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because they are considered essential to the object of this report. 

NCHRP REPORT 383 

Project 15-14(1) FY '92 

ISSN 0077-56 14 

ISBN 0-309-06051-6 

L. C. Catalog Card No.96-61607 

Price $28.00 

NOTICE 

The project that is the subject of this report was a part of the National Cooperative 
Highway Research Program conducted by the Transportation Research Board with the 
approval of the Governing Board of the National Research Council. Such approval 
reflects the Governing Board's judgment that the program concerned is of national 
importance and appropriate with respect to both the purposes and resources of the 
National Research Council. 

The members of the technical committee selected to monitor this project and to review 
this report were chosen for recognized scholarly competence and with due 
consideration for the balance of disciplines appropriate to the project. The opinions and 
conclusions expressed or implied are those of the research agency that performed the 
research, and, while they have been accepted as appropriate by the technical committee, 
they are not necessarily those of the Transportation Research Board, the National 
Research Council, the American Association of State Highway and Transportation 
officials, or the Federal Highway Administration, U.S. Department of Transportation. 

Each report is reviewed and accepted for publication by the technical committee 
according to procedures established and monitored by the Transportation Research 
Board Executive Committee and the Governing Board of the National Research 
Council. 

Published reports of the 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

are available from: 

Transportation Research Board 
National Research Council 
2101 Constitution Avenue, N.W. 
Washington, D.C. 20418 

Printed is the United States of America 



7 
NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Report 383 

Intersection Sight Distance 

DOUGLAS W. HARWOOD 
Midwest Research Institute 

Kansas City, MO 
and 

JOHN M. MASON, ROBERT E. BRYDIA, 
MARTIN T. PIETRUCHA, and GARY L. GITTINGS 

Pennsylvania Transportation Institute 
University Park, PA 

Subject Areas 

Highway and Facility Design 
Highway Operations, Capacity and Traffic Control 
Safety and Human Performance 

Research Sponsored by the American Association of State 
Highway and Transportation Officials in Cooperation with the 

Federal Highway Administration 

TRANSPORTATION RESEARCH BOARD 
NATIONAL RESEARCH COUNCIL 

NATIONAL ACADEMY PRESS 
Washington, D.C. 1996 



NATIONAL COOPERATIVE HIGHWAY RESEARCH 
PROGRAM 

Systematic, well-designed research provides the most effective 
approach to the solution of many problems facing highway 
administrators and engineers. Often, highway problems are of local 
interest and can best be studied by highway departments 
individually or in cooperation with their state universities and 
others. However, the accelerating growth of highway transportation 
develops increasingly complex problems of wide interest to 
highway authorities. These problems are best studied through a 
coordinated program of cooperative research. 

In recognition of these needs, the highway administrators of the 
American Association of State Highway and Transportation 
Officials initiated in 1962 an objective national highway research 
program employing modern scientific techniques. This program is 
supported on a continuing basis by funds from participating 
member states of the Association and it receives the full cooperation 
and support of the Federal Highway Administration, United States 
Department of Transportation. 

The Transportation Research Board of the National Research 
Council was requested by the Association to administer the research 
program because of the Board's recognized objectivity and 
understanding of modern research practices. The Board is uniquely 
suited for this purpose as it maintains an extensive committee 
structure from which authorities on any highway transportation 
subject may be drawn; it possesses avenues of communications and 
cooperation with federal, state and local governmental agencies, 
universities, and industry; its relationship to the National Research 
Council is an insurance of objectivity; it maintains a full-time 
research correlation staff of specialists in highway transportation 
matters to bring the findings of research directly to those who are in 
a position to use them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway and transportation 
departments and by committees of AASHTO. Each year, specific 
areas of research needs to be included in the program are proposed 
to the National Research Council and the Board by the American 
Association of State Highway and Transportation Officials. 
Research projects to fulfill these needs are defined by the Board, and 
qualified research agencies are selected from those that have 
submitted proposals. Administration and surveillance of research 
contracts are the responsibilities of the National Research Council 
and the Transportation Research Board. 

The needs for highway research are many, and the National 
Cooperative Highway Research Program can make significant 
contributions to the solution of highway transportation problems of 
mutual concern to many responsible groups. The program, 
however, is intended to complement rather than to substitute for or 
duplicate other highway research programs. 

Note: The Transportation Research Board, the National Research Council, 
the Federal Highway Administration, the American Association of State 
Highway and Transportation Officials, and the individual states participating in 
the National Cooperative Highway Research Program do not endorse products 
or manufacturers. Trade or manufacturers' names appear herein solely 
because they are considered essential to the object of this report. 

NCHRP REPORT 383 

Project 15-14(1) FY 92 

ISSN 0077-5614 

ISBN 0-309-06051-6 

L. C. Catalog Card No. 96-61607 

Price $28.00 

NOTICE 

The project that is the subject of this report was a part of the National Cooperative 

Highway Research Program conducted by the Transportation Research Board with the 

approval of the Governing Board of the National Research Council. Such approval 

reflects the Governing Board's judgment that the program concerned is of national 

importance and appropriate with respect to both the purposes and resources of the 

National Research Council. 

The members of the technical committee selected to monitor this project and to review 

this report were chosen for recognized scholarly competence and with due 

consideration for the balance of disciplines appropriate to the project. The opinions and 

conclusions expressed or implied are those of the research agency that performed the 

research, and, while they have been accepted as appropriate by the technical committee, 

they are not necessarily those of the Transportation Research Board, the National 

Research Council, the American Association of State Highway and Transportation 

officials, or the Federal Highway Administration, U.S. Department of Transportation. 

Each report is reviewed and accepted for publication by the technical committee 

according to procedures established and monitored by the Transportation Research 

Board Executive Committee and the Governing Board of the National Research 

Council. 

Published reports of the 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

are available from: 

Transportation Research Board 
National Research Council 
2101 Constitution Avenue, N.W. 
Washington, D.C. 20418 

Printed in the United States of America 



FOREVVO RD 	This report describes the development of recommended revisions to the intersection 
sight distance design policy that appears on pages 696 through 721 of the 1994 AASHTO 

By Staff Green Book, A Policy on Geometric Design of Highways and Streets. The contents of this 

Transportation Research report are, therefore, of immediate interest to highway and facility designers; highway-
Board operations, capacity, and traffic-control personnel; and others concerned with safety and 

motorists' reactions. The report's conclusions are based on field observations of driver 
behavior at a variety of selected at-grade intersections, including those with no control, with 
minor-road Yield control, and with minor-road Stop control. 

The current AASHTO intersection sight distance procedures are intended to provide 
adequate sight distance at intersections to promote safe and efficient traffic operations. The 
basic intersection sight distance (ISD) models for no control, Stop control, and signal con-
trol were formulated in 1940. Over the intervening years, the model parameters were mod-
ified to accommodate changes in the vehicle-driver-roadway system. Recently, questions 
have arisen about the validity of these models, as well as the appropriateness of certain pa-
rameter values used to calculate ISD. 

Of particular concern, were the Case TuB and Case IIIC design criteria (i.e., ISDs for 
a vehicle on a Stop-controlled approach on a minor road to accelerate from a stopped posi-
tion and turn left or right, respectively, into the major road), which many considered exces-
sive; and the Case I design criteria (i.e., ISD for vehicles approaching intersections with no 
control, at which vehicles are not required to stop, but may be required to adjust speed), 
which were based on assumptions that may not be sufficiently conservative. 

The following are among the revised ISD concepts used by Midwest Research Insti-
tute in NCHRP Project 15-14(1), Intersection Sight Distance, to introduce a more consis-
tent conceptual basis for ISD models and to set revised values for ISD design based on those 
models: the use of a revised stopping sight distance (SSD) model as the basis for all cases 
in which a vehicle approaching an intersection may need to stop or slow; the use of actual 
speed profiles that approaching drivers were observed using in the field at intersections with 
various types of traffic control; the use of the gap-acceptance behavior of drivers observed 
in the field as the basis for the leg of the departure triangle along the major road; and the 
use of vehicle- stopping positions observed in the field as the basis for the leg of the depar-
ture triangle along the minor road. Two alternative SSD models were considered as a basis 
for ISD policy: the current SSD model presented in the 1994 AASHTO Green Book and 
the revised SSD model developed in NCHRP Project 3-42, Determination of Stopping Sight 

Distances. 
The recommended revisions to the AASHTO Green Book developed during this 

research were presented to the AASHTO Task Force on Geometric Design at their Sum-
mer, 1996 meeting as the first step towards possible AASHTO adoption. Those recom-
mendations were reordered from the Case I through Case V format of the 1994 Green Book 
because the recommended sight distances for Yield-controlled intersections, currently 



Case II, depend, in part, on the recommended model for Stop-controlled intersections, cur-
rently Case III. 

Recommended sight distance policies are presented for the following situations: 

Case A. Intersections with no control, 
Case B. Intersections with Stop control on the minor road, 

Case B 1. Left turn from the minor road, 
Case B2. Right turn from the minor road, 
Case B3. Crossing maneuver from the minor road, 

Case C. Intersections with Yield control on the minor road, 
Case Cl. Crossing maneuver from the minor road, 
Case C2. Left or right turn from the minor road, 

Case D. Intersections with traffic signal control, 
Case E. Intersections with all-way Stop control, and 
Case F. Left turns from a major road. 
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INTERSECTION SIGHT DISTANCE 

SUMMARY 	The objective of this research was to evaluate driver needs for sight distance on 
approaches to at-grade intersections and to recommend appropriate revisions to current geo-
metric design policies for intersection sight distance. The research scope included a range 
of types of intersection traffic control including intersections with no control, intersections 
with Stop control on the minor road, intersections with Yield control on the minor road, 
intersections with traffic signal control, and intersections with all-way Stop control. 

Field studies to observe driver behavior were conducted at a total of 25 intersections 
located in four states. The field study intersections included uncontrolled, Stop-controlled, 
and Yield-controlled intersections. 

The field studies at Stop-controlled intersections focused on the behavior of minor-road 
drivers waiting on the minor road for a gap in the major-road traffic stream in which to enter 
or cross the major road. It was found that drivers turning left or right from Stop-controlled 
approaches typically accept gaps in major-road traffic that are much shorter than the sight 
distances currently specified in the AASHTO Green Book. The observed gap-acceptance 
behavior in some cases requires deceleration by major-road vehicles at modest, comfort-
able rates to speeds that are typically about 70 percent of their upstream running speed. 

Drivers on approaches to uncontrolled intersections on urban and suburban residential 
streets typically slow to about 50 percent of their midblock running speed, even if no poten-
tially conflicting vehicles are present on an intersection approach. Similar driver behavior 
was observed on Yield-controlled approaches on urban and suburban residential streets, 
except that drivers typically slowed to only 60 percent of the midblock running speeds. 

Field studies also showed that, where necessary to obtain a sufficient view of major-road 
traffic, vehicles on a Stop-controlled approach will move their vehicles closer to the road 
than the 3-m (10-ft) distance currently used in AASHTO policy. It was also found that, for 
most passenger vehicles, pick-up trucks, and minivans, the distance from the front of the 
vehicle to the driver's eye is 2.4 in (8.0 ft) or less. 

The report recommends a new approach to intersection sight distance design policy that 
should provide a more consistent conceptual basis for intersection sight distance models. 
The clear sight triangles used at uncontrolled and Yield-controlled intersections should pro-
vide approaching vehicles sufficient sight distance to stop, if necessary, before reaching the 
intersection. It is recommended that the dimensions of such approach sight triangles should 
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be based on the same model used for stopping sight distance design, with appropriate mod-
ifications to incorporate the actual speed profiles that approaching drivers were observed to 
use in the field studies at intersections with various types of control. 

It is recommended that the clear sight triangles used at locations where stopped vehicles 
must enter or cross a major road should be based on the concept of gap acceptance. Design 
values for use in the gap-acceptance model should be based on the actual gap-acceptance 
behavior of drivers observed in the field. The leg of the sight triangle along the minor road 
should be based on the actual vehicle stopping positions observed in the field. 

The report presents sight distance criteria for intersections with each type of traffic con-
trol. Specific recommendations for intersection sight distance design policy are presented 
for consideration by the AASHTO Task Force on Geometric Design. 



CHAPTER 1 

INTRODUCTION 

This report presents the results of research that included a 
comprehensive review of current geometric design policies 
for sight distance at intersections. The report presents new 
field data on traffic operations at intersections and proposes 
a revised geometric design policy for intersection sight 
distance (ISD). 

This introduction presents an overview of intersection 
sight distance design policies; the NCHRP problem state-
ment defining the need for this research; the research objec-
tives and scope; and the organization of the remainder of the 
report. 

OVERVIEW OF INTERSECTION SIGHT 
DISTANCE DESIGN POLICIES 

The geometric design policies most widely used for high-
way design in the United States are those of the American 
Association of State Highway and Transportation Officials 
(AASHTO). The AASHTO policy on intersection sight dis-
tance design is presented on pages 696 through 721 of the 
1994 AASHTO Policy on Geometric Design of Highways 
and Streets (also known as the AASHTO "Green Book") (1). 
The AASHTO Green Book considers intersection sight dis-
tance to be adequate when drivers at or approaching an inter-
section have an unobstructed view of the entire intersection 
and of sufficient lengths of the intersecting highways to per-
mit the drivers to anticipate and avoid potential collisions. 
This requires unobstructed sight distance along both 
approaches of both intersecting roadways, as well as across 
their included corners (the so-called "clear sight triangles"). 
Adequate clear sight triangles are required both for drivers 
approaching an intersection where they may not be required 
to stop and for drivers who are stopped at an intersection to 
proceed safely to cross a major roadway or to turn left or right 
onto a major roadway. The 1994 Green Book policy has 
evolved from the previous policies presented in the 1984 and 
1990 Green Books (2,3). This policy has now been presented 
for the first time in metric units in the 1994 Green Book. 

The AASHTO policy provides geometric design criteria for 
five ISD cases, which are defined briefly in this section. One 
of the five cases has three subcases so there are, in effect, seven 
ISD cases. These seven cases are defined by the type of traffic 
control present at the intersection and the types of maneuvers 
that the drivers intend to make. The seven cases are as follows: 

Case I—ISD for vehicles approaching intersections with 
no control, at which vehicles are not required to stop, but 
may be required to adjust speed; 
Case II—ISD for vehicles on a minor-road approach 
controlled by a Yield sign; 
Case IIIA—ISD for a vehicle on a Stop-controlled 
approach on the minor road to accelerate from a stopped 
position and cross the major road; 
Case IIIB—ISD for a vehicle on a Stop-controlled 
approach on the minor road to accelerate from a stopped 
position and turn left into the major road; 
Case IIIC—ISD for a vehicle on a Stop-controlled 
approach on the minor road to accelerate from a stopped 
position and turn right into the major road; 
Case IV—ISD for a vehicle on a signal-controlled 
approach; and 
Case V—ISD for turning left from the major road at an 
intersection or driveway. 

Tables 1 and 2 summarize the sight distances in AASHTO 
policy for each of these ISD cases in metric and English 
units, respectively, based on the 194 and 1990 Green 
Books. Each of these seven cases is discussed in a later chap-
ter of this report. Figure 1 illustrates the minimum sight tri-
angles at intersections that should be kept clear of sight 
obstructions to implement the AASHTO ISD policy. Sight 
obstructions may include man-made structures, vegetation, 
trees, roadside appurtenances, and the terrain itself. Whether 
an obstacle or the terrain is a sight obstruction depends on not 
only the extent of the sight triangle, but also the horizontal 
and vertical alignment of the intersecting roads. 

The various cases in the AASHTO ISD policy involve two 
different types of clear sight triangles. Drivers approaching 
uncontrolled and Yield-controlled intersections need sight 
distance before they reach the intersection so that they can 
decide whether to stop at the intersection or proceed. This 
requires approach sight triangles, like those shown in Figure 
1 for ISD Cases I and II, that provide sight distance for 
drivers at a decision point as they approach the intersection. 
Drivers approaching an intersection on a Stop-controlled 
approach do not need a view of the intersecting roadway to 
decide whether to stop, because the presence of the Stop sign 
requires all vehicles to come to a stop before entering or 
crossing the major road. However, drivers stopped on the 



TABLE 1 Summary of Current AASHTO ISD Design Policy (Metric Units) (1) 

Design Intersection sight distance (m) 	- 
speed 
(km/h) 

Case I Case ia Case IllAb  Case IIIB Case IIIC Case IV Case V 
20 20 - - - - - - 
30 25 30-30 40 65 65 C  35 
40 35 45-45 50 90 90 C  40 
50 40 60-65 55 120 120 C  50 
60 50 75-85 65 160 160 C  55 
70 60 95-115 75 205 205 C  65 
80 65 115-140 85 255 255 C 70 
90 75 135-170 95 310 310 C  80 

100 85 160-205 100 380 380 C  85 
110 90 180-250 110 455 455 C  95 
120 100 205-290 120 - - 100 

a Equivalent to AASHTO SSD criteria. 
Based on crossing of a two-lane road by a passenger car. 

C  Use criteria for Cases lIlA, IIIB, and IIIC. 
Based on left turn from a two-lane road by a passenger car 

minor-road approach need sight distance along the major 
road to decide when it is safe to proceed. This requires depar-
ture sight triangles like those shown in Figure 1 for ISD 
Cases lilA, IIIB, and IJIC. 

To be fully appreciated, the AASHTO ISD policies must 
be understood in light of the other AASHTO sight distance 
requirements. Stopping sight distance (SSD) is the most uni-
versal type of sight distance. SSD must be provided contin-
uously along every roadway, including locations on inter-
section approaches, to enable drivers to see objects and other 
vehicles in their path in sufficient time to stop their vehicle 
before reaching the object or conflicting vehicle. Thus, SSD 
is the fundamental geometric element which highway agen-
cies use to ensure safe operations at every point on the high-
way system so that drivers who encounter a potential hazard 
can stop. SSD is currently measured from a driver eye height 
of 1,070 mm (3.50 ft) to an object height of 150 mm (6 in). 
Revisions to the AASHTO SSD policy have recently been  

recommended by Fambro et al. in "Determination of Stop-
ping Sight Distances," the Final Report of a forthcoming 
NCHRP Project. These revisions are under consideration by 
the AASHTO Task Force on Geometric Design. 

At intersections, SSD alone is not sufficient to ensure safe 
operations and ISD must be provided as well. SSD addresses 
only stationary objects (or vehicles) in the driver's path. ISD 
recognizes that, to ensure safe intersection operations, drivers 
also must see vehicles on intersecting approaches and vehicles 
starting from Stop signs. ISD differs from SSD in that (1) the 
targets that drivers must see are not always directly ahead in 
the roadway, but are often on intersecting roadways; (2) the 
targets that must be seen may be moving and may come into 
the driver's path; and (3) the decisions required of drivers often 
are more complex. On the other hand, in the case of ISD, the 
target that must be seen typically is another vehicle, so a tar-
get height much higher than the 150-mm (6-in) object used in 
SSD design is appropriate. The available sight distance on 

TABLE 2 Summary of 1990 AASHTO ISD Design Policy (English Units) (2) 

Design Intersection sight distance (It) 
speed 
(mph) 

Case I Case Ila Case lilAb Case IlIB Case IIIC Case IV Case Va 
10 45 - - - - - - 
15 70 - - - - - - 
20 90 125-125 210 230 230 C  170 
25 110 150-150 260 290 290 C  210 
30 130 200-200 300 380 380 C  250 
35 155 225-250 350 470 470 C 290 
40 180 275-325 400 580 580 C  330 
45 200 325-400 430 700 700 C  370 
50 220 400-475 490 840 840 C  410 
55 240 450-550 540 990 990 C  450 
60 260 525-650 590 1,160 1,160 C  490 
65 285 550-725 630 1,360 1,360 C 530 
70 310 625-850 680 1,590 1,590 C  570 

a Equivalent to AASHTO SSD criteria. 
Based on crossing of a two-lane road by a passenger car. 

C  Use criteria for Cases lIlA, IIIB, and IIIC. 
Based on left turn from a two-lane road by a passenger car 
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Figure 1. Examples of minimum clear sight triangles used for AASHTO ISD cases. 
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intersection approaches generally should be sufficient to per-
mit each vehicle approaching an intersection to stop before 
reaching the intersection if a potentially conflicting vehicle is 
detected on an intersecting approach. In some cases, the avail-
able sight distance should be greater than just the minimum 
required to stop to promote desirable traffic operations at inter- 
sections and to ensure that vehicles with the legal right of way 
are not forced to stop unnecessarily. 

The provision of the ISD is intended to give drivers an 
opportunity to obtain the information they need to decide 
whether to proceed, slow, or stop in situations where poten-
tially conflicting vehicles may be present. ISD models and 
their associated parameter values should provide enough 
sight distance to enable most drivers in the most frequently 
encountered traffic situations to obtain the information that 
they need to make the correct decision about what action they 
should take. Since drivers are human beings with human fail-
ings, it is also desirable to provide a reasonable margin of 
safety to accommodate incorrect or delayed driver decisions. 
However, there are substantial costs associated with provid-
ing sight distance at intersections, so it is important that 
ISD requirements not be overly conservative or attempt to 
address traffic situations that are infrequent or unusual and 
for which increased ISD would provide little safety benefit. 

ISD has an important role in minimizing intersection colli-
sions, but it should be recognized that ISD alone cannot pre-
vent such collisions because drivers may make incorrect deci-
sions even at intersections where there are no sight restrictions. 

RESEARCH PROBLEM STATEMENT 

The NCHRP research problem statement for this research 
is presented below: 

Current procedures provided by the AASHTO Policy on 
Geometric Design of Highways and Streets-1990 (the 
"Green Book") are intended to provide adequate sight dis-
tance at intersections to promote safe and efficient traffic 
operations. These procedures are applied to a variety of inter-
section traffic controls, including no control, Stop control, 
and signal control. The basic ISD models for these situations 
were formulated in 1940. Over the past 50 years, the model 
parameters have been modified to account for changes in the 
vehicle-driver-roadway system. 

Rcently, questions have been raised about the validity of 
these models, as well as the appropriateness of certain pa-
rameter values used to calculate ISD. In addition, recent 
research has recommended possible alternative models, one 
of which includes the consideration of gap acceptance. 

It has been the experience of highway engineers applying 
the current AASHTO models that the ISD required for Cases 
IIIB and IIIC may be excessive. There also is concern that 
Case I ISD values may be unconservative. Moreover, situa-
tions such as a vehicle turning off the major roadway are not 
addressed. It is possible that these deficiencies may be con-
tributing to misuse of ISD criteria by both state and local 
jurisdictions. Considering the high construction costs and 
uncertain safety benefits associated with long intersection 
sight distances, state highway officials have concluded that a 
substantial research effort is needed to reevaluate available 
information, collect additional data, and recommend im-
provements to current practice, if required. 

RESEARCH OBJECTIVES AND SCOPE 

The objective of this research was to evaluate the current 
AASHTO ISD methodology and, where appropriate, to rec-
ommend new or revised models and/or to recommend re-
vised parameter values for use in those models. The research 
has addressed ISD Cases I, II, III, IV, and V. 

Recommended ISD design procedures have been devel-
oped for each application based on a review of current and 
alternative practices, updated vehicle performance, road-
way characteristics, and driver behavior data, including 
data collected in the field as part of the research. The 
research developed new concepts that provide a consistent 
framework for ISD models and used the field data that were 
collected to quantify the parameters of those models. 
Recommended revisions to ISD design policy were devel-
oped for consideration by the AASHTO Task Force on 
Geometric Design. 

ORGANIZATION OF THIS REPORT 

Chapters 2 through 5 of this report present the findings of 
the evaluation of ISD design policies for uncontrolled inter-
sections, intersections with Stop control on the minor road, 
intersections with Yield control on the minor road, and inter-
sections with traffic signal control, respectively. Each chap-
ter addresses the current AASHTO policy, current state and 
local highway agency policies, identification of alternative 
ISD models and methodologies, evaluation of alternative 
ISD models and methodologies, and recommendations for 
the appropriate ISD case. 

Chapter 6 presents the evaluation and recommendations 
for a variety of related ISD design issues including ISD poli-
cies for left turns from a major road, ISD policies for inter-
sections with all-way Stop control, ISD policy for ramp ter-
minals, the effect of intersection skew, the effect of the 
vertical profiles of intersection approaches, ISD measure-
ment rules, and supplementary ISD policies for Stop-
controlled intersections. 

Chapter 7 presents the conclusions and recommendations 
of the research. 

Appendix A presents the questionnaires used for a survey 
of state and local highway agencies concerning their ISD 
design policies that were conducted during the research. 
Appendix B summarizes the survey findings. Appendix C 
describes the ISD design policies that are used in selected 
foreign countries. Appendix D presents a model for the prob-
ability of vehicle-vehicle conflicts at uncontrolled intersec-
tions. Appendix E documents selected ISD models and 
methodologies that were considered as part of the research 
but did not become part of the research recommendations. 
Appendix F documents field studies of gap-acceptance 
behavior and accelerations and decelerations used by drivers 
at Stop-controlled intersections. Appendix G documents 
field studies of driver speed selection on approaches to 
uncontrolled and Yield-controlled intersections. Appendix H 



documents the field studies of vehicle stopping positions on 
Stop-controlled approaches. Appendix I summarizes the 
investigation of tort liability issues related to ISD. Appendix 
J presents recommended revisions to the AASHTO Green 
Book for consideration by the AASHTO Task Force on Geo-
metric Design. 

Highway design activities in the United States currently 
are in transition from English to metric units. To aid read- 

ers in making this transition, the text of the report and most 
of the tables and figures use both systems of units. Key 
equations also are presented using both systems of units. 
Some older equations and design policies appear only in 
their original English units, and because the AASHTO 
Green Book is now entirely in metric units, the recom-
mended revisions to the Green Book are presented only in 
metric units. 



CHAPTER 2 

EVALUATION OF ISD POLICY FOR INTERSECTIONS WITH NO CONTROL 

This chapter presents an evaluation of the ISD policy for 
intersections with no Stop, Yield, or signal control on any of 
the approaches. Such intersections are addressed by ISD 
Case I in current AASHTO policy. 

CURRENT AASHTO POLICY 

The current AASHTO policy for ISD Case I addresses 
the sight-distance requirements for vehicles approaching 
intersections with no Stop signs, Yield signs, or traffic sig-
nals on any of the approaches. Figure 2 illustrates the clear 
sight triangle currently used by AASHTO to address this 
situation. AASHTO policy for ISD Case I is based on the 
assumption that drivers approaching an uncontrolled inter-
section do not necessarily need to stop, but do need suffi-
cient time to adjust speeds to avoid colliding with one 
another. 

AASHTO policy allows 3 sec on each approach for vehi-
cles to adjust speeds. The AASHTO Green Book states the 
rationale for the 3-sec criterion as follows: 

A lower limit for the distance from an intersection, where 
a driver can first see a vehicle approaching on the intersect-
ing road, is that which is traversed during 2.0 sec for percep-
tion and reaction plus an additional 1.0 sec to actuate brak-
ing or to accelerate to regulate speed (1). 

Read literally, this might imply that the driver does not actu-
ally apply the brakes until 3 sec after first seeing the vehicle 
on an intersecting approach (2 sec for perception-reaction 
time and an additional 1 sec until the brakes are actuated). 
However, this interpretation does not appear reasonable, 
because at an intersection with minimum Case I ISD, neither 
driver would begin to brake or accelerate until he or she 
entered the intersection. In fact, the concept of perception-
reaction time typically includes the time needed to begin 
taking the appropriate action (depressing the brake or ac-
celerator pedal). Therefore, the current AASHTO policy 
for ISD Case I should be understood to permit 2 sec for 
perception-reaction time and 1 sec for acceleration or decel-
eration to adjust speed. 

The following equation represents AASHTO's method to 
determine the minimum sight distance along each approach  

as presented in the 1984 and 1990 editions of the Green Book 
(2,3): 

ISD = 1.47 Vt 	 (1) 

where: 

ISD = da  or db; minimum intersection sight distance (ft); 
(see Figure 2) 

V = speed of vehicle (mph) 
t = tpr + tadj (sec) (assumed: t = 3.0 sec) 

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

tadj = time required to regulate speed (sec) 
(assumed: tadj = 1.0 see) 

The speed (V) in Equation (1) is generally assumed to be the 
design speed of the approach roadway, although this assump-
tion is not stated explicitly in the Green Book. 

Equation (2) presents a metric equivalent to Equation (1), 
based on the metric AASHTO policy that appears in the 1994 
edition of the Green Book (1): 

ISD = 0.278Vt 	 (2) 

where the speed (V) is specified in kilometers per hour and 
the sight distance (ISD) is determined in meters. 

Table 3 presents the ISD values from the AASHTO Green 
Book, which are calculated with Equations (1) and (2) and 
rounded to the nearest 5 or 10 ft or the nearest 5 m, in com-
parison to the current AASHTO stopping sight distance 
(SSD) values. The distances in Table 3 represent the sides of 
the approach sight triangle shown in Figure 2 and simply 
represent 3-sec travel time at the design speed of each 
approach. For example, if Highway A has a design speed of 
80 km/h (50 mph) and Highway B has a design speed of 50 
kmlh (31 mph), then an unobstructed sight triangle with legs 
extending at least 65 m (213 ft) from the intersection along 
Highway A and 40 m (131 ft) from the intersection along 
Highway B would be recommended under current policy. 

The sight distance values for ISD Case I presented in Table 
3 are substantially less than the recommended AASHTO 
values for stopping sight distance (SSD). SSD is required at 
all locations on the highway system, but applies only to the 



db-a 

db 

da r 

da b 	Val 

IVehicleA 

Vb2 
Vehic!e B 

Clear Sight Triangle 

Figure 2. Minimum clear sight triangle used for ISD Case I. 

view along the road on which the driver is traveling; ISD 
Case I applies not only to the view along that road, but also 
to the view across the corner to the intersecting road. This 
implies that a driver requires greater sight distance along the 
highway toward the intersection than across the corner 
toward potentially conflicting vehicles on an intersecting 
approach. Figure 3 compares the AASHTO sight distances 
for ISD Case I with the range of AASHTO SSD values. 

Sight distance for ISD Case I is generally measured from 
a driver eye height of 1,070mm (3.50 ft), the same as is cur-
rently used for SSD design, to an object height of 1,300 mm 
(4.25 ft), intended to represent the height of a potentially 
conflicting vehicle. In determining the requirements for a 
clear sight triangle, it is necessary not only to consider the 
position of roadside obstructions but also : their height. 
Obstacles that are below or above the sight line may not be 
sight obstructions. 

Clear sight triangles are needed in all four quadrants of a 
fourway uncontrolled intersection since potentially conflict- 

ing vehicles could arrive on any of the other approaches. 
Where the required sight triangle cannot be provided, the 
Green Book recommends that traffic control devices should 
be used to slow down or stop vehicles on one road, even if 
both roads are lightly traveled. 

When two potentially conflicting vehicles approach an 
uncontrolled intersection at the same time, the AASHTO 
policy for ISD Case I is intended to allow the driver of each 
vehicle an opportunity to see the other and to adjust speed. 
According to the right-of-way rule that governs vehicle oper-
ations at uncontrolled intersections in most states, the vehi-
cle approaching the intersection on the right has the right-of-
way and the vehicle on the left must yield the right of way. 
However, the AASHTO policy for ISD Case I appears to 
assume that both vehicles may adjust their speeds, not just 
the vehicle required by law to yield. 

The Green Book states that uncontrolled intersections 
should be used only in the design of rural intersections on 
lightly traveled two-lane roads where the cost of achieving 

TABLE 3 AASHTO Criteria for ISD Case I in Comparison to SSD (1) 

Speed 
(km/h) 

Case I ISD 
(m) 

Range of SSDa  
(m) 

Speed 
(mph) 

Case I ISD 
(ft) 

Range of SSD 
(ft) 

20 20 - 10 45 - 
30 25 30-30 15 70 - 
40 35 45-45 20 90 125-125 
50 40 60-65 25 110 1 50-1 50 
60 50 75-85 30 130 200-200 
70 60 95-115 35 155 225-250 
80 65 115-140 40 180 275-325 
90 75 135-170 50 220 400-475 
100 85 160-205 60 260 525-650 
110 90 180-250 70 310 625-850 
120 100 205-290 1 

a Rounded. 
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Figure 3. Comparison of AASHTO criteria for ISD Case land SSD. 

greater sight distance would be prohibitive (i.e., difficult tojus-
tify). In actual practice, uncontrolled intersections are also used 
for the intersections of low-volume local residential streets in 
urban and suburban areas, typically in newer subdivisions. 

The Green Book states that provision of a sight triangle 
with a leg along each approach equal to SSD for that ap-
proach would be preferable to the criteria for ISD Case I. 
Then, a driver sighting a vehicle on an intersecting road 
would have the ability to stop, if necessary, before reaching 
the intersection. However, the use of SSD values as the basis 
for ISD is not required at uncontrolled intersections because 
the cost of providing additional sight distance is considered 
inappropriate for low-volume intersections. 

CURRENT HIGHWAY AGENCY POLICIES 

Table 4 summarizes the design policies used by state 
and local highway agencies for ISD at uncontrolled inter-
sections. Nearly half of state highway agencies do not 
consider ISD Case I in their design policies because they 
do not permit uncontrolled intersections on the highway 
system under state jurisdiction. The table shows that, with 
only two exceptions, all state highway agencies that oper-
ate uncontrolled intersections have design policies based 
on ISD Case I from either the 1984 or 1990 Green Book. 
Furthermore, the 1984 and 1990 Green Book policies for 
AASHTO Case I are identical. It should be noted that the 
survey on which Table 4 is based (see Appendices A and 
B) was conducted before the publication of the 1994 
Green Book. 

Two state highway agencies have their own policies for 
ISD Case I that differ from AASHTO. These policies are as 
follows: 

One state has a policy for all ISD cases, including Case I, 
based on the sight distance values for AASHTO Case lilA. 
One state uses a policy that is presented in Table 5 for 
all intersections and all sight distance cases. This policy 
provides 
—SSD along the major road equal to twice the usual 

AASHTO SSD values; 
—SSD along the minor road equal to the usual AASHTO 

SSD values; and 
—A clear sight triangle with legs along the major and 

minor roads that equal or slightly exceed the AASHTO 
values for ISD Case I (uncontrolled intersections). 

Table 4 shows that 46 percent of local agencies in urban 
areas and 35 percent of local agencies in rural areas use the 
AASHTO policy for ISD Case I. Approximately 32 percent 
of local highway agencies in urban areas have policies for 
ISD Case I that differ from AASHTO. Typical local sight-
distance policies for uncontrolled intersections include: 

Specified clear sight triangles of various dimensions that 
apply specifically to uncontrolled intersections. For 
example, one local agency requires a sight triangle at 
uncontrolled intersections with legs equal to 26 in (85 ft) 
along the minor or entering street and 40 in (130 ft) 
along the major or cross street, measured from the 
potential point of impact for conflicting vehicles. This 



TABLE 4 Summary of Highway Agency Design Policies for ISD 
Case I 

Number (percentage) of agencies 

Local agencies 
State highway 

Design policy 	agencies 	Urban 	Rural 

1990 AASHTO 	15 	(31.9) 	12 	(32.4) 	6 	(26.1) 
Green Book 

1984 AASHTO 	8 	(17.0) 	5 	(13.5) 	2 	(8.7) 
Green Book 

Own state 	2 	(4.3) 	- 	- 	4a 	(17.4) 
policy 

Own local 	- 	- 	12 	(32.4) 	2 	(8.7) 
policy 

Don't consider 	22 	(46.8) 	•. 	(21.6) 	(39.1) 
this case 

Total 	 47 	37 	23 

a These local agencies use design policies for ISD Case I 
based on the policy of the state highway agency in their state. 
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policy is applicable to intersections of local, undivided, 
single-family residential streets with 40-km/h (25-mph) 
speed limits. If this sight-distance criterion is not satis-
fied, use of a Yield or Stop sign is required. 
Specified clear sight triangle based on a safe approach 
speed greater than 24 km/h (15 mph) determined from 
the safe-approach-speed procedure in the Traffic Control 
Devices Handbook (4). 
Specified clear sight triangle based on sight-distance re-
quirements for a crossing maneuver similar to AASHTO 
Case lilA. 

Some local agencies that do not have a formal ISD policy for 
uncontrolled intersections have resurfacing, restoration, and 
rehabilitation (RRR) policies that state that neither ISD 
improvements nor installation of traffic control devices are 
required at existing uncontrolled intersections unless an acci-
dent problem develops. Other local agencies without a for-
mal ISD policy that is specifically applicable to uncontrolled 
intersections rely on a clear sight triangle policy that is 
applicable to all intersections. 

Finally, some local agencies in California (and possibly 
other states) use the AASHTO policy for ISD Case I, but 

TABLE 5 Alternative ISD Policy Used By One State Highway 
Agency 

Leg of clear 
sight triangle 

Design SSD along SSD along along major and 
speed major roada minor roadb minor roadsc 

(mph) (ft) (ft) (ft) 
30 400 200 160 
35 450-500 225-250 160 
40 550-650 275-325 185 
45 650-800 325-400 200 
50 800-950 400-475 220 
60 1,050-1,300 525-650 260 
70 1,250-1,700 625-850 310 

a SSD along the major road is equal to twice the usual 
AASHTO SSD values. 

b  SSD along the minor road is identical to the usual AASHTO 
SSD values. 

C  Equivalent to distances da  and db  in Figure 2. 

Note: This policy is used for all ISD Cases (I through IV). 
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assume an approach speed lower than the design speed of the 
roadway. Section 22352 of the California Vehicle Code 
specifies a prima facie speed limit of 24 km/h (15 mph) for 
drivers under several conditions including: 

[W]hen traversing any intersection of highways, if during 
the last 100 ft of the driver's approach to the intersection, the 
driver does not have a clear and unobstructed view of the 
intersection and of any traffic along all of the highways 
entering the intersection for distance of 100 ft along all those 
highways, except at an intersection protected by stop signs 
or yield right-of-way signs or controlled by official traffic 
control signals. (5) 

Based on this legal provision, some local agencies assume an 
approach speed of 24 km/h (15 mph) when applying the 
AASHTO criteria for ISD Case I. 

ASSESSMENT OF CURRENT POLICIES 

The following discussion presents an assessment of the 
current AASHTO, state, and local policies for ISD Case I. 

AASHTO Policy 

Time to Adjust Speed 

An analysis of ISD Case I indicates that the current 
AASHTO model, with its current assumptions about driver 
behavior in approaches to uncontrolled intersections, does 
not necessarily provide enough time for vehicles to adjust 
speeds to avoid a collision. For an uncontrolled intersection 
with minimum Case I sight distance, the most critical condi-
tion arises when two vehicles traveling at the design speed of 
their respective approach roadways arrive simultaneously on 
intersecting approaches at locations equivalent to a travel 
time of 3 sec from the intersection. Our analysis indicates 
that, under the current AASHTO assumptions, 1 sec is not 
sufficient time for drivers to adjust speed, even if both driv-
ers choose correct responses (one driver traveling at constant 
speed or accelerating and the other driver braking). 

The conclusion stated above can be illustrated with a 
numerical example. Figure 2 illustrates an uncontrolled 
intersection with two vehicles (A and B) approaching. In 
the following example, we will assume that both vehicles 
arrive simultaneously at a distance from the intersection 
equivalent to 3-sec travel time at the appropriate design 
speed. For illustrative purposes, we will assume that both 
roadways are 7.3 m (24 ft) wide and have the same design 
speed, although the same computations could be performed 
for any combination of design speeds. The following 
assumptions are made: 

Vehicle A travels at a constant speed equal to the design 
speed during 2 sec of perception-reaction time. 

After 2 sec, Vehicle A begins to decelerate at a rate 
equivalent to the braking coefficients assumed in the 
AASHTO stopping sight distance criteria (0.40 at 30 
km/h or 20 mph, decreasing to 0.28 at 120 km/h or 70 
mph). These braking coefficients are used to define the 
deceleration rate of Vehicle A. The braking coefficients 
used in stopping sight distance approach the maximum 
deceleration that can be expected from a vehicle with 
poor tires on a poor, wet pavement; however, they rep-
resent comfortable deceleration rates on a dry pavement 
and are much less than the maximum deceleration rate 
that can be achieved. 
Vehicle B is assumed to travel at a constant speed equal 
to the design speed until it clears the intersection. Vehi-
cle B neither accelerates nor decelerates. The intersec-
tion is assumed to be 7.3 m (24 ft) wide and Vehicle B 
is assumed to be a passenger car 5.8 m (19 ft) in length 
(based on the length of the AASHTO passenger car 
design vehicle). 
This scenario is evaluated for Vehicle A approaching the 
intersection to the left of Vehicle B, as shown in Figure 
2, and for Vehicle A approaching the intersection to the 
right of Vehicle B, the opposite of the configuration 
shown in Figure 2. The situation with the decelerating 
vehicle (Vehicle A) on the left is in accordance with the 
legal requirements of the right-of-way rule. The situ-
ation with Vehicle A on the right is opposite to the 
requirements of the right-of-way rule. 

The results of the analyses of the two scenarios described 
above are summarized in the following tables: 

Table 6—Vehicle B approaching from the right at con-
stant speed, and 
Table 7—Vehicle B approaching from the left at con-
stant speed. 

Tables 6 and7 present the time required for Vehicle A to 
reach the center of the intersection in comparison to the time 
required for Vehicle B to clear (pass completely through) the 
center of the intersection. The difference between the time 
for Vehicle B to clear the center of the intersection and the 
time for Vehicle A to reach the center of the intersection is 
referred to as the margi.n of safety. 

It should be noted that for most of the situations addressed 
by Tables 6and 7, the time margin of safety is negative. This 
implies that the approaching vehicles cannot avoid collision 
unless (1) one or both of the vehicles accelerate or brake at 
unusually high rates or (2) one or both of the vehicles make 
a major change in path (e.g., encroaching on an adjoining 
lane or shoulder) to avoid collision. 

It is also interesting to note that the margins of safety in Table 
6, while slightly less than zero, are less critical than the margins 
of safety in Table 7. This illustrates the engineering rationale for 
the right-of-way rule. Given the intersection geometry that 
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TABLE 6 Margin of Safety for an Uncontrolled Intersection Designed in Accordance with AASHTO Case I (Vehicle B 
Approaching from the Right at Constant Speed) 

Design speed of both 	 32 	40 	48 	56 	64 	72 	80 	88 	97 	105 	113 

roadways, km/h (mph): 	(20) 	(25) 	(30) 	(35) 	(40) 	(45) 	(50) 	(55) 	(60) 	(65) 	(70) 

Vehicles A and B 
Travel time (sec) to 	 3.0 	3.0 	3.0 	3.0 	3.0 	3.0 	3.0 	3.0 	3.0 	3.0 	3.0 

intersection at beginning of 
maneuvera 

Distance from intersection 
at beginning of maneuver, m 
(ft)a 

Vehicle A 
Time (sec) to reach center 
of intersection' 

Vehicle B 
Clearance distance, m (ft)d 

Clearance time (sec)e 

27 	34 40 47 54 60 67 74 81 87 94 
(88) 	(110) (132) (154) (176) (198) (220) (242) (264) (286) (308) 

C 	4.0 3.6 3.5 3.4 3.3 3.3 3.2 3.2 3.2 3.2 

36 	43 	50 	56 	63 	70 	77 	83 	90 	97 	103 
(119) (141) (163) (185) (207) (229) (251) (273) (295) (317) (339) 

4.1 	3.8 	3.7 	3.6 	3.5 	3.5 	3.4 	3.4 	3.4 	3.3 	3.3 

Margin of safety between 
Vehicles A and B 
Time margin of safety (sec) 	 +0.2 	--0.1 	-0.1 	-0.1 	-0.2 	-0.1 	-0.2 	-0.2 	-0.1 	-0.1 

a Based on travel at constant speed equal to the design speed, per AASHTO Case I. 
b Vehicle A will not collide with Vehicle B until Vehicle A crosses the center of the intersection. 

