passing zone marking criteria use 
the passenger car as the design vehicle. This paper considers 
the effect on passing sight distance and passing zone length 
requirements if the passed vehicle, the passing vehicle , or 
both are large trucks. 

CURRENT PASSING SIGHT DISTANCE 
CRITERIA 

Passing sight distance is needed where passing is permitted 
on two-lane, two-way highways to ensure that passing drivers, 
who use the lane normally reserved for opposing traffic, have 
a sufficiently clear view ahead to minimize the possibility of 
collision with an opposing vehicle. 

Design Criteria 

The current design criteria for passing sight distance on two
lane highways in the AASHTO Green Book (1) are based on 
the results of field studies (2, 3) conducted between 1938 and 

D. W. Harwood, Midwest Research Institute , Kansas City, Mo. 
64110. J. C. Glennon, John C. Glennon, Chartered, 8340 Mission 
Rd., Suite B-12, Prairie Village, Kans. 66206. 

1941 and validated by another study ( 4) conducted in 1958. 
The AASHTO policy defines the minimum passing sight dis
tance as the sum of the following four distances: 

d 1 = distance traveled by the passing vehicle during per
ception-reaction time and during initial acceleration 
to the point of encroachment on the left lane, 

d2 = distance traveled by the passing vehicle while it occu
pies the left lane, 

d3 = distance between passing vehicle and opposing vehi
cle at the end of the passing maneuver (that is, clear
ance distance), and 

d4 distance traveled by an opposing vehicle for two-thirds 
of the time the passing vehicle occupies the left lane, 
or ¥3 of d2 • 

Design values for these four distances were derived using 
the field study results and the following assumptions: 

• The passed vehicle travels at uniform speed. 
• The passing vehicle reduces speed and trails the passed 

vehicle as it enters the passing section. (This is called a delayed 
pass.) 

• When the passing section is reached, the passing driver 
requires a short perception-reaction period to perceive the 
clear passing section and to begin to accelerate. 

• Passing is accomplished under what may be termed a 
delayed start and a hurried return in the face of opposing 
traffic. The passing vehicle accelerates during the maneuver, 
and its average speed during the occupancy of the left lane is 
10 mph higher than that of the passed vehicle . 

• When the passing vehicle returns to its Jane, there is a 
suitable clearance length between it and any opposing vehicle . 

The design values for the four components of passing sight 
distance, hown in Figure 111-2 of the AASHTO Green Book, 
are presented here as Figure 1. Table 1 shows the derivation 
of the design values for passing sight distance, which is also 
shown in Figure 1. The columns in Tab! 1 not headed by a 
value of design speed repre ent the field study re ults from 
the sources cited earlier (2--4). The columns headed by design 
speeds of 20 mph through 70 mph contain values that were 
interpolated or extrapolated from the field data presented in 
the intervening columns. 

It should be noted that the speeds used to compute the 
design values for passing sight distance in Table 1 differ from 
the design speed of the highway. The speed of the passed 
vehicle is assumed to be equal to the average running speed 
of traffic (as repre ented by the intermediate volume curve in 
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TABLE 6 SIGHT DISTANCE REQUIREMENTS FOR PASSING BY TRUCKS 

Design or 
Prevaili ng 
Speed (mph) 

20 
30 
40 
50 
60 
70 

AASHTO 
Policy 

800 
1,100 
1,500 
1,800 
2,100 
2,500 

MUTCO 
Criteria 

500 
600 
800 

1,000 
1,200 

NOTE: Based on revised Glennon Model. 

2600 

- 2400 

.. 2200 
u 
c 
'" 

2000 
iii 1800 c 
~ 1600 
Cl 

1400 iii 
Cl 1200 c 
Oi 1000 "' as 
Q. 800 
'1:1 
:!! 600 
:; 
C' 400 .. 
c: 

200 

0 
0 10 20 30 40 

Required Passing Sight 
Dist ance (ft) 

Truck Passing Truck Passing 
Passenger Car Truck 

350 
600 
875 

1,125 
1,375 
1,625 

so 60 70 

350 
675 
975 

1,275 
1,575 
1,875 

Trud< passing 
Trud< 

Trudi passing 
Passenger Car 

f'assangar Car 
passing Truck 

Passenger Car 
passing 

f'assenc;er Car 

Oesign or Prevailing Speed (mph) 

FIGURE 2 Required passing sight distance for passenger cars and trucks in comparison 
with current criteria. 

a deceleration rate of 5 ft/sec2 (0.15 g), which would be a 
comfortable deceleration rate on a dry pavement and a critical 
deceleration rate for a poorly performing driver on a poor, 
wet pavement, has been assumed. 

Table 6 presents the passing sight distance requirements 
for a 75-ft truck passing a 19-ft passenger car under the 
assumptions discussed above. The passing sight distance 
requirements for a truck passing a passenger car are 25 to 425 
ft more than for a passenger car passing a passenger car, 
depending on speed. 

Truck Passing Truck 

The passing sight distance requirements for a truck passing a 
truck have also been examined and are presented in Table 6. 
The analysis was analogous to that done above for a truck 
passing a passenger car, except that the passed vehicle length 
was changed to 75 ft. The passing sight distance requirements 
for a truck passing another truck were found to be 25 to 675 
ft longer than for a passenger car passing a passenger car, 
depending on speed . 

Comparison of Results 

Figure 2 compares the passing sight distance requirements 
determined in the sensitivity analysis with the current AASHTO 
and MUTCD policies. The figure indicates that the current 
MUTCD criteria are in good agreement with the requirements 
for a passenger car passing another passenger car. The other 
passing scenarios-passenger car passing truck, truck passing 
passenger car, and truck passing truck-each require pro
gressively more sight distance, but substantially less than the 
current AASHTO criteria. 

Effect of Driver Eye Height at Crest Vertical Curves 

Where passing sight distance is restricted by a vertical curve, 
the truck driver has an advantage over a passenger car driver 
because of greater eye height. As with stopping sight distance, 
however, the truck driver has no comparable advantage when 
passing sight distance is restricted by a horizontal sight 
obstruction, such as a wall or a line of trees on the inside of 
a horizontal curve. 

Table 7 presents the required minimum vertical curve lengths 
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TABLE 7 MINIMUM VERTICAL CURVE LENGTHS TO MAINTAIN REQUIRED PASSING 
SIGHT DISTANCE 

Algebraic 
Difference 

in Grade (%) 
Design or Prevailing Speed (mph) 

Passenger Car 
2 
4 
6 
8 

10 

Passenger Car 
2 
4 
6 
8 

10 

Truck Passing 
2 
4 
6 
8 

10 

Truck Passing 
2 
4 
6 
8 

10 

20 

Passing Passenger Cara 
70 180 

140 360 
210 540 
280 670 
350 750 

Passing Trucka 
80 220 

160 430 
240 640 
320 770 
400 850 

Passenger 
60 

120 
180 
240 
300 

Truckb 
60 

120 
180 
240 
300 

Carb 
180 
350 
520 
680 
790 

220 
440 
660 
830 
940 

320 
640 
890 

1,020 
1,100 

420 
830 

1,090 
1,220 
1, 300 

370 
740 

1,060 
1,230 
1,340 

460 
920 

1,260 
1,430 
1,540 

500 
980 

1,240 
1,370 
1,450 

680 
1, 280 
1,540 
1,670 
1,750 

610 
1,210 
1,560 
1,730 
1,840 

790 
1,510 
1,860 
2,030 
2,140 

680 
1, 280 
1,540 
1,670 
1,750 

1,020 
1,730 
1,990 
2,120 
2,200 

910 
1,710 
2,060 
2,230 
2,340 

1,200 
2,110 
2,460 
2,630 
2,740 

70 

940 
1,630 
1,890 
2,020 
2,100 

1,360 
2, 130 
2,390 
2,520 
2,600 

1,270 
2,210 
2,560 
2,730 
2,820 

l,690 
2,710 
3,060 
3,230 
3,340 

a 

b 

Based on sight distance requirements from Table 5 for passenger car 
driver eye height of 42 in. 
Based on sight distance requirements from Table 6 for truck driver eye 
height of 75 in. 

Note: Curve lengths are expressed in feet. 

to maintain passing sight distance over a crest for the four 
passing scenarios addressed in Tables 5 and 6. Table 7 is based 
on an eye height of 42 in for a passenger car driver and 75 in 
for a truck driver. The use of 75 in to represent truck driver 
eye height is very conservative; the literature shows that truck 
driver eye height ranges from approximately 71.5 to 112.5 in 
(17-19). Sensitivity analyses for the average truck driver eye 
height of 93 in did not yield vertical curve lengths much shorter 
than those for the 75-in eye height. 

Table 7 indicates that increased driver eye height partially 
compensates for the greater sight distance requirements of 
trucks. For all speeds above 20 mph, a longer minimum ver
tical curve length is required to maintain adequate passing 
sight distance for passing maneuvers involving trucks than for 
a passenger car passing another passenger car. Nevertheless, 
except at high speeds and when there are large algebraic 
differences in grades (sharp crests), a truck can safely pass a 
passenger car on any vertical curve where a passenger car can 
safely pass a truck. 