Vehicle A can stop before reaching the center of the intersection: 
d Based on distance from intersection plus half of intersection width (3.7 m or 12 ft) plus vehicle length (5.8 m or 19 ft). 
e Based on constant speed travel at the design speed. 

Clearance time for Vehicle B minus time for Vehicle A to reach center of intersection. 

results from vehicles driving on the right side of each roadway, 
the margins of safety (and, thus, the sight distance require-
ments) are less critical if the vehicle on the left is required to 
yield than if the vehicle on the right is required to yield. 

The results presented in Table 6 raise a definite concern 
that, if the assumptions of the current AASHTO model are 
correct, there could be a potential for accidents at intersec-
tions designed in accordance with the existing AASHTO 
Case I. However, it must be noted that the accident potential 
at such intersections is limited by the traffic volumes which 
typically are very low; the next section addresses the proba-
bility of collisions at low-volume, uncontrolled intersections. 

Another concern is that, if both Vehicles A and B brake 
upon seeing one another, this can result in a situation that is 
more critical than the scenario addressed above in Table 6. 
Since there may not be enough distance for either vehicle to 
stop (AASHTO Case I ISD is less than SSD), braking by 
both vehicles makes a collision more likely than if one of the 
vehicles continues to travel at the design speed. However, 
this situation is a potential concern because braking by both 
vehicles seems a reasonably likely response of drivers who 
encounter one another at an uncontrolled intersection. While 
this concern is mentioned in the AASHTO Green Book, it is 
not addressed by the current criteria for ISD Case I. 

Finally, it must be recognized that the existing AASHTO 
Case I model, and all of the scenarios discussed above, assume 
that both vehicles proceed at the design speed of their respec-
tive approach roadways until they are within 1.0 sec of reach-
ing the intersection. Even casual observation suggests that 
vehicles approaching uncontrolled intersections do slow sub-
stantially, even when potentially conflicting vehicles are not 
present. The subsequent evaluation of alternative ISD models 
and methodologies includes a field study of approaches to 
uncontrolled intersections to document observed driver behav-
ior and to evaluate how the observed driver behavior should be 
incorporated in ISD design policy. 

Probability of Collisions at Uncontrolled 
Intersections 	 - 

Part of the rationale for the 3-sec ISD allowance for 
uncontrolled intersections is that most uncontrolled intersec-
tions have very low traffic volumes, so that vehicle-vehicle 
conflicts are rare. An analysis of the expected number of 
vehicle-vehicle conflicts per day at different traffic-volume 
levels has been performed to assess the potential for colli-
sions at uncontrolled intersections. The starting point for this 
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TABLE 7 Margin of Safety for an Uncontrolled Intersection Designed in Accordance with AASHTO Case I (Vehicle B 
Approaching from the Left at Constant Speed) 

Design speed of both 
roadways, km/h (mph): 

32 
(20) 

40 
(25) 

48 
(30) 

56 
(35) 

64 
(40) 

72 
(45) 

80 
(50) 

88 
(55) 

97 
(60) 

105 
(65) 

113 
(70) 

Vehicles A and B 
Travel time (sec) to 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
intersection at beginning of 
maneuvera 

Distance from intersection 27 34 40 47 54 60 67 74 81 87 94 
at beginning of maneuver, m (88) (110) (132) (154) (176) (198) (220) (242) (264) (286) (308) (ft)a 

Vehicle A 
Time (sec) to enter 	 3.5 	3.3 	3.2 	3.1 	3.1 	3.1 	3.1 	3.1 	3.1 	3.1 	3.0 
intersectionb 

Vehicle B 
Clearance distance, m (ft)C 	40 	47 	53 	60 	67 	74 	80 	87 	94 	100 	107 

(131) (153) (175) (197) (219) (241) (263) (285) (307) (329) (351) 
Clearance time (sec)d 	4.5 	4.2 	4.0 	3:8 	3.7 	3.7 	3.6 	3.5 	3.5 	3.5 	3.4 

f 

Time margin of safety 	-1.0 	-0.9 -0.8 	-0.7 	-06 -0.6 -0.5 -0.4 -0.4 -0.4 -0.4 
(sec)e 

a Based on travel at constant speed equal to the design speed, per AASHTO Case I. 
b 

Vehicle A will not collide with Vehicle B until Vehicle A enters the intersection. 
C 
 Based on distance from intersection plus intersection width (7.3 m or 24 ft) plus vehicle length (5.8 m or 19 ft). 

d Based on constant speed travel at the design speed. 
e Clearance time for Vehicle B minus time for Vehicle A to enter the intersection. 

analysis was the estimation technique formulated by Glen-
non (6) for NCHRP Report 214: Design and Traffic Control 
Guidelines for Low-Volume Rural Roads. This technique 
was based on a uniform arrival distribution for traffic over an 
18-hr day. We have generalized this technique into a Poisson 
arrival model that allows the computation of expected con-
flict frequencies as a function of the approaching traffic vol-
umes and the conflict-exposure interval (the minimum time 
between vehicle arrivals on intersecting approaches that are 
considered to be in conflict with one another). For example, 
at an uncontrolled intersection of two low-volume roads or 
streets, each with an average daily traffic (ADT) of 100 
vehlday, it would be expected that two vehicles on intersect-
ing approaches would arrive within 2 sec of one another an 
average of 0.31 times per day (113 times per year). The 
expected conflict frequency would increase to 4.91 times per 
day (1,800 times per year) for traffic volumes of 400 vehlday 
on both roads. Arrival times less than 2 sec apart for vehicles 
on intersecting approaches are less likely, but would produce 
greater accident potential. This Poisson model is presented in 
Appendix D of this report. 

The Poisson model was also used to determine the proba-
bility of conflicting vehicle arrivals within a shorter time 
period of one another, 0.6 sec. At the intersection of two  

roads, each with an ADT of 100 vehlday, conflicting arrivals 
within 0.6 sec of one another would be expected at the rate 
of 0.09 times per day (33 times per year). For the intersection 
of roads with an ADT of 400 veh/day, the frequency of these 
more severe conflicts would increase to 1.48 times per day 
(540 times per year). 

The AASHTO Green Book recognizes that the criteria for 
ISD Case I are not necessarily adequate to prevent collisions 
when an approaching vehicle encounters a succession of two 
or more vehicles (i.e., a platoon) on an intersecting approach. 
The Poisson model in Appendix D can be used to establish 
that, on low-volume roads, the simultaneous arrival of a vehi-
cle on one approach and a platoon on another approach is, 
indeed, a rare event. At the intersection of two roads, each 
with an ADT of 100 vehlday, one would expect an average of 
0.00024 vehicle-platoon conflicts per day (or about one con-
flict every 11 years). The expected number of vehicle-platoon 
conflicts increases to 0.01515 per day (or about 5.5 conflicts 
per year) for the intersection of roads with ADTs of 400 
vehlday. This analysis is described further in Appendix D. 

Our assessment of the results obtained with the Poisson 
arrival model is that, even at ADTs as low as 100 vehlday, 
vehicle-vehicle conflicts at low-volume uncontrolled inter-
sections do potentially occur with sufficient frequency that 



the design of such intersections should be based on a model 
that ensures adequate sight distance for safe operations. In 
other words, the frequencies of potential vehicle-vehicle con-
flicts are not so low that concern about sight distance at low-
volume intersections can be dismissed out of hand. On the 
other hand, this does not necessarily indicate that the sight 
distance requirements for ISD Case I must necessarily be 
increased; alternative ISD models based on observed real-
world driver behavior at uncontrolled intersections should 
be considered. By contrast, conflicts between a vehicle on 
one approach and a platoon of two or more vehicles on an 
intersecting approach do appear to occur so infrequently that 
multiple-vehicle platoons need not be considered in formu-
lating an ISD model for uncontrolled intersections. 

Perception-Reaction Time 

The current AASHTO policy for ISD Case I assumes that the 
driver of Vehicle A approaching an uncontrolled intersection 
will be able to detect Vehicle B on the crossroad and react to 
that vehicle within 2 sec. Given the speeds and positions of the 
vehicles involved, this means that Vehicle B on the crossroad 
will be out of the central part of the visual system of the driver 
in the approaching Vehicle A. For example, ifthe design speeds 
for both roads are 40 km/h (25 mph), then both vehicles will be 
33 m (108 ft) from the intersection at the beginning of the 3-sec 
interval allowed by AASHTO policy for perception-reaction 
time and adjusting speed. This would put Vehicle B on the 
crossroad at the edge of a 90-degree visual arc for the driver of 
the approaching vehicle. While this is well outside the central 
part of the visual system, it does fall within the accepted ranges 
for peripheral vision. However, if the design speed for the 
crossroad is 80 km/h (50 mph) and the design for the approach 
road is 40 km/h (25 mph), then Vehicle B on the crossroad will 
be 67 m (220 ft) from the intersection and the approaching 
Vehicle A will be 33 m (108 ft) from the intersection at the start 
of the 2-sec perception-reaction time. This would put Vehicle 
B at about 63.4 degrees to the left (or right) of Vehicle A's 
direction of travel. Thus, a total visual arc of 127 degrees would 
be needed for the driver of Vehicle A, which is near the limit of 
the peripheral vision system for some drivers. This scenario 
could be especially critical for drivers who experience a less-
ening of sensitivity in the peripheral vision system with age. 

Of course, these scenarios do not account for head move-
ments on the part of the driver of Vehicle A. However, at 
nonintersection locations, most of the primary visual scan-
fling of the road is done with eye movements. Head move-
ments may play a more important role in detecting poten-
tially conflicting vehicles once the driver becomes aware that 
there is an intersection ahead. 

Another consideration related to perception-reaction time is 
that there is greater sensitivity to motion in the peripheral vision 
system than there is to recognition of form. This does not mean 
that peripheral vision is more sensitive to motion than the cen- 

tral part of the visual system. The eye is less sensitive to both 
motion and form in the periphery, but the sensitivity to motion 
decreases less rapidly than sensitivity to form. Therefore, driv-
ers are much more likely to detect a moving object in their 
periphery than to recognize the moving object as a vehicle. 

Still another consideration is whether the driver is in an 
alerted or an unalerted condition when approaching an 
uncontrolled intersection. If the horizontal and vertical 
geometry are such that a driver can recognize that there is an 
intersection ahead, even if there are no vehicles on the cross-
road, then the driver will be in an alerted condition and his or 
her visual scanning and head movements will be different 
than if the driver is not aware of the intersection ahead. The 
same would be true of drivers who are familiar with the road 
and the location of the intersections along that road. How-
ever, it is also true that unfamiliar drivers may often be 
unaware that the intersection is, in fact, uncontrolled and may 
assume that they have the right of way. It usually is difficult 
to tell from a distance whether there is a Stop or Yield sign 
present on the intersecting approach. 

The combination of vehicles present at the vertices of 
the sight triangle and the drivers being in an unalerted con-
dition represents something of a worst case scenario for 
perception-reaction time. Unfortunately, this scenario seems 
more likely to occur at an uncontrolled intersection than for 
the other ISD cases. 

No empirically based study of perception-reaction time 
related to driving has used stimuli that are outside of what 
could be classified as the central visual system. One study 
of eye movement latency tested targets at the edge of an 
80-degree total visual arc, but this may be the most extreme 
case that has been investigated. 

One study of perception-reaction times for Case I by 
McGee and Hooper (7) used an approach wherein estimates 
were assembled for the constituent parts of the perception-
reaction process. These estimates were then summed to 
determine an appropriate perception-reaction time. The con-
stituent parts of the perception-reaction process considered 
by McGee and Hooper were 

Driver picks up (through peripheral vision) an object 
moving toward the intersection; 
After a latency period, eye or head movement or both 
detect the object; 
Object is recognized as a vehicle; 
Opposing vehicle's speed and time to reach intersec-
tion are estimated; 
Decision is made on whether deceleration or accelera-
tion is required; and 
Decided action is initiated (that is, foot moves to brake 
pedal). 

McGee and Hooper recommend perception-reaction times 
equal to 2.6 sec for the 50th percentile of the driving popula-
tion, 3.4 sec for the 85th percentile, and 4.0 sec for the 95th 
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percentile. The potential problem with these recommen-
dations is that simple addition of the components of the 
perception-reaction process does not allow for time overlaps 
or parallel processing of these components. In addition, it 
may also be unreasonable to assume that the 85th-percentile 
driver for one component of perception-reaction time will 
also be the 85th-percentile driver for the other components. 

The authors of this report agree with the assessment that 
the perception-reaction requirements of ISD Case I are 
potentially greater than the other ISD cases because, since no 
traffic control devices are present, drivers approaching an 
uncontrolled intersection are less likely to be aware of the 
presence of the intersection than they would if Stop or Yield 
signs were present. Thus, based on the greater likelihood of 
an unalerted condition, we recommend a perception-reaction 
time for Case I that is greater than the 2.0-sec value used in 
Case III. However, we also consider that McGee and Hooper 
have been too conservative in combining the components of 
the perception-reaction process in additive fashion. McGee 
and Hooper recommend a perception-reaction value of 2.6 
sec as appropriate for the 50th percentile of the driving pop-
ulation. In our judgment, this value (rounded for design pur-
poses to 2.5 sec) is appropriate for a much higher percentage 
of the driving population. Thus, we recommend a perception-
reaction time for ISD Case I of 2.5 sec, which is identical to 
the value recommended for use in SSD design. This is appro-
priate because, while the perceptual requirements of SSD and 
ISD Case I differ, both represent unalerted conditions. 

Other State and Local Policies 

The ISD policy used by one state presented in Table 5 
compares favorably to the AASHTO policy for ISD Case I. 
The legs of the clear sight triangle in Table 5 are the same as 
or longer than those in AASHTO Case I and the provision of 
above-minimum SSD along the major road reduces the pos-
sibility that vertical or horizontal curvature will contribute to 
restricted ISD. Of course, at a four-leg uncontrolled inter-
section the distinction in SSD requirements between the 
major and minor roads shown in Table 5 is difficult to make. 

Another state agency applies the ISD requirements for 
AASHTO Case lilA to all intersections. The sight dis-
tances along the major road assumed by Case lilA are 
longer than the sight distances for Case I, so this policy is 
conservative if clear sight triangles defined by the Case 
lilA sight distances are provided along all legs of the inter-
section. However, it should be noted that the Case lilA 
sight distances were derived for crossing of the major road 
by a stopped vehicle on a Stop-controlled minor-road 
approach and were not intended for application to uncon-
trolled intersections. 

Alternative methodologies for ISD Case I, including 
methodologies based on current highway agency practices, 
are addressed in the next section. 

ALTERNATIVE ISD MODELS AND 
METHODOLOGIES 

The following candidate ISD methodologies for uncon-
trolled intersections were identified and considered in the 
early stages of the research as alternatives to the current 
AASHTO policy: 

Current AASHTO model with increased time to adjust 
speed. 
Current AASHTO model with increased perception-
reaction time. 
Current AASHTO model assuming approach speeds 
lower than the design speed, if justified by actual driver 
behavior in the field. 
Alternative model that provides sufficient ISD for 
approaching vehicles to stop, if necessary, before reach-
ing the intersection. 
Alternative model developed by McGee et al. (8) that 
explicitly incorporates deceleration rate. 
Alternative model developed by Harwood et al. (9) that 
explicitly incorporates deceleration rate and vehicle 
length. 
Alternative model based on safe approach speed, such 
as that presented in Figure 2-5 in the Traffic Control 
Devices Handbook (4), or a modification of it. 

A decision was reached based on the margins of safety 
presented in Tables 6 and 7 that a change in the current 
AASHTO model for ISD Case I was necessary. As explained 
above, a decision was also reached that it was appropriate 
to increase the perception-reaction time for drivers on 
approaches to uncontrolled intersections from 2.0 to 2.5 sec. 

The alternative models developed by McGee et al. (8) and 
Harwood et al. (9) and presented in the Traffic Control 
Devices Handbook (4) were evaluated and drawbacks were 
found in each model that appeared to make them inappropri-
ate for use in AASHTO policy. Appendix E provides an expla-
nation of the reasons why these models were not considered 
further. 

Thus, the development of a recommended sight-distance 
design policy for uncontrolled intersections came down 
to an evaluation of two key issues. These issues were: (1) 
whether the ISD model for uncontrolled intersection 
approaches should be based on adjusting speed or stopping; 
and (2) whether an approach speed lower than the design 
speed or midblock running speed of the approach roadway 
could be assumed. These issues are considered in the 
remainder of this chapter. 

EVALUATION OF ALTERNATIVE ISD MODELS 
AND METHODOLOGIES 

An evaluation was conducted of alternative ISD models 
and methodologies for approaches to uncontrolled intersec-
tions based on adjusting speed and on stopping. 
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Alternative Model Based on Increased Time 
to Adjust Speed 

One option for increasing the margin of safety for velti-
des approaching uncontrolled intersections is to increase 
the time available to adjust speeds [tadj in Equations (1) and 
(2)]. Figure 4 compares the current AASHTO criteria for 
Case I, which allows 1.0 sec to adjust speeds, with revised 
criteria based on 1.5, 2.0, 2.5, and 3.0 sec to adjust speeds. 
The figure shows that, for a vehicle speed of 80 km/h 
(50 mph), the appropriate ISD value increases from 67 in 
(220 ft), when 1.0 sec is allowed to adjust speed, to 111 in 
(364 ft), when 3.0 sec is allowed to adjust speed. Figure 5 
shows comparable criteria when the perception-reaction 
time is increased from 2.0 to 2.5 sec, as well as increasing 
the time allowed to adjust speed. In that case, the required 
ISD increases from 78 in (255 ft), when 1.0 sec is al-
lowed to adjust speed, to 122 m (400 ft), when 3.0 sec is 
allowed to adjust speed. 

A sensitivity analysis was conducted to determine the 
value of time to adjust speed at which all of the margins of 
safety shown in Table 6 would become nonnegative. The 
result is illustrated in Table 8 which shows that all values of 
the margin of safety become nonnegative when the time to 
adjust speed reaches 1.6 sec. In practice, the use of a value of 
tadj somewhat higher than 1.6 sec would be prudent to allow 
for the possibility that drivers will delay making a decision 
or make the wrong decision. Therefore, a design value for 
time to adjust speed of 2.0 sec is suggested. 

Table 9 presents candidate ISD criteria for a range of 
design speeds based on the assumption of 2.5 sec for 
perception-reaction time and 2.0 sec to adjust speed. The 
table shows that these assumptions result in substantially 

tadi 
(sec) 

3.0 

2.5 

2.0 

1.5 

1.0 

30 40 50 60 70 80 YU 100 110 1U 
DesignSpeed (km/h) 

20 30 40 50 60 70 
Design Speed (mph) 

Figure 5. Effect of changes in time to adjust speed on ISD 
for Case Iwith perception-reaction time increased to 2.5 sec. 

greater sight-distance values than the current AASHTO 
criteria. 

It should be noted in Table 8 that, when a constant time to 
adjust speed of 1.6 sec is assumed, the calculated margin of 
safety is higher at lower design speeds than at higher design 
speeds. This suggests the possibility of allowing the time to 
adjust speed to increase with increasing design speed to main-
tain a constant margin of safety across all design speeds. This 
concept makes sense and would probably have been recom-
mended except that, as explained below, an alternative sight-
distance model based on stopping rather than adjusting speed 
was found to be preferable for uncontrolled intersections. 
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Alternative Model Based on Vehicle Stopping 

Another alternative model considered is based on provid-
ing sufficient sight distance for the vehicles on each approach 
to stop before they reach the intersection. This could be 
achieved by providing a clear sight triangle with legs equiv-
alent to SSD in each quadrant of the intersection. The ques-
tion remains, however, as to what approach speed should be 
used to determine SSD. A field study conducted to evaluate 
driver speed behavior on approaches to uncontrolled inter-
sections is described below. 

Field Study Results 
30 40 50 60 70 80 90 100 110 120 

Design Speed (km/h) 

20 30 40 50 60 70 
Design Speed (mph) 

Figure 4. Effect of changes in time to adjust speed on ISD 
for Case I. 

A field study of driver behavior on approaches to uncon-
trolled intersections was conducted on approaches to seven 
uncontrolled intersections in Phoenix, Arizona. All of the 
field studies were conducted on lower-volume residential 
streets with average midblock speeds in the range of 35 to 



TABLE 8 Margin of Safety for an Uncontrolled Intersection Designed With 1.6 Sec for Vehicle A to Adjust Speed 
(Vehicle B Approaching from the Right at Constant Speed) 

Design speed of both 	32 	40 	48 	56 	64 	72 	80 	88 	97 	105 	113 
roadways, km/h (mph): 	(20) 	(25) 	(30) 	(35) 	(40) 	(45) 	(50) 	(55) 	(60) 	(65) 	(70) 
Vehicles A and B 
Travel time (sec) to 	 3.6 	3.6 	3.6 	3.6 	3.6 	3.6 	3.6 	3.6 	3.6 	3.6 	3.6 
intersection at beginning of 
maneuvera 

Distance from intersection at 32 40 48 56 64 73 81 88 97 105 113 
beginning of maneuver, m(ft)a  (106) (132) (158) (185) (211) (238) (264) (290) (317) (343) (370) 

Vehicle A 
Time (sec) to reach center of - _C 5.1 4.5 4.2 4.1 4.0 4.0 3.9 3.9 3.9 
intersectionb 

Vehicle B 
Clearance distance, m (ft)d 42 50 58 66 74 82 90 98 106 114 122 

(137) (163) (189) (216) (242) (269) (295) (321) (348) (374) (401) 
Clearance time (sec)e 4.7 4.4 4.3 4.2 4.1 4.1 4.0 4.0 4.0 3.9 3.9 

Margin of safety between 
Vehicles A and B 
Time margin of safety (sec) 	_C 	_C 	+0.8 	+0.3 	+0.1 	+0.1 	0.0 	0.0 	0.0 	0.0 	0.0 
a Based on travel at constant speed equal to the design speed, per AASHTO Case I. 
b Vehicle A will not collide with Vehicle B until Vehicle A crosses the center of the intersection. 
C  Vehicle A can stop before reaching the center of the intersection. 
d Based on distance from intersection plus half of intersection width (3.7 m or 12 ft) plus vehicle length (5.8 m or 19 ft). 
e Based on constant speed travel at the design speed: 

Clearance time for Vehicle B minus time for Vehicle A to reach center of intersection. 
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48 km/h (22 to 30 mph) and 85th percentile midblock speeds 
in the range of 42 to 52 km/h (26 to 32 mph). The overall 
average midblock speed was 40 km/h (25 mph) and the over-
all 85th percentile midblock speed was 48 km/h (30 mph). 
Higher speed rural intersections were not included because 
none of the candidate locations identified had sufficient traf-
fic volume for a productive field study. 

The field study determined the speed profiles of vehicles 
that approached an uncontrolled intersection and went 
straight through the intersection (without turning right or 
left) when no potentially conflicting traffic or pedestrians 
were present. A total of 226 such vehicles were observed 
and their speed profiles were recorded using laser speed 
guns. Speed data were recorded at two locations: (1) at a 
midblock location, typically 120 to 180 in (400 to 600 ft) in 
advance of the intersection; and (2) on the intersection 
approach, typically within the last 60 in (200 ft) before vehi-
cle reached the intersection. 

The field study found that 23 percent of the approaching 
drivers of through vehicles stopped at the intersection even 
though there were no conflicting vehicles present, there 
were no other vehicles present, and there was no legal 
requirement to stop. The average midblock speed was 
approximately 40 km/h (25 mph) and the average minimum 
speed on the intersection approach was approximately 18 
knilh (11 mph).. The average speed reduction from the mid- 

block location to the intersection approach was 19 km/h (12 
mph), or 48 percent of the midblock speed. Only 6 percent 
of drivers traveled through the intersection at constant speed 
or increased their speed on the intersection approach. This 
finding suggests that it is reasonable to assume that drivers 
approaching uncontrolled intersections on urban and subur-
ban residential streets typically slow to about half of their 
midblock running speeds. 

The field data show that the deceleration rates used in 
slowing down on uncontrolled intersection approaches are 
very gradual, typically 1.5 rn/sec2  (5.0 ftlsec2) or less. 

The field study results are presented in greater detail in 
Appendix G of this report. 

Interpretation of Field Study Results 

The field study results suggest that the current AASHTO 
model is very conservative if it is assumed that drivers 
approaching uncontrolled intersections travel at a constant 
speed equal to the midblock design speed unless they 
encounter a potentially conflicting vehicle. The field data 
show that drivers slow for an uncontrolled intersection, 
whether a potentially conflicting vehicle is in view or not. 
Such drivers are then in a position to brake to a stop from a 
speed slower than their midblock speed if a potentially con-
flicting vehicle comes into view. 



TABLE 9 Potential ISD Criteria for Uncontrolled Intersections Based on 
Increased Time to Adjust Speed 

Sight distance (m) Sight distance (ft) 
Design Based on Based on Design Based on Based on 
speed increased current speed increased current 
(km/h) time to MSHTO (mph) time to AASHTO 

adjust speeda assumptionsb adjust speed' assumptionsb 

20 25 20 10 70 45 
30 40 25 15 100 70 
40 50 35 20 135 90 
50 65 45 25 165 110 
60 75 50 30 200 130 
80 100 70 35 240 155 
100 125 85 40 270 180 
110 140 95 50 330 220 

60 400 260 
70 470 310 

Based on 2.5 sec for perception-reaction time and 2.0 sec to adjust speed. 
b Based on 2.0 sec for perception-reaction time and 1.0 sec to adjust speed. 
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The field study results suggest that a speed profile model 
like that shown in Figure 6 presents typical driver behavior 
on an uncontrolled intersection approach. Because drivers 
slow down even when no potentially conflicting vehicles are 
present, it appears reasonable to assume that, if two vehicles 
are approaching an uncontrolled intersection on intersection 
approaches, both vehicles would slow down in accordance 
with the speed profile shown in Figure 6. Then, when the 
drivers see one another, the driver without the right of way 
could brake (to a stop, if necessary, as shown by the dashed 
line in the speed profile in Figure 7) and the driver with the 
right of way could proceed without further braking. A con-
servative ISD policy for uncontrolled intersections would 
allow for the possibility that both drivers might choose to 
brake to a stop and allow sufficient sight distance for them to 
do so without colliding. However, as shown in Figure 7, it  

can be assumed that braking to a stop would begin at a speed 
less than the midblock running speed. 

ISD Model Based on Stopping from a Reduced 
Approach Speed 

An ISD model has been formulated based on the speed 
profile illustrated in Figure 7. The assumptions of this ISD 
model are as follows: 

A vehicle approaching an uncontrolled intersection will 
decelerate as it nears the intersection whether a poten-
tially conflicting vehicle can be seen on an intersecting 
approach or not. This deceleration will be at a gradual 

Constant Midblock Speed 

V 

o. Ve 
U) 

Distance —p- 

Edge of 
Major-Road 

Traveled Way 

Figure 6. Typical driver-speed profile on the approach to 
an uncontrolled intersection. 
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Figure 7. Typical driver-speed profile on the approach to 
an uncontrolled intersection showing deceleration to a stop 

if a potentially conflicting vehicle comes into view. 
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rate (1.5 rn/sec2  or 5 ftisec2, at most), and will begin soon 
enough for the vehicle to slow to 50 percent of its mid-
block running speed before reaching the intersection. 
Sufficient sight distance would be provided to allow 
each approaching driver 2.5 sec of perception-reaction 
time in which to detect potentially conflicting vehi-
cles plus enough distance to stop before reaching 
the intersection if a potentially conflicting vehicle is 
present. 
The recommended sight distance is determined using 
the normal assumptions of the AASHTO SSD model, 
except that, for all or part of the perception-reaction 
time, the vehicle would be decelerating at the rate of 1.5 
rn/sec2  (5.0 ft/sec') and the vehicle's braking to a stop 
would then begin at a speed lower than the midblock 
running speed at the braking rates assumed in the SSD 
model. 

The assumption that vehicles slow to 50 percent of 
their midblock speed has been applied over the full range 
of design speeds considered. This behavior was observed 
at uncontrolled intersections on lower-speed urban and 
suburban residential streets, but no data are available con-
cerning whether this same behavior occurs on higher-speed 
roads. 

The following equations implement these assumptions. As 
the vehicle decelerates gradually, its speed at any point on the 
intersection approach is given by the equation 

V = V" - 2a1X 	 (3) 

where: 

V. = speed (rn/sec or ft/sec) at any distance X from the 
intersection 

V. = speed (rn/sec or ft/sec) at which vehicle would enter 
the intersection after decelerating 
(assumed: Ve  = 0.5 V) 

a, = deceleration rate (rn/sec2  or ftlseë2) on intersection 
approach before braking to a stop is initiated 
(assumed: a, = —1.5 rn/sec2  or —5.0 ft/sec') 

V = midblock running speed (rn/sec or ft/sec) 

Equation (3) represents line segment AC in Figure 7. 
After the vehicle begins to brake to a stop, its speed at 

any point on the intersection approach is given by the equa-
tion: 

V,2  = — 2a,X = 2fgX 	 (4) 

where: 

ab  = deceleration rate (rn/sec2  or ftlsec2) during braking to a 
stop = fg 

f = braking friction coefficient from AASHTO SSD model 
g = acceleration of gravity (g = 9.8 rn/sec2  or 32.2 ftlsec2)  

Equation (4) represents line segment BD in Figure 7. 
The distance from the intersection at which braking must 

begin for the vehicle to stop before reaching the intersection 
is given by 

V2  
Xb= 	 (5) 

2a1  + 2fg 

where: 

Xb  = distance from intersection at which braking begins 
(m or ft) 

Equation (5) is derived simply by combining Equations (3) 
and (4) based on the assumption that braking begins where 
the lines represented by Equations (3) and (4) intersect (i.e., 
at Point B in Figure 7). 

Once the value of Xb  is known, the vehicle speed at which 
braking begins can be computed as 

Vb = 	- 2aXb 	 (6) 

where: 

Vb  = speed (rn/sec or ft/sec) at which braking begins 

Equation (6) is based directly on Equation (3). 
Equations (5) and (6) must be solved iteratively because 

the value of the braking coefficient (f) in the current 
AASHTO SSD model varies as a function of speed. Thus, 
one must first solve Equation (5) for Xb  using trial values of 
Vb  and f. Then, Equation (6) is solved for Vb. If the computed 
value of Vb  differs from the assumed value, then a new value 
of f is determined (based on the com-puted value of Vb) and 
Equations (5) and (6) are applied again. Agreement usually 
can be reached after only one or two iterations if a starting 
value of Vb  is assumed to be equal to 75 percent of the mid-
block running speed (V). 

Once the braking distance has been determined, the dis-
tance traveled during perception-reaction time can be com-
puted. Two cases must be considered. As shown in Figure 8, 
one case occurs when the perception-reaction time occurs 
entirely during the initial deceleration [Equation (7)], while 
the other case occurs when perception-reaction time begins 
while the vehicle is still traveling at its midblock running 
speed [Equation (8)]. 

These two cases are represented by the following equations: 

X. = Vbt, - 0.5a1t,, if Vb - a,tpr  V 	 (7) 

- 
0.5(vb — V)2 

'if V, - 	> V 	(8) 
ai  

where: 

Xpr  = distance traveled during perception-reaction time 
(m or ft) 

ti,, = perception-reaction time (sec) (assumed: t. = 2.5 sec) 
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The required sight distance for an uncontrolled intersec-
tion approach would then be computed as: 

ISD =Xpr+X& 	 (9) 

The ISD model for uncontrolled intersections represented 
by Equations (5) through (9) can be reformulated for speeds 
(V, Vb, and Ve) specified in miles per hour, as follows: 

2.1517,2 

= 	
(10) 

2a, + 2fg  

J15V2 
- 2a1 XI, 

= 	1.47 	
(11) 

= 1.47 Vbt, - 	 f Vb 
- 47 

~ v 	(12) 

X, = 1.47Vt, 
- 0.5(1.47V,, -1.47V)2 

,f v, 	V (13) 
p 	 ai 	 1.47 

ISD =X+Xb 	 (14) 

Similarly, the ISD model can be reformulated for speeds (V, 
Vb, and Ve) specified in kilometers per hour, as follows: 

= 0.077217, 	 (15) 
I 

2a+2fg  

V = 3.6V0.0772V2 - 2aXb 	 (16) 

at 
X. =0.278V,t, - 0.5a1t, if V,, - 

3.6 
~ V 	(17) 

0.5(0.278%' 0.278Vm )2 
X pr = 0.278Vtpr - _____________________ 

a 

al t pr V 	 (18) ifV, 
3.6 

ISD = XP, + X 	 (19) 

Table 10 presents candidate ISD criteria for uncontrolled 
intersections based on these models in English and metric 
units, respectively. The tables show that the resulting ISD 
values are roughly comparable to current AASHTO policy 
for design speeds of 64 km/h (40 mph) or less. At higher 
speeds, the model indicates that more sight distance than 
required by current policy may be needed. 

It was decided to recommend an ISD policy based on stop-
ping rather than on adjusting speed because a model based 
on stopping is more conservative with respect to safety than 
a model based on adjusting speed. However, since field data 
show that some adjustment of speed occurs on approaches to 
uncontrolled intersections, this concept was incorporated in 
the stopping model. The rationale for the recommended 
model is explained more fully in the discussion of recom-
mendations in the next section. 
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Figure 8. Two cases considered in computing perception-reaction distance for uncontrolled intersections. 
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TABLE 10 ISD Criteria for Uncontrolled Intersections Based on Stopping from 
a Reduced Speed 

Design 	Based on 	Based on 
speed 	stopping from 	current 
(km/h) 	a reduced 	AASHTO 

Sight distance (ft) 
Design 	Based on 	Based on 
speed 	stopping from 	current 
(mph) 	a reduced 	AASHTO 

20 20 20 10 45 45 
30 25 25 15 60 70 
40 30 35 20 80 90 
50 40 40 25 95 110 
60 50 50 30 120 130 
70 65 60 35 140 155 
80 80 65 40 170 180 
90 95 75 50 255 220 
100 120 85 60 350 260 
110 140 90 70 480 310 
120 165 100 

a Recommended length of the leg of the clear sight triangle along each intersecting 
roadway. 
Computed with Equations (15) through (19). 
Computed with Equations (10) through (14). 
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RECOMMENDATIONS 

This section summarizes the recommended sight-distance 
policy for uncontrolled intersections and the rationale for that 
policy. A draft of an intersection sight distance policy for 
potential incorporation in a future edition of the AASHTO 
Green Book is presented in Appendix J. 

Recommended Policy for Sight Distance 
to the Intersection 

The driver should have a view of the intersection from a 
distance sufficient to stop, if necessary, before reaching the 
intersection. This normally is assured by the provision of SSD 
along each of the intersecting roadways. However, where 
sight distance of this length cannot be provided or where the  

presence of the intersection is not apparent, the installation of 
an advance warning sign should be considered. 

Recommended Sight Distance Policy 
for Approach Sight Triangles at 
Uncontrolled Intersections 

Clear sight triangles like those shown in Figure 9 should 
be provided in each quadrant of each approach to an uncon-
trolled intersection. The leg of the sight triangle along each 
approach (a or b) should be selected from the appropriate 
sight distance value in Table 10 for the design speed of that 
approach. If the design speed of either approach roadway is 
not known, it can be estimated by the 85th percentile mid-
block running speed. Figure 10 compares the recommended 

Cle>Sightangle L__1
Decision Point 

"Clear Sight Triangle 

Decision Point 

Clear Sight Triangle for Viewing 	 Clear Sight Triangle for Viewing 
Traffic Approaching from the Left 	Traffic Approaching from the Right 

Figure 9. Approach sight triangles for uncontrolled intersections. 
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Figure 10. Recommended sight distances for uncontrolled intersections in comparison 
to current AASHTO policy. 

sight-distance values to current AASHTO policy for ISD 
Case I and for SSD. 

The vertex of the sight triangle on each approach repre-
sents a decision point at which the approaching driver must 
begin to consider the decision as to whether to stop before 
reaching the intersection. 

No special sight-distance provisions for trucks are recom-
mended because it is highly unlikely that there would be sub-
stantial truck volumes at an uncontrolled intersection since 
traffic volumes for all vehicle types at such intersections are 
generally low. 

Identification of Sight Obstructions 

The assessment of whether objects located within the clear 
sight triangles are sight obstructions should be based on a 
driver eye height of 1,080 mm (3.54 ft) and an object height 
of 1,080 mm (3.54 ft), as explained in Chapter 6. Any object 
found to be a sight obstruction should be removed or low-
ered, if possible. 

Discussion of Recommendations 

The recommended sight-distance model for uncon-
trolled intersections is based on stopping, rather than 
adjusting speed. A policy based on adjusting speed with- 

out stopping depends on the drivers of both vehicles to 
take the correct action; one driver must continue at con-
stant speed or accelerate, while the other must slow down. 
A model based on adjusting speed without stopping can-
not ensure that a collision can be avoided if the drivers of 
both potentially conflicting vehicles choose to slow down 
or stop. 

The recommended model provides sufficient sight dis-
tance for either or both of the approaching vehicles to 
stop before reaching the intersection. The recommended 
model uses applicable concepts—perception-reaction time 
and braking coefficients—from the AASHTO SSD model. 
However, the recommended model, while based on stop-
ping, incorporates the concept (supported by field obser-
vations) that drivers on approaches to uncontrolled inter-
sections typically slow to 50 percent of the midblock 
running speed before reaching the intersection, whether 
a potentially conflicting vehicle comes into view or 
not. Thus, the recommended model combines the concepts 
of stopping and adjusting speed into a single model that 
is consistent with both the SSD model and with field 
observations of driver behavior at uncontrolled inter-
sections. 

For design speeds below 70 kmlh (44 mph), the recom-
mended sight-distance values are less than or equal to the 
current AASHTO values for ISD Case I. At a design speed 
of 70 km/h (44 mph), the recommended sight-distance 
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value exceeds current policy by only 5 m (16 ft). Thus, the 
recommendations presented here should require very little 
change in current policies at lower-speed intersections, 
including most urban and suburban locations. 

The recommended model would require highway agen-
cies to consider longer sight distances than current policy 
at higher-speed uncontrolled intersections, particularly 
rural locations. At a typical rural speed of 90 kmlh (56 
mph), the recommended model requires 26 percent more 
sight distance than current AASHTO policy. At 120 km/h 
(75 mph), the highest speed addressed in the Green Book, 
the recommended model would require 65 percent more 
sight distance than current policy; however, uncontrolled 
intersections are extremely rare on highways operating at 
such high speeds. Nevertheless, if an uncontrolled inter-
section were operated at such a speed, the current 
AASHTO model does not appear appropriate because it 
does not provide sufficient sight distance for the situation 
in which both approach drivers slow down or brake to a 
stop. Furthermore, the Poisson arrival model shows that 
a situation in which two vehicles arrive on intersect-
ing approaches within 2 sec of one another can be ex-
pected to occur 113 times per year where the intersecting 
roads have volumes of 100 veh/day and 1,800 times 
per year where the intersecting roads have volumes of 
400 vehlday. 

The field studies which established that drivers nor-
mally slow down on approaches to uncontrolled inter-
sections did not include higher-speed rural intersections, 
so it is not .known whether the typical driver speed pro-
file shown in Figure 6 applies to such intersections. 
Although the field studies did not establish driver speed 
profiles at higher-speed rural intersections, the recom- 

mended model would result in increased sight distances at 
such intersections which should contribute to their safe 
operation. 

While the policy recommended for inclusion does entail 
longer sight distances than current policy for uncontrolled 
intersections on higher-speed roadways, it should be rec-
ognized that the Green Book is applicable only to newly 
constructed intersections. The Green Book does not 
require that existing locations be improved. The policies 
of most highway agencies concerning resurfacing, restora-
tion, and rehabilitation projects could require an improve-
ment in ISD at an existing intersection if there were a doc-
umented accident pattern associated with the existing 
design. 

Sight-distance policies for Stop- and Yield-controlled 
intersections make allowance for the sight distance 
required by vehicles that have stopped to enter or cross the 
major road. No similar allowance has been made for 
uncontrolled intersections because the Poisson arrival 
model indicates that, at low-volume intersections, if a 
vehicle has slowed or stopped to accommodate one vehi-
cle on an intersecting approach, the appearance of a sec-
ond vehicle on that same approach would be an extremely 
rare event. 

Incorporation of Changes to the SSD Model 
Recommended by Fambro et al. 

Fambro et al. has recommended several changes to 
AASHTO SSD policy in "Determination of Stopping Sight 
Distances," in a forthcoming NCHRP Project. The recom-
mendations for ISD policy for uncontrolled intersections 

TABLE 11. ISD Criteria for Uncontrolled Intersections Based on 
Stopping from a Reduced Speed (modified for consistency with the 
stopping sight distance model recommended by Fambro et at.) 

Design speed 
(km/h) 

Sight distance 
(m)' 

Design speed 
(mph) 

Sight distance 
(ft)a.0 

20 20 10 45 
30 25 15 65 
40 35 20 85 
50 45 25 105 
60 55 30 130 
70 65 35 155 
80 75 40 185 
90 90 50 250 
100 105 60 320 
110 120 70 400 
120 135  

Recommended length of the leg of the clear sight triangle along each 
intersecting roadway. This table is for use to replace the 
recommended values in Table 10 if the stopping sight distance 
recommendations of Fambro et al. are adopted as AASHTO policy. 

b Computed with Equations (15) through (19) assuming a deceleration 
rate (fg) equal to 3.4 m/sec2. 
Computed with Equations (10) through (14), assuming a deceleration 
rate (fg) equal to 11.1 ft/sec2. 
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presented above are based, in part, on parameter values used 
in the current AASHTO SSD policy. If the recommenda-
tions made by Fambro et al. are adopted by AASHTO for 
use in SSD policy, corresponding changes to the ISD rec-
ommendations presented above for uncontrolled intersec-
tions should be considered for consistency. 