REVISED CRITERIA FOR PASSING ZONE 
LENGTH 

There are currently no design or marking criteria for minimum 
passing zone length other than the default value of 400 ft set 
by the MUTCD. One possible criterion for minimum passing 
zone length is the distance required for a vehicle traveling at 
or near the design speed of the highway to pass a slower 
vehicle. Recent debate over the role of trucks in passing sight 
distance criteria has largely ignored the longer passing dis
tances and, thus, longer passing zone lengths required for 
passing maneuvers involving trucks. 

An analysis of passing distances has been conducted based 
on the following assumptions: 

• The distance required to complete a pass is the sum of 
the initial maneuver distance (d1) and the distance traveled 
in the left lane ( d2). 

• The passing driver does not begin to accelerate in prep-
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aration for the passing maneuver until the beginning of the 
passing zone is reached. 

• The initial maneuver distance (d1) for passes by both 
passenger cars and trucks can be determined using the 
AASHTO relationship presented in Equation 1. The passing 
vehicle is assumed to accelerate at a constant rate (a) until 
the desired speed differential (m) with the passed vehicle is 
reached. Thus, t1 can be calculated as mla. 

• The acceleration rate (a) and initial maneuver time (t1) 

for passes by passenger cars as a function of design speed can 
be approximated by the AASHTO estimates in Table 1. 
Because of the lower performance capabilities of trucks, their 
acceleration rates during the initial maneuver are assumed to 
be half those used by passenger cars. 

• The distance traveled in the left lane (d2) can be estimated 
as 

d2 = v 
[ 

O 73m
2

] 2.93 (V - m) + L1 + L,, - -·-(/-

m 
(5) 

This relationship is used in preference to the AASHTO 
expression for d2 because it explicitly contains the lengths of 
the passing and passed vehicles (LP and L 1) and the speed 
difference between the vehicles (m). It would be desirable to 
calibrate Equation 5 with field data. 

• Equation 5 is based on the premise that the passing vehi
cle initially trails the passed vehicle by a 1-sec gap; it then 
returns to its normal lane leading the passed vehicle by a 
1-sec gap. The passed vehicle is assumed to travel at constant 
speed and the passing vehicle is assumed to maintain an aver
age speed differential equal to m during its occupancy of the 
left lane; the latter assumption is consistent with AASHTO 
policy, but more restrictive than the Glennon model (12), 
which assumes only that a speed differential equal to m is 
reached before the passing vehicle reaches the critical posi
tion. 

• Passenger cars will accelerate when passing and maintain 
an average speed equal to the design speed of the highway, 
maintaining the same average speed differences used to derive 
Table 5. When passing, trucks are assumed to maintain only 
half of the speed difference of passenger cars, in keeping with 
the assumptions used to derive Table 6. 
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• The assumed lengths of passenger cars and trucks are 19 
ft and 75 ft, respectively. 

The sensitivity analysis results for the distance required to 
complete a pass are presented in Table 8 for the four passing 
scenarios considered previously-passenger car passing pas
senger car, passenger car passing truck, truck passing pas
senger car, and truck passing truck. The required passing 
distances for these four scenarios are illustrated in Figure 3. 
Except at very low speeds, all of the passing distances are 
much larger than the MUTCD minimum passing zone length 
of 400 ft. 

Table 8 and Figure 3 show that in order to complete a 
passing maneuver at speeds of 60 mph or more under the 
stated assumptions, trucks require passing zones at least 2,000 
ft long. There are relatively few such passing zones on two
lane highways, yet trucks regularly make passing maneuvers. 
The explanation of this apparent paradox is that, because 
there are very few locations where a truck can safely make a 
delayed pass, truck drivers seldom attempt them. Most pass
ing maneuvers by trucks on two-lane highways are flying passes 
that require less passing sight distance and less passing zone 
length than delayed passes. Thus there may be no need to 
change current passing sight distance criteria to accommodate 
a truck passing a passenger car or a truck passing a truck as 
shown in Table 6. It makes little sense to provide enough 
passing sight distance for delayed passes by trucks when 
passing zones are not generally long enough to permit such 
maneuvers. 

CONCLUSIONS 

There is close agreement between the current MUTCD cri
teria for passing sight distance and the sight distance require
ments for a passenger car passing another passenger car based 
on an analytical model recently developed by Glennon (12). 
Application of the Glennon model indicates that successively 
longer passing sight distances are required for a passenger car 
passing a truck, a truck passing a passenger car, and a truck 
passing a truck. There is no general agreement concerning 
which of these situations is the most reasonable basis for 
designing and operating two-lane highways. All of the passing 
sight distance criteria derived here are shorter than the 

TABLE 8 PASSING ZONE LENGTH REQUIRED TO COMPLETE A PASS FOR VARIOUS PASSING 
SCENARIOS 

Speed Minimum Length of Passing Zone (ft) 
Design Difference Passenger 
or Pre- Passing (m) Used by Car Passenger Truck 
vail i ng Vehicle Passing Vehicle Passing Car Passing Truck 
Speed Speed (V) Passenger Passenger Passing Passenger Passing 
( m£;!h l (mE!h) Car Truck Car Truck Car Truck 

20 20 13 6.5 150 225 275 350 
30 30 12 6 350 475 600 725 
40 40 11 5.5 600 825 975 1,175 
50 50 10 5 975 1,250 1,450 1,750 
60 60 9 4.5 1,475 1,850 2,075 2,450 
70 70 8 4 2,175 2,650 2,900 3,400 
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FIGURE 3 Minimum passing zone length to complete a pass at or near the highway design 
speed. 

AASHTO design criteria, which are based on very conser
vative assumptions. 

The analysis results indicate that, if a passenger car passing 
a passenger car is retained as the design situation, only minor 
modifications are needed to the MUTCD passing sight dis
tance criteria. If a more critical design situation is selected 
(for example, a passenger car passing a truck), passing sight 
distances up to 250 ft longer than the current MUTCD criteria 
would be required. It is important to recognize that such a 
change in passing zone marking criteria would completely 
eliminate some existing passing zones and shorten others, 
even though passenger cars can safely pass other passenger 
cars in those zones. Clearly this would reduce the level of 
service on two-lane highways. This reduction in level of ser
vice would only be justified if there were demonstrated safety 
benefits. The current state-of-the-art of two-lane highway safety 
research has not addressed the question of whether there are 
such benefits. We do not know whether small increases in 
passing sight distance criteria will reduce accidents or whether 
passenger car drivers have more difficulty in judging the crit
icality of passing maneuvers when the passed vehicle is a truck 
rather than a passenger car. Research on these safety issues 
should be undertaken before any change is made in passing 
sight distance criteria to accommodate the sight distance 
requirements of passenger cars passing trucks. 

The increased driver eye height of trucks partially, but not 
completely, offsets the increased passing sight distance 
requirements when the truck is the passing vehicle . Except 
at very sharp crests on high-speed highways, however , a truck 
can safely pass a passenger car on any crest where a passenger 
car can safely pass a truck. Thus the selection of the passenger 
car passing a truck as the design situation would, in most 
cases, also safely accommodate a truck passing a passenger 
car. There is great doubt about the wisdom of marking passing 
zones based on a truck as the passing vehicle, because it can 
be demonstrated that few passing zones on two-lane highways 
are long enough to accommodate delayed passes by trucks. 

There are no current criteria for passing zone lengths, except 
for the default 400-ft guideline set by the MUTCD . For all 
design speeds above 30 mph, the distance required for one 
vehicle to pass another at or near that design speed is sub
stantially longer than 400 ft, indicating a need for longer pass
ing zones. Furthermore, there is research that indicates a 
higher rate of conflicts between passing and opposing vehicles 
in passing zones less than 800 ft in length. This research, 
together with the analyses in this paper, may justify an increase 
in minimum passing zone length to at least 800 ft for highways 
with a prevailing speed over 40 mph. The analyses in this 
paper also show that the required passing distances and pass
ing zone lengths are increased substantially when the passing 
vehicle, the passed vehicle, or both, are trucks. Nevertheless, 
as in the case of passing sight distance criteria, there is no 
research that indicates whether there would be safety benefits 
from minimum passing zone lengths above 800 ft. Such research 
is needed because elimination of all passing zones shorter than 
the lengths shown in Table 8 could seriously degrade the level 
of service on two-lane highways. 

This paper makes a strong case that Equations 3 and 4 
provide a more reasonable representation of passing sight 
distance requirements on two-lane highways than either the 
current AASHTO or MUTCD criteria. Similarly, Equations 
1 and 5 provide a realistic method for determining the distance 
required to make a delayed pass. These models follow more 
logically from the AASHTO assumptions concerning delayed 
passes than do either the AASHTO or MUTCD models. 
Furthermore, these models are sensitive to vehicle length in 
a way that the current AASHTO and MUTCD models are 
not . Given the explicit, quantitative estimates of passing sight 
distance and passing zone length requirements for different 
passing scenarios made in this paper, some readers may be 
disappointed that we have not made more specific recom
mendations for changes in current criteria. We lack sufficient 
data to make such recommendations . Neither our models nor 
the current AASHTO and MUTCD models have any direct, 
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demonstrated relationship to the safety of passing maneuvers 
on two-lane highways. Such demonstrated safety relationships 
are needed before any change in passing and no-passing zone 
criteria can be reasonably contemplated. 
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Sight Distance Requirements for Trucks at 
Railroad-Highway Grade Crossings 

KAY FITZPATRICK, JOHN M. MASON, JR., AND JOHN C. GLENNON 

The sight distance requirements for large trucks at railroad
highway grade crossings are compared with current AASHTO 
policy. The key elements affecting sight distance requirements 
include driver characteristics such as perception-reaction time 
and vehicle characteristics such as vehicle speed, length, accel
eration, and braking distances. The results from sensitivity 
analyses are compared with current policy and are summarized 
for each sight distance consideration. The findings imply that 
current criteria for sight distance along the highway and along 
the tracks for o moving highway vehicle may not be adequate 
for large trucks. In contrast, the current AASHTO values for 
sight distance along the tracks for a stopped highway vehicle 
adequately reflect current truck performance capabilities. 

The 1986 FHW A Railroad-Highway Grade Crossing Hand
book (1) states that railroad-highway grade crossings are unique 
in that they are the intersection of two transportation modes. 
These modes differ both in the physical characteristics of their 
traveled ways and in their vehicle operations. A railroad
highway grade crossing may be viewed as a special type of 
highway intersection, with the three basic elements of high
ways present: the driver, the vehicle, and the physical inter
section. As with a highway intersection, drivers must appro
priately yield the right-of-way to intersecting traffic; unlike 
highway intersections, the intersecting traffic-trains-does 
not yield the right-of-way. Drivers of motor vehicles have the 
flexibility to change their path of travel and can change their 
speed within a relatively short distance. Locomotive engineers 
are restricted to moving their trains down a fixed path and 
require relatively long distances and times to change speed. 
Because of this, drivers need adequate clear sight triangles to 
avoid collisions with trains. 

This paper includes both a critical review of the current 
procedures and a sensitivity analysis to determine the sight 
distance requirements for the kinds of trucks permitted by 
the 1982 Surface Transportation Assistance Act (STAA), which 
are not currently included in the AASHTO Green Book. No 
changes in the general design procedure are recommended 
on the basis of this analysis. It does, however, provide specific 
information on the effects of current physical and perfor
mance characteristics of trucks on sight distance require
ments. 

K. Fitzpatrick and J. M. Mason, Jr., Pennsylvania Transportation 
Institute, Pennsylvania State University, University Park, Pa. 16802. 
J. C. Glennon, John C. Glennon, Chartered, 8340 Mission Rd., 
Suite B-12, Prairie Village, Kans. 66206. 

CURRENT RAILROAD-HIGHWAY GRADE 
CROSSING SIGHT DISTANCE POLICY 

Both the FHW A Handbook (1) and the AASHTO Green 
Book (2) use the same principles for determining safe sight 
triangles at railroad-highway grade crossings. They both con
sider sight distance requirements for a moving highway vehicle 
and for a highway vehicle accelerating from a stop at the 
crossing, as shown in Figure 1. For the moving-vehicle situ
ation, the sight distance (dH) along the highway must, as a 
minimum, be the safe stopping sight distance for the given 
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crossing sight distance (1). 
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approach speed. The sight distances along the track for this 
situation are the distances traveled by the train during the 
time the highway vehicle traverses both the highway distance 
(dH) and the distance to clear the crossing. For the stopped
vehicle situation, the highway vehicle starts from a minimum 
safe distance from the crossing. The distances along the track 
for this situation are those traveled by the train at various 
speeds while the highway vehicle accelerates and just clears 
the crossing. 

Sight Distance Along the Highway for a Moving 
Vehicle 

!he minimum sight distance measured along the highway (dH) 
1s from the nearest rail to the driver of a vehicle. It is the sum 
of the minimum stopping sight distance and the minimum 
clearance distance between the tracks and the driver after the 
vehicle stops. This distance allows an approaching vehicle to 
avoid collision by stopping without encroaching on the cross
ing area. The minimum sight distance formula used in the 
FHW A Handbook (1) and the AASHTO Green Book (2) is 

v2 
dH = 1.47VJpr + 30f + D + de 

where 

dH = sight distance along the highway (ft), 
Vv = velocity of vehicle (mph), 

(1) 

tP, = perception/reaction time of driver (sec) (assumed: 
tP, = 2.5 sec), 

f = coefficient of friction used in braking (see Table 1 
for assumed values), 

D = clearance distance from front of vehicle to the nearest 
rail (ft) (assumed: D = 15 ft), and 

de = distance from driver to the front of vehicle (ft) 
(assumed: de = 10 ft). 

The coefficient of friction values f are from the AASHTO 
Green Book criteria for stopping sight distance. These values, 
the result of several studies cited in the Green Book, represent 
the marginal deceleration rates for a passenger car in locked
wheel braking on a wet pavement. 

Sight Distance to and Along Tracks for a Moving 
Vehicle 

The legs of the clear "approach sight triangle" are formed by 
dm the distance of the vehicle from the track, and dn the 
distance of the train from the crossing. The equation for dH 
is discussed above. The minimum distance along the track 
(dT) is from the nearest edge of the highway travel lane being 
considered to the front of the train. It is the product of the 
train speed and the time required by the highway vehicle to 
both traverse the highway leg (dH) and clear the crossing. The 
distance formula used in both the FHW A Handbook and the 
AASHTO Green Book is 

v, ( v~ ) dT = Vv 1.47 VJpr + 30f + 2D + L + W (2) 

where 

TABLE 1 COEFFICIENTS OF 
FRICTION, f (2) 

Speed (mph) f 

10 0.40 
20 0.40 
30 0.35 
40 0.32 
50 0.30 
60 0.29 
70 0.28 
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dT = sight distance along the railroad tracks for a moving 
vehicle (ft), 

V, = velocity of train (mph), 
Vv = velocity of vehicle (mph), 
!P, = perception-reaction time of vehicle (sec) (assumed: 

t = 2.5 sec), 
f = coefficient of friction used in braking (see Table 1 for 

assumed values), 
D = clearance distance from the vehicle to the nearest rail 

(ft) (assumed: D = 15 ft), 
L = length of vehicle (ft) (assumed: L = 65 ft), and 
W = distance between outer rails (ft) (assumed for a single 

track: W = 5 ft). 

The FHW A Handbook and AASHTO Green Book assume 
a 65-ft truck crossing a single track at 90 degrees on a flat 
terrain. The coefficient of friction values assumed are those 
in Table 1. Cautions are offered that adjustments should be 
made for unusual vehicle lengths and acceleration capabilities, 
as well as for multiple tracks, skewed crossings, and grades. 

Sight Distance Along Tracks for a Stopped Vehicle 

The third sight distance consideration is the sight triangle 
needed to allow a stopped vehicle to accelerate and cross the 
tracks before the train reaches the crossing. It includes the 
perception-reaction time of the driver and vehicle character
istics such as maximum speed of vehicle in starting gear, accel
eration capability of vehicle, and length of vehicle. The required 
distance ( dT) along the tracks is determined in the FHW A 
Handbook and AASHTO Green Book as 

d = 1 47V (Vg L + 2D + W - dn ) 
T · I + v +f 

al N 

(3) 

where 

dT = sight distance along the railroad tracks for a stopped 
vehicle (ft), 

V, = velocity of train (mph), 
vg = maximum speed of vehicle in first gear (fps) (assumed: 

V
8 

= 8.8 fps), 
a1 = acceleration of vehicle in first gear (fpsps) (assumed: 

a1 = 1.47 fpsps), 
L = length of vehicle (ft) (assumed: L = 65 ft), 
W = distance between outer rails (ft) (assumed for a single 

track: W = 5 ft), 
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D clearance distance from front of vehicle to the nearest 
rail (ft) (assumed: D = 15 ft), 

J = sum of perception-reaction time of driver and time 
required to activate the clutch or an automatic shift 
(sec) (assumed: J = 2.0 sec), and 

d,. distance vehicle travels while accelerating to maxi-
mum speed in first gear (ft) = v12a1. 

The FHW A Handbook and the AASHTO Green Book also 
assume a 65-ft truck crossing a single track at 90 degrees on 
a flat terrain for this procedure. Adjustments should be made 
for longer vehicle lengths, slower acceleration capabilities, 
multiple tracks, skewed crossings, and other than flat highway 
grades. 

CRITIQUE OF POLICY 

A review of driver characteristics by McGee et al. (3) addressed 
changes in sight distance requirements that accompany changes 
in driver characteristics. The driver characteristic reviewed 
for railroad-highway grade crossing sight requirements (as 
presented in the first edition of the FHWA Handbook) was 
perception-reaction time. Their findings indicate that the sight 
requirements are relatively insensitive to a change in the per
ception-reaction time. 