The stopping sight distance model recommended by 
Fambro et al. is: 

SSD = 0.278Vt, + 0.039 
V2 	 (20) 

a,, 

where: 

SSD = stopping sight distance (m) 
V = initial speed (km/h) 
tpr = perception-reaction time (sec) 
a1, = deceleration rate during braking to a stop (rn/see2) 

The parameter values recommended by Fambro et al. for 
use in Equation (20) are 2.5 sec for perception-reac-
tion time and 3.4 rn/sec2  (11.1 ft/sec2) for deceleration 
rate. Thus, the perception-reaction time recommended 
for use in the revised SSD model is the same as used in 
the current AASHTO SSD model and the same as used in 
the recommended ISD model for uncontrolled intersec-
tions. 

The only substantive change from the current AASHTO 
SSD model is that Equation (20) incorporates a decelera-
tion rate for controlled braking rather than a locked-wheel 
braking coefficient. The deceleration rate recommended 
by Fambro et al. is 3.4 rn/sec2  (11.1 ft/see2) for all initial 
speeds. Thus, unlike the braking friction coefficient in the 
current AASHTO SSD model, the recommended deceler-
ation rate does not vary with speed. The deceleration rate 
in Equation (20) is equivalent to the product fg in Equa-
tions (4), (5), (10), and (15). 

Fambro et al. recommends that the initial speed should be 
equal to the roadway's anticipated 85th percentile operating 
speed. We would make a similar, but slightly modified, rec-
ommendation that the initial speed should be equal to the 
design speed of the roadway and that the roadway design 
speed should be based on the roadway's anticipated operat-
ing conditions. This formulation avoids the use of the term 
"operating speed" which may have different meanings to 
different readers. 

Table 11 presents revised ISD criteria for uncontrolled 
intersections that should be considered as a replacement 
for the criteria in Table 10 if the stopping sight distance 
recommendations of Fambro et al. are adopted as 
AASHTO policy. The differences between Tables 10 and 
11 are minor with slightly longer sight distances at low 
speeds and moderately shorter sight distances at higher 
speeds. 
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CHAPTER 3 

EVALUATION OF ISD POLICY FOR INTERSECTIONS 
WITH STOP CONTROL ON THE MINOR ROAD 

This chapter presents an evaluation of ISD policy for inter-
sections with Stop control on the minor road. 

CURRENT AASHTO POLICY 

Current AASHTO geometric design policy for sight dis-
tance at intersections with Stop control on the minor road 
consists of three cases: 

Case ifiA—Stop control on minor road: crossing 
maneuver; 
Case IIIB—Stop control on minor road: left-turn 
maneuver; and 
Case IIIC—Stop control on minor road: right-turn 
maneuver. 

In contrast to ISD Case I, discussed in the previous chapter, 
which involved clear sight triangles for vehicles approaching 
an intersection, ISD Case III involves clear sight triangles for 
stopped vehicles departing from the intersection. Each of 
these three cases is discussed below: 

ISD Case lilA—Stop Control on Minor Road: 
Crossing Maneuver 

ISD Case lilA addresses the sight distance required for a 
vehicle to accelerate and cross the major road from a stopped 
position on the minor-road approach to a Stop-controlled 
intersection. 

The AASHTO Green Book states that 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. However, the time element also 
includes a perception-reaction and vehicle transmission actu-
ation component. The sight distance for Case lilA was cal-
culated in the 1984 and 1990 Green Books from the equation: 

ISD = 1.47V(J + t0) 	 (21) 

where: 

ISD = sight distance to the left (d1) or sight distance to the 
right (d2) along the major road from the intersection 
required for the minor-road vehicle to cross the major 
road.(ft) 

V = design speed of the major road (mph) 
J = sum of the perception time and the time required to 

actuate the clutch or actuate an automatic shift (sec) 
(assume: J = 2.0 sec) 

ta = time required to accelerate and traverse the distance S 
to clear the major-road pavement (sec) (determined 
from the distance vs. time relationships for passenger 
cars, single-unit trucks, and WB-15 trucks) 

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

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

W = intersection width along the path of the crossing vehi-
cle (ft) 

L = overall length of minor-road vehicle (ft) 

Figure 11 illustrates these distances and vehicle positions for 
Case lilA. 

Equation (22) presents the metric equivalent to Equation 
(21), based on the metric AASHTO policy that appears in the 
1994 edition of the AASHTO Green Book (1): 

ISD = 0.278V(J + t,) 	 (22) 

where the speed (V) is specified in kilometers per hour and 
the sight distance (ISD) is determined in meters. 

ISD is measured from a driver eye height of 1,070 mm 
(3.50 ft) to an object height of 1,300 mm (4.25 ft) above the 
pavement, intended to represent the height of a potentially 
conflicting vehicle. 

The I term comprises the time allowed for scanning in both 
directions by the vehicle operator to determine if there is a 
sufficient gap in the major-road traffic to initiate and com-
plete the crossing maneuver safely and the time required to 
shift gears or actuate an automatic transmission. For the J 
term, a value of 2.0 sec is assumed. This value is assumed to 
be a constant, since there are no data concerning whether it 
might be appropriate to vary J from the assumed value of 2.0 
sec for changing conditions (e.g., vehicle type, operator type, 
and so on). 

Values for the term ta are based on acceleration perfor-
mance data for both passenger cars and trucks. The acceler-
ation data for passenger cars were updated in the 1990 Green 
Book based on data in NCHRP Report 270 (10). The values 
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of ta can be read directly from Figure 12 (which reproduces 
Figure IX-33 from the AASHTO Green Book) for a given 
distance S for nearly level conditions. 

As stated above, S is the distance that the crossing vehicle 
must travel to clear the major highway. It comprises the vari-
ables D, W, and L. A value of 3 in (10 ft) is assumed for the 
distance (D) from the near edge of pavement to the front of 
a stopped vehicle. Values for the width (W) of the pavement 
that must be crossed depend on the number of lanes on the 
major roadway. Lane widths of 3.6 in (12 ft) are used. A cal-
culation example for ISD Case lilA is provided in the 1994 
Green Book (Figure IX-37) to illustrate the treatment of 
median widths in the selection of appropriate values for W. 
Green Book values for overall vehicle length (L) are 5.8, 
9.1, 15.2, and 16.7 in (19, 30, 50, and 55 ft) for the P, SU, 
WB-12, and WB-15 design vehicles, respectively. 

It should be noted that the longest truck explicitly consid-
ered in the determination of S for this case is the WB- 15 
truck with an overall length of 16.7 in (55 ft). Substantially 
longer trucks are common in today's vehicle fleet. 

When design speeds on the major roadway exceed 80 
km/h (50 mph), the SSD requirements for some intersection 
widths (W) will be greater than the corresponding ISD for 
passenger cars. When this occurs, provision of SSD along the 
major road usually ensures that the required ISD for Case 
lilA will be available. ISD for Case lilA and SSD are mea-
sured in different ways. SSD is measured along the major 
road. ISD is measured from the driver's eye location in the 
normal stopping position for a minor-road vehicle. The front 
of the minor-road vehicle is assumed to be 3 in (10 ft) from 
the edge of the major-road traveled way, and the driver's eye 
location is assumed to be 3 m (10 ft) from the front of the  

vehicle. Thus, ISD Case lilA is measured from a position 6 
in (20 ft) from the edge of the major-road traveled way. Since 
SSD is based on a 150-mm (6-in) object and ISD is based on 
a 1,300-mm (4.25-ft) object, Case lilA ISD will usually (but 
not necessarily always) be available when SSD is available. 

ISD Case IIIB—Stop Control on Minor Road: 
Left-Turn Maneuver 

ISD Case IIIB involves a situation in which a vehicle is 
stopped on the minor road awaiting an opportunity to com-
plete a left-turn maneuver by clearing traffic approaching 
from the left and then enters the traffic stream approaching 
from the right. Figure 13 illustrates this situation. 

AASHTO policy states that a vehicle accelerating from a 
stop to turn left into a major highway should have, as a min-
imum, sufficient sight distance so that a collision will not 
occur if a vehicle approaching from the right and traveling at 
the design speed of the major road appears when the turning 
vehicle begins its maneuver. The turning vehicle should be 
able to accelerate to a safe running speed by the time the 
approaching vehicle closes to within a specified tailgate dis-
tance or minimum separation. 

The 1984 Green Book (3) presented criteria for ISD Case 
IIIB based on two alternative scenarios for the behavior of the 
major-road vehicle. Under the first scenario, the major-road 
vehicle continues to travel at the design speed of the major 
roadway (Curve B-2a); and the turning vehicle must acceler-
ate to that speed; under the second scenario, the major-road 
vehicle reduces speed from the design speed to the average 
running speed of the major road (Curve B-2b) and the minor-
road vehicle, therefore, has to accelerate only to the average 
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Figure 11. Minimum clear sight triangles used for ISD Case lilA. 



28 

running speed. In the 1990 Green Book (2), the first scenario 
was eliminated and the second scenario was changed so that 
the major-road vehicle reduces speed from the design speed 
of the major road to 85 percent of the design speed. The sce-
nario based on deceleration by the major-road vehicle to 85 
percent of the design speed has been retained in the 1994 
Green Book (1). 

Figure 14 compares several key curves for ISD Case TuB. 
The figure illustrates: 

The range of values specified in the AASHTO SSD 
policy; 
Curve B-i, which represents the sight distance to the left 
required for Vehicle A to cross the near lane of traffic on 
a two-lane highway; 
Curve B-'/4-lane+median, which represents the sight 
distance to the left required for Vehicle A to cross both 
near lanes of a traffic on a four-lane highway; 

10 15 20 25 30 35 40 45 50 55 60 

S=DISTANCE TRAVELED DURING ACCELERATION-METERS 

Figure 12. Time requiredfor passenger cars, single-unit 
trucks, and WB-15 trucks to accelerate a given distance (1). 

Curve B-2a & Ca (1984), which represents the sight dis-
tance to the right required by Vehicle A to accelerate to 
the design speed of the major road and complete its left 
turn without being overtaken by Vehicle B, which trav-
els at a constant speed equal to the design speed of the 
major road; 
Curve B-2b & Cb (1984), which represents the sight dis-
tance to the right required by Vehicle A to accelerate to 
the average running speed of the major road and to com-
plete its left turn without being overtaken by Vehicle B, 
which reduces speed from the design speed of the major 
road to the average running speed; and 
Curve B-2b & Cb (1990 and 1994), which represents the 
sight distance to the right required by Vehicle A to accel-
erate to 85 percent of the design speed of the major road 
and to complete its left turn without being overtaken by 
Vehicle B, which reduces speed from the design speed of 
the major road to 85 percent of the design speed. 

The B-i curves represent the required sight distance to the left 
and the B-2a and B-2b curves represent the sight distance to 
the right required to complete a left turn. The B-2a curve has 
been dropped from the 1990 and 1994 Green Books and only 
the B-i curve and the version of the B-2b curve based on 
deceleration to 85 percent of the design speed have been 
retained. 

The sight distance to the left required by the B-i curve is 
seldom critical because it is always less than the sight distance 
to the left required to complete a right turn (see subsequent 
discussion of ISD Case IIIC). At low speeds, sight distance 
required by the B-i curve exceeds the SSD required along the 
major road. The sight distance represented by the B-i curve 
will become the critical sight distance only in a quadrant on 
an intersection approach where right turns are prohibited. 

The sight distances to the right required by the B-2b curve 
in the 1990 and 1994 Green Book are 4 percent to 23 percent 
less than those in the 1984 Green Book. 

The 1984 Green Book did not adequately explain how 
Curves B-2a and B-2b were derived. Harwood et al. (9) have 
developed equations that can reproduce the 1984 Green 
Book curves within 8 percent accuracy. 

Curve B-2b in the 1990 Green Book can be reproduced 
with the following sequence of equations: 

Q = ( 1.47)(0.95)V(ta  + J) 	 (23) 

h = P - (nR  - R) - ( 1.47)(0.85)Vt g  - L, 	(24) 

ISD=Q — h 	 (25) 

where: 

ISD = sight distance (ft) along the major road from the inter-
section required for Vehicle A to depart from a stop, 
accelerate to 85 percent of the major-road design 
speed, and complete a turn to the left without being 
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Figure 13. Minimum clear sight triangles used for ISD Case IJIB. 

overtaken by Vehicle B approaching from the right 
traveling at the design speed and decelerating to a 
speed equal to 85 percent of the major-road design 
speed 

Q = distance traveled by Vehicle B (ft) 
h = distance along the major road traveled by Vehicle B 

from the midpoint of the turning lane on the minor road 
to the end of maneuver (ft) 

V = design speed of the major road (mph) 

ta = acceleration time of Vehicle A (sec) (Note: the value 
of ta is determined from Table IX-7 in the 1990 Green 
Book based on a speed equal to 85 percent of the 
major-road design speed) 

J = perception-reaction time of driver of Vehicle A (sec) 
(assumed: J = 2.0 sec) 

P = acceleration distance of Vehicle A (ft) (Note: the value 
of P is determined from Table IX-7 in the 1990 Green 
Book based on a speed equal to 85 percent of the 
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Figure 14. Sight distance curves for ISD Cases IJIB and IIIC from 1984, 1990, and 1994 
AASHTO Green Books (1,2,3). 
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major-road design speed) 
R = radius of turn for Vehicle A (ft) (assumed: 

R = 28 ft for left turns) 
tvg = vehicle gap time (sec) (assumed: tvg  = 2.0 sec) 
La  = length of Vehicle A (ft) (Note: assumed La  = 19 ft for 

a passenger car) 

Equation (23) incorporates the assumption that the aver-
age speed of Vehicle B during its deceleration maneuver is 
95 percent of the major-road design speed. This assumption 
is consistent with the initial speed of Vehicle B equal to the 
major-road design speed and its final speed equal to 85 per-
cent of the major-road design speed. 

The 'rrR/2 - R term is a correction that is made because 
Vehicle A travels further along its curved turning path than 
it would if all its travel were parallel to the centerline of the 
major road. Figure 15 illustrates the rationale for this term. 
The assumed turning radius (R) of 8.5 m (28 ft) is determined 
as the sum of three distances: a 3.1-m (l0-ft) setback from 
the edge of the major-road traveled way to the front of the 
stopped vehicle; the 3.6-m (12-ft) width of the near lane of 
the major-road traveled way; and one-half the width of far 
lane of the major-road traveled way (1.8 m or 6 ft). Thus, 
Curve B-2b is clearly based on the assumption that the major 
road is a two-lane, two-way highway. 

The 1990 Green Book implied that tvg  has a value of 1.9 
sec. However, a value of tvg  equal to 2.0 sec must be used to 
reproduce the B-2b curve in the Green Book. 

Sight distance for Case IIIB is measured from an assumed 
stopping position with the front of Vehicle A located 3m (10 
ft) from the edge of the major road. The driver's eye in Vehi-
cle A is assumed to be 3 m (lOft) behind the front of the vehi-
cle. Thus, the driver's eye is assumed to be 6 m (20 ft) from  

the edge of the minor road. As in all ISD cases, the height of 
the driver's eye is assumed to be 1,070 mm (3.50 ft) and the 
height of the vehicle to be seen is assumed to be 1,300 mm 
(4.25ft). 

Curve B-2b in the 1994 Green book can be reproduced 
with the following sequence of equations: 

Q = (0.278)(0.95)V(ta  + J) 	 (26) 

h=P—D-- 1.5w— ITR  -----+2R 

- (0.278)(0.85) Vtvg  - La 	 (27) 

ISD=Q — h 	 (28) 

where: 

ISD = sight distance (m) along the major road from the inter-
section required for Vehicle A to depart from a stop, 
accelerate to 85 percent of the major-road design 
speed, and complete a turn to the left without being 
overtaken by Vehicle B approaching from the right 
traveling at the design speed and decelerating to a 
speed equal to 85 percent of the major-road design 
speed 

Q = distance traveled by Vehicle B (m) 
h = distance along the major road traveled by Vehicle B 

from the midpoint of the turning lane on the minor 
road to the end of the maneuver (m) 

V = design speed of the major road (km/h) 
ta  = acceleration time of Vehicle A (sec) (Note: The value 

of ta  is determined from Table IX-8 in the 1994 Green 
Book based on a speed equal to 85 percent of the major-
road design speed) 

L - L represents the additional I R 

distance traveled by the 	- 	L 
minor-road vehicle because it 
is turning rather than traveling 
parallel to the major road 

Actual length of turning path: 
2itR itR 

L=—=- 
4 2 

Length of turning path projected 
on to highway centerline: 
L = R 

Difference in path lengths: 
XR 

L-  L = - - A 
2 

Figure 15. Derivation of'TrR/2 - R term in Equation (24). 
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J = perception-reaction time of driver of Vehicle A (sec) 
(assumed: J = 2.0 sec) 

P = acceleration distance of Vehicle A (m) (Note: The 
value of P is determined from Table IX-8 in the 1994 
Green Book based on a speed equal to 85 percent of the 
major-road design speed) 

D = distance from front of Vehicle A when stopped on the 
minor-road approach to the edge of the major-road 
traveled way (m) (assumed: D = 3 m) 

WI = lane width on major road (m) (assumed: w1  = 3.6 m) 
R = radius of turn for Vehicle A (m) (assumed: 

R = 8.5m for left turns) 
tvg = vehicle time gap (sec) (assumed: tvg = 2.0 sec) 
La  = length of Vehicle A (m) (assumed: L. = 5.8 in for a 

passenger car) 

Figure 16, which is based on Green Book Figure IX-39, 
illustrates the terms in Equations (26) through (28). 

Equation (27) is conceptually equivalent to Equation (24) 
because of the implicit assumption in the 1990 Green Book 
that the turning radius for a left turn onto a two-lane highway 
was given by: 

R = D + 1.5w 	 (29) 

The incorporation of explicit terms for D and w, provides 
greater flexibility in dealing with roadways of different 
width. For example, the 1994 Green Book provides an exam-
ple in which Equation (27) is modified, as follows, for a left 
turn onto a four-lane divided highway: 

h = P - D - 2w - Wm - + 2R 
2 

- (0.278)(0.85)Vtvg  - L 	 (30) 

where: 

Wm = median width on divided highway (m) 

It seems to the authors that, for consistency with the concept 
developed in Equation (27), the coefficient of w1  in Equation 

(30) should be 2.5 rather than 2. 

ISD Case IIIC—Stop Control on Minor Road: 
Right-Turn Maneuver 

ISD Case IIIC involves a situation in which a vehicle is 
stopped on the minor road waiting for an opportunity turn 
right onto the major road. This situation is illustrated in Fig-
ure 17. AASHTO criteria state that a vehicle accelerating 
from a stop to turn right onto a major highway should have, 
as a minimum, sufficient sight distance so that a collision 
will not occur if a vehicle approaching from the left and 
traveling at the design speed of the major road appears when 
the turning vehicle begins its maneuver. The turning vehicle  

should be able to accelerate to a safe running speed by the 
time the approaching vehicle closes to within a specified dis-
tance behind the turning vehicle. 

The current AASHTO criteria for Case IIIC are identical 
to the criteria for Case TuB, except that Curve B-i is not rel-
evant to right turns. In the 1984 Green Book (3), the same 
two alternative scenarios were considered as for Case TuB: 
the major-road vehicle was assumed to continue at the design 
speed or to decelerate to the average running speed. In the 
1990 and 1994 Green Books (1,2), the major-road vehicle in 
Case IIIC, as in Case TuB, is assumed to decelerate from the 
design speed of the major road to 85 percent of the design 
speed. 

The AASHTO model for ISD Case IIIC in the 1994 Green 
Book differs from the model for Case ITIB in only two 
respects. First, for a right turn, the coefficient of w1  in Equa-
tion (27) is 0.5 rather than 1.5, because there is no lane to be 
crossed before turning. Second, the radius of turn is assumed 
to be 7.6 in (25 ft), rather than 8.5 in (28 ft). These differ-
ences are illustrated in the diagram in Figure 18, based on 
Green Book Figure IX-42. 

The differences between the models for Cases TuB and 
IIIC result in a sight-distance value that is 3.3 in (ii ft) less 
for right turns than for left turns. Because this difference is 
so small, AASHTO policy chooses to ignore it and applies 
the Case IIIB criteria to Case IIIC as well. This is also the rea-
son that the curves in Figure 14 are labeled Curve B-2a & Ca 
and Curve B-2b & Cb, to call attention to the fact that they 
apply to both Cases TuB and IIIC. 

CURRENT HIGHWAY AGENCY POLICIES 

Current state and local highway agency policies for each 
ISD case for Stop-controlled intersections are summarized 
below. International policies for ISD design are summarized 
in Appendix C. 

Crossing Maneuver 

Table 12 summarizes the design policies used by state and 
local highway agencies for the crossing maneuver at a Stop-
controlled intersection. The table shows that 85 percent of state 
highway agencies use either the 1984 or 1990 Green Book poli-
cies for Case lilA. Furthermore, the 1984 and 1990 Green 
Book policies are identical except for updated acceleration 
rates for passenger cars in the 1990 policy. It should be noted 
that the survey on which Table 12 was based (see Appendix B) 
was conducted before publication of the 1994 Green Book. 

Only three state highway agencies have design policies for 
Case lilA that differ from AASHTO. These policies are as 
follows: 

One state has developed a policy for Case lilA based on 
acceleration rates for the minor-road vehicle that differ 
from AASHTO. 
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One state uses a sight-distance policy that they refer to 
as alignment criteria for all aspects of Case III. These 
criteria provide sight distances that are longer than the 
AASHTO criteria for Case lilA, but shorter than the 
AASHTO criteria for Cases IIIB and IIIC. 
One state uses a policy that is presented in Table 5 for 
all intersections and all sight-distance cases. 

Four state highway agencies do not consider ISD Case 
lilA. Three of these four agencies have stated explicitly 
that they do not consider Case lilA because Cases IIIB and 
IIIC are more critical (i.e., they require greater ISD). 

Approximately 57 percent of local agencies in urban 
areas and 35 percent of local agencies in rural areas use 
either the 1984 or 1990 AASHTO policy for ISD Case 
lilA. Five local agencies (one urban and four rural) report 
that they follow the policy of their state highway agency 
that differs from AASHTO. Approximately 24 percent of 
local agencies in urban areas and 13 percent of local agen-
cies in rural areas report that they have adopted their own 
local policies for Case lilA. These policies general consist 
of either: 

Provision of SSD along the major roadway, or 
Provision of a clear sight triangle of specified dimen-
sions by means of a local ordinance that restricts sight 
obstructions on private property. 

Approximately 16 percent of local agencies in urban areas 
and 35 percent of local agencies in rural areas do not con-
sider Case lilA. In urban areas, this may be because Cases 
IIIB and IIIC are considered to be more critical. In rural 
areas, this is more likely to represent the lack of any pol-
icy for ISD Case III. The percentage of rural agencies that 
do not consider Cases IIIB and IIIC is higher than the per-
centage of agencies that do not consider Case lilA. 

Left-Turn Maneuver 

Based on the survey of state highway agencies presented 
in Appendix B, nearly 75 percent of state highway agencies 
use the AASHTO policy for ISD Case TuB. Approximately 
50 percent of the states use the policy in the 1990 Green 
Book and 25 percent of the states use the 1984 Green Book. 
It should be noted that this survey was conducted prior to 
publication of the 1994 Green Book. 

Table 13 summarizes the design policies used by state and 
local highway agencies for ISD Case IIIB. Table 14 com-
pares the ISD design values used by various highway agen-
cies; the table is presented in English units because most of 
the state highway agency policies on which it is based were 
published in English units. A total of 12 states (25 percent) 
have adopted their own policy for Case IIIB that differs from 
AASHTO. These modified policies are described below: 

Three states use the AASHTO policy for Case lilA 
instead of the AASHTO policy for Case IIIB. 
Two states have developed new equations for ISD Case 
IIIB that differ from the AASHTO model. 
One state uses a gap-acceptance procedure based on pro-
vision of sight distance for a 7.5-sec gap. 
One state also uses minimum ISD requirements for 
Case IIIB based on a gap-acceptance procedure with a 
minimum gap of 8 sec for passenger cars and 12 sec for 
trucks. This state also uses desirable ISD values based 
on the equations developed by Fitzpatrick et al. (11) to 
approximate the 1990 Green Book curves for Case 
IIIB. This state has, however, modified these equations 
for trucks. Rather than the speed reduction to 85 per-
cent of the design speed as specified in the Green 
Book, this state uses a speed reduction to 65 percent of 
the design speed when a truck is considered as the turn-
ing vehicle. 
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TABLE 12 Summary of Highway Agency Design Policies 
for ISD Case lilA 

Number (percentage) of agencies 

State highway Local agencies 

Design policy agencies Urban Rural 

1990 AASHTO 27 	(57.4) 15 (40.5) 6 (26.1) 
Green Book 
1984 AASHTO 13 	(27.7) 6 (16.2) 2 (8.7) 
Green Book 
Own state 3 	(6.4) 1 (2.7) 4 (17.4) 
policy 
Own local - 	- 9 (24.3) 2 (13.0) 
policy 
Don't consider A 	(8.5) (16.2) Q (34.8) 
this case 

47 37 23 
a These local agencies use design policies for ISD Case lIlA 

based on the policy of the state highway agencies in their 
states. 

One state uses a sight distance model similar to the equa-
tions developed by Fitzpatrick et al. (11), but allows the 
designer to select the appropriate speed reduction for 
the major-road vehicle at particular locations. Sight-
distance criteria are tabulated for deceleration by the 
major-road vehicle to speeds in the range from 40 per-
cent to 100 percent of the major-road design speed. A 
speed reduction equal to 50 percent of the major-road 
design speed is recommended for design. 
One state uses a sight-distance policy that it refers to as 
alignment criteria for all aspects of Case III. These sight 
distances are longer than those for AASHTO Case lilA, 
but shorter than those for AASHTO Case IIIB. 
One state uses the sight-distance values presented in 
Table 5 for all intersections, including Stop-controlled 

One state has no formal policy for Case IIIB, but uses 
the AASHTO Case TuB as desirable sight-distance val-
ues to be attained, if possible. 

Approximately 57 percent of local agencies in urban areas 
and 26 percent of local agencies in rural areas report that they 
use the AASHTO policy for Case IIIB. Five local agencies 
reported that they follow the Case IIIB policy of their state 
highway agency which differs from AASHTO. 

Approximately 30 percent of local agencies in urban areas 
and 13 percent of local agencies in rural areas have adopted 
their own policies for Case III. Typical policies include: 

Use of Case lilA rather than Case IIIB; 
Use of Curve B-i in Figure 14 rather than Curve B-2b 
&Cb; 
Use of specific gap acceptance values; and 
Use of a local ordinance that requires property owners 
to keep their property clear of sight obstructions within 
a specified minimum sight triangle. 

Eleven percent of local agencies in urban areas and 44 per-
cent of local agencies in rural areas do not have a policy for 
ISD Case IIIB. 

Right-Turn Maneuver 

Table 15 summarizes the current policies of state and local 
agencies for ISD Case IIIC. Most highway agencies recog-
nize the similarity of Cases IIIB and IIIC and use the same 
criteria for both. The only exception is one state highway 
agency that uses the 1984 Green Book policy for Case IIIB, 
but claims not to consider Case IIIC. 

intersections. 
One state uses a modification of Case IIIB, which 	ASSESSMENT OF CURRENT POLICIES 

includes sight-distance criteria for trucks. 

TABLE 13 Summary of Highway Agency Design Policies 
for ISD Case IIIB 

Design policy Number (percentage) of agencies 
State highway Local agencies 

agencies  
Urban Rural 

1990 AASHTO 23 	(48.9) 15 (40.5) 5 (21.7) 
Green Book 
1984 AASHTO 12 	(25.5) 6 (16.2) 1 (4.3) 
Green Book 
Own state 12 	(25.5) la (2.7) 4 (17.4) 
policy 
Own local - 	- 11 (29.7) 3 (13.0) 
policy 
Don't consider .Q 	(0.0) A (10.8)  jQ  (43.5) 
this case 

47 37 23 
These local agencies use design policies for ISD Case IIIB 
based on the policy of the state highway agencies in their 
states. 

A thorough assessment of the current AASHTO and high-
way agency policies for ISD design at intersections with Stop 
control on the minor road was conducted. This assessment 
included a sensitivity analysis of the current AASHTO mod-
els and an evaluation of the degree of support from previous 
research for the functional form of each model and for the 
values assumed for particular parameters in those models. 
This assessment led to the development of alternative ISD 
models which are discussed in the next section. 

A general finding of this assessment is that the Green 
Book fails to make clear that—unlike SSD criteria, which 
are clearly based on perceived safety requirements—ISD 
criteria are intended more to ensure desirable operations 
than to provide minimum values that are necessary for 
safety. For example, a Stop-controlled intersection could be 
operated safely if the drivers of vehicles on a major-road 
approach and drivers of vehicles at the stop line on the 
minor road can see one another from a distance equivalent 
to the appropriate SSD criteria. If a minor-road vehicle 



TABLE 14 Comparison of AASHTO Criteria for Case IIIB with State Highway Agency Criteria 
That Differ from AASHTO 

Agency 

Required intersection sight distance (ft) 
Dmignmnh)_ _ 

20 1 	25 30 35 40 45 50 55 60 65 70 
AASHTO B— 1(1990) 2001 260 310 360 410 460 510 560 620 670 720 
AASHTO B-2b& Cb (1990) 2201 290 3701 470 570 700 830 980 1150 1340 1560 
AASHTO B-2a&Ca (1984) 250 340 450 580 750 950 1180 1440 1750 2100 2500 
AASHTO B-2b&Cb (1984) 250 330 410 520 660 840 1030 1240 1470 1720 2000 
AASHTO SSD —High Range 125 150 200 250 325 400 475 550 650 725 850 
AASHTO SSD —Low Range 125 150 200 225 275 325 400 450 525 550 625 
Alaska (desirable ISD) 300 370 450 580 750 950 1180 1450 1750 2100 -- 
Alaska (minimum ISD) 1251 150 200 225 275 325 400 450 525 550 -- 
California (desirable) 2201 275 330 385 440 495 550 605 660 715 770 
California (minimum) 125 150 200 250 300 360 430 500 580 660 750 
Indiana (proposed) 1981 265 344 433 533 646 778 910 1075 - - -- 
Maine -- 300 3801 480 580 710 840 990 1150 1350 1550 
Michigan 125 150 200 250 325 400 475 550 650 725 850 
Mississippi (2—lane) -- -- 420 490 560 620 680 740 800 860 920 
Mississippi (4—lane) - - -- 480 550 620 700 780 860 940 1000 1060 
Mississippi (6—lane) - - -- 540 620 700 780 860 940 1020 1110 1200 
Missouri -- -- 160 160 185 200 220 240 260 285 310 
Ohio 300 375 450 500 575 625 700 750 825 875 950 
Oklahoma (desirable/PCs) 220 280 355T 440 525 635 765 895 1035 1190 1375 
Oklahoma (minimum/PCs) 220 280 3551 415 470 530 590 645 705 765 325 
Oklahoma (desirable/trucks) 325 400 495 595 705 845 995 1185 1420 -- 
Oklahoma (minimum/trucks) 325 400 495 595 705 795 880 970 1060 1145 1235 
South Carolina 205 270 320 390 455 530 615 700 800 895 1000 
Virgi(lane major road) 2001 250 300 350 400 450 500 550 600 650 700 
Virginia 	-lane major road) 2401 300 350 175 525 600 650 700 1 	750 825 
Washington (Pot SU veh) -- 390 460 540 680 855 1030 1255 1480 	1740 2000 
Washington (WB-50veh) -- 510 620 720 820 925 1030 1255 1480 	1740 2000 
Washington (WB-63veh) -- 590 710 830 940 1060 1180 1330 1480 2000 _j Range of state criteria 

Highest 	 325 	590 	710 	830 	940 	1060 	1180 	1450 	1750 	2100 	2000 
Lowest 	 125 	150 	160 	160 	185 	200 	220 	240 	260 	285 	310 
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TABLE 15 Summary of Highway Agency Design Policies 
for ISD Case IIIC 

Design policy Number (percentage) of agencies 
State highway Local agencies 

agencies  
Urban 	Rural 

1990 AASHTO 22 	(46.8) 16 	(43.2) 	5 	(21.7) 
Green Book 
1984 AASHTO 12 	(25.5) 5 	(13.5) 	1 	(4.3) 
Green Book 
Own state 12 	(25.5) 1 	(2.7) 	4- 	(17.4) 
policy 
Own local - 10 	(27.0) 	3 	(13.0) 
policy 
Don't consider j. 	(2.1) 5 	(13.5) 	10 	(43.5) 
this case 

47 37 	23 a These local agencies use design policies for ISD Case IIIC 
based on the policy of the state highway agencies in their 
states. 

pulled into the path of a major-road vehicle, the driver of 
the major-road vehicle would have sufficient time to come 
to a stop, even under adverse conditions, as long as the 
driver of the major-road vehicle first sees the minor-road 
vehicle begin its maneuver from a distance at least equal to 
SSD. However, while safe, this minimal type of design 
would be undesirable from an operational viewpoint, 
because the major-road vehicle might need to stop to 
accommodate the minor-road vehicle, which is exactly the 
reverse of the intended operations for the intersection. It 
would be appropriate for the Green Book to state explicitly 
that ISD criteria for Stop-controlled intersections are longer 
than SSD, not because the ISD values are critical to safety, 
but to ensure that the intersection operates smoothly, in 
accordance with the designer's intentions, with minor-road 
vehicles waiting until they can see that they can proceed 
safely without forcing a major-road vehicle to stop. 
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Another general finding of the assessment is that the 
existing AASHTO ISD criteria for Stop-controlled inter-
sections give too little attention to ISD requirements of 
trucks. The AASHTO criteria for the crossing maneuver 
(ISD Case lilA) consider truck requirements explicitly, but 
the criteria for left- and right-turn maneuvers (ISD Cases 
IIIB and IIIC) do not. It would seem more appropriate for 
the Green Book to present criteria for consideration in 
the design of Stop-controlled intersections with a sub-
stantial number of trucks either crossing or entering the 
major road. 

The assessment of each of the ISD cases for Stop-
controlled intersections is presented below. 

Crossing Maneuver 

The current AASHTO policy appears to place too much 
emphasis on the ISD criteria for the crossing maneuver. 
Since the ISD values for the left- and right-turn maneuver 
exceed those for the crossing maneuver, any intersection 
that is designed to provide sufficient sight distance for left-
and right-turn maneuvers should also provide sufficient 
sight distance for the crossing maneuver. As stated above, 
three state highway agencies have recognized this by 
excluding ISD Case lilA from their own design policies 
on the grounds that the sight-distance requirements for 
ISD Cases IIIB and IIIC are greater. Case lilA may have 
been retained in the Green Book primarily for historical 
reasons because, until 1984, Case lilA was the only ISD 
policy for Stop-controlled intersections, rather than because 
the crossing maneuver is frequently a critical design 
criterion. 

The research team has been able to identify only three 
(rather unusual) geometric situations where Case lilA could 
be more critical than Cases IIIB and IIIC. The first situation, 
shown in Figure 19, has steep upgrades on both the minor-
road approach on which the stopped vehicle is waiting and 
also on the departing roadway on the opposite minor-road 
leg. Here, if the grade is sufficiently steep, trucks or other 
vehicles with higher weight-to-power ratios may need ta val-
ues that are greater than those shown in Figure 12. In an 
extreme case, this could yield ISD values for Case lilA 
greater than the sight distances for Case IIIB or IIIC maneu- 

Major 	

Minor 
p, ioa 

Minor 
Road 

Figure 19. Steep upgrades on minor road can make ISD 
Case lilA more critical. 

vers. The second, also highly unlikely, situation in which 
ISD Case lilA could control the design would be at an inter-
section where the crossing maneuver is the only legal 
maneuver. This could occur at the intersection of a two-way 
or one-way minor road with two one-way major roadway 
legs flowing into the intersection where the through road-
ways (rather than the one-way roadways) are controlled by 
Stop signs (Figure 20). This situation could also occur if the 
left-turn maneuver onto the major road were prohibited by 
signing. In this instance, the minor-road vehicle could not 
turn left or right, but could only proceed through the inter-
section onto the other minor-road leg. It is not clear that any 
such intersections actually exist, but if one did, Case lilA 
would be the controlling ISD design criterion. A third situa-
tion in which the Case lilA sight distance could become 
greater than those for Cases IIIB and IIIC would occur if, at 
a particular intersection, there were substantial truck vol-
umes making crossing maneuvers, but very few trucks mak-
ing left or right turns from the minor road. 

Based on this assessment, it appears more appropriate to 
make the crossing maneuver a special consideration in 
design of Stop-controlled intersections to be checked in spe-
cific situations like those described above rather than to 
retain it as a separate ISD case. 

While it appears appropriate to diminish the importance of 
the crossing maneuver in ISD policy, the model currently 
used to determine the sight-distance requirements for the 
crossing maneuver [see Equations (21) and (22)] appears to 
remain very appropriate. 

The AASHTO Green Book policy describes the I term in 
Equations (21) and (22) as representing a two-stage process 
involving searching for an acceptable gap in the major-road 
traffic stream and then actuating the clutch or "actuating an 
automatic shift." The Green Book recognizes that the times 
for these two stages may overlap, but suggests that they be 
treated serially so that the resulting time estimate is conserv- 

STOP Sign 	

nor Road 

One Way 	 One Way 

Major Road 	
STOP Sign 

Figure 20. ISD Case lilA is critical at an intersection 
where the crossing maneuver is the only maneuver legally 
permitted. 
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ative. The language about actuating a clutch is left over from 
earlier AASHTO policies when most passenger cars had 
manual transmissions; today this language is typically ap-
plicable only to trucks and a very few passenger cars. Actu-
ation of an automatic transmission usually means only the 
transfer of the driver's foot from the brake pedal to the accel-
erator. It might be more clear to define the J term simply as 
perception-reaction time and state that the required reaction 
could be either actuation of the clutch or transfer of the 
driver's foot to the accelerator. 

Research by McGee and Hooper (7), Hostetter et al. (12), 
and, most recently, by Lerner et al. (13) confirms the choice 
of 2.0 sec as the value of perception-reaction time for the 
crossing maneuver in Equations (21) and (22). Furthermore, 
a sensitivity analysis indicates that Equations (21) and (22) 
are much more sensitive to design speed and acceleration 
time than to perception-reaction time. Therefore, modifica-
tion of the 2.0-sec perception-reaction time criterion would 
have relatively little effect on the resulting ISD criteria. 

Left-Turn Maneuver 

Figure 14 indicates that Case IIIB can require a sight 
distance of over 450 m (1,500 ft) for passenger cars at 
higher design speeds. The Green Book states that the 
required sight distances for trucks making left turns are sub-
stantially longer than for passenger cars. However, there 
has been no attempt in the Green Book to quantify these 
sight-distance requirements for trucks. An analysis of truck 
ISD requirements for Case IIIB was performed by Harwood 
et al. (9) using field data collected in a recent FHWA study 
and equations that approximately reproduce the sight-dis-
tance values in the 1984 Green Book. This analysis found 
that over 900 m (3,000 ft) of sight distance could be 
required for trucks at higher design speeds. Most intersec-
tions do not have available sight distances that even 
approach 900 m (3,000 ft), yet they operate safely every day 
for both trucks and passenger cars. These findings suggest 
that the assumptions in the AASHTO model for Case IIIB 
are too conservative or that the model itself may need to be 
revised. 

A major concern with the current AASHTO model for 
Case IIIB is that it is based on an assumption concerning the 
deceleration behavior of the major-road vehicle that is not 
based on field data. However, even casual observation of 
intersections suggests that major-road vehicles often slow by 
more than 15 percent when a minor-road vehicle enters the 
highway in front of them. 

The current model for AASHTO Case IIIB assumes a 
perception-reaction time of 2.0 sec for the minor-road driver. 
This value is supported for both younger and older drivers in 
recent research by Lerner et al. (13). 

A shortcoming of the current AASHTO model is that it 
does not include explicit consideration of the perception-
reaction time required by the major-road driver before begin- 

ning to decelerate after a vehicle turning onto the major road 
begins to move. The perception-reaction time requirements 
of the major-road driver have not been considered previously 
except in an ISD model developed by the Connecticut 
Department of Transportation. A conservative assumption 
for the perception-reaction time of the major-road driver 
would be 2.0 sec, the same value assumed for the minor-road 
driver. However, this is an alerted condition and the actual 
perception-reaction time requirements could be much shorter 
because the major-road driver may see the intersection, and 
may even see the minor-road vehicle at the stop line, before 
the minor-road vehicle begins to move. 

The assumption of a vehicle gap time or minimum sepa-
ration of 2.0 sec appears quite conservative because the min-
imum gap should exist only briefly if the turning vehicle con-
tinues to accelerate. 

As in the crossing maneuver, there appears to be little jus-
tification for inclusion in AASHTO policy of the B-i curve, 
which represents the sight distance required to cross the near 
lane of a highway when turning left. The sight distance 
required by the B-i curve is always less than sight distance 
required to turn right. Thus, the B-i curve is applicable only 
to situations in which the near lane must be crossed in turn-
ing left, but right turns into the near lane are not permitted. In 
addition, the B-i curve has created some confusion because 
at least one local agency has used the B-i curve as a general 
sight-distance policy rather than just for its intended limited 
purpose. 

Right-Turn Maneuver 

The assessment concluded that AASHTO's current policy, 
based on the premise that the sight-distance requirements for 
ISD Cases IIIB and IJIC differ so little that the same criteria 
can be applied to each, is very appropriate. However, this 
means that the shortcomings of the current AASHTO model 
for the left-turn maneuver discussed above are also applica-
ble to the right-turn maneuver. 

ALTERNATIVE ISD MODELS AND 
METHODOLOGIES 

The following ISD models and methodologies were iden-
tified and considered in the early stages of the research as 
alternatives to the current AASHTO model of the ISD 
requirements for left- and right-turn maneuvers: 

Current AASHTO model using variable speed reduction; 
An alternative model developed by Fitzpatrick et al. (11); 
An alternative model developed by the Arizona Depart-
ment of Transportation; 
An alternative model developed by the Connecticut 
Department of Transportation; 
An alternative model based on gap acceptance; and 
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A modified AASHTO model with explicit terms for 
perception- reaction time and deceleration rate of major-
road vehicle. 

Each of these alternatives was evaluated during the research. 
The current AASHTO model with a variable speed reduc-
tion, the Fitzpatrick et al. model, the Arizona model, and the 
Connecticut model were each dropped from consideration, as 
explained in Appendix G, because the modified AASHTO 
model developed in this study appeared to be conceptually 
superior. The gap-acceptance model was also retained for 
further consideration. Each of these alternative approaches is 
explained more fully below. 

Alternative Model Based on Gap Acceptance 

Gap acceptance provides one alternative approach to ISD 
Case TuB. The rationale for gap acceptance as an ISD crite-
rion is that if drivers will accept a specific critical gap, such 
as 7.5 sec, in the major-road traffic stream when making a 
turning maneuver, and if such turning maneuvers are rou-
tinely completed safely, then sufficient ISD should be pro-
vided to enable drivers to identify that critical gap. Thus, field 
determination of safe critical gaps can lead directly to ISD cri-
teria based on gap acceptance. 

At least two state highway agencies currently use design 
criteria based on gap acceptance for ISD Case TuB. The Cal-
ifornia Department of Transportation uses criteria for Case 
fIB based on a 7.5-sec gap in major-road traffic. The Okla-
homa Department of Transportation uses an 8.0-sec gap for 
turning maneuvers by passenger cars and a 12.0-sec gap for 
turning maneuvers by trucks in Case TuB. In addition, France 
and Sweden both use ISD design policies based on gap 
acceptance. 

A gap-acceptance model for ISD Case IIIB can be simply 
formulated as: 

ISD =1.47*V*G 	 (31)  

where: 

ISD = sight distance (ft) 
V = major-road design speed (mph) 
G = specified critical gap (sec) 

An equivalent metric expression for gap acceptance is 

ISD = 0.278 * V* G 	 (32) 

where the major-road design speed is specified in kilometers 
per hour and the resulting sight distance is in meters. 

Table 16 shows the current AASHTO ISD criteria for 
Case TuB interpreted as time gaps in the major-road traffic 
stream. The table shows that the gaps currently required by 
AASHTO policy range from 7.8 sec (roughly equivalent to 
the California and Oklahoma policies) at a 30-km/h (19-
mph) design speed to 14.9 sec at a 1 10-km/h (69-mph) design 
speed. The rationale for gap acceptance as an ISD criterion 
is that drivers safely accept gaps much shorter than 14.9 sec 
routinely, even on higher-speed roadways. 

Lerner et al. (13) performed a field study of gap accep-
tance evaluations by older and younger drivers for through, 
right, and left-turn maneuvers. This study was based on 
asking test subjects seated in a stationary vehicle to identify 
gaps that they would and would not accept; no actual turn-
ing or crossing maneuvers were made. The gap for right 
turns was based only on the presence of vehicles approach-
ing from the left in the near lane. For through and left-turn 
movements, the gaps were based on the presence of vehi-
cles approaching either from the left in the near lane, from 
the right in the far lane, or both. The results of this study 
indicate that the critical gap accepted by 50 percent of 
drivers across all age groups and driving conditions is 
approximately 7 sec. The 85th percentile gap was found to 
be approximately 11 sec. Neither the maneuver (left, right, 
through), the time of day (day, night), or the site was found 

TABLE 16 Acceptable Gaps in Major-Road Traffic Implied by 
Current AASHTO Policy for ISD Case 11111 

)esign Required Corresponding Design Required Correspond 
speed 	ISD for 	time gap 	speed 	ISD for 	time gap 

(km/h) 	Case lOB 	(sec) 	(mph) 	Case IIIB 	(sec) 

30 65 7.8 20 220 7.5 

40 90 8.1 25 290 7.9 

50 120 8.6 30 370 8.4 

60 160 9.6 35 470 9.2 

70 205 10.5 40 570 9.7 

80 255 11.5 45 700 10.6 

90 310 12.4 50 830 11.3 

100 380 13.7 55 980 12.2 

110 455 14.9 60 1,150 13.1 
65 1,340 14.1 
70 1,560 15.2 

a For a left turn onto a two-lane highway based on 1994 Green Book. 
For a left turn onto a two-lane highway based on 1990 Green Book. 



TABLE 17 Critical Gaps Measured in the Field for Passenger Cars at 
Two-Way Stop-Controlled Intersections by Kyte et al. 

	

Maneuver 	 Two-lane 	Multilane 
major road 	major road 

	

Right-turn from minor road 	 5.5 	 6.8 

40 

Left-turn from minor road 

Crossing maneuver from minor road 
Left-turn from major road 

to affect significantly the gap selected. The sites included 
both 56-kmlh (35-mph) and 80-kmlh (50-mph) roadways. 
In the daytime, male drivers were observed to accept gaps 
that were shorter by approximately 1 sec than those 
accepted by females. Small age differences were apparent 
in the daytime, but not at night. 

An extensive field study of gap-acceptance behavior 
was recently completed by Kyte et al. in NCHRP Project 
3-46 ("Capacity Analysis of Unsignalized Intersec-
tions," unpublished). The objective of the Kyte study was 
to develop capacity and level-of-service procedures based 
on gap acceptance for inclusion in the chapter on unsig-
nalized intersections in the Highway Capacity Manual 
(HCM) (15). Kyte et al. observed gap-acceptance behavior 
of drivers at 44 two-way Stop-controlled intersections 
in five different regions of the United States, including 
30 three-leg intersections and 14 four-leg intersections. The 
gap-acceptance data were analyzed using the maximum 
likelihood method through a procedure developed by 
Troutbeck (15). 

Table 17 summarizes the critical gaps measured in the 
field by Kyte et al. An analysis of variance was performed to 
develop adjustment factors for use in the HCM account for 

	

6.4 	 7.3 

	

6.4 	 7.6 

	

4.2 	 4.2 

the effects of the number of lanes on the major road, the type 
of vehicle making the maneuver, the grade of the minor road, 
and the differences between four-leg and three-leg intersec-
tions. Table 18 summarizes the values of critical gaps and 
adjustment factors that are proposed for use in the unsignal-
ized intersection procedures in the HCM. 

The Lerner et al. (13) and Kyte et al. studies, which show 
critical gaps in the range from 6 to 7 sec, suggest that gap 
acceptance holds promise as a basis for ISD at Stop-
controlled intersections. Field studies, reported in the next 
section, were conducted to help in further quantifying the 
appropriate critical gap for use in ISD criteria. 

Modified AASHTO Model with Explicit 
Perception-Reaction Time and Deceleration 
Rate Terms for the Major-Road Vehicle 

A modified AASHTO model of the sight-distance require-
ments for left turns at Stop-controlled intersections was 
developed based on the following assumptions for a scenario 
involving two passenger cars: 

Following perception-reaction time (Ja),  the minor-road 

TABLE 18 Recommended Critical Gap Values for Use In Unsignalized Intersection 
Capacity Analysis by Kyte el al. 

Geometry Right-turn 
from minor 

road 

Maneuver 

Left-turn 	Crossing 
from minor- 	maneuver 

road 	from minor road 

Left-turn 
from major 

road 

Base critical gap 6.2 sec 7.1 sec 6.5 sec 4.1 sec 
value for passenger 
cars at single-lane 
sites 

Multilane adjustment 0.7 sec 0.4 sec 0.5 sec -- 

Heavy-vehicle ----- 	---------------1.0-2.0 sec— 
adjustmenta 

Adjustment for 0.1 sec/% 0.2 sec/% 0.2 sec/% - 
minor-road grade 

Adjustment for three- - - - -0.7 sec 
leg site 

a Heavy-vehicle adjustment is +1.0 sec for single-lane sites and +2.0 sec for multilane sites 
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vehicle (Vehicle A) starts and accelerates through its 
turn in accordance with the acceleration times (ta) in 
Table IX-8 in the 1994 Green Book. 
Following perception-reaction time Pb) after Vehicle A 
begins to move, the major-road vehicle (Vehicle B) 
begins to decelerate from the major-road design speed at 
a constant maximum deceleration rate that can be spec-
ified as an input parameter to the model. Vehicle B con-
tinues to decelerate until it reaches the speed of Vehicle 
A or until it reaches a minimum acceptable speed (or 
maximum acceptable speed reduction) that can be spec-
ified as an input parameter to the model. 
The vehicle gap or minimum separation between Vehicles 
A and B at the end of the maneuver is a specified travel 
time (tyg) at whatever speed the two vehicles are traveling. 

This approach to Case IIIB has several key advantages. First, 
it explicitly incorporates the perception-reaction times of 
both drivers which have not both been considered before in 
ISD models except in the Connecticut model. Second, it 
incorporates explicitly the deceleration rate of the major-road 
vehicle. The model does not rely on poorly defined assump-
tions about the relationships between the initial speed, aver-
age speed, and final speed during the deceleration maneuver; 
instead, the relationships between these speeds are specified 
exactly. Third, the final speed of the two vehicles is deter-
mined from both the acceleration behavior of the minor-road 
vehicle and the deceleration behavior of the major-road vehi-
cle. Finally, the model is capable of determining ISD require-
ments based on any specified minimum speed for the major-
road vehicle and the sensitivity of ISD to this minimum 
speed can be determined. 

The model formulation is explained below. Although the 
methodology looks complex analytically, it is actually very 
simple conceptually. A simple table or chart presenting the 
ISD requirements determined can be developed for the 
designer. To simplify sensitivity analyses with the model, the 
speed-vs.-time and distance-vs.-time relationships in Green 
Book Table IX-8 have been expressed as regression equa-
tions. These are: 

Vr = 5.754ta - 0.0753t 	 (33) 

and 

P = 0.257ta + 0.781t - 0.0665t 	 (34) 

where: 

Vr = speed reached by minor-road vehicle at any time ta dur-
ing the acceleration maneuver (km/h) 

P = distance traveled by the minor-road vehicle from the 
stopped position to time ta during the acceleration 
maneuver (m) 

ta = acceleration time (sec) 

The deceleration by the major-road vehicle is represented 
by the following equation: 

Vr = V+3.6ar(ta —Jb) 	 (35) 

where: 

V. = speed reached during deceleration by major-road vehi- 
cle (km/h) 

V = initial speed of major-road vehicle (km/h) 
(assumed: V = design speed of major road) 

a = maximum deceleration rate (m/sec') 
ta = acceleration time of minor-road vehicle (sec) 

Jb = perception-reaction time of major-road vehicle (sec) 

The acceleration of the minor-road vehicle is represented by 
Equation (33). To determine the time (ta) at which the speed 
of the major- and minor-road vehicles become equal, set 
Equation (33) equal to Equation (35) and solve the resulting 
quadratic equation for ta. With this value of ta, calculate V, 
using either Equation (33) or Equation (35). 

Next, check whether the calculated speed to which the 
major-road vehicle has decelerated (Vr) is less than the min-
imum acceptable speed of the major-road vehicle (mm Vr). 
A revised speed (Vr') is determined as follows: 

IfVr~!minVrthenV,' Vr 

IfVr <minVr thenVr'minVr 

If V is higher than V, a revised value of acceleration time 
(t) that is larger than ta should be calculated by solving the 
following quadratic equation for ta: 

= 3.576t - 0.6468t 2 	 (36) 

The distance traveled by the minor-road vehicle during its 
acceleration maneuver (P) is calculated using Equation (34) 
or (37), depending on whether ta or t is the selected acceler-
ation time 

P = 0.257t + 0.78 1t 2 - 0.00665t 3 	 (37) 

This is equivalent to looking up P in Green Book Table 
IX-8. The h term is then calculated as: 

7rR 

- 0.278V.t 9 - La - 2 nw - wm 	 (38) 

where: 

h = distance along the major road traveled by the minor-
road vehicle (m) 

P = total distance traveled by minor-road vehicle (m) 
D = distance from front of Vehicle A when stopped on the 
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minor-road approach to the edge of the major-road 
traveled way (m) 

w1  = lane width on major road (m) 
R = radius of turn of minor-road vehicle (m) 

V' = final speed of both vehicles at end of maneuver (km/h) 
tvg  = minimum acceptable vehicle gap time (sec) 
La  = length of minor-road vehicle (m) 
n = number of major-road lanes to be crossed in complet-

ing the turn (Note: The value of n does not include the 
lane to be entered; thus n = 0 for a right turn or a left 
turn onto a one-way roadway; n = 1 for a left turn onto 
a two-lane two-way roadway; n = 2 for a left turn onto 
a four-lane two-way roadway, etc.) 

Wm  = width of median to be crossed in completing the turn-
ing maneuver (m) (Note: Wm = 0 for a left turn onto an 
undivided highway or for any right turn; if Wm > La  + 

2, then left-turn sight distance should be determined 
from a stopped position in the median rather than from 
a stopped position on the minor-road approach.) 

The distance traveled by the major-road vehicle (Q) is com-
puted as: 

Q = 0.278V(J, + Jb) 
+ (0.278V,')2  - (0.278V)2  

a 

+ 0.278V'[t. - Jb 
- 0.278%— 0.278 V.] 	(39) 

where: 

Ja = perception-reaction time of minor-road driver 

Finally, ISD is determined as: 

The model resolves several of the conceptual and theo-
retical objectives to the current AASHTO model, such as 
the lack of explicit consideration of the deceleration rate 
and perception-reaction time of the major-road driver. 
The model can be readily adapted to consideration of the 
ISD requirements of trucks. The only changes necessary 
to evaluate a truck as the turning vehicle are to replace 
Equations (33) and (34) with acceleration relationships 
appropriate for trucks and to use the length of the truck 
as La. Acceleration relationships for trucks can be based 
on the work of Hutton (16). 
The model can be readily adapted to determine the 
sight-distance needs for right turns and for left turns 
onto highways with any number of lanes and any 
median width. 

Table 19 presents representative sight-distance values in 
metric units obtained with the modified AASHTO model 
using the following assumed parameter values: 

Deceleration rate for major-road 3.0 rn/sec2  
vehicle (ar) (9.8 ft/sec2) 

Perception-reaction time for minor-road 
vehicle (Ja) 2.0 sec 

Perception-reaction time for major-road 
vehicle (Jb) 2.0 sec 

Minimum acceptable vehicle gap 
time (tvg) 2.0 sec 

Length of minor-road vehicle (La) 5.8 m (19 ft) 
Distance from front of stopped vehicle 

on minor road to edge of major-road 
traveled way 3.0 m (9.8 ft) 

Major-road lane width 3.6 m (12 ft) 

Table 20 presents a table in English units equivalent to 
ISD = Q - h 	 (40) 	Table 19. The data in the tables show that, for example, if a 

speed reduction by the major-road vehicle from the design 

	

This modified AASHTO model has several key advan- 	speed to 70 percent of the design speed were assumed, for a 
tages: 	 major road with a 110-km/h (68-mph) design speed, the leg 

TABLE 19 ISD Values for Turns from Stop-Controlled Approaches Based on 
Modified AASHTO Model (Metric Units) 

Major-road Sight distance (m) for specified minimum speeds 
design expressed as a percentage of the major-road design ISD for Case IIIB based on 
speed speed current AASHTO 
(kmlh) 30% 400/6 50% 	60% 70% 85% model (m) 

30 65 65 65 	65 65 65 65 
40 85 85 85 	90 90 90 90 
50 115 115 115 	115 120 125 120 
60 150 150 150 	150 150 160 160 
70 185 185 185 	185 190 205 205 
80 225 225 225 	230 235 255 255 
90 270 270 270 	275 285 310 310 

100 320 320 320 	325 335 370 380 
110 370 370 370 	380 395 440 455 

Note: 	The assumed parameter values on which this table is based are listed in the accompanying 
text. 



TABLE 20 ISD Values for Turns from Stop-Controlled Approaches Based on 
Modified AASHTO Model (English Units) 

Major-road - - Sight distance (fi) for specified ISD for Case IIIB 
design minimum speeds expressed as a based on current 
speed percentage of the major-road AASHTO model (ft) 
(mph) design speed 

30% 40% 	50% 	60% 70% 85% 

20 215 215 	215 	215 220 225 230 
25 280 280 	280 	285 285 300 290 
30 355 355 	355 	360 365 380 380 
35 440 440 	440 	440 450 475 470 
40 530 530 	530 	535 545 580 580 
45 630 630 	630 	635 655 700 700 
50 740 740 	740 	745 770 830 840 
55 860 860 	860 	865 895 975 990 
60 985 985 	985 	995 1,035 1,135 1,160 

65 1,120 1,120 	1,120 	1,135 1,185 1,315 1,360 
70 1,265 1,265 	1,265 	1,285 1,345 1,510 1,590 

te: 	The assumed parameter values on which this table is based are listed in the accompanying text. 
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of the sight triangle along the major road could be reduced 
from 455 in (1,490 ft) under current AASHTO policy to 
395 in (1,300 ft). However, the tables also make clear that 
even if the minimum speed were reduced to a value below 
70 percent of the major-road design speed, there would not 
be much further change in the resulting sight-distance crite-
ria. Field studies described in the next section were con-
ducted to verify some of the key parameter values in the 
model including the minimum acceptable speed of the 
major-road vehicle. 

FIELD STUDY RESULTS 

Field studies were conducted to provide data needed to 
evaluate, and quantify the parameters for, two candidate 
alternative ISD models for Stop-controlled intersections: the 
gap-acceptance model and the modified AASHTO model. 
This section discusses the field study approach; the study 
sites and data collection periods; the data reduction and 
analysis; and the implications of the field study findings for 
each of the alternative models. A more detailed description 
of the field studies and subsequent data reduction and analy-
sis activities is presented in Appendix F. 

Field Study Approach 

Field studies were conducted at selected intersections with 
Stop control on the minor road to evaluate the gap acceptance 
and modified AASHTO acceleration/deceleration models for 
ISD Case III. These studies used a combination of videotape 
recording to document intersection traffic operations (includ-
ing the durations of accepted and rejected gaps) and traffic 
sensors (to measure speeds and headways of vehicles on the 
major road upstream and downstream of the intersection). 

The objectives of the field studies were to determine, for 
vehicles turning left and right onto the major road from a 
Stop-controlled approach: 

The durations of gaps in major-road traffic that are 
accepted and rejected by the driver of the minor-road 
vehicle; 
The speeds, accelerations, and decelerations used by the 
minor-road vehicle and the following major-road vehi-
cle, when a gap in major-road traffic is accepted by the 
driver of the minor-road vehicle; 
The amount by which major-road vehicles reduce their 
speeds to accommodate minor-road vehicles entering 
the highway; and 
The minimum separation between the minor-road vehi-
cle and the following major-road vehicle at any point 
during the maneuver. 

Figure 21 illustrates typical data-collection setups for 
the field studies. The data-collection equipment is intended 
to provide data on the behavior of each minor-road driver 
turning left or right onto a two-lane major road and the 
behavior of the following major-road driver who may be 
forced to slow because of the minor-road driver's maneuver. 
Two video cameras are used: one to record gap-acceptance 
data and a second to record vehicle stopping positions 
(see discussion in Chapter 6) as well as to provide a sec-
ond view of accepted and rejected gaps. Traffic sensors 
were installed at intervals of approximately 60 to 120 in 
(200 to 400 ft) on the major road, both upstream and down-
stream of the intersection to record vehicle speeds and head-
ways. The sensors provide sufficient information to trace the 
speed profiles, separation distances, and acceleration/ 
deceleration behavior of the major- and minor-road ve-
hicles. The furthest upstream sensor on the major-road 
approach was located at a point before the intersection be-
gan to influence traffic operations and, whenever possible, 
before the intersection even came into the view of the major-
road driver. 
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Figure 21. Typical data collection setups for field studies at Stop-controlled intersections. 

Study Sites and Data Collection Periods 

Field data were collected at a total of 13 Stop-controlled 
intersections located in three states: Illinois, Missouri, and 
Pennsylvania. The characteristics of these intersections are 
summarized in Table 21. The study sites included five 
intersections with three legs and eight intersections with 
four legs. At each study site, the major- and minor-road 
approaches intersected at an angle of approximately 90 
degrees. Six of the study sites were located in rural areas, 
four were located in suburban areas, and three were located  

in fringe areas (i.e., undeveloped areas near the edge of a 
metropolitan area on roads that carry substantial commuter 
traffic). 

Each of the study sites had Stop control on the minor road 
and no control on the major road. Two of the study intersec-
tions also had flashing beacons to supplement the Stop con-
trol (i.e., flashing red on the minor road and flashing yellow 
on the major road). 

The intersections were selected by reviewing candidate 
sites suggested by three participating highway agencies: the 
Illinois Department of Transportation, the Missouri Depart- 



TABLE 21 Characteristics of Stop-Controlled Intersections Included in Field Studies 

Site 	Area 	Number 	Orientation of 	 Estimated ADT 	 Available ISD for minor-road driver, m (ft)' 	-- Posted speed limit on 	Remarks 

number 	type 	of 	approach legs 	 (veh/day) 	 major-road approach, 
legs 	 studied 	

I 
	 km/h (mph) 

NB/EB approach I 	SB/WB approach 

Major road 	Minor road I Major road 	Minor road to left 	to right to left 	to right I 	NB/EB SB/WB 

1101 Fringe 3 EB/WB NB 10,600 2,000 Unlimited' Unlimited - - 80(50)' 80(50)' 

102 Rural 3 EB/WB SB 9,700 4,700 - - 370(1200) 340(1,100) 88(55)d 88(55)d 

MOOl Fringe 3 NB/SB WB 11200 2,000 - - 410 (1.330) 440 (1,420) 80 (50) 72(45) 

M002 Suburban 4 EB/WB SB 11.000 - - - 310 (1,000) 320 (1,050) 88 (55) 88 (55) 

M003 Suburban 4 EB/WB SB 8,000 3,500 - - 330(1,060) 450 (1,470) 72 (45) 72(45) 	Flashing beac6n 

M004 Suburban 3 EB/WB SB 10,200 6,600 - - 180 (600) Unlimited 56(35) 56(35) 
PAO1 Rural 3 NB/SB EB - - 270(880) 80(250) - - 72 (45) 72(45) 

PA02 Rural 3 NB/SB WB - - - - 320 (1,030) 270(880) 72 (45) 72(45) 
PA03 Rural 4 NB/SB WB 13,500 3,900 - - 140 (440) 90 (280) 72(45) 72(45) 

PA04 Rural 4 NB/SB EB 5,100 3,200 210(670) 260 (830) - - 72 (45) 72 (45) 	Flashing beacon 

PAO5 Suburban 4 NB/SB EB/WB 3,600 4,800 420(1,350) 240 (760) 170(530) 420 (1,350) 72 (45) 72(45) 

PA06 Rural 4 EB/WB SB 1,750 3,200 - - 30(80) 250(800) 72 (45) 72 (45) 
PA07 Rural 4 NB/SB EB/WB - - Unlimited 150 (460) 190(600) Unlimited 72(45) 72(45) 

Measured from a oosition on the minor-road aooroach 6 m (20 ft) from the ede of the major-road traveled way, as prescribed in the current AASHTO policy for ISD Cases IIIB and tllC 
Unlimited sight distance means at least 600 m (2,000 ft). 

° Advisory speed of 72 km/h (45 mph) on major road. 
Advisory speed of 64 km/h (40 mph) on major road. 
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ment of Highways and Transportation, and the Pennsylvania 
Department of Transportation. Each study site was required 
to have sufficient traffic volumes that gaps in major-road 
traffic with durations of 10 sec or less occurred with some 
frequency, at least during the peak hours. Preliminary obser-
vations were conducted to ensure that interactions between 
minor-road vehicles turning left or right onto the major road 
and following major-road vehicles occurred frequently 
enough that field studies would provide sufficient data. 
Finally, each intersection needed to be sufficiently isolated 
that speed, acceleration, and deceleration data could be col-
lected over lengths of 300 to 450 in (1,000 to 1,500 ft) 
upstream and downstream of the intersection without sub-
stantial interference from adjacent intersections or drive-
ways. This criterion limited the consideration of low-speed 
urban conditions. 

The major road at each study intersection was a twolane, 
two-way highway. Multilane highways were not included 
because, if a minor-road vehicle turns onto a multilane high-
way, the following major-road vehicle may be able to avoid 
slowing down by changing lanes. Such maneuvers would 
substantially limit the ability to measure the typical slowing 
by major-road vehicles. However, on a two-lane major road, 
the following road vehicle cannot easily avoid slowing if 
impeded by a minor-road vehicle turning onto the major 
road. 

All of the intersections studied had good safety records for 
the particular left- and right-turning maneuvers of interest. 
None of the study intersections experienced more than 0.7 
accidents per year associated with the turning movement of 
interest, and many of the intersections experienced no acci-
dents in a three- to five-year period associated with that par-
ticular turning movement. 

The major-road approaches to the study intersections had 
posted speed limits or advisory speeds ranging from 56 to 
72 km/h (35 to 55 mph). Sight distances for ISD Cases TuB 
and IIIC, measured from a driver's eye position on the minor 
road 6 in (20 ft) from the edge of the major-road traveled way 
ranged from 90 m (280 ft) to essentially unlimited (over 610 
in or 2,000 ft). The intersection approach with the most lim-
ited sight distance (the westbound approach to Site PA03) 
had much better sight distance when the minor-road vehicle 
moved closer to the major-road traveled way. 

Table 22 summarizes the dates, times of day, and extent 
of data collection at each study site. A total of 229.5 hr of 
traffic operational data were collected in studies over the 
period from December 1993 to October 1994. Of these 
studies, 108.5 hr of data were collected for right turns by 
minor-road vehicles and 121.0 hr of data were collected for 
left turns by minor-road vehicles. The table identifies the 
dates and the times of day when data were collected for 
each approach at each site. The studies were generally per-
formed in 2-hr periods, since 2 hr is the length of a standard 
videotape; the 229.5 hr of data are included on 118 indi-
vidual videotapes of gap-acceptance data. In most cases, a  

total of 4 to 6 hr of data (two to three videotapes of gap-
acceptance data) were obtained in a typical data-collection 
day. (As explained earlier, a separate camera at each inter-
section was used to document vehicle stopping positions.) 
The approaches and turning maneuvers studied were 
selected based on traffic-volume patterns to maximize the 
number of turning maneuvers of interest observed at par-
ticular times of day. 

Data Reduction and Analysis 

Two major studies were undertaken with the field data. 
First, the videotapes of traffic operations at the intersections 
were reviewed to determine the durations of gaps accepted 
and rejected by each minor-road driver. Second, for a sam-
ple of the accepted gaps, the speed profiles of the minor-road 
vehicle and the following major-road vehicle were traced so 
that the position of each vehicle at any point in time could be 
determined; this allowed examination of the acceleration and 
deceleration behavior of both vehicles. The data reduction 
and analysis activities for each of these studies are explained 
below. 

In addition, a study of vehicle stopping positions on 
approaches to Stop-controlled intersections was under-
taken at many of the same sites used for the gap-acceptance 
and acceleration/deceleration studies. The stopping 
position field study is described in Chapter 6 and Appen-
dix H. 

GAP-ACCEPTANCE STUDY 

An initial review or screening of each gap-
acceptance/rejection videotape was performed to select 
those tapes that were the best candidates for complete data 
reduction. Six of the 118 videotapes were excluded because 
the video camera was misaimed during all or part of the 
study. Other videotapes were excluded because traffic vol-
umes were lower than desired, so there would be few poten-
tial conflicts between major-road vehicles and turning vehi-
cles from the minor road. Based on this screening process, 
63 videotapes (or approximately 53 percent of the entire 
data set) were selected as the highest priority for data reduc-
tion. These high-priority videotapes were then reduced and 
analyzed. 

The field dataset includes observations of driver accep-
tance and rejection of gaps and lags of various lengths. A gap 
is the time headway between two vehicles on the major road 
into which a minor-road vehicle may choose to turn. A lag is 
the portion of a gap that remains when the minor-road vehi-
cle first arrives at the stop line or first begins to move onto 
the major road. Gap lengths were measured in the study by 
the elapsed time from the crossing of the centerline of the 



TABLE 22 Summary of Data Collection Periods for Field Studies at Stop-Controlled 
Intersections 

Site 
number 

Minor-road 
approach 
studied 

Turning 
maneuver 

studied 

Total 
duration of 
study (hr) 

Study date Time of day/conditions 

ILOI NB Right turn 2.0 4/13/94 AM peak 

ILOI NB Left turn 4.0 4/13/94 Off peak 

lL02 SB Left turn 2.0 4/14/94 AM peak 

M001 WB Right turn 4.0 3/9/94 PM peak, off peak 

MOOl WB Left turn 4.0 3/10/94 PM peak, off peak 

M002 SB Right turn 16.0 3/15/94, 6/24/94, Off peak, heavy truck volumes 
6/27/94 

M002 SB Left turn 10.0 3/16/94, 6/28/94 Off peak, heavy truck volumes 

M003 SB Right turn 9.0 3/14/95, 11/2/94 PM peak, off peak 

M003 SB Left turn 15.0 3/17/94, 3/18/94, PM peak, off peak 
11/3/94 

M004 SB Right turn 11.0 10/25/94, 10/28/94 PM peak, off peak 

M004 SB Left turn 12.0 10/26/94, 10/27/94 PM peak, off peak 

PAOI EB Right turn 12.0 5/20/94, 10/14/94 PM peak, off peak 

PAOI EB Left turn 23.5 12/3/93, 5/27/94, PM peak, off peak 
8/23/94, 10/11/94, 
10/12/94 

PA02 WB Right turn 11.5 6/8/94, 9/2/94 PM peak, off peak 

PA02 WB Left turn 11.5 6/7/94, 9/23/94 PM peak, off peak 

PA03 WB Left turn 8.0 9/7/94, 9/8/94 Off peak 

PA04 EB Right turn 6.0 9/16/94 Off peak 

PA04 EB Left turn 7.0 9/15/94 Off peak 

PA05 EB Right turn 7.0 9/22/94 Off peak 

PA05 EB Left turn 6.0 9/21/94 Off peak 

PA05 WB Right turn 6.0 9/18/94 Off peak 

PA05 WB Left turn 6.0 9/19/94 AM peak, off peak 

PA06 SB Right turn 6.0 9/28/94 Stopping position data only 

PA07 EB Right turn 12.0 9/39/94, 10/7/94 PM peak, off peak 

PA07 EB Left turn 6.0 10/4/94 Off peak 

PA07 WB Right turn 6.0 10/6/94 AM peak, off peak 

PA07 WB Left turn 6.0 10/5/94 Off peak 

TOTAL 229.5 
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intersection by one vehicle until the crossing of the center-
line of the intersection by the next. 

Acceptance and rejection of gaps and lags were evaluated 
as follows. When the minor-road vehicle first arrives at the 
stop line, the driver evaluates the lag represented by remain-
ing portion of the current gap in traffic on the major road in 
the lane the minor-road driver plans to enter (the near lane for 
right turns and the far lane for left turns). If the minor-road 
driver accepted the initial lag and entered the major road, the 
length of the accepted lag was noted and the consideration of  

that minor-road vehicle ended. If the minor-road driver 
rejected the initial lag, then the length of the rejected lag was 
noted, and the driver then considered each subsequent gap, 
in turn. If the driver rejected a particular gap, the length of 
the rejected gap was noted and the driver then considered 
the next gap. If the driver accepted a gap, the length of the 
accepted gap was noted and the next minor-road vehicle was 
then considered. Whenever a gap was accepted, the lengths 
of both the accepted gap and the accepted lag (to the next 
major-road vehicle) were recorded. 
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The only maneuvers considered were those for which 
there was no interference from other vehicles that could 
have affected the gap-acceptance behavior of the minor-
road vehicle. For example, gaps accepted by right-turning 
vehicles were excluded if the following major-road vehicle 
turned right or left at the intersection rather than continuing 
straight ahead. Gaps accepted by left-turning vehicles were 
excluded if the following vehicle in the far lane of the major 
road made a right or left turn; gaps accepted by left-turning 
vehicles were also accepted if a near-lane vehicle was pres-
ent on the major road within a travel time 2 sec more than 
the travel time at the design speed corresponding to the cur-
rent AASHTO ISD value for the major-road approach. 
These criteria for interference by other vehicles were pur-
posely made quite conservative to ensure that no interfer-
ence is present in any of the observations that are included 
in the analysis. 

A total of 4,277 minor-road vehicles were observed turn-
ing right onto the major road in the full data set. Of these 
4,277 vehicles, a total of 2,758 right-turning vehicles 
accepted the initial lag that was in progress when they arrived 
at the stop line on the minor road, and 1,519 minor-road vehi-
cles rejected the initial lag. Of the subsequent minor-road 
gaps that were considered by the right-turning drivers, 1,758 
gaps were rejected and 1,519 were accepted; in other words, 
sooner or later, each of the 1,519 turning vehicles accepts 
some particular gap. In summary, a total of 7,554 ac-
ceptance/rejection decisions were evaluated by right-turning 
drivers, resulting in 4,277 acceptances and 3,277 rejections. 
A total of 1,311 of the acceptance/rejection decisions (or 17 
percent of the total decisions) were excluded from consider-
ation because of potential interference from other vehicles 
with the gap-acceptance/rejection decision. However, a total 
of 6,243 decisions (3,341 acceptances and 2,902 rejections) 
provided usable data. These 6,243 usable right-turn decisions 
included 5,356 right-turn decisions by passenger cars (86 
percent), 363 right-turn decisions by single-unit trucks (6 
percent), and 524 right-turn decisions by combination trucks 
(8 percent). 

An analysis of the accepted and rejected gaps and lags has 
been completed using two methods that have been used in 
previous work for FHWA (9). These are the Raff method 
(17) and the logit method (also known as logistic regression) 
(18). Figure 22 illustrates the application of the Raff method 
to the data for accepted and rejected gaps and lags in right-
turn maneuvers by passenger cars; only right-turn maneuvers 
in which there was no interference from other vehicles with 
the gap-acceptance/rejection decision are included in the fig-
ure. The Raff method involves determination of the cumula-
tive distribution of the percentage of rejected gaps and the 
complement of the cumulative distribution of the percentage 
of accepted gaps. The critical gap is considered to occur at 
the point at which the two distributions cross; in this case, the 
critical gap is 6.3 sec, as shown in the figure. The critical gap 
is determined such that the percentage of rejected gaps larger  

than the critical gap is equal to the percentage of accepted 
gaps smaller than the critical gap. It should be noted that Fig-
ure 22 combines data for the acceptance/rejection of both 
gaps and lags. The literature indicates that this is an accept-
able practice in Miller (19) and Kyte et al. ("Capacity Analy-
sis of Unsignalized Intersections," Draft Final Report of 
NCHRP Project 3-46, 1995, unpublished). 

Figure 23 shows the application of logistic regression to 
the same dataset. Logistic regression is a statistical tech-
nique for developing predictive models for the probability 
that an event (such as the acceptance of a gap) will or will 
not occur. When logistic regression is applied to the data 
shown in Figure 22, the following predictive equation is 
obtained: 

(p P) 

\ 
In(

, 
n 	I 	—4.75 + 0.730X 	 (41) -  

where: 

P = probability that a gap of length X will be accepted 
X = gap (sec) 

Equation (41) is illustrated by the plot in Figure 23. It can be 
seen in Figure 23 that the critical gap 450) for which the prob-
abilities of acceptance and rejection are equal is 6.5 sec. This 
value can also be obtained by substituting P = 0.50 in Equa-
tion (41) and solving for the value of X. The logistic regres-
sion method has the advantage over the Raff method in that 
critical gaps can be estimated for any particular probability 
of acceptance. The results of the logistic regression analyses 
for right-turn gap acceptance for each site and for each vehi-
cle type (passenger cars, single-unit trucks, and combination 
trucks) are presented in Tables F-4 through F-6 in Appendix 
F. The results of both the Raff method and the logistic regres-
sion method are summarized in Table 23 for each of the three 
vehicle types. 

In the gap-acceptance data set, a total of 2,388 minor-road 
vehicles were observed turning left. Of these 2,388 vehicles, 
1,104 accepted the initial lag that was in progress when they 
first arrived at the stop line, and 1,284 rejected the initial lag. 
The 1,284 drivers who rejected the initial lag evaluated a 
total of 5,576 subsequent gaps; 1,284 of these subsequent 
gaps were accepted and 4,292 were rejected. However, in 
556 of the 1,284 accepted gaps, the minor-road driver had to 
wait for one or more near-lane vehicles to clear before 
accepting the remaining lag. A total of 7,964 acceptance/ 
rejection decisions were observed, including gaps in the far-
lane traffic that were "rejected" because a near-lane vehicle 
was present and lags in the far-lane traffic that were accepted 
or rejected after a near-lane vehicle cleared. There were 
usable data (without interference from other vehicles) for a 
total of 3,526 acceptance/rejection decisions in left-turn 
maneuvers including 3,311 left-turn decisions by passenger 
cars (94 percent), 108 left-turn decisions by single-unit 
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Figure 22. Cumulative distributions of accepted and rejected 
gaps in right-turn maneuvers by passenger cars. 
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trucks (3 percent), and 107 left-turn decisions by combina-
tion trucks (3 percent). The detailed results of the logistic 
regression analyses of these data are presented in Tables F-7 
through F-9 in Appendix F. Table 22 summarizes the results 
for left turns from both the Raff method and logistic regres-
sion for each of the three vehicle types. 

Figure 24 illustrates the distributions for acceptance and 
rejection of gaps and lags in left-turn maneuvers by passen- 

Figure 23. Probability of acceptance of specified gaps in 
right-turn maneuvers by passenger cars. 

ger cars in accordance with the Raff method. The observed 
critical gap in the left-turn data from the Raff method is 8.0 
sec. For the same dataset, the critical gap (t50) with a proba-
bility of acceptance of 50 percent was found from logistic 
regression to be 9.2 sec, as shown in Figure 25. A compari-
son shows that the shapes of the logistic regression curves for 
left- and right-turn maneuvers shown in Figures 23 and 25 
differ slightly, and the critical gap of 9.2 sec for left turns by 
passenger cars is larger than the critical gap of 6.5 sec for 
right turns by passenger cars. However, when critical gaps 
are computed giving equal weight to each site, rather than 
pooling all of the available data without regard to relative 
number of observations at the various sites, the critical gap 
for left turns with 50 percent probability of acceptance by 
passenger cars was found to be 8.2 sec, rather than 9.2 sec. 

Kyte et al. used a more complex analytical approach, 
known as the maximum-likelihood method, for determining 
the value of the critical gap for unsignalized-intersection 
capacity analyses. Kyte et al. raised a concern that logistic 
regression could, in some cases, provide biased results; how-
ever, they also quoted the work of Miller (19) which states 
that where data are normally distributed, the critical gap with 
50 percent probability of acceptance from logistic regression 
provides answers equivalent to the maximum-likelihood 
method. Therefore, a decision was reached that logistic 
regression with a 50 percent probability of acceptance was an 
appropriate method for deriving candidate ISD criteria. This 
method has been used in previous work by Harwood et al. (9) 
and Fitzpatrick (20), among many others. 

The results summarized in Table 23 clearly demonstrate that 
heavy vehicles require longer gaps than passenger cars to enter 
a major road. This implies that the longer sight distances should 



TABLE 23 Critical Gaps Derived from Field Data for Right 
and Left Turns on a Major Road 

Vehicle type Critical gap (sec) 
Raff method Logistic regression 

RIGHT-TURN MANEUVERS 
Passenger car 6.3 6.5 
Single-unit truck 8.4 9.5 
Combination truck 10.7 11.3 
LEFT-TURN MANEUVERS 
Passenger car 8.0 8.2' 
Single-unit truck 9.8 10.8 
Combination truck 10.0 12.2 
a Based on an average giving equal weight to each site 
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be provided at intersections where trucks frequently turn onto 
a highway rather than at locations where few trucks are present. 
In general, a single-unit truck appears to require critical gaps 
of 1 to 2 sec longer than a passenger car, and a combination 
truck appears to require critical gaps approximately 1 to 2 sec 
longer than a single-unit truck. The truck effect observed in our 
field studies appears to be slightly larger than the correspond-
ing effect observed by Kyte et al. (see Table 18), which was a 
difference of 1 sec between passenger cars and heavy vehicles 
(not distinguished by truck type) for a two-lane major road. 

The critical gaps observed for right-turn maneuvers by 
passenger cars in this study are in close agreement with those 
observed by Kyte et al., as shown in Table 18. 

Kyte et al. recommends a critical gap for right turns of 
6.2 sec while, in this research, the Raff method found a critical 
gap of 6.3 sec and logistic regression found a critical gap of 
6.5 sec. The critical gaps for left-turn maneuvers found in this 
study were just over 1 sec longer than those in Table 18 
recommended by Kyte et al. This difference may be explained 
because the Kyte et al. study included sites with higher traffic  

volumes, which are likely to put pressure on left-turn drivers to 
accept shorter gaps. 

It is interesting to note that in both the findings of this 
study and the findings of Kyte et al., left-turning drivers 
appear to require greater critical gaps than right-turning driv-
ers. This is somewhat surprising because theoretical models, 
like the current AASHTO model for ISD Case III presented 
in Equations (26) through (28) and the modified AASHTO 
model presented above in Equations (35) through (40), sug-
gest that the sight-distance requirements for left and right 
turns are essentially equal. The observed difference between 
the critical gaps for right and left turns by passenger cars is 
1.7 sec in data from the Raff method (6.3 vs. 8.0 sec), 1.9 sec 
in the logistic-regression model (6.5 vs. 8.2 sec), but only 
0.9 sec in the Kyte et al. data (6.2 vs. 7.1 sec). 

It is also interesting to note an analysis of variance by Kyte 
et al. found the critical gap does not vary with approach 
speed. This finding supports the notion that a constant value 
of critical gap, independent of approach speed, can be used 
in Equations (31) and (32) as the basis for ISD criteria. 
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Figure 24. Cumulative distributions of accepted and rejected 
gaps in left-turn maneuvers by passenger cars. 
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Figure 25. Probability of acceptance of specified gaps in 
left-turn maneuvers by passenger cars. 

Based on the analyses performed, it appears that ISD cri-
teria based on gap acceptance can be developed based on the 
data in Tables 18 and 23. 

ACCELERATION/DECELERATION STUDY 

The objective of the acceleration/deceleration study was to 
determine the distribution of deceleration rates and speed 
reductions that major-road drivers are willing to use when a 
minor-road vehicle turns onto the road in from of them. The 
analysis also evaluated the acceleration behavior of the 
minor-road vehicle as it enters the major road. The accelera-
tion/deceleration study focused on maneuvers that are criti-
cal enough that the major-road driver is likely to find it nec-
essary to reduce speed to accommodate the turning maneuver 
by the minor-road vehicle. 

The candidate maneuvers for the acceleration/deceleration 
study included all right and left turns for which the accepted 
gap or lag was 10 sec or less. Turning maneuvers with longer 
accepted gaps or lags were not considered because there 
would be little reason for the major-road vehicle to slow 
down much when the minor-road vehicle is more than 10 sec 
ahead when it enters the major road; similarly, there would 
be little reason for the minor-road vehicle to accelerate 
quickly into traffic when the nearest major-road vehicle is 
more than 10 sec behind it. Thus, the manuvers selected were 
those in which there was some incentive for the drivers to use 
relatively high accelerations and decelerations. 

Each candidate maneuver was evaluated by determining the 
speed of the major-road and minor-road vehicles as they cross 
each of the sequence of traffic sensors placed on the pavement 
surface along the major road. These speed profiles were then 
evaluated to determine the kinematic parameters of interest. 