A review of the cases in the AASHTO Green Book by 
McGee et al. ( 4) found the formulation for calculating the 
minimum corner sight triangle for a moving vehicle to be 
correct and reasonable. They also found that the concept for 
determining the minimum sight distance along a track for a 
vehicle at a stopped position was correct. The concept ade
quately considers both the driver and vehicle requirements. 

Wilde et al. (5) reported that the lack of uniformity in driver 
behavior indicates a high level of uncertainty concerning the 
correct response to grade crossings, and that this may be a 
major cause of crossing accidents. Vehicle speed variations 
were higher as the distance to the crossing decreased. Specific 
speed variations for trucks were not reported. 

Schoppert and Hoyt (6) identified factors influencing safety 
at railroad-highway grade crossings in their NCHRP report. 
They reviewed a sample of 3 ,627 accidents: one-third involved 
trains , one-third occurred when the train was present but not 
involved, and one-third occurred when the train was not even 
present . They found the following: 

• The distribution of vehicle speeds at the crossing differs 
from that along the highway prior to the influence of the 
crossing. These conditions were believed to contribute sig
nificantly to multiple-vehicle accidents at crossings. 

• Trucks were involved in accidents with trains relatively 
more frequently than other vehicles . This statistic makes a 
strong argument for using truck design values for sight dis
tance calculations. 

• High truck involvement in accidents may be attributable 
to the truck's greater length, which causes it to occupy the 
crossing longer. 

AASHTO stopping sight distance criteria (2) use coeffi
cients of friction that are intended to represent the deceler
ation rates used by a passenger car in locked-wheel braking 
on a wet pavement. Trucks cannot safely make a locked-wheel 
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stop without the risk of losing control of the vehicle. A dis
cussion of braking distances by Harwood et al. (in this Record) 
shows that the deceleration rates used by trucks to make 
controlled stops are generally lower than the deceleration 
rates used by passenger cars making locked-wheel stops. 

The FHW A Handbook does not cite the studies used as 
the basis for the following assumptions: 

• The speed of the vehicle in selected starting gear is 8.8 
fps, and 

• The acceleration of the vehicle in starting gear is 1.47 
fpsps. 

Nevertheless, the use of these assumptions for computing the 
sight distance along the tracks for a stopped vehicle appears 
to be reasonable . 

SENSITIVITY ANALYSIS 

The current sight distance policies directly or indirectly usc 
different vehicle types as the design vehicle. By using de
celeration rates for a passenger car in locked-wheel braking 
on a wet pavement , sight distance along the highway for a 
moving vehicle is derived with a passenger car as the design 
vehicle. The derivation for sight distances along the tracks for 
a moving vehicle mixes design vehicle characteristics by using 
passenger car deceleration rates but a 65-ft vehicle length 
(typical for a WB-60 truck). The design vehicle for sight dis
tance along tracks for a stopped vehicle is a 65-ft truck, with 
reasonable assumptions for both acceleration and the maxi
mum speed in first gear. 

Following is a sensitivity analysis to determine the railroad
highway sight distance requirements for the types of trucks 
permitted since the 1982 STAA, which are not currently 
included in the AASHTO Green Book. This sensitivity anal
ysis is a simple extension of the existing sight distance con
siderations to reflect current truck characteristics and per
formance. Table 2 presents the equations derived and the 
parameters currently used in the three sight distance consid
erations. They include a driver-related characteristic (percep
tion-reaction time) and vehicle-related characteristics (stop
ping sight distance, vehicle length, and maximum speed and 
acceleration of vehicle in first gear). Table 3 contains the 
values of the vehicle-related parameters (including vehicle 
length , stopping sight distance, and vehicle acceleration) that 
have been varied in the sensitivity analysis. 

Truck lengths of 70 and 75 ft were used in the analyses. An 
overall length of 70 ft represents a STAA tractor-semitrailer 
truck with a 53-ft trailer unit. The overall length of 75 ft 
represents a STAA "double bottom" truck with a conven
tional cab-behind-engine tractor and two 28-ft trailers . 

The stopping sight distances used are those derived by Har
wood et al. (in this Record), based on estimates of truck 
braking distances developed by Fancher (7). These distances 
represent controlled braking by an empty truck on a poor, 
wet road with relatively good radial tires (at least 12

/ 32 in of 
tread depth). The truck braking performance of drivers varies 
widely as a result of driver expertise. This variation exists 
because many truck drivers lack experience in emergency 



TABLE 3 SUMMARY OF PARAMETERS VARIED IN SENSITIVITY ANALYSIS FOR RAILROAD-HIGHWAY 
GRADE CROSSING SIGHT DISTANCE 

Stopping Sight 

Consideration Vehicle Length (ft) Distance (SSD) 

Sight distance NA Truck Driver Performance 

along a highway Speed Worst Best 

20 mph 150' 125. 

30 mph 300' 250' 

dH SSD + 10 + 15 40 mph 500' 375' 

50 mph 725' 525' 

dH SSD + 25 60 mph 975' 700' 

70 mph 1275' 900' 

Sight distance to 70' tractor semi- Truck Driver Perforance 

and along tracks for trailer truck 

a moving vehicle 75' tractor semi-

trailer-full 

trailer truck 

(double bottom) 

Vt 
d·i' • Vv (SSD + 2D + L + W) 

Vt 
dT Vv 

(SSD + 2 * 15 + L + 5) 

Vt 
dT = Vv (SSD + 35 + L) 

Sight distance 

along tracks for a 

stopped vehicle 

dT = l.47Vt<tc + J) 

70' tractor semi-

trailer truck 

75' tractor s~ 

trailer-full 

trailer truck 

(double bottom) 

Speed 

20 mph 

30 mph 

40 mph 

50 mph 

60 mph 

70 mph 

dT - l.47Vt [0.682 * (2 * D + w + L)/Vmg + 3.0 + 2.0) 

dT • l.47Vt [0 . 682 * (2 * 15 + 5 + L)/8 + 3.0 + 2.0) 

dT •Vt [0.125L + 11.73) 

Worst Best 

150' 125' 

300' 250' 

500' 375' 

725' 525' 

975' 700' 

1275' 900' 

NA 

Additional Asswnptions 

NA 

NA 

tc • time to 

clear hazard 

zone (from 

Gillespie's 

equation (2.)) 



TABLE2 SUMMARY OF PARAMETERS FOR RAILROAD-HIGHWAY GRADE CROSSING SIGHT DISTANCE 

Perception-

Reaction 

Equations Time (sec) 

Sight distance 

along a highway tpr 2.S 

dH SSD + D + de 

dH = SSD + 10 + lS 

dH SSD + 2S 

Sight distance to and 

along tracks for a tpr = 2.S 

moving vehicle 

v 
dT ~ _: (SSD + 2D + L + WI 

Vv 

Vt 
dT a - (SSD + 2 * 15 + 6S + SI 

Vv 

Vt 
dT = Vv [SSD + 1001 

Sight distance J = 2.0 

along tracks for a 

stopped vehicle 

VG L + 2D + w -
dT • 1.4 7Vt [- + 

al v 
g 

Stopping Sight de 

Distance (SSD) (ft) 

SSD Values<~) 

Speed SSD 

20 mph 12S' 10 

30 mph 200' 

40 mph 32S' 

SO mph 47S' 

60 mph 6SO' 

70 mph 8SO' 

SSD Values(~) 

Speed SSD 

20 mph 125' NA 

30 mph 200' 

40 mph 32S' 

50 mph 47S' 

60 mph 650' 

70 mph 850' 

NA NA 

da 
+ J) 

[~ + 65 + 2 * lS + 5 - (8.82/( 2 * 1.47)) + 2.01 
dT • J.47Vt 1.47 

a.a 

Length of 

D w Vehicle Vg 

(ft) (ft) (ft) (fps) 

lS NA NA NA 

IS s NA 

65 WB-60 

IS 5 8.8 

65 WB-60 

a1 

(fpsps) 

NA 

NA 

1.47 
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braking, and because different drivers accept varying amounts 
of "risk" in what is potentially a hazardous operation that 
could lead to truck jackknifing. Fancher (7) found that the 
worst-performing driver has a braking efficiency of approxi
mately 62 percent of the vehicle capability, while the best
performing drivers can achieve nearly 100 percent of the vehi
cle capability. A range of stopping sight distances appropriate 
for both the worst and best drivers (62 to 100 percent driver 
control efficiency) is considered in this paper. 