All of the computations assume that each vehicle has a constant 
acceleration or deceleration rate over the 60- to 120-rn (200- to 
400-ft) interval between each pair of adjacent sensors. The fol-
lowing parameters were determined in the analysis: 

The acceleration or deceleration rate used by each vehi-
cle between each pair of sensors; 
The headway between the major- and minor-road ve-
hicles at each sensor downstream of the intersection, 
and the minimum headway at any point during the 
maneuver; 
The location of the major-road vehicle (distance from 
the intersection) at the instant the minor-road vehicle 
begins its turning maneuver; 
The maximum speed of the major-road vehicle during 
the minor-road vehicle's turning maneuver (usually the 
speed of the major-road vehicle at the instant when the 
minor-road vehicle begins to turn, but a higher speed 
may occur in some cases between that point and the 
intersection); 
The minimum speed reached by the major-road vehicle 
during the maneuver. Typically, this occurs downstream 
of the intersection, as the major-road vehicle catches up 
to the minor-road vehicle. In determining the minimum 
speed, the speed of the major-road vehicle at each sen-
sor is considered until a point is reached at which the 
speed of the minor-road vehicle exceeds the speed of the 
major-road vehicle; 
The speed reduction by the major-road vehicle (the dif-
ference between its maximum and minimum speeds, as 
defined above); 
The speed reduction by the major-road vehicle, expressed 
as a percentage of its maximum speed; 
The average and maximum acceleration rates of the 
minor-road vehicle as it completes its turn [the acceler-
ation rates of the minor-road vehicle to speeds of 40 and 
64 km/h (25 and 40 mph) were also determined]; 
The average and maximum deceleration rates of the 
major-road vehicle during the maneuver; and 
The separation distance between the major- and minor-
road vehicles at each sensor location, and the minimum 
separation distance during the entire maneuver. 

Speed profiles for the major- and minor-road vehicles 
were obtained for 440 turning maneuvers, including 342 
right turns and 98 left turns. Figure 26 shows typical speed 
profiles for the major- and minor-road vehicles to illustrate 
how the analysis was conducted. Table 24 presents a sum-
mary of the analysis results. Each of the key findings of the 
acceleration/deceleration analysis is discussed below. 

Speed Reduction by the Major-Road Vehicle 

In the maneuvers observed involving right and left turns 
by passenger cars, the maximum speed of the major-road 
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Figure 26. Typical time-space diagram and speed profiles along the major road at a 
Stop-controlled intersection. 

vehicle upstream of the intersection ranged from 42 to 127 
km/h (26 to 79 mph), with a mean of 80 km/h (50.1 mph). 
The minimum speed to which the major-road vehicle decel-
erated after the minor-road vehicle entered the major road 
ranged from 16 to 89 km/h (10 to 55 mph), with an average 
of 53 km/h (33 mph). The speed reductions of individual 
vehicles ranged from 0 to 84 km/h (0 to 52 mph), with an 
average speed reduction of 27 km/h (17 mph). 

On a percentage basis, the reduction in speed by the major-
road vehicle due to the presence of the minor-road vehicle 
ranged from 0 percent to 80 percent of the maximum 
upstream speed, with an average speed reduction of 32 per-
cent. The median (50th percentile) speed reduction by the 
major-road vehicle was 31 percent. By contrast, current 
AASHTO policy for ISD Cases fIB and 11IC assumes that the 
major-road vehicle reduces its speed by only 15 percent, from 



TABLE 24 Results of Field Studies of Acceleration/Deceleration Behavior in Turning Maneuvers at Stop-
Controlled Intersections 

Parameter 	 Minimum 	Mean 	Median 	85th percentile 	Maximum 

MAJOR-ROAD VEHICLE 

Maximum speed upstream of 	42 (26) 	80(50) 	79 (49) 	98 (61) 	127 (79) 

intersection, km/h (mph) 

Minimum speed after slowing 	16(10) 	54(33) 	54(34) 	69(43) 	89(55) 

to accommodate minor-road 
vehicle, km/h (mph) 

Reduction in speed to 	 0(0) 	27(17) 	24(15) 	43 (27) 	84(52) 

accommodate minor-road 
vehicle, km/h (mph) 

Percentage reduction in speed 	 0.0% 	 32% 	 31% 	 51% 	 80% 

to accommodate minor-road 
vehicle 

Average deceleration rate 	-0.04 (-0.12) 	-0.68 (-2.23) 	-0.53 (-1.7) 	-1.13 (-3.7) 	-3.23 (-10.60) 

over distance from maximum 
to minimum speed, m/sec2  
(ftlsec2) 

Maximum deceleration rate 	-0.06 (-0.19) 	-1.25 (-4.11) 	-1.06 (-3.48) 	-2.02 (-6.61) 	-5.69 (-18.67) 

between any pair of ad2jacent 
sensors, rn/sec2  (ft/see) 

MINOR-ROAD VEHICLE 

Average acceleration rate to a 	0.24 (0.79) 	1.49 (4.89) 	1.38 (4.51) 	2.06 (6.75) 	4.23 (13.88) 

speed of 40 km/h (25 mph), 
rn/sec2  (ft/see2) 

Average acceleration rate to a 	0.46 (1.50) 	1.10 (3.61) 	0.98 (3.20) 	1.54 (5.04) 	4.23 (13.88) 

speed of 64 km/h (40 mph), 
rn/sec2  (11/sec2) 

Maximum acceleration rate 	0.35 (1.14) 	1.63 (5.33) 	1.51 (4.96) 	2.01 (6.89) 	4.23 (13.88) 

between any pair of ad2jacent 
sensors, rn/sec2  (ft/sec 

Note: Based on observations of 409 turning maneuvers by passenger cars. 
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100 percent to 85 percent of the major-road design speed. Fig-
ure 27 illustrates the cumulative distribution of the observed 
percentage reduction in speed by the major-road vehicle. 

The field study results show that, on the average, approx-
imately two-thirds of the speed reduction by the major-road 
vehicle occurs before reaching the intersection, while the 
remaining one-third of the speed reduction occurs down-
stream of the intersection. 

Deceleration Rate Used by the Major-Road 
Vehicle 

The average observed deceleration rate of the major-road 
vehicle over the entire distance traveled from its point of  

maximum speed to its point of minimum speed is 0.68 rn/sec2  
(2.2 ft/sec2). This is a very gentle deceleration rate, far below 
the maximum deceleration rate of which the vehicle is capa-
ble, even on wet pavement. For example, the deceleration 
rates assumed in the AASHTO policy for stopping sight 
distance range from 3.9 rnlsec2  (12.8 ft/sec2) at 30 km/h 
(19 milh) to 2.7 rn/sec2  (9.0 ftlsec2) at 120 km/h (75 mi/h). 
The 85th percentile of average observed deceleration rate is 
1.1 rn/sec2  (3.7 ft/sec2). 

Major-road drivers are willing to use greater deceleration 
rates over shorter intervals. Another parameter that was 
examined was the maximum deceleration rate used by the 
major-road vehicle over the interval between any pair of 
adjacent traffic sensors. This maximum deceleration rate had 
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Figure 27. Cumulative distribution of percentage 
reduction in speed by minor-road vehicle. 

a mean of 1.3 rn/sec2  (4.1 ftlsec2) and an 85th percentile value 
of 2.0 rn/sec2  (6.6 ftlsec2). 

Acceleration Rate Used by the Major-Road 
Vehicle 

The acceleration profile of the major-road vehicle was 
also evaluated. The observed average acceleration rate over 
the speed range from 0 to 40 km/h (0 to 25 mi/h) was 1.49 
rn/sec2  (4.9 ft/sec2) for passenger cars, which agrees almost 
exactly with the comparable acceleration rate of 1.46 m/sec2  
(4.8 ft/sec2) assumed in AASHTO policy. The observed 
average acceleration rate of the minor-road vehicle over the 
speed range from 0 to 64 km/h (0 to 40 mi/h) was 1.10 
rn/sec2  (3.6 ft/sec2) for passenger cars, which is also quite 
close to the value of 1.25 rn/sec2  (4.1 ft/sec2) currently 
assumed in AASHTO policy. These results confirm Green 
Book Figure IX-33 and Table IX-8 and suggest that no 
changes are needed in the acceleration rates used to compute 
the sight distance needed by passenger cars for crossing and 
turning maneuvers. 

Minimum Headway and Minimum Separation 
Distance 

In the maneuvers observed, the calculated minimum head-
way between the major- and minor-road vehicles ranged 
from 0.2 to 10 sec. In approximately 28 percent of the 
observed maneuvers, the minimum headway during the 
maneuver was less than the 2.0-sec value assumed in current 
AASHTO policy. This indicates that the design value for tvg 
of 2.0 sec currently assumed in AASHTO policy is a very  

conservative choice. The 15th percentile value of tvg is 1.4 
sec. The calculated minimum separation distance between 
vehicles in the maneuvers observed was found to range from 
2 to 215 m (7 to 707 ft). 

Interpretation of Results 

Based on the field-study results, the gap-acceptance model 
appears superior to the modified AASHTO model for deter-
mining the leg of the clear sight triangle along the major 
road at a Stop-controlled intersection. As explained below, 
the gap-acceptance results appear to provide a very safety-
conservative approach to sight-distance design. By contrast, 
the field-study results were only partially helpful in refining 
the assumed values of the parameters for the modified 
AASHTO model. The field-study results did show clearly 
that, on the average, major-road drivers slow by about 30 per-
cent (i.e., to 70 percent of their initial speed) when minor-road 
drivers accept relatively short gaps to enter the major road. 
However, even in turning maneuvers with relatively short 
accepted gaps, the field study showed very modest decelera-
tion rates by the major-road vehicle, far below those assumed 
in other geometric design policies such as SSD. Because the 
observed maneuvers were not very critical, the accelera-
tion/deceleration study was not very helpful in determining 
reasonable assumed values of the maximum deceleration rate 
(a) and the perception-reaction times (Ja  and Jb)  in the mod-
ified AASHTO model. 

In summary, the modified AASHTO model still appears to 
the authors to be a valid approach—conceptually superior to 
the current AASHTO model and other accelerationldeceler-
ation models that have been proposed—but calibration of 
this model for design would take field studies of many more 
turning maneuvers that are more critical (closer to emer-
gency conditions) than those observed in the field studies. 
The time devoted to such field studies would be substantial, 
because critical maneuvers of this type are very rare. By 
contrast, the very noncritical nature of the maneuvers ob-
served in the field studies helps to build confidence that gap-
acceptance criteria based on observations of these maneu-
vers provide a very safety-conservative basis for design. 

Another key advantage of the gap-acceptance approach is 
that it is much simpler and easier to understand than either the 
current AASHTO model for ISD Case IIIB or the modified 
AASHTO model presented in Equations (35) through (41). 

The results of the field studies show that gap acceptance 
holds great promise as a method for determining ISD criteria 
at Stop-controlled intersections. Table 25 compares the 
results of the current study with two other studies that also 
address gap-acceptance behavior at Stop-controlled intersec-
tions. The table shows good agreement among the results; for 
both left- and right-turn maneuvers the reported results are 
within a range of approximately 1 sec. Furthermore, both the 
Lerner et al. (13) and Kyte et al. studies found that the criti-
cal gap does not vary as a function of approach speed, which 



TABLE 25 Comparison of Gap Acceptance Field Study Results with 
Results from Other Studies 

Critical gap (sec) 
Current study 

Logistic Lerner 
Maneuver Raft method 	regression et al. (13) 	Kyte et al. 
Right turn from 6.3 	6.5 7.0 	 6.2 
minor road 
Left turn from 6.0 	8.2 7.0 	 7.1 
minor road 
Note: Based on data for turns from Stop-controlled intersections onto a two-lane 

major road. 
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supports the concept of using a single critical gap across all 
design speeds as postulated in Equation (32). 

In deciding what value of critical gap to recommend, it 
seemed evident that geometric design criteria should be 
more conservative than operational criteria, such as those 
presented in the Highway Capacity Manual (14). It also 
appeared desirable to maintain the current equality between 
sight distances for left and right turns. The field data from 
both the current study and the Kyte et al. study indicate that 
drivers are more conservative in making left turns than in 
making right turns, even though theoretical models indicate 
that the sight-distance requirements for both turning maneu-
vers are essentially the same. Therefore, based on the avail-
able data, a critical gap of 8.0 sec appears appropriate for 
use in sight-distance design for turns by passenger cars. 
This critical gap is in close agreement with observed driver 
behavior for left turns and will provide an additional mar-
gin of safety of 1.0 to 1.8 sec in right turns. 

The acceleration/deceleration-study results provide a still 
further indication that the field-study results provide a very 
conservative basis for design. The observed 8.0-sec critical 
gap was achieved with very modest deceleration rates by 
major-road vehicles. The observed 85th percentile deceler-
ation rate over the entire deceleration maneuver was 1.2 
rn/sec2  (3.7 ft/sec2), which is only one-third to one-half the 
deceleration rates that are assumed in SSD, and which can 
be achieved in an emergency even with poor tires on a poor, 
wet pavement. 

Since the 8.0-sec critical gap, as measured in the field, 
includes slowing by the major-road vehicle, it is not appro-
priate for direct use in Equation (32). The equation assumes 
that the major-road vehicle travels at a constant speed equal 
to the design speed of the major road. A computation was 
made of a constant-speed travel time equivalent to the 8.0-
sec travel of the decelerating vehicle. When the decelerating 
vehicle is 8.0 sec from the intersection, the time required for 
a vehicle to travel from that position to the intersection at a 
constant speed equal to the initial speed of the vehicle is 
approximately 7.5 sec. Therefore, it is recommended that the 
critical gap used in Equation (32) for sight-distance design 
should be 7.5 sec for right turns by passenger cars onto any 
major road and for left-turns by passenger cars onto a two-
lane, two-way major road. 

It should be noted that the recommended gap-acceptance 
values have been based on the critical gap with a probability 
of acceptance by the minor-road driver of 50 percent and not 
on the critical gaps with higher probability of acceptance that 
have been computed in Appendix F. This appears to be 
appropriate because, with the gap-acceptance concept for 
sight distance, as in the real world, it is not the minor-road 
driver, but the following major-road driver, who has the key 
responsibility for avoiding a collision. The most critical sit-
uation that should occur under the recommended sight-
distance criteria is as follows: 

A minor-road driver stopped and waiting to turn onto 
the major road sees no potentially conflicting vehicle 
at an intersection with sight distance designed in 
accordance with the 7.5-sec gap acceptance criterion; 
The minor-road driver then proceeds to turn onto the 
major road; and 
At just the moment when the minor-road driver begins 
to turn, a major-road vehicle appears in view. 

The field-study results provide evidence that the drivers of 
major-road vehicles can avoid collisions with vehicles that 
turn onto the major road by reducing speed by 15 to 50 per-
cent using very modest deceleration rates. Such maneuvers 
occur regularly in the real world and the field-study results 
support a recommended design policy based on real-world 
driver behavior. 

The gap-acceptance model contains no explicit term for 
perception-reaction time, but the model does include the 
perception-reaction requirements of the drivers of both the 
major- and minor-road vehicles. As illustrated by the 
example presented above, the perception-reaction time of 
the minor-road driver occurs before the 7.5-sec gap be-
gins; the gap-acceptance criterion provides a minor-road 
driver (who sees no approaching vehicle and enters the 
major road accordingly) with at least 7.5 sec of clear road 
at the time the vehicle enters the roadway. The perception-
reaction time of the major-road driver is part of the 7.5-sec 
critical gap; the major-road driver will use a portion of that 
7.5-sec period to recognize that the minor-road vehicle has 
entered the highway and to begin to take action in 
response, if necessary. 
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Right turns from Stop-controlled intersections onto multi-
lane highways should not require critical gaps that are longer 
than right turns onto a two-lane highway, assuming that the 
right-turning driver enters the right lane of the multilane 
highway. Turns onto a multilane highway have less potential 
for collision than turns onto a two-lane highway because the 
approaching driver on the multilane highway may often be 
able to change lanes to avoid the conflict. Thus, it is not 
apparent to the authors why the Kyte et al. study found longer 
critical gaps for right turns onto multilane highways than 
onto two-lane highways (see Tables 17 and 18). 

For left turns from a Stop-controlled intersection onto a 
multilane undivided highway, rather than a two-lane high-
way, the modified AASHTO model in Equations (35) 
through (40) suggests the additional sight distance required 
is equal to the lane width of 3.6 in (12 ft). However, the field 
observations of Kyte et al. suggest that drivers prefer critical 
gaps that are 0.4 sec longer for left turns onto multilane high-
ways than onto two-lane highways. Therefore, based on 
rounding of the observed critical-gap value, an allowance of 
an additional 0.5-sec gap per additional lane to be crossed in 
a left turn by a passenger car onto a multilane highway is rec-
ommended. This allowance of 0.5 sec per additional lane to 
be crossed is consistent with the slope of the passenger-car 
acceleration curve shown in Figure 12 (i.e., in Green Book 
Figure IX-33). In applying this criterion to left-turn maneu-
vers, it is assumed that the left-turning driver will enter the 
left-most travel lane on the far side of the roadway. There-
fore, only the near lanes need be considered in applying this 
criterion. For example, the critical gap for a passenger car 
turning left onto a six-lane major road would be 7.5 sec, plus 
0.5 sec for each of the two additional near lanes to be crossed, 
or a total of 8.5 sec. 

For Stop-controlled intersections at which substantial vol-
umes of trucks enter the highway, it is recommended that 
longer critical gaps be used in sight-distance design. Based 
on the field-study results (as summarized in Table 23 and 
presented in more detail in Appendix F), the appropriate crit-
ical gaps are 10.0 sec for intersections at which turning 
maneuvers by single-unit trucks predominate and 12.0 sec 
for intersections at which turning maneuvers by combination 
trucks predominate. Using the same logic as presented above 
for the effect of deceleration by the major-road vehicle, these 
critical gaps should be adjusted to 9.5 sec for single-unit 
trucks and 11.5 sec for combination trucks for application in 
Equation (32). The recommended multilane adjustment for 
left turns by trucks onto multilane highways is 0.7 sec for 
each additional lane to be crossed, which is consistent with 
the slope of the acceleration curves for single-unit and com-
bination trucks in Figure 12. 

Normally, the crossing maneuver at a Stop-controlled 
intersection requires less sight distance than the left- or right-
turn maneuver, so the crossing maneuver need not be con-
sidered in sight-distance design. For example, Kyte et al. 
shows that the critical gap for a crossing maneuver at a two-
way Stop-controlled intersection on a two-lane highway is  

6.5 sec, which is less than the 7.5-sec critical gap recom-
mended here for left and right turns. However, a crossing 
vehicle must cross more lanes than a left-turning vehicle, so 
additional time is required for crossing these additional lanes. 
Thus, on multilane highways, the crossing maneuver should 
be checked to determine whether it is more critical than the 
left- and right-turn maneuvers. Normally, this will occur only 
for roadways wider than six lanes. 

The basic critical gap for the crossing maneuver should be 
6.5 sec for passenger cars, 8.5 sec for single-unit trucks, and 
10.5 sec for combination trucks. For each additional lane to 
be crossed beyond the initial two lanes, the critical gap 
should be increased by 0.5 sec for passenger cars and 0.7 sec 
for single-unit and combination trucks. 

Other situations in which the crossing maneuver could 
be a key consideration in the design of sight distance at 
a Stop-controlled intersection, all of which are-quite un-
usual, are: 

Intersections where the crossing maneuver is the only 
legal maneuver; 
Intersections with major-road traffic from the left at 
which left turns are permitted but right turns are not, 
with respect to sight distance to the left for crossing the 
near lanes; 
Intersections with substantial upgrades on the departing 
leg of the crossroad, which would slow crossing vehi-
cles (particularly trucks) but not turning vehicles (see 
Figure 19); and 
Intersections at which substantial truck volumes make 
the crossing maneuver, but not left or right turns. 

RECOMMENDATIONS 

This section summarizes the recommended sight-distance 
policy for Stop-controlled intersections and the rationale for 
that policy. A draft of an intersection sight-distance policy 
for potential incorporation in a future edition of the 
AASHTO Green Book is presented in Appendix I. 

Recommended Policy for Sight Distance to the 
Intersection 

The driver on the minor road approaching a Stop-
controlled intersection should have a view of the intersection 
and the Stop sign from a distance sufficient to stop before 
reaching the intersection. This is normally ensured by the 
provision of SSD along the minor road. However, where a 
sufficient view of the intersection is not available or where 
the Stop sign may be obscured, an advance warning sign (i.e., 
Stop Ahead) should be considered. 

Similarly, the driver on the major road needs a view of the 
intersection sufficient to slow (or, in an emergency, to stop) 
if a minor-road vehicle crosses or enters the highway. This 
normally is ensured by the provision of SSD along the major 
road. However, where the presence of the intersection is not 
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apparent, an advance warning sign (e.g., the T-intersection or 
crossroad-symbol sign possibly with an advisory speed 
plate) should be considered. 

Recommended Sight-Distance Policy for the 
Leg of the Departure Sight Triangle Along the 
Minor Road at Stop-Controlled Intersections 

The leg of the sight triangle along the minor road (a) should 
have a length of 4.4 m (14.4 ft), as explained in Chapter 6. 

Recommended Sight-Distance Policy for the 
Leg of the Departure Sight Triangle Along the 
Major Road at Stop-Controlled Intersections 

Clear sight triangles like those shown in Figure 28 should 
be provided in each quadrant of each Stop-controlled inter-
section. The leg of the sight triangle (b) along the major road 
should be equal to the distance traveled at the design speed 
of the major road in the time shown in Table 26. This dis-
tance can be computed with Equation (32). The times shown 
in Table 26 are based on observed gap-acceptance behavior 
at Stop-controlled intersections. As shown in the table, 
slightly longer gaps and, thus, slightly longer sight distances 
are recommended for left turns onto multilane, two-way 
highways. The adjustment for left turns onto multilane two-
way highways involves adding an additional 0.5 sec for pas-
senger cars or an additional 0.7 sec for trucks for each addi-
tional lane to be crossed beyond the one lane that would need 
to be crossed on a two-lane highway. Only the near lanes 
(carrying traffic from the left) are considered in applying this 
criterion. For example, the sight distance for a left turn by a 
passenger car onto a six-lane, two-way highway would be 
based on a critical gap of 8.5 sec, which consists of the 7.5-
sec value that would be appropriate for a left turn onto a two-
lane, two-way highway plus 0.5 sec for each of the two addi-
tional near lanes that must be crossed in making the left turn. 

Any median that is at least 3.6 m (12 ft) in width should be 
considered in determining the number of lanes to be crossed. 
For example, a 7.2-rn (24-ft) median should be counted as 
equivalent to two additional lanes to be crossed. However, if 

TABLE 26 Recommended Travel Times for Determining 
Sight Distance for Left and Right Turns onto the Major 
Road at Stop-Controlled Intersections 

Vehicle type 	Travel time (sec) at design 
speed of major road 

Passenger car 	 7.5 

Single-unit truck 	 9.5 

Combination truck 	 11.5 

Note: For left turns onto two-way highways with more 
than two lanes, add 0.5 sec for passenger cars or 
0.7 sec for trucks for each additional lane to be 
crossed. 

the median is wide enough to store the design vehicle with at 
least 1 m (3.1 ft) clearance at each end, no multilane-high-
way adjustment is necessary and the travel times as shown in 
Table 26 should be used without adjustment to determine the 
sight distance needed to turn left from the median onto the 
far lanes of the major road. 

Recommended Sight-Distance Policy for the 
Crossing Maneuver at Stop-Controlled 
Intersections 

The departure sight triangle for the crossing maneuver is 
generally smaller than the departure sight triangle for the left-
and right-turn maneuvers. The recommended travel times - 
(critical gap) used to determine sight distances for crossing 
two-lane highways are shown in Table 27. The adjustment 
for crossing maneuvers on multilane highways involves 
adding 0.5 sec for passenger cars and 0.7 sec for trucks for 
each additional lane to be crossed beyond two lanes. For 
example, the sight distance for a passenger car to cross a six-
lane highway would be based on a critical gap of 8.5 sec, 
which consists of the 6.5-sec critical-gap value shown in 
Table 27 plus 0.5 sec for each of the four additional lanes to 
be crossed. Normally, the crossing maneuver will become a 
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Traffic Approaching from the Left 

a 
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Clear Sight Triangle for Viewing 
Traffic Approaching from the Right 

Figure 28. Departure sight triangles for Stop-controlled intersections. 
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TABLE 27 Recommended Travel Times for Determining 
Sight Distance for Crossing the Major Road at a 
Stop-Controlled Intersection 

Vehicle type 	Travel time (sec) at design 
speed of major road 

Passenger car 	 6.5 

Single-unit truck 	 8.5 

Combination truck 	 10.5 

Note: For crossing a major road with more than two lanes, 
add 0.5 sec for passenger cars or 0.7 sec for trucks 
for each additional lane to be crossed. 

critical design consideration only for highways with more 
than six lanes. All lanes in both directions of travel are nor-
mally considered. However, any median that is at least 3.6 m 
(12 ft) wide should be considered in determining the number 
of lanes to be crossed. For example, a median that is 7.2 m 
(24 ft) wide should be counted as two additional lanes to be 
crossed. However, if the median is wide enough to store the 
design vehicle with at least 1 m (3.1 ft) to space at each end, 
then the crossing maneuver of each roadway of the divided 
highway should be evaluated separately. 

Discussion of Recommendations 

Gap acceptance provides a very safety-conservative ap-
proach to the sight-distance requirements of Stop-controlled 
intersections. The inherent conservatism of the recom-
mended values can be demonstrated in four ways. 

First, the recommended critical gaps are longer than the 
gaps used for other applications, such as in the proce-
dures of the Highway Capacity Manual (14) for opera-
tional analysis of two-way Stop-controlled intersections. 
Second, the observed 85th percentile deceleration rates 
of the major-road drivers in the field studies from which 
the gap-acceptance values were derived are very mod-
est; they are only one-third to one-half of the decelera-
tion rates assumed in SSD design, which are themselves 
extreme only for vehicles with poor tires on a poor, wet 
pavement. Thus, at intersections designed in accordance 
with the recommended gaps, the driver of the major-
road vehicle has adequate reserve deceleration capabil-
ity to respond to occasional misjudgments by one or 
more of the involved drivers. 
Third, the same gap-acceptance values have been rec-
ommended for both right and left turns, although the 
field studies would support gaps for right turns that are 
1.0 to 1.8 sec less than for left turns; this results in 
very conservative sight-distance values for right turns. 
Finally, all field study sites at which gap-acceptance 
behavior was observed have good safety records. None 
of the study intersections experienced more than 0.7 

accidents per year associated with the turning move-
ment of interest, and many of the intersections experi-
enced no accidents in a three- to five-year period asso-
ciated with that particular turning movement. Thus, it 
can be documented that the intersections that provide 
the basis for the recommended gap-acceptance values 
operate very safely. It should also be noted that the 
recommended policy is similar to those already used 
by two state highway agencies and a number of local 
agencies. 

Table 28 compares the recommended sight-distance val-
ues for Stop-controlled intersections with those presented in 
current AASHTO policy. The table makes clear that, except 
at very low speeds, the recommended values constitute a 
substantial reduction in sight-distance requirements. This 
reduction is appropriate both because the recommended val- 
ues are well supported by actual field data, as explained 
above, and because the current AASHTO values are so long 
that they are impractical at many real-world intersections. 
Thus, the recommended values should provide a more prac-
tical basis than current policy for determining sight distance 
needs at Stop-controlled intersections. Finally, the recom- 
mended policy also provides sight-distance values for right- 
and left-turns by trucks at Stop-controlled intersections for 
application at intersections with substantial numbers of 
turning trucks. Figure 29 illustrates the recommended sight-
distance values for right and left turns by passenger cars 
and trucks. 

Incorporation of Changes to the SSD Model 
Recommended by NCHRP Project 3-42 

Fambro et al. ("Determination of Stopping Sight Dis-
tances," Final Report of a forthcoming NCHRP project) has 
recommended several changes to AASHTO SSD policy in 
NCHRP Project 3-42. The recommended ISD policy for 
Stop-controlled intersections presented above is not based 
on current SSD policy and, therefore, is not affected by the 
Fambro et al. recommendations. 

TABLE 28 Recommended Sight Distances for Left and 
Right Turns onto the Major Road by Passenger Cars at 
Stop-Controlled Intersections in Comparison to Current 
AASHTO Policy 

Major-road design Recommended sight Sight distance for 
speed (km/h) distancea (m) Case IIIB in current 

AASHTO policyb  (m) 
30 65 65 
40 85 90 
50 105 120 
60 125 160 
70 150 205 
80 170 255 
90 190 310 
100 210 380 
110 230 455 

a Based on 7.5 sec of travel time at the major-road design speed 
Based on Equations (26) through (28). 
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CHAPTER 4 

EVALUATION OF ISD POLICY FOR INTERSECTIONS WITH 
YIELD CONTROL ON THE MINOR ROAD 

This chapter presents an evaluation of ISD policy for inter-
sections with Yield control on the minor road. 

CURRENT AASHTO POLICY 

ISD Case II addresses the sight distance requirements for 
vehicles on minor-road approaches controlled by Yield 
signs. Figure 30 illustrates the clear sight triangle used by 
AASHTO to address this situation. As for uncontrolled inter-
sections, sight distance for Yield-controlled intersection is 
based on an approach sight triangle. AASHTO policy for 
ISD Case II is based on the assumption that drivers on the 
Yield-controlled approach should have sufficient sight dis-
tance to stop, if necessary, before reaching the intersection. 

AASHTO policy specifies that the sight distance for the 
driver on the minor road must be sufficient to allow the driv-
er to see a vehicle on the major roadway approaching from 
either the left or the right and then, through perception, reac-
tion, and braking time, bring the vehicle to a stop prior to 
reaching the intersecting roadway. Where sufficient sight 
distance is not available for the driver of the vehicle on the 
minor road, it may be necessary to have a posted speed 
reduction on the minor road as it approaches the major cross-
road or to use a more positive form of control such as a Stop 
sign. ISD Case III (Stop Control on Minor Road) should also 
be provided in addition to ISD Case II so that any vehicle on 
the minor road that is forced to stop by major-road traffic has 
sufficient sight distance to proceed. 

In a typical case, such as that shown in Figure 30, the 
speed of Vehicle A is known, as are the distances from the 
respective vehicle paths to a corner sight obstruction. If 
Vehicles A and B first sight each other when Vehicle A is at 
distance da  from the intersection, then distance db  can be 

determined as: 

db = ad, 	 (42) 
d, — b 

The critical speed Vb  is the speed for which the SSD is db. 
Equation (42) is based on geometric relationships for similar 
triangles. This critical speed could be used, where necessary, 
in establishing an advisory speed on the major road. Thus, 
the current AASHTO policy does not explicitly establish the 
length of the leg of the clear sight triangle along the major 

road. However, by implication, the recommended length of 
the leg of the sight triangle along the major road is equal to 
SSD for the major-road design speed because, otherwise, an 
advisory speed would be needed on the major road. 

SSD is specified in the AASHTO Green Book as a func-
tion of perception-reaction time and braking time. The SSD 
criteria in the 1994 AASHTO Green Book are based on the 
following equation: 

V2  
SSD = 0.278tV + 	 (43) 

254f 

where: 

SSD = stopping sight distance (m) 
tpr = perception-reaction time (sec) 
V = initial vehicle speed (km/h) 
f = coefficient of tire-pavement braking friction 

The first term of Equation (43) represents the perception-
reaction distance, while the second term represents the brak-
ing distance. The coefficient of sliding friction is used by 
AASHTO in Equation (43) to determine the braking distance 
for a locked-wheel stop by a passenger car; these braking 
coefficients generally represent a stop by a vehicle with poor 
tires on a poor, wet road. 

Table 29 presents the AASHTO SSD criteria that appear 
in Green Book Table Ill-i. These criteria are based on an 
assumed perception-reaction time (tpr) of 2.5 sec and the 
assumed values of speed and coefficient of friction shown in 
the table. The two values shown in the table for the assumed 
speed, brake reaction distance, braking distance on level, and 
stopping sight distance represent minimum and desirable 
designs based on average running speed and design speed, 
respectively. 

Current AASHTO policy also specifies that departure 
sight triangles equivalent to those for Stop-controlled inter-
sections should be provided to accommodate left- and right-
turn maneuvers by vehicles that stop on the Yield-controlled 
approach because of the presence of major-road traffic. 

CURRENT HIGHWAY AGENCY POLICIES 

Table 30 summarizes the design policies used by state 
and local highway agencies for ISD at Yield-controlled 
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Figure 30. Minimum clear sight triangle used for ISD Case II. 
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Vehicle B 

Clear Sight Triangle 

intersections. Over 35 percent of state highway agencies 
do not consider ISD Case II in their design policies pri-
marily because they do not permit Yield-controlled inter-
sections on the highway system under state jurisdiction. 
The table shows that, with only four exceptions, all state 
highway agencies that operate Yield-controlled intersec-
tions have design policies based on ISD Case II from 
either the 1984 or 1990 Green Book (2,3). Furthermore, 
the 1984 and 1990 Green Book policies for AASHTO 
Case II are identical. It should be noted that the survey on 
which the table is based was completed prior to publica-
tion of the 1994 Green Book (1). 

Four state highway agencies have their own policies for 
ISD Case II that differ from AASHTO. These are as follows: 

One state uses a policy that is presented in for all inter-
sections and all sight distance cases. This policy pro-
vides ISD approximately equal to the specified values 
for ISD Case I and also provides twice the normal SSD 
along the intersection approaches on the major road. 
One state has a design policy for all ISD cases, includ-
ing Case II, that is based on the sight distance values for 
AASHTO Case lilA. 

One state is considering adoption of a policy for ISD 
Case II that provides the sight distance required for 
minor-road vehicles to complete left- and right-turns 
onto the major road. This policy assumes a reduced 
vehicle speed of 16 km/h (10 mph) on all Yield-
controlled approaches. Since there is no AASHTO 
SSD value for a design speed of 16 km/h (10 mph), 
the state uses a calculated SSD value of 15 m (50 ft) 
as the leg of the sight triangle along the minor road, 
based on the assumption that f in Equation (44) is 
equal to 0.25 at 16 km/h (10 mph). The leg of the 
sight triangle along the major road in this policy 
ranges from 70 percent to 95 percent of the sight dis-
tance for AASHTO Case IIIB. 
One state applies ISD Case II only to Yield-controlled 
right-turn movements at signalized intersections and 
ramp terminals. An approach speed of 24 km/h (15 mph) 
is assumed on the minor road, resulting in an assumed 
SSD value of 31 m (100 ft). 

Table 30 shows that 51 percent of local agencies in urban 
areas and 35 percent of local agencies in rural areas use 

TABLE 29 Braking Coefficients and Stopping Sight Distances Used in 
Current AASHTO Policy (1,2) 

Design 
speed 
(km/h) 

Braking 
coefficient 

Range 
of SSD 

(m) 

Design 
speed 
(mph) 

Braking 
coefficient 

Range 
of SSD 

(ft) 

30 0.40 30-30 20 0.40 125-125 
40 0.38 45-45 25 0.38 150-150 
50 0.35 60-65 30 0.35 200-200 
60 0.33 75-85 35 0.34 225-250 
70 0.31 95-115 40 0.32 275-325 
80 0.30 115-140 45 0.31 325-400 
90 0.30 135-170 50 0.30 400-475 
100 0.29 160-205 55 0.30 450-550 
110 0.28 180-250 60 0.29 525-650 
120 0.28 205-290 65 0.29 550-725 

70 0.28 625-850 
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TABLE 30 Summary of Highway Agency Design Policies 
for ISD Case II 

Number (percentage) of agencies 
State highway Local agencies 

Design policy agencies Urban Rural 
1990 AASHTO 18 	(38.3) 13 	(35.1) 6 (26.1) 
Green Book 
1984 AASHTO 8 	(17.0) 6 	(16.2) 2 (8.7) 
Green Book 
Own state 4 	(8.5) - - 4 (17.4) 
policy 
Own local - - 9 	(24.3) 3 (13.0) 
policy 
Don't consider U 	(36.2) (24.3) 8 (34.8) 
this case 

47 37 23 
These local agencies use design policies for ISD Case II 
based on the policies of the state highway agencies in their 
states. 

the AASHTO policy for ISD Case II. Approximately 24 
percent of local highway agencies in urban areas and 13 
percent of local highway agencies in rural areas have poli-
cies for ISD Case II that differ from AASHTO. Typical 
local sight-distance policies for Yield-controlled intersec-
tions include 

Specified clear sight triangles whose legs vary with 
approach speed; 
Specified clear sight triangles whose legs do not vary 
with approach speed. These are typically implement-
ed by local ordinances prohibiting sight obstructions 
on private property within the specified clear sight 
triangle; 
Specified clear sight triangle based on safe approach 
speed greater than 16 kmlh (10 mph) determined from 
the safe approach speed procedure in the Traffic Con-
trol Devices Handbook (4); and 
Specified clear sight triangle based on sight-distance 
requirements for a crossing maneuver similar to 
AASHTO Case lilA. 

Policies on ISD design for Yield-controlled inter-
sections were found in two other countries (see Appendix 
Q. In both Germany and Sweden, the sight distances used 
as the leg of the clear sight triangle along the minor road 
are substantially less than the AASHTO SSD values cur-
rently used in the United States. The leg of the clear sight 
triangle used in Germany for passenger cars along the 
major road is approximately equal to the AASHTO SSD 
values; the corresponding values used in Sweden are sub-
stantially greater than the AASHTO SSD values. 

ASSESSMENT OF CURRENT POLICIES 

The following discussion presents a critique of the cur-
rent AASHTO and state and local policies for ISD Case II. 

AASHTO Policy 

Perception-Reaction Time 

The current AASHTO policy assumes that the driver of a 
vehicle approaching a Yield-controlled intersection will be 
able to detect a potentially conflicting vehicle on the cross-
road and react to that vehicle in 2.5 sec. As in ISD Case I, it 
is likely that, in some instances, the vehicle on the crossroad 
will be out of the central part of the visual system of the 
driver in the approaching vehicle; however, as discussed in 
Case I, this concern does not account for head movement on 
the part of the driver. It should also be kept in mind that there 
is greater sensitivity to motion in the peripheral vision sys-
tem than there is to recognition of form. 

Although the AASHTO ISD policy for ISD Case II makes 
reference to AASHTO SSD, Case II deals with a different 
perceptual task (recognizing a vehicle on an intersecting 
approach rather than an object in the road ahead). Therefore, 
it should not be simply assumed that the same value of 
perception-reaction time (2.5 sec) would apply to both tasks. 
The research that has addressed the perception-reaction time 
required for ISD Case II is discussed below. 

McGee and Hooper (7) evaluated the perception-reaction 
time requirements for ISD Case II. Based on the same theory 
of subprocesses discussed earlier for Case I, they concluded 
that the same perception-reaction time values should be used 
for Case II as for Case I. Thus, McGee and Hooper clearly 
distinguish between the perceptual tasks in Case II and the 
different perceptual tasks in SSD but consider the perceptual 
tasks in ISD Cases I and II to be equivalent. For both Cases 
I and II, McGee and Hooper recommend the use of a 
perception-reaction time value of 3.4 sec as appropriate for 
the 85th percentile of the driving population. However, as 
discussed in Chapter 2 of this report, the McGee and Hooper 
estimates appear to be very conservative because they do not 
consider the possibility of time overlaps or parallel process-
ing of the various sub-processes that were considered. 

In contrast, Hostetter et al. (12) concluded from a field 
study that the current value of 2.5 sec is adequate for the Case 
II perception-reaction time. In addition to their field confir-
mation of the 2.5-sec value, Hostetter et al. also noted the 
recent work by Olson et al. (10), which confirmed the appro-
priateness of the 2.5-sec perception-reaction time value for 
the 95th percentile of the driving population for SSD. 

The authors agree that the perceptual requirements of ISD 
Cases I and II are essentially equivalent. Therefore, as in 
Case I, we recommend a perception-reaction time of 2.5 sec 
for use in ISD Case II. 

Deceleration Characteristics 

The tire-pavement braking coefficients assumed in 
AASHTO SSD policy are shown in Table 29. These braking 
coefficients are based on locked-wheel braking by a passen- 
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ger car and are appropriate for braking by a vehicle with poor 
tires on a poor, wet pavement. These braking coefficients 
appear to be appropriate for use in ISD Case II. However, 
Fambro et al. ("Determination of Stopping Sight Distances," 
Final Report of a forthcoming NCHRP project) has recom-
mended a change in the braking coefficient assumed in SSD 
such that SSD will be based on controlled braking by a pas-
senger car driver rather than locked-wheel braking. If the rec-
ommended braking coefficient is adopted as AASHTO pol-
icy for SSD, then it is recommended that it be incorporated 
in ISD policy as well. 

Recent research for FHWA by Harwood et al. (9) reviewed 
whether the current AASHTO SSD policy was appropriate 
for trucks. Truck drivers must use controlled braking rather 
than locked-wheel braking, because trucks can lose control 
if their wheels lock. Harwood et al. found that longer brak-
ing distances and additional SSD are needed for controlled 
stops by trucks with conventional braking systems. How-
ever, the provision of longer SSD for trucks was found to be 
cost-effective only for sites with very high truck volumes. 
Furthermore, the provision of antilock braking systems for 
trucks, which will soon be required by government regula-
tion, should reduce or eliminate the need to provide longer 
SSD for trucks. Therefore, no special braking coefficients for 
trucks are recommended for use in determining sight dis-
tance at Yield-controlled intersections. 

Decision Making by the Minor-Road Driver 

The AASHTO Case II model assumes that the minor-road 
driver will make a choice to stop or continue through the 
intersection when that driver is at a distance from the inter-
section equal to SSD. If the minor-road driver sees a poten-
tially conflicting vehicle on the major road from this point, 
the driver has a sufficient length of roadway available to stop 
before reaching the intersection. However, if the minor-road 
driver at the SSD point decides not to stop but to continue at 
a constant speed equal to the design speed, and a major-road 
vehicle appears in view shortly thereafter, then a collision 
may be avoided only if the minor-road driver (or the major-
road driver) chooses to adjust speed. 

Consider, for example, the intersection of two 80-km/h 
(50-mph) roadways with minimum available sight distance 
for ISD Case II. When a minor-road driver is traveling at 80 
km/h (50 mph) and is located 145 m or 475 ft (i.e., SSD) from 
the intersection, that driver cannot yet see a vehicle that is 
150 m (490 ft) from the intersection on the major road. That 
major-road vehicle will appear to the minor-road driver 
approximately 0.10 sec later, when it is already too late for 
the minor-road driver to stop before reaching the intersec-
tion. In this case, the minor-road driver can avoid a collision 
by adjusting speed without stopping. However, unlike ISD 
Case I, it is not reasonable to assume that there is unlikely to  

be a second vehicle following the first on the major road. 
Therefore, it is important that drivers on a Yield-controlled 
approach be able to see any potentially conflicting vehicle on 
the major road before they pass the last point from which 
they could stop before reaching the major road. 

A minor-road vehicle that does not stop at the intersection 
can make any of three maneuvers—cross the major road; turn 
left onto the major road; or turn right onto the major road. 
The current AASHTO policy is intended to ensure that, if 
the minor-road vehicle makes one of these maneuvers, the 
major-road vehicle can avoid a collision by stopping. How-
ever, longer sight distances would be required to ensure that 
the major-road vehicle can avoid a collision by adjusting 
speed without stopping. 

State Policies 

Only one state highway agency policy appears to recog-
nize that the sight distance requirements for Yield-controlled 
approaches should consider the possibility of left- and right-
turn maneuvers, as well as stopping or crossing maneuvers. 
The Oklahoma Department of Transportation is in the 
process of adopting a new policy for ISD Case II that pro-
vides sufficient ISD for a minor-road vehicle to turn left or 
right onto the major road at a Yield-controlled intersection, 
as well as to cross the major road or stop. This policy is based 
on the assumptions that, as drivers approach a Yield-
controlled intersection, they typically will 

Slow down as they approach the major road; 
Based on their view of the major road, make a stop/ 
accelerate decision; and 
Either brake to a stop or continue their turning maneu-
ver onto the major road. 

This policy is practical because the Oklahoma DOT assumes 
that the minor-road vehicle will slow to 16 km/h (10 mph) 
before making the stop/accelerate decision. It is assumed that 
the minor-road driver makes the stop/accelerate decision 
when the minor-road vehicle is at a distance from the inter-
section equal to SSD for a speed of 16 km/h (10 mph), or 
15 m (50 ft), plus an allowance of 1.5 m (5 ft) for the setback 
of the driver's eye from the front of the vehicle. 

Figure 31 illustrates both of the clear sight triangles 
needed for Yield-controlled intersections under the proposed 
Oklahoma policy. The sight triangle with its vertex 20 m (65 
ft) from the intersection along the minor road represents the 
required sight distance for left- and right-turn maneuvers 
made without stopping. The other sight triangle with its ver-
tex 4.6 m (15 ft) from the intersection along the minor road 
represents the required sight distance for left- and right-turn 
maneuvers made after a stop. The table that appears in Fig-
ure 31 shows the required sight distance along the major road 
(i.e., the leg of the clear sight triangle along the major road). 
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9.2.4). See Sections 9.2.2 and 9.23 for ISD criteria for stop condition. 

Figure 31. ISD Case II policy used by Oklahoma DOT to provide sight distance for left and right turns by passenger cars at Yield-controlled intersections. 
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The sight distances along the major road shown in Figure 
31 have been derived by the Oklahoma DOT from the fol-
lowing assumptions: 

The design vehicle is a passenger car. 
The turning vehicle accelerates from 16 km/h (10 mph) 
to 85 percent of the major-road design speed in accor-
dance with the speed vs. time relationship presented in 
Green Book Table IX-8. 
The major-road vehicle decelerates from the design 
speed of the major road to 85 percent of the design 
speed. 
The gap between the turning vehicle and the major-
road vehicle at the end of the maneuver is based on 
providing 2 sec of travel time at the design speed. (It 
seems to the authors that this should more appropri-
ately be 2 sec of travel time at 85 percent of the design 
speed.) 
The driver eye height is 1,070 mm (3.50 ft) and the 
height of object (an approaching passenger car) is 1,300 
mm (4.25 ft). 

This approach to Case II, thus, is based on many of the 
same concepts considered in the AASHTO criteria for ISD 
CasesIIIB and IIIC. The modified AASHTO model for left 
and right turns presented in Equations (35) through (40) in 
Chapter 3 of this report also could be adapted to the Okla-
homa DOT approach to Yield-controlled intersections. 

The concept used by the Oklahoma DOT appears quite 
promising in that it is the only existing sight-distance concept 
proposed for Yield-controlled intersections that recognizes 
that the sight-distance requirements for left and right turns 
should be addressed. However, the Oklahoma DOT concept 
does not address the sight-distance requirements of the cross-
ing maneuver. While it appears reasonable to assume that 
minor-road vehicles must slow to 16 km/h (10 mph) in mak-
ing a turning maneuver, it is not clear that drivers would slow 
this much in making a crossing maneuver. However, the 
crossing maneuver is a concern at four-leg intersections, but 
not at three-leg intersections. 

ALTERNATIVE ISD MODELS AND 
METHODOLOGIES 

The Oklahoma DOT approach to sight-distance require-
ments for Yield-controlled intersections draws attention to 
the point that existing models and methodologies do not 
address all of the possible maneuvers that can occur at Yield-
controlled intersections. 

A number of alternative sight-distance concepts for Yield-
controlled intersections were evaluated during the research, 
including 

Alternative models based on adjusting speed, rather than 
stopping, by the minor-road vehicle; 
Alternative policies that, for any particular intersection, 
give the designer a choice between a model based on 

adjusting speed and a model based on stopping by the 
minor-road vehicle; 
Alternative models based on left- and right-turn maneu-
vers, like the Oklahoma DOT model, rather than cross-
ing and stopping maneuvers; and 
Alternative models based on safe approach speed, such 
as that presented in Figure 2-5 in the Traffic Control 
Devices Handbook (4), or a modification of it. 

However, none of these concepts appeared capable of 
addressing all of the many maneuver types that can occur 
at Yield-controlled intersections. The following maneu-
vers need to be addressed and sight-distance policies 
should be based on whichever of these models prove to be 
most critical: 

Driver of crossing vehicle on the Yield-controlled 
approach sees potentially conflicting traffic on the major 
road and brings the vehicle to a stop before reaching the 
intersection. 
Driver of crossing vehicle on the Yield-controlled 
approach sees no potentially conflicting traffic on the 
major road and proceeds to cross the major road without 
stopping. 
Driver of left- or right-turning vehicle on the Yield-
controlled approach sees potentially conflicting traffic 
on the major road and brings the vehicle to a stop before 
reaching the intersection. 
Driver of left- or right-turning vehicle on the Yield-
controlled approach sees no potentially conflicting traf-
fic on the major road and proceeds to enter the major 
road without stopping. 
Driver of crossing, left-turning, or right-turning vehicle 
on the Yield-controlled approach, having stopped before 
entering the intersection because of the presence of traf-
fic on the major road, accelerates from a stop to cross or 
enter the major road. 

In formulating a recommended sight-distance policy for 
Yield-controlled intersections, it was recognized that the 
concepts developed in previous chapters for uncontrolled 
and Stop-controlled intersections can be adapted to address 
each of the maneuver types listed above. This approach pro-
vides a desirable consistency between the concepts recom-
mended for the various different types of ISD and is there-
fore recommended. The adaptation of the recommended 
ISD models and methodologies for uncontrolled and Stop-
controlled intersections to fit these cases is addressed in the 
next section. 

DEVELOPMENT OF ISD MODELS AND 
METHODOLOGIES 

The following discussion addresses appropriate models of 
the ISD requirements for each of the maneuvers of interest at 
Yield-controlled intersections. 
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Crossing Maneuver: Conflicting Traffic on 
Major Road 

The first maneuver of interest involves a vehicle whose 
driver intends to cross the major road from a Yield-controlled 
approach. A model is needed to determine the last point on that 
approach from which the minor-road driver can stop before 
reaching the intersection if a vehicle on the major road comes 
into view. Such a model can be adapted from the model of stop-
ping behavior recommended for use on uncontrolled intersec-
tion approaches. The uncontrolled intersection model is based 
on the AASHTO SSD model, but incorporates the observation 
that through drivers on approaches to uncontrolled intersec-
tions typically reduce their speed on the intersection approach 
to 50 percent of their midblock running speed. 

The same model is potentially applicable to drivers of 
crossing vehicles on Yield-controlled approaches. However, 
field observations at several intersections in Kansas City, 
Missouri, indicate that drivers on Yield-controlled ap-
proaches typically reduce their speed to only 60 percent of 
the midblock running speed (see Appendix G). Figure 32 
presents a typical speed-distance plot (speed profile) for a 
crossing vehicle on a Yield-controlled approach, showing the 
speed profile that drivers would follow when braking to a 
stop and when continuing through the intersection. 

The decision point on the approach to a Yield-controlled 
intersection is the last point from which the approaching 
driver can brake to a stop (with poor tires on a poor, wet pave-
ment, as assumed in SSD) if a major-road vehicle comes into 
view. As in SSD design and in the recommended policy for  

uncontrolled intersections, it is assumed that the driver may 
require 2.5 sec of perception-reaction time to detect a poten-
tially conflicting vehicle and begin to brake. The decision 
point at the beginning of perception-reaction time may be 
either to the left or to the right of Point A in Figure 32, 
depending on the midblock speed (the possible alternative 
locations for the beginning of perception-reaction time are 
illustrated in Figure 8). 

The distance from the decision point to the intersection 
represents one leg of the sight triangle for the crossing 
maneuver. This distance can be computed with Equations 
(15) to (19), except that it should be assumed that: 

Ve  = 0.60V 	 (44) 

Table 31 shows the distances from the decision point to the 
intersection for various design speeds. Where the design 
speed for the roadway upstream of an intersection is not 
known, it can be estimated as the 85th percentile speed of 
traffic at a midblock location away from the intersection. 

Crossing Maneuver: No Conflicting Traffic on 
Major Road 

If the driver of a minor-road vehicle passes the decision 
point and has not yet seen any potentially conflicting vehicles 
and has not yet begun to brake, the driver is then committed 
to continue through the intersection. There is not sufficient 
time remaining for the driver to brake to a stop before reach- 
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Figure 32. Speed profiles for vehicles intending to cross the major road 
from a Yield-controlled approach. 
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TABLE 31 	Leg of Sight Triangle Along the Minor Road for Crossing 
Maneuvers from a Yield-Controlled Approach 

Design Length of Current Design Length of Current 
speed minor-road leg AASHTO speed minor-road leg AASHTO 
(km/h) of sight SSD (mph) of sight SSD 

triangle (m) criteriaa triangle (ft) criteriab 

(m) (ft) 
30 30 30 20 95 125 
40 40 45 25 120 150 
50 50 65 30 150 200 
60 65 85 35 180 250 
70 85 115 40 235 325 
80 110 140 45 280 400 
90 140 170 50 350 475 
100 165 205 55 420 550 
110 190 250 60 500 650 
120 230 290 65 570 725 

70 675 850 
a High end of range in 1994 Green Book (rounded) 

High end of range from 1990 Green Book. 

ing the intersection, at least under the conditions assumed in 
SSD design (poor tires on a poor, wet pavement). Therefore, 
it must be assumed that the driver will continue through the 
intersection. As shown in Figure 32, it is assumed that the 
driver will continue to slow until a speed equal to 60 percent 
of the midblock running speed is reached and it is further 
assumed that the driver will continue at a constant speed equal 
to 60 percent of the midblock running speed until the vehicle 
has crossed and cleared the intersection. 

Alternatively, it might be assumed that the minor-road 
vehicle would begin to accelerate again once it entered the 
intersection; however, the assumption of constant speed is 
more conservative for passenger cars and, for trucks, it might 
be unrealistic to assume that the vehicle is able to accelerate. 

The travel time from the vehicle position at which the driv-
er's perception-reaction time begins to the point at which the 
vehicle has cleared the intersection can be determined in 
English units as: 

1.47V - 1.47V 

	

+ 	 (45) 
ai  

w + La  

	

tc  = ta  + 	 (46) 
1.47 V. 

where: 

ta  = time for minor-road vehicle to travel from the begin-
ning of perception-reaction time to the point at which 
the vehicle reaches the intersection (sec) 

tc  = time for minor-road vehicle to travel from beginning of 
perception-reaction time to the point at which the vehi-
cle clears the intersection (sec) 

tpr  = perception-reaction time (sec) 
Ye  = speed at which minor-road vehicle would enter the 

intersection after decelerating (mph) (assumed: Ye  = 
0.60V) 

V = midblock running speed (mph) 

Yb = speed at which braking by the minor-road vehicle 
begins (mph) 

a i  deceleration rate (ft/sec') on intersection approach 
when braking to a stop by the minor-road vehicle is not 
initiated (assumed: a, = —5.0 ft/sec') 

w = width of intersection (ft) 
La  = length of vehicle (ft) 

An equivalent expression in metric units is: 

0.278V, - 0.278V,, 
ta  = tp  + 	 (47) 

a 

w + La  (48) 
0.278 V, 

where the speeds (Ye  and Yb) are in kilometers per hour, the 
distances (w and La) are in meters, and the deceleration rate 
(a1) is in meters per second per second. 

Table 32 shows the computed values of t. for various 
minor-road design speeds. The value of t, is computed from 
ta  and assumed values of intersection width and vehicle 
length. The length of the leg of the sight triangle along the 
major road to accommodate the crossing maneuver is the dis-
tance that a major-road vehicle would travel in time t at the 
design speed of the major road. 

Turning Maneuver: Conflicting Traffic on 
Major Road 

Vehicles on Yield-controlled approaches that intend to 
turn left or right at the intersection follow a different speed 
profile than crossing vehicles. Intersection turning maneu-
vers are typically made at speeds of approximately 16 km/h 
(10 mph), so drivers of vehicles on Yield-controlled ap-
proaches that intend to turn begin to slow to that speed, if 
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TABLE 32 Travel Time (ta) for Minor-Road Vehicle to 
Reach the Major Road on a Yield-Controlled Approach 

Minor-road 
design speed 

(km/h) 

Travel time for 
minor-road vehicle, 

t 	(sec) 

Minor-road 
design 
speed 
(mph) 

Travel time for 
minor-road vehicle, 

t, (sec) 

30 3.4 20 3.5 
40 3.7 25 3.7 
50 41 30 4.1 
60 4.7 35 4.6 
70 5.3 40 4.9 
80 6.1 45 5.3 
90 6.8 50 5.9 
100 7.3 55 6.5 
110 7.8 60 7.1 
120 8.6 65 7.5 

70 8.2 

necessary, even before they have determined whether any 
potentially conflicting vehicles are present on the major 
road. The turning speed of 16 km/h (10 mph) is typically less 
than the speed to which crossing vehicles typically deceler-
ate on the intersection approach (60 percent of their mid-
block running speed). 

Figure 33 illustrates a typical speed profile of a turning 
vehicle approaching a Yield-controlled intersection. The fig-
ure shows that, since the vehicle is decelerating to reach 16 
km/h (10 mph) before reaching the intersection, very little 
further braking is required to stop if a potentially conflicting 
vehicle comes into view on the major road. The stopping dis-
tance (perception-reaction distance plus braking distance) 
varies only slightly from 23.1 m (75.8 ft) for midblock 
speeds of 32 km/h (20 mph) to 23.2 m (76.2 ft) for midblock 
speeds of 113 km/h (70 mph). Thus, the leg of the sight tri-
angle along the minor road to allow a turning vehicle to stop 
before reaching the intersection (rounded for design) is only 

Constant Midblock Speed 

LVA 
Deceleration 
at 1.5 rn/sec2 

16 km/h 	 Deceleration to a Stop 
(10 mph) 	 at Braking Rates 

Assumed in SSD 

Distance -- 

Edge of 
Major-Road 

Traveled Way 

Figure 33. Speed profiles for vehicles intending to turn 
onto the major road from a Yield-controlled approach. 

25 m (80 ft) and does not vary appreciably with the design 
speed of the minor road. 

Turning Maneuver: No Conflicting Traffic on 
Major Road 

The time required for the minor-road vehicle to travel a 
distance of 25 m (80 ft) to the intersection while decelerating 
at 1.5 rn/sec2  (5.0 ftlsec2) is 3.5 sec. This implies that the leg 
of the sight triangle along the major road (7.5 sec travel time 
for a turning maneuver by a passenger car, as shown in Table 
26) should be increased by 3.5 sec at a Yield-controlled inter-
section. However, less acceleration time is required by the 
turning vehicle since it starts from a turning speed of 16 km/h 
(10 mph) rather than from a stop. The amount of acceleration 
time foregone by starting from 16 km/h (10 mph) rather than 
from a stop is 3.0 sec, based on the acceleration times in 
Green Book Table IX-8. Thus, the travel times used to de-
termine the sight distance along the major road for Stop-
controlled intersections given in Table 26 should be 
increased at Yield-controlled intersection by 3.5 sec and 
decreased by 3.0 sec, for a net increase of 0.5 sec. 

Turning Maneuver: Turning onto the Major 
Road from a Stop 

If a vehicle stops before entering the major road because 
of the presence of potentially conflicting traffic on the major 
road, the clear sight triangle for turning onto the major road 
is exactly the same as the clear sight triangle for Stop-
controlled intersections presented in Chapter 3. This sight 
triangle need not be explicitly considered, however, because 
it is always smaller than the recommended sight triangle for 
turning onto the major road without stopping. The sight tri-
angle for crossing the major road from a stop is even smaller 
than the sight triangle for turning onto the major road from 
a stop (see Chapter 3) and, therefore, also need not be con-
sidered explicitly. 

RECOMMENDATIONS 

This section summarizes the recommended sight distance 
policy for Yield-controlled intersections and discusses the 
rationale for that policy. A draft of an intersection sight dis-
tance policy for potential incorporation in the AASHTO 
Green Book is presented in Appendix J. 

Recommended Policy for Sight Distance 
to the Intersection 

The driver on the minor road approaching a Yield-
controlled intersection should have a view of the intersection 
and the Yield sign from a distance sufficient to stop before 
reaching the intersection. This is normally ensured by the 
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provision of SSD along the minor road. However, where a 
sufficient view of the intersection is not available or where 
the Yield sign may be obscured, an advance warning sign 
(i.e., Yield Ahead) should be considered. 

Similarly, the driver on the major road needs a view of the 
intersection sufficient to slow (or, in an emergency, stop) if 
a minor-road vehicle crosses or enters the highway. This is 
normally ensured by the provision of SSD along the major 
road. However, where the presence of the intersection is not 
apparent, an advance warning sign (e.g., the T-intersection or 
crossroad symbol sign) should be considered. 

Recommended Sight Distance Policy for 
Four-Leg Yield-Controlled Intersections 

At four-leg Yield-controlled intersections, the clear sight tri-
angles illustrated in both Figures 34 and 35 should be provided. 

Crossing Maneuver 

In Figure 34, the length of the minor-road leg (a) of the 
sight triangle is based on the distances shown in Table 31; 
the length of the sight triangle along the major road (b) is 
the distance traveled by a vehicle at the design speed of the 
major road in the times computed with Equations (47) and 
(48). 

The recommended lengths for the minor-road leg of the 
sight triangle shown in Table 31 for the crossing maneuver are 
equal to or slightly less than the current values for the minor-
road leg in AASHTO ISD Case II, which are identical to the 
AASHTO SSD values. This reduction in the length of the 
minor-road leg of the sight triangle results from the observa-
tion that vehicles on Yield-controlled approaches slow to 60 
percent of the midblock running speed even when no poten- 

tially conflicting vehicle is present. Figure 36 compares the 
recommended lengths for the leg of the clear sight triangle 
along the minor road for the crossing maneuver to the recom-
mended values in current AASHTO policy for ISD Case II. 

When the design speeds of the major and minor roads are 
equal, the recommended lengths for the leg of the clear sight 
triangle along the major road are greater than the values rec-
ommended in current AASHTO policy, which are based on 
the AASHTO SSD criteria. Figure 37 compares the recom-
mended lengths for the leg of the clear sight triangle along 
the major road for the crossing maneuver to the current 
AASHTO policy for ISD Case II for this situation with equal 
sight distances along the major and minor roads. Where the 
design speed of the minor road is less than the design speed 
of the major road, the leg of the sight triangle along the major 
road will be shorter than for the situation in which the design 
speeds are equal. However, the leg of the sight triangle along 
the major road to accommodate the crossing maneuver at 
a Yield-controlled intersection should not be shorter than 
the design value for crossing the major road from a Stop-
controlled intersection, based on Table 27. 

Left- and Right-Turn Maneuvers 

In Figure 35, the leg of the sight triangle along the minor 
road (da) is 25 m (80 ft), independent of the design speed of 
the minor road; the length of the sight triangle along the 
major road is equal to the distance traveled by a vehicle at the 
design speed of the major road in the travel times shown in 
Table 26, plus 0.5 sec. As explained earlier, this 0.5 sec 
adjustment represents the net difference between the 
increased deceleration time and decreased acceleration time 
of the minor-road vehicle at a Yield-controlled intersection, 
as compared to a Stop-controlled intersection. 

a 
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Figure 34. Approach sight triangles for crossing maneuvers at a Yield-controlled 
intersection. 
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Figure 35. Approach sight triangles for left- and right-turn maneuvers onto the major 
road at a Yield-controlled intersection. 

For a vehicle that intends to turn left or right onto the 
major road, the 25-m (80-ft) leg of the sight triangle along 
the minor road is greater than the recommended 4.4-rn 
(14.4-ft) length of the minor-road leg for a Stop-controlled 
intersection discussed in Chapter 3, but is substantially less 
than the current AASHTO values for Yield-controlled 
intersections, which are based on the AASHTO SSD crite-
ria. Figure 38 compares the recommended length of the leg 
of the clear sight triangle along the minor road for turning  

maneuvers to the recommended length in current AASHTO 
policy for Case II. 

The recommended values for the leg of the sight triangle 
along the major road are generally longer than the values in 
current AASHTO policy for ISD Case II, which are based on 
SSD. These recommended values are greater than the current 
AASHTO values because AASHTO does not currently con-
sider the sight distance requirements for turning onto the 
major road from a Yield-controlled approach without stop- 
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Figure 36. Comparison of recommended values for the leg of the sight triangle along 
the minor road to accommodate crossing maneuvers at Yield-controlled intersections 
to current AASHTO policy. 
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ping. Figure 39 compares the recommended values to the 
values used in the current AASHTO policy for ISD Case II. 

Consideration of Sight Triangles for Both 
Crossing and Turning Maneuvers 

In many cases, the length of each leg of the sight triangle 
for the crossing maneuver exceeds the length of the corre-
sponding leg of the sight triangle for turning maneuvers. In 
this case, only the sight triangle for crossing maneuvers need 
be checked. However, if the length of the major-road leg of 
the sight triangle for the turning maneuver exceeds the length 
of the corresponding leg for the crossing maneuver, then both 
sight triangles should be checked. 

Recommended Sight Distance Policy for 
Three-Leg Yield-Controlled Intersections 

At three-leg Yield-controlled intersections, with Yield 
control on the stem of the T-intersection, no crossing maneu-
ver is possible so only the sight triangle shown in Figure 35 
need be checked. This generally results in much shorter rec-
ommended ISD values for three-leg Yield-controlled inter-
sections than for four-leg Yield-controlled intersections. The 
recommended legs of the clear sight triangle for three-leg 
Yield-controlled intersections are compared to current 
AASHTO policy in Figures 38 and 39. 

Discussion of Recommended Policy 

It is evident from the policy recommendations presented 
above that the sight distance needs of minor-road vehicles are 
greater at Yield-controlled intersections, especially four-leg 
Yield-controlled intersections, than at Stop-controlled inter-
sections. This results from the greater freedom of action 
afforded the driver approaching a Yield sign. If no potentially 
conflicting traffic is present, the driver approaching a Yield 
sign can proceed without stopping, while the driver approach-
ing a Stop sign is required to stop whether potentially con-
flicting traffic is present or not. This greater freedom of action 
requires that the driver on a Yield-controlled approach be able 
to see a greater length of the major road at a greater distance 
from the intersection than the driver on a Stop-controlled 
approach. Where these greater sight distances cannot be pro-
vided economically, the simplest response is to install a Stop 
sign rather than a Yield sign. Designers and traffic engineers 
should be aware that there is a "cost" in additional sight dis-
tance to installing a Yield sign and Yield signs should not be 
used where that additional sight distance cannot be provided. 

Incorporation of Changes to the SSD Model 
Recommended by Fambro et al. 

Fambro et al. has recommended several changes to 
AASHTO SSD policy in a forthcoming NCHRP project final 
report. The recommendations for ISD policy for Yield- 

1000 

900 

800 

700 

600 

500 
C,) 

400 

300 

200 

100 

300 
280 
260 

240 
220 

200 
_. 180 

160 

SQ 140 
120 

100 
80 
60 

40 
20 

AASHTO SSD 
and ISD Case II 

(high range) 

Recommended Model 
AASHTO SSD 
and ISD Case II 
(low range) 

I J 	QU 	UV I UI_I I IV lev  
Design Speed (kin/h) 

I 	 I 	I 	I 	I 	I 
20 	30 	40 	50 	60 	70 	80 

Design Speed (mph) 
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TABLE 33 Leg of Sight Triangle Along the Minor Road for Crossing Maneuvers 
from a Yield-Controlled Approach (modified for consistency with the stopping sight 
distance model recommended by Fambro et at. [4]) 

Design 	Length of Current Design 	Length of Current 

speed 	minor-road leg AASHTO speed 	minor-road leg AASHTO 

(km/h) 	of sight SSD (mph) 	of sight SSD 
triangle (m) criteriat  triangle (ft) criteria1'  

30 30 30 20 IUV 11. 

40 40 45 25 130 150 

50 55 65 30 160 200 

60 65 85 35 195 250 

70 80 115 40 235 325 

80 100 140 45 275 400 

90 115 170 50 320 475 

100 135 205 55 370 550 

110 155 250 60 420 650 

120 180 290 65 470 725 
70 530 850 

High end of range in 1994 Green Book (rounded). 
High end of range from 1990 Green Book. 

TABLE 34 Travel Time (ta) for Minor-Road Vehicle to Reach 
the Major Road on a Yield-Controlled Approach (modified for 
consistency with the stopping sight distance model recommended 
by Fambro et al. [41) 

Minor-road 
design speed 

(km/h) 

Travel time for 
minor-road vehicle,t  

t (sec) 

Minor-road 
design speed 

(mph) 

Travel time for 
minor-road vehicle, 

t (sec) 
30 3.6 20 3.7 
40 4.0 25 4.0 
50 4.4 30 4.3 
60 4.8 35 4.6 
70 5.1 40 4.9 
80 5.5 45 5.2 
90 5.9 50 5.5 
100 6.3 55 5.8 
110 6.7 60 6.1 
120 7.0 65 6.4 

70 6.7 
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controlled intersections presented above are based, in part, 
on parameter values used in the current AASHTO SSD pol-
icy. If the recommendations made by Fambro et al. are 
adopted by AASHTO for use in SSD policy, corresponding 
changes to the ISD recommendations for Yield-controlled 
intersections should be considered for consistency. In partic-
ular, the recommended ISD criteria for crossing maneuvers 
at Yield-controlled intersections would change, but the crite- 

na for turning maneuvers would not. Table 33 presents a 
replacement for Table 31, and Table 34 presents a replace-
ment for Table 32, which should be used if the recommen-
dations by Fambro et al. are adopted by AASHTO. As in the 
case of uncontrolled intersections in Chapter 2, the Fambro 
et al. recommendations result in slightly longer intersection 
sight distances at low speeds and in moderately shorter sight 
distances at higher speeds. 
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CHAPTER 5 

EVALUATION OF ISD POLICY FOR INTERSECTIONS WITH TRAFFIC 
SIGNAL CONTROL 

This chapter presents an evaluation of the ISD require-
ments for intersections with traffic signal control. 

CURRENT AASHTO POLICY 

The AASHTO policy for ISD Case IV states that sight dis-
tance based on the Case III procedures should be available at 
signalized intersections. Traffic signals greatly reduce the 
need for ISD requirements by alternating the right-of-way 
between the intersection approaches according to a fixed or 
variable cycle. However, the rationale for the AASHTO pol-
icy is that Case III should be applied at signalized intersec-
tions to assure that adequate sight distance is available for 
four situations: 

Signal malfunctions; 
Signal violations by motorists; 
Flashing operation of signals; and 
Right-turn-on-red by motorists. 

The policy also states that, when determining the sight 
lines (i.e., the clear sight triangle) for the design maneuvers 
(i.e., crossing maneuver, left turn, or right turn), the designer 
should consider the effects of roadside appurtenances, 
parked cars, snow accumulation, or any other restriction to 
the sight line. 

The AASHTO policy for Case IV also emphasizes the 
need for motorists to be able to see the signal soon enough to 
perform the actibn it indicates. 

The AASHTO policy for Case IV has not changed 
between the 1984 and 1990 Green Books, or between the 
1990 and 1994 Green Books. However, the underlying pol-
icy for ISD Cases TuB and IIIC was changed between 1984 
and 1990 (see Chapter 2 of this report). 

CURRENT HIGHWAY AGENCY POLICIES 

Table 35 summarizes the design policies used by state and 
local highway agencies for ISD at signalized intersections. 
Approximately 58 percent of state highway agencies use 
either the 1984 or 1990 AASHTO Green Book policy for 
ISD Case IV. However, 21 percent of state highway agencies 
have their own state policies for Case IV and another 21 per- 

cent of state highway agencies have no policy concerning 
sight distance at signalized intersections. It should be noted 
that the survey on which the table is based was conducted 
before the publication of the 1994 Green Book. 

The Case IV policies of the 10 state highway agencies 
whose policies differ from AASHTO are as follows: 

Three states have Case IV policies based on their 
own policies for Cases TuB and IIIC that differ from 
AASHTO. 
Two states use the AASHTO policy for Case lilA rather 
than the policies for Cases TuB and IIIC. 
One state uses its own ISD policy for all intersections, 
including signalized intersections (see Table 5). 
Two states have policies that use language similar to 
Case IV, but do not explicitly refer to Case TuB. Case 
IIIC is mentioned only for intersections where right turn 
on red is permitted. 
Two states have policies that make no explicit reference 
to Case III at all. These policies state that sight distance 
must be available so that drivers are provided with 
"some view of the intersection." 

Table 35 shows that the AASHTO policy for ISD Case IV 
is used by only 49 percent of local agencies in urban areas 
and only 26 percent of local agencies in rural areas. Local 
agencies are more likely than state agencies to have no for-
mal policy for sight distance at signalized intersections. 

ASSESSMENT OF CURRENT POLICIES 

The AASHTO policy for ISD Case IV represents a fail-
safe approach to sight-distance requirements at signalized 
intersections. Most engineers would have little argument 
that adequate ISD for Case III is needed when a signal is 
placed on flashing operation and that adequate ISD for Case 
IIIC is needed when right turn on red is permitted. However, 
the provision of sight distance for signal malfunctions and 
signal violations at intersections where neither flashing 
operation nor right turn on red is permitted, is based on the 
occurrence of very-low-probability events. This issue is 
addressed in the subsequent evaluation of alternative 
methodologies. 
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TABLE 35 Summary of Highway Agency Design Policies 
for ISD Case IV 

Number (percentage) of agencies 

Design policy State highway Local agencies 
agencies Urban Rural 

1990 AASHTO 21 (44.7) 11 (29.7) 5 	(21.7) 
Green Book 
1984 AASHTO 6 (12.8) 7 (18.9) 1 	(4.3) 
Green Book 
Own state policy 10 (21.3) 1 (2.7) 3- 	(13.0) 
Own local policy - - 7 (18.9) 1 	(4.3) 
Don't consider j (21.3) 11. (29.7) 13 	(56.5) 
this case 

47 37 23 
These local agencies use design policies for ISD Case IV 
based on the policy of the state highway agency in their state 

ALTERNATIVE ISD MODELS AND 
METHODOLOGIES 

It appears obvious to the authors that, if ISD Case IV is 
retained in AASHTO policy, the sight-distance requirements 
at locations where Case IV is applicable should be the same 
as those for ISD Case III. The analyses presented above for 
Case III at Stop-controlled intersections are generally appli-
cable, as well, to maneuvers at signalized intersections that 
are not directly controlled by the signal. 

The need also appears obvious to retain the requirement 
that motorists be able to see the signal soon enough to per-
form the action it indicates. Where obstructions restrict the 
visibility of a signal to approaching motorists, a Signal 
Ahead sign may be needed. 

The key issue addressed in evaluation of Case IV is to 
determine what operational conditions at signalized intersec-
tions require explicit ISD criteria. The following alternatives 
were identified for analysis: 

Require sight distance for ISD Case TuB and IIIC for 
minor-road approaches if the signal is placed on flash-
ing operation during low-volume periods; 
Require sight distance for ISD Case IIIC for approaches 
from which right turn on red is permitted; and 
Eliminate ISD requirements based on signal malfunc-
tions and signal violations by motorists. 

Each of these alternatives is evaluated below. 

ISD Requirements for Flashing Operation 

Traffic signals are often placed on flashing operation dur-
ing low-volume periods (e.g., at night). Such intersections 
typically operate with flashing-red operation on one or more 
minor-road approaches and flashing-yellow operation on two 
or more major-road approaches. The following discussion is 
not applicable to operation with flashing-red indications on 
all approaches, but such operation—for which the ISD  

requirements are minimal—is not typically used for inter-
sections that operate as normal traffic signals during the 
remainder of the day. 

The importance of providing adequate sight distance for 
signalized intersections during flashing operation can be 
demonstrated by direct analogy to sight distance require-
ments for two-way Stop-controlled intersections. If the ISD 
policy for two-way Stop-controlled intersections is justified, 
then the provision of sight distances for Case III for left- and 
right-turn maneuvers also appears to be justified at signal-
ized intersections with flashing operation. During the period 
of flashing operation, the intersection operates, in effect, 
with two-way Stop control and should have the same ISD 
requirements. 

Since flashing operations are normally used only during 
low-volume periods, typically at night, the question might be 
raised as to whether these low volumes might justify reduced 
sight-distance criteria. However, it should be recognized that 
the nighttime volumes at many signalized intersections may 
be higher than the peak volumes at some two-way Stop-
controlled intersections on local roads and streets where ISD 
Case III is applicable. 

The only other possible mitigating factor that could possi-
bly permit reduced sight-distance levels at signalized inter-
sections with flashing operations is that, since flashing oper-
ation is used primarily at night, vehicle headlights on the 
pavement may indicate the approach of a vehicle on the 
major road before it can actually be seen by the minor-road 
driver. While this undoubtedly contributes to nighttime 
safety at intersections, there is no evidence to suggest that the 
presence of headlights would be effective in making an oth-
erwise inadequate intersection operate safely. 

Therefore, it is recommended that the provision of sight 
distance for left and right turns from the minor-road 
approaches at signalized intersections with two-way flashing 
red operation be retained. Highway agencies that design and 
operate signalized intersections without sufficient sight dis-
tance to satisfy ISD Case III for left- or right-turn maneuvers 
should be encouraged to have operational policies that per-
mit two-way red-flashing operation only at intersections 
where the availability of adequate sight distance has been 
verified. Of course, if the sight-distance criteria for ISD Case 
III are modified as recommended in Chapter 3 of this report, 
this change would apply to Case IV as well as to Case III. 

ISD Requirements for Right-Turn-on-Red 
Maneuvers 

The sight-distance requirements to make a right turn on 
red at a signalized intersection are no different than the sight-
distance requirements to make a right turn from a minor-road 
approach at a two-way Stop intersection. Right-turn-on-red 
maneuvers at signalized intersections are made at all times of 
day and under all traffic-volume conditions. If anything, the 
higher average traffic-volume levels at signalized intersec- 
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tions make the provision of sufficient sight distance for right 
turns more critical. Therefore, there appears to be nojustifi-
cation for not requiring adequate sight distance for Case III 
for right turns from signalized intersection approaches where 
right turn on red is permitted. Highway agencies that design 
and operate intersections without adequate sight distance for 
Case III for right turns should be encouraged to have opera-
tional policies that prohibit right turn on red on intersection 
approaches without adequate sight distance. 

For the reasons stated above, the retention of ISD Case IV 
is recommended for intersection approaches where right-
turn-on-red maneuvers are permitted. The recommended 
modifications of ISD Case III presented in Chapter 3 of this 
report would also be applicable to ISD Case IV. 

ISD Requirements for Signal Malfunctions and 
Signal Violations by Motorists 

Part of the AASHTO Green Book rationale for ISD Case 
IV is that sight distance is needed at all signalized intersec-
tions because (1) the signal may malfunction at times and go 
dark; and (2) motorists may intentionally or unintentionally 
violate the signal. Thus, clear sight triangles based on ISD 
Case III are currently required at signalized intersections 
even if neither flashing operation nor right turn on red is per-
mitted. This appears to be a policy judgment that is not sup-
ported by any research. 

No data are available on the frequency of accidents related 
to signal malfunctions and unintentional signal violations, but 
the frequency of such accidents is undoubtedly very small. 
Furthermore, it does not appear desirable to base sight-dis-
tance requirements for signals on the potential for intentional 
signal violations. Sight distance to accommodate illegal 
maneuvers is not provided for any other case; e.g., the poten-
tial for Stop sign violations is not considered in the sight-
distance requirements for Stop-controlled intersections. 

Finally, it should be recognized that, at an unsignalized 
intersection with limited sight distance and a history of sight-
distance-related accidents, the installation of a signal (or an 
all-way Stop) might be considered by a highway agency as a 
solution to the existing safety problem that may be more cost-
effective than reconstructing the intersection to increase sight 
distance. One of the MUTCD warrants for signal installation  

is the occurrence in a one-year period of five or more acci-
dents susceptible to correction by signalization (21). Yet, 
AASHTO policy for ISD Case IV currently requires the pro-
vision of the full Case III sight distance for every signalized 
intersection. It appears to the authors that highway agencies 
should have the option to signalize an intersection as a coun-
termeasure to sight-distance-related accidents at intersections 
where it is not feasible to improve the sight distance. Thus, we 
recommend eliminating signal malfunctions and signal viola-
tions as a consideration in ISD Case IV. However, we do rec-
ommend that flashing operation of the signals and right turn 
on red be permitted at such intersections only where adequate 
sight distance for Case III can be provided. 

RECOMMENDATIONS 

The following recommendations are made based on the 
evaluation of ISD Case IV in this research: 

The policy of providing sight distance for ISD Case III 
for both left and right turns at signalized intersections 
where flashing operation is used during low traffic-
volume periods should be retained. Highway agencies 
should be encouraged to have traffic-control policies 
that make sight distance a consideration in determining 
whether flashing operation should be permitted. 
The policy of providing sight distance for ISD Case III 
for right turns from signalized intersection approaches on 
which right-turn-on-red maneuvers are permitted should 
be retained. Highway agencies should be encouraged to 
have traffic control policies that make sight distance a 
consideration in determining whether a right turn on red 
should be permitted on an intersection approach. 
Signal malfunctions and signal violations should be 
eliminated as a justification for providing Case III sight 
distance at signalized intersections. 
The recommended revisions to the ISD criteria for Stop-
controlled intersections (Case III) also should apply to 
signalized intersections (Case IV). However, the Case 
III sight-distance requirements need not be considered 
at intersections where the signal will not be placed on 
two-way flashing-red operation and at which right turn 
on red will not be permitted. 
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This chapter discusses other issues related to intersection 
sight distance including left turns from the major road, inter-
sections with all-way Stop control, ramp terminals, effect of 
intersection skew, effect of vertical profiles of intersection 
approaches, ISD measurement rules, and supplementary ISD 
requirements for Stop-controlled intersections. 

LEFT TURNS FROM THE MAJOR ROAD 

Current AASHTO Policy 

A relatively new issue in intersection sight distance is the 
consideration of the sight-distance requirements for left turns 
from the major road. Clearly, motorists that wish to turn left 
from the major road into a minor road or driveway must yield 
the right of way to oncoming traffic on the major road. Turn-
ing vehicles, therefore, must wait for an appropriate gap in 
opposing traffic (or the change to a red signal for the oppos-
ing traffic) to complete their turn. The drivers of turning 
vehicles can identify appropriate gaps in opposing traffic 
only if adequate sight distance is available from the position 
of the left-turning vehicle along the opposing direction of 
travel on the major road. 

Until 1990, there was no AASHTO policy concerning the 
sight-distance requirements for left turns from the major 
road. However, a policy on this issue was added in the 1990 
Green Book and, in the 1994 Green Book, this policy was 
designated as ISD Case V. This policy states that: 

Required sight distance for a stopped vehicle turning left 
from a major highway into a minor highway (or entrance) 
may be computed from the formula D = 0.28V(J + ta), 
where V = design speed on the mainline, J = 2 sec, and t, = 
the time required to accelerate and traverse the distance to 
clear traffic in the approaching lane. Acceleration time may 
be obtained directly from Figure IX-33. 

The equation quoted above is formally defined as follows: 

ISD = 0.278V(J + t) 	 (49) 

where: 

ISD = ISD required for a left turn off of the major road (ft) 
V = speed of vehicle on major road (kmlh) 
J = perception-reaction time for driver of turning vehicle 

(sec) (assumed: J = 2 sec) 

ta = time required for the turning vehicle to travel a length 
equal to W + L 

W = width of opposing lanes (m) which represents the 
length of the vehicle's turning path 

L = length of the turning vehicle (m) 

It should be noted that Equation (49) is the same equation 
currently used for ISD Case lilA, although its interpretation 
is different. 

The time required to complete the turn (ta) should be based 
on acceleration from a stop, which is assumed to require 
more sight distance than a left turn by a moving vehicle that 
does not stop. 

Figure 40 illustrates the distances involved in the 
AASHTO policy for left turns off the major road. 

Current Highway Agency Policies 

In the survey of state and local highway agencies presented 
in Appendix B, the only reported policies concerning sight-
distance requirements for left turns from the major road were 

The Green Book policy that is quoted above; and 
Reliance on the provisions of SSD along the major road 
to provide adequate sight distance for left turns from the 
major road. 

ASSESSMENT OF CURRENT POLICIES 

The ISD Case V policy for left turns from the major road 
may be redundant in many cases. At a typical four-leg inter-
section with two-way Stop control, the following sight dis-
tances should be available from other current provisions of 
AASHTO policy: 

SSD for both directions of travel on the major road; 
ISD for Case IIIB for left turns from both minor-road 
approaches; and 
ISD for Case IIIC for right turns from both minor-road 
approaches. 

Figure 41 illustrates the sight lines and clear sight triangles 
that are provided by these policies. It is apparent from the fig-
ure that there are very few possible locations for sight obstruc- 
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tions that could limit the sight distance between Vehicle A, 
the left-turning vehicle, andVehicle B, the oncoming vehicle 
in the opposing direction of travel. In particular: 

At least on undivided roads, Vehicles A and B should 
have essentially the same SSD toward each other as 
toward the road straight ahead of them. 
Where vertical curvature is the limiting factor for SSD, 
the provision of SSD to a 150-mm (6-in) object should 
provide even greater SSD from both Vehicles A and B 
toward one another, since both vehicles should be 
approximately 1.3 m (4.25 ft) high. This ensures that if 
Vehicle A is turning when Vehicle B first sights Vehicle 
A, then Vehicle B has sufficient sight distance to stop. 
While this ensures safety, it is not desirable opera-
tionally since Vehicle B has the right of way. 
The availability of clear sight triangles for ISD Cases IHB 
and IIIC in all four quadrants of the intersection makes it 
unlikely that SSD along the major road will be limited by 
horizontal sight obstructions. In other words, even if there 
is a horizontal curve on one of the major road approaches, 
the provisions of ISD Cases IIIB and IIIC for both minor-
road approaches make it unlikely that there could be a sub-
stantial sight obstruction on the inside of that horizontal 
curve. Therefore, vertical curvature is more likely than 
horizontal curvature to control SSD. 