Since truck size, weight, and performance characteristics 
have been changing, more recent truck acceleration infor
mation is needed. In 1986, Gillespie (8) reported clearance 
times for trucks crossing an intersection. The time (tc) required 
for a truck to clear a hazard zone starting from a full stop 
and remaining in initial gear during the maneuver was esti
mated by the following equation: 

l + L 
tc = 0.682 

112 + 3.0 sec 
v ... s 

(4) 

where 

LHz = length of the hazard zone (ft) = 2D + W, 
D = clearance distance from front of vehicle to the near

est rail (ft) (assumed: D = 15 ft), 
W = distance between outer rails (ft) (assumed for a sin

gle track: W = 5 ft), 
L length of the truck (ft), and 

V,,,8 maximum speed in a selected gear (mph) (deter
mined by Gillespie as 8 mph for a level surface). 

Equation 4 assumes that the gear design, engine speed, and 
the tire size are such that the truck's maximum speed is 60 
mph on a level surface. It also assumes that a truck will remain 

75 

in the initial gear without shifting while negotiating the hazard 
zone. Gillespie also developed a maximum speed in initial 
gear versus grade curve for determination of clearance time 
for trucks accelerating on a grade. 

Sight Distance Along Highway for a Moving Vehicle 

The sight distance along the highway to the crossing (dH) 
increases significantly in comparison with the current FHW A 
criteria when the increased stopping sight distances of trucks 
are considered. Table 4 presents the required sight distances 
for current criteria in comparison with trucks with the worst
performing and best-performing drivers. (The stopping sight 
distances for these drivers are shown in Table 3.) The results 
shown in Table 4 are shown depicted in Figure 2. Although 
the effect appears minimal for a truck with the best-perform
ing driver (between 7 to 22 percent increase in sight distance), 
significant increases in sight distances are required for a truck 
with the worst-performing driver (between 30 and 54 percent 
increase) . 

Sight Distance Along Tracks for a Moving Vehicle 

A sensitivity analysis of the sight distance requirements along 
the track from the crossing (dT) found similar results (see 
Table 5 and Figure 3 for a 70-ft truck length). A 70-ft truck 
requires a 23 percent increase in sight distance at 20 mph and 
up to a 47 percent increase at 70 mph for a worst-performing 
driver. A best-performing driver of a 70-ft truck requires a 
maximum of a 20 percent increase in sight distance. A 75-ft 

TABLE 4 SENSITIVITY ANALYSIS FOR SIGHT DISTANCE ALONG A 
HIGHWAY (dH) 

VEHICLE SPEED, Vv (mph) 

20 30 40 50 60 70 

dH dH dH dH dH dtt 

(ft) (ft) (ft) (ft) (ft) (ft) 

Current values 135 225 340 490 660 865 

Sight Distances for 175 325 525 750 1000 1300 

a truck with worst-

performance driver 

Sight Distances for 150 275 400 550 725 925 

a truck with best-

performance driver 

Note: FHWA rounded all calculated distances up to the next higher 5-foot 
increment. 
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o Current Va I ues 

---- o Truck with Worst-Performance Driver 
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FIGURE 2 Sensitivity analysis for sight distance along highway (dH). 

truck requires similar increases in sight distance (a maximum 
22 percent increase for a best-performing driver and up to a 
49 percent increase for a worst-performing driver). Not only 
did the greater truck length increase the re4uired sight dis
tance, but the braking distance for the worst driver for both 
truck lengths also significantly increased the required sight 
distance. 

Sight Distance Along Tracks for a Stopped Vehicle 

The sight distance requirement along the tracks for a stopped 
vehicle is not very sensitive to vehicle length. Table 6 and 
Figure 4 present the results of increasing the current design 
vehicle length of 65 ft to 70 and 75 ft and using the equation 
developed by Gillespie (8) for the time to clear a hazard zone 
(Equation 4 in this paper). The sight distance values calculated 
using AASHTO assumptions-of a 65-ft truck, 8.8 fps for 
maximum speed of vehicle in first gear, and 1.47 fpsps for 
acceleration of vehicle in first gear-are longer than those 
calculated using a 70- or 75-ft truck length and the Gillespie 
model for clearance times (tc). This is the result of the Gil
lespie model providing lower values of clearance times (tc) 
than the current AASHTO criteria. 

SUMMARY OF FINDINGS 

The sensitivity analyses demonstrate that trucks moving ahead 
to the railroad-highway grade crossings require increased sight 
distance along the highway (dH) primarily because of their 
longer braking distances. The added sight distance require
ments are substantial for trucks with the worst-performing 
driver, but are minimal for trucks with the best-performing 
driver. 

Similar conclusions were reached for sight distance needed 

along the tracks from the crossing (dr) for a moving vehicle. 
Substantially longer sight distances are required for a truck 
with the worst-performing driver (up to 49 percent increase 
in sight distance). 

In contrast, the current requirements for sight distance 
required along the tracks for a stopped vehicle, based on a 
65-ft truck, were found to be adequate for the 70- and 75-ft 
trucks when the Gillespie (8) model for clearance time is used. 

CONCLUSIONS 

The sight triangles required for highway vehicles approaching 
a railroad-highway grade crossing are considerably larger than 
those required by the FHW A Handbook and the AASHTO 
Green Book if the needs of truck drivers are fully considered. 
Currently, with a minimum FHW A or AASHTO sight tri
angle for assumed speeds, a truck driver can easily face a 
dilemma. If a train appears af the track apex of this sight 
triangle as the truck reaches the highway apex, the truck 
driver must decide to proceed at a constant or increased speed 
rather than either slowing or stopping. If he decides to stop, 
he will collide with the train before coming to a full stop. If 
he begins to stop and then decides to proceed, he will collide 
with the train before clearing the crossing. 

To provide an adequate margin of safety for truck drivers 
at railroad-highway grade crossings, current FHWA (1) and 
AASHTO (2) sight triangle values for moving vehicles should 
be increased to allow for longer trucks and for some measure 
of the greater stopping distances of trucks compared with 
passenger vehicles. To arrive at representative values, a deci
sion regarding the level of truck driver performance is required. 
The range of values calculated earlier should provide some 
guidance for this task. 

Considering that bigger sight triangles may be necessary to 
accommodate large trucks at railroad-highway grade cross-



TABLES SENSITIVITY ANALYSIS FOR SIGHT DISTANCE TO AND ALONG 
TRACKS (dT) 

Train Vehicle Speed, Vv (mph) 
Speed 

Vt (mph) 
20 30 40 50 60 70 

dT dT dT dT dT dT 

(ft) (ft) (ft) (ft) (ft) (ft) 

CURRENT AASHTO PROCEDURES USING A 65-FOOT TRUCK 

10 105 100 105 115 125 13S 

20 210 200 210 22S 24S 270 

30 310 300 310 340 370 40S 

40 41S 39S 41S 4SO 490 S40 

50 S20 495 S20 S6S 61S 675 

60 620 S95 620 675 735 810 

70 72S 690 72S 790 860 940 

80 830 790 830 900 980 107S 

90 930 930 930 1010 llOS 1210 

SIGHT DISTANCES FOR A 70-FOOT TRUCK WITH WORST-PERFORMANCE DRIVER 

10 128 13S lSl 166 180 197 

20 2S5 270 303 332 360 394 

30 383 405 454 498 540 S91 

40 510 S40 605 664 720 789 

so 638 675 756 830 900 986 

60 765 810 908 996 1080 1183 

70 893 945 1059 1162 1260 1380 

80 1020 1080 1210 1328 1440 1577 

90 1148 1215 1361 1494 1620 1774 

SIGHT DISTANCES FOR A 70-FOOT TRUCK WITH BEST-PERFORMANCE DRIVER 

10 115 118 120 126 134 144 

20 230 237 240 252 268 287 

30 345 355 360 378 403 431 

40 460 473 480 504 537 574 

so 57S 592 600 630 671 718 

60 690 710 720 756 805 861 

70 805 828 840 882 939 1005 

80 920 947 960 1008 1073 1149 

90 1035 1065 1080 1134 1208 1292 
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FIGURE 3 Sensitivity analysis for sight distance along tracks (dT) for a moving 

vehicle at 40 mi/h. 

TABLE 6 SENSITIVITY ANALYSIS FOR SIGHT DISTANCE ALONG TRACK FOR A 
STOPPED VEHICLE 

TRA1N AASHTO PROCEDURE 70' TRACTOR-SEMI 75' TRACTOR-SEMI 

SPEED AASHTO Wl!-60 TRAILER TRUCK TRAILER-FULL 

Vt TRUCK TRAILER TRUCK 

(mph) dT (ft) dr ( ft) dr <ft) 

10 240 206 212 

20 481 412 423 

30 721 617 635 

40 962 823 847 

50 1202 1029 1058 

60 1443 1235 1270 

70 1683 1441 1482 

80 1924 1646 1693 

90 2164 1852 1905 

ASSUMED: 

tc determined from Gillespie's equation 

tc ~ 12.0 seconds for 70' truck 

tc = 12.4 seconds for 75' truck 

Lhz 2D + W = 2*15' + 5' = 35' 

Vmg 8.0 mph 
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FIGURE 4 Sensitivity analysis for sight distance along tracks for a stopped 
vehicle (dr). 

ings, many more crossings than previously thought may have 
physical constraints that make the available sight triangle 
unacceptable. Therefore, if the needs of truck drivers are truly 
considered, the need for positive and active traffic controls 
at grade crossings may be greater than previously thought. 

In contrast to the moving-vehicle analysis described above, 
the current FHW A and AASHTO sight distance criteria for 
stopped vehicles appear to adequately accommodate the needs 
of truck drivers . 
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Horizontal Sight Distance Considerations 
Freeway and Interchange Reconstruction 

• In 

JOEL p. LEISCH 

With improvements being made to freeways and expressways, 
the problem of inadequate stopping sight distance on curves 
accompanying installation of a concrete barrier may arise. This 
could also occur when lanes are added in the median of a 
freeway or expressway and a narrow median results. It also 
may become a problem on curved ramps on structures where 
the parapet may not be offset sufficiently from the traveled
way. One solution to the problem for freeway medians is to 
provide a wider shoulder (greater offset to barrier) for the 
traveled-way turning to the left. Where a constant median 
width exists, the left shoulder for the opposing direction is, of 
course, narrowed. When a ramp is on a structure (bridge or 
retaining wall) and there is a curve to the left, the traveled
way can be shifted to the right, providing a wider left shoulder 
for sight distance and breakdown. The right shoulder would 
then be narrowed, preferably to not less than 4 ft. It must ht! 
kept in mind that stopping sight distance is only one of many 
design and operational considerations in planning an improve
ment. There certainly can be trade-offs with other features 
and the potential influence on accident experience. Further 
study is needed to ascertain the optimum dimensions of all 
cross-sectional elements to best satisfy safety, operational, and 
design requirements. 

As improvements are made to freeways and expressways, the 
problem of inadequate stopping sight distance on curves 
accompanying the installation of a concrete barrier may arise . 
This could also occur when lanes are added in the median of 
a freeway or expressway and a narrow median results. It also 
may become a problem on curved ramps on structures where 
the parapet may not be offset sufficiently from the traveled
way. 

Many designers are not aware of these possible situations 
(combination of curvature and shoulder width), which may 
not only occur where shoulder width is less than 10 ft but in 
some cases can become a problem when a full shoulder is 
provided. Figure 1 (taken from Figure IIl-25A of AASHTO's 
1984 Green Book (J)] clearly shows that when the curvature 
exceeds approximately 50-70 percent of the maximum curve 
for a specific design speed and there is a 10-ft shoulder, stop
ping sight distance for that design speed is not provided. This 
also holds true for a curve to the right where a barrier or 
parapet is placed adjacent to the right shoulder. 

How can a designer deal with these situations or with the 
preparation of a design with constrained conditions? Pre
sented here are examples of the situations mentioned above 

Jack E. Leisch & Associates, 1603 Orrington Ave., Suite 1200, 
Evanston , Ill. 60201. 
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FIGURE 1 Curvature and middle ordinate relationships for 
lower values of stopping sight distance. 

and sample solutions. In addition, two examples from the 
field are shown and the applied solutions described. 

FREEWAY MEDIAN 

The median barrier often restricts sight distance , as previously 
mentioned, even when a 10-ft shoulder is provided where the 
curve exceeds 2 degrees for a 70 mph design and 2.5 degrees 
for a 60 mph design. The maximum curvatures are approxi
mately 3 degrees and 5 degrees, respectively, for 70 mph and 
60 mph design speeds using a .08 ft/ft maximum superele
vation. Consequently, numerous situations may already exist 
in urban areas where there is inadequate stopping sight dis
tance. Where medians are narrower than 22- 24 ft, the prob
lem may occur more frequently. 

One solution to this potential problem is to provide a wider 
shoulder (greater offset to barrier) for the traveled-way turn
ing to the left. Where a constant median width exists, the left 
shoulder for the opposing direction is, of course, narrowed. 
It would not, however, be advisable to reduce this shoulder 
to less than 6 ft. Figure 2 shows this solution. 



FIGURE 2 Shifted median barrier-two views. 

SHIFTED MEDIAN 
BARRIER AT THE 
END OF THE CURVE 
FROM ABOVE 

SHIFTED MEDIAN 
BARRIER-FROM 
DRIVER'S 
PERSPECTIVE 



82 

16' 

_,.... I 

-j 10' I 
N- 9:::: F:·i t s-m· 

SECTION A-A 

V = 60 MPH 

SD= s2s· 

USE De= 3°-30' 

(MAX. De= 4°-45') 

V = 70 MPH 

SD= 625' 

USE De= 2°-30' 

(MAX. De= 3°-30') 

TRANSPORTATION RESEARCH NECORD 1208 

*CASE a 
FOR CASE b 

M =26-28' 

WITH t j BR. PIER 4-5' CASE 

MIN. 2 -2.5' CASE 

a 
b 

FIGURE 3 An example of freeway sight distance with a median barrier. 

This design resulted from the addition of a median-side 
Jane in each direction of travel. The median became 20 ft in 
width as a result of the widening. Through this curve (shown 
in Figure 2) the shoulder is 11 ft for the traveled-way curving 
to the left, and a 7-ft shoulder is provided for the opposing 
roadway. This solution provides adequate stopping sight dis
tance for the critical direction of travel. The 7-ft shoulder for 
the opposing direction, while not a full shoulder, would pro
vide a partial refuge for a stalled vehicle with minimal influ
ence on vehicles operating in the left lane. 

Utilizing the concept as implemented in the field and 
described above, two examples are presented below. These 
examples fully comply with the guidelines for sight distance 
and shoulder width presented in the AASHTO Policy for new 
design or major reconstruction projects (refer to Figure 3). 

Both examples are for median widths of 26 to 30 ft. One 
is for a design speed of 60 mph and a curvature of 3.5 degrees 
and the other is for a design speed of 70 mph and a curvature 
of 2.5 degrees. The required offset to the face of the barrier 
from the edge of the traveled-way is 16 ft in both cases. Note 
that in the figure the barrier has been transitioned upon entry 
into the curve from its center position in the median to the 
necessary 16-ft offset through the curve. The resultant shoul
der for the opposing traveled-way is 8 to 10 ft, depending on 
median and barrier width. It is also possible that stopping 
sight distance restrictions may occur on the right side of the 
freeway traveled-way on curves to the right when a barrier, 
parapet, or retaining wall is adjacent to the shoulder. This is 
also shown in Figure 3. As can be seen in the. cross-section 
and plan view, the critical shoulder has been widened to 

16 ft through the curve to provide for safe stopping sight 
distance. 

RAMPS ON A STRUCTURE OR RETAINING WALL 

Ramps can also have sight distance problems on curves when 
the ramp is on a bridge or adjacent to a retaining wall. As 
with the mainline traveled-way, this can occur on curves both 
to the left and to the right. 

Referring to Figure 1, it can be seen that for a ramp with 
a 40 mph design speed and a maximum curvature of 12 degrees, 
a midordinate offset to the barrier is 20 ft from the center of 
the Jane. Using a 10-ft ramp traveled-way, the offset from the 
edge of traveled-way to obstruction, barrier, or retaining wall 
is 12 ft. Most agencies presently use a 10-ft right shoulder on 
the right-this is inadequate for the conditions described above 
for a curve to the right. The 10-ft shoulder would be adequate 
for an 11 degree curve and a 40 mph design speed. 

With a curve to the left ( 40 mph design speed), the typical 
2-ft, 4-ft, or 6-ft left shoulder on a ramp would permit curves 
of approximately 6, 7, and 8 degrees, respectively, to provide 
for stopping sight distance. The left curve and the narrower 
left shoulder would apparently become critical in more cases 
than the right-curve, right-shoulder condition. With existing 
ramps or ramps to be constructed where this sight distance 
restriction already exists or might occur, a relatively simple 
solution may be effective. Shifting the ramp traveled-way to 
the left or right within the total pavement width could produce 



Leisch 83 

FIGURE 4 Curve to the left and ramp traveled-way shifted right. 

the desi~ed offset to the obstruction, parapet, or retammg 
wall. An example of this is shown in Figure 4. In this actual 
situation, the 28-ft parapet-to-parapet width has been used to 
achieve safe stopping sight for this left-turning ramp onto a 
bridge. As can be seen, the left shoulder is 10 ft and the right 
shoulder is 2 ft. This was accomplished by restriping the pave
ment edges through the curve to produce the adequate offset 
to the parapet. An important feature of the design solution 
is that a shoulder or refuge area is still provided. This solution 
can be easily accomplished on existing ramps with adequate 
total width and can be considered on new interchange ramps 
as well. 

Figures 5 and 6 show possible solutions for curves to the 
left and right. The first of these (curve to the left) is a ramp 
with a 40 mph design and a total width of 30 ft. The left curve 
is 9.5 degrees, resulting in an 8-ft offset to the parapet. As 
can be seen, the 16-ft traveled-way is transitioned 4 ft to the 
right to provide this offset. 