On the other hand, some intersections may have substantial 
sight-distance concerns for left-turning vehicles, even where 
SSD and ISD Cases TuB and IIIC are provided. 

At T-intersections, the absence of clear sight triangles 
for ISD Cases IIIB and IIIC normally found in two of the 
four quadrants of the intersection could restrict sight dis-
tance for left-turning vehicles where horizontal curves 
are present on the major road. 
On divided highways, despite the provision of SSD 
along each roadway, sight obstructions in the median 
could limit left-turn sight distance. 
An opposing left-turn vehicle may limit the sight dis-
tance for a vehicle turning left. Such sight-distance lim-
itations occur only when two vehicles are turning left 
simultaneously. 

As explained in Appendix B, highway agencies are about 
equally divided on whether sight-distance requirements for 
left turns from the major road are needed in the AASHTO 
Green Book (see Tables B-7 and B-19). 

Research by Micsky (22) included field studies of left 
turns from the major road at two intersections in Pennsylva-
nia. Micsky found that the acceleration times in Green Book 
Figure IX-33 agreed well with the 50th percentile of the 
observed acceleration times for left turns by stopped vehi-
cles. For both intersections studied, the clearance distance 
was approximately 14 m (47 ft). Table 36 compares the field  

data with the current AASHTO acceleration times for the 
specified distance. 

Micsky also tried to measure perception-reaction time for 
left turns in the field by defining perception-reaction time as 
beginning when an opposing vehicle came within a critical 
distance of the stopped left-turning vehicle and ending when 
the left-turning vehicle began to accelerate from a stop to 
make its turn. The critical distance was defined as the dis-
tance that the opposing major-road vehicle would travel at its 
observed speed in the time that was subsequently required 
for the left-turn vehicle to complete its turn. In other words, 
Micsky assumed that as soon as it became infeasible for the 
left-turning driver to accept one gap, the perception-reaction 
time for the next gap began. 

Micsky observed 50th percentile perception-reaction 
times in the range of 2.5 to 3.0 sec, which exceeds the rec-
ommended AASHTO value of 2.0 sec. However, it must be 
recognized that Micsky defined perception-reaction time 
much differently than AASHTO. It is implicit in Equation 
(49) that perception-reaction time begins when the gap in 
opposing traffic begins (i.e., when-the previous opposing 
vehicle passes the stopped left-turning vehicle). However, 
Micsky's data suggest that most of the perception-reaction 
time occurs before the opposing vehicle reaches the left-
turning vehicle because the driver of the left-turning vehicle 
is evaluating the approaching gap. This suggests that the J 
term in Equation (49) is much smaller than 2.0 sec and may, 
in fact, be close to zero. 

The sight restrictions created by opposing left-turn vehi-
cles on divided highways can be minimized by the use 
of parallel and tapered offset left-turn lanes, as shown in 
Figure 42. 

Alternate ISD Models and Methodologies 

The following two alternative ISD methodologies were 
considered as candidates for left turns from the major road: 

An alternative model based on gap acceptance, equiva-
lent to that recommended for turns onto the major road 
at Stop-controlled intersections; and 
Elimination of explicit sight-distance requirements for 
left turns from the major road, and reliance on SSD and 
ISD Cases IJIB and IIIC to ensure that adequate sight 
distance is available for left turns. 

These alternative methodologies are evaluated in the next 
section. 

Evaluation of Alternative ISD Models and 
Methodologies 

An analysis of alternative ISD methodologies for left turns 
from the major road is presented below. 
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TABLE 36 Comparison of Field Data for Left Turns from Major Road with 
Current AASHTO Acceleration Times 

Observed acceleration time (sec) 	 Acceleration time (sec) from 
Intersection No. 	50th percentile 	85th percentile 	Green Book Figure IX33b 

4.24 	 - 5.05 
	

4.30 

From Reference 24. 
Acceleration time for a distance of 14 m (47 ft). 

Alternative Model Based on Gap Acceptance 

As in Case III, an alternative methodology based on gap 
acceptance can be used as an alternative to the acceleration 
model in Equation (49). Such a model would have the same 
form as the gap acceptance model in Equation (32). 

The field study by Kyte et al. ("Capacity Analysis of Un-
signalized Intersections," draft final report of NCHRP Project 
3-46, 1995), which has been discussed in Chapter 3 of this 
report, has recommended a critical gap value of 4.2 sec for left 

Parallel offset left-turn lanes 

Tapered offset left-turn lanes 

Figure 42. Parallel and tapered offset left-turn lanes 
to minimize sight restrictions from opposing vehicles 
turning left. 

turns from the major road by passenger cars for inclusion in 
the unsignalized intersection analysis procedures of the High-
way Capacity Manual (HCM) (14). A constant value was rec-
ommended regardless of the number of lanes to be crossed. A 
heavy-vehicle adjustment of 1.0 sec for two-lane highways 
and 2.0 sec for multilane highways was also recommended. 

The Micsky study (22) discussed above also evaluated 
gap-acceptance behavior for left turns from the major road at 
two Pennsylvania intersections. For these two intersections, 
the critical gaps with 50 percent probability of acceptance 
determined from logistic regression were 4.6 and 5.3 sec. 
This is consistent with the experience reported in Chapter 3 
that the Kyte et al. data represent higher volume intersections 
where drivers appear motivated to accept shorter gaps. 

As in Chapter 3, it is reasonable that design policies should 
be more conservative than operational criteria such as the 
HCM. Therefore, a critical gap for left turns from the major 
road of 5.5 sec is recommended. This value was chosen to be 
slightly higher than either of the observed values from the 
Micsky study. The recommended 5.5-sec value is substan-
tially more conservative than the recommended HCM value 
of 4.2 sec; this is consistent with the recommended gap-
acceptance values for sight distance design at Stop-controlled 
intersections (see Chapter 3), which are also substantially 
more conservative than the corresponding HCM values. It is 
recommended that the critical gap be increased to 6.5 sec for 
left turns by single-unit trucks and 7.5 sec for left turns by 
combination trucks. In addition, if the number of opposing 
lanes to be crossed exceeds one, add 0.5 sec per additional 
lane for passenger cars and 0.7 sec per additional lane for 
trucks, as for left turns onto the major road in Chapter 3. 

Eliminate Sight-Distance Requirements for 
Left Turns from the Major Road 

The possibility of eliminating the sight-distance require-
ment for left turns from the major road has been considered. 
Our review indicates that separate sight-distance criteria are 
not necessary at four-leg intersections on undivided roadways 
where SSD is provided along each roadway and clear sight tri-
angles for ISD Cases IIIB and IIIC are provided in each quad-
rant. The other SSD and ISD criteria ensure that adequate sight 
distance will be available for left turns from the major road 
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making the left-turn sight-distance criteria redundant. For the 
same reason, left-turn criteria are redundant for three-leg 
intersections on undivided highways on tangent alignment 
where the other types of sight distance are provided. 

However, it is recommended that AASHTO policy 
should include sight-distance requirements for left turns 
from the major road that apply to three-leg intersections 
on or near horizontal curves and intersections on divided 
roadways (i.e., roadways with medians). This can be stated 
in terms of a policy that applies to all intersections and 
driveways where left turns from the major road are per-
mitted but only need to be checked for three-leg intersec-
tions on or near horizontal curves and for divided-highway 
intersections. 

Recommendations 

The following recommendations have been developed for 
left turns from the major road: 

A sight-distance policy for left turns from the major road 
should be presented in AASHTO policy as a separate 
case. 
This case should be applicable to all intersections and 
driveways, but need only to be checked for three-leg 
intersections on or near horizontal curves and inter-
sections on divided roadways (roadways with medians). 
At four-leg intersections on undivided roadways and 
three-leg intersections on tangent undivided roadways, 
provision of SSD on each roadway and provision of 
ISD Cases TuB and IIIC in each quadrant will ensure 
adequate sight distance for left turns from the major 
roadway. 
Sight-distance policy for left turns from the major 
road should be based on a gap-acceptance approach 
for compatibility with the recommended sight-
distance policy for left and right turns from the minor 
road at Stop-controlled intersections. The critical gaps 
that should be used to determine sight distance 
for left turns from the major road are presented in 
Table 37. 
At intersections on divided highways, the use of par-
allel and tapered offset left-turn lanes should be con- 

TABLE 37 Recommended Travel Times for Determining 
Sight Distance for Left Turns from the Major Road Across 
Opposing Traffic Lanes 

Travel time (see) at design 
Vehicle type 	 speed of major road 

Passenger car -- - 	 5.5 
Single-unit truck 	 6.5 
Combination truck 	 7.5 

Note: For left turns that must cross more than one opposing lane, add 
0.5 sec per additional lane for passenger cars and 0.7 sec per addi-
tional lane for trucks. 

sidered to minimize the sight restrictions created by 
opposing left-turn vehicles, as shown in Figure 42. 

INTERSECTIONS WITH ALL-WAY STOP 
CONTROL 

Prior to the 1994 edition, the Green Book recommended 
that the criteria for ISD Case III be applied to all-way Stop 
intersections. This recommendation has been removed from 
the 1994 edition because there is no apparent reason at an 
intersection with all-way Stop control to require as much 
sight distance as at a two-way Stop intersection. An inter-
section with all-way Stop control can operate safely as long 
as a driver at the stop line on any of the approaches has a view 
of the first vehicle stopped at the stop line on each of the other 
approaches. Additional sight distance is desirable, but not 
necessary. Indeed, it may be very appropriate to convert an 
existing two-way Stop-controlled intersection with a history 
of sight-distance-related accidents to all-way Stop control to 
reduce these accidents if improvements to increase the avail-
able sight distance are infeasible. 

RAMP TERMINALS 

Prior to the 1994 edition, the Green Book contained a 
sight-distance procedure for ramp terminals. This procedure 
was developed prior to the AASHTO policies for ISD Cases 
TuB and IIIC and has been made redundant by those policies. 
Therefore, it is recommended that the Green Book should not 
contain a separate sight-distance policy for ramp terminals. 
For sight-distance design purposes, ramp terminals should be 
treated like any other Stop-controlled or signal-controlled 
intersection. However, designers should be very conscious of 
potential sight obstructions such as bridge railings, piers, and 
abutments that are likely to be found near ramp terminals. 

EFFECT OF INTERSECTION SKEW 

The 1994 Green Book includes a section on the effect of 
oblique-angle or skewed intersections on ISD policies. Each 
element of this current policy and its applicability to the 
revised ISD policies recommended in this report is presented 
below. 

The Green Book states that the policy on effect of skew 
applies to highways that intersect at an angle less than 
60 degrees and for which realignment to increase the 
angle of the intersection is not justified. This policy 
appears appropriate and it is recommended that it be 
retained. 
The Green Book illustrates the shape of the clear sight tri-
angles that result at an oblique angle intersection, as illus- 
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Figure 43. Clear sight triangles at a skewed intersection (1). 

trated in Figure 43, which is based on Green Book Figure 
IX-43. The policy states that the legs of the sight triangle 
should lie along the approach legs of the intersection, even 
when the legs do not intersect at a right angle. This results 
in clear sight triangles that are larger or smaller than those 
at right-angle intersections. This policy remains appropri-
ate and it is recommended that it be retained. 
The Green Book notes that, in the obtuse-angle quadrant 
of an oblique-angle intersection, the angle between the 
approach leg and the sight line is small so that drivers 
can look across the full sight triangle with only a small 
head movement. However, the policy notes that in the 
acute-angle quadrant, drivers would be required to turn 
their heads considerably to see across the entire clear 
sight triangle. For this reason, the Green Book recom-
mends that ISD Case I not be applied to oblique-angle 
intersections and that the criteria for Cases II and III, 
whichever is larger, be applied instead. It is recom-
mended that this policy be retained. 
The Green Book states that the path across an oblique-
angle intersection is longer than across a right-angle 
intersection and that therefore the value of W in Equa-
tion (21) should be increased by dividing the actual 
traveled-way width by the sine of the intersection angle. 
The gap-acceptance approach recommended in this 
report for Stop requires a slightly modified approach to 
this issue. The recommended approach is to compute the 
actual path length in a turning or crossing maneuver as 
the total width of the lanes to be crossed divided by the 

sine of the intersection angle. If the actual path length 
exceeds the total width of the lanes to be crossed by 
3.6 rn (12 ft) or more, then use the actual path length to 
determine an appropriate number of additional lanes to 
consider in applying the multilane adjustment shown in 
Tables 26 and 27. 

EFFECT OF THE VERTICAL PROFILES OF 
INTERSECTION APPROACHES 

All of the ISD criteria in the Green Book and all of the rec-
ommended sight distances in this report are based on the as-
sumption that each of the intersecting roadways has a level 
grade. However, some adjustment to the sight-distance crite-
ria is appropriate when upgrades or downgrades are 
present. Two types of adjustments are appropriate: one 
adjustment for approach sight triangles and the other for 
departure sight triangles. 

Each of the approach sight triangles recommended in 
this report is based on a variation of the AASHTO SSD model. 
The Green Book states that grades up to 3 percent have little 
effect on SSD. For grades above 3 percent, the Green Book 
includes a grade term in the computation of SSD as follows: 

SSD = 0.278Vt + 
	V 	

(50) " 	254(f ± G) 
where: 

SSD = stopping sight distance (m) 
V = roadway design speed (km/h) 
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tpr = perception-reaction time (sec) 
(assumed t, = 2.5 sec) 

f = coefficient of braking friction (for assumed values 
see Green Book Table 111-1) 

G = percent grade divided by 100 (+ for upgrades, - for 
downgrades) 

Table 38 shows the ratio of SSD for a level roadway and 
SSD for upgrades and downgrades above 3 percent. This 
table is appropriate to adjust the dimensions of approach 
sight triangles, as explained below. 

For approach grades up to 3 percent, no adjustment of 
intersection sight distances based on grade is recommended 
As in the current Green Book, it is recommended that inter-
section approach grades up to 6 percent be permitted if the 
intersection sight distances are adjusted. 

For an uncontrolled intersection approach at which the 
approach grade exceeds 3 percent, the leg of the clear sight 
triangle along that approach should be increased or decreased 
by the appropriate ratio shown in Table 35. 

For a Yield-controlled intersection for which the minor-
road grade exceeds 3 percent, the legs of the clear sight tri-
angle for the crossing maneuvers along both the minor and 
major roads should be increased or decreased by the ratios 
shown in Table 38. It should be noted that the adjustment to 
both the minor-road and major-road legs of the sight triangle 
are based on the grade on the minor-road approach. 

The departure sight triangles recommended in this report 
are based on the concept of gap acceptance. Appropriate 
grade adjustments are based on the field study results of Kyte 
et al., as shown in Table 18. For Stop-controlled intersections 
for which the minor road has an upgrade that exceeds 3 per-
cent, the travel times (based on gap acceptance) used to com-
pute the leg of the clear sight triangle along the major road 
should be increased as follows: 

Right turn from minor road 	+ 0.1 sec/% grade 
Left turn from minor road 	+0.2 sec/% grade 
Crossing maneuver from minor road +0.2 sec/% grade 

For example, if the minor-road approach to a Stop-controlled 
intersection has a 4 percent upgrade, then the travel-time value 

used to compute the major-road leg of the clear sight triangle 
would be increased from 7.5 to 7.9 sec for right turns by pas-
senger cars and from 7.5 to 8.3 sec for left turns by passenger 
cars, and from 6.5 to 7.3 sec for crossing maneuvers by pas-
senger cars. These same adjustments also apply to departure 
sight triangles at Yield-controlled and signal-controlled inter-
sections to which the policy for Stop-controlled intersections 
is applicable. No adjustment for the grade of the minor-road 
approach is needed unless the rear wheels of the design vehi-
cle would be on an upgrade exceeding 3 percent when the 
vehicle is stopped on the approach; thus, the need for an 
adjustment for the grade of the minor-road approach can be 
avoided by providing a relatively level roadway section, with 
grades less than or equal to 3 percent on the minor-road 
approach, for at least the length of a selected design vehicle. 

ISD MEASUREMENT RULES 

Three key criteria used in the measurement of ISD in the 
field are driver eye height, vehicle height, and vehicle stop-
ping position on Stop-controlled approaches. These criteria 
are used in determining whether objects located within a 
clear sight triangle are, in fact, sight obstructions. Each of 
these criteria is discussed below. 

Driver Eye Height 

All ISD cases in current AASHTO policy are based on a 
driver eye height of 1,070 mm (3.50 ft) as are the ISD design 
policies of all but one state highway agency. Appendix C 
shows that other countries use driver eye heights in the range 
from 1,000 to 1,150mm (3.28 to 3.77 ft). Thus, it appears that 
U.S. policy is in the center of the range of current international 
practice. Fambro et al. conducted field studies of driver eye 
height in a forthcoming NCHRP project ("Determination of 
Stopping Sight Distances," final report) and obtained the re-
sults shown in Table 39. Based on these results, Fambro et al. 
has recommended a value of 1,080mm (3.54 ft) for driver eye 
height in SSD design and, therefore, we recommend use of the 
same value for ISD design. This recommended 1,080-mm 
(3.54-ft) value for driver eye height was found by Fambro 

TABLE 38 Adjustment Factors for Approach Sight Distance Based on 
Approach Grade 

Approach 	- Design speed (km/h) 
grade(%) 30 40 50 60 70 80 90 100 110 120 

-6 1.1 1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.2 1.2 
-5 1.0 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.2 1.2 

-4 1.0 1.0 1.1 I.! 1.1 1.1 1.1 1.1 1.1 1.1 

-3 to +3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

+4 1.0 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

+5 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

+6 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

Note: 	Based on ratio of stopping sight distance on specified approach grade to stopping sight 
distance on level terrain. 



TABLE 39 Field Study Results for Distribution of Driver Eye Heights 

Descriptive 
statistic 

Passenger cars 

Driver eye height, mm (ft) 

Multipurpose 
vehiclesa 

Heavy trucks 

Sample size 875 629 163 

Mean 1,149 (3.77) 1,482 (4.86) 2,447 (8.03) 

Standard deviation 55 (0.18) 130 (0.43) 107 (0.35) 

Maximum value 1,422 (4.67) 2,034 (6.67) 2,816 (9.24) 

Minimum value 955 (3.13) 1,053 (3.45) 2,103 (6.90) 

5th percentile 1,060(3.48) 1,264 (4.15) 2,304 (7.56) 

10th percentile 1,082 (3.55) 1,306(4.28) 2,329 (7.64) 

15th percentile 1,094 (3.59) 1,331 (4.37) 2,341 (7.68) 
a Includes pickup trucks, minivans, vans, and sport/utility vehicles 
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et al. to represent the 10th percentile of the passenger car dri-
ver population. 

Several sight-distance policies based on the sight-distance 

needs of heavy trucks are recommended in this report. Where 

the sight-distance value used in design is based on a single-

unit or combination truck as the design vehicle, it also is 

appropriate to use the eye height of a truck driver in the design 
of vertical curvature. Fambro et al. indicates that the 10th per-

centile driver eye height for a heavy truck is 2,330 mm (7.64 

ft), and this value is recommended for use in design of verti-
cal curves to accommodate ISD. In such cases, the vertical-

curve lengths appropriate for both passenger cars and trucks 

should be checked and the longer vertical curve should be 

used. It is also appropriate in such cases to check whether par-

ticular objects within the clear sight triangle are sight obstruc-

tions to passenger car drivers, truck drivers, or both. 

Object Height 

The AASHTO object height of 1,300 mm (4.25 ft) is used 
for ISD by all but one state highway agency in the United 

States; that state (Connecticut) uses an object height of 1,070 
mm (3.50 ft). The object heights used by other countries in 

ISD design are generally lower than those used in the U.S. 

For example, France and Germany use object heights of 
1,000mm (3.28 ft), while Australia uses 1,150mm (3.77 ft). 

In all three countries, the object height used in ISD design is 
the same as the driver eye height. 

In ISD design, the object which the driver must be able 

to see is a vehicle on another approach to the intersection. 

The object height used by AASHTO for ISD design gen-

erally is understood to represent the height of a passenger 
car. Table 40 shows the results of a recent field study of 
vehicle heights by Fambro et al. performed as part of a 

forthcoming NCHRP project. The tableshows that the 

15th percentile of the current distribution of passenger car 

heights is slightly higher than the current AASHTO design 

value of 1,300 mm (4.25 ft) for vehicle height; for both 

multipurpose vehicles (pickup trucks, minivans, vans, and 

sport/utility vehicles) and heavy trucks, the 15th percentile 

of the vehicle-height distribution is substantially greater 

than the current AASHTO design value. 

TABLE 40 Field Study Results for Distribution of Vehicle Heights 

Descriptive 
statistic 

Passenger cars 

Vehicle height, mm (ft) 

Multipurpose 
vehiclesa 

Heavy trucks 

Samplesize 1,378 987 158 

Mean 1,384 (4.54) 1,759 (5.77) 3,590 (11.78) 

Standard deviation 59(0.19) 155 (0.51) 581 (1.91) 

Maximum value 1,690 (5.54) 2,501 (8.21) 4,639 (15.22) 

Minimum value 1,156 (3.79) 1,279 (4.20) 2,396 (7.86) 
5th percentile 1,282 (4.21) 1,523 (5.00) 2,652 (8.71) 
10th percentile 1,315(4.31) 1,564 (5.13) 2,719 (8.92) 
15th percentile 1,331 (4.37) 1,613 (5.29) 2,714 (9.10) 
a Includes pickup trucks, minivans, vans, and sport/utility vehicles 
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The current AASHTO policy does not address how much 
of the vehicle needs to be seen for it to be recognized as a 
potentially conflicting vehicle. It seems likely that a poten-
tially conflicting vehicle would not be recognized as such if 
only its roofline were visible. There are no available guide-
lines for how much of a vehicle needs to be seen for it to be 
recognized. However, the likelihood that drivers will detect 
and recognize other vehicles is enhanced because a driver 
stopped at or approaching an intersection is actively looking 
for potentially conflicting vehicles. Given this alerted state, 
a driver looking for a potentially conflicting vehicle is likely 
to treat any moving object detected as such, at least until the 
object gets closer and can be recognized. 

Object detection is affected by many variables including 
driver visual acuity, the contrast between the object and its 
background, and the ambient light level. However, assuming 
20/40 driver visual acuity and optimal conditions (including 
high contrast between the vehicle and its background), it 
should be possible for the driver to recognize a portion of the 
vehicle subtending 2 min of arc. To allow for nonoptimum 
conditions, we recommend that this value be doubled to 4 mm 
of arc. 

For Stop-controlled intersections, the recommended sight 
distances along the major road for a passenger car (shown in 
Figure 29) range from 65 m (210 ft) at a major-road design 
speed of 30 km/h (18 mph) to 250 m (820 ft) at a major-road 
design speed of 120 km/h (75 mph). Using the 4-mm-of-arc 
criterion described above, the amount of the vehicle that 
needs to be seen would range from 80 mm (0.26 ft) for a 30-
km/h (18 mph) approach to 290mm (0.95 ft) for a 120-km/h 
(75-mph) approach. These data indicate that by subtracting 
the amount of the vehicle that needs to be seen from the 15th 
percentile passenger-car height, the object height appropriate 
for use in design should range from 1,250 mm (4.10 ft) at a 
design speed of 30 km/h (18 mph) to 1,040mm (3.41 ft) at a 
design speed of 120 km/h (75 mph). While it would bejusti-
fiable to let the object height vary with design speed because 
the apparent size of the object to be seen varies with distance, 
it is recommended that the practice of using a single object 
height be retained. 

The lower end of the range of object heights determined 
above, 1,040 mm (3.41 ft), is very close to 1,070 mm (3.50 
It), which is the value of driver eye height currently used in 
ISD design and also very close to 1,080 mm (3.54 ft), the 
revised value of driver eye height recommended by Fambro 
et al. Therefore, the use of an object height of 1,080 mm 
(3.54 ft), equivalent to driver eye height, is recommended for 
use in ISD design. This incorporates into ISD policy the con-
cept that, if one driver can "look the other driver in the eye," 
then that driver can see enough of the other driver's vehicle 
to recognize it as a vehicle. This also makes ISD reciprocal; 
if one driver can see the other vehicle, then that vehicle's dri-
ver can also see the first vehicle. Each of the other countries 
where ISD policies on this issue were available—Australia, 
France, and Germany—use an object height equal to driver  

eye height. It should be recognized that the recommended 
object height is more conservative than necessary for road-
ways with lower design speeds. 

Multipurpose vehicles have become very prevalent and 
now comprise over one-third of the combined passenger 
car/multipurpose vehicle fleet. Consideration was given to 
determining the 15th percentile vehicle height based on a 
combination of the distributions of passenger car and multi-
purpose vehicle height shown in Table 40. However, it was 
found that this would only raise the recommended object 
height by about 10 mm (0.03 ft). Because this difference is 
so small, it was decided not to incorporate consideration of 
multipurpose vehicles in the determination of object height. 
Therefore, recommendations are based on consideration of 
the passenger-car fleet alone. This makes the recommended 
object height very conservative because the recommended 
criteria should not only permit 85 percent of passenger cars 
to be seen, but also every multipurpose vehicle and heavy 
truck as well. 

The choice of the object height used for ISD may affect 
both the identification of objects that should be removed 
or lowered within the clear sight triangle and the design of 
vertical curves on the intersecting roadway. However, with 
the recommended object height of 1,080 mm (3.54 ft), the 
vertical-curve lengths along the major road required by the 
recommended ISD criteria for Stop-controlled intersections 
are less than the vertical-curve lengths required by the cur-
rent AASHTO SSD criteria, except for vertical curves with 
algebraic differences in grade of 6 percent or more and 
design speeds less than 60 km/h (37 mi/h). Even in these 
cases, the additional vertical-curve length does not exceed 
15m(SOft). 

Vehicle Stopping Position 

Current AASHTO policy assumes a distance of 6 m (20 ft) 
from the edge of the major road to the driver's eye for 
stopped vehicles at Stop-controlled intersections. This 
distance is used by all but eight state highway agencies. 
The state policies for the distance from the edge of the major 
road to the driver's eye that differ from AASHTO are as 
follows: 

One state uses 5.2 m (17 ft). 
Three states use 4.6 m (15 ft). 
One state uses 4.3 m (14 ft). 
One state uses a minimum value of 3 m (10 It), and a 
desirable value of 6 m (20 ft). 
One state assumes that the driver will stop the front of 
his or her vehicle at the edge of the shoulder or curb off-
set. The driver's eye is assumed to be 3 m (10 ft) behind 
the front of the vehicle. 
One state assumes that the driver will stop with the front 
of hisor her vehicle at the edge of the shoulder or the 
marked stop bar. If there is no shoulder or stop bar, it is 
assumed that the front of the vehicle will be 1.2 m (4 ft) 
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from the edge of the major road for public road inter-
sections [or 0.6 in (2 ft) for driveways]. The driver's eye 
is assumed to be 2.1 in (7 ft) behind the front of the vehi-
cle. This can result in a distance from the edge of the 
major road to the driver's eye of 3.4 in (11 ft) for inter-
sections [or 2.7 in (9 ft) for driveways]. 

The 6-m (20-ft) distance from the edge of the major road 
to the driver's eye used in the current AASHTO policy is 
based on the sum of two distances: 3 in (10 ft) from the edge 
of the major-road traveled way to the front of the stopped 
vehicle and 3 in (10 ft) from the front of the vehicle to the 
driver's eye. Each of these components was examined in 
field studies reported in Appendix H. 

The field study of vehicle stopping positions reported in 
Appendix H found that, where necessary to obtain a clear 
view, minor-road drivers will stop with the front of their 
vehicle substantially closer than 3 in (10 ft) to the major-road 
traveled way. Vehicle stopping positions on nine intersection 
approaches were evaluated, measuring from the edge of the 
major-road traveled way to the front of the stopped vehicle 
for the final stopping position from which the vehicle ac-
celerated to enter or cross the major road. On the two 
approaches where drivers stopped closest to the major-road 
traveled way, the mean stopping positions were 0.9 and 1.4 
in (2.8 and 4.7 ft) and the 85th percentile stopping positions 
were 1.5 and 2.0 in (5.0 and 6.6 ft). Based on these data, a 
vehicle stopping position of 2.0 in (6.6 ft) from the edge of 
the major-road traveled way to the front of the stopped vehi-
cle is recommended as a basis for design. Drivers often stop 
farther from the major road than this, but the field data show 
that they can comfortably stop with the front of their vehicle 
within 2.0 in (6.6 ft) of the major road, when necessary. This 
is a conservative choice because, on the two intersection 
approaches where it was necessary to stop close to the major 
road, at least 85 percent of the vehicles observed stopped 
closer to the major road than the recommended design value. 

On the other hand, it is recognized that more generous 
design is desirable. Therefore, it is recommended that the dis-
tance from the edge of the major-road traveled way to the 
front of the stopped vehicle should be at least 2.0 in (6.6 ft) 
and, where feasible, 3.0 in (10.0 ft). 

A field study was also conducted to determine a design 
value for the distance from the front of the vehicle to the posi-
tion of the driver's eye. As explained in Appendix H, this was 
accomplished by measuring a sample of 101 passenger cars, 
pickup trucks, and minivans observed in a parking lot. The 
distribution of the driver's eye position, relative to the front 
of the vehicle, was as follows: 

Minimum 1.8 in (5.8 ft) 
Mean 2.2m(7.3ft) 
Maximum 2.9 in (9.5 ft) 
Median 2.2m(7.3ft) 
85th percentile 2.4 in (8.0 ft) 

Based on these data, an appropriate design value is 2.4 in 
(8.0 ft), which represents both the 85th percentile and the 
90th percentile of the observed distribution. 

When the recommended design values of 2.0 in (6.6 ft) 
for the distance from the edge of the major-road traveled 
way to the front of the stopped vehicle and 2.4 in (8.0 ft) from 
the front of the vehicle to the drivers eye are combined, 
the resulting distance from the edge of the major road to the 
driver's eye is 4.4 in (14.4 ft). This value is recommended 
as the leg of the departure sight triangle along the major road 
for Stop-controlled intersections. Where feasible, it is desir-
able to increase this distance from 4.4 in (14.4 ft) to 5.4 in 
(17.7 ft). 

SUPPLEMENTARY ISD POLICIES 
FOR STOP-CONTROLLED INTERSECTIONS 

Two state highway agencies and many local agencies have 
adopted policies that encourage or require supplementary 
ISD at Stop-controlled intersections. There is no equivalent 
guideline in AASHTO policy. 

The Mississippi State Highway Department, in addition to 
its other ISD criteria for Cases I through IV, requires a sight tri-
angle known as a "sight flare" with legs along the major- and 
minor-roads equal to the low-range values of the AASHTO 
SSD policy. This sight flare is required at all intersections of a 
major road that have a design hour volume (DHV) greater than 
300 veh/hr with a minor road that has a current average daily 
traffic (ADT) greater than 300 veh/day. Most such intersec-
tions have Stop-control or signal control and the Mississippi 
policy is equivalent to providing Case H ISD at such intersec-
tions, when only Case Ill ISD normally would be provided. 

The Mississippi sight flare policy is a design requirement, 
not just a guideline. However, the policy recognizes that it 
may be impractical at existing intersections to remove exist-
ing obstructions within the sight triangle, especially in urban 
areas. 

The Wisconsin Department of Transportation has a similar 
policy on supplementary sight triangles at Stop-controlled 
intersections. However, this policy, which is illustrated in Fig-
ure 44, represents desirable sight distances and is not a design 
requirement. This policy encourages the use of a clear sight tri-
angle that extends substantially farther along the minor road 
than the 6 in (20 ft) required by ISD Case III. The leg of the 
sight triangle along the major road is within the range between 
the lower and higher values of SSD required by AASHTO pol-
icy. The Wisconsin policy states explicitly that its purpose is to 
accommodate potential Stop-sign violations by the minor-road 
vehicles. This Wisconsin policy applies only to removal of 
sight obstructions in the clear sight triangle, and is not intended 
to require changes in horizontal or vertical curvature to provide 
the desirable ISD. 

Many local agencies have policies that require clear sight 
triangles at all intersections, including Stop-controlled and 
signal-controlled intersections. Such policies are typically 
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implemented though local ordinances that prohibit sight 
obstructions on private property within the specified sight tri-
angle. Sight triangles of this type typically extend 9 to 21 m 
(30 to 70 ft) along the minor road, so they require a larger leg 
of the sight triangle along the minor road than is required by 
AASHTO policy for ISD Case III. 

Supplementary ISD policies of the type discussed above 
have the potential to improve safety at Stop-controlled inter-
sections. However, because they are intended to accommo-
date the sight-distance requirements of an illegal maneuver 
(a Stop-sign violation), such policies should be considered 
desirable guidelines, not design requirements. 

GUIDE DIMENSIONS FOR VISION TRIANGLES 
STOP CONTROL ON MINOR ROAD 

A 

MAJOR HIGHWAY 

-n 
6N 	- 

OBSTRUCTION I-..._ 

A 

-EDGES OF TRAVELED WAY 

-------------- 

LINE OF 

9~1OB~STRUCTIDN  

DESIGN * 
SPEED 
(MPH) 

DISTANCE A 
(FEET) 

DISTANCE B 
(FEET) 

40 300 120 

50 400 150 

55 500 160 

60 600 115 

* USE THE DESIGN SPEED OF THE MINOR 
ROAD TO DETERMINE DISTANCE B. 

EXAMPLE: 	GIVEN: DESIGN SPEED IS SO MPH ON THE MAJOR 
HIGHWAY AND 50 MPH ON THE MINOR 
HIGHWAY. 

SOLUTION: 

IADING FROM THE DINENSION TABLE. THE 
LEGS OF THE VISION TRIANGLE ARE A: 
EDO FEET AND W = 150 FEET. 

NOTES: i. DISTANCES ARE APPROXIMATE AND MAY BE ADJSTE1) TO FIT SITE CONDITIONS. THE 
INTENT IS TO PROVIDE THE OPERATOR OF A VEHICLE ON THE MAJOR HIGHWAY AN EXTRA 
FIELD OF VIEW AND TIME TO ALTER THE VEHICLES SPEED AS NECESSARY IN THE EVENT A 
VEHICLE APPROACHING THE INIERSECTION ON THE MINOR ROAD FALS 10 STOP. 

THESE GUIDELINES ARE FOR THE VISION 1RIANGLE ONLY AND SHOLLD NOT BE INTERPRETED 
AS SATISFYING SIGHT DISTANCE REQLIUENTS AT THE INIERSECTION DUE TO VERTICAL 
OR HORIZONTAL CURVES. 

THE VISION IRIANGLE MUST BE FREE OF ALL OBSTRUCTOIS INCLUDING ANY CUT SLOPES. 

Figure 44. Supplementary ISD criteria for Stop-controlled intersections used in Wisconsin. 
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CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS 

This chapter summarizes the conclusions and recommen-
dations of the research. 

CONCLUSIONS 

The following conclusions concerning intersection opera-
tions relevant to ISD were reached during the research: 

Drivers approaching uncontrolled intersections on ur-
ban and suburban residential streets typically slow to 
about 50 percent of their midblock running speed, even 
if no potentially conflicting vehicles are present on an 
intersecting approach. 
Drivers turning left and right from Stop-controlled 
approaches typically accept gaps in major-road traffic 
that are much shorter than the sight distances currently 
specified for ISD Cases TuB and ITIC of the AASHTO 
Green Book. The observed gap-acceptance behavior in 
some cases requires deceleration by major-road vehi-
cles at modest, comfortable rates to speeds that are typ-
ically about 70 percent of their upstream running speed. 
All of the intersections at which these measurements 
were made had good safety records. 
The average acceleration rates used by passenger cars 
turning left or right onto a major road correspond 
closely to the design values for passenger cars used by 
AASHTO in Figure IX-33 and Table IX-8 of the 1994 
Green Book. 
Neither the model currently used by AASHTO for left 
and right turns from Stop-controlled approaches, nor 
the modification of it that was developed during the 
research, can be adequately calibrated without field 
data on conflicts between turning vehicles accelerating 
onto the major road and following major-road vehicles 
that are much more critical or severe than the maneu-
vers observed in the field during the research. The cur-
rent AASHTO model would require data for emer-
gency or near-emergency conditions to be properly 
calibrated. The very conservative assumptions cur-
rently used by AASHTO in this model result in sight 
distances that are much longer than necessary, based on 
the gap-acceptance data that were collected in the field 
during the research (see Conclusion 2). 
Drivers approaching Yield-controlled intersections on 
urban and suburban residential streets typically slow to 

about 60 percent of their midblock running speed, even 
if no potentially conflicting vehicles are present on an 
intersecting approach. 
The current AASHTO policy, by recommending the 
same sight distances at signalized intersections as are 
used at Stop-controlled intersections, could be inter-
preted as discouraging signalization as a cost-effective 
alternative to reconstruction for existing intersections 
that have experienced (or new intersections that might 
experience) accidents related to limited sight distance. A 
less-restrictive policy should be considered, while rec-
ognizing that at intersections where flashing signal oper-
ations or right turn on red are pennitted, the sight distance 
needs are similar to Stop-controlled intersections. 
Where available sight distance on a Stop-controlled 
approach is limited and where drivers on the minor 
road can obtain a better view of major-road traffic by 
moving closer to the major road, drivers on the minor 
road will move their vehicles closer to the major road 
than the 3-m (10-ft) distance currently used in 
AASHTO policy. At two intersections with limited 
sight distance studied in the field, the 85th percentile 
distance from the edge of the major-road traveled way 
to the front of the stopped vehicle was 2.0 m (6.6 ft). 
In a sample of parked vehicles whose dimensions were 
measured, every vehicle had a shorter distance from 
the front of the vehicle to the estimated position 
of the driver's eye than the 3-rn (10-ft) value currently 
used in AASHTO policy. Both the 85th and 90th percen-
tiles of the measured distance from the front of the ve-
hicle to the estimated position of the driver's eye was 
2.4 m (8.0 ft). 

RECOMMENDATIONS 

The recommendations of the study for each aspect of ISD-
design policy are presented below. Recommended revisions 
to the text of the AASHTO Green Book that implement these 
recommendations are presented in Appendix J. 

General 

A new approach to ISD-design policy should be 
implemented to introduce a more consistent concep- 
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tual basis for ISD models and to set revised values for 
ISD design based on those models. 
The approach sight triangles used at uncontrolled 
and Yield-controlled intersections should provide 
approaching vehicles sufficient sight distance to stop, 
if necessary, before reaching the intersection. The 
dimensions of the approach sight triangles should be 
based on the same model used for SSD design, with 
appropriate modifications to incorporate the actual 
speed profiles that approaching drivers are observed 
to use in the field at intersection with various types of 
traffic control. 
The departure sight triangles used at locations where 
stopped vehicles must enter or cross a major road 
should be based on the concept of gap acceptance. 
The leg of the departure sight triangle along the 
major road should be based on the gap-acceptance 
behavior of drivers observed in the field. The leg of 
the departure sight triangle along the minor road 
should be based on vehicle stopping positions ob-
served in the field. 
Each approach or departure sight triangle should be 
reviewed as part of the intersection-design process to 
determine whether either the terrain or specific roadside 
objects located within the clear sight triangle constitute 
sight obstructions. Any sight obstructions should be 
removed or lowered where possible. 

Intersections with No Control 

Approach sight triangles at intersections with no con-
trol (other than the right-of-way rule) should be based 
on a variation of the SSD model. The perception-
reaction time for this case should be 2.5 sec, rather 
than 2.0 sec used in current policy. The speed profile 
for vehicles approaching the intersection should be 
based on field observations that show that approach-
ing vehicles typically slow to 50 percent of their mid-
block running speed, even if no potentially conflicting 
vehicles are present on the intersecting approach. 
The recommended ISD values for intersections with 
no control are presented in Table 10. If the recom-
mendations of Fambro et al. ("Determination of 
Stopping Sight Distances," the final report of a forth-
coming NCHRP project) concerning stopping sight 
distance are adopted by AASHTO, then the recom-
mended ISD values in Table 11 should be used in 
place of those in Table 10. 
Future research may be needed to provide better data 
for determining sight distance needs for uncontrolled 
intersections under higher-speed rural conditions. 
However, the success of such research may be limited 
by very low traffic volumes that exist at most inter-
sections of this type. 

Intersections with Stop Control 
on the Minor Road 

The leg of the departure sight triangle along the major 
road for both left and right turns from a Stop-controlled 
approach should be based on gap-acceptance values (or 
critical gaps) of 7.5 sec for passenger cars, 9.5 sec for 
single-unit trucks, and 11.5 sec for combination trucks. 
Appropriate adjustments should be made to these val-
ues for the number of lanes on the major road and for the 
approach grade on the minor road. The length of the 
sight triangle along the major road should be the dis-
tance that would be traversed in the critical-gap time by 
a vehicle traveling at the design speed of the major road. 
The appropriate design vehicle should be selected 
based on the anticipated traffic mix on the minor road. 
The leg of the departure sight triangle along the minor 
road for both left and right turns should generally have 
a length of 4.4 in (14.4 ft) from the edge of the major-
road traveled way to the anticipated position of the 
driver's eye in a vehicle on the minor road. This rec-
ommended value is based on the sum of 85th percentile 
stopping position of 2.0 in (6.6 ft) on intersection 
approaches with limited sight distance discussed in 
Conclusion 7, and the 85th and 90th percentile dis-
tance of 2.4 in (8.0 ft) from the front of a vehicle to the 
driver's eye discussed in Conclusion 8. Where feasi-
ble, it is desirable to increase this distance from 4.4 in 
(14.4 ft) to 5.4 in (17.7 ft). 
The sight distance needed to cross a major road from 
a stopped position is generally less than the sight dis-
tance need to turn left or right onto the major road 
unless the width of the major road exceeds six lanes. 
Recommended critical gaps for crossing the major 
road are presented in Table 27. Appropriate adjust-
ments should be made to these values for the number 
of lanes on the major road and the approach grade on 
the minor road. 

Intersections with Yield Control 
on the Minor Road 

At four-leg Yield-controlled intersections, two types 
of approach sight triangles should be considered, one 
based on the sight distance needed for the crossing 
maneuver and one based on the sight distance needed 
for left- and right-turn maneuvers. At three-leg Yield-
controlled intersections, no crossing maneuver is fea-
sible so only the approach sight triangle for left- and 
right-turn maneuvers needs to be considered. 
For the crossing maneuver, the recommended lengths 
of the leg of the approach sight triangles along the minor 
road, both to the left and to the right, are shown in Table 
31. These lengths are based on a modification of the cur-
rent AASHTO SSD model based on the field observa- 
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tion that vehicles on Yield-controlled approaches typi-
cally slow to 60 percent of their midblock running 
speed, even if no potentially conflicting traffic is present 
on the intersecting approach. The values shown in 
Table 31 should be adjusted, as appropriate, for the 
grade of the Yield-controlled approach. The leg of each 
sight triangle along the major road should be based on 
the distance that would be traversed by a vehicle travel-
ing at the design speed of the major road in the time 
shown in Table 32, plus a crossing and clearance inter-
val, as indicated in Equation (48). 
For left- and right-turn maneuvers, the recommended 
length of each approach sight triangle along the minor 
road is 25 in (80 ft). The length of the sight triangles 
along the major road, both to the left and to the right, 
should be based on the critical gaps given in Table 26 
for Stop-controlled intersections, with appropriate 
adjustments for the number of lanes on the major road 
and the minor-road approach grade, plus 0.5 sec. This 
0.5-sec increase in travel time represents the net effect 
of greater deceleration time, but shorter acceleration 
time, for a turning vehicle on a Yield-controlled 
approach in comparison to a vehicle on a Stop-
controlled approach. 
Each Yield-controlled approach should have depar-
ture sight triangles, both to the left and to the right, 
like those provided for Stop-controlled approach to 
accommodate the sight-distance needs of vehicles that 
are forced to stop by the presence of conflicting traf-
fic on the major road. 