Figure 6 illustrates a curve to the right where the ramp, 
with a 40 mph design speed and a 12 degree curve, requires 
a 12-ft shoulder or offset to the parapet or barrier. In this 
case, the traveled-way is transitioned 2 ft left upon entering 
the curve to produce the desired offset. 

The above solutions, as in the actual cases illustrated, are 
simple to accomplish. Other types of solutions are also pos
sible, which may include widening the total pavement and 
bridge width if full shoulders are to be maintained both left 
and right. The conditions, however, should be analyzed, and 
in each case an appropriate design should be selected. 

OTHER CONSIDERATIONS 

It must be kept in mind that stopping sight distance is only 
one of many design and operational considerations in planning 

an improvement. There certainly can be trade-offs with other 
features and the potential influence on accident experience. 

One geometric consideration that has not been fully inves
tigated relates to sight distance over the concrete barrier in 
a sag vertical curve in combination with a horizontal curve. 
There are instances where the driver is afforded safe stopping 
sight distance, depending on the combination and coordina
tion of horizontal and vertical curvature. 

In the areas of operations and safety, there are several 
matters that should be explored. The first of these relates to 
the narrowing of the left shoulder on the median side of the 
freeway on the outside of the curve. This has several potential 
safety ramifications. One is perhaps an inadequate breakdown 
area; the second is associated with the reduced lateral clear
ance to the barrier on the outside of the curve. There may 
be an optimum dimension that could provide stopping sight 
distance and not sacrifice other safety features. 

It is also appropriate to consider the reduction of the right 
shoulder on a ramp and the increase in left shoulder width 
for a curve to the left . A breakdown (disabled vehicle) nor
mally moves to the right shoulder on a ramp. In the case cited 
above, the left shoulder would provide refuge. Nevertheless, 
it is the total ramp width (parapet to parapet) that is important 
in allowing a vehicle to pass a stalled vehicle. Research would 
be helpful in resolving this issue. 

SUMMARY 

The highway designer must be made aware of the potential 
sight distance restrictions on curves of freeways and ramps 
where a barrier or parapet is present . For many existing sit
uations and for new configurations currently being designed, 
the solution may be simple. Additional alternatives could be 
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FIGURE 6 An example of provision for sight distance on a ramp with a barrier and a curve right. 

developed and analyzed for specific site conditions . Some 
example solutions for the freeway proper and freeway ramps 
are presented here for consideration. Other solutions should 
be documented, based on experience, to assist the engineer 
in achieving the most cost-effective design for a given set of 
conditions. Additional research may be required to provide 
the designer with adequate information concerning trade-offs 
in design and operational criteria to assure that the optimum 
design is being achieved. 
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Reevaluation of the Usefulness and 
Application of Decision Sight Distance 

HucH W. McGEE 

One of the most important elements of highway geometric 
design is sight distance. In A Policy on Geometric Design of 
Highways and Streets, the American Association of State High
way and Transportation Officials has adopted a new sight 
distance standard known as decision sight distance (DSD). These 
sight distances are considerably longer than stopping sight 
distance, giving motorists additional margin for error and suf
ficient length to maneuver their vehicles at the same or reduced 
speed rather than to just stop. Nevertheless, there has been 
some concern that states have not adopted and implemented 
this standard. To determine if this is true, a limited survey of 
15 states was made. A questionnaire was used to determine if 
the state has adopted the standard-and if it has not, why. 
Comments were solicited on how the standard should be mod
ified. This paper also critiques a proposed revised AASHTO 
standard for DSD and concludes with the author's recom
mendation for a change to the DSD standard. 

One of the most important elements for highway geometric 
design is sight distance. Providing maximum sight line within 
the vision capabilities of the driver is a desirable goal. If the 
driver can see what is unfolding far enough ahead, he can 
handle almost any situation. 

Until the issuance of the current AASHTO geometric design 
manual, there were standards for stopping sight distance, 
intersection sight distance, passing sight distance, and rail
road-highway grade crossing sight distance. Although these 
sight distance standards have brought about reasonably good 
design practice for a majority of our roadway system, it was 
felt that certain situations required longer sight distances. In 
particular, stopping sight distance, the design criterion that 
requires minimum sight distance at all points along the road, 
was thought to be inadequate for situations with high decision 
complexity, when the development of a potentially hazardous 
situation is difficult to perceive, and when severe braking is 
inappropriate. At locations where longer distances are needed , 
a review of human factors and traffic operations considera
tions shows that sight distance criteria should be based on the 
driver's ability to properly react to impending danger. With 
this concern in mind, the concept of decision sight distance 
(DSD) was formulated and eventually found its way into the 
1984 AASHTO design manual-A Policy on Geometric Design 
of Highways and Streets (J)-known as the Green Book. 

In that policy, DSD is defined as the distance required for 
a driver to detect an unexpected or otherwise difficult-to
perceive information source or hazard in a roadway environ-

Bellomo-McGee, Inc., 8330 Boone Blvd., Suite 700, Vienna, Va. 
22180. 

ment that may be visually cluttered, recognize the hazard or 
its threat potential, select an appropriate speed and path, and 
initiate and complete the required maneuver safely and effi
ciently. This definition was developed by Alexander and 
Lunenfeld and was a key element of the concept of positive 
guidance (2) . 

At this point a little history of the development of DSD is 
in order. Although the term "decision sight distance" was 
first coined by Alexander and Lunenfeld (circa 1975), this 
longer sight distance concept has its roots with researchers 
such as the late Donald Gordon of the Federal Highway 
Administration and Richard Michaels , formerly with the then 
Bureau of Public Roads . 

In his Dynamic Design for Safety (3) , Leisch, drawing on 
the principles of perceptual anticipation discussed by Gordon 
( 4), argues the need for what he labeled "anticipatory sight 
distance. " This distance would provide sight distance at all 
points along the road adequate for the driver to anticipate 
changes in design features, intersections, entrances, exits, or 
trouble spots ahead in sufficient time to take the appropriate 
action and carry on normally. Using judgment and relation
ships to "focusing distance ," Leisch suggested the following 
values for anticipatory sight distance: 

Design Speed (mph) 

30 40 50 60 70 80 
Minimum 

anticipatory 
sight 
distance , ft 600 800 1,100 1,500 2,000 3,000 

These anticipatory sight distances were to be measured from 
the height of eye to road surface. Leisch further suggested 
that these distances be provided at points of decision or poten
tial hazard, such as approaches to interchanges, at-grade inter
sections, toll plazas, tunnel portals , road narrowings, lane 
drops, design speed reduction zones, and the like. 

In the article "New Safety and Service Guides for Sight 
Distance" (5), Pfefer discusses anticipatory sight distance, but 
he also includes "perception sight distance." This notion was 
based on the first perception of an object in the visual field 
at which the driver perceives movement (angular velocity) . 
The values suggested were as follows: 

Perception sight 
distance , ft 

Design Speed (mph) 

30 40 50 

675 775 875 

60 

950 

70 

1,025 

80 

1,100 

These values, which are considerably lower than anticipa
tory sight distance at the higher speeds, were to be provided 
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TABLE 1 DECISION SIGHT DISTANCE (J) 

Tlmelal 

P'1tmln1uv1r 

DHign D1cision& Man1uver 
Sp11d D•tection& RasponM I Lane 
lmphl Recogni'tlon Initiation Change) 

30 1.S-3.0 4.2-6.S 

40 1.S-3.0 4.2-6.S 

50 1.S-3.0 4.2-6.S 

60 2.0-3.0 4.7-7.D 

70 2.0-3.0 4.7-7.0 

continuously along the roadway and measured from the driv
er's eye to the pavement. 

In 1978, analytical and field research was conducted that 
was documented in the report Decision Sight Distance for 
Highway Design and Traffic Control Requirements (6). The 
DSD values were analytically developed, based on a sequen
tial hazard avoidance behavior model. It was assumed that 
each of the several steps target detection, perception, deci
sionmaking, reaction, and maneuver-was performed serially 
with no time-sharing. Values were established for each of the 
information processing elements and added to arrive at the 
total time for DSD. These values were then slightly modified 
based on results of limited field studies in which drivers were 
exposed to geometric changes such as lane drops and com
plicated intersections. The final recommended values were 
adopted and included in the 1984 AASHTO Green Book (1). 
Table III-3 in the Green Book is shown as Table 1. 

STATE SURVEY ON ACCEPTANCE OF DSD 

In order to determine to what extent the states have adopted 
DSD as a design element and if they are using the recom
mended values as shown in Table 1, a limited survey of a few 
states was conducted in late 1988. Specifically, the question
naire shown as Figure 1 was sent to 15 states; of those, 12 
replied. The responses are discussed below. 

Has Your State Adopted DSD? 

Of the 12 states that responded, half indicated that they have 
adopted DSD and the other half said that they had not. A 
100 percent adoption would not be expected because the 
AASHTO policy manual was released in 1984, and all the 
states probably have not yet revised their design manuals to 
reflect any changes or additions in the AASHTO manual. 
Still, only a SO percent acceptance of this design criterion 
indicates that there is no across-the-board acceptance of the 
values, if not the concept. 

If Yes, Indicate How It Has Been Included 

Most of the states that have adopted the design criterion have 
merely referred to the AASHTO manual, or they have dupli
cated or paraphrased the relevant section dealing with DSD . 

4.5 

4.S 

4.5 

4.5 

4.0 

TRANSPORTATION RESEARCH RECORD 1208 

01cision Si!i!ht Dlst11nce lttl 

Rounded 
Summ:tlon Computed forDHign 

10.2-14.0 449- 616 450- 625 

10.2-14.0 ~ 821 6()0. 825 

10.2-14.0 74&-1,027 ~1.025 

11.2-14.5 9111-1..%76 1 ,000-1 .275 
10.7·14.0 1,09&-1 ,437 1,100-1,450 

The State of Maryland has a table for various sight distances, 
and for DSD requires the following: 

Design Speed (mph) 

10 20 30 40 50 60 70 80 
Decision sight 

distance, ft 225 425 625 825 1,025 1,300 1,625 1,975 

For ecich <iesien speed Maryland has selected the higher 
values from AASHTO, and for design speeds of 60 mph and 
higher even longer distances than those in AASHTO have 
been recommended to allow for a stop maneuver. 

If No, Which of the Reasons Apply? 

Two states indicated that they are considering adoption of 
DSD but have not yet formally adopted or rejected it. Three 
states responded that they have not adopted DSD because 
the costs of the longer distances required have not been jus
tified . One state responded that new alignments are rare, and 
it is too costly to provide DSD for rehabilitation projects. 
Four states said that the guidelines for use of DSD were too 
vague. 

Are DSD Values Too Short, Too Long, or About Right? 

The numerical responses to this question were too long, 4; 
too short, 2; and about right, 7. One state, commenting on 
its "too long" response, said, "It is difficult to obtain DSD 
values in urban areas especially in rolling terrain; it is 
more practical to use stopping sight distance for urban 
intersections." 

Comments 

There were several comments that qualified the use or non
use of DSD: 

• Although not applied yet, the concept is workable. What 
are other states doing? 

• We don't use it as often as we should. 
• DSD is good concept, but impractical given our budgets 

and backlog of work. 
• DSD is used for placement of warning signs. 



J . Has your State adopted Decision Sight Distance (as it appears in AASHTO's Policy on 

Geometric Desisn of Highway & Streets) as a design element in your design manual or 

standard? Yes __ _ No __ _ 

2. If YES, please indicate how it has been included or provided appropriate excerpts of your 

manual. 

3. If NO, which of the reasons apply: 

Under consideration, but have not yet integrated into our manual. 

The longer distances required have not been cost justified. 

The guidelines for application of DSD are too vague. 

Other, -------------------- -

4. Do you feel the decision sight distance values are: 

1) Too long __ _ 

2) Too Short __ _ 

3) About Right __ 

If, 1) or 2) please explain ---------------------

5. Do you have any comments concerning Decision Sight Distance and its applicability for 

highway design (e.g., when or where should it be applied)? 

Please return to: 
Dr. Hugh W. McGee, P.E. 
Bellomo-McGee, Inc. 
8330 Boone Blvd., #700 
Vienna, VA 22180 

Completed by: ------
Address: 

Phone No. 

FIGURE 1 Questionnaire on decision sight distance sent to 15 states. 
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• DSD should be a routine consideration in all highway 
design . 

• DSD should be applied only at very specific decision 
points such as at at-grade intersections and complex 
interchanges. 

• Specific application areas of merging, lane drops, ramp 
exits, and approaches to intersections would be more 
applicable. 

• There are too many variables and specific conditions that 
are site-specific to effectively utilize this set of criteria. 

Several states commented on the object height, which is 
set at 6 in in the AASHTO standard. One state suggested a 
higher object height, specifically 4.25 ft, since most of the 
targets would be other vehicles. A higher object height would 
essentially result in the allowance of a much less restrictive 
vertical alignment, even though the distance values remain 
the same. Another state also said that another vehicle in the 
lane was the appropriate object to be seen but believed that 
the appropriate height should be 18 in, reflecting the taillight 
height. 

AASHTO REVISED DSD VALUES 

Revisions to the current AASHTO Green Book are being 
formulated by appropriate committees, and changes to the 
DSD values is one of them. Table 2 shows the proposed 
revised DSD values. They have not yet been adopted as final. 

As can be seen in Table 2, the recommended revised DSD 
values are based on the road type and maneuver. The road 
types are rural, urban, and suburban, and the maneuvers are 
either to stop or to change speed, path, or direction. A review 
of the values shows that DSD values are the longest for the 
urban road for all speeds. This results from the assumption 
that urban situations are more complex and, therefore, require 
more time for information processing. While this may be, it 
can also be argued that in urban situations drivers are more 
alert, which would result in lower detection time (drivers 
searching for potential hazards) and lower reaction time. 

TABLE 2 PROPOSED REVISED DECISION SIGHT 
DISTANCE 

DESIGN Decision Sight Distance Required For Maneuver (Feet) 

SPEED 

(MPH) A B c 

30 220 500 450 

40 345 725 600 

50 500 975 750 

60 680 1300 1000 

70 900 1525 1100 

A: STOP REQUIRED ON RURAL ROAD 

B: STOP REQUIRED ON URBAN ROAD 

D E 

550 625 

725 825 

900 1025 

1150 1275 

1300 1450 

C: SPEED/PATH/DIRECTION CHANGE ON RURAL ROAD 

D: SPEED/PATH/DIRECTION CHANGE ON SUBURBAN ROAD 

E: SPEED/PATH/DIRECTION CHANGE ON URBAN ROAD 

'l'RANSPOIO'ATION RESEARCH RECORD 1208 

These values can also be criticized from a practical, cost
effectiveness basis. Adherence to these values requires the 
design agency to provide the longest sight distances in urban 
areas, where they are least likely to be realized because of 
limited right-of-way. Given the objections raised by some 
states from the survey, it is unlikely that the states would 
embrace these recommended values. 

RECOMMENDED REVISED DECISION SIGHT 
DISTANCE VALUES 

I would like to offer for consideration yet another set of DSD 
values. These are shown in Table 3. In developing these val
ues, several factors were considered: 

• A consistent complaint from the states was that the appli
cation guidelines were too vague. Hence, the values are now 
established for specific situations-interchange exits (left and 
right); lane drops, lane closures, and merges (all essentially 
require a lane change); lane shift; and intersections. 

• Because the lane shift situation is the least demanding , 
it requires the shortest sight distance . Sight distance should 
be measured to the beginning of the shift. 

• For intersections, DSD is necessary to be able to see and 
respond to turn lanes . Therefore, DSD should consider the 
need for a lane change and be measured to the turn lane itself. 

• Lane drops, lane closures, and merges all require a lane 
change. DSD should be measured to the taper area. 

• DSD should be provided at all interchange exits. Longer 
distances are recommended for left-side exits because of the 
nonexpectancy factor and because drivers wanting to exit may 
be at least two lanes removed. Although it could be argued 
that there are some differences in the time for information 
detection, processing, and reaction, these differences are not 
deemed long enough to warrant DSD values for each area . 

• Unlike the AASHTO revised values, there is no differ
ence for the type of road or area, for example, rural versus 
suburban versus urban. 

• Only one value is given for each design speed and situ-

TABLE 3 RECOMMENDED DECISION SIGHT DISTANCE 

SITUATIONS 

Design Interchange 1/ Lane Drop/ 

Speed Right Left Closure/ 

(MPH) Exit Exit Merge'},_/ 

30 N/A N/A 450 

40 600 825 600 

50 750 1025 750 

60 1000 1275 1000 

70 1100 1450 1150 

1 / Sight Distance to Gore 

V Sight Distance to Taper Area 

3/ Sight Distance to Begin of Shirt 

!/ Sight Distance to Tum Lane 

Lane Inter-

Shift 'J/ sections A/ 

250 450 

350 600 

425 750 

600 1000 

725 1150 
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ation. These values should be considered minimums that could 
be exceeded within cost limitations. There is no reason to 
have a range as there is with the current design standard. 

With regard to the object height, because the purpose of 
DSD is to provide the motorist with sufficient sight distance 
of the design feature, the appropriate height should be the 
pavement surface , that is, 0 ft . Nevertheless, because using 
the pavement surface as the object height would have the 
significant effect of increasing the radius of horizontal and 
vertical curves, using the 6-in object height may be more 
appropriate. If DSD is being used for design and placement 
of signs, then a much higher object height can be used. 

These values were developed without the benefit of exten
sive analysis and evaluation and , therefore, are subject to 
justifiable criticism and review. Nonetheless, regardless of 
what values are finally selected for inclusion in the AASHTO 
geometric design policy, certain principles should prevail: 

1. Sight distances longer than stopping sight distance are 
needed for certain situations. They should be identified and 
specific values should be provided as a standard. 

2. DSD values should consider cost implications, especially 
in urban situations. They should not be unnecessarily long. 
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