Intersections with Traffic Signal Control 

Intersections with traffic-signal control generally 
need sufficient sight distance for the driver of the first 
vehicle on each approach to see the first vehicle 
stopped on each of the other approaches. 
For traffic signals that will be placed on flashing opera-
tion during low-volume periods, with a flashing red 
indication facing the minor-road approaches and a 
flashing yellow indication facing the major-road 
approaches, the departure sight triangles recommended 
for left and right turns from Stop-controlled approaches 
(and, where appropriate, crossing maneuvers from 
Stop-controlled approaches) should be provided. 

For signalized approaches from which right turn on 
red will be permitted, the departure sight triangles for 
right turns from a Stop-controlled approach should be 
provided. 

Left Turns from the Major Road 

At locations where left turns from the major road are 
permitted at intersections and driveways, at unsignal-
ized intersections and at signalized intersections 
without a protected left-turn phase, sight distance 
along the major road should be provided based on the 
critical gaps shown in Table 37. Appropriate adjust-
ments should be made for the number of lanes to be 
crossed by the left-turning vehicle. Normally, the 
provision of SSD along the major road and ISD for 
left and right turns from the minor road will ensure 
that sufficient sight distance for left turns from the 
major road is available. However, the availability of 
sight distance for left turns from the major road 
should be reviewed explicitly for three-leg intersec-
tions on or near horizontal curves and for divided-
highway intersections. 
The use of parallel and tapered offset left-turn lanes, 
like those shown in Figure 42, should be considered 
at divided-highway intersections to minimize the 
sight-distance restrictions that result from opposing 
vehicles turning left. 

ISD Measurement Rules 

Measurements to determine whether specific objects 
within the sight triangle are sight obstructions should 
be based on a driver eye height of 1,080 mm (3.54 ft) 
and an object height of 1,080mm (3.54 ft). These val-
ues also should be used in the design of vertical curves 
to accommodate ISD. 

Tort Liability Issues 

As explained in Appendix I, implementation of the 
recommendations made in this report is not expected 
to have major tort liability implications for highway 
agencies. 
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APPENDIX J 

RECOMMENDED REVISIONS TO THE AASHTO 
GREEN BOOK 

This appendix presents recommended revisions to the AASHTO Green Book to imple-
ment the recommendations developed in this research. These recommendations will be con-
sidered by the AASHTO Task Force on Geometric Design for possible incorporation in a 
future edition of the Green Book. 

The revised text for the Green Book presented below is intended as a complete replacement 
for the material concerning intersection sight distance that appears on pages 696 through 721 
of the 1994 Green Book (1). Some of the introductory text that is still applicable has been 
retained, but the recommended changes are extensive enough that a complete rewriting, rather 
than just editing, of the existing text appeared to be appropriate. 

The revised policy is based on two simple concepts: a modified stopping sight distance 
model for approach sight triangles and a gap-acceptance model for departure sight trian-
gles. These concepts have been adapted to each intersection sight distance case, as appro-
priate. We hope that readers will find these concepts simple and easy to understand. The 
basic assumptions concerning each case have been included in the Green Book text, with 
references to this research report in appropriate places for those interested in the full deriva-
tion and supporting data for each model. 

In preparing the revised text, we have found it desirable to present the ISD cases in a dif-
ferent order than they are presented in the current Green Book. The order of the cases was 
changed because the recommended sight distances for Yield-controlled intersections (cur-
rently referred to as Case II) depend, in part, on the recommended sight distance models for 
both uncontrolled intersections (currently referred to as Case I) and Stop-controlled inter-
sections (currently referred to as Case III). It could be potentially confusing if an ISD case 
known until now as Case Ill were renamed as Case II. Therefore, to avoid confusing read-
ers, we have replaced the roman numeral case numbers with letters; the ISD cases have been 
designated as Cases A through F, in the order in which they are presented in the revised text. 

The draft text for the Green Book generally avoids recommending the type of traffic con-
trol appropriate for any particular intersection. However, the text does explain how to deter-
mine the dimensions of the clear sight triangles appropriate for any particular type of inter-
section traffic control. 

The recommended revision to the intersection sight-distance design policy of the 
AASHTO Green Book is presented on the following pages. 
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SIGHT DISTANCE 

General Considerations 

Each intersection has the potential for several different types of vehicle-vehicle conflicts. 
The possibility of these conflicts actually occurring can be greatly reduced through the pro-
vision of proper sight distances and appropriate traffic controls. The avoidance of accidents 
and the efficiency of traffic operations still depend on the judgment, capabilities, and 
response of each individual driver. 

The driver of a vehicle approaching an at-grade intersection should have an unobstructed 
view of the entire intersection, including any intersection traffic-control devices, and suffi-
cient lengths of the intersecting highway to permit the driver to anticipate and avoid poten-
tial collisions. The sight distance that should be used for design under various assumptions 
of physical conditions and driver behavior is directly related to vehicle speeds and to the 
resultant distances traversed during perception-reaction time and braking. 

Stopping sight distance is provided continuously along each highway or street so that driv-
ers have a view of the roadway ahead that is sufficient to allow drivers to stop, if necessary, 
under prescribed conditions. The provision of stopping sight distance at all locations along 
each highway or street, including intersection approaches, is fundamental to safe intersec-
tion operations. 

Vehicles are assigned the right of way at intersections by traffic-control devices or, where 
no traffic-control devices are present, by the rules of the road. A basic rule of the road is 
that, at an intersection at which no traffic-control devices are present, the vehicle on left 
must yield the right of way to the vehicle on the right if they arrive at approximately the 
same time. Sight distance is provided at intersections to allow the drivers of vehicles with-
out the right of way to perceive the presence of potentially conflicting vehicles, in sufficient 
time for the vehicle without the right of way to stop, if necessary, before reaching the inter-
section. The methods for determining the sight distances needed by drivers approaching 
intersections are based on the same principles as stopping sight distance, but incorporate 
modified assumptions based on observed driver behavior at intersections. 

Sight distance is also provided at intersections to allow the drivers of vehicles stopped 
on intersection approaches a sufficient view of the intersecting highway to decide when to 
turn onto the intersecting highway or to cross it. If the available sight distance for an enter-
ing or crossing vehicle is at least equal to the appropriate stopping sight distance for the 
major road, then drivers should have sufficient sight distance to anticipate and avoid colli-
sions. However, in some cases, this may require a major-road vehicle to stop or slow to 
accommodate a turning maneuver by a minor-road vehicle. To achieve better traffic oper-
ations, so that major-road vehicles do not need to stop or slow substantially to accommo-
date entering or crossing vehicles, intersection sight distances that exceed stopping sight 
distance are desirable along the major road. Thus, intersection sight distances that exceed 
stopping sight distance are intended to enhance traffic operations, but are not minimum 
design criteria which are essential to safety. 

Clear Sight Triangles 

Specified areas along intersection approach legs and across their included corners should be 
clear of obstructions that might block a driver's view of potentially conflicting vehicles. These 
specified areas are known as clear sight triangles. Two types of clear sight triangles considered 
in intersection design, approach sight triangles and departure sight triangles, are explained 
below. The dimensions of the clear sight triangles depend on the design speeds of the inter-
secting roadways and the type of traffic control used at the intersection. These dimensions are 
based on field studies that have observed driver behavior and have documented the space-time 
profiles and speed choices of drivers on intersection approaches [reference this report]. 
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Approach Sight Triangles 

Each quadrant of an uncontrolled or Yield-controlled intersection should contain a 
clear sight triangle free of obstructions that might block an approaching driver's view of 
potentially conflicting vehicles on the intersecting approaches. The area clear of sight 
obstructions must include sufficient lengths of both intersecting roadways, as well their 
included corner, so that the drivers without the right of way can see any potentially con-
flicting vehicle in sufficient time to slow or stop before reaching the intersection. Figure 
IX-32A shows typical clear sight triangles to the left and to the right for a vehicle 
approaching an intersection. 

The vertex of the sight triangle on a minor-road approach (or an uncontrolled approach) 
represents a decision point for the minor-road driver. This decision point is the location at 
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Figure IX-32. Clear sight triangles for intersection approaches. 



96 

which the minor-road driver should begin to brake to a stop if another vehicle is present on 

an intersecting approach. 
The geometry of a clear sight triangle is such that when the driver of a vehicle without 

the right of way sees a potentially conflicting vehicle on an intersecting approach that has 
the right of way, then the driver of that potentially conflicting vehicle can also see the first 
vehicle. Thus, the provision of a clear sight triangle for vehicles without the right of way 
also permits the drivers of vehicles with the right of way to be prepared to slow, stop, or 
avoid other vehicles, should it become necessary. 

Approach sight triangles like those shown in Figure IX-32A are not needed for intersec-
tion approaches controlled by Stop signs or traffic signals, because the need for approach-
ing vehicles to stop at the intersection is determined by the traffic control devices and not 
by the presence or absence of vehicles on the intersecting approaches. 

Departure Sight Triangles 

A second type of clear sight triangle provides sight distance sufficient for a driver stopped 
on a minor-road approach to depart from the intersection by entering or crossing the major 
road. Figure IX-32B shows typical departure sight triangles to the left and to the right. 
Departure sight triangles should be provided in each quadrant of each intersection approach 
controlled by Stop or Yield signs from which stopped vehicles may enter or cross a major 
road on which traffic is not required to stop. Departure sight triangles should also be pro-
vided for some signalized intersection approaches (see below). 

The recommended dimensions of the clear sight triangle for desirable traffic operations 
where stopped vehicles enter or cross a major road are based on assumptions derived from 
field observations of driver gap-acceptance behavior on intersection approaches [reference 
this report]. The provision of clear sight triangles like those shown in Figure IX-32B also 
allows the drivers of vehicles on the major road to see any vehicles stopped on the minor-
road approach and to be prepared to slow or stop, if necessary. 

Identification of Sight Obstructions Within Clear Sight Triangles 

The profiles of the intersecting roadways should be designed to provide the recom-
mended sight distances for drivers on the intersection approaches. Within a clear sight tri-
angle, any object at a height above the elevation of the adjacent roadways that would 
obstruct the driver's view should be removed or lowered, if feasible. Such objects may 
include: buildings, parked vehicles, highway structures, roadside hardware, hedges, trees, 
bushes, unmowed grass, tall crops, and the terrain itself. Particular attention should be given 
to the evaluation of clear sight triangles at interchange ramp terminals where features such 
as bridge railings, piers, and abutments are potential sight obstructions. 

The determination of whether an object constitutes a sight obstruction should con-
sider both the horizontal and vertical alignment of both intersecting roadways, as well 
as the height and position of the object. In making this determination, it should be 
assumed that the driver's eye is 1,070 mm above the roadway surface and that the object 
to be seen is 1,070 mm above the surface of the intersecting road. This object height 
is based on a vehicle height of 1,330 mm, which represents the 15th percentile of ve-
hicle heights in the current passenger car population less an allowance of 260 mm, 
which represents a near-maximum value for the portion of the vehicle height that needs 
to be visible for another driver to recognize a vehicle as such. The use of an object 
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height equal to the driver eye height makes intersection sight distances reciprocal; i.e., 
if one driver can see another vehicle, then the driver of that vehicle can also see the first 
vehicle. 

Where the sight-distance value used in design is based on a single-unit or combination 
truck as the design vehicle, it is also appropriate to use the eye height of a truck driver in 
checking sight obstructions and determining vertical curve lengths. The recommended 
value of truck driver eye height is 2,330 mm above the roadway surface. In such cases ver-
tical curve lengths appropriate for both passenger cars and trucks should be checked and 
the longer vertical curve should be used. 

INTERSECTION CONTROL 

The recommended dimensions of the clear sight triangles vary with the type of traf-
fic control used at an intersection because different types of control impose different 
legal constraints on drivers and, therefore, result in different driver behavior. Sight-
di stance policies for intersections with the following types of traffic control are presented 
below: 

Intersections with no control (Case A) 
Intersections with Stop control on the minor road (Case B) 

Left-turn from the minor road (Case B 1) 
Right-turn from the minor road (Case 132) 
Crossing maneuver from then minor road (Case 133). 

Intersections with Yield control on the minor road (Case C) 
Crossing maneuver from the minor road (Case Cl) 
Left or right turn from the minor road (Case C2) 

Intersections with traffic signal control (Case D) 
Intersections with all-way Stop control (Case E) 

A sight-distance policy for stopped vehicles turning left from a major road (Case F) is also 
presented. 

Intersections with No Control (Case A) 

For intersections not controlled by Yield signs, Stop signs, or traffic signals, the driver 
of a vehicle approaching the intersection must be able to see potentially conflicting vehi-
cles on intersecting approaches in sufficient time for the approaching driver to safely stop 
before reaching the intersection. The location of the vertex of the sight triangles on each 
approach is determined from a model that is analogous to the stopping sight distance model, 
with slightly different assumptions. Drivers of approaching vehicles may require up to 2.5 
sec to perceive vehicles on intersecting approaches and to initiate braking. 

While some perceptual tasks at intersections may require substantially less time, the 
detection and recognition of a vehicle that is a substantial distance away on an intersecting 
approach, and is near the limits of the driver's peripheral vision, may require up to 2.5 sec. 
The distance to brake to a stop can be determined from the same braking coefficients used 
for stopping sight distance in Table Ill-i. 
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Field observations indicate that vehicles approaching uncontrolled intersections typically 
slow down from their midblock running speed to approximately 50 percent of their midblock 
running speed. This occurs even when no potentially conflicting vehicles are present [refer-
ence this report]. This initial slowing typically occurs at deceleration rates up to 1.5 m/sec2; 
deceleration at this gradual rate has been observed to begin even before a potentially con-
flicting vehicle comes into view. Braking at greater deceleration rates, which can approach 
those assumed in stopping sight distance, begins up to 2.5 sec after a vehicle on the inter-
secting approach comes into view. Thus, approaching vehicles may be traveling at less than 
their midblock running speed during all or part of the perception-reaction time and can, there-
fore, where necessary, brake to a stop from a speed less than the midblock running speed. 

Table IX-7 shows the distance traveled by an approaching vehicle during perception-
reaction and braking time as a function of the design speed of the roadway on which the 
intersection approach is located. These distances should be used as the legs of the sight tri-
angles shown in Figure IX-32A. Referring to Figure IX-32A, highway A with an 80 km/h 
design speed and highway B with a 50 km/h design speed require a clear sight triangle with 
legs extending at least 80 m and 40 m along highways A and B, respectively. 

This clear sight triangle will permit the vehicles on either road to stop, if necessary, 
before reaching the intersection. If the design speed of any approach is not known, it can 
be estimated by using the 85th percentile of the midblock running speeds for that approach. 

The distances shown in Table IX-7 are generally less than the corresponding values of 
stopping sight distance for the same design speed. Where a clear sight triangle whose legs 
correspond to the stopping sight distances of their respective approaches can be provided, 
this will provide an even greater margin of safety. However, since field observations show 
that motorists slow down to some extent on approaches to uncontrolled intersections, the 
provision of a clear sight triangle with legs equal to the full stopping sight distance is 
not essential. 

Where the grade along an intersection approach exceeds 3 percent, the leg of the clear 
sight triangle along that approach should be adjusted by multiplying by the appropriate sight 
distance from Table IX-7 by the appropriate adjustment factor from Table IX-8. 

If the sight distances given in Table IX-7, as adjusted for grades, cannot be provided, con-
sideration should be given to installing advisory speed signing to reduce speeds or installing 
Stop signs on one or more approaches. 

No departure sight triangle like that shown in Figure IX-32B is required at an uncon-
trolled intersection because such intersections typically have very low traffic volumes. 

Table IX-7. Recommended Sight Distances for 
Intersections with No Traffic Control (Case A). 

Design speed (km/h) Sight distance (m) 
20 20 
30 25 
40 30 
50 40 
60 50 
70 65 
80 80 
90 95 
100 120 
110 140 
120 165 

Note: For approach grades greater than 3%, multiply the sight distance values 
in this table by the appropriate adjustment factor from Table IX-8. 
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Table IX-8. Adjustment Factors for Approach Sight Distance Based 
on Approach Grade. 

Approach grade 
(%) Design speed (km/h) 

30 40 50 60 70 	80 	90 100 110 120 
-6 1.1 1.1 1.1 1.1 1.1 	1.2 	1.2 1.2 1.2 1.2 
-5 1.0 1.1 1.1 1.1 1.1 	1.1 	1.1 1.1 1.2 1.2 
-4 1.0 1.0 1.1 1.1 1.1 	1.1 	1.1 1.1 1.1 1.1 

-3 to +3 1.0 1.0 1.0 1.0 1.0 	1.0 	1.0 1.0 1.0 1.0 
+4 1.0 1.0 1.0 0.9 0.9 	0.9 	0.9 0.9 0.9 0.9 
+5 1.0 1.0 0.9 0.9 0.9 	0.9 	0.9 0.9 0.9 0.9 
+6 1.0 0.9 0.9 0.9 0.9 	0.9 	0.9 0.9 0.9 0.9 

Note: 	Based on ratio of stopping sight distance on specified approach grade to stopping sight 
distance on level terrain. 

If a motorist finds it necessary to stop at an uncontrolled intersection because of the 
presence of a conflicting vehicle on an intersecting approach, it is very unlikely still 
another potentially conflicting vehicle will be encountered as the first vehicle departs the 
intersection. 

Intersections with Stop Control on the Minor Road (Case B) 

Departure sight triangles for intersections with Stop control on the minor road should be 
considered for three situations: 

Left turns from the minor road (Case Bi); 
Right turns from the minor road (Case 132); and 
Crossing the major road from a minor-road approach (Case 133). 

No approach sight triangles like those shown in Figure IX-32A are needed at Stop-
controlled intersections because all minor-road vehicles are required to stop before entering 
or crossing the major road. 

Left Turn from the Minor Road (Case Bi) 

A departure sight triangle for traffic approaching from the right like that shown in Fig-
ure IX-32B should be provided for left turns from the minor road onto the major road for 
all Stop-controlled approaches where left turns maneuvers are permitted. The length of the 
leg of the departure sight triangle along the major road should be equal to the distance trav-
eled at the design speed of the minor road in the appropriate time shown in Table IX-9. 

Field observations of the gaps in major road traffic actually accepted vehicles turning 
onto the major road have shown that the values in Table IX-9 provide sufficient time for 
the minor-road vehicle to accelerate from a stop and complete a left turn onto the major road 
without unduly interfering with major-road traffic operations. Field observations have also 
shown that major-road drivers will reduce their speed to some extent when minor-road vehi-
cles turn onto the major road. Where the gap acceptance values in Table IX-9 are used to 
determine the length of the leg of the departure sight triangle along the major road, most 
major-road drivers should not need to reduce speed to less than 70 percent of their initial 
speed [reference this report]. 

In applying Table IX-9, it can usually be assumed that the minor-road vehicle is a pas-
senger car. However, for minor-road approaches from which substantial volumes of heavy 
vehicles enter the major road, the use of the tabulated values for single-unit trucks or corn- 
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Table IX-9. Travel Times Used to Determine the Leg of 
the Departure Sight Triangle along the Major Road for 
Left and Right Turns from Stop-Controlled Approaches 
(Cases Bi and 132). 

Design vehicle 	 Travel time (sec) at 
design speed of major road 

Passenger car 	 7.5 
Single-unit truck 	 9.5 
Combination truck 	 11.5 
Adjustment for multilane highways: 

For left turns onto two-way highways with more than two lanes, add 0.5 sec for 
passenger cars or 0.7 sec for trucks for each additional lane, in excess of one, 
to be crossed by the turning vehicle. 

For right turns, no adjustment is necessary. 

Adjustment for approach grades: 
If the approach grade on the minor road is an upgrade that exceeds 3 percent: 

Add 0.1 sec per percent grade for right turns 
Add 0.2 sec per percent grade for left turns 

bination trucks should be considered. Table IX-9 includes appropriate adjustments to the 
gap times for the number of lanes on the major road and for the approach grade of the minor 
road. The adjustment for the grade of the minor-road approach need be made only if the 
rear wheels of the design vehicle would be on an upgrade that exceeds 3 percent when the 
vehicle is at the stop line of the minor-road approach. The length of the sight triangle along 
the major road (distance b in Figure IX-32B) would be determined as: 

b = 0.278Vmajortc  

where: 

b = length of the leg of sight triangle along the major road (m) 
Vmajor  = design speed of major road (km/h) 

t. = critical gap for entering the major road (sec) 
(use the appropriate value from Table IX-9, as adjusted) 

For example, a passenger car turning left onto the major road should be provided sight dis-
tance equivalent to a gap of 7.5 sec in major-road traffic. If the design speed of the major 
road is 90 km/h, this corresponds to a sight distance of 0.278(90)(7.5) or 190 in. A passen-
ger car turning left onto a four-lane roadway will need to cross two near lanes, rather than 
one, which would increase the recommended gap in major road traffic from 7.5 to 8.0 sec. 
The corresponding value of sight distance for a 90-km/h design speed is 200 in. If the minor-
road approach to such an intersection is located on a 4 percent upgrade, then the time gap 
selected for sight-distance design for left turns should be increased from 8.0 to 8.8 sec, 
equivalent to an increase of 0.2 sec for each percent grade. No adjustment of the recom-
mended sight distance values for the major-road grade is generally required because both 
the major- and minor-road vehicle will be on the same grade when departing from the inter-
section. However, if the minor-road design vehicle is a heavy truck and the intersection is 
located near a sag vertical curve with grades over 3 percent, then an adjustment to extend 
the reconmiended sight distance based on the major-road grade should be considered. 

If sight distances along the major road based on Table IX-9, including the appropriate 
adjustments, cannot be provided, consideration should be given to installing advisory speed 
signing on the major-road approaches. 

The vertex of the departure sight triangle on the minor road should be 4.4 in from the 
edge of the major-road traveled way (i.e., dimension a in Figure IX-32B should be 4.4 m). 



101 

This represents the typical position of the minor-road driver's eye when a vehicle is stopped 
relatively close to the major road. Field observations of vehicle stopping positions found 
that, where necessary, drivers will stop with the front of their vehicle 2.0 in or less from the 
edge of the major-road traveled way. Measurements of passenger cars indicate that the dis-
tance from the front of the vehicle to the driver's eye for the current U.S. passenger car pop-
ulation is nearly always 2.4 in or less [reference this report]. Where feasible, it is desirable 
to increase the distance from the edge of the major-road traveled way to the vertex of the 
clear sight triangle from 4.4 in to 5.4 in, which allows 3.0 in from the edge of the major-
road traveled way to the front of the stopped vehicle. 

Sight distance design for left turns at divided highway intersections may require consid-
eration of multiple design vehicles. If the design vehicle used to determine sight distance 
for the intersection is a passenger car and the divided highway median is wide enough to 
store a passenger car with adequate clearance to the through lanes at both ends of the vehi-
cle, then no departure sight triangle for left turns is required on the minor-road approach. 
In most cases, the departure sight triangle for right turns should provide sufficient sight dis-
tance for a passenger car to cross near roadway of the divided highway to reach the median; 
possible exceptions are addressed below in the discussion of Case B3. However, a depar-
ture sight triangle should be provided for left turns by passenger cars stopped in the median. 
Where the median is not wide enough to store a passenger car, a departure sight triangle for 
left turns from the minor-road approach should be provided. 

If the design vehicle used to determine sight distance for a divided highway intersection 
is larger than a passenger car, then sight distance for left turns may need to be checked for 
that selected design vehicle and for smaller design vehicles as well. If the design vehicle 
can be stored in the median with adequate clearance to the through lanes, then a departure 
sight triangle for left turns should be provided for that design vehicle turning left from the 
median roadway. If the design vehicle cannot be stored in the median, then a departure sight 
triangle should be provided for that design vehicle to turn left from the minor-road 
approach; furthermore, a departure sight triangle for left turns from the median roadway 
should be provided for the largest design vehicle that can be stored on the median roadway 
with adequate clearance to the through lanes. For example, if a divided highway intersec-
tion has a 12-m median width and the design vehicle for sight distance is a 21-m combina-
tion truck, then a departure sight triangle should be provided for the combination truck to 
turn left from the minor-road approach and a departure sight triangle should also be pro-
vided for a 9-rn single unit truck to turn left from a stopped position in the median. 

Right Turn from the Minor Road (Case B) 

A departure sight triangle for traffic approaching from the left like that shown in Figure 
IX-32B should be provided for right turns from the minor road into the major road for all Stop-
controlled approaches where right turns are permitted. The lengths of the legs of the departure 
sight triangle for right turns should generally be the same as those for left turns used in Case 
B 1. Specifically, the length of the leg of the departure sight triangle along the major road should 
be based on the travel times in Table IX-9, including appropriate adjustment factors. The 
length of the leg of the clear sight triangle along the minor road should be 4.4 in. 

Where sight distances along the major road based on the travel times from Table IX-9 
cannot be provided, it should be kept in mind that field observations indicate that, in mak-
ing right turns, drivers generally accept gaps that are slightly shorter than those accepted in 
making left turns. The travel times in Table IX-9 can be decreased by 1.0 to 1.5 sec for right-
turn maneuvers, where necessary, without undue interference with major-road traffic. 
While the recommended sight distance for a right-turn maneuver cannot be provided, even 
with a reduction of 1.0 to 1.5 sec from the values in Table [X-9, consideration should be 
given to installing advisory speed signing in the major-road approaches. 
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As indicated in Table IX-9, the adjustment for upgrades that exceed 3 percent on the 
minor-road approach is 0.1 sec for each percent grade. 

Crossing Maneuver from the Minor Road (Case B3) 

Inmost cases, it can be assumed that the departure sight triangles for left and right turns onto 
the major road, as described for Cases B 1 and B2, will also provide more than adequate sight 
distance for minor-road vehicles to cross the major road. However, in the following situations, 
it is advisable to check the availability of sight distance for crossing maneuvers: 

where left and/or right turns are not permitted from a particular approach and the cross-
ing maneuver is the only legal maneuver; 
where the crossing vehicle must cross more than six lanes; or 
where substantial volumes of heavy vehicles cross the highway and steep grades that 
might slow the vehicle while its rear is still in the intersection are present on the depar-
ture roadway on the far side of the intersection. 

Table IX-lO presents travel times, and appropriate adjustment factors, that can be used to 
determine the length of the leg of the sight triangle along the major road to accommodate 
crossing maneuvers. At divided highway intersections, depending on the relative magni-
tudes of the median width and the length of the design vehicle, sight distance may need to 
be considered for crossing both roadways of the divided highway or for crossing the near 
lanes only and stopping in the median before proceeding. 

Intersections with Control on the Minor Road (Case C) 

If no conflicting traffic is present, drivers approaching Yield signs are permitted to enter 
or cross the major road without stopping. The sight distances needed by drivers on Yield-
controlled approaches exceed those for Stop-controlled approaches. 

For four-leg intersections with Yield control on the minor road, two separate pairs of 
approach sight triangles like those shown in Figure IX-32A should be provided. One set of 
approach sight triangles is needed to accommodate crossing the major road and a separate 
set of sight triangles is needed to accommodate left and right turns onto the major road. Both 
sets of sight triangles should be checked for potential sight obstructions. 

For three-leg intersections with Yield control on the minor road, only the approach sight 
triangles to accommodate left- and right-turn maneuvers need be considered, because the 
crossing maneuver is infeasible. 

Table IX-lO. Travel Times Used to Determine the Leg of the 
Departure Sight Triangle along the Major Road to 
Accommodate Crossing Maneuvers at Stop-Controlled 
Intersections (Case 133). 

Design vehicle 	 Travel time (sec) at 
design speed of major road 

Passenger car 	 6.5 
Single-unit truck 	 8.5 
Combination truck 	 10.5 
Adjustment for multilane highways: 

For crossing a major road with more than two lanes, add 0.5 sec for passenger cars 
and 0.7 sec for trucks for each additional lane to be crossed. 

Adjustment for approach grades: 
If the approach grade of the minor road is an upgrade that exceeds 3 percent, add 

0.2 sec per percent grade. 
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Table IX-1 1. Leg of Approach Sight Triangle along the Minor 
Road to Accommodate Crossing Maneuvers from 
Yield-Controlled Approaches (Case Cl). 

Travel time from decision 
Design speed Distance along minor roada point to major road (ta) '  

(km/h) (m) (sec) 

30 30 3.4 
40 40 3.7 
50 50 4.1 
60 65 4.7 
70 85 5.3 
80 110 6.1 
90 140 6.8 
100 165 7.3 
110 190 7.8 
120 230 	- 8.6 

aFor  minor-road approach grades that exceed 3 percent, multiply by the appropriate 
adjustment factor from Table IX-8. 
Travel time applies to a vehicle that slows before crossing the intersection but does not stop. 

Crossing Maneuvers (Case Cl) 

The length of the leg of the approach sight triangle along the minor road to accommo-
date the crossing maneuver from a Yield-controlled approach (distance a in Figure IX-32A) 
is given in Table IX- ii. The distances in Table Tx- il are based on the same assumptions 
as those for Case A except that, based on field observations, minor-road vehicles that do 
not stop are assumed to decelerate to 60 percent of the minor-road design speed, rather than 
50 percent. The distances and times in Table TX-il should be adjusted for the grade of the 

minor-road approach using the factors in Table IX-8. 
The length of the leg of the approach sight triangle along the major road to accommo-

date the crossing maneuver (distance b in Figure IX-32A) should be computed with the fol-

lowing equations: 

+ w + La  =t  
C 	O.167Vminor 

b - 0.278Vmo t. 

where: 

= travel time to reach and clear the major road in a crossing maneuver (sec) 

b = length of leg of sight triangle along the major road (m) 

ta  = travel time to reach the major road from the decision point for a vehicle that does 
not stop (sec) (use appropriate value for the minor-road design speed from Table 

TX-il, adjusted for approach grade, where appropriate) 
w = width of intersection to be crossed (m) 

La  = length of design vehicle (m) 

Vminor  = design speed of minor road (km/h) 

Vmajor  = design speed of major road (km/h) 

These equations provide a sufficient travel time for the major road vehicle during which the 
minor-road vehicle can: (1) travel from the decision point to the intersection, while decel-

erating at the rate of 1.5 rn/sec2  to 60 percent of the minor-road design speed; and then (2) 

cross and clear the intersection at that same speed. The value of t should equal or exceed 
the appropriate travel time for crossing the major road from a Stop-controlled approach, as 
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shown in Table IX- 10. If the major road is a divided highway with a median wide enough 
to store the design vehicle for the crossing maneuver, then only crossing of the near lanes 
need be considered and a departure sight triangle for accelerating from a stopped position 
in the median should be provided based on Case B 1. 

Left- and Right-Turn Maneuvers (Case C2) 

The length of the leg of the approach sight triangle along the minor road to accommo-
date left and right turns without stopping (distance a in Figure IX-32A) should be 25 m. 
This distance is based on the assumption that drivers making left and right turns without 
stopping will slow to a turning speed of 16 km/h. The leg of the approach sight triangle 
along the major road (distance b in Figure IX-3213) is similar to the major-road leg of the 
departure sight triangle for a Stop-controlled intersections in Cases B 1 and B2, except that 
for a Yield-controlled intersection, the travel times in Table IX-9 should be increased by 
0.5 sec. The minor-road vehicle requires 3.5 sec to travel from the decision point to the 
intersection. This 3.5 sec represents additional travel time that is needed at a Yield-con-
trolled intersection (Case C), but is not needed at a Stop-controlled intersection (Case B). 
However, the acceleration time after entering the major road is 3.0 sec less for a Yield sign 
than for a Stop sign because the turning vehicle accelerates from 16 km/h rather than from 
a stop. The net 0.5-sec increase in travel time for a vehicle turning from a Yield-controlled 
approach is the difference between the 3.5 sec increase in travel time and the 3.0 sec reduc-
tion in travel time explained above. 

Departure sight triangles like those provided for Stop-controlled approaches (see Cases 
B 1, B2, and 133) should also be provided for Yield-controlled approaches to accommodate 
minor-road vehicles that stop at the Yield sign to avoid conflicts with major road vehicles. 
However, since approach sight triangles for turning maneuvers at Yield-controlled are 
larger than the departure sight triangles used at Stop-controlled intersections, no specific 
check of departure sight triangles at Yield-controlled intersection should be necessary. 

Yield-controlled approaches generally require greater sight distance than Stop-controlled 
approaches, especially at four-leg Yield-controlled intersections where the sight distance 
needs of the crossing maneuver must be considered. If sight distance sufficient for Yield 
control is not available, use of a Stop sign instead of a Yield sign should be considered. In 
addition, at locations where the recommended sight distance cannot be provided, consider-
ation should be given to installing advisory speed signing on the major road to reduce the 
speeds of approaching vehicles. 

Intersections with Traffic Signal Control (Case D) 

At signalized intersections, the first vehicle stopped on each approach should be visible 
to the driver of the first vehicle stopped on each of the other approaches. Apart from this 
criterion, there are generally no other approach or departure sight triangles needed for sig-
nalized intersections. Indeed, signalization may be an appropriate accident countermeasure 
for higher volume intersections with restricted sight distance that have experienced a pat-
tern of sight-distance related accidents. However, if the traffic signal is to be placed on two-
way flashing operation (i.e., flashing amber on the major-road approaches and flashing red 
on the minor-road approaches) under off-peak or nighttime conditions, then the appropri-
ate departure sight triangles for Case B, both to the left and to the right, should be provided 
for the minor-road approaches. In addition, if right turns on a red signal are to be permitted 
from any approach, then the appropriate departure sight triangle to the left for Case B2 
should be provided to accommodate right turns from that approach. 
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Intersections with All-Way Stop Control (Case E) 

At intersections with all-way Stop control, the first stopped vehicle on each approach 
should be visible to the drivers of the first stopped vehicles on each of the other approaches. 
There are no other sight distance criteria applicable to intersections with all-way Stop con-
trol and, indeed, all-way Stop control may be the best option at a limited number of inter-
sections where the provision of sight distance for other control types cannot be attained. 

Left Turns from a Major Road (Case F) 

All locations along a major highway from which vehicles are permitted to turn left across 
opposing traffic, including at-grade intersections and driveways, should have sufficient 
sight distance to accommodate left-turn maneuvers. Left-turning drivers need sufficient 
sight distance to decide when it is safe to turn left across the lane(s) used by opposing traf-
fic. Sight distance design should be based on a left turn by a stopped vehicle, since a vehi-
cle that turns left without stopping would need less sight distance. The sight distance along 
the major road to accommodate left turns is the distance that would be traversed at the 
design speed of the major-road in the travel time for the appropriate design vehicle given 
in Table IX- 12. The table also contains appropriate adjustment factors for the number of 

major-road lanes to be crossed by the turning vehicle. 
If stopping sight distance has been provided continuously along the major road and if 

sight distance for Case B (Stop control) or Case C (Yield control) has been provided for 
each minor-road approach, sight distance will generally be adequate for left turns from the 
major road. Thus, no separate check of sight distance for Case F is generally required. 

However, at three-leg intersections or driveways located on or near a horizontal curve on 
the major road, the availability of adequate sight distance for left turns from the major road 
should be checked. In addition, the availability of sight distance for left turns from divided 
highways should be checked because of the possibility of sight obstructions in the median. 

At four-leg intersections on divided highways, opposing vehicles turning left can block 
a driver's view of oncoming traffic. Figure IX-74, presented later in this chapter, illustrates 
intersection designs that can be used to offset the opposing left-turn lanes and provide left-
turning drivers with a better view of oncoming traffic [the figure referred to was recom-
mended for inclusion in the Green Book in NCHRP Report 375, entitled "Median Inter-

section Design" (34) and is presented as Figure 42 in the main text of this report]. 

Effect of Skew 

When two highways intersect at an angle less than 60 degrees, and when realignment to 
increase the angle of intersection is not justified, some of the factors for determination of 

intersection sight distance may need adjustment. 
Each of the clear sight triangles described above are applicable to oblique-angle inter-

sections. As shown in Figure IX-33, the legs of the sight triangle will lie along the inter- 

Table IX-12. Travel Times Used to Determine the Sight 
Distance along the Major Road to Accommodate Left 
Turns from the Major Road (Case F). 

Design vehicle 	 Travel time (sec) at 
desian sneed of major road 

Passenger car 	 5.5 

Single-unit truck 	 6.5 

Combination truck 	 - 	7.5 
tment for multilane highways: 
For left turns that must cross more than one opposing lane, add 0.5 sec for 

passenger cars and 0.7 sec for trucks for each additional lane to be 
crossed. 



Figure IX-33. Effect of skew on sight distance at intersections. 



section approaches and each sight triangle will be larger or smaller than the corresponding 
sight triangle would be at a right-angle intersection. The area within each sight triangle 
should be clear of potential sight obstructions as described above. 

At an oblique-angle intersection, the length of the travel paths for some turning and cross-
ing maneuvers will be increased. The actual path length for a turning or crossing maneuver 
can be computed by dividing the total widths of the lanes (plus the median width, where 
appropriate) to be crossed by the sine of the intersection angle. If the actual path length 
exceeds the total widths of the lanes to be crossed by 3.6 m or more, then an appropriate 
number of additional lanes should be considered in applying the adjustment for the number 
of lanes to be crossed shown in Table IX-9 for Cases Bi and B2 and in Table IX-b for 
Case B3. For Case C, the w term in the equation for the minor-road leg of the sight trian-
gle to accommodate the crossing maneuver at a Yield-controlled intersection should also 
be divided by the sine of the intersection angle to obtain the actual path length. 

In the obtuse-angle quadrant of an oblique-angle intersection, the angle between the 
approach leg and the sight line is often so small that drivers can look across the full sight 
triangle with only a small head movement. However, in the acute-angle quadrant, drivers 
are often required to turn their heads considerably to see across the entire clear sight trian-
gle. For this reason, it is recommended that the sight distance criteria for Case A not be 
applied to oblique-angle intersections and that sight distances at least equal to those for Case 
B should be provided, whenever possible. 

POTENTIAL CHANGES TO RECOMMENDED GREEN BOOK REVISIONS 
IF THE AASHTO SSD MODEL IS REVISED 

Several of the preceding recommendations are based on the current AASHTO SSD 
model. If AASHTO adopts the revised SSD model and parameter values recommended by 
Fambro et al. ("Determination of Stopping Sight Distances," Final Report of a forthcom-
ing NCHRP project), the following changes in the revised Green Book text are recom-
mended: 

The driver eye height and object height used in the identification of sight obstructions 
within clear sight triangles and in the design of vertical curves to provide ISD should 
both be changed from 1,070 to 1,080 mm above the roadway surface. 
The sight distance values for Case A presented in Table IX-7 should be replaced with 
the corresponding values from Table 11 in Chapter 2 in the main text of this report. 
The distance along the minor road for Case Cl in Table IX- 11 should be replaced with 
the corresponding values from Table 33 in Chapter 4 in the main text of this report. Sim-
ilarly, the travel times in Table IX- 11 should be replaced with the corresponding values 

from Table 34. 
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THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research Coun-
cil, which serves the National Academy of Sciences and the National Academy of Engineering. It 
evolved in 1974 from the Highway Research Board, which was established in 1920. The TRB incor-
porates all former HRB activities and also performs additional functions under a broader scope 
involving all modes of transportation and the interactions of transportation with society. The Board's 
purpose is to stimulate research concerning the nature and performance of transportation systems, to 
disseminate the information that the research produces, and to encourage the application of appro-
priate research findings. The Board's program is carried out by more than 400 conmiittees, task forces, 
and panels composed of more than 4,000 administrators, engineers, social scientists, attorneys, edu-
cators, and others concerned with transportation; they serve without compensation. The program is 
supported by state transportation and highway departments, the modal administrations of the U.S. 
Department of Transportation, and other organizations and individuals interested in the development 
of transportation. 

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of sci-
ence and technology and to their use for the general welfare. Upon the authority of the charter granted 
to it by the Congress in 1863, the Academy has a mandate that requires it to advise the federal gov-
ernment on scientific and technical matters. Dr. Bruce M. Alberts is president of the National Acad-
emy of Sciences. 

The National Academy of Engineering was established in 1964, under the charter of the National 
Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its 
administration and in the selection of its members, sharing with the National Academy of Sciences 
the responsibility for advising the federal government. The National Academy of Engineering also 
sponsors engineering programs aimed at meeting national needs, encourages education and research, 
and recognizes the superior achievements of engineers. Dr. William A. Wulf is interim president of 
the National Academy of Engineering. 

The Institute of Medicine was established in 1970 by the National Acadeiiy of Sciences to 
secure the services of eminent members of appropriate professions in the examination of policy 
matters pertaining to the health of the public. The Institute acts under the responsibility given to the 
National Academy of Sciences by its congressional charter to be an adviser to the federal government 
and, upon its own initiative, to identify issues of medical care, research, and education. Dr. Kenneth 
I. Shine is president of the Institute of Medicine. 

The National Research Council was organized by the National Academy of Sciences in 1916 to 
associate the broad community of science and technology with the Academy's purpose of furthering 
knowledge and advising the federal government. Functioning in accordance with general policies 
determined by the Academy, the Council has become the principal operating agency of both the 
National Academy of Sciences and the National Academy of Engineering in providing services to the 
government, the public, and the scientific and engineering communities. The Council is administered 
jointly by. both Academies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. William A. 
Wulf are chairman and interim vice chairman, respectively, of the National Research Council. 

Abbreviations used without definitions in TRB publications: 

AASHO 	American Association of State Highway Officials 
AASHTO American Association of State Highway and Transportation Officials 
ASCE 	American Society of Civil Engineers 
ASME 	American Society of Mechanical Engineers 
ASTM 	American Society for Testing and Materials 
FAA 	Federal Aviation Administration 
FHWA 	Federal Highway Administration 
FRA 	Federal Railroad Administration 
FTA 	Federal Transit Administration 
IEEE 	Institute of Electrical and Electronics Engineers 
ITE 	Institute of Transportation Engineers 
NCHRP 	National Cooperative Highway Research Program 
NCTRP 	National Cooperative Transit Research and Development Program 
NHTSA 	National Highway Traffic Safety Administration 
SAE 	Society of Automotive Engineers 
TCRP 	Transit Cooperative Research Program 
TRB 	Transportation Research Board 
U.S.DOT United States Department of Transportation 
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